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AHHOTAUl'l.fl 

B KBHre IIPHBO~f1TCfI CBeAeBHfI 0 reO.l0rHlJeCI<OM CTpoenHH neqeUf

CKOft CBnThI. llJl8CTOBble AH<i)(fJepellD,HpOn8Ilnwe HEITPY3HBBhle Te:Ja qUC.l0M 

60.1ee 110 COrJlaCBO S8.1era10T nO nMelll.81OIll.HX OC8AOlJUuIX. Ty!j>oreOEll,IX 

H BYJIK81l0reElHhlX TO.lIll.8X. l'IBTPY3HH H BMBlll.alOlD,HB nopOAW nOADepra

JIHCb MeTaMop!j>nqeCKHM H3MBBeIHlflM. Pa3: IH'laIOTCfI CJIBAY101ll.IlB BI1AW MB

TaMop!j>H3M8: anTOMBT8MOp!j>113M. 1<0IlTaKToBwii: MBTaMop!j>113M H n8:lOmBrmWH: 

fJ1APOTBpMa.lbBbIi:i MBT8MOpctlH3M. 

BO.lblUoe nBHMaBHe YAe.l f1eTCfI pe3YJlbT8T8M MHBepa:lOI"HlJeCKOr O H3y

'lBmlfl CY:lb!j>HABblX MB~BO-IlHI<B.leBldx PYA II Mlmepa: IOB . ,qOT8J1bHO 01'111-

catlW TBI(CTypbl H CTPYI(TYpW PYA. llpnMBIJenUB pBnTrPUOncl<Ol"O 8B8:1Il

aa rrpH HCCJlCAOnaUHH lIHppOTHBa. UeBTJlaBAUTa H ApyrHx ' MlIucpa: loB n03-

BO: IH.l0 nO.1Y'IIITb TO'lBWB ABHBble 0 CTpyKTypB II npeAe.la x n3MBuBullfi 

COCTana ~U1Bep8.10B B anIX PYAax. 

11 OBWB AanllwB 110 Mlmepa:lOrlim 38CTanU.1H IIBpeCMOTpeTb CYlll.eCTOYIO

~IIe rrpeACTaOJleIJIHI 0 reOXl1MUII BHI<e.lfI. KOOaJIbTa 11 APyrnx BlIeMCBTOB . 

fJIaBIlbltt p BAal{TOp 

aRaA. A. A. II 0 JI," a 11. 011 

OToeTCTOeOnWI! peAal< TOp 

lJ:leH-KOpp. AH CCCP H. A. E JI, U C e e 6 



ITPE,lJ;I/ICJIOBJ1E 

MaTeplfaJIbr ~JUI naCT01UII,e ii J\HHrfr C06apaJII1Cb H OUpa6aTbIBaJIHCb B Te

q eHlle pRAa JIeT COT PYAHHI,aMH ABYX yqpemAeHllll AI{aAeMIIH HaYK CCCP; 

JlauOpaT0p llU r eOJIO flll1 ~OI,eMUpllR If KOJIbcl\Oro <pI1JIfIaJIa 11M. C. M. Ka

pOBa. IloJIeobJe II J\UMCPUJI blIble HCCJIeAOBaHl1lI npOBOAI1JII1Cb no COrJIaCODaH

HbI~1 nporpaMMaM l\a ij{~ blM Y'1peil<AeHlieM caMOCTORTeJIbHO, no no~ 06~HM 
PYI\oIJOACTBOM H. A . EmrceeBa (Jla60paTOpl11I reOJIorl11f AOI{eM6pI1R) . Ycnem

HOMY llpOBC~eHI1IO pa60T DO IIUlOrOM clloc06cTDOOaJIO al{TI1BHOe yqaCTlle pa-

60THI1KOIJ MeCTHbIX np0I13BO~I,CTDeHHbIX OpraHI13al.\I1H n c60pe 11 06pa60TJ(C 

MaTepl1aJIOD. 

B COOTDeTCTBHII C ;)TllM B COCTaB IWJIJIeI<TlIBa aBTopOB BOmJIH H. A. EmI

ceeD II B. A. MacJIemmoo ()T JIa60paToplIlI reOJIorrUI ~oKeM6pluI, f. 11. fop-

6ynoB 11 8 . H. EJIliCeeD OT KOJIbcl\Oro <pHJIl1aJIa 11 IK. H. YTlmH! OT lIIeCTHOH 

lIPOl'l3BOACTD CIlIIOU opraml3all,l1ff. 

B IUlIl rc 060ulII,en OllbIT 11 3yqeJllUI reOJIonm, neTpOJIOrffH 11 IIIFlUepaJIOrHH 

llHTPY3Rll Y JlbTpaOCHOBllhlX H OCITOOllbIX nopOA, a TaHII<e PYAHbIX MI1HepaJIOD 

II PYA . 
KOJIJIel{TIIO reOJIorOO 3anllMaJICR lIa KOJIbCIWM nOJIyocTpoBe H3YQCnl1eM 

JIHTPY3 11ll YJIbTpaOClloollblX II OCllOOHbIX nopo~ MOHqe-TYH~PbT, IleqeHrH, 

<DCTJ,Opoooti TYIIAPhl II cYJlb<priTJ,HbIX lIIe~1I0-T1I1KeJIeObJX PYA, reHeTl1qeClm CBlI-

3allUbIX C :JTIJMIJ Il11TPY3I1RMU. 3a B PCMlI llCCJIeAO 0 arll1u , He Cql1TaR CTaTeH no 

OTl l,eJIbllbIM BonpocaM, 6bIJTJI olly6Jll1J{0lJaHbI J.I,Ba C60pHI1I{a no MOHqeTYHlJ,pe 

B 1953 f. \'I IleQcnre B 1952 f., a Tal,il,e ~pyrlJC pa60Tbl. B MOHorpa<pl1J{ 

Olll1CbIBalOTClI feOJIorHR 11 CTPYI<Typa MOHQerOpcl\Oro nJIYTOHa, pa3JII1'lHhIC 

Tl:lllbI p y~ CYJIb<pU~HbIX lIIe~HO-HU\{eJICnhI X lII ecTo po i l 'AeUl1ii, PYAHbIe II1I18e

paJIJ.I, OIWJIOilO1JIbIlble H3MeHeHI111, CTpYHTypa pYIlHoro nOJIlI 11 anaJIl13H

PYIOTCR napareJie3HCJ.I PYAHbIX mme paJIOo. 3naQllTeJIbllOe lIIeCTO YlJ,eJIReTCR 

paCCMOTpelllilO pRlI,a 110npOCOD, COH3aalIbIX C feOXll~nlCi;j: HIfI<CJIlI 11 MeTaJI

JIOrCIHlell 1IIITPY3Hii YJIbTpaOCHOOHblX R OCIIOOl1bIX 1l0POIl. 

l{aJ{ 1I3BeCTIIO, 0 COR311 C 113yqeHHeM cYJIb<PI1lJ,HbIX IItelJ,HO-HFmeJIeDbIX py~ 
B03HJlI{aeT n eCHOJIb l\o O'leJlb uamHblX H HHTepeCHbIX TeOpCTI1QeCI01X BonpOCOB, 

TalHle, I,al{ OOIIpOC 0 JII1I{DaIJ,Tnl C 06pa30BaHl1ell'l CYJIh<PIIlJ,HOH lI1arMbT, 0 CMJIH- · 

l{aTHOM HI1I\CJIC, 0 reOXlfM1H1 HIII\CJI R Ii 1<o6aJIbTa, 0 npl1pOlJ,e H II1eCTe nllJ,po

TepMaJIbHbIX paCTDOpoO npfI l<pfICTaJIJI113a1.UlIf CYJIb<PHAoo, 0 D3aHMOOTHorne

HIUl MemlJ,y pa3JII1'lUblMII PYlJ,H J.IMIl MI1RepaJIaMFI 11 AP. 8TI1 BOllPOCbI lIDJIRIOTCH 

06J1J,fIMH lJ,JIlI Bcex HIH\cJIenOCJJJ.IX llIITPY3Ufl YJIbTpaOCnOBHbIX 11 OCHOBIIbIX 

llOpOll,. 

Ilo~mMo TeOpeTlI'leCI\Oro 3HaQeHII1I H HHTepeca, II1HOrIIe H3 aTFlX BOllpucon 

IBlelOT npllMOe OTHorne llHe 1< QUCTO IJpal<Tl1'leCI01M lI,eJIHM Fl HaA pa3perueHHeM 

nx pa60TalOT He T OJIbl\O r COJIOI'1l , HO CneUl1aJIIICTbI 113 JJ.Pyrllx 06JIaCreH 3 1:1 a

Hall; 0 60 raTliTeJIlI HeIIOCpelJ,CTDeHHO CTammBaIOTClI C aaTpYlJ,UemIRII1I1, npl1- ' 



" ITPEJl1'fCJTOBHE 

qIIRfIeMbIMU CRJIUl{aTnhlM RHJ{CJICM, MCTaJIJIyprn IT XilMUKIi - C 113MCUCUUeM 

Il:aqeCTBa PY}l.hl, 3aB~ICHnJ;li~{ OT :r.mnepaJIOrIIqeCI<Ol'O COCTana PYA 11 D3aUMO

OTIlOmeUIIH Me;HAY rJIaBHellmUM\! lIIllllepaJIaMH H T. }l.. CJle}l.ycT OTMCTlITb, 

'ITO 3a UOCJIeAneC BpClIlfI 3HaqUTeJIbnO B03POC UIITCpeC JI: np06JIeMaM 1l3yqeUUH 

CYJIbCPRAUhlX MC}l.Ho-UlmeJIeBbIX PYA R MeCTOpO)l{}l.CHJ1ll, tJTO UOll.Tnepm}l.aIOT 

CTaTbH B OTeqeCTBCRUhlX H llllocTpannhlx myprraJIax. 

B COOTBCTCTBHR C pa3Roo6pasuhlMIl Boupocalllu, B03UUKaIO~lHlII npl1 

H3yqeRRH YJIbTpaOCHoBHblX H OCHOBHbIX rIUTPY3J!lii Ii CYJIbCPllAUbIX MCAno

U~meJleBbIX PYA, B I<UHrC R3JIaraIOTCfI crraqaJIa }l.o.r1HbTC 0 rCOJlOl'l'ltIeCI{OM aa

JIeraIHIH H CTPYl{TYpC lUlTpyaI1BflbIX TeJI 11 BMeru,aIOJlJ,llx UOPOA . AaCTCJI J{paTliOC 

Olll1CallJ1C ropublx UOPOA, conpOBOiT{AaeMOe XJIII1llqeCKllMR arraJlll3allll!. ,IJ,aneo 

npl1BOAI1TCfI XapaI{Tepl1CTrIKa MeTaMopcpmocIUIx UPOIJ,OCCOB, lWTO,PLIM no,lJ,

BepraJIllCb roprrble nopoAhl, CJIaraIOIIJ,IIC l1nTpYSJIR U BlIrnn~aIOIll.Ile nOpOAbl. 

CpaBITHTeJIbIJO ]{paTIUfO cBeAemm, Hco6xOA11l11bIe AJIH xapaHTcpncTlllUl yCJIO

BHH saJIeraUl1fI paSJIrrQUhlX TIIUOB PYA U ux B3alHI00TITOmeIIIIii C BlIICII:r.o.IOll1.11lI11t 

nOpO,lJ,aMI1, co06rr:r.aJOTcH 06 OTAeJIbrrblX BlTJJ,UX PYAonpOHBJIC'T11lii, BOJTbllJOe BUIl

MaHRe YAeJICHO PYAHhIl\1 IImHepanaM, CTpYI<TypaJll PYA, B03pacTIIbTM 11 CTPYH

TypHblJll B3aHMOOTHomellHfIJI1 Me/HAY rJlaBHbTMR PYAUbIMII 1>IlIIICpaJIall11J. B 06-

JIaCTIi MlIHepaJIOl'Hil IIOCJleAHee Bpellffl 6blJIO IIOJIYlJCHO lIllIoro nOBl>IX AaIIITblX, 

H 9TOT Bonpoc OCBeIIJ,eII AOBOJIuHO lloAPo(5rro. HOBbIe ,D.aHllbIO TaJ{)IW nOnOmeITl>1 

B OCHOBY rJIaB 0 reHeSHce CyJlbCPHJWoii MlluC'()aJIfl3aIJ,nn It 0 npJlPoJ~C ru,D.po

TepMaJIbllhlX paCTBopoB. 

Pa60Ta COCTOHT IIS 9 qaCTeiJ, 3aI{JIIOQalOll1.l:IX B co6e 36 rJIan. B OrnaB

JIeHlUi Yll:aSaHhI <i>aJlmJIIm aBTOpoo OTAeJIbIIbIX rJIaB. 

Pe,D.al{TRpOBallRe Iumrn ocyn:r.eCTBnJIJIOCb H. A. EJIUCCeBbm; Il pa3p;eJlaX, 

nOCBfIIIJ,eHHhIX onIIcamno PYAonpOnnJlcll[tii (QaCTH V, VI), UOMOUJ.b pe,D.aK

TOPY O}{aa.blBaJI B. A. MaCJIenRKoB. 
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OBllI,HE CBEJJ:EHHH 

rJIana 1 

KPATJC\H lICTOPIIH 1I 3Y ' IEIIUH nE 'IEHrCIwro p,\nOHA 

TIepl3blO OTpblllO<JnblO CBC~\CHlIll 0 reOJIonm TIe<JeHrclwro pai10lla nplIBO
AHTCll B paooTax BeTJIJlIll' a (Bohtlingk, 1840), H. H.YAPHBlI,ena (1882) H Pa60 
(Rabot, 1889), npOIl 3(30)\IlUWHX reorpacPH.<Jeclwc n3YQeHI1e KOJIbcJ\oro nOJIY
OCTpOBa, n paooTax .Ll. l{IlJIH (1873), C. BYlwBClJ,HOrO (1884), J. H. lloAra
ell,l{oro (1891) II M. H. MCJIbHl1KOBa (1891a, 18916, 1892a, 18920), H3yqaB
IDI1X llOJlH.MCTaJlJUI'IeCl<l1e J\lOCTOPOil'AC1!l111 MYPMaTICIWrO l\pall. 

Y JI bTpaOCllOI3Hhle nopOAhl D llcqenre 6bIJIJf 06T1aPymCllbl PYCCIH1M rcoJlO
rOM C. A. l{ollpaAl1 (1913, 1915), lWTOPblll no nopyqCHHlO rcoJlornqeclwro 
J{OMHTCTa nhlTaJICH lIaiiTI! npOj \OJlil,ClUIC HOpl3e,KClmx 3 1oAnapanrepoDcIUlX 
}KeJle3HbIX PY~~ lIa PYCCIWi'1 TeppliTOpI1H. 

B nepaOA C 1920 no 1944 r. BC'Icnrchdll pailoII HaXOAflJlCH B COCTane 
<I>HHJlllHAHI1. H3yqelUteM rCOJIOrlUI pa:.ioHa 13 <!TOT nepHOA 3aHllMaJll1Cb cP~lll
CIUle rCOJlol'l1 XaY3CU (Hauscn, 1925. 192G), TaHHep (Tanner, 1928, 1929), 
BerMaIIH (Wegmann, 1929a, 192~6), BcilpluIeH (Vayryncn, 1938). 

B 1921 r. DO n pCMfr rCOJlOrll'ICCIUlX IlCCJIe)~Ol3aHHll TOplllml1CT OTI<PblJI 
B patioHe KOTCCJlbll0J\lI (13 1 J\M I, lOry OT rophl KayJIbl) MarnllTHblH J<OJllJCAaH, 
cOAepmallJ,uii lllllWJ[h. OTO OTl<pblTlie II IIOCJIY}KllJIO IIaqaJIOM AaJlbHeil1lJcro 
B3yqemUI CYJlbcPlll\llhlX MCA110-IIImeJlenhIX PY jJ: l1CqeHrI1 . 

B 1924- 192G 1'1'. A. A. rIOJll,aUOI3 OTKPblJI CYJlbcPllAHOC MCAJIO-H1I1WJICI30C 
0pYACHClIJ1C n KyqJII-r-TYH~WC. 

B 1934 r. paiioll fle'lclIrH Obl JI CAall cPHTIC1{J\M IIpaBIITeJIbCTBOM B J{OH
lI,eCCHlO 11l1TepJlalJ,HOnaJlbHOii nHKeJlenOll HOMnaHHH . B 1940 r. na Y'JaCTHe 
RayJla Ohl JIO nhlCTpoeHO ropHO-McTaJlJlypraqeClwe DpeAnpl1HTl1e . 

BepBoi CDOAHOii MOHorpacPHqeCKOii paooToii DO rCOJlOfHH, nCTpOJIOrHH Ii 

PYAHhlM MeCTopomAellHHM rIc<JeJ-IrcJ{oro paiiona HBJIHeTCH MOHorpacPHH BciI
pRHeua (Vayrynen, 1938). B lIell OIHlcaHhl CHJIHl\aTHble H PYAI-lble MHHepaJIhl, 
npHBOAHTCH PC3YJlbTaThi XIlMHqCClmX anaJIH30B OTAeJIbHbIX CHJIHl\aTDhIX MH
BepaJlOB 1I PYA. 

MOlIorpacPuH Beiipl1HeUa npCACTaBJIHeT OC06hli l'lHTepeC nOToMY, QTO 
B Bell BllcpBble AaeTCH omlcaDHe neqeHrCIUIX PYADhIX MeCTOpOH<AeDHi1, ona 
ChlrpaJIa 60JIbmylO pOJIb B AaJIbHei.i1lJeM 11 3YQCHHH reOJIOrJUI, neTpOJIOrHlI H 
MeCTopomAellllii l1e l IeHrH. 

C 1944 r. l1eqenrcJ<Hll paiiOR CTaJI COBeTCIWll TeppUTopueu H C (}Toro npe
MeHH 1I3yqaCTCH CODeTCIHIMil reOJloraMI1. 

MhI OCTaRODHMCH JII1IDb na paCCMOTpenHH BonpOCOB, I1MeIOIll,tIX OTlIOIDeDOe 
J{ reOJIOrHH, neTporpacPIlO H MHHepaJIODlil PYAI-lhlX MeCTOpO,(\AeI-l111L 



6 rJIABA 2 

HalJHHaH C 1944 r., 6bIJIa COCTaBJleHa MOHorpa4>H'leCI{aH pa60Ta }1,. <1>. My
pameBa (1946), npOBO)].HJlaCb )].eTaJlbHaH reOJIOrHlJeCKaH C'beMKa MeCTOpO}K)].e
HHH (r. M. rop6ynoB 1'1 cD. M. !\apIOHHn), COCTaBJleHO onHcaHHe ropHblX nopo)]. 
(H. A. EJlHCeeB, B. M. IIanymHc), npOBe)].eHbI TeMaTHlJeClme pa60TbI no HSy
lJeHHIO MHHepaJlOB 1'1 py)]. (HnCTHTYTbI rHnpOHHHeJlb, Mexan06p; !\OJIbCI<Hii 
<pHJIHaJl AH CCCP). 

IIepBoH nOCJIeBOeHHoH pa60ToH no neTporpa4>HH nopo)]. IIelJeHrCIWro paii
OHa HBJIHeTCH O'IepI{ H . A. EJlHCeeBa (1 947 r.). 

B pe3YJlbTaTe CHCTeMaTHlJeCIWrO onHcaHHH ropHblX nopOA I1elJeHrCI<HX 
HHTPY3Hii no MaTepHaJlaM CI{BamHH 1'1 06Ha}KenHii B. M. I1anymHc (1951 r.) 
BblHBHJIa oc06eHHocTH AH4>4>epeBD.HaD.HH HHTpy3HH ocnOBBblX 1'1 YJIbTpaOCnOB
HblX nopOA IIe'lenrn. B pa60Te B. M. IIanymHc npl'lBOAHTCH naH60JIee nOJInaH 
CBO)].I{a BCTpelJeHHblX B aTOM paiiOHe nopo)]., a TalUKe AaeTcH nOAP66Hoe onl'l
caHne ropHbIX nopoA 1'1 nopOAo06pa3YIOrn.Hx 1I11mepaJlOn. 

l1ccJle)].oBaHRIO Bern.ecTneHnoro COCTana PYA ItayJlbl nOCBHID.eH pHA TPYAOB 
BHcTHTYTa MexaH06p. OCHOBHbIMB 1'13 HBX HnJlHIOTCH pa60ThI II. II. COJlOBbeBa, 
11. H. MaCJleHHD.IWrO, A . B. BeHIWBa 1'1 M. A. H6J10HCIWH (1947 r.), H . H. Mac
JleHHD.IWrO H II . M. XOl\lblJleBa (1947 r.), a TaIOHe H. B. 3amHxHHa (1948 r.). 

MRHepaJlOrHlJeCIUm pa60TbI 6hIJIH BblnOJlHeHbI Ha MaTepl'laJIe MeCTopO>l{)].eHBH 
!\ayJla. B 1949 r . 6b1J1a nanHcaHa MHHepaJlOrHlJeCHaH pa60Ta no IIeqenre 
(}1,eHHcona , 1949 r.), B HOTOPOH AaHO Mlmeparpa4>HlJeCKOe OTIl'ICaHHe PY)].HblX 
?nmepaJlOB 1'1, B lJaCTHOCTB, npHBOAHTCH BnepBble AJIH PYA IIetteHrH AanHble 
XHIIIR'leCI<Oro COCTaBa nCHTJIaHAHTa. 

B 1951 r. 6hIJIa 3aIWHlJeHa pa60Ta FlHCTHTYTa rHnpOBl'Il{eJlb. 
U;eHHble CBeAeHHH 0 Bern.eCTBeHHOM H MRHepaJlOrHlJeCHOM COCTaBe 6b1J1B 

nOJIY'leHhI pa60Tmmall1H MeCTHblX rl:lOJlOrIl'leCKHX opraml3aD.Bii (A. M. BbI-
60'lHHH, 1950 r.). B lJaCTHOCTH, A. M. BL160'llnmbfM BncpBhIe 6hIJlO 06parn.eHo 
BHl'IMaHFle Ha H3YlJeHHe rFlnepreHHbIX ?IIIHepaJlOn H OTMelJeHO npHCYTCTBFle 
cpeAH OKHCJleHHbIX PYA reTRTa, JlFlMOHHTa, a TaIUI{O 1I10pen03HTa. 

3a OTnOCI1TeJlbHO ]WPOTHI1U: nepROA (nocJle O/WH'IaHHH BeJlHlwu OTelJe
CTBeHHOH BOllHbI) l'ICCJle)].OBaHHH COBeTCI,l'IX reOJlOrOB B IIelJenre n03BOJlHJlB 
nonylJ~ITb MHoro COBepmeHHO HOBbIX AaHHblX no reOJlOnUl, neTporpa4>HB, 
MHHepanonm 1'1 rcoxmnm. IIOaTOMY HaYlJHl>Ie AanHbIe, npflBeAeHHble B ony-
6J1I1HOnanHOH Monorpa4>l'IH BeHpnHeHa (Vayrynen, 1938), yme B 3Ha'l"l1:
TenbHOH CTenenll YCTa peJIlr. 

r JI a B a 2 

I'E o JlO I' II lIECIWE' CTPOEHIIE IlElJEHrCIWI'O PAtilOIIA 

Me)].Flo-rrlfl<OJlenOe 0PY)J.ClfeUHe paCIlOnaraeTCH B npe)J.enax Ty4>orerrno
oca)J.O'lrrOH Tonrn.H, HOTopaH B BH)J.e Y31WU nonOCbI, H30rnYTou I{ ceBepy, npo
cne'HHBaeTCH Ha 60nbmoe paCCTomme H COCTaBJIReT 'laCTb ne'lenrCIWu 4>op
MaD.HIf. Ty4>orenno-oca)J.O'lEIaH Tonrn.a npopBaHa MIIOrO'lHCneEIEIl>IMH ?1enltHMH 
B 06rn.eM cornaCIIO 3aJleraIOrn.HMH )J.H4>4>epeEID.HpOnaHHblMIf I1HTpY3lfnHhIMB 
TenaMH ynbTpaoCHOBnbIX 1'1 OCnOBnl>IX nopo)J., C IWTOPhIMII n rerreTIf'leCIWii 
CBH3H HaXO)J.t:'ITCH cynb4>H)].naH Me)J.HO-B1meneBaH MHUepaJlII3aD.IUr. 

06rn.ee npeJ).CTaBJleEIHe 0 reOnOrHlJeCHOM CTpoemnt pauorra )J.aeT cxeMaTH
'1eCI{aH reOnOrH'IeCl\aH J<a pTa paUOEIa neqeUrCIWH CBIIThI (Pl1c. 1). 

IIo OC06CHHOCTHM reOnOrH'lCCIWrO CTpoeBHH IIe'lenrClUlH pairoH MomeT 
6b1Tb pa3)J.eneH na TpH '1aCTU: ceBepnyIO, CnO}!{eHHYIO apXetlCKHMB rHcllcaMH 
11: rpaBHTaMH, D.enTpanbHYIO - 06nacTb pacnpOCTpanemUI ne'leHrCIWH CBlfTLI 
11: 10 11m Y 10 , cnomellHYIO B OCHonHOM TalOlW apXeUCI\HMH rHencaMH. 
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CeDcpBafl , npH6pemHaH qaCTb paiIOBa CJIO)l<eHa BHrI<HeapxeiIcl<HMH ne

paCqJIeBeHi-lblMH IWMnJIel(CaMH CJIIO)].HHbIX, fpaHaro-6HOTHTOBbiX H 6HOTHTODblX 

rneHCOB H MHfMaTUTOI1. 061I1,ee I1pOCTHpaBHe fBeHCOBblX KOMIIJIeKCOD ceBepo-

})A.p 
El{ lJ,OBO 

y 

PIlC. 1. CXCManl'lCCKafi reO.lorll'lCCKl1f1 Ka pTa ne'leurcKol'o paHona. CocTaorm 
r. 11. fop6yuoo 110 MaTcplla:JaM X. UcHp llllCua. JtI. A. HYPhI: leooii . A. A. nO.1Kaaooa. 

J1. R. XaplIToHoua II X. XaY3eua. 
1 - nC'icHrcKaR COIfTa ( allllllymIDHI~C lllfaGaabl. MCTMlfaGaabl. MlflillaJlCI<aMcml blC nopOllbl II TY<!>bI); 2 - OC
HOOBblC If YJlb·h.aoCIIOllllhIC IfllTPY :lIIlI; J - <!>IIJlJlIITbl II TYt1><!>IITbI; 4 - 1l0JlOMIITbl . HOa"I.{IITbi \I apH03bl; 
5 - nnarll OlloplllllPIIThl (MCTaallllc3 I1Thl); 6 - ucpaC'lnCIICHllbln KO'lIIJ1CI<C CJla lll.{CB C Jl III-I 38 Mlf aM<!>1I60JlII-
811P008HllhiX 1\ 1I 8Ga ~ou: 7 - IIcpaC~.'CHCHHbln I<OMllnCKC CJlIOIlRHblX rllcncou ; 8 - CYU1CCTIICIIJI 0 MIIKflO
KJllIIIOOI"C rpallllThl (UCpXHlln arXcn): 9 - aM<!>II60JlCl"hiC cnnHllbl C nO;t'IIIHC""bIMIf 11M 6110TIITOObIMIf rllclt
C8MIf; 10 - 6110TIITOllbiC II rpaBaTo-6l1oTIITOllblC rllCnChl: 11 - OJIIlrOKnaaOBhlc rHCnCo-rpaHifTbI; 12-
rpaBaTo-6l1oTIiTOUblC r ll CnCbl (IIII>Hlllln apXcn); 1.1 - MllI<POHJlIIIIOOblC rpamlTbI (npOTCfloaoA); 14 - ncc
qaHIfKlf C npucnoRMII rJIIIIIIICTblX CJl8HI.{CO If 1130CCTIIRK OB \I HOIlrJlO~ICflaTbl; 15 - HOMnJlCKC CJIIOI\RHblX 
CJIallI\co. KOnrJlOMCpaToo 1I KOapl.\lIToB C npOCJIORMII MarllCTIITOBblX PYll 3 101108panrcpa; 16 - TCKTD-

Hl-l'lCCHlIC HOIIT8KTbI. 

aana)].Hoe, C naAenUeJII na CCBepO-BOCTOI< I10)]. yrJIOM 60-85°, HHOfAa DepTH

KaJIbBoe. fnCllCbI I1pOTfinlBalOTCfI )].aJIeJ(o aa npe)].eJIbI paiIOBa, KaJ( Ba CCBepo

aanaA. na TeppHTopllll HopBefHH, TaR H na IOfO- DOCTOJ(, B nanpaBJIeHHH f. Myp

MaHCKa. 
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IO;ymee fHeiichI npOphIDaIOTCH MlmpOI<JIIIIIOBI1ThIIf n OJIUfOHJIa30DhlJ\lJ[ rpa
HBTaIl1I1, rneuCO-rpaBHTUMH B IIUIfll1aTI1TaMH, CJIafaIO~mt1l AODOJIbUO 1U1IpOl\Uii: 
MaCCBB no. rpaJIIll.l,e MefI\AY CCCP n HopBerueii K 3auaAY OT noc. DC1:JClIra If 

JIYOCTapH. 3anaAnee noro rpalllITnOrO MaCCHaa, na TeppnTopulI 1I0preruIl, 
paCDOJIO}l{en IWMDJIel{C CJIIOAHlIhlX rnellcon C DPJlypOtICDDOil H neMY }I·;eJIe30-
PYAHOU CDHTOll 3IOADapunrcpa, cJlO}l{enDOll CJllOAHDhIMIl CJIUI1lJ,at.J1l, }wurJIO
MCpaTUlI1H, I{Dapn,llTalllll II KDaplJ,eDO-lIIaraeTIlTOBhIlIlII PYAallJU. Xayacll (Hauseu, 
1926), BerMalIII (Wegmann, 1829) n CeAeprOJIbll1 (Seder] olm, 1931), 
B3YQaDmUC ;y,eJICaHhle PYAhI 310AnapaIlrcpa, npUUI1CbmarOT 11111 OCL.AoqnO-lIleTU
MOPIPUqeClmUreueaHcHcpauHlILaIOTllx C PYAOllpOHBJJOIWIHl1I Kpl1noro Poru. 

CpeAll CJIIOAJJlIhIX rneiicon IJa lIamcn 'reppIlTopnll, B paiiolle fy6bI ,AoJIro.ii 
(R ceBepo-aanaAY OT JInl1BaXUlI1apu) Talm;e 06napynwlIhI JIllUahl }l{CJlCaIlbJX PYA . 
ImaplJ,eBO-aMlPu60JIO-MUfneTuTODoro COCTano.. Ho, 1I0 AanUblM A. A: DOJJl\a
nODa (1935), 3Tll PYAbl IIpllypOqeUl>I It APyron pYAonoclIol' DOJIOCe, UPOTHnt
na IOIlJ,ellcH na IOrO-BOCTOI{ AO I{oJIbcHoro lPuOPAa n l1MeIOllJ,eii IInoe CTpaTJIfpa
llm"<lecl(oe DOJIOrIWnue. Xayaen (Hausen, 1926) n CeAeprOJIbM ( ' ederholm, 
1931) DPllDllChlDUIOT CBnTe 3lOABapaurepa 60JIce MOJlOI~oi1 - 60nmiiclmii 
D03paCT, B TO BpeMH Ralt A. A. I10JII{ailOD (1935) UnaJIOfll'lUhle CJIlOAHTIhlO 11 
rpauaTOBhlO rnellCl>I 11 npnypotIcnnble H nnM meJIOOIIhlC J.YAhl KOJILCI{orO 
nOJJYOCTpona OTnOCllT K CBIlOHllllCRI1lII 06puaonaIlIIllM. 

PC3Imii OOPhlB CBllTbI 3IOABapanrep na coneTcHo-llopnemclwii rpamul,C 
YHa3h1BUeT na naJIIlquc BAOJlh lIaa-peRIl Hpyniloro TCHTOIIlI'IOCH01'0 lTapy
mcnIlH, ROTOPOO neCKOJIhlW IOJImeC, nO-BUAllllIOJlfY, cpeaaeT TalOHC DOqenrCRYIO 
CURTY. ROr.IDJlCI{C nopOA, anaJJOrn1:JDhlll CBUTe 3IO)J,Bapanrepa, lWTOPLtii DO
rpy>I\en nOA nO'1enrc[wii cnIlToii, nOllBJIflOTCH cnOBa B BilAO MCJIl{flX 3aJlemoll 
a<OJIeaHhIX PiA na TyuApe TOJIIlL II DonoBa (DoJIl(anon, 1937). 

RaIt Yflte OTMe'laJIOCh, B ceBepnoii tIaCTfI panona na nouepemho BapcII~oDa 
lIJOpH eIlJ,e B npOIDJlOlll CTOJIeTllJ[ OTltphlTbI IIOJIrtMeTaJIJIIl'leClmO jlUlJlbI (KlIJJb, 
1873), HOTOPhIO 113YQam1Cb II03ATICO MLOrJlMll J[CCJIeAOllUTeJIfIMll (BYHonCll.ImH, 
1884; I1oAraell.I{Ull, 1891; MeJIbUllHOn, 1891a, 18916, 18920., 18926; DonoBII'! , 
1915, II AP.)' O:~JI nOABepraJIHCh lIaY"<lemlIO II B DOCJIeJlYIOIII,110 rOAbl. 

I1pIlJlel'alOIlJ,nll l{ pallony C conopO-DOCTOlta n-OB PI>tOU'll1ii CJIO(Jwu OOl{OM-
6PTliicHHMH OTJIOmCnnHJllIll: apl{Q30LhIMll, Jmapn,eBblMU H rJJaYUOBlITOnhl1l1l1 
necqammallm, RBapn,IITallllI C nOA'lIIHennhIM I{OJInQeCTBOM rmmUCT],lX, 11O('':IaBO
rJIUBUCTLIX CJIaHn,en n AOJlOIlIlITOB (n-oB CpeAullll); lWUrJIJMepaTalllll, TIIJIJIlI
TaMH U IIOpOA~lIllI IIeCtIanO-rmmllCToii lPalJ,llJ[ C peAIUlll1l1 aaJIeil<alllll II3BCCTIIH
l<on C Gymnosolell (rr-oB PhI6a'Iuu). OOIII,all 1Il0ll\nOCTb ocanI ... Oll 01\OJIO 4000-
5000 M (llOJIltanOB, 1934; Tennep, 193G). nOpOAhI CllJIbUO }lJlCJJOlJ,llpOllalIT>l. 
A. A. nOJIItanOBbIM (1935) OTlI1etIaeTCH I\PYDlIblj:{ IlaABlIf no rpanlllJ,C IWOf,110-
MepaTOB C nOACTI1JIaIOIlJ,In.m neC'1UnU1\UlllU. B uelWTophIX MCCTUX DCTpC'leUhl 
Ue60JIbIDnO TpOIlJ,UnIIhle IInTpY3UlI - Aail!m AHauaaon. BOJIblUllnCTBO J1CCJIO
AOBaTeJlc:i1 CQllTaIOT, tITO OCaAI{JI orpoJlmoii JII0IlJ,nOCTIf, no 06JIaAaJOlJl,lle roo
CIIHl<JIlIIIaJIbnhlllf xapaRTepOM, ~IOrJJII 6.bJTb IIalWDJIOUhl II yCJIOBIUIX rpa6euo
oupaanoro onycI{annH BAOJIb ceBopIIOfO noocpemhH I{OJlbCl{QfO nOJI yOCTpOB3. 

B lJ,CnTpaJIbIIOiI "<IaCTI! paCCMaTpUBaOMoro paiioHa na llJJOIII,aAIl OIWJIO 
1300 I{M2 npOCTllpaeTCH 60JIbWOll Ayrooupaanhlll MaCCUB OCIIOUllhlX 31P1PY311B
nhIX II TYlPoronrrO-OCaA01:JDhIX DOPOA ne'lenrCI{QU CBUTLI. no AallllhlM Xayaena 
(Hausen, 192G) 11 H. A. I{YPhIJlOnOll (1948), cnHTa UeCOfJIaCllO n3J1eraOT na 
apxeilcHHe fneUCbI n rpaIIlITl>I, 0 tIaM Cnl1AOTeJlhCTuyeT naJlllqno UaaaJIbHbIX 
IWnfJIOMepaTOB 11 apl<030B, 06uapymenllblx A. A. <DllJlllflllOnoii no. ~lhlce 
KYMOYJJO (AOJluna lIa3-pelm) II no npaBOMY npnTOHY p. laJJoii nCTlCHrII, 
B g 1\M 1\ IOro-nOOTORY OT noc. J [yocTapn Ba3<lJIbUl>I6 HOnrJlOMepaTbl COCTOHT 
lil3 01{pyrJIbiX faJIel< ApeOllIlX rpaUUTOB H CJlIOAlIllO-CJIaUlJ,OllOrO lJ,OMCIITa. 
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BeiipRuefl (V~ly rY ll c n, 1938) Y.I<a3hlDaeT Ha Te l<TOIIHqeCIUlll xapal,Tep 1\oIITa l\Ta 

lIle}I>Jl.Y u ellemClw ii CI3I1TOM n apXeflCKH.M <PYElAa leUTOM. 

B CTpanlrpaqm'leC IWM If Tel,TOIIIIllCCKOM OTElOllleHiHIX neqeHrCI\all Cl3 l1Ta 

pa3AeJi neTCn n a CJleAYI011/.He 'lCTl>lpe J\pynHl>re, 3anera l0llJ.lle l \pyr HalJ, IJ,pyroM 

OTAeJia 11J1H DOI,poua OCIlOI3 Ill>l X ::JtPtPY3HB llhIX nopo)1. (cmIJIHTOB , no Bei:ipliIICUY), 

pa3)1.eJICllllblX npOCJIOJJMtl TYtPorelluO- OCalJ,OqUblX nopOH (pllC. 1) . 
1. TI e publl1 CU H3Y nOKpOI3 C lOil,eH leJllW3epHHcTblMH MeTa\lla6aaa~IH 11 ~leTa

DOPtPl1 pILTa~lH, CMeIlHiOllJ.1l \HCll I3blme MHI:lIJ,l:1JIe I{aMeUJI hlMH DOpO)1.a MJI . 0 11 n I 0-

Cn e}l,en OT DOC. Ca IMIIHpllll - Ha 3aDa)1.e )1.0 p. THTOBIUl - na JOrO-1l0CTOH: e . 

illl1pHHa nOI,poua I{QJl eG.IICTCH D CpelVIeM OT 2 1.\0 4 I<M, na 3aDa)1.e Y13eJH1QUOaeTCH 

AO 6- 8 KM. B ca Ibl X Bcpxax DOI<pOBa cor laCIlO ua 1IllIlIaJlO IWMCUElhlX DOpO)1.a x 

3aJleralOT DJiaCTl>1 l\Uapl\ IlTOIl, neC'lallUIWI3 11 )1.0JlOMBT0I3 . TaKlle DJlaCTbI IlCTpe

qenbl fla IJ,OJIOMI1TODOM Ml>rCl<C oa. KY::JTCRPIlH, BIJ,OJlh pyqbH RYBepBI'lii o IOl, DO 

pp. fIe'lenra II BaJIar .. TIJiaCThI DpOCJleIKHDal0TCll fla paCCTOllBHH BeCIWJlblO1X 

ImJlO~ICTpOU l,a l l,J\blii n pH MOlL\1I0CTH 100- 200 M H 60Jlee. B CBH3H C DOHCI<aMU 

l\ap60BaTHoro Chi p 1..11 Bce Ollil U nOCJICJ\Hne rOlJ,bI 1101.\l3epraJlHCb cnell,na JI bllOMY 

H3yqeltlll0. Hall60JIcc n c p c nCI,TFlI3l1blM H3 H HX C'lHTaCTCll DJlaCT J\O JIO~1I1T0I3 
B paiJol"rc p. fIelleHrrr. B I \OJIOMIlTax 03 . RY::JTCHPBH H. A. RYPbr leBOU (1948) 
Halll\eflbl opraUl1qeClwe OCTaTI<L1 DeCbMa Dnoxou coxpanBOCTlJ. OIJ,Ba lW MUO

rOI<paTllhlC nonhlTIHl Halinl 3)1.eCb OHa l eBeJlOCTB Jlyqmeii coxpaliHOCTH 

}J.JIH I \OCTOBepuoro ODpCI \CJleHIHI B03paCTa nopOJ\ IlOI,a 01<a3aJlRCh 1'11\e1'

HblMH. 

2. BTopoM nOI, pOIl CJlO; I,e ll MeTa)1.ua6a3aMII, MeTanoPtPlipl'lTal\lll, a Jlb6~lTO
tPupal\lI1, HepaTotPllpaMI1, CMeHH IOII\II l\ IMCn Buepxy TytPaMll . Ou 3aJleraeT na

pa I JlCJI hHO DepllOMY nOI'pouy . Wllpl1Ha B 1.\e:J-ITpaJlhUoii lJ.aCTI<I COCTa I3J1HeT 

2- 3 I,M, ua tPJIaHraX CB~ITbI Yl\ICBhWaeTCH J\O 1 J<M H Meuee. ROHTal{T ~ l emJ\Y 
MeTalJ,UaUaaaMIi .noro llOHpoua Ii nOIJ,CTlinaIOll~HMIf J\OJI OMHTaMH - TeI'<T08H

QeCI01W, co CJlel\aMIl UHTellCIlUllhlX TeHTOlll1'IeCJ<11X J\BIlN{CB~lli . B paLIOHe 

1\0JlOMHTOBoro 1\IblCIW 03. l\:YaTCHPUI'lll pyqhH I ylIepmli10 lUi r. 11. rOp6YHODhIM 

BAO lb HOHTaHTa OTMeQella HpynllaH 3011a 6peHQllpOBaHHll H pa3BaJlbll,eBanliH 

DOPOIJ, (131iJ\I1Mall 1\IOIL~80CTb TOJlblW D MeTalJ,Ma6a3ax CBhlme 10 M), MHHepaml-

30BaHHaH D03}J.HIIMU IWapl.\eBWMH H l<aJlbI.\HTOBbll\lH , HI1J1aMH. fIpOCTl1palme 

30Dh[ ceBepO-DOCTO'lUOe 50° C DaJ\eBHeM l{ lorO-BOCTOHY DO~~ YJ'JIOM 50° . .il:l1a-

6a3L1 BUml311 30Hhl CHJlbHO XJlOPtlTH3HpOBaHbI, aMtPH60Jll'l 31'lpOnaUh[ ]1 ::JDll

AOTH3HpOBaHbI . BI\OJlh BCPXHCll rpanllll,bl BToporo nOHpOBa y p. ROJlOCUllOI\u -

aa 3analJ,e II p. l aMl\l aC - T1a BOCTOI,e DCTpe'leH nJlaCT J\OUfJIOMepaTOB, aIJI<O

BOB, )\I3apll,I1TOB, neC'laBHI\OB, tPHnJlHTOD H IJ,O lOMHTOB . Y rpaBHl.\hl C BbllllCJle

malL\F1M TpeTblHl DOHPOBOM tPHJ[JlHTb[ H )1.0JlOMHThl CHJlhBO paCCJlaFlI.\OllaHbI 

H DepeTepTbI, a IJ,OJlOMHThI OlWapl.\OBaBbl, qTO YHa3b1BaeT Ba UaJlM'lHe Bl lOJlb 

!<OHTal,Ta Tel{TOHHlleCHHX IJ,DHlI\eEltlH. 3Ta J\OHTal<TOBaH JlHHBH nonclOlJ,y onle

QaeTCH D peJl betPe B DHlIe 1\0JlHB H BblTHHYThlX 03ep . 

3. Tpenlij nOI< pOI3 CJIOil\eB rOJly60BaTo-aeneubiMu atPal1HTOl3hIMH )1.ua6a-

3aMB a MI1J:1lJ,aJleHaMeHBbIMH. nOpO)1.aMH., CMeUHIOlL\llMHCH Bblwe Ty<pa~nl 
arnOMepaTaMH. H TYtP0rclulblMB CJlaIlll,aMH. ArnoMepaThl BCTpeQeUhl TOJl hlW B l.\eH

TpaJlbBOii lJaCTll I\ym 1\ICi l<J\Y noc. HBl\eJlb H. 03. DHJlbrYHpDI1 B B11)1.e nOJloc 

MOIll,HOCThlO 1\0 200 AI. 06UJ,aH IDH.pHHa nOJlOChI ::JtP<pyal1BllhIX nopo~\ TpeTberO 

DOI,poBa 13 ll,eUTpe J\yn1 COCTaB11HeT OI<OJlO 5 I<M, Ha 06011X <pJlaHraX nOCTO

DeRHO YMel1 blllaCTCR BnJl OTh J\O DOJlnOrO BblJ\JlHBl1BamUI B paHoBe p. ill ye

HHJ101<11 - Ba 3anaJ\e II p. l a lMac - Ba BOCTOHe. 

Ha <ltPtPY3l1DlihlC nopOAhl TpeTbero nOI,pOBa cornaCBO naJleraeT CllJlbUO 

D.FtCJlOl.\l1pOllaBMaR TYtP0rellHO- OCaI\OllHaH TOJIUla MOmHOCT"hIO B cpeJUleM OIWJlO 

1000 M, npopBaHuaH 1I03J1HCe HUTPY3HHMH. rau6po-l.\lIa6a30B H D JlaCTOllblMH 

HIIl\eJleDOCHbIMli lUJTPY3H.HMI1 YJlbTpaOCDOBBLlX 11 OCHOBnblX DOPO}];. B DpCJ\e-
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JIax aTOll TomI~H H paCDOJIOmeAlJ Bee Ii3neCTHbIe CYJIbq1l11l.nLIe ~IeARO-1HmeJIe
Bhle py : \0 11 pOll IlJl CHrHT, COCTanJIHIO~Re n eqeHrCIW it 1I 01lC 1111'1' PY :HIiL 

K HaCTOH~eMY BpeMeml aTa TOJllIl.a R3yqena u eCbMa ACTaJlbHO n ~enTpaJIh
HOi'1 qaCHI PYARo ro DOJlll H MeRee JJ,eTaJlhHO Ra 060MX q)J[anrax. 

B n e pxRHx CJlOHX Ty<poreHHO- OCaAOqHOII TOJllIl.H, Ha yqaCTI,ax PYAon POHB

JIelll1H HaYJla-I\aMMI1In1BM 06napymeHbi JIlHI3L1 TY<POB, a n paiioHe p. J[aMMac

JWHrJlOMepaThf, COAepmalIl.He raJIbl,y CBeTJIO- Ceporo rpaHflTa, MeTalV1a6aaa, 

ra66po-Alla6a3a, H3neCTHHHa Ii <pFlJlJlJlTa (no AaHHwM f. T. MaHeenJ<O). Ha

JIltque B Bepxax TOJllIl.~1 nOJlHMUI\TOBOrO I{l)HrJlOMCpaTa H yrJloBoro JleCOrJIaCflH 

C nOJICTi'lJlaJOlIl.MMH <pFIJIJIl1TaMIf YI,a3bllJaeT Ra pe31,Y10 CMeRY YCJIOBFlii ocaAI<O

HaJ\onJlelH1H II D03MOi l\HbIH AJntTeJIhm,lU: DepepwD Deper\ 1I3J1 HlIHiHIMfl Jl,ua6a-

30n qeTBCpToro nOKpOqa. 

4. lJ eTBepTLlu nOl,pOB, CJIOi l, eRBhlii anrHTOnLIMH: 1\lIa6aaaml C npOCJlOllMlI 

TYlPOB, nepCI,pLlBaeT C lOra PY~\OHOCHYIO 30llY. HORTal,T Mei l'AY A lla6a3aMlI 

'IeTBepTOro nOI,pona 11 pY~lonocHoii aOHO l1 nOBceMeCTHO Tel\TOHHqeCIUrn, nblpa

il,efl APOUJleHHeM H n epeTM paRH eM nopoA, npel1MYllJ,eCTBelHlo JlOJICTI1J1alOInFlX 

lPHJIJlHTOn H Ty<P<pI1Ton. Cper.ll1 Ana6aaon OTMCtlenhl JIItH3bI (IlI1J1 JIIITOB 11 TY<P<PFl

Ton H Jl,ail\c eJll1l111QJlhi C BhIXO~I],[ Y JlhTpaOCIIOBllblX UOpO~I , HOTopble f. T. Ma

I\eeJll\O CqI1Ta CT ap03 11 0HHblMlf «0 lOla Mll» 1I1'1 ; I,CJleil \a Ul,e ii <pMJlJII1T0- rllnep6a

allTonoii 30Hbl, qTO ~Ia JIO nepOHTHO . Ho, 0 1111<11<0, CJleiweT npH3uaTb HpallFle 

H eAOCTaTOqHYIO Tt3yqCHlIOCTh aToii 06ml'lplloii qaCTII cn llTbl, 3aHllMalOUleii 

OI\OJlO 550 HM2, T. e. OI\oJIO 42 % oom.eii n JlOlIl.aAH paCD pOCTpanenllH 1l0PO~( 
netlcnrcl\O lt CBHThI. MOlIl.ROCTb ].lHa6aaOB tIeTBCpTOro nOI,pona COCTaBJIHeT 

OI\OJlO 7000 M. 

n CQenrC I,aH cnHTa 06pa3yeT 60JlbmyIO CIIHI,Jl IIHaJIbRYIO CTPYI,TYPY, OCb 

I<OTOPOi'1 HaHJlOlIella I, lory non yrJlOM 30-60 ° , D cpeA He M OI\oJIO 40 ° . I3I1YTPII 

:nOII CTPYI\TYPhI OTMeqeHa 60Jlee MCJll, all AOnOJlfll1TeJl bllall CI( JIaJJ,qaTOCTh. 

Tal(uM oopa30~1, n <popMHpOna lHII1 CBIITLI Dprnll1MaJIH yqaCTl1 e 'ICTblPC 

~F1HJla 1l0AnOAJlhl X JI3JIHHHHiI Oa3a JlbTOBOli ~larMhI, 1\0TOPl>IC CMeHIlJl I1 Cb na

JWnJI CHlle M OOJlOMOqnO- BYJlHanrtqCCIHlX nopoJl, rJlaBllJJlM 06pa30M TYlPOB II 3a

Deplll a JIHCb, Hal, npaLlHJl O, OTJlO, I,eHlleM OCaAOQnblX UOPOl l: AO IOMIITon, l\Bap

I1.IITOB, necqaHllI\on II rJlRBH CTbIX CJlaRllen - <pIIJlJI HTOn C llPOCJlOHMII TY<P

<pilTon. CpaBHHTCJIbl10 MOlIl.Ra H T y<po r eHllO- OCaAOQn all Tomila C<popMllpOnaJl aCb 

D IWlIllC TpeTbe ro ~11J\Jla, a nepel,pblllaIOll(Hti ee C lOra orpo IlIhlli 1l0 1(pOn a~<py-
3HBRJ,IX A I1 a6a30n OTROCHTCfI I, qeTBepToMY, T. C. 3aBep lll a l0 1lJ,eMY llepl1011,Y 

<POP~III pOnarll1H CnHTLI. 

3 n oxa <pOp~lI1pOBam[H 1l0POA CBl~Tb[ xapaHTe pJl3yeTcH, Tal<r!M 06 p a30M, 

YCHJI CIIJl o ii a<p<PY3uBIIOH H nYJlI,aHHqeC lwli l (eHTeJlbHOCThIO , 06YCJIOBIIBmei1 

Halwn !elme 10- 15-I\HJlOMeTpOnOll TOJllIl.H a<p<PY3 1IBHhIX A ll a6a30B 11 Ty(llOn, 

cpeAH 1\0TOPhiX OCaAOqHb!e IlOPOAbl UMe lOT 1l0AqllueBlIOe 3 J-1 a ' ICHIfC 11 npeJ.l,-

Pne. 2. C X E' Ma rOOTIJ Olll C' lIIH1 lO>I< n o ii '18CTI1 IIC'I CIII "C I<o ii (,IHIT I.I II 1<o ~m:H'I(Ca C: 13111\e U8 -

,. hlX a~!(IHl 6o:II ITOU TyH .o. p !-\yqllll-T o;ILlIllhl .o.. C ocTau: lc ll a B. 1'. 3a r o pOJ\ lII.dll . 

1 - rll cflco-rpmlllThi nOl'~lIlJ"lorlll nllbI C MIII< J"lOl<n IlIlOnblC (~ ) ; 2 - MCTaMop<I) II ~O llnlllll .I C OPlIonll blC II ynbT
p aoC llu u ll hlC IlIlTp Y:i ltnllhlC IIII HCJ1CI-IOCllhIC II OPOllbl II C'I CIII'C HOi1 CIl IlTbI; J - MC'I'UMOp<iH I 30IUl llllt.IC OCII OIU l bl e 
n opo:!hl (rnl'ilipO-!lll a(,aSbl) II c 'I CHrCl<of\ CU IIThl. MCTaMO l'$II 'I CCIW fl TOJIIllll 03. Hael<C-l1 hIl IlJl . IW MIIJICI<Ca cnall
UCIH IThlX aM<I)l IOOJl IIT OB I\Y 1Il ln- TYI-t!1P H . n C 'I e H r C H a A en 1-1 T a: t{ - n) I\I CTHlll laOa:ihl llCTnCpTOI'O 
n OH pOBa 11 G) CUR :l:..lHIl III C C Hl1MII lIIapO O1>IC ~1aubl •• j - (JmJIJ1I1TOn l1n'H.IC CJ1fl!lIllol: (j - MC'rall IIH fia :lbl BTOPO PO 
n (JI(poun : 7 - MCTCl!lll aOaS hl II c pno l 'u II/1 U'pO IHl:. M C TaM 0 11 ell 11 1I CU I( HilT 0 JI L1l a C JI A II II e Il 0 s . 
1< a C H C Jt b R II p: 8 - CJ1 iHlIlbl Kllapll c uo ... 6 110TI1TOUhl C, HBapnCBO- OII U I'II TO-al\ItIJl16oJIOUhI C. lumpucDo
KllpOoll aTllhlC . J{ 0 M n JI C I( C C n a ~I u C II a T 1>1 X a M $ II Ii 0 n II TO H T Y II :\ I) ({ Y 'I II II - T 0 JI b
II 1.1 1\: 9 - MCJlI<O"C)1 I1I1 CTI>IC cna llllCnaTbIC II M$lI lion liThl. A p x e fI C I< II C r II C II C 1,1: 10 - I"II CnCbI 
rpll ltaTOnhlc . aM(bIl Oono-.rpall a Tollblc; II - rll cilc hl OIi OTIiTOllhIC . n nycmoI\H III>IC; 1 2 - I< lI apu cll l.I C II Hnap
nCHo -HapOOll a Tl-lhIC H\llJl bl; 1.1 - PY!lOnpORIlJ1CHIIfI ( oo r aThlC BI<panJ1CllllbiC P YIlIoI II OPyn.CII CJl hIC TCI<TOIIII
'I CCI< IIC OpP. I<'-IIIII) : 1 4 - I<OUTa H'Thl UOPM3J1 bHhI C CTp3Tllrlla(bll'I CCI<lIC 11 ItilTpy a llllll hlC: n - lI aUJ'IIOA:lCMhle. 
6 - npC!lnoJtaraCMhIC: 15 - TCI<TOHII' I CCH II C n lll-lIlIl : a - lHl fiJIIOIl3CMbIC. ij - npc:lnOJ1araCMhIP , B - SOllbi 
pa CCJ1a IlIU'BH. IIl1f1 : 1 6 - :lJ1CMCHThl SaJ1C r :HIIIA 1l 0 pOn hl ; a - CJ10IlCTOCT b II C':HHIIl CIIHTOCTb B CJ1H IIIHl X'. {b ll J1-
.Jl ItTaX II aM(!l Il OOJ1 I1Ta x. 6 - rIl CnCO IJII !lHOCTb n r pa l-lllTax: 17 - J1 111~ C nllhI C :) 'l e\I Ctl rhl (ocn J1 JIOCH 11 CJ1au-

u a x II D a~J(IIlI GOJIIITa X II n ll n UHcflll OCTb D l' II Cfico-I'paJ III Tax ) . 
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CTaBJIeHbI OObI"lIIO B BUAe 'laJiOMOrU;UhlX OpOCJIOeB a mws. TOJ1bIW Tycporenuo

OCaAO'IHaH TOJI.ll\a B sepxax TpeTbero 3CPCPYSHBIloro 1101\P aa, CJiO}l, HRaH 

r JlaBT:lhlM 06pasoM cpnJIJII1Ta~!Il, IIl\1 eT MOUJ;nocTb D P l\UOM 01-:0J10 1000 M 
.Ii npOCJIerl,l'I13aeTCH na BceM npOTJnHOIl11Tl CDRTh!. 

8noxa 3CPCPYSHlHfOlI Ae.flTCJIb1:lOCTft R ocaAI OHal OUJlenun C~te\lHCTCH mrTeu

CRBIIbIMH Tel TOn11'I CHHMII ABllil,eHJlHMIl, saXBaTll13mU~lll CUIlTY na II M ee 

npOTJIiI{ernIM: II 06YCJIOBlIBllllllJl1 oopaS013aUllC Cllil 1< JIll U 0 pllH . COOOllIlO llIlTen

Cl~BUOMY CMnTJ1IO .Ii paCCJIau1I, Damno C 06paSOBamrc I MCJII<RX CIUlaAOI{, P ' 3-

JIOMOD, SOH 1I1f\il{CJIOCDOrO CROJIbJ-HeHlfH 11 opCI<'Inp013aIll1H nOADCprJlaCI TYCPO

rernIo-ocanOTrnaH TOJIlll.a. OCJl lIJeJIlUIX CI JIaAOH B cpl1JIJIllTaX D OOJI bID flllCTO O 

CJIyqaeB JlOrpYi-RaIOTCH BrrYTpb Tlyru, n rranpaBJIClmn oom.cro I1a~\ IlUH DO

po)], . 8TO neCOMHCHlIO rOBopllT sa TO, TfTO JlarrpaDllCflno TeHTO IIJl'ICC IW X f,Ull
l'l emlii DO DpCMfI ClwaAl{OoopasonafIlHr BLrp,CpJIHlBaJIOCb DO Bccii CBilTc. l{aI{ 

yme OTAJOCIaJIOCh, KpyDHbIe TeHTOIlJlTfeCl{Ue SOHhI, YIWSbIBaIOUW fla )],BflfIW

HRn OOJIbllOii a MllJIRTy)],bI, BCTpeTfCIIbI TaH/HC B)],OJIh rpanrlU; BCCX q Thlpex 

nOHpOBOB, Bl JlIO~IaH HlIH<RIOI0 Ii[ BCPXJHOIO rpaTllil.l,hI nOl{cnJ'cl{oil CBIITbJ. Ha 
aTOM OCHo.sanHH Be.iipllHeH ( . ~iyrYllon, 1938) paCC. IaTpUBaOT OTIW11bI CBFITbI 

Hal{ flaADlIHYTbIe O)],l'lH ua APyroll aJIJIOXTOLIHbfe DOl{POBbT. 

<l>al{T YBCJIn'IeIIHH MOm;DOCTfl CBIIThI B oceBoii TfaCTlI 11 4 nrCIWro CILH IUU1-

nopRH II DOCTeneHIIoro YJlJenbmeHllH B 06011X ero I<PbIJILJ'{X YHaSbmaOT ITa TO, 

'ITO CHJIa)],I<OOOpaSOBaTeJIbUbfO AlllIn,OHJlH IIaTfaJIllCb, nCpOf:lTJlO, li.l, n nepU01\ 

CPOpMlIpoBaIIHH CBRTb!. l1prr 310Jll B paSBJiBaIOJu;eJllCH CJlIfI{JIUnaJIbnOM npo

fl>10e, oCTecTDBHHo, npOFICXO~\HJIO OOJlbmee flalWllJlenll nopoA, 'ICM na ero 

l<PbIJIbHX. Ho ne MOll<eT OJ:>lTh OMJlCIHUl B TOM, 'ITO 1I0CJIOAYJOIl~l1e 11 60JICO 

l{pYDllble Tel TonH'1eCKHe AllH}I{enJIH, oOYCJIOnHnIDl'lC Hal(JIOUUOO 3aJICraUne 

DOp0)], CDnTbI ]I Ol{OHQaTeJIbHOC CPOpMl1pOUanuo Clllil\JIJIUOpHll , I1POIICXOAUJIIl 

yn e 1l0CJIe OCa~\KOHal{OIlJIeHIIH. Kal{ OYAeT DOl\asano 11l1mC, BllCl~ponll6 ocnOB

HbIX H YJIbTpaOCIIOllIIbT HIlTPYSItU DPOl1CXOAHJIO B)],OJIb oC11·a6JJomrhIx TO)(TO

BH~leCI HX son, J OTopble oopaSOl3aJIJICb n B OAIlOPOAHOll Tycpor6uuo-ocaAo'lHofr 

Toma.6 DOCJle CfmaAlwoOpaSOBanf1H. 
C JOra n e'l 1[l' Cl\aa Cnl1l.TIl. TO IHOUf1QeClW D p I(pblTa HpIlCTa JI J1II'lCCI\I\MIJ 

CnaHI.l,aMlI: CJnO~(HlIbI M Il , 0110TlITO- Mac'nOTflTOnhll1fU, aMcp"OOJI013hIMII n HPY

I'l'lMll, CP01(1l l{OTOPhIX OTMe'IOUbI TO Jla ClfJIhUO paCCJI a 1lI.l,0 BarHl bl x Jl a~ l cplI 
OOJIJlSOpOl3allHblX J], lla6a SOB, ra66po-Aflaoason 11 YJJbTpaOClloBUbL ' HOPOll, 

np ellpam;enublx B aM<puOOJIH'I' bT, lUr Ol'/\a B aMcpn60110 XJlO(HlTOllbl \ DOPOJ],bl. · 

l'pnCTaJl JUl'lOClure CJIan flbI na~\aIOT ], loro -sa n a)],y no)( 1 PYThUIJ( Yl'JtaMlf 

OlW JlO 65- 0°, M CTaAIll l1MCIO'l' 13epTIIhaJJbIIO fl AaH\O oi5puTlloe na~\ lIll 
U Op OJ], IW OTMetlaeTCf:l MCJUWlI Cl{Jla,L,tlaTOCTb. 

B )(o II> rpaLU!I.l,b! CJlalllWl30ii SOR bl C I10pOAa~1I[ n ttOlll' Hoii Cn}[Tbl np -

XO~(I[T MO[[l,HaH (,[(0 200-500 M) TeHTOlll'l'1eCHan sO ll a fl ep 'Tnpalll lH nopon, 

I{OTOpaa XOPOIJ[O B hlp aiHeIIa Da MeCTIlO Til CllCTC\IO ii P 1\, ) \0 1Ill[ n 08 p, 

aanOJIDenUbl X 110.L\llJIl< OD bIMll OTJIOHWIIl lHAIif. Ona OT<f TJIUIJ O lIa6JlIoJ],a T H 

na np OTHmClIlII lf lIeCHOJlblHlX HUJIOMOTPOB B pa~iollo 03. Hac!, Jlbflnp n 1I11ATla 

TalOHC fla n Jl anm eTax aapocpoTOC'beM lm . O"Ull 11 3 Tal\ll); a· POCPOTO llIlMIWO 

paiioHa lalwopbeTum npllBo,[\llT B cBooii pa60T BeilplllI Il (\ 'i.i)'l'yn n, 193 '). 
llOPOJ],hI CJlanI.l,eBO ii TOJIlI.l,lI )Wq)O(HHTpOflaIfbl urrTeUCllOIICO, '10~1 Htra6as hl 

n e l leHl'c/{oi1: CBHTl>!. Bei;jpuneu 11 0])0)1,1>1 C Jtalll~CBOii: SOUbI paCC~laT1Hllla 'I' 
Hal, MJJJlOllffTOBbI6. 

B rrmRllftX, 0011ee ACCPO PMUP OI <lUllbL ' I[ paCC11alII.l,OlJaIIHbIX 'taCTIL CJIUlII.l,O 

BoH TOJIlI.l,IT, H cOl3epo-sa u aJ], 01' p. lIe1lelll' U sal,ap'rrtp013ano II CI<OJlbl{Q 

BbIXOJJ;OIJ II JlarllOIiOPCPHPlITOB (M eTaallJ], 31lTon, .II0 Xayseuy), a 1'alOI\O CII JlhlJ O 

llSMeUOlIllblX YJlbTpaOCflOBUblX 11 OCJlOBlJblX 1l0POA, JlP OBp UIII. lIJ1blX n a l\lcl)\] 
OOJ1OBblO n opOAbI. :.ha CTalII.l,OlJila TOJIL1I,U I. H. HnanOHoii, r. T. Mal oelll\O IL 
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,I, fl, :\HPIITOIIOllhl\l nplIllJ(Ma T H aa lOfo- aanaAHoe ) PbIJlO nCqCnfCIWll 

llllThl, I'JItIIIII"IM 06paa M C JlIIFI\T11IX JtVtVyallono- o aAOqllb1X nOI(pOUOO, a 

C.T1 10: lH II "I ' II I\ua PllIITOllblC JlalillbI OIlPOl l WIOTcn IWI< tVII r lIlTbI. B COJ meT

CTUIIH C :>TII~ I lip !l Tao !CIIII M mill ° paiiollc 1 yqUll-Tyn,UpbI PI!CY Tell 04eUb 

l,pYToii aanopOT I10POl l BIITbl, a cTpylnypa ee npeA TaUJlHC1Cn 

I\a" OIJPOI\lUI TUIl ua Hllluumu IbHan Cf{Jla,Ul{a, 1l0CI\oJlbl\Y 

narlOllllC 1I 0POll uo U x '1U THX Ilanpao I )[0 lIa lOf-IOfO-3aDal~. 

Of la 110 l lPyroM , 60Jl 0 pa "PO TpUII HllOMY npOACTaOJl HJ{JO (oTpa,I\CII
lIOMY lIU r 'OJlOI' \I'Il' I,IIX I,UPTUX, co Tal3 JIOllllblX Ceo po- aUal\llbIH rc JlOfU

q ""M npUnJI(,IIUNI),alll~coall TOJllI\<I 06'be)WlUl T n 0 CBIITOii Yl{l!ll
TyllAPhl , CJ10il\ 11I10ii, 110 nU llllblM . nOJll~allOlla (1935), a~ltVlI6 LOOblMI1 

II Iwapl( 1l0- al\TllIJOJlIlTOObIM II .')allllU~III, paCCJIallLlOBallllbIMI1 I TaAlla6a3a~lII, 
~\lltl6aaOOhIMII n PtV" plITa~!Il Il a ItVIl60 IIlTo-~lauAe.'lbLUTerr UaMII. 6'beA IIII u
JIhlii IW\lfI ('I(C n JIyqllJI na3Ballll (<T IIAPOBall CllUTa», no H03pa Tyee C'II ITaJ T 

6 I 0 1\P Illlcii, '10M n II Ilf 1« H BIITa 11 OTHOCHT H IlU3aM npOT p030n. 

1aplUpYTIlbIC lIaUJlIOJl IlIlH f. 11. fop6 nOBa l! B. 1.a I 1IIII\00a llOA-

TOOPJlltJIIt lITO .'Iallll BaH TO III\a OT ll\ltlU TCfl OT JtVtVY3 1111110- 0caLl qllblX HOM-

11 ICI con OOlIPIII' I\oi'r CB IlTbI I a l{ II oCTaoy (OTCYTCTBI1C~l tVUJI IIlTOB, epocu

TIlII IITOIl , raGupo) T<1I{ II n eTCII III[ ~leTa~loptVu3~la, 6YH qlt MeTa IOPCPIl30-

IHlullOi'1 CII.'Ihll C ' II \lOl l0CpraH h l~ II JIll llT JIbllOii llaJIOilWILnoii: MIlJIOJIIITllaalJ.llll. 

OOTItOIlICIlIt IHITbl 1 Y4111l- T. 1I1lPbI IlC'1 IIrCI oi'r (POPMalll1cii: Il JIJIlOCo;P II-

pyeTcH rco 101'I1 l1 '0, i'r ('xcMoii (pIIC. 2). Kal, BIIAIIO 113 C XCM hI, lWIITal\T ~lemAY 
IlItMII TCl\1'OlllllJ(, IOtii. IIOPOAbI IlIlTb[ R qllII- TYIIApn JlIITOIlCllOII e MOl'aMOp

<1m3 Oal!h[ 110 C paBnelIUlO BUTb!. B03 paCTIIbl CCOT-

11 III IIItH MPi" JlY TIlMU IlUTaMIl 0 HI UCh n BhUlCnCUlIhrMIl. 

I ilman lla Th 11 lJClIrCIwro p iiolta CJlowena apxeii .I llMI[ II JIl0AHIIbnllt 

rH iica III, C.THllIll Oa1'hI~1Il aMtV"6 IITc MH 11 npOphlBalOlllmlll IlX MllltPOIWll

nOllbl~1Il I'pallllTa~1II C no qllnClIll"I~lIl rpanOAIIopllTa III. )J;pCBHlIii: ap eil l\Jtll 

Jl alll~ BylO TOJIII\Y. 
onpeA JI aycc ll (Ilausen, 

q '(JaCTlIll 

K. 11 np l lBapllTCJlbllhnl OIIpeAeJIentUl I, H AOJIOmlTax 

11M CT R Ill' I' JlbH 13111\013 nOAop J"a3hIBalOlll.llX na B03MOil\ll0 npoTe-
H03pa T TI l) Ill' I\oii nllThl. 

6paao I, B03pa T TIOl{ \lr I-\Oii: IlIlThI B ponTHe Bcero npOTep030U-

CI(uii. 
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rEOJlOrlPIECKOE IIOJJOihEHlilE IIOHCA Y hTPAO HOBnhIX 
lil OCHOBHhIX lilHTPY31Ul 

rJlana 3 

rEOJIOrIIlIECKOE IJO.JlOiREI:lIlE norrCA nnTPY3nfi 

BneACII IfC 

nORC ym,rpaOCR013lIblX II 0 B013UblX URTpy31'[~i naXOAlITCR. 13 npei~eJIaX pY

AOHOCROll TYtP0reHRo-ocaJJ;o'lJIou CBI'[TbI, paCnOJIOrl{eRROll MOif{JJ;Y TPOTblUI II 'leT

BepTbIM nOl{pOBaMlI atPtPY3IIBRhlX IlOP0JJ;. MOm;IlOCTb nOJJ;CTlIJIalOllVIX I'[ nepo

Hpbloaroru.ux ee atPtPY3HBRbIX IlOPOJJ; IlpHMepRO OAUllal{OOa II i\OCTuraeT 5000-
7000 M. TytPoreHRo-OCaAO 'lRaR. TOJIm;a Ilonce leCTIlO CHJIblIO ):~JICJIOI(npOnana 
11 IlpopnalIa nJIaCTOBblMU lllITpy3lUI m OCIlOBlIbIX J.I YJIbTpaOCrrOnflJ,IX nopoA, 

C HOTOPhlMU reReTUqeCI{H CBR.3a1I0 CYJlbtPuARoe MeAIIO- IlHl{eJleOOe 0pYAenenue 

B n OHce nUT PY3IlfI. PaCIlOJIOrHeRlIe UIlTPY31IBRhlX TeJI B PYAOIlOCIJoii 30lle IIe

paBIJOMepHOe, ~raI{CUMaJIbnOe J{OJIll'leCTBO UlITPY31Ill cocpeAOTO'Ieno B ee U; flT
paJIbHoii: 1:J.acnl. 

TIo oc06eHROCTR.M reOJIOrJiPleCIWrO CTpoeRUH Fl CYJIl'tPlIiWOU: MOAHO-Illll{e
JIeBOll Jl1I1RepaJIU3aIl,HH lI ORC YJlhTpaOCJJ0I311hIX IT OCJ]OIJDblX l1l1TPY3Uii MOIl\eT 

UWTb pa3AeJIeR na TplI 'laCTlI: 3anaAIlYlO , u;elITpaJIbRYIO n nOCTO'lIIYlO. 

B reOJlOrnqeCHOM CTpoellllll lI OHca YJJbTpaOCHOBllblX I'[ OCU013llblX JlUTpy-

311i1 (puc. 2a) npunm,lalOT Y'laCTl'Ie lIeTblpe rpynnl>I ropULIX nopo)].: 1) TYtPO

reHllo-oca)].oqllaR. Tu Jlw;a ; 2) atPtPY31111IIbJe )].Ila6a3bl (CI1I1JlIlTbl); 3) OCIlOBflblO 11 

YJlbTpaOCl1013l1ble IIHTpYislur; 4) )].all lwBblo nopOAhl. I-b:iI\e npll130AMTCR. l{paT

HaR. reOJIOrll'leCI{an Xapal{TepIlCTl1I{a nepeq[1CJlelIRblX rpynn ropRhlX nOpOI\. 

KpaTKan XapaI{TCpUCTlma pa3JIrJ1.JUbIX rpyllo nopOA 

TycporcIIIIO-OC<lAO'man TOJJ~a 

B~fem.aIOm;aR: OCn01311blO II YJIbTpaOCnOBnbIe HlITpY3mr TOJIU~a TYtP0reIIHo
OCanO'lHbIX nopOJl npOTR.rHBaeTCR. cpamUIT JIhIIO Y31Wii JJ;yrooUpa3lTOl1 DOJJOCOll 

nOqTU 'lepe3 BCO PY)].Hoe nOJIe ua paCCTOR.Ulle C13bllfle 60 1m (pIIC. 3). lliHpllna 

nOJJOCbI, BI,JIlOqaR: IIJIaCTOBbIe OCR013llbIO H YJIbTpaOClIOBIIblO JlJITPy3111l lIa reo

JlOI'I11:J.eclwii I<apTe, COCTaBJIHeT B pallOne ropbI l:\ayJ1bl - 2000- 2100 M, a ITa 

Y'laCTHax 0pTOaUSH: - 750-850 M. Cellepuoe COYI<OPI1UOT<ll - 1500-2000 M, 

MHpoHa - 1200-1600 Jlt, RHeplJ.1I UDOP - 1000-1400 M, I1U JII>I' llpnlr-

2000 ~l , ORlm - 1100 '/.1. ltlcntHRaR: rl<e MOIIJ.llOCTb cOOCTBemlO TytPorelIllo

OCa)l.O'lRWX nopOA COCTaSJlR.eT B panOHe RayJIbI 600-800 1.1, OpToajjBIl-
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250-300 M, Cenepnoe COYHCpl'IllOlm - 850-900 M, MHPOHhl - 350-400 AI, 

Rl1ep)J,nmnopa - 450-500 JI[ H Ollim - 500 JI[, RaJ{ IIOI<a3aJIO 113MepeIIH9 

IIJIOIl1.aAeii pacnpOCTpaIIeH11H OTAeJlbIIhIX IIOPO)J, B n;eHTpaJlbHOll 'laCT11 llonca UH

TPY 3111'1, TycporcnIlo-oca)J,O'llIble IIO pO)J,hl COCTaBJlJlJOT a)J,ecb OKOJlO 65 % , 
ra66po - 9 %, OCHOBl1bIe 11 YJlbTpaOCHOBHble HHTpyal<lJ1 - 26 %. B aaIla)J,

HOR II BOCTOtlJIoLi 'laCTaX PY1\HorO 110JlH IWJlFl'leCTBO YJlbTpaOCHOBIlbIX IUITpy

anu peaHO COl{paru,aeTca, B paa peae TOJIlIl,R IIpe06JIap,alOT TycporeIIIIo-OCap,Otffihle 

nopOAb[' 

J1I1TOJIOr11'lCClmii COCTaD TycporeuIlo-OCap,O'lHOU TOJllll,lI AOBOJlbIlO OAHo06-

paaen. OlIa IIpC)J,CTanJlerra Ilpel1.MYIl1.eCTneHIIO cpHJlJlIlTaMlI, cpe)J,u KOTOPhlX 

B BU)J,e OTp,eJlhUbIX npOCJIoes aaJIeralOT neC<faHJ[]{I1, IlaBeCTllHIUl, a Taltrl{e TYCPO

fenlTblC CJl a nll, hI , TYCPCPUTbI, nopcprrpUTOOble TYCPl>l 11 Tycp06pel{'llln. 
MaJ(pOCIWITU'1eC]{11 CPl1JIJIlITh£ IJpep,CTaBJlHlOT C060H TeJlWO-CepbIe, JIHOrp,a 

'leplThlC, TOIT HOCJl 0 lICThIC, ClIJIbIIO paCCJIaII:u,OBanHhle no POAI>I, 1l0'lTl1 nooce

MeCTllO CMflTblC B MeJlIWC CI,Jlalvm pa3l\JePOM AO neC]{OJlhIUlX Jl leTpos. II. A. EJ[Jl

cees (1947 r.) Dce CPllJIJIHTbl paap,eJIHeT na neJIHTOBbIe CPUJIJl ,I1TbI, aJIeBplITODhIe 

CPllJIJlItTbl II aJlCUpIlThI, npU<feJl1 ]{a/I{)J,YIO paallOSHp,HOCTb B CBOIO OtlepeAi> nop,

paap,eJIHCT lIa XJlOPHTOBYIO 11 Cepl'ITOBYIO B aaBI!ICIlMOCTI1 OT COp,ep}HaHllH Haa

BannhlX JlLIUlepaJI013. Bce 3TH pa3nOBIIp,HOCTR CP[[J]JlHTOB Tal, 'laCTO 'lepep,YIOTCH 

Me)l,)J,Y COOOlO, <fTO ne npep,CTaBllJIOCb ooaMon nhlM BhIp,eJlJ1Tb IlX na AeTUJIbBOH 

reOJlorn'lCCIWU H,apTe 11 Aa/l<e lIa llJIanaX Pyp,B11I<OO. 

cl)J1JIJl nTh! 0'1C11b '1aCTO cop,ep/l,aT IlItpUnJIeUIIOCTb, npoammm CYJIbCPIIAOB, 

EOTOPbIe 11 pCr\CTanJlCHhl llUPPOTllllOM 11 pe)l,e mlpHTOl\1 IT JlIa pI{a311TOM. BT<pan

JIelIIlO Tb pacnpc)J,CJl HeTCfl no CJIOllCTOCTl1 11 no nOBepXHOCTfIM OTCJlanUalIUa -

B nnOllllaTblX cpllJlJlllTaX, peme DJ1,OJlb ceKYlll,HX Tpelll,HH II PU3phlBOB. 1..1acTo 

CYJlhcpllp,llaH 13J,PUfJJIClIllOCTb COUpOIlOml.\aeTCH cepHII.HTHaall,Rell It OI{UapU;eua

Ulle~r. 1..j eM CUJlblJCC ~tHThr CPUJlJlllTl:i1 B CJtJla)J,EU U UJIOllIHl, TCl\[ OOJIbrne 01I1!I 

nO)J,ll praloTcfl 0PYAerwHfUo. JIeC'IaJIUCThle IT aJIeBpUTOBblC llpOCJI01I Bccrp,a 

60JICC 0pYl.\CnCJlbl, nemeJlU neJIllTOBbIC pa3110Bll)l;nOCTl'[ (llRJIJIJlToll. 

BGJlu:m lWUT::IltTOB C IlIrl'PY3UBUhIJllI1 nopOJ1,alllll CPI1JIJIIlTbI 06naPY)I(IlBalOT 

CJIeAbI lW.llTa I\THOrO n SMeneIllUl, B blpa , ltaIOlll,lwca B OCneTJleUlIll, ynnonIelIl'Itl 

nopol.(, ynCJlll'lC[Jllll 0 IlILX cym,qlllHuoLi DHpaOJIenHOCTIl IT ,IHlJIOlt, COJ.l,Cp;l<alI\I1X 

!mapll" ap,YJIHp, IwpriollaT, XJlOpllT II CyJIhCPll)J,,bl. 1 0IITal\TOB01l3~leHCllllhre CPliJI

JlllTh£ n PCJ.I,CT::tOJICUbl aJ.l,JlllOJlUMIl II Y3J100aTbIMll CJIamWMll. Ar\11110JIhl OTMe4.eIlbl 

B Bllp,e Y31{llX 1l0JlOC MOn\llOCTbIO 01' 0.5 AO 5 JIl UAOJIb IIumlIero II Depxnero J<OII

Ta]{TOO rJlaBBoii JUlTpyalLll' YJIhTPUOCIIOOlIblX nopo)J, no ~1lI01'IlX MCCTax. 

llaBecTIlH I\I1 OI.JJ11I nCTpel.{eUbl n Blll.\e npOCJIoen JlJOl~IlOCThIO 0.2-2 JIf IIa 

yqacTI(UX BOcTo'JIIoe OpToaiiou, H. ltepJ.l,HmnOp n lOmHoe OIIlm rJIaUlIhlM 06pa-

30M n CPCJ(IIei'l 11 Depxllell 'TaCTll pU3pe3a. 

TYCPCPIlTh! aUJlCralOT npcmIYIll,CCTOellno B Bup,e MaJlOJllOlll,l1bIX npOCJIoeu 

cpep,ll cplI.f1JlIITOO. 1l1l0r)J,a ncpCCJIU UBaIIJle TYCPCPuTon C cpllJIJIllTaJIIH na6JlI0)J,aeTCf( 

13 OJ.l,HOM lU Jll1cilC. 110 lllIcrnueMY DUP,Y aTO cepbIC, HlIOrp,a 3eJICHOBUTo-cepbIC 

1l0POp,bl, HMC.IOlll.IIC CJlalll(eBaTY10 TCI{CTYPY. 

1..lacTO TYCPCPUThT ),a pOOlIaTll,lllpOBaIlbI 11 cepHo,nT1l311pOBaUb1. CepUlI,UTU3a 

n;llH TYCPCPHTOB XOPOlllO UUOJllO,'l,aeTCH lIa rope RayJIa II, BU,J,UMO, CBJl3ana 

C pyp,OOTJIO ;I\Cli lle~1. 

Tycpw IlpllypO'lCJtb! D OcnOBllOJlI l{ Dcpxnmr 'laCTHM TycporcuHO-OCaJ.l,oquoi'i 

TOJIlll,H, COCTOflT rJIUllllhI~1 06pU30M 113 TycporCTlnoro J1JaTeplla Jla I[ ol,pyrJIbIX 

'leqeOlll\C Opa3l!hlX 06JlO~II\OB ::lcpcpyallBHblx nOPCPllpl'lTOO pa3~lCpoM OT 1 )J,O 

20 ~I~l, pacnOJlaralOU\IlX CH YAJlIIlIeIiJIblAUl CTopOHa~1I1 IlapaJlJIeJIbllO lIaaJIaCTO 

naHIlIO. 13 ll.C~1 I1TC TYCPOB OTlIleqaJOTCH aJlb611T, XJlOPHT, Jwapll" lIpeHI1T, Hap-

60HaT. JlPUIWI,cen, ccpen H. CYJl bQJl1LlbI. UOCT nopOA napbllpyeT OT aeJl9UOBaro

ceporo p,o TCMI10 -3eJI '1101'0 , l-lllOr)\U C cpIIOJteTOOblM OTTeUl{OM. TYCPhl llUpe<felIhf 
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CpOJ.(lf qmJIJlIlTOll ua ropo RaYJIe, B pauorre OUllalt" IIl1ft rophl J OTCCJIL

naapa, RaMIIIHlnmJI, OpToa1iB11, Mrrpolla II APyrnx lJaCTflX 13 BRAO mHT3 IIIOUl;

nOCTbIO OT 3 AO 15 M. rOp1l301:1T MOJIlw06.nOMOlJUhlX TYCPOB Mon~TlOCTb IO OI\oJIO 

10 lit 3af(apTUpOBaH CP0)1.ll 3CPCPY31rBHblX J.(na6a30B JOilliCC 03. MYIOUI. Ha 

yqaCT/,O ROTcoJIbBaapa rmaCT CUJ1 bRO MOTa lOPCPH3 BanITbTX 11 paCCJIaIllJ;OBaH

UhIX TYCPOB 3aJIOraOT n 3alliKO CIIHI{J1JTHaJIbfIOll CIOUIJl.IHI. 

BCJ10)1.CTBllO lJacToii nOpOMC}l\aOMOCTIl nopOA 13 pa3 pC30 Tp YJ.(H 0 npo-

CJIOJ~11Tb 113 MonOllHO cpaIl.I1a.nbHoro COCTaBa Tycporourro- oca)1.0'IIH,rx nopo)1. 

no npOCTUpaIlITro. CJIOAYOT OTMOTlITb nOCIWJ1b]{O JllCUbI1lY1O pa npOCTpanon

nOCTb B IJ:e"flTp a JIbllOrl q aC TlI TycporennblX nopOll, FI n ~/aCTEIOCTU TYCP

CPrITOB, no cpaBHeHlUo C paw-OHOM rOPbI I ayJIa, rl~o npeooJ1a)1.aloru.oe pa3BFI

T110 mlOIOT <pIIJIJIllTbL 

Ea OTAOJIbRbIX Y'IaCTl<aX (pauon PallcoaiiBr[ II ocoooHno I rroPJ:VI<tmop) 

B COCTaBO Tycporenno-oCa)1.0IUIOii CBlfTbI HaUmO)1. aCTCfl 11 p oOJIa)1.aroru. 0 pa3 BF!

Tno nOCqaRImOB no cpaBRemno C <pfIJIJIHTamI. B pauon' RlICp)1. /IO'mop BCTpe

'Ienw Tal mo ]l I O}!{cpopMaIl.~IOIIllbIO }wnrJIO 10paThl, raJ1bll'I JWTOphlX npO)J.CT3B

JIORM nOC'IalHICTblM <pI1JIJIJ![TOM I1JIFI nOC'IaRUlWlIf. 

13 BOPXIIHX CJIOHX <pIIJI JUITOB na yl{aCTI\e p. TaM1I1ac r. T. Mal( e llTW 

(1954 r.) ormcaRbI UOJImnmTOBblO IWRrJIO~lepaThl, CO)1.eprl\alll.no raJIbHy CB TJIO

ceporo rpaHIITa, MeTaAHaoa3a, ra6 6po-)1.\'Ia6a3a, H3BeCTlIfll(a n CIIJIbno l1C " eTep

Twe JIUll3bI <plIJIJII1TOB pa3Mep0ll1 B Cpe)1.110~r 01' 5)1.010 CM. ll,CM aT K011rJIOM paTa 

CJIaIllJ;OBaTbIlI apK030Boro n OIlOTIlTO- XJIOpllTOBoro COCTaBa. 

B np0IJ:eCce neTporpa<p111IeCJ{oro 113Y'Ie rnm Ty<porelmO-OCa)1.0~lf1brX nopo 

I-I. A. Ho PUFlJIOBblM B nCC'IanUHaX palloHa ItuoPAfJ Hno p Y TanOHJleao IIHlpOI(Qe 

pa3Bnnm HO OTMeqaBIDerOCH panea B pa60Tax, nocBmu.CUHbIX flOqeBrC, lUJI:pO

I<JIllHa. 

I ce aTO, BMeCTe C OTMe'IanIIIHMIlCfI yme 11axoHIWMII HOlIrJIOMepaTon C raJIb

l\a~nt rpamITa n nOCTO'IUOll 'IaCTH IIelJoHrc rwl'o II OHca ~mTpy 3 uj,'1 n03BOJIfICT cqrr

TaTb r JlaBHMH HCTO'IIIrrr<o~'f ofiJ1o~l oqrroro r.13TcpnaJia TYcPorenrro- ocaJ]olJnoii 

CBUTbI ( I{Bapn.a, aJIbOUTa, MUJ{por<mHTa) nopoAbI apxeucl<oro OCIJ013amIH noqenr
CIWU CBUThI, npe):(CTaBJIOIIRbIe rpaHI1TaMI'I, rpanUTo-rRo.j:lca~rrr C 3aJ(JIlO'Ienmlnll! 

n JIliX ncrMaTUTaMU IT l<Bapu:eBbIMa }J<UJIa Hr. 
)].pyrnM UCTO<[]1UJ(Q]I[ OOJIOMOqHOrO Jl!aTeprraJIa JIYIJ<I1JIH nYJII<alIIItfeCHlle 

annapaTbI. )1.aBIDrrC 06JIo~llur BYJIRalIUlJeCIWrO CTOlma, rrOP<PlIpIITOB (13 Ty<pa ), 

a TUIOI ,nO-Bn)1.lIMOMY, neneJI, nepeme):(IDaI: BnOCJIe)1.CTBHll B XJlOPIIT, HBJJfl10-

lIJ:HUCII rJlaBROJlIIIeii: COCTa13IJO IO 'laCThTO Ty<por HnO- OCa)1.0lJllblX nopo):( . 

(J)0pllluponaHrre Ty<porCfIHO- OCa)1.0QHLIX UOpo~ n 'I nrcL(Q11 CBTfTbI nponcxo

)1.lIJIO, nO-BH~~!MOMy, B IJerJIy60l(OM 6acceiine, B6JI~131{ a I(TI'InI10 ~\eJICTBOBa13mHX 
Bym<arrUlJeCI\Ilx annapaTOIl, Ha 'ITO YJ{a3bIBaroT CJIO)1.YIOII(l'le <pal Tbl: 1) nym<a

Rorenno-oca)J.O<[]1bIiii xapaRTOp lI1aTOpFlaJIa; 2) TOH1(Q ncpeCnanBaJll'lO neJ1[1TO

BblX II OOJI e KpynlI03eplIl1CTbTX neCqanaCTblX 11 aJICnpUTOllblX npOCJlOCB; 

3) HaJITflmC B PH):(O MeCT 111011 <pop 'lan.FlonUblX }(Qnrno 1CpaTOB, XopomaJl OT

COpTl'TpOBann CTb lI[aTepUaJIa B Ty<pax, nCC'IaIII1f{aX n aJ10llpnTa ; 4) naJIll'IUC 

B OT)1.eJIbHbl MOCTax BOJInOnpB60ilULIX 31laI<OB. T T lmH~mbIX rpaY13al<J<oBhTX 

CJIaHIJ,OB Ty<pOrOHHO-OCa)1.0qUble nopOAbI II 'Ienrn n CI\OJIbJ{O OTJ1H'laIOTCH OT

CYTCTBI1eM xaparuepHhlX AMI lleJlBWX IJ:BeTHbIX MlmOpaJlOIl - UllpOl{Cerra, 

aMcpl100.na H 6uonna. 

()c~(~y3 " n"('Ie Anaoa 31>1 ( c nUJl UT bl) 

8<p(PY3NBRhle nopOAbI CJIara lOT Ol'poMRyro nJIOI1lM~r, 1< ceBepy U lOry OT 

rrOffCa I1RTpy31I11 H OTHOCflTCII COOTBeTCTBeRRO l{ TPCTb ~Iy H 'IOTB PTOIlIY 3<p

<PY3UBHLIM nORpOBaM. ~rr:l6a3b1 - nJIUTHble U Tllepl1.LIC DOPO)),bI - BCIO):(Y 
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XapaI{TepH3YJOTCfl nOBblIDeIIIIblMH cPOpMaMH pCJIhCcPa. BAOJIh nOBcpxnOCTfl IWlI

TaKTa AHa6aaOB 'leTBepToro nOIl:pOBa C nOACTHJIaIOII~Cll TOJIm.cii cPUJImITOB 

npOXOAI1T TCKTOHI1QCCl\afl 30na 6pCI{QHpOnaHl1fl II paa BaJIh~CBaHIIfl Mow.nOCThIO 

OI<OJIO 1-2 M, I{OTOpafl MCCTaMl1 nOABcprnYTa n[1ppOTIIHOBOMY opYAellenlllO . 

::ha aona npOCJIC/I\cHa Ha nOBepXHOCTFI C nepephIBaMH -qc pca Bce PYALIOC nOJle, 

a Ha rJIy611IIc nepCCcqena 6YPOBhIMI{ CI{Ba/l{FlHa~m . TClnOHII(ICCI{aH nonc px

HOCTh HOHTalna JJMeCT CCBcpo-aanaAHoe npOCTllpaHIIC II n a l(JIOllCIIa H 10rO-BOC

TOl{Y noll. yrJIOM 35- 4.0 °. B ):(OJI h nOBepXHOCT[1 IWIlTa l{Ta OTMCQaCTClI CMCU~CHue 
nopOA. PaccToHunc n nanpaBJICl1liC CMClI\cnnlI TOQnO lIC YCTanOBJIel1hI. 

ROHTal{T TYcP0rcnIIo-OCaAOQHhIX IIOPOJ~ C Ana6aau III TpCTbcro nOI;pOlla 

npOCJIeil,eH 6YPOBLIMFI CIma/l\lllJaMU na y'IaCTl\aX I II CPJ~/I\lIIlOp 1{ ] III Ibr y

JIHPI! M, cPopMa lWHTal\Ta BOJI HJICTUlI , yrOJ! naJl.CII\[fI JWJlC6JlCTClI II Jlpc;:J.eJIUX 
4.0-GO°. . 

Ha YQaCTI(e rophI RayJIa JO iH nee oacpa MYI;lm JlUOJllo):(aCTCH C.'ICAYIO

~Hr! paapca ( cJlJ\ ay BBCpX): 

1. B caMhTX ncpxax tPIlJI JJJlTOBOii: 30Ilh! aaMCTIIO YBCJlIl'lIInaCTCfl IWJIII(rCCTI30 

TycPcPllTOB. Ha IWI1TaJ(TC C Aua6aaa?olif nCTpC'lCIIa By mallllllCCI,un 0pCI\IIIIH. 

MOlll,nOCTb TCI\TOUlllJCCIWll aO lIhl p,OCTIlraCT 1.4 M. 

2. AtPaUJIToB\,IC J(lta6aabI aCJICI-IOBaTO-ccporo ~BCTa C XUPUI;TCPllhIM (ll11oJIc

TOBhlM OTTeHlWM, C pep,lmMII1\BapI~eI3LTMllIl1\BaplJ,eI30-a J;C IIIIIITOB\'I ~ 1ll i l;II Jl a~lII-

180-200 ?Ol. 

3. MCJIIW3epnl1CThrC AlIaoa3hI ccporo ~BeTa - 30 M. 

4. ll JlacT MCJlIw06J10~IOlJ\lLIX TYtP0B, B OCJlOI3UIIHIl IWToporo 3aJICra lOT rpy-

0006JIOMO'IIIbI C Tyq)hl - 10 ?>1. 

5. Cnolla ~ I CJJI(03CPTJIICThI C p, l1a6a3hJ, alla JIOrll-qllblC aO ll c B 30 M. 

G. A~l cp IIUOJlO- JIllpOI\cC](OBbrC cpeAu eacpllflCTIJC p, lIa ou3bl '1 c plloro ~nCTa C 

xapaJ\TCplll,IMlI JlrOJlb'IaTblMII HpnCTaJIJlaMIl ~nCTJIOrO MlIlI CpUJla - 10 M. 

7. Cp t'Jl.Ht'acpulIcTblC, O<Jcnh n j lOlTIbIC AllaOa3h! ccp oro I(B CTa . . 

.D:na6aahl 3aJICralOT B !:Ilip,C n JIUCTODhl X TC 1, I1aJ(aIO~IIX lIa 101' nUpaJl JICJIhllO 

IWllTal{TY C tP ll JI JlHTOBOii 30Jl o ii. 

YAJIllIlCllHbIC JI I1lI 30BllAH hi C TCJIa CUJILIIO lI a MCH Clllll,TX II paCt:JIall~OBallnbIX 
3cPtPY3F1BHLIX l~na6a30n BCTPCl]CHbl cpeAIl <1m I IIITOI1 D paaJIII'lllblX qaCTflX PY; (

lloro n OJIlI . 

Tll1l11ll11 blC cn IlJI HTJ, [ OTMC'lClI hI B nU\jflQCM 001(Y ?>feCTO POII;l (CIIIIH I-\aMM 1I101B1I 

(S. }II. llaIlYlIllIc, 195 '1 r .). 

I1I1TPY31111 OCIIOll llhl X II Y: lhTpaOCIiOU llhI X 1l0PO,,\ 

I1I1TPY31I1l OCIlOl3nWX n YJlhTp aOCllonllhIX I10P OA 3aJIC rUIOT B TYtP0rcnno

OCaAO qlloi'1 TOJI~C n Dllp,C DhlTHIIYTLIX no UP OCTIlPUJlIIIO Yl (JIIIJlCllllhIX ~ I CiI;n IU

l'TODhlX TCJI ~IOll~Jl OCThIO 01' llCCIW lblmx MCTPOB ;.1,0 200- UOO ~ 1. OG ll~CC '1IlCJIO 

JIIITpY3 Il BnhlX TCJI TOJlhl\O 13 n pC):(CJIax ~CnTpaJI bllOi'1 J[ BOCTO 'IIIOii 'IacTc ii li M It: a 

J!lIT(JY 3 I1ii np Cl3bllllaCT 163 (pIIC. 4); 0J[1l aaU IIMalOT 31(CC b nJ101l~UA b OI\O JIO 

1G.U l\M2 II JIU 23 . 7 ~ o OT 0611~cii nJIOJl~ap, 11 TYtP0rcllllO- ocanO'HlO ii TOJl U(1l nMCCTC 

C HIITpyalIBIILIMIl TCJIaMH, pannoii 01WJIO 70 HM2 . 

RaI\ nUJl.IIO lIa pilC. 4, npOCTpa rrCTI3 CIIII OC pacnpCp,CJICUIIC OCIIOBllLIX II YJlbT

paOCIIOBllhlX I1l1'fpya JIll: D npc;:J.CJlax IIOH!~ a JlllTpy a llii I1CpaBIIOMcpHOC • .FlPI\o 

6pocacTcH B rJla3a 60JI brualI HOli~ellTpa~lIH U cpUBlIllTeJI hllO 60JI blIlllC pa3Mc phl 

l1HTPya llii B ~eJlTpUJIf)nOrl -qaCTU PYAnoro nOJIn, JIOI<aJI bllO II PUYPo'lcnJloii I; 

Mal{CH JaJI bIlO~IY nporn6y ll c'lCnrclwro Cl(lJHJI 1l1I0p1lH. OT 06l~c ii I1 JIOw.ap,1l 

1I 0 Hca cp lI JlJllITO-rnnep6a3HToBoii TOJIlI~rr, pallllOli aJl.CCh OIWJIO 34 HM\ 

na p,OJllO UllTPY3 I1ii I1PIlXOp,UTCR OIWJIO '12 l\M\ 'ITO COCTClBJlHCT 35 . 3~o . 



1'EO,'101'11 LI ECIWE IIOJlO H,EHUE IIOllCA HHTPY3IIil 19 

COBepme[[JTO llUlUl l\apT lma na6mop,aeTCll n nOCTO'llIOli QaCTI1 rrOLIerr1'CJWll 

CBllThT, JlaY'IolllIoii J( llClCTOJLlIWMY npOMOllU Tal{)IW CpaBIUlTeJlLHO ACTaJIhHo 
(f. T. Ma Iwemw, 1954). 3p,ecb 113 nJIOnWAll Tycpo1'oIIHo-OCap,O'lHo{l TOJUl\II, 

panIloii OI\0JlO 36 l\M2, llllTPY3Ull 3alllHlJalOT Dcero m imb OlWJIO 4.6 IHI2, 'ITO 

COCTUUJUICT 12.8"0. 
TIo xapaWTCpy CJHUalOlIJ,llX nopoA, OTUOCIITOJIbIIOMY BoapacTY II yCJIOBIUlM 

3aJlOraUllH l1JITpy~mll HOJqH13J\eJUllOTCH ua ABO rpynUbl: a) IIllTPY311U ra66po 

Jl lJOPCPllPOUII1\lIhIX ra66po II 6) nllJ,CJIOllOCllJ)[e Allcpcpopcnu.nponallllhIC nUTpy
aIllI YJIbTpaOCHOUIIl,IX 11 OCIlOBllbIX nopoJ\. B Ta6J1. 1 npunO[J,onhl p,anUhlO 0 

paCllpOCTpanCllllll OCIIOBllhlX II YJIbTpaOCJIOBRblX lIHTPY3IIU B I1pop,eJlax lJ,CllT

va JlhIlOii II BOCTOLllIOii. 'IaCTCll llOtIClIfClwro nonca .IlH TpyaJlii. 

TaG.1.n~a 

ParnpocTpallrllllO('Th oeIlO"m .. !x II Y:lhTpnOCllonnblX IIJ1TPY3I1ii " l\CIITpaJiblJoii 
It UOCTO'III0ii 'WCTII\. H()1Iea Y:lhTpaOCIIOJ3l1bIX U O(,1I0UllbIX II11TPY3Uii 

I 1 [C'IITpallhIlUn t:lUC'Th I ROCTO\llJafl tInCTh Bccro 

" I ~ I 
~. 

llaIlM(,lfou~, Iitle 
0 S; 0 

~= i=-= i:= 
~; ; u= ; <.>= 
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i'i t...:"'Z- c.;.~ 

E:~ 5 p::~ ~ :r;..-. S 
r.i= ~~ 

5 =::.. 0 ::: " ... 
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:-; 0 ~§ 2 ~ ::: C;-

IlIU .1 

I 
I TyqHlI C'flIlO-OcaJ\()'"Ii111 I ! 

'I'O; IU\U (' 11l1'l'py:lIIll- I 

llhl\lJl '1'1' . 111\111 • . . . - :3't - :lU 100 - 70 100 
B TO\l 'lIH':IP: 

, 

T y(jJOf'CII rrn-oCU,to'nrhlC 
TIOPO,,(hl - 22 un - 31.'1 87.2 - 53.4 76.3 

OCllOlIlIWO II ) :1l.1'l'U()(-
IItlUtlh!P IIIITP) ;nlll 67 '12 33.3 n(i 4.(i 12.8 163 HUi 23.7 

Il;) UlIX: 

1'OUO I'O 11 1I0P(PII pOBJq-
lIbl(, l'aliupo . .... 2() :1.1 n.l 32 1.8 5.0 52 4.8 7.0 

J '. JhTpa OC llouHI,IP It oc-
110 II II b1C 11 Il'rpyall 11 ., 47 8.n 21).2 6'1 2.8 7.8 1J1 11.7 1 16.7 

I 

IIIITP)'3lflJ nlGOI'O U nop<ImpOBIlI"VIbIX raG6po. 13 II PC1(CJlaX PYl1.110J'O 

1I0 JIH 3,wap'I'I IPOlltHlO CUbllllC 52 H1l'rpY3rrii raoo])o. l1au6oJICC J(PYIIUhl C 

llll'l'jJY:1ll1l ]JaCIIO JIOil,l'll hl Ha YTlaC1'ltax ropM 1,aY JIH, Concplioc COyJ\O]Jl1ii

OIm, Paiiroaiillll, l'IICP; \IIWIIOjJ, llU JlbrYHpHTI, Olllill II aallap,ncc 1'Y'JII][

'l'yTlJ\Ph!. I [ll'rpY 31111 II\IC[(l'l' Il Jl aC'l'oo6pa:myIO CPOjlAly, HblTflllYTbl corJJaclIo 

OUU\CMY IlIHlCTllPUHOIO !lOPO)l,. hOIlTal~Tbl G cpllJIJIWl'amr JJ 60_TJ hllTlllICTIIC 

r Jly'lacn c<lr.lI:lClThIO. MOlJWOC1'b JIllTPY31tii J\o JICOJIOTCH 0'1' 1t0- 9:::i )\0 

:225 - 250 M, I!JWTJ1iI,CTlIIOGTh OT 1 AO 5 Jm II 6oJJcc. 

DoapacTlIhlc 133tlIJMOOTlIOI!lCIlIlH ra66po II llop(ImpoBIT)l,llhlX ra66po 

v IlH1'PY3I1UIlJ.IAIl[ YJlf,'I'lIaOClIOllllhl\llI j[ OcnOllHblMII lIopoAHMn O'l'~lOTJInDO 

l!a6mOl-(alO'fCH II PHJ~O MCCT. Tal" J( cellopy 0'1' 1'opbl H:OTCCJIbBaapa, 

lIa IlpaHOM uC'PCI'Y PY'lbH l\.oTCCJJhiioHU Hll'J'PY3Jl>1 ra66po npopbmaOTCH 
n 3~fCUClIll hi Al Il, tnlcp[JOO!l naIl po lJa llJI hDtr[ 1I XII 0 pIlTll3 U pOBa Illlbl ~11l n C]J rqo

TIITClMlt I(OCP(POPClJl\!I POIlCllllloii lIJJ'J'py3Jln. rrOC JICi-wnc upn Ilpn6Jl1Dl,Cnnn 

J. J<OIlTClWI'Y IlOCTPIICIJHO C'l'aHODH'l'CH MCJII\o3epllllGTbIMII, a B6JIII31I lWI1-

Tawra nMCIO'l' nC(,h~la TOlll<03cpnaCTOO CTpoennc. RpynnoacpnUCThlC ra66po 

l1cc)'-r CJIC1\hl :l)(30IWllT<1HTIIhIX n3~fClJClTlIli, GJlCrl,a XJIO]JI!rTII3rrponaUM. 



20 l'J IA BA J 

Mal'pOCIWlln'ICCH.U ra66po n llOpq)J[POBH)l,Ilbte ra66po 3CJ1CHOBaTO-Ceporo 

l(lleTa, OqeHb UJIOTHhle It [{pem lIe. 

B BepxHefr lJaCTIl IIHTPY3UH ra66po II nopqmpOBJ[)l.l1hTX ra6opo ua Tyll)l,pe 

KaYJIa, l3 llerrOCpO)l,CTDeHnOH: 6m130CTll J{ TWllTU]{TY C TTCC<JaUUC'l'hlMII <p[IJI.nl[Ta~n[ 
OTMeqCllhl HBapl~eBI.Je ra66po. Pacupe~l,CJIeHl1C 3cpen I{Bapll.a 13 nopO)l,e Hpai'me 

HepU13nO~lCpHoe. H .napu. coueprnOllHO rrp()3palJUbril It T{I{CTbrii, <popMa nbI,Tl,CJIO

HUH M030CTaTlrlH1CI{aH. 

CpCAn ra66po u nop(IlI[ponllAUblx 1'a66po OTMCqarOTCH l\UUpu;OBO-,WCIHIIl

TOBhTC ;'I-\IIJIbI MOII~IIOCTbIO OT 1 AO 10-20 C!\!. 

IIIJTPY31lU y.1bTpaocnOBllhl · J[ OCIIOBHblX ITOpOJJ:. l{ naCTOfIUl;OMY llpe

JIlClII[ II py;J,fTO~{ nOJIC aalta pTllpOnaHO 111 JIllTPY31lii: YJIbTpaOCfTOIlUbIX J[ 

OCHOBllbIX nopo,], (plIC. 3). J(UllIlblO IlIlTpy3)(J[ IWOIOT Il.lTUCToByro 1[.T[r! 

JIl1fl30llJl;::J.lIyro <pop~[y, OCJroamOUlIYlO pa3,],y13u~m J[ nOpOil\)[MtUl)[, COI'JTUC([O 

C D~rolll.aJOUJ;Uml rropOt(a .\1II rrOBToplilOT OQOpTall1lH I'PYUllhIX CI01U)l.0It 

II llorpY;I,aIOTCH It lorO- BOCTor'y-BocTolq- lOro- 3ana)l.y nOJ\ YJ'JTOM ~10-GO ° . 
no llpOCTllpamuo UH'l'PY3IIUllbIO TOJTa npOTflrllllalOTCfl 0'1' 200 JII iW 5- 7 I\~[ 
H 60:roo . MOr.D;UOCTb ][X I{paiino rrOIIOCTOJIrllran II uaphllpyCT OT HUCIW Jlbl\lIX ' 

MCTpon AO COTen MeTpOB. lIanpmrep, rJlaBIIU1J Il1rTpy31U1 lltl Y'lavrJ(e }{uynu

KamllmllBII 1I3~!OIUIOTClI B ~ro1D;1I0CTII OT 20 J\O 180 M. MOIll,noCT\" fU1Tpy3111l 

ua Y'I ,: CTI(C IllI : lbrYHpllll D J\OIITpe npOIlbllllUCT 700 M. Mal(CIDIUJIbIlLrO 

pa3;J.yBLI B ~lOID;HOCTI[ IlJITPY3ltii: uaOJTIO; \aIOTCH 11 lIlapJlllpaX I'PYllllbIX <1IlTlI

], JIIlIla!1bIILfX 1I OCOOCl1110 ('.1(f[IOIfLHUJIhHbIX C l, jIa; \O I,. I' lOry OT I npbl 

Ray.'Ja GYPOBJ)lMIl CI,Bail,ILlIaMII nopcccl\eno 01..0.110 G ~la.r](HlOl1WbfX MC,I,n:IiICTO

BblX T1IlTpY31lir, 3aneralOll(lIX Il 3amw CHl\ltJlJf1UWblroi'1 CIX.JJtql(ll U I1MeIOIl~lIX 

II H.11a1lO copnOBrI;J,I1ylo <P0PMY. 

B TO.nU(O Ty<pore[I1IO-OCaJ(OllTIhrX rropo; ( mlTpY:3111I puenOJraralOTCfl ITO('.I'W : lh

KrIMIl IHll\<UIU (;)Tail\a~lIl), OOh(qIlO 01' 3 ~(O G. J LallOO JILIIIOe I(O.lll1''l('CTBO PH)(Oll 

onlC~Icrro l3 pa{IOuax TYHAPuI l\:ayJTa II p. COYIWPlliiol'lI. OUhlqllO '1CH OOJIhIHO 

l\IOJJ(IIOCTC, Ty<poreuuo- OCa)\Olll1bTX nopo,'!;, TNI OOJl1.ll1O 3,U( JIIOlfCIlO B IIIlX llllTpy-

311BHbfX TC: 1. 

] 10 UpOCTupanlliO Ty<porollllo-oca,'!;O'llloii: TO. [II\)[ 111lTpY:3Jl1l pac U pCAC.lIClI hI 

JIOpaBIIO~ICpIlO (pile. 3). r.:JalllICiilTlllO nUTpyal1lI COCPC)(OTUl[l'IlJ,[ 13 J\CIITpa,'lbllou: 

'TUCTJI IIUHca Y JlbTP:', (JCIIOUllhIX IT OCII{)llJlhlX 1IIITPY :lllii. :1 (PCh 01I1I 3UIlll\JaIOT 

nJIOJ~U;(h OIWJlO 8.~) ],M2, 'tTO COCT1'lU.I1}lCT 01;0:10 :.w °0 OT O()II~cli: JT.from;a;(II 

lIonc :! IIIITpyalli'J (Tao.'1. 1). B 1I0CTO'I1I01[ 'laCTlI f(J\I'C.'ICITOCllbIC y.'lhTpaOCII013llhIO 

II OCHOBlfbll' HlITpY311n COCTaUJrHIOT TO: lbI\O 7.8°() OT oOIl(cli n JIOIl~a;J,1l 3 0IlhI. Pa3-

Mepb! III1l,C:ICHOClIblX IIHTpyanii: 3AOCb lIo60JTblllllC, 13 IICCIWJlblW pna Mt'Hbmc, 'rc~[ 
U I (CllTIH1.~\ bITO Ii "faCTll; () II I I lUI TO II C Ifll 110 AO<PO PM)[ po nan bl, 11 1I1l'CTlUlII Tl,a;lw CJIC r1\a 

pacc.fWI1ll.OBanb1. Rali nOI,a3UJTIf P03YJlbTaThl onpoGOIJU1I1UI (r. T. 1al(C0lT1W, 

1954 1'.), BCO Olll[ CO)l.Cpil,aT paCCOJJlIlIYIO BI{paIlJTC1UIOCTI, C),Jlh<pI[HOU IUl1;c,l1H II 

MCr(ll· 

1",-0IlTa[,TI.>I YJJbTpaOCIIOBTlLIX Tl OCIIOBTlblX Il1lTpy:wii C U~ICIJ~arOIJ\IlMI[ TY<PO

rcm!O-oca~OqlIbIMn IJOpOi\aMII rpy60 cor .'laCHhTO. ITo Il IleJIO;\\ IHIAO CJIyqacn 

onlCliarOTCR HEHO pCil\y[!~1I0 ][([TPY3IIBllhlO IWIITHI\Tbl. CJlyqall Cp03al!JIfI 

J[ITTPY3IUUl![ IIJl3CTOB <pI[JIJTIITOB nao.1J.10AarOTcH IIH ropc KaYJlU, D 60JIbUIOM 

OOHa,l,elllf!( 1\ couopy OT ro p hI KOTCeJl hllaa pu, r~o lIa 3HU qnTOJTbllO)[ 

paCCTOJIlllIlI 1'a66po IlIlCHT{CrO 601,a rJlannof[ 1lJfTPY3UIl cpC3alOl' II.'IUCTbI <pUJT

JlIITon cTporo llOA rrpJlMbI~1 yrJlOM, B panOHO p. COY1WI)I[iio\w, Knop)l,i1-(ulTopu 

)[ B )J.pyrJlx ~ l eCTax . lIocorJIacHbre, perl\YJ.D;lle HOIlTal{Tbl xoporno na6JTJOAalOTCfl 

TaM, r)l.u <pUJl JIIITbI c06 pallllI B lIIomme CI'Jla)l,lm . BI~OJlb HOUTal{TOBbTX nOBOpx-

1l0cToir qaCTO OTMe'la IOTCH CJler~ht II03NleiJIlJlfX TOI\TOHlIlIOCEIlX nepOMOI1\CIIIli'1 

(JIO,I\Bllllii 601{ 1'.rranrroii I!ITTpY3nu, IlHTPY31111 RaYJlbT, l{oTcoJTGuaapr.c, RaM

MlfIUIBII II i~P.). 



rrW.norllllECHOE nOJIOiHE IUI8 nOfICA JIHTPY3Jfn 21 

n 1l1ll\CJICIlOCllhIX llnTpYS1UIX n pfIlW MCCT nCTpe'IenbI I,CenOJIllTI>i TYCPO

rcnnoOCaAO'!llhlX 1l0POA (Y'IaCTIW Ra~lJJ a 11 H.UepAil,U110p). RcenOmlTht 

lIMCIOT CPOp~IY mIllS 11 pacnOJlaralOTCR B COOTnCTCTBll1l C ;)JJe~ I CllTa~Ill sa lerallllR 

BMeJl~mOll~IlX no pO/~ Jl l{OltTah ron H1lTpySJlU. 

BoapaCTIlHIC COOTJIOIIlenllJl HIlTpySIllI C aCPCPYSUIJIIh[MII l~llaoasa ~Il[ HC pX

Hero 'JC'TnepToro nOI,pona HaOmOAaJIIJCb na yqaCTHC MC,KAY Ka~IMJllmmI 
II 3anal\!loc OpToaiinn. 11. A. H.OpllllJIOBhIM npu Jl3yqCHUli lWUTaI,Ta 

ra()6po Allcpcpcprl1l\UpOnalIllOir TlHTpySlJU C ~lm\pOATlaOasoBr)li\l llopcpnpnTo M, 

ncpCXOAml~J1M llbllllC J.l 06hl'UlhIC ~leJIKOSCpllIlCTbIe Alla6ashI, YCTanOUJICUO, 'ITO 

ra60po SaXO/\11T II TpCU.~HUlUI B Aua6aso. 

B IDJIllcpax OTMe'ICllO ynCJrn'leUUC pasMepoB scpell llJIarllOl\JIaSa II llUPOl{

cena B raoupo C YAaJIClIllCM 1\I1I1SY OT ROHTal{Ta, B TO BpCMH Kal, !,pynuocTb 

SCPCl[ II l\Uaoasc coxpamlCTCH 1l0CTOHTInoii. 8TO YHaSblBaCT na TO, 'lTO lIHTPY-

3I1H YJIbTpaOCllOBUbTX II OCUOllllblX TIOPOA llMCJIa MeCTO llOSf[,C cpop~tlIponamu[ 
~lCTBepToro nOlipona <:ltPtPYSllllIfbTX AuaoaSOB. 

J~JIH YJlbTpaOCllOBJJhlX II OCHOnHblX uUTpys .nii Xapal{TCplla l\paCnOBflTo-6y

paR QI,pacra 06hl tiliO cr.ua,I\CUTIblX JICAlllll<OM BblXOAon HOPCIIIlb[X nopOA, 

HpymroUJIOl\OBblir Xapal(TCp TPCllI,llIIOBaTOCTTI II naJITl'me 60JIbllOrO ]WJIll'le

CTBa BCTBR.Jl~JlXCfI H nepCCCHaJOU~lIXCH CCpTIenTIllIOBbrx, J-\aJIb~UTO-Tpe~IOJlIITO

BbIX, 1\Bapl~C130- aKCJmrrTOBhlX U APyrnx nnw. 
110 nnyTpel!lICMY CTPOClIflIO IlHTPYSUH pasJ~CJlHlOTCH. Ila ABC rpynTIbt: 

1) l\ncpcpcpCIlU;1l po 1J81111hLC; 2) uep,lltPcpepeHJJ.u POBaHHr.JC. )J;HtPtPepeHI~HpollaII
Hbl.' JIlupyanii 11 PYI\LlOlIl nOJle OTi\lC'lCHO 42, neAHcpcpepeHI(npOBaTIHbIX 
69. Pas~!CPbI l \llcpcpepcnu;npouauHI'lx lITITpYSUji: B neCI{QJlbl{Q pas 60JlhIDC ne

AJlcpcpcpel1I.l,npOBalLHhlX. )J;ucpcpcp lIIJ,UpOBannbIC JiHTpysnTI YJlhTpaOCnOBIIhIX n 

OCliOBlIhTX lIO POA CJIOiI,Cn1>I (cnu3Y Bnepx): ccpneHTRJllITaMn (1I3111CUeHHbIMH 

nepllAOTIITa~1\[ - BrpJTILTaMlL), TIUpOHCeHIITaJlllI, ra66po 11 MOHU;OHIlTOBhlMH 

ra66po. HCAucpcllCpenIJ,I1pOBaIIllblC lIHTpySlill CJlOHWHbI nOJlHOCTblO CepTIeIlTlI

nflTaMU mm raoopo. 

llpCACTaBJlCIllLC 0 1Il0Ul.I!OCTH OTAeJTbnbIX CJJOcn B IIllTPY3HBHbIX TeJIaX AaloT 

cJlclwrom.nc paspC'sbI (TaUJI. 2). 

Ta6:JIlna 2 

MOll~IJOCTh AII~<I)epellltllpOnallllhlx IJIlTPY3Uii II OTI\C.rlhllbIX IIX '1acTcii 

II~MeIlCllllhIC nllpUI{CC- OGluaFl MOlll-
HallMrllonallllc ne p 1111.0T liT hi I l\I HIIThl , l\1 raGGpo, M nOCTh, lit 

(tCpnCIITIIIIIIThI) 

l', laDlIDH lIurpY:lllfr lin Y'H1CTI\aX: 
.\ Hav:Hl 147 fi 9:3 246 

H:a)' :1a, 

: I 
J.i:i 8 55 218 

ROTCe;JbBaa po 120 8 32 HiO 
RaMMHI,IIIlI! G5 :i 20 90 

1 [IITpY3lHr lIa 3alltlAIIOe OpToaiill1l 12() 3 :)7 l80 
] lnTpY31Hl IIi! llncT()'IILflc °PTOHiillll 21i - li4 gO 
IluTpyanH .II a Y'Iac'I'lw p . Coy"e-

pniiolHl 10:-) - 80 185 
IlIITpY:31If1 I'aiicoaiill l! ,-)() ~) 4.0 K) 
IllI"rpy:lIIH ISO 40 350 570 
J[IIJ11,r~flllflll . 

VIa nplInel(CIUlbIX Aaullblx nU/IlIo, ~ITO npc06JJaAaIOw.llMIl TIOpOAaMl[ n IJ,J[tP

cpepCIlI(llpOnaUllblx IllITPYSllHX 06bI'lTI0 HBJlHlOTCH ccpnollTllRHTbI. 



22 LTJABA 3 

J1UTCPCCIlO OTMC1'llTb, "'lTO B MeCTUX BT>lH.nlImmumHI ![JIll pC31wro YMCTlbme

HUll lIIOm;nOCTrI, p;ncPcPepCIIJWPOBannaa 11HTPY3IUl C.'1araCTCn II JIJ( CC])[(C1!1' IITlIl

TUlIfi, llJIll ru66po. He OTMe<JellO Hn op,lloro CJlyqun, "'lT06bI Talwn llllTpyslIn 

nOJIIlOCThlO CJIUrUJIaCb llIIPOT{CCIIIITUlIIII. 

B CDOro O"'lCpep;b BIIyTpH OTr\C JIT,IIblX nOJIoc, CJlOiI\O lltrr,IX Toir lfJT1t nrroii no

pop;oii, OTMC"'lUCTCn 60.'1CC TOm{Ull nCplllllJnaH P:.lCC,TIOOIlIlOC1'h, Dr,rpai\,OUlIaH 

"'lepep,OBulUlClII nOJlOC I'PYfmo- II Jl[CJlI{Q3cpm!CTOrO CTpOCI1HH (pIIC. -'J), II nOHU

JICHIlT( CJIOCD TC"'lCnnll, 060rUm;CmHJX CIWIIJICIIIIllll11I 1\j1I1CTaJI.101l mIpOT{COna 

CYJIl:,cPIIP;OB IIJIn TlITaJIOMUrnOTUTU. aUJICraIIHC llCPl3lPIIlOil IlOJIOCf1TOCTll llCCrf\U 

cOBllup;aoT C SUJICraJIJICM lWT(TUI{TOn IIJIUCTOllOll IlJITpySUU. 

llepnnqnan paccJIoCnnOC1'b UllTPY31!1IITbiX TOJI 1I0,ll,'ICPI,1I1l<lCTl'H Tal,il;O 

JJaJIIlqlIC~ 1 :IUI\O Il OMOPlfO paCilOJIara!Oll\UXCH /l Cpllll'ITILTX TPCII(llIl: OOJlbl!l1H{ 

'laCTb J{Ol'OPhIX BhIlI O.rITH'IIU pUa JIIf'1l1bIMlf tTUIJIaMIl. Jlun6oJI('c XOPOIlIO nhlpa

iI,eIla CIIl'TC \l a n JlaC'rOBhlX Tpell\lIlI, napaJIJICJIhllhlX II(,PBII'IIIOii 1I0.'loca

TOCTa. n COP"CIlTIlIIITTL1X II .'H\("I·013 blO TpCW;UTlbl BblfH)JIIICllhl XpIf30TII.'IOIlIHIII, 

TpeMO J[IlTOllhHII1 II P Ci l,O Imp60TraTH hBIlI II cYJlbtIJIli\ll hDII! iHIlJH1AIII. 13 HlI 

P Of{ CCIIIl1'aX OT~J("ICll hl TO JlhH'O TPC \l O,llITTO-T,ap50naTll hl c il; II Jlhl. II JIal·.TOU hlC 

T p e ll.\lfTlhl Il ra66po TIC AIIIII Op aJlll30BaTlhi. nCpTlll\ a.'lhllhll' 1'P('UJ.lll1hl IIpn

Mc pno All.: (JllP;llOIIU Jlblf 01'0 lIallpl1ll.f1CHIIH, COB ll ap;aIOIl\IIC C JIIIII CiillOii opnCH

'J'upolJlwii h'j)II CTa.lIJIOU, II 1I 0 1l 0 P O'llIhlU 1I 0JI OI'O ll all;tITO II(ll C H CCIl('PY 'J'!)C II(II II hi 

na6mOp,l1IOTCH p Ci l\ C. 

C ' pil e Il 'I' II IT H T I., ( 11 ::\ AI 0 H C ]J 11 r,y C n 0 p 1\ P; 0 TilT h' - II (' p 

Jl II T hi ) Sa nmlaTOT OI<O JIO 70% OT BCCI'O 06'bo ~lu II1lTPY311ii IT 'l'JII'OTOTOT 

J, nx JllliI-\HIIM I[ I( OIl'I' pa JlhHbIA'1 'l llCTJJM . i(uJ\pO CI\ Onll'l eC IOI :)TO ll JIOTllbIO, 

n o O'IClib x pyJII\n C 1I 0 1JO r(bI 'f C ~11l 0 r o, n CHCi+WM J1 3JlOAIC 1I 0'ITIl 'lC pIl oro 

l\BCTH (j 3C Jl (,IIOAa'fOCO pblMIll! (j rrllCBa ThIMH O'f'fCITJ{[HIIl . ljacTO )l H <pono paullo

Me p"030 pl[)T()'rOI' O CJlO}I,C1l1IH 1I 0PO; \hl IIbl ~(, JIHrOTCH "I>Y"llhl (', pa 3~I (,pOM 

AO 1- 2 CI\I, yp;JI lIUCnllhl(, J\PlICTH JIJlhl 1I11POI{CCllLl (j IIOiiI,Il JIIIT Oll bIAIIl JlIU lTO

'JelIlIH~II! 11 3 MClIO lill o ro OJ1I1BlnrH. 

B ccpnCUTTITlliTaX na6JI10p;a IOTC}l nOJTOCaTblO n JI11nellJ1LIe TC I,CTYPhT, BllIpa

iJ-;UIOIf1,1'IeC}l B lJOCJIOllnOM 'lJ.CPCP;OBUl1TlI:l lJOPOI( C paSJIl!lJnOll HpyonocTblO scpBa 

(pac. -'J ) n JIImei'fTIonapaJTJICJIbIlbH1 !HICnOJIOiHOHlICM yp;JIUTIOnnblX npI13MaTI1-

'lJ.eCJUlX HpnCTaJIJIOB JIlOHOI\JlUHDOI'O nllpOl\Cenu. 1nTIciillOCTb COllualJ,aOT C na

l1paBJleDlIC~l lJap;emUI nopop; I( TOl'O- IOrO- BOCTOl{Y nOA yr.TIOM 30-50°. lIepBII"'llIO

nOJIOCaTblO II JIlmerrUble TCl\CTYPbI JIerIW na6JI10p;aTb lIa BhlllCTPClIOii nOBCpx

ITOCTII llOPO~\, rp;e l{pIlCTaJIJIl>I lIIOITOl(JIIlI1HOrO nnpoHconu BblC1'ynaTOT 13 lluJ\e 

][30MCTPll~IHblX 6yroplwB - na TOPU;UX HpnCTUJI1IOB, B lll1AC y,(Jlll1l l'TTllhIX 3JI

JllInCOIlp;OB - C 601{oB. 

Xapal(TC pnou: oco60nJIOCTblO AJIl'l ccpn CHTlInIITOn nBJHlCTCH nO'ITll 1l0CTOHH

HOC npllCYTCTBTIC BH.paTlJTemlOCTTI CYJIbcPl!p;on, COAcpi(-;alL\IIX 11111,eJI h II MC1(h. 

B OP;IlllX CJIyqaHX nl,panJTCIITIOCTb CYJ1bcP ll,I\OB IIpuypOqelTa I, onp(';.(eJIClIllhm 

rop"30 fl T1UI II IlOPlIlJlITIO paCCJIOCnTThlX TCJlaX ccpnCIITllllJ!TOIJ . 11 ; (Jlyrllx CJly

qun x cYJlbclmp;Hoe opY~\Cll e!ITTe J!Olw.rn I3YCTc n n Cl l.'1hIlO PHai \llOO.TlOllllbIX II 

UlIorp,a paCCJIanU;OUanllT,IX CCpnClfTI1ITllTaX n6JlllSII l\pynllbl x 0pYAcnOJIhIX 

TCh'TOTlII'I(,Clmx SOlI . 

CYJl bcPUp,LIOC Opyp,CHC llllC conpOBOil,;\aCTCfI rnp;pOTl'IHW: II>lI "1~lll 1I3MOneJllI

HMH nopop; - XJIOpI1TJI3alJ,llci'l, OT:.l .TlbHOUnUJlCl\l II ),ap6011aTllam\nciL YCTa

nan.rllluaCTCH npH~IaH 3UBl!Cn.\IOCTb 1IICil\,rt,y CTcnClIblO 0pYi\CIIPlI lI H, r1lIU)OTCP

MaJl bnr.Ul MeTa~IOp<pIIS]lIO~1 1I ~lon(HOCThlO AOpY1J,TIhTX TOI<TO II 11 lll'C (-;IJ X 3011 . 

n 11 Jl 0 n: C 0 II Il T hi lI~ICIOT llC3Jla'H1Te.'lbIIoe paCnpOCTjHUll'JlIIO II 1I11;J,O 

YSl\l1X nO.l10C ]l IC;I\J(Y CClmCHTIllIllT<Ulll II ra66po, a 13 Tl'X CJlytJallX, lWI',(<I rao6po 
OTCYTCTBYIOT - lI,J.OJIh llcpxucro l\OllTil!ni\ ccprrcHTIlHllTOll C nMl'lI~al()ll\IDIIl 

nopo:\a~lll. IIcpcxoJ( OT ccpnCUT11I1l1TOB 1\ IlllPOJ{COllIITaM BCer;l.a ])c:3l\ uii. 131>I,'I;e-
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JlJleTCH BeCI\OJlbl,O pasrrol3ffl~nOCTCi'r I1HpO}{CeITIITOn: rnraIlTOJ{pIICTaJIJIJI'leCInIe, 

I<pynnol,pUCTaJIJIll'leCJme II cpeAIlCl'pIICTaJTJIlPICCH.lJe C pa3]1[epOllt KpnCTaJJJIOB 

OT 0.5 ).!,O 50 C III IVlllIIY n Mcm<OI{pnCTaJIJJUqecrme, B },OTOphrx ).!,JIUHa J<pnCTaJI

.T[OB I1UpOI,Cena 110 npc13LlIlIacT i-211m. MemWl\prrCTaJIJIIIQCCKVle mrpOl\CeHUThI 

SaJIerUIOT 110 lluemnCMY IWUTUI,'l'Y C raG6po HJIlI BMClll,alOlII;m1ll I10po).!,aMH, 

),pyrruO!,pUCTaJIJIIlQCCKUe 13UYTPII UUPOI<CCIllITOBOll nOJIOChI, OJIllfl,e I\, cepneIl

T1IllUTaM. Hep 'XOIJ. 0'1' J1JIPO[{CCllllTOB l' ra6Gpo llCCl'J~a nOCTcneHIILIll, rpamm,a 

:\ICil,rw lIm1ll orrcnh J[cponuan, 113 BUJIIICTaH. I~JIJl nupO[,CClUITOI3 Xapal{TCprrO 

npllCYTCTBUC l,a.Tlbl~nTO-TpeMOJIlITOUblX n aI\CUJ1JlTOI3J,IX il.o1J1. B lIelWTopLIX 

Puc. 4. fIo:locaTocTb B cCpneUTlllll131lpOOaHUbix lIepuAoTIlT3X, 
I3blpa)J(rJlD3f1 'J('.pt'AonaJlIlOM nO:loc l\PYIIJlO-li ~le;lI<03epJJUc'J'oro 

CTpOCllflH. <DOTO oG nanwnllH. ¥MClIhlJ1. 4. 

l\IeCTaX OT~IeTJI11BO llbJpaiJ<ena JInlleiiBocTb. IJ;BeT I10POIJ. qepBhlll C SeJJeBOBaThIM 

OTTeBl{OM, oGYCJIOBJreBUblM npncYTcT1311CM XJIOplITa. 

B6mfslI 0PYAenCJlf>IX Tel,Tonu qeCl{tlX sou, a TaJ{me II SOBe rH)'!'pOTepMaJIbHO 

I1311IeHellJlbIX I10po).!, I111pO[<ceUUTLI llllTenCIIBIlO :r.reTaMop\f>Il30BaubI n upeBpa

~eBbl B UM\f>1l60JIO-XJlOpHT0J3bre UOPO,~Ll, COCTOHlII;lle fJIaDBbIM 06pa30M 113 

8.M\f>uGOJIa II XJIOpllTa. 

r a 6 0 p 0 B OTJI11QnC OT I1UPOI<CCUUTOB HMeIOT 3IlarrlITeJlbUOO pacnpOCTpa

neIl11e. Onu CJraralOT ncpXIlnc 'laCTl1 Au\f>\f>epelIlJ,UpOnanIlLlX llIlTPYSUll. TOJIbl{O 

B OAHOi:i: rJlal3fIoii: ULITPY311U ua TYIlApe RaYJIa I1 pOCJIe}JWIIO 7 YAJIllneHUblx 

JIIDl30nJIAllhlX TCJI. 13 llolw'ropblx AH\f>WopOlllJ,upOnanHLlx IlllTPY3UHX nOJIoci>t 
ra66po npOCJICiI-\1[)jaJOTCH llO'lTU lIa BceM ce npOTfIrlwm1H. KPOfllC Toro, saI<ap

TUpOl3aUO UCCJWJIblW ManOMOlll,lIh[X call1OCTOHTeJIhIlbIX llliTPY31l11 ra66po Ba 

yqacTlw 1'0 phI I{uYJla. 

ECTeCTBCll!lhle nLrXO~!Jl ra66po OT.-IU'IUIOTcn OT 06UameI111ij- cepneIlTIIUIITOI3 

il\eJITOOaToi'r ol\puclwii: TOIl1\Oii lwplm BLlllCTplmalllUI. B CI30iI"Ci\l IISJIOMl' uo

pO).!,LJ OT ccporo J\O TeMlT0-3eneJloro lJ,HCTU C nCllo Bblpa,HeU110U o<l>11ToB011 CTPYI,

TYPOll. I3eCbi\lU llaCT() lJCTpC~la IOTCH HI3UPlJ,CUhIC H H13apIl.CllO-l{Up60BaTo- ar<cTUIll
TOD1>IO ilillJILI. 

lIopop,f>I II :nra'UIT('.T[r.noir CTCIICUII IIO).!,DCPil\CIIbI 1IlcTalllOpqHl3MY. CDcilmx 

ru6upo ne oGuaPYil\ClfO. 
;) C C eKe II T 0 B J,[ P (llf 0 II Il, 0 II II T 0 B 1,1 c) r a 6 6 p 0 DncpBI)Ie 

OU}W).!,C.'Ierrhr 11 OIlUCUHbT 11. A. EJJlICeCDf>IM (H)47 r.). BcI"lpllIlclllla3LIOaJI ny 
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rpynny nopo)]; ra60pO-,ll.HOpHTaMl1. OHJ{ OTJlHrralOTCn OT HOpMaJl bllblX raoopo 

npHCYTCTDHCM l{aJlHCBOrO nOJICBOro mnaTa - OpTOHJIaaa, IWTOphlrl BWp,eJInCTCn 

n BHp,e aHTHnepnlTOBbIX BPOCTHOD HJIH iHe B D1tp,e I<aCMOI{ BOI{pyr l { pUCTaJIJIOD 

nJIarHOKJIaaa. Mom:I,OHFlTOBbIe raoopo CJIaralOT caMble BepXll DCCX raG6poBhlX 

TeJI rJIaBHOii F1HTpyaFlH Ha TyH)];pe RaYJla. 

B JllaJIOMoru.nhiX Alell<DJIaCTOBbIX l1l-ITpyallHx ra66po I, ceuepy OT rYHJJ.Pbf 

RaYJIa, a TaJOIW B6JHta~! TeHTOHl1rreCHl1X aon PYJ\OIlPOHIl l ell llii DcrperreHhl 

IWTaHJlaaHpOBaHHwe II paCCJIaHl\OBaHHbIe ra66po. 

B Bepxax rJIaB HOr! llInpyarm TyIJp,PhI !{aYJla H B JJ,I1CPCPCPCHL\lIpOBaHllblX 

TIJIaCTOBhlX 1111TpyallRx B uap,pYJJ.T10n TOJIlll.e TycporeHlIO- ocap,04I1hIX n opop, lIa 

RaYJle Bcrpe<JeI-ll)[ IJOJlHOCTbIO l1aMeHeHHwe FI MeCTam! opYJ\ellOJlhlC ra6opo. 

8TO nJlOTHhle aeJIellOBaTO-cepble IJOpOp,hl, xapal<TepHaYIOUJ,lIccn nO.1J I!I.DI 11 3Me

HeHHeM rJlaBHbIX n epBl1rrIIbIX JlUmepaJIOB - T1 JIarJlOHJIa3a II nil pOl,cella 1'1 paa

BUTI1eM no HFlM XJlOpHTa, Iwapo.a 111{apOOHaTa. Ha RayJIe BCTpe'lalOTCH raGopo, 

COCTOHlL\IIe nOJlllOCTblO 113 XJIOpHTa n CIWJleTHhlX acpcn JleHHOI{COIHI, 'HICTJI'IHO 

"aaAletlJ,enHhIX CyJIbcpl1)];aJlIlI (nl1PPOTllH) . XopomaH coxpaHIIOCTb CIWJlCTllhTX CPOPM 

JleHJ{OI\celIa nOaBOJIfleT BCer,ll.a oe30[J]1100rrHO onpep,OJll1Th IJepBJ1(lHY10 T10pOp,y. 

TOl\cTypa nopo)]; MaCCHBnaH, lIHOrp,a CJlano.eBaTaa H .1JIII-IeIIllOnapaJTJTe.rlbHan, 

BblpaiHalOUJ,ancn n JIIJHeJ"tnonapaJIJIeJIhIlOM paCnOJTOrHelHIll Y31\11X n JlaCTflHOK 

X JIOpHTa. 

B I1TOre nOJTY'leIlHbIX UaOJlIOJ{e Hlti,j Ha l-( III1TpyallHMII OC HOOllhlX II y .'1 bTpa 

OCBOBTlbIX IJOpOI-( CJIep,yeT Cp,eJIaTb CJIep,YIOIL\fle BblOOf-lhI. 

1. BUel \peHl1e J;JHTpyal1i;J COBepmaJTOCb B p,Ba aTana. B nepBhTIt GOJTOO palI-

1lI111 nepI10,'l; BpeMenH BJ-Iep,pamICb raoopo . ,l],l1cpqlepellL\llpOnallllhIO yJll>Tpaoc

J100HhlC U OCHOBUhIe uBTpyalul BHe,ll.pUJUICb n03p,uoe, lwrAa raoGpo 3aCTbIJT IE 

U paCHpHCTaJIJIMaOBaBMCb. 

2. B npep,eJIax TycporeHBO-OCa,ll.O'lHOfl TOJTU~H IIHTPY3HlI paCllpe)J.eJIOllhl 

HopaSHOMepHO. OCliooHaH Macca lUlTPY311H: cocpeJ\OTO'lCFla B l\CHTpaJlbHOII 

rracnl COJ1Tbl, B OOJIaCTH HanOOJlbWerO nporHoa CHHHJIJIIIOI)TJfI. MeiHDJTa

CTOBble IUITpyaIHI B TOJIlo.e TycporeBllo- OCap,O'lHbIX nopOI-( pacnOJT OlI-,C llbl aTa

;1,a~lH; IWBl1rreCTBO arafl,OII B lJ,eHTpaJlbJrorI qaCTH lWJICOJICTCfI OT 3 p,o G, B BOC

TO'IllOll rraCTU HHTpyJIIH 3aBeraJOT n peuMyru.OCTBeHUO B BlIJ\O pa3poau OUHwx 

TeJI JIHU30BIJp,HOH: CPOPll1hl H TOJIblW TeJla raGopo BblTJUJYTbI Ha aIla'lHTeJIbHblo. 

paCCTomIlfn. 

3. ,l],l:lcpcpepelll\UpOBaHlIblo YJIbTpaOCHOBHwe H OCHOBHhlC HHTPY3JUI xapaH

TOpl1aYJOTca pa3uooopa3HeJ\l nopo)];, CBH3aHHwx e/ \HHCTBOM npOHCXO)J\,ll.eHllfl Ii 

OTUOCHllI,HXCH 1\ O,ll.IIOMY eCTeCTBenHOMY PR)];Y: nepl1p,OTHThI-nllpOI,ceHHThl

raoopO-MOHl\OHl1TOBbJe raoopo. ACMMJIIOTpH'lHOe CTpOeJHle ImTpY311BIIblX TeJI If 

pa3Bo06paaHe CJIUralOll\IlX J;IX nopo)]; BceMM IlCCJIe,ll.O l3aTeJ1J1MH 06'hRCllalOTcn 

J.\McpcpcpeBl\l1alJ,ueif Op,HOH IIopnOHarraJlbHOll MarMbI, cpeJ\ullU: COCTao IWTOpoii, 

110 p,auIIWM B. 11. nanywl1c (1951 r.), COOTBeTcTByeT, npUJ\lepHO, JI1eJIaHOI,pa

TOBOMY OJIHBIIHOBOMY ra60po . HapHAY C J\1-IcpcpopenL\lIpOllamlhIJIIIf lIJupY3lfaJllll 

UCTperralOTcn H nep,l'Icpcpepenl\1'I pOBaBHhlC, CJIO,HeUUhlO TOJlblW copneIlTnllllTaMIi 

11 UHOI')J.a raoopo . 

4. 'Y JlhTpaOCHOBHble II OCII013II1>le nopO/ lbl nORce leCTIIO npOTOpn OJl IIlIllTOII

CUBHhle aBTOMeTal\WpcpllrreCI(Ue U3J11eHeHJUI, BblparHalOlll.UeCn B aMqJIIOOB1l3alJ,FHI, 

cepneHTI1HM3arvUl, XBOpI1TI13alJ,IlH, OTaJlb1WllallMl1, Ae3aRopTHT1I3aL\11II nJla

rHOl,JIaaa, JlermOI{CeHHaal\Hll THTanOMarllOTlna II l,apOOBaTH3aU;lIl1. nOCJIep,ylO

lll.He rup,pOTepMaJlbBblO 1I3J11eHOHIln YJIbTpaOCHODlIblX II OCHOBHblX nopo)]; npu

ypoqeUhI I( opyp,eneJlblJ\I Tel<TOHIlrreCHIHf 30HaJII H I{ DJlcnrre MY OOI{y TOI{TOHHrre

CIOIX a01-l. OUlI npOnBJTfIlOTCn n XJTOpFlT113al\IUI, OTaJlblWBUIIHI1 11 HapGoHaTu

aaL\1II1 DOPOI-( . Y CTaHanmmaeTcn TeCHan COH3b Mer l,p,y rUJ\pOTOpJllaJlhHblJ\I JIIeTa

MopcpuaMOM 11 CYJlbcpHAHblJII opYJ\OHentIOJ\!. 
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)1,aiilwDblii KOMIl:lCKC 

) (aiilW B TIO; (aIlMllOJ1(OM OOJlhllJlJJ!CTDO c .'Iy'raoD IIl\IeJOT O!11l31~ne 1\ i\lCIJJ1;:J:IIO

lIa:lbllOMY II POCTII pamw 11 nOpT.lIJHI,'lhllOO TJa~(ellUe. OUU Tf! rOTelOT D pOCTpanCT
nOlIllO J, llOllcprlfllblM (IOP1l1(HOlla Jlbllhl I) copoca~l, paclIo laraflCb no 000 

CTOPOlfhl OT JlOCJI('I (IIIlX l1a paCCTOHllJIJ1 OT I1eCJW.11bIWX ,[(eCJITI,OB ,[(0 COTell MeT

pOD (Hay la, KOTCt'!IbBaapa, ]{aMMJH,lllJll, OpToaiIlJu, CCJJepIlOC COYl,cjJuiiorw 
II jUl.). 

lIaIlOOJlbUlCC' p£1ClIpOCTpallOllllO !BrelOT )wiir,u ]l,llaOH30B. 

J ~aiimI tPYll 'lllT013 DbIX01J,HT llU l10130PXIJOCTh lIa CJ\JlOllC ropbl l\cHI

~ 1111\Jl1JJ[, D [,11110 O'lllCTlIoro Hap hC pa, II 1l1l110 TpCX n e OOJlblllllX o OIl Uil,C1m ii. 
101l'lllHllThl, TeU, iI,O l;al, J[ tPYPlfUTbI, ObT!llI lIaiJ]l,Ollh' II OlIucallbI .G. 11. lIa

nylllllc (1951 r.) 1l CIW. 168 1H\ r Jl yollHo 23.6 - 24.1 M Cpel(ll p,na6a301J 'ICTOOP

Toro nOI,pOBa Jla r o p o HaM~IIIlUlllU. 
OtIOnb llHTl'prwhl l \ui'll\1l JIIlp()\\ccno- rpaHaToBhlx no pop; . ;JJ,UllIUI nupol-,

CCHo- rpUllU'rOBhlX nopoil, (MC'fa~lOp<l1ll3 01JaIlUhlX p,lluGa3013) Ghl;m ounapY',I\C1lt.l 
r .11. rOp6YI101Jbl~11l pll rOO ~lorU'1CCIWM I,C\ PTTlpOllanuu IIOHca IIl1TPY3Jlii (1 \)L17 1'.). 
11037J,1100 OHll1l3YlJaJlJICb H. A. EJlJJCOCnbl~1 (1947 1'., 195201, 19520), 11. 11. rIo

Do noii 11 B. II. Uauyrunc. O / Iua 113 p;ael, pacnOJlOr!,CHa HU Bopnume ropbI H.ay.'la, 

;J.py r an na rope l\OTCCJlbMapa. 

11£1 rope Ray,nil l lalil,a MOll\1l0CTbIO OI\oJIO 3.5 JIl mIeeT llP1l6Jll13UTCJlhiIO 

COUCPO-BOCTOlJlIOC' npOCTllpallllC C BOPTlllU\JlbHbIM l1anOlIl1C~l J[ llpOCJle:'lmllaeTcn 
u HOPOlillOM OOIlall';ClllllI lIa 12 M. 

lIa ropo HOTCCJIbaaap01 p,ai1Jm BbITHTlYTOl II cenepo- ce.BepO- 3anap;IlO 1 UU

npa.BJIelllllI 340
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C l3epTUl,01JIbllhlM na,D.OnllOM; no npOCTllpUHUIO OHa npoc.'IC

;IwuaCTCH C IlOPCPbWUMH CDblUle 13 l\[, Jllal,CllMam,nan MOllJ,llOCTb 00 0.8 111. 

e DOCTOlJ\lOll CTOPOllbl ,D.ai.iJ,a llMeOT an0tP1I3Y ITIUPllUOU 1 - 2 ClII. 

B 06011X CJIY'IaHX Aaiilu[ 3aJlCralOT 11 cepUCUTIIlIllTUX, lWTopl>Ie DOJIU31I 

KOIlTaina C l laiilwMlI ne3na'1I1TOJIbllO OTaJIbl\OllallbI (l{ayna) n J{apOOnaT11311-

pOnaUb[ (I{oTCeJlbDaapa). B 3aJlb6allp,ax p;ael, uaomop;aeTcn J~.ByxcanTmieTpo
Ba n nOJIOca TO~tllO-3CJTenOro CTOKJIOBaTOro nOPtPupilTa C tPmonp;a JlbUhlM pac

nOJIO:'I,cnUOAl na paJ1JICJlbllO HOHTaKTY JlICJllOlX JleflCTO'ICl( XJIOpnTlJ311pOBamrOr(} 

llJlarUOIUla3a u 1130MCT~)11'JCClmr.1U BJ{pUI1JlO)[lJlma~1lI InlpOI{Cena (aBrlITU). 

CpC,D.JIflH 'IaCTb )(aOI( CJIOiI,ella ?ICJIIW30pnIlCToii, O'IClIb llJIOTflOll nopop,oiJ 30ne

nOHaTo- ceporo l\IJCTa, COCTOHlll.oii ua 55 - 60 go Il3 MOllOl(JlllHflOrO llllpOI~cona -

;:I.llOrrCUi\a H lIa "'0 °0 113 rpallHTa. BTOPOCTCUCIIUhle JllIlIlepaJtbI - JIoli KOI,ceLI. 

l\Up60UClT, XJIOplIT Il CYJlhtP11llbi 3alImialOT OI'0JIO 5l!o OT oom,ero 06'J,eMa nOpOlJ,bT. 

IIJIarllOJ,Jla3 nau,CJlO 3 ai\l01l\Cll rpauaToM; nIIpoHcen lI'leCTaMJl 3al\lell\aCTCn arpe

raTOM ?IOJllUtX 3CPOII I'paliuTOl. 8TH csoooopa3Ilbie MeTaMOPtPJl'IeClme 1I3MOllOIIIlJl 

p;ua6a30H B Jj,ail1,ax Hop;p06no onncanbT H. A. EJllICeeBbl~1 II E. H. llaoYJUlic 

(1952). 

l1a1l60JlblllCO pa311oo6pa3ue p;aulwllbIX nOpOI\ lIlIIeOTCH B pallone UU : lb

rYHpl311. 

j{~II:Jbl 

,rt;OBOJIbHO urI! po 1\00 paCH pOCTpanOlllle Jl IClOT ilWJIhll\a l~ B TOJIll1,e TytPcreuIlo

OCClP;OllllbiX 11. ;)tPtPY3 I1UHJ.IX IlOP01\, Tal, l[ B ocuoaUhrx II YJIhTpaOCHOBIIbIX 1IIlTPY-

3 I1HX. MOII\1I0CTb ;1\11.'\ lWJTCOJICTCJl :s npCl \C: lax OT 0.1 p;o 50- 100 CM, UPOTH

i+.eHllOCTh 11X !lCCKOSI bl\o P;OCHTI\OB MCTpOB. BbllJ,CJIHIOTClI CJlep,YlOll\Ue iWt:lhI: 

co pnCHTllllOllblC, ~larJ1CTllTO-COpllClITllJIOllbIO, x P1I3 0TlIJIO- acGocTOlJhlO, XJI OpU

T013hlC, Tp MOJlltTOBhlC, !,apOOUaTO-TpeMOJIllTOHbIe, Ta.llhIWBbIe, HapOOllUTO

Ta JI bHODbIC, Hap60HaTllble , a I\CllllllTOU l>10, l\JJa ])I\ellO-aI{CllUJlTOBbIe, H Ba pu.Ollb1e, 

l\1Japu.OIJl>IC C CyJIl>qllIj\ai\lU, CYJIhtPllp,UbTC. !{apoouaThl n :,tmJlax npe,D.CTallJlOl1bl 
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:KaJIbu,UTO~f, lIlC3UTI1TOJll, :UmCpIlTOM, CUAOPUTOM n )'J,OJIOMIlTOJll, IlpcoGJla)~aOT 
}-,aJIbIl;uT. 

BOJIbTllOC pa3II006pa3IIO rU)'J,pOTCp~IaJIbnLJX }lmJI JTaOmOl \aCTCH n paiioue 

(IIJIJIbrYHpBlI, BuepBbIO OlJl(CarrIlble B. II. IIarryrnnc (194.8, 1951 1'1'.), 00 ::>TOM 

rroAP0611CC 6YACT CKaaa1l0 II III qaCTH. 

HarrOOJIbmOO IWJIIPleCTno il,UJI CO)l,epilmTCFf n CCPI1C'n'l'lIlJ1I'nlX. 3)1,CCb 

nCTpOQCIILl IIOqTII BCO OTMO'lOllllbrO iW[JIhI, aa IICHnIO'ICllnOM J\BUpl~CnhIX II altcll

UIITODbIX. B UupOl,ccrrlITax J1 raGGpo OTl\lC'TaIOTCH TpeMO.TJIlTOBbIe, l,ap60-

naTO-TpOJlIOJIITTOBbTO, aT<CllIIllTOBLIO J[ Imapl\CUO-al,ClIllIiTODLIO ilaJJJLI; II )1,ua

oaaax - Imap~eBr,ro rr p C)1, I, 0 Ul,CHHUTOBhIC; D cpll JIJIlITaX - I<DapI(OUble, 

HBapI:\CDbCO C CyJJbcpU)l,al\lIf, a~y.'urpO~I, aJIl,GIlTO~[ n lUI.'l hl\tCTOJlf. 

o XPU30THJI-3COOCTe B YJIbTpaOCIJOBHblX nopO,1ax He'lOIlI'II. n plI 113YQO

IIHll YJlLTpaOCIIonrrLTX II OCITOBllblX l1llTpY3111r rlClICJIl' CIW1'O paiioIla J[ rcrre

TIlQCCIW CUH3aUIIoii C II1IMI1 CYJIb<PII)1,TIoii ~tC)l,ITO-HIme.'lCBOii Mil 11 C'p a.TJ 11 3 a l\Hrr 

6c,rJCO OopaIIl,OIIO DlumaHUO ITa Ha.TIll'lnO B PR ; (C MI'CT l' ycToii CCTII Xp"30TlI.'l0 -

acGcc-ronc,lX n{HJI, aaJIOraIOU\TJX Il CCPIlCllTllUllTax n !lIl)l,O SOH, DI,IT}IIIYThIX 

no npOCTupUIlUlO lIJO,HIlJIaCT(ll3hTX llllTpY311ii 

PaCCTOHuUO MC/h)1,Y o T)l, l'Jl bUbL\.lI[ il\llJIa~rn n acGccTOnOCITl,TX YlJUCThaX 

n3MepRCTCJl CaUTIIllIeTpa~m II )1,u,,,e 1I11IJIJIJlMOTpaJlllI. JIo npOCTlIpaUIITO 30DU 

rrpOCJJell,lloaIOTCJl ua )"\CCRTI{1l MCTPOl3. 

,I.i,aUJIhlO reOJIOrlPIOCJwrO nCCJlC)l,OBallJIff Yl\a3bIIH1JOT ITa TO, 'ITO oGpaao

BalnIO XPUSOTlIJIO-ac6eCTOBhIX mTIJI CBH3urro C 061L\IL\tI[ J1pOl\ecca~1ll MOTa

Jl{OP<P1I3J1Ia n l\JIPRYJIJll\IfefI rll)l,pOTOp~1 HOe JIO 3UCTbIBaUllR U paCTpOCl\llBaRlIJl 

lIRTpyaI1II, no OlI:\e AO MOMOHTa BIIO)l,POJl.llH .r\UO I( )l,Uaoa300 1'1 JIOHaJII13au,un 

CYJIb<plfAfloro Jl'rO)l,nOnlmCJIeBOrO o PY1.\OUOllllJI , I<OllTPOJIIlpyouo1'o rJI ann hIM 

06paaOM TOHTOHJI'IeCHHlIfH napymoIlllmrrr. 

cDlllICHIIO reOJIorJI (Viiyrynon, 1938) OTMC 'Ja JI rr, 'lTO xpUaOTIIJI-ac6oCT 

IIe'IOnrII HMoe'r MaJIYIO )l,JIllIly BOJIOlma. 

Ac6ecToHocHbIe aORLI B COPJIOIITllHJITaX )[ CepJIOUTIIRJlSrIpOUaJIIlbIX JIopn

)1,OTUTax IIo'IonrH aaCJIymullaIOT GOJIee BIHLlIraTOJJbJIOl'O H3YlJOJIIIJl C TOqlUI 

apenHJl IlX ~lJlUepaJIOrU(IOCI\OrO COCTaBa If rOlIe311C1.1. 

[JIaBa 4 

OCIIOBHblE qEPThT TEIUOHlIlUI II CTPYIUYPM 
110flCA IIIlTPY3Ilfi 

TOI<TOUIma nORca rrHTPyslli'r JIOpasphIBUO CBH3alla C YCJIOUUHlIllf <poP~lIIPO
BaJIHJI JIOqeHrCI\Ou CBUThl H CJIO}lmoro CmrlmHJIOpIHC, OCb IWTOPOI' O llorpy

n,aeTCJI lIa lorO-IOrO-3aJIaA rro)l, yrJIOJII 30-50°. BCJIO)1,CTBUO )1,onOJIbl:l.O p03T{OrO 

paSJIII'IIUI <pJIaHIW-~lOXaJIUYIeCHlIX cooiicTB OT)l,CJIT)JIhLX rOpJIhIX nopOA, CJIa raIO

~HX CBUTY, TOI{TOHlI'IeCHUO )l,Bl[il,OUIlJI D JIPo~ecco <pop~!lIpOnaHnJI ClllIl<JJ u
HOPUJI 06YCJIOBUJIfI pa3BIITILo CJIOil\JIbIX TCCnOllU'lCCI01X <popu. CPO)l,11 llliX 

'l{eTIW Bbl)1,CJIJIIOTCJI ABO rpymlhT )1,ocpopMa~uii: a) CKJICl ; \'IaThlC n 0) AII3 'hlOUl\

TIlBHbIO. PaCClIIOTplIlII BITa'JaJIO 06e 3TH l'pyrlfIhT )'J, '(I)()PJllaT~llii Jj OT;:(eJIblIUCTJI, 

U aaTCM 11CTopmo paaBUTUJI CTpyI<Typhl 1I0llca 1l1l ·I' PY3flii. 

CIWaAqaTble CTPYJiTYPbI 

TIO~1ll~10 oopUaOBaUITII oow;cro CUllI{JIIUIaJIbllorO 1131'110a, 1I0POJ\hT CBIIThl 

coopaUbI II CI,Jla)l,lOI pa3JIU lIII1,IX nopHAl\on: nOl\polJr,[ 3tl)(llYSlIllllbTX }'\I[uoa

aOB, MlllTAaJICJlTWMOHHhlX 1I0POA n 'J'Y<pon - 13 1I0JIorll(' I'PYllJIhlO C.1 \.l1<l~1'1I, 
a Ty(pOr e nUbTe IT OCa)l,O'IlILJO nOpO;~b[ - n OOJIeo ~IC JIl\IJ(' II "JlYThle. 



()(,IIOHllhIE ,[EI'TI>I. 'l'1~ HTOllJ("l[ IT (,TPYHT~VPbI UOI1(' \. ITIITI'Y3TTn '27 

O(,OOCIlIIO lIIlTCllCllnJ10~ly OIFlTI110 II pUCCJralU~CHallnIO 110p,OepI' JWCb 

'fyqlOrcullo-orup,o'tJlan TO JIllJ,a, 1I0pO,LJ,M I\oTopoii Tl lIpe,l:(o.nax lIorrea IIIlTpy-

3uii cnopaH"1 D CIi.Tra; \IOI pa3~lCpO~1 OT 1- 2 MM ,1:(0 U(,C!W .1]bJ<IIX COTcn 

MC'TI)()n. 

llo.llT>lIlIH' aIlTIlI\.nllllU.lIhllhlC )[ CIIIlH' JllIlla .nbIIbiC 0],JlU1\1\11 JlllIlHIIlOii OT 

400-;lOll M U ~\O 1000- 13UO ]\I 'JCPC,I:(YIOTCH AIOII\,I:(Y c060ii na IlPOTI1}l,C

][ll1J Hccro !lOllea 1TI1TPY311ii. OIIJI OT'leTJlllBO UlJp,HbI lIH CXCMaTIT'lCCIWii 

],apTC. CpalllfllTc .rlhllO ](PYUllhlC Clflll\JllIlla JlblIblC 0l\JIap,I\'JI na6J1TO,I,HOTCI1 

11 Y'!aOTIW,,( \lC; \1I0 -nnr, JlC'Boii ~11l1IC'paJln3ar\IIIl },aYJla, l\oTceJ]bIHHlpa, 

l\(\~I\llmllnl!, CCllcpHoe COYI<cpaiiOlw, PaiicoaiiBll, l\fupolla, I\lJew(nmllop, 

JT If .'lhl'YfI pBll ][ 011 I\lI. 
1)0,'1 hllrarr ClIlll\,' [llIl(l.TJ L!larr CT<.Tfa;J;l{a ua l\aYJIe, OCJIOiI\ITCrrrral1 60JICC Me.'I

IOTMIL CI{JJal (l,aMll H Jl.1JOiiIWMI! U cP lI.n.nll Tax , XOPOLDO rrpOCJIe1HCna 6YPOUMMU 

Cl\Ra'I'llIlU~IIJ. OCT> l'e rrorpytl,UeTCH lIa lor-IOrO-BOCTOI, lIOA yrJIO~I Ol{O.lIO 45-
50°, OCt'iHHl nOIl('pXllOCTh nap,aCT na BOcToH-cenepo-BOCTOI{ lIOA yrJImr G5 -
75°. 13 CTOPOllY IlIICH'JC'I '() 001\11 CI{.'lUJ\l{a BhlIIOJIail\UuaeTCJI, a ee OCT, OTJ\ .'TO

rrlIeTCH " JJO(,T()!{Y. J{ mapUllpy ;)TOll CHJIa,l:(l\U rrpnypOlJOUhI lIICJIKJlO ~IO;'l;u;ra
(,TOBhll' TC':ra YJlhTpaOCIIOJJ[[J.[X nopo,l:(. 

Ila I\OT(,(,.'(hlJaa()(' HIlYT<lH CUlflWIIllaJIbHaJI CIUla,l:(Ha rrorpyn{aCTCII lla 101'0-

BOCTOI, If[li \ ~' I'.'IOM 4.0- 45 °. OccllaH rroBepxnocTb TaKn,e lla,l:(aCT rra CCBCpO

BOCTOI< 110; ( yr.rIO~1 05- 70°. R DOCTOQHOll1Y I{P.blJlY :lToi.i: CRJIa,l:(HH lIpnypO"tfOHLl 

MallcmJaJl bll hie l-H13I1YBb[ 0 pyp,HC'.110U I1JITPY3111I YJIbTpaOCHOBRJ:JX IIOPO,l:(, IWTO

paH 6hlCTPO II CJIO'J.;110 BlrII,JlDUIlJ3aeTCH B ee 3aIIa,l:(UO~f l{phlJIe, 06pa3Y1I pR,I:( 

HJll1Il0BI1l\III.1X 3axop,oB Bl~OJIb IlJIOClwcTei:i: M:e}RlIJIaCTOBJ,IX OTCJIOelluil. 

1'3 pa iiou C 1'0 P bl 1\uMM1l10[J3U OTMe'lCII a 60JIbmaJI aUTIlIWHlIaJIbnal1 eHJIat(Ra, 
OCJIOil,nennaH na ]{PhlJIbHX 60JIce lIIeJIIWH BOJ]llIICTOCTbIO II IJJloli'IaTo

~ThlO TycporeuuO-OCa,l:(O'lHblX rropo,T(. OCb CJ{JIa,l:(IUI opnOIITrrpOBO'IlIO DpOXO

,lIliT ~le1R,lIy JlepUhIM D BTOPbIM pyp,UhlMU TeJlaJ\IliI II lIorpya{aCTCH 110,1:( yrJ]OM 

OlWJIO 40° 1\ IOro-BocTOHY. 1\ 3aMHoBoll 'laCTII aTOll CI{JIap,HH n npuyp01]ena 

opYIIE'lJC'JIal1 ,lIHcpcpepeUII,IIpOnaITlJaR: nUTpY3uH, paCnOJIO}HeUUaH lla Y'lacTl<c 
rophl l\al\JmUHIBII. ::ha CI<JIat~l{a xopomo oTpamaeTCR: nceMH Hnn~OJIemallJ,mll1 
rrJIaCTaMII CPJIJIJIIITOB II MeilmJIaCTOBIDIH HUTPY3RUH.bIMH TeJIallm. 

B llOeTO'lIIOll "raCTlI BOHea nll'rpy3IJH OTMC~raIOTC1I rrpelifJ\Iym.ecTBeIIRo l{pyn

lIbIe aUTIJ1{JIlmaJIbllbIe CIWa,l:(HII (pafIORbI pp. JIyoTImi:i:orm If JIamJac). 

BOJ[.blUlle el{J]a,lllm oc06errno ncno lTO,ll'leprUInaIOTCR: 113r1l6awI J\Ie}){TIJIU

CTonblX lIlITpy31IBIII:.IX TeJI, 1\OTOpble B ITO,llaBJIJlJOm.ell[ OOJIbmnllCTBc CHoml 

3aJIeraIOT cor JlUCllO CpC,lIH TycporeHIIO-OCa,l:(O~lHbIX DOPO,l:(. 06pallJ,aeT Ha ce6H 

nHmlaurre J[BJ]CIUlC 3HU l IllTe.l1blloro YBeJIl(lleIIIlII JlfOm.HOCTlI J\ICflmJIaCTOBLIX 

llHTPY3UU n mapllllpax CIIUl<Jll1UaJIbnbIX Clura,l:(OK H 31Ia'IUTeJ]blloro y~lelIb

rneITIIR - lIU H[lI>T.'lhHX. iho OC06eTIlIO xopomo na6JIIOp,aeTCH B paiiollc 

Y'IClCTI\oH CCBcpnoC' COYJWPI1UOIUI, Pai1:coai:i:Bu, H.ncpP;}KHnOp IT J IIIJl1,rYHplllI 

(pile. :~). B mUPJlupnx OO.T[l>TUJ[X aJlTUJ{JIllUaJIeii: MhI lla6JIIo,l:(aeM, KaI{ lfpallll JLO, 

YMeubUIC'Jllic ~lOllJ,If()CTl[ IIIITPY311i:i: J[ ,lIaiHe nx ULIIWDlTUnauuo. 11cl\..'l101]e

TIlLe;'1 113 :)1'oro npaull.T[a HBJlHCTC1I caMhIll lOro-3aaap;Hblii: cpJIan.r Y'I<lCTHa 

IlU Jlh\,YHPIIII, r1\o 11 IlJapllllpC IlUTIII\'J]nnaJ][,uoro noperrr6a OTMC"tfaeTCH 

na rroncpxlIOCTH lfClwTopoe YUC.'lIl 'IellUe M01l(ITOCTlI opyp;eneJIOll ,l:(UlPcpopell

J~lIpOTlaHlIoii TUTTPY3U[[. 
lIoMmlo onIC'ICIIUI,lX 60JIbIDIlX Q 'P0,l:(YIOll\UXCII CltJIap;OH, I{OTOpIue YCJIOBRO 

lIa30BC~1 Cl\JIaJ\l\uMJI HepBoro nOpHl~l\a (YCJIOBrrO IIOTOMY, 'ITO yme callfa nC1]ClIr

Cl,UH CBIITU n l..\c.rlo~r npep,CTan.'UICT HpynnYlo CnHHJIlmaJILHYIO CHJIaJ\HY), 

B TYCP0I't'UII O-OCalV)tllWii TO .T[II~C UOI3CeMeCTllO OTMOlfaIOTCJI OOJIee ~rCJlIU10 
~f(.'Ial\HII JI'I'OPOI'O, TpCTLl'ro II Bblwe nOpH,1l.I'0B, 113~IOpHCi\fbIe l(eCHTI~aMLI 

lOTllon, MCTpa~lll, caUTmlCTpaWI. 
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B OTJJll'Ille 01' OOJIbillrrX CIWap;OI{ nep80ro rropnp;Ha ?ICJII<lIC CJ<JIap;l{1L 

pa npep;CJIeIIhl8 Tycporenrro-ocap;o~mO{1 TOJUIl,e DeCbMa rrCpaDnO!llCpno. clTa 1I0pa8-

HOMepIIOCTL IIpe,l',p;e Bccro 06YCJIOBJIena paaJITl'lIl M MeXanll'I Clmx CBoiicTB 

J[ JII1TOJIOfll'IeCl{O['o COCTaBa nopop;. BOJICC Itpynn030pUlICTLTC n C'Ii.11111CTl>l 

qmJIJI IITJ>l, rreC'1amHm, TYCPCPHTfI n TYCPII CMRThr n nOJIOrnC CIWal\lm 3UaTfTI

TCJIblIhlX pa3~1CpOB, IT3MepJIe II.tO JI'ICTpa:MII II P; CJITIW~1ll MOTpon; CPllJTJT1IThl 

CMlIIIaJOTCJI n Memmo l{ pYTIlJe CIVla1VUl n llJIoi.iIm. ITo IT POCTII pam 110 Y'1aCT1<lf 

BHTelICI1BIIOrO CMJITlIJI nopop; 'l.epe.n;YIOTCJI CO CJIaGo ClIIHTbTMH. 01'111 qellO, 

1.IT BOJJllall JIllII30BIlP;HLIX TeJl aCPCPY3nSRMX p;na6aaOB, l'a66po-p;naoaa08, 

a lIfCCTall1J1 II YJIhTpaOCIlOUllI.IX DOPOP; nRTenCHBllocn, ~I Juwii C]UlaA'InTOCTII 
yneJlU'lIlBaCTCJI. 

3a~(e'IaTeJlhllOir ocooemro ThTO CRJla.n;OI{ 1lBJl1lCTCJI aal~ TIOi\IOprro RbT)WP

n,anrraJI opnenTllpOBl(a nOJIOi "CJ1UJI nx oceir, COBnap;alOm;aH, HaT, npaBI!JlO, 

C UarrpaBJleRllCM 06ID,cro rrap;CHlUf nopop; ne'1enrcKoi.I CHIIT!>T. TaR na 60.ITT,melr 

'Ta '1'11 Il,eHTpaJIhnorO y'racTJw ocn clwap;oH nap;aIOT na lor 11 JlUffiI. a patlonc 

yqaOTHOB l\J\epP;rlwnop- l flfJlbl 'ynpBlI oun ua1(aJOT lin IOr-Loro-aarrap; no,u; 

yrJlOM OT 30-70°. B DOCTOlJllOJI 'JaCTTI II oaca IIiIT py:3JI ii OCl[ ClmUAOI{ 

lIorpymaIOTC1I Ha IOrO-3anup; 1( aanaA. OCODbIC nJlOCl{OCTTI CHJlap;OI{ COOT

nOTCTBenno nalmonenhl na BOCTOH, IQfO-BOCTOH Il 101' no.n; yrJ1 AI 01' 65 
lW 90°. 

B T X HO~IHOrOlJ1ICJlenDbIX CJlYlJaHX, Horp;a mloii laTbf CPJ[JIJTJlTbI SaJlOraIOT 

D Bnp;e KCeHOJlUTOB B nnTpyaI10nwx TCJlaX , llanp"MCp )fa "laCTIW 

RaYJla, reOi\leTpU'leCH][ 3JIeMenTbI CT\Jlap;Ol II 1\ CnQ.TIJlTaX TIe conna.n;alOT 

C TaJW8bTMU ao BlI1eIIl,aTOID,HX llIlTpyal1BJIblO TOJla cpITJlJlHTaX, "ITO Yl{a3hlnaCT 

na CAleID,eHHe HCeHOJlHT013 no BpeM1l lIHTpyaUH. 

06 YCJIOBH1IX CPOpMu pOBaHlI1l CJ{ Iap;lJaTOCTlI B DcrJClIl'C1<01[ canTO BIJICRa

aaITO p;Be TO'1RU spenn1l. BerMann (Wegmallll, 1920a, 10296) oopaa08anI1e 

ClOlap;'IaTOCTlI D ne'1eHrCJ<oi.i: CBUTe CUHabmaJl C ropIl30ILTaJJblIb[~IH p;Ull/1\e

III LHMl1 , OpIfenTlIpOllalUlLIlIlIl C BOCTOl{a na aarrall, a Bciipnnerr (Vi.lyrYllen. 

1938), llSY'1anffiuIr Y'H1Cl'Kll RayJIa l[ !-\aMMIIHUlllI a xop;o JIX pa3110J).TW 

npnffieJl l{ DO'ITIl npOTIIDOnOJlOrr<nOMY BhJOO.n;y 0 TOM, 'ITO Clmap;'laTOCTI, BOS

TllII{Jla D peaYJlbTaTe p;mm{elULtl B HaUpaBJJemll1 C aC1 l1 a,u;-COBcpo-aauap;a fla BOC

TOH-TOro-nOCTOr<. TIOJlJ"leIIIIbIe mum npu rCOJlOI'U1:1 CHOIr C'be~!J{e p;annhle 

o cpaBHI1TeJIbHOM UOCTOHflCTBC 3JleMOnTOO aaJlel'aHl1JI CKJm~~OI{ 13 Tycporenno 

OCap;O'IHOH TOJIm;e DOaBOJI1IIOT ClJHTaTb OOJIee BOPOHTHofr To'my ap IITlIl Ber

Jlfanna. TIpoTnn rnnOTeSbI Be:i1plmena YHaahlBaeT cpal{T llal{JlOna na BOCTOJ{

IOrO-BOCTOI{ OC DbTX noaepXlIOCTeil CJ<.'Jap;OH, J{OTOPbIO llpll lIaT! pallJlcnnrr 

p;rmrHonllii, corJIacno Beflpnneny, C aanap;a-ceBepO-aarlaAa ITa BOCTOIHoro

DOCTOr{ CJlep;OnaJIO 6bI C'IIlTaTb OnpOIUJ.l[YTh[~IH, 'l. 1'0 lIa caJlI 111 AOJl no yCTa

nOUJIeno . 

,l(U3 'bIOHI{THBUbJe CTP Y'{TYI}bl 

B II 01100 lIlnp ya ni1 OTll relJeno IDB pOI<oe pa3BIlTl1C paaJl U'lIlMX TpCtIJ,11l1, 10,1,

CJlOOBhlX aOH Cl{OJlhrKeHflH n 6 peI,lJn pOBamUf , B36poCOll l[ CP;I3lIJ'OIl. HOI 01'0-

phle ua TpeID,IIH II p;Ifa'bIOHKT1l8nhlX napymelfllir MIIHrpamlaooanllf. 

B cplIJlJIUTaX U TYCPCPuTax OTMe'IaeTC1I Mal CIIJ1laJlhHOC 1\ .rrn~IOCTno TpCIIl,UI£ 

paaJIIiI'IllhlX HarrpaBJlCnHH:. TpeID,I1Hhl BeChllfa C6Jlml,eUbl ~ICil'l(y c060j( II pn3-

6uBalOT nopop;hI ITa lIIemme OJlorm. B HOp Ul1bTX BT,lxol(ax CPTlJl.'lHTbT 11 TYCP

cpnTLl Bcerp;a JrerKO paapYffiaIOTC1I C 06paaOBamlCi\1 m,c601l 1laToii OChlllll. YCH 

I,pynH03epHnCTee n nJlOTUee Ilopop;a, TeJlT Kpynnco paai\lep OJIOJ{OB 11 IlJlllTOH. 

I1s Bcero pa3no06pa3II1I Tperu.rm B Ty(pOreIIIfo-oCa~o'U1J,lx Dopo~ax 
aaMeTlIO Bhl.n;eJlJIIOTCf{ Tpem;IHlLI CJIep;YIOID,ItX lfallpUUJreIUlll: 1) DJlaCTOBT,J9 

TpCID,llnbI nepUlITllloii CJlaHIl,eBaTOCTl1, COBDa,[CUIOIIl,IlO C lIaCJIOCUIlCM rropoJJ, 
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IT Menmo~lle 01' yqaCTT<a H yqaCTHY CBOlO 0PffCRTHPOBHY B COOTOOTCTBllll 

llsrJloa~l1l nJIaCTOO, OOWIRO nalWloT B IOiI\RhlX RanpaBJIeHHHX nOA YI'JIOM 
25-60"; 2) TpOtn;UIIt.I, napa WOJIhllbre oceBhl~1 nJIOCKOCTmI CI{JIaAO[{, B OTJIR

qUO OT !IJlaCTOBh1X AOBOJIbllO Bb[Aepn,aUUble U 06pasyroT BTOpU'llIYro CJI8lro;e

naTOCTl>. 81'0 l\PY1'oaana1oro;uc TpO~IU1bl, OpUenTl1IpOBanRble npmlCprro 

n MepUAl[On8JIbROM RallpaS.lJeltrrlt. YrJIbI naAemU1 I<OJIOOJI[OTCH n npe,UOJrax 

85-g0 ~ 1\ salWAY I1JlU BO TOI{Y. BOSIWI{nOSOmlo aTUX caCTeM Tpelll;l!I:[ uepo-

RTHCO Bccro CJIOAyeT CIH131,IHaTb C clWaAqaTocTbIO. 

TPOtn;IlIILr, pasollTbIC S <pIlJIJIUT8X, 0 OOJIbllllRCToe CJIyqaoo npcpbIBaFOTcH 

ua HOI(TaKTe C IIIITPY3UHMl1 U 13 TO ,I, Bpe~m A8JIeKO SaXOl(RT B 3:p .Pyslll3H1Ae 

J(lIa6aa['[, n IWTopbrx npcoo agalOT TO }[{O CllCTOMbI Tpe~l11I. 
B 3<P<PY3J!BlIhIX WJaoasax BeCb~[a lJOTl{o npOCJIeml1SalOTCJI llJraCTUOble Tp -

10;[(I1b1, J! AaIOll(lle l1a IOI' TIOA yr.lJOM 35-60°. JTlI TpellJ;flUbI BeCb l\la ObJ;(ep

il,alUIblC, ](al( IIpaO UJIO, 1I MlHlep:VIlIa StHIIIblO. MeplIArlOnaJIbRbIe TpOll(IIFIbI, 

naAaIOll(llC I .. aanaAY 1[ roro-saua,Uy, BbIparl{eRhI ropasAo JIyrrmc n Aa IOT}Ia Aua

rpaJ\[~!ax OT'lCT.n llBbIe MaHCI[MYMbI, B TO BPCMJI Hal, coupm-l<errHbl e C RmIlI 

TpOII(WJbI BOCTO'lITOrO lla~OIIUfI, napaJIJIOJIbRhlO OCeBbIM lIJI 0 CI{O CTfU [ CKJIaAOI{ 

B <pl1.'fJIIlTaX, llbTPai-i\CHhl Ollen", CJIaoo. Tpel1(IIUhl, nall:aTOl1(He ua ror-IOro

SOCTOl, II BOCTOl{ lIO,:!; YI'JIOM 40-50°, nep n KO BbIOOJIRCRbI ){OapO;CBbIMU 

H IWapl(CBO-al{CTIHIlTOBhDm ilHUIaMJI. ITo HnTenCHBROCTlr TPCTl(IlHOBaTOCTlI 

<l<PtPYSllBllbIO AHuoa3bl aanmrarOT DTOpOO lIIeCTO lIOC.JIe Ty<p0I'ellHO-oca,UO(UH>lX 

nopo,~, 

OTITOrlfTe hno MeHCO Tpell~IIITOBaThre ll[rpOliCOITfITbI, rao6po 11 cepneR

TrmllTbr U Il;(Y clloeii xpynr\oCTH UMeTOT TlaCTO i\IeJII<OOJIOI\OBbli'r xapalnop 

TpOIo;nlIOl3aTOCTl I. CUCTO IbI TpC~lIJ( B llUTpYSilBax ROCIWJIbT\O OTJIlI(IaIOTCJI 

OT TiUWUbIX JJ <p1l.fIJIl[TUX. ATIaJIU3 ,Uuarpa~m opuenTnpoBIUI Tpel1(Un B cep

neHTHITlITUX HO!\US(,[BaeT aAccl Ua,'IIPIUC orrpe~eJIearrbIX CllCTe l. ITpen'Ao 

Bcoro 6 pocacTcH B I'JIaaa pCSl{oe p a3JIIJ 'llte opueUTnpOJll{jl[ Tpe~ull B HRTpy

<3UBnr,IX TC.JIaX, pacHo.'IO}(.;errlIbIx II nepxa ' 11 lllIaax TycporeuHo-OCanO'lHOii 

TOJItn;11. B n 'pxuux IlIupY3mrx XOPOillO paauuTa CIlCTeMa DJlaCTOBbIX Tpell(TiH, 

B 60JlhllIcii CBOCU 'raCTJl UbILlOJlHelTTlbIX XPUSOTUJIO-aCOCcToBIDIU n cepneRTIJ

nonbLlfIl n\llJlUM ll. pUCrrTllpODI,a UJIaCTOBbIX TpC~l[R nOA'lUJIHeTCH OOlIl,eMY 

U3ruuy 1l1ITPYSltnilbIX TCJI JI U pasflLlx lIaCTR'X 1l 0fTea UUTpY 3 11t'r pa3JTIl'IRa. 

13 ceprrCIlTllIIlITOBhlX TCJIaX, paCrrOJIOil{eHllbIX B Husax Ty<poreHuo-oca,Uo'I

noir TO. UU:U U<l Tpelt(I1lIUbIX ll:l(arpa~max BeCLMa OTlJeTJIUDO npORDJIHeTCR' 

J(Da lI[a({ClllIy~Ia Tpetn;llfI, nanarol1(llX nOA yrJIOM 75-80° fla cencp-cooepo

sauan II ua CCIl po-nOCTOI-\. 

ltIaY' lcl1l10 TpCIII,UHOBaTOCTlI rOpll!:ilX nopOA nOT\aSbIDaeT, 'ITO HanpaBJIeHUe 

rJIaBIlf,rX CJ[CTOM Tpe~[(H B O,UUIlX U TOX tHe nopo,Uax MeHHOTCJI OT y'!aCTI<a 

K 'litCTl,y B COOTDOTCTll llH C OOU:!;IIM USf1IOOM If raCTOD. Ocooeuno XOpOillO :no 

JIO)].'1Cplmna T 11: CIlCTClIIOU: llaCTLIX Tp ~l[n, uapaJIJIeJI billlX nepnn'IIlOH pac

CJIOCIIU CT][ fl llllTPY3110UMX TO.JIaX 1I llapamIeJIbUblX RaCJIOeHiHO D Ty<poren
nO-OC<lnOt!Uol'r TOJIlI(e. 

J[a allaJIIl3a Tpem;lll1lfLIX '~lIa ['pamI II a 1'0 p o RaYJla (fop6Yllo H, 

1951 r .) HBcTByeT, 'lITO s;:t;o b Tpe~UUOBaTOCTb, r<pOllle Toro, OOYCJIOB

JIOlla C II~ 0pY~ClleJIbUlll TOr\TOlflllIBCKlTMU 30na III - mnpOTHT>IM Cll:nJI

rOllr C ccp u eu nepUCTblX TpClJl;llIT 11 lI1Cpl1AUOUaJIhnb!lIf BSOPOCOM, lIa.u;aIOIJl;Illlf 

1\ 3a113)(y I10A YI'J10M 72-80°. 1 pOU~ITRbI, napaJIJIeJILRble 3T1IM SORaM, B OOJIb

IIlllHCTI3C BhlllOJIUeUbI HaJIbn:ll1'OBhLlIlI, Iwapo;cubIMlI IT CYJIL<PliAllbIMlI mHJIHallllf. 

1I0CJICA 101l~ue TeRTOIJUQOCKUO ABm-I,ORUJI, saXUaTHBilll1e BCIO ne'IenrCI<YIO 

CBIITY n t(CJIOM, OUYCJIOnllJIll BOSUlumOBOlure ]{PYllUbIX AH3'hIOIII{TUDUbIX 

ITa PYlIlCllllij II B0306rroJ3JIeITlle rrOAOmT{eI< no SaJIOfI{enHbIM panee CHCTellIaJl( 

Tpc~lm. 
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RpynBbTe ,Alla'bIOBRTllBm,re napymeHllR: pa3,ACJIR:TOTCR: Ba ,ADe rpynUDT: 
1) JIIepH,AUOHaJIbBbTe, T01JBee uonepe~IHl)re Ba6pochl u 2) mUpOTIHJO, To'mee 
MemUJlaCTOBhle, TeHTOBllTieCKFle aOBbI. 

llonepe'rHblC D3opOCbI 

TIonopC<!HbTe Bao pochl OT IO'Ion bT rJIaBlIbtM oopaaoM na Y'la '[,I{ax ~le,AI(O
ifnI{ JlcnblX pY,AonpOFI13JIcrrnii H B ltCHOTOPbtX ,Apyrrrx tCCTax. Bco OTIlT 
HAtCmT 6J1[[3 IW I{ AlepU,AnOrraJIblIOMY ItpOCTrrpaUI1 II ItPY'I'OO na,Acnrr . 

B a 6 poe B a I' 0 pel a y JI a n pOCJlOmeH na BC x ropnaOllT:lX 
D HI ICH'I C,\I oOl\y 0PYJ!, 11 Jlo ii mrrpoTnoii T I TOJlIPle Iwii aOTILl, l<OTO
paH ncpeCCRaeT Da6poc n pa36nDaeT ero ua pH,A OJTOHOO. ,HanooJfce 
HOJIBO npOCJIen<err TeHTORrr'ICClmll mon B rrpOM }I<YTI<O Me)l<AY n ranuoii opy
,AenoJToii lTIilPOTuoii aonoll n ee IOilmoll neT8blo, rAe on BI.TlI0JIUOn npCllA1Y
w;eCT8CJllLO crrJIomrrr)[~ru cYJII>tPUAllI.IJllII PY,AaMiI. B36poc pacl1oJfon en B 3una,r(
UOAl H PbTJIO tPJIeI<CYpOOO pa3Iloll cnHI<JIUHaJIbJIoii CI{JIU,AIOt. aJIOMenTbI aaJl C
rarrr1H B!3Gpoca: npocTHpanne cenepO-BOCTo'moe 10°, naA nne l{ 3ana}].y no}]. 
yrJIOM 72 0

, nepTJll{aJIbnaR: aAJIIJIIuy}].a nepeJ\ICW;OIllHl no porr; nOCToworo 
Hpbura HHU3 OJ<OJIO 20- 30 lIf. Ha nepeMeru.enne nopo,A no 1l0PTlIRUJIIl yIW-
3bTllarOT lIUWr01JnCJIOnlILlO naOJIIo}].oHUR: aCpRaJI U 60P03}]. Cl(QJIbll, nHIl 13 nJlCH
'!OM 601<Y TCI<TOHH-.reCl<oro mna, I<OTOPhTe opneHTUpOI3Ull1)[ CTporo no na;WlllllO 
lla6poca. IOi-Tmoo IlpO,AOmI,eHne Ba6poca HaOJIIO}].aOTCH ua I ropIlaOllTe, cel3 (, p
HOC - rra nmKBllX roprr30UTax. 

B a 6 p 0 C II a p TI. ROT C e JI b fl 0 1\ H O'ICIlb XOpOIllO Ha0Jl10;"\a 'TeR: 
B oTBecHoiI CKaJIe B IOrrmoll 'IaCTII Y1JaCTl\a HC'l rpaullu;e TytPOr llJlO-ocaJlo~nr.lx 
nopo}]. C Nlaoaaallur: 'lOTBOpToro nOI<pOBa. I1a}].onrre Ba6poca BepTJIlW 11>1100, 
npOCTI1panllO 330- 34.0°, BOpnmaJ[bHaR: aMnJlIlTYJ(a ucpclIlew; HUH OIWJIO 30 M, 

onynr;eHo BOCTOQUOe KpbTJfO. TeHTOBlltIeClmii mOB 1II0n:r;UOCTbJO OKOJTO 20 cu 
BLUIOJIIIeII MeJIJ,O pa3}].p06JIenIIbIlIur: npO}].YHTaMH rr p TupaunH. TeI,TOnrr
'leCIUfir mOB B36poca naOJIJo}].aeTCR: TaKn,e 13 PYCJIO p'I. ROTCOJfbfromr. )l,aJTe(} 
I< cenepy OH OTl\Ie-.raCTcrr CMem;enueM UaHJIOUeUlIblX J\ IOry MCil,TlJlaCTOBhIX 
lJITTpyalIl3Hhlx TOJI Ha pacCTOHHIlH no ropU30HTaJIJI ,AO 80- 100 lII, 'ITO 110 BOp
TUIW JI I1 COCTaBITT OI{OJIO 40- 50 lIf. 

B 3 Gpo C 13 P a ii 0 H e 0 3. M Y l{ }, U JIIerI\}].y Ra JIoii II l{o-
COJIbBaapOll Bblpamen 30HOU: nepeTUpallUR. Monr;UOCTbIO OlWJfO 1 M. CY}].fI 
no peaYJIbTaTaM I<apl'JlponarnrH, CMen:r;em,r Bnua nopO}].bI BOCTotJrroro JiPbIJIa. 

B paiiolle 1'0Pbl ROTCOJfhBaapa OTMo"tICHa copnrr napa.TJJIeJlhHW.' nupyme
HUll, 00 paayron:r;nx C.TIO)]{l[YIO 30ny paaJIO La U paCCJlallI~eDanIlH , J\ HOTOpoil 
u npJ[ypo'lono aTO MCCTopon<}].OJ11te . Cpa8HllTeJIblIO I\pymHuii Bs6poc onre
"{IaOTCH n TneCHOM 06pr,IBO II: IOro-3ana}].y OT RaMMI1l\lI131L 

IIu Y'lHCTI{O 3anaAuoo OpToaiiBn nonopO'Illbrrr 13S0pOC npOTR:rIlllaeTCR: 
B COBCpO-DoCTO~mOll1 nanpaBJICnHll C na}].eRIIoM 1\ ceBopo-sarrulI.Y no~ 

J\PYThl"h1 YI'JIOllI. Onrrcanrre :31'01'0 TeRTOnU'JeCI<oro lIapyrrrCJ11lJl ):"(aeTcH npu 
OClIO I1HIlJlU Y'la CT)(a. 

,I:lOBOJI bRO 3Ha-.rUTeJIbHOe TOl{TOnl1~JeCI{Oe ua pymellue nalllo-qaCTCR: ll}].OJTb 
PY'1. OpTOaiiBu Men:AY ~JaCTl\aMII 3arra}].HOO II BOCTO'{HOO pToaiiDu. 0 n8JIIl
'IlHl llapymoHlul cBJ[~eTeJ[I.CTDyIOT }].aHHLle rCOJIOrn1JeCIOrO lwpTnponaRurr, 
MarJTIITlIOii C'beMKIl U aJrel(Tpopaaue}].Rn. 

B peaYJIbTaTe Baopoca BCC nOpO,AbI B pallone 3ana}l.JIoro pToaii8u C~IO-
n:r;ellbT ITa 101' no OTHornBlllUO I, llbJXO,AUlII Uopo}]. B pallolle BocTo'IIIoro OPTO
auoT( (pUc. . 3) . 

3ana}].Hoe OpToaiinn DO}].llIlTO Ha}]. y~aCTI<OM BOCTO'IIIOO OpTOHiinIT npn
lopno na 220- 24.0 M (aMTIJIllTyp;a copoca). MOllmo nOJlUraTh, 'ITO n pailOIIO 
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3aaa,qRoe 0pToaliBH-I aJllMJlIUtBII MbI H1I[ee1l1 AeJIo C oOJIee rJIyoOI<I1J1lH 'tJaCTHlIfH 
ll;JlcPcPepelll~npODaIlJILIX IlHTpyaIlBoB, ~IeM B palloHe BOcTo'tJHoe 0pToaimu 
u u prmera TO~llX y'tJacTHax. 

IIorrepe'lRoe TeI<Torru'tJeCJ{oe HapymeHIIe TIIIIa Bsopoca OTMe'tJeno DAOJIb 
p'f. COYI<epll.nOlm. 30lla npocTHpaeTcH B ceBepo-ceBepo-BocTo'tJnoM ualIpa
BJlelllUl C l\pYT.bThl naA HaCM ua BOCTOI{-roro-BOCTOK. 3aCJIymHBaeT nmmarrUH 
MCCTO ncpecclfellllH napyrneHJJe~l nToporo (CBepxy) HHTPyslIBHoro TeJIa, rAe 
JIIarmITIJaH C1)c~n;a AaeT CIlJlbUYIO aHOMaJIllIO. 

IIml,e no TelJelllIIO P'l. COYT epHllOKl! aona APOOJleHHH BCTpe'lCHa n l1syera
JraCb B IHIAC ooua}({errrrll rra BOCTO~IIJOM oepery aTOll peKU. TeKTOHIJ'leCKaH 
aona npOXOA[[T BAOJlb IIUHUIero I\oUTaI\Ta rrUTpY3IJBIJoro TeJla C CPll
JIlITaMH. (j)n.rl.lIlIThT rra l{QnTalne paSBaJIb~OnanbI II nepeMHTbI, AaJlee OT KOU
Tal\1'a BCTpC'lcnbt . 3JIOOaTblG CJIaH~bt. TeI{TOmPIeCHYro aony CJIaraeT opeI\'-fl1H 
a~lcpIIOOlIO-XlIOpUTOnoii nopOALI, oopaSOBaBmenCH aa cereT nprrHOHTaIHOBon 
MOAuCPIlIWll.1I1! III1TpyalllHI. 06JIollmu OpeK'lnlI IDIeTOT yrJIOnaTY10 CPOpJ\ly, 
pa3M p UX 11 3~JCITJ1eTCH OT nCCI<OJIblUlX caHTUMeTpOB AO Ae~mteTpon. IIaAe
IIUC 6PCKtIHll 1\ pYToe BOCTOtI1IOe-lQrO-:tlOCTO'lJlOe. 

3ACCb J\I.bt llMCCM lIPIlJIJCp oeapYAfIoi'r opeH~IHII. lIa BOCTO'lIIOM oepery 
pte COYTwpnUO!Ol , npmwprro B ~cllTpe pyp,ouocHon TycporemIO-OcaAo'lIIOrr 
TOJIm;II, OTMe'raeTcn Ana 1O~I\llbrX I pyTonaJ(fUOll~I1X OTneTBJIeHIIH OT OCHOBHoro 
TOI(TOBlllleCIwro uapymeonH. 8Til OTBeTUJlerrllH npeACTaBJleHhI 30Ua~Jll APO-
6JleIIlIH. 

fla yqacTI<e PYAonpOIlOJlCnlIil HuepArl~lmop Sal{apTUponano neCKOJIbKO 
HpYTorrall.alow.lIx Tpem;UlIllblX son ccnepo-cenepo-nOCTOtIHOro H cenepo-noc
Toernoro lIall paUJIeUlIH. Bco 30nb! nepexop,HT us CPllJIJIUTOB n AuaoaSbl 'lCT
BepToro DOH pona, n I<OTOPbIX Ollli BLIparr\err1>I CJIaOO II ObICTPO aaTYXaJOT. 
J3 ccncpO-CCBepo- nOCTO'tJIlOM nanpanJleunn aTI! SOlIbI yXO,lJ;FIT n CHJIbRO aaAep
nonannyJO ~leCTllOCTb. HpYllllaH sona CMJITJlH npOXOAuT no cplIJlJIUTaM ~Ien<AY 
t(BYIIIll IIIITpy3umm. B ooua}l{elInoii 'laCTU nIIAHl\laH MO~1l0CT.b non SOHbI 
COCTaBJIl'leT 5 1\1, npOCTopanne cenepo- nOCTOQllOe 20°, naAeHne na nOCTOI\
roro-BocTor, nop, yrJT01\1 GO °. PHA OOJ£ee ~JeJIImx SOll ceneplIoro II ccnepo-cene
PO- BOCTO'lUOrO npOCTlrpaIIllH na6JIIOl(aeTCfI n UTITpY3I1Bax y IbTpaocnOBHblx 
II ocnOBUblX nopoA. CepnOilTUnnTJ>l D TaI{lIX 30nax nOAueprJIUCb I{apOOnaTU-
3 aU;fm n OTaJI bI<onaHIIIO. 

TaKIIM oopaSOM, B l(enTpaJlJ>noii qaCTJI l1eLJenrCI<oro lIOHea llllTpysuii nLJAe
JHIOTCH U;CJ1aJ1 cepmI nonepe~IIlh[X no OTlioweHllIO J\ npOCTlIpaHIIIO rropOA 
CBUTbI TCJ\TOnlI'tJCCIWX uapylJJeJIl11! TUlIa RSOpOCOB II Tpel1l;rrmlhIX aon C l\py
TLIM nal(ClIlICM ua sanal~ IIJ1n BOCTOI<. PasYllleeTcH, lIs-aa neAoCTaTo'-IHoiI 
OOnaiI\CUIIOCTlI 1IIII0l'lle allUJlOrU'lHhle SOHI'{ OCTaJIUCb neSaMe'lOITTIbIII1H. rIo Bpe-
leun oopasonaHIlR ;)'1'1[ llapymelIllfl HBJUIIOTCH oOJIee noa,n:nmJll, 'leM nlITpy-

3un Y.'lbTpaOClIoHlIhIX H OClIonHhlX nopoll,. B MeCTax nepeCeqeIIlIfl HJlIlI yJlhTpa
ocnOBIlhlX nopoA oopa3Ylo~nccH Tpe~IrnbJ, aOUbl HJlll SOUM CMHTUH OOhl'HIO 
HO conpoBO/H,naJOTcH CYJIl>cpw(nbIM 0pYll.eueIInelll. IIllTepocrro OTMeTnTh, "'TO 
Hal{ no npCAlenli enocro oopuaOnall1UI, Tal< )'[ no nOJlOrHenmo B npOCTpUUCTBC 
OnrrCaJlULIC nOnepCl.JIILle TeHTOIUI'lCClme napyrneHllJI UCChllia OJIllSIW H i\lCpn
,nIlOllaJlhlIhIM TpCll~lInallf, BI.mOJIHCl1llhIM ll.aiiHalllU ,nna6aSOB. l{al{ y tHe yl,a-
3bIUaJIOCb m,une, UallOOJlee r<pyunhIe }.I;aiiKlI AJ]aoaa013 TalnHe l'Il\ICJOT lJPOCTH
pann , OJll131\0e H IIICpI1JUlOHaJIbUOMY, 11 l\pyToe ua,nenne II pacnOJIaralOTCH 
nOOJ1][SOC'fU OT 1l0nepe'llihIX TCI~TOIIUqeCHnX napymemul. nO~lTII BO ncex 
OTMe'leUJlLlx lIlepnll.nOnaJIbl:lhlX napyrnenlIHx CMe~eIIhl BHlla nopOAbI nOCTolI
Horo HpLIJIa. MepllAIIOrraJlbllbIe napymellIlH B OClionnon Macce ncnocpeA
CTBellno nc I\oIITpOJIUpyIOT CyJlbcpIlll.IIOe opYll.eneHlle, XOTR OUU H flBJlfllOTCH 
ll.0PYAUbIMII, !,plITCpueM 'tJero CJIyrrnlT ncpeCe'lCHnC fiX 60JIee n03)J,IImm II opy-
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Jl:eHeJTJill11l mUpOTHhTMH C~Bnra~m. TIPIl'fHHLI :noro HllJIeTTUH 6y~yT pa30GpaFfbf 

Hume . 

Meilmn3CTOllblC TCltTOIHl'feCKUe 301lh1 

MCrlamaCTOUhle TeKTOnWleCI01e 30Rb[ n pel1Myn~OCTl30lrrro 11111 pOTlIoro npo

CTllp a lHUI 13 py~no~1 ITOJIC HMelOT DmpOI{OO paCIIpOCTpanellll . Han6 JTeO J\pyu

l1bIe 113 nux OTMO'IeHhI n ~eTaJJ bHO 1I 3Y'IaJJUCb lHl yTHlCT1WX M H1 10 - IlIll{CJICBOii 

MHlwpaJlII3au.n11, nOTOMY 'ITO STIIlI[J[ CTPYl-,TYPllbUIlI SJICJ\leHTa~1I1 B OCHOBnOM 

J<onTpOJlllpyeTcll JTO I{aJTU3ao.fUI CY Jlb4?nl-\l l bL · PY)],. MCrlWJJHCTOOLlO T(lJ{TO

HII'IeCHne Ha pyrrrellllJI nau60JJce lJC1'1W npOHI3JJ fiJI II Cb JlI\ KOJlTHI\TflX pnaJ! 1JT1-

IlblX nopot~ U B ocoueIlnOCTrI na l<OlITal,TClX 1I JJ )I,a<JCM UOKY ~1~(P4?CpCIlU.JJ
pOBar-lHbIx mITpY311BllhlX nop ~ C mfell~aforo.llMn nOpOl\a~JI[. 

CJTe~YOT cI,aaa1'h, 1:[1'0 rra3uaHlle «AleIlHmaCTOUb16 301l"!» HOCllT YC.'10BlIhtii 

xapaJ Tep, nOTOMY 'ITO TatolC 30nM no BCCI")J,a paCIIOJJaralOTCH COI'JIaCIJO IlaUJla

C1'OBafl11l0 B 4?flJIJIU1'ax. 

BOJIbllJOe rrpaJ<TU'leCI{Oe 3uaTmnne n ! OT lJp03BbIQaflliO CJLOll;Uan IlO CTpoe

HllIO mrrpoTrraH TOliTOHllTteCI<afl 30Ha, 1\01'0 pan II POXO)l.UT 1Ia 3alla)], ~lcpe3 

ropy RaYJIa, IlpoJWJTfRa01'Cfl flU DOCTOl{ )]'0 ropbf KOTCCJlbUaapa II yXO)],UT 

na BOCTOK-coBepo- nocTOl\ D~OJlb IWJITalna <pllJlJlIlTon C ullTpyall ii KOTCeJTb

naapu no nanpanJIelIUJo J{ Ra IMllIH!BlL U N lJICC ~O 3anaJl,TIoro OPTO

aiiDu. Ha RayJle 30na UMeeT pRJI, OTBeTDJlOIlIlii }{ 1Ol' y n cOllepy, n POXO)], UT 

npemfyru;ecTBenHo R 4?IIJTJlUTaX, ~aJlee n)],OJl" nOB PXHOCTll IOllTaliTa C opy

~CHCJloiI IlHTpY3IIeii, no B lWIITpO 3aXOJ\HT l.l.CJIllKO I D cepIIonTlIllUTbf. 

B npOMer],YT!{C MeiT,)],y ropaMH RayJla 11 l{oTCeJlbBaapa 30lla rrpOXO)], Il1' no 

4?HJlJTllTaAl II n IHI)],C lIIeCT llLIlIOJTIICHa CYJIb4?U)],U 'Ill. 

no npOCTnpanlJlO 30na UMOOT BOJJlI006paanf>le U3rJ16Ll, CpC3 UOT ],ICJTKflO 

1I3rn6bl IlJIaCTOB. Ha DCCAr npOTll;J,eIIlUl Olla na.n:aeT 1, lory no)], YI'Jrmr 35-
40 °, B CpC)],UCM 38° ][ oJlarO~apH UO JIeO rrO JfOrOAIY nUIWOlIY D CpUBU e JIIlII C 3UJTe

ranIIeM <pUJIJIJITOB 11 Mef(,UJJaCTOBbIX nnTpY3 1UlJ1b1X TeJl FlDJlRC1' H ceHYllJ.eii 

TaI<rT,e 1I no na.n:m-ruID. 

B pe3YJlbTaTC .n:CTaJTbnOl' O 1I3~ICn1lH 30nbI lla r o po ] ayJlI\ y)],a.TrOCb 

BbUl'CIlTITb CJJe)],yIoru;ee. 
1. TelUODll'lCCIHte ~BUi-liOJ[lIH U)],OJI b 30UW couopmaJlUCb B ropU30nTUJlb-

110M nanpaBJlOlTUH n UYCJTODUJru: cTynenqaTOC C~1Cru;eJl1l0 no po)], BllCHrl c ro 

uOHa H 3ana~y na paCCTOJImrc OlWJIO 90 M OTrrOCIJTeJIbnO no po~ ,lJCiHaro.cro 

60!{a; BopTllI{aJIbnaa: COCTaBJTHIOII.l.aH nOpeMeJJ~ennH uo onpel~e:l e IIa. TeJuo

UIIlJeCl\aa: aona IIpe~CTaUJlHeT c060fI C~B1'l1'. 
2. llil1pOTflall c~nrrronaa: 30na ncpecel,aCT il CMeID.aeT, paa)],C.'1flH lIa UJJOT{lT, 

Tel,TOIIrIlJeCIHIll roo B MepU~110UaJIbnOrO B3G poca n HDJIR.CTCH, Ta IO!~( 06pa30~1, 
60JIee n03~Hcii . 8Ta aoua 6y~eT Ilo~p06)[0 onncana nplI xupulnepllcTUTw 

OT.n:eJIbIIbIX Y'lac'rIWB PY~OIIpOHBJICUuii. 
MO;IWJTaCTOUafl TORTOUll'IeC]~aH 30ua na YlIaCTJ\C 3anaJl,uoo OPTO-

arrBli rrpOXO)],UT IlJ],OJIT) nmHHero l{OHTalUa Bepxnoii )],l1<P4?epeno.npoBanlloii: 

IIHTPY3Ull. 8JIeMenTbI ' 3aJICraUTln ee: rrpOCTl1pClUILC CODCpO-DOCTO<UIOC 75 0
, 

na)l.enUC I{ roro-DOCTOl<Y IIO~ yrJIOJ\l 40- 45°. Ha JOrO-3arra~e 30na 

coe~UHHeTCH C opy)],eneJIoii TelnOHUqeCIWU 30HOU: J'OPbJ Ra I ~llmunn, 
n BOCTO'lIIOM nanpaUJlenllfI OHa ne npOCJleFlieUa )( Ha x \JaTIPI clwii l~apT 
n;aJlee IIonepetlIIoro cupoca aa 3ana~HollI 0pToauBlI 110 nOI{aaana, XOTll BOCh~!a 
BepOHTHO, 'ITO npO)],OJnI{aeTCR: ~aJIe]{o Ila DOCTO}{ D)],OJIb rmmuero IWJlTaHTU 

~H<p4?epeH~uponaHHoii RHTPY3llff. 
Ha YLlaCT Ke BOCTOl:lHoe OpToaiiDU, pacnOJlOj"OlIFlOM B BHCHl] lit 

OORY HI:IiHnofr (cenepHoii) HlITPY3II1I, TelnOnllLIeCltaH 30Ha 13LrpanWna GpeI<-
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'lUpOBamleM M CMHTMeM cepneHTHlIIIToB, cop;ep'Ham.IIX p;OBOJIhHO rycTylo 
BRpaUJIeIIIIOCTh cym.qlI!lp;OB, nOCTerreHHO 3aTyxaIOm.yIO npJil yp;aJIeBJilIl OT HOB
TaIna. CaM IwnTal<T, BAOJIh l<OTOpOro npOXOp;JilT 30Ha, nORphIT HaHocaMR 
Jil IIe na6mOp;aJICH. 

B paiione P'I. COYIWPIIHOIUI lI1emnJIaCTOB.bIe BOHbI OTMe'IenbI na Y'IaCTl<e 
PY<lbH Coyr<ep, a TaIHRe 6ypOB:&Th1lI CRBalliliIRaj\1Il BP;OJIh nlIlliHero l<OH
TaRT a nunmeii urrTpY31Iu 1I0 060ID'l CI<JIOnaM pe'IRn. 

Ha YllaCTI(e CeBepHoe Coyr<epllHoIUI opyp;eBeJIaH Men<llJIaCTOBan 
TeI<TonU'leCI<afl aOlIa npoxop;UT rJIaBH.bIM 06paaOM BP;OJIh HII>! Hero l<OHTar<Ta 
IIBTpyallu, aaxop;H TaIUI<e B cepneHTllHMThI n CJIaB:qhI JIeiI<am.ero 60I<a. 8JIe
MeBThI SUJreraBUI1: npOCTlfpaBMe ceDepo-aarrap;uoe 290°, na,n.enue I{ IOro
aanup;y no}.~ yrJIm! 40- 60°. Olla npocJIe}l<ena na paCCTOfllIMJil 30 M. Bo
CTO'lnbIM npo,n.omJ enDeJlI aTOH 301IbI, nO-BM,n.l'lMOMY, I1DJIneTCfl O'lelIh CJIOiI<Han 
no CTPOOUllIO TeHTOHl'f1leCRan aOlIa, 1\ I OTopoii npllypO':JelI y'raCTOI< 
1upona. 

lIa xopomo 06namelInOM yqaCTI\e MlIpOlia aaHapTnpOBaua :qeJIan cepllfl 
lIIeil<llJIaCT013bIX l<pYTonap;alOm.IIX TeI<TOlIII-qeClUfX uapyrneuuH BOCTOlt- lOro
BOCTO'lIIoro npOCTupamlH, nap;aIOm.~lX lIa IOfo-aanap; nop; yrJIaJlfll OT 50 p;o 
80°. Ha yqaCTIW mnpFlBoii: OI<OJIO 200 1.1 aaltapTnpOBaBO CBMrne 27 TeI<TO
nU"I CCIU1X mBOB C a c pI<aJIaMU CI{OJIhmeHlIH 11 6pelt'lIUlMn TpelU[H, IWTopbIe 
nepenJIeTaIOTCfl JlIemAY c060i. 30Ha lIeCOJllHelIlIO npo,n.OJImaeTCH lIa BOCTOK p;o 
yqaCTHa I{uepwmmop Jil ,n.aJIee. 

Ha y-qaCTl e 1 rrep,o;nnmop lIpOCJIemeHhI ,o;Be opyp;elICJI.bIe MeH<llJIaCTOBhIe 
TeUTOHlllJOCHl:[O 301IbI, npOXop;Juque B,n.OJIh mmmux HOlITaI<TOD BTOPOll 11 
TpeTbeii: unTpyaIln cepnenTrrHUTOB. B,o;OJIh 06enx aOH OTMe'laeTCn CJlJer:qeHlIe 
nopop; C 06paaOBaIIlIeM 6peIt'lJilH TpeHIIH. B qlHJIJUITaX JIeiI{a'rerO 60Ha Ha 
paCCTOflnUII IlplIMOprrO 10 M OTMeqaeTCH em.e o,o;Ha napaJIJIeJIbHaH nepBbIM 
P;13Yll1 aOlIa, B.bIIlOJIUeHHaH CnJIOmBLlJlllI Jil 6peK'IlIeBI:lp;nbllllJil py,n.aMJil. 

CeDopaaH TeltTOHI:I'IeCKaH 30na naHJIOHeHa It lOry no,o; yrJIOJII OUOJIO 40°, 
lOmnaH aona lllIICeT 60JIee I<PYTOl:l na,o;eHJile - OHOJIO 60-70°. B DOCTO'IHOllf 
HanpUDJlemm aa npep;eJIaJlUi aOlIhI, nO-Bnp;J1MOMY, COep;rrBJITOTCH C YllaCT
l<aMU TIl1 JIhrYHpDU l[ Ceueplloe OmOl, a na aana,o;e - C yqaCT.I,aMM MapoHa 
II Paticoatiou. 

ll3 npUBo,n.ellnhlX p;alIHllIX CJIe,n.yeT, 'ITO D panone y'Ia CTI\oB CeBepHoe 
COYl<epuiiorHI, PuilcoaiiBll, Mapona, KIIepp;}m1UOp, I111JIbrYlIpnH Jil OHlm 
npOTHfl1BaeTCST ITa paCCTOnIIEm CDhIme 11 HM no CyTII ,o;eJla OAna CJIO?i<BO 
neTDHlll,aflCH Me' l<DJIaCTOBaH TeI<TOnU'leCI{aH aona, IWnTpOJIFlpYIOm.aH CYJIb<PUP;
IIyIO l\lep;nO-nJl1<eJIenyro MJIH paJIll3a:qmo. C p;pyroii CTOPOlIhI, B aana,o;noii 'laCTII 
nOflca IUITpY3nj,i ylla " nUl KaYJIa, I{oTceJIbBaapa, I{amfJ1HJilBH Jil 3ana,o;
noe OpToatiuu TaIOlW rrplIypotJenhI I< Op;nOH CJIon Borr JI1e>!mJIaCTOBOi TeHTO
UlI'leCIwi'r aoae, npoTHrllDalOm.eiicH aa paCCTOHaJilJil CDblme 5 HM. 

CJIo,n.onaTeJlhnO, IIMelOTCH Bce OCIIonalUlH npe,o;nOJIaraTb, 'ITO JIlenmJIa
CTODhIe TO[tToHU'IeCHIIe llapymeHJilfl (Op;BO lIJIl'I aeCI\oJILIW - 06 aTOM nOHa 
Cy,o;UTb TPYAllO) U en pep hI B n 0 npo,n.OJnl<aIOTCfl D npe,o;eJIax Bcell py,o;O
HOCnOI! Ty<poreuUO- OCaAO'llIOll TOJIm.1I no I<paiineH Mepe B :qenTpaJIbUoii 'IaCTn 
l1e'lelIrC1Wl'0 1I01Ica llUTPY3Uii. 

MecTa n POXO}ft,n;eRlfH TeI(TOH~I'IeCIUIX aOH OpUeUTflpOBO'lllO lI10n<no naMe
TUTb no fOOJlOI'U'lOCHOU: ]tapTO. KaIt Y}1{e rOBOpl1J10Cb, naa60JIee nepOIlTnblMJil 
JlleCTai\JU npOXOtltJWllll11 lIIe1lmJIaCTOBhIX TeHTOlIJiflIeCIUlX 30n 6YP;YT J1BJIJ1ThCH 
uonepXBOCTl1 IWHTaI{TOB TY<P<PIITOB II <pIIJIJIIlTOD C YJIhTpaOCHODl1hlMl1 11 ocaOB
lIhlMr1 lWTPY3IIHMH. K CO}I<aJlelUnO, D c~lJIy 60JIhllOii aa60JIO'leBlIOCTI!! em.e 
,n.aJIeHO ue Dce nJITpY3nnBLTe TeJla y,naJIOCb DhIllBnTb. OKonTypIfTb Jil naneCTJil 

ua reOJIOl'Il'leCItY10 HapTY. 

3 HHTPY3HH TIe ' reHrH 
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Mill IIepelJllCJIHJUI TOJIbRO IIaH60JIee rJIaBIIbIe Me}I{DJIaCTODhle TeHTOIIH

'IeCHae Ha pymeHHH, IIpe.n;CTaBJI eHIIhIe , I{aR DpaBIIJIO, opy.n;eHeJIbThlIl 6pOI{

'Il!IHMH TpeHHH H HHTeHCHBHIDl .n;p06JIeHHeM H opy.n;enemleM nopo.n;. 8TU. napy

meHHH 3aHHMaIOT Banmoe lI1eCTO B CTpyJ\Type nOHca YJIbTpaOCnOBHblX II 

OCIIOBITblX HIITPY3HH, noaTOMY 60JIee IIo.n;po6no na nIlX MhI em.e OCTanOBIIMCH 

IIpH omlCaHIII:I CTPYI{Typbl OT.n;eJIbnhlX yqaCTI<OB. 

He npFlxo.n;UTCH COMHeBaTbCH D TOM, 'ITO B YCJIOBHRX J{paiirre He.n;OCTa

TO'lHOU: oGHa}l{eHHOCTH MHOfHe HapymeHHH IIo.n;06nOfO TUIIa OCTaJIIlCb HeBbI

HBJICITHLIMH. 0 illlipOIWM pa3BHTFlH 1iIX CBH.n;eTeJIbCTByeT TaIHHe q,aRT HaJII1tIHH 

TeKTOnDtIeCRElX HapymeHlJJf BHyTpFl l UJq,c)JepcnUl1 ponaHnhlX nnTpY3Ulf no 1<011-

TaHTY DHpOI{CeHHTOB C cepneHTHBHTaJl1n (BepXBHH nHTpY311H D pa.iiOHe CeBep

rroe COY1<epnllOI<H, yq.aCTOH PaicoaMBIl H .n;p.). 

I13yqeHHe D03paCTHhlX COOTHomeHHM MemlIJIaCTOBblx TeI<TOHJl'1eC1<IlX Hapy

meHnM C nOIIepe'IHblMH IIORa3hlBaeT, 'ITO DOCJIe.n;nne HDJIHIOTCH 60JIee paHHIIJI1I1 

(fop6ynOB, 1947 r., 1954 r.). O.n;naJ{Q IIOBTopHble TeHTOII11QeCI<Ue .n;BEDKeHHH 

B 3na'lHTeJIbHOH Mepe 3aTymeBaJIH nepBOHa'laJIbIIYIO IIOCJIe.n;onaTeJIbIIOCTb 

HX D03HI1RHOBeHHH. 

1\ aTOMY }l e THIIY TeJ{TOHH'leCRHX HapymeHHtl CJIe.n;yeT OTHeCTH TeI{TO

Hl!I'IeCI{YIO 30HY B.n;OJIb IWHTaHTa .n;l!Ia6a30B 'IeTBepToro nOHpOBa C no.n;CTFlJIaro

m.IDIH Tyq,oreHHo- oca.n;O'lHbIMH IIopo.n;a~m, IIpOCJIe}JnJBaIOJ~yIOCH nO'ITI1 Ha 

BCell! IIPOTJl}T eHl!IH py.n;Horo IIOJHJ. TeHTOBH'IecI<m1 mon 3Toro uapymeBFlH, 

IIpe.n;cTaBJIemrT)lH 30UOM pa3.n;po6JIeuHI:>1X l1 paCCJIaHn.OBaUUhlX IIOPO.n;, npOCJIen<eH 

no IIpOCTl1pamUO Ha BceM npOTJUHeHIIlI IIe'leIIrCIWU cnHTM (Pl1c. 1). 
n pe.n;nOJIOrI<JilTeJIbHO 30HY MOfJ<HO OTHeCTJiI R Hal160JIeo .n;pOBHnu TCI<TO

HHqeCRUM napymeHHHM B pai1one, TaR I{al{ IIo.n;mHI<Hl1 B.n;OJlL aTOll OCJIa6neH

HOM: 30HbI IIO rpaHHn.e .n;ByX pa3JlH'lHblX no MeXaHnlJeCIUIJIl CBOllCTBaJl1 Tonm. 

MOrJIJ1 conepmaTbCH Heo.n;HO]{paTHO. HeCJ\10TpJI Ha TO 'ITO 30Ira na.n;aeT B lO}J(HOM 

HanpaBJIeHHH no.n; yrJIOM 35- 40° - COfnaCHO naAellIlJO nopo.n; CBJ.1TbJ-

60JIhmrfHCTDo reOJIOrOB Ha3bIBaIOT ee Ha.n;BllfO~r. Onpe.n;emITb C .n;OCTonepHOCTbIO 

HanpaBJleHI>Ie H a~mJIHTy.n;y nepeMem.enHH llPH ll3YQell1111 r eonOrIf'JeCRoi 

CTpyI<TYPbl pYJl;Horo nOJIH He npe.n;CTaBHJIOCb D031110fJ nhIM. MOiImo JIlJmb 

npe.n;nOJIaraTh no aHaJIorHH C opy.n;eHeJIhlM.H mHpOTHhIJI1U c.n;BurOBhI JlI 30llall!H 

HaJIl1IqHe rOpl1ISOIlTaJIbHblX nep61llem.eHHH H B.n;OJIb aTOll 30IIhl, a caAlylO 30ny 

YCJIOBHO Ha3naTb COrJIaCHLThf Ds6poco-c.n;nHrOM. 

Mem.n;y TeM pememle 3Toro Bonpoca I{pallHe BaHmo .n;JIH on.eHI{l!I nepcne]{

THB 06HapyrReHHH HOBLIX, «CJIel1hIX» MeCTopom.n;enRH, n03MQ}l<llO, nepeI{pbl

TblX aq,q,Y3HBHLIMlI .n;Ha6a3aJliH. 

rJIaBa 5 

HCTOPHR PA3BHTHR CTPYRTYPhI nonCA HHTPY3I1lt 

AHaJIH3 nOJIY'leHHbIX .n;aHHLIX no reOJIonm H TeI{TOIIIIlW D03BOJIJIeT 

B 06m.lIx qepTaX HaJlleTl1Th CJIe.n;ylOm.ylO nOCJIe.n;onaTeJIL110CTb pa3BHTUJI CTPYI{

TyphI py.n;Horo IIOJlH. 

1. Tyq,oreHHo-oca.n;O'lHaH TOJIm.a, BMem.aIor.qaH YJIbTpaOCnoBlIbIO n OCHOB

HbTe HHTpy3HH, l!I reIleTH'leCIW CBH3aIlHaH C nllllHl cy JI bq,u.n;naJI ]I] CAHO-Hl1I<e

JIeBan MHIIepaJIH3an.lJH, Ral{ 6hIJIO nOl a3aIlO BLIme, Cq,OpMJ1pOnaJIaCb B lonu.e 

TpeTbero aq,q)Y3HBRo-oca.n;O'IHOrO D:HRJIa nel.leHrcJwii Clll:IThI. nOCJIe neI<OTO

poro nepepbIBa B oca.n;I<OHaIWIIJIemUr, YCTaHaUJIIlBaellloro nanU~JJ1eM ){Onr1lO

MepaTOB n caMbfX Bepxax Tyq,oreuHo-oca.n;o'lHoll TOJIm.lf n pallone p. JlaJll1l1aC, 

:na TOJIm.a 6bIJIa nepeHpLITa Ha BceM npOTJDReIIlm ~IOm.HLIM nOl{pOBO~l aq,q,y-

3RBHblX .n;lda6a30B 'IeTBepToro nOT<pona. f. T. Mal{eemW YKa3hlBaeT Aaa{e 
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Ha ITaJrlPIIle 3Ua'lHTOJrbHOro yrJrOBOrO HeCOrJIaCJiIlI MeiJ(AY TYtP0rOHHO- OCa

AOlJRhlMH llOpOAaMJiI JiI BbnneJIemaIqllllIJiI ltourJIOllIepaTaMJiI, TyclJaMJiI B ABaGa

aar.m 'leTnepTOrO nOl{pOna, CBBAeTeJIbCTBYIOIqerO 0 HaJIHTJ.MH TeHTOHHTJeCHJiIX 

ABIIiHeHIlII II 9TOT neplfOA. 
2. 3noxa 9tPcPyaI1llIToi'r AellTOJIbHOCTlf CMeHBJIaCb HHTeHCHBlu,IMH TeI{TO

IHl'leCKlI!IIl1 ABmHemUIMll, HOTophle aaXBaTFlJIB BCIO CBBTY, OGYCJIOBHJIH CI{JIa).l,

l{ooGpaaoBamte B clJopr.IHponauIle CIlllIWnHOpHlI. ilOJIY'IeHITble AaHHhle yRa

ahIBalOT na TO, 'ITO AOIlOJIllHTeJIbHall CI<JIal('laTOCTb B TyclJoreIlIlo-OCaAO'lHOB 

TOJIIqe 06YCJIOBJIeITa CHopee llcero TaITreUIl,HaJIbnLThIH ABl1lmenHmUI, opHen

THpOBannhlMn B mnpOTHOM nanpaBJIennn C BOCTOHa Ha aanaA. 

CI(JIaAI<oo6paaOBauHe neCOlIlHeHno conpoBo}l{AaJlOCb oGpaaoBaHHeM CHCTeJII 

TpeIqlln. TIp -AnOJIaraeTClI, 'lTO H nepEoAY clmaAI{Oo6paaOBam11l OTnOCHTClI 

cPopMllponanne ABYX ocnOBUbIX rpynn TpeIqHH. It nepBoB rpynIle OTHOCRTCR 

Tpem;UIIhl MeamJIaCTOBOro CltoJILmeHllJI, ITO HOTOPhIM AHclJclJepeUIl,l1lpOBaJlOCb 

ABIlmenne B ITpOIl,OCCO nSrHGaHJ1R CJIOeB. BTopall rpynua npeACTaBJIeHa 

rycToH COThIO IlpmfOJIlIHeHUhlX TpeIqFlH, pacnOJIaraloIquXClI napaJIJIeJIbHO 

oceBhlllI nOBopxnOCTRlII CHJIaAOI{ (BTOpH'lHall CJIaHII.OBaTOCTb). B npOCJIORX 

TytPcPnToB U TYcPOB paCCTORHI1e M9}£(AY TpOIqHHaMH 60JIbme, 'IOM B rpHJIJIUTax. 

It 9TOMY )1(0 nepHoAY Tel(TOUH'leCKHX ABH}l{eHHB CJIeAyeT, BoaMomHO, 

OTIleCTlI Ila'laJIO clJopMnpOBaHHlI Tel{TOHH'leCI{HX HapYIDeHHH BAOJIb nOBepx

HOCTI1 HOHTal{Ta MOiHAY TyrporeHHo-OCaAo1JHOH TOJIIqOB B 9cPrpyaHBHhIMH 

AIlaGaaaMll 1J.OTB pToro ITOI<pOBa, a TaK}l{O BAOJIb rpaHHIl, APYflU nOI{pOBOB. 

Ol(BaHo OI<OIT'laTOJIbHO 9TJiI HapymoHHlI CrpOpMHpOBaJIHCb B 60Jlee JIOaAHee 

BPOMR, Ima'lB IleJIball 06'hllCHllTb rpaHT OTCYTCTBHlI YJIbTpaOCnoBHhlx HHTPY

aHH BAOJIb 9TllX aOH. 
3. C llcpnOAOr.1 IffiTeHCHBHhIX TeHTOHJiI'leCHBX ABH}l{eHHB COnpmI{eHa HHT

pyaI1BnaR MarMaTJI1J.OCI<all AeRTeJIbHOCTb. BHeApeHHo OCHOBHblX JiI yJIbTpa

OCHOBHr,r' JIOPOA npOIIaOIDJIO BAOJIb oCJIaGJIeHHhlX TeI<TOHJI<IeCHJiIX SOH Mem

nJlaCTOBOro CHOJ[Lil\OnHlI B BCCbMa nJIaCTlf1J.HOH JI HeOAHopOAHOB no CTpoeHHIO 

TYcPoreHnO-OCaA01JllOll TOJIIqe. CTaJIOBJIOHbl ABe rpaahl JiInTpyaHBHoH AeR

TeJIbHOCTI1. I llepBoil <pase OTHOCllTCR BHOApeHl'le ra66po H llOPcPHPOBHl(BhlX 

raGGpo, I{O BTOPOH - AI1clJclJopell Il,JIpOnaJl HblX YJIbTpaOCHOBHI:'IX H OCHOBHhlX 

JIJITpyallil. B llpOAeJIaX II.OIITpaJIhHOii II BOCT01JHOH 'laCTen nonca I1HTpyaHH 

OTMe'leJIO 163 MenumaCTOBhle BUTPYSUH, B TOM 'lllCJIe 111 HHTpyaHB YJIb

TpaOCHOBHr,rX U OCHOBUhlX nopOA 11 52 IlHTpySHH ra66po-AHa6aaoB. BaiHHoe

MeCTO B CTpYlnype JIOJIca EHTpy3JIM JiI OTAeJIbHhlX PYAon POJIBJIOHJiIH aaHHMalOT 

l{pYJIur,re p;nclJcP p eHIl,llpOBaHHhle UUTPYSHH, JIOHaJIHaOBanIDnOCR JIPOHMyrqe

CTBOJIHO B II.eUTpaJIbJIOB 1J.aCTJiI 1lOJICa llllTpyaIfM, B 06JIaCT11 MaKCHMaJIbHOrO 

JIpoflr6a CIlJIIUIHHOPI'lJi. 

TIepBHwall paCCJIOeHHOCTb MeiRllJIaCTonhlX HHTPYSHBHr,rX TeJI napaJl

JIeJIbHO ltoJITal(TOBbIM JIOBepXJIOCTHM CBllAeTeJIJ,CTByeT 0 HaJIJiI1IJiIll ABHmeHlur 

B Marue B JIepnOA rpopllmpOnaHlI1l llHTPySHll, a JII'lHeiiUaR opHeHnrpOBKa 

YAJIJIHOnUbIX HpllCTaJIJIOB JIHpOI{CeHa YI{aShlBaeT Ha HaUpaBJIOHUe 9Toro 

ABI:lrHenllR - UanpaBJIOIlHO JIOAIIRTliR lIIarMbI. JhmeiinocTb COBuaAaeT C HaJIpa

BJIeHJiIellI Uap;OJIllH MemJIJIaCTOBblX JUITpyaIThlX TOJI. 

4. 3aBepmaIOIqoil rpa30il 11llTpYSHBHOH AeHTOJIbHOCTH RBJIHJIOCb BHeApe

HHe JIOPOA AaluwBoro KOMJIJIel{Ca. BJIep;pOHlIO Aael{ npOHCXOAJiIJIO Ha Y1J.aCTI{aX, 

THrOTeIOlIJ;UX J( MepHAHOnaJIbnhlM Ba6pocall1 JIO !<pYTouaAaIOIqHM TpOIqHHaM 

cenep-cenepO-BOCTO'lHOrO, MepHAHOHaJIbHOrO H pemo ceBepO-BOCTO'lHorO JIPO

cTupaHuii B n PHOA npeMeHJiI nOCJIe aaCThlBaHHJI JiIHTpyaJ1ii YJIbTpaOCHOBHhlX 

II OC110BHhlX nopoA. 06 9TOM cDHAeTeJIbCTBYIOT clJaHTbI lIaJIH1J.HlI B6JIHaB aaJIb-

6aHAoB AaOl(, aaJIeraIOIqHX B CepJIeHTHHllTax, HaeMOH CTelmOBaToro JIOp

<pHpHTa. 
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5. CJIep;YIom.HH STan B CPOPMHpOBaHIIH CTpyKTypLI nOJIca HTITPY3HH, na'laB
IDHHCJI nOCJIe BHep;peHHJI H 3aCThIBaHIlJI nopO{l; AaHKOBoro I{OMJJJIOI{Ca, xapaR

TepH3yeTCJI HHTeHCHBnLlMH TeI{TOBllqeCJ<IIMH AB mt{OIIlUIMlI , OUYCJIOBHBIDIDHr 

BOSHHI{HOBeBne RpyllHhlX p;nCJIoI{a~uii P;IIS'bIOEIKTHBHOro Tuna: uorrepoquLIX 

MepHp;HOHaJILBhlX Bs6poCOB, IDHPOTHbIX CP;BlH'OB, MOm.l:ILIX 30n MemDJIaCTO

Boro CIWJIbmeBHJI H 6peI{'lHpOBamlJI H BOSOOnOBJIenHeM p;numeunll no saJIO

lKeHnOH paHee Cl!ICTOMe Tpem.IIB. HalI60JIee P;pOBIIf1MH T I{TOl:III[IeCI\[[ 1f1 l:Iapy

IDeHlUIlIHI 3Toro nepnop;a JIBJIJIIOTCJI nOUepe[fIIhIO BSOPOChI, pacaOJIO;'I\OUEIbIO 

npeHMym.OCTBOHno na YlfaCTI{aX MeCTOpO}{{p;enIIH B l{PhIJIT:.JIX CUnKJIlIllaJIbHLIX 

HJIH B CDOP;ODbIX lJaCTJIX 60JILml!lX anTHTmUUaJIbHhIX CT{JIap;OI{' Bo Bcex OT?tle

'1eBnLIX napymemnlx nopop;LI nOCToquoro I{pbIJIa ClIlO~O!ILI DInTS. 06paso

nanHO nonepequLIX Mepl!Ip;IiIOnaJIbBbIX Bs6poCOB CJIep;YOT CBJIShInB.Tb, no-nn

P;HMOl\1Y, C mHpOTHbIllfH TeI{TOHJIlIeCRIIMII p;nU>ReHHlIMIiI 1I Tpom.lIHa~fH, npo

CTHpalom.HMHClI nplIMepno B MepHp;IIOnaJILnO f nanpaBJIemm II naAaIOm.mm 

naBCTpOlJY p;pyr p;pyry na sanap; n BOCTOI< nop; yrJIOlll 65 - 80 ° . 

Tpem.HHbI 3THX p;ByX HanpaBJIemr:u:, RaI{ 6blJIO OTMeqeHO BhIIDe, lureIOT 

JUapOTwe pacnpOCTpaHeHHe I{aI{ B IffiTPYSJIBl:IhI ' TeJIaX, TaR n B Tycporel:Ino

OCaP;01fHOM: TOJIm.e. 8TH p;na npllMommeUHhlX u panee 1Il0XanH"reCIHl oCJla6JIen

nhlX nanpaBJIOrUlJI, BepOllTIIO, 6JInrI{e Bcero n COOTBOTCTBonaJIH nouepxnoCTJIl\1 

CI{aJIhIBamUI. Ho Tal{ I{aI{ TPOm.IIIIbI, IIap;aIO~IIe na BOCTOI<, BOCbMa COmIn{OnbI 

Memp;y co6oii (n Ty<poronno-OCap;O<fIIOH TOJIm.e onn o6pa3yIOT BTOpH'lIIyIO CJlarr

u;eUaTOCTb), TO p;lf<pcpopenn;HaJIbnhIO CIWJIbl-I<OIInH no IHIM, Df[p;mW, paccelf

DaJIHCb, H SAeCb Mhl BH pasy no naOmOAaJIH Sna1fIITeJIbIIbTX CAlem.enull IIJIaCTOB. 

HaooopOT, np;OJIb conpJImenHhlX HJIH pep;Turx I1 npIUIOJIrrIloi'rubIX TP0m.1TI1, 

J{PYTO nap;aIOrn;HX na sarra~, Bepop;I<O Ba6mop;aIOTCR sua'mT JIbUblO CMeW;OHUJI 

rrJIaCTOB TllIla nsopocol3 C all1l1JIHTYP;0M: CAIOm.OHHH 20-30 111 II oonoe. l1orrOpO':lBf>lO 

DSOpOChl lIBJIHIOTCR cyro;eCTDeHllhl~HI CTPYJ{TypUbIMll <>JIe~lOl1Ta~III, Ol{asal3-

JIlHMH 6JIarOrrpHJITBOe DJlHRTme IIa JIOI<aJIII3a~nIO Mep;nO-Hlu{ JIC13I,TX py.o;OllpO

JIBJIOTLIiIM. 

illHpoTuhIe I>lO}f{l1JlaCTO I3hle TeKTOBH1JeCI<l1C na py meaUH c<po p~1II pOll aJInc b 

nosp;Bee lIfepHAHOUaJIbHhlX Bs6poCOB, M TaM, rp;e yp;aeTcH naOJIlOAaTb 1IX 

nsamffihlO OTHOmemUJ, OBIT BCel'{I;a cpesaIOT II ClIWm;aIOT 3TJ! BSOpOCbI (I\ayJIa, 

l:\oTCeJIbUaapa). B n01Ice rrnTpY3Jl17r BeCbMa ''[eTKO UbIAOJIHOTC1I no CyTH Aena 

Op;HIIa1I CJIOtI<HO pa3neTBJIeIIIla1I lUrrpOTIIall TeRTOIIrr'lOCIW1I sona, J{ ROTO poii: 

rrpHypOlJOIIbI rra sanap;e yrracTKII KaYJIu, I OTCeJIbBaapa, KaMMlll{liIBIl 

H 3aIlap;Roe OpToaiBH, a Ha DOCTOI{e - yL(ac'rlw COBeprroe COYf{epntlOlnI, 

PaiicoanBlf, Mlfpona, H .ffopp;a{fmop, I1ITJIbl'YRPBII If OnluI. 

30ua 11 ee OTBeTBJIeHHH nOBceMeCTilO nap;aroT I{ IOry UOA yrJIo~[ OT 35 
{l;0 60 ° , 13 cpeWIeM OIWJIO 40°. 8Ta SOHa HBJIlIeTC1I rJIaBllI,m CTpyI{TyplIhI~[ 
3JIeMOIITOM l{aT{ Bcero pyp;aoro nOJI1I D ~eJIo~r, TaT{ II OTAeJIbnbTX MeCTO pOl-I\p;e

lmn B lIaCTnOCTH. Oila rrpeHMyrn;ecTlIonno saJIOraOT BAOJIb JW[[Taf<TOB J{pymrhlx 

HHTpY3HI'r, no npOCTHpaHIlIO IT no nap;eIIlHO OTparl<.aOT Bce nun6oJIoe 3Ha' Jll

TeJIbBbIe H3rHohl J{OBTal<THhlX nonepxnocTeu, no nOBCeJl(OCTHO cpesaOT Memme 

CI{JIap;IUI. fIoMHMo aTOll rJIanEIO:U: SOHbI, B nonco nnTpY3uii: OTA! lJaroTCJI ?llDorUO 

OOJIoe MeJI1UIe lI1e}IUIJIaCTOBbIe SOIlhl Cl{OJIb}l,eIIHH n <!>nJIJIHTUX, MUIlOpaJlITSO

BaIlIIbIe IIHppoTmroM 1I HBapo;eM. 

RaJ{ nOI{aShlBaIOT POSYJIbTaThl rOOJIOrO-CTpYT{Typnoro IT3Y'1eHlIII CYJIb

CPIlP;IlhIX MOP;BO-HlII{eJIenLIX lI1eCTopO}{{Aerr11:ii, a Tal{jHe p;annhle lI11mpOCTpYJ<

Typnoro aBaJIlISa (H. EJIliICeeB, 1952a, 19520), B03rrrmilOBeHn e lUUPOT

HbIX TOI<TOHJllleCI{HX SOH CJIep;yeT CBJISbIBaT.b C ropliISOHTaJIbRbIlI11[ p;BII>T{enllJIMn 

IIOpOP; np;OJI}' aTHX son, conpOBomp;anmJIMflClI p;pOOJIeFlneM IiI OPOI{ (lIlpOna1ll1eM no

pOp;, saKOIlOllfepnOH 0pHeHTITpOBTWU 11: Bpam.aTeJIbIIbIlI!l1 P;Bflil CRIIHMII OOJIOMTwn 

D 6peI<'UHI DORpyl' liIX P;JIITIJIJbIX oceff, 0plIenTJllp0l3alIHbIX no nap;eUIfIO SOHb!. 
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PaSnBT.Be )1.FIS'hIOnHTnnBhlX )1.llCJIOl\a~nii: na Sana)1.BOM n oco6enno nOCTOlJ

nOM <pJIanrax TIe'lenrCHOro nOHca llRTPYS1!rH, r)1.e npOCTJiIpanJiIe DOPO)1. Cm.BpOT

Hero lI1eHfIeTCH COOTneTCTnenHO ua roro-Sana)1.HOe JiI roro-BOCTO'lHOe, MeCTaMJiI 

)1.a}He MepB)1.1!rOnaJIbHOe, npH TOll )l{e OpneHTJiIpOBHe pernOnaJIbHLIX TeI{TO

HII t leCKI1X )1.BHmeHull, paSYMeeTCH, npOllCXO)1.nJIO B HeCIWJILIW nHOM nJIane. 

B BOCTO'lllOfr 'laCTH JlOR·a llllTPYSJiIM O'leHb mHpOJW paSBHTbI Me}KnJIaCTOBLJe 

TeinOHIPIeCJme sonhl, aaJIeraIOlll.He B npe)1.eJIax BceH Ty<POl'eHHO-Oca)1.0TfBoH 

TOJI~H, oc06enno B)1.0JIb HOBTaI<TOB lI1en-mJIaCTOBhlX HnTpYSHBHhlX TeJI. 30Hhl 

nblpameBhl 6peI<tmpOBaHBeJ\I, paSBaJIL~enanneM JiI B PJl)1.e MeCT )1.ame HHTeH

CHBHLlM paCCJIan~eBaHJiIell1 YJIbTpaOCBOBHLIX nopo)1.. TIonepeTfBhle I{PYTona

)1.aIO~JiIe na6pOChl S)1.eCb BblpameHhl OlJenb cJIa60 . OlJeBH)1.BO, BCe TeHTOnRlJe

CKRe )1.BUmenIUI B 60JIbmeH lJaCTU npOHCXO)1.JiIJIH B)1.0JIb MenmJIaCTOBhlX SOH, 

nrerom;nx S)1. CL MepH)1.JiOnaJILnO U JOrO-BOCTOlJHOe npocnlpanne JiI na)1.enne 

na sana)1. 11 10rO-Sana)1. no)1. YfJIOlll OT 35 )1.0 60°. 
TaI{afI OpnenTllpOBHa )1.l!lS'hJOIIHTHBIII>IX CTPYKTYP, HeCOl\meHnO HalJaB

maJlCH e~e B ncpUO)1. CI<JIa)1.Ko06paSOB3HnH, JlBnJIaCb, BU)1.HMO, O)1.BOH us rJIaB

BhlX npFIlJUH MeIlbmero I<OJIHlJeCTBa FI 06'beMa OCRonnblX n YJIbTpaOCHOB

HLIX F1JITpysm1: no cpanHenmo C ~eRTpaJIbRoi:i lJaCTbiO nelJeHrCIWH CBnTLI, 

a nHTeIlCHBnoe paCCJIaU~eBaHHe nopo)1., OTCYTCTBne xopomo Bhlpa}HeHHhlX 

SOIl 6PeI{lJI1ll - Bce BMeCTe BSHToe, He C03)1.aJIO YCJIOBUH )1.JIfI 06pa30BaIlHJI 

CHOJIbRO-lIn6Y)1.b SHalJUTeJIbBbiX l\Ie)1.HO-HFlI{eJIeBhIX PY)1.0lJpOHBJIeUJiIH B BOC

TOlJIlOll lJaCTH nonca Y JIbTpaOCUOBBbJX H OCIJOBHbIX HUTPYSHH. 

6. B Sal(JJ]OlJHTeJIbIlbIH nepJiIO)1. TeHTOIInlJeCHHX )1.Bnmennfr nponCXO)J.RJIO 

o6pasoBaHllc Me)1.BO-IIImeJIeBoj,j fllHepaJIlllSa~:rH[ B)1.0JIb IDHPOTHLIX Me}HnJIa

CTOBhlX TeI<TOnH'leCI<HX SOH FI conpHn<eHHhlX C HllMH Te1{TOnIl'leCr{FlX CTPYHTYp. 

Bo Bcex lI1eCTOpO}H)1.eHl'IJlX OT Ie'laIOTCH B)1.0JIL 0pY)1.eneJILIX Tel{TOHFIlJeC1{I1X 

30H nOCJIepY)1.HbIe SepI(aJIa CI\OJIbn\enl'IH. 



OIUICAHJiIE rOPHblX nopo)]. 

IIpu OIDIcaHIIII ropHbIX nop0J:( Mhl OrpaHI[qRMCfI nopoJ:(ar.m, CJIaralOm;l[~m 
Tal{ naSbIuaeMYIO cnRTY «PYJ:(OHOCHbIX tPIIJIJIIITOB» H RIITpYSHrr yJIbTpaOCHon
HhlX R OCHonHbIX ropHhlX nopoJ:(, C HOTOphlMII reHeTJf'IeCI<II CUJlSaHbI CYJIb
tPIIJ:(Haff MeJ:(HO-HIIReJIeBafl MIIBepamrsaIvm IIe1JoHfH. 8TH HHTPYSIUI SaJIeralOT 

BUYTPII CBIIThl TYtPoreHHO-OCUJ:(OTIIbIX nopoJ:(. 
IIepuoe nOJ:(po6Hoe OIJIICaHl'le ropHhlX nopOJ:( IIe'IenrcHoro paiiona 6bTJJO 

ony6JI1mOnaHO n MOHorpatPIIII Be:i1:plmena (Vayrynen, 1938). C 1938 r. II no 

HaCTOflm;ee BpeMfI Ha OTJ:(eJIbHbIX yrraCTfWX OhlJI nOJIyqeH tPaHTrl1JeClmii JlIaTe
pIIaJI, nOSl30JIHnIDH:i1: B SHa'IHTeJIbHOH CTeneHII nODOJIHIITb cneJ:(enHfI 0 ropHblX 
nopoJ:(ax IIe'IeHrcHoro pa:i1:oHa, YTO'IHllTb ux xa paHTepIICTlllm, 'IeMY cnoco6-
CTBOBaJIII HOUhle XmrHlJeCIUfe aHaJIUShl, nhlflBHT)) HOBhle TIHlhI nopOA U pac

DIIIpIITb CBeJ:(eHlIfI 0 SaJIeraHHII paSJIH'IHLIX Tunon UopoJ:(. 

CneJ:(eIlUJl 0 COCTaBe ropHbIX IIOPOJ:( IIe'lenrcHoro pan-ona IIMelOTCfI no MIlO
rHX pa60Tax (H. EJIllCeeB, 1947, IIanymHc, 1951 r.) 

OmrcaHHe npOUSBOJ:(IITCfI B TaIWR nOCJIeJ:(onaTeJIbIlOCTII: CIIa'laJIa onlIChl

BaIOTCfI nll1em;alOm;IIe ropHhle U TytPoreIIHo-ocaJ:(O'lIIbIe IIOPOJ:(hl, a TalOJ(e 

StPtPYSHBhl, saTeM nopoJ:(hl UIlTPYSHii YJIbTpaOCHOBIlhlX II ocnonHhlX DOPOJ:(, 
J:(aHHonhle ropHble DOpOJ:(bI, MeTalllOPtPlisoBaHDhle ropIlhle IIOP0J:(hl UIITPYSUH 

II OT'laenI BJlfem;aIOm;He IIOPOAhl H HaIWHe~ iHUJIhl, BCTpe'leHBhle BHYTPU UUTPY
SHBHhlX TeJI. 

XHMH'leCI{He aHaJIIIShl IIOMem;eIIhl B Ta6JI. 3 (CTp. 40-45). 
BOJIbIDHIlCTBO MIIHpotPoTorpatPIIll, IIy6JIIIHyeMhlx B III 'laCTEI, IIpIIHaJ:(

JIeiHIIT B. M. IIaIIYIDIIc, HOTopafl JIIOOeSHO IIpeJ:(OCTaBIIJIa HaM BOSMO}[mOCTb 
BOCIIOJIbsonaTbCJI HeraTIIBaJlfH. 

rJIaBa 6 

BME~AIO~IIE TYcDOrEHHO-OCA)1;OQHblE II 3<D<DY3IIBHblE rrOPO)1;bI 

Xa pal{Tep SaJIeraHI!f1 II paCIIpOCTpaHeHIIfI TYtP0reHHo-ocaJ:(OTIIbIX II S(PtPY
SIIBHhlX, BMem;aIOm;IIX IIHTPYSHM, IIOPOJ:( OIIMcaH n reOJIOm'leCHOM 01JepKe. 

CBlITY TYtP0reHHo-ocaJ:(O'lHhlX IIOP0J:( COCTaBJIflIOT: tPllJIJII'fTOBIIJ:(HLIe CJIaH~bI 
H tPIIJIJIIIThl, aJIeBpIITbI, J:(OJIOMIIThl, MeTall10PtPI'ISOBaHHhle IIOJIIIMIU{TOBhle IIec

'laHHHH, TYtPoreHHble CJIaH~hl, TYtPtPHThl II TYtPhl, I<OBrJIOMepaTbI. 
CpeJ:(H S<PtPYSHBHhlX nopOJ:( HsoeCTHhl CnnJIHThl, J:(Haoashl ('leTBepToro 

IIOI<pOBa), ra66po-J:(Ha6ashl, SCCel\CHTOBhle ra66po-J:(Ha6asbl, l(Bap~eBble AHa-

6ashl, J:(Ha6asoBhle nOPtPIIpIIThl, HepaTotPHphl. 
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Ty<J>oreuuo ·ocaAO'IBble DOPOAbI 

(tlUJJJJUTODUAUbIe CJJaUl:(hl U !JInJlJiDTbI 

<l>UJIJIHTOBHp;IIhle CJIaHn;hl 11 tPHJIJIHTbI Hal!l60JIee pacnpocTpaHeHHbIe nopoAhl 
cpep;n TYtP0reHHo-OCap;O"tIIIbIx. qacTo O'leHb TOHHO paaJInCTonaHbI, IDIorp;a 
xopomo BHp;no HeCOBl1ap;eHl!Ie CJIaHn;enaTocT11 co CJIOHCTOCTbIO. IJ;lIeT TeMHO-

PrlC. 5. Cep lrU;IITOBbYI1 CPI{JJJJI[T. 
HIIK.+, X25. 

PI<lC. 6. cDrmJU!T C roeaAa IU CYJJb<Pll
AOB II Ksapn;a. lIllI. +, X 25. 

cephlll AO 'IepHoro. ITo paaMepy aepeH nop;paaAeJIJJIOTCJJ ua neJIHTbI (Merree 
0.01 M?lnnOIIepemUR ), aJIenpHThl (OT 0.01 ;0;00.1 MM), neC'IaHFIIUI (60JIee 0.1 MM). 

fJIaBULThlH lI!lmepaJIal'llll JJBJIIIIOTCJJ XJIOPUT, aJIb6uT, HBa pu, JIeBIWI~cen, 
CeplltJ;lIT, CYJIbtPUAbI, MarHeTHT, B Ue60JIbmOM IWJI1I'I CTBe Hap60naTbI, B BlIA 
peAHHX aepeR TypMaJIJIH. XJIOPUT no 
cpaBnelllIIO C cepUn;lITOM HMeeT ropa3p;0 
60JIee mupOHoe paCl1pOCTpaReHHe. CepH
n;UTHSan;:tlJJ "[faCTO CDJJaaHa C 060raIn;emr
e:l CYJILtPliIAa Ill, cepnn;UToBbIe tPUJIJIIlTbI 
11 CJIal1n;bI nOll13JUIIOTCJJ O'lel1b 'IaCTO OHOJIO 
0pYAeHeJIbIX Y'IaCT)WB. 

CTPYI<Typa UeJIJITOBaJJ H aJIeBpOneJIn
TOBall. qep AOBanne (nnor;o;a OqeDb TOD-
1<oe) CJIOeB C paaJIU'lHhlM paaMepo I sepeH 
conpOBOrKAaeTCH C IeHO.u nOJIOC C paaJIl!I'l
Hon CTPYl{TYP ll. Ha pnc. 5 H 6 Hao-
6pamenbI MJmpotPoTorpatPIIlI tPlJ:JIJIHTOB. 
Ha pHC. 5 cepUn;HTonbIll qHlJIJIIlT C CYJIb
<pUAilOll m,'pann IlIl0CTbIO, na pilC. 6 tPFlJI
JIUT C rlleaAa~JlJ: CYJIbtPl!I;o;OB H HEa pn;a. 

X lU,IFl"[leCI<ne ananU3hI tPUJJ JIl!ITORl!IAn hlX 
CJIaHn;en H tPUJIJIFlTOn npHneJl,enbI B Ta6JI. 
3 (anaJIHabI 53 H 54). 

AJJCDPUTb! 

Puc. 7. MwnpuT. TIPII OAROM 
X25. 

lIEU< •• 

AJIenpHTbI CJIararoT ne60JIbIInie npOCJIOH B tPnJIJIluax H tPnn,JIHTOnHJl,HbIX 
cJIann;ax. 3epna UOJIenoro mrraTa, npelIM~eCTBeHHo aJIb6~J1'a. 11 l{Bapn;a 
yrJIOnaTOB tPOPMbI Cn;eMeHTHpoBaHbI TOHHoaepHHCTOH MaccoH MeJIfHlX aepeH, 
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IIIIPOI(CClJOBWll onll-
BHUIlT 

2 IIna 1'1I0KJIaSOUbl Ii: nc-
lJilAOTHT 

3 OepllAOTIIT C TnTaITO-
Mal'Henl1'O~1 

4 CepllcllTlllluanpOnalT-
uwU ncpuAoTIlT 

5 To me 

6 CepnellTlIHllT 
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01' KOHTaKTa C Aatl-
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1T01i Alla6asa 
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To me 
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Ta 6;:r nu.u 3 

UblX nopOA n MUJlcpanoB 

ci 
'" 

qllCJlODblC Xapal{TepHCTHIHl no 3aOapII1l1{OMY 

ci ITpo'lllc J{OMOOHeHTbl ;0 
:a 

I I I I I I I I I ci 
,.. 

a b c 8 a' t' m' e' Q " u 

10 - 0.44; CuO - 0. 12 100.11 O.S 0.5 62.2 36.5 0.6 20 79.4 28.5 2.5 

4.36 CuO - 0.05; NIO - 0.02; 100.04 0.4 1. 7 53.0 44.9 25.4 55.5 19.1 12.9 
S - 0.37 

4.51 Cr,O. - 0.03; NI - 0.0; 100.1 4.6 1.8 58.4 35.2 1.8 14.7 83.5 ~.6 

9.26 

8.70 

10.23 

8.35 

5.99 

CuO - 0.U4; S - 1.65 
CO, - 0.4 1; S - 0 .09 99. I 0.9 1.8 57. 39.4 19. 77.3 2.9 27.5 

100.06 0.1 1.5 61.1 37.3 20.4 77.2 

S -0.1 3 100.1,0 0.8 0.5 62.1 36.6 1.0 21.2 77. 

100.03 0.12 0.60 60.92 S .96 22.5 72.0 

- 1.21 'lO0.74 1.0 3.0 57.3 3 .7 0.1 21. \ 7.8 

- 1.46; Nt - 0.34; Cu - loo.3~ 
- 0.15 

Cr,O, - 0.21; Fe (c S) - 100.52 
- 0.37; CuO - 0.04; 
S (c Fe) -0.24; NIO -
-0.27 

S (C F~):- 0.14; Fe (c S),:- 101.27 
- 1.36, CaO - 0.02, 
CuO - 0.03; NIO - 0.22 

NI - 0.22; S - 0.20 100.25 
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S - 0.32 
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2.33 C02 - 0.29; SOSCYJlbCP. - 100.47 11.0 
- 0.03; S - 0.06 

1.9 22.5 64.6 24.8 49.0 26.2 5.3 
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Itellllble n opol)bl 

53 

87 

75 

5.8 

65 

64 

77 

75 

72 

73 
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I 23.71 1
100

.
37

1 1.4 I 3.2 I 45.1 I 50.3 I - I 31.1 I 67.6 11.3 1 5. 41 82 
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28 XnoplITo-a MC/)~160no- 39.12 1.93 6.19 0.00 15.82 0.22 17.33 11.?8 cJle-i 0.32 0.32 - 0.34 
BaR nopOlla 651 21. 61 - 220 3 430 203 ]l,b1. 3 

29 D OJllIOCTblO If8McnCfI- 47.24 3.00 9.44 0.80 14.09 0.20 7.48 8.28 0.24 - - 0.35 
flOC raOOpo (Koap- 7 7 38 92 5 196 3 185 11. 3 
uenO-Ka pGmlaTllo-
XJlOp"TOnaR nopona 
C PCJlIIIITODOA CTPYII-
TYI·oA) 

17.00 30 DOJlIIOCThlO 1t3Menen- 40.28 3.71 14.15 - 0.20 12.42 3.76 cJle-1 0.69 - - 0.38 
1I0e raOOpo (XJlOPI1- 671 46 139 - 237 3 308 67 Abl. 7 
TOBbllI CJlaReu) 

'----v---' 

31 AMC/)1I0ono-xnoprJTO- 49.30 0.89 3.36 7.55 5.30 0.27 19.96 8.18 0.00 - 5.31 0.18 
oaf! nopoAa 821 11. 33 47 74 4 495 146 

32 Roapuesblfi CltCHITT 55.52 1.38 16.05 5.W. 2.74 0.1 2 0.47 4.9U 7.01 2.85 Cnc- 0.62 0.07 
924 1 158 37 38 1 12 87 113 31 Jlbl. 

33 TpeMonl1TO-TaJlbllOnaFI 46.61 1.05 4.05 1.89 11.25 - 19.06 9.39 Cnc- 0.51 0.1 6 - 0.25 
nopona 776 13 40 12 157 473 168 Ab! . 5 

34 HapOonaTFlO-TaJlbllO- 36.41 1.66 6.18 1.12 11.65 - 16.42 11.04 CJlC- 2.25 0.27 - 0.37 
Sblll MaHCU 806 20 61 7 162 407 197 Abl . 24 

35 CepnCHTI1110-xnopwro- 35.05 1.21 2.70 3.02 11.25 - 24.78 4.67 0.15 0.41 - - -IjO-TaJlbHOoaR DO- 583 15 26 19 157 615 4 2 4 
POM 

CUJlbHO OPvOeHeII1>I8 
36 CunhHo °PYACtlCnaR 40.21 2.21 4.55 9.72 8.97 0.24 22.05 3.50 06421 0.26 

YJlhTpaOClioBllaR na- 669 28 45 61 125 3 54 62 
pOAa 

37 To me 36.9 1.13 3.18 7.60 10.20 0.27 26.70 2.60 0.16 0.51 
61~ 14 31 48 142 4 662 46 2 I 1 

38 To me 38.28 0.98 4.65 10.03 '10.38 22.1,8 2.1 2 0.22 0.07 0.19 
638 45 63 144 557 38 3 

39 Cnnbrro oPY]l,cnenLlII 34.34 0.98 3.74 7.65 10.50 28.27 2.76 0.26 0.17 0.27 
nCplIJl.OTIIT 573 13 36 4 144 701 49 4 

40 OpyucnC!l blit cepneu- 36.68 1.41 4.17 7.95 10.50 26.30 2.10 CJlC- 0.52 0. 14 0.45 
TMHIIT 610 18 41 50 146 552 38 AbJ. f> 1 

,ll'allno.ble 
41 CmOUAliI:dn l{nap lleObill 56.41 I 1.61 14.97 1.71 7.97 0.07 3. 5 1.72 2.75 3.72 0.26 

C>I CII liT C rpa IlOl\l I~- 939 20 1/.7 11 111 1 95 30 45 39 
pOllon CTPYUTypOJl: 

42 .ll:lIaoaa 46.77 1.05 15.30 2.02 11.61 0.10 6.90 5.90 3.96 1.23 0.14 
779 13 150 12 161 1 171 105 64 13 

43 .ll:ua('las KB aaJIbOaH)la 48.1 4 1.55 15.24 1.24 11 .74 0.10 7.10 5.50 3.30 1.22 0.06 
na(IK 11 802 19 149 7 163 1 176 98 53 13 

44 f'a06po-nop<!>npuT 43.33 2.79 0.55 3.78 12.47 0.t2 9.1 2 10.9 2.55 0.60 0.36 
721 35 10/, 24 174 1 226 196 41 6 

45 MeTaMOp(~l1aOBaIJHbrlt 40.80 0.09 17.70 0.70 7.16 0.14 13.73 1'1.93 CJle- 3.54. 0.31 
nulllHIJl llTOBbln OJlI1- 679 1 174 " 100 2 341 213 Ab!. 37 
BlIlIOBbJA rsOOpo-
nOllll)\lpMT I 

46 (J)yp4l1T 44.88 4.00 12.92 16.13 0.14 5.46 10.48 1.53 0.86 0.43 
148 50 126 224 2 135 187 24 10 

47 M eTsMop(jJM aOllaBHhlC 45 .10 2.80 6.53 2.00 12. 17 0.11 16.51 9.89 1.36 0.37 2.67 0.17 
oJin Oll llOBbie DHPO- 751 35 64 12 170 1 I,U9 177 22 " t< CCI1I'ITbl 

48 IlMpoKceno-rpanaTo- 41.16 1.89 9.89 1.99 11.23 0.24 6.04 24.95\ 0.22 BaR oopOAa (U8 685 24 97 12 156 3 150 1.45 • 2 I 1 0.30 
AallHll) 



nr.mlI(ArOIIJ;:FIE TY<I>Or E H HO-OCAn O"tlHhlE H a<I><I>Y3HBHbIE nopo,n:bI 43 

T a6JII1~a 3 ( n p0801/."ceHue ) 

t:i "'iHCJIOBWe Xap8.llTepHCTltKH no 3aoapHUHOMY 
~ 

t:i npO'UIC HOMDOHeUTbl ! I I I I I I I I I ti u a b e 8 a' I' m' e' Q n 

7.70 - 100.35 0.4 3.8 51.9 43.9 - 27.9 53.7 1 .4 16. 0 

8.6 - 99.98 0.4 6.5 33.0 60.1 - 46.t 40.9 '13 12.9 -

8.08 5 - 0.27 100.67 1.0 4.8 43.1 51.1 10.7 3 .3 51.0 - 4.6 n 

- - 100.31 0.0 2.1 47.3 50.6 - 21.4. 63.7 14.1, 0'.9 -
- 5 - 2.31 99.88 19.9 1.0 14.0 65.1 5 5 .1 5.9 36.0 9 .5 79 

4.40 Fe (c 5) -1.31; 5 (cFe)- 100.48 0.6 2.5 4 .3 4 .6 - 23.0 60.5 16.5 6 .4 
O. 6; CuO - 0. 14; 
NiO - 0.3 ; CoO - 0.03 

23.5 11.97 Fe (c 5) - 0.26; 5 (c Fe) - 100.24 3.3 2.6 51.0 43.1 - 51,.9 21.6 23.0 0 
0.17; Cu O - 0.02; 
N 10 - 0.17; CoO - 0.01 

- Cr,O. - 0. 34; S (c F e) -
0.90; CuO - 0.05; 
NIO - 0.2 ; CoO -
0.02; Fe (c 5) -1.12 

100.73 0.9 1.4 54.9 42. - 11 .5 80.2 8.3 17.6 33 

V,/tbmpaoeHOBHble nopoObl 
6.85 NiO - 0.9; CliO - 0.6 100.1, 0.7 2.3 50.6 46.4 2/,.1, 72.1 3.5 10.9 100 

5 - (3 .30) 

3.80 NIO - 0.60; CuO - 0.56; 
5 - (1.23)' 

100.44 0.4 1.8 27.5 40.3 24 .0 74.0 2.0 20.0 66 

6.64 NiO - (1.74)'; Cu -
(1.22)'; S - (4.40)' 

99.65 0.1, 26 51.6 45.4 0.7 24.2 75.1 12.6 

SJ.7 NIO - (1.09)'; Cu - 99.02 0.3 2.1 59.9 37.7 23.1 75.0 1.9 2].2 
(051)'; 5 - (loGS)' 

23.9 8.65 Cr ,O. - 0.35; Fe (c 5) - 100. 6 0.6 2.3 57.3 39.8 27.3 72. 5 0.2 0 
122; S (c Fe) - O. 0; 
CuO - 0.31; NIO -
0.71; CoO - 0.03 

nopo Ob! 
3.50 NLO - CJIenbl; 

0.01; 5- 1.1 3 
Cu O - 99.68 '12.2 2.2 16.0 69.6 36.5 38.8 26.7 12.6 54 

4.69 NIO - 0.01,; CuO - 0.20; 99.92 11.1 5. 1 27.5 56.3 47.2 44.2 8·6 14.7 82 
5 -0.01 

7.3 4.04 NIO - 0.10; CuO - 0.24 ; 99.64 9.4 5.9 26.0 5 .7 47.4 4 .5 t..I 80 
S -0.04 

jI6 2.98 99.63 6.3 3.8 39.5 50.4 37.7 38.2 24.1 87 

4.19 100.29 5.2 7.9 37. 1 48.0 20.9 64.7 14.4 24.1 0 

3.78 100.61 1,.6 6.2 34.9 54.3 43.9 26.3 29.8 6.8 62 

S - 0.01; N IO - 0.06 99.75 3.2 2.4 45.9 4 .5 26.2 55.1 1 .7 iI.8 84 

2.32 100.23 0.1, 6.3 1.5 .8 47.5 

I 
- 26.8 22.0 51.2 12.1 

1 B CyMM:y He BXOP;A.T. 
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, 
oj 

+ a: HaBBaIJltc nopoAbI 0 ~ 0 0 q, 1 
0 0 0 0 IT 0 0 

;z;~ ~ :;: oS ., c CD oj co 
::.l' p; i i ii3 r.. r.. :.! ~ t.l Z 

49 nop<J)f.f])liT lfS sanb- 38.2:1 1.20 10.70 1.16 13.36 0.30 18.44 9.60 0.15 - - 0.68 
tlaHIUI a8AK!! 037 15 111& 7 l Hti 4 457 171 2 

50 MCTaMOp$HBOIl8FfJlblfi 45.50 0.45 16.02 1.05 9.50 0.14. 10.00 12.46 1.72 0.73 - - 0.16 
nOlllllfnllTODwl1 on If- 758 5 157 6 132 2 24 223 27 7 
IlIfHODbI.\ raOOpo-
nop(llIIplfT 

68.58 0.35 14.85 0.71 0.08 51 rpanocHcllIIT 1, .57 0.05 0.51 1.60 6.34 1.38 - -
1142 15 146 4 64 1 12 29 102 15 

52 HsapucoblA cnCIII1T 59.20 0.95 16.28 1.45 7.50 0.11 0.96 2.54 3.62 6.1.0 - - 0.08· 
986 12 160 9 104 1 23 45 5 6 

, 

B.t.teuia1014tt6 

53 <D lwmlT 0.45 19.61 3.03 9.63 CJT. 1,. 19 3.15 2.22 0.69 3.77 
5 192 19 134 104 51 23 5 

54 <DlwnnToBIIAHblil CJT8- 1.91. 16.28 1.32 r .71 0.01 3.63 5.99 1.42 0.03 3.24 0.13 
Hell 21, 160 121 90 97 15 

55 CIJJ!JTOanT 1.18 18.14 1.12 9.61 3.55 5.73 1.56 0.96 
15 178 7 134 8 92 16 

56 .D:onoMIiT 1.54 0.15 16.64 
9.6 2 412.7 

57 .D:Ha6aa 4.-ro DO!(pOOa 50.84 1.53 14.29 1. 55 0.19 6.01 2.05 0.59 0.02 0.10 
1,7 19 11.0 10 3 14.9 33 6 

58 To me 48.65 O. 4 14.85 3.56 0.07 5.91 2.69 0.34 
10 10 145 23 1 146 44 2 

59 }JHTpYSHBHblft raOOpo- 50.11 U5 14.53 0.(14. 0.17 6.03 3.43 0.59 2.69 
anaOas 834 24 142 0.5 3 150 55 6 

60 rncsna nllpOHCCfJa D 42.41 2.92 11. 2 5.6 0.28 5.71 1.11 0.36 Cne- $.33 0.46 
AllaOaaax 706 36 116 36 4 11.1 1 4. Abl. 

61 MeJTI(oacPUIICTbIII 47.33 1.11 14.35 2.71 0.21, 5.89 1.39 0.3 0.40 
AilaGaa 788 14 140 17 3 146 22 4 3 

JlfUlH~ 

62 MOfJOHJTlfHllblti n n po- 4 .Rl 2.72 4.45 1.15 11.51 0.18 13. 5 19.80 Cnc- Cne- 0 1.23 0.14 
Hceu us rpyOosep- 809 28 4.4 7 11 3 3'.4 353 Ab!. Abl. 
HHCToro nHpoHce-
HlITa 

63 CepneuTl1H 41.88 0 0.28 5.97 0.11 37.62 0.31 12.83 1.06 
698 3 1 932 5 

64 XpH30TlfJI acGecT '5.58 1.02 0.07 9.06 34.01 0.37 
759 10 843 6 

65 Tanbll 61.18 0.05 0. 12 1.10 2.91 0.03 29.77 Q.62 0 0 4.80 0.18 
1019 1 1 0 73 0 

66 To me 80.08 0.05 0.86 0.91 3.12 0.04 29.04 0.06 0 0 5.06 0.12 
1017 1 8 1 719 1 

67 HaJlbl.\llT U8 IlpoHllln- 0.05 0.04 0.41. 0.48 54.60 
lIa B IIHTpYSltl1 1 12 974 

68 JIYQIlCTaR poroBlUI 57.15 0.04 0.83 0.00 5.83 0.14 20.79 13.22 0.52 0.26 0.00 1.06 0.20 
oGMaHHa 952 0.5 8 0 81 2 516 235 3 

69 XpIf80THJI-ac(jecT 42.01 0.08 1.20 2.25 1.56 0.06 3 .21 0.00 0.05 0.00 12.87 1.44 

70 CCpHO$l!T HaYJla. 41.88 0.0 0.28 5.97 0.11 37.62 12.83 1.06 
oGp. 520 6972 28 374 11 932.'> 7128 5H8 

71 Tanbll 61.18 0.05 0.12 1.10 2.91 0.03 29.73 0.2 0.00 0.00 0.18 4.80 
10289 6 12 70 401 4 7387 4 104 . 2660 

72 TaJlbH (noBTopuLIft 80.08 0.05 O. 6 0.91 3.12 0.04 29.04 0.06 0.00 0.00 0.12 71 
aH8nlfs) 10009 6 86 61 1,33 6 72(12 11 3 506 2811 

73 AHTIIHOnl!T 55.04 0.11 0.71 2.31 8.04 0.17 17.69 13.50 0.34 0.03 0.00 1.4U 0.0 
916 1 7 14 119 3 439 241 6 78 4 

74 AHTHHonHT (nooTop- 55.66 0.06 0.06 1.30 9.21 0.12 1!!.15 13.00 0.28 0.07 0.07 1.21 0.14 
HbllI a H8mfs) 944 1 10 8 12 2 450 232 5 2 67 8 

75 H{cneSItCTO-MarH IIT- 0.23 3.53 2.62 0.74 40.39 
Hbill peTrepCIIT 4~1 699 132 221,14 
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~ 

ci IIpoqlle KOMnOHeaTLl 

ci 

6.61 
-

2.13 Cr,O. - Cnel\bl; CO,-
0.07; 8 0. - 0.03; 8-
1.10 

0.60 -
O.5I! -

nopoDbL 

8 - 1. 67 52 

8 - 0.23 

2.90 

42.70 He pacTDopllMblii OCT3-
TOl< 8 .1 2 

1.75 8 -008 

2.57 

0.13 

8-0. 19 

paJlbL 

- 1 8 - 0.03 

11.57 NiO - 0.59 

"-'7 

4.63 

co. - 43.10 

CO. - 0.00 

CO. - 0.17 ; Nil) - 0.04 

F - 0.06 ; Cl - 0.0 1 

CoO - 0.34 ; ZoO - 0.6 1; 
SO. - 31.24; Cu O - 0.15 
NI0-17.77 

'" :a 
:a 

I ... a (.) 

100.43 0.3 

99. 0 4.7 

99.62 15.7 

99.63 17.6 

I 

100.51 9.8 

tOO. 18 15.3 

99.71 13.7 

99.99 

100.31 5.3 

100.21 6. 1 

100. 17 8. 4 

99. 6 1.54 

100.43 3.5 

100.37 

100.06 

98.28 

I 100.49 

99.7 

9 .71 

100.04 

99.94 

100.06 

100.49 

99.7 

99.99 

100.1 6 

T a 6]I II ~ a 3 (npOaOA3ICeHue) 

"tJucnOBblC xapaKTepUCTIIIUJ no ::JanapIU\IIOMY 

b I e I • I a' I t' \ 
m' I e' I Q I n 

6.8 49.1 43.8 - 27.9 62.5 9.6 19.8 -
8.4 34.1 52.8 - 29.7 49.8 20.5 12.2 79 

i.9 5.6 76.8 - 85.7 14.3 0 20.3 90 

2.4 10.3 69.7 - 78.3 14.7 7.0 1.9 46 

0.7 32.6 56.9 104. 1 34. 21.1 6.5 69 

2.1 17.8 64.8 13.0 52.4 34.5 3.1 87 

3.4 2 [,0 61.9 21.3 1,8.6 30.1 7 .1 93.9 

7.0 28."- 59.3 37.9 36.0 26. 1 89 

4.0 32.7 57.2 43.9 31.3 21 .8 1.8 100 

5.7 26.2 59.7 40.4 37.9 21.7 3.1 90 

5. 14 39.92 53.4 46.1 25.1, 2 .5 1.42 8 1 

7.5 36.4 52.6 52.1, 26.3 21.3 9.3 85 

-

I 
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cpe,n:n IWTOPhlX Dpe06JIa,n:aeT XJIOPHT. B o;eMenTe 'laCTO ?>fHoro Memmx sepeH 

JlejiT,ol< ena. B aJIeBpHTaX nepe,n:IW na6mOJl,aJOTCJI MeJIRHe sepna cym,cpH,n:OB. 

Ha pUC. 7 Ds06pmJ<en aJIenpnT Ha DPOCJIOII B cpDJIJIHTax. 

):(OJlOMJlTbI 

Cpe,n:R OCaJl,O'lDhlX DOpO;o; RCTpe'laIOTClI ,n:OJIOMHThl. HaH60JIee xopomH6 

06uan<emur ;o;OJIOMUTOB HSBeCTHhl na IOIJ<HOM 6epery os. RyaTclIpBu, DpBMepHo 

B 5-6 I<M OT noc. HHI<eJIb I{ ceBepO-BOCTOI<Y. B aTOM MeCTe H. A. RYPhlJIe

BOH (1948) 6hIJIII c06parrbI H OUlIcanhl B ,n:OJIOMHTaX opraHH'leCIme OCTaTRH. 

BeupunerroM (Vayrynen, 1938) na reOJIorH'leCROR RapTe yr<asaHa MO~HaH 
rrOJIoca ;o;OJIOMBTOD B;o;OJIb py'l. ROJIOCHORH. 

B XOPOIIIO 06HamennbIX ;o;OJIOMHTaX Ha IO>I<HOM 6epery os. RyaTCJIp

BR XOPOIIIO BH;o;no HanJIaCTOBaHne C DOJIorm1H yrJIaMH rra;o;errHJI. IJ:BeT AOJIO

MHTOB 6em,IR, MeCTaMH meJITOBaThlH. ,I(OJIOMHThl COAep,HaT Y'laCTRaMH sepHa 

RBapo;a. 

XHlIfH'leCRHH aHaJIHS ;o;OJIOMHTa C PY'l. ROJIOCHOlm DpHBe;o;eH B Ta6JI. 3 
(anaJIHS 56). ITo ll;aDHhlM Beirpnnena, ll;OJIOMHT COCTOHT: 'HS ll;OJIOllfJ1Ta-

79.5%, I<aJIbO;HTa - 11.6 %, nepacTBopHMoro OCTaTI<a - 8.1 %, DOTe pH DpH 

npOI<8JIHBaHHH 0.8 %. 

MeTa lopqJU30BaUflbIe nOJJUIIUIJ\TOBbIe neC'laomm 

ITcC'lalIHI<lI 06hl'lTI0 CO;o;epiI<aT 3Ha'lHTeJIblIOe ROJIH'leCTBO TycporeDlIoro 

MaTepllaJIa. MnnepaJIorH'leCI<Jilir COCTaB neC'lalIHI<OB: yrJIOBaTI>Ifl sepna I<Bapo;a, 

aJIb6HTa, pell;IW pemeT'tJaToro MlIRpO I< JIliIHa, Cpell;lI sepen MlIHepaJIOB pacno

JIaraIOTCJI OI<pyrJIhle 06JIO mH Tycporennhlx nopoll;. B o;eMelITe npe06Jlall;aeT 

XJIOPHT B BHAe TOHIW'lemy:ii'IaTOrO arperaTa, B nOll;'IHlIelInOM I<OJIH'leCTB6 

HMeIOTCJI J<Bapo; H aJIb6HT, MeCTallfH OT;o;eJIbHhle DPOCJI011 060raID,elIhl arpe

raTallIH sepen I{ap60naTa. B o;eMelITe 06hl'lHO B 60JIbmOM !WJIHlJeCTBe BCTpe

'IaIOTClI MeJIl{l1e 3epna JIenIWRCeHa 1I pell;Ime sepna I<Oplil'llleBo-n<eJITOrO TYP
Mamma. Ha lIeIWTophlX Y'laCTI{aX BCTpe'tJaIOTCJI sepHa CYJIbCPHll;OB. 

Tyq)(ilUTbI 

TYCPCPlITbl npell;CTaBJIRJOT C060H 1I1eTaMopcpHsOBalIHhle no pOll;hl , B COCTaB 

JWTOphlX BXOJl,HT MaTepH8JI OCall;O'tJRorO 1I TycporenlIoro DpOHcxon<,n:eHHH 

C BapbRpyIOID,HM B mlIp0I<HX Dpe,n:eJIax OTBOmenHeM: MeiHll;y lWJIH'leCTBOM 

OcaJl,O"IHoro H TycporeHlIoro npOHcxom,n:eHl'UI. Cpe,n:H sepelI r{Bapo;a, aJIb6HTa 

H pell;IW MHT<pOKJIHHa H nemITODOR MaCChl D o;eMenTe pacnOJIaraIOTCJI MeJII<H6 

oKpyrJILIe 06JIOllfKH TycporeHlIoro MaTepHaJIa. B Her{OTOphlX CJIyqaJIX xopomo 

coxpalIR TCJI CTpyI<Typa acpCPysHBOB (ll;Ha6aaOD) cpe,n:H 06JIOllfIWB. 110 npe06Jla

ll;aIOT 06JIOMKIi lInTenCIIBDO HSMelIeHnhle, XJIOpriTIISHpOBaHIlhle. IIIIIpOIwe 

pacnpOCTpanenHe HMeIOT MeJIIme seplIa JIellIWJ{CeHa 1I ccpeHa. l1norll;a TYCP

CPHTbI 060ralD,enbI CYJIbcpFIJlaMlI. 
TycporeHHhle CJIaHI~bt OTJIlI'laIOTCJI OT TY<P<PHTOB MeHbmlIM paSMepOM sepeH 

1I 06JIOllflWD H lIaJI1I'I1IeM JIY"IlIIe BhlpameBBOH CJIOHCTOir 1I CJIano;eBaToi1 Tel{

CTypbI. PaSJIH'tJue Me/-Hll;y 06JIorvmaMH 11 o;eMeHTOM B npOTJlBOnOJIOmnOCTb 

TYCPCPHTaM BbJpan<cno MelIee OTlJeTJIlIBO. COCTaD TycporeHlIhlX CJIano;eB TaI<OIr n{e. 
I{al{ 11 COCTaB TyCP<pHTOB. 

Tyc(>b1 

B TY<PCPHTaX DarT<HOll: COCTaBHon 'IaCTbTO JIDJIJIeTCH nplICYTCTBlIe OcaJlO'tJRoro 

MaTepl1aJla H 60JIbmaJI OIWTalIlIOCTb 06JIOMl<OB, TYCPhl COCTOIIT rJIaBnhlM 06pa-
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30M 1I3 rn~pOreRIJOrO MaTepHaJIa, oRpyrJILTX H yrJIonaTbTX OOJIOMROB S<pcpy-

3UBIJblX ITOpOn UJIn HpnCTaJIJIOB. Pa3J1Iep OOJIOJlfIWB B Ty(paX UaMeTIff TCSJ OT 

8 ?1M no neCSJTbIX }loJIei! MHJIJIllJlJeTpa, JilITorJl:a YJl:JIJIHeIlHbIe OOJIOMIHI pacno

JIararoTCSJ napaJIJIeJIbHO rpy6oi! CJI01'lCTOCTH. 

B 06JIOMRaX RpHCTaJIJIOB 'lame IJaOJIIO}laeTcSJ ITIJpOHCeIT, I<aROM TBITUlJ6B 

}1JISJ 3<p<pyaJilBOB, IlOlJTH 6eCn;neTHLTU BJIB 6YPoBaTLTH MOHOKJIBHHLTU DJrpORCeIJ. 

RpoMe IlHpOHceHa, cpenl1 OOJIOMHOB BCTpelJaeTCJI aaMYTHeBIILJU, aJIb

OBT1JI3HpOBaIJBhIif, ITpeHJlTHaHpOBaHBbIH H I<apOOBaTH3HpoBaBBblii: IlJIarIlQ

I<JIa::l. 

B neMeHTe n OOJlbIDOllI ROJIIllJeCTBe BaomOnaIOTCJI aJIbOBT H RBapn, OObJ1JHbI 

1I1eJIROaepFlHCTble arperaTbI 3epeH JIeHHORceBa. CTpYHTypa OOJJo1l1o<man. 

B IlOnaBJIJIIOmeJII OOJIbIDHHCTBe CJIYlJaeB Ty<pbI OTIIOCHTCfI R llHaoa30BbIM, 

B peJl:lmX CJIyqaHx BCTpeqalOTCH, nO-BHJl:MMOMy, I<epaT0<pliIpOBLTe Ty<pLT. 

3.p(P),3HBHbTe nopO}1b1 

30Ba pynoHOCBLTX <pHJIJIHTOB COCTaBJIfIeT mrIDb HeOOJIbmyIO ~JaCTb CBMTbI 

IleqeHra, MOmHOCTb IWTOPOH oOJIee 13 HM, H nepeI<pLTBaeTCH H nOJl:CTnJIaeTCH 

MomHIDHI nOI<poBaMH scp<pyaHBoB npeHMymecTBeHBO }1HaOa30Boro COCTaBa 

(CIII1JIIiITbI) • 

JIua6a3bT 

,UHaoa3bI ITpenCTaBJIJIIOT co6oH nOBOJIbHO o}1IlOOOpa3HYIO rpYITITy nopoJ(, 

neCMOTpH na H3MeHHIOm:r1l!ICH pa3Mep 3epeH MHHepaJIOB H paaIIooopa

aBe B nOCTepliIopnbIX HaMeHeHHHX IlepBH1JHhlX ITOp0}1000pa3yIOlUnx MfIHe

paJIOB. 

ManepaJIorH1JeCI<HH COCTaB }1HaOa30B : 3aMelUeIIIIbJY ITOCTepFIOpHhTllHf MHIIepa

JIaJ\IH ITJlarHOHJIa3, lll';]:pOI{CeH H ITpOJl:YI<TLT ero aa 'JemeIJUl'J - XJIOpl1T, all1cpl'I

OOJI, 9IIRnOT H KJIHIJOrrOIJaHT, KaJIbn;IJT, npeH1!IT, PY}1BbIH MiinepaJI, JIeiiI<OI<CeH, 

cYJIbcpUnbI• 

ilJIarIIOl JIa3 HarreJIO 3aMeIIJ;eH aJIbOIITOM, XJIOpHTOM, ITpeHIITOM, ClInlJl:0-

TOM BJIH J{JII1IJOrr0I13HTOM, I{apOOHaTOM. ITepBWIHbJY ITJIarHOlma3 ITe coxpa

BfIeTCSL ITHpoRceB B npOTHBODOJIOfI BOCTb nJIarHOIma3Y }lOBOJIbITO lJaCTO 

OCTaeTCH B ITepBH"tfHOM BHne. CJIaOO OHpameHHhlH, oyponaThIH. Ng - Np = 
= 0.025; cNg= 38-41 °; 2 V = +47. ,UHcnepcHH OnTH'IeCI01X oreH r > v. 
113 iI pon;eCCOB 3aMemeHI1H IlllpOHceHa ITpeoOJIanaeT XJIOpHTlif3amrH, ypaJTliI

TI13aQllJI HaOJIIO}laeTCH pe}I<e. PY}lHhIH MJilHepaJI ITpe}lCTaBJIeH nCeB}lO~lOpcpO
aaMH JIeHHOHCeHa ITO HJIbbJeBJilTY, peil<e BCTpe1JaIOTCH CyJ1bCPJJJl:hl, nO-BHill:lMOMY, 

OOJIee n03Jl:HHe no cpaBHeBlno C HJIhMeHlilTOM. CTPYI<Typa nOliHlilJIOOCPIITO

naJI, OcpI1TOBaff, peme ITOp<pHpOBIIJl:naff. 

Cpenn nIIaoaaOB MomHO BhT}leJIHTb THITH1JHhle CITHJIHTllT, TOBH03epHlilCThle 

nOpO}lllI aeJleHOBaTo-ceporo rrBeTa C MHH}laJIeHaMennoH TeHCTYPOH, aaJIeraIO

m;life cpenn <pl1JIJIHTOBHnHhlX CJIaHrreB B Blil}1e Be60JIbmlilX nonpOBOB H conpo

BOH<}laIOIIJ;lileCH Ty<pallfH. 

non lIHmpOCJ\onOM oOHapymeHo, 'ITO CnlilJIlilThI COCTOJIT lil3 aJIhOlilTa, XJIO

pHTa, JIeYIWRCeHa, MHnepaJIOB 9ITH}lOTonoi'r rpynnLT, UBapn;a n HaJIhUHTa. 

MeCTaMH CrrHJ1l>1Thl nOJIHOCTbIO rrpenpameHhI B XJIOPlilTOBhIe ITOpO}1IJ C l<a p6o

IJaTOM lif JIeUHOJ{CeHOM. CTPYI{Typa ocpllTOBaH H cnOnOBIf}lHaJI . 

.n: II a 0 a 3 bI q e T B e p Tor 0 nOR p 0 B a pacnOJIaral0TCSI B IOn,-
noY qaCTH paHOHa pYJl:OnpOfIBJleHHH RaYJIa, RaMJl1T11n1BI1 B fJnJI"bry

HpBH. .D:rraoaabI COCTOHT H3 MOHOTmHHHoro mrpOI<CeHa, B3MeHennoro nJIa

nrOlma3a H nOCTepnopHbIX - XJIOpHTa, aM<pH6oJIa, ClITlilJl:OTa H l<JItlBOllOI1-

3HTa, RapOOHaTa. BeifpHHeH (Vayrynen, 1938) OTHOClilT mrpOI<CeH I< }1Uon-
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CH,o;aM, OOraTblM r ,o;eHOeprHTOM, H nll,HOHHTaM (Ng- Np = 0.019 - 0.020, 
cNg = 400; 2V = 0IwJIo + 60o l2In .o;pyrOM MeCTe g- p = 0.019; c g = 
= 28- 34° ; 2V= + 47° ). TIo ,o;aHHblM B. n. ITanYIIll2I' (1952), npanlJJlbIIee OT
HOCHTb mlpOKceH I{ pH,o;y ,o;HOIIcH,o;o-re,o;eHoeprIITa C co,o;epll{aHneM re,o;eHoop
fHTa 20-30 % n CJIy~aHx, Ror,o;a 2 V = OROJIO + 60° H }{ ,o;HOIICII,o;OBIDf anrJ1-
TaM, Iwr,o;a 2V=+47°, corJIaCBO ,o;narpalllMe BIIB1JeJIJIa. 

ITo ,o;aHHhIM Beii:pHHeHa, B l2I3pe,o;I{a nCTpe~IaJO~1iIXCH sepHax coxpamw
merOCH nep01iI1JHoro TIJIarHOI\JJa3a OOHapYiHHBaeTCH 30HaJIhHOe CTpoeBue 
U napbIfpyroID;HH COCTaB 01' M 70 B n;eHTpe H,o;O M 46 n I{paeBhIX 1JaCTHX JIeHCT 
nJIarHOI{JIa3a. 

BOJIH311 }WlITaRTOB c <pIIJIJIffTaMH ,o;Haoa3hI Ha Y'IaCTRe RayJIa 
HRTeRCHBffO RapOOHaTl2I3HpOBanhI H XJIOPIITIl3HpOBaHhI. TeRcTypa .o;na6a30B 
lIfaCC.I1.nnaH, CTpYKTypa noluntJI00<puToBaH. 

XFlMII'leCl<He anaJIH3hl .o;uaoa30B 1JeTBepToro nORpODa npffDe.o;eHbI n TaOJJ. 3 
(aHaJHl3bI 57 H 58). ITo XHMIf1JeCI<OMY cocTany ,o;IIaoa3hI OJIlfl3RII }{ ClJ11JIJTTaM. 

,[( }l a 0 a 3 0 B hI e II 0 P <p If P H l' hI IIOCTeIIeHIIhIMII nepexo.o;a m. CBR-
3anbI C MOJJl<030pnnCThIMII ,o;J:taOa3allJII. BI{paDJJeHHlHnt COCTOHT l2I3 rJJOMe
POKpHCTaJJJIJl1JeCT{.I1.X CIWIIJleHHH KpyDHhIX 3epeu coccroPHTH3HponaHHoro 
11 peiHe XJJOpIITII3npouaHnoro IIJIal'HOI<JIa3a H e~o pe}l{e IIupOKceHa. CTPYI<
Typa MeJJJW3epHncTo:ii: OCHOBHOll MaCChI o<pIlTonaH. 

Rna p n; e n bI e ,0; II a 0 a 3 hI OTJJH1:JaroTcH 01' .o;na6a30n rramI'lfleM 
3cpeH }{oapn;a, mlOJO~ero TIIITIPIBhIO Me30CTaTH1JeCI{JJe (POPMhI pa3BUTIHT. 
RBapo;eBble .o;IIa6a3hI CJraraIOT Y'-IaCTHII cpe.o;II ,o;IIa6a30B. MOrRBO naMeTIlTb 
,o;BI:l pa3nODn,o;nOCTfI an1X IIOpO,o;, o.o;ny cpaBHUTeJIbHO CBen yJO C coxpamlS
mHMCJI DHPOl<COHOM H ,o;pyryJO OTJJH1JaIO~ylocH CIIJIhRbU1 H3MeBOnneM MIIHe
paJIOS H B 1JaCTHOCTIl nOJInbIM 3aJ\'!e~eBIIellf nIIpOHceHa nOCTepliIOpHbIMU MnHe
paJIaml, npeHMy~ecTBeHno XJIOPHTOM. 

'Y Boii:pllnena (Vayrynen, 1938) npIIBe,o;CHhI XI:IMH1JeCI{He aUaJIEI.3hI .o;J1a-
6a30B (Ta6JJ. 3, arraJIII3LI 57 - 61). AnaJIII3 60 c,o;eJIaH U3 Y'laCTKa B cpc,o;ue-
3epHlICThlX )J;I:Ia6a3aX, ooora~eHHoro nHpOI~ceHO f; aTY DOpO,o;y BenplJJ'IeH 
Ha3BaJI nnpOf{CerriiTonbIMII BhI.o;eJIenIIHMH. TaKHe il<e npI:lll1epHO Y1JaCT[{11 cpe.o;n 
3<P<PYSllllHhlX ,o;aaoa30B BCTpe1JeUbI OhIJIn Ha RaYJJe, B J(nyx CJIY1JaRX Dopo.o;a 
6bIJIa 6JII'131 a I{ MeJIaHOHpaTOBbIM .o;na6a3aM, B TpeThellf npe,o;CTaBJJf:leT o;OTf-
3I!lTO-aM<p1'I60JlonYlo nopo,o;y, npeliIMyro;eCTBeHBO COCTOJIro;yro H3 aJl1<puooJJa. 

rJJaDa 7 

CTPY!{TYPA lVI<D<DEPEHUHPOBAHHhlX JIIHTPY3J11BHblX TEJI 

n npOTHDOITOJJOiKJWCTb MOH1JerOpclwMY paiiiony, r,o;e IDleeTCJI O):(HH OOJJh
mOrT ,o;I1<p<peperrO;HponaRHbIH JJJJYTOH YJIbTpaOCrronHhIX H OCUOBHbIX nopo,o;, B 
ITe'leHr llHTPY3HJI npe.o;CTaBJIeHa 60JIbIDI{}\:[ 1JIICJJOM IIHTpY3HBnbIX TeJJ 
He6oJIbIDOrO pa3Mepa, .o;Tf<p<pepeB~1I pouanHbIX H pe}l{e Be.o;R<p<pepeHo;npona El
HLIX, CJIOil<eHHbIX YJJhTpaOCHODHbIMll II OCHODHbIMH nopo,o;aMH. ,[(H<p<pepen
n;llponaUlible 1IHTPYSI1UHbIe TeJIa pacnOJlararoTCJI DHyTpR nOJJOChl TY<PoL'eHIiO
oca.o;OQUbTX nopo,o;, 3aJIeraro~eii: Meil<,o;y TpeThm! JI 1JeTBepTbIM nOJ<pOBaM.II 
C1ll1JInTon B cnRTe ne1JCHra-I{Y1JI1H. 

,[(H<p<pepenO;HpOBannbIe IInTpY3HBHbIe TeJIa HMeIOT <P0PMY nJIaCTOBhIX 
II JIHH30SH,o;nhlX TeJI, 'ITO xopOmOBII,o;HO na reOJIorH1JeCIwiii HapTO. Pa3l1fephI 
H MO~HOCTb HHl'PY3IIDHbIX TeJI IDHpOI<O BapbHpYIOT. HaHOOJIee 3Ua1JIiITeJIhHhIe 
lffiTPY311BHble TeJJa U3BeCTHhI B paBOHe y'IaCTl\a TIy JJbrYJIpBH. 3,o;OCb MOrn;
UOCTb .o;J'I<p<pepenn;aposarrllhlX HHTPY3HBHhIX TeJI ,o;OCTHraeT 550 111, no npOCTK-
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paRlno URTpY3uBluJTe TeJIa rrpOCJICl'lU[UaIOTCH lIa nCCHOJIbl{Q r{uJIOMeTpoB. Morn;
nOCTb lIfemUIX RU'l'PY<lIlI3HLI ' TeJI naMepFIeTCH 20- 25 111'. UMeQaTeJIblloit 

ocooeunocTblo ImTpyal1UnblX Tel l HUJmeTCH RUlA P}I anum] Xapa1{Tep CTPYH

TYPhl, UeCl\lOTpFI ua BUPbIIpYIOrr~ue paaMepor IT MOIIJ:HOCTb Au cpcpepen .ql:lpOBaH
HhlX TeJI . 

ilO'lTfI Bce TeJIa IlMelOT aIUI30Tpounoe CTpoenne, 3alWHO repRO paCCJIoenr,r 

(AIIcpcpepen.qnpOBaHbI) n B COOTl3eTCTBHn C naI<JIOnHOH CPOPMoii: lllIterOT aCHlII 
A.LCTpJl\1HOe CTpOeITl:Le . AIwaoTporrl1H D CTpYHType JUITPYSllBHI,lX TeJI BbTpa
;J{aeTCH B TO~I, -qTO CJIaralOIU;Ue TeJIa OJIUBllnllThl, n pnp,OTHTbr, nHpOl{CeHllTbI, 

ra66po II aCCeI{CUT013hle ra66po pacrrOJIaralOTCH nUYTpn FtRTpyallBublX TeJI 
3aIWlIOlllepno - UOC IOllUO. B pe3YJIbTaTe p;llcpcpepenD;lla.qlIJl B03UHHJIa aCIDI

MeTpIIH B CTpoemUI l1HTPY3Jl13JIbTX TeJI . Y JIema'-lOro 60Ha naIUIOHUI,IX AIICPCPC
pon.qupOBanllbIX :mrrpYSllJmr;rX TeJI paCIIOJIaraIOTCH OJIllBlllntThl II llopnp,OTHTbI, 

Y BllCH"'lerO 60Ha ra66po n acceHCHTOBLle ra66po. MO)-l{AY nep11lWTnTa IJL 

H ra66po p aCIIOJIa1'aIOTCH IlllpOHCeRHTbI. l{onTaHTM 1I10)KAY l'a66po ][ mrpOH

CORlITaJ\lll C IlOCTenenRbIMll, XOTJI I1 6UCTPbIMlI nepOXOAall:Jll, HOlITaI,Tbt Jlfomp;y 
nHp Ol{COnl1Talllll II nepI1AOTHTaMl1 Ollom> peaJ(He. 

ilpaBllJIbnOe nOCJIOlllIOe paCIIpep,eJIenlle ropIIhI ' nopoA D AucpcpepeIID;n

pOBaUUhlX nIITpyaHBHhlx TeJIaX llIIorAa RapymaoTCH . BnYTplI IIllPORCOIIOBbIX 
OJIRBHlIlITOB 11 n pnAOTllTOB DCTpe'-laIOTCH 'laCTim, DlIr eJOr.qae CPOPMY rnea)!, 

CJIOH~eHIIhIe RpYIllloaopnHCThllIIlI nerMaTlITOBUAIJbTlI1H l1UpOHCeUIiiTall'lH ][ 
OJIIIBlIIIOBbIlI1J:I nnpOHCOIIIITai\\II, oooram;eRIILu m TI1TaUOMarneTl1l'OM . B nll
pORcenUTax BCTpe'laIOTCH RpynH03 PIIIICThIe y-qaCTI\ll l'a66po-Uel'i'll aTIITOB . Pa3-
i'lIepbI nenpaBllJIblibIX y<.raCTHOB 1I rRcap; P;O HOCIW JIbI{I1X MeTpOB B nonepo'1-
IIUl, . 

CpeAlI ra66 po BC1'pe'laIOTCH ner raTHTOBIlAHMe yqaCTlHt ('a66po C l<pynnbTllfif 
J{pIICTaJIJIaMl( lOBOIWlluuoro mlpOJ<ceHa 11 UJIarlIOHJIa3a. AlLl:I.; OTPOUI[f[ 

B CTpYHType AllcpcpepelI~l1pOBaRB.r..IX llIITpyauDIlLlx TeJI np01JBJIReTCfI B UaJIll

'lUU nOJIOCaTbIX I1 IlIHellRbIX CTPYl{TYP II B a3.IWlIOi\JCpn01l1 paCIIOJIOmenurr 
uepnu tlllbIX Tperu;HH OTp;eJIbIIOCTlL OJIHBllBIITI.!, rropnp;OTHThl, nupOJ\celIHTbT 
U 1'a66po CJIaraIOT cooeoopaam:,re MOI.qUhte CJIOll TeqCHlIH, pacnOJIaraIOlIl;JfeClI 

napaJIJIeJIbHO nonepXIIOCTlI !{OnTal<Ta . I pam[~a i\(e)HAY CJI01JMll T tteIJHH 
OOJll'UIO pOBHaH . BBYTPU OJIUBlilllITOB II nepTl,ll.OTHTOll, un pOr{CenllTOn U ra66po 
lIleCTaJlll1 xopomo DElpaa,ent.! CJIOF.( Te<[enUH, COCTOHI.qHe ua OTlIOCJ[TeJ(bllO 

MeJIlWa eplillCTbIX nopoA paaJIlI1filoro IIJIJ1 O,ll.lIUaIWBOro COCTaDa. Oco6eHlIo 

XOpOIIIO paCCJI allBaIIll npOCJIOmnDaeTCH Ilpll 11aY~IemllI pa31 aon 'lepea 
ra60po, MeaOl\paTOllble ra66po -qepep;YIOTCH C leJIaHOHpaTOBIT u[ ]( JIeihw
J{paTOBhlMu. 

9cceRcuToDhre ra66po (coAepmarn;J(e HaJIlleDblii: nOJICDOll TJHlaT) npnypo
'leUhl 06hI'II10 I( Depxum.r -qaCTI1M paa p e aa, lIO, I{aI{ nOl{aaaJIO lIsy<reJIHe paa

peaOB B paiiOII 'la "ma llYJJf,rYHpflrr, B ra66po '-laCTO IIP0)llCXOAl1T 
'Iepep;OBanJleM CJIOeB TeqeIIHII 113 l'a6opo 11 accer,CUTOBbIX ra66po . Tal oro 

pOAa -qepeAonaHlie ropHbIx IIOPOA napbTlpYIO:m;ero COCTana C paaJIll'UIWH 
lWJIll'ICCTBennbIlll COOTJIOmenJiIeM Mcn'AY r JIaDllellmmJI[ 1I0pop;006paaYlOm,mm: 
~IlInepaJIai\m npIl lI3Y'leIIlIJ>( paapcaol:l q pea ra66po DlI,Il.lIO IaHPOCIWIIJil-qCCl\J>( 

11 oc06enno XOPOillO DLmnJIHeTCH D pH i'lJ]!II{POCIWUl1"<lOC1<OH 06pa60TI\e IflJIUCPOB . 
Moru;nOCTh CJIoen Te'-IenHH oowmo 113MepHeTCH n CIWJIbIU[lIfII MeTpalltll 11 AeCHT
l{alllII lIrerpOB. l{poMe nep13lI"mOll CJIOnCTOCTll, B 1'a66po 11 aCCOJ\cnTOBbIX 

ra66po r.reCTai\I1I na6mOAaeTCH xopomo BbrpameIIllaH TpaXlITOlllWOCTb 6JIaro
Aap!l IfJIOCHOnapaJIJIe IhnOMY paCllOJIOH~emI IO JIcnCT JIJIarIlOmra3a . B nepr1.

,Il.OTIlTax nCTpe-qaIOTCFI CJIon cepIIeIITl1ll1I311ponaIIHUIX OJIllBIUIlITO 13, B rruPOl{

com1Tax CJIOTil 60JIoe lI1emWSepmrCTlilX IlllpOHCenl1TOD, D ra66po I:l uepuOA
TI1TaX CJIOIl, 060raI.qeum,re CYJIl'>cplIAaMIi . 

4 HHTPYSHH ITe'leHnr 
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TIepnFf'lIIble JI11HeiIITbl e TeKCTypbI TelJeIIBH Ha6JIIo~aIOTCH D raoopo If IIepn
~OTl1TaX, y~JI lIHeITnbIe IIpBS faTBlJeCHBe I<pf1CTaJIJIbI MOnOlWHrrrrOrO nHpOI<
cena paCIIOJIaralOTCJI IIapaJIJIeJI.bHO HanpaBJIeHHIO J]a~eRllJI nOJIOCaTOCTH 

H DJI3CTOnOU liJI n mmSOBH~ROfI cPOp?Jhl HHTPYSHBRhlX TeJT. JIMHeiiuoCTb rraHJIO
HeHa IIPJUlepnO l{ lOry IIO~ yrJIOJl{ 45-60°. B IwpelUlhlX oou;am IUfH . mlHCU
HOIIap3JIJIeJIbTIble TeKcTypnr Te~reHnH xopomo BhlpU» eIIhI, IIanpruwp, na rope 

RaYJIa. I1epBn1JHble TpenVlRhl OT~eJIbHOCTH D ~ncPcPepeHIJ;FIpOBallRMx lIlITPY
SJiBIIbIX TeJl a . p acnOJIaralOTClI SaI{OHOllfepITO no OTHOlIIemno 1< CTpyHTypahI 
TelIenUfl; na1100JIee xopomo BhlparI<ena CITCTellla nJIaCTOBhlX TpCm;nn, napaJI
JICJI.bnalI IICpnl'PIIToii TIOJIOca TOCTH II IWHTaI<TaAI C BMem;aIOm;HMH nopOAalll ll. 

,IJ;pyraH CUCT Ma TpCm;nn TIMeeT npU1l16pIIO MCpH~TlOnaJIbnOe npOCTnpaDlW
H l\pyTbIe YrJrhI IT m<JI OIT a , OJJl[SRJl e l{ BepTHltaJIbIThIlII. TpeTbH CllCTCMa none

pe1IlILIX (no OTnOmeII1 !lO I{ JIllneiiIToCTJI) Tpem;HH npIl repno nCpTICIT~I1KyJTHpna 
nepau~moii JIIIIIeUIIOCTn R nOJIoro naIWOReITa 1< ceBepy. B RelWTophIX CJry-qaHX 
YIl:asannhle CIICTeMbI nepBn~mbrx Tpem;rrrr OTll:CJIbnOCTn Bblpamenhl o<renb 

XOPOIIlO II ne yc.rrOlI lUTIOTCfl crrCTellfoii BTopOCTenOHRbIx Tpem;mr, lJan~e l{ aTUM 

CBCTeMMJ npIlAI JIlHBaeTCfl 6oJIJ,moe lInCJIO BTopOCTencrrIIhIX Tpem;mr, rr~ym.nx 
D pa3m!'TlIbIX nanpaBJIemU1X. 

OT'lCTJI nBO BI:d:pamerrnbIe saHOrrOAIeprrOCTJI CTPYIl:TYPbI AIIcPcPepelIl.(Upo
DaIIIIhIX 11llTpYSITaRhlX TeJI nOSBOJIJIIOT IlsyqaTb nx npn nO~ I Om;l"[ paspeSOB. 

PaspeShI DI<peCT npOCTUpamfJI nJIaCTOBT-.IX H JIIIH30Bn~HhIX ~ncPcPepeHI.(HpO
BanHhlX nnTpY3IIunhlX TeJl, 11 lJaCTrrOCTII, ~aJOT B03MO}lmOCTb CYAlI'l'.b 0 lIIOm;
IIOCTH OJII1UliIHLTon 11 nepl'l~OTIITOB, nMpOI{CenIlTOB 1'1 ra6opo, 0 nOJIOiJ{eBtal 
SOIl TeT{TOlnL~WCJ<IIX napymeIJHII BnyTpl1 paspeaoB, 0 pacnpe~eJIeIlnII opy
AellcrrIlH II T. ~_ 

Bej,ipullclI (VaYl'Yllen, 1938) AJIH xapaHTepIICTIIR11 BsaIIllfOOTrromenllU 
Mea{~y n PIl,ll()TTITalllJ1, nIIpORcenIITaMIl II ra66po B ~l1tPcPeperrn;IIpoBammlx 
HH'l'pYSIInIIhlX TeJIaX npn110AHT npOI.(errTIIOe COOTnomenIIe B Co~ep}l am1H 
paSJIJI~IllhlX IJOpO~ D paspesax. TaRIIo ~annhle npnBe~eIJbl, B lJaCTnOCTJI, ~JIJI 
AtlcPcPoperrn;uponannhlx mupysnnIIhlx TeJI, I{QTopbIe BCTpe~IaIOTCJI npII nsy"tJe

HIIH pasposa 'lcpes TOJlm;y TYcP0rerrHo-OCaA01JHhIX nopo~ Ha RaYJIe, lICpIl,llO
TIlTh! IIpeo6JIa~alOT Ha)]; ra66po BMeCTe C nnpOI<CCHnTalllII. B paspesax B l<peCT 
lIpOCTllpaUllH TYcPorenno-OCa~01JHbIX TOJIm; OObI1JHO IDWeTCJI n cr<OJIbIW nJIa

CTOBhIX If JIUJlsoaU~HhlX ~ncPcPepenI.(lIpOBarrnbIX llHTPYSIIBIIbIX TeJI. 
Kal< 1I1L[ BU~CJIIJ (CTp. 20), 'mCJTO AIlcPcPeperrI.(IIponaHIIr;rX lIHTPYSUBIIUX: 

TeJI D IIpe~eJIax TIeTleHrcl<o{'o n OlIca IIHTPY3IIII )];OCTUraeT 111, Ta 1 }He npnBO

~JlTClI ~aHrrhlC 0 lIlO11.(HOCTII IJepU~OTUTOB, nIIpOJ(cerrlITOB B rao6po D AllcPcPO
perrI.(HpoBamIhlx urrTpYSJ1lBnh1X TeJIax . 

,IJ;uIIIIhre 0 JIlOllJ,IIOCTII IIepII~OTTITOB, TIIIPORCCIIIITOB II ra6opo TIPHBO~JlTCH 
B paspesa , COCTaBJIeIIHLIX llpH IISY"leIIITll reOJIOrUlIeClwro cTpoenIUI pa3-

JIEJ.lIHbIX Y'WC 'l'l<OO nORea YJlbTpaOCllOBUbl X II ocnOBIIblX urrTPY3Ufl. 
I pOlite nepBII'lUhlX CTpYI<TyprrbIx aJIe rerrTOB, B ~ucPcPepelID,lIpOBannLIx 

IlIITPYSHBllhIX TCJIaX TlaCTO rra6JIIO~aIOTcH BTOPH'lIIbIO, IIaJIO;r,Cnnhl O CTpYl<TyP1l1 
II MeCTax TOI,TOUll'ICClmX napymoIIIIii. HaHooJIee xopomo Talme HaJIOmerrnbU~ 
CTpyI<TYPbI MsyqCnhI lIa YlJaCTI{aX C lIIITerrCIIBrrou CyJIbcP]]~HOij lIre~IIO-Hl1He
JIeBo~i MUll pa JH[saI.(rroii, B TlaCTnOCTH, pa60'l'bI na rope RaYJla nO:lBOJIIIJIII 

AeTaJIbRO lJ3Y'lUTb BTOPII'UIhIO CTPYl<TYPhI. 
paoOTe r. n. fopoyrro11a (19531'.) IIpnBO)];HTCJI CBe~errIIlI 0 BTOPII'IIU,IX 

CTpyr<Typ'l.X na Y'laCTIW RaYJIa, nanecennhIO na ropIIsonTHhle CTPYl\
Typnl>IO IIJIanbI. R 'llICJIY BTOPII1JHhIX CTPYI<TYPIIbIX aJIeMeHT011 OTnOClITCJI 
lI10llJ,IIaJI opYAonflJIaH TeRTOmllJeCl{afl SORa BIIyTpn nOJIOChI TYcPorenrro-oca
fl.0qUbIX nopoLl, C ~HcPcPepeHI.(HpOBamIhIMH nrrTpysHBrrhIllm TeJIat.m BnyTpa 
nOJIOCbI. "Llame Bcero Tal{aJI sona nl)QxO~lIT n~O Jrb JIema'lero 60I{a ~HcPcPeperr-
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~npOBannoro llnTpY3RBTIOrO T JIa, no nopep,RO :no npaBJIJIO nupymaeTcH 

II Tel<TOn11'1eCI<aH 3 Ha np XOp,UT BnyTpll nnTpY311Bnoro T JIa llJIl I BO BMe-

IIJ;aIO~nx nopop,ax . p p, neJIaH TeI{TOllll'l Cl{Ua 30lla 11M eT Oqenb nanmo 

3Ua'lOlln e npn 1I3 'I m m npon. CCOB CYJIb<pup,lloro lop,llo-mm JI BOl'O 0PY1W

neTIllH II r11)];pOT p raJIbllorO MeTa lOp<pn311Ia, 0 'Ie1l1 6y)];eT nO)];p0611 0 paCCHU

sano npn Onl1CanllU MeTa lOp<pR3!1la n py)];. 
,IJ;JIH ne'lenr lmx p,n<p<p pelll\llpOBannblX unTpY311DUhlX TeJI ym)Tpaoc

nODIil>IX 11 OC1l0BnbIX nopo)]; TUmI'mhl rpunUTODhIe CTPYI{TypnLlO <pUl\It Il . 

CTPYl<Typa rOpllhlX nopOA nOpllfaJIbHaa A l'I mnlaTU'IeClm ' ropnblx nopop" 

oBepllIenlIo OTCYTCTBYIOT npU3Ual<1l rn ii cOBhlX II rpanllTo-rnellcoBhlX TPYl{-

c 

o os /KM 

Puc. 8. 3ana;(IItJu ~ qaCTOI, IIpoTcpoa oJ"l c lmx oca; (OlJIIO-Ty<pOrC IJIIMX n o p oll, il'IC-
ll\alOll\IIX JIIl'rp~ 311Jl ).lbTpaOCUOJJlJhIX .II OCII OllllhlX n o p oH (UO llciipIiIlCII)). 

UUTPYSlIllIlbiC nopor\l~: 1 - ra(j6po (0 DIICH'ICM 601<Y IIUI<n OllllhIX III1TPYSIIBllblX TCJI); 2 - 11 3-
MCLlCIIIIl,1 IICPIIJ\OTIiTbi (D JlCmU'lCM 60l<Y II11TPY3110ll hiX TCJI). JIlClHJ\Y II BMCIICllllbl III IIC(1I1J\OTII
TaMil II raGGpo aaJlCralOT n ll pOHCCllllTbl (lla l<apTC IIC 0608I1aqCllbI) ; 3 - BMCU\alOU(lIc III1TpyallDllblc 

Tc.1a TOI"<ODo.~oc·raTbIC OCU)lO'lIiO-TY<pOrClIllbiC TOJl U(II ; 4 - nOl<pOBbl CIlIIJIIlTOU. 

Typnblx <pal\Ull . C e)]; T OTMeTUTb, 'ITO neCJlJOTpH na nLITOllCllBnO npOllBJUIB

mlleCH npoqecchl aBTOM Ta~fOp<pU311I a n pDUtfUhle Tp l{TYPh! D 1I1lTp 3llDULI.' 

rOpnblX nOpO)];aX 0'1 nb xopomo COXpaUHJlUCb. 11 l<mO'lCUIIO UP)]; TanJI1IIOT 

CTPYl{TypbI rOpllhlX IIOPOA na yqaCTl<aX, nOp,13eprmU ca nOCJI I\YJO~eMY 

paCCJIa11~ BanmO D 30naX Tel{TOnll'leClmX uapym lIIlll na Y'1aCTl<a ' C IIaJIO

i1,CJUlL11l1ll TPYl\Typalll1l. 

IhlTPY3IlDIlhle TeJla 3aneralOT corna no C BM ~aIOu~mlJ( nop lWlIIll. ro

pa3p,0 pome na6mop,aIOT H CJIy'lau, IWr)l.a }WHTal<TUan non p no Tb pacno

naraeTClI neCorJIa 110 C IIanJIaCTODaIIlIe 1 DlIloyqaIOIqI1X nopOA 1I IlllTp 31lBUbID 

JWnTal\T l<OCO cp 3 aOT IlallJIaCTOBanue . RonTaKThl C BMoru;alOru;n m nopO)l.a 1II 

llTITPY3UBHhle, BlIIerr~alOll\lIe nopop,hl nop,nepraIOTCH IWUT:lRTOnOllIY U3 len nllIO, 

B llnTpY311BnbIX TeJIaX IIa6mop,aIOTCH 301IbI JII)l.OHonTar TllI>lX 1l3M IT nUll. 

:hll p,annbIe YHa3hlBalOT na TO, 'ITO nJIaCTOBble II JIIlII30Dllp,nhle p,1l<P<P peII~ll
ponaIIIlble llnTpY3 lIBIIhlO TOJIa B03Ulll<JIII nOCJIe Imap,'laTOCTll CBUThI ne'lerrra 

l{Y'lIIU. ilpep,IlOJIO}I,errne 0 p,OCI{na)l.'IaTOlll <Pop lTIpOnanlIli llIITPY311BJIhIX TeJI 

IIenpaBliJIhiiO. llpOTIIB npe)];nOJIO>HeHHl'I 0 nnoporenIIoii npIlpO)]; llUTPY3lIH 

YJIhTpaOCnODnbIX II ocnOBnbIX 1l0pO)l. rOBopHT: 1) OTCYTCTBlle I'll iicOBhl ' 1I 

rpanuTo-rneucoBbIX CTPYI TYPlibIX <pa~lIll D llIITPY3[[BllhlX TeJIaX; 2) XOPOllO 

4* 
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BhIpaJ1 enubrc nOpJl la JIbHbIe HOnTaI TOBMe IlS~1eHeHUH no B ren.r.aJOD\HX uopop;ax 
H 3Hp;OJ<OHTaltTOBM rrSMe rreHHH B HRTPYSHBHbIX o opop;ax; 3 ) JI'feCTa m Ha6JIlo
p;a1On.r.neCH eJ{yo:oI no OTIIOmemnO It CJIOHCTOCTH BMen.r.aJOD\HX nopop; URTPY-
3HBRble J<OOTaJ{ThI. 

,I.J;JIH "apaHTepnCTJnm CTPYltTYP p;HlPlPepenu.HpOBaORbIX USTPYSUBObIX TeJI 
U UX COOTJIOmemrrr co CTPYKTypoii TYlPorenHO-OCap;O'lHhlX TOJIn.r. P;JIH 3anap;Horo 
yqaCTl:ta l1eq lIrCIwrO n OHca YJlbTpaOCHODUbl X H OCHODUbTX lTHTPYSlll1 np1I
B01(HTCH cxeMaTUSHpOBannaH cTpynTypHaH I{apTa (pRC. 8) . 

rJlaBa8 

l'lHTPY3RBHbIE rrOPO,llbI, 3AJ] Er AIon~HE BJI YTJ)R TOJ]~D 
T¥(J)orEHHO-OCA.QOqHI:'IX nopo .Q 

TOJlIII.e TYIPOremTO- OCap;O'lllbIX Oop op; B ITO'leHrCIWM paHono, I{pO~Ie 
p;I1lPlPep0HIJ.Rp OBaRHblx UOTPYSliIDUbIX MaCCHBOD, HMelOTCH Taltrl,e reHeTBTIeCKR 
CBHsaonhle C OOCJIep;nHMJI rre60JIbmne 1IHTPYSHBHhlO TeJIa ra66poDoro COCTaBa. 
ITo CBoe .ry saJIoramno n YP;JIHITOHI:IO JIRnSOBHp;nOH 1P0pJlIe 3TH HHTPYSIiDHhle 
TOJIa 6JlllSHH n SaJIeraHUJO J1 1P0pJIlaM p;HIP~epeRll;l1pOnaHHbIX HHTPYSHBHbIX TeJI . 

iipHneH ( iiyrynon, 1 938) naShIBaJI 3TH nopop;bI cpep;nosepnUCThIMH CIm
JII1TOBT:JMJI p;Ha6asamI, H. A. EJIHCeOB (1947 r.) - ra66po C nOPIPBpOBHp;Hoir 
CTPYl{Typoii, B. JiI. H aoYlIUrc (1 951 r .) OTHOCIIT 1IX It rpynue BIITPYSI!IBHbTX 
nopop;, pOACTBeRUI,IX l{ 31P~YSHBnhlll1 nopop;aM, H paSJIll'Ia T ra66po-p;l1a6aShl 
n MonU;OOHTOObTe ra66po-p;l1u6aShI. 

8TH OOpOP;1>I II teIOT ImTpY3HBHble I<onTaJ{ThI c Ty~orenRO-OCap;O'1Rhu.l1I 
nopop;allm U, no p;annhlllI r. JiI. rop6ynoBa, 60JIee P;POBHBll BospacT OTHOCHTOJIbHO 
P;H~IP penu;upOBanHhlx lUITPY3H8HbIX TeJI (CTp . 18) . 

ra66po , nopc}lrt pOBJlAflble r a66po 1I acceKCllTOBbIe r a6opo 

r u66 po c n o p(plIl)OOlIAlIOii u rnrJIIAIJoMoplpoo3epHilcToii CTP~'(Typoji 

B 3Ra'UiTOJIHOll CTeo U1I nH nopop;hl nOp;BeprJI1ICb us teHeHHHlIl II 3a1l19-
n.r.eHlIIO OOPBllTJ.HbIX 1\,[lUiepaJIOB nOCTepuopHhIMn. JiI3 nepBHTJ.RbIX 1IIFUIepaJl08 
coxpaJUleTCII MOIIOI{JIlIHHbI{l nrrpOKceII (p;o 3 - 4 111M B nOrrepO'lllllKe) B B1l1~O 
IIenpaBllJIbHJ>IX sepOII c nOiil{llJIHTOBbUm BKJIJO'lenIIHJlm sepen paspymeIIHoro 
am.6nTII3HpoBaunoro, XJIOPHT1ISlIpOBannoro R COCCJOPHTlI3JfpOnannoro IlJIa

rHOKJIasa . B pasnoBHp;IIOCTJlX C paBHoMepHosopnHcToil CTPYHTypoii nupoI{cerr 
IIr.-reeT Hep P;IW yp;JIIIIlOHnO npu3 mTH'leCI{YIO ~opJl1y. BCllpHneII ( iiyrynen, 
1938) OTHOCIlJl nIIpOI{Cen I{ p;HonCHp;OBhll anrHTalll ( g - p= 0.019- 0.020; 
e g= 41 °). l1npoKcen TIaCTO aM~n60JIrrsJIPOBao. RpYllHbIe HpllCTaJIJIhl TTITaIIO
MarlIeTUTa saM rn.eIIbl JIeii:TWI{CeIIOM. Mnorp;a B IIopop;e BCTpe'laeTCH n He""OJIb
mOM IWJlIPIeCTBe l{Bap~, a IIO AaIIIIhIM BeiIpHIIBHa, rpanO~lIpOBhlO CpaCTaHlIH 
I{Bap~a C nOJIeBhlM muaTOM. 110 TPYl{Type 1)a3JIU4UI0'1'CII P;130 paS.l:IOBHp;llO
CTII - nOp~l'rpOBl'fP;1[bTC ra6po C BI(panJIOIIIlHRaMH H'pynublx scpen nrrpo
J{cena II MCJIlW3epnnCTo~i olPH'rOlJoii: CTPYI<Typoii OCRonIToi;j Ma 'bl II ra66po 
C run ffp;HOMOPcPU030PIIIJ Toii CTpYI{Typoii C 0p;uua1WBoii CTenCIIblO ITP;1l0-
Mopq>l'ISMa T1JIarHO[{JlaSa Il IIJlpOf{Ceua . I'lMI1[QOCKHi-i allaJIJIS ra66po (cpop;
nesepnnCThlii CnnJIH'1'OBbJii p;IIa6as, no BeilpHueay, npl'rBOAeH B TaOJ!. 3, 
aRamr3 59). 

ra66po ~enTpaJIbnoii TIaCTH nOHca IIIlTPYSHii: O'1'JIH'Ia rOTCH OT ra66po 
paflOIIa RayJIbl 60JIbrrreii CBOlReCTT: 10. Y nl'lpOT\Ccua C Y'laCTI,a MI'lPOHU 
g- p = 0.029; eNg = 42° ; 2V = + 48° (no p;arrUhlM I1anynrHc, 1951 r.). 
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3ccm,CllTOBbIe ra66po 

8cceHCllTOBble ra66po omrcaHhl B. M. ITanYDlI'lc ua Cl,nall\JiIU na YlJa T
He MHpona. RpynnoaepuncThle nopoAhl cpeAH MeJIHO- II cpeAneaepnH
CT.blX ra66po. OTJIll'IaIOTCH OT ra66po UaJIH'llIeM HaJIHeBOro nOJIeBOrO mnaTa 
B BIIAe I{aeMOH BOI{pyr KpIlCTaJIJIOB aJU,6J'ITUaHpOBannoro nJIarHOIUlaaa IIJIU 
B BHAe anTHnepTIIToBbIX BPOCTIWB B nJIarIIvH.JIaae. CTPYI Typa o<pJITOBaH. 
ITo BUemlleMY BHAY H lIIHUepaJIOrn:qecKoMY cocTaBY 6mI3IUI l{ aCCe1{CIITOBhllIl 
ra66po na rpynn.bl lIDTpyaJIBU.blX nopoA B AH<p<pepemwpOBanUhlx lUITPYSUHX. 

rOpUble nOpO,IJ;bI, CJIaralOUl,lIe ,IJ;H(p(pepelJl~lIpOBanHble lIHTPysHBJlble 

TeJIa 

H3MeoeUHbie nepllJl,OTJJThI n nUpO}(CeHOBble OJllll3JJl1lJTbI 

ITepHAoTHThl OTUOCHTCH I{ BepJIlITa1l1 B TO Bp ellIH , Hal{ B MOUlJe-TYTIApe 
anaJIorH'llI.ble nopOAhl npeACTaBJIeU.bl ra pl\6yprHTaMH, B ITe-crellre pOM6I1-
-creClmn nHpoltCell B nepH):(OTHTax ue BCTpe-craeTCH. I aI< npaBnJIO, nepJIAOTHThl 
HUTeRCHBRO HSMeUell:bI, CBe;Ime MaJIO HaMellellnJ>Ie nepHAOTHThl C coxpanH-
BmH mCH nepB1I'ITIhllI1H r.1HllepaJIall11l1laBe
CTllhl B panone yqaCTI{a Iln:JIbrYFIpBn. 

COrJIaCRO B. M. I ynJIeTCKOIlIY (1936), 
K nepHAOTHTaM CJIeAyeT OTROCUTb nopo
Ahl, COAep;I{aIl\He 35-70 % OJIHBHRa, a I 
nHpOKceROBhlM OJIllBHRHTaJll - nopOAbI, 
B IWTOP.blX IWJIJil'IeCTBO OJIHBHRa IWJIe6-
JIeTCH B npeAeJIaX OT 70 H AO 90 % . 
IToAPo6noe onHcanHe <lTHX nopOA npH
BO):(HTCH B pa60Te B. M. ITanymuc 
(1951 r.). 

MHRepaJIOrH-creCI<HH COCTaB nepH):(O
TUTOB H unpOKcenOBhlX OJIHBHnllTOB CJIe
AyroIl\Hll: OJIHBHR, lIlOROI{JlHHRhlB: llH
pOKceH, HpacnOBaTO-KopHlllleBaH poro
BaH 06ManKa - ItepCYTUT, 6UOTUT, HaMe
Rennhllr nJIarHOI{JIaa, cepnenTIIR, XJIOpnT, 
anaTllT, MarneTHT, CYJIb<PHAM. OmIBHn
xpnaOJInT, COAeprI anue <paHJIJITa BapbH
PyeT OT 19 AO 29 ~o, CYAH no nOHaaaTeJIRM 

Prrc. 9. I C: lI1l<Tbl o .rIHUllua 0 ccplleu-
1'IIU n 3 I'\pO!lUlIIIOM II ' PIlp; O'l'JlTe. llpl1 

O~II M HIHC, X4 '. 

npeJIOMJIeRHlI ( g= 1.712- 1.730; Np = 1.676-1.693) JI no BCJIH"IllRe yrJIa 
ODTn-creCI<IIX ocei.i: (oT+ 86 Ao-86 0). OJIHBJIll 061)(1lno nal\ JIO C P rrellTHTIUaUpOBan, 
UCl{JIIo-creuHenpeACTaBJIHeT pai1:ou ITHJIbrYHpBu, rAe mupOIw pacnpo Tpaneu OJIU
mm, -craCTII'lHO H HRorAa B Slla'IllTeJI:bUOM CTenellH coxpallFIBmllllClI. Ha Rayne 
peJIJIH.Thl nepBHQllOrO OJIHBllHa BCTpe-crenhl 6J>IJII1 JIITIllT, B oAno I 06llaa< UUlI. 
Ha pJIC. 9 HPYllHbln y-craCTOI{ coxpallHBmerOCH OJIHBJ'IUa aaRUMaeT l\eRTpaJI:b
RYIO qaCTb aepua, no ItpaHlII 10Toporo paaBImaroTcH qemYUIH1 aII.Tlu'opHTa. 

MOllOI{JllIllIIbIll nnpOKcen OTUOCHTCH It anrnTall1 11 TllTallanrllTa 1 (nOA
p06nee CM. CTp. 8tl) 2 V OT + 40 ):(0 + 50°; Ng - P AO 0.031. I CpCyTHT 
BOanUI\aeT npn ~IaCTllqUOM aall1em;eHHH nllpOI{Cena ]I UCPCAIW UMeeT OAl1J1aI<O
nyIO C nHpOHccnOM (rouooceBYro) 0pHellTUpOBKY 2V=-70- 79°; c g= 11-
17 °; Ng= 1.686-1.688; Np = 1.664. BllOTHT OT Te~mO-l\OpIIqIICBOrO lW cJIa60-
OItpamcnnoro noanllI,aCT npn aaMeIl\eUlllI nllpO[{Cella II a~I<p1l6oJIa. 110 Aan
IIbt~l B. 11. ITauyulUc, Y TBMUO-IWpnqnenoro 6110TIlTa Ag= 1.G43; p= 1.593; 
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Na - Np = 0.051, y CUeTJIOOI{pameBRoro Ng= 1.608; Np=1.573; Ng- p= 
= 0.035. OTDomeuue II OJIeSHCTO-rJIHnOSell1HCTOM It MarneSlra JlbTlO-fJ1I!HOS MU

CTOH COCTaBHOH 'laCTTI B TeM'H0ll1 11 CneTJIO

OHpameHHOll[ 6HOTHTe 60: 40 II 30 : 70. 

Puc . 10. nllpOI<cellOTlhrii O.'IrtElI'fIlHT c 
pe.mu 'ra~1II 1I 0P nl!'IlI 0 1' 0 OJIIIIHlHa. 
B ~IOaOCT(l311CO 61!OTIlT I( cym>qll!AbJ . 

I1pll OAIIOM um{., X 25. 

OT):t;eJIbllhIe sopua UJIarlIOImasa pas

mmalOTCH B IIHTOpCTllIl,HHX Me>I{AY OJIJi

BDHOllI II unpOHCOHOllI. IIOPH}l;OTIIThI][ 

UHPOI{COHODhlO OJIUBIIHUThl CO}l;epiI{aT 13 

13apbnpYIOrqHx HOJHI'leCTBaX py}l;UyIO 

BI<paUJIeIIIIOCTh - lI1arUeTnT II CYJIbl})H}l;hl. 

Ter cTypa uopqlHpOBII}l;UaH 6JIarO}l;apH 

I<pynnhlllI J{pHCTaJIJIaM UIIpOt{CeHa, noil:

lOTJIUTI1'leC'fm DJ{J!TO'laIOD~ero sopHa OJIIIBH

Ha. B nnpOHCOHODhlX 0 lHBllIlllfTax CTPYI

Typa rnllH}l;IIOllIOpqmaH C l1}l;IIOMOpcilm:>IM 

OJIHUHIIOllI H J{ceuollIOPcilRI:>IM UUPOHCOUOll1. 

Ha pHC. 10 Hso6pa>l{eII mlpoHceuoBbIll 

OJIHBHIIHT C Bl paUJIOHIIOCThJO cYJIbcilH}l;OD. 

OJIHDIIH COXpaHlIJICH B SHa'lrrTeJIbHOH 

CTerreHH. Ha pHC. 11 xopomo Brr}l;Ha 

uoih<HJIHTOnaH CTpyHTypa UepH}l;OTUTa. 

Xopomo orpaHelIHbIe J{pHCTaJIJIhl OJIH

BlIHa, Ha:o;eJIO Sall1erqeHHoro TaJIhl<OllI 

H cepIIeHTIIH0ll1, nOHI<1!IJIHTFl'l CHH DI{JIIO-

qeHhI B CBe}HHii MOHOKJIIIHHhlli: nH

pOI{Con. Ha pnc. 12 xopomo BbIpaiI{eHhI CTpyKT PHhIO COOTHomOHl1H lIIefl{}l;y pas

JIl'PUIhlMH MJUIOpaJIallUl B HSlI10HOHHOl\f nepH}l;OTHTO, no neprmeMCH na O}l;HOllf 

yqacTE e CyJlbcpH}l;HO 1y opY}l;eHelI1HO. Xo

pomo Dl1}l;na uojlI{Jl 11TOBaH CTpyl{Typa

CpaBTIlilTOJIbrrO XOPOUIO orpaHeIIHhle sepna 

coprrOHTHHl1SHponaUHoro OJIUBI:IHa BY mo

'leRbI DUYTPH 6oJIOO J{PYIIlll>lX pemeTO

BH}l;UhlX sepen MOHOl{JIHHHOrO mrpOKcena. 

CyJIb(Im~(bI aaMew;aTOT Y'laCT[{1I mlpOl cella 

H aM'cilII6oJIa, paaBHBaIOru;erOCH no napo

Hceny. llMI1'IOCIUIO a .HaJIH3hI nlIpOI{CO 

JJOBhlX OJIllBIHlrrTOB 11 nepIiJ\OTFlTOB rrpn

Be)\01lL[ U Ta6JI. 3 (arraJIl'ISbI 1, 12) . 

II JI a r 11 0 It JI a a 0 n hI 0 U e p n -

}l; 0 T I'l T hr OTJIlI'laTOTCH OT nop :laJIblIblX 

nepH}l;OTJITOB ne60JIbmlIM co opa arm · M 

UJIamOKJIaaa AO 2-0 ~o II PO}l;1 0 }l;O 10 % . 
COrJIaCFIO 8. M. RYUJIOTCI OMY, npPl CO}1.0p

)Kamm IwarllOf, asa OT 10 }l;0 20 % IIOpO

}l;hI U POXO)\Jl.T n ra66po-UOPll}l;OTIITbI. lIJIa

rHOlmaaOBbIO IIOpII}l;OTffTH THUn'IIIhl l(lUI 

paiiona P .L\O npOffB JI mUl lin [brynpBl£, 

ua }l;pyrux Y'IaCTKaX OIIH nelIsnOCTRbI, 'lTO, 

BOSJIlOj-I"IIO, 06'l>fICUHeTCfI llUTeUCIIBlIbll\I lIS

lI1eUOUUOM nux nopOA B }l;pyrlIx pail:olIax, 

UpH I OTOPOM UJIarHOI{JIaS 3aJllerqa TCIl 

PI[C. j 1. 110 iilm;H1TOnUlI CTpy l<TypU 
I1a,\/eneHHoro nepl[AOTI1TU. :\IOUOI{JlUrr
lIbTi! IlUpOI,Ceu cEle>l\uii, xopomo 01'
panOlmbIO aeplla O.rmonna aa Mern;O
U1>1 'rUJT bl":OM 1I copn nTUllO~!. I1pll 

OAUO~1 urn< . , X25. 

XJIOPIITOM, IT uonolllY Tpy}l;HO 6hmaeT }l;OI{aaaTb oro UPHCYTCTDIlC CpC}l;U Uop

BflQnbIX lImnOpaJIOB. IIJIarnOlmas saMOTelI lI1aI{pOCI{OnUlJeCI{II, paaMephI ero 
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sepen }1,0 10 1>11>1 B nonepeqnHl{ . IlJIaruOlmas B 60JIbmllnCTBc JI qaeB salllC
III;aeTCH TOlllwsepnllCThlllm arperaTalllll rparraTa (rpoccYJIHP C no!,aSaTeJleM 
npeJIOM enIIH npllllmpno paUIIhlM 1.745, 
llanYlIlllc, 1951 r.). lnrnb IlspeAI a UCTpe
qalOTCH PCJIllf{Thl nJIarIIOlmasa C }1,Boii
nllIWBoii CTPYI{Typoii (aJIb611T- OmHo-
RJIaS 2 2 11-13). 

lIa puc. 13 OTlICTJIHUO Bhlpam IIa ru
nU}1,llollJOp<pnaH CTPYJ{T pa B nJIarllOKJIa
aOBOlll ncpllAOTUTO. 3epua OJIllUJ1J1a, qa
CTIlWO sall1CII~enUhle opn rrTIIIlOlll, nMeIOT 
IIAIlOMOp<puhle <POPMhl paSBllTUH. B 111 so
<:TaSllce nJIarJlO! JIas (Te~1ll e) nalWJIO sa-

leIIl;en arperaTal\1H TOrnm " sep n rpa-
naTa n 'lorn I XJlOpUTa. 1111rnqe IOlii 
anaJIUs nJlarUOIUlasOBoro U PUAOTIITa 
nplIBeAen n Ta6JI. 3 (anaJIus 2). 

n e p 11 II 0 T II T bI, 0 6 0 r a III; e II-

n bI e T II Tan 0 Mar neT 11 TOM, I1S
BeCTUbI na 'IaCT!, l1nJIbryH p 11 II na rpa
mlIl;e C nnpOKCemITal\lU. TllTaUOl\rarne
TlIT pasuuuaeTCH lIfeSOCTaT~eCl 11 llHorAa 
<: 06pasouanuellI UAepOHJ1TOBOii CTPYI{
TYPhI. PlIC. 14 OTHOCllTCH I{ PYAIIOMY 
(TlITanOl\rarneTllTOB01llY) nepn}1,OTUTY C 
<:IIAeponllToBoii CTPYI{Typoii. BnYTpu lJAll
OMOP<PUbI" sep H, BlmlOqenHblX B PYA
nyIO Macc y, DUAUbl coxpaIIIIBilllIeCH ylJa
<:TIUl rrepauqnoro OJIlIBIIlla. I1oAP06He 
06 {lTII nopOAa CHasano npH omrca
HUll TIJTaUOMarHeTIITOBoro 0pYAeUeHlJH 
(CTp. 8). 

Ta6JI . 3 nplIneAeII xmlllqeclmii 
au a JIllS TllTanOMarn TIlTouoro n PlIAO-
TUTa (anaJIns 3). 

CepneIITuIIrrsuponauuhl 
11 e p II It; 0 TnT bl UM lOT na1160JIo lIllI
pOlO pacnpOCTpaueun no panlI nmo C 
)l;pyr11MlI pasll0BUAlIOCTH !l1 YJIbTpaOCnOB
nblX nopOA. BeiiplITIeu ( iiyryn 11, 193 ) 
naSBaJI ;:)TU nopOAhI nlIpOI{Ce1l0BblMII C p
nenTJlUUTamr. OT n PlI)l;OTIlTOB 01111 OT
JIII'IaJOT H 60JIee nUT UCllBUI,IM paSBllTl'le 1 
IIO T pllOpnbl" lIIllUepaJIOD rJIal3HhlM 06pa-
30M pn nTfma. 

OJlllBlIH 06J:i[quo nomIO TbJO 3aMe
]11; n nOCT pnOplll>l III lIlIIllepaJIa~lJl rJIaB
JIM1\! 06pa30 l ceprrOllTHIIOlll. 113 lIep
DUWl>IX 1I1lllIOpaJIOB OXpall11JICH .1JJ1u[b 

PII.C. 12. 1I3~lcu Tlllhlii lIepIIAoTIlT C 
OP) ACIICJlh[~111 Y'lacTh8~11I (cy~b4)UAbl). 

IIpu OAIIOM ll"IC, X 2::>. 

Pnc. 13. 11.IHr"oH.18aonbJii "Cp"AOTlrr 
• rJII"I A lIoMopcJi"oii C1'P .\I'T~ poii. 01111-
BUll qaCTIl'lllO CCP"CIITIIJlII;Wpooall. 
1l:larnol(.18a pa3IJIIIH1CTCfI M 30CTaTJl
'ICCIW (1' MllhlC Y'HlCTIW) Il 38M IIJ, n 
arpcrHTaMll TOJII,"X 3CP('II rpall8TH 
)[ 'WIIlYCI, X.10pUT8. J Ipl! OI~UO ~1 

lIIm. , X ItR. 

lIIIpOli.CCn, nOJIUOCTbl0 lIJIII ':laCTll'lIlO. 1111 I Ol~ OIl 6 U,B TJIl,rii: Jl JtH p03 nUll 

11110r):(a <pUOJI TOl1bm OTTClll OM. lInofl\a BCTpetJalOTCH 3 pJla IIJIPOl ena SO
UaJIbnOll OJ{pac!wii )[ C 60Jle ryCToOl pam JlnLflllll Hpa Dbl1lll1 '1aCTfllllll 30pcrr. 
I1nTerrcllBlI e o[{paur IIl1LlC qaCTll sepen llMOIOT lItOHblIJllii I' Jl OIlTll qeCIH1X 
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oc ii: U 60JIce lInTCnCUBHO BbTpaiI HnYlo )J;Hcrrepcmo onTIPlCCImx ocen r> v. 
TIo AamILTM M. Uarrymnc ('1951 T.), Y TaIUIX 3OJIaJIhl1LIX 3ep H unpoJ{cerra 

B I{paeBoii: 'lacm g - p= 0.023; 
c p= 38°; 2V = 38°, B n; llTpaJIbII II 
~1aCTlI 3 OIIaJIT:>ll oro J pnCTaJIJIa g -

p= 0.030; c g= 45°; 2V=+50°. 
MOJIOI<JInnnblii: nlIpOT\ceu 3aJl!em;aOTCH 

llOCIWJlhl rrJlm pa3HOBUAUOCTnJlIU poronoii: 

06J11al11HI B Tal 0['[ ITOC C)J;onaTeJIbIIOCTU 
UUpOI{COrr _ HCP yTl1T _ Tell1JI0- 3 JIerran 

poronan 06Mam a a}{TUIlOJInTOBan pO

rOBan 06Mam a H TpC lOJIUT, rpUTIll.D;a 

.JI[ (T{AY pa3JI.IJlIDbIMU Tnnallm poroBon 06-

Prrc. t 4. PYHlfblU (TJ:lT8HO)rarl101'II1'O
Dhlii) 1I0PIII\01' U'l' C cHlIepOIIII'I'OIlOii 
C1'PYI{'I'ypoij. Bny1'pu Tlf1'aIlO~rarneTIJ-
1'OObrx ~' qa CT KOU DI{JllO'lClIhl 3 plia 
o.;rl[lJlma, '18CTII'lrIO f'PlteJlTrtTIII:'lllpO-

ralUm P03l an. Ral{ IIpanUJIO, n epnoJI

TmIII3UpOnaIITIhlX II prrAoTnTax 6noTnT 

pa3BHBacTcn B 3a1lrOTTIO 60JIbIDIIX KO nrq -
CTBa' no cpaun l1uro C rrepl!AOTlITa~m. 

TIJIaCTmIKH 6JlOTllTU rro I<panM 3aMern;aIOT

cn XJIopnTOJl! C HPI\I[lIIH OTT 1lI{a1l1ll UOJIU

xpOU3Ma OT rOJIy6oBaTO-3eJIenOro n;neTa 

no g H 30JIOTHCTO-}hCJITOrO n;neTa UO 

111111110rO. flplI On u ~I 1I111{ ., X 30. 
p (HlIKeJIeUOCHUii XJIOPIIT) . M3 nOCT -

pnopHLIX lImHCpaJron nan60JIe mnpOlwe 

pacupOCTpaHelme II leeT cepn UTHll, 

pa3011Dal W;Hii n TJIaBIlbIM 06pa30Jl[ no OJIlIDllny ][ PCII e TIO nrrpoRceHy. 

B II 60JlbIDOJII )WJIK~IeCTDe BCTpe'laOTCn TaJIbI, Hap60naTLI, pYAHhle \1[

HOpa JIbl - l arIITUT If CyJIbcPl'IAhl; U3 aJ\IJ;eccopnblx - anaTTIT. Tel{CTypa 

lIfaCCHnuan. CTPYI{Typa p 'Jl IlHTOnaH lloiinmJIIITOBan H rUIlll,IJ;1I0MOPcPH03ep

lIllCTaJI . IfMl!'leClmO ana 1I13bI ccpneU'l'JI

lUil3frpoBarrnblx nepnAoTllTon npllDCAerrbI 
D Ta6JI. 3 (anaml3 4, 5, 10, 11) . 

C e p rr 0 U T ]I 11 It T b[ OTJIH'laIOTCn 

OT upeAhlAYIll,cu: rpYUIILI TIOPOA UOJTHbIM 
lIJIlI nO~ITfI DOJInbIllI OTCYTCTOll JI[ pCJIUI<TOn 

rr PBlPIUhIX lIIIl11CpaJIOB - OJIlHlrrUa 1I nD
pOI cella. UnpOl{Cerr, Tal{ )He l'al{ II OJTH 

BD11, nOJTHOCThIO 3a1lfeU~ n C pUeUTIlTIOM 

(aHTI-IrOpnTOJlf) IT x OpnTOJlI. Ccpnerrnm 

(aITTHrOpHT H B JIUIJIHaX XIHf30TIIJI) JIB
JlJIeTCH rJlaOBWM: umcpa OM. B rre60JlT..

mOM 1<OJ111''' CTOC BCTP qaOTCn OJlOTHI', 
~laCTfl'IIIO 3a lem,errnLTU XJIOPUTOJl! 3eJI'C

HbTJI1 I[ II 30JIOTnCTO- iKeJTTbIJIIll OT'reHl{aJlIU 

rrOJIJ1.Xp0T13~ l a. B rrC60Jlh)[[OJlf T OJII1'lCCTOO 

13CTP ~IaIOT n TaJIhl, U l<apOOnaTb1. Ha

uJ[JOAa T fI CJIO,IJ;yIO])~C TI30JfpaTOJIbUOe 

3aMC])~ UD, UPII H01'O pO~l TaJ1h1' lIJIn 

J apoouaThl 3a1l1'lf\aTOT Jln60 unpOl\cen, a 

COPIlCUTIIH 3aJIICI[~aeT OJ1Jlll1Il!, JIu60 Hao

GOpOl', copn UTILH pa3BIrOaCT fl DO lfllpO

Kceny, a TaJTbI{ II Hap6onaTL[ 3l:\1l.leH~aTOT 
oJUmnn. Ter cTypa Jlla CIIBUUR, .13 pac

CJlalJlJ.oIlan I1bl x no POJlflX CJI :111llCTlaTaJI. 

PIIC. l:i. . pll IITlrnn'l' C PC: TIIY.TOUOU 
C1'py wl'),pOii II PII ; IOTII1'a. 0 : 111 UJll! :'Ia
~lelllaeTCIJ aJ'pOnl'raM II '1(111)'01, aUTII
rop"1'a. B llCIITpe 1I0Jlfl 3POBllfi 118-

XO; IUTCJI ncon;J.O)IOp¢03a no O:IU IlIlH)', 
DbIIlO.'JIle UUUIl OAlIlIM HPJlC1'a.1:J O~ { 

c pn D1' ltnu , - peAI'in HBJlemre npf! 
ceplIcm' IIHII3tH[IUf. flllpOL{Cl'n I1a~o 10 

3a~lcm.CII X.10pIITO)1 II OHIIC:la~1Jl mc
IC3ll . l..J(>plloe - C)'JlhCPU A LI f1 ~IUl'nO-

TfIT. Ilm(, + , X48 
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CTpYKTypa peJIU1{TOBaH - noiir<.HJIHTOBaH llJIU rUnl1,llnOMOPIPH03epun-

CTaH. 
Ha puc. 15 npnnO,lllITCH cepnenTJUUIT C xopomo coxpammmeiicH peJIllT{TO

Borr rllnrrp;IIOMOPlPllOU CTPYl{Typorr. OJIlIBllll saMeIl~aeTCH arperaTOM '1CIIlyel, 
aUTtIrOpIITa. B n;eUTpaJIbROU '1aCTn pFlCYllKa naXO,tl,IITCH nCeB]W lOPIPOaa no 
OJIIJBlIlly, BbJnOJIUeIIllaH op;nIIM Hpn TaJIJIOIIf cepnenTnna, 0'1 HI:. pO,tl,KOe HB
JIelIne B cepnonTIIlInSI1pOBalInbIX nepnp;OTI1Tax. TIIIpOJ{Cen naU;CJIO paapymeu 

II aaMoru;elI arperaTartm "<lemYOH XJIOpI1Ta II OImCJIOB II{ JIOsa, yqaCTfta 1l[ na6 10-
p;aIOTCH CYJIbIPIIP;bJ (qopnoo). B Ta6JI. 3 npliBOp;elIbJ xu 11l'lOCI HO aHaJIJt3hI C p

llonTIIlIIITa (anaJIllSbI 6, 7, 8, 9). 

llUpOI(CeUUTbl 

TIIIp01{CelII1TbI saRR tarOT no CBoe 1Y saJIeranmo B p;IIlPlPepenn;npOBaIIJ!bIX 

HlITpYSllBnbIX TOJIaX npOMe,KYTO'lHOe nOJIo/Konno J\I H,,llY nopIIp;OTUTaMII n 
ra66po, IWUTaltTbJ C nop;CTlma1Om;m.lli cepnellTlllIIISl1pOBalIlIbJMlI nepl'Ip;OTJ1-

TaMIl II lleplIp;OTIITallfll peSHIIe, a C ra66po, CJIaraIOm;lll\III BllCH'1Hii 601, 
llalUJOl:lllbIX ,llfflPlP pOH1~llpOBallliblx IIHTpySIfBlIbIX T JI, nocTenelIlIbTO, 

no lIa ne60JIbmlIX paCCTOHH1HIX. KpOMe Toro, nlipOI CeUllT])I CJIaralOT 
lIOnpaBI'IJIblIbIe I{pynlIo- II riiTalITosepnu

CThIO neTMaToIIp;lIbIe y"<lacTI{lI cpep;lI ne

PIIP;OTIITOB (tIaCTOl, DnJIbrYHpBll) C 
peSI{lll\m IWUTaI{TaMli C Jl'rem 0- 1I cpop;uo

aoplIHcThIMlI nepup;oTllTal\m. TIo pasMepy 
sopelI B. 11. TIanYIllllc (1951 r.) paSp;OJIHeT 
nUpOI{CelIllTbI Ra CJIep;Y1Om;He: 1) rliTaRTO 

S pRI1CTbIe (pasl\rep sepOR nIIpOJ{CORa 8-
10 C 1 B non pe"<llIIIHe II p;o 50 C iB P;JIl1lIY); 
2) I\pynrroaeplIllCTbIO (pasl\J p sepelI OHO
JIO 1 CM); 3) cpe,tl,neseprrn:CTbIe (seplIa 1-
5 rtm) 1I 4) lI!emWSeplIlICTI>Ie (seplIa 0.5-
1l1!M). II;BeT nopO,llI>I 'lepUbIll IIJllI TeMlIO
SellenbIll . 

fJIaBlII>IM l\lIDIepaJIOM HDJIHeTCH MO
ROl<JIHIInbIit mrpOHcelI . H.OJIIItIeCTllO BTO

pOCTen IIllbIX l\11'1lIepaJIOB lIeSlIa'lllTOJIblIO : 
XJIOP11T, I{Op11'lHeBaH 1I aOJIelIaH pO

TOBaH 06MalIHa II TpeMOJIllT, PY,lllIbIll 
l\UllrepaJI, anII,llOT, POP;lO 61I0TIIT, aI\-

PIIC. j 6. n ll"pOK aUUT c naUllAl[Q

Mop<l>noil: c1'pywrypoii. llpll OJ.(IIO '\f 
Iim,., X15. 

II, CCOpRbIO anaT11T II IPCR. TIop; MnHpOCIwnOM n11pOI{COlI 60Cl~BOTnbIU mll( 

posonaTbIU ,tI,O 6Jl p;lIo-poaOBoro C IPIIOJIOTOBbIl\:[ OTTeHHOM II pep;lO 6ypo
nanIll. 11ll0TJ],a nHTRllCToe pacnpep;eJrelIlie Ol\paCH11. TIo J],aHIlLTl\( B. II[. lla

llyrrIllc (1951 r.), g - Np = 0.023- 0.030; c g= 38-42°; 2V=+46-Mo; 
g= 1.715- 1.718; p= 1.689- 1.694. RpaclIOnaTO-1{Opn'lHenaH pOTOllaR: 06-

JIIanHa (J\OpCYTIiT) pa3BIlDaeTCH no nnpOl{CelIY Ng - p= 0.027-0.02. 
c g=8-12°; 2V=-70-78°. 3cJIenaR: pOTOBaH 06 tallI{a 06pacTaoT H.epcy
TllT. TpeMOJIlIT HMeeTCR: B lIe60JIbmOM IOJI11tIeCTDO. BlIOTllT B npOTIIBOnOJIO;+;

nOCTb nepIIp;OTnTaM nCTpetIaeTCR: 0'1 nb pe,lll\o. 
CnOTJlO-3eJIOnblll XJIOpl'IT B npOMerl\YTO'lllOll Macco IIIerH,lly HpHCTallJIaMU 

llnpOl\CORa, It XJIOpiiTy np11MemRBaIOTCH 1\1 1lI{11C S pna :mup;OTa, Tp !OJIlIT, 
B Op;IIInrQnb1X CJlYQaHX BCTpOqa1OTcH npeHIIT 11 I{Bapn;. Hpl{OOI<pamemlbli"r 

XJlOPIIT lIe cBoirCTO n nrrpOl{COllHTallt. CTPYI{Typa nanII,tI,110Il\OPlPnaR: n rJLIIlI

AliOMOPlPnaH. llo-nlll~IHIOMY, B HOKOTOPI>IX CJIY'laHX XJlOPUT BoaIIm,aCT npn 
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sal\le~OnllH UJlar110l\JlaSa, 'ITO UOp;TBOpmp;aeTCH HaomOp;OlllilHJlfII Hap; urrpo-

1,com1Ta~nI D paiioHO f[aJJbrynpBU. 3AeCb C HOCOMHOHUOCTbIO yCTa-
HaDJIl1lllaeTCH, 'ITO IwarUOlmaSOBbIO nB

POHCOHUTbI C HeOOJlbIUHlII cop;epii<aHHO 1 

IlJIarJIOr{Jlasa HMOIOT AOBOJlbHO IUupOKoe 

paCIlpOCTpaueUIIO cpeAu IIllPOHCOUUTOB. 

PYAHl,xll mHopaJl IlpeACTaBJreU Jlell! 01<CO

UusupOBaUUbIJl1 UJIbMCUIITOM, H:PYIlUbIe 

sepIla PYAuoro MlIHOpaJla UJI10IOT CHOJleT

HYIO CPOPMY. IIenraTouAHbIe unPOI{CC
UUTbl na Y 'IaCTI<O llll Jll>rynpnu Cop:op

'HaT OJlHBUU, saMelu.OUUbrll COPIlOIlTHllOM. 

Ha puc. 16 H 17 IlpRBop:eIlbI Jl1Jlr<po

cpoTorpacpHu IUJIllCPOB IlI1POHCOIlIITOB . 

Ha pHC. 1G XOPOIDO BIlAua IlauuAHO

J1fOpcpuaH CTpYHTypa mrpOHconHTa c pop,

IUIMU sopuaMR JIoiil{Ol{CeflUSUpOBaHHoro 

TUTaUOMarHOTUTa . 

Ha puc. 17 1I300pa}HeH oOJloe 

PHC. 17. HFlpOI{CeHH'f C run HArro
~Iop<puoii C'I'PYU1'ypOtl. B MeaOCTa3M
ce PYP;UhlO ~lllllepaJJbl n aepHo xno
pHTa (lIO 11 rarnOKJla3Y). npn O'~HOM 

lIUl{., X25. 

I<PYIlHosep HlIcTbIii mrpOI<CeHl1T C l'BIlll

P:U0ll10PCPHOii: CTP YJ{TypoiI . B IlPOMO
a<YTI,ax Meii<p,y xopomo orpaHOIIHbIJl1Jl 

I<pBCTaJlJlaMU J1fOHOlUUIUHoro IlUpOI{CeHa 

paCIlOJlararOTCH sopHa pyp,Horo Jl1JlnopaJla 

H B OP:HOM JI10CTe sepHO Han;eJlO XJlOPIITII

sBpOBaHHoro IlJlarBOHJlasa. 
o JI n D H U 0 B bI e Il H P 0 I{ C e H II T bI BCTpO'IaIOTCH fla RaMHlilJUmU 

JiI Y'laCTJ<C TI rTJlbl'YHpnrr . OTJll1'lalOTCH OT IllIpOI\CeHUTOB IlPBCYTCTBueM 
OJlIIBl1Ila p,o 10-15 %. Ha pHC. 18 
usoopa/i ell OJlBBHHOBbrii IlRp0I<CeHUT. 

3epHa OJll1BUHa XJlOPUTBSupOBaUbI U 

'IaCTU'IDO saMOrn;eHbI CYJlbcpBp:aMB. 

RaTaI<JlaSUpOBaHHbIe 

n H p 0 It C e HUT bI xapal<TopusyroT

CH p:pOOJlenUeM !(pUCTaJlJlOB nupo

I<cena H oopaCTaHU01l1 p,pOOJleHblX 

OOJIOllllWD BOJlOl<HUCTbIlIi TpeMOJlHTOJ\( . 

R pyUIl bre J<pRCTaJlJlbI JleM I<OI<CeHBS Ll

pOBallIloro lIJlbMeHRTa paSAPOOJIeHhI 

IT 'JaCTU'llro sall1em.OUbI ccpeuoM. 

Tel cTypa nHpOI<celIIilToB U OJlH

BlllJOBbIX nnpOI{CeUIlTOD MaCCI1DHafl, 

nrrorp,a JJlnI01~1H0-UapaJlJrOJIbUaH. CTPYl{

Typa uamlp, I'WMopcprraH 13 nOQTll )1[')

no~nlHepaJlbHblX nopop:ax II rIIIlup:llo

lvlOPCPUOSOpHI1CTaH D llJlaL'110KJla30BbIX 

mlpOI{COUJiTaX C PCSIW I<COIIOMO PcP

Illl[lIf paSl3HTIIelll nJlarnOIUla3a. MocTaMll 

lIaOJllOp,aeTCH npOTOHJlaS (H. EJIlI

ceeD, 194.7 r.), 'ITO BMpan aeTCH B 

BOJI n LlCTOl\l noracalIfm I< pHCTaJlJIOB 

PIIC. j 8. OmrnlTIJ061JU nnpO[{CeID1T. 
3epna omIBIma X.'loplfTrt3npoeaubI n 
'laCTIl'lUO 3aMer~enbr cynLCI)lLAa~fl(. IIpli 

OAUOM Ulll{. , X30. 

IlUp0I<Cena. XUJlm'locI{lJii COCTaB IlIIPOI<COlUITOB npOp,CTaBJleIl. II CKOJlb-

JUum XliMrIllOCIUU\1ll alIaJIl1SaMR (alIaJlRSbI 13- 15 II TaOJl . 3). 
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ra66J)o 

ra66po CJIaralOT nepxullc l:JaCTIl naIWOHIlbIX ,1J,uipipcPCHlJ,upoOalUIT:Jx HUTPY

.aUBRLIX TCJI, I{pO~re T 1'0, BCTpCl:JaIOTCH ytraCTl{H CpC,1J,lI llUPOL{CCliUTOB, CJIO,I CR

UMO ra66po. fa66po co CBCiHU [ IIOpBII'IHMM IIJIarUOl JlaaOM nc BCTpO'laOTCH, 

,'OTH BciiplIIICII ( ayr ' ncn, 1938) II yuor.nmaOT AB CJIY'lalI, lWl',1J,a ITCPBH'IlIblll 

IT aI'UOlUlaa COXpaHliJICH, O,1J,Irn cJIyqaii B pafrouo nu lr,rYHPBJI (mIaI'll 1m a 

2 0) 11 ,1J,pyroll IIO,1J,ITOmmr Ra [f>lI[l{lC3ll (IIJIarUOKJIa3 2 33). BapbllPYJOlll.lIC 

COOTHOlllCUWI Mca, y IIJIaI'nOlWa301lI IT nnpOKC HOM noaB JIJIlOT paaAOJIllTb 

ra66po IIa Me30Il:paTOBble, lIICJIaHOl{paTOBble n JIell! Ol{paTOnbIe (H. EJIucecn, 

1947 r.). CorJIacno B. M. RYUJIeT ]<OMY, B reSOKpaTODblX ra66po KOJIUl:JeCTBO 

UJIarllOl{JIa3a 1W 6JIeT H OT 30 ,1J,0 70 % , 
B l\IeJIaUOI<paTOBbIX 60JI e 70 % ][ B JI [r
IWI<paToBblx l\lClIee 30 %. ra66po 11MCIOT 

CPCARC- 11 l\iCJIl{OaepRlICTOC CJIOJHCHIle. 

McsoKpaToBbIc ra66po 

npCACTaBJIeUbI rJIaBUbIM 06paao I IIJIa

I'nOKJIaaOl\1 11 MOROI JIlllIHIDr IIHpOI{CeIIO 1. 

BTopOCTeIIeHHbIe l\1llHepaJIbI: XJIOPUT, a 1-

ipH60JI, IlIHepaJIhl 3IIH,1J,OTo-.qoHaIlTol30H 

I'pYIIIIbI, JreiiIwI{CeR , 6HOTllT, I aJIb.qllT, 

p AJ<O IIpeIIHT, mIor,1J,a ua6JIlO,1J,aeTCJI B 

BllA OT,1J,eJIbRbIX aepeu KBap.q; ll3 al{.qec

·COpUbIX - aIIaTHT. 

ITJlarHOlmaa B pa3JIII'lHoii: CTCIICHH 

neJUlTUa11pOBaR H CO,1J,CP)J{IlT MHoro l\1eJI

{HX 'IemycI< XJIOpHTa, l'I3pe,1J,J{a aepua 

l{ap6Ot£aTa Jl PC,1J,HO IIpeHIIT . rIo IIJIarH

'Olwaay MeCTa~U[ pa3BllBaJoTCJI lIIYTuhle 

TORlwaepllHCTbIe aI'peraTbI MlmepaJIOn 81111-

P;OTO-.qOU311TODOll rpyllrrhl. Cl<OIIJIeUHa 

nmCpaJIOB aUIIp;oTo-.qOII3HTOBOll rpynnbl 

]30 BUYTpemIlIx 'laCTaX I{pnCTaJWOB Iwa

TliOK asa YlmahlBalOT ua nepnII'lllyIO ao-

Pnc, 19. ITofiRUJlBTOnan TJ)YKTypa 
ra66po. XOPOIllO orpalleuubl npn
~MaTnq cl<lre "PIICTaJl JJhi 10IlORJlllll
nora IIUpOI{Cella noihm.'JJlTII'ICCI{1J 
BKJIIOqeur [ n 60;100 l<PY"lIhIC Jleii TbI 

UJWrJlOI<na3i:1. 111l!( .+, X 2S. 

naJIbUOCTb B cTpoeH1HI IIJIarHOtmaaa C 60JICC OCRonRbIM nJIarllOl Jla30M D .qeRT

paJIblihIX 'Ia TJIX KpHCTaJIJIOn. 
MOROlmUnnI:.lii IIIIpOl{CeII POP;CTBeIIOR IIIlpOI{CeIIY lIa nepH,1J,OTllTO)3 ].[ IIHpO

I<CemITon . no AanIIMI B. I1. ITanYIIlllc (1951 r.), g - Np = 0.019- 0.029; 
.c g= 38-48°; 2V=+40-49 °; g= 1.721; p= 1.G97 . BeCIJ,UCTlIbIU, po

.aOBaTbIll, p030nbIU: C ipuoJIe'rOl3bIH OTTeRHOM J1 B TaKOM CJIyqao nOJll[Xp Il'lRbIU. 

MeCTallITl IIHTrrHCToe pacrrpC,1J,CJICHIIC OH.paClUI. Tpn paarrOllUAHOCTH pOl' onoll 

06MaIII~u - CBeTJIO-l<opII'lRenaa, 3eJIeHaa n aHT1llIOJIUTOJ3aH porOJ3aa oOMamm. 

CneT lO-l<OpU~IHenaJI poronaa OOMatma 06paCTaeT SeJIenOrI, 1 OTO paa B CDOIO 

oqep Ab Aa tee 3aMeIIJ,aeTCa al{TllliOJIllTOnorr poI'oJ3oil 06MaUL{ ii. ,[I,aJIhrreiilllee 

.aaMelll. lIRe nupOl cerra Bblpa, l{aCTCfl B XJIOPIIT113a.qUII, XJIOPUT paanl18aeTCH 

B Br1)l,e arperaTa TORIUIX 'loruyeI<. CneTJIO-IWprrqnenoii poroDoii: 06AlaIII{1l 

cNg= 12°; 2 V = - 81 0 , OHa OTJIULIaCTCH OT I paCROBaTO-IWPJl~illeDOro I cpcy

TliTa B YJIl;TpaOCROBIIbIX 1I0PO):(aX 60JIee CBeTJIoii OKpaClwii 11 OTCYTCTDHOM 

l<pa 11M ' OTTemWB D 110mlxpOU3Me. BMeCTO Tpe IOJlllTa, lOT Pblii ll1.1eeT 

IDMpO(We paC11pOCTpaIIOIIH n YJIbTpaOCIIOBIIhlX nopop;a ' , B ra66po pa3811-

na TCfl al{TlIHOJIUTOBaJI porOBaa 06 ram a. RpYlIllhlC 1,plICTaJIJIbI Icii:lwl~ce
lllialIponaIIHoro HJIbMeIIH.Ta IICPOP;IW IIMeIOT Cl{OJIeTJIhlC <pop 1M. 
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Tel cTypa MaCCUBnaH, IIIIor~a TpaxIIToII~naH. CTPY1\Typa ocPuToBaH, 
AOJIOpHT013aH, llpn3MaTfI"<fecI<II 3epmrCTaH, nOllrmJIllTOnaH. <l opMa HpnCTaJIJIOB" 

PIlC. 20. COCCIOPIITH3HpoBarmoe ·OJlT!
BIIIlCO,\epllmU1ec ra66po. IInpor<ceH 
coxpalllUlcfl ]( IIMeeT xopomyro 01'-

parmy. npll OAHO~I llm,., X30. 

(arramIShl16, 17, 21). 

IIJIanIOT{JIaSa paSJlIr"<lnaH B SaBIICIIlI10CTl1 
OT 1\0 n"<lOCTBa nJIariiOlmasa B ropnoi'l 
nopOl\e, I{orAa nJIarIIOI<JIaSa Mnoro, orr 
paSBIlBaeTCH B BII~e y~JIHHerrnhlX n XO
porno orpanennhlX JI i.i:CT II pe3I{0 n~IIO
~IOPcPen no OTnomenlIIO J{ nnpoKceny. 
llpu IWJlII"<leCTBe nJIarIIOI{JIaSa, panlIo~r 
npII fcpno o~nofI TpeTU Bcex MnnepaJIOB. 
B nopo~e, OR pa3BIIBaCTCH l\reSO TaTl:I
"<leCKU B TO BpeMH I{aJ nupo}{ cn npII06-
peTa T YAJIIIllenRO rrpII3 raTIftIeCl,YIO 01'
panI\y. Hep AHO B aTUX CJIyqaHX Me>l ~y 
neCI{OJI:bt{UMH npIICTaJIJIa In nnpOI{Cena 
paSBlIBaeTCH o~rro 60JI)rnoe sepno IIJIa
rHO} JIasa C 06pa30namreJ\1 noihmJIIITOBOir 
cTpylnypLT. Ha puc. 19 xopomo BUAna 
nOHIUIJIHTOBaH CTPYT{Typa ra66po. Xopo
rno orpanenHIire rrpIISMa'rl1"<lOCT{lI Hpl1:
CTaJIJIhl MOnOJUlllITnOrO IIUPOI cena rroii
J{HJIHTH'ICCRn BRJIlO"<lenhl BnyTPH J{pyn
nhlX JIeHCT nJIarnOlmasa. XHMrrqeCIUI& 
anaJInSbI raoopo npHBe~eHy,I B Ta6JI. 3-

JI H B J1 nco ~ e p >I, a m; II e M e SOl{ paT 0 B hI 0 r a 6 6 p 0 BCTpe
"<leI1hl B paiiono ytraCTI\a Hum,l'Y fTpnll. I OJIHl.JCCTBO o JIliIB un a 2-5 %. 
OJInBmI nau;eJIO sa feII~en nocTopnopFlbIwI l\lJmepaJIaJlW, XJIOPIITO 1 n BOJIO}{
nncToii poroBoil 06~1aHI\Oll. TeKcTypa 
TpaxnTouAnan. CTPYI Typa npHShlalll
"tJ . 1m sepnrrCTan. Ha puc. 20 nso6pu
}l{ no co ClOPI1T1!lS.JIlpOBanHoe ra66po. ITH
pO}{Cell coxpannJICH H HMeeT xopornYlo 
orparmy. I pO fe R3Menennoro llJIarrlO 
J{JIasa M CBen{erO JrnpOl{Cena, sopna TI1-
TarrOMarneTHTa U cYJIT,cPnAOB. XMJlIO qC
cr nii arraJIIIS nSi\lerrenrroro OJIHBHHOBoro 
MeSOI<paTpnOro ra66po npHBe~err B Ta6n 3 
(anaJIns 18). 

MeJIarroI<paToBoe ra6Gpo 
OTJIrrrraeTCH OT 1IICSO}{paTonOro p 3101JIl 
npe06JIaAanrreM mrpOI{Cena na~ o JJl1U 11-
nOM. CTPYl{Typa MeJIarro[{paTOBOro ra66po 
peSl\O OTJIWraeTCH OT TpyI<TYPhl 1I10SO
RpaT 1301'0 ra66po, aepna ITHpOKCeHa 
IHleIOT YAJlnrr FmyJO npnSMaTH"'lCCI<yJO 01'
palII~Y, rrJI rnOI<JIa3 paannnaCTCH lIIeso
CTaTII"<lCCIHr. 13 rre[{OTOpIiIX CJIyqafIX HU-
6JIIO~a[QTCR ncp XOIJ;I,I MeJIarrOKpaTonhlX 
ra66po n ITJIarrrOl<JIaSOBbIO mrpoJ{C UUTIlT. 

PIIC. 21. I aTar, ,1aanponaIl110C raGGpo. 
110 TpelI\TlIlIW t O'1'JlOiRnJTnCL cy Jb

tPflAhT. Hprr OAII OM llTIK., X 15. 

I 13 a P ~ C B L( C l' a f5 6 p 0 OTJIH"<laIOTCR OT nOpMaJI1:>ITbIX (ue30J{paToBbIx} 
ITaJIlIQUOM sepen 1m a Plia, pacrrpep;emnOm;HXCH B rropo~c ITCpanUOMeprro. 
C\)olma 3epon 1 Bapu:a oHpyrJIaH HJIH YfJIOBaTaJI, I OJIlNeCTBO Imapn;a B nopo~e 
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OCTIIraCT B PCN{HX c.rryqafIX 6-7 %, 06hl'III0 Mcnhmc. Knapn; no raG6po 
B TpeqCHO 6W:JIO Ha KaYJIc, ll3BCCTHO n paRoHc IIIIJIhrYJIpBU n Bll)], yqa TIWB 
~pc)],f1 raoopo. 

KaTaKJIa3UpOnaHHoc 
r a 6 0 p 0 BCTpe~IaCT fI Ha H.ayJIc 
n 113BeCTHO B APyrux M CTax. Ka
'Talma3 UpOnn1IfICTCn n rpy6011I 6PCR
"IllpOBaHIUl nopO)],hl, reCTaMlI pa3-
BaJIhIJ,eBaHIIlI If UOJIBJIeJunr IIOJIOC 
rpy6Llx lIillJIOHHTOB. IIplI cJIa60 Bhl
pameHHolll KaTaK a3C IIOJIBJIfIIOTCfI , 
TPClIJ,URIU1, BJillIOJlHeHHbIe XJIOpHTOl\J, 
OT)],e IhUbIe yqaCTI{II HHTenCHBHO Ka
'Talma3HpOBaHHhIX nopoA oonapyrRII
BalOT neper.1eIIJ,enlIc pa31\p06JleHH:bIX 
qaCTCrr ItpHCTaJIJIOD H3MeneRIIOl'0 
lIJIarnOI< a3a. fJIaBHhIMH MHHcpa
;raMII B r<aTaHJla3IIpOnaIIH:bIX rao6po 
JIBJlfnOTCJI aJlhOllT1I311ponaIIIIbIIi nJJa
rIIOJ·wa3, XJJOpIIT, 113MeHerrnhlll PY,'l
IIhlU r.1I1HcpaJI - JIeUIWHC n1l3npo
Ban:nt.JU: lIJlblllerrUT, BonOI rra poro
BOll 06 laHlm, . I apOOlIaT }1 ImapIJ" Puc. 22. I a ~llm opTOlma:la 
U3 aI<u.eccopUIIX MlllICpaJlOB - arra- rlJla rI'lOK.-la3a n acce l<C IITO[l M 

'TIlT. Tel cTypa MaCCUBHaJI umr CJJaH- llJllc + . X4 . 
l\CnaTafI. CTpYKTypa p IllI{TOnafI 

nOl{pyr 
ra66po. 

IiJIll nop!fJHpOI{JJaCTIl~IeCHafI . Ha pIlC. 21 u306paw no 1{aTaHJIa3 f1pOnaHJIOC 
ra6opo. ITo Tp IlJ;IlIIl{aM OTJJO~IHIJlUCh YJIh!fJM)],hI. HMnqccmd[ allaml3 pac-

CJlanlJ,OnaHHOro ra6opo UPllBCl-\ H n 
Ta6JJ. 3 (aHa In3 22). 

8 C C e I C 11 Ton hI r a 6 0 1 0 
(1OH1\OHHTOB:bIe ra6opo). CpCAlI 1'a66po, 
npeliMYIIJ,eCTB HHO B BepXnl1X ~IaCTfIX 

llaRJlOHHhIX All!fJ!fJ peHIJ,llpOnaliTIhI lIH
TpY3nBnhIX T I, BbIA JIRlOTCn nopOAbI, 
OoOraIlJ, nlIhIe Ha neDhI r nOlI nbIM mna
TOM. eupllll If (Vkl ryuen, 19' 8) onn all 
Tal II nopoAbI no)], na3nallHe [ ra66po
)],nopuTbf, T. B. flepCI<a.1JHlla npeAJlo
nnma na3bmaTh ]LX OPTOI a30BbT 111 ra6-
6po llJIn ra66po- II IIllTaMn, H. A. Eml
ceen (1947 1'.) na30aJI nx ClC el{CllTOObHIII 
rao6po H B. :VI. IIanynmc (1951 r.) MOH
l\OHIITOBJ,lMn ra60po. MeiI<AY ra6opo II 
ClCCOI,CHTOBbIwr rao6po cyr.lJ,O TIl lOT no-

PIlC. 23. HamIellblU IJ031enOll lJlIJaT B CTenenHbIC nopexoJ.\hI. B. 11. IIanymuc 
f ae,\ll\ax BOI pyr UJJ<lrHOI<Jraaa 3a \10- l~a3b[BaCT ua npnypOqOHIIOCTb ClC eI<CII-

~el1 lllaXMaTUbl 1 a!ll,6JJ,TO~1. 
lIuK.+ . X 48 TOBbIX ra66po H BfICH'lCr.ry 60ry Au!fJ-

!fJepenn;UpOBa1Ill:bIX IIUTpY3HBnbIx TeJl. 

IIYi-l~AaeTCfI B YTowennIl. RaH 
nopOAa~1lI n3 paliOlia Y'Ia TRa 
BCTpeqruoTcH cpe.rr.rr ra66po B BIllie 

8m YHa3aHlIe B OOIIJ,eM npaBHJlhn e 
no}{aaaJlII na6moAeHHH naA r pllbl M IT 

III[JJhry.HpBII, :>cceI{CJITOBJ,1C ra66po 
npOCJIOeB 11 TaltllX npOCJIOeB 13 pa3-
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p 3e n lWJJbRO. I POMO Toro, acc I<CffTOBbIO n 060rarqe IIRble I{aJIlIen bThl no

JIeDbIM mna'rOM ra6opo IIa6m ;:~aIOTCH II B y)J,aJIenIIll OT BIICR'IOro 601{a llllTpy-

31:10Ub1X T JL 
f JlaDl IWO IIUlU pam.[ aCCOI{CIITOBLIX ra66po - aJIb6IIT1J3npOBaII1Jblii n coc

C1opnTH311pOnaU1JblH IIJIarnORJIa3. MeJIl{03epIIllcTbI arperaTJ:J MIllOpaJIOll 

anrr)l.OTO- U;OH3 nToBoir rpynmu BbIllOJ1JUllOT npomrylll;eCTBenno u.eIITpa bHLIe 

'laCTl'1 H PJ! TaJIJIOB IIJIarIfOJma3a . rIOPBll'lllblii rmarllOI\Jla3 IfMOJI 30naJIllllOe 

CTpoomf . I ann BhIff IIoneBoii mnaT 1Jp m.[y)]~OCTBeIIIIO opTOJ\Jla3 (J.. 010 g= 
= 2_4°; 211=-68°) nm[ MnI{pOJllm (J.. 010 g= 12°; 2V=-79-81°). Ra

nHeDblir nonoo :Ii: mnaT pa3BlloaOTCH mill B Bll)J, HaeJIIOI{BO I{pyr UJIarnOI\Jla3a 

(I\ae~mn aUTIIpaIIalULDU) I1Jll[ B Bll)J,O" 

alITllU PTlITOBLIX n POCTl{OB BnyTpH I<p n 

CTaJIJIOD UJlarnOlma3a. pnOIITnpOBHa 

Ha ~ I 1{ no OTIIomenrno 1\ UJIarnOlUIa3Y 

3aKonOMopnaK - ro~1O COBaH. IIa pnc. 22 
II306pamelILI Jm flnur opTOlma3a Bo]{pyr 

n i"ICT rmarnOlUla3a . 

II P )J,JW l{aJIIIOBbl)r IIOJI BOll mnaT B 

Haeflma, ' 3a~IOII~a TCH manlaTHblM anbOII

TOM, 'ITO B11)J,no na puc. 23. MOlIOlmnn

UbI]'! I1UpOJ{Con IIO CBOHM onTll'l CKUM 

cooiicTuaM 0Jl1130K 1\ 111 lpol\cony B rao

opo . l1npOI{ Oil 3aMell~a T H poroBoii 06 -

JlIalmo ir, XJIOPHTOM n OJ[ TLITOM. 113 poro
BblX OOMaHOI{ ~Ia~e B TpO<IaOT H al{TlmO

J1 ILTOOan porOBaH 06Malma, pome 3e HaH 

06bIlmoo nnaH ][ Olll;O pome HOpn'InOBaH 

porOBaK oor.raJJl{a, aRaJ10rJI<maH Jwpnqrro-

noii pOrOBO)r OOMaHl{O 13 ra66po. B [ CT Puc. 21. ;)CC('J.;CIITOOO(, raGGpo [1:1 ;1I1-
A()f{QIITll l'Tll. l-\a).I11. JIIII'. +, X55. C 'JIOPJ[TOM qaCTO pacnOJIaraIOTCH leJllm 

3 plla IIIlfIIOpaJIa ::nm OTO-1J;01I3 IITOBOir 

rpyUllJu . B XJIOpUTe B nn)l.e nenpaBrrJIbULIX 
rn 3)J, pa nonaraIOTCH ITOPO)J,T{O CIWUJlO1111H }Wpn'lUOBOrO 6 J1 0TJ1Ta . TOI<CTypa 

lIIaCC II BllaH lIJIn TpaXliTOlfl(lIaH . CTPYI{Typa npOlIM 1l1, CTBeIlDO o<!mTOBaH n 

pOil\e npJl3~l aTII'l CIUI 3epnUCTaR. IlMlI'leClmo anaJIJI3LI :lCCeI CllTOBhlX ra66po 
DpUBO)J,OITbI B TaOJI . 3 (anaml3I:J 19, 20) . 

R B a P II. 0 B U a C C J{ C II T 0 B hI 0 r a 0 6 p 0 OTJIll'IaIOTCn OT 

aCCOJ{CTlTOBJ>JX raoopo ITaJIJI'I1WJIl I{Bapu.a, a nllor)J,a Jmapu.a ]I rpauo<!mpoBblx 

cpacTanull l\aJllIOBOrO nonoooro mnaTa H l\Bapu.a. B. II. rIanymnc (1951 r.) 

OllIIChluaeT }{uapu. BbI aCCORCIlTOBbJe rao6po I JlIW3epmICToro JIO<rwnliH I\3 

an)l.OKOJ[TaI{Ta (puc. 24) . MOlll;IlOCTh :lIJAOHOnTaI<TllOl[ 30JlbI npmrcpno paBna 

1 M (I ayJla). f JIUBnble rropo)J,00opa3yJOlIl.ue JlnmOpaJlhl - aJ1hOIlTJ13npOnan

noil DJ1aL'1I01{JJa3 (7 - 80 go) 11 XJ10PIlT . BTOPOCTc11oIIlIhle lImnepanLI - l\aJIDC

Bhlil nOJJoBoir mnaT H lmapu.; PYADbTe IIlJLlJOpaJIhl - JIellIWl{COn n CYJIb

<pII)J,hl . I amI Bblji nOJJoBoir nLDaT pa3BnnaeTCH B BH)J,O HaOJllOJ{ BOHpyr DJIamO

l<J1a3a. M CTaMU n TpO'lalOTCfl rpaITo<puPOBJ)Te paCTaIIlIfl ImmIOBoro DOJIOnOro 

DmaTa II Iwapu.a. n pH B03pUCTaunn I\O JLfl'lCCTBa ]{aJInOBOrO nOJIeBOrO mnaTa 

UOpOl(a llopeXO)J,IlT B Imapu.CBLIO CU01ll1TLI. 

Rllapu. nhlO :lCCOI,CIlTOBbIO raoopo nCTpO'lalOTCK ne TOJIblW B :lIT)J,OlwnTaI\T

DOll 3011 , 110 n cnaralOT Y'laCTlnI CpO)J,1I :lCCOHTIlTOBJ:JX rao6po nne CBK3T[ 
c l\ollTUI{TaMU. D~J1lqOClme anaJIll3hI HBapu. BLIX :lCCOI{CIlTOllbIX ra6opo Dpn

n ACHbI B Ta6JI. 3 (aRaJIlL3bI 23, 24, 25). 
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,I(aHKoBbIU J\OlUIIJIe l\c 

,lJ;aHIHt cpeAu ARcpcpepeun;RpoBaHuhlx HHTPY3HBUhlX TeJI BCTpe<raIOTcl1 pe'[J;Iw, 
nCI<JIIo-qelUre npeACTaBJIHeT pa:i1:oH y ' IaCTJHl TIlIJJbt llp13n, AJIH lWTO-
poro xapal<TepHa OOJIbmaJI JI10lIl;HOCTb AIIcpcpepeHn;UpoBannhl' T JI . Aecb 
}J,aiirnI nOlIaAaIOTCJI AOBOJIbnO '"!aCTO, I<pOMe Toro, TyT oOHapynwnbI AaUIWBble 
rropOAhl, paHee Hel1BBeCTHhTe AJIH IIeqeHrCIWro paiiOHa BOOOlll;e (cueUHTbI, 
Imapn;eBhle cneUHTDl, rpaHocpIIphI, raoopo-nenlaTIIThllI AP')' COCTaB AaHIWBLIX 
DOPOA BapbupyeT 13 mnpOlurx npeAeJIaX OT YJIbTpaOCnOBHblX ,0,0 YJIJ,TpalO'lCJIblX, 
I<pO~le Toro, BABY' CJIy-qaJIX 13CTpe-qeHhl MOH"t{UKIITbi n cpYPQllThI. MOlIl,HOCTb 
Aae l( OT neCI<OJIbJUlX canTIIMeTp013 AO HeCIWJIbIUlX MeTpOB . qacTo D 3aJIb6an
}J,ax Aael( DCTpC'"IaIOT II TOFm03epnHCThle acpamrT013ble nopOAhI C nopcpnpo13oi.i: 

TPYl{Typoii, nepBOHa-qaJIbnO COA p>I<a13mlIe CTeI{JIO, -qTO CJIY'HllT l~01,a3aTeJIb
CTDO 1 l{pnCT3JIJIl13an;nlI AaeI nB MarMbl. Omrcaulle AaUI OBhlX nopop; npIIBO
AUT R. Y B iJ:pnncna ( ayryucn, 1938), oOJIee nomIOC onHcanne 1l,3ilI 013bIX 
DOPOA lIMCCTCJI B pa60Te B. ItI. l1anymnc (1951 r.), 1I3Y'IeUHe p;afII OBL[X nOpO/( 
U3 paMona y'laCTI<a UflJIbl' yrrpBfl 311a"t{]] TeJIbnO paClIIIIpUJIO C13ep;eHUJI 
00 ::nOll rpynne nopOA. 

H311\eueUUbIe nepUAOTIITbI 

M3MenennbIO ncpnAOTnTLI BCTpe'lenbI 6bJJIn na Y'laCTTW Un lI:,rynp13ff. 
MOUl,UOCTb ~~a 1< OT neCIWJlbI{llX canTnMeTp013 AO neCIWJIbKnX MeTp013, Aai:iIm 
paCCCKalOT cepnCUTfInU3UpOBanllJ,Ie nepH OT11Tb1. 

MaI\pOCl<OnnQeClm cpeAne- l1JIli lI1eJIl{Q3epunCTble nopOAbI C TUllTItIHO:U: AJIll 
nux nOMrUlJUITOBOll CTPYI\Typoi't, CJlerI<a yll,JIHHeHULIe 1I '"!aCTO xopomo orpa
llenllble 3epna OJlJ1IBaHa nOllIHIJl11TH'leCI<U Bl{JlIO'lenbI 13UyTpn I,pynnblx 3epen 
MOHOI mIllnoro nnpOI{C na. Inmb B OAnOM CJIy-qa nnpOI con nMC T 
yp;mmenno nplIB~IaTH'leCI<yro cpop 'ly. I'JlaBBbIe 1I1l1B paJlbT n nepMAOTnTax 
OJIIlDllH l'I MOHOEWllHUbIU nnpor< en, OJIHBnH J<OJlIIqeCTnOrruo npeOOJIaAaCT, 
nUpOl<CeBa HO MeBee OAnon TpeTR no OO'bellry. OJInBl1:B Ban;OJlO 3a le~eB Cop
neUTUBOM II 13 III IIJ,merr CToneHH TaJlbHOM. l1r:rpOl\CeH 13 0AHUX CJIy-qaJL' xopomo 
COxpanl1JIClI, 13 APyrnx cneml'IO 30pHa pOBOBoro !I10BO]mIlEruoro nupOE\cena 
n 60JlbmeM -qaCTII 3a lern;eHhl nOCTeplIopHLI~m nrncpaJIUllm rJIannbJ~l 06pa30Jl[ 
XJlOPUTOM, pe>l{e cepnenTllHOM, JIumb MeCTaUR CO 'paHnJICH I<paCnOnaTO-I opnq
Be13bIU aMcpu60JI, TeMHO-3eJIeubIii: aMcp1160JI IiI TpellIOJlnT. B He60JtLmOM I<OJIU
'feCTBe TRnH'lBlilO AJIH nepnAOTnTon nJIaCTillIKn OIiIOTIiITa, JiInOn~a 13 H OOJILIDOM 
I<OJlINeCTBe I<aJIbn;IIT. PYAULIe nrnepaJlLI - TJiITaHOMarneTllT, nnppOTllH, 
XaJIl,IWnllpHT, nenTJtanp;I!(T. 

O JIIIBIJUOBble [Il1pOKCe UlITbI 

,lJ;auI,a MeTallIopcpnB013auuoro OJInBllH013oro nllp0I<CenRTU llIOIWIOCTbJO 
13 GO CM H3UOCTIJa lIa 3anap;HOM Cl{JlOUe rOPbI KaYJTa U 3aJteraCT n cop n llTflllll-

3upOBannLIX nepUAOTnTax. IIOPOAY CJIaraeT HpaCHonaTO-IWpnqnOnal1 porOBall 
OQMaHI{U, IWTOpaJI 3aMeID;aeTCH CneTJlO-30JIeBOll poronon 00 [aIIl oii: n TpeMo
JlHTOM, MeCTaMTI I apOOHaTOM. B npOMemYTI{ax lI1emAY aepBallIR porOBou 06-
MaIIJm pacnOJla ralOTCl1 ncc13Ao~IOPCP03LI no o JtHBlTRy , CJIO}l<ennhIO XJIO pllTO
cepneBTIlBOBlillllll lIurnepaJIa~m . I OJIUqeCTBO OJIIiIDUHa B nopo,o,c, CYAH no nc B
p;o~ropcp03aM no oJtUBHny, AOCTRraJlO 20 %. CTpYI<Typa rnnRAlIoMopcpnaH. 
3aJlb6au]lbI Il,ael{ MOmnOCTLIO 13 5-6 MM CJlO,KeHltI TOHIW130JIOI{llJ1CTI,Um arpe
raTa~1U 3 Jr 'Huii pOrOBOIr 06~la.ImlI . DO ror<IIUMI1, pacnOnUl'alOUJ,UMII('f{ 11 p
ll CUAllI,Y JWpUO 1l0nepXllOCTII l<OfITaT<TU. 
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IIa 'IU 'TI (' ) In JlbrYflpnn BCTPCq HO neCl{OJIbl-W l (aCH OJllU3IlIlOBOr 

nnpOr{CeIllITa. B o,n.J!oil H3 nliX ,n.alma CJIOH,ena p ,n.IlC3 PllllCThlM: OJIIIBI1I10BhIM 

llUPO(,C IlIiTOM 0 CB il,lIM DlIp011: eHOM II H3MCllCllllbIM OJIIlBlIllOM, 3aAI rn:ell

PIIC. 2:i. J[ Ta\lop<p1I.30Ilalillblii nop
<!>n po UII;\ II bJii OJHlDlIUOlJblU III1POI{C
llllT 11 3 ,I:IaiJIHI. 130 DI{pan.TJCnUlmax 
CCpnCDTI1UI!3I1pOna IlJJl,lii OJlIlUnll. OC
DOUDan Macca IIpeIIMYIJ\CCTnCUno 11 3 
~ril: .nrllreIlllhJX KplICTaJJJIOU MOJlorC1 1I1I-

1J0ro IIl1pOI\CeU8. JJpll OAIIOM Dru, .• 
X30. 

UbilIl TpeMOJIUTOM )[ CepUellTRIlOlll. 11 II

POll: Cll 6c lJ,BeTllbrii UJIll p030naThlJi C 

:JOUaJIbJlhlM 1l0raCallileM II CTPYl\Typoii 

II COlJ.f:lbIX 'laCOn, cpop Ja HpliCTaJIJIOB 

YD.JlTmeIlIlO llpI13MaTIl'IeCI{aa, Y OJIllBJma 

Ol{P rJlaa llJIl! meCTllrpanllafl. ,il;onOJIblTO 

1Il0ro 3aMeIII,eHRhIX JIeUKOl\CeUOM 1 JlIUlX 

3cpeu TllTanor.rarHeTIlTa. CTPYJ{Typa ru

uu,n.nOlllOpcpllaa, YlJ.aCTJ{allUf noiilnf IIlTO

nan. B 3aJIb6an,n. ,n.ailI n, Y ee JIeil{a'ier 

6 "a, pa3BIlnaeTca nJIOTllaa TOll!{03epnn

CTan nopo,n.a Tellmoro, nO'ITII qepnoro 

Il;BeTa, HOTopaa no,ll; lIm({pOCJ<01l0M: npClJ:

CTaBJIaeT C060IO nopcpHpOBU,ll;HbI1I omlBU-
1I0BT>lii nr1pOl{ eUUT C O'-IeUb TonrW3epHll

CTOi.i: 0 llonnoii lIJaccoii. BJ{paDJIeHDTlIUl 

COCTOJlT 113 l{prrCTaJI on 01nlB HJra , nUI\eJIO 

3a~!Cru.cnnoro arpera-raMli 3epCH TpeMOJIU
Ta )[ DJIaCTllIfOJ{ XJIOpllTa, cpop la BI{pan

JIellHlllWn llCP ,n.lW ill CTrIyrom:'Ila. OCllOB

Haa Macca, nOJIllOCTbIO paCll:pHCTaJIJI!t30-

BaHuaa, OCTOIlT D3 y,n.JIHIlCJlrro np113l\!a

TllQeCIUrX O<lOllb MeJI!{I'lX l{pnCTaJIJlOB MO

llOJ{JIllIlHOrO UrIp01{CeHa II no,n.qnuermoro 

lWJIli qeCTBa JlleJIRllX 3ep n 'laCTlI'lllO 

JIoiiHOJ C IIJI311pOnanfloro TllTaUOMarneTliTa. CTPYl{Typa uopcpnpOBlI,ll;llaa, 

CTpyl\Typa OCIIonlloii: r.raCCbI 6 113l{aa l{ uaHH,n.rrOl\lOpcpnoii. Ha pllC. 25 II306pa

if{ U 1\1 TaMopcp1I30naUUI>lii UOPCPIIPOBH,n.IlbIll: OJIIIBllIlOBhlH llUPOI{C llllT ll3 

,n.airlm BI pallJIellIUIl{ar.m lI3M IICJIUOrO cprr JITIlIIU3IlpOBarrrroro OJIJ1BllfTa If 

ocn Bnoii r.raccbT, IIp fIlllYlI\e TD IlllO COCTOR U( If 1I3 Jl(OIIO({JIllIlHoro JIJlpOI{CCna. 

110p AY pa l\aIOT TOIl'laiimuo ,W !JIlOI , JIO," IlllbIe XJIoprITOM U Tp MOJIUTOM. 

AJlI(~n60JJII3npOJ)aJlUhIC IlIJ POI(CClIlITbl 

)l,aiitu! aMcpuO Jl1l3npOBallllOrO IlnpOl{CCHIITa BCTpe<!Cflbl ua llaCTl,e 

nn Ihr f1pnn lIa rJ1youlIC 250 M. no ~llll{pOCHOnOM no MCJIH03ep

nnCTaR nopOlJ:a, Oqenb noxoman: na on,n.OIWI1TaI{TnylO pa3IIOBI1,n.lJOCTb 

YJIbTpaOCDonIIhlX nopOlJ:. lInpOT{CeII nau.eJ10 3al\\ lII,Cll 3eJIeuoir poroBoi.i: 06-

Malmoii, H3 pC,ll;Ha BCTP lTalOT n: Memme 3cpHa lWPU'lUCDOJl poroBoii 06J1Iam H, 

XOPOUlO coxparrrwacb n pBUqIlaR YlJ:JIlIJI llno I1pn3J1IaTII'l Cll:aa cpopMa I1ceDlJ:O-

IOPCP03 llO lIfOllOl(JIIlnnOMY IlrrpOl{CCHY. CTPYlnypa PCJIIIJ{TOBUR, llalll1,ll;TlOMOPCP

llano Ie;1'lJ:Y nCCB,ll;OMoPCP03a?lIlI llO UlIPO!{CCIlY lIJUoro 111 JIlUlX aep 11 pYAHoro 
MUll paJIa - JIei:m I{CClI1l3UpOBalluoro TUTano mrn TIITa, l{pOMe Tor , DCTPC

'la!OTCR lIIC.TUOIC 3cpIla CyJIbCPll,D.OB. 

rn60pO-Dcr laTrITbl 

ra66po- n rr.raT IlThI (.i\Pynrr03epnrrCTbre ra66p) BCTP qaIOTCR ,n.OBOJIbnO 

qaCTO 11 IIp II tyJl~ccTBellllO B BU,n.C llCllpaBTlJIbDhlX yqaCTl{OB PCAll ra66po II 

pe,I>c pCP-II YJlr..TpaOCllOBUblX llOPOlJ:, B lIeI<OTopblX CJIYliaJlX ra66po-ll rl\Ja-
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TIlTbI JlaralOT l~aiirwBLIO T a. ITo Boe ry MUll paJlOrUqeCKOMY cocTany ra66po

IT n.raTllTr)I fiB HlJOTCfI HPYllH03 PllllCTbI 111 ra66po J[ IICCyT TIIllUt[JJbT AmI ::>TIlX 

nopOJ]; q pTLI Hal{ B OTuomeUIIU lll11epa1IOL'UqeCI01'O COCTaBa, Tal{ II D OTI10-

me1Il1ll CTP l<TypLI. rJlaBLIhll\lli llopo)J;006pa3ylOn~llMI[ l\IDJ[cpa1!al\1J( JIB !HI T II 

CIIJlbllO 113Mencmlblrr lIJla1'nOHJla3 - Ae3auopTIIT1I3J!pOBaUlIhll!, coc 10 PUTll3Jl

pOBaII11bIll U XJlO PIlTll311pOBamlbJil. 

l.IacTo Hpll Ta.1J1!bI lIJlarllOHJla3a UMelOT 3011aJlbUOe CTpO 11J[, OCCIOPIITOUbl 

TOH){03 PUUCTbl arperaTLI UbIl101!ITJ1IOT n TaHUX C1I)"'IallX l\OUTpaJITJIILIO qaCTI[ 

1,pIlCTaJl1IOB, n TO np WII{al l{pa nbIO 'IaCTn HpJ1CTa1I on 1IOnWllI [ 'III ThlM a1Ih-

6JlTOM. l1npOl{C 11 TunHtIlIbli'r )J;Jlll ra66po: B1'UT II1IU THTau- aurllT p03 B01'O 

lIB Ta, J11l0rl \a 0 1Iao nhIpa,l, nllbI~I l101I1I ' pOU3MO [. qa TO J1J[POI{ )[ ' OPOlUO 

co ' paUll T fl ][ J1I1lUb 'Ia TIlQIlO 3aM ~a T-

fI ),OPIl'lli BLIM l\ P TllTOM T MilO 3CJl -

llhlM aMcp1l601I0l\! BeTJlO- 3e1Ienoir poro

nOll OOMamWll ' JIOPIlTOM n llOC1Ier\ODa

TeJlbUOCT ll , KOTopall THllnqUa AJIfI raoop -

BblX nopoJ]; n l} urn. ] PYllrIblC 3epJla 

TUTallO~larH TIlTa 3aM lII;aTOTCfl willwl, ce

nOM, cP llOM ][ UJlblll IlllTOlll. 11 1l0rAn 

py uhlir MllIlepaJl 06p 3 T CI{ lCTUhlO 

4J PMIJI B rpacpJ1<I CI{OM paCTalllJll C DU-

pOl" eJlOM. PO~\ TUOlluafl Bfl3b ra66po-

llenJaTIlTOU rao6po, l\pOM 1IIJlTI pa 0 -

rll'le HOI' OCTaBa, nOAtI plHmaCTCfI II 

CTP I TypU],l~1I1 0 06ennOCTll1IIU ::>TUX II -

pOA. llJlarllol{1Ia3 pa3BUDa TCfI B DUAC 
y)J;mm llHLIX Jl iiCT, yqaCTJ{aMlI Daomo

AaeTCfI lloiiIm UTOBafl CTpyHTypa. 

f1oiilmJIUTODble OlllDlHlOllbIe ra66po
nOp(~npllTb' 

Aalll<II 113111eUelJDhlX llOllI<H1IlJTOBhIX omI

DllUOBLIX rao6pO- Dopcpnpl!lTOB BCTpeqeDbI 

6hlJlHUa qaCTI\ nIIJlbrYflpDlI. AaUKI:I 3a

PIIC. 26. MCTaMop!J>II300alllJbltr II0U
ImmlTollbtii ra66po-IJop!J>npIlT. 3 pua 
XJlOP IlTll3 11pooa llLl oro OJIUIlIJUa D1\JII0-
'H~DbI BlJyTprr 60JlhIDI!X 3 pen MO
IJOKJIIJl11l0ro nllpOKe .. a. ll.aarlIo!maa 
nOJlHOCTblO JJa~1 nOI! - 3a~lCr~cn ar
peraTa~H1 TOTJJorx aep u rpauaTa. lIpu 

OAIIOM 1IJ(J~ •• X 30. 

JleraIOT cpeAII COplJeUTIillH3HpOBaDlJbIX nepUAOTllTOD. 3am,6aHAhI Aa )( CJIO,({ UbI 

I13M lJ mlon CTeJ{1IOBaTOU 1I0po)J;oii:. BI<pan emmrm M IlOI{1IlllllJOrO IlIIpOl c na 

C DoiiIm1IllTOBIDIlI BI<mO'IeUllflJllH DceDAm.lOPCP03 XJlOpUTa DO 01IUUHllY ][ OC

UOBIIafl JIlacca 1I3 D anlOl{1Ia3a, ll 3~IeneIlnorO 11 3aM m,orrJlO1'O arp raTa~1J[ TOIl

KDX 3epeD rpaIlaTa, pIl DTlllIa Il Tpe 10 IITa, pa313JIBalOIl~l{X fI no l1IDIlDy 
II llllpoKceuy, C1IaralOT OJllIBllilOBJ,Ie ra66po-nopcpupUTbI. 

TeJ<CTypa IIlaCCHBuafl, CTPYl{Typa DOPCPllpOBllAnafl. 3aJl)6aIl~a D DIIJ];e 

y31\Oi'r l{aellll<JI mllpHllOIO D 0.5 CM 06pa3 T fl TOlll\o3 PHI[ Tafl Dopo):(a. Ta 

nopoAa COCTOHT 1I3 tIOmyel{ X1IOpl!lTa, II le1IJ{llX ll1IaCTlmOI{ nOTJIO- 3 1IeHoii: 

cmoAbI, OT)J;e1IbllLI' 3 pUbmreI{ 1IJ0DOJ<JlmmOro mrpOH ODa II llC nAOMOPCP03 

no OmlBI11ly, C1Ion{eUn.bIX X1IOPUTO I II TpeM01!IlTO I; oua, DepOflTllO, 13 3UI1JWa 

sa 'lOT pac}(pll Ta Jlll3an.llU CTe} JlOBaTOH OCDODDoir MaCChI. nnp I Ila H3 

3aJlb6anp,on c g = 34°; 2V = + 54°. IT pBODa'IaJlbHO COCTaD nOpOl\f>( 1I 3 3a1Ib-

6all)l,a 6bl1I 6Jl1l30l{ no cocTauy I DJ1POJ< eUODLIM OJlUDlIllllTallI (ITaIlymnc, 

1951 r.). Ha n0601Ibm01l1 pa CTOJJDIJIJ OT } onTaI<Ta B 3a b6auJ\OULTX n JlOCI{ax 

lJORDJlRIOTCfl DHpaD1I nnmm Tf31\1 lJelllJOI'O ll1IarlIOJ'J)a3a. IIa pu . 26 11306pa

;EeD 1 TalllOPCPB30Damlhlfl DOU IUlJlIlTOBhlll OJlHDlIllODbJll I'a66po- nopcpu pUT. 

5 HHTPY3HH ne'leHMf 
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3epHa XJIOPRTllSJilpOnaUrroro OJIHBIDIa DOMrnmHTII'leCIHI BRJl10"<JeHbI BrryTpHl 

HpyrrHhlx S pel[ Morr JUIlHlflOrO llFrpOI{CeHa. flJIarllOHJIa3 DOJIHOCTbIO saMe~elI 
TOlll\o3 prrHCTblM arperaT01l! rpaHaTa. 

JJ fH~Ie lUte aUaJIH3bJ rrOHIOIJIHTOBhTX OJIHBHrrOUbIX ra66po-DopqnlpRToB If 

nOpOr(bl liS saJ[b6all]l,a ]l,aUIHl DpIme]l,eIIbI B Ta6!I. 3 (arraJIHShl 45, 49, 50). 
C Doi11H1 1I'(TOB),lMH OJInBI[flOBbI {]I ra66po-Dop~I[pHTal\m B TeCHOH CBlISH Ha

PrlC. 27. ra66po-aop(~npUT C DKparr
JIeI1l:f1l1{aMlf npl'[3MaTRllecKoro 'I OIlO
I(Jllmnoro ImpO'KCOaa, OCUOBIIalI wc
ca UMBOT cpmoIfAaJIbuYlo T01{CTYPY }[ 
COCTOI1T 1[3 llJ]arUOKJJaaa 1[ nnpol cona . 

lIpa OAnOM U1[L(., X 25. 

XOAlITClI DOP ]l,bI, OTJII1:qaIO~neClI OT OIIH

carmOH rpyrrDJ>I AaiiII{QBbIX rropOA OTCYT

CTBHeJII OJIMBHDa, - 3TO DOHJ<HJIHTOBhle

raoopo-DOP~HPHTbr. 

I'a66po-nopllmpIlTbl 

ra66po-Dop~RPHTbl HSB CTHbI Ha rope

RaMMTIRHBl1 H 3aJIeraJOT B ra66po. MHHe

paJIorH'IeCJ{Hll COCTaB - aJIb6RTH3HpoBan

IIhrn DJIarHO[{JIaS, MOHO}{JlHHHhlH mrpo

I{Cell, B He60JIbmoM I<OJIH"<JeCTBe H He

rrpaBHJIbHO paCnpeAeJIeHHhlM n nopOAe

I{aJIHeBbIM DOJIen oi'r mrraT, poronalI 06-

MaHI{a, XJIOPHT, JI MHOI{CeH DO PYAHOl\IY 

Mlm paJIY, MeJIHOaepHlICTalI CYJIb~HAHaf1 
J3I{parrJIeIIHOCTb, aI<ll;eCCOpHLle l\muepa

Jlh£-arraTI1T. ¥ MOHOI<JII1HHOrO UHpOI<CeHa 

Ng- p= 0.027; eNg = 43; 2V = + 47°. 
B rrrrpOJ{CeHa x posoBaTO-~HOJIeTOBOro u;ne

Ta C HepanHoMepHoM oI<pacJ{oH 2 V B u;eIIT

paJIbHoM "<JaCTJI sepeH DHpOl{CeHa + 47 0 , c 

l<paJO +41 °; eNg = 41 °; g-Np = 0.029. 
RpacHoBaTO-HOpR"<JHeBalI porOBalI 06-

MaIII<a B BIil]l,e IIeDpammbIIhIX Y"<JaCTJ{OB cpeAR 3epeH DHpOI{CeHa. TencTypa 

MaCCHBHaH, MeCTa1l!H Tpaxn:TOH]l,HaH, CTPYI{Typa rrop~HpOBRAHalI C J3I{parrJIeH

UHI aM.K rrl1pOI{CeHa, n OCHOBHOM Macce MeCTa m: xopomo BbIpameHrraJI 11 3a

MeTHaJI TOJIbK rroA MHJ<pOCltorrOl\! ~Jl10HAaJIbHOcTh. 
Ha pHC. 27 JIl300pameH ra66po-nop~HpHT C )3J{panJIeHHIu<a iH DpH3MaTH"<Je

CHoro MOll HJIJirRHOrO llHPOI{C Ha, OCHOBHalI JIlacca HMeeT ~Jl10HAaJIbHYlo TeI{

CTypy H CO TOl1T TIS rrJIarHOIWasa 11 D11pOl{CeHa. X11l\m-qeC}{Hll aHam[S ra66po

nOp~11pJ1Ta npl1BeAeH B Ta6JI. 3 (aHaJIH3 44). IIpl1MepHo TaI{He me llOPOAb! 

BCTpe"<JeHbI ObIJl11 ITa YlJUCTJ<e 11 PrJlbl'ynpU.I1f, HO C lIIeHee OTqeTJIHBOM 

TpaXHTOHAIIOCTbIO. 

Ana6aabl 

,J:(aihur A)ifa6a3a )ifM JOT na)if60JIee mHpOI{Qe pacrrpOCTpaHeIIHe DO cpanHe

HHIO C APyrHMTI rropOAa iff. ,J:(aib{H IDITeHCHBno HSMeHeHHoro AHa6asa C pa3-

JIO>KeUHbIM nJIarn01{JIa30M: )if mrpOI{CeHOM BCTpeqeHhI 6hIJIH B pa~iOHe I'OPbI 

RaYJIa. AHaJIH3bl 42 )if 43 (Ta6JI. 3) COOTBeTCTBYJOT cocTany AaMJ{]i[ 

AHa6asa H3 u;eHTpaJIbrrOll H I{paeBOM "<JaCTII C 1'0 P hI RaYJIa. ,J:(aHI{a 

]l,fla6a3a )if3BeCTHa Ha yqaCTJ<e PenrreT'IHO}{H, 60JIee AeCJITKa AaeI{ AHa6asa 

HSBeCTRO n pa:i1:oHe YQaCTIW TfJiIJIbl'yrrpBff n paSJIH'lUblX nopOAax A)i[~~e
p gU;ffpOnaIIHbIX ffIl'rPY3FlBllblX TeJI. 

MFII16P a JILI , CJIaraIO~J![e A)ifa6a3LI: H3MeHeUHhlH JIeMCTOBbm DJIarHOlmas. 

aJIb6HTHsHpoBaIIIILIll II COCCIOPHTHsHpoBaHHhlH, "<JaCTH"<JHO XJIOP)ifTIISHpOBaH

UbIH. liIHorAa BHYTPH sepell HSMerreHHoro DJIarHOI<JIaSa BCTpe"<JaIOTCJI lIfeJlKIl8 
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anTun pTnTOBhle BpOCTKlI }WJIll Boro nOJI' Bora IDlJaTa. 1{acTo nUpOI<Cell Oq HI) 

xopomo coxpanaeTca, p030BaThlii UJIIl 6ec u.oeTllb.Iii (c g = 40, 40, 44°; 2 V = 
+ 49, 51 5°; J g- P = 0.01 , 0.025, 0.025), 'laCT[t'lHO at.J<p1l60JlI13IlpOnaH
Rblli J1 XJIOPllTIl3upoBanm..rli . PY.lInbIll: JI1HH paJI - JI HKOI<ccllll3npoBanuhlii 
TllTallO lam TilT. CTPYI<Typa lJoiiInlJloO<pnTOBaa (npe06JIa.lIaeT), O<pnTOBaa 
II p ~K CBO 06pa3uaH, ne KO JIbl<O nanOt.l1maI m;an CTPYI<TYPY JJallmpo<pnpon 
C JIeil TOBIDJH <popMa Jl1 llJlarUOlWaaa 11 Y.lIJIID! uno np1I3J1JaTlIQeCKlllIi Mono
J\JInnnhThI nnp l<ceno 1. 

H pe.lIIW B aaJIb6an.lIax .lIua6a30nhlx .lIaeH B BJ1.lI y:Unl ' Ha MOK B neCHOJIblW 
MllJIJIllllleTpOB 11 p }I,e neCHOJIbHO CanTJUIeTpOB mupHHofl BCTpe'laIOTCn 60raTbIO 
CTeKJIO 1 60nce T MUbIe nop0.lIhl, CO.lIep}I(am;ll p .lIKne II I JIlW Bl<palIJI nnl1KH 
nnpOHcena, p .lIHO CBe}KerO, 'lan~e aa lem;enuoro aCJI u il porouou 06 IamWH 
llJIU XJIOPIITOllJ, BHpalIJlennlUnI pa3JIO>I{ uuoro nJIarllOlWaaa 11 IIJraCTllllKI1 Tll
Tano larneTUTa. 

Ha "aCTl( IIIlJIbrYHpnH Cpe.lIll .lIl1a6aaoB BCTP qalOT n paauo-
nll,llHOCT11, U 1 IOm;UC nop<pnpOnU.lIHhlll 06mm C Bl<panJIeHlIHKaml iicTonoro 
lla ten IIHoro nJIarnOl<JIaaa .lIO 10 CM B .lIJIIlR. Tn pa3110BH.lIHOCTI( MO}lmO 
lIaaBaTb .lIna6aaOBbIMll nOP<PlIpUTaMlI. HelWTopble Y'IaCTI<I( .lI IIa6aa I3blX Uop
<pUPJ1TOB IinOr.lIa nO.lInepralOTcn unT nClIBnoii JlllI.lI0Tllaau.llll . 

llupOKccno-rpaHaT08blC nop01\bl , pa3 8118a101l~UCCn 3a C'ICT ICTa~lop(IJII3Ma 
1\Ua6a308 

IIllpOHceno-rpanaTOBhle nopO.lIhl HaBeCTIlbl B .lInyx .lIai'ma na rope Ha Jla II 
na rope ROTC JIbBaapa. 06c .lIailIm aaJIeraIOT B cepneHTIlHHanpoBamlhlx nepuAo
TI1Ta ' . IIopo.lIa CBeTJIO-aeJIeIIOro n.n Ta 11 lI1eJIKOaepmJCTOrO CJIon eHIIn paccc
HaeTcn rpallaTOBhlll1ll ;1 UJIl(al\1Jl. ROPOTIW npUal\IaTllqeCIUIe Hpn TaJIJIbl lOUO
]wunuoro 1lllPOl<C Ha C upIiaMaTH'IeCHoii: cnaiinocTblo Ii OTA JIbnO TbJO no n p
BOMY 11 BTOPOMY lllmalwHAaM (AllonCU.lI, g - p = 0.027 - 0.034; c g = 38 -
42°; 2V=+41 - 59 °; H. E mceell 11 IIanymHc, 1952). IIJIaruoHJIaa yaaJIb6au
AOB Aa 1< nau;eJIo aa~lOu~ 1:l xnopuToM, ana ne60JIblllOM paccTofIllHH OT aaJIb6au
.lIOB aaMelll,aCTCn TOllJ<oaepRHcThl~m arp raTaMlI rpaHaTa (nOHaaaT JIb npeJIOl\l
JIenun paBen 1.737 - nOQTlI 'lUCTbltl rpocc JIHp). fparraT B >lnIJIKaX 6 C~ll T
nhlii 11 poaonhlli, nOI<aaaTe b npeJIOMJIenHn 6eclI,oeTlloro rpanaTa 1.760, po
aOBoro - 1. 775. Bec~BeTllb1Jv( rpanaT 11aoTponnhIii, poaoBblu 06Jla.lIa T an -
MaJIbnOll IinTep<p pe~HoHnoH oHpaCIwH. CTPYl<Typa nop .lIbl p JIlfHTOOaa 
o<pllTooan. 

Yal<an JHAOIWnTaHTOBaH aOlla mllpllnOlo B n CIWJIbHO M11JIJIllMeTpOB CJIO
n<ena HaMen IIHhlM nOP<P11pllTOM C Bl{panJIeHHHHal\iH MOnOHJIJiHllOrO nnpOI<ccna 
1I XJIOpHTHanpOBaHHoro nJIarHOKJIaaa, ocnOBHan lacca l1a paaJIO>Hennoro 
CTelma C leJIKll ill aepna~m nnpOI{Cena H paaJIO}HeIIHOrO nJIarHOl<JIaaa. eliCTbl 
Bl<panJIeHHHI<OB nJIar1101{JIaaa pacnOJIaralOTcH napaJIJIeJIbnO non PXHOCTII 
IwnTal<Ta. XH mQeCIHIe aHaJIlIahl ullpoHceno-rpanaToBoii nopOAhI Ha n; UTpaJIb
nOll ~IaCTH Aai'mH Ii Ha aaJlb6an.lIa npHBe.lIenbI 0 Ta6JI. 3 (anamlaLI 48 H 49). 

aCCCKCJJTODbJe 1\ua6aabl 

,D;aHl<n acceI<CllTOOhlX .lIlla6aaoo napfIAY C .lIua6aaat.m IiJllelOT naH60JIee 
mupOlwe pacnpOCTpanenHe no cpaBnemno C APyrH U( .lIailHOObl III nOpOAaMll 
IIa Y'JaCTH TIUJlbrynpoH. ,D;aiilO1 :3CCel<CrITOObI .lIua6aaon BCTpeq IIbI 
6hlJlu Tal<>I{e na 'JaCTIW Mnpona. 

IIo on mneMY BHAY accel<CHTOOhle Aua6aahl no O>Im na .lIua6aaT..r, OT IWTO
phlX OTJInqalOTCn Up11 MlIKpOCIWnHq CKOM llaYQeHHlI naJIII'lHeM l<aJIlleBOro 
UOJIeBOrO mnaTa, paaOHBaJOlII.llMCn npeUMYlII.eCTO TIUO 13 OU.lIe l<a MOl< nOI<pyr 

5 • 
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llJIal'ffOl<JIaaa J1JIH B BUAe OOJIbmOrO ]{omPleCTna lIlCmUIX aIlTnnepTRTOBblX 

BPOCTI{OB IT, nal(OU 11;, B peAI{(IX JIyqanX B nn e CaJlIOCTOHT JIbHhlX aep H. 

rJIaBllbIO nopoAoOOpaaYIOJ..O;I1e Jl£TInepaJlb[ - ITJIarnOIUlaa, lItOHOHJIlIJUThIrt na

POI{C II, nOA'IUTlOIIHO 3Ua'IeUI10 UJlfeOT l{aJIU BLIH: 1I0JIeBoi'i mIl aT , B II OOJIbIDOlll 

)(OJIUtI CTOO JIOrmOI\Cemla l'lp013arrUblff TIlTanOMarEWTHT. ITJIarnOEmaa B BI1Ae 

p;OnOJIbHO xopomo orpalIonIlbIX JIe{ICT, JfallIeITOFlFlbllr, j\eaaaopTIITUa[[pOnau

nLm (aJlb6HT), ram'1013bIU nOJIo13oii lUnaT - OpTOI JIaa(.1001 g= 89 °, m= 7°, 
N p = 84 ° B J aOMI{a ; ..L 001 N g = 88 0 , In = 7 0 , p = 86 ° B arrTlIllopTllTOBbIX 

BpO TI(ax). 

I{ao nUl HaJll! Boro 1l0JIeOOro IDllaTa COCTaBJIHIOT npOp;OJlfI{QIIlte I<pllCTaJJJIOB 

llJIarnor<Jlaaa H TaInT e XOPOllO OrpaHeTlbI, naXOj\nTCH B rOi\lOOCeUOM cpaCTa

HllIl C n Jtal'fIOI<JIaaOlll. MonOf<JIllHHbIH: llJlpOI{Cen B 60JJbIDUllCTlJe CJIY~laeB B aHa

'm:TeJIbHOii qaCTll , 0POllO COXpallJ{JICff ( c g = 44°; 2 V = + 50 ° ; q- Np = 
=0.025; aBrtfT; c g=43°; 2V=+500; g-Np= 0.024), qacmquo aaMOlll;ell 

aeJIoIIo ii p r nOrl 06MaIIl 011, llOJIllXponpyrollWu B OYPOBaThIX II aOJIOHbIX TOHax , 

XJIOPUTOM, no KOT p My paaBII13arOTCn lIfeJIL{]{n ITJ!aCTI[J[RU aOJlenOro Ol'lOTI ITa. 

CTpYKTypa n ihU[JIoOWllTOnan, OTJIff'IalOJ..O;aaCH OT 06bIlIIJoir noii:tumooWRTOBOH 

CTPYI{TypLf B p,IIaoasax TOM, qTO napo! cen liM OT WOpi\IY yp,JIfmonEIl,IX n p,0-
nOJIT,HO XOPOllO orparrOIIlIbIX rrpHSMaTU'lOCJUIX r<plICTaJIJIOB, lWTOPhTO noilt{l!I

JIHTll'IeC[u{ IIpOpaCTaJOT JIOllCTaM11 nJIanlOlurasa. PeH{Q nCTpeqaeTCn l'UUlIAHO

MOPwrran cTpyl-nypa, B ocooeHnOCTI1 xopomo BblpameHllaH B pasnOOllp;llOCTHX, 
COA pn arU;l1X B JI060JJbmOM ROJIaqeCTOO HBapn;, I<OTOPblJ;"[ paanunaeTCff leaOCTa

THq CIUt n POSI{O JtCeIIO~lOpwelI no OTU01.UOmno Jt )l.pyr l1M ~mllOpaJIaJl1. 
Tal iHO Hal{ U 13 p,r1a6UaOBblx p;almax, n aaJJb6aHf~ax HllOl'JJ;a Ha6moAaloTcH 

YSl<UO J aOJl(QcUOT, rrepl)OaaqaJIbiiO CJIOt1-,Ofl llhI CT HJIOM C pOp;lnfJlllI lI1eJIlHIJI11!1 

BI{par(J[enIIlf({a~H1 uaMonenIIoro nJIarrrOlWasa C anTFWepTlITOHT,UIl1 npOcntaMI!.I 

I<aJIIlOBOro nOJI nol'o mnaTa H MorrOI<JIllrrnoro nrrpOl{COrra. CTeTmo oOJJa)l.aeT 

cJIa60u CTOIIOFIb lO pa ItpPlCTaJTJfl/IsaqF!J[ 1I COCTOlIT )fS TOIlI<OSepRllCTbrx arpe

raTOn coccropl'[T I1a llpOBaTIlIOJ'0 lTJt:arUOI{JIaSa H lIIem<l1X aepon HSM nellHOfO 

nIIpoI(CelIa, sa [ J~ Hl.!Oro Mem{J1M1'l 'I myil.J<a lEI XJIOp l1Ta. ,il;OBOJIbHO tHoro 

MeJII IIX aep 11 pYAuoro MlUIepaJla. 

C UClIIlTbJ If I>oapl.\co>{c)m,a l.qnc c rrCll rrTbl 

ITo Bll llllel';[Y Blirp;y CfIeIIl1Tl>l 1I I<napu;coA p,HarqHe CHOHIIThl awamlToBbIe 

IlOpOJl;bI CB TJIO-Ceporo 1I;neTa C aeJIerrOnaTbIM OTTOlIIWM. PasJI1ep aeporr 0.5 MM . 

rJIaOIIble Jl(IllIOpaJIbI - naMOltemlbIU )l.eaanopTffT IISltpOBaIIllhItl JIJIarrlOl{JIaS l!l 

l{aJI1IeBbIJI no (moif mIlaT (OpTOI<JIaS, ..L 010 Ng = ~o ; ..L001 In = 5°). 
fIJIamol{ JIas B Bl!lp;e HOPOTIW cToJI6<laTblx KprrCraJI JIOB C xopomeu orpaII

Roll: no J paRM oopaCTa T mfIpOT01J1IU I<aeJlll<a~m HaJIReBorO IIOJIeBOrO mnaTa 

(I{ae~lI01: Tlma aflnrpanaJ<IIBH); H.aJIllOBbIii nOJIoBoil mnaT B Hae max rraxop,IITCH 

B 1'011100 eBO [ CpaCTaITl11i C n JIaI'IIO I{ JlaSOM, peH{O naomop,a rOTCfI Call'lOCTOHTeJJ b

HMO aoplla l{amlOBOro ITOJIOBoro mnaTa. I1nOl'Aa I{aJIHOBblll: nOJIenOlr maaT aa

Meru;aOTCF! max MaTllM]\{ aJIb6)i[TO~L IJ;n oTlloiJ: MHfIOpaJI npep;CTaBJIelI MOllOI{JIrm

Hbl1lf llIlPOI{CO[LOM B BUP;O r JIIHIX aep n, 3llaqrnOJIhIIaH qaCTh 10TOPbIX CJIO

}[{ fla cn }\ 11M ImpOI{CenOJl'l, B MeablleLi CTenORf'I ITl<{pOKcell saMOru; II a~I WUOOJIO { 

IiI qam, XJT0 plITOllf. ITo XJIOpHTy paaBuoarOTCH TOHl{lle qemyi!nm BTop)i[qHOrO 

aeJIOlloro 6UOTrlTa. no llJIafllOJ JIaay paSB I10arOTCH U;OfISJlT I1 XJIOPLtT . ITo XH

MH'lO 1 O~ l y cocTany l{ Oap~cop;ep>\<am:n:o CIiIOIIllTbI (TaOJI. 3, anaJIrfS 52) 6mlSl(J[ 

I{ CII OltTaJlI. 

ROapl.I,COLJC crrCUIITbI 

Rnapu,oBbTe crielIliTLI - TOHl{OSepUlJCThIO JIOPOP;hI, CXO}l;Hble C ClieRIlTal\flI 

IiI ImaplJ,COp,opH<am;1iI m caeUHTaMJ{, OTJIr1QaIOTCH 1I0BhllleHHbI [ COp,epH{aHn eM 
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Imapn;a (10-15 %). MHHepaJIOrgqeCI<Hii COCTaB - H3M BeHRhIii, A 3aROpnlTH-

3tlpOnaHHhliI nJIanlOlOIaa, I{aJI11enhl:ti: nOJlCBo:ti: mnaT, ~neTHoi.i 1>1J1nepaJl, lmapu;, 
n 50JIbmOe I{OJI11'leCTDO TJiITanOMarneTr1Ta 11 c<pella, 113 BTOPH-qHbTX lIU111 paJIon: 

amrAoT, I1,OHaHT, XJIOPFIT, HaJIbIl,HT, nY1vrueJlBHT - HpI<0-3eJIenhtii: ulHepaJI 
CO CJIa5hl { nOJIHXpOHa 10 1 B HpHO-aeJIem>lX II 'HeJlTblX TORa l!lIIOrAa C aRO-

1.1aJ1hnO IInTep<p peIID;HOlllloiI OHpaCHOU. II pe05JIal\aIOJII.IIMH 1Illm paJlaflm 
HBJIflJOTCH nOJI BLIe mnaTbI. 

ROJIH'l CTBO ~BeTnoro MIIllepaJIa ne npeBl:,nnaeT 15- 20 %. IIJIarIIOl{JIa3 

n BHAe lWPOTlW cToJl6qaTLIX, XOPOiliO orpallelllIblX I<p11CTaJIJIOB 'laCTO C 1 ae1l[
ua ut I<amreBOro nOJIenOro mnaTa, IWTOpbI:lr 'laCTFr'lUO aaMem.cn rua, lItaTnhlM 
a Jlb5IITOM: II, I<POMC Toro, CJIaraeT CaMOCTOHTeJIbHble seplIa. IIJIar1101 JIa3 'l.aCTO 

3aMYTllell MeJIb'lailmIl III 3 pnalllll ~OllSJilTa 11 pe}l{e alIIlAOTa, nOl{pyr 3 pell 
anllAOTa pa3BllnalOTCJI acpHa nYfllfreJIllIlTa, 'la 'fb I1Y~tn Jlll l1Ta B 31llIKaeT 
3a CqeT I\BCTlIOro wrnepaJla. il,BeTnou JlJJffi paJI npeA TaBJICn 5YPoBaTO- 3eJIe
llhI r aM<pH50JIOM, 1{0TOp.hLti: 3a le~aeTcll aJ{THllOJIlITOJl( 11 XJlOpnToM. 

CTPY1(Typa XapaI<TCpH3yeTCJI lIp113 laT11'leCl<HMH <popMaM11 HplJCTaJlJlOB 
nJlarllOl<JLa3a, nenpaBnJIhHhllllTI <popMa HI paaBHT11JI I1,neTllOrO MJilBCpaJla l![ P 3-

lour l{ ellOMop<p1l3 £0 r I Bapn;a. 

ClleHIJTO - r pa mIT bl 

CHeUHTo- rparm:TbI CXOAUI:.I C J{Bap~CBhIl\IH ClIellHTallll1. MaHpOCl{OUJi'l ClUt 
Tom 03CpnJilCThIe nopOAhI CneTJlLI , 3eJrerrOBaTo- cepr>Ie. r aBllhlMll 1111'111 · paJlaMH 

JIBJIHIOTCJI 31U1C J[ ivrl1JlllhlC Jl UCThI nJlarllOHJIa3a 11 Tal{ Ii: ,1\e <pOPMbI JIeUCThI 
l{amleBOrO nOJl Boro mnaTa 'laCTO B Bn-

J];C npOCThlX J];BoiimmOB no aJIh5llTOBOUY 
salwHy. RamleBhl:ti: nO JIenOH mnaT 'lac

TH'lHO aa Ie~aeTCH max 'laTHhI!I1 aJIh5J:I
TO L IIJIarIlOI{JIa3-aJIh5nT. B I<a'leCTne 

I1,neTHOro MUll pa a B TJIO- l<opll'lneBblll 
6HOTHT B BnAe lIIem<IIX 'lemyeI<, OJ OJIO 

arperaTOB 1< Toporo pa3Bl1BaeTCJI lIY1\we
JIJIllT JIpI<O-3eJIellOro I1,BeTa, nomrxp 11-
pyeT n JIPI 0 - 3eJIeOhIX IT n eJITOBaThI,' TO

Bax, nnorAa xopomo BUAna aHO!l1aJIhllaJI 
nnTep<pepenn:I10HHaJI OI{paCI{a. B ne60JIh

mOll! I<OJIll'leCTBe npnCYTCTBYIOT PYABI>lll 
hrnRepaJI BlIlCCTe CO C<p nOllI, anHAOT, HaJIh

I1,HT. ROJlO~IeCTno I<BaplIa C 1 cerro IOP<P
HhIlIlll O~IePTaHHJI1Im 3epen npn1llepno paB
Hoe 15- 20%. 

CTPYI{Typa nopOJ];hI Xapal{TepIl3yeTCJI 

p e31{llJll E.jl,110 lOP<P03!110l\[ nOJIeBhIX mna- Puc. 28. <D YP'lUT. 11 PI[ O,,\rrOM DlU\.. 
Ton IT I{CenOllIOPCP1l3 10M APyrnx mne- X 30. 
paJlOB, n oco6 llITOCTn ImaplIa. B Ta5JI. 3 
(allaJIR3 51) npllDel \ H XUJlfH'leClnni anaJIll3 rpanocueHHTa, 6JIJl31<OfO no 
COCTaBY l{ TpaXliJIllUapluaM. 

I'pauocf>UPbl 

,I(aiil{a rpano<pllpa nCTpeqena 5hma B OAnOM CJIy'lae ua YliaCTH JIII JlhrYHpulil. 

MaI<pOCl{OmL'leCIUI aTO Cll TJIaH cpeJ];HcaepmfCTaJI nopoJ];a c 50JlI:,mn f l{O
JIgqeCTBOIIf 1<BapIl,a . IIopoJ];Y CJIaralOT l{aJIneBhlli: llOJIeBoIi: mllaT, 'laCTO 

B 31la'lllTeJIhnoii CTellenl1 npopaCTaIOJII.nH rpa<pnqecHn U[ npOCT[\aJliH 
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J\Bap:qa. B I10p;'IHIIBnnOM IWJIll'IBCTBB nCTpB~IaBTCf£ aJIb6HT H maXJ\faTIIblH aJIb-

6HT. Knap:q, RpOMB TOro, CJIaraCT I{PYIIHLIe CaMOCTOf£TeJIbIIble 3epHa n npo le
rI{YTI{aX MeffiP;Y 3BpIlaJl1H I10JIenOrO mIlaTa. IJ;neTIIoH MHIIepaJI npep;CTanJIen pep;
J\HMJI MeJlIU[MH sepna?fl1 6yponaTO-3eJIenOro aM<pH60JIa, arperaTa~m nTOpU'I
noro 6UOTHTa B BElp;e MeJIRHX qemYCR U XJIOpHTa. B ne60JIbmOJl'( I{OJIII'IeCTBC anH

P;OT II MeJIKUe 3epna Pyp;noro J\llmepaJIa. CTPYI{Typa rumlp;IIOMop<pnaf£ II 
Y'IaCTl{allm: rpa<pH'IeCH:af£. 

Mon'llIKllTI>I 

,D;afma MOIlwrmTa BCTpe'IeUa na KaYJIe, B I epnc 6YPOBOH CI{nU>HlflIbl cpep;H 
p;Ha6a30B qeTBCpTOrO I10I{pOBa. 110'ITH 'Iepnan nopop;a COCTOHT n OCnOBIIOJl'( H3 

THTaIT-aBrHTa, ITcenp;o roP<P03 XJIOplilTa I10 OJHIDIDIY, IIc60JIbmOrO J\OJIIT'JeCTDa 
MeJIItlIX 3BP IT 3eJICIIOll poronOD: 06MaHJ{H, TpelltOJll'lTa H JIciiI{OI{CCIIa. TllTaIl
anrllT pa3BlruaeTcf£ npeHMYIIJ;CCTl3ellITO n BUAB BT{panJIenIIllIWI3 C nOllJ\I1JIllTO

nbl~m BRJITO'IBnIIf£WI lfSMcnCIIHoro OJllIBlllla. CTPYI{Typa nop<puponup;naf£. 

cDYP'IIlTbl 

CDYP'II'ITJ>l 06uamaIOTCf£na CIUIOnc rophI I{allIMIIIHlBH DbUIle CTaporo I{apnepa. 
TelllIlo-sOJI IIYIO nopop;y CJIaralOT THTaIl-asrHT, HpaCHOBaTO-J\opUqnenaf£ poro
BaH 06Man){a, JWllIWHCen H XJIOPUT. l1plISlI1aTU'IeCImB l{pUCTaJIJlbI TIiTan- anrHTa 

lIM TOT URTHllCTYIO OI{paCJ{Y OT 6Bc:qneTrWu AO POSOBOll: C <pHOJIeTOBIDf OTTB11IWM. 
KOJIIIqeCTnenITblll MllHepaJIOrl'r'IecJOIH COCTaS ITOpOP;bl CJIep;YIOIIJ;Hlr: BO Dl{pan
JIBnmmaX 29 % THTaH- aBrJ1Ta, 4 % poronoii 06Mauml II 12 % JIellJW}{CenHSII

ponarrlloro Pyp;lloro MHnepaJIa. OCnOB1'raf£ Iacca COCTOIIT HS BOJIOIUIHCTOll 

poroBoM 06 '!alTHff, XJIOplITa l!l ne60JIbmOrO J\OJIl!l'IeCTBa Imap:qa. Ha pnc. 28 lISO-

6pan ell cpYPlJ.HT. XHMll'ICCHIIU aITaJIH3 <PYP'IUTa upllBep;en B Ta6JI. 3 (aIlaJIllS 46). 

[JIana 9 

IOllTARTBbIE H3MEIJEHllH rOPHhIX rropo~ 

8Up;OIWUTal<TRJ>IC lISMcncnHf£ na6mop;aIOTCf£ Hal{ B JICma'IeM, Tal{ 1I B nIICf£

'IeM 60HY naIwonIlbIX AHcp<pepcn:qlIponaHIlLIX lInTpY3HBHbIX TeJI. Mom;nOCTb 
sou 9Hp;OHOUTaRTUbIX H3l11eUennii: ne60JIl>rnaf£ II 06hl'IIIO ue npenblIIIaeT ueCJ{OJIb
I{UX MeTpOB. 8K301{OIlTal<TIIhle HSMenenHfI cJIa6.bIe, 0 'IeM rOBoplIT nO'ITII nOJI

noe OTCYTCTnlIC I<OnTaJ{TUhIX porOBlUWB. MOIIJ;HOCTb 9J{301WnTaI{TIIblX son 
66JIl>IIlaR I10 cpaBneHllIO C MOIIJ;nOCTbIO anp;OI<OIITal<TIIbIX 30Il. 

8UAOlWIITaT Tnhle H3l11eIICIII1fI YJIbTpaOCRODHblX nopop; BCTpe'IaIOTCf£ 13 JIe>Ka

'lell[ 601{Y P;J:I<P<PepOIlD;HpOBaHIlLIX J:IIITPY31IDIIblX TeJI. MOIll,HOCTb SOJ:IbI 9np;ORon
TaJ\TIlhlX HSlIlcueIlUM p;OCTJ:IraeT p;o 20111. B YJIbTpaOCHonIlblx nopOAax - mrpo
J{CCJ:IOBl>IX OJIIlBFrnUTax J:I I1eplIp;OTHTax - IIa6mop;aeTcfI YBeJIH'leIIJ:Ie I<OJI.ff<Je
CTDa a1l1<p1l60JIa no '!Cpo I1pII6J1lIrI\oRllH I I<OIITaI{TY. HaMe'IaOTCH TpH 30J:IhI 

HSMeueUIIblX uopop;: 1) 30na 1I3MeIIeUHblX nepnp;OTHTOB C peJIJ:IInaUH nOlllmJIHTO

BOM. CTPYI TYPl>I; 2) 30na I1oPcpliIp06JIaCTH'Ie ClmX I10POP;, 060raIIJ; IIHbIX J\pYIIno
l{pnCTaJIJIJ:lT!eClmM aM<p1iI60JIOM (pasJ\Iepamr p;o 1.5-2 CM n P;JIIIIIY), U 3) sona 
{eJIROSepIIIICTbIX poroBo06 .IaUI<OBhlX nopop; C nelltaT06JIaCTJ:I'IeCI<OU CTpyI{TY

pOM Y HCIIocpep;CTBennoro I<OnTaI{Ta C BMeIIJ;aIOIIJ;HlIlH nopOAalllH. 
AlIIcpJ:I60JI rJIaBnbIM 1I1lmepaJI B ::JHp;Ol<OHTaI{TIlhlX I1opop;ax; HMeeTCH IIe

Cl{OJlbl{O pasnOBHll;UOCTeM ero. B 'IaCTIIOCTII, B 9HP;OI{OIlTal{THbIX nopop;ax 
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l,pa nOBaTO- ]<opUqneBJ,rii a!lHI1ll60JI DCTpe'laeTCn D 60JIbIDOM 1<0 HqOCTB no 

-cpal' HonUIO nepnAOTrrTa m D YAaJIemm OT .KOnTaHTa. Rp 10 Tal oro a~l(IlH60JIa, 
11 leOT n 60JI e CBeTJIan I<opll'ln DaTO- )l, JITan poronan 06MaTIl<a, CD TJlO- 3 Jle

naR poronan 06 faHl{a l[ 6 c~n THblll Tp MOJUIT. C :>TU 1\1\111 paJlbl noc OA -

BaT JIbnO 3at.IOlJ~al T OAIllI AP roro. 

lWUTaHTa C 13M ll~alOlf~UMI1 U pOAal\lII l{paCn013aTo- l<opII'lLl Ilbli'l aMq))l6 

COB pm nDO HC'IC3a T, aA Cb pa3DflBaOT n npeLlMY~OCTBonLlO B TJlO- 3 orran 

p ronaH 06MaUl{a C nOn'lUUeUHbIM 3UaqeHlleM 60CU;BeTHoro TPOMO IlTa. M -
CTa1\1Jl CO 'paUHIOT II p JII!l(TbI UOpBUqllOrO MOHOl{JIIIHIIOr mrpol{ ua,] pOMe 

Toro, DCTpO'laIOT fl nc BAOl\JOpcpoabl Cop-

n lITTrua l[ JlOp llTa no OJIlIDUIIY, Jl 60JIJ>

DJO lWJlll'{ TD TOMlIO-l{OpUqnCBOrO 6u

OTliTa. T JI PUT, I<OTOPbUl no .lIe a Icp1l60-

JIOIl HBJlH TCH natlweiimnM l\Ilill paJIOM 

npen TaDJI n AD MR. pa3nOBIlnll0 Til III -

Hpl{ oJ{parn lHIbfl\1 XJlOPUTOl\l, nOJIllXpOIi

PYIO~lll\l OT liII -30Jl n ro no opaHrJ onoro 

n 0'1 Ub a6001 pall IInhI I, nO'lTII 6ec

:L1;B THbIl\f. B ann 1< nTal{TlJhlX n 

na6 II na T II 060ral~ nu I 

nal\1Il JlClll{O.KCena, OHO upOU ' OnllT, B -

pOHTno, 3a C'lOT TlJTaII OnOpn{a~oro nupo
HC na. B ne60JIbIDOll! IWJIJI'lOCTD nona

AaIOT H TaJlbl{ II I<ap60naThl. llO'lTJ.1 DC rna 

DCTP lJ.al T H YJIhcpUnM. B ilpuHou uaa

BaJI Tal{Jl nopOl~bl anrllTo-aMcpu60Jl IlblMlI 

copnenTUHllTaMJI. 

Ha pUC. 29 H306pamolla aHnOJ<OII

TaI<TllaH pa3ll0lHlnHOCTb C pnOllTIIHH311-

ponalllloro n pllnOTlITa C oxpannnIDll-

IDCll D 3nalJ.HTe bnoij: CT n llU ynJlll-

1l01l1ll>Il\llf npH3 10qI{a IH !IIOnOI{JIHUII ro 

nlipoI<C U ][ HaLl; JIO aaMOILI;OIIIIoro 

copnonTlInOM U XJlOPUTOJl[ OJlUBlrna. Xu-

Puc. 29. ;)uHOI{OrlTaJ{TODbti't c pnoR
TU IIJ[ ;)UpODallltbtii IIOPIIAOTUT. Onllllllil 
ttau.o.'lO 3aM 11( 1I COpri l1TIHt M II xno
IHITOM. Iorrolwfluubtii IlIlPOI( ell npn-
3MaT II 11 clwij cI>OPMbl D 3l1a'1llTel lblJOll 

T IlOlllt coxpaunn 11. JJ pit OAUO f 

lInte, X 2S. 

111'1 C1{uij: anaJIua UnOI{OnTal{TODOll pa3UOnU}1.nOCTU n pH OTI1TOB UpllB OR 

D Ta6JI. 3 (anaJIua 26). 
IT O](OUTaHTHhf a cel CllTOBhle ra66po D nllCH~1C f 601\Y n llCPCP p ~I1pO

BaITITbIX llllTp Y3IID UbI , TeJI. MaKpOCI{OII1:IqOCIUl lllWI OUTa1\TllbIO C K llTOBhlO 

raM po npOnCTaBJIHlOT 060ll TOlll{030pmlcThle n pOnJ,I C pa3~1 p'J~l aopou 

t 110 1 1\11\1. OTMelJ. lib! nOCTeUenllbIe n po 0 hl OT 0 C l{ HTOBM ra66po 

H UnOI{OnTaHTonhIM noponaM. oua aUnOIWIITaHTUb! ' 11 a1\l ITOUllU: 113M

paOT H OT onuoro no IT 1{OJlbl<HX I Tpon, 'ITO xoporno !\fO,KIlO npOCJI
n UTb M 'TaMH lla )'lla Tl,e 1111Jlhr Hpl3l1 . DeTJIbIlj: OTTOnOI{ OIlnOJ\ IT

Tal,TUhl nopOA 06'hH UH Tca nOBbIIIIOITHe 1 ]WJIII'l CTBa II Jl IlUX mnaTOIl, 

no TuraIO~ero 75-80 %. POal{O np 06JIanmOIII.l1.11 MUll paJI - 1I3~1 n llIIl,lU: a11b-

6I1TJ13UpOBannhlll nJlarllOlW:la D H060JIbIDOM lWJIU qO Tn B Tp qarOT a XJlOP UT 

{aa C'l T paaJIOmOnl!Ill n;B TUbl. ' m:nopaJIOB U OTl:la Til aa '1 T TlJI rJ10IWaaa), 

I,aJIH Bhlll nOJIOBOll mITaT, HBapn;, PYp;Hhle MUll paJlbl TIlT an tarnOTl1T H Maru -

THT II YJIbcpnnbl. RaJllIOBbili no BOli: mnaT 06naPYiI<on B DUn J<aOMOl{ nOKpyr 

IIJIarUOIWaaa H D BHn car.rOCTOaTOJIbUblX aop H. ROJIHlJ. CTno I<aJlll Boro nOJl -

Boro mnaTa BapbllpyoT. RBapn; paaDHBaOTClI UJlU B m lA ca 10 TOHT JIbflbI 

a p ll, llJIll B rpacpUqeCIUlX cpa 'TaunHlC C IWJlH BbI]\[ nOJI Db! [ mTlaTO t 11 pen e 

c nJlarHOKJlaaOM, 1 OJlHlJ.OCTBO 1 Dapn;a BapbllpyeT D nOnOJIbUO mup 1{J1X np AO-
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JIax, D COOTBeTCTBHH C 'IeM COCTaD :'.lH}J;OIWHTaKTHhIX nopo}J; HSMeHJIeTCJI OT 

KBapn;eBhIX aCce! ClilTODhlX ra66po AO KBa p n;eBhlX CHeHHTOB . TeI{CTypa nopOAbI 

MaCClilDHaJI, CTpYl<Typa 6JIH3l<a I nop<plilpODHAHOiI, Y'IaCTl<a!lIJil rpaHo<pHpOBaH . 

XHr.l1l1JeCKlile aHamISbI 9HAOIWHTaKTHbIX nopOA lilS DlilCJI'IerO 6c)l{a Alil<p<pepeH

n;lilponaHHbTX lilHTPY3F!H nplilBeAeHhl n Ta6JI. 3 (aHaJIHSbI 23-25). 

I OD'falt THbJe n 3Men e flHJI Bl\fe~aIOm.RX DOPO}J; 

I OBTar TUb! ],[3MeHemm BMeIn;aJOIIJ.lilX ropnbIX nopo}J; nOA nJIHHHHeM HHTpy

SHBnhfX fl,Fl<p<pep ffIl,npOnaHHbJX TeJI 06bJ1U[0 fl,oBOJIbnO CJIa6bIe, B p SYJIbTaT9 

HOBTaJ<TflL!X RSM l:leURH nOSHlfI{aIOT fJIaBl:lhI r 06paSOM aJIb6HTOBble YSJIOBaTht 

PRC . 30. Cmf1l03]('f. CJTaH~eBaran 
rel<cry pa COXpalll\Jlacb. B YSJlax 
CKOIlJIeUiln MeJIRRX aepen aJIh6llTa. 
MeCTUMfI CYJI bcfJRAM. rIPfl OAnOM 

mm .• X '15. 

CJIann;bI (cmrJIOSHTbI), p }l{e a HTIOJIbI lil D BJ'I

Ae lilCI{JIIO'IelIHH J ODTaI{THbIe pOrOBHRTI. 

K 'IllCJIY 91 SOJWHTaI THbIX 06pasoBaruIii: OT

HOCJITCH cBoe06pasm.re rpaHO<pHpOBhte nopo

}J;hl, HSY'IeHHhle B. l!I. TIarrymT1c (1951 r.) 

no 06paSn;aM C ropr,T H.ayJIa, na rJIY-

6HHe 184- 188 M n XJIOPUTOBhle CJ1aHn;eDbI9 

DOPOAbI Ha J{OHTaltTe YJIbTpaOCHOBHhlX nopO;I( 
C <plmJIlJTaMlil. 

Y3J10naTble CJ1aUII,bl 

¥ SJIOBaThIe CJIann;bI (CllJlmOSTITbl) DJIOT

HhIC DOpO}J;bJ MeCTallI1'! C coxpalUlBmeHCJI 

CJIann;eBaTOCTbIO CBeTJIO-Ceporo n;BeTa C 60J1ee 

CBeTJIblllrn }} eJIBaI<ar.rn - YSJIR m paSlI1epOM 

OT HeCI{OJIhRlilX lIIJilJIJIHMeTpOD AO caHTHMeTpa 

H 60JIee. MHnepaJIOrH1JeCIUrU COCTaB cnHJI03H

Ton: XJIOpHT, aJlb6HT, Imapn;, JIeifrWl{CeH, l{ap-

60HaTbI, CYJIb<PHAhI. iI\.eJIBaIUl COCTOJJT 
HS aJIb6llTa lil nOA'IlilHeHHOro }{OJIlil'I CTBa 

RBapn;a H XJIOpUTa. Itlnoffl,a B n;eHTpaJIbnOM 'IaCTll llWJIBaI OB HaXOAHTCJI sepHa 

CYJIb<PHf.(OB. OCIIomrall TKaHb nopOAbI COCTORT 11S " JIOplilTa C nplilMeCbIO lIleJIKHX 

sep n aJIh6.rrTa, I Bapu.a, XJIOpHTa, peAI<HX sopcn aI TlIHOJIllTa. BOJI e CDCTJIble n 

np03pa'lf[blC ysm,r lilM lOT pCSlm rpaHU.n;hl C sall1YTncnHoii OCHOBHOII TJ{aUbIO. 

CJIa6 H311l nOJIlIble no cpaBn HIIlO co CDfIJIOSHTallffi nopOAbI npCfl,CTaBJUIlOT 

c060ii WITnRCThIC CJIanlJ,bI. 

Ha pnc. 30 Hs06 pa;..\ en cnHJIOSHT. CJIann;eBaTaH Tel{CTypa COXpanHJIaCb. 

B YSJlaX ClWJJJI 11UH MOJIlnt[X llSOMOTpnqeCl HX scp en aJII,611Ta, IIlCCTa1l1ll B n; HT

paJIbuoii 'IaCTFr Y3 JIOB CJwnJI IIIm sopeH CYJIb<PllAOB. 

AAlUIO,lbJ 

llJIOTUIl\ CneTJIhlO nopO;O;bI, OTJIl!J:1laIOIII.HeCH OT CnllJI03IITOn 60JIee nJIOTHblM 

CJIO}l{eHllCM J[ UO'ITI1 nOJIllbIM OTCYTCTD.EIelll CJIarrn;eBaTocTH. B COCTaB aARHOJIOB 

BXO;o;HT aJIb61'IT, l<Bap:o;, XJIOPHT, POAIHIO llrJIJ:iI aT TllrrOJIHTa, 3epna Jleih OKcena, 

Rap6011aT. COfJIaClIO H. . EmIceeBY (19!17 r.), aJIl>6UT B CnUJIOSIITaX II a;O;HIIo

JIax 1l03IlRl{a T rrpl! C06J~paT JIbHOM rrepeHpHCTaJIJIHSan;HH <pI1JIJIJ1:TOB, ]<OTopIlr9 

co;O;CpmaJlH 60JIbTITOC HOJInqCCTBO aJIl>6HTa, a He MeTaCOMaTHqCCIm 3a CqeT 

H3l1fCnCUUll, BhlShIBaCMblX OCHOBHhlMH R YJlbTpaOCBOBnhlll1H rmTpY31Ulll1lil. 
XHMIl!l1 C1< I\j,j a UaJII2l3 ClIrlJ1031l!TOB Upl1lBefl,eH B Ta6JI. 3 (anaJIl1I3 55). 



I OHTAHTHbIE 1I3MElIElIHfI rOPHbIX rropon 

II3Menellllbie AllODCllAO-DllaruOKIJa30uble porouUlOI 

POrOBlJ:1m BCTpeqeHhl 6bIJIH B nel<OTOpblX I TaX lIaCTI{a I [II JIHYJIPBH 

na l<OHTal(Te C ra66po. no BlioIDuellry BIiAY OTO 1 JIl\03 pn11CTbI~ 
nopOAbI co CJIeAaJll1i CJIOliCTOCTU, 60 ee Jl leJIl<03 PHHCThl npOCJIOl[ COCTOJIT 113 
AHOllCllAa 11 n3 I :::IeHTIoro, aJIl,>6JlTJl3HpOBallHoro nJIarliOI JIa3a. THO HTOJIbHO 

60JIee HpYIIH03epnIICThle npOCJIOH COCTOHT II3 AHo n C)[Aa n onliA Ta (2 ~o Fe2 3)' 

CTP 1 Typa pOrOnlll<OBaJI. !-Ia puc. 31 
B306parHen Allon II 0-llJIarUOHJIa30Bhlll po
rOB1iI( C rpan06JIaCTUqe IWll CTPYI(T

pOll. 

CmOAnllbl nB3pl~eBble CUCIJIJTbl 
C rp3lJo(Impouoii CTPYI\Typoii 

CJIlOAHllhIO HBapIf,eBbI CllellllThI C 

rpano<illlpoB oil TPYI{TYPOll BCTpeqeUhI 
6blJIU aa lla Tl{ RaYJla (nany-

IDllC, 1951 r.), o T<OJI 0 ROllTaHTa AllCP
cpepeHIf,UpOnaIIlI ro JIlITpY3llnuoro T JIa 

BM lIf,aIOIIf,IlJlIll nopOAa 111, CI{BamIma 

n pecelma ImapIf,ellbre cueUIITbI na npOTn
meImn OKOJIO 4 III. Mal{pO J{onuqe mI 
nJIOTHan no pOAa cn TJlO- eporo lI,BeTa C J lie. 31. ,Unoll 'fI; \O-II.,arnOI{.'1a:JoBblii 
BRpanJI nno TbJO YJlbCPUAOJ:l. MmrepaJl _ poroDlllc III [K. + . X25. 
rnqeCImU COCTan TIOPOAbr: aJIb611T, Ka BO-
BblU nOJIeBOll IDnaT, RBapu; XJI PUT. ccp Il, CYJIbCPUAbI. pua a Jlb6uTa OI{PY
)I IIhl IDUpOJOl 111 Hall [all1U rpanocpIlpa. RaJIUeBblll n JICBOfl lliTIaT B BIT e 
ca lOCTOHT JIbIlhl 3epen U B rpacpllq CI 0 (CpaCTalIHlI Hn Plf, Jl1. CTPYI(Typa 

rpaIIocpn pOBaH. 
B Ta6JI. 3 (alIaJI1l3 41) npllll AeTIa lll\\llq )\aH Xapa){T pH Tlu<a rpauocpupa . 

• JJOpUTOD blC cmulI~bl un }\OUT3KTe (~lJJl ll IITOI) C YJlbTpaOCIIODlJblMII nOI)OA3MIJ 

CJIaIIIf,LI B03nJll{aIOT 3a qeT II3 IeneUllJI cpnJIJIHTOB. noll. M1mpo 1\01101\1 noqTII 

JIIono run pam'>nan nopo a, l{pOMe XJIOplITa, n Tp qaIOTCn III IHI 3 pile JI lll{O
I{C ua. ClOnJl HIlH 3ep II IOll[{OKCeIIa pacnOJIaraJOTCn nO JlalIJ\ naTOCTIl CJIau-

1\en. 
hlA mil TCH qeTblpe pa3nOBllATIO TJ[ XJlOpllTa, pa3JlllqaJOll\1l cn no lI,neTy, 

nOJIllXpOU3M , 3naI,Y YJ:\JIul1cuun U uo l111Tepcp pellll,UOlIuoi'[ 01 pacI\.; neTJIO-

3eJI llblii, IJO<f.TII H30TPOUIIblii XJIOpnT, ABe l \PyrlI pa3110BIlJl,1I0CTll XJlOpUTa 
06JIa)J,aIOT CUOTJIO-3 JIeubtJ\I I~B TOM C n1I3KIIM AoynpOJIOM I IIlleM, Ollila C UO
JIon IlT JIbnbllll YAJIllnOIllleM 1I lln3I Oll aUOl\!aJIbUOU: illIT pcpop JlI\1l011IIOU OJ{pa

CIWll C Te~mo-cpllOJIeTOBhlMU TTeIIl{a III (nellIIIIU), AP ran C OTPIlU.aT JIbHhI [ 
YAJlUUelIllCM II llll3HOll JIllTepcp peHl,1l0llnOl[ OI<paCHOll C me ITOUaTO-3CJleJ[bl~IU 
OTTenKa1l1U (HJIUnOXJIOp). Y.eTBepTan pa3lJOBUAIIOCTb XJIOpllTa un All -3CJIe
nora IJ,B Ta C OTpllIf,aT JIbll['I~r YAJIuneuUeJ\I )[ If CIWJIb)W 60n DhlCOIW [ AOy

npeJIOMJI lJl1 I (pJHIllAOJIUl', no nan IDUC, 1951 r.), nepOnTfIO, IIp A TaUJIJleT 

nau60JIee n03Auce 06pa30oaIIIIo Jl BCTpe~la T H n ; I,mmax , 1 U~IIX nopoAY. 
TeJ{CTypa CJlanll, naTaR, TpyKT pa JIenuAOUJIaCTU <J.CC)\aJT . 
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113 1EHEBBE rOPBbIX nopo no,lJ; BJUUIBJiIEM rll,lJ;POTEPM JIbHOro 
METAMOPcDlI3 1 

rn~pOT pJlfaJIDTlbrU MeTa]'l'rop<pR3M rrpocTparrCTDem'lO rrpnypOlJen It TeJ<TO

HI1lJ CROU sone, pacceRaIOm;eii: HHTPYSRDlILIe TeJIa ]I DMeJ:u;aIOm;n.e Ty<porOIIFIO

OCa~OlJITLre nOpO~bI. TeRTOnUlJeCI<aJl 30Ha 

naI{JIOnena npml eprro na lor, rT1~pOTep-

111 aJIbITMO n3J1fCnCrrUH pa3JIUlfflMX roprrbIX 

nopo~ npOHBJIJUOTCH B BRCJl~Je 1 OORY 

TeHTOBTllJeCHOll SOBM, rraUOOJIee RrrTeH

CIIDHblO rR~pOTepll1aJIT>nIJe J1SMenemIH 

npOUCXO~HT D nenocpe~CTBenHOl\f HonTaH
Te C TOI{TOHIflJeCHofr 30nOll J[ IlOCTeUeJInO 

saTyxalOT no Mepe y~aJIerrRH OT rrce. 

r)I~OTepl\faJtbBbIe 113MeueUHH nepH~O
TIfTOB II rrllpOI{CerrOBbIX 01l11BHnUTOB 

PFtC. 32. XJTOpll'l'O-'I'aJfM\OuaR nopoAa 
(n3~ 1 lleBEfI,lll DllpOI{CenOUbIH 0.1 I!l Il a
lHll'r) C coxpaIIllllruoilCfI rrrrIfIAHOMOPCP-

HOj:[ C'I'PYK'I'ypoii. I1HlC + . X25 . 

Mal( pOCIWrrfflJeC}{TI unTerrCIlBHO rrSl\1e

Herrnble nopo~r,t OTJIJI'IaIOTCJl OT ceprreH

TUHHsRpoBaHHhlx nepH~oTHTOB U cep

rrerrTRH.I1TOB; OHR 60JIee CBeTJILle, iIulpnhle 

Ha om.ynb R 1JaCTO pacCJIarr:u;oBarrbL 

rJIaBlIbrMl£ lIHmepaJIallll'£ JlBJIRIOTCH TaJIbJ{, 

XJIOPUT, HapoolIaThI If TpeMOJIRT, no-

CTOJIHHO npRCYTCTBYIOT CyJIL<PH~bI n 

rarnOTIIT, I1J:[or~a I10na~aeTCH B 01Jellb lIeOOJIbmO 1 ROJIlllJC TDe RDapn;. B Merree 

HSM uelllIhlX llopo~ax BCTpelJalOTCJI peJITIJ{TbI lOHOHJII1HHOro llMpor cerra ]i[ pO

rOBoil 00 lamm, upeIfMym;ecTBerrlIo TpC

roJIUTa, B e~UHHqnLIX cJIY'laJIx BCTpe

"IaIOTCH S pna J pacnoBaTO-IWpHlJITeBOrr 

poroBoii oOJl-Iamm . 

nOTT1T sallI m.aeTCJI CBOTJIO-SeJIenolr 

CJITo)l.oil. MecTaMH TaJIbl{ saJlJem;aeTCJI 

l{apOORaToM, lIepe~Ho npucyTcTByeT lIe 

O~lIa paSlI013H}:tnocTb Rap6onaToB - Me-

3HTHT UJIn aW{cpHT H HaJIbll;HT. TeHc

Typa CJIann;e13aTan HJIl1 lIlaCCH13Ban. )J;JIII 

CTPYl{TypI.I XapaI<Tepna 'laCTan coxpaB

BOCTf, CJI )l.OB P JIRHTOBOil CTPYHTYPLI 

MarlllaTnlJeCH il IJOpO~bl, ~an<e cpe~lf 
HHTCBCllBno paccJIamwnanrrhlx nopo)l. 

BCTpe'laIOTCff Y'laCTInI C coxpammmeiicf{ 

pemmToBoi-i: CTPYI<TypOH. CTpYHTypa pac

cJIaHlI,onanHbIx nopu;{ JIen]l~OOJIaCTFl'le
CHan OJIarO~apfI BaJIn'lHIO OOJIT,moro }{Q

JIHlJeCTDa nJIa TRHOI{ H lJemyeR TaJIbI<a; 

l{ap6onaTbI pa3DT1BaIOTcn lJaCTO B BH~e 

nOP<PIJpOOJIaCTOB. 

Pn . 33. COpneU'I'ffRO-TaJlbKOIlUfI 110-
pOAa (1'I3Meueuu{'ltl I1epUt\OTliT) C co
xpaaTmweiicll noi-i({[fnIlToDoi-i C'I'PYKTY-

poiL I-IHl<.+.X 25. 

ITo npeo6JIa~amno paamllJIIbIX MHHepaJIOB H CTPYI{Type paSJIH'laIOTCH CJIe

~ylom.He paaBonT1~IlOCTI:l 113MeneUHhlX YJIbTpaOCHOBlIbIX nopo~ (ITanymllc, 
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1951 r.) : 1) HHTeHCHBHO OTaJIbI{QBaHHhIe nOpO,lJ,hl C peJIHI,TOBOii CTPYI{Typorr, 

qaCTJ,altHl COXpaHfIeTCn cepneHTllll, 60JIhllan 'laCTb 1\OT poro 3a~'lell( na 

PIlC. 34. TaJJb[';QObIH cnane~ C nop
()illpoGJJaCTa~HJ l{ap60HaTa. ilpu 0 -

HOM rum ., X 25. 

Puc. 35. Ta Ihl{OOO-Kap60naTHall no
pOl.J;a C 3cpuaMu CYllbcjiHl~OD (llcpnoe) . 

1I111{.+ , X 25. 

'l'aJIbI{QM n Iwp60HaToM; 2) XJIOplITO-TaJIhHOBhle nOpO,lJ,hl co CJIe,lJ,aMlI pemmTO

Borr CTpYln'yphl; 3) XJIOpHTO-TaJIbI{OBbJe CJIaHD;hl; 4) TaJIhl\OBO- XJIOPRTOBl,l e 
nopO,lJ, ltl (XJIOPUT npeo6JIa,lJ,aeT); 5) TaJIb
JWBbIe CJIaH~hI; 6) Rap6oHaTHO-TaJIbROBbIe 

CJIanqbI C JIemr,lJ,06JIaCTH'leCRoii: CTPYI<TY
pOll. 

Ha pHC. 32 - 36 npHBO,lJ,1ITCn pa3JIH'lHbl e 

nOpO,lJ,bI, D03mmllue npH nr,lJ,pOTep

ltWJIbHOM I eTaJlfOPtPU3 Ie YJIbTpaOCHOBlIbIX 
nopo,lJ,. Ha puc. 32 H306pan{eHa XJIO

pnTO- TaJIblWBan nopO,lJ,a C XOPOllO co
xpamIBllellcn peJIIII<TOBOll: frrnn,lJ,ROl\roPtP

HOn CTPYJ Typorr nrrpORcerrOBoro OJIlI
DlffilITa. Ha pRC. 33 BU,IJ,na TaJIbIWBO
CepUeI-ITIIIIOBan nopO,lJ,a C OT'IeTJIHBO-BbI
pameuHoii: peJIIII,TOBOE: nOHI<HJIUTonOH 

CTPYl<TYPOll, cY,lJ,n no I<OTOPOll MOHillO 
YCTanoBuTb, <fTO nepBOrra'laJIbnO TO 6J>lJI 

nepII,IJ,OTUT. Ha prrc. 34 npe,lJ,CTaBJIelI 
TaJIbl\Ollr.rii CJIaHeu;, no TaJIhI<Y pa3Bn

naIOTcn noPtPlIpo6JIaCTbI Rap60RaTa, B 
TaJIbROBO- I,a p6olIaTIIoii nopO,lJ,e DI\JIIOQeHbI 

sepna CyJIbtPH,IJ,OB (~IePROe, pRC. 35). 

PRC. 36. Ta;J bTi0 1l0-1{ap6ollaTllall 110-
pOAa C fJopcjiHp 06naCTUMI! (Up60 uaTu. 

llim .+ , X 2S. 

MecTa~ru COXpaURJIHCb CJIe,lJ,L! p mU\TOBOH CTPYI\TYPbI, YJIbTpaOClIoBnoii 
no pO,lJ,hl. 

Ha PltC. 36 
},ap60naTa. 

n306pameRa nopO,lJ,a C noPtPHp06JIaCTallIH 

Xu rnlleCI<HH 

(aHaJIU3 27). 
anaJIH3 XJIOpI1TO-TaJIbROBOH nOpO,lJ,bI npHBe,lJ,eR B Ta6JI. 3 
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HUTeUCHBHO J\feTall10p~)H30BaBHbJe DHpOI(CenHTbT (XnOplITO-pOrOBO-

06J11aUIWBble IIOPOAM) 

MaI,pOCKonH~Ie HIi[ n opOA])! H '[eIOT SeJIeBOBaTo-cepblH D-BeT. rJIaBRbThfH MB
R paJIaJlur H13JIJIIOTCJI: pOr013aH 06Mam<a H XJIOPHT, BTopOCTeneRHhlMH - JIeH

HOI ceR, c<peH, I<ap60RaThl H CYJIl,<pH,o;bI. 
B O~reH]) ne60JIl,mOM I{QJIn'IeCTBe I<Baprt. 
H OHOTHT. All'l<pHO OJI , rJIaBHbIM 06paso:t 
TpeMOJIliIT, paal3ImaeTCH B Bn,o;e npF!SMO~ 
'I K, pen~9 BbT.ITOJIBJIeT BMeCT9 C XJIOPH
TOM nceB)J,OMop<poaJ,I no mrpO]'C9ny. Pen, 
BCTpC'laeTCH 6ypalI pOrOBaJl 06J1IaHHa 
aeJIeHalI pOrOBalI OOMarma Ii[ aKTllBOJIHT,. 
UCI,JIIO'IlITeJIbHO pe,o;r 0 naOJIIo,o;aTOTcn JlIeJI
HRe aepBa J{pacBonaTo-6ypoii poroBoii 00-
MamUI. I\,poMe TpeJlroJIlITa 11 XJIOpRTa. 
DnyTpH JICeB,o;OMop<poa no mIpOJ,CeB 

Pm:. 37. ~t(r)1I6oJIo -X:l OpllTOn a fI 00-
pOI~a (1f3 MOIiOIfULl ii flnpOK CO IH[T) C 
PC: JJlI( T l3oi1 'I'P I{T 'P H. II IllC+, 

X 2S . 

lHlor,o;a paaBH:BaeTCH Hap60naT. OcnoB
HaH TJ,aBb MerK,o;y rrcen,o;oJllOp<poaa U1 no. 
II1rpoHceny COCTOHT ]1a "fomyeJ, XJIOpUTa H 
aepon I<apOOBaTa. I OJIlI'IeCTBO pO rOB OR 
06l\'lamm BapbHpyeT B illHporUIx rrpe,o;e
JIax , IIO'ITII lOHOJlIHHOpaJIbIIbIO porollo-
06J1talUWD:bIO IIOPOAhI BCTpe~IaIOTCJI pe,o;I\O _ 

B ocnoBH01I THaHH BCTpe'JaIOTCJl 
pe,o;l He 'I myiir<JZI aOJIeROrO 6noTJITa. 

JIej'm01\ Oll 3aM ' ro;aeT ITCeB~oilropcpoar,I ITO Cl{eJIOTITMM ],pncraJIJJ aM PYAnOro. 
MFlTICp ::\JlU - .lI JJ'b rcnUTa H, I,pOMe Toro, pa313JIBaeTCH B Blf,o;e 11{ JIIU1X OHpyr
JII>rx 30pen !3MeCT9 C aepHallllI ccpeua B 
ocnooJl'Ol~i Tl,aw1. li13MeHenBhlO ITI1POl{
Cenl1TM II01:lTJ'[ ucer)J,a OOOraIIl,eBhl lIIarne
TiiTO [ II cy bcpl1.,o;ar.UI. TeHcTypa 60JJbmeii 
lJaCThIO JlfaCCUBUaJl, pen,e CJJaBD. DaH. 
CTpY]{Typa llOPCPHp06JIaCTJ1I'IeC]{an C JIe
IIllA06JIaCTll'Ie HOll HJIH BeMaTOOJJaCTlI'Ie
Clwli OClloBnoir TI,aBhIO. B paCCJJauD-O
narmblX nopo,o;ax, CJIO}l,eURbIX rJJaBHhlJl1 
OOpa30JII porouol'i oOlllarrrwii, CTpyl\Typa 
ueMaT06JIaCTIIlJOCI'UH. 

Ha puc. 37 IIpe,o.CTaBJJOna a1lf<pu60JJo
XJIOpUTODal1 IIopo,o.a, n03IIHI<man upn 
MeTa1l10pcplla~re mrpor,ceBHTa. CoxpaBn:
JIaCb Ileplll1'IUan CTpYlnypa rm:pOH
celllfTU. Ha puc. 38 m:106pa)1,eB aMcpn-
60JII131'[pOnannbrl[ IInp01<CemIT, no lIITIBe
paJIOrI1'IeCHOJl1Y COCTaBY OTUe'IaTOIIl,Ull allf
<p1i60JIJ!TY. XmlIl'lCClmrr an aJIHa XJJ OpHTO
POl'oDo06Mamwooll IIOpO,o.hl (H311IOBeHBOro 
(au aJIua 28). 

Pac. a . A)'l(pu60Jl II3IlpOnaoobllJ: nll
pORconnT (a~lcI>l!G o;r fIT) . Hm,,+. X2S. 

IIHpOHCeBlrTa) upRBo,o;eB B ra6JI . 3 

HUTeUCHnuo J\leTa fOp<pH30naUHbJe 1'a66po 

Mal,poc]{omrqecr-m IIJIOTHhle, cpe,o;HeaopBnCThle aeJIeHOBaTo-cepbIO II OPOAhl, 
pe.n;I\O I<pYIIBoaepmICTble. rJIaBBhle MHHepaJIhl nJIarHOI<JIaa 1'1 mrpor<c cu, aa
Mem.ennhlO arperaTar.lll XJJOpRTa, I<napn;a H J{ap60BaTa. IInpoHcen aaMeIIl,aeTCa 
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JIoprITO~J C 1I0A'IIIlIeHHbI I I{oJIII"ICCTnOIll IWpOOlIaTa 1( IIeOOJIbmJ[M I{OJIIl'Ie

~TnOM HBapu,a. B 1I0IWTOPhIX CJI)"IaHX 110 HpaRM lICeB1W~[QpCP03 110 Ullp HC IlY 

pa3UI1Ba eTCH 0 oAIIO !<pameIIHaH aJ<TUlIOJIIITonaH poronaH oo~ralIl a. lIcOBl\o-

[OPCP0 3bl 110 lIJIa rllOHJIa3Y BhlIIOJIlIenhl XJIOPIITOM J[ HapoonaToM, lIPOOO aAaeT 

XJIOPLIT. KorAa pemmTonaH CTPYI<Typa lIe coxpalIHeTclI, 1I0P a COCT IlT Jl 3 

XJIOpUTa, I\apOOnaTa II Iwapn;a II mr eT rpanOOJIaCTIPlecHYIO CTP In py. 

OOb['HIO XOPOIIIO coxpaHIIIOTcH CReJIeTIIbre cPop IbI PYAH ro ~IlLJ [ epaJla, 3aMe-

ID;eHU ro JIelu 01 ceIlOM, 'lTO CJIY}J\IlT 

xopommr npU3UaI< ~I, n03BOJIHIOIlJ,lIM 

OTJIIl'lIITh npOA {(TbI l eTa~lopcpU3 la, n03-

BlmIDuo 3a C'IOT raoopo, OT APYru ' 

MeTaMOPCPU'leCHJlX nopOA. B Tp qaTOTCa 
pa3110BIIAHOCTJl M TaMopcpn30nallITbI ' rao

opo, COCTOfllIl,ll 1I3 XJlopIlTa II CHeJleT

UbIX y'raCTHOO 1I3 JleUHOHcena . Jrei'mo

I<COIl 3aM ID;aeTCR C JIbcpUAa HI. Pa3 1Jl

'1aIOTCII He 1\0JIbl<0 pa3110lJIIAHOCTOI[ XJlO

pITTa, HpemrYID;eCTneuno - n HUlln II 

HJIllnOXJlO p. TeI{CTypa MaCCHBuall, pem 

~JIaHnena TaR. CTpYlnypa Jl UIIAOOJlaCTlI 

'1eCHalI co CJlOAaMI! p m<Tonou. 

Ha plI c. 39 1l30opa/[, ua HBa pu,eBO

I<apoOUaTJlO-X 10pUTOBaH JlopOAa, B031I1L1(

mall npu rIlAPOTOp~ l aJIbnOl\[ r.reTaMOp-

CPU3 Ie rao6po. H ClIIOTpH na IJJITCII-

CHBflbTIT MeTa lopqm3M, xopomo ox pa-

Hl1JlaCb p Jllll TOBaH CTpyI<Typa ra66po. 

XI1 fUll CH il e al!aJl Hahl JI( TalllOPcPHao

BaIDIbIX raoopo npun AOllbI B TaOJI. 3. 

I'll . 39. J\uapI:\CIlO-t,apGolluTIIO-X:IO
pll1'ooan Jlopona (1I3~1 IICIIIIOC raGopo) 
c cOXpallllllll1 iicn pe: IIII{TOIIOii CTP~ K-

THOii raG6po. 11111<. +, X 2:) . 

HaJIII3 29 OHIO IlTCH I l\1HlPI\OBO-HapOOllaTIlO-XJlOPllT Boil 110pOA C II 0 Jlb

mUM HO H'l CTOOil! Jle iiJ{ol COlla U lIlCJIHOaOpllucTOii TpyJ<T pOli, aHaJIll3 30 
OTHOCUTCH 1\ XJIOPUT Boil n P A co CJIaUJJ;CBaT ii TOI Typoii. 

K qUCJIY HOPOA, BOaJlHIHIlIIX B poaYJIbTaTe 3aMOll:\e UuH y bcPlIl\a~ 11I , OTIIO

~HTCH cepblO PYAhl, oopaaonanJlme H B P aYJIl,TaTe 1Il Ta O~laTlflJO I oro 3a-

iCID;e11HR. cy hcpuAaJllll ccpn nTJlllllTOU 11 113J1felIemlhl ' n put \ TilT B. no ann 

TH nopoA npuBOAuTCH B ' apal<TepnCTIII< cYJIbcpuAl1hlX PYA (M. Tp. 2/,3). 

rUAPOTepJUaJlbElO l\1eTaMOpllm30BaH Hble BJ\iCn~aIOU\ne nopo hi 

BMOCT C 113BOpil<eUnblMII nopoAaJl!l1 rUl \pOT pJllaJIbUOM M TaJlloPCPJl3MY 

nOAoepra 101' H 11 BMelIl,aIOlD;ue nop Ab[, 'ITO OObI'IDO conponOllqaeTcH 0 n T

.JIeHHeM nopOA. 

IInTencuBHO MeTallwpcpn30133mlble nopo hI ocaAO'IUO-Ty<f>Ol'eUlloii TOJlIIJ,1I 

H3MOllOHlHI Bhlpan<al0TCH B HapoonaT1I3an;11lI, CCpl!1.\ llTrr3au,11I!, X l PIITII

san;IHI, Olwapn;enaHUU, 060ralIl,ClIIllJ cy bcp11AallfU II n pa31JIlTIII! TOUlOl.' rlll\pO

epl\faJIblIhlX n<UJIOl< CJIO,I\ennhlX I<napn; [ C nOWlIln nJ[I)ThIlI 1\ JI ll'I CTDaJIIIl 

.aAYJIllpa, aJIhOUTa, l<apoonaTa, XJIoprlTa, cYJILcpn,r~oB. MOil llO BTJIA JIlITb CJl -

yIOID;He pa3IIOBlIAllOCTJ[ JlfeTaMoPCP1I30naUJlblx nopOA: PIII\lITOBhI Jlall lI,hl 

HJIH COpUn;UTOBble CPUJIJI11TbI, XJIOpIlTo-r<apooUaTlll>Te 11 Hap60llaTubi nopOAr,I, 

I<OapO;IlTOBI1Allhle CJIaUU;bI. 
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C e p n ~ IT TOn LI e C JI a IT 11; LI OTJIH'I.aJOTCJI OT CPHJIJIITTOn 60JIT>mnM 

JWJIll'l CTBOM CepT1~IlTa H COCTOJIT IT3 cepH~HTa, XJIOpHTa, J{Bap~a, aJIJ>6HTa, 
JIeiiJ<ol{c Ha H ne60JIbUIHX 06M'IHO IWJIH'IeCTB CYJIbcpII}J;on . 

JI 0 P H T 0 - 1\ a P 6 0 HaT It hl e It 0 P 0 }J; M 9TO MeJIJW3epITITCTMe ItOpO}J;hl, 
OCTOJIIIJ;lie rJlaBHMM 06pa301l'I H3 XJIOpHTa H Hap6oHaTa. "LJacTb TaI<IIX nopO}J; 

l103HI1I{JIa, II POfITIIO, 3a C'IeT H3l11eHeHHJI TyCPOll. To'lRO TaH }l e II neI<OTophlX 

CJIyqalIX Hap60naTHbIe nopO}J;.bT npe}J;CTanJIIIIOT J{ap60naTH3Hponannhle TYCPbT, 
B nOJIb3Y 'Iero rOBopHT HamfTIJe 06JIOMHOll TycpOll. 

R B a p 11; H T 0 B H }J; IT bI e C JI a H 11; hl xapaIuepH3YIOTCJI ItpeOOJIa}J;a

lUler.x lIfeJITUIX acpen r{Bap~a Ha}J; }J;pyrHllfH lI1HHepaJIall11I - XJIOPHTO 1 H ceplI-
1l;IITOllf. 

Talme nopO}J;bl YItOll1HlIaJOTClI H. C). rOH'IapIU, (1945 r.) npH OItHCaHHH 

OHOlIOPY}J;IlbtX H3l11eHeHl't:H Ha rope RaYJIa. 

I 'THCJIY HHTeHCJirBHO MeTaMopcpIf30BaHHbIx nopo}J; OTHOCHTCII opY}J;eHeJIaH 

T IUOItH'reCnalI 6peH'IHII, HOTOpaJI npe}J;CTaBJIJIeT O}J;HY H3 pa3HoBIf}J;HocTeJi 
6oraTI:.tX pY}J; (CM. CTp. 2tl4). 

rJIana 11 

rIilAPOTEPMAJIbHblE iHIilJIbl 

,I(JJII )1;liJcpcpepeH~l'lponaITHblX JifJITpY3HnHMx TeJI neCbll1a THTIII'IHM cJIe}J;YJo 

m;rre l'11}J;poTepMaJIbnble }HllJIhI: cepneHTHHonhle, MarHeTHTo-cepueHTHnOBbTe , 

Tp MOJIHTOBhle, J<ap60HaTHO- TpeMOJIHTOBble, l{ap6oHaTHhle, XJIOpHTOBhle, Tam .. -

IWBbI, lIraI'HeTHTOBIJe, aUII}J;oToBhle, aI<cHlIHTODIJe, CYJIbcpH}J;HhIe. , TYCPO

I'enl1o-oca}J;O'lRJ>IX IIopo}J;ax J{3DeCTHhl cJIe}J;YJOm;Ife rII}J;poTep' 1aJILHhle }REI'JIhl : 

J{llap~CBble, I<Bapu;eBLle C aJIb6HTOM H a}J;yJIlIpOM II pe}J;Iw C JIP03HTO I, arpe

rant 3epeH I<OToporo pa3BHDaIOTClI DOHpyr 3epen cym,cpn}J;OB. OJIbmOe pa3HO-

06pa3He rH}J;pOT pMaJIbHbIX n HJI o6HapymeHo 6LIJIO D HeC)<DJIbIUTX MeCTax 

n paJioHe IhmhrYJIpDH, nnepBhle onHcaHHhIX B. II. 11anymHc (1948 11 

1951 1'1'.): nJIarHOI<JIa30BO- IDIpOJ<ceHOBhle, llJilpOJ<ceHODhle, 6HoTHTo-rpaHaTo

nHpOI<CenOBhle, De3YBHano-rpaHaTO-ItHpOI{CenOBhle, nllpOI{CeHO-rpaHaTOBhle ,. 

l1HpOl\C HO-XJIOpHTOBLIe. MOm;HOCTh /Tum OOhl'lHO He npeBhIillaeT HeCHOJIhlmX 

CaHTIU'leTpOB H B e}J;HJUI'lHLIX CJIYlJafIX }J;OCTHraeT 50 CM. 

11 II a l' H 0 I{ JI a 3 0 B 0 - n H p 0 It C e HOB hl e }I{ H JI hI JI10m;HOCThIO }J;O 

6 C 1 paCCeI<aIOT cepn HTIUIH3HpODaHHhle nJIarHOI<JIa30Bhle nepll}J;OTHThl 

C peJIFII<TaMH OJIHDFIHa . MHHepaJIOI'H'IeCKHH COCTaD }I<HJILI: ceplIU;HTH3IIponan

nMH H XJIOPlIT1I3liJpOnaHnhllf nJIarHOI<JIa3, 6ec~neTHblii: lI10H01<JIllHHhlH nnpoI<

cen (}J;lIonCH}J;), rpanaT, XJIOPHT, OT}J;eJIhHLIe aepHa l<paCHOBaTO-l<opH'lRenoii pO

rOBO}[ oO~IaHIur, p }J;lme aepHa ccpena, ~HP1<OH (?), I(JI}JHO~01I3HT. 11JIarnOlWaa, 

H mlpOJ\C IT 3aMYTHeHbI. 
11 R pOI C e H 0 n hl e m 11' JI hI nCTpe'laIOTCJI pe}J;I<O H cO}J;ep»{aT, HpOMe 

U'ErpOI{CCna, He6oJIbmOe I{OJIH'leCTBO XJIOpHTa. MOm;HOCTh }I{HJI OT 0.5 }J;O 1 CM. 

Mal{pOcl<OIIlifllecIHl iIOfJIbHalI IIopO}J;a oeJIoI'o IfJIH p030naToro 1I;DeTa. 'Y}J;JIHHeH

nhre HPHCTaJIJIhI nUpOI{CeHa }J;O 5 C 1 D }J;JIHHy. Y nHpOHceHa Ng- Np = 0.025-
0.033; cNg= 39- 40o; Ng= 1.699-1.709; Np = 1.670- 1.676; 2V=+51 -
54 o . ,I(HOIICH}J;. 

B HOT H T 0 B hl e »{ H JI hl CO}J;epH{aT HeOOJIhmOe I<OJIHlJeCTBO MOH I<JIlIU

HOrO mrpOI{CeHa, pa3JIOiI eRHOrO all1cpHOOJIa, CepneHTHH, XJIOPHT. MOm;nOCTb 

»{HJI }J;O neCl\oJIhRHX CaHTHlI1eTpon, pa3~'fep nJIaCTHHOl{ CJIIO}J;bI }J;O 8- 10 M~ l 
D nOnCpe'lHlme. BHOTHT nOJIHXpoHpyeT OT HpaCHOBaTO- ROplI'lReBOrO }J;O> 

cneTJIOI'O HopHtJIIenaTO-iI eJITOro. DJIaCTHHl{H OHoTIfTa no I<palIM 3alllem;aJOTcn 

XJIOPIUOM. 
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B JiI 0 T H T 0 - r pan a T 0 - n H p 0 I{ C e H 0 U hI 0 ,1" n JI b[ cOAepmaT, 
RpOMe nepeQJlCJIeHnbIX MHHepaJIOB, CDeTJIO-6YPYIO p o r OllYIO 06MaHI<y , XJIOPUT 
II THTano 1araeTHT co CIl:eJIeTnbIMll <P0PWUIH RpHCTaJIJIOD. CTpYf<Typa ,I I1JJb1 ao
naJJhHall, no HpaHllI }HHJJbI pacnOJIaraJOTClI OTOPO'II<H 11a Clwnn eIIllii HpynHblx 
DJlaCTHnOI< HpaCHOBaTO-IWpIf1IHeBOrO 6IIOTHTa. ,L(ue paa.IlODIIAIIOCT]i{ lIWnOI\J1EI
noro nHpOHcena: B BHp;e yP;JIllnennbIX npIIa IaTH'IeCII:HX Il:pHCTaJIJIOB AO 3- 4 1M 
n p;JIHny, pacnOJIaraJOIII,HXClI nonepeH I{ CTenHaM /lUIJIhY, H S pen a JIeno ro 
mrpOKcena. IhlpOI{Cen SaMeIIl,aeTCH CBeTJIO-6ypoi poroBoi 06i\!aHlwii.Hepe)l;.lw 
nCTpe'IaIOTCH pap;Ham nO-JIyqHcThle CpOCTRH npHaMO'I R mrpOI{Cena, DnyTpII 
lI:OTOPhlX nonaAaIOTclI aepna rpanaTa. IIHpoRcen H pOrOBall 06MaDII:a BnyTpH 
iHHJIhl SaMeIIl,aJOTClI nO'ITIl 6eCD;BeTnbIM XJIOPHTOM - }{JI]i{noxJIopo~1. rpanaT -
rpoccyJIHP C aepnaMH JilaOMeTpJil'IeCROi 
<pOPMbI paaBJilDaeTCIl Me>I{AY }l:pHCTaJIJIaMl1 
nllpOI<Ce.Ila II DJIaCTHHI{a HI 6HoTHTa. 

BesYBHaHo-rpanaTo-n. 
p 0 R C e HOB hl e /I{ H JI hl, RpOMe yI<a
aaHHhlX 1flHHepaJIOB, COp;eprI-mT XJIOPllT H 
aI<D;eCCOpHhli anaTHT. BCTpe'IaIOTCH p;Be 
pasnoBHp;noCTH BeaYBHana: 0AHa 6ypona
TO-I<paCHoro D;neTa (nop; MHI{pOCROnOM 
I<peMono-poaomilli: HJIH 6eCD;neTHbrli); p;py
raH aeJIeHOrO D;BeTa (nop; 1I1JilI<pOCROnOM 
6eCD;neTHhli) B BllAe }l{HJIOR pacceRaeT 
6YPODaTO- l{paCnhlM BeaYBllan. ,L(JIH seJIe
Horo BeaYBJilana nOl{aaaTeJIb npeJIOMJI6-
liHH paBen 1.717. 3epna rpanaTa Jil nIr
pOI{Cena pacceI<aIOTcH }KJilJIRRMJil BeaYBJil
ana. MOHOI{JIHnnhli nJilp0I<CeH B BHp;e 
HpynHbIx npJilaMaTlneCI<HX I<pHCTaJJJIOB. 
THTanOMarrreTJilT 'IaCTO no I<paJIM: 06pa
CTaeT JIeiRORCeHoM, pelKe nOJIHOCTbIO aa
MeIIl,aeTCH JIeHIWI{CenoM. IIpHa lO'IRJil ana
THTa p;o 2 MM B P;JIJilHy. MeCTaMJil TOHRHe 
I<ap60HaTHhle IKHJIRH. 

IIJilpoRceHo-rpaHaTonhle 
)I{ Jil JI b[ CJIOiI<eHhl nHpOI<CeHOM Jil rpa-

PJ!C . 40. 11I1:POl(COHO-rp8u 8'ro ll aH }lnI
na. lI a o IOTpIl'leCRIlO 30pua r p anaTa 
H YAJJ IIIlOIIIl O npna Ma1'lI'l Cimo MOD O
H:; rnUIJOro IlIIpOl(Ce ua. lIpH OA IIOM 

Il1!K., X 30. 

HaTOM, I<OJIJil'IeCTno I<OTOPhlX naphHpyeT, npe06JIaAaeT TO op;l1n, TO p;pyroii 
MHHepaJI. B He60JIbmOM IWJIH'IeCTne BCTpe'IaIOTCH XJIOPHT, TJilTanOMarneTHT, 
Ha aI<D;eCCOpHhlX - anaTHT. Cpep;n MeJIKllX HaOMeTpH'IeCI<JilX aep H rpaHaTa 
pacnOJIaraIOTcH JIY'IHCThle arperaTbI npHSl\lO'Iel{ nHpOI<Cena paa repal\Ul AO 3-
5 MM: n P;JIHHy. ITJilp0I<CeH MeCTaMJil no TpeIIl,JilHI<RM aaMeIIl,aeTCH arperaTaMH 
MeJII{JilX aepHbIIIIeI{ rpaHaTa. Mnorp;a nRyTpH !<pynnbIx l{pnCTaJIJIOB napOI<
ceHa HMeIOTCH BI<JIIO'IeHllH nceBp;OMop<poa rpaHaTa no nJIarHOI<Jraay . op; MHJ{
pOCI<OnOM rpaHaT 6eCD;neTnhlH, pe}!w 6yponaTo-poaonhIH. 

Ha pHC. 40 Hs06pa}l<eRa llJ7rpORCeHo-rpaHaTonall ~l:UIJIa. rpanaT D DDp;e
arperaTon HaOMeTpH'IeCIUrX sepeR, nIrpOIl:ceH 06paayeT CIWDJIeHUlI TOHlUI ' 
npJiISMaTH'IeCKlirX sepeH MeCTaMH co c<pePOJIFITOBO:ifr. CTPYI{TypOii:. 

IT JiI pOI< C e H 0 - X JI 0 P H T 0 B hl e lli H JI b[ SeJIeHOro D;neTa C I<PYD
Dhll\{Jl J(pHCTaJIJIa fH l\lOHOI<JIHHHOrO nHpOII:CeHa CBeTJIO- CepOro D;neTa. BTOPH'I
IIhIe lIHmepaJIbI all1<pH60JI, 6HOTHT, c<peH, THTaHOMarHeTHT H cYJIb<PUp;bI. JI\HJIhl 
l:!MeIOT SOHaJIbnOe cTpoeHHe, npHSl\10'Il{J)[ nHpOI<CeHa p;o 1 eM n p;JIlmy paCDO
JIUraIOTCH nepDen)l;HI{YJIHpHO CTeHI aM iI<HJIbI. l\OJIIl'reCTnO XJIOpUTa DaphH
pyeT. B iKHJIaX, He HMeIOID;HX 30HaJIbHOrO CTpoeUHSI, B XJIopliTonoii raccO' 
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pacrrOJIaraTOTCfl JIy~nrcTLre arperaTLI nrrpOI{Cena. I{poMe TIl'rpORCena, BCTpe

"laIOTCH CnOTJIO-6YPbtlr M 6eCa;SeTIILTft a HlmooJIbI. 

Pa3J1 ll'lalOTCH neCHOJIT,l<O pa3HOBH)J.HocTeft XJIOpHTa, TpH H3 HHX nOl.fTH 

oeClJ,SOTHT,I: I{JIlIHOX rop, IIeIIHfiIH H IIOLITH FI30TPOIJBlJH XJ10PFIT. qeTBopTafl 

pa3UOBll)J.UOCTL XJIOpnTa - rrOJIFIXpOJ'[~ruLJH nerUlRn C n;BeTall1U UOJIRXpOH3Ma 

OT OJIO)J.HO-3 Jlonoro no Ng )J.O OJIo)J.no-mOJITOrO uo Np. IIJlacTHHRH XJlOpHTa 

pa3BuoaIOT fl 13 BU)J.e HPYIIII.bIX nJIaCTIUIOI< RJIH pa)J.lIaJILHO JIY'l11CTbIX cpaCTa

lIH:V!. B nOJ{QTopbIX 11m laX lI:OJII:J:lIeCTBO anaTHTa )J.OCTHraeT HOCHOJIbT{HX npo

n;eHT013. I{poMo THTaBOllfarHOTlITa, B }llIJIaX BCTpe'laIOTCfl B HeOOJlhmOM I{QJlH-

Pit . "J. F apoouaTUarr;rnI a C OOJlO mo 1 - KCOnOJJJiITOM o p Y
llOneJJOI'O qJIlJJJIIlTa. Bll 1'pl'l: OOJJO~lJ{a XOPOWO DUAna S-06paSRO 
n 31' lIUOl0m.anCfl CJIalUlODa'l'OCT b. 3epna l,apoonaTa lIMOIOT Mac
cunuylO Tel{CT 'P Y ooa salwnOMepaou opl1ennrpOnKff aepen. 

fopa RaYJla. 

'<{eCToe CYJIhCPU)J.bI. TOHlure XPH30THJlOBLle H<HJ!I<H paCCeI{alOT UHpOHCeHO-XJlO

PHTOBble rl\llJIT,l. 
Cop n e II T l( II 0 D l>{ Jl{ Ii JI hI HlIlelOT Ol.feIIL umpOlwe pacnpOCTpaHeHHe 

B YJlLTpaOCIIO I3UhlX nopO)J.ax, RpOMe ceprreRTIlHOBhlX J-HHJI01<, HMeIOTCfl Mar

HeTl:lTO-CeprreHTIIHODbIe. MOIa;BOCTL }l{HJI OT HeCI{QJlbI{J]X MHJIJIHMeTpOB ,n;o Be

Cl OJIM UX caBTU teTpOD. CepneHTHH - aHTHropru llJHI XPH30'fl1JI, TOB1<O'le

myi1~IaTLIe aHTflrOpUTOBlJe rYUJILI IDleIOT MeBbm e pacupOCTpaBeUl'lO TIO cpaB

IIeHl1l0 C TOUlWBOJIOl<HHCTbIlIIH XPH30TIIJlOObIMH . B XPIl30TIlJIODI>IX >K11JIaX 

BOJIOI<Ha XPJil30TlIJla pacnOJlaraIOTCJJ norrepeR 1< CTem{aM I'HIlJlhl. B MarneTlITO

xpI1aO'fl1J!OBhlX }}{lIJIax Jl[arneTHT CJlaraeT cpe)J.llIOIO 'laCTb rI{J]JI, a cepneBTBn 

pacnOJlaraeTCH no I{paaM mHJ1hl. IIepIICTLIO TpeIa;IInbI B n HJlaX BhlTIOJIBeITbi 

MarneTflTOM. Cpe,n;a cepneIITHITOULIX rH HJI BCTpe'IaIOTCfl nnrJIJ,I CneTJIO-roJly

·601'0 1l.oen 11 C nJIOTBbIM CJIO}! eUlleM, nO"lTB Rl\lOp<pnlJe (cepno<pHT). IIo,n; 

fHI<pOCI{Qno 1 }IUIJIa CJlomena arperaTOM Ton'Iaiiml'lx 'lemyeI cepnenTHBa, 

IWTophle IlITor,n;a oopa3YIOT crpepOJIHTOOLIe CpaCTaITHH. IIOI{aaaTeJIb npeJIOM

JIemHl TaHoro cepneRTHHa panen 1.560. 
Mar IT T 11 TOO f>I m H J1 hl. Tomme, BCTpe'IarOTca B ceprreUTHnH3H-

JPouanUhIX nepu,n;OTIITax ft ccpnCHTUHHTax. CTpYI<Typa IlX BOJlOlnIHCTaH. B ne-
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HOTOPbIX CJJyqanX YAaeTCn YCTaUOBIITb, 'ITO MarneTIIT DOallimaeT 11 pI! aaMeJ:I\C-

1I1111 X PIl30TI1JJa. 

A M <p lJ 6 0 JT 0 B hI C J[ I ( a p 6 0 II a T 0 - a 1\1 <p u Goo B bI e /I It JI bT 

lICTpetIaIOTCn B U3MeRe JI1IblX ll CplI )l,OT IIT ax, TInpOJ CCJlIITaX II u a l e u IlnblX 

nupOK ClIIlTax. AM<p1160 I - a1<TIlIIOJI I1T U TpeMO lilT. B JIY"lae aOn aJIbIlOI'O 

CTpO JIlIn J<paeBbIe 'laCTH iKll I CJJaraCT aM<pll60JI ClleT 10- Gy p01'0 l(l3eTa, 

a B I1,CUTP paaBlinaeTCFIl3eTJIO- ae I IlbLU aM<puOOJI. 

}{ C 11 11 )[ Ton bI e i i, J[ JJ LI liMe lOT II] 11 p01\ pa up OCTpall UIlC 11 raoo p , 

rao6po-Aua6aaax II AHaoaaax. Rp Me poaOBoro aI, llllllTa B /I \11JIax npIlCYT

CTBYIOT J\ap60Jl aT 11 npll3 Mo"m H aM<p u OOJJa. RPOMC Toro, IlCTP 'lal T n al<CH

I1UTODbIe iKIlJlLI , COAe p i IW1IJ;U B 3 u allllTe I1>1I0i\l J_ Hll CTlle Iw a pu" II1IrepaJILl 

JIIlAOT -l(01l3 I1 TOBOii: rpynobI, Jl OIO IllCTblij: a M<pllo JJ lt 3PC)l, IUl nouaAalOT fI 

IIJlaCTlIlIl\1I KOP II'IHCBO I' O o UOTIITa B BUA C<pCPOJII lTOULIX cp TIWIl. 

Rap 6 0 Jl a TIl h[ e i i, It JT hI B Tp "laJOTCH n paaJIH l 1llblX nopOAax AII<P

<pePCIlU,IlP na llltLIX JI!1TPY 3 I1Bllb1X T J1 (pIlC. 41). B ,}\II la,' IlHYTPllllllTCUCllBIlO 

C pneIlTIIII1I3I1pODalll[L1X n PIiAOTILTOB II TI XJWpIITO-Ta.TlLIWllhIX 1l0pO)l,ax 

ml TCR Iwp60llaT GeJIoro l(D CTa II J[IIIII I> ][a p c / (I .. a p oaODoro. CYAR n o 

I1 0 1\a3aTCJIHM JlP Oi\lJIeUlLfl ( m), 1,apOOllaTY npll 11l. pa3JIIl'Illblli cocraB: 

:lT0 a lll,epUT C JIOl\aaaTCJI'M npc WICII II R 1.687 - 1.697; 1\1 3 11T IIT - 1.7 0; 
AO JrOWIT - 1.6 3; l\aJJLIJ;I1T - 1.678 IIO CJICAIIIIIl HMe T lI allUOJIblHCC pa IIpO 

CTpau 1111 . DM TC C Ka:ILI( II TO~ 1 1I0lla)l,a rOTCfl )[ l(P I' ll l,apGollaThL 

fI II ~ 0 Ton hI C fl .. J[ .'1 Ll iHCJITOI' O 1.(13 Ta UM lOT ~ 1 0lIJ;1l0 Tb }\O 1 C~l II oOlla 

PYil,'Hb[ D 11 3~ 1 II IIIIblX ra6Gpo, n IWTOPhlX UapHJl.Y paa.wil\ 1111 M II 1a1'1I 0 -

l\.lfaau DCTpC'laCT H CD ; Imii lll1pOI\ 1[, DIIYTPI[ UIl,ll.OTOBhlX i l\ll J[ IIHX Ol\HT'n 

3ep"a nOi l\ '1'0 ~ I OIlO J,JlllIlIror 1111 pOI\C ' !lao BM CTC :'> 1I11 } \OTO~I Il ilOlJlaX 

llCTP ttal TCH a.'ll,UIlT 11 XJIOPIlT - B IlIl,ll.OTO-UJTI,U IITO-X.lfOp IITOllhlX i l\ll lax. 

IT p 1I I[ T 0 D bI C if.; 11 1Jf , 0'1 Ill, TO llIOl II ObI TpO 111,11, III II IlBUIOlIJ;lICCH , 

IlCTP 'l alOTCH B 11 3~ 1 II ITlIb1X OC 10P"TIl;{ l ponaJlllbIX raofipo pa a 10il\e llll"l I 

1111 pO f.;CCnO~1 Jl C IlCil\llM 1111 pO I\CCII O~I. 

6 HUTj:'Y3HH l1e<IeH"" 
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llETPOJIOrlfff 

B ;)TOll lJaCTT! pa35I1paeTCR pR~ nOnpOCOB, HlIleIOm;nX OTnOmenrro B 3nOJlIO

lJ,I1H CTpaTIlCpUlJ,rrpOBannhlX lIffTPY311ll, rralJlIHaR C Xapal TOpnCTlll{ll nopOAO-

05pa3yrom;11X lIrnnepaJIOB , nepU][ImhlX CTpyI<Typ rOpObTX nopOA n J{OIl'laR no

JIOil{OHlIeJll TlITarr01l1arIIOTrrTOnoii II CYJIbCPII~HOii lIlITIIelJaJIlI3aII.1IT! B ;).BOJIIOII.IU1 

HllTPY3111J. 

r JI a B a 12 

MnllEPAJIbI II CTPYInYPbI rOPHblX nopo.u; 

rJl a UllbJe nopo)J.oo6pa3ytOIl\Tfe MOnepaJl bl 

MrIHOpaJTJ;,I ropnhlX IIOPOA cTpaT11<pIIII.11pOnaOOJ>lx IIOTpY31lDnLIX TOJI cpop

JlmpOBaJ111Cb n pa3JITl'llbIe nanLI aBOmOII.II11 rrOTpY3lIlI, IIapareHe311Chl 1>IUOe

paJIOD nepSH"tmbIX lI1arll[aTJl'IeCJ~rrx lIOpO~ ClIleORJIHCI> napareoe3ncallu[ JlHme

paJIOB, YCToii qUDbfX rrpH pa3JI lllJJ:IJ>IX CTaAHRX aDTOMeTa ropcpH3J1la, 11, naRonen;, 

na parene3nca~lH 1IIllHOpaJIOB, YCTOll'l11DhlX np11 nOCJIe~YIOm;mf rnl~pOTepMaJlb
HOM Jl leTaJlro p<p1l3MO. 

llepBHlJUbJe nopo~oo6pa3YIOrr(He MHOepaJI LI YJlbTpa OCHOBUbIX 

o OCUOBnf>1X n opo)J. ~1f(~(pepenI(opOBallJ[bIX IlHTP Y3 HBHbI X TeJI 

110PIH1lJlIbJJI(H lonmOpaJIaJlur JIDJIRIOTCR OJI11Blm, JlroHOHJIlfDIlbllr IHIPOHCOH, 

nJIaf.uORJIa3, I<aJInOBbT ir lIOJleBO:U: mnaT, pY~Hble nmepaJIhl, Ir3 aI~n; CCOpHblX -

alIaTlIT (11anYIDHc, 1952) . 
o JI n B II II 06bIlJITO JlliTOOClIBilO JI3J1lelIeO H 3aJIIOm;aOTCR IIOCTcprropObIMII 

lI111IIepaJlamt. IIal!160JI e xopomo coxpalIonmFlflcH OJlHBUH XapaI{Tepen )J.JIR 

nopOA paiiolIa ),'JaOTJ{a lluJTbrYHpBH. COCTaB OJrJlBlma BapbHpyeT, 

CYAH 110 rrOl{aaaTeJHTM lIpeJIOJllJIeIIHR, 01' 19 AO 29 go cPaJlJlITTOBOiI lIJOJIer<yJIbJ, 
g= 1.709- 1.730; Np = 1.672- 1.693; yrOJI OnTIl~IeCJmX ocef! n3~1 F1J1eTCJI 

OT +86 )J.O - 8G o. 110 AaITHbTM l1aIIymnc (1952), COACpiI\aFlHe <paJTJIUTa B OJIFl

BIlDe IICPUAOTI1TOB 11 nl1pOTtCelIOBbIX OJlDmlllHTon B Al1cp<peponrJ;lIpOnaOllhlx 

nUTpY3IIBllbIX Te .'laX pailoIIa YTfaCTlta JlT1JTl>rynpBII B03paCTaeT 0'1' 

Jleil agoro 601\a fIllTPY3IlBIlbIX TeJI R nnClllJClIlY (19 ~o B 33 lit OT JIe)IWlJerO 

60I,a 11 29 ~o - D 1£)4 111). 
n l'I p 0 It C II U npOTHBOnOJIO;f IIOCTb OJlTiIBnny OlJellb lJaCTO xopomo CO

xpamreTCH ]( IIOpO)l.T\O mleeT xopomYIO HprrCTaJ1JTOrpa<pIllJeCl{YIO orpaHl{y. 

RpOMe npU3J11aTU<LeCHOU cnallHOCTlI, IIa6mOAaeTCH OTAeJlbOOCTb no nepaOll1y 

It TPCTbCMY DJlHaIWIIAUM. CTerrCHb HATIO!l'lOP<Pf13M a n n pOI\ccrra 110 OTnomcHnro 

It TIJIarnOl\JIa3Y B OCHOTIHLrX nopOAax 3amrr.UT OT 1{0JTJ.ltrCCTBenllLIX COOTllome

Hllll ;)TIlX Mlll:tepaJlOB. IIPII rre60JIbmOllt }{OJllllJec]nc HaeTFlOfO r.mnepaJ1a 11 11 pO-
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](Con HC 1I0MOPCPOlI lIO OTlIOmOHIIJO 1< llJlarII01<JIaay, npll B apaCTanuu I{QJlJ{

'1eCTBa 1I;n TllLIX MnnOpaJIOB ll1'lpOKCOn npl100pOTaOT xopornYIO l<pUCTaJIJIO

rpacpU'IOCHYIO orpam(y II poalO Bhlpan,onnhlll lI,n;RO ropcplla 1. 

IIo ,llannhlM B. 11. IIanymllc (1952), 1I10nOIW11lIULIli nupOH.con n paaJIUllllLlX 

nop ,n;ax - n PIJ,n;OTI1TaX, nUpOI{COll11Tax, ra66po - oOJIa,n;acT CXO,n;CTI30 I. 

EM CTC C TOM Jla~ICHOJ(UH n OI,paCHO, DeJIJ1lJ11ll0 yrJIOB OnTH<IOCIUlX OC U U 

yrJIOD noracaUIIH ua6J1J0,n;aIOTCH UIIor,n;a B np ,n; JIax o,n;noro mJIllcpa. IIpu ao

IJaJIhUOM CTpO nun nupOHC ua l<pa BhlC "lJaCTUl<pHCTaJI JIOD IIlIl lOT 60JICO rYCTym 

OI<paCI, , 60ra'1e TllTanilCThlM aBrllTOM II JlMOlOT lIJOllhllIIIJl rOJI nTU'IC KJl 

o ii no cpann IllHO C :u,onTpaJIhllOii 'Ic CThlO I(pllCTaJIJIOB, IlM IO~u III 60JILUlUll 

yr onTU'leClnJ x ocou. 

Bcilpuncn (Va rynen, 193 ) OTno IlT llaCTh MOIIOl\nHllIlhlX unpOl\ OllOD 

1\ Dllil\OllllTalll. 110 ,n;anIJhlll{ . Ill. IIanymnc (1952), Cy,n;H n XHlI1Il'IOCl{Q ly 

aua ll1ay nnpol<c na (Ta6JI. 3, anann3 62), o,n; p>Hauuo I<aJIJ,1I;n Boro 10TaClIJIn

/{aTa n IIllp01< ono,n;o TllraOT 60JIO 42 % ]I 11llp01 C 11 cnO~\ycT OTIlOCllTL H aBrlI

TaM :II TllTall- anrHTalll. 

II JI a r 11 0 H. JI a a aaMOlll,aOTCn DOCTOPUOPUhllllll lIJ1lUopa la Ill. B ll-
PUllCH ( ii yrynon, 1938) OTlIl 'IaOT, ~IT lily ,n;aJIOCh JIlllllb B e,n;llUCTnOllIlOM 

ly"lJao OlJP,n; IllTh COCTan coxpaUllDillorOCH n PI311'1ll 1'0 llnarHOlwaaa. Cy,n;ll 

1I n pOC'ICTaJl[ xu IH'WClnIX anaJIlJaOB ropnl)[X JlOpO,n;, Xlllll1l'IeCKllll COCTan 

ITJIarllOHJIUaa n ITJIarUOl<naaOBLI ' n pn OTJlTaX 1I ra66po COOTB TCTny T JlaOpa

,lJ.Opy (. 250), II dCC I CUTOBhl • raoop It lefmOl<paTODblX ra6opo naopa,n;op- an,n;e-

31111. B O'ICnh pe,n;KliX cnyqaHX, li CMOTpn ua nOJIHOO Il311JOlICHlIO nnarnOlwaaa, 

1Il0il,JI YCTuuonUTh aOHaJIhU CTpoonuo n nepml""JlOlll n Jrarlt !,n aac 0 JIOC 

OClIOBIlWlll 1I;elITpaJIhrrhllllU ~JaCTJUlll a pell lJJlaruoHnaaa. E,n;IIUCTll llii bIll paa 

y,n;anOCT, rraGnIO,n;aTh POJIliKThl coxparrUBm rOCH lJ pDlI~1ll0ro aOnaJIbrrOrO nna· 

fUOI<JIaaa B ,n;aUl 0 ra66po-rropcpupuTa lIa Y'JaCTI\ lJIlJIbrYHpUII. B nOI<oToPbIX 

a puax oxpalllU3mcro H aOUaJILHOro lJ IarlIOl<JIUaa y,n;aJIOCh orrp ,n;eJJI1Th co

CTan nJIal'llOIWaaa, B COll mu]x lJ1001 yroJI norucamUI 010: p' = 28 0 
( 248). 

R a JI 11 0 II hl ii: n 0 JI e II 0 II ill naT B C T P 0 ~ a eTC n B dccm CllTO

BhIX ra66po 11 paaBllBaOTCll B BR,n;O Hao tOl< DOl\pyr nJIarUOHJIaaa (I<a IHU all· 

Tupanalmllu), arrTlmOpllTOBhIX BpOCTJ OB nnYTptl I<pnCTaJIJIOD nJIarJlOIWaaa, 

POil< D llllAC OT,n;cnhDhiX a POl[ I1nll rpacpn'ICCl<llX - rpall CPllpOULIX cpaCTa· 

HUll C RDapl( M. Kp M d Cl<CUTOBLlX ra66po, I<aJll! BLlii nOJIonoii 

moaT ltlll CT aJJa'1.I1TeJIhHOO pacnpo Tpanomr cp,n;u UCI<OT pLIX ,n;afuw

BhlX nopo,n;: lmapl( BhIX 11 nIITOB, 1I10Rl\OUIITOBbIX 1I0PCPlIpOB, rpal[O J[ II11TOB 

II ,n;p. l{an 1l0nbJJi UO JOBOll mnaT npo,n;CTallJIOll umpOI<JIlIHO {, U P ill T'laThlllr 

~llIHpOl<nlllIOj\I 11 III OpTOI<naaO J, llllor,n;a aaJllom,aOTCH JIlax IUTIlLI I aJIL6I[TOM. 

P y,n; n bl C 11111 n 0 p a JI hI - TUTanOJllarnOT11T, llnbl\J HUT, laell TlIT, C Jlh

CPIIAbI, lIa ::>TUX 1II11nOpanOB J nCpBJl'lHhlM UOCO lllonHO Tno FITCH TUTaliOM arUOTIIT 

11 nJlbl\lOllllT. B IIUp0I<CellUTax II ra66po HpUCTUJInbI T11TallOMarllCTUTa lUI lOT 

nepe,n;I\O GOJIO I<pyllllhlC paalll pLI n cpanllCJllll C HpnCTa.T{ lalllH llupOKconu 

II Imam l<naaa 11 ml lOT Cli JICTUYIO CPOPlll paaBllTUH. T11TaJlO rarnOTIlT Bcor,n.a 

B TOll lJ II 1!1I0ii CT lJ lIU aa 10IlI,Cl[ JIciil<OHcello 1. !1J1bMOllllT ~ICll pacnpo Tpa· 

II UUhJll MJlIIOpaJI no CpanllOllHlO C TtlTalIO lanreTUTOM. 

MUlJepaJIbl, B03IJUlmme B paaJIU'lHbIe CTa,n;Urf aSToi\JCTaMoprI)u3Ma 

MUHCpaJIbI, noalIllHmuo B paaJIII'lHhIO cTa,n;llJI aBTo~10TalliopcpH3Ma, ,n;OBOJIhIIO 

pa3JlOOOpaanLI, CTO,n;a OTUOCHTCH: 6UOTIlT, alllcpu60JIbI, XJIOPIlT, max laTllMu 

aJIbOllT, aJIb6uT, COCCTOPIIT, tIIUOpaJILI nu,n;oTo-I\ol!auToBoll rpyllllLI, rpa
naT, COplll(IlT, noiil<oI<con II ccpcn, TaJIbI< II Hap60naTbI. 
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B II 0 T H T BCTpe(laeTCR n nCpUiJ,OTHTaX H TIJlarnOI<JIaaonLIX UepHiJ,OTHTax, 

perKe 13 J~PY I'HX IIOp0iJ,aX AR<P<pcpeHn;nponaIIHMX lHfTpyallBHL1X TeJI. B nepHAO
THTax al'p raTJ,1 nmICTI'lIIOI{ OHOTRTa paaBIIBalOTCH i\lerRAY ae pmu.m OJIHBIUla 

1'1 mlpO({COna. llHorAa "tJaCTb IIJIaCTIHIOI{ OIIOTffTa I{Qpll'menoro n;ueTa, APyraR 

'1a Tb COC'TJIO- H.;eJITaH. CYAn no nOl\aaaTCmlM npeJIOMJIemm ( g= 1.647 1I 

Np = 1.593; g- p= O.054 - y ROpJPHlenoro OlrOTI'ITa H g= 1.608, Np = 
- 1.573, g- Np = O.035 - Y CBeTJIO-)HCJITOI'O ol'Ionna), oTIIoruemre 'HeJIe

aHCTO-rJlI I1I 03e~mCTo)i: H MarHCallaJIbHO-I'JIlIHOaeMllcToiI MOJIel<YJI no Anal'paMMC 

BHII'leJl.'Ia n I<OpntlHOnOM 6rrOTHTC panHO 6: 4, a B cneTJIO-;i eJITOM 3 : 7. 

Pnc. 42. 3 n\iC[fICIHIO MOIlOI;. lnIlIlO f'O 
lInpOI{CClla 'fW pCyTIITO ~1. Jl 1.lC'IITp O 

nO: lff ap L' lllI.n pacllo.'laracTcfI J<pacllo
llaTO- liOP II'!IICUaH p Ol"onan o6mHHw 
( li CpC~ T ilT) , p aa 13I111UIOII(afICfl 110 ~1 0-
1I0 IC!I11111 0 11 ~ IllIpOHr Cllr. IlpII 0 ; (11 0,11 

HIm ., X:34. 

BHoTrIT n YJ[f,TpaOCHOOTIf,IX nopOAax paa

IlI1BaeTCR aBTOl1rreOMaTOJIlfTl'l'IeCI,1f (JIo

)J;O'lHfIROB, 1936; llanywfIc, 1952). 
AM<p1'I60JILr paao.\{oarOTCH IIpCIIMyrn;ecT

nemro aa ClJeT MOHOI<JIIIHFIOro IIffpOT<CeHa 

no OJII'ISI'IHY B pe)J;lnrx CJIyqaRx H OOLt'lJIO 

COBMeCTHO C )J;Pynum: ~rrIHepaJIaMlI paaBH

naeTCH TpeMOJIlTT. J1~reCTCR: HCCJ{OJIbl<O 

paa110BllAHOCTCfl aM<p1l60JIa: I{paCHonaTO

RO PIl'ITfeBLr.ii: a~I<p1I60JI, aeJI erraH po rooaR 

OOMalma, cnCTJIO- ae.lIerraH poronaH 06 ran

){a Tnna aHTJIHOJlIlTa It OCCn;neTIIbnr TpC

lIIOJIlTT. HpacnOnaTO-JWpll'nreULTII a~r<pll
OOJI, no ] oi'rpllncny (Va I'yncn, 1938), 
OTHOCllTCR K 6aaaJIbTU~CCT<On poroBofi 

06Mam{c. CorJIaCUO B. II. llarrywnc 

(1951 r.), I\paCHOOaTO- IWpJ1TI!JOllhTii aM

<plt60Jl ( g- p= 0.022- 0.02'1; c g= 
11- 17 °; 21'= OT -70 )J;O _ 79 °; g= 
= 1.686- 1.688; p = 1.6G4) npanu IhH 

OTlJOCIITb T{ 1 C'pCyTIITy - paaHOBlJAHOCTII 

OasaJIbTH'fCCHoii: poroBo)"l OOMaTIJHl, oOl'a

TOIl THTal:tO l ][ rqCJIO'faMII. H.epCYTllT 

pasBlIBa TCfl no nnpo}{c llY ]I CJIaraOT 

Jl Oltpa nil.'! &HbIC y'laCTf\ll no l{pall I 01'0 sepcrr, HI[r/lC ][C HaOJIlOAaJIOCL rropBI1 '1-

HLTX 3011 IlUpaCTanUH IWPCYTIITU lIa ITIrpOI<Cono. 

H a pllC. 4.2 n n;(mTpC nO.n fl apCITIIH uaXO)J;IIT f[ 6 .1lhrrroc scpno HpaCHOBaTO

J<opntlllC'Boii poronoii: 06~If\JlKIf (I CPCYTIIT) , pa3BITBalora;eiicll no ~IOHOI-\JIHnlloMy 
llnpoKcclIy. Te~1TI0-3C TOllbTii: a~I<pIlOOJI BCTP lla'TCH ncpc)J;[(Q C B IeCTlIO C 1<Op

CYTILTOM 11 pa3 UllnaCTCH aa CqCT nOCJ] Ancro. nOJllIXpOlla~l no g - CnITCOaTO-

3CJICHhlli, ITO Nllt - 3C.TlCl/bTrr n ITO p - cnCTJlO-3CJI noItr; cNg= 10- 13°; 
2 [ '= 01' - -1.6 1\0 _ 47 °. 13 cpaCTaHlIHX C I, pCYTIrTOM II 6c a;UCTJu,rM TPCMOJIl1-

TOM TOM.IIO-3CJlCUI)[U a~I(I)!Ioo Jr n rCCT pcal{l[e I' pall nrr.bl ITa I{OHTalnc C )J;UyWl 

J~pyrmJl[ ~lImCpaJraAIir. 1l0Jll[oo 3aMCll];emre MOHOT<JIHHHOrO nnpol\CCITa a~I<pII
UOJIOM naum n aCTCH n o'lenl> pC,nIWX CJIyqaRX, OOWUIO aa~lCur;cnuo aM<pnoo

J lawr npOIlCXOll;llT na llCOOJIbIlTHX yqaCTI ax rmpol COHa, UMCCTS C aU<pu60JIOM 

~/aCTO HaXO/lHTCH XJIOPI[T. 

1I0JIlIaH a~f(IlIlOO Jl Il3a,-\IIH nrrpof{ccna ITaOJIlo,naeTcR, rranpmrop, npn I13A!O

nemm HupOl,CerrlTTOB 06 paaOnalTlICM cBoeOOpaaITlJIx aAICIHl60Jl][1'oB C PCJlll

Inonou. cTpYlnypolr HllpOI\CCHllTOO. I neHOTophIX CJly<IaHX BHyTpn nCOUAOMOP

$oa lIO HllpOI ccny JlIoil\no DIrAeTI, ol~noBpCMel[RO neCl>:QJIL1<O pa3IlOBl1ArrOcToi'1 

aM<plfOOJTa. 3a C·'fCT mrpol{ccna 003TUmae1' }{paCnOnaTO-}{Opl1tIl1S0bli{ a~I<p1160JI, 
Jl;aJIec 3a C'leT 1< pacnouaTO-IWplJlHICnOro a~r<plIooJIa 00 paayeTcH TCMHO-aeJICHhIH, 

3aTC~{ al\TUIIOJlIlTOBaR porOllaH oO~lam{a II, na}{OHen;, Tpe~IOJIItT. lfaUI,c Tal,an 
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nOCJIep;onaTeJIbHOCTb n03HIU<UOBeH1UI MHHepaJIOB BCTpe'laeTCH He B nOJIHOM BHAe, 

HO OHa Bcerp;a BbIAepnU1BaeTCFI. 
C e p n e H T 11 U HaH60JIee mHpOlW pacnpOCTpaHeHHI:>IR 1Ill'lHepaJI D nepll~ 

p;OTHTax H rrHpOKceHOBhlX OJInnnUHTax. Pa3JIH'laIOTCfI HeCI<OJIblW pa3IIOBllA~ 
HOCTeR cepneIITHua: aHTllrOpHT, xpn30THJI, alllopclmhlH ceprreHTIm (B nUIJlI,ax). 

IIo p;aHHbThI H. H. IIOrrOBOD: (1949 r.), rrOI<a3aTeJIb rrpeJIOMJIemUr aHTUropHTa 

paD H 1.568-1.571, Y XPH30THJIa 1.552-1.554 H Y aMopqlHoro ceprrerrTI1Ha-
1.570. 

IhleeTcFI HeCI<OJIbIW pa3HoBHp;HOCTeH x JI 0 P H T a : 1) cneTJIO-3eJIO-

HhlH XJIOPHT C O'leHb CJIa6bThI rrOJIHXpOH3J\IOM; 2) 6ec~BeTHhlll J\IeJII<o'lernyi;j~ 
1faTbIH XJIOprrT; 3) 6ec~BeTHhlll BTOJIb1IaTbIH XJIOpHT; 4) XJIOPllT, rrom[xpOJI~ 
PYIO~Hll OT rOJIy60BaTblx AO 30JIOTHCTO-ii{eJIThlX OTTelll<OB. IIepBaH pa3HOBHp;~ 
HOCTb XJIOpl1Ta ]meeT ml1pOI<oe pacrrpOCTpaHOHHe B HaMeueHHbIX OCHOBHbIX 
nopop;ax, DOI<a3aTeJIb npeJIOJlWefIlIFI paneH 1.631 - 1.629. IIo p;aUHhl [B. I1. 11Ba

HOBOM, ua l<PHBOll narpenaUHH IDrelOTCH MaHCHlIIYll'lhT, COOTBeTCTDYIO~Ile an
p;OTepMHl:IeCIWD: peaH~lIll npIl TellmepaType 600, 725 ]I 775 0 

C rroTepeii BOp;hl. 

IIPH TellinepaType 820 0 
06pa3yeTcfl 1I1arne3HaJIbHLIH OPTOCHJIHI<aT (IIarry~ 

mHC, 1951 r.). 

IIOp;'lHHeHHOe 3Hal:reHHe lllIJeeT B HaMeHeHHblX OCUOBHhlX nopop;ax BTopaH 
paaHOBHp;HOCTb XJIOpHTa. B H3M HenHhlX YJIhTpaOCHOBHhTX nopop;ax npeHMy~ 
lIl;eCTDeIllJOe 3na'leHHe mrelOT p;ne nOCJIep,HHe paaHonHp;HOCTH XJIOPIITOB. Bec~ 
~BeTllbri1 lIrOJIL1IaTbIll XJ[O PHT TFlllFl1feH AJUI CHJIbHO opyp;eHeJlblX pa3nOBlIp;HO~ 
cTeH YJIbTpaOCDonrrhlx nopop;, nepep;Ko HrOJIO~mH XJIOpl1Ta Haxop,RTCR n cpaCTa~ 
HHH C CYJIbcPYIp;aJlUl. rOJIy60naTO-}HeJIThrfr, nOJII!IXpOI!I'IHbJll XJIOPllT 3aMeII(aeT 
cepnOHTtlH II 6aOTHT. IIOJTJIXpO]1:alll no Ng rO Jly60naTo-a JIeHbIIT M no Np ao
JIOTllCTO-}HeJIThlH. IIOl\aaaTeJIM rrpeJIO lJI eHHfl 1.776- 1.779. AUOMaJIbHaH MU

TepcPeH~lloHHaH OI,paC]<a, AnyrrpeJIOMJleHUe UlIaHoe, HO B rreHoTopbIX CJIY'laH:l\ 
nop;lIIDW TCH npI1 lepHO p;o 0.010, '-ITO, rro-nllAHMOMY, ]( nOCJIynHlJIO rrpH'lKnoiJ 
OTnocennH ,noro lIumepaJJa I{ x IoprrTO-TaJIbHaM. 

MrmpoxFl1m1feCJ{aJl peaI<~nfl 06napyml1JJa npFlCYTCTBue m1:HCJur. IIo ~an~ 
HbIM . II. I1nanoBoii, ua HPUDOH HarpenanHH HMeJOTCH p,na aUp;OTepJlll1l.'leCI<HX 

acPcPeI<Ta - npli 680 11 770°, XJIOPHT CJIep;yeT OTHOC.HTb J< rpynne Twpynp;o· 
cpnJJJJHTOB - npOXJIop11TOB, 60raThIX J'lrnnOaelllOM. CYP;fl no Ha6JIIo,o;enllJlll[ 

a. H. EJI11Ceena, YBeJll1'lenHe I<OJIl1'leCTBa Talwii paaUOIJl1AllOCTJ( XJIOpHTa ua· 
6mop;a TCfl 13 nbIBeTpeJIhIX 06paa~ax ceprrerrT11llJiTOD Ha jHeCTOpOilUl,eJ-lIII1 RaYJIa. 
no p;allHbllll B. 11. llanyruHc (19511'.), n YJJbTpaOCnOOHhlX rropop,ax npe06JIa. 

AaIOT Marne3FlaJIbrrLle XllOpHTLI, B OCllOUUblX - M3rJJC3IJaJIbTlO-)l\CJIeal:l~ 

CTbIe. 

T a JJ b I{ paSBlInaeTCfl aa C'leT OJIIIDlma 1I perI,e aa C'IeT ~IOllOJ,JIJInnoro 
nnpOHcerra. BCTP 'laJOTCfl 113MenellHhle YJIbTpaOCnOBHbre nopOAlI, 0 IWTOPblX 
OJJIlO1:1H OTaJILI<onan, a nnpOHceH cnenmfl IIJllI XJIOpJITI1SnpOBalIHblll, a B P;py~ 
rnx lIIeCTaX Te }l,e rropOAhl Cop,Cp}]{aT ceprreUT1111I1SUpOnauHhlll OJIllDl1n H 'la~ 

CTl1'1HO OTaJIbIWBannhlIr UllpOl\Cen. OTaJJbKOBanue B aDTOJ\leTa 10 pcPJt'IecIurx 
npo~eccax rrrpaJIO neanaqnTeJJblIYIO pOJIb H npOJlnJJJJJIO b JIllllIb hi CTaMH. 

II JI a r 11 0 1< Jl a S, 1 aI< YHaSb!DaJIOCL Bblrne, He DCTpe'JaeTCH n CDen<e I 
BIlp;e. ,D,eaanopTUTllaa~HH T11lll!l1:ffiblll aBTO I Ta~IOPcPn'!eCHuj'r n po~ecc P;JIH 
llJJarIlOI{Jlaaa, aepFla nJIal'ltOl{Jl3aa CJIO}[,enbt aJIb6nTOM C !II JI I<U H( aepHa 111 

:lITHII,OTa lIJlTI JWIIll0~011311Ta BII TpU aepen 11a~lerreIIIIOI'O ll JlarIlOI<Jlaau. rpe
raTLI JIIeJJJ, UX aepcn ~umepaJl on :lJJHII,OTO-lJ,Ol1aUTOBOll rpynDhr OqeHh 'l3CTO 

pacnOJlaralOTCn He nnyTpu aepeH rrJIarrrOHJlaSU, a II rrpUMeH<YTJ<ax Me}HAY 

rrHlIJIl. II pH 60Jlee uFlSlwj;'r CTaAJ:Ilf aBToMeTallIOPCPH311Ia IlHorp,a UPOI1CXOP;T1T 
lJaCTl11fRaH XJIOpllTllaan,l1fl C 06pasoDanileM sepen I{ap60naTa. B USMerrennblX 
rrJIarl10IWaaOOhlX lI epu p;OTllTax panOHa Y'JacTHa llrrJlbrYHpDJil llJlarHO-
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J<Jraa 3aAlO~aeTCll aJIbOIlT-OJIJ1rOIWa30M II arperaTa~!U TOHIOlX 30peII rparraTa 

(rpoccyJIlIpa) C He60JIbmrfM I<OJIJl[leCTOOM XJIOprlTa. 

)J, JI II P Y JI. H hI X 1.1 I'( II epa JI 0 D - 11JIb IOllliTa n Tl1TaHOi\larnOTllTa 

xupal TepIIO 3aMonWIIue JIeitROI{CeHOi\[. 

MUnepaJTbI, B03nH.lWme B nopOJI.ax CTpaTlf4mu,uponannblx 1UlTp 3HBUblX 

TeJI noJI. BJlIlJIUneM rl1JI.pOTepMaJlbllOrO JlleTa lOp<fJU3Ma 

TIo~ DJIlIJ1nneM llHT HCUBHoro rUJI.p0l'epMaJIbUoro reTaMopcpU3MU n03rm

!\aOT UeOOJIbrnO 'I1ICJIO MUUepaJIOO rJIanrrbfM 06paaoi\( XJIOPUT, TaJIbl" l{UPOO

naTflT. qOA! UUToncrlBlIee MOTaMOPCPU3M, T M P03<IO DbIpan\Oua TOUJI.Orru;mI It MOUO

MlIrlOpaJIbIIOMY cocTany B llaMOlIorrrwii rropoJI.O. B cnllaII C rrrJI.pOTCp £aJIbTIbnIH 

rrpOI~occaWI rrpOlfCXOJI.fIT 060ra~crrrr cyJIbcpnJI.ai\HI, Y f laCTI{ f2[, oGoraIll,Oll

Jlble c Jlbq)ll~aM II, COCTaBJIIIIOT pyp,HbIO TOJIa. IIpI( 060ra~OTnm cy hcpnp,ai\[I( 

60JIblllYIO pOJIb lfl'paIOT rrpOn;eCCbI PYl1:HOrO (CYJIbcpl1JI.lIOro) lIfOTUCOMaT03a, 3a

Mem; HIIIO CyJILcplfp,ai\[f( rrOJI.BcpraIOTCII Halt CIIJIfTJ<aTHbIC nmepaJIbI, Tal, I{ 

PYJI.lJbIC. 
PYJI.HOi\r r TaCOMaToae nOJI.p06HO rOBopnTclI npn onncamm cy b-

CPTlAllOii Mlrnepa JII13an;nrr. OJI.lIOU: IIa TIUlUWbIX oc06 HIIOCTCU: l'IIJI.pOTep

MaJIb1l0ro M Tai\WpcplI3Ma nBJIJICTCll 3ai\fOm;omrc coprrcHTIlRa TaJIbl{OM ]( Hap-

60IIaTa IJ( (H. EJIl£CCOD n TIanyrnrrc, 1952). IIo cpaBIIomno C HCarra'IUTeJIbHMM 

11 i\ICCTHbIAl npOllBJICHIfCM rrpOn;eCCOB OTaJIbROnaHUll IIpU an TO lCTaMOPCPU3Me, 

OTa JlhlWBalIlf , 013 pmalorn;c cn npJ[ rUJI.pOTepAlanbUO I MOTaMopcp1I3A1e, 

BhIpa,lWIlO Oq IIb OTTI TJIl1no Hal{ B rro pOJI.ax C MaCCUBHOII TeKCTYP0U:, Tal{ 11 

u nop0JI.ax, nop,BeprrnUXCll pUCCJIarrU;OBaHTHO. COCTaB I<Up60HaTOB, CYJI.ll no 

OIIpeJI.cnenKIO IIOI<asaTeJIeii IIpeJIOi\fJIenrrn (H. EJITfcoeo II ITanymuc, 1952), 

13 Hap60uaTrrO-TaJIbl OllhIX 11 Hap60rraTnO-TaJIbHOBO-XJIOPJiTOBhIX IIOpOJI.UX 

pa3JIll qnblir - J,UJIbU;UT, rarneSIIT, JI.OJIOM lfT, cpepP0JI.OJIOMUT, aIIHepHT. 

13 IICCHOJIbHI(X ~IeCTax BCTpCqeH 6hI I nYMIIeJIlIffT, B ra66po, aCCCI<CIITOBhIX 

ra66po, B JI.anr,ax KBapn;eBbIx CfIeHTfTOB II rpaIIOCrreIITITOB. B I<epHaX 6ypOBhIX 

CI<Dail{lJU n)'ArrreJIrrUT DCTpetIaeTCll JI.O rJIy6fIHhl140 M. IIYMDem'lIIT paaBHBaeTCH 

13 BIIAC TOHlW3epHIICTbIX H DOJIOJ{IIl(CTbIX arporaToB IIHOrJI.a co ccpopOmITOBhIM 

CJIO}I{cmr M; ClfneBaTO-SeJI nbIU: MlmepaJI, llnorp,a C rycToH 6YPoBaTo--aeJIeHou: 

oJ<pacl<oir, DomrxpOIISM OT 6 CO;BOTiloro JI.O rOJIy60BaTO-aeJIeHOrO lIJITI JI.O 6y

POBUTO-3CJIeUOro n;I3CTa. B CcpopOJIHTaX YAJIUneHlIe oTpIIo;aTeJIbUoe. 

M11HepaJTbI, BOartlmWne B OCaJI.0'IRo-Ty4>oreuHbIx nop0JI.ax 

nOA BJIHlIHUeltf rUApOTep la bElOrO J1feTa~lOP<fJH3lUa 

rJlI~pOTepMaJIbnhIO Il3MenemlII IIpIIBOJI.IIT I{ cepan;ffTn3aO;U1I, XJIOprrTH3a

:D;IIU, 060ram;emHO JtBapn;Oi\( II cyJIbcpl[Aa~HI. rUJI.pOTep raJIbT:IbII1 MeTaMoPCPu3M 

06hlQll0 COUpoBOII';JI.aeTCn OCBeTJIefJIfOi\I nOpOJI.hI 11 paSBIITlre~( 60JIbUIOrO I<OJIrt

~ICCTBa Tormux }l{J[JIOl{. rRIfJIIOf }tBapu;ellhIe, COJI.epi-l<aru;ue anb6uT, aJI.YJInp, 

XJIOPUl' Tt CYJI b(ImJI.bI, I<aJIbU;UTODhle, XJIO pliTOBhle If CYJIhCPUHfIblO. I1HorAa 

HDapq BLIO 'l·arm'l( npepbIBaIOTCII If IIPOJI.OJIFl{aIOTCH n B1fJ~C Ton'Jallulllx cynh

CPUp,HbIX 1'1 ~anee orrlITb Iwapu;oBbIX. MCCTai\lf[ UT:ITCHCIIBIIr,re r ll JI.pOTCpMaJIbIIbIe 

liaMen IIIUI 11 OUoram; IIlIe TOIUWaeplII1CTbI~1 arpOraTOi\I aepCII Rflapu;a c 3cpIIaMII 

CYJIb<PnP,OB nprryporWIIbI I, Y'IaCTI{a ,\I, IIMCIOIll;IIM nerrpaDI1JI bllYIO yrnoBUTYTO 

CPOPMY. I1uOrJI.a 060raru;onue CyJlbcplJAa~m IlPOUCX0JI.JlT ne D mil II\UX, a Ol{OJIO 

i-IUIJIOI{ U DMCw;aIOlll,flX nopOAax. jWJIO II'BJIOI{ II rlleSJI. co CIWUJIOrrUHMII cYJI b

cpHJI.On nepep,l{o lla6mOAaCTCR. IlIITeU CUBHO BhIpai-KeililalI CepUU;l\TllaaO;l1ll no

P0JI.. B Tycporcnuhlx neCqaRllI\uX IIO'ITII nOJIT:IOMY aaMCm;CUlHO cy [bcp[JAa~1lI 
nOJI.DepraCTcll U;eMeuT, n TO npCMll Italt oG:romuI IIOpOJI. U ucc'{lnnm 113McuellbI 

Mano. 
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CTPYI{TYPbI rOpBblX DOPOP; p;u<p(~epeBL~lIpOBaDHblX lHITPY31tBllbIX TeJl 

CTPYI{TYPhl ropnblX DOpOP; p;H<p<pepen~l1pOBaHIlhlX lIHTpyaHDnbIX TeJl TII
llIl'IBLI P;JlH llnTpyalIDnbIX ropHbIX nopop;. B neplIp;OTnTax CTPYI{Typa noi1ruJ
JIHTODaH, Hpynnble HpnCTaJIJlbI 1\10nOHJIIInnOrO nIIpOI{CCna noii!{HJInTIfqCCJ<lI 
Dl{JIIOtIaIOT OI{PyrJIble HJIII P;OBOJIbHO xopomo orpaucnnhlC acpHa OJIIIDlIHa. 
B OJIlIBIIHIITax Hc6oJIbmOC HOJI1nCCTBO aepen nupOI{cena paaBllBaeTCH lIa lWlI
TaJ<Tax MetJ{p;y aepua~m OJIIIDlIUa, 06blQUO 06JIap;aIO~ero xopomeii: KpHCTaJI
JIorpa<pflqec1{oiI orpaHlwiI. PYp;lIbUf lIJIIHepaJI HceHO IOp<pelI lIO OTnomemuo 
l\ omIBlmy II 'l\:IonOI{JIUUHOMY llJ:rpOI{Ccny. B nJIarIIOlmaaODI,IX nepHp;OTHTax 
DJlarnOI{JIaa peaHO l\CeUOilIOp<pen no OTnomenllIO I{ OJITIBnlIY U nllpOI{C ny, 
MeaOCTaTtl:qeClm paaBUBaIOTCH Cl{OlIJIeIIMH nJIaCTllnOJ{ 6UOTUTa. ,[(JIH JIepl1p;o
THTOB TIITIlrWa CJIep;YIOJJJ;aH CTenenb IIp;nO~IOp<pIIail1a: OJIJIBllII - mrpOI{C n (u u
rn:oHJIaa)-6rrOTIIT-pyp;nhlll iIlHnepaJI. ,[(JIH nJIpOJ{CCnIITOB TI1llJIlma nannp;IIO
ilwp<pnaH CTpyHTypa C yp;JIliHenUO nplIaJ\IaT~eClm m aepnar.m nupoJ<ceua. 

He6oJIbmOe IWJIl!fIIeCTBO nJIarIIOI{JIaaa B nllpOHccnnTax pacnOJIaraCTCll 
B npOilleiI<YTI<ax lIIeiI{p;y aepHaMH nIIpOI\Cena, JJ TalUIX CJIYQallX CTPYI{Typa 
nrnnp;nOl\Iop<pnaH. B OJIIIBHllOBbIX nnpOI{CeJIIITaX OJInBUTI peaI{O HAIIOlllOp<pcn 
no OTHomeHIIIO I nHpOI{Ceny. Kpynnble Hpl'lCTaJIJIhl TiiTano~rarneTllTa 'tlaCTO 
IIMeIOT CI{eJIeTnyIO <P0PllfY II J1:Horp;a 06paaYIOT rpa<pIItIeClmC cpaCTaHIIH C nlI
pOJ{ceHOilI. IIo CTeneHII IIAUOllIOP<PlIa ra Ha6mop;aeTCJI CJIep;YIOm:I'lH pHP;: nIIpOI{
cell -TllTaHOMarHeTIIT-nJIarIIOHJIaa. ,D;JIH ra66po TllTIl1'tlHbl nenCTODbl e 
<pOPMbI HpIICTaJTJIOB nJIarIIOI JIaaa. OrpanI{a II <pOpMbI pa3BHTllJI MOnOI{JIlIH
nora nlIpOI{Cena aaBlICHT OT IWJIII'tleCTBenHLIX COOTHomenHH Me>I{p;y nJIarHO
l{JIaaOi\I H nIIpOI{C nOM: B lIfeJIaHOI{paT013bIX ra66po nJIarIiOHJIaa ne IiMeCT 
xopomo Bl>Ipan eHHOH JIeHCTOBOH <pOPMhllI pa3Bl'maeTCH 13 MeaOCTanI'tleCI{HX npo
MemYTHax lIfemp;y xopomo orpanennbIlIflI aepnallfII mrpOI{Cena, p;JUllIIeao
l{paTOBl>TX ra66po THmI'tlHa O<pIITOBaFl H no:i1:rmJIo<pIlToBaH CTpyl\Typa C peal{IiM 
HP;HoMoP<PlIaIl10llt nJIarnOIWaaa no OTHomeHlIlO I{ TIErpOIweny. B paaHOBIIp;no
CTHX, rAe mrpOI{CeHa ?vmoro, nOCJIep;HIiH IillIeeT xopomyIO npHa faTH'tlecJ{Ylo 
orpaHI<.Y, <popMa aepen nJIarlIOIWaaa TaI{rl{e xopomo orpaneHHaH - JleiJ.
CTOBaJI. CTpYHTypa TaIUIX nopop; nplla IaTII'tleCl{J! a pHIICTaH. PYAUbIH MlIIIepaJI 
J{ceHOllIop<peH no OTHomenIIlO I{ nJIarIrOlUraay II mrpOl{C ny. 

IIPII aBTOll1eTalllOP<PIIaMe CTpyHTypa nepBH'tlHbIX ropnbIX nopop; 06bItJno 
xopomo coxpanHeTCJI Aa}He nplI HnTenCIIBHbIX l\IeTall10p<p~ecIUlx llaMeHeHHHX. 

,D;JUI ropHhlx nopop;, nOABeprmFIXCJI rllp;pOTepllfaJIbUoilfY lIfeTaMoP<PHa1l1Y, 
paaJIHtJaIOTcH ABe rpynnhl Tel{CTYP H CTpyRTYp. Korp;a nrp;pOTepMaJIbHOll1Y 
lIIeTallfOP<PlIaMY nop;BepraIOTcH IIHTeHCHBHO paCCJIaun:onaHHhle nopOAJ,J, Te1,
cTypa CJIaHI\eBaTaH, CTPYl{Typa JIenKA06JIaCTII'tleCHaJI IiJIU rpaU06JIaCTlItJe
CI{aH nep P;HO C nOP<PlIpo6JIaCTall1H I<.ap6onaTa II p;pyrHx lIHlnepaJIOB; np.l1 
coxpanllBmeuCH MaCCIIBHOll TeHcType cTpyHTypa peJImnOBaJI, OT'leTJII1BO coxpa
nHIOTCH CJIep;bI nepBII'tlHoii: MarMaTH'tleClwji nopop;T>!. OAualW ][ B nopOAax 
co CJIaHn:eBaToiI TeI{CTYPOll tlaCTO Ha6mop;aIOTCH yqaCTl{ll C coxpaHIIBmeuCH 
pemmTOBOH CTPYI{TYPOH nepBHqnOU MarllIaTHqeCJ OH nopOAhl. 

r JI a 13 a 13 

XIIMJil3M rOPIIhIX IIOPO}:(, IIPOIJ;ECCbI I{PIICTAJJJJII3 l~HII 

II }:(II<D<DEPEUIJ;HAIJ;IIII IIPH B03HHHHOBEHJlII P 3JJH'UJhI rOJ>IlbIX 
IIOJ>O):( 

XII~m'tleCJ{He anaJIlIahl ropnbIX nopo,n: :rr JllllUepaJIOn npl!Be,n:eUM 
B Ta6JI. 3 H 4, rp;e YI{a3anhI HO~lepa XlHUltreCHHX aHaJIllaOB, naaBaU.I1H no
pop;, iltCCTO D3HTHH o6paan:oD 11 <pall111JIHl1 arraJITlTHHOB. Ha puc. 43 nalieCCllhI 



CnnCOl( DpoaDanfianponalillblX ropHblX nopoA II MIIuepa:JOB 

.M n/n I 
t 

2 
3 
4 

HaaaaHIIC nopo;J.bI 

IllrpOKceHOBbIU O:lllDHunT . 

Il~arfloH~a30uwil uepn.o;oTMT. 
IlepnAoTnT C TIlTaHO.11arHenlTo)or. 
CepneHTn 11113llpOuaunJ,rii Depn.o;o-

TOT. 
To me. 

MeCTO B8RTIIR 

I1rrm,rYJIpBn. 

TaM me. 
TaM me. 
CeuepuLlii CI<JIOU HaMMnRIIBII. 

fopa I{aYJIa , 0611 . 394. Ila HO.U. 
r. u. rOp6YHoDa. 

5 

6 
7 

I CepDeuT1HIIfT. I\ IOro-DocTOI«Y 01' l{aM.lfIllHiUH. 

8 

9 

10 

Jl 

12 

13 
14 

15 

16 

17 

13 

To me. 

X;lOpIITrJanpOUaflHblU cepneUTU
HilT C pC'.llfKTaMll nopOf\ceua. 

X~o pnTlJ311 pouanu J,/il ce poeUTII
HUT. 

CopDeHTHHllarrpouarruwfi rrepu.o;o-
1'111'. 

To me. 

l1ep" AOT IT c pe:lT/I{Ta~m OJJT1B1Ula 
It Me.ll<oii pauHoMepHoii BI{paD
JIenHOCTblO CyJJb¢ IJ.o;OU. 

I{ pyo fIoaepuucTblii nupoHceur1T. 
l1 enraTo ll.o;Rblii Ull pOI,ceIHlT. 

MeTa~fOp¢uaOBa IiO Lli:i: o:m BTl BOBW il 
DI1POKCCIIHT. 

. \'[C30f\paTOUOC MCJJl{OaepUIJCTOC 
ra66po. 

~re :lOKpaToDoc ra66po. 

o pToailuII B 31 M 01' HOIlTaHTa C 
.o;aillwii AJla6aaa. 

K ceuepy OT OHlm. 

06p. 113 ROJIJI. r. )[. fop6yuoDa 
(M 1266). 

~'llaCTOI< Mem.o;ypoqr,e. n.eHTpaJIb-
Baa qaCTb MaCCJJUa. . 

YqaCTOJ{ JJaMMoc-l'YCIiIHoe oaepo. 
n.eHTpaJIbUaJI 30lla MaC CFJ Ua. 

ITUJIbryapBII. 

rOpa HaYJla . 
! llnJJbryapBIf. 
I 

TaM me 

I\al'lMlll{UBR. 

1111.-lbrYllpUlI. 

'\I eTa~1Opq:lf;lODaUlI oe O:IIJUD nOBoe I TaM me 
ra66po. I 

AHanllTlII{ 

T. fl. HY3bMorra. 
A. B. CaphlqeBa. 

A. H. AI{CeJlbpoA' 
E. H . Eropoua. 

B. M. (Dpel!J{e:lb. 

B. r. 3anmaiiQeHHo. 

A. J3. Capr,lqeua, 
T. A. I~yab~IIIHa. 

C3ry. 

') 

n. r. 3arullaAqeHKo. 

.\1. .\1. CTyHa~oBa. 
E. H. Eropol3a. 

E . H . EropoBa. 

A. H. A Hl'e;lI,p 0". 

Ta6."Tuqa 4 

JlJlTepaTypHblti UCTO'lHJlK 
II npUMe'laHlle 

I B. II. n,nymn, (1951 c.) 

J3eiipnoeR (Vayrynen, 1938). 

B. II. l1anymnc (1951 r.). 

lleiip/lHeri (VaYI·ynen. 1938). 
r. M. rop6yrroB 11 A. H. Kop 

IIff:IOU (1953-1954 fr.). 
Bei'rpuuen (Vayryncn. 1938). 

B. II. Ilallymnc (1951 r .). 

1 T. T. Ma/weuuo I 1953 IT.). 
(1949-

I 
1\1. B. ,[(errJlCOBa 

1952 IT .). 
(1949-

l 

l E. n. l1anymoc (1951 r.). 
I 
J lleilpnrr6R (Vayrynen. 1938) . 

l 

~ B. II. fI allymnc (1951 r.) . 
I , 



~, nln [ 

19 

20 

21 

22 
23 

24 
25 
26 

27 
2'l 

29 
30 

31 

32 
33 
34 

35 

HaaBaIUle nopo;:(bl 

8 cceRCRTOBoe ra66po. 

8cceHC~TTOBoe ra66po C no.IT-
FlOCTblO JI3MenenH hiM mTpOI<Ce
HOM. 

ra6opo. 

PaCCJlaBIlOBafJHOe ra66po. 
KOHl'aKTOBhle pa3BOBBAHOCTH 

ra66po. 
To }Re. 
To }Ita. 
KonTaRToBwe paa IT OBBAHOCT B 

YJThTpaOCHoBlwii nopoAhl. 

X ;TOpnTO-TaJIhROBaJI nopoAa. 
XjIOpRTo-aMcpBOOJlOBaa nopoAa. 

lloJlnocTblO H3Menennoe ra66po. 
To 'Re. 

AMCPB60JlO-XJIOpUTOBaa nopoAa. 

HBapIleBhdI C!TeRnT. 
TpeMOJlHTO-TaJIbROBaa llopolla. 
Ha p6ollaTO-TaJlbROBwll rna 1'1 ell. 

CepneHTHHo-x.rropnTOBO-TanbRO-
Baa nopoAa. 

111 eCTO 1J3RTIIR 

CeBepHbIH Clmorr 3anaAFloro 0p
ToaHBR. 

AflamlTIlK 

RO;I;I. r. H. rOp6YHOBa, Bep- IE. A. CBopnHmcRaa. 
IDJlHa KaYJlbl. 

I1BJIbrynpBH, lW:T:T. B. A. l\'Ia- 1M. 8. EpMo;IaeBa. 
Cne EiBROBa. 

Ha}lMfllnTBFI. 
DepIJHIHa I\ayJTbJ. 

TaM }f<e. 
JlII!lbrynpmr. 
H BOCTOHY OT PY'IbJI HOTCCJIbiioRH. 

ruiJ pome P,ltaJlbHO ua.iHeHeHHble no poiJb/. 

T a 6 ]I II q a 4 (npoao""",enue) 

HTcpaTypl1blM IICTOQlUlK 
II npUMeqaHlle 

Bci1plulcn (Viiyrynen, 1938). 

B. vI. JlaoymHc (1951 r.). 

Roml. B. A. 1\lacneHuRosa. 

I B •• p .... , (y,y,yn,", 1938). 

Hon.'!. B. A. Mac:JeoIlHoBa. 
BeiipI:lHeU (Viiyryoen, 1938). 

Kayna. E. A. CEt'PHHlHc/,afI. I l 
Ta~1 iKe. A. B. CapblqeBa, 

T. fl . HY3bMHHa. B T. IT . 951 
Ta ~e B 'j r "" . .1'1. arryillilc (I r.). 

:.l rn • • IV. '" rCfll{C:Tb. 
TaM me. J1 a60 paTopnfI I,epa~mqe-

cl,oro nHCT. 
OpToaiiBU . A. 1\1. BOffAapeBa. 

TaM }fIe. 
lOllnlbIe OHlm, ncpexoAHaa 30Aa.\ c,3ry 
YqaCTOI( Men(lIypeqhe, n,eATpaJIb- » 

Hall qaCTb MaCClIBa. 
HyqUn-TYHlIpa. » 

r. H. fOPOYlJOB II H. A. Rop
mlJIOB (1953-1954 rr.). I n"p"" (Y'y,y"n, 193P). 

r. T. i\IaJ{ecHlw 
1953 rr.). 

(1949-

CUJlbHO opyiJelle.tlble 

36 I C1lJlbHO °pYAeIIe.rraa y.ITbTpaOC- \ Jlu;lbrYlIpBIJ. 
HOBnan nopolla. 

37 OTaJIbROBaHHbIii nepllP;OTBT. TaM 1I\e. 

YJlbmpaOCH08N b1e nopoiJb/. 

I 
A. B. CapblqeBa, 

T. H. HY3b:lolTIna . 
A. H. Alite:lbp0ll;. 

I } B. 11. ITanYIDuc (1951 r.). 



J\". n/n I Ha3B3HlIe nopo;:\1~ MeCTO BaRTIlR 

38 

39 

40 

41 

42 

43 
44 

45 

46 
47 

48 

49 
50 

51 
52 

I Cn;Ib RO °pYi\eu\J.aaJI yJ1bTpaOC- Ta,ll iKe . 

1l0BnaJI no pO,!l,a. 
IIepH,!I,OTIlT opY,!I,eRe.ahlii. TaM me. 

I 0pYAeReJIbIU cepneRTHIJIIT. IOmHl:.te ORlm. 

C:llOllll E1blH RBa pL\eBbdl ClIermT C fopa HaYJIa. 
rpano$npoBoif CTPYHTYPOU. 

,lJ,na6aa (,!I,aiiHa). o;eRTpa,lbHaJI ropa Hayna. 
'laCTb !.(aulaI. 

,lJ,na6aa 113 aa.lb6aH,!I,a ,!I,ai.i!m. Hayna. 
ra66po Ilop$HpnT (i:r.aiiRa?). Ka.\1M1l1<lIBlI. 

MeTaMop$U30BaHIIbllr uOlllmmno-1 IIrrJlbl'YJIPBIf. 
BhIij omlB11 HOBbllr ra66po-uop
$Hp~IT. 

jJaUK06bU nopoaw, 

(J)YP'JIIT. KaMMI1HnmL 
MeTaHop$u30BaHHwe OJIUBllHODwe 3ana,!l,HWfi CKnOH KaYJIbI. 

mrpOKtenllTbl. 
rTHpoHcello·rpanaToBblo UOPOAbI KaYJIa. 

U3 L\elJTpa ,!I,allrm. 
IIop$npllT II:! aailh6aH,!I,a ,!I,ailiUf. KOTCeJIhBaapa (CM. 37). 
1\lcTaMo p$n30Ba U Rhlll UOUHJlJIHTO- IIliJlbl'yll pBII. 

Bbrii O;UIBBflOBhlU ra66po·uop
cJlflpTlT. 

CHeuIITo-rpaHHT. I TaM me. 
KDapo;eDwll cneROT. TaM me. 

A HanllTlII< 

a60paTOPIJJI fTlupofln
Re~H. 

To me. 

C3ry. 

A. II. AKCC.lbPOl\. 

P. E . lliO.1YAb. 

» 
A. D. CapW'leBa. 

T. H. HY3L)'IIIlIa. 
A. H. AI{Ce: lbpO,!l,. 

E. JI . EropoDa. 

B. M. <Dpell1>e:lb. 

A. II . AKce:JbpO,'l. 
M. S. Ep)10.1aesa. 

') 

') 

BMeU/alOU/ue no pOab+ (my!fio2ewlo ·ocaaO ttllble) 

53 I Cepu UHT I cO,!l,ep}Haru.IHl cJlnJIJIrlT. 
54 <DUJI;HlTODH,!I,FlWfl cnaueu,. I 

CeBepHblll CK.10R Ka)IMIlRIISII. 
TaM me. 

T a 6 .a II 0; a 4 (npOaOJl,:HCeHUf) 

J1I1TepaTYPBblll IICTO'lHIIK 
II nplIMe'laHue 

) 

I > II. H. IIonoBa (1949 r.). 

J 
r. T. l\T aHeellHO 

1953 rr.). 
(1949-

B. 1I. IIanymuc (195J r.). 

} II. II. IIonoBa (1949 I'.). 

B. li. IIanyml1c (1951 r.). 

DeiJpnncR (Vayryoeo. 1938). 

} D. II. IIarrymrrc (1951 r.). 

I HO.1.1 . D. A. Mac;reDIJI<ooa. 

I } DeiJpIHlell (Vayryoen. 1938). 



M n/D I lTa3ual ' IIC nopOl\L1 Al ecTO B311TIJ 11 AHaJllITIlIi 

55 I CO(JlI03 I1T. I Hay:Ia (oGp. 368). 
56 )J,OJtoMlITu3npOBanr1bUl 1l3BeCTAlm. 1{0JloclIiioKlI . 

i\1. 11. !{onn:Hllla. 

J(ua6asbi 

57 j\naGaa 4-ro oOKpona. 
58 1\l1aGa3 4-ro 1l0Kpona. 
59 .IluTpYIHl DB blf! ra66po-AHaGaa. I CenepHbIli CKJlOEI [{aMMHKHBll . 
60 ffJe3Aa oopoKcefla B Aua6a3ax. -
61 )J,ua6a3 4-ro IIOKpona. I{ IOry OT ropbI Hayna. 

62 
63 
64 
65 
66 
67 

68 
69 
70 
71 
72 
73 
74 
75 

i\IOHOKJHIHllbIH nnpoKcell. 
CepoellTlu!. 
X PUooTlIJt-acGecT. 
TanbK. 
To me . 
HanbD;I1T flo npO>f<I'l_lKa D I'IHTpy-

arlll . 
J1Y'lliCTaH porOBaH oGMaBKa . 
X P1l20TllJI-ac6ecT. 
Cepnoq,lIT. 
TaJlhl(. 
To a,e. 
<DeppoTpeMllT. 
To )"e. 
11'1 arHU TB biB peTTepeDT. 

MUH.epa/lb/. 

HayJIa. 
(MBHepaJI oM 7 AeBllcoBoil). HaYJl8. n. r. 3arunail'leHKo. 
HaYJla. Ao.lramoBa. 
Hayna. C. II. CMflpnona. 
ThM~. » 
ITIIm,rynpBH. 13. r. 3arDHail'leHKo. 

HaMMBKIIDlI. 
3aoaABoe OpToailBlI. 
HaYJIa. 06p. 520. 
HaYJIa. 
TaM >f<e. 

HaYJla. 

B. r. 3arunail'lelJl\O. 
C. 11. C~J11 pHona. 

» 
» 

A. i\1. BOBJlapeB a. 
C. II. C~t(JpHoRa. 

» 

1 
I 

J 
} 

T a 6 n n 0. a 4 (npOaM~iceItUf) 

J1llTcpaTypllI~ii IICTO'IIHIK 
II npIIMC'lallllC 

B. If. TIaoymuc (1951 r.). 
UeiipuHen (Viiyrynen, 1938) . 

DeupIaleu (Viiyryncn, 1938). 

Ddlpl'lncn (Viiyrynen, 1938). 
8. 11. E:mceeB (1953-1954 rr.). 
i\I. Jj. Aeuucolla (1949 r.). 

8. II. E,lTICCeD (1953-1954 rr.). 

M. 13. AeuucoDa (1949-
1952 rr.). 

13euponeH (Viiyrynen, 1938). 

r. n. ropGynoB H H. A. H'op
IHlnOB (1953-1954 rr.). 

8. H. E.lnceeB (1953-1954 rr.). 
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Pnc. 1,3. )baJ pa~'IMa XHMIl'JeClnJX aHa:J1130B ropnblX nopo,," no A. H . 3anapHIJ.RoMY. 
J - IlIlTPYOIIDllblC [JOpOAbl; 2 - AanKoBhlC noponhl; 3 - MeTaMop!/lIl'leclme nopOAbI; 4 - 3!/l!/lyanBII1>Ie 

lIoponbl. 
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pe3YJIbTaTbI nepeCqeTOB XUMHqeCKUX mlaJIll30B no A. H. 3aBapHIJ,IWMY. Ha 
IHIC. 44 H306pamena AHarpaMMa - npoeHUHH TeTpaaApa na nJIOCIWCT.b. 
B BHAe TOqel{ B TeTpaaApe nanecenbt pe3YJIbTaTbI nepeCqeTa XHm:qeC1<M.x-aua
.JUI30B na qeThIpeXHO morreHTHYIO CIlCTeMY CaO-2 120 5- i0 2- (MgF )0. 

Ha AnarpaMMe XJUUl'IeClure aHaJUI3bI 061>eAIHlenl>I B CJIeAYJOUJ;He rpynuhI: 
1) rpynrry rJIy6HHHblx nopoA, nOAaSJIIIIOU1;ee 60JIbillUfICTBO HOTOP1>IX nO.l1.sep
raJIOCb aBTO~!eTaMOp¢T13!1ry; 2) rpyrrrry .l1.aiiJwBblx nopo.l1.; 3) rpyrruy ropUblX 
nopoA, nOAseprulllx II rllAPoTepll laJIbHO Iy MeTa!lIOP¢u3MY; 4) rpynny acp¢y-

CaO 10 

SO 

130 

70-

60 

50 -

40 -

30 

20 -

/ 
/ 10 

/ 

{FeM9 a 

/ 

20 30 

/ 

/ 
/ 

/ 

/ 

4-0 

/ 
/ 

/ 

50 

/ 

60 

/ 
/ 

/ 

- 7 ()2 tJ3 o il-

70 

/ 

80 90. 2A lz 03 
/ 

/ 
/ 

/ 
/ 

/ 
/ 

E (opT.+/(sapu.) 

P IlC. 4ft. llpoeRD;llfi TeTpa3;~pa CIlCTeMhT CaO-2A I20 3-Si O2-( .\[ ~. Fe)O lIa II :IOC I OCTI>. 
} - JIllTPY3111lIlble nopO:\bl; 2-;:laiiHOUbIC f1 0P0;:lbl ; .1-rll;:q10TCPWlJlbIlO Me'l'3MolltPlI30Ballllhlc nOIJO; U,I; 

4 - O<[JC(JY3IlJJ ll bIC JlUPOllbl . 

:3 UBHbIX nOpOA. KpoMe TOrO, nu AllarpalllMY rrauec UbI B Bll.l1.e TO[Iel rJIanrreu
mHO nop0.l1.006pa3YIOw.ne 1I11mepaJII>I: OJIUSUllbI, MOHOI{JIIllinhIU: nUpOl{COII U 
.l1.pynIe. Toql{u XllMU<IeC[~IlX aUaJIIi30S Yl{JIalJ,hIBaIOTcH na 1(llarpa!l1!l'lo 13 nU.l1.e 
Y3IWii: nOJJOChI, B.l1.0JI b ROTOPOll npOBOAena ;IOlprraH mUlIHI, COC,lJ.UllJlJOll(3H 
COCTaBbI ropIlbIx nopo~ 1I¢¢epenunpOBaHHoll llIITpy311U, nalfIfIlaJl nOlITJI C MOUO-
lllnepaJIbnbIX OJIlIBIlIlIITOB II Kon(IalI I,Bapl:\enO-nOJIeBOIDnaTOnOJ1: 31'01 Tll-

]{OTI. OTKpbITlie rpynIIbI lJ,allROBblX nopolJ, pa3Hoo6pa3110ro COCTaBa 01' CllClllI-
1'013 .l1.0 rpaIIO¢llpOB 3aIIOJIlIIIJIO np06e I B upaBoii: qaC'fll AnarpaM lhI l! n03BO
JIIIJIO npOneCTIl nOqTU CnJIOIDlIYIO JIlfJJIIIO - l\pUBYIO AlI¢¢epen:u;llan.uu neqenr
CIHIX MarM'anIQeCKllX TOPflhlX nOpOl (. 

,D;uarpamJa. no 3aBa pun;KoMy (puc. 43), XllMUQCC){Oro COCTaBa roplIblX 
DOPOA lleqeHrU npll cpaBHemUI C TalWll IHe .l1.UarpamlOll lJ,JIH Mon<r -TYH,lJ.PbI 



94 rJIABA 13 

BhUIBJln T neKOTOphIe oco6 rrflOCTTI XJ1MJ13Ma rOpnhIX lIOpOA Ileqerrrn. B COOT

BeTCTDllIl C )];OBOJIbHO 60JlbmnM paau006paaJ1eM rOpHhIX rropo)]; IleYJellrn Bel{

TOPbI aanmla lOT 06mnplloe rrpOCTparrCTBO fla )];narpa~lMe, OTB qaIOm;ee paa\IO-

06paaJllo pnAa YJIbTpaOCnODtlbIX llHJ(CJIbl • ATIcPcPep l1lJ;T1aTOB. IlOJIO;! eHne BeIHO

pOll 11 J1panOll 'IaCTT{ p,uarpa HIM YHa3bmaeT ua 3Ua'IflT .rlbTIOO COAepiKaTIH 

OIUICIl HaJI b~lUI B l:J;neTnblX Mllucpa1Iax roprr:bIX UOpO,:l; Ilc'Ierrrll, 'ITO UaXO)];lIT H 

B COOTIJCTCTDI(l( C DhICOIUlM COAeptl{armc [ I<aJIbIJ;fla B MOIIOI<JllJlIUOM rrupOI COB 

(11 1\1 lIC 42 % MeTacmrrmaTa HaJIbIJ;I1n). B nOM OTrrOmCm!ll rOpHh1e nopOAbJ 

IleqclII'rt OTJlJ(QaIOTCH OT ropllbTX nopo]]; APyrnx paiionOB CyJIbcPllAllOii Mep-HO

mil( JIcooii MJ([I panlJaaIJ;ItJl, narrpflM p ropnbJx nopo)]; MOIlq -TYlIAPbI, B IW

TOphlX nllpOI C IT np A TaUJl H PO~IOllqCClmM nnpoK eHOM (If. E .Tl11Ccen, 

• EJIIICC 1.1, KoaJIou, -bUltIll 11 1aCJlellJmOB, 1956) II D I,TOPhI B npauoii 'IaCTU 

Hila r pa~1 M hI IJ npOT11001l0110;lmOCTb llCQcnrClHIM nopOJl.a~l xa pa 1,Tepl!aYIOTCfI 

J\PYTbIMII yrnaMtI nal<Jlona. 

I PYTblC yrJIbI nal,JlOna n J{Topon U .'lcooii 'IaCTIl AllarpaMMbI YHaabIBa10T 

lIa JlpCOOJtanannc naTpa lIa)]; KammM B COCTaoc ropllhlX J10POA. 

H. pOMO Toro, IlclIcHrcl HC HHTpya1l1! OTJInQalOTCa OT MOTlT£erOpClO[X 

COAcp; l,atlHCM THTaHa. IIal{oll IJ;, UC'1 nrCIWC ropIILIC JlOPOAhI no paDIIC

Hmo MOil qCrOpCIOlMH OT .H'laIOTCfI JlIITCrrCllolILIM aUTOMCTa~IOPcPuaMOM, 'ITO 

lIalll JIO OTpa;y, nne n oooraU~CIII111 XIlMIf'ICCl\Or COCTana roplIbIX nop ].I. D01~oii 
(TaOJ/. 3 II 4). 

POJIb J")IJCTaJl;JH3al~IfOHIIOii )J,U(I)(l>epcH,~ual~11II 11 lWHTaMUUal\rm 

B B0311111mODemm pa311006pa3UJI ropllhlX nopo;:t. )];1f(1)4>OPCIII,upoBall llblx 

nUTp 3UBllblX Ton 

B np AL1l IYHJ;HX JlCCJICAOnaHllfIX (Ilanymnc, 1951 r., 1952; H. E.fIliCeCB J[ 

IlauYDlllc, 1952) y,Ke roooplInOCh 0 p JIU rrpOTJ; C 'on },pIICTa lJIlt3ao.lloflrrO][ 

AlIcPcP p IT~UaIJ;TIII H I<OITTaMllIIaU;1l1I ITpli noaIHllmOOClllll[ paall006pa3Ull rop

nbIX IT POA l[cPcPep I1IJ;llpOnarIUbIX lIUTPY31!l3II1,[' Tell. 

3a llCTCI,Wllii II pO 1 il,YTOl{ D P MCITH npuoaBlInCH nOBbTII MaTCpUaJl, KOC

DCITnO npo TlllJalOllJ,llli CIJOT na U3aHMOOTIIornCHlIe npo~cc 013 Al[cPcP P HIJ;naIJ;](J[ 

n J{OHTaMlllIa~I!U - no IIClI30CCTIIbIC AO rrOCJIeAlIcro BpCMel1l1 AallKOBbIc 

nopOAbI Hnapl~CUO-CI1 1II1Toooro, rparrOCIlCHflTOBOrO 11 rpallOcPllpOBoro CO TaBa 
(H. EJluc coa, 1954 r.). 

n POl(CCCbI 1\oIITa~lIntal(1I1I 

Y I aaalIlfCM lIa llBJICIIllfI lWIITaMl1rrao;nU MarMbl ~laTCpUaJlO\l DMCllJ;aIO~1l 
roplibIX lJOPOA J(y~aT nCClwnhKO cPal\Ton. B "tICTbTpex MCTpax OT ),OHTalHa 

C A1IcPcP P lIo.npOUaUlIT:d:M J!lITpyaLlnnhHl TCJIOM B lWPIl 0YPoBoii CI~BaiKUIIhl 
lIa KaYJI OhT1T1I 06napyrtWIIbI OIWTIITOUl>le lmapn; UhIO cnellllThI C rpacPI1QeCIWI[ 

CTPYKTYP0i'l (II. EJIucecB 11 HalIymnc, 1952), HOTOPhIC U03rrUl\JI1l U peaY.'IbTaTe 
nepCl,pu TaJIn1l3a~UII aplwaOBbIX IT CQalIITKOB C oopa30Bannc~1 CllOH uepc

IIJIan1I lllIblX UOPOA MOlIl.IfO TbTO n 1.5 M. Knap~cobIC HellllTbl OhUIll BCTP (1 IThI 
JllllIlb D AIIlICTB IIITOM CJlyqac. lIay<IclIlIe KOUTal\TOnhIX 1I3~( IlClIllii U~relIJ;aIO
lI\IIX nopoA B IIcQcITrclwM paiionc nOl\aaaJlO, 'ITO 06paaOBaHlIe IICP ll JlaO

.fI01lllbiX T{BaIJlJ;eohlx ell IIIITOIi B /, OI1Tal{TaX HBnCUlIC UCI{JII0qnTeJJbITO , 

OOblqny,y iK cnaoble l<OIITaHTHhIC lla lcrrCUlIfI C B03HUKIIOB Ul1C~1 yanoBa

TbIX CJlaulJ;On. 

BMCCTC C Te 1 llMCIOTCfI AaIllIbIC, Yl\aahIBaIOm;lle rra TO, 'ITO lla TJlYOllfle xu

~HlqCCI{QC noaA iiCTOlIC lIfITpyauii lIa mIel1l;alOll:J;ue IIOPOAblObI 0 UIITenCUOllhTM ll. 
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npnBOAJ<lJIO K J(oHTa~n1HaJJ.Hn IanwR MaTepHaJIa BMem,arom,nx nopOA. 8THMIi 
p;aHIIhThiH RBJIHIOTCH oc06eHROCTH XHMHSMa IIe'1eHrcKHx HHTPY3Hlr II OTJIU'IJ1B 
XllJIIJ<IS101a OT APyrHx HIlKeJ1eBOCHhIX llHTPySliIH ROJIbcKoro DOJIyocTpoBa 1iI, 

B '1aCTHOCTH, 01' XHMHSMa M OB'1erOpCIWH IHlTpysHn. 
,I(JIlI XnMnSlo!a ropBhIx DOPOA AHiPiPepeBI:\HpOBanHhIx IUlTpYS12lBnhIX TeJI 

xapaHTepno nOllblmeHBoe cOAeprHaIIHe I<aJIbD;HH H rJIHllOSellm no cpaBBeHHIo 
C ropHblMn DopoAa Il!l MOII'1erOpCI<oro IIJIYTOHa, 'ITO OT!I1e'1aJ10Cb DpH pacc!I1o
Tpenl!ll!ll\narpaMMhl A. H. 3aBapHD;Horo. B npaBOH '1aCTH AIIarpai\!Mhl BeI{TOPhI 
HMerOT 60Jlee nOJIorJl HaI<JIOBIiI no cpaBIIeBIDO C BalUIOBar.1H BeI{TOpOB ,n:JHI MOB
'IeropcrnIX nopOA (H. EmICeen, 8. EJIJlCeeB, R03JIOB, HJInB H MaCJIellllI{OB, 
1956). TaHoe paaJIHlJHe BamJJO oTpameBl'le Ba lIll'lHepaJIOrlllJeCHOM COCTaBe 
fOPDhIX nopoA IIe'1enrH - B nelJeHrCKI1X nopoAax OTcYTc'rnyeT pO~J6HlJeclOrii 
nllpOl{Cen, CTOJIb TllnHlJIIhIU AJIlI MOH'-Ie-TYHAPbl H p;pyrnx panonoB; AJJH ne
'IeHrCHHX nopoA TlllIlllJ II MOBOHJIllBnIiIH nHpOI{Cen CO sna'UlTCJJhIlbIM Co
Aeprr aRlle I lWJJhUl'leBOrO 1I1eTaCIIJJHI{aTa (42 %, no AalmhIM IIanymHc, 
1952). 

I{poMe nOBhImeBBoro co,n:ep)l{anIIH HaJIbD;IIH, nec} Ma THml'Ina lJ;Jlfr 
IIelJennt OlUlCb THTaIIa, 'ITO npOlIBJIHeTCH B naJIJIl~n Taro1X PYJ\HIiIX 
MI'IH paJIOB, Hal{ nJIhJlleHHT n TUTaH0ll1arHeTl'IT, TnTaH BX01\UT n COCTaB 
nnpOI{Cena, BeHOTopbIX paSHOBUAIIOCTeii aJlIiPn60JIa (KepCYTIITa), 6UOTnTa. 
B pa60Te H. A. EJlnce na n B. M. IIanymnc (1952) npnBeAemI Alia rpaiPllKa, 
COCTaBJlennIiIe no 8npapAY. C IwoPAllHaTallH1. na l\oTOPhiX OTJlOl-HCnh! JJora
pniPMhl I<OJIH'ICCTB OIUlcn THTana H CYJ\iJllhl HOJm'lCCTB OlnICn TJJTaHa, OlUICH ~I 
aar H H meJIesa P;JIlI HHTPYSliIBIlIiIX nopOA n p;aHHoBbTX, sa UCI<JllO'leBnC.II:l Imap
l\eBhIX CHelIllTOB, rpaIIocHeHHToB n rpaIloiPHpoB. TO"IHH Ba l \HarpaM.llJe P;JIlI 
HllTpyal2IBnIiIX nopo,n: pa36pocanbI Ha 60JIhIDOH llJIO~ap;n: naTO III il CT CJIY}I{HTb, 
no MBeIIHIO 8Bpapp;a, Yl{aSanneM na TO, 'ITO TlIlTaH 6hIJI San.IIJCTBOnaH MarMOR 
ns BMem,aIO~HX nopOA. BeRpHHeH (Viiyrynen, 1938) OTMe'laCT nOCTOHnnoe npH
CYTCTBIIe SHa'lnTeJIbHOrO lWJIH'IeCTBa !116m HX sep H JIeHKOl{Cena H ciPeBa 
B ocaAo'lHo-TyiPoreHHIiIX nopOAax n YI<aaIiIBaeT, 'ITO HCTO'lIIlUW I THTana 
B lI.1'arMC HDJIHJICII MaTepHaJI, saHi\'ICTBOBaBBLlil ]1S Brtlem,aIOm,HX TOJIID;. 

IIOMl'lMO YRasannhIX oc06eHlIOCTeR Xnl\IHSlIta, IIc'leHrcI<He lUITPY3IU{ 60-
raTIiI nop;oH no cpaBHenHIO C MOB'lCrOpcI'\o]i RAp . BoraTCTllO BOAOH 06YCJIOllHJIO 
llHTeHCHBHoe npCHBJIeHHe aBTOMeTaMopcpnSM.a B ne'leBrCHllX nopOAax. B03-
1Il0rHIIO, ~lTO CBenme ropHLIe nopop;bI MOH'lC-TynAPhl H APyrHx pairoHoB H.OJJb
CHoro nOJIyocTpoBa II 1l0ABeprIDHeCH FIllTenCHBIlOMY aBTOMeTai\lopiP1l3MY ne
'1eBrCI<ne nopOAIiI BOanHHJIl'l sa C'IeT OAllOH pOAOna'laJIbBOH MarJllbr. B TaIWM 
CJJY'Iae ne06xOAHMO OTBeTI1Tb lIa Bonpoc 0 npH'lllHaX n nCTO"IHJ.ilHaX 060ran(e
HIUI BOAOH MarMIiI B l1C'leHrCHOM palloBe. BepOHTIIO. 1I1an.la nepBOIla'laJlbHO 
6J;lJla OAllHalOBoro COCTaBa, HO reOJIOrH'leCI<He YCJIOBna saJIeranna DHTPYSIIR 
B IIe'leBrCHOJlI paHOHe OTJJH'laJInCb OT reOJJOrn'I€CHIIX CJIOBIIH D paiiono MOHlJe

TYBAPbI. 
B IIC'leHrCl<OM paidOHe iPopMHpoBanne ,n:ucpiPepeHTI;IIpOnalIHbIX IIllTpY3nB

IIbIX TeJI npOIICX01J.IIJIO no cpaBllOBHIO C MOH'IC-TYBAPOH na lIfeIIhmci.i: rJIy611IIc, 
n 60JIbmOH 1I1Om,llOCTlI nJIaCTOBIiIe nnTpYSllu 06JlaAaml 3na'IHTeJIbllOU: nonepx
BOCTbIO COIIpn[{OCBOBCnllH C BMem,aIOll\HMH nopOAa Ht, BM m,aIOII\Ue nopOAbI 
6hlJIII 60raTIiI BOAoll . no aTOll npH'lHHe lI1orJIO npoucxOAllTb 060rall\enuc JI1anthl 
BOAOll, samlcTBonalIIIoll HS Bl\wm,aIOm,nx nopop;. Talw6 np AllOJJOil;CllUe nOA
TBepn AaCTCH OllbITlII.tlAIJI AaHHIiIMll (BoyaH H TaTTJI. 1950), COI'JIaCHO I OTOPbIM 
ommnn II llllpOI<Cell JllOrYT 1{pIICTaJlJI1I30naTJ>ClI HS IlIarJll.bI, 60raToii BOAOH. 
B AaJlhHeHme~I, npH OCTbiBaHHll ropHblX nopoA nOBbooeHHoe COP;Cpll anile nOAhl 
B OCTaTo~mOH lIlarMe CJJyrK1'l.JIO npII'lHIIOll HHTeHcnBIIoro npOJ1BJICIIllH aBTO
MeTalllopiPl'.I'leC l Il;( H3J1leneHUll liHTpyalHllIhIX ropnIiIK nopOA. 
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ROCDennhIM~ YI<a3aFIJ1I:eM Ha JlBJIeHIUI I<OHTaMHRaU;HH MoryT CJIymHTb Aaif

IWBble nOpOAbI COCTaBa Imapu;eBblX CUeHIilTOB, rparroCrremUOB H rpanoqm:pOB. 

):{JHI aCOli. 3THX nopOA Xapal{TepnO naJll'lql!le rpanoqm:pOBbIX CpaCTanuH Imapn;a 

-c nOJICBhIMH mnaTamr. CJIeAYeT OTJlWTHTT>, "<[TO nIl AaifHOBbIe nopOAbI 6bIJfll 

BCTpe'l nM nnyTprr AJiltPtPepenu;HpoaauHbIX HEITPY3]i113Hl>lX T JI, 06JlaAalOID;HX 
n paiIOIIe Y'laCTI\a UITJ(h[, npBI! ReCpaBll flTIO 60JIbmeii MOID;uOCTbTO, 

'lCM D COCOAmu Y'laCTI ax I1e'lenrCIWro paEiona. H e06hItHIbIll COCTaB .nux no

POA, C OArroH CTOPOIIbI, J[ UX CXOACTBO C 6HoTnTOllblJllFI I{Bapn;CBburrr ClleRFITaMfI 

-c rpatPEl'lCCI{OJ1: CTPYKTYPOU, B03ftJmmIlJllH npFl nCpCnJIallJlCfllTlf aplw30BbIX 
nCcqammoa, C APyro.ii: cToponbl, n0300JIflIOT BblCHa3aTb npCArrOJIOil eRUC, "<[TO 

YI<a3aHHble }.(aimOBbIC nopOAbI B03mmJll'r npl'[ IICpCllJlaBJlenUH ~lJUI "<[aCTIPnrOH 

IIepeIIJlanJI R1H1 BMCll\alOID;UX llOPOA, IWHTaJlUIHaI.l;IfH 1.1 nOCJICAYIOID;eM BueAP -

HHN U yrl e 3aCThlUml1e }.(HtPtP p eHn;UpOBaRHbI HIITPY31IBTIble TeJIa. 

B MOHq -Tyll}.(p e IHICTOTCH Aafmu Imapu;euhI noptPupoo H rpanotPupoo . 
no nonOAY ]{OTOPblX cID;e B 1933 r _ A. A. I10JIHaHOH BblCI,a3aJI npcp:IIOJIOiJ enn , 

"<[TO omI n03nHRJIH U peaYJIhTaTe nepeIIJIaBJIeTIHH D (elI~aIOm;HX nopoA - l'Reii:

COB. B naJIbReiimeM: IIpCAnOJIOrI,CIIHC A. . I10JIJ{aROHa HaU[J(O IIOATBepmAe

HU : npOMC Aael" B 10:rl"HOillJaCTl! pyp:Roro nOJIfl HHTTUC-RYMy~1{hH-TpaBHuaH 
6bIJJll 06napYH eRbI n, IlJIIUf rpaROtPT1:POB B YJIbTpaOCnOBlIblX nopop:ax (H. EJlJI
ceCB, 3. EmrceeB, K03JlOB, IHJIllH l'! MacJIcmmoB, 1956). 

al\OIlOJlfepROC pacnI CAOJI Rno ropHbL nopo nnyTpn l-l. lItPtPepeHIt;l!pOHaH
ITblX lIlITpy311BIIblX TC I, o~,\[!Ia !wnOO 11X 3aJICrarrue n r OJIOrl1<IeCl{aH CTPYJ\

Typa, DMl-l.epn aHIThJii COCTa13 nopO; \006pa3YJOru;u ' lI11mCpaJI013 - BCC <lTO ne 

OCTanm!CT CO 1lI0Hnii n Tec nOM rOHOTJ[<IeCl{O~! POT\CTB YJIf>TpaOCHOBUbIX]( OC-

1I0DHhlX nopol-l., CJIaralOlIJ;[lX llUTpY3HBlmIQ TCJra. 1l0nOl\IY YJILTpaOCROBTIbIC II 

OCHODJlhTC rlOPOALI 1\IOllmO OTHCCTH 1\ op:Hoii copnu 1l.llH CCTCCTBCIIIIOMY PHHY 

(OoIJ<anOI:l, 1944). 'l'alwii: 0 TOCTJlOHl1bIll pHA COCTaBJIHIOT OJIUBllIIIITbI II 

Uupo I C HO 13 hI OJll!BI!lIr1TbT - ncpHp:OTIITbT - n r[po l.;ce I1lITbT - ra66po-::lCCOI{ClI

TOBhI ra66po (l1anyrrmc, 1952). IIaJlle"<[aIoTcH l-l.BO BeTBII Haql1l1aH C nepu; \o

TUTOD: o )vra - nCpnAOTllTbl- OJInnnnOBT:JC nITpOI\ OIIHTbI- OmlBllEIOBLre 111 Jla

IJ01{paTOBbIC ra66po II ):\PYl'aa - rrcpllp:01'ftrhI- l1IlPOI C nnn(- ra66po - ac

Cel{CIlTOllbre ra06po. 
B. n. narrymn (1952) B HalJCCTBC tPar,Top H, C ly;+,rmWllX nprrq[[ffol! P:IJCp

tPePClH\lItlU,Il!t lI.rarJllbl, YI\a3hIBaeT 1{pllCTaJI U3al\!lIO, nponCXOJ(I1BIHyIO no npOMH 

):\DutJ' IInH , T! rpaBJ(Tao.1II0. nBlIilWlIllO HIlUJlO b upnqnnoii. B03U1Il·tIOBCllIflI 

nepnH'Irroro paCCJ(OCIIIlH HIUPY311BHblX TeJI C OTQCTJlII130 J3T>Tpa"'OIIHblJlHI 110JIO

caTbUIll n mmeiIUbl~lI1 TPYJ{Typal\1I{ TO~ICnIIn C JI uUefWOcTbIO, uapaJIJIe IbHOti 

nanpaOJHlllIllO nap: HIHl naI{JIOUHbIX OJIaCTOnbl ' p:HtPtPepcHl~npOl3aHllbIX UR

Tpy311ll, 'iTO xopomo lHll \1I0 tIO paCnOJlOrI,eHlHO lIprr311laT UYO lurX yp:JIlIl1enUhlX 

HpTICTaJlJIOB l\lorrOIWlumoro IIlIpOI-\C Ha 13 IT pnAOTHTax fI nupor COIIfITax. 

n pBn<rnaH nOJIO aTOCTb xopomo nhlpait.;aeTCH Il rrOCJloiiHOM paCtIOJIoa,elIllJI 

nepl1l-l.OTllTOO, nllpOl\COlIllTOB n ra66po, 13 TOH IOI X npOCJIOHX 60J1eO JlJOJHW

aepnHCTblX JlOPOA 11 T . . (CTp. flU). 

Bo npe~IH p:Blm,CIIIUI nCJIcl-l. TBHC rpanl1Tau;!m npouCXOP:llJIO npOCTpanCT -

13 HHoe pacnpop: Jl HIre MI01 paJlon, 13 Ca,a'leM oOI,y rra1{JlOlll1blX I1HTPY3IlB

nbIX TOJI rrporrCX01\IIJlO 060ra{~OHnO 60JIe THiI,eJlhTl\lII Munepa a~!lI (OJIOB lIT!) , 

Y IlIlCHlICro OORa CI OllJIH JlI!Cb 60JI00 JICrIU[e Jl!JlIIOPUJIbl - IIJIarnOI\Jla3. Pa3111fu;a 

B Yl-l.eJIbHOl\·[ Hoce ncplIAOTrrrOBB JIO}(W q OJll60RY 11 ra66po Jl DIICHq [60I\Y CO Tau

JlflJIa 0.4· . TaHoro pona l:(JItPtPopelIl\llau;mI OTHOClITCH J{ rpaBIITar:(lIOHHO-H1mCTII

tIecl\oii (HOJIKanOD, 1944). 
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I1fITepecHOH OC06eHHOCTblO CTPYI{TYPhl AlItPtPepeHIl,llpOBaRRblX HHTPY3Hll
HhlX TeJI JIBJIHeTCJI BbIA p>HanHlilli xapaHTep nepBR'lnoi.i: paCCJIOellHOCTn, npn 
Mom.nocTH HRTpY3HBnhlx TeJI, BapbHpYIOm.eH OT 10- 15 AO 500 M, xapaHTep 
paccJIOennOCTR BblAeptI{HUaeTCJI. 

B 60JIee paHHHx BblCI{a3bIBanRJIX 0 npliPUIHax ,n:RtPtPepenD;HaD;H1>1 ITe'lenr
CI{RX I1nTpY3IIii: eHpRH H (Va yrynen , 1938) YHa3blBaJI na rpaBUTauruo B I{a
'leCTBe AHncTBenHoH npR'lHHbI, 06YCJIOBlIBmeH AMtPtPepeHD;MaD;HIO. 

ITo AaHHbIM npH6JIH3HTeJIbnOrO nOAC'leTa 1II0m.HocTeH CJIoeu orrHBHHHTOB 
11 nepHAOTHTOB (npII fePHO 50 %), nHpOHceHHTOB (10 %) H ra66po + acCel{CH
TOBblX ra66po (40 %) II ll3 cp AHII XH m1:J.eCl\.HX anaJIH30B STHX nopOA B. 11. ITa
nymuc (1952) Bbl'lHCJIHJIa cpeAnnll COCTaB neAlItPtPepeHIl,IIpOBaIIHoH pOAona
qaJIbHOH lar lhl. CocTaB eo 6JIJI30H It COCTaBY MeJIaHOltpaTOBblX OJIlIBHHOBblX 
ra66po: 24.2 % nJIarnOHJIa3a ( ~ 45), 24.3 % llIIpOI{Cena, 36.2 % orrHUHHa Il 
15.3% PYAnoro ~mHepaJIa (np0D;enTbI BecoBble) AJIJI AHtP<pepenD;HpoBanHbl x 
lIHTpyaIIUHu[X TeJI Kay bl II 17.2 % ITJIaruoKJIaaa ( ~ 57), 31.6 % MOnOKJIIIIl
Horo nlIpOH.cena, 41. 2 % OJlJ<lmma H 10 % pYAHoro ~nmepaJIa AJIH ITIIJIb
rynpl3lt. 

l1ayqoune AaHlwBbl nopOA BneCJIO lIaMeneHnJI B npeACTaUJIenMJI 0 Xapal{
Tepe AIIlPtPepenuMaunn n AaJIO nonOJInenHe B 'IJIeHhl eCTeCTBeHHblX PJIAOD 
ne'leHl'Cl{IIX ropHbIX nopo,n:. XIIlIIIIQeCHIIe anaJIH3bl n I{ HrClU1X AaHIW13blX 
nopOA aanOJIHHJIn npa13ylo 'IaCTb AHarpaID1bl npOeI{uHII TeTpaSApa na nnoc-
1{0CTb (pHC. 45) II TeM CaMbIM n03BOJIIIJIH npOAOJI)KHTb I<pHBYIO AIltPlPepeHD;na
unH ropHbIX nopOA B CTOPOHY K SBTeI{TIIKe I{Bap.o;-nOJIeBOH mnaT. B03nJIKHOBe
mle neqenrCI<HX AaiiI{OBhlX nopOA I{Uapo;eBO-CHeHIITOBoro, rpaHOCHenllTODoro 
u rpaROlPIIpOBoro COCTaBa, ItaI{ YH{e Y1<aabIBaJIOCb Bbrrne, CBH3aHO C nepennaB
JleHRe I HJIll CeJlel T.llBHbIM nrraBJIeHReM H IWHTa mHauHeH MarMOM MaTepHaJIa 
BMell:t;arom;a ' ropHblX nopoA. TaI{J1M 06pa30M, 1{0HTa~umaUHJI JIUHJIaCb tPaJ(TO
POM, cnoc06CTBYIom.nM 60JIee cOBepmenHoH AlltPtPepenD;HaD;HH, "'ITO JIHllInHH paa 
nO)),TDepnW,aeT neOAHoltpaTBbIe BblCI<a3bIBaHHJI no STOMY nOUOAY (3auapHD;-
IOitH, 1937; . A. ITOJIl{aBOB H ,n:p.). 

fJIaBa iL.J: 

TIITAHOMArUETliITOBOE OPY Jl:EHE llliIE B Jl:liIcDcDEPEIIU:liIPOB HHhlX 
1iIIITPY3Ii1BllbIX TEJIAX 

TIITaBOMarHeTllTOBOe opy)),eneHHe BCTpeqenO Ha yqaCTJ{C fhrJIbrYfIpBH 
13 rrraDno 1 nUTpY311lBnO 1 MaCCIIBe H D roro-3ana)),I[OH ~raCTFl IOrO-BOCTO'l
lioro MaccIIBa, rAe OHO nplIypo'leno T( nlilpOKCeHl1lTaAI n epe OAuOW aOBbI 
OT nepH)),oTTITOB 1< ra66po. IIPH xapaHT PHCT.lU'6 ropBhlx nopOA yqaCTI{a 
nHJlb r yJIPBliI (CM. C'fp. 151) npRBeAeHhl pa3peabT ~lepe3 rrra BHJ1IH HRTpy
al[UEIblii MaCCIIB, B npeAeJla IWToporo Ba6Jl1oAaeTCH opy)),eueUliIe. CBe
AeIIlIH 0 TlITanOMal'IreTlITOBOM opYAeHeHlJH npl1lBO)),JITCJI D pa60Tax 
B. 11. ITanyml1lc (1950 , 1951 rr. n 19 2), r. B. XOJUlona H,U. A. IDrrJIbKOaa 
(19:')1 r.), H. A. EJIHCeena H B. 11. ITanymHc (1952), M. erlHCOBOH 
(1954 r.), B. . MacJIelIlt}wBa (1957). 

60Jlbml1llICTBe pa60T OTMeqaeTCJI CJ[HreHeTH'lHbIH XapaI{Tep TJ[TanOMar
neTIlTOBoro OPY eHeHI[JI. B. 11. ITanyml1lc (1952) YKa3hIBaeT Ha HeCOOTBeT
CT1HTe Mea<AY 60JIbmlIM YAeJIbnbl M BeCOM THTanOMarBeTJ[Ta H npOCTpaB
CTBC1HfbTM pacnpeAeJIeHlileM TtI'raHOMarneTJ[TOBoro 0pYAeneJ:Hur: CIWDJlenHJI 
J<paCTanJIOB TliITanOMarneTHTa lia6JIIOAalOTCJI He Y JIeit<atlero 6o[(a nal{JIOnHbl X 
FlHTPY3HBRbl TeJI, IWlt MOH{HO 6hIJlO npeAnOJIaraTb, HC OAH H3 paHRero ne
plIo)),a KprrCTaJIJII[3al:t;Em TIITaHOMarHeTJITa, a B cepeAHne pa3pe3a AliI<plPepeR-

7 HHTPY3HH n e'leHI'1I 
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n:npooarnlblX HHTpyaJ1BUbl' Ten. Bonpoc 0 roneance THTaiiOMarneTDTOBoro 

o py ~enemff[ paa6lifpaeTcH B pa60Te B. A. 1 aCJIeHlmona (1957). 
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PaspeaJ:.I -qepe3 CpeAIIJOIO -qaCTJ:. AHiPiPepeHn;H

pOBaHHhlx HRTPY3HBRhlX TeJI llOl,asaml 60JIb

myIO BLTAep}l{aRROCTb B OTRomeRHH pacnpOCTpa

HeHHJI THTaHO?1arHeTHTOBoro opYAeHeHHJI I{al{ no 

npOCTHpaHHIO, Tal{ II no naAeHHIO AHiPiPepeHD;Hpo

BaHHl>IX lIHTPY3HBHl>IX TOJI. 

Ha pHC. 45 Bs06parHelI0 r OJIOrB"t!eCIWe CTpoe

HHe 30R])I Me}l{AY nopHAOTflTaMH H ra66po. STY 30HY 

CJIaralOT CJIeAYIOID:He CJIOH TelJeHBJI: BepXHHll 

CJIOR H3 nHpOHceHHTOB C BI{panJIeHHOCTbIO THTa

ROMarReTBTa, cpeAIIBU CJIOll lIepRAOTBTOB C Mal{

CBMaJIbHhlM IWJIR-qeCTBOM THTaROMarReTHTa n 
HlHI{R:rrH CJIOR Mem{OaepIUlCTnIX rrn:pOKceHHTOB. 

o-qeRh 6eARl>IX THTanOMarneTBTOM. BHYTPR 9TOH 

SOHnI BCTpelJaIOTCJI rHe3Aa I<pynHoBepHHCThlX ra6-

6po-nerMaTBTOB. MOID:HOCTH SOHbI H OTAeJIhHblX 

CJIOeB Te-qeHHJI no npOCTHpaHHro R3MeHJlIOTCJI, 0 

-qeM MonUIO CYABTh no AaHHIDI Ta6JI. 5. 

Tu6nlll(a 5 

MOll.\DOCTlI MoeD Te'lconll, 38KJIIO
'falOIl(llX TJlTaHOMUrllCTUTODoe 

opy~eneHlIe D ~fCTI>8X 

llJlarl10lwa-
8081~e nepl1-

AOTHThl >! llepl1AO-
Ill1pO](CeRJlThl THTbl 

IIcpXHcrO 
CJlOfl 

6.5 
7.0 
3.5 
6.0 
2.0 

5.;> 
35 
3.U 
2.5 
1.5 

nl'llJOI<Ce
WITW 

HIIIIHlero 
MOR 

8.5 
25.0 
13.5 
12.0 

7.5 

l1narROKJIaaOBble lUlpOI{CeJUfTl;1 If DllpOI<CeHI1TbI 

Bepxnero cnos 

rIJIarHOT<JIa30Bhle nHpOI{CenHThl n nBpOl\CeHliIThl 

nepXHero CJIOS TelJeHHJI IIpeACTaBJIJlIOT C06011 

cpep;nesepHBCThle TeMHO-3eJIeHhle nopOAbl. rpa

HBn:a C nOACTIIJIaI0ID:IU1lI nepHAOTBTaMH pe31{aJl, 
PIIC. 45. Paap a 'lepes ETI- }\oHTaHT C BhlIIIeJIen<aID:BMlI ra66po ne pe31<IIi1, OT 

Tpysnullwfi MaCCIIU. ra66po B HanpaBJIeHUH 1 HlliKeJIerHaID:u~r TIJJa
1 - ra66po; 2 -IlIlPOI<CCHIIT; 
J - ccpne"TlIll~laUPOBllllHwlt ne
PUAOTIIT; 4 - (jJHJlJlJITblll Ty(jJ(jJII
Tbl; fj - Tel<TOHII'IecI<BR SOIla 
(rny6mla l) M); 6 - Bl<pallncU-

1l0CTb TlITaRO larnCTIIT8. 

rHO I JIaaonJ:.IM llnpOI{CeIlllTaM npOHCXOAHT nOCTe

neIIHoe YBeJIH'IeHUC I{OJIR-qeCTDa llBpOHceIla 

II YMeRbmeRHC I\OJIHlJeCTBa llJIarnOI<JIa3a. CTPYI<

Typa llHpOI<CeRHTOB H nJIarHOJ{JIaaOBDIX mrpOHCeIIJ:t-

TOll xapaHTepHsyeTCJI peSl<O Bhlpan<eIlRblM HAHO

MOPiPH3MOllf sepeR MOHOI-mHHIIoro mipOI cella B OTRomeRHR sepeR IfJIarnOJ\JIasa ; 

D ra66po m lpOl{CeR 11 TIJlarHOl<JlaS 0AlIIIalWl:Iu T~JlHOMOpiPHl,J. 
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rJIaBHeiimmru ~.lliHepaJIat.lli n nUpOKCeHllTa ' HB lfUOTCfI: t.10HOl{JJ lIHHbIii 
rHlpOKCCU- THTan- aBI'HT (70-85% no 06'beMY), THTauo raI'l1eTliT 11 UJIaI'llOI{Jlaa , 
ne60JIbUlOe IWJIIr'IeCTBO XJIOpl1Ta H r.nmepaJIOB aIIli[),WTo-n;OH311To130ii: rpyrrObl. 
I1HpOI{Cen CBetI{HH, nJIaI'llOl{JIaa AeaaHopTHTHaRpOBall 11 COCTOllT .H3 a Jlb6HTa , 
MFlHepaJIOB 311HAoTO-n;0IlaHToBoii I'pyllnhl H XJIOpIlTa. TIITallOMarHeTIilT aaMe
LqeH JIeimOI{CenOM R 'lJaCTJ1'II10 c<peHo r C coxpanCnReJl[ pomeTIUI HJlbM IDITa 
(pRC. 46). B He60JIbmOM HOJIHqeCTBe BCTpeqaIOTClI HaM I10nHbrif XJIOPllTRSH
pOBaHHLIii 6HOTHT, anaTRT, I<OpCyTllT, SeJIenalI porODan 06Manr a, al<TrmOJIl'l
TOBan pOI'OBan 06MaHl(a, TpeMOJIllT, CYJIb<Pn}J,bI - nnppOTUU, XaJlLIWrnrpRT, 
peAIW rreHTJIaHAHT. OqeHb ' OPOUIO COXpaHHJIaCb n pBrrqrran I'HllIIp,I10 lop<pnan 
CTpyl<Typa. KOJIIlqeCTBO TIlTanOMarrreTI1Ta 6 - 8 0

0 B BCpXH U tl(\ Til JlOH, 
rrOCTeneHHO YBeJIHqHBaHCb, iWCTllraeT 
20-25 % y JIemaqeI'O 60I{a CJlO}!. I 0-
JIF[QeCTBO nJIaI'ROKJIaaa TaI{a<e BapbH
pyeT OT 25- 30 % y BRCHTleI'O 60Ka 
UOqTH }J,O nOJIHOI'O HCqeSIIOB HHf[ y JIe
i l<aqeI'O 60Ha. 

IIepH}J,OTHTbl npOllfemYTO'JUoro c on 

llepHAOTHThI rrpOMelliYTOqUOI'O CJIOR 
TerIeHHn - llJIOTHhIe MemwaepHHCThle 
nopOAhI TeMIIOrO , nOqTH -qepHoro D;BeTa; 
HMeIOT pesmrii: IWHTaI{T C nHpOl<Ce
HHTaMH. HlllliHeii qaCTH CJIon, IIe
CIWJIMW BhlIDe ero nOAOlJ[BbT, nepIlAO
TRThI 060I'am,eubT TYlTUIIOMarueTHToM(AO 
60 % no 06'beMY). CTPYI<Typa rrepllp,OTH -
TOB rrOHKRJIHTOBan , I{pymJhJe aepHa 10 -
HOl<JIHHIIoro nRpOKceaa BIUIIOqalOT M JI·· 
1m aepaa OJII1DRHa (40- 70 %) , B ana
'lllTeJIbl10ll CTerrealI cepneaTRH.HSHpO
BaHnoro, II M JIl{He sepIIa xopomo orpa
HellHoro TllTanOMarHeTRTa (pRc.47). 

Ihie. 4.6 . 3 aMem,emtO RpnCTaJlJTO D TIIT8 
HOMarne'fUTa JIeUlwJ{ceJlOM coxpanc· 
JllleM peme'l'l<rf I1JIbMemITa. lJPR O~UOM 

11111,., X 62. 

THTaaOMarneTIIT no OTHomenHIO Ix OJIl1DlIDY 1\ euo lOp<peII H npH IWJIll 
'[eCTBeIDlOM npe06JIap,aHHH aaA OJIHBRHOM 06paa eT y qaCT1<H C CHAeponHTO
DOll CTPYl{Typoii, a no OTlIomelUUO K IIlIpoKceny BcerAa nAlIOMop<pen. TnTa
IIOMaI'n nIT B nepHAOTHTax B npOTHBOnOJIOlliHOCTL IIlIpOl{CelIllTaM nOqTFl n 
3aTponyT JIe:ii:I{OI{CeIIFlaa~He:ii:. B OTpa>I{eIIHOM cneTe THTanOMarnCTUT 06IIapy
ilUlBaeT npFl 60JIbmFlX yneJIJPlenHH CTPY1<TYPY pacnaAa , MeJlI{He nJIaCTID!1 11 

IfJIbMenlITa 06pasyloT pCmeT'IaTYIO CTPYKTypy. B Ta6JI. 6 npMDep,eHl.ll Aan
TIbIe XHr.mqeCI<oro anaJIHsa THTaHOMarHeTHTa. 

no AaIIUIDI anaJIHaa, Tl1TaHor.mrneTHT co)].epWUT OI<OJIO 26 % FeTi03_ 
RpoMe YJIbMeIIHTa, THTan01lmI'IIeTHT cO}J,ep,l{HT BHJIJOq IIHR MeJIl,HX IlSOMeT
pFlqeCI<ILX IfJIFl YAJIyneHHhlX aepen aeJIeIIOH DIllIIHeJIn (5.8 nec. %, no AanIIID! 
XHr.mqeCIWrO aIIaJIHaa). BbTAeJIenFle DIIlRTIeJIn 06YCJIOnJICllO pacnap,OM Tnep
Aoro paCTBopa; CBe}J,enHR 0 n o)].06nbJX paCTaIIRHX co)]. pm aT H B JIl.:1Te
paType (MaJIbnneB, llaIITeJIeeB, llaH, 1934; KaroRH, 1948; Pm! l\aH-Rop a -
lwna, 1950; n p,p. ). MOIIOI{JIl1UUbrH I1FlpOI{CeU (10 - 20%) B DHJJ, 
HpynnhIX sepen C TIoi'mFlJIllTOBblMH BHJIIOqeUFlml-m OJIIilDHIIU H THTaIIOMar
neTHTa. llo p,aIIHbIM B. 11. llanymHc (1952), TIHp01<Cen OTnOCl!lTCH 1< TFlTaH 
aBrFlTy. Ha ne60JIbmFlX yqaCTI{aX no DlrpOI{CeIIY paSB1maeTCH KepcyTIIT, perl< 

7* 
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CBeTJIO-S JIenaJl pOrOBaJl 06MaHI a HJIH 6ec.qBeTRJ:JH aM:<pH6oJI. B u 60JIbIDHX 

ItOJIK'I CTBax BCTpe'lalOTCfI 6HOTHT, XJIOPMT, yJIb<PH~JlI - illIPpOTHH, XaJIbROIDI

pUT, nenTJIaIJ~UT. 

I1HpoKceflHTbl HHmfleL'O cJlon 

[[UpOI{ enUTbI mIrlmero CJIOH-MeJI

I{ S pnlICTble UOpO)1,bI CBeTJIO-SeJIenoro 

.qBeTa - HMeIOT peSlUle RonTaI{TbI C 

~pyrHI\{H UOpO~aM:H. BepXUJlH 'laCTl> 

cnOf( IIrrpo"celIf1ToB JIo»wua llJIaOfO

J\'J1aSOBbIM .H nnpOl<ceUrITaMTI C no1iRH-

Puc. 47. l1oi:imIJlIt1'OBan Tpyln pa ncp"
ftOTRTOB.3 pIJn OJIrlBllIJa (co TJILI ) H Hpll

TaJ[ w TIITanO~H1rIfO'I'II1'a ('1 PIII,tO) DI(JltO
'rO flbl n J\pynnwo aopna MOFlOHJltllIJlOt' O nt(

pOl\coua, CI<B. 409, ffprr , (110M mm., X I . 

HTOBOifI CTPYI{TYPOll. M JIRHe S pna 

nHpoI cerra SaKJlTO'leIlLI BUYTPU J pyu

HbIX sepen IIJIarIIOIUIasa . ITo Mape ne

pexo~a R J1ema'lBMY 60J y IWJIII'leCTDO 

rrJIarUormasa Y leTIbrnaeTCH n Y JIema

"I ro 601{a rrJIarHOIWas nOqTJiI .qOJIH

IW i HC'leSaeT. ITuPOI{C nUT hI CJIaralOT 

1\{0nOIUmTITIbIU nupoJ\cen, HS~feF(eRR.(iIH 
rrJIarrrOT{ as, He60JIl;illOe lWJIUqeCTBO 

JIOlmOJ,cena T[ HJIbMenUTa, 6uont:Ta, 

anaTRTa, aJl'f<pu6oJIa (I{epCYTHT, seJIe

nbril: aM<pu60JI, at TlUIOJIHTOBaH pOfOBaH 

06MaHJ{a, TpO tOJIJ'IT) , "aJIb.qUTa. 

I OJIK'IeCTBO mlpOHcena BapbHpyeT 01' 75 AO 90%, IWml'IeCTBO nJIarHOl{JIaSa 

JiSMenHeTCH 01' 25 % B BepXnOM: 'laCTU CJIOH )1,0 nO'lTn nOJ1HOro HC1.les

nonenUH B JI }Ka1.1 ( 601\Y. THTanOllfarneTHT 

(ne 60JIbm 5 %) naT~eJIO paSJIotl en ]I saMeI.qen 

JIeiiJ OI{ceno [ J{ HJlbMOITf1TO r, a Hnor~a c<penollL 

OCTaJlbJ1lole MHllOpaJIbl B HeSHa'lHT JIbnOM IWJII{

'leCTBO. Y;:VI no HC B)1,OMOp<posaM XJlOpUTa H 

Tpe!l10JIUTa no OJT1lBuny, nupORcenHTbI CO)1,ep

>I amI OJJUB.FfH U BUP. O)1,HTIf1'lUhIX sepen. I JIe

JJ aQe!l1Y 60HY nupOHceHUTOB npHypO'lenI:.1 rrr s

)1,a J{pynfIoscpHI1CTblX nopo~ - ra66po- n fMa

TUTOR. PaS1l1 phI rrres~, Cy~H no I{ pny, 

01' 0.5 ~o 1 [B nOnepO'lJJHI<8. ROTITal{Tbl 

l'a66po-nerMaTuToB C UHPOI cenHTaMH OT'leT

JIHDhlO, XOTa B nep slme. B ra66po-ner

MaTT1TaX, HPOMO H3~fOnenTIOl'O UJrarnOKJlaSa III 

UHPOl{C na, O~Cpil(aTCH a f<pH60Jl, 6HOTHT, 

mIOrp.a ne60JlbllOe KOJIU'le TBO MHHpOI{JIHna. B 
ne60JlbIDOM HOJIM'leCTBe BCTP 'laeTCH JIOMHOJ{ce 

nHSHpOBaITHbrii TIlTanOMarneTHT, fHHepaJHlI am[

~OTO-.qOJ{SHTOBOH rpyunh[ , cym,<pH)1,LI. Hnor~a 
B nuiT H II 'laCTH UHpOI{CennT013 BCTpeqarOTCH 

npOCJlOI[ 1 JIl<osepUI[CTOH rrOpO)1,bI, COCTOfllJWif 

liS OJUW rura , SaM:eru:ellHoro cepnenTIHIOM, H 

COCCIO P I{TH3ll p013alIfIO ro IlJlarllOKJIa3a, UO if [(1'1-

JIHTlIq KII BI{JIlO'lemIbIX BHyTpn 60JIee }{pyn

RbI sepen IHlpOI<Cena. 

Ta6 J[ H~a 6 

T IIT3nOMarneTUTa 

OHIICJTbl Bcc. % 

9,97 
.25 

2.27 
41.44 
2 ,95 
9.98 
0.56 
0.49 
0.50 

99.41 

IT P II M 0 'I a fl J'! e. Trrrano
MarneTflT Tl3 nepulI.OTHTU, CKB. 
2:35, XUMIIQOC](alI J1a60paTopnlI 
}\OJ1bCKOrO (ImJ1uana A 1.1 cecp, 
anamTTlII{ E. 11 . "Y CnOllC]{alI 
(Aollflcoau, 1953 r.). 

n pocTpanCTnenTIO pacupe)1,eJIeRl1e 

<faCTIi paspcsa ~Il<p<pepen.qHpoBanHblx 
TllTalIOMarneTf11'a BUYTPIll OUllIcannOll 

nTITpysf.LUnr,Ix TeJI xapaKTcpHsyeTcH 



TUTAHOMArHETMTOBOE OPY.lJ.EHEHHE B TlRTPY3UnHblX TEJJAX 10t 

CJle}J;YIOIIl.nmr OC06eIDIOCT1Um: B ra66po (n nepxnen: lIaCTIl paape3a) TUTaJIO

MarneTHT HrpaeT pom, BTopOCTeII HHoro IIopo}J;006paaYIOu~ero MTlliCpaJla , 

paaBIlBaIOllI,erOCH B BH;o;e Bl panJleHHOCTH. B UIlpO}{CeHlITax Ha BepXIIcro CJlOfl 

npOIlcxo;o;llT YBCJll1l1CHIle cO}J;ep}}{anIlH TIlTanOMarneTlITa C Mal cnMa LbRID:I IW

JIIf"leCTBOM B nepH}J;OTIlTax cpc;o;nero CJlOH }J;O 60 % no 06'1>eMY. 

,JJ:aJlec B nepIl}J;OTHTax IWJlH'leCTBO TIlTaIIOMarnCTlITa peal{O Y reIIhIDaCTca 

(;0;0 5-6 %), a B CJloe BH>I{IDIX nHpOKceHlITOB YMcIIbIDeHH eru;e aaMeTnee. 

B IIepH;O;OTHTax nliDKnei1 lIaCTH paapeaa }J;Hq,q,cpe~IlpollaIIHblx HIITPYSnBHbIX 

TeJl TIiJTaHOMarHCTUT I1ClICaaeT concpmenno, D teCTO Hero 3Aecb paaBIl 

oaeTCIl MarneTJ1T. 

CYRil no na6nIO}J;elUtHM IlaA CTPYJ<Typoii: 060ra~ellB.bIX Tk1TanO~JarneTH
TOM ropUblX nopo}J; H )JaA HAfIoMopq,HaMoM aepel! TI1TaUOMar.aeTHTa, 

KpI!lCTaJlJIFlaaI1,I1H ero IIPOIllCXoAHJIa 13 panTIIOIO MarMaTlItIecKyro cTaAruo 

HOCJIe ItpIICTaJInnaaD;Hn OJIHB.Jl[na, no }J;o na~raJIa I<pHCTaJIJIRaaI1,HH IlHpO

I<cena, Do~i IOInllTJiJ.1leC}{ III BI< mO'larOII1,ero aepna omrlll'ma 11 TI1TanOM arlle

nITa, 1'1 '1aCTR"InO O}J;nOBpCMenno C l1HpOI<cenOM B ' JlytrafIX rpaq,n'leCJtHx 

cpaCTanRH TJITaBOMarHeTHTa C MOnOJ<JIllHBbIM nnpOTtC nOM. TI1'tarroMarne 

TaT B ra66po If B nJIarHOHnaaOBbI nnpOJtCeHIITa r nOABepraJICH aOTOMeTa

Mopq,allecKHM aaMenenHH~I H aaMCII1,enmO JIeHIWKCeIIoM H .Jl[JIb teUllTOM 

J( peme cq,eHoM. B n epnAOTHTa THTarIQMarneTHT CO palffIeTCH 13 CllcmOM 

BRAe. 

Pa60TaM.\II H. A. EJJHCOeBa H B. ll. IIanymu BblHCHeRO, 'ITO aUHaOTpon-

1(00 CTpOenHe.Jl[ paCCJIOOHllOCTb HnTpya.\llDHblX MaCCHBOB nell RrlI 06YCJlOH

.lreUl>I npOI1,eCcamr rpanllTaI1,HOnnO- ImHeTJI.'leCHOH )l)lq,q, penI1,HaI1,R1L CTa-

J(OBJIennOe B. M. IIanym.Jl[c liS -teBenHe OCTasa OJlHBHna B pasp a 

l'JIannoro MaCCIIBa IIuJIbrYHpnu (BoapaCTanu J:l neM COAOpH(anUH a<CJJeSa 

110 Mepe ABn>l<OlIHH 0 '1' JIe>I<a'lero 60Ka nllTpYSHBRoro TeJla :K13epxy) Hll

JJHOTCH .0.0 (taaa TeJJbCTI:lOM Toro, 'lTO aJO<YMy JlJID;HH l<pHCTa JIJIOB OJTUDUUa 

npHBOAmaJI H 06paaosaHllI0 nepHAOTIITOB, npOI1C ' OAlIJla I1Menno s peayJIb

TaTO HBJlenn~" rpasnTa~HII. TalnrM 06paSOM, MO)J<HO npe}J;nOJlal'aTb, 'ITO 

I{ IW'HI1,Y nepnoAa }tp.Jl[CTaJIJJ.Jl[aaI1,HH OJIJiIJ3I1na n MarMaTll~JC [WW HaMep 

IlJIYTona 06paaOBaJIOCb ABa CJIOJI: HHmuuw, 'IaCTH'lHO 3aHpn Ta JIJII130naU

UhfM, npeACTaS JlSUOII1,nH co60" (<1< amy» ua ],pUCTaJIJJOIJ o JIlJBuna, 11 nopx-

HHH- paCIlJIaB, lIMeroII1,nH 'OCTa13 ra66po. BTOPblM HOCJle OJUIIHm8 

na'laJI RpHCTaJIJIJlISOnaTbcH TllTallOMarneTllT, 06paaona uno I{OTOpOro 

npOHCXOAHJIO DO BCOM 06'1>eMe ra66pOBoro pacnJlasa. BCJIOACTDUO 60JlblIIOii 

pa3n~hl B y;o;eJlbnOM Bece TUTaHOMarHeTHTa n pacnJlana BbIAeJlJilD

lUllCCH l(plICTaJIJIhl THTaJIOMarneTUTa onycUaJlHcl:' mnl3 .\II oCaiHAaJII1Cb na no

nepxBoCTb OJUIBl'IHOBOrO CJlOH. 

ECT CTBenno, 'lTO B I(aI<OH-TO He60Jlbmoii Bepxneiir qaCTH <>Toro JlOfl KPH

CTaJlJlhl TIITanOMarneTHTa H OJlJlllHHa nepellfeIDHBaJIHCh Jf MorJIIl nplfcYTCTB -

BaTb B 06paaYIOru;eiircH nopo}J;e cos 1eCTlIO. 
EII1,e .0.0 }wnI1,a :Kpl[CTaJlJIl'IaaI1,IDI TllTaHOMarlJeTHTa Ha'lRHaeTCH J,pHCTaJl

Jll'IaaI1,l'IH IIIIpOHC Ha, rJlaBnaH Macca KOToporo HpnCTaJlJIHayeT H Bce rt e lIOCJl 

TRTanOMarHeTRTa. BCJleACTBHe BhI;o;eJl JUUI ll.Jl[pOI{CeHa BHaHOCTb CIIJJJ1I<aTnOrO 

paCIIJIana SHa'lllTeJlbnO DoapacTaeT, 11 II03TOJ\fY DHpOK D (06JIaAalO~Jrii, 
KpoMe Toro, MenbID.I:lII! YAeJlbHbIM B COIIf DO cpaBnen~110 C TFITanOMarnCTRTOM) 

06paaYCT pH}J; M JlaHOl{paTOJ3hlX CJlOeB Te~leHnH II TOJlbIW tlaCTR'IlIO 0 mH}J;aeTC}I 

1{HII3Y, coa}J;anan aony, 060raII1,eIDIYIO n.Jl[pOI{CeHO 1, HaA sonOll, 060raw;ennoji 

THTaHOlltarneTIITOM. 3aTeM , ':raCTR'lHO BlIIeCTe C DlrpOl{CenOM, BO D rJlaSIIOH l\facce 

aoa}J{e, I<pHCTaJlJIRByeTcH DJIarIIOHJIaa, 3Tl'lM II BaI(aB~IIDaeT fl npon, cc l{P.l:l

CTaJlJll1SaI1,RH MarMbl. OplleHTI1poBKa nOJIOCaThlX T J{CTYP, napaJ1JIeJllJIIaH l{on

TaI<TOBbIM IIonepXnOCTflJl( J'lRTPY3FIBHoro Ma CRDa , YT{aabrna T lin TO, qTO rpa-
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DHTall,lIOllnaH AHcpcpepeHll,llall,UfI I<pHCTaJIJIH3YlOlI1.e:ilcH Marr-luI J{ paCCJIaHBamle 

HHTPYSHH npOHCXOAHJIO B Y JIOBJUI X ABRil eHHH. 

TaKHlI1 oopa301ll, OCHOBHOH npn"<IIDIOll: oopa30BaHHJI Tl1TaHOJlJarHeTHTOBhlX 

CIWnJIeHJ:rii: HBJIHIOTCH npOn;eCChl rpa13HTan;HOlIHO-I{HHeTR'leC1{oi1 JI.liIcpcpepeR

J(Han;HH farMhl B I aMepe nJIYTOlIa. 

OAlIaIW CTpoenHe Bceli 301Ihl B n;eJI 0 111 , I{ I<OTOPOH npHypO'leno THTaIIOMar-

11 'TI1TOBoe 0PYAerrelIHe, He MomeT OhlTI> 06'1>HCHelIO TOJII>I\O HBJIeHHHMH rpanHTa-

1I,110nHO-IUlUeTI1'leCHOii AHcpcpepeIID,Han;I1H; PHA ocooeHHOCTeii eo CBHAeTeJIh

CTBYOT 0 OOJI e CJIO)HRhIX npOTeHaIOlll,HX 3AeCI> npOll,eccax. IIpe}l{Ae Bcero ca

~OO nOJIOrJ\OlIHC :30l1bl na rpaHHlI,e Men{AY ABYl'vUI peSI{Q OTJIR'lHhlMH APyr OT 

.1Pyra TOJllll,aMH I l0pOA - nepR)WTHTaMH H raoopo - npeAOnpeAeJIHeT n03MO}l{

HOCTb mup01<Ol'O pa3Bl1Tl1H peal<lI,lIOHHhlX BsaRMOOTHomeHHM Mel-HAY 3THMH XH

MI{1JeCI<H paSJIH"lJIIJ>n.fli[ cp p;aJlfl!l. 

CBHAeTeJIhCTBOM Toro, "<ITO peaI{lI,HH Memp,y Bf.Ip,eJIllBmRlItHCfI HpHCTaJIJIH

qeCI{HJllH cpa3ar.rn l[ n<l1AI<HM paCnJIaBOM AeHCTBHTeJIbHO HMeJIH lIleCTO, CJIYrT{aT 

HaOJIlOAae IT,TO cpa]{TbI paCTBopeHIIH I{pHCTaJIJIOB OJIImmra H l{pHCTaJIJIOa TH

TaHOMarHeTflTa II nepHAOTHTax cpeAlIero CJIOH. PaCTBopelIHe OJIHBHHa 

OJli-I<HO Ohl J npHBOAHTb 1< 060ralll,elIHlO I{pHCTaJIJIHSYIOlll,eMCH nopop;bl 

nnpOl{CeJIOJll, HBJIfIlOlll,HII1CH nOCJIeAYlOIlI,HM 'lJIeHOM peaKn;HOHnOM cepHH. 

CJIY'laH 06paCTa1I.HH I1HpOI{CeHOM 'laCTH"lJRO paCTBopeHlIhlX 3epen OJIHBmra 

Ha6JIIOAamfCb B nOrpaml'lHOM SOHe MeiHAY nepHAOTIITaJlflf II nHpOKcelIHTaMH. 

STIl cpal-;Tbl p,aJOT OCHOBaHHO IIpe.n;OOJlara'fb, 'lTO 06paSOBaHne 1eJIl{OSep

JlIlCTbIX nHpO!{ eHHTOB BRmnero CJIOH npOHSOmJIO B peSYJII>TaTe paCTDopeHl>UI 

O:llIumra H nOCJIeAYIOllI,efr l{pHCTaJIJIHSall,HH nHpOI{CeHa. 

IIOATBep)-HAeHHeM lIaJIH'IFlH peaI{lI,HOlILIhlX npOll,eCCOB B SOBe lIteJlIWSepHH

CThlX llHPOI{C IlHTOB MoryT CJIYfI<HTb CJIeAYJOllI,He OOCTOHTeJILCTBa: 1) nOHBJI9-

BHe Jj nOM aone M JIlWSepHIlCTblX nopoA C HeOOhlqHhlM nopHAlwM HpIlCTaJIJIH-

3 HIJ;HIl r-umepaJIOB (oTlI1eQeHHbIX Bhlme),uo . CBHAeTeJIbCTByeT 06 113 leHeRHH: 

cp113JU O-X.HMaqeCKHX YCJIOBHU I<paCTaJI1I1ISall,H.I'I: B AaruroM Y"<IaCT[{e rfEITpY3HU 

no cpaBneHHlO C OCTaJIl>nhllllH ee "<IaCTHMH; 2) HaJIH'lHe nerMaTHTOBhlX rHeSA, 

YCJIODHJl 00pa30BaHHH KOTOPhlX c03AanaJIHCI>, rrO-BHAIUIOl\1Y, 3l\SOTepMH'le

. JUlM acpcpeKToM peamJ;nfl paCTBopeHIlH ommHna, BCJICACTBHe qero SAeCh nOA

;:~ep iI<HBaJIaCb 60JIec BblCOI<aJl TeMnepaTypa, 'lel\{ B oRpymalOlll,HX yqaCTKaX, 

If OCThlBaIIrIO 30nhl npOHCXOAHJIO MeAJIeHHee. 

Y CTanOBJICITHbIe COOTHOmOnHJl HHTepecno conOCTaBHTb C AaHHbThIlI 3I<Cne

pJlMeHTaJIbrIhlX CPK3HIW- Xl1 lH'leCl<KX HCCJIeAOBaHHH CHCTeM, npHOJIHfI{aIOllI,HXCR. 

no CBoeMY cocTany l{ npIlpOAnllIM 06paSOBaHHHM. COCTaDbI YJIbTpaOClIOBHhlX n 

OCHOBHbIX nopOA OXIlaThl13alOTCJl 'leTBepIIOH CHCTeMOH: AHOIICHA-cpopCTepHT

<lLIOPTIIT- I\P MneSOM, OTAeJII>Hhle qaCTII I{OTOPoii H3Y'laJIHCI> HeCKOJII>lUJMH HC

CJIOAonaTeJIHMH. <l>aaOBhle COOT[{omeHHH BHYTPH 3TOM CIICTeMhl (AJIH CYXHX 

paCllJlaBOB) 1< HaCTOJllI\OMY BpOMeHIl BhlHcneHhl AOCTaTOqJIO xopomo, 'lTo6hl HX 

MOn{HO 6blJIO rrCnOJIL30BaTb AJIJl neTpOJIOrH'leCI<HX lI,eJIeM. Ha pHC. 4 npeA

CTaBJIeHa A llarpaJlfMa - npOeKll,HR. TeTpaaApa, nOCTpoemraH no AaHHhlM sa

PyoemHblx 11CCJIeAOIlam[~( (Osborn a. Tait, '1952), cnoc060 I, npeAJIOmeHHbThl 

8. A. HHl{QJIaeBhlM (1947a, 19470). ABeD - oO'I>eMHoe nOJIe l{pHCTaJIJIHSa

U;Jla mrlHIIemL OcooelllIOcThIO CHCTeMhl HBJIHeTCH OTCYTCTBHe 'leTnepHhlX 

afIBapTfaHTUhlX TOqerC TeTpa3AP nepeCeI<aeTCH Tpel\HI -rreTBepHhIlIfH MOHO

BapHanTHhIr.UI JIffHl'IJIMTf (mTpHx-nYHKTHp), npeACTaBJIJlIOlll,HMH C060H JIHHHR 

Ilcpece-rremHI Tpofmblx AHBapHaHTHblX nOBepxHocTeu BHYTPH TeTpaaApa. 

TOQ1{a Ha MOIIOnapl1aHTHOH JIHHHH OTBe'IaeT COCTaBY )HHA1{OCTH B paBHOBe

CHi'! C TpeMJl }<pnCTaJIJIH'leCHHMH cpaaarvnr, OTllfeqeHHhIMH AJIH l{amAofr JIHHHH 

(An - acropTHT, Fo - cpopcTepHT, Sp - mnHHeJI£" Py - TIHpOI{Cen, Q 
l(pellme. eM-TpHJ(f1MIIT). 



TI1TAHOMArHETHTOBOE OPYAEHEHHE B HHTPY3l1BHhlX TEJIAX t03 

<l>asoBhIe OTHOIIIeHI1JI BnYTpH TeTpaaApa YCTaHOBJIeHhI B peSYJIl,TaTe HSY

'IeHnJI 6HHapHhIX 1'1 TPOIDIhIX CHCTeM (pe6pa 1'1 rpaHn TeTpaaApa), paa60p I{Q

TOPhIX npHBOAHTCJI B pa60Te Oc60pna H TaiiTa (Osborn a. Tait, 1952). 1l0Be

,!l;eHHe IIInHHeJIH HSY'IeHO B 6HnapRoH CHCTeMe Fa-An (Bepxnee pe6po TeTpa-

Apa) n B TpOHHJ:iIX cnCTeMax Fo- An-Q (nepXHJIJI npanaJI rpaHh TeTpaa,n:p a) 
11 Fo- An-Di (nepxnJIJI JIeBaJI rpaRb TeTpaaApa). 

B aTHX CHCTeMax B OnpeAeJIennoii 06JIacTlr COCTaBon (noJIe ACED) IDIIB

HeJIb 06paayeTCJI Ral{ nepml'lllaJI tPasa, l{pHCTaJIJIlISYIOrn;aJICJI H S paCIIJIaBa. 

B,!l;OJIb 1,PIIBbIX CAD H CBD IIIIIHIIeJIb RpHCTaJJJIHsyeTCJI (IIpB IIomllt{emm 

AHopmum . 
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(/Jopcmepum 

PIIC. q . (J)a300ble cooruomeUllfI D HC'feMe J.(HoncHA-cpoP
crep Ul'-anOpTlfT-I,peMue3eM (npoeK~lllI TeTpaoApa). 06'LflC

HeRRe B Tel{CTe. 

1'eMIIepaTYPbI) JIH60 BlII8CTO C tPopCTepHTOM, mr60 B-r.WCTe C anopTHToM. TOl{l{H 

C 11 D MorYT paccMaTpnnaTbCJI RaR TO'lltH npenparn;elllm AJIJI CBCTeMbl aHop

THT-tPopcTepHT-IDmmeJIb. B aTBX TO'IKaX npn nOCTOJIRROH TeMIIepaType 

IIPOHCXOAlIT pacTDopeHne IIIIIHHeJIl'l AO nOJIHOrO ee HC'IeSHOBeRHJI, a us pac

llJIana I{pHCTaJIJIE£sYIOTCJI TOJIbRO anopTHT 1'1 tPopCTepHT. 

llPll I{pHCTaJIJIHS~HH pacc-r.raTpHDaeMoH 'IeTBepRoii CI1CTeMhI B panHo

BeCllhIX YCJIOBHJIX tPHrypaTHBHaJI TO'lRa, OTBe'laIOI1l;aJI cocTaBY }ltHA]{QCTH 

na MOHoBapHaHTHoH JIHRHH, 6YAeT nepeMeI1l;aTbCJI BAOJIb llOCJIeAlleii: llpH llOllH

i HenHH Tel\IIIepaTypbI TOJIbltO B saBHCHMOCTH OT HSlI1eReHHJI ROJIH'leCTBa l{pHCTaJl-

HqeCIUlX tPas. BAOJIb JIIDlHH An- Fo-Sp COCTaB rI{HAI{QCTH MeHJIeTCJI BCJIeA

oCTBHe pacTBOpeHHJI IIIllHHeJIH. ECJIH IIInHHeJIb paCTBOpJIeTCJI n MeHbIIIeM ROJIJiI

qeCTBe, 'Iell1 Tpe6yeTCJI paBHoneclleM (HanpJiIlI1ep, npH CJII1IDl{QM 6hICTPOM 
()XJIamAeHHll CHCTe 1bI HJIH nOTOMy- 'ITO RpHCTaJIJIbI IIIIIJiIHeJIH OI{aSaJIHCb Bl{JIlO

'IeHHhIMlI B 60JIl,IDHe I{pHCTaJIJIhI tPopCTepHTa, I{OTOpble IIpeAOXpaHJIIOT e OT 

DOSAeiicTBnJI iIUIAIWCTH), TO TO'lKa, OTBe'laIOrn;aJI cocTany jI{HAI{QCTH, IIOl{Ji[

HeT MOHOUaplfaRTHYIO JIHHHIO An-Fo- Sp 1'1 6YAeT nepeMeI1l;aTbCJI BL(OJIb 

HBapHanTHoii nOBepXHOCTH aHopTHT-tPopcTepHT C BbUleJIenHeM aTBX L(B YX. 
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ti>as, nOJW ne AOCTl'IfHeT CJIel (YIOm.ei'r lIIOHOBapuaHTHoii: JIllHTHl An-Fe> 
- Py. 

3Aecb, B YCJIOBJUIX panUOneCIIJI, COCTaB mlI,IV OCTH 0YAeT MeHRTbCH nCJIeA

CTBHe paCTBOpemUI <popCTepnTa. ECJIH <popCTepnTa 6YAeT pacTBOPHTbCH lleAO

CTaT01J]JO ;o;JJH coxpanenuH paB1l0neCHH, TO TO'lHa COCTaBa }I H;O;KOCTn nOKIUleT 

aTy JIlll1IDO H B CHCTeMe Oy;o;YT KpHCTaJIJIHSOBaTbCH anopTnT 11 DHpO}(Cen C nepe

Mem.emreM }"KHAI{OCTH no ;O;HBapHaHTHOH nOBep HOCTH K TpeTb it JI10nOBapnanT

nOM nHmm:, IJa HOTOPOH BMeCTe C nnpOI{CellOM u anopTHToM IJalffieT B.bIAenJlTbCfI 

TPH;o;HMllT u }(pHCTaJIJIHSa~HH 6y;o;eT H;o;TH AO J1 "lepnallHH >KEIP;HOCTH. 

Tal{HM oopasoM, mnUlleJIb I{pHCTaJIJIHsyeTcH B P;OBOJIb1l0 mHpOJwH OOJIaCTIl 

COCTaBa H T JI1nepaTypbI, HO npH 60JIe lIHSIUIX TeMnepaTypax olla H RB
JIlJeTCJl CTaOJlJIbnOH <pasol1 II B paDIJOfleCIJbJX YCJIOBflJIX ,!(oJ]}I<J1a DCH npo

peafHpoBaTb C >KHP;I{QCTbIO H HC'IesHYTb. I1npO[{CeH, l<pHCTaJIJlHsYIOIll.HHCH 

nOCJIe mmmemI, Dcerp;a COp;ep1fUlT B CBOell! COCTaBe IJeJWTOpOe nOJIH'I CTDO 

12°3' )J;JIH Hac ocooemw BamHO TO, 'ITO B npo~ecce I<pHCTaJIJInSaD.BH CYXOfO 

paCIlJIaBa, nOCJIe BbIIlap;eHHH <popCTepRTa, D TeMilepaTypHOM RIJT pBaJIe OT 

1475 ;0;0 1317
0 C, oopasyeTcH mnBHeJIb KaK MeTaCTa6BJIbllaH <pasa, HOTopaH 

B paBHOBecnblX YCJIOBHHX npH OXJIafJ{p;eHIUI paCnJIaBa paCTBOpHeTCH R HC

'1eSaeT, a 113 paCIlJIana l{pHCTaJIJIHSYIOTCH nJIarHOlmas H <popCTeplIT. ECJIU 

DMeCTO <popcTepHTa B CHCTeMe Y'IaCTByeT <pafIJIHT, TO BsaMeH MarnesHaJIbHol[ 

mIlHHeJIH nORBJIJIeTCH meJIeSHCTaH mnHHeJIb - fep~1ll1RT (0 born a. Tait t 

1952). 

BOSBpa1IJ.aJICb }{ T.FlTanOMarIJeTRTY paMona DHJIbJ'YJIPBJ7I OTlIIeTrIM CJIep;ylO 
m;He 06CTOHTeJIbCTDa. 

1. THTaHo 1arneTHT, no;o;06Ho mn1ll1eJIJ7I, I{pHCTaJIJll1syeTcH B ManfaTH'le

CI{YlO CTa;O;BIO nocne OJIHB1ll1a, HO P;O napoKcena a IlJlarHOlmasa. Ha OOJIeo 

nOS,!(HJ7IX 3Tanax MarMaTH'IeCI{QfO npo~ecca TUTaHOMarHeTHT (TaI{ }He Hal{ H 

mTIHHeJIb) feCTaMH 'l:aCTFl'InO paCTDopHeTCH, pesopoHpyeTcH H TepHeT CDO!>' 

nepnOfla'l:aJIbHO HP;HOMOP<PHLIe O'lepTanHH. 

2. THTaHOMarlleTHT co;o;eprKHT DUmO'leHHH mnHHeJIH (;0;0 6 %), HDJIJIIOm.BeCH 

peSYJIbTaTOM pacnaAa TBepAoro pacTBopa; 3TO YJ{aSbmaeT IJa TO, 'ITO ycnoBHH 
}{pBCTaJIJIHSaD.BliI THTa1l0MarHeTBTa H mnBHeJIH - aHaJIOfB'lllbI. 

3. TRTaHoMarHeTHT R mTIHHeJIb OOJIa;o;aIOT o;O;HHaIwBofr HpHCTaJIJIll'l:ecI{Qii: 

CTPYl<TYPOH H np1ll1aAl1emaT K 0A1l0MY KJIaccy co AHHe1lJnf, oO'beA1ll1JIIOm;eMY 

;o;OBOJIbIlO MHOrO'l:HCJIeHIIYro rpynny lIumepaJIOB (mnBUeJIb, farHeTI1T, TllTa1l0-

MafBeTHT, XpOMI!IT, XpOIlfWnRHemIALI), BHyTpH lWTOPOH mHpOIW paSBRT.bI HaK 

HBJIeHHHRaoMoP<PHLIX saMem;emil:U O,!(HHX MeTaJIJIOB APyrHllflI, Tal{ H 06paso

namle C PHH Tnep;O;bl paCTBopOB. 

TaHHM 06paaOM, YCTaUaDJIHBaeTCH OT'IeTJIHBaH aHaJIOrI1H lI1e>HAY YCJIOBHRMH 
oopaaODaJmH l'I ocooeHHOCTHMI!I BbI;o;eJIeHlIH TlITaHOMarneTHTa H mIllIHeJIH, H, 

CJIeAODaTenbBO, HpHCTaJJJJHSaD.HH THTaHOMarHeTIITa B panHIOIO Mar JaTHqe

Cl{YIO CTa;O;HIO HaxOAilT TeOpeTH'IeCHOe 06'bHCneRI1e, ocnOBanHoe lla Aanm:.l, 

Sl{CnepHMenTaJIhUbIX <pHSHIW-XHMH'leCI<RX HCCJle,!(OBanl'l.H. 1 

H. A. EJlIICeeDhlM (1952a, 19526) lla OCHOBaBHH l(annhlX XIlJ\1l1'leCKl'I.X al:la

JUlSOB l1SBepmeITIIhIX nopo;o; paHoIIa ObIJIa nOCTpoena HpHBaH AB<p<pepenIl.I1a

~HlI MafMl>J, DOHaSbfBaIOm;aH npo~ecc <P0pMlIpoBauHH eCTeCTneUHoro pHAa 

1 n pJlJIOFJ(emm peaYllbTaTOR YKaaaBBblX "Il{CnepIlMeBTanbDWX DCCJIAAOBaBnii K 
06'LIICBeHTHO npOliCXO)£<)J.enUIl KOImpeTDblX DpnpOABhlX 06paaonallUii CAen811C) 
CMHTOM 110 OTBowemuo K xpo~mTOBhlM MeCTOpO){{JJ:eB.lUIM IlbIO<payuJJ:JJeuJJ:a (Smith, 1953) . 
AnTop 1l0Kaaa: l, qTO B paccnoeBDhix uepuAoTRTo-ra66poBblX nUTpyaullx aana)J.Boro 
0epera 11 hIO<PaYU)J.JlelJ)J.a, cOJJ:epll(alIJ,HX cerperaD,HOBBhHl KOHD,eOTpar~llf[ xpo~mTa, yCJlO
BliIlI 06paaoDamw oocnOADoro TO>£<)J,eC'rneBULI YCJlOBlUlM 06paaoBanrm lDUITneJlI1: 06a 
MlmepaJl8, 06paayrom;liIe TnepAhlO paCTROpbJ, Rpl1CTanJII.f3YlOTCff noene onunnaa, tiC) 
paObllJe TIllpOKCeoa n UnarJlOKJIaaa. 



THTAIIO clArHETHTOBOE OPYAEHEIIJIE B HHTPYSJifBHbIX TE I X 105 

D qeurclulX lLHTpYSHBnhl " nopo)J,. Ha pnc. 49 npe)J,CTaBJIeHa )J,BarpaMlIla lJe

Thlp IWMnOHenTIlOM: nCT 11>1 CaO-2 1203-(MgFe)O - i02· ABOliHbIMl[ 

J{P Ilma~UI OTfllelJem>l COCTaBhl rJIaBHeiImnx MIlHepaJIOB (OJIHBl!IH, pOM6R'Ie-

I J·di It MOllOKJIUUHbIll nnpOl{CeHhl, llJIarBOlmashl); E - aBTel{Tlma, OpTOKJIa3 + 

+ I\BUPU;; TOlJe'mbl (nynl{TJlpOM 06nep;emI nOJIJI XH1IUIqeCIHIX COCTanOB paSJIJllq

\:I hI " 1l0POA eCTeCTBennoro PJI)J,a: I - OJIHBmmTOn n nHpoJ{ enOBb!X OJTRBH

lLllTOU, 11 - nepllAOTHTon H TIHpOI{CenHTOB, 111 - ra66po, IV- l\lORIl,O

JUlTOBlolX ra66po 11 HBapIl,eBhlX ra66po-cJWnH'1'0n; >l11pHaJI .TlHHBlI - I{pBnaJI 

J( 1I <pcpcpelll~l1aIl,~IU. H a ny fI{ p;l'JarpaMMY naneceno 06'heMIIOO nOJIO ){pJiICTa -

CaD 

/ 

/ 
/ 

/ 

(Mg, Fe) 0 

/ 
/ 

/ 

/ 

/ 
/ 

/ 

/ eAHopmum 

/ 
WnUHe.t7U~ ---/~ 

/ \ / 1/ 

/ \ .:. . .:/ 
// - ....... · .... VZ- , ..... . 

MjHOI(I/UHHblU. ..... 1f ........ i IU 
/ nupOKce.H .. / ..... . 

/ \, ...... 

DI/U{}UH POM6u'Iecl(utJ nupoKceff 

OpmOMa3 
AI/b6um 
[ 

PIIC, 4D. npOCRUI'IJJ TeTpaaApa CUCTCMLl CaO-2A1203- (Mg Fe) 
O-SiO~ na IUIOCKOCTb. 06'1,lJcueTJue n Tel eTC . 

JH13'H .l, 1I1l IlITIHTIeJIJiI)J,OB (nYIII<THp), npHlJel\1 OI{aSaJIOCb, 'ITO ORO DaAa T n nOJI 

l'a6Gpo. TO ~lIIalJRT, 'ITO ecmr YCJIOBHlI 06pasonanJiIJI THTaIlOMarneTJiITa 11 

m U11Jl 'JIH TotHAecTseHHhl, TO KpJiICTaJIJIIISaIl,HlI THTanOl\1arnOTJiITa p;OJIiHna npo

lI eXO) \~ITb HS pacnJIana H 1eBHO ra66pOBoro COCTana, a Be I{aIWrO-JII160 HlIoro. 

Tal 11M 06pa30M, CPIl3I1l O-XH UIlJeCHHe p;aHHhle nOATneptR)J,aIOT nLffiOA 0 TOM, 

'11'0 CI onJIenUJI TJiITanOMarneTHTa n nepHAOTHTax 06paSOnaJT.HCb ne n pe3YJIb

TaTe HpHCTaJIJIH3aIJ,llU na MeCTe ('ITO C cPH3H1{0-XJiIMll'lJeCIWM TOlJI\H 3penJiIJI 

HOIl 3 ~10/Imo), a nYT l\I aTH{Yl\iYJIH~JiIH HpIlCTaJIJlOB, BhlAeJlnnTImXCJI n ra66po

nOM pacnJIane n pxaelf 'laCTH nnTpY3HH H onYCT11nIDHXClI B CJiIJlY JIBJIenHM 

l'paIlHTal~lUI. 

113 nplffieAeanoro OIUlCaHHJI TllTaBO m rneT11TOn Ol'O 0pYA aelUUI II elJennl 

BIlAno, 'ITO no CBoe lY rene3HCY ono npep;CTaBJIJIeT C060ll pann farMaTH'lJ 

Cl<oe cerperan;Honnoe o6pa30BanHe. IIo)J,06noro THna lI1eCTopotJ p;enHH 6hlJIU 

onncaTIT>I paBee (B. M. THMo<i?een, Ie O. RpaTIl,). IIo CnOH1\[ oc06 nnOCTHM 

01lH CYlIl,eCTnenllO OTJIHQalOTCJI OT 60JIbIDHHCTBa npor.:ThTiliJI TImr I CTOPO)l(

l \eUHH unanOMarHeTl1Ta, B qaCTHocTfl ypaJIbCI<UX, lWTopble OTaOCflTCH It MeCTO-
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po)-[,p;eBl1HM <PY31'lnHOrO THlIa. B IIOCJIep;BlilX THTaHOMarBeTl1T I<pHCTaJIJIR30-

BaJICH B II03p;UeMarMaTH'IeCHYIO CTap;HIO H3 OCTaTO'IHMX paCIIJIaBOB, IIOCJIC I{PH

CTaJIJIH3aQHH CHJIHI<aTOB (MaJILlmeB, IIaHTeJIC D, IISK, 1934; 3aBapflQKHH, 
1937). 

f JI a B a 15 

METAMOP(lH:l3M 

Bne;J.eul1e 

M TaJ\fOp<pH3~( RMeJI 60JILmOe 3Ha'IeHl1e B SnOJllOQHH p;u<p<pePCHQHpoRaB

llhlX HHTPY311BHl>IX TeJI H IIPJiI IIOCJIeAYIOm;li£X TeKTOHHQeCRllX HapymeBHHX. 

B TeCHOH CBR3H C MeTaMop<pH3MOM Haxop;HTCH npOQeCCbI CYJIL<PHABOM Mep;BO
lIHKeJIenoi1 MlmepaJIH3aQH.H. MeTaMop<pll3MY nOCBHm; Ba pa60Ta H. A. EJIH

c eeBa H B. ]II. IIalIymHc (1952). H. HaCTOHm;eMY BpeMemr nal<OIIWJICH BOBLlfj 

Ma TepnaJI, IWTOpl>IH n03BOJIHeT BHeCTF.l Hel{OTOpble Aorr JIHeUF.lH I{ paHce 

fl3DeCTRJ>IM reOJIOrH'IeCIUfM p;aHBLllIf. 

,r.(JIH paHOHa pa3BIITHH rrelleHrCIUIX P;H<p<pep HQHpOBaHIILlX F.lHTpY3HBHLlX 

TeJI H3BeCTHLI CJICAYIOm;l'te BHP;LI MeTa :rop<PHB fa: 1) I<OHTaHTOBLlH MeTaMOp

<pH3111; 2) IWHTalluIllaQHoHHMH MeTaMoP<PH3M; 3) aBToMeTaMoP<PH3M; 4} rF.lp;

pOTepMaJIbRl>IH (naJIO}.K0HHLlM:) M0TaMop<pH3i\1. 

1. fopnLIe IIOPOAM, n03BI1HJJI:He n pe3YJlLTaTe IWHTaJ<TOBOrO 11 I(OBTaMH

BaQl1OHHoro MeTa fOP<p1I3Ma 6bTJIll OlIllcaHLI BJ,JUle. ROHTaI<TOBr,rM: MeTa

MOP<PH3 I OTJIl'flIaeTCH CJIa60H CTelIeHbIO U3MeHeHUH B1I1eIQaIOm;HX ropnLJx 

IIOPOA H CJIa6bu,ru npOHBJIeHllm.nr 3HAonOIITaI<THI.IX 1(3 reHeHlllf rOpHLJX 

IIOPOA P;F1<I)<pepeHQF[poBaHIILlx HHTPY3HBHbIX T0JI. 

2. 0 IWHTa1l1RHaQHH lIIonmo CYAHTh Ha OCHOBaHHll CJIep;YIOm;nx <panToB. 

Ha6JIIop;emm Hap; XapaI{TepOM JWHTaI<TBLlX 113MeHeHllH B1I1em;arom;HX IIOpO,o; 

II llnTpY3HBHMX IIOPOA AaIOT OCHOBaBlle CAeJIaTh BLIBOA, 'ITO Ha Tex rJIy6HHax, 

Tl.l,e np0F.lCXOP;HJIO BHcApeHlle All(p<pepeHQHpOBaHHbIX ImTPY3HU, llpOHBJIenlle 
IWHTallfHnall;HOHHoro MeTaMop<pH3Ma 6L1JIO ne3lla'IllTOJIbHIDr, Me}1 AY TOM I{al( 

Ha 60JIhmHX r.rry6HHax HBJIeHHH nCpeIIJIaBJIeHHfT, CeJIeHTfIIBHoro IIJIaBJIeHHH 

H I(OHTaMHHaQUlI, BepOHTHO , urpaJIJiI namllYIO POJIb. 

Ha RaYJIe npn 6ypentlTtI CI,Ban HULl 6bIJIll o6HapymelThI cnoe06pa3lllJe 

CJIIOp;HHLle I{Bap~eBLle CF.lellnT.bl (CTp. 74.). ITo XF.lMH'ICCIH)MY cocTaBy 

nopOAa (Ta6JI . 3, aUaJIH3 41) OTJIF.lllaeTCH BLlCOIUIM cOAepmaHHellI napallfCTpa 

a' = 26. 7 (lil36L1TO'IJrLTH rmlH03ellf), 'ITO CJIyml1T Yl<a3aHl'IeM Ha CeAHMeUTnyro 

npHpo):(y AaHnOH II0l'OALI, IWTopaH nOABeprJIaCb nepenJIaBJIeHHIO H nepe

I{pnCTaJIJIH3aQHl1. BepOl'lTHO , 3TO 6bIJIfr apI{030BMe neC'IaUHIU( C rm1HHCTLlM 

J~eMeHl'OM. 

06HapY}I{eHHaU na RayJIe npa 6ypeHl1H ropnaH DopOAa AOJIroe npeMR 

HBJIHJIaCb AHUCTBOHHbIM npll1lfep01l1, HO B AaJIbHeHme I H8 ITF.lJIDrYHPBH 6bIJIO 

o6Hapyn eHO AOBOJIbllO Muoro npID'IepOB nOAo6nLlx nopOA' no cocTaBY 6JIH3-

IHIX I{ ImapQeBbI1lI ClIenaTaM If 06JIaAaIOm;llX rpaHo<pHPOBOH CTPYHTYPOH. 

BepoHTHo, nplIlnmoi'r llapoHoro pacnpocTpanellHH Tal\HX nopoA n pailone 

n~fJIbrYHpBa HBJIHJIaCb 3Ua1:JI1TeJIhlHIH MOm;HOCTb All<p<pepeHQHponaHuLlx HU

TPY31tlJllLIX TeJl. 

06pam;acT rra C06H Bmn.ranHe pe3lw BbIpamennalJ JIOJ,aJIbnalJ rrpHYpo

'lennOCTL nepBMx P;BYX BRP;OB MeTaMoP<PHSlIfa I{ I(OHTaI{TaM AH<p<pepcH~HpO
naHllLlX }lHTpYSF.lBnbIX TeJI C BMCm;aIOm;II1I1H ropHhlMH nopOAaMll. 

3. ABToMeT8Mop<p113M B npOTIilBOnOJlO.}I{HOCTb IICPBbIM ABYM BHAaM MeTa

~lOp<p1'I3Ma H meT IU.l1pOI{Oe pacnpOCTpaueHHe. ABTOMeTallwp<pH'IeClnrllf H3111e

rrCRlUIM nOAuepraIOTCH AH<p<pepenQllpOBaHHLTP HHTPY3l'IBHLle TeJIa no DceM 
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lIeqenrcROJlf paHolIe. BTO reTaMopqlU'IeCl UM 113MelIonHHM no~oepraloTcH 
o TOll HJIH HlIOH CTenenH Bce nopo~.bI ~llcpcpepOlIn;HpOBannbIX HnTPY3HBlILIX 
TeJI. 113BeCTlILI CJIe~yIOm;1!re BH~.bI aBTOMeTa fOPCPH3Ma: aJl[cpn60JIH3an;HH, cep
nenTHlIH3an;nH, XJIOpHTH3aU;HH ~e3anopTHTH3au;nH, D031IHKnOBenUH rpauaTa 
3a C'IeT nJIarHOIma3a (anopTHTa) H rrnpORcona, OTaJIbl{QBamr , JIoiiHOl{Ce
IlH3aU;HH py~l1oro JlfHIIepaJIa n B03nuRll0BelIHe ccpeua. On T moo BLlparr e u 

perpeCCHBlIbIll xapaRTep aBTor.roTaMoPCPH3Ma. 
4. rH~pOTepMaJIblIlill1 MeTaMoPCPH3 { npOHBJIfleTCR I{alt na 110 pOAax ~l1cp<I> -

penu;npOBalllILIX HlITPY3HBlI.bIX TeJI, Tal< H ua BJI[em;alOm;HX nopo.n;ax. OT'IOT
, mBO BbIHBJIHeTCH 60JIee n03~lIuii, naJIO}KenlIbIM: no OTUOlll IUUO I .n;pyrrlM 
HH~a [ 1I1eTaMOPCPH3Ma xapaRTep rH,z:r;pOTepllIaJIbnOrO MeTaMOPCPll3 ta, Ha 'ITO 
oc06enlIO y6e,z:r;HTeJIbnO YI{a3LIUaeT npuypO'IennOCTb rn.n;pOTopMa.I(brrOrO 1Il Ta

MOPCPH3Ma l{ Tel{TOnU'IOCRIDf aOlIaM, IWTopLIe rrpo O~flT Hal{ BUyTpn ~ucpcpe
pelIU;HpOBannbIX HlITPY3HBlI.bIX TeJI, TaI{ n BrryTpu T CPOI' ITllO- OC:l lW'lIlbIX 

TOJIII\. 

ABTOllleTal\lOpcpU3M 

RaR YrKe YHa3hlBaJIOCb BLIl1Ie npu OTIllCaUllH J\U1IIOpaJIOO, Jj 03UHlmlOm;UX 
npJ( aBTOMeTaMoptPuaMe, HHor,z:r;a y.n;aeTCH lIenocpo,z:r;CTBonno npOCJIO~T1Tb nOCJIO-

OBaTOJIblIble CTa.n;HH aBTOMOTa tOPCPU'IOClmX llpoBpa~omrii:. MOIlO[{ HnUbIll 
IlRpOIWen T{aCTRlJ1IO nponpam;a TCH n J(paCnOBaTO-l{OpU'IJIOBbIii aMcpH60JI 
(1\ pCyTJIT), l<OTOPhlll n cnoIO 0'1 po,z:r;b aaJl[em;aOTCH TOAmO-30JIenOll 06I,[I no
o llROll pOl'OnOll 06ManKOH, aa CqeT TeMnO-3eJIenoii poroBoi{ 06Mamm npu 
nOCJIe,z:r;ylOm;eJ\f aaMem;eRHR BoaHlmaeT cneTJIO-3eJIenaH aI(THnOJlUTOOaH poro
BaH 06MaUKa 11 lIalwneu; Tpe fOJIUT. B nOCJIe,z:r;ylOm;ylO CTa~HIO aOTOl\leTaJ\lOp
cpual\'la 06paayeTcH XJIOPHT. 1I0 JIe,z:r;onaTeJIbRbIO u a I 'HeUUH n pUll'fUoro MOHO
HJIllnn 1'0 UUpOI{Cena: rrupol<ceu _ I{epcyTHT _ Te mo-aeJIOuan porOBan 
06Manl{a _ aI{TRHOJIllTOBaH porOBaH 06MaHl:{a _ TpelllOJIRT - XJIOpllT COOT

OOTCTBYIOT nOCJIe,z:r;OBaTeJIbllhllll CTa~HlII nmr CTyll nH ( aBTOMOTaMOPCPII3Ma. 
Taluw uOCJIe.n;ouaTeJIbnhle npenpam;emfH 1I1Oamo npOCJIe,z:r;nTJ, Hal lIa H3Me
l! UIlHX OT,z:r;eJIbnhlX lIU1UepaJIOB, Tal{ ]I Ha n311! n nUHX rop rr.bIX nop }l;. 

Monee OTqeTJIIIBO no cpannemuo C 1II0nOI{JIHllHhllIi nIIpOHCOnOllI llbIpamoIIa 
CMella nOCJIe~OllaTeJIhUbIX cTYIIeReii: anToMeTaAwpqJll311Ia lIa l~pyroM nan{n ll
lITeM IIopo,z:r;006pa3yIOm;ellI lIIHIIepaJIe - oJlJmnrre. 06hl'IllO OJIUUHII aa re
lll;aeTCH cepneUTlllIOM C UeUOJIbillIIllI I<OJIUQOCTBOM MarrreTJITa, p }I{e YCTana
BJIIlBaOTCH CJIe~yI01~aH nOCJIe~onaTeJIJ)nOCTb: OJIJlB1IIT TpellIOJIIlT cepllerr
TIm _ TaJIbl{. H.ar{ yn e OTlIIe'IaJIOCb npn OIIUCanlIJI MIIHepaJIOn (CTp. 86), 
OTaJIbl<OBaHUO- HnJIeHHe cpaBrrUTeJIbnO pel-woe n IIPOlI"BJIJUOllweCH n UPOTU
n0l10JIOnmOCTb nOCJIe,z:r;yrom;HM ru,z:r;pOTepllIaJIbIIbIM U311IerrelllIHlI[ 0 O'IOllb neaIIa
'lHTeJIbllbIX MaCl1ITa6ax. OJIHnHH MeRee YCToii:'IRD no cpanrremHO Jl(ORO
I<JIHIIHLIM UupOI{ceao I. PeJIIlJULI 'IaCTII'IUO coxpanunmeroclI 0 IlUJIlea '!aCTO 
BCTpeqalOl'CH JIIIl1Ib n pallORe Y'IaCTI{a IInJIbrYHpnII. JIIIBlUlIlThI 11 ne
pli~OTrrThl npenpam;enhl B cepneRTHllIIThl, ua:a60 ee coxpalI1!Bl1In CH UepBUT{(JbIe 
IIopo~006paayIOm;ue IIHruepaJIbI n aTln nopo,z:r;ax nCTpeqaJOTCH TaInt 0 na Y'!aCTI<e 
fIllJIorYHpnH. MOIIOKJIunnLIll rrnpOI{CeH no cpannenmo C ~pyrIIJ\IJI DOPB)('I
rrhIMII nopo,z:r;006paaylOJIJ,lIlIIH lIumepaJIaMII 06JIa,z:r;aeT naH60JIbl1lell YCTOll'IH
BOCTbIO, peJIllI{Thl MOnOI<JIHRnOrO mIpOI{Cena BCTpe'IaJOTCH I,aT, D yJIbTpaOC-

1l0BUhIX llaMeneHllbIX nopo}l;ax, Tal{ .a B ocnoonrux. 
1I0 aTOll npH'IlnIe naH60JIee coXpanHnl1lJIll1lICn ropuhllIm nOpOAaMIf cpe~n 

1l0pO,z:r; ,z:r;liIcpcpepeRU;HpOBaRlILIx HIITpyaHnnhlx TeJI HBJIRIOl'CH llup0J(ceHuThl, 
Cpe}l;H I{OTOPbIX JIHl1Ib n pe,z:r;IHlx CJIyqaHx ua6JIJo.n;aJOTCH yqacTlm, rroAllepr
mueCH CTOJIb nrrTeHCHBnoH aAfcplil60Jl1laau.1H1, 'ITO llopo~a npeo pam;aeTCR 
B aA1cpu60JIIITbl. ra66po Do,z:r;nepraIOTcn aMcpH60mraa 1111 H n XJIopIIT1I3aquH 
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nnp KC ITa H AoaanOpnIT}(San;I!H llJlan1010Iasa. OTn monne I{ anTOMorar.lOp
<pJiflIeCRIIM US]\[ nenm[ I ITnpOI,Cena II IIJIarnOHJIaSa B ra66po paSJUf'mO . 
nJIarIlOI<Jlaa B coxpanUnmOJlJCfl nUAO nIII{QI'Aa no BCTpOlJaeTCfl, B TO npeM1( 
Hal{ MOIlOI<JJlJIlflhlii llnpOH OIl nOJInOCTbIO IIJIH lJarn;e lJaCTHlJIlO coxpanfl TCfl . 
ItlS!\f nOl1lf.ff, JTa6JIIOAa me TI aCCeI{CHTOBbIX ra66po, anaJIOr1'rlJHhl allTOll1eTa
MOP<PI1<r tum ITSMOHOllJfHJI[ n ra66po. 

flo rope naACHT1H rOMuopaTypbI npJ'l OCTLIBamm ropnbIx nopo)]; An<p<p PCH
n.l1pol3anur,rx nnTpysl1BITLrX TOJI npoRCXOAIIJIa nOCJIC,lwnaTCJIbnaH c:r.reHa 
cTyncuoii: aBTO rOTaMOP<PIIS [a. CJIOAYIOrn;liIO oco6enno nl TlInlI'UIbI ,o;JIH aBTO
MOTaMoP<PJ1SMa: 1) opomaH coxpanJTOCTb pemmToBhlx CTPYI{TYP nepBHlJUblX 
ropfl1>IX IT po,o;, 'ITO 06JIerlfa T l'r3yrreHRe nOCJIc,o;onaTeJIbnLIX npenparn;eIIRJr 

PlIC. 50. lIopCIJIlpHT 33.11,oa 1l113 Aa i1inL 
l\na6a3a. nponparJIOIlilOro II "npo, 8no
rpaJla'l'onYlo nopOAY . B:Kpan; ICIIIIIII]( HO 113-
Meu O""Or n WI'IWL, JUaa 11 p A10IX acpel! 
MOl101WlUlUoro unpol{ccrra. cD.110TlAal JblJan 
T I<CTypa. OcuoDllan laCCB n3 paCI{pnCTBJI
JIII30llBlIHOrO It nponpan, nnorO n X:rOpllT 

CT lOla. 111!lC+ . X 30. 

Ml'lllCpaJIOB npTl anTO ,reTaMopql1iI3MC 
J[ ITOSBOJIflOT CYAfITb 0 IWJIlI'J CTBen
nbIX COOTnowenIIHX III II,o;y nCpBlI'l
RblMH MHnepaJIaMU, CJIaranWHMH 
CBen He IIOPO,o;hl, IIo,o;nepranUlHeCll 
a[)TOMeTa~lOp<pU3 'fY; 2) nepaBHonec
HOCTb XID1R1J CKIIX npenparn;enHH 
npH anToMeTaMoP<PlIsMe, 0 'IeM ro
nopHT CJIY'IaH, I{OI',o;a MOil no 6bmaer 
npOCJIe,o;nTb nOCJIe,o;onaTeJIbRble CTa
,o;HH aDTOMeTa fOP<PHTtOClUilX H3.MeHe
Rff}r Tal<oro MllUepaJIa, I{aJ{ Mono
IOIHHnblH nHpOI{Cen. B nopoAo o,o;no
upe 'lCRRO npHcyTCTnyoT nOpnII1JRblH 
Mal'MaTJil'IeCHHH nupoHceR H paaJIlI'I
Hbre JlUmepaJlT,I, nOSRT1IHUHe D nOCJIC
,o;oBaTeJIbRLle cTa,o;llJiI aBTOll1eTaMOp
<pT1sMa; 3) lTpe06JIa,o;auHe anTOMe
Tallrop<pH'IOCI<JlX HSMeneHHH, xa paJ(
TepU:SyIOrn;nXCR: llHSI<OTeJl1nepa Ty p-
IfbTMH npenpam;onllm.UI 1'0pRLl 
nopOA (cepn IITHHHsan;UH, XJIOPUTlf
aan;lflI, ,o.eaanOpTI1TJ1San;Hfl). HCI<JIIO-
4 mile npe,o;CTaDJIHIOT aDTOMeTaMOp
<p1'l~ecIOlO llSMeneUIlH nOI<Ol'Opbl 
,o;ae]{ )];Ha6asa, npenpam; JlUbrX B rTll
pOI ono-rpaaaTOBJ)J6 nopo,o;hl. 

n"pO IWOII O· I'palH1TCflbI8 nopoAhI, Doalllmwn8 nl)Jf anTOI\JeTaMo }J(~JJ3MO nonoTopblx 
Alla6aaoublX A3CIt 

mrCUlIIJe 3TH nOpOA 1I 6'hJIcn HaO llpUTfHll nx DOSHnI{IJonOUHH npUDO
,o;HTCH n pa60T H. A. JH1COeoa II B. M. flanywHc (1 52). flnpoKcono-rpana
TonbT HOp ALI BCTPClJ lTbi 6LTJTII B n; RTpaJIbnoii: 'IaCTll nnyx ,o;ae1< ).wa6aaa ua 
ropa . I ayJIa liI KOT eJlbnaapa. CTPYI{Typa nup RceRo-rpanaTODhlx nopoA 
peJlIJT<TonalI (0<pJilTOoaH), B saJIb6an,o;e l(a 1{ na6JIIo,o;aIOTcH yaIme nOJIOChT, WH
punoit n 2- CM, C <pJIJOH,o;aJIbnOH TOI{CTypo{r H nop<prrponOH CTPYI{Typoii. 
l1epnOna'laJlbllO ::lT0 ULlJIa II p<PIIponu,o;nafl nopo,o;a C DI(panJICnl1lmar.nl nJla
rHOJ\JTaa3 l[ co CTeI<JIonaToii ocnonHOU Mac orr, no,o;Bepl'maHCH saTe?! 1mT 11-
cnBlIoii XJIOl)HTHaaIl.IIH (pnc. 50). 

XJIO pIITil aaI(IHf - npon;OCC 60;[eo nos,o;nl1ll lTO cpaBnemHO npon.eCCOM 
Dosnm HOB WiH rpanaTo-n.upOJ{cenODbIX arpcraTOB sa C~feT ,o;l1a6aSOB; XJIOPll 
'rOOLI IIUfJIIUl paccClwIOr n.enTpaJlbITYIO lJaCTI> ,o;aURlT, I'panaT 11 IIHpOI cell 
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(,n;HonClIA) B l\paenylO 'IaCTb AaeH. ll' aaXOA1:IT. ITo CpallnOnHlO C 60JIee T tHLlMR 
~Ha6aHallIll nnpOHCeUO-rpaUaTOllaH JIOpOAa UMeeT 60JIee ClleTJIhIR aeJIenonaTO
OeJI1>Ill ~neT. BMeCTO JIa6paAOpa 11 IIfOHOl0I11lIUOrO nnpORCena n ue6oJIbmoro 
J{QJIl1'IeCTna THTaUOMarn THTa npn lI1eTaMOPCPHSMe DOSnHI{JIa nopo)w, COCT01:I
~aJI lIS rpanaTa (rpoccyJIJIP C 15-25 % aUApaAHTa) H AI!£OITCllAa C n pJ1l1feCbIO 
reAen6eprHTa, ccpena H anaTnTa (pnc. 51). AnaJTU3h[ AlIa6asa 113 f CTOpO
)l{,n;emm RayJIa n nuPOI{C no-rpauaTonoii nopo,n;hI C ROTC JIhUaapbI, ll03-
u111,mei npH MeTRMopcpl'I3Me Al1a6aaa, npJ1Bo,n;eubl J3 TaOIL 3 (ana.11113bI 48 ]1 
49). 

CpanneHIle anaJInaon DhU:!BJIJIeT peaI{Q nOnbtmOnllO COAep/I antre ){aJIhu.IUI 
B nHpOI{CenO-rpanaTonoll nopOAe n nOHml{ennOO COAep/1 ann D( JIO'Ioii. 
CJIe,n;yeT 06paTJITh BUllManue na 
TO, 'ITO TaI{a1:I B1>ICOIWTe rrrepaTyp-
11a1:I aCCO~Ila~IUr II1lfIIepaJIOB, HaH 
m[pOHCen H rpanaT, Boo6m;e He 
THlIH'I1Ia ,n;JIJI anTOMeTaMOPCPIl"'le· 
ClUIX npo~eccon nSMen flH1:I no
po,n; ,n;ucpcpepeuu.upoDaHllbIX l1JlT
p 3IlDnbJX TeJI 11 ,n;auJ(oDbIX no
po,n; . ITnpOI{CenO-rpanaTOU1>Ie no
POAbt CXO,n;UbI CO cHapnaMIt, XOTH 
reOJIOrlI'IeCRaH OOCTaIIODI{a npIl 
()6paBODanmr aTIlX nopo,n; 6hIJIa 
OTJIH'IITOH OT YCJIOBIlH oopa30na
mtii CI{apnon. ROBTaI<ThI ,n;ai'mn 
,n;Ila6a3a, npenpam; HBoro B mrpo
J{CeHO-rpanaToDyIO nopo,n;y, C cep
nenTHHlITaMH pe3TUle, H lIfeTa-
wpCPHtlecHIle TI3 tenem[H TIPOH-

CXO,n;HT TOJIhI{Q BnyTprr ,n;ael{ 
~a6a3a. 

ITPH'IIDIOH MeTaMopcpn3Ma ,n;a
Cl{ CJIynUIJIn paCTB PbI, nplI
flOCHnmne C rJIy6I1Hhl naJIh

Pn . !J 1. IInpow:eno-rpallaT013an 1l0pOAa Il:l 
Aua6a30nou nai"iJor. II rm +. X3U. 

~lIH, B pe3YJIbTaTe npHDnoca I<aJIbU;l11:I HpLICTaJIJIlISOBaJIca rpanaT 
p1:I,n;a rpoccyJIHp- an,n;pa,n;I1T (15- 25% anApa,n;HTa, CYA1:I no UOl<usaTemo 
npeJIOllfJIenIlH, H. EJIlICeen II ITanymllc, 1952). Te n,e paCTBopLI o6JIaAaJI[[ 
RnSI OH Hon~enTpau.lIeit m;eJIo'Ieii TI n1>IR CUJIn TI3 Ana6a30D m;eJIO'IU. MOil no 
nallleTlITb CJIe,n;YIOm;yIO nOCJIeAOBaT JIhnOCTb reOJIOrll'IeCI<J1X npou.e con: lllIT
PY3ItJl Ana6asoBoij: MarMhI II 06pa30BaHIIe ,n;ael{ ~ B03mnmoneIIue 6.orCTPO 
3aCThIBaBll1IX I paeD:&J 1.IaCTeil: ,n;aeT{ CO CTeI{JIOBaTOll OClIOIlTIOll IIWCCOll il nop-
4>u:poBoii CTPYI<Typorr ~ I<PHCTaJIJIII3au.H1:I ,n;Ha6a30.B B ~eIITpaJIhTIOU 'laCTU 
AaeI{ C 06pa30BaJIlIe~1 OCPHTOBOll CTPYl{TYPllI ~ ~KpI{yJInU;l11:I rH)l;pOTepMaJIb
HhIX paCTBopOD B n;enTpaJIbnoii 3aT.Bep,n;eBllIeii, TIO ne ycnellmei OCThITb qaCTH 
,n;ael{ C 06pa30BanlIeM m[pOI{CeUO-rpaHaToBbix nopo,n; ~ AaJIbHeiimalI IvrpI<y
JIHn;UlI paCTBOpOB TI x opHTH3a~ulI npaeBhIx "tJaCTeH AaeI{, n03IIIlImOB Hlle 
>lOiIJIOI\ 'JIOpHTa B ~eHTpaJIl:,nOH "'IaCTR AaelC ITHpoKceHo-rpaUaTOnLIe 1I0POAor 
B n;enTpaJIbHoii: 'IaCTn ,n;ael{ MOrr\HO pacc IaTpI1BaTb B I<a'IeCTlle npo,n;yl\TOD 
aBTOA1eTaCOMaTH'IeCIHIX TIPOU.eCCOB. I1HTPY3HH ,n;Ha6asOBOll MarllII>I npu cpop
MKponaHIIH ,n;ael{ ,n;l!.ra6asa conepmaJlaCb B II3l1feHenTIble, cepneBTI1HH3I1PO.BaH
Hble TIepH,n;OTI1ThI. 

ROIlTaI{TOBO-lIfeTaCOMaTH'leCHOrO B3aHMo,n;elicTDJ:IH M }){AY pii HTHIU[-
Tall1ll (.BMem;arom;IDIH TIOpo,n;alllIl) II AallHOH ,n;Ha6asa TIe KMeJIO MeCTa. B Hpa BOH 
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' laCT11 ,n;aiitul II D11Ae Y3IWll nOJlOCDI D 2- 3 CM (C TOM H APyroH CTOpOHl;l) np" 
nITTpY3HH AIIa6a30BOii r-rarMDI D03nFlJOUI Y3K1Ie CTeRJIonaTf,IO OTOP01JRU C pell,
IHIMH BJ(panJIOnn.rmar.f}r nJIarUORJIa3a rr nrrpoRCena. 

rUAPOTeplUa Jlblfblii JUeTal\WpcpU3JU 

rrOpOJ~bT, no~(no prJrlHocSI rn;o;pOTepMaJI.bnOMY MeTa roP<PH3MY, DCTp01JaIOTCff 
J(JIU nnYTpH TOJ{TOnl1<rOCJUIX 30n UJIH OIWJIO nux. B 1JaCTnOCTl1, n rOOJIOrI!I

~TOCIWM CTpO'DYl[ J[OJIOCbI Ty<!JorenIIO-OCallO'ffihIX nopo;o; C ;o;u<p<popenn;upo
llanliIDIH rrnTpY3HDJlbThIII TeJIaMf{, 3aRJII01JennblMU DnyTpn: nOJIOCIif, 60JIbmO 
3rra1JOUHO ml T MOT1l,rraSI TeJ{TOHIf'I CHaSI 30na, npOCJIemUDaIOm;aHCH no npo

CTF!panmO nOJIOCbl na 60JIbmrre paCCTOHnnSI. Ban{Hoo 3Ua1JOnne ~nojl SOULT 
nO;D;':rep1010aOTCH Tellf, 'ITO I{ DOii: npaYP01JenJ)l Y'IaCTIH[ C cym,<pn,n;rroii l\le;o;no

Uln<OJIenOH MIUIepaJIIT3an;yoi1. B nan6oJIeo JlfO~nIifX ~laCTHax TeHTOHliI'W
CROll SODbI pacnOJlaraIOTCH YlJaCTIHI ItaYJIa, Kaumnmna, ITnJlbrYHpDH. 

B COOTOOTCTUUH C TeM, 1JTO npon; CCM opy;o;enonnSI HcnOJIbSOnaJIFI MOUl,nyro 
'reJ{TonIT~[ Cl{Y IO sony ]I[ npOHCKO;o;HJUI HOCJlO ;o;O<popMan;Em ropnblX nopo,ll, 
npe;O;JlomOJIO 6bIJlO naSMDaTb eo opy;o;eUOJIOH TOl{TOnH1JOCTWii 30nOll (H. EJIn

C eD, 19526) . 30ny CJIaraJOT ;O;0<p0pMnponanuLlo, paCCJIann;onannIifO ropnbfO 
llOpO;o;.bT, llo;o;ueprWlleCH D ;o;am,neMweM rHJ (pOTOP -raJIbnbIM J!fSlIfenOnHHJlf. MoUl,
nOCTb SOHl>[ BnpMlpyOT OT neCIWJIbJHJX COTen MOTpOD (KayJIa) ;0;0 nOCI<OJIb

Tun JlfOTpOH (15 111 na I all1l11UHHDU) . Ha yqaCTI<e ITUJIbrYJIpUI1 MOUl,

ROCTh SOllbl np1:IJl1epnO 30 M. IIpu nSY'lonHH paspOSOB, COCTaDJIenflbTX no 
J{epnaM 6YPODbfX Cl<Da}HHn, 6bIJIO DbfHBJIeHO, 'ITO TeHTOJUI'IeCI{aH 30na ne rrpell,
CTaSJlHOT o,ll,rroii CIIJIOIIlHOY nOJIOCbI paCCJIaHn;onannbfX ropnbfX nopo;o;; DHyTpu 

30HIif RMoeTCH HeCROJI.bI{Q nOJIOC paCCJlann;ODanHbfX nopo;o;, B paSJIH'InOll 
CTenenH o60ram;errUblX cy T,<pR;o;a~nr. 

3aJIeraRliIO SOHbf no OTuornemno H saJIeramno DlI10m;aIOUl,HX Ty<porenllO
OCa;O;O'llIhIX TOJIUl, 11[ COrJIaC[[bIX UJIaCTOUIifX ;O;Hcp<pepenn;HpOBaunbIX HHTPYSFIBUbfX 

T Jl neCorJIacnoo. 1'al(, ua lIfeCTopOif ;o;enHH ItayJIa Ty<poreUHO-OCa;O;01Jlll>Ie TOJlUl,n 
Ii ;o;ncp<!JepeHn;HpOBaUULle IHfTPYSHUHr,re TeJIa naTmOHeHhI npHll'lepHO no;o; yrJIOll1 
IJ 55- 60 ° , a Ter{TOnfflJeCKan sona I1J1feeT rraJ{JIon rro;o; yrJIOM B 38°. 1'aKHM 

06pasoM, IIpl1 CODaal (aIOUl,OM lIJIH rrO~ITn CODna;o;aIOUl,eM npocnrpamm TY<PO
renno-oca;o;o~mr,TX TOJlUl, n TORTonH~reCI{QH som,l Men{;o;y HHMU cyn(eCTByeT 

yrJlOBO neCOI'JI aCHO. 
PacCJJann;OBanRhJe nopO;O;bI CJIynmJIn, nO-DH;o;allfOMY, XOpOmJ1l1IH rryTlIMII 

;o;JISI n;upHyJlfln;Un ru;o;pOTOP11'13JlhHbIX paCTDopOD. Han60JIee nIITerrCHDno HSMe
nellRLTe rrOll BJHlHIIrreM rrr;o;pOTepMaJIbnOrO MeTalllop<pu3J11a rropO;O;hI rrpHo6pe
TaIOT cnOTJIbrii OTTOHOIC Han60Jlee unTeHClilDHr.re ru;o;pOTepllfaJIbnbfe US11'10-
HeHnH llorrllITbfBaIOT ropnble nopO;O;bI OI<OJIO DFICJI1JerO 60Ha TeJ{TOHH'IeCJ{Oll 

SODbl, 'ITO oc06onno xopomo rrpOCJIen<HDaeTCH Ha JlfeCTOpOrr{;o;emnI KaYJIa, 
1';0;0 ru;o;pOTOpMaJIhDble H3MenODUlI ;o;aJIeHO pacrrpOCTpaUHIOTCH OT Depxnero 
IWHTaT{Ta TOl{TOHl'llJeCJ{OH 30rrbf BDepx. HepaDnollIopnoo pacrrpO;o;eJIOHUe rn;o;

pOT pMaJIhHbIX H3J1feneUHll DrrYTpn SOlIbI UpffDeJIO I{ aCl1MMeTpU'InOMY CTpoe

luno 30UhT. 
Ha DhIHCHeIHlO XapaI<Tepa TeHTOURlJeClmX ;O;Dn}Kem'll1 II conpODOil<;o;aJOUl,ax 

UX ;o;e<popMaIl,n1i:, D peSYJIhTaTe K01'OPbfX D03nHIma TeI{TOHH'leCI{aH SORa, 

npOJIHUaeT cneT HSYlJenHe Tal{ 113ShlBael\fOH opy;o;eneJlOH TeI{TOnH1JeCIWll 

6pOH1Jnrr. Cpo;o;n ropnblX UopO;o; oPy;o;eneJIOll TeUTOHH'l CROll sonbf ;O;ODOJIbnO 
lJaCTO BCTpeqaeTCH 6peK~JHH, COCTOHUl,aH n3 06JIOJllIWB CUJIHI<aTRbfX rropo;o; 

(TycporOBUO-OCa;O;OQUOH TOJIIIJ;H n ;O;H<p<!Jepenn;RpOBanHLTX FIHTpysnDHblx Dpe

IiIMYUl,OCTUOHUO YJIhTpaOCnoDHbfx rropo;o;) , HlIfOJOUl,UX oKaTannYlo <P0PMY , 
~f cYJlr,<pn;o;noro n;ell1enTa C ne60JIbmHllf HOJln'leCTDOM HaJIr,n:HTa, HBapn;a, XJIO-
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pUTa (H. EJll1cee o, 19526). B opy)].eHeJlOH TeI<TOHl1'lecl<oH 6 peI<'lI-Ul. OT'leTJIflUO 

Bhlpa}KeHhl cnall~enaTOCTb 11 CJIOHCTOCTb, napanJIeJIbHble CTeHl<aM BMell~aIOt:n;f1X 

6peR'llUO nopo)].. 06JIOMIUI CUJIIlRaTHbIX 

nopo)1. B 6peI{'lHH HMeIOT npeuMym;ecT

BeHBO napaJIJIenLHO y)1.JI1meHHYIO cP0PMY. 

Y)1.nl1HeHl'le 06JIo~tI{on opueHTHpouaHO na

paJIneJIhHO na)1.emlIO CJIan~eBaTOCTH 6peI<

'lIHl na MCCTOpOIl\)1.eHl1H RaYJIa, na 

Y'laCTI{e TIII Jlbl' Yllpnl1 JIFlneHnOcTb 06pa-

3yeT yrOJI B 30° C OCblO l<epHa (c Ha 

npaBJIeHHei\1 naAcHLHI) . 

Ha pl1C. 5 2 11306pallwna opY)1.eHenaa 

TeKTOBR'leCI{aH 6peK'lHJI (n Ce'leJIIHr npH 

Mepno nepUffil)].l1KyJIHPHOM )1.JIl1nHOH OCM 

06JIOMIWU). B Ce'leHHHX, nepUeH)1.l-mYJIR p 

HbIX YAJIHneIIl1lO OJ{aTaHB b1X 06JIOMIwn , 

Ha6JI1o)1.aIOTCJI OKpyrJIbIe, CJIerRa BbITR

nyThle na paJIJIeJIhHO C1Jan~eBaTOCTH cPop

MhI, napaJIJIeJIhBO y)1.JI1menIHO U nepnell 

)1.HKyJIHpnO CJIaH~enaTOCTIl Ce'leHHH 

y)].JIl'IHennhle 11 y3lme. HalwHeu;, napaJI 

JleJIhHO CJIan~eBaTOCTI" cPopMa Ce'leH11 i-i 
y)].JIHnennaH n mHpOl{aH. Cpe)].R 6peH-

UCTpe'lalOTCR Y'IaCTl{K C no 'IT H. 

Pnc. 52. O p YHclle.'lafl Te lnOIlIl'lc r: h' UII 

6PCK'IHfI. T e MBoc - P Yll llhlii LlCMCUT, 
CDCTJlOe - 06JIO MI~H pacc lalll~O IlUIIRhIX 
H OTaJlbKOnUll n [,IX y.'hTpaoc lioll ubIX 

1I 0 pOH . 

11 30MeTp iPteCIHIMil 06JI OM I{a-'lRrt 

MI>f , npe06JIaAaIOT Bce me y)1.JIIlH emlLIe 11 oHpyrJIeHHbIC 06JIOMI0I . 

Puc . 53 . 0 6J1 0MO( lIHTeHCIUlHO n3MCDeDHoro 
cepneHTuBBTa. CyJl bcI>lIl1bl MCTaCO MaTH'IeC(U1 
3aMe~3IOT cepneliTHIIHT. H neHTPllJlbDOH 'IaCTR 
pucyDKa nceDHoMo pcI>03bl c epneBnlOa no OJlH
BUtl Y aaMe~aIOTCll CYJl bcI>IfHa fH n TaJlb(WM. 
T CMHoe - CYJlbcI>HHbI, CneTJlOe - T3J1b( . npR 

OHHOM mlK . • X55 . 

06JIOMIOf opy)].eOeJIOII 6pel{ -

'lI1K COCTOHT 113 CFIJIHHaTIILIX n o 

po)]. - 113 113Mel-IeHHbIX ym>Tpa

OCnOUHbIX nopo)]. I1 JIH 113 cPHJIJIH

TOB. MeCTaMH, r)1.e 06JIOMHM He 

pa3)].p06JIenbI, XOPOIllO coxpaHH

JII1Cb pc (J.11{TOBbIe CTpyHTYPbI ue

PI1)].OTHTon(noAI<H.JII1TOUaRCTpYR

Typa, pRC. 53). TIp" paCCJIaH

u;enanHR CJIe)].bI peJIHRTOBOH 

CTpyHTypLI CTl1paI-OTCH 11 B03ml

HaeT JIeuR)].o6JIaCTH'leCI<aH CTPYI<

Typa. TIpn paccnano;enanHH: npo

I1CXO)1.RT OTaJIbl{OBaHl1e c e pnen

TI'lHa. HapR)1.y C OTanLIWBaHReM 

paCCJIaHIJ;OoanHblX yqaCTIWB npo

HCXO)1.RT OTaJIblWnaHl1e coce)].nFlx 

He paCCJIallll,onaHnbIX Y'laCTHOB. 

O'leOh 'laCTO 06nOMHR 01<py»<enbI 

TonIWH CJIan~eBaTOH 060nO'lIWH, 

COCTOHm;eif B3 TaJIbRa B 06JIOMI{aX 

.1113 YJIhTpaOCnOBnbIX nopo)]. B XJIO

pHTa, eCJII1 06JIOMIUf <pJlJIJIBTO

Bble. I1lwr)].a nnYTpH 06JIOMIWB 

B CeqeHHnX, nepneH)].TmYJIHpnhlX 

)].JIBnnOH OCR, na6mo)].aeTCH S-
06pa3nan CJIano;eB3TOCTb, RaJ{ <ITO XO porno BOAHO na pRC. 5!L B pe3YJIbTaTe 

IIpaIIl,aTeJlhOhlX )].FlcPcPepeOO;l1aJIbHbIX )].BflmenFlU BOl<pyr ,llJIfrHHOM OCR OOJIO~fl{a 
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B03HHHalOT Talme S-00pa3Hhle H3rHOhl. E~e JIyqme S-00pa3Hble H3fHOhl HaOJIIO

}.J.aIOTCn: BHOf}.J.a Ha I<pan:x OOJIOMIWB, Hal{ 3TO BB}.J.HO Ha pHC. 55. RpaJI }.J.ByX 

PHC. 54. S-06p a3uhle H3ra6hl n 06JIOMI,e OTaJlh
K o n a mlOro Ce prH' Fl'l'RflH'l'a - 'l'aJlhKOBOro c laB
na - B .oPY/(eu e: 101t 'l'CI<Tollfl'Jecf<o ii 6peK'II!fI. 

TIPR OAHOM JJltfC, X 30. 

OOJIOMI<OB OTaJIbIWBaHHOfO cep

lIeHTHHHTa H30fHYTbI B BH}.J.e 

OYI<Bhl S. Ha pHC. 56 TaI<OH 

me H3fHO xopomo 3aMeTeH Ha 

}<paJIX OOJIOMIWB cpHJIJIHTa . Boa-

H11l(alO~He IIpH }.J.ecpopMaO;HH 

Tpe~HHJnI II 0 3}.J.H ee OhlJIH BLI-

nOJIHeHbI cyJIblPH}.J.aMH. 

[(eMeHT opY}.J.eHeJIoii TeKTOHF!

'1eCIWH OpeI<'1HH COCTOHT H3 py}.J.

HLIX JlrrnIepaJIOB - nHppOTHHa. 

lIeHTJIaH}.J.llTa, nHpHTa, XaJIbI<O

nHpHTa H MafHen-ITa. R PY}.J.HIDt 

MHHepaJIaM HHor}.J.a npHMemHBaeT

cn: l{aJIbO;HT B OpeH'IHH C OOJIO]\{

HaMH HaMeHeHHhlX YJIbTpaOCHOB

HhlX nopo}.J. H Ima po; HJIH HBa po; C 

KaJIbn;HTOM B opeK'HIH C OOJIOMKa

MH lPHJIJII1TOB. rHe3}.J.a HBapo;a H 

UaJIbO;HTa 1I0Ila}.J.aIOTCH If C peAR 

CnJIOIIIHhlX CYJIblPH}.J.OB . CYJIblPH}.J.bl 

BCTpe'laIOTcn: He TOJIbHO B n;eJlteHTc 

OpeI<'11Hl, HO H BHYTPI1 pa3}.J.poO

JleHHbIX OOJIOMIWB H no Tpe~HHaM. HaHOHeo;, CYJIblPrf}.J.bI pa3BHBalOTCH B 

BI1}.J.e PY}.J.HOH BI{paIIJIeHHOCTH BIIYTPI1 OOJIOMKOB. TaKall B!{pallJIeHHOCTb 

cxolllla (j BI<paIlJleDHOCTblO CYJIb

lPH}.J.OB U3 BHCIJ1lerO OOI{a PY}.J.HOH 

3aJIe)KH Ha ItaYJIe H B }.J.PyrHx 

MeCTax. 

B oopaan;ax OPY}.J.eHeJIOH Tel{ 

TOHll'leCIWH opelPIHH C JIHHeHHO

na paJIJIeJIbHOii Tel<CTYPOH C 110-

BepxHOCTbIO CJIall n;eBa TOCTH S 
COB[]a}.J.aeT nOBepxHOCTb ab, OCb 

b COB[]a}.J.aeT C }.J.JIllJlHoil OCblO 00-

JIOMIWB, OCb C - nepneHAHI<Y

JHlpHa CJIaHn;eBaTOCTH. OCb b 
C()BDa}.J.aeT C OCbl0 S-00pa3HhlX 

H3rHOOB nHYTpH H DO UpaJIM 00-

JIOMIWB Opel<'1HH H OCblO Bpa

~aTeJIbHLlX }.J.HlPlPepeHO;HaJIbHhlX 

}.J.BIHKeHHH DpH }.J.elPOpMan;HH. 

B pe3YJIbTaTe TaI<HX Bpa~aTeJIb
HblX }.J.BH,l\eHHH H B03HHI<JIH S-
00pa3DMe H3fHUhl. Bpa~aTeJIb
Hble AHlPlPepeHO;HaJI bHLle }.J.DH)}(e

HHll DhlllBJIlllOTCJI H Ha OpHeHTHp

HbIX }.J.Harpa 'l!11aX, COCTanJIeHHhlX 

no nJIaCnml<aM TaJIbKa no 

PRC. 55. S-06paaHhle R 3rn6hl KODIl,OB 06JIOMKOD 
OTaJlhKOnaUuoro Ii paCCJlali LtODaHHOro cepneH
THUllTa D 0pYAeHeJIOH Tel<TolHI'IeCI<OH 6peKQHH. 

TIPI! 0AUOM lHiK., X 30. 

I<paRM OOJIOMI<OB OTaJIbl<OBaHHOfO ceplleHTHHHTa HJIH no IIJlaCTHHI{aM 

pHC. 57 B300pa-XJIOpHTa Ha HpallX OOJIOMI<OB lPHJIJIHTa. TaR, Ha 
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'HeHa oprreHTHpHaH ~HarpaMMa, COCTaBJIeHnaH no TaJIbKY Ifa paCCJIaHl·W

DaHHbIX OUOJIO'lel, BOHpyr OOJIOJlII<OB YJIbTpaOCHODHOii nopO~bI (nepH~OTHTa). 
TaHlIe yaopbI TIfnH'llIbI AJIH DOHCOBbIX R-TeI{TOHIfTOB, XapaI{TepHbIX AJIfi Bpa

m;aTeJIbHbIX ~f1cPcPepeHn.HaJIbHbIX ~DIf}l,eHHii npIf DJIaCTH'leCHHX AecPopMa

n.HHX. 
3alWHOMepnaH opHeBTIfpOBHa y~JIHBeHHbIX 06JIOMIWD CIfJIIfI(aTHbIX nopo~ 

D opYAeHeJIOH Tel{TOHH'leCHOH 6PCT{'II1f1 II BbIAepmaHHOCTh TaIWH Opl1eHnl

pOBlm Ha 60JIhillHX p aCCTOFIIHIHX YI{a3bIBaIOT Ha BbIAepH{aHHOCTh HanpaBJIe

HFtH Tel(TOHII'IeCl\llX ADl1meHHU. Xapal(Tep yaopoD, COCTaBJIeHHbIX no DJIaCTHH-

PII C. 56. S - 06pa3Bhle J1 3 r1iJ 6 hl )wnnoo 06-
.11 0 MIW O !fln.1J1I1Ta 0 opyueBeJ1oii T(' )(TOIHI'le

cRuii 6PCI(,HHI. B ~C' M (, llTe CYJ1h!flHU hl, Ruapll 
II 0 n e 6o.nhDloM IW .1HqeCTDe l<a: lho.I1T . f1pn 

OA HOM BllIC, X30. 

Ita 1. JlHlHepaJIOD If3 paCCJIaHL(ODaHBblx 

OOOJIOlJel( BOHpyr 06JIOJlIHOD, a TaKme 

opl1eRTl1pOBl(a -o6pa3uhrx HarWOOD 

Puc. 57. ,UR8rpaMMa COCTaOJ1ena DO 
n.laCTRHK8M TaJlhKa H3000: IOQeK DOKpyr 
06.1 0MK08 0pYAeu e.loi! T( 'K1'OllnQeC KOH 
6P C' KQ)Uf. 110 n('pnenJ.l~1I<yJ1f1pOO K c1I8H
DOC1'U (001) n JIaCTI1HOK 1'a.1bl<a. S-

c.n8llo.eoaTOC1'h. 

1-2-3-4-5-6-7-8- 9-10-11> 
> 12% . . 

DllyTpH Ii no I,pamI OOJIOJlmOD Y I{a3bJOaIOT Ha Bpam;aTeJIbHble AEfcPcPepenn.rraJIb

nble ADHmeHI1H, conepma lorn.H eCfI DOI(pyr OCI1 R, COBnaAalOrn.eII C AJII1UUOH 

OCblO 06JIOMHOD. HanpaDJ1eI1I1e TeI{TODH'IeCl{llX ADHi J\eHHH B Tal{HX CJIY'lallx 

ncpneBAI·mYJ1f1pno OCll Dpa~eUI1f1. 

MHbI M~I CJlODaJlUI., TeI{TOnU'leCHHe ADfliH eHIIlI cODepmaJlHCb B HanpaDJle

JIlIH, conD a Aalorn.eJII C npOCTlrpaHHe Jl! CJl aUl~eDaTOCTI1 opYAeHeJloii TeI(TOIlll

'lc Cl{oii G PCI('lHII. n pan~JJ1LlI OCTb Dbl DOAOD 0 CADTHOBOM xapaJ\Te pe TeJ{TO

lIU'lCCJ(I1X ADIUI<C'HI1U OhlJ1a n03.luree nOATncpmAeua r. M. fOPOYllODhIM (1952). 
B CDR 3 U C anI r D031umaeT Donpoc, B l{aHOM OTROUlCHlUI I{ Tel(TOHI1'IeCJ\UJI1 

ABHmeUWRM BaxoAFlTCH 0pYAeuenl1e , npOI1CXOAHJIO JHI. OHO OAHonpeMeFllIo 

C TeKTOBUQeCI,I1MH ABI1/1, elll1f1J1n1 I1J1U nocJl e Tel{TOUII'lCCI{I1X ABHr"elll1iL ,Il,JlH 

BbHlCIICllHlI :noro Bonpoca UblJlH COCTaDJ1CHW opHelITHpnwe AuarpaM 1bl DO JI1HIIe

paJ1aM U3 n.CJlI CFlTa 6PCl(lJHI1. Tal{ I(al\ no PYAFlb!M JIIl1uepaJlaJl1 COCTaBHTb AHa

"' paM~lbI ueooaMo'Imo, TO Obl JlH J1C00J1h300alIbI BepYAHLle JI1IJBepaJibI \13 u eJlleFlTa . 

DblJlI1 COCT30JleJ-II:J Aile Tal{l1e .lI.UarpaMJIlhl, OADa nplloeAcua Ha puc. 58. 
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Ha )1;Harpar.my BaHeCeHhl OnTU'IeClme OCR 3epeH RBapI\a 1'13 ~eMeHTa 6pel\ 'I1HI, 
COCTOllm.eH U3 06nOr.mOB IPHnnHTa n: ~eMeHTa H3 PY)1;HhlX MHBepanOO 11 1\0apI\a. 

PHC. 5~. 3 r pRa l<Baplla B I{('MrI-ITO op.v
neBe.nOH Tl'lnO ll H'll'C I(O II 6pel('lHH 125 
OnTlI'lCCKIfX o c eH l<Bapna . 1-11/ 2-21 /2-

31/2-4> 5%_ 

_ >4%_3% _ 2% slj7. 

Of.?:' f :: :':· :lo~ 

PRC. 59. A .n6rfT fila n eMeHTa 6 e1\ IIOH P)'A
J-I ld MIf MllIWpa: 18M If opYlll'lle.noH TI' IITOIIII 
q eCI\OH 6Pl'I('lIiIi. ll lllleCE'llbl nO: 1l0CbI 

cnaHU OCTIt n o 010. 

OGpam;aeT BHI1l11aHne OTCYTCTOMe 3aRO
BOAlepBOH Opl'/eHTEIpOBl\11 OI1Tl1'1eClmX 
OCeM I<napI\a, 'ITO B CBOJO O'lepe)1;b cny
)1"'11' YI{a3aaHe f Ba nOCTTel<TOHI1'1eCJ{Ylo 
I<pI1CTannH3aI\IUO Rnap~a B ~eMeHTe 

6peR'IRR: Ha )1;pyroli )1;l1arpaMMe 
(Pl1c. 59) u306pamea Y30P, COCTaB
neHHhlU DO nomocar.1 )1;OOi111 H1wooro 
mBa anh6uTOBhlX Aooiil1l1l\OO n 3e pT:\ aX 
anb6IJTa 113 ~eMeHTa 6peK(II1I1, GeAROH 
PYAHhHII1 IIUfHepanaMH. TaHaR 6peR
'1I1R I1MeeTCR B PY)1;BOM BWKnHRHBa
lOm.elicR aORe Ra JOiHHOM Rpwne Ale 
CTOpO}H)1;eHHlI Rayna. H B aTOM cny
'Iae opl1eHTHponl{a aepeH anb6uT8 
YI{aablBaeT Ha nOCTTel<TOHH'leCHYIO HpEl
CTannl13aI\ElJO ~eMeHTa 6pel{'!HI1. 

Py,n;Rhle II1HRepanhl }Ja u,er.teuT8 
6peK'IHH I1MelOT aepRHCToe cnOiHeHHe H 
He 06HapYrKHBalOT cne)J,OB )J,elPopMa~RH , 
3a HCKnJO'IeHUellf cny'laen nocTpy,n;HOH 
,n;eIPOpMau,IUI. Py,n;Uhle IIIHRepanw B ~e
MeHTe 6peK'IHH, cy,n;lI no nOBe,n;eBHJO 
J{nap~a H anh6uT8 B I\eMeHTe, KpHCTan
nl1aOBanllCb nocne TeJ{TOBH'IeCKlIX ,n;nu
iIWHI1I1. 

TalHlM 06paaOM, nOCJI e,n;onaTenh
BOCTh Tel{TOHl1QeCJ<MX ,n;nl1l1,eSUII 6wna 
cne,n;YJOm.ei1: CHa'lana B0311HI{na Tel<TO
HH'IeCI{all aona C 6peKQlleii, a aaTeM 
npoucxo,n;Hnu npou,ecChI py,nooTnome
nUR. npOU,CCCM py,n;ooTnOiI,eHI1l1 npo
ncxo,n;l1nl1 Opll OTCYTCTnl1l1 TeHT01ll1-
'IeCIHIX ,nnl{fI{eHHH. 

Ha6nro)J,euHlI ua,n; opy,n;eHcnOH Tel{
TOHI1'1CCHOH 6peJ{'Il1eii (Gonce TO'lOOe 
Ha3BaHI1e no cpaBHeHHJO C paHee npR
lI1eHRBIDllMClI «pY)J,Rall 6pel<'T1U»») npo
m~BaIOT CBeT Ra 1P113rIKO-X I1MUQCC I<YJO 
npHpo,n;y npou,cccon py,n;OOTnml\CHI1R . 
lliMPOI{Q pacopocTpaneHo MHeJllle, 'ITO 
cynblPM,n;Hble PYAM B netleHre 11 I-I a ,n PY
rl1x lI1CCTopOiH,n;eH I111X J{pl1CTanJi llaona
n UCb 113 TaJ{ Ha3wnae tOil PYAJ-tOii Mar-
111M. 

<:t>0 pMT1pOBaHue Py,n;HOi'J (CynbIPHA-
HOH) lI1arMM npOHCXOAMT CJH'AYJOInIIM 

oUpa30r.!. YnhTpaOCROBHall (nepEI,n;OTHTOBaR) lIHlnla COAepiHHT CynblP11,nbl. npH 
TCMDepaType OHono 1500°C npOHCXOAIJT nl'll\Ba~MR pacnnana , CllnHl\anlaR 
Mania KpMCTann ll 3yeTClI paHhIDe. OT)J,enHBnJaHClI B pe3ynbTaTc nHl{na~IUI 
cynhlPl1!(Hall Marilla n03,[l,lll"e llblllOnnllna PY,[l,HYJO aOHY, PYJlFlbJe il\11J1W. 
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HpHCTaJIJI113a~HlI PYAnoi'i lIIarll1hl npn BbICOl<OH TelllllepaType neH36emHO 

AOJIiHna 6bIJla CI<a3aThCH na nepel<pHCTaJlJIH3a~~nI l\UmepaJIOB B 06JIOMI<aX 

0pYACHeJlOH 6peK'lIilFI. COrJIaCHO aKCnepIilMeHTaJlhUhll\I paOOTaM BoyaRa 

H TaTTJIa (1950), nepel\pHCTaJIJIH3a~HR ccpneHnma AOJIiI\Ha npOHCXOAUTb 

C 06pa30BaHHeM OJIHBHna npH cpaBHHTeJlbHO HH3KHX TeMuepaTypax OKOJlO 

400" C. 
HecMoTpR Ha HeOOJIbmHe pa3MepbI 06JIOMKOn, OI<pymellflblx co ncex 

CTOPOH PYAHbIM ~el\leflTOM, HlIrAe He oOl-la PY>J<eno CJIeAon nepOl< pHCTaJIJlH-

3a~IHI f10A BJlliRJUleM BbICOI<OH TeMnepaTypbI. BHYTPM 06JlOllII\on HCpel~I<O 
coxpaHRIOTcR CJleAbI peJlHInODOfl cTpYlnyphl, xoporno Dhlpail\enllhle l<aTa

I\JlaCTII1JeClme CTPYI<TYPbI, 6pel,1J11eBMAHble Y<IaCTJ\IL 113 1I1imepaJlOD JlODo06-

pa30naHHH Ha nepnOM MeCTe CTORT TaJlbH, XJIOPHT, CCPHQHT. BMeCTe C TaJlblWM 

B 06JlOMI<ax YJIbTpaOCHonHblX nopOA ~laCTO DCTpe1JaIOTCn IwpoonaThI, B OOJlOM

I\ax qJl1JlJllua - XJlOPI1T H CCpU~l-lT. 
B TeCHOH CDR3U C npo~eccaMII PYAOOTJlO>l<enrIR HaxolVITCH MOlll,lIhIC MeTa

Mopqm.'leCIHle H3111eneHIUI JlaAPYAJloH TOJIllI,H BMeru,alOlll,I1X nopOA n DHCR~ICM 
OOI<Y 0PYAeHeJloii Te1<TOlln'leCHOll 301-lbT. 

MOlll,HOCTb rHAPOTeplllaJIhHblX 11 31\1eReHlIU IIOPOA O'lCHb neJIHI<a. MOlll,AOCTb 

30HbI .13MefleHRb1X nopOA HaXOAI1TCR B npRMOll 3aBlfCHMOCTH OT MOIIJ,AOCTH 

PYAHOII 30BbI rt MOlll,HOCTH PYAllblX TeJI. llpon,eccbI PYAOOTJlOmCHIUI. conpo

nmHAaJlHCb rHAPOTepMaJILBbll\1If 113MeHCHltRMH 06JlOMIWB 6pel<1JIHI 11 BMe

lll,aloru,I1X nopOA BHCR1JerO 601<a. 

ACCO~Han,I1R TaHf1X HlHepaJIOB KaK TaJl hI\, XJIOPI1T, cepH~IIT, I<a p60HaTbI 

nnYTpH OOJlOl\mOB H J<Bap~a, HaJIL~I1Ta H XJlOpHTa C PYAnbIMlt MI1HCpaJlaMH -

Dce aTO CJlynmT YJ<a3aHHeM Ha HH3KYlO TeMIlepaTYPY J\pHCTaJlJIH3a~l1" CYJlb

<PHAflhlX PYA. PYAHhIll paCTDop 6hIJ[ 01JeHL ooraT BOAOH H no CDOI-IM CDOlkTDaM, 

nO-DHAHMOlllY, npeACTaDJlRJI rlfAPOTepMaJl bnhlH, cpaDHHTeJlLHO UH3IWTeMne

paTYPUbfU paCTDOp. B. H. HOTYJlhCJ<HH (1948) rHApOTepMaJlLHhIC H3MeHeHlUI 

ropHbIX nopOA D BHCR1Je I OOHY 0pYAeHeJlOH 30HhI H aCCO~HaQIHO HH3I<OTel\me

paTypJIWX lIJ1HlepaJlOB BIlYTPI1 PYAROK 30llhI 061>RCRRJI CJleAYIOID,HM 06pa30M : 

CHa'lana I1HTPYAHpODaJIa ropH<IaH PYAHaH Mania, a 3aTeM npH RI131<OK TeM

nepaType npOHCXOAHJIH rH)1;pOTep~laJIbHWe npo~eCCbJ. OAHal<o xopomo coxpa

IIHDrnl1eCn CJIeAbI MexaHiFleCHOH Ae<poplIIa~IHI H peJIHJ<Tonan CTpYI<Typa 

nepHAOTHTOD nHYTpl'I 06nO~II<OD Opel{1JIHI, OTCYTCTDl1e BbICOI\OTel\WCpaTypRhlX 

lIIHlJepaJlOD H 6JIaCTI11JeCI(I1X CTPYHTYP, ){OTOphIe AOJl}I<Hhl 6bIJlH n03RI1I<HYTh 

COrJIaCHO aTOMY AorrYlD,eHHIO, YI<a3bInaIOT Ha Hey6eAHTeJIbHOCTL TaI\Oro 061>

HCHeHI1R. 

naparCnCaDCbJ ~"mCpaJIOD A/ln MCT3Mop!fJll trcClmx ropllblX nopOA 

Ha1JHeM C paCC~IOTpcnHR Bonpoca 06 113MeHeHIHI XHlIfJ11JeCI<oro COCTaRa 

ropHWX JIOPOA npH lI1eTaMoP<PH3Me II C)];eJIaeM aTO npH nOMOID,H napHan,HOHHhlX 

L\HarpaMM, COCTaBJIeBHbIX AJIJI pa3JIH'JHbIX rpynn nopo)]; (H . A. EnHceeD. 

II B. 11. llarrymHc, 1952). 
Ha puc. 60 H306pameua AI1arpaMMa AJIH YJlbTpaOCHOBHhlX nopOA. H~ 

)1;HarpaMMe CJlena uanpaDO HaueceHhl ropuwe nopOAbl, na'lI1HaR co cJIa60' 

113MeHeHfIbIX 1< HaHGOJIee HHTeHCI1BHO H3MeHeHHbI I. XHMH'IeCHHe aHaJIH3h11 

ropHbIX nopOA, npHBeAeHHWX AJIH cpaBUeHI1R Ha BapHa~HOl1HOH: AHarpaMMe, 

HMeIOTCJI B Ta6JI. 3 (l - aHaJIH3 1; 2 - aHaJIH3 5; 3 - aHanH3 6; 4 - aHa-

1M3 9; 5 - aHaJII13 36; 6 - aHaJlH3 27). 
110 TaKOMY me npHHl\Hny COCTaBJleHa Bapl1aI.J,HOHHaR AHarpaMMa, npeA

CTaBJIefIHaH Ha PI1C. 61 AnR nl1pOHCeUHToD-alll<pH60mHoB: 1 - nHpOHceHI 

113 rpy603epuHCToro IIHpOI{CeHHTa C HaYJlhl (aHaJIH 3 62); 2 - nl:lp0J.<ceHHT· 

8*" 
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C llHJIbrYRp13H (aHaJHl3 14) H 3 - a~I«pH6oJIHT (H 3MeHeBBblu IIl1pOHCeHlIT) 

C RaYJIbI ( aHaJIlt3 28). 
)J.JIR ra66po BapHa~HOHHaR ~Flarpamla H306pameHa Ha pHC. 62. 1 - ra6-

6po C RaMMHKRBH (aHaJIH3 16), 2 - ra66po C llHJIbrYHpBR (aHaJIH3 17) 
H 3 - H3MeHeHHoe ra66po, npeB pa~eHHoe B XJIOPFITOBYIO DOPO~Y ( aHaJI Fl 3 30). 

JIO~taHbIMR JI lITIlU1JIIH Ha ~H ar pa~lMax nOHa3aHO co~epfHaHRe pa3JII1'lnblX 

J(aTlWHOB B aHaJI I1311pOOamlblX ropHbIX Dopo~ax. HeKoTopwe I<pl1BbIe ~eJIa lOT 
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PHC. 60. Bap n all. lIo nnall IlHarp UM Ma 

HJlIl OJlHllHU liTOO 1-1 ll(' P H~(OT IITOIl. Ha 

A HarpuMMo CJIOlla Banpallo lIaJlC'COflhl 
rop llhJe n o p OA hI , HU'IFlHalI co c.1a60 
H 3Mo n OllBbiX K HaH6oJloo HIITOII CHIlIIO 

1'I3 MOlfeBBWM. 

AHann s w: 1 - Ban60nce cnclIml1 nllpOHCC-
1I00b,tl onIl DIIHII T; 2 - 11 3MCIICHllb,l\ flCpllJ\O
TilT C pCJlIlI<TaM II omlDll lla; 3 - CCPIICIITIIHIIT; 
I - xnoplIToDh,tl ccpnCIITIIHIIT; S - HIITCII
Cl1nHO 11 3MeJlCJlHhl t1, OTanbHonaHH hln ncplI
nOTIIT ; 6 - CCP II CIITIIIIO-TanbHonan nopona. 

30 

208=-.....,..--t' 

10 

Ti 
Ot:=::;:;;±;;;:;:~~.Na+K 
AH.f 2 3 

PIIC. 61. BaplJall.HOHBall A ll

arpaMMa A, IH IIWPOI(COHIITOD 

FI aMqm6oJIIHoll. 06"LfICIIOH IIII 
II TOI(CTO. 

pe3l\11M H3JIOA! D plf DepexoAe OT 

XIlJllnqeCHFIX COCTaBOB AJI H nopo~, 

nOABOprlIIl1XCH aBTo~teTaMop«p113-
Jl I Y, H n o p oAaM, DpeTepneolIIllM 

rll)J.pOTOpMaJIbHble H3J11ene1I11H. 

B YJIl,TpaOCHOBTIWX nopo~ax T31me 113JI0Jl1bI XOPOIIIO BbTpUmeHbI )J.JIfl COllO P

)1{aHRR JIIarHlfH Tl I<peMHllfl, B DllpOl{CeHRTax ~JIR JIIarHl1H f1 l{aJIbIl.THI Ff CJIa-

6ee ~JIR HPOMlUIR, 13 nopo~ax ra66poooro COCTaoa ~JIR IIl,OJIOqeH, MarHl1H H 

MeHee p e3 1<O AJIR I<3JIbD.I1H. 

P e31me 113JIOMbI Ha J(PI1BhTX 13a pnaIl.110TlHbTX AllarpaMM YHa3bTBalOT Ha 11 3Me

HeBI1R XI1MRqeC1WrO COCTaBa 13CJI e)J.CTB Re flOJIeHui:j JIIeTaCOMaT03a. OTCYTcTol1e 

113JIOJIIOO DpFl Depoxo~e OT nau60JI ee CBe,I<l1X nopo~ J( Dopo~aM, DO~Bepr
IlII1MCH aOTOJlleTaMop«p1'I3MY, CJIYfHl1T YI<a3allHeM fiB TO, 'ITO XFlJI1F1'leCI<FlM COCTaB 

ropHblX nopo~ npR aOTOJlleTaMopq1l13Me OCTaOaJICH DOCTOHHIIWM, He CqFlTaH 

yneJII1'IeHIIH ){OJIHqeCTB BO~bI II yrJIeIOiCJIOTbI. npl1 rl1~pOTepMaJIbHOM JIIeTa-

1I10P«P113Me HMeJII1 MeCTO ROJIeHI1H MeTaCOMaT03a : 'lOM p e3'1e 11 3JIOM J(PI10WX 

lIa oapl1aU,WOflllOif l.( lI arpa~Hle, TeM OTlleTJIHBOe 13blpaH,eH npOD.eCC OblHoca 

Ii Dpl1BflOCa Be~OCToa npL1 rl1APOTepMaJIbllOM MeTaMOP«PU3MO. 
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nOBe)J,eHHe pa3JHI'IHbIX XOMO'leCKRX aJIeMeHTOB npR MeTaCOMaTl'l'leClmX 

IIpo~eccax HHor)J,a 6blJIO pa3JIH'IHbIM npu rU)J,pOTepMaJIbHOM MeTaMopcJ>113Me 

pa3JIH'IHbIX IIO COCTaBY ropHbIX nopo)J" 'ITO ocoGeHHo xopomo BO)J,HO Ra nOBe~ 
)J,eHlUI JlfarHI1R. npl! nepexo)J,e KPUBOD cO)J,eptKaHl'IR MarHUR 03 oGJIaCTH aBTO

MeTaMopcJ>H3J1fa B oGJIaCTb nI)J,pOTepMaJIbJlOrO MeTaJ\wpcJ>113Ma npOHCXO)J,UT 

pe3Imii U3JIOM KpUBOD. ,IJ;JIR YJIbTpaOCHOBHbIX nopo)J, H3JIOM COlIponom)J,aeTCH 

pe31HIM nOHHmeHueM B cO)J,epmam'IH MarHI111 (BbIHOC MarRHH), a )J,JIll IIl1pOI<Ce

IUITOB H raGGpo IIPOHCXO)J,UT oGpaTHbID npo~ecc - KpHBaR 1I0BblwaeTCH. 

O'leHb p e3KO BbIpan<eH BbIROC m;eJIo'leii IIpH rH)J,pOTepMaJI bHOM MeTaMopcJ>113M e 

ra6G pO H aCCeHCI1TOBbIX raGG po, 'ITO COOTBeT-

cTByeT HaGJIIO)J,eHHRM Ha)J, H3MeReIHleJ\[ MI1He- % 
paJIorU'IeCIWro COCTaBa npu oI)J,poTepMaJIbHOM 50 
MeTaJ\IOPcJ>H3Me. BbIHOCOM m;eJIo'leil oG'bllCRlleT-

CR, B '1aCTHOCTH, 1I0RBJIeHUe XJIOp"Ta, n03RH-

Ralo~ero IIpH 3aMem.eHU11 aJIb6J1Ta H OpTO

RJIaaa, BJ\1eCTO aJlIOJ\lOC~IJI~maTOB HaTpHll H 

l{aJlIUJ IIpH J\IeTaCOJ\laT03e B03H111<aIOT aJlIo-

MOCflJIHHaTbI MarHl111 H meJIe3a . llepeme)J,lUl1e 

B pacTBop m;eJIO'lU J\wryT n )J,aJIbHeiimeM BCTy

mITb B peal{~1110, B pe3YJIbTaTe IWTOpOll B 

rU)J,poTepMaJIbHOii il,I!JII{e J\lOryT OTJIUraTbCR 

aJIhGI'lT H a)J,YJIflp, a BJ\le~alOm;He 1I0pO)J,bI 

MorYT 060ram;aTbcH Cep l!~I1TOM (cJ>11JIJII1Tbl). 

06 pam;aeT nHHMaIHle OTCYTCTBl1e 113JIOMOB 

Ha I{PIIBOii cO)J,epmaHllll meJIe3a npl1 rll)J,pOTep

MaJIbHOM MeTaJ\IOPcJ>113Me. l1aJIOMbl HPl1BOfI co

)J,epmm-lIHI I<aJIb~liR HaGJlIo)J,alOTcll )J,JIll nil po

HCeRl!ITOB H raGGpo. Tal{ Il,e HaH 1>1 )J,JIH 

m;eJIo'leti, )J,JIll RaJIb~FlH TUnH'IHO YJ\leHbme

Hr1e HOJIIPleCTBa HaJIb~Flll B nopo)J,e npH 

rH)J,pOTepJ\laJIbHOM JI1eTaJ\IOPcJ>Fl3Me. 11arl1G Ha 

KPliBOD cO)J,epn<aHFlll HpeMHHH, Tal{ I l\e Hal{ If 

)J,JIll )J,pyrux aJIeJ\leHTOB, CBII)J,eTeJIbCTBYCT 06 

Y'lacToll HpeJ\lIlI111 B J\IeTaCOlIlaTH'IeCHlIX npo~ec-

cax. 

no ,IJ; . C. KOplI<lJHCIWlIfY, TaTOIe Fl3JI01llbI 

Ra Hpl1BblX cO)J,ep}/<aHI1H pa3JII1'1Hb[X <lJICMeHTOB 

npn MCTaJ\IOPcJ>113J\1e YI{aabIBaIOT lIa 1I0)J,B1111\1I0CTh 

COOTBeTCTBYIOIII,II x 1<0 mOHCRTOB n pI! J\1CTaCOJ\la-
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PRC. 62. IJo pHannOHUOH 1\ 11<1-
rpa MM a I ~ ;lfl raG6po . OG1..nc 

HCIJIIH n Te l,CTC_ 

TlJllCClmX IIpo~eccax. B COOTBeTCTBl!1l C <lTIIJ\I MOIIHlO RaMeTI1Tb CJIe)J,YlOru;nll pll)J, 

1I0)J,BIHlmOCTIl XI'IJ\IH 'IeCl\llX <lJICMeHTOB IIpn IIICTaCOManI'IeCHUX IIpou.cccax: 

HpOJ\lC nO)J,bI 1>1 yrJICf{lfCJIOTbI, IWTopble nO)J,BmlWbI IIpH JlIOGbIX DlJ)J,ax MeTU-

1110 pcJ>II 3J\ta, )J,aJIce li)J,YT lla t lUIlafl C nauGOJICC 1I0)J,BlnlmbIX: m;eJIO'llf, l{aJIb~I1i1:, 
Marllni'!, J\pcJ\IJ-lI1fl. 

II pH paCCJ\IOTpen 1111 1II eTaMopcJ>HtIeCIOIX npO~CCCOB CJIC)J,YCT HJI1CTb B BH)J,Y 

em;e O)J,IlY oc06eHlIOCTb JI1eTaCOMaTll'leCf{I1X 3a~leIIl,eHHj;i IIpH rFl)J,pOTepMaJIbRbIX 

H3MeHeJIl111X, IWTopaH I1rpaJIa GOJIbmYIO P O;Ib IIpH cJ>0pMMpOBaIlJUI CYJIbcJ>Ul\

HWX JIIC)J,HO-HHf{eJIeBbIX MeCTOpO/I\)J,elllln , - PY)J,Rblll (CYJIbcJ>lI)J,lIbIH) lIJeTaCO

MaT03, B p e3YJI bTaTe IWTOPOI'O npOI1CXO)J,H JIO I1HOI')J,a )J,OBOJIbHO I1HTCHCI1BHOe 

3aJ\le~Clllle cYJIh(Im)J,aMH Cl1JIlmaTHblX 1IIllHe paJIOB H ropI1LlX TJOPO)J,. STOT 

npou.ecc HJ\JeeT OtleHb BamJlOe 3Ha'lCHI1e )J,JIfI nOIHIMaHFlR cJ>113HI<O-XMJIII1'1eCIWH 

npMpO)J,Ll llPOIJ,CCCOB opY)J,eElClIIIH, cBH3aurwro C rl1)J,pOTepMaJIbHl>lM MeTa

MOpcJ>113MOM. 
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l.IT06M CpaBHUTb napareHe3HCbI MUHepaJIOB, B03HHIHIH1X 3a C'IeT nepBI1Q

HMX OCHOBHbIX nOpOA AUcpcpepeHlVlpOBaHHbJX HHTPY3HBHbIX TeJI, BOCnOJIl,3Y

eMCn AHarpaMMaMH, H306paHteHHhlMH Ha pHC. 63- 65 (H. EJIFICeeB Ii TIany

muc, 1952). Ha pRC. 63 H306pai J<ella Auarpam18 COCTaBa napareHC3Hca AJIR 

ra66po (6 aHanH30B ra66po H 2 
CoO aHaJIH3a 3cceJ<CHTOBhlX ra66po) . 

M Zlf. w=:=--, ______ _____ -> 

(Mg,fe) 0 

PRC. 63. IIopar(> uo3 l1 cLI Mllll l'pa:lOB A:111 Mal' 
MaTI1'10CI<OW l'pIlCTa.1.'Tn aan.IH! Mlluepa: lOB. 

l' 0 'lIo.[ aHaJIH30B nonaAalOT n 

IIOJIe r a66po, o6BeAeHJJOe ItpYH{

HOlll, nyHI\TBp01l1 nOlHI3an o nOJIe 

3CCel<CHTOBhlX ra66po . TIone pac

IIOJIaraeTCfl Ha AHa rpaMM e BllyTpH 

'IaCTHoro TpeyrOJIbJllllW MOHO

HJIHHHblll JIJ'IPOJ<CNI - nJIanIOJ<JIa3 

(aHAe3HH - JJU6paAop) - PYAJIMH 

MHHCp aJI . Ha puc. GIl H306pailten 

IIapareHe3HC, TI1f1I1'lHblli AJIR aB

TOllJeTaMopCPHlleCHIlX Fl3111CIlCflHB. 

TO'lHee AJI fl a n b6IlTO-3nI1AOTO

poroBoo6ManHoBoli cTYfleHI1, an

TOMeTaMOPCPu3Ma (cpa~HR 3f1HAO

TOBhlX allfcpu60JIlHOB). 

CTPOI'O ronopfl, AJlfl npo~eccoB aBTOMeTaMoP<PH311la HymHo IIeCKOJI bHO 

,ll.HarpalllM, Talt Hall: nOCJIClJ,YIou:r.l1e aBTOllfeTallIOPCPH'IeCKUe H3MeHeHHR npl1BO

,ll.I1JII1 II: IIOCJIeAOBaTeJIbHOII CMene napareHe3 HCOB lIIRHepaJIOB, HO lIIhl orpa

HI1'1I1MCH paCClIIOTpCHl1e llI olJ,noii TOJIbll:O cTyneHI1. ~(JIn aJIb6I1TO-3I1H,ll.OTO-

CoO 

PRC. 64. Ila parono3 11 CLI MFlJl epa:lOB 
AJI fl CTaAIHt ntApOTe pM aJiLlI OrO aDTO

MOTaMOp(~f13Ma . 

PHC. 65 . IlapareBo3 RcLJ mmepa.10 n A.l ll 

rHApOTl'pM aJlLHO rO MOTaMopcpu3Ma. 

poronoo6111aHlwnoii cTYlJeHH aBToM eTaMOPCPJ13Ma THnl1'1HO OTCYTcTBue nep

BHlIHLlX lInmepaJIOB lIfOHOI{nHI-IHoro IIHpoKceHa 11 nJIarl10HJIa3a, nonc lIIeTa

MOPCPHtICCI{HX nopoA 3aHH1I1aeT nOJIOJHerme 6JnI31we II: CTopOHe '1aCTtlOrO Tpe

yrOJlbHI1I{a al\TI1HOJlI1TOBan porOBan 06MaHl{a - aJIb6I1T, 'ITO Yl\a3bIBaeT 

lia H e6oJl LmOC CO,ll.e pmaHl1e 3III1,ll.OTa B 3TI1X nopOAax. 

Ha PI1C. G5 11306paJHeHa Al1arpaMMa, xapaJ\Te pu3yJOu:r.an rJ1APOTe pllfaJlb

HhlH lIICTalllOPCPI13M. HeYCTOll'Il1Bhle npu 1'l1,ll.pOTepMaJlhHOlll MeTalllOP<PH3Me 

aI\THIIOJl IITOBUH poronan 06111UHKa, aJlb611T H 3JIIl,ll.OT 3a1l1eu:r.aIOTCH aCCO~Ual.ll1eH 
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XJIOpHTa 1'1 KaJIbQI-ITa. XJIOpHTH3aQIIH nop;nepralOTCJI He TOJIbI<O QBeTHble MHHe

paJlhI , no II aJlb6F1T 11 opTOKJla3 (n accel<CHTonhlX ra66po). npH IWH60JIee 

HnTeHCRnHWX rup;pOTepMaJIbHhlX H3MeneHFlJlX ra66pOBhlX nopop; nOCJIep;BHe 

npeBpanWIOTCR B arperaT XJIopl'lTa C npHMeCblO Kap60BaTa. TOtll<aMH (10 
If 11) 0603HatIeBhl COCTanhI p;nyx 06pa3~oB ra66po, npeTepneBmFlx n8R60JIee 

HlITeHCHllBble rl1p;pOTepMaJIbHhle H3IeIIeBHR. B CBR3H C rup;pOTepMaJIbUhlM 

U3MeneBHCM YJIbTpaOCBoBIIhlX nopop; Bcerp;a npoHcxoP;HT nORBJleHHe 60JIb

mora KOJlH'IeCTna T8JIbKa, npH rHp;poTep taJIbIIOM l\IeTaMop!f>R3Me npol1cxOP;HT 

3aMell.elllle cep"eHTIJBa Ta JlblWM. npH rHp;pOTepMa JlbnOM MeTaMoP<PH3Me 

npOIICXOP;BT B03BHKBOBeBHJI c!f>eHa 3a CqeT PYP;Horo MHIIepaJIa - THTaHO

MarneTl'lTa. 

Tal<L1M 06pa30l\I, DpH cpanBeBHH pa3JIH'IBhlX BHP;OB MeTaMop<pr'l3Ma BhlfIC

DHeTCH CJIeP;YIOm.ee: 1) npe06JIap;aIOIQee 3IIaqeBae UMelOT aBTOMeTa~Iop<pI13M 
11 rIIP;POTI'PM8JIbHhlH MeTaMop!f>H3 1; 2) P;JIJI pa3Ho06pa3HI.tX npOHBJleBHii: 

anTo~IcTaAlop!f>I13Ma H P;JIR rl1p;pOTepMaJIbBOrO MeTaMop<PH3Ma THDH'IIIO pe3KO 

llwpameHlwe npe06JIap;aHHe 3eJIeIIOKaMeIIBhlX l\IeTaMop<plnecJUIX npenpaIQe

fIll u: (<pao.IIH 3eJleHhlX CJIaBo.eB), COBepmaJOIQHXCJI B YCJIOBHRX De60JI blllilX 

rJIy6uH H HU3I<IlX TeMnepaTYP, qTO B oco6eHHocTH DOA'lepI<HBaeTcR npIlcYT

<:'TBReM cpep;l'! l\ICTaMOP<PH30BaHHblx nopop; TaKHX l\1HHepaJIOn, HaK DpeBHT 

H B oco6eOHOCTFI nYMneJIlUlT; 3) DpH fHp;pOTepMaJIbHOM MeTaMop<PH3Me 

DPOIICXOP;FlJIO HaJIO}KeHBe DpOQeCCOB rHp;pOTepMaJIbHOrO MeTaMop<pH3Ma 

Ha npop;YI<TbI P;PYfHX BHP;OB MeTaMop!f>H3Ma. 

PC3YJIbTaTbI H3Y'leIIHlI MeTaMoP<PH30oaBBhlx ropHhlX nopOB Ha Y'IaCTl<e 

nUJlhrYRplIH JlI HX nonep;eIIEIR Ha rJly6BIIe D03BOJIJIIOT Cp;eJIaTb DbInop;hl 

o rJly611H c CYJIb<Pf'[P;HOH Mep;HO-HHHeJIeDoi,j MHIIepaJIH3aQHJlI. Ha rJIy6HBe nO'ITH 

D 1200 M paCCJIaHo.OBaHHblC CcpDCHTaHHTbI nop; on IIHHHeM rHp;pOTCpMaJIbUOrO 

MCTahlop<PH:lMa Dop;nepralOTCR OTaJIbKOBaHlllO H I<ap60HaTH3aql'll'l, I\pOMe 

Toro, D aTl1X nopop;ax npOHCXOP;f'[T 060raIQcEm:e Mep;IIO-mmeJICBbIMU CYJIb!f>R

p;a~1B: nO,l106HO TO ry, 'ITO l\IO,HHO 6bIno MHorOKpaTHO Ha6mop;aTb Ha paa

JIn'llIblX Y'IaCTll'aX Ha MCIIbml1X rJIy6HHax. 8TH <pall'ThI YJ<aablBalOT Ha TO, 

'ITO Ba rny6l1HC 1200 M He onreqaCTCR KaI<HX-JIH60 H3MeHeHI1i1 D xapal<Tepe 

rHp;pOTep~IaJIbUOrO MeTaMOP<PH3J11a, a TalOI<e n3MeHeHaii: B COCTase CYJIb<PHP;

Ubl X MIHlepaJIOB. 
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MOP$OnOrHH PYAOllPOHBnEHHR 

B ITC<ICHre J13BeOT!IO neOIWJlblW y'laCTIWB oyJ!l>qnrp,lIhlx MO,'lIlO-lIl1l( e Jl(, 

BhlX pyp,Ol1 pOJlBJleJlHW, l'el-IeTI1QeCIHf CB1l3aaUhlX C YJlbTpaOCUOBHhlmI II. 

OCUOOHLIMl1 UOpOp,a1l111. Pa3JIl1 l laIOTCJ1 lIeCHOJlbl\O OUp,OB pyp,Ol1pOHU JICUl1ii: 

1) pyp,Ol1pOJ1I1 JleUl1H B BUTC11CIHIUO MeTa ~lOplP1130AaUllblx 1'0pllblX 110pop,ax: 

2) pyp,onpoHI1J1eUJ1H U cJla60 MCTaMoPlP1l 30B allllLIx 1I 0pop,ax; 3) pyp,Ol1pO 

HUJlCl1l1H C B 11TCllCffOUO nepel\pl1CTa JIJIl1 30 0aUHbIMII pyp,lIbIMH ~H[IlCpa JlaMII , 

4) pyp,onp0J10 JICUI1J1 co CJlOiI\UOH MOPlPO JlOl'n e ii; 5) pYAonpOHBJl e UIHI J[('-

06bl II Horo JlHJ HCpa JlOrMIICCI\OrO CO " Ta Ba. 

l\ail(p,b1W Oklp, pyp,Ol1pOHBJlCIHHI OTJHI'laOTCH pa311006pa3l! ClIf T1100n py; (

Bl(pan JleUUhlX "CIlJlOUlUbIX" Opyp,OHO JlbIX 6pel\lll!i,i H T. p,. 
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PYJJ;OllPOflBJIEHJilH D HHTEHCIiBHO METAMOP<DH30BAIIIIbIX rOPUblX 
llOPOJJ;AX 

06~lIc cnCp,CIIMlI 

Pyp,onpoHl3J1c UH O <lTOro TFrna lIaXOp,lI'rOH n 3anap,110ii IlaCTn: nOHca 

YJlbTpaOC110llhIX H OC110BIHIX I1I1TPY311ii II pa CIlOJlO iHC110 lIa IO il\ 1I0M CI\JlOIlC 

Dll1pOTIlOro roplloro MaCClflla, CJlOil\Ol1llOI'O YJlbTpaOCIIOBllhlAlI1 110pOp,a~[I( 

Tal\ l-Ia3blBaCMoii f Jlalllloii ff11Tpy3111I. Pyp,hl npcp,CTaBJl OLlhl opyp,clI OJlOii 

TOI\TOlIlllICCl\oii 6pel,Qllci'! H BI(panJlOllllblMll CyJlblP11)\lIhIMI1 pYJ(amf D 001\0 -

OhlX nopop,ax - lPIIJIJII'lTax H ccpneUTIHlllTaX. He31ra'Jl1TeJl bllOC pacnpo

CTpaucmlC lIMCIOT CllJlOmnble CYJlhlPllp,lIblC pyp,LI. rJlaUIIhre pyp,006pa3YlO 

ru.IIC JllllIlCpa Jlhl DO Dcex Tllnax pyp, npOp,CTaDJlCHh[ nllppOTIiHOJII, nCnTJlal:lp,H 

TOAl, XaJlbl\OflllPIITOM n JIIarllOTIITOM. 

ITo nl)QcTlipalluIo B opY,'lelle lOii 30110 OTAleQaeTCJ1 UeCIWJlbKO n c pcmll 

Mon, Tl3 1JIlX HallOOJleC 3IIa lJl1TCJlbIIbill npOXO)\IIT D ~C1!TPC Y'laCTI(a. 8TH 

nepe/l\lIA11J H pa3p,yubI npOCJl Um llOalOTcfI ua OOJlbillOC paccTomlllC no nap,o

HUIO II OOYCJIOOJlHDalOT CTOJlGooGpa3noe CTPOOUIIC II Cl\OTOPhlX 'lacToii 30 111>1. 

lIa 060HX lPJlanrax opyp,oue Ian 30Ha npK llhllWIIRIIDaJIHII pa30CT-

BJlfleTCfI ua PfiA 60Jlec MeJII\HX, ]]OCTenenllO Obll<JJI1HHnaIOlLI.IIXCll II-(!1JI, conpo

nOfl\p,aIOIlI,UXCfI TaIOI\t:l D\{paIlJlClIlIbIM opyp,cnelllleM 0 GOIWl3hlX I1opop,ax. npH 

3TO~l ua nOCTOI\C Dcep TOHIUIX opynClI eJlbIX TOHTOHU40CI\lIX 30Il oGpa~eH 1< 

conepy OT r1laouoi.i: opyp,eu eJloii TOI\TOIJIIQCC IWll 301-11>1, a Ha 3anap,e , Ha

OGOpOT - I{ wry. J\al{ Gyp,eT ]]01{a3:l1I0 HHme, <ITO 06YCJlOBJleno AOPYAHbIMll 

lI.II3 'bI011l<T110UbIMK p,IICJlOHa~IHIMH - C04eTaH ll eM JlICpllt l.1l0naJIblIOrO B3Gpoca 

11 ml1pOTIloii Cp,DUI'OnOll 30Hhl 11 ee 10l/mOll oeTOI!. 
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HH>£{HJlfl qaCTb opy,o;eHeJlOH SOH hI paCnOJIOil<eH a nOqTH n;eJl1II<OM B qHJJI
JI1'ITax. 06lD;ee nmpOTBOe npOCTl:IpaHlle yqaCTKa py,o;OnpOJIRJIeRHM BbI,o;eprr<H

BaeTCfl xopomo, II B MaJIOM MaClUTa6e py,o;HaJI SaJleiI<b HMeeT npJIMhle O~lepTa
HHfl, BO C HeCKOJIbIW BOJIB006paSBbIMIiI IlSrH6aMH, COnpOBOrr,,o;aIOlD;UMHCfl 

HHOr,o;a 06paSOBaBHeM nepemHMOn. HaH60JIee I<pynBble HsrHGhl JIBJIJIIOTCfl 

OTpameHHeM CIma,o;qaTOH CTpyUTyphl BMem.aIOlD;UX nopo,o;. BOJIee MeJlKHe HS

rH6hl na6JlIOAaJIHCb TOJIbKO B sone opY)J.eBeJlOn TeKTOBHqeCIWH 6peI\QUH, rJlaB

HhlM oupaSOM B ee saJIb6aH)J.ax (pnc. 66), H Ba 06lD;yIO cPOPMY opy,o;eBeJIOrO 

Y'1aCTKa He OKaShlBaJIH 1<aIWrO-JU1UO SBaUTeJIbBOrO BJIHllnHH. 

, r 
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PRC . 67. CXeMaTH'leCl ~lii reoJ10rFJtJec lHiH p a3p 3 MaCClma liI3~teHeaHEfhlX H 
0pYAeae:lhlX nopOA. 

1 - HaHOChl; 2 - OPYJlCHeJJafI TellTOHII'ICCllafI Gnell'lllft; 3 - CIUlbB':) 0PYJlcrrCJlble ceprrenTH
MI1Tbl; 4 - cpeAHe OPYJlelieJtbie cepneHTlIlIIlThl (l)fIJlOBbIC BKpannenHblC PYIlbl); 5 - OI1YJ.lCflC
Jlwe cjmnJlJ.1TW; 6 - cepnCflnlfl}ITbl (11 3MellellHhle nepl-IJlOTIITbl); 7 - raGGpo; 8 - <IJI1nmIThl; 

9 - Ty<!JQJUTbI; 10 - TeKTOml'lCCKJJe llapymelUifI. 

no na)J.emno y~laCTOl{ HMeeT 60JIee BbJ)J.ep>HanBblfr xapaI<Tep (pRC . 67). 
Ho H s,o;eCb npH o 6 lI1.ell1 na)J.eBHH pY)J.Boro TeJIa I{ lOry OTr.le~raIOTCJI nJIaBBbI~ 
BOJIBoo GpasBhle HsrHGhl H HSMeHeBHe yrJIa naAeBIUI OT 25 AO 45 °, 

Oco6eDHOCTH CTPYUTYPbI yqacTI{a PYAonp01IBJIeHH1I 

OCHOBBbIM CTPYKTypHo-reOJIOrH tJeCI<HM 8JJeMeBTOM oupe,o;eJIHnmHM nYTH 

npOBHlmOBemur PYAHblX paCTBOpOB, JIOI{aJJHSan;HIO 6peJ{QHeBHARbIX H CnJIOill

B hlX CYJIbcPl1AHhlX Py,o;, a Tal{H<e KOUTpOJIHPYIOlD;Hl\l B l{ panJJeHIIOe cyJI hcPH,o;

Hoe opY)J.eHeIIHe B 60KOBbIX nopo)J.ax, HBJIHeTCH f JlaBHan opY)J.eBeJlaJI Tel\

TOBJneC[{an SOBa. BarrmbIMH CTP yl\TYPHbIMH 8JIeMeBTaMH n BJIJIIOTCn Tn IOl<~ 
MepHAHOBaJIbBblii Bs6poc, 0pYAen eJlbIe TeI{TOBnQeCI{He KOBTaHTbI 1'1 np0t[H~ 
,D;H3'bIOBI\ TRIlBble BapymeBHH. OQeBb OOJIbmylO pOJIb B JIOI{aJIHsaqHH CYJIh-
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<pH)J,Horo Me)J,HO-HImeJICBOrO 0pYAeHeHHfl HrpaJIH B CbMa OJIarOlIpHflTBhlO AJIa 

PYAOOTnOmeHBa YJIbTpaOCHOBHhlO nOpOAhl, B IWTOPhlX npu nepOCeqemllI TCR

'TOHH'IE'CKHMH HapymeHBRMH OOpaSOBaJIBCb MOIIJ;Bhle SOHhI OOraTOrO DI{pan

JIennOrO CYJIb<pH)J,HOrO 0pY)J,eHeHBH. 

fnaBHaa OpY)J,eHeJIafl TeUTOHHqeCI{afl S01m Ha nOBepXnOCTH npOXOAHT 

BOJIBSH HlnHrTerO IWllTaT{Ta BHTPYSHH. OHa npocnlpaeTca D mnpOTBOM nanpaB

JIellIilH H ITa)J,aOT na lOr nOA yrJIOM 35-40°, "IaCTEI'UIO OTpa}J\afl OOJIbmHe 

ClmaATUI B HarBobI nJIaCTOB, no B n:eJIOM HDJIfleTCfl CeI{yIIJ;eH no OTnomeHHIO 

R Clwa)J,llaThIM CTPYI{TypaM BMeIIJ;aWIIJ;nx Ty<poreHHo-OCaAO~I11h1X nopOA H saR

JIW"I HHhlX B nBX lI1emnJIaCTOB,hlX HliTpyaHBnlJX TeJI. 

Ha salIaAnOM <pJIaHro sona lIepBOnaqaJIbHO HAeT DAOJIb HInlmerO KOOTaI{Ta 

-opY).l.oneJIOH IiHTPYSBB C nO).l.CTBJIaIOm;Ium nJIOnqaTbI 1B <plIJIJIHTall1B n Ty<pqrH

10 

/lail. /58 L50 o 2M , 

Pnc. 68. CTPO BFle fnaBHoii 0pYAeneJJoH TeHTOBH
q eCROH aOHbJ. 

,.- cnJlonmaR CYJlbc!>IIJUl3R PYJla; 11 - opyncHCJlalI TeJITOHU
'ICCllaA Gnef(q)IA; J - GpCI(tJllpOnamlble CHJlbHO oPyneUCJll,le 
cepnrllTTlHHThl C npO>f("JlHa~1JI cyJlbd)llnon, npCUMYll\ecToellUo 
XaJlbl(Ollllpll1a : 1# - CIIJlbHO OPYACHCJlblC cepnCUTIII-IIITbJ; 

J - oPynetlCJIblC c!>lfJlJl IITbJ; 6 - oPYJleuCJ[bJe Tyc\lc!>HTbJ, 

TaMB. B n:OUTpe ,'1aCTI{a 

ona npOXO).l.HT nOJIHOCTbW 

B cepneHTBHHTax II CMO

IIJ;aOT BbIDyIWyW I{ CO

BOPY HBfI{HIOIO "IaCTb 9TOH 

BHTPYSBH OTHOCHTeJIbHO 

BepXHeH B ropHSOHTaJIb

HOM HanpaBJIeHBB - I{ BO

CTOKY npBMepno na 80-
90 M. ,[(aJIee Ha BOCTOR 

ona BnODb CJIOAyeT no 

RonTaHTY, B na BOCTO"IHOM 

<pJIaHro CHOBa SaXOABT n:e

JIRI{QM B <pBJIJIRThI, rAe 

CJIOlHnO BOTDHTCfl, oopasya 

pacXOAflIIJ;fIllCfl I{ cOBepo

BOCTOI{Y Boep BS nRTB oOJIee 

MeJIKHX B nOCTelIenno DhI

HJIHHBBaIOIIJ;IIXCH opY).l.eH6-

JIbIX TeI{TOUB"IeCI{HX SOH, 

nepeXO).l.HIIJ;HX BaTell1 B 1I10rn;

HYIO BOHY MeJHnJTaC'l'OBblX CIWJIMI<eHBH', Opel{"IfIpOBaHHlJ, BHTencimuoro 

opYAeHeHHlJ B OImapueBaUHH B <pFlJIJIHTax. 

Ha Sana)J,1JOM <pJIaHre fJIaBUaa opYAeHeJIaa Tel{TOmneCHafl SOHa TaHme 

nOJIHOCTbJO saXOABT B <pHJIJIBTbI, rAe aHaJIOrHqHO BOCTO"lUOMY <pJIanry CJIOII,HO 

BeTBIITcR, oopaaYfl paCXOAHIUl'lHCfl Beep MeJIHBX 0pYAeneJIbIX TeI{TOlIl1"1eCI{BX 

BOU, ao B OTJIH'IBe OT BOCTO'tfBOrO <pJIanra BAeCb OHH OTXO).l.RT ne 1{ ceBepy, 

a It rory OT fJIaBnOH BoabI. KOJIH'tfeCTDO TaRHX OTBeTDJIeHllH ).l.OCTB:raeT ).l.enI1TB. 

Ka;K).l.alJ aona B aAeCb BbInOJIUeaa opYAeaeJIOH Tel TOaH'leCKOH OpeR'lBeH, 

MOrn;HOCTb TWTOPOH nOCTenenno YMenbmaeTCH npB YAaJIenllB OT fJIannOH aOHbl. 

CTpocnHO fJTaBaOH sonhl n n:eHTpe y'tfa THa nJIJIIOCTpnpyeTcH aapII

COBKOrl (pllC. 68). 3Aecb MOn{HO BHAeTb BaaHlImbIe OTHomemla lI1en{AY 

opel<~l\'IeBH).l.nbIlIm PYAalliH, aanOJIHBBmBMB nOJIOCTb aOHhI, H opYAeHeJIhIMH 

BJllem,alOIUmm nopOAaMH - ceplIeHTHHHTaMH DHCI1m,ero oOHa H <PB JIJIHTa 11m , 

H TY<P<pIlTaMH JIema<rero OOHa. OopaIUaeT DHHMaHIIe naJIH"IfIe rycToH cenl 

nepeIJJIeTarOIUllXCH CYJIb<PHAHbJX, npeHlIfYIUeCTBeHHO XaJIbKOnHpHTOBhlX mHJI 

B 0PY).l.eneJIhIX cepneHTHHHTax nOJIBaH aOHhl Opel{"IHH. 

B ueUTpe Y'laCTT,a fJIaBBal1 CABurODaH SOHa 06pasyeT pHA paaBeT

BJIeHl1 if B IJeTeJIb, orHoafl nouaAaIOrn;aecH Ha ee nyTH l{QHTaI{Tbl cMern;enHoH 

qaCTfl l>IHTpyaI1l1I. TIOJl1HMO aToro, alIeCb OTMe"leHO OOJIbIDOe IWJIa"leCTBO opy

~eHeJIIiIX TeKTOnH"IeCI{BX HapymeHHH, OTXO,lV'IIUHX OT rJIanHOH BOHhl K wro-
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IOrO-3arraJ.\Y H rraJ.\aI0IIJ.HX noJ.\ 60JIee I{PYTbIMH yrJIa1l1H K IorO-BO-

CTO}{Y· 
Hal:l6oJIee SRa'lHTeJIbHoii: H xopomo npOCJIemHBalOIJJ;eiicfl nBJIfleTCfl TaK 

naSbIBae la1l IOnnrafl opYJ.\eReJIafI TeKTOnJ!l'IeCKafI sona, IWTopafl BbInOJJReRa 
60raToH CYJIbtPHJ.\ar.m 0PYJ.\eneJIOH Tel{TOHll'leCKOH 6peI{'lHeH. ITa,naeT Ona 
R lOrY-lOrO-BOCTOJ{Y no,n yrJIOJII 39-55°, T. e. Sna'lHTeJIbnO Rpy"t(e, 'leM 

fJlaDRafl SORa. BJ.\OJIb lOa ROH 0PYJ.\eReJIOH: TeKTOIDI'IeCIWH SORbI OTMeqenO 

CMeIJJ;eRIIe nopoJ.\ BHCH'lerO 60I{a, Bl{JIlO'lafI ,J;ai1:r<Y J.\Ha6asoD, B ropHSOHTaJIb
nOM nanpaBJJeIIHII It sanaJ.\Y, na paCCTOHRlIa 50-55 M. BepTHI{aJIbHaH co

CTaDJIHIOIJJ;aH nepeMeIJJ;enIDI neIISDeCTIIa. 

TaRHlIf o6pasollf, H aTa sona, IIJIH TO'lHee lOiKnan BeTB!> rJIaBROi 
aOHlJ, TaKme HBJIHeTCH c,nBHrOM. 

o 2M 

Puc. 69. llOJIOCODOO cTpoelluo r naDlIoH Op y t (6H6JIoii 
l'OKTOHIIqeClwii' 30JJbI na aarraAHOAl qwaare yqaCTHa . 

1 - OPYAone.nafI TClITOlIIlQCCHan 6pCKQlill; 2 - KBapqcBafI 6PCH
IJllff C C)'JJblllllAa~l}I; J - KDapl.\CBWC HUlJlbI C cynbljl1tA~UI; 

4 - H(lJJJ bilafl I'JIlllJKa; 5 - op)'AeHCJJwe I/lI1JJIDITW. 

rJIaBRafl opy,n neJIaH TeHTORH'leCKafI SORa na tPJIanrax HMeeT nOJIO

caToe CTpoeHue, 06YCJIOBJIeRHOe 06oco6JIeRBe1l1 60raTbiX 6peK'lHeBBJ.\HbIX CYJIb
IPBJ.\BhlX PY,n B RB}Klmii: 'laCTB SORbI, B TO Bpe1l1Jl I{aK BepXHfIfl ee qaCTb CJIO
meHa 6peK'lneiJ, B IWTOPOH 06JIOllII{H tPHJIJIHTa c~eMenTHpOBaHbI Imapu;eM C 

He60JJbmllM co,nepn<aHlleM aJIb6HTa, Imp60HaTa B CYJIbtPBJ.\OB (pEC. 69). B upo
MemYTI{e Me}l{J.\Y aTB ·m nOJIOCallIH npOXOAJilT SORa TeI<TORlI'leCIWH rJJEHKl'I C 
JIRRSalllll CYJIbtPl1J.\OB. <DBJIJIllTbI OJWJIO SORbi TaI{me CJIerHa paCCJIaR~ODaRbi 
H co,nepmaT DI panJIeRrrOCTb B npO}1 HJIHH CYJIbtPHJ.\OB B mHJIbRblX MHRepa

JIOB. 
B HllmReii: qaCTH Y'IaCT lta OTMC£{aeTCH 1IBJIelIJIe BblIIOJIReRBfI CUJIOmHOH 

YJIbtPTlP;HOiJ PYJ.\OH nOJIocTeii OTCJIaHnamm B tPJmJIl>lTax, HOTopble rrplIMbll,alOT 

H 0PYJ.\eHeJI0ii Tel{TOHH'leCIWH SOHe no)]; OCTPbll\1 :yrJIOlll C IOro-sanaJ.\a H ce
BepO-BOCTOKa. pll YJ.\aJIeHllH OT oPy)];eReJIoii: Tel{TORHqeCKOH SOHM MOITl,BOCTb 
HX nOCTeneIIllO Y lenbmaeTCH, B 10-15 111 OT SOHM ORH nOJIHOCTblO BbIKJIH
RIlBalOTCfl H )1.aJIee Ra6JIlOJ.\aeTC1I TOJIbKO TOHlunl TeKTOHnqeCHHH mOB no 

~JIOIlCTOCTIl, BblDOJIHeRHhlH nepeTepTbJl\( MaTepHaJIOM 601WBbI ' nopo;:(. 
MODJ,HOCTb fJIaBHOH 0pYJ.\eneJIOH TeHTOHH"t(eCHOH SORbi ]WJ1e6neTCfI. 

PeSKoe yneJIH'leRHe MOIJJ;BOCTn 6pel{'llleBIlJ.\HMX PYJ.\ Ra6moJ.\aeTCH B MeCTax 
eonpSHI eHllfI H nepeCeqeRHH J.\BYX HJJH HeCI{OJIbKBX Tel{TORH'leCIHlX SOH 

(BeTDeii: rJJaDROH SORbI), TeI<TOBH'leCI<J!lX KOBTaKTOB, a TaH}I\O B MeCTax 

peaIwro H3MeneBIDI a31HdYTa npOCTHpaRHfI H yrJIa na)];eIIBfl TeHTOBH'leCIW:H 
SORbi. I 
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PHC. 66. CXeM8TJf'leCKnii flJI81I PYAonpORBJleHltii B CHJtb HO MeTaMopq)l{30B8HRblX ropHblx mpoA8x. COCT8BRJt r . H . rOp6YHOB C HcnoJtb30BaHReM M8Tepn8noB MeCTBblX opraBB3aO;HH (1950 r.). 
1- 0PYJl.CllenaR TCKTOflH'ICCKaR 15pCKQIlR II MaCCIIDHbJC MCJl.HO-H I1K enCDbIC cynb(jJl1nHblC pynbJ; 2 - CHnbllO opyncllenblC ccpncUTIHIlfTbJ ; J - cpcnlc opyncHcnblC CCpnCIITHllliTbI; 1 - cnaOo opyncucnblc CCpnCUTltfilITbI; 5- opyncRenbic (jJIIJlJlIITbI; 6 - BORbi nllppOTllHOBoro opyncuculIR; 1 - KBapucobic II al(CHUHTOBbiC 
lHlIJlbI; 8 - KaJIbl\IITOBbiC II HaJlbl\IITO-TpCMOJilITOBbiC mllJlbl; 9 - raO()po ; 10 - CCp nl'UTIIHHTbI (HSMCHCHUbiC nCpII I{OTHTbI); J J - Ty(jJ(jJIITbI; I e - (jJHIIJIIITbi II nCC'lBllltlnt; 13 - 061ucc npOCTIlpaRIIC II nBnClIllC nOJlOCBTblX TCKCTYP. CTpenKaMII o1508RBQCRa JIImcARaR OPHCRTIlPOBHB HpHCTBJlnOD IIJ1H oOnoMKoB 

B opyncHcJloA TCKTOHIIQCCKOll OPCK'IllII; 14- 3JICMCHTbI 8anc raHliR nopo n : lIS - n o rpymcmlc occll CKJlBnOK; 16 - TCKTOHHQCCKIIC Hapymc HIIR; 17- TPClQlIHbI OTnCJlbHOCTlI; 18 - TPCUlHHbI C Oop08nBMH CKOJlLmCHIIR. 
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HYil<HO OTMeTHTb Om;e p;ne OCOOeHHOCTH CTpOemHI fJranHOll: opyp;eneJloii 

TeI{TOHHlleCKOiI SOHbi. 30Ha no npocTHpaHHro HMeeT nOJrHooo~SHO DsorHY

Thle ollepTamur. Ha <poHe OOJIbIDHX HsrHooB, oTpamaIOm;liIx clma)J.'1aTbHl 

cTpynTypllI BMem;arom;Hx nopop;, B ropHSOHTaJlbHOH celleHIlH B Hnx onlC

qaIOTCH TarnI{e oOJIee MeJrI<Be CHHycoHp;aJIbHhle F13rH6bI C aMnJr.BTY)J.oif MeiHp.y 

rpeoHHlIfH OT 0.5 p;o 2, pelT e 3-4 M, XOPOllO Haomop;a8l1fble Ha crJramenFlhlX 

nOBepXHOCTfIX OOOFIX SaJIbOaHp;OB opyp;eHeJIOll TCHTOHli[1IeCIWii SOllbI (pRC. 70). 
lJacToe nOBTopelIlire aTBX BsrHooB, rJIap;HBe CTeHFUl J{OllTal{TOB Ope l~ql1 BT1JJ,

HbIX PYP; C opyp;eHeJIhlllm OOKoBhlllm nopOJJ,all'lH, lIfeCTaJ\'lH OTOpO'leHHbIX 2-
3 1Ifll1 CJIOeM nOCJIepYP;Hoi!r Tel{TOHHqeCIWi rmIBl<rf, a TaJ{me opHeHTllpOBI{a 

rpeoHeH CTporo no nap;eHHIO pyp;noro TeJIa cosp;aIOT JIO)I\Boe npep;CTaBJIeHlfe 

3 
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PIlC. 70. BO';lJ]oo6pa3I1bfO otH'praJlllfl (IIC~ DHOpc6pfl 
CTOCTb) nepxrl fO I OllTal~Ta f , laDHoll 0pYl\CU '': lOi'! 

l'eRTOnll'IecHoia 300 hI. 

1 - opynollcn3fl TCI<TOl1l1QOCltaH 6pel<'mn; 2 - rl1J1blrO opy
.Il.CneJJble CCpnenTIIHIITbl; J - nOCJlcpY)I,IIblO Tel<TOHII'IOCHHe 
l1apyweHl!fl; 4 - 3J1CMCtlTW a3ncraHIIH non OCaTOCTIl ~I JlIIHClt-

£lOCTl! D pync. 

o HamrtIHH np;OJIb I<OHTaKTOB npynHbTx !{pYTOHal(JIOllnuIX «OOPOSP; CI<OJrb

meHBm). 

BTOpoii OCOOeHHOCTbIO CTpOeHHH fJIaBnoii. oPyp;eHeJIoil TeKTOHll'1eCIWii 

SOHhl l1BJraeTCl1 OpHeHTl'IpOBaHHOe paCnOJIO)l{eHl1e B Op8r<1l1'leBT1JJ,1l0ll: PYJJ,8 

yJJ,JII'IHeHHhlX OOJIOIIU<OB CHmmaTHbIX nopop; (B naDpaBJrem1ll Dap;ellf1fi 30DhI), 

Cn,eMtlHTHpOBaHHbIX cyJIbqmp;a1l1B: IlllPPOTHHO r, n8HTJIaHp;HTOM H XaJlbIW

nnpHTOM C nOJJ,llHHeHHbI f IWJIHlleCTBOM HUlJIbHblX ?lfHH.epaJIOB - I{apOOHaTOB, 

I<Bap~a, aJIbOHTa H p;p. 
Onle'laIOTCH TaI<iI<e HelWTOpble p;pyrHe p;eTaml CTpOeIH1R opyp;eHeJIOii 301IUJ, 

DOMorarom;ne YCTaHODJIeHBro HanpaBJIeHHH nCpOMem;emm DOpO~~ no fJlUBliOH 

SOHe. Ha pHC. 71 HSOOparI{ena cxeMaTUlleCHaR sapucoDI<a cenepnoll CTOIlIUl 

ITTTp(ma, na JWTOpOH Blil)l.nO, 'ITO cJIa60 0pyJJ, neJlal1, no P;OBOJlbHO 1II0lIl;HUH 

TeHTOIIHlleCI{aH SOHa COCTOHT lilS ceplilH napaJlJleJIbDIlTX oOJlee r.1eJIRDX son, 

OTOpOqennIlIX rmUUWH TpeHHH. B npo 'lemyTI<aX MO)l(P;y BTHMH lIIem{ll!l1H 

llOHar.m Bllfem;arolIl,l'Ie nopop;bJ - <pIIJIJlHThI pa361lTbI C pueii: '1peSULI'lalmO 

C6JIHiI<ennhlX MeiKP;Y coooii: nOnepellHl;JX TpeUl,IJH na MOJIJme DJIaCTIIHbl, J<OTO

phle DOP; BJIJUIHHeM CI<OJIbmeHl'Il1 CJIOeB lilSOfHYTbf l'I npIiOOpeJlII S-06pa3IJYIO 

<P0PMY. HaDpaBJleHlile Ii3rnoa COOTueTcTnyeT DanpanJIemllO CKOJIbmennfI 

cocep;nero CJlOH. TaItaH S - oopasnaH CJIaHn,eBaTOCTb, ]{aI{ npaBUJIO, coopO

BomnaeTCH oupasouanHeH lIIe,HAY nJIaCTUHamr JrI1IT300UpaSDhIX nYCTOT, saUOJI

HeHnbIX CYJIb<pl1)J.aMI1. 3p;eCb ncno Bl'Ip;na nalfaJIbHaH CTap;HH oopaSOUatlHH 

TeJ{TOnHlleCHoi OpeI{'lmr nop; BJIHfIDHeM p;BHjl<emlH DOpOP; BI!ICfl'lOrO OOI{a 

BOHhI B ropHSOHTaJIIlnOIlf HanpaBJIenHH }{ sanap;y OTnOCHTeJIbHO DOpOP; Jlea{a-
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",ero 60Ha. Ha TaHOe me nanpaDJIenUe CMeIIl;cmHI nopOA YJ{a3I:JDaIOT hmoro

'lIlCJleDHblC ucpr1CTwe TpeIIIHHbI II paCJ<OJIhl. l\aK 113BeCTno, OCTPbIll: yrOJI 

~Ieil\AY nep l1CThlMH TpeIIl;lma m ]I nJIOCKOCTblO ncpellJeIIl;emUI OTI{PblT B CTO

POHY )l.Bllil\ernUJ nopoA . Ha rCOJIOrOcTpYHTypnblx nJIanax OTQeTJIl1DO BHA

no, 'ITO OCTPbltl yrOJI l\JCil<)l. nepHCThlMH paCIwnaMll II nJIOC]{OCTbIO 30Hhl 

D DlICll'lCM 601 Y e 06paru.en H 3ana)l.y, a D JIe}l{a'l 111 60J{Y - I{ DOCTOHY· 

Boupoc 0 xapaKTepe )l.B1HHCHH:H, IWTopble np1!lDeJIll R D03HllImODemll0 

umpoTlloll: T HTOH1!l'IeCIWll 30mI, pa361'1panCfI H. A. En1!lc eBblllI (19526) 

l1a OCliOBamm )l.anHJ>IX umpocTpyJ<Typuoro anaJIH3a PYAHOll 6peH'lHH. 

eKTOllWlC Ime ADmHenlHl, conpoDo;J<AaBmneCfI DpaIIl;eEulcM 06JIOMIWB 

DOI(pyr AJll1HllhlX OCCrl , uponCXOAH H D ropn30HTUJIbn0l\1 HanpaDneHIl1!l, 

napanJlCnbnO PY)l.llOU 3011C. 
B coeTe 9TI'lX )l.aBHbl X CTaIlODIITCR 

HCElOll Ilpn pO)l.a lIIen H1I x ClIllYCOIl)l.anb

DhlX 11 3 rn6oD D ropn30BTanbElblX Ccqe

lUUI It OCOOCIlllO D CCQeIllHl x, nepneB

Jl,lmynHpHhlX ualICnlJlO 30H bI. 8Tll 'l pe

Jl,YIOml1 CCH 11 3fl16bI, op~I enTll pOBaHHble 
no na)l.ellHIO, npelICTaDnll lOT 060i1: 

uc BIIope6pu TOCTb, 06ycnODJlCBIrYlo 

7e IIi mc D pan"\aTenbElbT IIi )l..H<p<pep H 

I\uanbBblMH )l.DIUI<eHlHI HI oonOMIWD 

B TeHTOH"'1 CHOM C)l.DJ'lfODoii 30n D 

nep110A e pa3DlITnfI. 
113 npHDeAemlhlX AallHbJ cnC)l.yeT: 

1. Iliu.pOTllalI T T<TOllU'leCHall 30Ha 

D03HI1J<.1Ia B pe3ynbTaTc rOpH30ElTaJlb

IlWX TCKTOHUQ, lUlX )l.DRmenRi1, COB 

lla)l.alOIIlJlx C HaUpaDJI DRCM ce npo

~TUpanI1R. BlIonb 30Elhl npOl'l30mnO 

rOpl130nTanbBOC Cl\ICIIl;enRe UOPOA BH-

f! Qero 601<u 1< 3ana)l.y OTHOCM.TenbHO 

nopOA neif aqcro 001(a Ha paCCTOllDJ1Ji 

lW 90 AI. Cne)l.OBaT nbno, 30Ha npeA

~TaDnfleT c060u C ORr. 

. 2. fOplJ 3 0nTan bnbJe ABIlil<CHHlI 

BAonb 30Rbl COUPOBO''')l.anHCb aaI<OHO-

3 
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PIlC. 71. AeTam'l cTpoelHiIl r JlaDElOH opY
Ae u JJoi1 TeIHOmrqeCI{OH 30Elhl na DUC

TOqUOM q,: laElre yqac'ma, 

I - CMCll\CRlfbIC 6nOlHI (jJnnnIlToB, nponllT8URblC 
11 0 TpCll\lIl1aM cynb(jJIIJla.u~; 2 - 80U b! CI(Qnb>«C
lI11n. OTOPO'ICIDlbIC rmumol1 Tpclllln ; 3 - cynb
cIlIIJlllan pYJla. CTpcm<aMII nOl<aaaHO npCADona-

raeMoe HanpaBnClfUC JlOIIH<Cllllfi . 

?lteplIoi:i OpnenTlIpODJWtl 1!l npaIIl;aTenbnhl m )l;BJIfHenHfIMH 06nO~J}{OB BOHpyr 

)l.JIIHTJ1bIX oceu. 

I1ccn )l.OBannC PYA nOJ\33bmaCT, 'ITO CYJIb<PHAhl 1!l }lUIJIbHhlC J11Hepanhl, 

CnaraIOlll,11e lIC lenT n 6pel<ttl1PBI1)l.HbIX pYAax, 3aMeTnbIX CJIeAOB TeJ<TOBH

'lec mtX )l.B1Hl<ClJIlH ne BMeIOT. CTpYHTypa lIeMenTa 3epElHCTalI. IIpn lBI<pO

CTPYI<TYPflOM anaJIliI3e Ha 0pRcnTupHbIX AHarpaM lax, COCTaBneHBbIX UO 

HUapll,y II anb61lTY, Tal{;I(C He 06lJapymeBo I< a 1<l1 X-JIll 60 TeHTonH-

qeCI<IIX yaopoB (H. Emlccco, 19526). CJJe)l.OBaTenbBo, 06pa30Damie 

6pel{'ll1eDll )l.lJWX PYA npOI1Cxo}J,Rno nOCJIe 06paaoBannJl TeI{TOBn'lCCI{RX 

SOB. 

BTopr,m DaiJUIbIlIl TpYHTypUbl I <lJIeMelJTOM 'tJ'a THa 1'lBJIfleTCfI l\1epI1AFIO

BaJlbTfbl1"( D36poc. OH ualiaeT I{ 3ana}J,y nOA yrnoM 72-75 ° . l\lDnI1TY)l.a 

CMewt'lHIR COCTaDnffeT 20- 30 M, nO)llJllTO 3ana)l.BOe HPbIJIO. Ha6moneHIHI 

Hail 3epf{anaMlf CIWnb>I\t'n}IfI nOHa3anH, 'ITO CAleIIl;eHHC nnaCTOB npOI1CXO}J,HJJO 

nO'ITU no nanpaBneBUlO na)l.enUR. B36poc n cpeceHaeTCH 60nee MonolIoH 

fJlaBDOll 0PYAc IIeJIOll: Tel<TOnli'leCl<oi:i 30non 11: ee 10nmOll: BeTllblO pa36u.-
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BaeTCf( Ha TpIiI 6JIona, nOCJIe;O:HIIe cTyneH'IaTO C rem;alOTCfl I{ sana;o:y OTHO 
CIITeJIbHO ;o:pyr ;o:pyra. 

T e l{TOHlneClmn mOB B30poca, Sal{JIIOl:leHHbIlr lIIem;o:y rJIannoii C;O:BnrOBoii 

aOHOH II ee IOmHOH BeTDbIO, BbIDOJIReR npcmrym;eCTBeHHO CnJIOmnLlMn nOJIO-

CaTbIMH CYJIl,<pn;O:HbThHf pyl'(a~1l!I (pRC. 72) . 

J 
..,.,...,.,.,,..,,..,,,.......,.,..,, 8 B;O:OJIh oooiJx 3aJIbOaR;o:oB Y3KHMIr no

JIOca~m pacnoJIO}l<eHT)1 op H'IneBu;O:Hblc 

H 6peI<'meDbIe PYJl:bl. Bp Rl1ueBu;o:

Hhle PY;O:bl y DOCTO'IHOrO saJII,Oan;O:B nc

pexo;O:llT B PY;O:hl C opeJ\1meBoii: TeHcTY
poii:, I<OTophle ;o:aJIee na BOCTOl{ CMe

nHIOTCfl CIiJIbnO pa3;o:pOOJIeHHT..rMH 11 

o PY,IJ, HeJIbThIH cepneHTUHIITaMI1 neTeJIh

'laTOH HJII1 CCTlJaToii TeRcTypoiL B no

CJIe,IJ,TIFlX np» y;o:aJIcmm: 01' 30m.I nOCTe

nenno Y~WHbmaeTCR HOJIIitJeCTBO CYJIb

<p1I,IJ,HhlX HUIJIOl{, 11 Ha paCCTORHFlH 

2-4 r OT SOJIlJ OHli n p CXO,lJ,flT B 

ooraThle BHpanJIeHHf..re PYAbT C PC,IJ,

ImllHI CYJIb<P.ff;O:HbIMH upon JIm,aMH . 

31r! 
I 

PlIC. 72. ,llcTaml CTpoeUlIfl o pYACIIeJlOl·O 
MeplIAHOH8J1bJlOrO B36poC8. 

1 - CnJlOIDnaR nOJlocaTaR CYJlb(jJHJUTaR PYJla; 
z - oPYJlCUeJlaA Tel(TOAlI'lecl~afl GpeK'IIIA (!5PCI<
qUeSaR PYAa); 3 - CIIJlbllO 0PYJlCIICJlbIC cepncfI
Tl1lnlTbl c npO>KIIJlKaMI! XaJlbl{OllllpIITa; 4-
0PYACIICJlWC QJIIJlJlIITbl; :; - nOCJICPYAIIble TCI<-

TOIIII'leClme HapywcHIIR. 

3ana;O:IJr,lii J{OHTaHT CnJIOmHblX R 

Opel{lJReBl1,1J,HblX CYJIh<pHl'(HulX PY,IJ, C 0PY

,lJ,eHeJIbl MH <pIiIJIJIIITaMH oOJIee pe3I<Ru. 

B,IJ,OJIh Hero 01' l e lJaIOTCfl nOCJIe pY,lJ,Hble 

UO;O:BIURRH, Ha 'ITO YI{a3hlBBIOT lI1Horo

'IHCJIeHHLIC OOp03,1J,bI H 3 pHaJTa CROJIL

"l{eHIIH. I13Y''leIm BSBl1lI100TUOmeHfill 

lIfe}HI;O:UOHaJIhHOrO B30POCa C IOmnoil 

C,IJ,BUrOBOii aOHOll nOl\a3hlDa 1', 'ITO Me-
plil;O:UO HaJILRhT1'1: B30pOC OOJIee ;o:penmni, 

qeM IOamafl C,IJ,B1HOBaR 30Ra, a 3anOJIUeFme CYJIL<pH;o:all111 00 I1X nOJIOCTeH, 

BepOflTD ee Bcero, npOHCXO}l;RJIO O;O:RODp eMeUHO . 

o 2 3 4 Sir! . 

Pl{C. 73. 0pYAeneJlbllI TeL<TOIlTJ'IeCRUll I<OJ:lT8HT cepneUTTtlTHTOn C nOAOUTJl8IO~~MJll 
Cl<:18AQaThlMH <paJJ: U!T8MJ!. CXe~taTrf'leC K81I sapncoB I,a. 

J - OPYJl.CHeJlble Tel<TOHII'leCKlle lIapymcHlIR; 2 - cnJTOllITlaA CYJlbdlHJl.lLan Pyna; 3 - CrJJlbllO opy
Jl.CHCJlWe ccpn eHT~I1U1'l'b1; 4 - cpeAll e 0PYllCIICJlwe cepnCHTllmlTw; 6 - OPYJl.cl{CJlhIe (jJIIJlJIIlTbI ; 

6 - (jJlIJlJlIITW 6capYAUhle. 

TeHTOHlneCRHH mOB B30poca B DHcnqeM H JTen<aqeM OOHax 3a npe~eJIaMH 
PY,IJ,BOrO TeJIa BbIllOJIHeH 6eSPY,IJ,HhlM, OlJeIlh TOHKIiIM IlepeTepTlJ1YI MaTepl1aJlOM 
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SeJIeHOBaTo-ceporo ~eTa. Ha HiORIDIX ropHsoHTax npo.n;OJlmermeM Mepn

AHOHaJIbHOrO D36poca D JJ ma'leM 60RY PYAHoro TeJIa npeAn0J10}l,nTeJIbHO 

MOHmo C'IllTaTb aony paccJIaHn.eBaHnSl n .n;p06Jlemu[ cpe.n;n CPHJIJlHTOB, BblnOJI

neIIHYIO ~Iumoii: CnJIOIIIHblX cyJIbcpn.n;n.bIx py.n;. 

rJIaBnaa 0pYAenOJIaa TeInOnnqeCI{aSl aona, ee I{mmafI ne'fBI> H 60 lee 

.n;peBmdi opYAen JIhlli MepRA110naJlbnhlii B36poc D aanaAno 1 I<pT>lJIe· 

Y'Jac'ma 06paaOBaJIll cBoe06paaHYlo CTpYRTypy cyn,alom,eiicSl no rJIy6HHe· 

TpexrpaHHOll npHaM])I, IW- Ifpof1n11 

TopaSl xopomo npocJlenm- 31111~liiillll~I~~~~ naeTCSl na Bcex ropHaOH-

Ta x n yxo.n;nT rJIy61I{e, HMeJI 

aanaABoe CRJIOHenHe no.n; 
yrJIOM 72-79° B nJlOCIWCTH 

naAeHUSl rJIaBnoir aOHby. 

HaM npeACTaBJ1JIeTCJI, 'lTO 

HlIJeHHO 6JlarOAapfI 3TOMY 

CTPYI{TYPHOMY 3JleMeHTY, B 
npeAeJlaX IWToporo cepneH

TIIllUThl n CPUJlJlflTbI npeTep

nOJIll CnJlbHOe pa3APo6n Hue 

H HHTeHC.UBnoe opYAeHenne, 
Monmo 06'bflCHRTb, Bo-nep

BhlX, MaHCl1MaJI hHyJO MOrn.

nOCTI> py.n;Horo TeJIa H Han-

o 
I 

Pac. 74. Xapal<Te p DLIKJIlllllIDaIIIHl JHlTPY;HlIJ 0PY
A HeJl blX YJlbTpaOcuollllblX UOP l) \. 

I - cnnowH3rt CYJlb~)IIJJ,Hafl pyna; 2 - opyneFi c hlC TCHTOFIII
'I CCIHlC tlapywcHlIR; 3 - ImapltCDLIC »mJlHlI C CYJlb(j)lI11aml ; 
4 - oPYllenenble cepnenTlHlllTbl; 5 - QPYlleHeJlblC tlJllnnllThT. 

60JIhmYIO IWHn.enTpan.ulO CyJIbCPH.n;OB HHReJIfI H 1eAn B aana.n;nOM RPhTJI9 

YlfaCTI<a H, DO-BTOPhIX, 06m,ee CJ{JlOHeIDIe PYAnoro Tena l{ aanaAY nOA yrnoM 
72-79°. 

R 'IaCJIY BaH HhlX CTpYRTypnhlx 3JIeMeHTOB YlJaCTHa CJleAyeT OT-
HeCTII TeRTOnHlJ CltHe IwnTal,TbI 0PYAeHenOH: MemnJlaCTOBOH HHTpy31HI. C BMO

m,a!om,llMH cpllJlJlHTaMn, BAOJlI> IWTOPbIX npO[1CXOAllJIH nepeMeIlleUHfl THua 

Ba6poco-C)l,BllrOB. llonepXHOCTil TeI<'l'OIDIqeCI{HX ROHTaKTOD JIBJlBJIIiJCb COCTaB

BhIMIl qaCTflMa 06rn.eii: CTPYRTYPbl yqaCT!{a, a nOABIl1:IUm BJJ,OJIh nHX 

B nepl'l.o.n; PY)l,OOTJIOiJ eHIIR o6ycnOBHJIII .n;ouanOqBOe AP06JleHf1e DOPO,ll, npll 

OTr<pbLBanae coupmHeBBhlX Tpem,I1H, BAOJlI> J\OTOPbIX npOllC OAHno pYAOOTnome

HHe H npOBI'lKHOneBHe PYABbIX Macc B 60lWilble nopop;hI. Ra1\ npaBI!IJlO, 3TH 

nOJIOCT0. BbIDOJIBeBbI CUJIOIJUl blMf! CYJIbCPllADbIMH pYAaMH (puc. 71), BepeARO 

npeJJ,CTaBJlenbI aOBa~flI 60raTbIx 6peI<'IllenU,llHbIX py.n; 1Il0III.BOCTh!O AO 1-2 M 
H 6oJIee. ·C 3TOH TOqKII apemISl, HBTepeCBbI DbII<JlHHllBaBllfl MeHmJlaCTOBblX 

HHTpyallBBbIx TeJl. B 3TO I CJIyqae BaumOAanOCb COe)l,IlBeBlle 06o~IX opYAe

neJIbIX TeKTOBHqeCKllX I<OBTaI<TOB B 0Any aOBY CMflTliUI B 6peI<Qa pooaHl-Jll, 

KOTOpall aaTeM npOAOJIH,aJlaCI> B cpHJIJlIilTaX H COAepil aJIa JlllBabl, rBeaAa 

B BKpanJIeI:lHOCTb CyJIbCPI!lAOB B RnapJJ,a (pIlC. 74). 

Cxel\Ia pa3BUTHH CTPYKTYPbl HHTpy3uH 

AnaJlHa nOJlyqeBBblx .n;aDBbIX n03BOJlReT opMeBTBpOBO'IBO BaMeTFlTh 

CJIe.n;Ylorn.YIO cxeMY pa3BI!I.TllfI CTpyRTYPhI llHTpyaJJliI rra yqaCTI<e (pllc.75). 

npeAnOJIaraeMall reOJlOrB'lOCRaa CTpyKTypa yqacTKa nOCJl e BBeApeBHll M 

aaCThlDaBUR 111l1'py3un YJIbTpaOCBOBlibIX nopoJ\ n306pan<eBa na (lIlC. 7 5 , A. 
B u epBhIll nepHO.n; TeJ{TOHJl'leCI{HX )l,BIH1,eml.ii, IWTOpbJe naqaJlI!ICh nocJle 

Bne.n;pemlH E[ allCTLloaUHfl YJIbTpaOCBoBHLIX rtnTpY3l'1ii, a (laTe 'I JJ,llert JJ,lIaoa

SOB (pL1C. 75, b), 06pa30nancR MeplI,D,HOnaJII>IIhIH B36poc, B03HHrmlllU: fla rpa

lIlIIJ.e cpllnJlllTOlJ H cepnenTllllllToB B aana;mOJlf RPbIJle cp:leRcypooGpaaBoll 
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eHBI<JIHHaJlLHOi CRJIaARIi 11 paCnpOCTpaHJJro'[[(l'lH'Cll Ha He}\OTOpOe paCCTOllHII6 

R cenepy H lory, fAe, BOHAll n cpUJlml Thl, ObJCTpO aaTyxa T 11 nep XOAf'lT n SOHY 

Meji<CJIOeBhlX CROJlL}1<eHHH 11 6pel{tffipOnaHHll. HanpallJleHHe B30poca COBJIa-

C 

/0 

A 

B 

k~, 1'y,,;,J2 63 D~ 

/ / J $; 5 I 7 -0 

PHC. 75. xeMa paaD IITHfI CTPYI<TYPbl IIBTpyallff HayJlbl 
(n: laJ:l). 

A - npcnnOJlaraCMDR rCOJIorIlQCCI<8R CTPYI<Typa YQaCTl<a noCJIC BHcn
PCIIIIR 11 aaCTI~oa liIlR IIHTnY311n , 11HT(lYRIIII API<O OTpall<alOT C1lnaA'laTOCTb 
B !l>IInJlIITaX; 1, - OO~HIII<IIORCUIIC MCPII)l IlOIlDJlblloro oa6pOCD B)lOJlb !l>JlCI<
cypoo61l8SIIoro ncpcl"1I6a U8 sananHOM I<PbIJlC CHIII<JlII1I8J1bliOil CKJl8AI<II; 
.u - o6paaooallllC IUIlPOTIIOIl CAllllrOIHlA 80111,1. OCJlO)f<lIcHuoM lIa <\lJl8111'aX 
60Jlce MM lm III TCI<10HII'ICCI<IIMII lIapYUIClIlIAMII Tllna ncplICTblX TPClllIIH. 
D I<OllilC PYnOOTJlO)J(CIIIIR . I - O(lYIlCIICJlDII TCI<TOIIII'ICCl<aR 6nCI<'llIn II 
MaCCIIIlIIblC MCAIIO-HIII<CJICOhIC CYJlbIlJIIJlIII"C PY.:\bl; 2 - opynclH!JlhlC Ccp
ncuTIIHIITW; 3 - ccpncuTIIIIIIThl; 4 - !l>IIJ1J1I1TI~; 5 - TCI<TOIIII'lCCI<IIC UB
PYIUCIII1R; 6 - TPClltllFlbl I<JlIIIlB)J(8; 7 - nOI PY'KClIlIO ocoA CJ(JlD)lOI<; 

8 - t1anpaDJICIIIIC ADlt,I<CUIlIt. 

AaeT C HaupaBJTeRlileM xopomo pa3IHJToit B cpffJlJlTilTaX CIICT8 fOr! MepI'JAlfOHaJIL

HbIX J<PYTO naAaIom.I1X Ha BOCTOI< nOA yr.10M 70-80 0 
Tpem.J.1I1 BT,OPMqllOtl CJJaH

~enaTOCTn, COBnanarom.nx C HanpaBJlCllUeM oceBhlX JIOaepXHocTeu CRJlaAOR. 
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BCJIel-( 3a 06pa30DaHl'IeM MepHI-(HOHaJIbHOrO B36poca IIOCJI I-(YIOIqHe 60JIe 

HBTeHCHBHble ropHaOHTaJIbHble TeKTOHH'IeCI<Re I-(DH}KeHHfI 06YCJIOBlIJIH 06pa30Ba

nue KpynHoii nmpOTHOH CI-(DHroBoil: aOHhl co aHa'IHTeJJbHblM IIepeMeIq HHel\1 IIO

pOI-( (pac. T , B). OHa paCIIOJIaraeTCfl BI-(OJIb MeXaHH'IeCI<R HeOI-(HOpOl-(HOH H oCJIa6-

JIeHHOH IIoBepxnocTH HH,lmero KOHTaI{Ta HHTPY3HH YJIbTpaOCHOBHhlX nopOI-(. 

9TH Tel{TOHll'1eCIOJIe I-(Bl1JI eHHfl, BepOflTIIO, aaI{OH'llIJIHCb YtI{e B IIpo~ecce 
PYI-(OOTJIO}l{eIDIfl, IIO KpaHHeH Mepe IIOCJIe Toro, I{aI{ npOHaOIDJIO paCI{phlTUe 

U opYl-(eHeJIblX nopol-(ax B6JIH311 30Hhl AmOrO'IHCJIeHllhlX TpelIl;HH, BhlIIOJIHeH

HhlX nOal-(Hee CYJIb<i>Hl-(aAm, npeuAiYIqeCTBeHHO XaJIbIWllElPHTOM. 

Truwe HCTOJJKOBaHl'Ie npon;ecca BOamIlffiOBeHHH H paaBHTHH CTPYI{Typhl 

HIlTP :Hm: 1-(0 HaBecTHOH CTeIIeHH 06'bflCHfIeT, nO'leMY IDHpOTHhle H JUI 

6JJ113Ime K BHM Tel{TOHH'IeCI{ae HapymeHHfI BhlnOJIHeHbI CYJIb<i>HI-(ar-m, a mpH

l-(HOHaJIbHhIe no'ITl'[ He COl-(ep 'KaT TaROBhlX, aa UCI{JII0'IeHHeM Y'IaCTKa na6poca 

Me)I{I-(Y l-(BYAm nmpOTHIDIH 30Hallm U He60JIbmOrO 6JIOKa B JIe'Ra'Iell1 60KY 

rJIaBHOH 30BbI. o 'IeBHI-(HO , npHWHa TaKOH HepaBHoMepHoH JIOl{aJIHaan;UH 

CYJIb<i>Ul-(Hhl ' pYI-( D fJIanIIbIX CTPYI{TypHJ:JX :meMeHTax lIfeCTOpO}l{AeHHfI aal{JIIO

'IaeT II B TOU, 'ITO l{ Ha'IaJIY PYAOOTJIOt!{eHlifI nOJIOCTH 60JIee ApeBHa MepH

l-(aOHaJIbHhIX TeI{TOHH'IeCl{Ji[X HapymeHHH H B nepBYIO O'Iepel-(b I{pymroro 

Ba6poca 6bIJIII nJIOTHO 3aI{pbITbI nOI-( BJlHJIHlieM opHeHTHpOBaJIHOfO B nmpOT

HOM HanpaBJIeHHH ropH30HTaJlbHOrO ABHmeHHfl . B 3TO me BpellIH C leIqeIDUl 

UOPOA BAOJlb umpoTIIblX Tel{TOHII'IeCKaX HapymeHlIH, IIlI1eIOIqH ' B nJlane 

B0JI11006paaHo IIaorHYTbIe o 'IepTaHHII , UpHBeJlH I{ 06pa30BaHHlo B IlHX 6pel{

<m.H TpeHIIfl, UPl10TKphtBamHO CTeHOI{ 11 05paaOBamIIO IIOJlOCTeH, BbIllOJlHeH

HbIX cYJlb<i>rrl-(allm. TeJ{TOIIH'I CJ{l!IH mOB MepHl-(HOHaJlbHOrO Ba5poca B 6JloJ{e 

Je>H,D,y r JlaDIlOH II I mHoH Cl-(BHfOBbIlI111 aOHaM1'I TeM1'I n< ABlHI eHHHMH 6bIJl He

Cl{OJlbIW IIpHOTI<pbIT H TaI{)I{e BbInOJlHeH npel1 iYIqeCTB HHO CIIJlOIDHJilliH PYl-(aMIL 

TuubI PYA 

OTp;eJIbHblO nCCJlel-(OBaTeJlH IIo- paaHoMY paaAeJlfIJlH PYAhl Ha THIIbl. 

TaR, B iiPI1H H ( . ayrynen, 1938) BbIAeJlfleT meCTb THIIOB pYI-(: 1) OCHOBHOH 

TIm, IIp ACTaBJlHlOIqM C060H cepyIO Ol-(HOPOAHYIO TOHI<OaepHHcTYIO paaHo

BH).l.HOCTh, CO TOllIqYIO B OCHOBHOll1 Ha cYJIb<i>aAoB C npaMecbIO CHJIHI{aTOB; 

2) IIOP<i>lfPODhIH THII - CnJlOmnafl Ol-(HOpOAHafl CYJIb<i>HAHafI Macca C nOP<i>H

pOBI11-(Hbl m BbIl-(eJleHl>lfI 1H neHTJlaH.D,HTa; 3) TOHl{OaepHHCThle HlImpeHbfIn;HH 

B cepneHTHHluax; 4) RlImp eHbflD;I1H B CJlaHIJ;ax; 5) CJIaHn;eBafI 6peJ{'llIfI, 

COCTOlIm,alI na TOHI{H ' HaorHYTbIX CJJaHn;eBhlX nJlaCTHHOl{ H n;e IeHTHPYIOIqeH 

11 CYJIb<i>fIAHOll MaCChI; 6) 6peJ{weBafl PYI-(a, o6paaoBaBmaflcfl nyTe 1 6peI{

'IHpOBaHHII BhIlU YI(aaaHHbIX THnOB PYA H HMeIOIqaR BTOpH'IHOe npoacxon<l-(eHHe. 

r. 11. rOp6YHOB B 1946- 1947 ff. PYAbI HaYJlhI paal-(eJlIIJl Ha 

'IeTbIpe fJJaBHeHum THna, OTJlH'IaIOID;HeCfl no cnoc05y OTJIOIl{eHHfl, Bem,e

CTBeHHO iY COCTaBY, TeI<CTypHJillI oc05eHHocTflM H npOCTpaHCTB HHOMY nOJlO

iHeHHlO B PYI-(HO 1 TeJIe : 1) 0pYAeHeJIalI Tel{TOHH'IeCI{afl 6peI{'1Rfl (6peI{'IHe

BHAHble H '6pel{'llIeBbJe PYAhl); 50JlbUIHHCTBOM HCCJIeAOBaTeJIeH 8TH PYAbI 

omlCbrnaJIHCb nOI-( Raa DaHHeM «PYAHaR 6pel{'IHfl»; 3TOT TepMHH HeTOqHhlH, 

H. A. EmlceeD (19526) npeAJlOmHJI 60JIee npaBHJlbHOe HaaBaHHe - «opYl-(eHe

naR Te l<TOHI'lQeCI(ufl 6peI{'llIfl»; 2) CnJIOmnhle CYJlb<i>HAHhle pYl-(hl; 3) 0PY

AeHeJIhle cepneHTHHHTbI; 4) opYl-(eHeJIble <i>HJlJlHTbI. 

0pYAeueJlall TelCTOUU'leClcan 6 p CIC'lUlJ (6peK'/ucBDADbIe D 6pel('1UCDb1C PYAbl) 

pel{(meDHl-(HbI~m PYAa m BhlIIOJlHeHa rJJaBHalI CI-(BHrOBafl aOHa C ee mo

rOQI1CJJeHHblllHl OTBeTBJIeHHflMH. 30aa 0PYAeHeJJOH TeKTOHH'IeCKOll 6pel{'IHH 

aaJIeraeT B cepueHTHHHTax. a TaI{}l<e BI-(OJlb I{OHTal{Ta IIOCJIe).l.HHX C <i>HJlJIH-

9 HHTPY3HH lleqearn 
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TallUl H Ha BCeM npOT1DKeHHH COnpOBO}I'AaeTCH MO:n:r;BOM. 30BOM BKpanJIeBB1lIX 

PYA. HHiKe 30Ba 0PYAeHeJIoii TeHTOBH'IecI<OH 6peJ\'llIH 3aJTeraeT npeHMy:n:r;e

CTBeBBO B <pHJIJIHTaX, B KOTOPhlX lIW:n:r;ROCTb 30Hhl BI panJI lIBbY ' PYP; pe3Ko 

cor<pam.aeTcH. 

MCCJI AOBalIHe 6peI{'IHeBHp;HbIX PYA npOBop;HJIOCb E . AJIemy-

rumoH (1948 r.), M. B. ,IJ;eHHcoBoM (1949 r.) ]f A. r. OCTaneHI\() 

(1951 r.). MHI<pocIWnH'IeClwMY H3T-leTIHIO oPyp;eHeJIOH T T{TOBH'IeCIWH 

6 p eR'IHH DOCBH:n:r;eHa cn ~HaJIbHaH pa60Ta H. A. EJIHCeena (1952a), B RO

TopoM BnepBhle npHBop;HTCH pe3YJIbTaThl UII,POCTPyJ\TypHoro aHaJIH3a 

! (J I 2 3 ~OM 
1 1 I I 1 I 

PIlC. 76. Pacno IO}J{eHlW H g)opMa 06JIOMKOO 
CHJlTII,aTnLlX nopoJ.( (Jepnoo) cpeJ.(u CYJlb-
4>JlJ.(uoro n.OM nTa (cepor ) D npnDOJHlpO
DaRHOM C Tpex CTOPOli 0PHOUTJilpODaHEIOM 
lIlT 4>e op YJ.(erreJJOH TeKTOIII1QeCKOB 6p. J{TIJUt. 
B PXBJlll rpaUL - npllMcpHO napaJlJJeJJhHa 
C.n aHI\eBaTOCTH; npaD811 601 ooall- napaJl
JrenhRa YJ.(JJHBeB1Ho o6.TlO~mOD 1'1 nepnollJ.(ll 
Kynllpua cnaun; naTocTn; JlenafI 601<OD8fl
npHMepno n pneUAJlIKYJlllpna Yt(JlIlrrenmo 

06.;:rOMIWD. 'Y MeHLmeIlHO 2. 

n BblCl<a3hlBaIOTCH co06pamemlH 0 r -

He3Hce aTHX Pyp;. 
0pYAenOJIaH Tel{TOHR'IeCI,aH 6pel{

'IHH COCTOHT H3 06JIOMI<OB CBJIBl\aT

lIhlX nopop;, cn; 1eHTJIpOBaHHhlx 

CYJIb<pHAallm, C nOA'I)1BeHH[,IJI( HOJIll

'IeCTBOM I<ap60HaTa, J{Bap~a, XJIO

pBTa H APyrHx i1mJIbIibIX MHH 

paJIOB. 
ITo Te}{CTypHbfM oc06eHHocTflU 

OHa MO}ReT 6hlTb paaAOJIeHa na 

6peI<'IBeBHAHhle 11 6peK'lJ1eBhle PYAhl. 

B 6peH'IHeBHAHhlX PYAax 06JI0ll1RU 

CHJIHI<aTHhlX nopOA 1l1llOIOT <P0PMY 
YAJIHH HHbYX JUlH3 , cnmOCHYTblX 

napaJIJIeJIbHO CTonKalll op AeHeJIOll 
Tel{TOHlneCIW:U: 30Hhl. Hepe;O;1{o 

<popMa 06JTOMHOB OI<pyrJIan, 'Ieqe

Bn~e- II cnrapo06pa3HaH. B Tex 

CJIyqaHx, HorAa 06JlO mn IIMeIOT 

y;O;JIBHelIlIYIO <P0PMY, AJlHHHhle OCR 
JilX BcerAa opnOllTHpOBam,y npnll1epHO 

no naAeHRIO 30HbI. B 6peI<'lHeBH;O;HbIX 

py;o;ax OTqeTJlHBO Bhlp3iI,elIhl no

JIOC3TOCTb H CJJaH~ BaTOCTb napaJI

JIeJIbBO CTeHl 3:[ opy;o;elIeJloii' Tel<TO-

HH'leCI<OH 30HN. 

Ha pnc. 76 H306pameH 06pa8e~ 0PYA HenOli Te}{TOHB'IeC}{oii 6peI<qHB 

(no;o;06Hble 06pa8~bI npBBeAeHhl Ha pBC. 5 ... - 9 ). 

B 6peKQneDbIX pYAa 06JIolluur CHJJImaTH1>IX nopOA TaI<me BhlBeAeH1>I 113 

n epBOHaQaJIbHOH Opl'leHTnpODKH, ;o;a}l{e npeTepn JIll nelwTophlll nepeaoc 

B npOCTpaHCTBe, HO <poPJlfa 06JIOMROB yrJJOBaTaH, Hepe;O;KO YAJmnennaIl. npeK

'IlIeDhle PYAhl OTMeQeHLl TOJIbIW B 0PYAelIeJIOH 30He MepHAFlOna.TlbHOrO B86poca 
BAOJIb 06ellX ero CTeBOlC 3Aecb mllpOI<O pacnpOCTpaHelI1>I Tam! e 6peJ{WeBH)J.

HbIe H CnJIOmHhle cynb<pHAHhle PYAbI. 

MemAY 6peI<l'{]iJeBOH H 6peR'1HeDHAHOH TeI{CTypoii: cy:n:r;eCTBYIOT nepexO;O;bI. 

Pa8Mephl 06JIOMIWB BapbllpYIOT 01' AOJIei'r IIU1JIJIll IeTpa AO 10- 15 H Aame 30 M. 
Han60JIee 06bl'IHbl 06nOMHH AJIHlIOiir: 1-2 CM n TOJI:n:r;Hnoiir: 0.5-1 Cllf. CaJllbIH 

I<pynHhlH 06JIOMOI{ paccnaH~OBaHHhlX, OTaJI1>HOBaHH1>IX H opy;o;eHeJILIX cep

neHTllnllTOB AOCTllraOT 32 M B nonepe'lllfIKe. 

06JJOMI<H npeACTaBJIeHhl B 0AHHX CJIYQaIlX OTaJIbJWB3BBhlMH cepneHTff

lUJTaMH, B APyrHx - <pBJIJlHTaMH H Ty<p<pllTa:r.UI, B Tp T1>HX - nOpOAaMIt 

060HX TlmOD O;O;HOBpeMeHHO. CocTaB 06JIOMHOB 061>1'1HO COOTBeTcTByeT cocTany 

IlMe:n:r;aIo:n:r;nx nopOA, no }<OTOPbIlIf npOXO;O;flT opYAeHeJIble Tel{TOHl1'IeCIUle 80Hbl, 



l'ynOnpOfIDJIEHHfI B 1'1HTEHCHBHO META 'lOP<l>H30BAHHbIX nOPonAX 13 1 

JlO l1SDOC1'llbI cJIY'Ian Depe lo~onHfI 06JIOMIWD B~OJlI, 30nbT na neC1WJJb£W 11181'

pon . 
06JIOMlW YJIbTpaOCnOl3UbIX 1l0pO~ COCTOfIT ITS TaJIbKa, XJIOpIITa, cepneH

nma, !,apOOHaTa H SOpOH cym-,ePHnOB. llpe06JIanaroT TaJIbl{ II XJIOPHT. 
06JIOM1\H ePHJIJIH1'a COCTOllT HS 'Iemyil'Ia1'OrO XJIOpHTa, MeJlI<FIX sopeH 

1\Bap~a, 3 JIbOII1'a , cePena, cym:.ePHnOB H Ta1\ mo l<aK 06JIOMIHI YJIbTpaOCnOBHblX 
nopoA HHTon nBno MeTa1l10PeP\iJ.SOBam.r. TOKcTypa 1'1.' CJIaHI~eBaTaJI, CTPY1{Typa 

JIelJ\iJ.~06JIaCTII'IOC1\aJI. 
I OJIH'JeCTBeHIIbIO COOTBOIllOlIBJI M If\~y 06JIOIl1J{aMn R CyJIbePR~HbIJI[ .o.eMe1l 

TOM B OTneJIblJb1X 'IaCTJIX pYAHoro Te1ra paS.lIH'IBhle. 
IJ;e teHT opynenOJIoii: TeJ{TOBH'IeCHOn 6peI{1I1ilH npe~CTaBJIJIeT coooii TOH

IwsepnIIcTyro CYJIbePRnBYro laccy 6ponSOBO-JI{eJITOrO n.BeTa, Hepe~IW C HeOT
qeTJIHDOll nOPePI1pOllOH CTPYHTypoii H nOJIOCaTOH Te1\CTYPoH. llopePlI.pOBble BbIAe
JIeHHJI npeACTaBJIeHbI BSOMeTpn'IeCI<HJl1l1 sepHaMH neHTJIanAI1Ta paSJlIepOlll 

01' nOJIeii IDJIJInMeTpa AO 2-3 111111. llOJIOCaTOCTb 06YCJIODJIena 'JepenOBaHHeM 
nOJIOCOI\, 060raI:qeHIIbIX XaJIbl\OlJ\iJ.pHTOM R nenTJIan~HTOl\[ H IIDorAa nnpIT1'Ol\f . 

CTPYl<TYPU CYJIbcPHAHoro n.OMonTa aJIJIOTpHOMoPcPnosepnHCTaJI, pel-1\e nop
ePl'IPOB3JI, rRIJ\iJ.AHOIIWPePH03 pnRCTafl. HaomoAaroTCJI TanH< CTpyI<TYPbl 
saM I:qeIII1fI. 

CYJIbcPnAuhlii n.e reUT PYAUOH 6peI{'lJIl'I OC1'OHT B OCUOBn0i\1:a3 nnppOTHlla , 
neUTJIanAHTa U XaJIbl onnpIITa. I1s BTopOCTenenHblX lIumepaJIOB npnCYTCTBYIOT 

IarIIeTITT (AO 2 % ), B IIrenbllIMX lWJIlJ'leCTBaX nnpUT, cePaJIepuT, BBOJIapJlT 
nnKOJIHCTbri'r DUPUT HSpeAI{a XJIOaHTBT, BaJIJI PURT, raJIeHHT H B HeI<OTOphl 
CJIY'IaJI 6eJIbIll BSOTPODHbIH DJIaTIlHoBr.rii: MHnepaJI. iRDJIbHbIe MBnepaJIbI , 
l,aK DpaBIlJIO, COCTaBJIJIIOT He 601ree 8- 10 % H npeAC1'aBJIenbI I{Bap~e I, I{ap-
60HaTaIlIH, JJOpHTOJl[ J[ aJIb6BTOM, pen{ , rJIaBHbI ( 06paSOM na cPJIaHraX 

~taCT IHl 1 OJIII/.'1 CTBO llumbHbIX MHHepaJIOB npeBbIllIae1' HOJIll'J CTBO cym'>

ePHAOB. OTl\'feTBM lIeI{OTOpbIe OC060lUroCTJ>[ pacnpeAOnOmU( py~1U,JX IIfJi.He
paJJOB. 

nllpponm JIBJIJIeTCJI }'nUBlIbJ 1 PYAO 6pasylOll~HM Jln1HopaJro~t . 13 O)J.fUIX CJIy
'Jaa ' mlppOTltll BbI)J. JIaeTCJI B BJilA I{pynnhlx sopeH, HHorp;a c 1IOIluroro nOJIIICHH

'I'eTK'lOCI IT ABOHHHKoBoro CTPOOHHJI pasMepolIf AO 1- 2 R p;aiJ,e 5 ~ I M, B ~pyrHx -
o6pas 01' TOHIUlO BSaHMHble cpaCTaHIlJI C neHTJIaHp;HTOM Il XaJIbKorrn:pHTOM, 

flLITJIUYTb( napaJIJIeJIbnO CTeHI\3M TeI{TOHH'IOCIWH SOHbI . L apa1\TepHOM oco-
60HHO TMO nrrppOTHHa pY~Hoi 6peK'l.I!I.H JIBJIJIOTCJI HaJIll'lHe B HOM MeJIb'laimon 

Ta6mIT~raTOM BKpanJIOHliOCTH neHTJIaHAHTa. llHPPOTHH JIB1WeTCJI BMer:qaIOI:qoi 

CpO}J.OH AJIa 60ILmIlHcTBa PYAIJb1X l\lHHepaJIOB. OOOHX l\O~ax 0pYAeHeJIOn 
TeI\Torrn:'le 1 oii: aOHbI OTMO'lOHO aBJI nHe SaMeI:qOnHJI rrn:ppOTHHa CH~epHTO 1 

U IlRpBTOM. 

nOHTJIanAHT - BTOPOii: no pacnpOCTpaHeHnOCTH pYAo06pasyroru.HH. ?vIHno
paJI. COAOp,l\aHHO oro B CYJIbePHAHOM II. MeHTe IWJle6JIeTCJI B mHpoKHx 
up ~oJIa '. lleHTJIaHAl1T 'laI:qe HaxoAHTca B CJIO>I<HbIX CpaCTaHHHX C nHppoTH
DOM , n'epOAI{O B mrp;o Mem{ODJIaCTHH'1aThIX, HHorAa nJIaMeHenOn06HbIX BpOCTIWB 

Il D1!IPPOTllHO paSMopOM 0.003- 0.07 MIll, POiIW ~o 0.2 M 1. MocTa m: BCTpe
'fa l' JI B nIlA nOPePHpOBhT BhI~eJIeHHH pasMepoM 01' 0.2 no 2-3 MM H 

60JJO . 

Xapal{TOpnOM: oc06enHOCThIO AJIJI PYAHon 6peK'lHH JlBJIJIlOTCJl CIWUJIeHHJI 
3ep H n HTJIaHAUTa BOI{Pyr 06JIOM}{OB CHJIHI{aTHhIX nopon. Bo morBX o6pas
Il.ax nO~Jlfe'1CHO, 'ITO DOHTJIaHAI1T He TOJIbIW Ko~eHTpHpyeTCJI BOI\pyr 06JIOM
KOB, no TaIHH aaxOAHT B OOJIOMIUl DO rOJIKHM Tpen\HHI\all1 H SaMeI:qaeT HX. 

HOIWTopble up nHbIe YAJIHHeHHJ..I BhIAOJIeHHJI nOHT1JanAHTa, nanoMHHaror:qH 
cPOPMLI CHJllmaTIThIX 06JIOMH013, BOPORTHO, 06paSOBaJ[]~ b nyT -JIf SaMeI:qOHHH 
nOCJJeAUHX. 
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Ha BepXlIH ' rOpUSOHTaX Y4a TKa BOJIflSH nOOepXHOCTII ][ OCOOeHIlO 

ua ero qlJIaura ' J:[ B OHOlPlaUIUIX f JIIUl TeItTOIIll'I cmu SOlI n HTJIaUAliT 

:laM ~aeTCH BIIOJIapUTOM. 

a~f6m;eUue n HTJIRrrUTa BFIOJIapIlTOM OTM 'len D fJIUUUOH aoue 0PYA lIe

_ OM TeltTOH1'J:lleCIWii opel l{HH. uatJaJIbH if CTaAUH DElOJIapUT oopasyeTcH 

110 nepHcpeplfl1 sep II neHTJIaUAriTa, a Tal iK UAOJIb Tpem;UU IT nanpao euuil 

(maHuOCTU D HeM, npaqeM IJ.eUTpaJIbUafI tJaCTb sep H nenTJIan IITa 0 TaeTCH 

lTe3aMem; Hlioll. 

B OOpaaIJ.a H3 3alIaAuoro IWIlIJ.a 30Rb! nellT annnT nOJIlIOCTblO aaMeI.IJ.e][ 

mIOJIapIfTOM. eJI lJ,Y T OTMeTHTb, 'ITO rTU(JIbHbIe ~[l1Depa bI D aTlIX 1 CTa ' 

npeA TaBJIeHbI ImapIJ. M, cnA PUTO I H MeH e TtaJIbIJ.UTOM. 113 CYJIbCPIIAOB D TeC-

1I0ll ac on;Hau.HH C DHOJIapffTOM HaxOAuTCH ccpaJI pUT u mlpllT. 

Ta1<aH il<e TO'lHO I<apTlIlIa naOJIlOAaeTCH II fla OOCT 'mOM HpalO 30111>1. 

TaM DHOJIapnT naxo nTCH D T cHoii acCOn;UaIJ.1II1 C UlJ,epUTOM, ccpaJIepH

TO I, nnppOTHUO I, XaJIbIWllHPllTOM, XJIOaUTHTO f J[ OlJ,HIH1tJITbIMJI 3epHa m 

mlpHTa. 

BHoJIapHT D nomlpODaHHbIX IDJIHcpax no MIU<pOClwno f mmeT ceponaTO-

6e f>IM: n;neT C cpnoJI TonMM OTTenKO~r. Tpatl<aTeJIbUaH cnOCOOElOCTb ero 

UJII131<a 1< TalWUOH ITflppOTJilHa, H CI\OJIb1<O np DTillUafI e. l1pu Cl\p I.IJ.eH

HbIX HHIWJIfIX H30TponeH. TpaBITTCH mImb 3 CO B J IlIlaUllO L Pa3Me bI 

epen BHOJIapHTa OObItJno He np UbIIDalOT 0.02- 0.1 M.M, no nopo 1m: 1< 1I-

JIeHHH 3ep H, nOJIHbI nceBAOMopcpoa no nenTJIanlJ,lITY pa3 tepOM AO 

2-4 MM. 

o Bcex CJIY'Ianx B CYJIbcpuAax, HaxOAfIm;H cn n a COIJ.IIaIJ.HII C BIIOJIa

PIlTOM, OTCYTCTSYIOT Halme-JItfOO nTopU'lHbIe U3Men HUfI. ,il;a}l e n ccpaJIepUTe, 

BaHOOJIee 'Iyn TBUT JIbHOM l{ Ae'i1cTBHIO cyneprenHbI arOHTOO MfflI paJIe, 

TalUle H3MeHeRUH nOJIHOCTbIO OTCYTCTBYJOT. ::lTO CUH eTeJIbCTuyeT 0 TOM, lITO 

OHOJIapHT D CYJII,CPII HOM n;eMeHTe Ope1<'IHH IIMeeT rImor HH e npolIcxo

i l<AeHHe. 
Bn pBbIe rHnoreHllbIU: DHOJIapHT OOHapYH{ H H AOTaJIbHO rrlIcaH .,il;. feH

I\IilHbIM (1950) HS CYJIbCPHAHbIX leAHO-mIl{ JIenw:x PYA HOPElJIbCI{a. 1l0JIapHT 

ITS AalIHoro Y'TaCTl{a HMeeT 60JIbmOe CXOACTOO C DHOJIapHTOM 1I3 HOPliJIb

CHoro reCTOpOmJl;eHHfI. 

XaJIbKOIlIIPHT, Tal{ iT e KaK H neHTJIaHAHT, n peAKO oopaaYOT n OCbI, 

JIHH3bI II HenpanHJIbHOH cpop fbI CKonJIeHHH cpe II ll[lppOTIIIIa. A060 bHO qaCTO 

{OuU.eHTPHPY TCH BOKpyr OOJIOMKOB CHJI[[( aTllbl nopoA II IIPOlIUI( T B aTH 

nOCJIeAHlIe no MeJIKIlM Tpem;HHaM. XaJIbI{O(lIIPIIT, l{aK npaBIIJIO, BbI e

JIR.eTCH n03AHee neEITJIaHAHTa H nHppOTIma. B T CIIOi1: ac OIJ.lIaIJ.liII C 1lIlM 

Haxo fiTCfI ccpaJIeplIT, OeJIbIi1: H30TPOIIHbIiiI ~nlH paJI, BaJIJIeplHIT U iI<IIJIbIIbIe 

HIlI paJIbI. 

UpHT OTHOCIITCH I{ 'IIlCJIY BTopOCTeneHHbI Ml'lHepaJIOB B PYJl;HOi.i 6pel<

'ilIll, H HCCJIe OaaTeJIfIMII OTMe'laJIIICb JIlilmb ero VlHlIqIIbI 30plla ( JIerny

mIlIa, 1949 r.; ,il;elIlIcona, 1949 r.). TO B OCllOl3lIOM BeplIOO YTU P;'({lJ, lIae 

Heooxo IUW AOnOJIHHTb. 

I1pa cpaBHIITeJIbllOM H3ytJeEIIIH PYAHoii op KtJ[1:If Ha paaJIlItJHf>Ix lJacTeiiI 

0PYAoHeJIoi1 Tel{TOHlIqeCIOu 30HbI H ee OTl3eTBJI llfrtl 6bIJIIl oOlIapY>I elIbI 

oopaaD;bI, B I{OTOPbIX nlIpliT P 310 npeOOJIaAaeT rra nuppOTIIHOM II fIO flOT H 

rJIaBHbI 1 PYlJ,000pa3YIOIIJ.H:l MIIH paJIO~L 
1111PHT HnJIfIeTCH OOJIee n03 Htl { IHHepaJIOM II tJ CTlI(lfIO ~l TaCOMaTI,[qeCI{lI 

3aMelu.aeT nHppOTlIlI. jib APymx CYJIbCPIIAOI3 npl'! YTCTUYIOT ' a blWIIIlPllT, 

neHTJIaHAIIT, qaCTHtJHO aaM lu.eHFlbIi1 DHOJIapIlTOM, ccpaJI P (IT, 11fIlIqlIble 

MeJII lIe nJIaCTFlHqaTbIO BblAe HlIfI BaJIJIepUI{Ta, paaMopO~1 0.016- 0.01. MM. 

'H\IIJI bflble MHlIepaJIbf npe CTaUJI Rbf I Bapa; 1 Ii Cli P IITOM ( IIIIllqRbfO 3eplIa). 
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TalUIe lll1.PRTO- ' aJIbIWllRPl'ITO-IDIPPOTHHOBhIe 6pel{QReBl'Ip;HhIe PYAbI C H -

60JIbIDIIM Co).wplRaJIne 'l lleHTJIaHp;nTa BCTpe'leHbI B OKOH'IaHlIllX IO}[{Hbl X 

OTBeTBJIenIlU OT rJIaBHOM: TCJ{TOHl'I'IeCIOM: 30nhI. 

ora TIlle llMPl'ITO '1 n epeI<pRCTaJIJIl'ISOBaHllIlle Tal HaSbIBaeMble MaTOBble 

PYAhl BCTpe'laIOTCa B HllIHHIlX rOpl'I30HTa x. 

llillJIbHble IIIIIH paJIIll B n.eMeHTe 6peH'IJ1l][ npe~~CTaBJIeHhl npen Iy.aWCTBeHHO 

l{(3ap~eM H I ap60BaTa m, H3pep;J{a aJIb6l'ITOM H XJIOPHTOM. ROJIH"IeCTBO HX 

n CYJIb<PHAHOM :u.eMeHTe PYAnon 6peI{qJ1lM . 

Y CTaIiaBJIIiJ.BaIOTCa CJleAYlOm.H saIWHOMepnOCTH B pacnpeAeJleHHH }KHJIb

HhIX II1MH paJIOB B 0PYAeHCJIOM TeHTOHn'leCIWU 6peKqJ1lM. 

1. IIo npo TilpaHRlo 0PYAeHeJlOH SOHbl }WJHI'IeCTBO lHMJIbHhIX IImne

paJIOS DOCTeD RHO BO&paCTaeT OT n.enTpa J{ n epH<pepIl'leCI{HM 'IaCTllM. Ha 060HX 

l(panlll'IX <pJIaHfaX }I<HJIbHbIe MRllepaJIbI B n.eMeHTe 6peI{'IHR npe06JIa A alOT 

Hap; CYJIb<pHAaMB. 

2. HaJl'! qa TCH onpep;eJIennaH 3aBRCHlIWCTb COCTaBa m RJIbHIllX MHBepaJIOB 

OT COCTasa 06JIOMKOB 60HOBhIX nopOA. ECJIR 06JIOMKH B 6peI{'lRH COCTOllT 

l'IS <pHJIJIHTOB , TO H RJIbHble ?>IHnepaJIhl npep;CTaBJIeHbI B OCHOBHOM Ima p:u.eJll . 

B JlIeHbDHIX HOJIHQ CTBax Kap6oHaTOM R R3pe)l;I<a aJIb6l'ITOM. B Tex CJIyqallX I 

lWfAa 06JIOMJ{R COCTOHT R3 OTaJIbJ{OBaHBbIX l'I paCCJIaHll.0BaBHbIX yJIbTpa

OCHOBnIllX nopOA , IRHJIbHbIe IIfHHepaJIJ:'I npeACTaBJIeHbI I{ap60BaTOM R B lI1eHb 

lllBX lWJIRqCCTB3X l'IfOJIb'laThlM XJIOPl'ITOM. 

3. COCT3B Hap60BaTa TaI{)Ue B 3Ha'IRTeJIbHOM Mepe SaBl'ICFIT OT COCTaBa 

06JIOMIWB BMem.3Iom.RX nopOA. IIOI{aSaTeJIl'I llpeJIOMJIeHl'IH J{ap60HaTOu 

lIS opyp;eHeJIOn TeI{TOHl'I'IeCIWU 6pel{'lRn npl'IBep;enhl B Ta6JI. 7 . RpoMe Toro , 

Ta6 JIlIua 7 

CocTao Kap6onaToB B 0pYAcnenou TCKTOHll1JCCKOii 6PCK'JDU 

N, I u6paaua COCTaB oGnoMI<OD m N p HaSBaUHC MHUepaJla 

104 (]) Im IIThl 1.650 1.496 HaJIbIl,uT. 
109 » 1.782 1.631 C DAe pll'f. 
110 1.706 1.520 Bpeiil:lepHT. 
266 1.655 1.519 HaJIhIl,UT. 
2fl 2 » ~ . . . . . . L72 1.636 flAepuT . 
403 YJIbTpaOCI:lOBUblG nopoA I.1 1.683 1.550 ,[(OJIOMlll'. 
4.20 (])UJl: lIl "fbi 1.602 1.524. 1 aJIbD,Bl'. 
423 JIb'l'paOCnOBHbl e n o poAbl 1.698 1.516 j,[ arJ'l 3RT . 

0)l;RH 06p3aen. I\ap60HaTa E.S oPyp;eHeJIOM TeHTOnl1'1eCKOM 6Pel\qfll1 C 06JIOM

l(allUl yJIJ~Tp30 HOBHbIX nopop; nop;BepraJICH p eHTreIIOBCI<OMY an3JIl'ISY B peH'I

reHOMeTpE.'leCIWll JIa60paTOpl'Il'I ROJIbCI<oro <pl'IJIH3JIa H CCCP (aHaJIRTHH 

. ll. ,D.elIMcon). IIOJlyq HHaa Ae6aerpall1llfa x opomo COBnap;aeT C Ae6aerpaJl1-

Mon AOJlOMT!l.Ta . 

Ha6mop;aeTCH a3IHlCJ1MOCTb COCTaB3 J{ap6onaTa OT COCTaBa 06JI0ll1HOB 

CHJIHI,aTHblX DOPOA (Ta6JI. 7). ECJIl'I 06JIOMIUI. COCTOllT HS <pl'IJIJIHTOf.l, TO J{ap-

60HaT npeACT3BJIeH B ' OCHOf.lH0ll1 I{3JIbn.HTOM, lI1eCTa HI J{aJIbn.RTOM, 6peMne

PI!lTOIl1 I!l CHAepRTOM; ecmr 06JI0Jl1Hl'I COCTOHT l'IS YJIbTpaOCHoBHIllX nopoA , 

TO }(ap60HaT np ACTaBJIeB lIlarBe3HTOM, P;OJIO fHTO 'l l'I J{3JIbn.nTOM:. 

4. H CCIWJIbIW HIIa'le p3Cnpep,eJIHIOTCJI CHAepRT l'I 6peUHepl1.T. RaJ{ YJi{S 

OTMeqaJIOCb, CHAepHT YCT3nOBJIeH TOJIbJ<O na HpaHHRx <pJIaHfaX rJIaBnOn 
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0PYAeHeJIOH TeKTOHII'IeCIWH aOHbI H B KOHlI,eBhlX 'IaCTHX ee IOiHHhlX OTBeTBJIe

HHH Ha BepXHHX ropHaOHTax, B aCCOll,Hall,HH C IIHPHTOM, IIHPPOTHHOM, 

XaJIbROIIHPHTOM, CtPaJIepHTOM, BHOJIapHTOM H RBaplI,eM. 

Ha aaIIaAHOM tPJIaHre rJIaBHaJI aOHa HMeeT IIOHCHoe CTpoeHHe (pHC. 77). 
8epXHHH 'IaCTb ee CJIOiReHa RBaplI,eM C rHeaAaMH IIHppOTHHa, XaJIbROIIHpHTa 

II CHAepHTa, lI,eMeHTHpYIOIII,HMH OOJIOMRH tPHJIJIHTOB. B lI,eHTpe IIpOXOAHT 

IIOJIOCa CJIaOOOPYAeHeJIOH TeRTOHH'IeCROH 0PeI\'IHH. OHa COCTOHT Ha OOJIOMROB 

<pHJIJIHTOB, IIHpHTa, IIHppOTHHa C OAHHH'IHhlMH aepHaMH XaJIbIWIIHpHTa, 

BHOJIapHTa H CtPaJIepIlTa, RBaplI,a H aJIbOHTa H CHAepHTa. HHiRHHH IIOJIOBlma 

30Hhl CJIO}KeHa OpeR'IHeBHAHOH CYJIbtPHAHOH PYAOH, COCTOHIII,eH Ha IIHPpO

THIm, ITHpHTa, BHOJIapHTa, XaJIbROIIHpHTa, CHAepHTa, RBaplI,a H OOJIOMIWB 

C8 IOJ 

~I 

11.2 0 IN 08M 
~.--~'------~I--_~ 

l'nG. 77. CTpoeHlIe opygeHeJIOH TeKTOHII'IeCROH 
30HbI Ha 3arragHoM qmaHre Y'Iac'rlm. 

1 - HBapI\eBaR OpeH'lHR C ITHPPOTHHOM H CHAepUTOM; 
2 - CJIaGo OPYAeHeJIaR TeHTOHH'leCHaH opeH'IHR; 3 -
(jpeH'IHeBHI(HaH CYJIbcPHAHaH PYAa C BHOJIapHTOM, nupll
TOM II CHAepllTOM; 4 - paSAPOOJIeHHbIe II 0pYAeHeJIble 
<VllJIJIUTbI; 5 - nOCJIepYAHble TCHTOHU'leCHI{c Hapyrne-

HllR C lRlIJibHOll rJIURHoH. 

tPHJIJIHTOB. 

IIHpHT BO Bcex CJLY'IaHX Me

TaCOMaTH'IeCKH aaMeIII,aeT nHppo

THH, BhlAeJIHeTCH B BHAe npa

BHJIbHhlX RYOH'IeCKHX RpHCTaJIJIOB 

paaMepOM 0.1-0.2 MM. 

CHAepHT paaBHBaeTCH no nHp

POTHHY, 'IaCTH'IHO pa3'beAaeT 

RBaplI,. ArperaTbI CHAepHTa HMeIOT 

RpHCTaJIJIH'IeCKH aepHHCToe CTpO

elme, KOTopoe XOPOIIIO BhlHBJIHeT

CH npH CRpeIII,eHHhlX HHKOJIHX 

B IIOJIHpOBaHHhlX IIIJIHtPax. lJ,BeT 

CHAepHTa H B Oopaall,ax ROpH'IHe

BaTo-cephlH, B OTpaiReHHOM CBe

Te - cephlH, HeCKOJIbKO CBeTJIee 

RBapll,a H RaJIbll,HTa; B ROCOM 

CBeTe - KpaCHOBaThlH, nopOiliOH 

OeJIhlH. B npOapa'IHhlX IIIJIHtPax 6y-

pOBaTO-aeJIeHbIH C BhlCOlWH HHTep

<pepeHlI,HOHHOH OKpaCIWH, OAHOOCHhlH, OTpHlI,aTeJIbHbIH. IIoKaaaTeJIH IIpeJIOM

JIeHHH, OIIpeAeJIeHHbIe HMMepCHOHHhlM MeTOAOM: N m > 1.782; N p= 1.631-1.634. 
Ma HaJIOfReHHOro BHAHO, 'ITO B 0pYAeHeJIOH TeKTOHH'IeCROH OpeR'IlUf 

HaMe'IaIOTCH ABe CJIeAYIOIII,He APyr aa APyroM IIO BpeMeHH oopaaOBaHHH IIapa

rCHeTHlIeCIme rpYIIrrbI lIIHHepaJIOB: 1) nHppOTHH, rreHTJIaH)J:HT H XaJIbKOrrH

pHT - B lI,eHTpe PYAHoro TeJIa H Ha rJIyoHHe, H 2) BHOJIapHT, rrHpHT H cHAepHT -

nOJIHaH rrOBepXHOCTH H Ha tPJIaHrax PYAHOH aOHbI, 'ITO YI\aabIBaeT Ha HaMeHeHY1C 

YCJIOBHH OTJIOmeHHH CYJIbtPHAHbIX PYA B paaJIH'IHbIX 'IaCTHX PYAHoro TeJIa. 

CnJIOIDHbIe CYJ1blfluAHbIe Pygbl 

CrrJIOIIIHbIe CYJIhtPHAHhIe PYAhl BCTpe'IaIOTCH B BHAe YAJIHHeHHhlx JIHHa 

B MeCTax COrrpH)I{8HHH ABYX HJIH oOJIee 0pYAeHeJIhlX TeRTOHH'IeCKHX 30H, 

'IaCTO B MeCTax RPYThIX HarHooB BAOJIb TeRTOHH'IeCRHX IWHTaRTOB opYAeHe

ilhIX cepneHTHHHTOB C tPHJIJIHTaMH (pHC. 78), HepeAKO B BHAe KJIHHOrrOAooHhlX 

mHJI - arrotPH3 OT rJIaBHOH, IOnmoH H MepHAHOHaJIhHOH 0PYAeHeJIhlX TeRTO

HH'IeCHHX aOH BAOJIh rrOJIOCTeH OTCJIaHBaHHH B tPHJIJIHTaX, a TaRme 

B BHAe mHJI no TpeIII,HHaM paaphlBa B opYAeHeJIhlX ceprreHTHHHTax. 

CrrJIOIIIHhle CYJIbtPHAHbIe PYAbI HBJIHIOTCH paaHOB.Il)l;HOCTbIO 0PYAeHeJIOH 

TeKTOHH'IeCROII OpeR'IHH, B ROTOPOH KOJIH'IeCTBO OOJIOMROB CHJIHRaTHhlX no

POA HH'ITOnmO MaJIO, HJIH me TaIWBhle BOOOIII,e OTCYTCTBYIOT. OOhl'IHO PYAhl 

BhlrrOJIHHIOT J~eHTpaJIbHYIO 'IaCTb opYAeHeJIOH Tel\TOHH'IeCROH aOHhI H C 000-
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llX 601WB COlIPOBOIl<,1J.aIOTCH 6pelPUreBl'lAlloi HJUI 6peRl:fHeBOi PYJJ.oi. lle
pexoJJ. OT 6pm{Ql'l Bl'l,1J.HOU pY,1J.hr 1< ClIJlODlHOi - nOCTeU HHbli. Ha UPB
BeJJ.emlOU llmp0cPOTOrpaqnm: Op11eHTl'lpOBaHHOrO 06pa31.1;a 113 Mepl'l,1J.B

DHaJlhHOH SOHhl (pRC. 79) lIep XO,1J. OT 6peK'llleBR,1J.HOH PY,1J.hT (BepXRHH 
qaCTh CHH 11<a) l{ CllJlOTJIHOH lIOJlOCaTOi PY,1J. npOI:ICXOJJ.IlT Ha paCCTOIDIID1 
IT CI<OJIblm " canTllM Tpoa. ROHTa1<ThI Men,JJ.Y BMem,alOm;Hl';.!][ nopOJJ.aMH R 

cnJlOJ.ID:[mm CYJlbcPRJJ.Hhl m: PYJJ.aMR, JlOI{aJIH30aaBlU lIMRCH B nOJIOCTllX Mem
nJlaCTOahlX OTcJloemri B cPHJlJlHTaX, a 
<rami<e B Tp m;HHa paaphlBa 06hlQnO 

qeTlute. 3JJ.ecb B PYJJ.e nOqTR COBce 1 
DTCYTCTllYIOT 06110Mlur 60J{OBhlX nopoJJ.. 

no CTPYI TypIIO- TeI{CTypHhl '1oco6elI

UOCTf:IlIl CUJlOmHhle cym;cPRJJ.Hhl e PYJJ.hl 
MOiHHO paaJJ.eJlIlTb na CJle.o.ylOll\l'le pas

HOBRJJ.HOCTl'l: 1) lI1aCCl'lBHhle leJlHOaep

HliCTbIe PYJJ.hl; 2) MaCCRBHhIe PYJJ.hl C 
uopqnlpOnJI,1J.HOi CTPYI{TYPOH; 3) nOJlO

c aThIe PY,1J.hl. 
MaCCHBHhl MeJll<oaepIIKCThle PY,1J.hl 

np ,1J.CTanJlHlOT co60i TOHlwsepHHCThlH 
arperaT mrppOT1![Ha, neHTJlaIIJJ.l'lTa R 
' a Jlbl{OIIl'lpHTa JlaTYflHO-}J{eJlTOrO ~BeTa. 

CpeJJ.l'l mix 11HOr)la BCTpelJalOTCJI yqa

CTRH C HepaBHOMepHO sepHHCTOH CTPYR
TYPOU, 06YCJlOBJleunoi Bhl,1J.eJleHl'leM 
{lOJlee I'PYIIUhlX sepeH neHTJlaHJJ.l'lTa 

H XaJIhIWTIFJpl!ITa. Ta PUSHOBl!IJJ.HOCTb 

CUJlOillHhlX PYA CJIaraeT cYJlhcPl'lp,Hhle 
TeJIa, npuypOqeHHhle 1 nOJlOCTllM Me1\{

lLJIaCTOBbI," OTCJlOel[IlIr 13 cPl1IJlJll'lTax. 

MaccHBHbW PYJJ.hl C nOPcPRpOBRJJ.
noli CTP HTYPOH JIBJlHlOTCJI Ha1'l60Jlee 
o6hl<I1l0U paIlHOl3lI,1J.IIOCTbIO CUJlOlIIIlhlX 

CYJlbcPl1JJ.HLIX nyJJ.. IIelUHHi BRJJ. <lTOH 
paSIIOBl'lAllOCTlI qpeSBblqaiHO ()cPcPel{T
llbIi: lIa cPOHe r.mmwaepmrCToro 
a rperaTa URppOTHHa, neHT1raH,1J.l1Ta H 

J 

o 

~, 

'''" .vJ . v · ' 2 _3 
i!i!iI s 
r-:;:::-:'"l 
lL::..-J6 

[2]7 

2M 

Pu . 7. O 'fJLOmORT1 CIl JI0l.llHOM nOJlO
caToH PYAhl OAOJJb KpyTO naAaIo~oro l<Oll
'faKTa 0pYAOHO hlX copoeIlTIlHuT,?B C <p1iJI

JlJ1'faMH n Jlll.Cflq M 601<Y 10)(("011 opy"e-
Be J10M 'fOJ<TOHIl{IeCl<OH aOB!>l . 

1 - cjJUJlJlIITbl C OKpanJlCIIHOCTblO 11 npmlUlJlKaMJl 
CYllb!j)llnOO; 2 - OPYACUCJlbli,j cepOCl'ITIUfI1T; J 
nOJlOCaT8F! nCIITJlaFIAl1TO- XaJlbl<OUlrpuTo-onppOTII 
!lonaF! pyn a; 'I - HOapl\ }I{lJJlbHbltt; 6 - 6peKQll
eOIlAuaF! pyn a ; (; - mUJIIH CHOJlb}l(ef[~IF!; 7 -
TpeLLlHllbl, '13CTH'IHO ntnepaml 300aHHble cyn b-

(~(.(Aaml. 

XaJlbl OUIrpl1Ta JlaTYHHo- meJITOrO ~aeTa BhlcTynalOT CJlerRa ;1{eJlTOnaThle co 

cnallHOCTblO OI{pyrJIhIe nOPcPHpOBHJJ.Hhle sepHa n HTJIaHJJ.HTa paSMepOM OT 

1 JJ.O 5- 10 MM, IWTophle HCpe~(l<O pacnOJlaralOTCJI B DliI,1J.e ~enoqeJ, H nOJIOC 

napaJIJIeJIbHO saJlb6aH,1J.aM PY,1J.HOrO TeJla. 
nOJlOCaThle PYJJ.T:>I apaHTepHSYIOTCH qepeJJ.OBamre { nOJIOCOl{ J\Wm,HOCTblO 

1-4' 1M RS neHTJlaHJJ.HTa HJlH XaJlbKOnHpHTa C lIHPPOTHlIOM (pHC. 80). t.Jepe-

onamro nOJlOC Jl sal OHOMepHO, caM]{ n0J10Chl lIe BbIJJ.epmaHbI no npOCTHpa
mno H qeTl 0 lIe paSrpaIlH'leHbI ,1J.pyr OT JJ.pyra. M J1Ime qelJeBHD;eo6paSHhle 
D6JIOllJlUI Cl'lJlHI<aTlIbIX nopo,1J., IIa6JIIO,1J.aeMhle 60Jlhme:i1: -qaCTbJO no,1J. M..E[KPO
C lonOM, 'IalOne pacnOJ1araIOTCH ,1J.JlHHHhlMH OCJIMl1 napaJl1IeJIblIO nOJIOca

TOCTH. HaH60JlbIDee pacnpOCTpalIeHHe nOJIOCaThle PY,1J.bl Hl'vreIOT B Mepl'lJJ.HO
naJlblIOll SOlIe. 

CUJ10mnhle CyJIbcPHWIhle PYAhl CJIo:mem,I B OCHOBHOM nHppOTHHOM, 
a aTeM B n PJI,1J.I{ pacnpOCTpaaelIlIOCTH CJleAYIOT neHTJlalI,1J.l'lT, XaJlb
KOIIHPUT, J\!araeTl'lT B lIe60JlbmOM I{QJlHQeCTBe BCTpeqaIOTC1J Bl'lOJlapl'lT, CcPa

.nepr1T, Ul'lpUT, naJIJIepl!IUT, XJIoauTi'1'r 1!I raJIelIllT. HePYJJ.BbJ.e npeACTa BJ1eBbI 
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KBapn;eM, HJIbnaHTOM, CH,ll;epHTOM, I{aJIbn;~ITOM H XJIOpHTOM. ITo lInmepaJIO

fHl:JeCl OMY cocTany CIIJWrnHhle CYJIb<pH,ll;IIl>Te PY,ll;hl pa3,ll;eJIJ'IIOTCJI Ha ,ll;Be pa3-
HOBHAHOCTH. 

Pnc. 79. IlepexoJl; OT 6pClc<HleDl'IAHOii 
t CIIJl OmnOH llOJlOCaTOll cym.qlft!\DOH 
p YAe (Ilf.IlfHlIIll 'laCTb CHHMK8). TI OJI 0-
caTOCTh 06YCJlODJJ na Qep eAOBam1eM 0. -
nO'lOK sepea neI1TJl8BAHTa (6 eJloe) cpeAH 
MeJl1\oS PBI1CTOii: mlppOTllHODOH MaCChI; 
'I puoe - 06J10~Hnr CHJJ1U~aTHblX 1l0pOJl; 

]{ Tp ~1.JElbl. OTpameJlUhl Jf CDOT. X5. 

ITepBaJI pa3HOBHp;HOCTb, COCTOJI-

ru;aJI B OCHOBHOM H3 nuppOTlma, DeHT

JIaHAI<1Ta U XaJIbJ oDupHTa C He3Ha'U1-

TeJIbRhll\l COAepff{aHHeM C<paJIepHTa, nR

pUTa, BHOJIapI1Ta H rKHJIbRhlx-J<BapII,a, 

I{ap60HaTa HXJIOpHTa, BCTpeqeHa B fJlaB

Hoil OPYAeHeJIoi[ TeKTOHl1l:J CKOM 30Be H 

ee ano<pusax. ITo lIumepaJIOfHl.JeCltOMY 

cocTany H CTPYI{TypnhIM oc06 IIHOCTHM 

anI PY,ll;l>I MaJIO l:JeM OTJIHQaTOTCJI 01' 
CYJIb<pnAuoro D;eMeHTa omlcaHHhl"X BLI

:me 6pel{l:JHeBHARhlX PYA. 
BTOpaJI P sUODUARocTb-aTO cnJIorn

Hble CYJI],<puAHhle PY,ll;bI, B J{OTOPhlX 

It rJIaBHhl"t PY,ll;006pa3Yloru;uM MUH 

paJIaM - nuppOTuRY, n HTJIaUAuTY Jl 

XaJIbIWnHpHTY npH6aBJIJIeTCJI eIIl,G M3-

fueTHT. B TeCHoM aCCOD;nan;HII C 1I1ar

neTUTOM H3XOAJITCJI lilJIbBaliT - fH,ll;

POCHJIHI{aT I{aJIbD;HH H aal\H U H OlalCR 

meJIeaa. 8TH PY,ll;hl npocTpauCTBeIIHO 

npHypOqeuht TOJIblW I{ 30He 1I1epFlJ~I10-

naJIbHOrO Ba6poca, COCTaB H OAHR 

11: TOT il e KaJ{ B 6JIOl( MeH AY ,ll;BYMfl 

opYAeHeJIhl"m C,ll;B11rOBIDfH 301Ia:rvlH, Tal 
1'1 B cMeru;eHHoM l:J3CTH 13s6poca B Jle

IRaqeM 60I{Y PYAHoro TeJJa. 

~arHeTHT BCTpeqaeTCJI B BR,ll;e xo

porno 06paSOBaHHbL }{pFICTaJJJIOB pas

MepOM 0.08- 0.36 M 1, HMeJoru;lU B 

IDJIl1<pe <POp My pOM6a, peil e 1 naAPuTa, 
rn ecTHyrOJIbHHKa 1'1 TpeyrOJJbHHl{a. 

BOJIbmaH qaCTb sepeR HM T SOHaJIbBOe 

CTpoeHH , ltOTOpoe OT<IeTJIHBO ua6JIlo

,ll;aeTCJI B OTpaiHeHHOM CBeTe. 30naJIb

UhlH lI1arHeTHT COCTOIilT H3 2- 3 J{01ID,eH

TpH"leCJ{HX 060JIOqel{, paSJIHl:Ja]OIIl,I1XCfl 

no OTTeHl aM ceporo I1,BeTa, npHqe I 60-

JIee Te1l1HY]0 OI{P3CJ,Y HMeeT BUYTpellHe 

flp,pO I'pHCTaJJJIa. MarHeTHT ItnT nCIilB

HO sa mru;aeTCJI C nepn<p pHU IDlPpO

THROM, nenTJlanAHTOM 1'1 oco6enHo 

XaJIbI{OnHpHTOIl1. CYJIb<PHAhl nepeAHo 

3aMeru;aloT TOJJbIW HapYHHlYIO, 60JIee 

CBeTJIYIO 060JIOl:JI,Y SOnaJIbnOrO MafHe-

TffTa H cOBepmeHIW ne saTparnnaIOT 

BnYTpennIOIO, KOUTypbl ] OTOPOll coxpa

UJIIOT npJJMommeiiubIe Ol:JepTaUl'IJI. MecTaMR MO»{110 BHJ~eTb, Hal{ cYJIb<pnAhl 

paCnOJlaralOTcH nnYTpH 3epua MarneTFlTa B BRAe TOHIWM np PhlBHCToii nOJlOCbl 

IJ,ll;OJrT, rpannn;hl Mem,ll;Y BHYTpeHHeM H BHernHeH 060JIOl:Jl aMR 30HaJIbHOrO 
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MarHeTlUa. B ueJ(oTOpl>lX mJII1q,ax MOrEHO na6mOAaTb pa3)J.po6JleIII1re 3epen 

Mal'HeTI1Ta Ha H CIWJIbRO oCTpoyrOJIbHbIX qaCTbH, Cn;eMeHTRpoDaHHbIx CYJIb

<pRAa~m. 
JilJrbnaRT RaxO,il,RTCH D PY,il,e D TecHoil: acCOn;Ran;RR C MarReTHToM, CRAepH

TOM, RDapn;CM R XaJIbI OllJiIPRTO 1. BCTpeqaeTCH OH B CrrJIOmRblX llOJIOCaTblX 

PY,il,ax D MepRAROHaJIblloil: 30He . U.B T MHlIepaJIa qepRb!:" C 3eJIeR013aTbI 10TTCR

ROM. B np03paWbIX mJIliq,ax OR Re npOCDeqaBa T JiI rrpmIlilMaeTCfl 3a PYARblll 

MlUlepaJI. B OTpa,HeHHOM CBeTe Xapal{TepRbI CRJIbROe ,il,BYOTpan eRRe l![ Te~mo-

PIIC. O. fI OJJO Il Ta lI CTIJlOUlBafl n OIl'rJlaU nQ.To-xa 1>I{0 1l11-
prrTo- DIlpPOTIIU IJHf! p ynH. n OTJlO-Cep.,lo nOJlOChl - xa ]b

lW DIlPIlT ; T MBO- pLl - neRTJlaUIV1'f C IHipponwoM. 

aeJleROnaTo- cepafl OJ{pacHa. CRJIbHO aHHsoTponeH, D cI,pem; HHbIX RHIWJIH.· 

nOJUlpH3aD;HORRaH OKpaCl{a H3MeBIIeTCfl OT opaHmenOM: ,il,O HpacHo-6ypon. 

Tn PAOCTb BbICOl{afl. I1JIbBaHT o6bPmo Ra6moAaeTcfl B sepRax HenpaDl![JlbBOii 

q,OPMhl (pHC. 81), MeCTaMH Sablern;a T rarBeTl!JT. OmlcaRHIO HJIbBaHTa no

CBIIIn; Ha OTAeJIbH3H CTaTbfl (rOp6ynoB R ROpmlJIOB, 1954 r .). Ham MHHepa [ 

CXOAeR C RJIbBaHTOll1, orutcaITHbIM • ,n:. reHIHmbIM (1951 r.) E3 HOPHJIbCI{a. <t>op

MyJJa RJIbBaHTa , C rJlaCRO A. r. CTeXTHBY (1950a), CaFez++F +++ izO (OH). 

CRAepRT, I(Uapn; R XJIOPRT npRCYTCTByrOT B IIJlOITlBbIX PY,il,ax B IWJlFl

qeCTDe AO 3-4% . ORR saRRMalOT IIpOMemYTlU[ MetI J(Y 3 pBall1Jl1 CYJl bq,EAOB 

R HBJIflIOTCH rraH60JIee rro3ABRMR MRRepaJIalllH. CRA pHT, HpOl\te Toro, RepeAH O 

saMern;aeT mrppOTHR. JIOpRT BbIACJIHeTCH cp All m[ppOTHHa B BRAe RrOJlb

tJaTbIX arpcraTOB, 0pReRTJiIpOBaHHbIX rrapaJJJleJlbRO nOJlOCaTOCTJI. 

Ha DbIXOAax 0 PYA B JlOM 30HbI Ha rroBepxHocTb CIIJlOIDHbIe PYAbI OHRCJleHbI. 
TMeqaeTCfl sall1crn; HR DeHTJraHA~IT . BTopH-"mblll1 C Jlbq,l!IAHJ)fhl lInmepaJTOM 
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ceporo n;ne!a, nceBAO lOpcpoab( J<OToporo peaKO BbIAeJIl1lOTCl1 na cpOHe CJJerKa-
01< 11 JTeHHOI-t, no l1CHO lIfeJIl<03 PHHCToii :r.'raCCbt nHppOTfIHa. ITo Tp noma f 

PHC. 81. BY,lACJIeOH H.;lboauTa ('I pUO ) n CU _l0IJlII ii C)"1lb 
.pIlAlToil PYAe. OTpameHllblU neT, X 16:l. 

J - nnppOTIW; 21- XaJlbHonHpuT; 3 - n II1;JllllIJ\HT; d - MarnCTIIT. 

OTAeJIbHOCTH H HanpaBJIeHJHIM cIIaiiHOCTJI~OTMe~laroT I{ Tal<n e 3 MJIBCTJ:J 

CIWnJIeHHlI BTOPHlffiJ:JX CYJIbcpaTOB HHI{eJIlI H 'l{eJIeaa. a JrbI OIIHpHT B OOJIb-

meii 'laCTII aaMeIn;eH MaJIaXHTOM, aaypHTOl\1 Fl rH)J;po 0 IUlCnaMl'I ,HeJle3a. 

OJlYAeBeJlble ceJlrreHTHHIlTbl (ceJlbIe JlYAhI) 

OpY)J;eH JU,Ie CepneHTHJH[T.bt HBJIlIJOTCH rJIaBHJ:JM 'I'HOOM p Ahl. 

ITO)J;aBJIHlOIn;ee ]{OJIH'leCTBO 0pY)J;eIIeJIbIX CepneHTKlflilTOB paCnOJIO}HeHO B BR

CH'leM OORY 0 PYL(eHeJIOH TeKTOHlP{eCROii aOHLI, Tal, RaJ{ rrOCJIC)J;IIlIlI Ha aHa'lJ1 -

TeJIbHOM paCCTOHTI Ii[JI npOXO)J;~rT B)J;OJIu mIrrmero ROHTaT{Ta JUlTpyalIH HaMe

ReHHJ:JX YJIbTpaOCHOBHbYX nopOL(. l' 0 TaM, J'L(e aORa nepeCCKaeT HHTpyaJ:Uo, 

DI<panJIenHOe opY)J;eneRlIe B ccpnenTlfRIITax pacnpOCTpaHlleTClI TaI{}l{e H B lle
}l{a'lellf OOT<Y aOHLI - BnJIOTL)J;O HH}l{nerO l<OHTaI{Ta C cpHJIJIHTaMII. CepneJl 

THIIHThl lIBHJIIICb neCLMa OJIarOnprUITHbThfH )J;111I PY)J;OOTJIOmemIH rropO)J;a?UI , 
IT ORH HrpalOT neCbMa BalnHYJO pom, n CTpoenlIH . tIUCTI\a. 

KaH nQI{aabIBaeT HaaBaHae, pY)J;a IIpe)J;CTaBl1HeT COOOM ceprreIITIIHHT (Ha
MeH HHhl.it ncpFl)J;OTIU), FlHTCHCIlBHO OTaJIbl\OBaHHl:.rH H : JlOpHTlIalIpOBaIIHhlB , 

co CKOIIJrCHHHMH, npO}l{HJI1<aMH H Bl<panJIeHHOCTLIO pY)J;ooopaaYIOIn;1!IX :r.nme

pallOB. ITo nHemRe'lY BHAY aTO MaCCHBHaH TOHHoaepHFlCTalI nopOAa OT ael1e
HOBaTO-'lepHorO )J;O TeMHo-ceporo }[ ceporo n;BeTa C Jlfay{pOCHOrrlI'IeCIUI BH)J;Ii

MOM BHpanl1eHHOCTbJO Fl nepeAHO npO>I<IIJIRa IH CYJI1'CPIl)J;OB. 
rl1aBHhle pY)J;006paaYIOIn;T<fe MHUepaJIbI - rmppOTFIR, n HTJIaH)J;RT, Xal1L

HOUIIPHT, MarneTJIT; perRC BCTpe't£aIOTClI ccpal1epllT, rrHpRT, BJIOl1apJIT. Her 
pY~ElLre - Tal1bI{, X110PJIT, ceprrCUTFlU, r{apOOUaTLI, porOBalI OOMaHI\a, 61l0-

TilT; O'leHb peAI<O nlIpORCCH II RBap~. 
KOJIUtreCTBeHHhle COOTHOmeHHH MelI{)J;Y pY)J;IIhlMR H Hepy)J;HhlMH UifHepaJJaMI1 

'lpeaBhl'laiiElo H3MeH'lJIBfll. HepaBHoMepHocTb rYCTOThl BI\panl1CHHOCTJI HB
JllIeTCH XapaT<TepHOH 't£epTOK 0pY)J;eHeJILIX CepnCnTIlHHTon. 

ITo HHTenCIIBnOCTH CYl1LCPJI)J;UOM BRpanl1eHHOCTH JI no COAepll{aHHIO HT:I -

J\ nil _ 0PYAenel1ble cepneHTHITHTbI n npaRTa.I\e re0110rH'leCRoi-i Cl1Yl-J{6bl 
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n pURJITO IIo)'!;pasA JISITL ua TpJ[ copTa: 1) CUJIbnO opy),!;elleJIhIe cepnellTIIIIHTbI ; 

2) pe}l,He opy.u; neJIhle epn nTIIHI{TbI, 3) CJIa60 0 py)'!;ene hIe cepnellTHIIHTbI. 
IIpocTpancTB nnoe nOJIOmellHe Bce Tpex COpTOB py.u;hI BnOJIlle salW-

IIOMepiioe. CUJIbn O opy)'!; UeJIbl cepn nTunOThI, cOAepn a~ue, nOMH 10 
'lellh rYCToll nRpanJIeUlIOCTJ1, npOiImJIlOl CyJIbcpH.u;on, paCIlOJIara1OTCR 

n nenocpe.u;cTuenuoll 6JI11S0CT 11 It ItpyIDIbThI TeHTOHWIeCKI1 f s orIa (. Cp .u;I1 e 

o py.u;elleJIbIe cepnenTillIUTbI paCfIOJIa raIOTCJI neCI{ JIblW .u;aJIbme OT rJIaB-

1I0ll SOllbI - H IJ; llTpy UIITp s nti H naJWH IJ;, cJIa60 opy.u;elleJIble II 
UOqTH 6espy),!;nhIe cepnellTJillUTbI CJIaraJ T B pxnu Hau60Jl e y.u;aJIellIIJ,re OT 
3 0nhI 'laCTH HIITp SUll II, l{PO 1 Tor, D Tpe'Ia1OT II B BIf.u; y ),!;JI llIIenllblX TeJI 

na paJIJIeJIhiiO 601 a I HIITPYS1UI. 
C JIbcpu.u;noe opy.u;eBenIIe n cepu UTJIHUTa nOBceMeCTn conpOBom.u;aeTCJI 

l' lIAPOTepMaJIbllhlMU HSMeneIIllJI 1lI nopo - 'JIOpUTnSa~ueH, OTaJIbI{ Ba
llueM ]I 1{ap60naTlI3aqueii. CTananJIIIDa TCJI npmIaJI 3aBHCIDlOCTb lI1en<.u;y 
(;TenellhIO opy),!;enennJI II UUTe nCIIDIIOCTbIO 1'n)'!;poTepMaJIbBOrO MeTallfopcpusMa. 

Tal{ me Kal{ 1I C JIbCPU.u;lIO 0PYA n eHue, rJf)'!;pOT pMaJIbHI)Ie USMelleRUfl B no
pOAax naH60JIe RnTellCHBllLI lJ6JIHSII op A lleJIoii: TCl{TOlll1'leCIWH s onl)[ 11 

nOCTenellIIO aaT xa lOT HB P Y 11 HllliSY OT SOllb! . 

B 6espYAllbIX II JIJI no'tTll 6 3PY)'!;llbIX epnellTI1HJlTaX BIl }l'Iero 60l<a IUl.TPy
• (1M B)'!;aJIU OT opy.u; JIeJIoii TeI<TOllFl'IeC1{Oll SOlIbI, M rlmo BJI)'!;eTb lIaQaJIbHYlO 

cTa.u;HIO rH),!;p T pMaJIbiiOrO HSM lleRUfl nopo.u;, Bblpa>1 alon~ylocJI B XJIOPIlTH

SaIJ;IUI U 'laCTn'lIlOJlf OTaJIbIWnaITUIi. JIOpHT sall1em.aeT XPHSOTHJIOBbI nnIJIItH, 
Celty~He nceB),!;oMoPCPOSbI cepnenTHua no OJII1BlfIIY II TOmnIJIfl{ I<aeMHaMl1 

OnOJICbIBaeT nc B)'!;OllIO PCPOSbI no nepncp pUll. BOJIOHUa XJIOpUTa pacn JIa
raroTCJI nepnen)'!;HHyJIJlPRO CTeIIl<8M}I{H In1. XJIOPUT 06JIa.u;aeT nOJIHXpOIISMOM 

T rOJIy60BaTO-SeJIenoro ~B Ta no g AO Opaml{eBo->){eJIToro no Np. MHor.u;a 
oJ{pacIta ero CB TJIO- SeJIeIIafl 6es nOJIUXpOII3Ma. IIupo){c II sallI ~aeTcfl 6ec

~BeTllbIJlf II CneTJIO- HOPll'IH BLIM a~lcpH60JIOM 1I TaJIbl<OM. l(BeT nopo)'!; seJIeuo
naTO-qepHbIH, T · It T pa ta CHBIIaH, CTpyHTypa peJIlmTOnaJI, ][OMHUJIH

TO BaH. 
IIpu npH6JIu)I{eHI1I( }{ Te l<TOlllIqeCHOK SOHe, B cJIa60 1I cpe.u;ue 0pYAeUeJIblX 

·epneHTHHHTax, CJIaraIO~I1X l~eUTpaJIbIIYlO "tIa Tb MUTPYSHI1 lla6JIIo.u;aeTCR 
AaJIbHeifmafl CTa.u;HH 1'11" pOTepMaJIbIIOrO H3MOHeIIJIH nopo)'!; , }{OTOpafl Bblpa
maeTCJI B RIITeIICHI)HOM IIX OTaJIbIwnaHHII )( 0 py),!;eneHlIll. ITepnOUa'laJIbHbl ii 

3eJIeIIOBaTO-'lepH!>1H ~BeT nopo)'!; JlfeIIJIeTCfl na Te mro-cephIll nopO)'!;bl CTallO

BRTCH >ImpnbIJlfH lIa O~ynb , m<panJIeHHOCTb yJIbcpll)'!;on saMeTEla npOCThI I 

"JIaSO I, paa Mep e yneJIIltIllUaeTCfl. r JIaBHbIMli ~mnepaJIaMII HBJIflIOTCJI XJIO
pUT, TaJIbH H C pn nTHH, UTopOCTeneIIHbIJlfU - cyJIbcpn.u;bI, l{ap60HaT, Tpe

M JIKT, 6HOTUT. IIceD),!;o lOPCP0 3LI no OJItlUHHY BbIlIOJIneIIbI XJIOpnTOM, TaJIbHOi\l 
1'1 cepnellTRIIOM, nplI'teM TaJIbI{ npelIMyr.qeCTneIIIIO paClIOJIaraeTCJI B IJ;enTpaJIb

IIhIX "raCTflX nceu.u;o roPCP0 3. IIKpOl{CeII nOJIIIOCTbIO 3a~Iem.eH fOJIIw'lemyii
' laThIJlI arperaTOM TaJIbl{a, XJIOpIlTa, TpeMOJIUTa II py)'!;llbIJlUI l\IRIIepaJIaMH . 

6p~aeT BllU faUHe ua ll'lrre XJIOPllTOB C anOMaJIbHoii I1RTepcpep HIJ;IIOIIllOii 
l<paclw:if: 't pmIJIbUO-Crru iI , CPl10JI TOBOK , SOJIOTli TO->T{JITOii II TyCI<JlO-

3eJI nOll. 

B CIIJIbIIO opy)'!; UeJIhlX nopo.u;ax, n6JIfISH TeltTOH1I'IeCIwiir SOIIbI, MbI BIf)'!;ElM 

3 aBepmarom. 10 CTa),!;1ll0 r ll.u;pOT pMaJlbnoro MOTaMOPCPI13Ala, xapaKTepJISYlO
~ IOCJI nO'lTU nOJInoii: XJIOpllTJISaIJ;lleii: R OTaJIbHonaUHeM nopo.u;. rJIanJIbIJlfll 
;lIlwepaJIaJlm JlBJIJlJ T H TaJI bl{ , XJIOPIIT, CyJIbCPU.u;bI 1I MarneTJIT. CeplIeuTHH 

1l0'lTH IIa~ JIO aa 1 ~eH XJIOPHTOM II TaJIhltO r. IIcen,L{o roPCPOSbI no OJIHB1IIIY 
qaCTO IDleIOT IWUIJ;eUTpU"treCI<U ClwpJIynonaToe CTpoeuue, BbIpa>I{arom.eecH 
B 'Iepe.u;OBanUli 06 JIO'lel{ XJIOpHTa , TaJIbKa 1I Py)1;IIbIX JlnmepaJIOB. IIceB,L{o-

fOPCP03bl x J pl1TU II TaJIb1<a no mfp01<C · II 3aMe~eIIbI yJIbcp lT)'!;aAHl. 

.. 
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YCTallaUlIlIOalOT 11 COOTJI mellElll Mem.n;y TallbKOl\l H Hap60uaTOllI. 1 ap60llaT 
~aJlIe~aeT TallbI< D II eu.n;o rop<poaax IIO 01lHBHUY, npu aTOM OI<pyrllble <pOPMhl 
'OllllBlma COXpanl1IOT fl. 110 .n;anJIoIJ\{ • H. l1anymHc (1951 r.), l<ap60uaThl 

IIp .n;CTanlleULI B 601lbIIIIfHCTD ClIY'JaeB I{allbIl,IITOM ( m = 1.660- 1.678) , 
nepe.n;TW Marn 31lTOM ( m = 1.698- 1.700) H D O.n;IIO~J C Y'la <peppo.n;ollo
MBTOM (Nm = 1.760). Rap6 llaT H py.n;a B.bI.n;e1l111lflCb B 601lbmeii: '1aCTH 0.n;110-
npeMellHO. 

H ec lOTpll Ha URTOHCUBHhl U3MeHelll1l1, n 60m,ruuIICTn8 clIY1Jaen coxpa
BHeTClI pemll<TonaH n PBU'lJIO-MarMaTU'IeCHall nOtll,UlIUTOBaa CTpYI<Typa 
IJepa.n;OTI1TOO (pIfC. 82). 

Puc. 3. 0pllenT llpoDau lIo pa nOJIO}R nue IIllaCTIHIOK XJlOpUTa (qepno ) DAOJIh nanp aD
JIPUIlU coaii llO Til MOOOI{:J11l1110rO nnpOI{ ena (a) n aM(~116oJIa (6) B CHJlhHO 0pYAeneJlo t 

cepneuTlmllTe. neT1l0-C p oe - OuppoTun , 6eJloe - neuTJlaaAlIT. H a 060RX cnUMKax 
XOPOlliO DUAno, 'ITO l' ulme OJla TIlIUOI nenT an IITa cp All nUppOTI1HOIlOii MaCChi 
o plleUTHpODaBhl napaJl IhiiO r aDIlOMY nanpllBJIelllUO nt'OJlOl{el{ XJlOpaTa. OTpameu-

UbtH CD 1', X 201. 

01J,I1UIW He Dcer.n;a D opy.n;8llellblX nopo.n;ax coxpalllIeTCII P811HI{Tonall 
cTpylnypa. 611113U T }{TOllnqeCIWX 30ll H B 001l01lfHaX opy.n;eue1l0H TeHTOllH

'I KOii: 6p I<'IIlU YllbTpaOCH DUhle nopo.n;oJ Dcer.n;a paCClIaUII,onaUhl, X1l0PH
T~f3IIpODanoI , OTallbl onanhI II opy eneJIbI. TeHcTypa HX ClIaUII,eBaTall, CTPYI(
'fy P D COOTB TCTn)(J[ C oprreUTIIpOBamIbIM pacrr01l0}J{eUHeM HrOJIb<raThlX 

It IIJJaCTua<raThlX arperaTOB XlIOpUTa H TallbI{a lIenrr.n;0611aCTI1'1eCHall. Hahle 

<pOPMbI IIMeeT 3.n; 'b If C b<pH.n;H080py.n;ell8m1:e . 
B opy.n; lleJIhlX pn IITUIIHTax BJ:J.n;ellllIOTClI .n;Be OCllOBHLIe q)OPMbI CYllb-

cpl1.n;IIoro opy.n;eneHIHC 1) BI<panllelliiall 1'1 2) >HI1l1bI 1'1 npO>IHlllHI1 cyllb<PH.n;OB, 
"lHor.n;a C l<ap60rraToM II rarHeTHTOlll, I{OTOphle no Bpe l ellH 06 paaoBaHHlI lIB
JIll (OTCII 6011 Doa.n;D1ll1JR, Ha1l0rH8HnhIllnl Ha OCllOBIIoe BI<panlleHIIOe opy.n;p,
HCHHe )[ ltOTOpble 06YClIOBHlIH 601lbIDoe paaHo06pa3ae TeI<CTypllbIX p HCyHltOB 

B py.n;e. 
({ panlleIIHalI <popMa opy.n;eHem'l1l lIBJIlIeTClI npe0611a.n;alOIII,eii. C lleD 

cnllaaua rllasnall Macca YJIb<Pl1.n;OD B opy.n;eU811hlX cepn JITIIIIHTax. l)0pMa 

py.n;noii: DHpaDJI8HIIOCTH onpe.n;elllleTCR: COCTaBOllI H CTP rnypoH nopo.n;hl, 

YAaJIeUHOCTblO OT py.n;onOABo.n;lIII1,IilX TpeIIl,HH II, eCT8CTB8llllO, HHTeHCI1D
DOCTb lO opy.n; n HHlI. 

Pa3ml t iaeTcIl n 8c ltOJIbKO <pOPM CYllb<PH,lI;IIOll BRpaUJI HiiOCTH. 
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B HelWTOphlX mJJ.J'l<pax MomHO BHAeTb, HaT{ B MeJII yro 'IemYHI<Y XJIOpHTa 
aaXOAHT TaJIbH, RHorAa TaJIbJ{ nepeceJ{aeT nOnepel{ nJIaCTT!lIIJ{II XJIOpUTa II 'ra
CTR'IHO aaMem;aeT ero . ::ho CBlIueTeJIbCTByeT 0 TOM, 'ITO OTaJIblwnaUHe npol!Icxo
AlIJIO H CJ{OJIbHO n03Arr e XJIOpRTu3aU;HH. ECJIH B cJIa60 U peAHe opYAeneJIlli x: 

PJ[C. 82. nJTbiiO oPYAeH 'JlhlIr pnc llTllullT (" pc 1111(-
1'OBOH noihmmnolloii CTpYlny p ou. YJlb<l)l!Jlbl (lICpIlOO) 
n OJi HOCTblO aaMOCl'IlJIIl l<PYUflI,IO 3 PHa nnpoJ<c ' fla. I ap
J<ac n COIlAO IOP<I>oa no OJlTfBllUY cno m e o T8J1bJ<OM T1 
XJTOP!1TOM (6el I00), B I(e llTp - CYJlb <I> 11Ahl. rrpii OA-

n O I Hnl'., X 10 (a), X () (6) . 

C pnea TI!IHl1.TaX COOTHomeHIUI MemAY TaJIbIW ( II C JI b<pN\aMH Yl(a3hlnalOT 
l1norAa Ha pannee 06pa30naHR TaJIbI,a II aallfem.eHl1O ero cYJII)<pnAa~fR, TO 
B CI!IJIhHO opYAeHeJIhlX nopOAax OOTHOmeHMlI Me/HAY TaJIbI\oM II YJIb<puAaJl1I1 
lie BcerAa lICHhle. 3AeC» MO>ImO BlIAeTb, Halt n OAH1U JIy'!B.lI ' CYJIb<PHp;l.1 
a a~teII~aIOT TaJIbI{, pa3BIIBmJ1HClI IIO mrpoHceuy, a B APyrIIx ORB nblITOJIHllIOT 
ncenAOMop<P03J;[ no OJIllUlmy 1l0'IT.1!I OAHonpeMeHHO . BOJIoe np AeJIeHTI () 
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1. HaJil60JIcc pacnpocTpanennoii: <pOPMOll lIBJIlIIOTClI PY,lInO-CHJIHRaTUhH' 

nCeB,lIOMoP<P03hI no nHpoRceny 1I OJIHBHIIY. TaRan BI\palmermocTh XOPOIIJO 
na6JIIO,llaeTClI B nopO,lla ' C coxpammmeHClI peJ£llJ<TOBoii: nOllRDJIHTOBOH CTPYI\

TY P OH, ROf,lla B RpynmlIx HplICTaJ£JIaX nnpoJ{ccna nOHIUrJIIlTIT'.leCJ\H Bl<JJTO"lJOBT,1 

PIIC. 4. KOP lyll o DaTo-l\olIl~ IlTpnqeCHaR ¢opMa PYHElO
CR ItlKaTllblX llCeDtIOMoP<P03 no OJlllDlmy D ClmbDO 0pYAe

neJlOM cepneDTluHlTO . 

u- B npoxonRDleM CBeTe npn onHOM mIHOJle. 'lepnoc-pyna, GCJloe
XJlOPHT, X 0; 6 - TOT }HC WJllHP B oorpa,,, 1I110M cnc're, Gcnoc - CYJlb-

4>nnbl, CcpOC - MarHCTIlT, qcpIIoe - XJlOP"T. X 8G . 

MeJIRJile SeplIa OJIJilBHna. B lIa'JaJ£hHYIO CTa,llHIO 0pY,lIelIenrHI CYJ£b<pM,lIbI H Mar

JleTHT MeTaCOMaTJiPJeCIUI SaMe~aIOT nC8B,lIO lOP<POSL1 TaJIbRa, XJ£OplrTa II 
UM<pH6oJIa no mlpOJ,CeHY, ne saTparBBalI nceB):{Oll'lOP<POS cepnelITBHa, XJIopI1Ta 

11 TaJIbHa no OJ£lIBBHY, "ITO npB,lIaOT PY,lIo ,lIa}I,O MaI\pOCRoDH'JecRH xopomo 
3aMOTlIoe nOHKRJIlITOBOe cTpoelIHo. TIpn aTOM O,llIIOBpeMOlIno C CYJIh<pH,lIaMH 

IHJ,lIOJ£HeTCH TOIIHOIHOJ£b'3:aThIH 6eCII,nOTHLIH XJIOPHT. 6pa~aeT BHllll1anHe 
!lTIOJIHO Sal:\OHOMepnoe pacnOJ£O>I elmo HrOJIO'Jel( XJIOpHTa B CYJII><pTl,llnOH 
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facce, cooTBeTcTByrom; e lJ,By I: UanpaBlIeUIHIM cnaiiHocTIl B MOUORlIHUUOM 

Ill'lpORCeHe (pBC. 83, a). 
B CJIyqae, Hs06pan eBHOM ua pRC. 83, 6, BepofITRee llpelJ,IlOlIO>I{RTb, ~T() 

cYlIbqnllJ,bI 1I XJIOpl'lT SRMem;aJIH aM~H60JI. 
B CRJIbUO 0pYlJ,eUeJIhlX cepncHTRuHTax PYAHb1.H MeT;;lCOMaTOS ue orpaul1-

<tI!BaeTCII aaMem;eHReM TOJIbIW llCeBlJ,OMOp~OS no IlIIpOI{Ceuy, a 06bNHO aaTpa

\'[lBaeT TaRme II nCeBlJ,OMOp~OSbI TaJIbI<a, Rap60HaTa, XJIOpHTa n: cepneHTHHa 

110 OJIBBlmy, npBqeM B nOClIe).l,nn:x CyJIb~l1lJ,hl paCIIOJIaraIOTCJI npeI'lMym,e

CTBeBBO B llX u;eIUpaJIbRblX "tJaCTRX, Re uapymaJI ~OPMbI I pliICTaJI1IOB OJIRBHBa. 

RaJ< npaBnJIbUO nOlJ,MeTHJIR AlIemy

IIllBa (1948 r.), n 60raTblX BI<paDJICB

HhlX pYlJ,ax BhllJ,eJU\CTCJI lJ,Be MOp~OJIO
rHqeCI<He paSHOBIJlJ,llOCTH pYAITo-crml1-

I<aTnhlX nCeBlJ,OMOp~OS no OJIHBlmy: 

a) nCeBlJ,OMOp~OShl, pacce~eIlilble 
HeCI<OJIbRIllIrIl Tpem;HIla III, BhlnOJIHeH

llblMH XJIOpnTOM II wrHeTHTOM, n ceKTO

pax Me}} lJ,Y >I<HlII{ a 'IH HaXOlJ,HTCJI TaJIbR, 

saMem;eHHbIH CYJIb~HlJ,al\1H . B Ra"tJaJIb

nOH CTalJ,Hn CyJIb~HlJ,bI SaJ\Iem;aIOT 'IaCTb 

TaJIbIWBOro C I{TOpa , a nOSlJ,n e saMe

m;aIOT ero nOJIUOCTbJO H OT nCeBlJ,OMOp

~OS, no OJIHBlmy OCTReTCJI TOJIbHO OlJ,HU 

l<apRac (pHC. 82); 
6) nceBlJ,OMOp~OSLI co CROPJIy-

nonaTo-Rouu;eRTpn'leCIU1lI[ cTpoeuneM 

(pRC. 84), B ROTOPbIX uapya{Uhle 060-

JJO"lIut CJImHenbl XJIOPHTO 1 C paSJIHlJIJOn 

Opl'leBTIlpODIWii nJJaCTEHOH, a Me}l(lJ,y 

IIRlIJ1I pacnOJIaraJOTCn I<Onll.eHTpll~JeCRl1e 

CROpJIynoBuThle JI.OII I1JIH rYCTalI 

BI<paUJI BROCTb CYlIb~I1lJ,OB H lI1arHe

THTa. IJ,eRTpaJIb ROe nlJ,po nCeBlJ,OMOp

~03bI TamHe BhrDOJIR no CyJIb~HlJ,aIlfH 
II H pelJ,KO MarneTl'lTOllI. 

PRC. 85. Bhl/l,l"JJe1UJe DeBTJJaBAnTa (6c
JJoe) xl o e pD!pe pRtj Cl EX 'laCTSIX CYJJb<PRA
BO-CIIJJImaTBhIX DC BAOMOP¢03 no OJJH
BRBY. e poe- DHppOTJUI 1'1 XaJJLl<ODllpHT , 
T MHo-cepoe - MaTI! TnT, qepBOe - XJJO -

pUT. OTpameOHhlii coeT , X 86. 

neIlTJIaBlJ,HT B nceB,!J;Ol\lOp~osax no OJIHBKBY qaCTO paCllOJIaraeTCJI B nepn

~eplJlICCIUIX lJaCTnX sepBa (pRC. 85), KBorlJ,a B BHlJ,e JIeneCTROB B nHppOTlIHe. 

elJ,I<O OlJ,Ba n eBlJ,0ll10p~osa u;emmollf CJIaraeTCJI neRTJIaUlJ,HTOM RJIH XaJIbRO

IIRPJ1TOM. B CyJJb~l1lJ,lIblX nCeBlJ,0ll10p~osax no llJ1IpORceuy neUTJIaUlJ,HT BhI

lJ,eJIneTCJI B nnppOTJ!JUOBOH Macce RCHlIIO'lHTeJIbUO B BRlJ,e UJIaCT.l!IBOH, DbITHBY

ThlX rrapaJIJIeJIbBO rJIaBBOMY BanpaBJIeU.l!IIO crraiiuoCTlI MonORmrnBoro llJ1I

pOJ<ceBa, Bblpa>\; EBOMY opueRTupOBaBUhll\1 pacnOJIOrr{ eUHellf nJIaCTHUOR 

6eC~DeTBoro XJIOpRTa (pIlC. 83). 
2. llIup<)J{o pacnpocTpaBeuuoii ~opMoii PYlJ,UOM BRpaUJIeBUOCTH JIBJIJIeTCJI 

BLIlJ,eJIerrUe C JIb~HlJ,OB U MarneTHTa II TeCBOM CUJIeTeUHU C BoiiJlOROM 6ecU;BeT

Boro HrOJIb'IaTOrO H palJ,HaJIbBO-JIY'lHCTOrO XJIOpHTa D npOMemYTI<aX Mea<.o;y 

PYlJ,BO-C.l!IJIUI<aTBIDIH UCeBlJ,Ol\Wp~OSaMH rro OJIRDHUy. l1s CyJIb~RlJ,OB SlJ,eCb 

np 06JIalJ,aeT XaJIblWUupnT. CooTuomeBRe Men<lJ,y XalIhJ<onHpuTOlli H lIIarue

THTO?{ CBUlJ,eTeJIbCTByeT 06 OlJ,ROBpeMeBRoM ux DbJlJ,eJIeUH.I!I. 

3. B paCCJIaUU;OBaUBLIX 0pYlJ,eUeJIhlX XJIOpUTO-TaJILHOBbIX nopOlJ,ax CYJIb

~UlJ,bI uaXOlJ,IITCJI D BUlJ,e ylJ,JIUUenBblX no ClIanu;eBaTOCTR CHOnJIeBRM paSMepOM 

0.05- 1 111M B IIOnepeqrrHrW H lJ,0 2-6 111M D lJ,JIIDIy. 06pam;aeT BUH

lJaBn e nOlJTII rrOJIBOe OTCYTc.TBI1e cpe.o;n CyJJb~.l!IlJ,OB nlIaCT.l!IUOI{ XJIOpHTa. 
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4. nepXHllX tlaCTflX opy.o;eH JIOU HHTpyaI1H, BOmt3ff J(QHTaRTa D fem;alO

W;11 HI TycporeHHo-oca.o;orillhThtH nopo.o;allHI, BCTpelJ na m;e .o;aa cpop fa CyJIb-

<IHI,D;H0 i:j DI{pamleHHOCTH - RPYOHbI JIRH30BH.o;UbI DKpaUJI HRmm UHPpO-

THHa, neHTJIaH.o;ffTa R Xa.TIbl{QUUpl'!Ta paaA! pOM.o; 1-2 CM B a tCPIlOOJIo

xJIO p rlTODOU nopo.o;e. 

llUPpOTIIH - rJIaBHblU p .o;ooopaa JOm;HH MUll paJI , BCTP lJaOTCfl BO BCOX 

cpopMax DI<paUJIennOCTH. 

XaJIbROnHpl'lT, Hal< Y)I<e OTMelJaJIOCb, 0 OTHeo DbT emI T IT n TeCH M cnJIl~
T JIRR C DOlf OI{QM OOCu;uCTRoro JIOpUTa B UpOllIOX YTHa f m.o;y UC n.o;OMOp

cp03a m JIO OJIMBHJJ ,O'! Hb lJaCTO oopaa T f JIl{YIO caM CTOflT .TIbnyJO BJ(pan

JleHHOCTb paaM po 1 0.02-0.3 m. B TocnoiJ: a cou:nal~HlI C nJJM rraxo IITCH 

ccpaJlOpIlT, ROT PblU DbI.o;e

JIROT fl cp .0; 11 xa bROllllpUTa 

o f 2 J itCH D B U.o; HerrpanJIJIbDbJ aep H 
I I I I 01 007 

PHC. 86. BhJnOllllCn n CY1l!,q)!1Aa~m (66Jlo), Ma
rneTIlTOM (cepo) l! ccpnCOTI1HOM (q puoe) CHCTC' 
IbI Tpr m,HII CI,a:U,lBaoun n CUJlbUO opYA ne1l0M 

capn I:ITIlIIITTC. Bel1ble peJlbelPlibI 3 poa ~'peAIl 
ccpueUTuna - AOJ]O MflT. llOJHlpOnalHlhlH illTY<!> . 

paaMopo 'I . -. MM. 

o ram; JIliO DRpaUJI H -

n CTlI xaJIbi ormpHTO 1 OTMe

'1a TCfl BOJIl!an l<ym,n ' 

,aJIbI(QUUPllTODNX )J{HJlOR. 

Marn TilT B op .o;err Jlbl' 

copn HT11lIllTa ' Tp X l' He

pau:nH. OJI e paHlllHT ero 

r nOpaU;JilR npe CTaBJIOHa 

30naJIbHhTh1H I\PIJCTaJIJIa~m 

paaMepOllI 0.16-20.4 M.f, 

nplflle I BrryTp un fl.o;pO 

Hpl1CTaJIJIa OOJIeo 

pn.o;uonaJI biiOH 30Ubl. 

I 0 BT pOH r n paU;l'1n 

MO>T{flO OTII TK mlIJIOOOpaa

Bble BN eJIOHlm MarneTFlTa 13 OJIb 111 JIRHX TpOm;nU B n eB.o;olllOpcpoaa 

XJIoptua n C pUOHnma no OJIIIBlIRY H B03IIHI<mr>lO n np U; cce C PUOHTtI-

11l1aaU;liIH nepH.o;OTHTOB. Tp Tb11 ronopao,HH larneTMTa m t T OOJI 0 lUnpOHoe 

pacnpOCTpaHOHH • MarHoTHT BbI.o;OJIR TClI nO'lTII o.o;uonp ! JJIIO C CYJIbCPl1 a
m 11 n03,D;HOO D BH.o;e HOnpaBllJIbHblX, HTIOr.o; rYOqaTbl' T IIHoaopnu Tbl 

arporaTOU D T CHOAt CUJI TOHRII C BOJfJIOIWM opUTa U XaJIbROnUpn-

TOM . 

06paTIThfCH Tenepb R paCCMOTpOHDIO il HJIbBOii cp pMhT opy.o;eH HUH. RaR 

nOl(aaaJIO Haytromlo .o;eTaJIeH CTPOOHD11 py.o;noro T JIa II T 1<CTypHbl ocooeH

HOCTelf opy.o;errOJIl>IX cepUOHTlffiHTOB D aao 11 ropHbJX BblpaOOTOl{ IT na UPH

nOJIl.fpOBaHHblx 0PHOHTHp OBaBHblX IIIT <pax, na cpopMa opy.o;on HHII rrpOCTpaH

CTBeHHO TnrOTOOT H opy.o;eBOJIhThf T RTOHHlJ CJ<JiIM aonUM H CBIISana C aanOJUIe

UII Ai py.o;OU paaJIH'lHblX TpenVlJI, B03HFlRmlIX n nopllO.o; TeltTorrBqOCI<H:X 

.o;BIHJ{OHI1U B npou; cce CPOpMBpOBaHIfH PY,D;Horo T JIa. 

PaaJIrt'laeTCII neCKOJIbKO cpop 1 )IUlJIbHbIX oopaaOUaHi'!H. 

1. 3anOJInOHH CyJIbcpf!.o;aMliI Tp m;lm CKaJIbWanHII . Tal rt >T<11JIbI U tlHOT 

CpaBmlTeJIbHO npHMOJlBH HHble OlJepTaflf!lI. npH 10pO 1 TalHlX )I{UJI !O}J{OT 

CJlY"HITb <}>OTorpacpf!1I nomfpOBaHHoro lIlTycpa (pUC. 86), rllO T'leTJlI1BO BI1JlHhI 



145 

TpU CepIH[ )h IlJI, CJIomeUl1hle CYJIl;IflHAa m, lI1arUeTIITOM, CepUeUTUI10M H AOJIO

IUTOM. B6ml311 'HIlJI 11 PYAe aaM THO cr~eUHe BKpanJIenUOCTH MarneTlUa. 

AOJIb Tp II\un CHaJIbIBamUI, BLlDOJIUennhlX CYJIl:,lfllIAa m, U peAIW OT le

'laeTCR C 1 1\], rrlI rropo.ll, )J,H LI C prro(IlHTa rrepeCeI{aIOTCH H CMem;aIOTCH Tpe

llvmu fII, BIllnOJIIJ IIllbI III rrllppOTllUOM, nenTJIaUAHTO I II xa bI<orrHpHTOM, 

cp All It TOPLIX OTM 'laIOTCR 01<pyrJIhle 06JIOMJ{H ceprrolflUTa II 0pYAeUeJIhlX 

60H BbIX rropO)l;. n CJI AOBaTeJIl,rrOCTb rrpOn;eCCOB, BepOHTuo, 6bIJIa TaI<OBa: 

OCU Buoe Bl{parrJI llHoe opYAeu UHe, 06paaOBaUile )J{IlJIbI ceprrOlfllLlTa, BOSUl!lK-

nOBenll Tp II~lIrr CltaJIbIBaIIlIH U SarrOJIRerrrre H CYJIblflHAa 'lH. 

2. bIllOJIH uu cYJIblfluAa?1ll Tpem;lllI paspbIBa. 8TU nmJIhl B OTJI1!['ll!le 

OT nmJI, rrpuypO'J rrRhlX J{ Tp II\Hll 1 CKaJIbIBaUIIH, 1IA1eIOT lIenpaBIlJIbUhle 

OQepTam11J, lIell CTOJlIIHYIO 

lIroUJ.nOCTb J( ueana QIlT(,JI b

II 10 lIPOT11il-"nlIO Tb 11 Bbl

IlOJIIleilbI IIp I1MYllI. CTBenHO 

xa bI<onll PUTOM, 1 R e nnp

POTUliO f H 11 llTJIaU)l; IITOM. 

ITI! Tal()((e MOJIOII{e cepno

IflHTOBbIX nOlJI H OcnOBnoro 

BI{P nJIeUliOrO 0pYAeuenlIH 

(pu • 87). 
3. BhlnoJIH IIlIe cYJIJ,lflu

AUMH nopllCThI Tpem;UU . 

Cy blfluAIl bI iJ<UJIbI , rrpu
ypO<IenlihI I{ nepUCTbThI Tpe

ID;lmaJlf, OTM 'I 11bI B op

AeIIeJIhI cep0011T1lJIIlTaX 

BAOJIb T l{TO lll1 lle I llX I<OH

TaKT B H Tp n~ll.lI Ita JI bIB a 

IlllH C CJIeAa JU nepeJlrelD; -

lIIUl lJOPOA. 

4. R 'In JIY nm bllbIX 

06 pasoB81111ll OTUOCHTCH 

rrpOr1\ IlJIJW opn llTlJna C 

ILl __ OLI __ ~{ __ ~l __ ~{ ___ tL-~rCM 

Puc. 87. C pnrr Xa;lbI<OOuPltTOBbIX npo>HI:lJllWB 
(6 noel DO Tp ~illJa 1 paa pblDll D CIl,1 LUO O\?YAe 
n JIOM C pD RTJiRIlTe. l.Jepuoe - )KIIJIa ceprJ oql11Ta. 

llOJIrlpOnaurJblu WTy<{l . 

llOllep ~mO-BOJrOf(UIICTLThI CTpoenlI M, nponnTanUble no BOJIOl{HIlCTOCTH 

C JIblfluAaMI1. if UJIhl llMelOT meJIlWBH ThlU 6JIeCK, nepeceHalOTCR 60JIee noaA-

1I1IA1II npo>l"J.J I{a III llJIOmruuX CYJlbIflH)l;OB II 06paaOnaJIl1Cb, OlJeBI1AUO, OAHO-

n p [HnO IlODn il BHpanJIellIIOCTblO C JIbIfl IlAOB. 

I OJIII'I TBO C JIblflu)l;HbI >HUJI I{ B PYAUOM TeJIe SaMOTIJO yneJIH'lI!.lBaeTCH 

nplI npIl6JImi eHIlII I( I<pynnhlJlI 0pYAoUeJIbIM TeHTOUU'IeCJ(HM aouaM, 'ITO XO

P lITO UJIJIIOCTPHPY TCR sapUCODI{aMl1 AeTaJIeM CTpOemlJI PYAlloro TeJIa. 

B neno P01WTB nuoii 6JII1S0CTll H aona r 0pYAeneJILle cepn HTllllI1Thl aaCTOJIbI<O 

'IaCTO paa6UThI n peCer{aIOm;lIMUCFl l e)J{AY C060H npO}lUIJIJ{aMlI, HOTophIe 

corrpon }J p,alOTCR TaRn e nonYTHIll f l\IeTaCOllfaToaOM cepneHTJllllJllTOD, 'ITO 

III TaMil n snllHaeT TIlnl11JHaR neTeJIb'laTaH TeHcTypa PYAhl. ClTRX JlieCTaX 

MOH{HO ua6mO)l;aTb TaH rl Bce nepexoAur:Je paSHOBliAHOCTH lIIemAY TeI{CTYPOIr 

paaJIOMa, neTeJIb'laTOll II 6peI{'ln DOll TeI{CTypaMlI. 

0pYAClleJlbie <l>JJlIJIIITbI 

CYJIblfll!AUO opYAen ml B IflHJIJI]1TaX .II TylfloreHFIOOCa)l;O'lBhlX nopo-

)l;ax TlII Ll ITO B 060nx 60Hax 0PYAeReJIOIr TeJ{TOllIl'IeCHOM SOUhl. 0pYAe

HeJIbi IflI!IJIJlIITJ>I onpOBomAalOT rJIanuylO opYAeReJIYro TeI<TOHI!I'JeC[{YIO SORY 

10 HHTPY3HH ile'leHrK 
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n:a BCeM npOTRil\eHIHI RaJ{ no npOCTlfpam1JO, Tal{ M no lla));eTflIIO Ha rJIy6MHY. 

Ofnf OTMe~leHM TaJOl{e B));OJIb 60JIee JlfeJIl\HX TeJ<TOHMQCCl'l1X 30n. 

MaJ<pOCHOllHQeCl\W py));a npe));CTaBJIReT C060tl <pHJIJlItT C llHPUIlJI JJHOCTblO , 

Cl{OnJIeHIUIMH H npOrHFlJIJ<aJlIJ:I CYJfI.J<pH));OB, rJJaBHblJlI 06pa30M TIl1 ppOTJUI a , 

XaJIbROIlHpMTa H neHTJJaIl));IITa. l1uTellCI'IDllOCTb opy));eHelllUI nOCTeneHlIO 

YMeHbmaeTCJI npFl y));aJIeHIIFI OT Tel\TOHH'leCI01X 301'1. 

BJ<panJJeUHaJI <popMa opy));eHeHlIH JlMeCT 3HaQ[JTeJJbnOe pac npOCTpaHeHflC. 

BI<panJIeHHOCTb CYJlb<PfI));OB npFlypOQmra l{ 60JIee rpy603epFlIICTbiM npOCJIORM 

<PH JIJHnOB, neC'laHMJ{QB H Ty<P<pIlTOB. l1emuonbJe <pHJlJlTnhI COnepmaT O~l9l1b 
He3HaQUTeJJbHOe J{OJIM'leCTBO cyJJ b<PF1));I10ll m<panJIemIOCTfI. CyJI b<pH,T(bI OT

JIO/l\MJIHCb nYTeM aalllem.eIlJ1JI CIIJJHl\aTHblX l\1flU epaJIOB, rJIaDlIblM 06pa30M 

I 0 7 2 3 ~ SCM 
I 1 1 I I I 

PIIC. 88. Opyne ao.1 hlo n : IOi!"aThlo CPIl:I .1 I1ThI. Y.1b¢ lI ill.1 
(6I'Jloo ) pacno.1araloTcn n 1I 0POi\O 11 0 l:JlO If CTOCTII. MOUI
aOCTh cyJl bcpn t \lIhlX CJ;O Il .' IPH llii :laMeTI:IO yno: III'IJilD::Je1CIl 
D 3i1M I<a x MIlJ<PO CIO JaHO I{. Y.1h¢lIt \bl DhIllO:lfllI : 1II 1'8101«(' 
CC l,YI[lfl C TPtl~l1Dbl II MIlJ<poc6poC bI. <DOTO IW;Jllp01l81:111 01'0 

ILIT y(~a. 

XJlOptlTa, H paCflOJJaraJOTCR n nopo));e 110 CJJOHCTOCTII. B 0pY));CIICJIbIX neC'I3HIl

IWX nOpo));a HanOMFUlaeT cnJIomrrylO rrOJIOCaTYIO CYJIb<Pl1));l:lYIO PYIlY. Pa3Mep 

CYJJb<PFl));HOTI Bl\panJIerrHOCnl B cPl1JJJII1TaX 0.016-1.6 111 I B Donepe 'IHI1He. 

O));I1al\o 60JIee 06wQnoi cPOpMOfr CYJILcPM));HOrO opy));eHenHR B cPFlJIJIFlTaX 

RBJIlIlOTClI npOCJIOtl, npOfl,HJIlUI H rne3));a CYJIb<pFI));On nenpaDJilJlhIlOii cPOPMM, 

opFleHTMpOBaHHT:de B));OJIb CJIOHCTOCTI1. B DJIOHqaThIX <pnJJ JII'lTaX npOCJIOl'1 1I 

CI{QDJIeHHlI CYJIhcPM));OB nOBTopRIOT H3rFI6hl CJJOeB, 06pa3YR pa3));YBW B 3aMI<ax 

CI{JJa));OI<. O));HOnpeMeuHo CYJIbcPlI));aMH BWIlOJIFlenbJ ce"ym.ne Tpelll.IHlbT, Jl1I11\pO

C6pOChi H pa3pWBhT cnJIOmnOCTII CJIOeB (pI1C. 8). Hepe));lW npOm11JIJ<H 11 JJJ1H3b1 

CYJJb<PFI));OB D DOpO));e pacnOJIararoTCR no ));BYM CBCTeMaM TpeD~HH - nepBFlqaofr 

H DTOPM~HOH CJJaHI~enaTOCTn (p~IC. 89) . 
B6JI838 Tel<TOHI1QeCI\HX 30H HHTCHCHBFlOCTL opy));eFleFlFlll yBeJlJ'l~HBaeTCll 

6JIaro));apn 60JIhmOM CMRTOCT II H pa <')); p06JJellIIOCTH nopo));. Py));a I1pr106peTaeT 

TI1l111'IHYIO neTeJlh~aTYIO TCJ<CTYPY, J<OTopaR, COrJJaCRO A. f. BeTeXTr1HY 

(1937), B()3Hln<aeT Dpl1 3anOJIHeHIiIH CYJIb<pH));aMH rycTOrr ceTH n epecel\a ro

lW1Xcn TpClll.I1H M CODpOBOrl<));aeTCR nonYTFlbTM MeTaCOMaT030M. Pa3MephI CYJIb

cPU));HbIX JJMH3 M npOmHJJIWB lwne6JJJOTCR OT ));oJJeu lIfHJlJJI1MeTpa ));0 2 CM. 

PY));Ball ~aCTI> B opY));CHeJIbTX <pFlJJJJI1TUX COCTOHT 113 mrppOTl'rHa, XaJIbJ{Q

DHpHTa H 83 neUTJIaH));HTU. D He60JI blIHlX 1\0.THl'JeCTllaX nCTpe'IaroTcn CcPa-



f 0 , 2 3 ~ 5 8 7cM 
I 'I I I I I I 

PIIC . 8B. C TqaTan TCl{CT~ ' pa u npY}l.('uCJIOM (Im; IJll!TC', 
n6yc: IOIl JtCUHDn OhtllO.'1Uelltt(\ \1 cYJlb(pl1AaMfl (6c.'1oc) ~(Dyx 
CII CTNI TPl'l1l,ttIJ. rOpllaOJlTa.rrbllhlc - TpCI1~IIIJ'" OTC;laHBa-

lllll!, "PYTO£J!1li.'1011llblC - OTopUllltafJ C.l!1£Jl\l'n!1TOcTb. 

PIIC. 90. AJlJIOTPIlO tOpq)[JoflepullcTan CTPYI<Typa arperaTa mlp
pOTllua (1), n e UT: laUAIITa (2), ccjJanepl1Ta (3), Kllapua (qepHoe) 
II nupuTa (6cm,te pC:JbecjJuht(, aepHa B npaooii: qacnt 
CIIIlMl<a) B C)'JlbcjJuAIIO I npO)f(HJIKC 113 0pYAelle.loro q,rw-

JlJua. OTpamcFlflwii coeT, X 85. 
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JlepIIT, IIHpHT, BHOJIapHT, Map!\aaHT, MarneTIrT, XJIOanTJiT If raJIeIIlH . if\UJlbHLIe 

11 pe~CTaBJIeHLI KBa pL\eM, CH~epRTOM, I{aJIbL\J1TOAl, XJIOPHTOM If aJI b6uTOM . 

TIuppOTl'IH Hnor~a oopaayeT IIO'lTH MOHOMUnepaJIbHf>lH: arperaT aJIJIO

TpHoMopqmoaepfHlCTOH CTPYI{TYPLI C paaMepOlll aepeH 0.02-2 MM, aaOOJImno

llI.RH Tpe~HHLI H OOJIOCTH OTCJIaHBaHRH n aa~n<ax CJ{JIa~ol(' n OOJl bllllHCTne 

CJIyqaen lI1em~y aepHaMH IIHppOTRHa HaXO~JITCJI yaKl1e BW~CJleIlI1H XaJIbIWOII

pHTa, IIenTJIaH~HTa, c<l>aJIepHTa HJIH Hepy~Hblx MRHepaJIOO, r JlaOllLIM oupaaolll 

KBapl~a, pe)J{e KaJIbqHTa . TIRPPOTIUIOII1 CJIomena OCHOBHaJI r.lacca llI{panJIeH

HOCTH B oopo~e . Ha BepxHRx ropHaoHTax nHppOTHH 'IaCTlI'lJIO aa r.lCrqa eTcH 

nHpRTOM R CR~epI1TOIl1 . 

TIeHTJIaHART OOW'IHO BbI~eJIJIeTCH n Tex me <l>0pMax, 'ITO H n Opel\'lIreOR~
HLIX py~ax ( pRC. 90) -n nl1Ae OpaBRJIbHLIX aepen paall1 e pOM 0.04-0.7 111111 

fOO%L...-~--"~-"'---.::.L---'''--....loL..---''~:>L--.::.L--> 0 
o 20 40 60 80 100% 

fleHmnaHOl.lm )'allbf(onl.lpl.lm 

PII C. !l1. )J.llill' pa MMa MI1Uepa: lOl'It'IOC)WI'O co

CTall8 CYJl b<fJ1i AHblX P YA. 

1 - OPYI\CIICnaR TCilTOIIII'ICCl<aR 0PCH'IIIR II Cnnoml{ble 
PYA!.I; Ii -- 0JJYIlCllcnbIC ccpnCIITlIllIITbI; J - OPYI\CHC

JlblC IjlltnJIIITbI. 

RJIH nepl1CTWX BPOCTI{OB B aep

J-Iax nHppOTl1na . JIl0600bITHO 

OTMeTRTb, 'ITO 0 opy~eIICJIblX <l>RJI

Jl HTaX Ha BepXHHX rOpl1aOH

Tax HaOJIIO~ap.TCJI OO'lTI1 nooce-

r.I CCTHO TIeJ-ITJIaH-

~I1Ta BHOJIapI1TOM , Opl1 aTOM 'leAl 

AaJIbme OT TeI\TOIIl'l'lCCI\Oi.i 301:11..1 , 

TeM 11IlTeHCHOHee aaMerrr.eIlHC, OA

Hal\O nOJIHOe aaMerqeu lIe nCIIT

JlaH~I1Ta BlIOJIapI1TOM I111rAC Hll 

OTMe'leno. B accoqnau.1I1I C BIIO l a

PIlTOH HUXO: \HTCJI CIIAep ll'l' II [111 -

pllT , IWTOpl.1C MCTHCOMaT lI'JeCIOI 

:; aMcm.aIOT I1I1PpOTIIl1. 

XaJILIWllllPIIT pa CnpCACJlCII B 

PYAe lI e panHOMe pn o . BCTpCtl aCTCH 

Oil n IHIAe caMOCTOHTeJl 1..11 LIX JlHH3, 

opomUJIIWO R cel\yrqHx m11JI, 1\0-

TOpbIe conpOBomAalOTCfl MeTa CO

~JaTOaOl\l OOJWOWX nopoA TeM 

, I\ e XaJIb}WnHpHToM . B XaJlI,

IwnRpRToDWX >JmJIl{ax 0PI1CYTCTBYJOT OT)(eJIbHLIe acpHa II11ppOTllJIa , c<l>a 

JlepHTa, MarHcTHTa, BaJIJIepl1l1Ta H HCPYAHblX - XJIOpIUa, l{aJIbu.I1Ta IIlwapu.a . 

C<l>aJlepHT B opy~eHeJIblX <l>I1JIJHlTaX OCTpe'laeTCfl cpanIHITCJlLIIO 'laCTO. 

I-\OJHI'IeCTBO ero a~ecb OOJIbme, 'leM n JIl0001ll Apyroll1 TI1ne py~ . 
TaK me, Hal{ J.[ B cepoeHTHHHTax, cyJIb<l>H~v-roe opy~cneHue B <l>U JIJl liTaX 

conpoBom~aeTcH rH~pOTepMaJI hHWMR HaMene HlUIr.m n o p OA: J1HTeHCI101l0ll 

XJIOpI1Tflaal\11ei1, Cepl1l\HTIfaal\I1CH, OKBapl\enalll1eM I{ 1\a p60HaTI13 a u.lI cH. o~
nalw HHTeHCl1llHOCTb CyJIb<l>u~lloro opy~eHeHuff 11 rllAPOTe pMaJIhUblX MCTa

MOP<l>I1'1eCI{I1X l1aMCHCHUU: Ty<l>ol'eHnO-OCaAO\fHLIX nopoA ° aUa1HlTCJI LlIOlI CTC

nelm YCTynaeT 11TlTeHCHBEIOCTH 113MeHenHU: YJIbTpaOCllollRWX IJOPOA. Ty<l>o

reHHo-OCaAO'IlIWC nopo~w flBJIHJIJ1Cb MeRCC OJIarODplIRTHbIMII AJlff PY~\H OI'O 
MeTaCOMaToaa H, }\a!{ BlfAHO H 3 ll aJIOmenIwro, r JIaBHafl Macca cYJIb<IHlAOB 00-
paaOnaJIaCL B HI1X nYTeM BLIOOJIHemUI TPeJql1lI I I oOJIocTe ii OTCJIaUBaHI1JI. 

Ha PI1C . 91 npHBCAeHa CBOAuaH AHarpar.fMa MUHepaJIonl'ICClwro COCTaoa 

cYJIh<ImAHblx py~. COCTanJIeHHan 00 AaHDblM X IUIi'l'leCI\JIX anaJlllaoo It n OAC'fCTa 

r.lImepaJIOB no~ MH1\pOCJ<onOM . Mal\CI1MaJlbHOe OTHOCIITeJIbllOe cOAepmaBue 

OeBTIJaH~UTa OTMe'laeTCff AJIH opy~eBeJIblX ccpnCnTIIIHITOB, MHHIIMaJlbDOe -

~JIn opy~cneJlwx <l>RJIJII1TOB. Bpe!{'1I1eBlIAIlI>Ie U CIlJIO UlHWC PYA W aaHllMalOT 

npo~1CmyTo'lJloc nOJIomeulle . 
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!>YAOfIPOHBJ1EIII1H B CJIABO H3MEllEllllbJX nllTPY3llBI-IblX nOP0Jl:AX 

reoJIorU'reclwe CTpoeuue Y'IaCTl,a 

PY"OJIPOIIBJI6UJIfI B c Jla60 n3~!6JIeJIUbIX llll'rpY3HBllblX JIOpOAaX na6JIJo

llaIOTcn lla ytJaCTI,6 nHJIbrYJIpBH. IlJIOm;aAb Y'IaCTlW CJIomeua JIOPOAaMM 

I1.euTpaJIbuoH 1]aCTU JIeqeUrCIWll <popMaIl.HU (CM. cxeMY, pRC. 92). B ce

Beplloii: 1JaCTlI ~nOll nJIOm;aAI1 pa3BlITbI cnHJIIITOBhTe AIIa6aahT II CBHaaB

nhle C Ulum npOCJIOllIHI arrJIOMepaTOBhlX TY<POB, OTUOCFJMbie H. A. Ry

pbIJIeBOll I{ TpeTbeMY 3<p<pyaHonoMY nOl{p013y. Ha 3THX ARa6aaax aaJIeraeT 

Ty<poreBIJO-ocaAO'IfIaJI TOJIm;a C MOJo;EIhTh!H HUTpyallJIMH OCHOBBbIX u yJIbTpa

OCIIOBllhTX JIOPOA, HOTopan B CBOIO O'IepeAb nepeI,pbWaeTClI Alla6a3aMH I1.eIIT

paJIbIfOM: rJIhl6ht ('1eTBepThri1: ;)<P<PY3I1BHbIH nOJ{poB). 

IlOPOALI Ty<poreHHo-OCaAO'IHOfi TOJIm;lf npeTepnemI 11JITeJICUBllbIe TeHTO

JIllqeCIUIC no 3AeJ1CTB F.UI , BLIpaallBlOrreClI B CJIO}l{IfOR ClmaWJaTOCTl1. C nOACTH

JlaIOm;lIIm! Afla6aaallI1I Ty<porenno-OCaA01JllalI T(lJ.lm;a llllIeeT HO pMaJIbIfLYll 

CTpaTllrpa<pI1QeClnrii IwnTaHT. HOIlTal\T AHa6aaoB I1.ellTpaJIbnOR rJILI6hl co 

CJIaHI\eBOif TOJIJ.IJ;ell TeHTOIIIl1JeCHllll II llPOXOAIlT llO 30ne naABHra ne60JILmOll 

a lIIJ1JI II TYAhl. 

B6JIHaI1: l<OHTaI<TOB C OCllOBIIhTMH II YJIbTpaOCIIOBllbIMU HIITpyaHBu.bIMH 

IIopOAalltn TY<P<Pl1Thl H <pHJIJIIITI>I 'IaCTO npeTepneBaIOT l\OHTal<TOBbIe H3MeIIenHlI. 

y 1]aCTOH xa paHTepH3yeTcH 06rn.uJII ceBepO-3aIIaA UbI M. IIpOCTF.lpaHlIeM U 

IOrO-3aIIaAIIbIM naAeUHeM nopOA nOA yrJIOM 40-50°. 3aJIeranille Ty<porenno

OCaAOQllOll TOJIm;R OCJIOiI<neIfO lIfeJIl<HMII CJwaAI{a~UI, ocu l<OTOPbIX norpy

n<alOTCH B IorO-3anaAHOllI HanpaBJIeIIUII. 

MIITPY3HBIIhle TeJIa YJIbTpaOCHOBHLIX H OCHOBHLIX nopOA 3aJIeraIOT B Ty

<poreHIIo- OCaAO'IHOH TOJIm;e, B rpy6bIx ~IepTax, CorJIaCIIO. <PopMa HHTPY3HB

IILIX TeJI YAJIHHeIIHO-JIIIB30DIIAIIaH. JtIHTPY3HH, I{aI{ II paBIlfJIO, OT'leTJIHDO 

AH<p<pepem:(upoBaHbI 0'1' OJIUBHnHTon AO ra66po. 

lIa Y<laCTI, (puc. 92) H3BeCTllO ~JeTbIpe HpyllHLIX HBTPY3HBHbIX TeJIa OCHOB

HbIX 11 YJIbTpaOClIonUhTX IIOPOA II n eCl<OJIbI{o 60JIee MeJIHHX. 

COOTllOIDCrlUH MC,RAY CTPY){TYPOll llJIaCTOBbIX I1BTPY3HBHhlX TeJI H CTPYH

Typoii DlIIem;arom,llX CJIallIl.eB C01'JIaCIIhTe. HOllTaI\Thl IIBTpyauBBbDC TeJI C BMe

rn.aIOm;mll( IIopOAaMH, Hal< IIpaBHJIO, BIITPY3llBIIbJe, H JIlImb B OTAeJILUhlX 

Y'lac.TKax ua6JIIOAaIOTCH BTOpH1]IlLIe 30UbI paCCJIaBII.eBaHIIH. 

HapRAY C Al1<p<pepeBII.lIpOnallDbllllFl HUTPY3HHMII, CJIO}l,eIIHbIMII OCBODBhTMlI 

H YJlbTpaOCIIOBnbIM'H nopOAaMH, II3BeCTHO HeCI<OJIbIW DJlaCTODbIX TeJI nop

<pHPOBl1ABbIX II 0<pHTOBbIX ra66po, 3aJIerarom;IIX corJIacno C BMem;aIOm;HM¥I 

nopOAaMH II HDJIHIOm;IIXCH 60nee ApeBHHMH, 1JeJlJ YJIbTpaOCHOBUbIe MaCCHBbI. 

Hau60nee AeTaJIbUO II3y'len rJIaBHhTR MaCCHB, CJIOfKeHHhTR B JIemaqeM 

60HY n11pOKceHOBLI1I1I1 OJIHDUllJ1Tallr1I H cepneUTBBB3I1pOBaBBhlMII nepIIAO

THTaMII, a B Bl1ClI'leJll 60I\y COCCIOPHTH3HpOBaHBhlM OJIHBHIIOCOAepn,am;IIM II 

aCCCI{CHTOBbIM raG6po. Merl\AY nepUAOTHTaJlJH II ra66po aaJIerarOT llIIpOl(Ce

HHTbI. 

ilce anI pa3II013lIAHOCTH nopo.o; npeACTaDJIRIOT C060H cBoe06pa3uLIe CJIOH 

TeqeBfHf. CTPYI\TYPhl Te'IeIIHH OT'IeTJIl1BO ua6JIIoAaIOTClI BO Dcex 'IaCTHX Mac

CliDa II BhTpaH<aIOTcH B uepaBBoMepnolll pacnpeAeJIeBHII TeMH0Il.BeTuhlX KOM

nOBeUTOB B ra66po, B 'IepeAOBamIu ncpIIAoTHTOB II MeTaMop<pII30BauBLlx 

OJIHBHBOBLIX llHpOI\CeBI1TOB B cpeABeif 1JaCTH TeJIa, B 'IepeAOBaHHH l<pyllUO

aepHl!lCThlX H MeJII{03epUl1CThlX nepHAoTl1TOD H T. A. HanpaBJIeUIIe nOJIOca

TOCTI1 11 JIImeihIOCTR COrJIaCHO C 06m;UM IIaAeIIl1eM HHTpyalilBIIoro TeJIa 

l{ I01'Y. 





PY,UOIJPOfI BJIEIlllf.I B CJIAEO H"3~1E11 EHllbIX MllTPY3HBbThlX nOPO.llAX 15~ 

llepeXOAbI OT MaMeHeHHhlX OJIMBMRI1TOB M nepM,o;OTilTOB I< nMpOJ<CenMTaM 

pealmo, D TO npe~!J1 J{aI{ nepexo,o; OT nIlpOI<CeHMTOB l{ raoopo OOJIee MJIM MeHee 

nOCT neHllbIU. 

MOll(IIOCTb paaJIM'lUbJX nopo,o;, CJIaraIO~HX rJIaBHbIH MaCCMB, XapaI{Te

pnayeTcH CJIeAyrom;I1M)1 cpeARIIMM )];aHRblMR: ra6opo 360 M (65 %), nRpOI<Ce

HHTbI 30 M (5~o) 11 CepneIITllRHaHponaHHhle nepM,o;OTI1TbI 160 !II (30 %). 

fYVVl (AA'Al 
l.x.Y.J2 ~3 

rr;:-i=l 
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Pnc. 95. CXeMaTllqCC~wi1 reo:lOL'nt{ccl,flii puapca qepea aaaa /.wyIO qaCTl, r.~anlloro MaCCI1Da. 
I - ~lOpella; 2 - c cpncIITIIII1I 311POOaltHhiC nepBjJ.oTIiTbl; 3 - 1lIIpOHCeHlIThl; 4 - ra66po; 5 - (\HlJIIDITbl It 
Tyl!>!\lIlTbl; 6 - r111\pOTCpMaJIbIlO 11 3MCFleHllbiC YJIbTpaOCHooHbie 0PYAcueJJble nopOjJ.hl; 7 - 0pYjJ.eUeJJaR 

TCHTOUll'tecHaR 6PCK'llIR. 

OcoueHHOCTbIO r:.raBRoro MaCCHBa HBJIHeTCfI RaJIl1qHe B 

OJIJilBI1HRTaX n IIJIarnOJ{JIaaOBhlX nepM,o;OTMTaxJ OT,o;eJIbHhlX 

aepHHCTbIX ra66po-nerMaTHTOB. 

nMpOKceROBhlX 

.mesA I{pynno-

B nepeXOAlIoM: aORe OT nepUJI,OTHTOB J{ ra66po OTMe'laeTCH SRalJHTeJIbROe 

I<OJIJilQeCTBO THTaHOMarReTHTa, npl1'-10M ;:na BI{panJIeRHOCTb npOCJIe>I<JiIBaeTCH 

KaK AOBOJIbRO qeTlmll ropnaOHT B,iJ.OJIb CTpaTH<pl1KaIl,MJil. Cpe)];Jil ra66po )];0-
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BOJIbHO lJaCTO BCTpelJaIOTCSI rrerMaTOH,!I.UbIe Y'laCTI U uenpammbnoii CPOPMbl 

C HPYTIHLTM I1 HpHCTaJIJraMH TIHpOHCeHa 1'1 TIJIaI'1I0KJIa3a. 

H a cxeMe H ceplHI pa3pe30A (pRC. 93-9 ) Bff,!l.Rbl nepBJlqm,re CTPYI{Typ

Hhle 3JIellJeUThl HUTPY3HBHhTX lIJaCCHBOB, a TalUKe pa3JIH'lHhle HaJIO)'I{eUnhIe 

CTpYI{TypbI 1'1, I{pOMe Toro, pOJIb Tex 111 ,!I.Pyrux B JIOJ{aJJII3ar~ml CYJIhcpIlp,Boro 

Me,!l.UO-ITlmeJIeBOrO oPyp,eHeHHSI. 
nepBO'lJIble CTP YJ{TypUble 3JJeMeUTbl. IlepBTI'llIhIe CTPYTUypUble 3J1e-

MeUTh! B 11IUTPY3UBHhlX lI1aCCHBax BLIpaJHeUhl paCCJTOeHI:IOCTbIO IlX 1'1 pa3BlITueM 

TIepBll'lHOTIOJIOcaTbIX TeHCTYP Te'leUHH. Raj( BHp,110 IT3 pa3pe30B (p IlC. 93-9 ), 

rv=vvI 
~2 

PRC. 96. CXeManl'IeCKllll r eOJJOrrplOcRRU: paapoJ 'Jep 3 
1 - Mopcna: Z - ccpnCHTIIHII3npoBanllwc nepnJlOTIITW; 3 - nllpoI<CCHHTbl; 4 - ra66po; 5 - rllAPoTcp
MaJlbUO IISMCHCHHWC 0PYAcflenwc ynbTpaoclloBflWC n opoAbl: 6 - rafi6po-AllaGasbl; 7 - (~ll1Jn IlTW II Ty(jl

(jJHTbl; 8 - 0PYAcHCnaf! TCIITOHIIQecl<afl fiPCII'IllfI . 

paCCJIOeHUOCTb BCeX MaCCHBOB Bhl,!l.eplRaUa B Op,HOM rmaHO: HH)J{mfe ~laCTU l1X 

CJIOmeULI nepHp,OTUTaMH, a BepXUl1e - ra66po; Memp,y nepHp,OTlITalltH H ra66po 

pacrrOJIaraeTCH cpaBUllTeJILHO lI1aJIOMO~HbIH CJIOll mrpOKcenUTOB. B pe3YJIhTaTO 

B03HHKaeT TIIllU'lnOe p,JISI l1e~IeHrll aCIIM leTpH'lUOe aUH30TpOilnoe CTpOenlll: 

llUTpY3Hll . 

llepnH'luonoJIocaThle TeHCTyphl Te';reUffH HaJ( B nOpffp,OTlITODOH 'laCTI! 

MaCCffBOB, TaH 1'1 B ra66po Bhlpa>HenJ,J TIOCJIOiiULIM 'Iepep,OBUUTIeM nopop, pa3JIH'I

noro TIeTporpacpl1'leCHOrO COCTana. ,n:JISI npUJlJepa na pTIC. 99 npe,!l.CTanJIeUhI 

HOJlOUIUI, H3 IWTOPhlX DH,!I.UO, 'ITO CepneTITHUH3HpOBanUhIe lIoiiImJIlITOBhIO 

nepU,!I.OTHThl lJepe,!l.YIOTCSI C lIJlarHOHJIa30BJ,JMH lIepn,!l.OTHTaM~I, cepneUTlIlIH3ll

pODaUUhlll1H TIHpOHCeHODhIllfI1 OJIllBHUHTaJlUr , CepTIOUTIlHl1Tallll1; Cpe,!l.H ra66po 

Bhl,!l.eJlRIOTCJI pa3HOBH,!I.HOCTH lIIeJIaUOHpaTOBLTe, M eaOHpaTonble 11 JIeHIWHpa

TOBb[e, a TaI{me HpYJIHO-, cpe,!l.ue- IiI JlfeJlIW3epHHCTble. MO~UOCTb OTJJ;eJILHhIX 

CJloen, OTJlHlJaIOIIVUCH ,!I.pyr OT ,!I.pyra IIO COCTaBY, CTpYHType 11 [{PYUUOCTR 

3epHa, lWJIeOJIeTCSI OT neCIWJIbTHIX CaHTflJlIeTpOB ,!I.O HeCIWJlhHl'IX 1>leTpOB. 

B ra66po, npOMe 'lepe,!l.OBaUI1JI CJIOeB pa3JIH'IRorO COCTalla, nepBFI'lHaJI 

nOJIOCaTOCTb npe,!l.CTaBJIeUa OTlJeTJlFlBO nbJ pa}L(eUllOH 'l'pax IJTO~I,!I.llOCThIO -

3aHOHOMepUOH opHeHTHpOBIWH Y,!I.JIHUellUhIX npII3J1faTFI'leCI01X }<pHCTaJIJIOB 
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2 _ cep"CHTII IIII J ll pOBallll bie IlCPII:tOTIITbI ' 3 paapCJ lJepoa ~eHTpa:lbll(,lti .11a ()(j IlO 
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:\OTl 'T','; r, _ 0PY:IClle.'I~R TCHTOHll"CCI<AR 6pCI<"'1IR'7 rll¥,OTepManbllO 11 3MCHellHble OPYACHenbiC CCPIlCIlTI H , _ .,.lInnIlTb' II ry<!><!> IITM . I ~ITbllI nepH-
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JIll pOHCeIJ a D op;rroii DJIOCIWCTFl., aaJIeraIOII\eH COrJIaCHO C rroBepxJ{ocTI.IO 

CJIOeB Te'lenIlJI. O'leDI. 'laCTO B DJIOCROCTH TpaXJ:IToHp;UOCTH 3aMeTUO JIflllellHO

napaJIJIeJILlTOe paCIIOJIOmeHlle I<pHCTaJIJIOB mIpOI{CeUa B UarrpaBJIeUHH na]l;e

HUH nJIOCJ<ona paJIJIeJILULIX CTpyHTyp llHTpyaMBuhIx MaCCHBOB. 

MCCJIeP;onaIlTUT H. A. EJII1CeeBa H B. III. TIanymHc (1952) nOI<a3aJIH, "ITO 

nepBl1lfHOnOJIOCaThIe 11 JIHfleHHhle CTpyRTYPbJ BOaHlJRJIH B tPaay Te'IeHHJI iI<H):V<HX 

lIJIH IIJIaCTll'IeCI{HX MarlllaTH'IeCRHX Macc B nepHO]l; aanOJIUeHHfl MarMOR aOH 

Pac. 97. CXOMal'l1'ICCJWH reO;IOraqeCr<HH paapea '1epea MaJIblll Maccan. 

1 - MopClla; :1 - ccpnCHTI1HIISllpoorumbJe nepnll.OT~iTbJ; 3 - ra66po; 4 - rnll.pOTepMaJlbHO 
118MCnelIllbJC 0PYlI.CIICJlbIC YJlbTpaocHoOilble nOpOll.bl; 5 - Allal'issbI; 6 - (j)UJlJlIlTbl 11 TycjJ(j)IITbl; 

~ 7 - 0PYAeuCJlsn TeKTOlUl'1CCl{afi sona. 

paaJIOMa, a paCCJIOeUIlOCTI. HUTPY3HH OOYCJIOBJIeHa npo~eCca~I1'I rpaBHTaD;HOHHO-· 

RllUeT1:l'IeCIWU ]l;HtPrpepeRD;uaD;JHI MarMb!. 

K uelWTophlM cnOHM Te'IelilIfl B lIepH]l;OTHTaX npHypO'IeRa C1:l]l;epOUFlTOBaJI 

BKpallJreU~OCTb CYJII.rpl1AOB. 

HanomeHllbIe CTPYl,Typbl. 1\ UaJIOII{eIIHhlM CTpyKTypaM, noaRHHllFlM nOCJle 

aaTBepp;eBaUl1fl HUTpY311BnhIX MaCCl1BOB, OTlIOCflTCJl: TeI<TOHl1'leCKl1e aOUhI 

paaJIOMOB, OPOxop;JlID;l1e npel1Myrn;ecTBeHuo BAOJIb UI1iI<Ul1X IWUTaKTOB l1UTPY

aHBULIX MaCCl1BOB C BMeID;alo~ei1: TOJIrn;ei1:; 30Rb! paCCJIaHD;eBaHl1Jll1UTPY311BUhIX 

nopoA BHyTpll lI1aCCHBOB; Tpern;llRhl, 'IaCThIO BhIOOJIUeUUhIe Cepl1eR rHAPoTep

MaJII.HhrX }lH1JIOK. 

T e K T 0 H H 'I e C I{ 11 e a 0 H hI, 0pOXOAJIrn;l1e BAOJIb UmI<lIl1X I<OH-

TaHTOB lUITpyallBHhlx lIlaccHBoB, JInJIHIOTCfl fJIaBUhIM CTpyI<TypHhlM <lJleMeRToM, 

KOHTpOJIlrpYIOrn;l1M JIOHaJI113an;l1IO CYJIhtPHAUhIX PYA. Ha.uooJIee npoTFm<eHHaJI 

TeHTOHHQeCI<afl aona, npOTJIrHBaIOrn;aflCJI 'Iepea BeCh Y'IaCTOH, pacnOJIaraeTCJI 
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PHC. 94. CXeMaTHqeCKHH reonOrUqeCKHH paapea qepea IOCTOqUYIO qaCTb f naBHoro MaCCHBa. 

I - MopeHa; :/ - ccpneunlHlIsnpoaaHHblC ncpIIAO'JIITbI; 3 - nllpOHCeHIITbI ; 4 - ra(i(ipo; 5 - ra66po-JUla6a8hl II noplj)IJ lOBIlAHoe ra66po ; 6 - aIUIHOJlbl; 7 - $IIJlJlIITbI 

OpyncnMblc YJlbypaOCHOBHl>Ie nopoJJ.l>l; 9 - 0 YAenMaR TeKTORlI'tecKaR aORa . 
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Y nOL(OmBbI rJIaBHOrO MaCCHDa, npOL(OJll-HalICh aa ero npO)1.0JIUMH Hal{ Ha 

cenepO-3anap:, TaR n: Ha IorO- l)oCTOI<, Bp:OJlh HBlf\HHX RonTaRTOB Bopxnero 

n: IOiI\Horo MaCCI:IDOO. 06-
m;ee npocTHpamre :noll 

30HLI ceoepo-3anap:Hoe, C 

nap:ennOM 1:[a JOrO-3anap: 

nOA pa3JHJ1IBhlMH yrJlaMlf 

(l<a1< 31'0 DflAno ua COpllU 

pa3p0300, puc. 93- 9). 
BTopan TOI{TOHIl'IOCJWfI 30Ha 

OTBOTBJIJleTClI 01' nopooii y 

BOCTO"tJRoro OJ<OlPlalllIlI 

rJIaDHOrO rrraccnDa H, npo

XOp:lI D COBopO-3anaAHOM 

HanpaDJlOHnn Bp:OJIT> nIHI<He

ro J<OIITaI<Ta BepXIIerO 1Ilac

CBDa, OTAeJJnOT 3TH :fUlTpy-

3BDIII>I0 TCJla p:pyr 01' .I(pyra. 

8JI0ll10nTLI 3aJIoramtll 01'0-

pOll Te]{TOHI11JOCHOH 30nhI D 

06m;oll! TaJOIQ iI,e 1<al< Ii y 

nopBoii" 30RhI, T. e. ceDepo-

3anaJ(rroe rrpOCTUpalUIe 11 

nap:enno na JOrO-3anaJ( . Mop

cpOJIOr111JCClm 30nhI pa3JlO~la 
OhIpaiHonbI 6PCl<'lIlpOlJanUeM 

II CIIJl bDOH Tpem;nnouaTO

CTLIO nopoJ(, aa lJel<OTOpLIX 

Y'laCTI<ax - paCCJIa llI(eoa· 

HMe1\{. 

lIa Tex YTfUCTI{aX TeI{TO

llIi"tJeCI<IlX aOH, J{OTophle CO

llpHHacaIOTCfI C yJIbTpUOC

llODllhIMU nopoJ(a~llI, CJIara

JOm;HMJ:l HJ1>lm 11e qaCTH HH

TpyalwHhIX lIIaCCl1nOD, IiH

TeHCHDnO pa311I10aIOTClI npo

n;eCCLI CyJIbcpIIJ(1I0ro 1IICJ(HO

HIiIWJICBoro opYJ(eneHHR:. 

GYJIbCPBP:hI 06pa3yIOT PYA

HLIH n;eMOJIT TeI<TOJIl1lJeC1<OIr 

6pel<1Jlm; 1<pOllle Toro, opy

AeHemno nOJ(DepraIOTCR: 

nplJJIeraIOm;rre ]{ TeHTOIHI'Ie

CHoil 30ne Y'laCTI iii. yJl hTpa

ocnODnbTx nopop: C 06pa30-

DaHIIell! MeTaCOMaTJPleClnIX· 

DHpaUJl IIHbTX pyp:. HapRAY 

C 3Tnll1 Te yqaCTIOITeI\TOHH-

lJeCHltX 30n, I<OTophIe npoxo

L(fIT D TycporeHf:JO- ocap:OlJHoii: TOJIm;e BJIH n ra66po, JII160 conepmeHHO 

6e3pYL(RhI, mroo llOL(BopraIOTCH 6e3RlmeJICBOMY nlIppOTI'IHOBOMY 0PYAeneRliIIO. 

JI01<a.'l Il3YIOm.eMYCH TO;IbIW D TeHTOHH1JeCI\oH 30He, 603 1lIliIpOKoro pa3BHTHR: 
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pytlllOrO MCTaCOMUT03a DO DMem;aIOm;UX CJIann;aX UJIrI l'a66po. TaTUIM 06pa30M, 

pa3~ICIl~eUUC CyJIbQl11AIlOr O opytleHCIlHfI KOITTpOJIUpyeTClI tlByll1lI cpal{TUpaMu: 1) 
-rel{TOU lllleCIWM Il 30HaMI1 JI 2) uaJIHlll[e~l YJIbTpaOCHOBubIX ITOpotl, lIBJI lIlOIrt;llXCH 

6narOnpl1HTII 011 cpetloil tI!TH pa3 DIlTlIH npO~CCCOD a b 
PYAOOTJlOH\c1J IIH. 

3 0 II hI pac JI a n U. C Ban n fI yJIbTpa-

OClJOBHhlX nopo,A, ua6JllOtlal0Irt;lleCH uHorAa B nlln\-

1:IllX 'JaCTRX lIDTPY3HBUblX MaccrmOB, CBH3anbl 

<:BOUM npOllCXOmtlellUeM, nO-BuAmlOMY, C TeMlf 

) I,e tlDI1iI<eBl1HMU, l\OTophIe nptlBeJIlI T{ 06paaOBa

HllIO 6pel{qllii utl0JI b mmmHX l{OIlTaKTOB lIlITPY3HiJ. 

PaCCJIaIlU;OBaIlUhIe aOIlLI aanel'aIOT COI'JIaCllO 
<: aOll aMll 6PCl{Qllii: (u Te U ,Apyrue B 06m;CM 

napaJlJlCJIbUO HOIlTaHTonou: nOBepXIIOCTU ?JaCCll

BOB); MOlll.HOCTb 11X 06bI'1UO ItaMepHeTCH IlCCJ\OJIb

Im~Hl lIJeTpaMI'l, HO JlllOl'tla ,AoCTrUaCT HeCl\oJIblUlX 

,lJ,eCfITIWu Me TpOD. PaCCJlaHn;enanHe YJIbTpaOCHOB

nblX nopOtl conp0130mtlaeTCH rUAPOTepllJaJIbHbIM ll3-

lII enCJU1eM 1lX - all1cp1160JIlIaaU;UeH, OTaJIbKOOanneM, 

Kap60naTlI3aU;lleii, a TaI{JHe nepeOTJIOIHeHl1eM CYJIb

<p11,AIToii ol<parIJIeHlIOCTlf, npucYTCTBylOm;cu B nopotle 

,AO paccJwuu;e UaJIUH 11 teTaMopcplla~la; 0 Bcex 3TUX 

HDJlCIlLUlX 6ytleT nOA P06uco Cl{a3allO npn onllca

llllii PYtl. 

T p e 1I~ Jl II 0 BaT 0 C T b lIHTpyal1nHhIX no

POA ua6JIlOAa CTCH nODCe MeCTllO; QaCTO Tpem.anbI 

BhlDOJlIleHhl lIIUOrO'1UCJIenHbIl\1U n pa3Ho06paaHbIMU 

no cocTaBY rIl APOTeplIlaJIbRLI IJ1 rI\UJIl\aMlI. Opn

enTilpoBHY TpC~UU D npocTpanCTue no }{ep

llaM YCTanoBuTh neBoaMoiHno; neMllOr0'111CJlen

llble aa Mc phl B eCTeCTllCllllblX 06namemulx no

Ha3bIBaIOT, 'ITO , BepOHTllO, 'IaCTbIO OIlU HB

JIHlOTCH llCPDUQUbIMU Tperu.una~1U OTAeJIbHOCTH, 

paCnOJIOIIWUlll"IMIl 3 aKonOMepuo no OTIlornemlIO 

1< nepBUQUblM CTpYliTypaM TeQeUUH B UHTpy-

3 11BUbiX MaCCUl3ax (UpOAOJlbHLIe J[ nOnepeQHble 

TpenVlllLI), alIa 'Tb lO - 60JIee n03Jl,llmm, llaJIO

rl<eUHblMU Tpew.H11a~m, ucpece l\alOlll.U~lU nepBIlQUble. 

Pytl bl 

BblAe JlfllOT CH tlBa OC ll OB l1blX Tlllla ~I OAHO-IIII-
l\ eJICBbIX ' p )1.: a) Bl,pa llJICllllbl P l lbl; 6) OPY-
JICllCJIbl C TCI(TOlll1'IOCI\IJC 6pO I(' IIILJ . 

lJ opo~a. COl~o pil<a w.aH PY,AllylO B1(panJl e u-
1I 0C Tb, lIp C)1.C TaU Jle lla up OIHlyw.CCTlleHHO Ccp-

ll0l1TUJlH31J p Olla HUbl I 110 PU,AOTllT OM. 

~I 82 ~3 ECJ* 
Eas [Els 07 138 
~g~loBI/612 

PII C. 99. 1{0."101lI\ll - pa3-
pCJhl llllTpya uDll oro TeIla. 

a - 1 - ccpneHTlIUII311pODalfHbi1l 
11 o li 1<ttJ1 IITOBbl fi nepIIAOTIIT; 
2 - IIJ1arIlOliJ1aaOllbltl ncpII-
AOTIIT ; 3 - CCp llellTlI1111 3 l1pOna u 
IIblit rtllPOllCCIIOOblii OJ11I 8 111111T ; 
4 -CcplleUTIIH1IT (110 OJ1 I1Dl1I1I1TY) ; 
b -CellflCIITI11lIlT C CII OCPO IIIITODO.I 
CYJ1b<!>1I0 1l0 ii nHpallJ1eI1110CTbtO; 
6 - cep II CIITlI lI1I 3 l1 ponaHublilllOIl 
HI IJ1 I1TOBblii nepllnOTIIT C CYJ1b<!>lIn-
1I0i! BllpallJ1eUHOcTbIO. 6-
7 - MCJ1HOaCpIIIICToe MeaOllpaTO
DOC l'a6Gpo; 8 - CPCnll CaCpHlICTOC 
MC301lpaTOBOC ra66po; 9 - "pCn
II C3CPIHICTOe MC30KpaTOBoe MOII
HOHIITOBOC ra66po; 10 - Hpymlo
aCpJIII CTOC MCJ1aIlOH paTOBOC ra6-
Gpo; Il-MCJ11103CPIIIICTOCJ1eIlHO
HpaTOBOC MOHUOIIIITODOC ra66po: 
1 2 - CPCnllCaCpl11lCTOe J1ctitlollpa-

Touoe l'aG6po. 

PYAllble ~lllllC pa Jlbl llpO)1.C TaBJl e Ubl: nUpp OTJlUOM, neUTJIalJAIlTOM, XaJIb-

IwunpllTOM, IlIJPllT OM, AH1I'UOTUTOM, TIlTau o lllarneTIIT0ll1, llJlbMeHlITOM, 
Xp Ol\lJ.lTOl\!' 

D epec'IcT xu m'1eCI{oro aRaJIl1aa PY,UlIoii 'laCTJJ n o p O,Abl Ha lI1HHepaJIOnrQec

Imil COCTalJ AaeT CJlCAYIOm;I1H pe3YJIbTaT: cymla CYJIbCPHAOB - 10 %, na nHX 
lU1PPOTHlI - 5.5 %, n e llTJlalIAllT - 3.0 % U XaJIbKOnHpHT - 1.5 %. 
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OpYll,eHeJJLIe TeJ{TOHHlleCKl'Ie OpeI<llHIT COCTOIlT HS OOJJOMIWB BMeIl'(aTOIl'(eii" 

nOpO,n:hl, cn;eMeHTHpOBaHHbrx CYJIb<pH,n:aMH. BHYTPH opy,n:eHeJJblX TeRTOHHllC

CI<HX SOH Hspe,n:Ra BCTpeQaIOTClI YQaCTJUI CnJJOmHbIX MaCCHBHbIX CYJJbqm):(IIbIX 

Pyn;, B I<OTOPhlX I<OJJHlleCTBO OOJIOMHOB CHJIHHaTHbIX nopo,n;, paSJIFlqaMbIX 

MaI{pOCI<OIDIllecr<H, H11IllTOmno. IJPH IIml{pOCIWIDIllecHo { HSYllenHH B CYJIb

<pJlfAHOH Macce CnJIOmnhlX PYA oonapYiHuBarOTCll MHOrO'I11CJIenHl>1e Memme

BI<JIIO"tJeHHll CJlfJIHI{aTOB, npeACTaBJJIIIOIl'(He cooofr lIU1RpOOpeHllfiIo. 

<t>opMa OOJIOMI<OB B OpeI<lJ:HH OBaJIbnall, lle'leBl'In;eOOpaSHall H HerrpaBHJJbIJO 

yrJIOBaTall. PaslI1e p OOJIOllfIWB OT HeCI<OJIblUrX lIUIJIJJH!I1eTpOB AO H CIWJIbrmX 
caHTHMeTpoB B nOIJepeQnl'IHe. 

B COCTaB OOJIO!l1IWB BxoAHT CJICAYIOIn;He IJOPOAhl: paCCJIaHn;OBanHbIe IT HS

MeHeHHble (OTaJIbI<OBaHnble H aM<pHOOJIHSHpOBannbIe) nepuAoTIlTbI H all)qmooJIrr

sHpoBannbIe IDIpOI<CeHHTbI HHiI<Heii' I<OHTaI{THOII SOHbl, <p liT JlJlHT 1..1, TY<P

qmTbl. 

Py,n:HbrH n;ellfeHT npeACTaBJIen CJIeAYIOIl'(HMH MHHepaJIaMH (n YObmaIOIl'(e!l1 

nOpllAI<e): nHppOTHH, neHTJJaHAIIT, XaJIbHOrmpHT, lIfarneTHT; BeCbllla peAI<o

HaomOAaIOTCll c<paJIep1'lT, nnp1'lT, XPOIIUlT, I{yoaHHT, BaJJJIepIIHT, BEOJIapHT (?), 
OOpSHT II nJIaTIInOBhlH MlmepaJI. 

B opYAeHeJIOH OpeI{lllIH C OOJIOllmaMII <pHJIJI1'ITOB 1'1 TY<P<PHTOB D PYAHOllf 

n;ellfenTe llaCTO npHCYTCTBYIOT Imapn; H J{apoonaTbI, yneJIH'lIIDaeTCH COll,cpma

HHe XaJIbIWnlIplITa IT nOllBJIlleTCll nHpHT. COOTHomeHHe PYAHOW R rrePYAnOrI 

llaCTew B 0pYAeneJIbIX OpeI<'llIHX HenOCTOHHHoe II I<OJIeOJICTCH B umpOIOlX npe
,n:eJIax. 

H a cPJIanrax Py,n:Horo TeJJa, c, nepeXOAOM TCI{TOUfl'lec,l\oii SOHbI B TY

<poreIlHo-ocaAollHble nopOAbI HS!I1eHHeTCH c,OCTan oOJIOJlmOB H PYARblll u.c

MeHT. B SaBJ2Ic,H lOCTJIf OT nopoA, no J{OTOPbIM npoxoAllT Tel{TOlUI'leCI{afI 

30Ra, OOJIOMIHI npeACTaBJIeHbl cPHJIJIHTaMH, Ty4?tl>HTaIlIH lIJIn aAHnOJlaMJII. 

PYAEIhTH n;ellfeHT OT JIlil' laeTCH npHc,YTc,TBHeM 3Ha 'IHTeJlhHOrO HOJlH'Iec,TDa 

IIupHTa 5 OTCYTCTBHeM neHTJIaHAIITa. 

CpeAHlIe co,n:epmaHHH J{pellmeseMa, rmm03e fa, lIfarHeSHH, IISBeCTH, mc

JIesa II cepbI AJIH paSJJIIllHbIX TIInOB 0pYAenenIIH npeACTaBJIeHbI D TaOJI. 8. 

Ta6 JrnI\a & 

CpeAHne COAep~KaHUlI rJlaBHciiwux: OIWMOD D pa3J111 l llIblX: pYI~ax 11 nopOAax 

CpCAHl1e COAepmalll1l1. DCC. % 

TI1D 0PYAcnCfll1l1 II DOPOAbl 
SiO, I Fe,O. I MgO I CaO , AlSO., S 

0PYJ.\eneJIan 6pel(Qull 31.08 18.27 12.03 8.47 5.37 15.4 
Ell parrJleElUan Py,[(a 28.78 20.73 16.97 4.87 4.83 8.17 
BJ{panJIe Hllan [y,[(a 34.56 13.09 23.1 4 7.04 4.01 1.84 
B eAHan PYAa • • • • • • • . • • • 35.78 15.04 25.68 3.42 5.07 1.56 
Cepu e llTIllll'l 3 HpOBaHBhle I1 CPJ'lAOTH'rbJ 25.09 28.50 19.73 - - -
<DflJIJHlTbI rr TyifJifJ~TbI • • . • • . 44.62 

I 
10.35 5.75 3.49 12.10 2.8& 

I 
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THubl py~ 

Italt OTMelJeHO Blume, Me~HO-lIFmeJIeBhle py~hl npe~CTaBJIeHhl ~ByMH 
MOp<POJIor.ulJeCKHMH pa3HOBH~HoCTHMn: a) B1tpanJIeHHhlMII pY,l1.ar,m (KOTophle 

no cO,l1.eplKamuo nOJle3HhlX KOMnOHeHTOB nO,l1.pa3,l1.eJlHIOTCH Ha 6e,l1.Hhle II 60-

raThIe) H 6) opY,l1.eHeJIbIMU TeI\TOEUlqeCIUlMH 6peK'llIHMH, C nO.l1.'IHHeHHhlMH 

~nJIOmnhlMH py~a~lIf, npe,l1.CTaBJIHIOIIJ;HMII co60n PY,l1.HbIH ~eMeHT 6peK'IllII, 

060coGHBmullcH B OT,l1.eJlhHble nOJIOCTH DHYTPH Tel{TOHlneClmx 30n. 

O,l1.Hal{O ,l1.eJlelIFle PY,l1. no nepe'lHCJIeHHhlM Mop<pOJIOrHqeCI{HM pa3HOBH,l1.HO

oCTflM He OXBaTbIBaeT DcerO pa3Ho06pa3HH npOHBJIeHHH CYJIb<pH,l1.HOrO Me,l1.HO

mmeJlenorO 0pY,l1.eaemUl:. 

Tal{, BI{panJIeHHhle PY,l1.hl no reOJIOfHqeCIWl\IY nOJIOtHeHHIO, OTHomeHHIO 

}{ CTPYKTYPHhlM 8JIeMeHTaM B~leIIJ;aIOIIJ;erO IIHTPY3HDHoro r.1aCCl1Ba, no CBOHM 

~lOp<pOJIOrllqeCI<HM oc06eHHOCTHM H BpeMeHH Bhl,l1.eJIeHHH npHHa~JIe}I{a T J{ ,l1.BYM 

pa3JIHQHbIM THnar.1. 

IT e p B hl jj TIl n p Y ,l1. hl OTJlllqaIOT TpH npH3HaI{a: 1) npHypO'1eHHOCTb 

oCYJlb<PU,l1.HOll Bl{panJleHIIOCTH I{ nepBH'1HhlM CTPYI{TypaM - CJlOHlIf TeqeHHH, pac

nOJIaraIOIIJ;HMCH COfJIaCHO nepBHlJHOll nOJIOCaTOCTH IIHTPY3HDHhlX MaccnBoB;l 

2) CH.rr.epOIUlTOnaH <popMa CYJIb<pH,l1.HOn BKpanJIeHHOCTH; 3) 60JIee paHHHH 

I\pnCTaJIJIH3au.UH CYJIb<PH,l1.0B no cpaBHeHHIO C BltpanJIeHHOCTbIO BToporo 

TI:lIIa. 

B l~aJIhnei1:me I H3JIOmelIFlIiI: npH omlcaHHIiI PY,l1. IiI PY,l1.HLIX lIfHHepaJIOB Bce 

3TU np1I3naJ\H n oc06enHOCTH I{aH{,l1.0rO THna PY,l1. 6Y,l1.YT paCCMOTpeIlbI no,l1.

poGno. 

B TOp 0 ii T H n - PY,l1.LI, npI'lypOlJeIlIlhle I{ HaJIO}I<eHHbIM CTpYHTypaM 

11 CDH3aHHhle C HaJIOmeHHhlMU HBJIeHUHl\I1iI MeTar.lOP<PH3Ma. OHn npe,l1.CTaBJIeHhl 

oCFlJIbHO 0pY,l1.Cnemull1H rH,l1.pOTepMaJIf:,nO n3MeHeHHhIMH YJIbTpaOCHonHbIMH 

nOpO,l1.alllliI (au<pll60JllI3IIpOBaHHhlMH, OTaJIbI<OnaHHblMH IiI J{ap60HaTH3I1pOBaH

lIblJl'm) , paCDOJIaraIOIIJ;nMHCH Ha~ Tel{TOHU'1eCrWH 6peIt'TIlen H B 30Hax paCCJIaH

~enannH, npel1MYIIJ;eCTBeHHO B npliIn0,l1.omBeHHhlX '1aCTHX HHTPY3DBHbIX lI1aCCH

DOB. 

9Tlt BHpanJIeJllIble PY,l1.hl npOCTpaHCTneIIHO II relieTHlJeCHIiI CBH3aHbI C opY,l1.e

neJlhlMIl Tel{TOHll'IeCHHMII 6pel{lJIHllllli; nOCJIe,l1.HHe no CBoeMY CTPYHTYP HOMY 

nOJIOmeIlUro OTIIOCHTCH H TO\iY }I{e BTOPOMY THIIY PY,l1.0npOHBJIeHHi1:. 

ITo !\Jepe Y,l1.aJIemlH OT 30UbI opY,l1.eIleJIOll TeltTOHHlJeCIWll 6peltlJIlH BHYTPb 

MaCCI'lBa nUTCHCIIUnOCTf:, opY,l1.eIleHllJI II rH,l1.pOTepMaJI.bHhlX 113MeHeHllH yJIbTpa

{)CHOBUhIX nopo,l1. nOCTeueHHO YMeHbmaeTCH. ITPH aToM HHor,l1.a ai\l<pH60JIII3H

ponaIIllLre IiI OTaJlbH:OnaIIHbIe opY,l1.eHeJILIe nopO,l1.bI BCTpelJaroTcH H30JIHpOBaH

nbIMll yqaCTI{aMH, ,l1.JIH IWTOPhlX HenOcpe,l1.CTBellIIaH CBH3f:, C HaJIOiI{eHIlLIMH 

oCTPYHTYPHbIMil 3JIeMeHTall1lf MaCCHBa reOJIOrHlJeCIUIMH ,l1.aIIHhlll1H He YCTaHaBJIH

BaeTCH Ii OlHI MorYT pacnOJIaraTLCH COrJIaCHO c rrepBHlJIlOll nOJIOCaTOCTbIO HHTPY-

3Ull. O,l1.H~\I\O DO CBOHM oc06eHHOCTHM 8TH H3MeHeHHbIe H opY,l1.eHeJIble nOpO,l1.hl CO

BepmenllO anaJIOrl'llJnhl nO,l1.06HblM me nOpO,l1.aM, ,l1.JIH IWTOPhlX ,l1.0J{a3bJDaeTCH 

npHypOlJeIIHOCT.b K HaJIOiI<eHHbIl\r CTpYHTypaM. OTCIO,l1.a BhlTel{aeT, 'ITO COrJIaCHO 

-c nepmrlJIIoi1: nOJIOCaTOCTf:,IO HHTpyaHBHoro MaCCHBa lI10rYT 3aJIeraTf:, I{alt Bl{pan

.JleHHhlC PY,l1.bI nepBoro Tl!lna (CIiI,l1.epOHHTOBaH Bl{panJIeHHOCTf:,), TaR II BI{panJIeH

Hble PYP;LI BToporo THIIa (aM<pH60JllI3l!lpOBaHHLIe H OTaJIf:,I<OBaHHhle opY,l1.eHeJIhle 

nOpO,l1.bI); CJIe,l1.0BaTeJIbIlO, Hal{ OTMelJaJIOCf:, Bhlme, aTOT CTPYI<TYPHbIU npH3HaI{ 

1 B3HTWU B OTAe][bOOCTH, caM no ce6e <lTOT npl130aK oe HDJTReTCfI pel.lIa[O~11M; 
llOAP06nee 06 n OM 6YAeT CJ(aaaOO neCKO: lbHO ml1ue. 
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B )1;aHHOM Y'laCTI\C IIe F.lB JUIeTCII pcnrarom;ml'[ )1;JTJl OTUCCCIUm 0pY)1;eneIllUI 

1\ TOMY I:IJII:I HHOMY 'fH:ny . 

OpY)1;enenne ooonx Bhl)1;CJleIITlbIX T~mOB npuypOqeUO I{ TOm.qe 113MeHeIIHbIX 

nepff)].OTl'lTOB, CJIaraIOII~lfX mfilHme 'laCTJ'I FlHTPY3I1BnhlX MaC ·11BOB. Ho, J(pOMe 

Toro, pep;HaR cnopap;I1'leCI{aJl CYJIhtPup;uaH BI{paIIJIeIIIIOCTh nCTpeqaOTCF.I 11 B 1111-

pO!<celIlilTaX, 11 n raoopo, 3amJl\,l alOm;~IX nopxnlle 'laCTH HIITPY3LJBHhiX MC1CClIBOIl. 

ITo hlIIHepaJIOrl1lJeCT<OMY COCTaBY na nl<paIIJIeIHIOCTh OTJlIllJaeTCfl 01' 

ImpamreUHOCTE[ B ncpnp;OTIITax nOlJTn nOJIIIbTM OTCYTCTBHOM 11 HTJT3H

p;11Ta. 

HaI<ouen;, opY)1;eHCRmO nO)].BepNH'TCfT Tal\iJ\C 11 TYtPoreIluo-OCap;OqIl3rr 

TOJIm;a, BMem;aIOm;aJl IWTpY3urr. Opyp;eneJlbIO yqaCTlm Ty(pOreUlTo-ocaJ\OlJm,TX 

1I0PO)1; IIpOCTpaHCTneuuo IIpnypOqeUhI npcmlym;ecTnellllO T{ nrmmlfM .I<OBTaT{T

HblM 30RaM IHITPY3ffU, TOlJUeC 1\ lJPOXOJJ;Hn~lIM B}J,OJTb 1I11X 30rraM 0PYJJ;eIIOJIhlX 

TOKTOUl:IlJeCJUIX opef{Iulir. ITo MOPtPOJTOrnlJCCIOnf OC060UHOCTHM pa3J1IllJaTOTCR: 

mmpeUbfTn;HOHHaH CYJIbtP~IJJ;uaJl m,pamlOnnOCTb n tPHJTJlIITaX II TYtPtPlITax, 

MemUle ceJ\ym;no PYJJ;HbTe nmmm (C Jmapn;CM II HaJIhn;UTOM), opYJ\elIOJIbW Tel{TO

HIIlJeCJnIC OpeJ{lJHH. IJOCJIO}J,HfIe lJaCTO JlBJIflIOTClJ OTBeTBJlOHIIHMI1 mlH IIpO)].OJI

meHnell[ opYJJ;eHeJIf>IX TeI<TOnlJlJeCJ{JilX opel(qnii, paC110JIaraJOJIJ,T1XCH BJJ;OJIb 

nHll\HHX HOHTaHTOB HIITPY311BHbIX MaccnBOIl . 0pYJJ;eIlcuue B TYtPorCHlIo-oca

)1;OlJIIbTX 1I0pO)1;aX OTJIlIqaeTCH OT 0pYJJ;elJeUUH n IICPUJJ;OTIITax nOmeCTBCHlTbHr 

COCTaBOllf, a H!I!eHHO , OTCYTCTBueM 1II![<eJIbCOp;Cpi!{aJIJ,ero CYJIhtPlIJJ;a nOllTJraUJ(IITa. 

,1J.ame B opY)1;eHeJIOU TO[{TOIIlI'lCCI\oir OpCI\IIllI1: lIeIlTJIailAIlT lIc'rcaaCT, 1(al<' 

TOJJhHO ona BbIX0)1;UT 3a npe)].OJIbI nflTpY3JiBnbIX raCCIIBon na tPJJall "ax PY)1;

Hbrx TCJI. 

Ta IWM 06pa30ll!, no j\foPtP0JIOrulI J[ cTpyl\Typno- r OJIO 1'1I l ICCHOMY nOJroiHc

HlIJO pa3JIHlJa JOTCJl CJIoJJ;yroJIJ,lIe pa3uoBH}J,HOCTlI PY)].Ol1pOHBJIelTllli:, OTIlOCHIJ~l1eCR 
1< ABYlIf pa3JIlIlJnLHt TuuaM. 

IT e p B hI U TIl n - CH1.J;epOIlJlTOUaH cyJIhtPn~(naH nr<paUJIellrrOCTb B rrc-

PJlgoTJilTaX, paCIIOJIaralOIo;aRCJl COrJIacno C ncpBII'lIlOnOJIOCaTbI fII CTPYI<TypUAIlI 
Te<lerrHH. 

B TOp 0 ji T]I lJ - OPY)1;eHemre, lJPl'lypO'lCnIIOe 1< IIa.llOlfWHlIhTlIf CTPYI<

TypaM: a) 0pYAenCJIhTe ru '[(pOTep!llaJIbnO 1I3~lelIClfUbTe (a?lltPII60JJtr311pOllanlll,JO 

11 OTaJIbl{OnalllJbW) YJIhTpaOCIIOBHbTe lJOPOAbI (B1,paUJIOlllrhfe Py)1;bJ); 0) 0PY

nCnOJJaH TeI\TOHILqeCT,an OpeT-\'lIIH U CUR3aUHhlO C HelO CI1JT011Jl1ble CYJTb

tPHJJ;l1bTC PYAbI (60raTMe PYJJ;T,T); n) CyJIbtPn,[~lTaH m,palJJrennOCTf> U DfrpOHCeIJlITaX 

II ra60po; r) OpYl (CHenne BO BMem:alOl.D;l1X tPUJIJlllTaX n TYtPtPf1.TaX (6C3Hlmo . 

JIeBOe opy)].eJIeJIne) . 

COrJIaCHO lJpIiIBeJJ;eIIHO!lIY JJ;eJreII IIIO )].uyx TftWOO PY1\OnpOHBJJeuIIi'r Hll;}\O 

CJTeJJ;YCT OIIIICaHl1e Bhl)1;CJIOUllbTX pa3H0I3IfJJ;HOCTeif pYJJ;onpOflI3Jlcrrni'r. 

CII}J.C P OIIIITO Ba n BKpa n nc llllOcTb n n e /lll lloTIITax, p a c n01HII'1lI01l\a n CII 
c orm lClIO C n e plHI'JHbU IJI cT py"TY I)a ~1I1 Tc·iclIUlI 

FeO/l,02W1leClf,oe lW/I,O:Jlcenue opyaene/l,blX c/I,oee 

Hl1nUlHe lJaCTlI HflTPY3H:ff, Hal{ yme rOBOpFIJIOCb nbTme, JIOil\ClTbI nCO)1;110-

POJJ;HOll TOJIm;eiI YJIbTpaOCHOBHl>TX nopOA, npC)1;CTaBJIeRHhIX npomryrn;ecToenHO 

ceprrellTHUH31IponaUHhlM[{ 1I0ll lmJII1TOBhlMII nepfIJJ;OTIITaMII, <1CpoAyrOIl"(IlMl{CH 

C IIJIarnO I{JIa30BbIMn neprrp;OTI1Ta~nr, ceprreHTHlIff3T1ponanHblMll mIpo I\CelJ OOblMJ! 

Om1BI1HIfTaMH, ceplIeuTu HnTaMII. MOlIJ,UOCTh OTP;OJIbHbTX CJIoen, OTJJTrQarol1(UXCfT 

JJ;p yr OT JJ;Pyra n o COCTaBY, CTpYHTyp e, 1{PynHocTFl3epHa n CT n ena. 11 3MelICHIUl 

napbnpyeT B lJpe,[(eJIax OT UOCIWJIbYUlX ~ l eTpon )].0 20-30 M. 
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BCH rreplIJJ,OTllToBaH Tomqa ~JCTTW pa3,neJHleTCfl ua ,nne l:IaCTJI: BepxHIoIO, 

661foIDYlO no JIlOmnOCTlf, C1fOiHclIrrYJO MeHee H3111eHelllIbmu nopo,nallnI, nop:

BeprIDIlMI1Cfl TOJI bHO cepnenTlIII1I3aI\J1J1, K IIHIRIIIOIO, npIIDo,noIDneuBYlo, lJaCToj 

C1fOiT\CHIIYIO CllJIbDO rH,npoTepMa1foHO 113MeHeHHI>llIm 111 oPY)J.eHeJIbIMH nopo

AaMH, npe,ncTaBJIflIOmHlIJll c060:u BRpan1feHULle PYAhI. OnllCaHl1e nOCJIe)J.Hl1X 

6Y)J.eT npl1Bep:eno ,naJIee, a D BaCTOHmeM pa3JleJIe paccMaTpHBaroTcfl PYl\O
npOf113J£eUJ1H B BepxBeii 'IaCTH pa3peaa nepBJlOTIUOBOM: T01fmH. 

D pH npOClIJOTpe l\epua YCTalIaD1fFmaeTCH, qTO pe,nr,afl, cnopa,nnqeCT\afl 

CY1fh<PU,nBUH BHpan1fenHOCTb npUCYTCTllyeT no Dcell :nOll T01fme II DOpOJlW, 

C1faraIOmne ee, He flBJHIlOTCH COBepmellBO 6e3PYJll1hlMU. ::ho BUnno Taml\e no 

peaYJloTaTUM XHMrJl:JeClUlX aBaJIIT30B (onp060BaBHfI), JWTOpWe DOHaablBaIOT, 

'ITO Bce 60a nClmIO'IeHIHI YJIbTpaOCUOBflble ITOPOAW B TOll: DJIB l'IBofI Mepe nll

I\eJICnOCnhI IT BcerAa CO)WP,),aT HeaITa'II1TeJIbUble lWJIBlJeCTBa HItHeJIH 11 lIIeJll!. 

B BeKOTophIX il e C1fOflX Ba6JIlOAaeTCH crymeB11e CYJIb<PI'lAHOH BHpaDJIennOCTIl 

u l\Ou.u;enTpan;nH ee B IWJIH'IeCTBe, npn06peTaromeM npal<TI1'IeCHOe ana'IeHHe . 

nepll ~I()TIITOIHUT TOJIma I IOJllITCH na p:De 'IaCTB - PYABYIO K 6eapYJlBYIO; 

xa PClI\TOPIlO nOCTOHIIBoe npUCYTCTBl1e H111{eJIH 11 MeAn B «6eapy,nUhIX) nopOAax, 

cpe,nll HOTOPhlX 'ICTIW DW,nCJIH£OTCfl OT~IOJlbnhre CJIOIl c nOBblIDennhHlI cO]J.ep

>!,auneM CY1fL<PB,nOB. l\OJIllqeCTDO TalHIX CJIoes B paape3e llfITPyauBHoro 

:t.laCCl1Ba IlorrOCTOJ1llDO, D paaJITPlHhIX YlJaCTI{aX tlHTpyatlB MO}HeT rrpncyT

CTBOBaTh OT o,nnoro]J.o 'IeThlpeX-rrHTLI opY]J.eHeJIbIX CJIOeB, pacn01faraIOII\IlXCH 

Ha pa3Jlll'1ULI x ypOBUJ1X B TOJImO 6C3PY]J.HbIX nepJ!p;OTnTOB . CorJIacnoe aa-

1feramw fiX c nepBtl'lrroii CTpaTl1<pFIHan.nefI HHTPY3F1BHOrO MaCCHBa 111 O)l.rI

nalWBble C oHpymaromUMtl nopOAuMll neTporpa<pR'leCIUIe oc06CHnOCTB CJlara

rolll,IIX IlX nopo,n CBJlp;eTeJrbCTJ3yeT 0 TO I, 'lTO CJIOH, CO)l.epmUmBC CYJIb<PII,n

Hyro BHpanJIellUOCTb, npe,nCTaBJIJ1IOT C060H CJIoa Te'lenBJl . 

II empoepaf!iU'lec-,;,a1t xapax:mepucmww opyoene.l£blX c.lwee 

CYJIMIlIIP;nan J3l(parrJTeUHOCTb B opyp;eneJI&IX CJIOflX Te'IenHH MaHpocTwrrn

qeCl<B OT'-l.eTJI1'IJ30 aaMeTHa; paCllpeAeJIJleTCJl OHa B rropOJle paBHOMepHO, BO 

B paaHhiX CJJORX c paaJlI1'IROrr rYCTOToii. BHpan1feBBHI<H 06bT'1B0 l\pynHoro 

pa3Mepa (1 - 2.5 J11J11 B nOnepe'IHl!l){e), C "tJeTI{B?IB, pe3lUIJIlH rpaBlI 

n;aMlI. l\oJm'IecTBo Pyp;nhlx ?UlHepaJIOO BapbBpyeT . 

110p; MfmpOCl<OnOM 06uapynmJ3aeTCH, 'ITO CYJIb<pB,nnafl BRparrJIenrrOCTI> 

rrpI'lypOqeua K CJIOJlM OJIHJ31111tlTOB H nepl1p;OTI'lTOB . 11epBB'IH\>IlIIB nopo]J.006pa

ayromlBm ?lIIuepaJJaMU aTRX nopo,n HB1fHIOTCH 01fHBHH H MonOlmHBlIhl H IrUPOI{

COB, llHor]J.a nJJ anI01<Jla3, I<OTOpble 3alllemaroTcH nOCTepnopHblMR aBTOMeTa

MOP<PU'ICCIUHIIl lUUepaJlaMtl (I<epCYTnT, 3eJIeRaH porOBaH 06MaRI<a, 6nOTIlT, 

cepnCIlTIlIT, XJIOPI'lT) 11 nTopn'UlLIMn IlIHepaJIaMlI, B03HIU<UlflMI1 B pe3YJIbTaTO 

npou.eccoo naJIO}\,eHnOro rn,npOTepMaJIbnOrO 1I1eTaJllOp<p1'l3J11a (6eCI\BeTHhltl Tpe

MOJIUT, TaJIhH, I\ap60naT, X1fOptlT) . MeTaMop<pH'IeCl<Be 113J11eHern1H ne'IenrClOIX 

ropIlhIX nopOI'!; onllcaUhI H. A. EJII1CeeBLIM H B. 11 . 11anyllll1C (1952); OCTClno

nrHJCJl rroAP06rree Ba rrpon;ecce cepnenTIIIIl!laan;HH , lIMerolD;eM aHaqeBne AJIH 

nOBHMaHRH UOIWTOPLTX oc06eUflOCTeu PYAOOTJIOfHeHBH . 

PYAHLIe CJlOK TeqeHBH nODceMeCTHO nop;J3epraIOTCH cepneHTHBHaaI\BB, 

rrpH'leM aaMelll,aOTCfl cepneHTI1IIOM BHa'IaJIe TOJIbHO OJIBBRn, a llJ.lpOI'CeH coxpa

nneTCfl ne113MeBenHLIM. LJarn;e OJIUDUHOBBle aep na nan;eJIO aaMemeBhI cepnen

TTHlOM, BO JfITor,na B I\eHTpa1fbHhIX 'IaCTHX lIX coxpanll IOTCH peml!{ThI neaa Je

meBRoro OJll!lBI1Da . CepneBTUB p a3B1'!DaeTCH ITO Rp aH!ll OJIHBllHOBWX aepon B n o 
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Tpem;HHJ{alll B HMX C 06paSOBaHHeM neTeJIb'laTOH: JlIHKpOTeI{CTypbl. CepneHTHH 

npeACTaBJIeH 6eC~BeTHb[!I1 TOHIWBOJIOKHHCTblM XpHaOTHJIOM, npM'leM nOJIORHa 

0pHeHTliIpOnaHbI BCefAa nOnepeI{ JlfHKPOiKHJIO'IeI{ H KaellfOK (nonepelJHO-BOJIOK

HHCThlH XpHaOTHJI). OC06eHHO HafJIHAHO aTa paSHOBHAHOCTb CepneHTBHa Ha-

6JIIOAaeTCH B CpaBHHTeJIbHO cJIa60 CepneHTHHHaHpOBaHHblX nepHIl:OTI1TaX, fll:e 

B HaH60JIee 'IHCTOM BHll:e YCTaHaBJIHBaeTCfl Ha'laJIbHaJI CTall:liR CeprreHTHHHSa

~HH. B n epHIl:0THTaX C Ha~eJIO CepneHTHHHSHpOBaHHhlM OJIHBHHOM, I<pOMe 

nOnepe'IHO-BOJIOKHHCTOrO XPHSOTHJIa, Ha6JIIOAaIOTCH em;e Il:pyrHe MopqJOJIOrH

'leCIUle paSHOBHIl:HOCTH cepneHTHHa, a HMeHHO - npOJlfemYTI(Ji[ Meil{AY neTJIlHm 

xpHaOTRJIa BhlnOJIHeHhl 6ecnopJIll:0'lH0 opHeHTHpOBaHHblM MeJJl{o'lelIIyli'laThlM 

6eC~BeTHhlM aHTHropRTOM, HJIH l{ail{ll:aH H'lekma SanOJIHeHa BhlAeJIenI1ellf 6ec

CTPYKTypHoro alllOpqmoro cepneHTHHa (cepnoqm:TOM). 

ROJIH'IeCTBeHHhle COOTHOlIIeHHJI Me/HAY TpeMH MOPtPOJIOrH'leCmnm paoSHO

BHIl:HOCTHMH ceprreHTHHa - MeHHIOm;HeCH, npH'IeM HSMeHenHJI aTH npOHCX0ll:flT 

rJIaBHblM 06paSOM aa C'leT YBeJIH'IeHMH I<OJIH'leCTBa lIIeJIIw'IelIIyii'laTOrO aHTH

rOpl'lTa. B Tex yqaCTKaX nopoAhl, rAe aHTHropHT HBJIHeTCH npe06JIall:aI0~HM, 
06hl'lHO cepneHTHHHSHpOBaH He TOJIbHO OJIHBRH, HO ][ Sna'IHTeJlbUaH AOJIH 

nRpOKceHa, 'ITO COnpOBOjHAaeTCH nOHBJIeHHeM Sll:eCh me CJIaOO OI{palJIenHOrO 

XJIOpHTa. B TaKHX Y'IaCTI{aX MOiKHO Ha6JIIOAaTb, 'ITO aHTHroplilT He TOJIbKO 

BbIllOJIHHeT ~eHTpaJIbHhle 'IaCTII cepneHTunOBhlX nCeBIl:OMOPtPoa no ommrmy, 

nO saMem;aeT TaI{FKe 1'1 llBpOI{CeH, 1'1, HpOMe Toro, paaBHBaeTCH no XPHSOTllJIY 

H 6eCCTPYluypnOMY CepneHTI:IHY, nOCTeneHHO aaMem;aJI HX, Bua 'LaJle Y'IaCTI{aMH, 

a aaTeM nOqTH nau;eJIo. TaIn[ f 06paaOM, YCTaHaBJIHBaeTCH, 'ITO aHTlUOpHT 

HBJIHeTCH HeCIWJIbIW 60JIee nOall:HeH paSnOI3Hll:nOCTbIO CepneHTI1Ha, 'raCTU'IHO 

06paaYIOm;encH nYTeM nepeI{pHCTaJIJJBSaU;HII 60JIee paHHHX paSnOBl1AnOcTeii: -

BOJIOHHHCToro XpI1aOTHJIa 1'1 6eccTpYHTYPHoro cepnotPl'lTa. MecTaMll cpeAII 

IIJaCChl MeJIKO'IemYHqaTOrO aHTnropHTa H XJIOplITa na6mOll:alOTCH MeJIb'lalrIDlle 

TO'le'lnhle BblAeJleHnH CYJIhtPHAOB - rJIaBHhll\1 06pasoM XaJIbIWIHlpJlTa, peAfW

mrppOTlma. 

CepneHTIIllHaa~nH omIBHHa conpOBOiHAaeTCH BhlnaAeUffeM lila raeTIITa, 

HOTOPhlU: 06pasyeT JIff60 u;enO'lI{H MeJII{HX aepeH B oceBOH QaCTI1 1I[[f!{PO)[{UJlOQel(, 

JIH60 IIfemU1JIIH TO'le'lHhlMH BhlAeJIenHHMH pacceHH no BceH Macce cepnenTIIHa. 

06pasoBaHHH I{ap60HaTa npH aTOM He Ha6JII0ll:aeTCH. 

IIocJIell:Hee 06CTOHTeJIbCTBO He06xOAH 10 oc060 nOIl:'lepfmYTb, Tal{ HaT{ 

B HerWTophlX OT'leTaX OTMe'laeTCH, 'ITO cepneHTHHMaa~H.fl flIwor,r COapOBO)f{

AaeTCH BhlAeJIeHKeMRap60HaTa. BMeCTe C aTHM HMeIOTCH H npaBIIJIbHbIe aaf{JJfO

'lenffJI. HanpH!lmp, M. B • .L(eIDIcoBa (1950 r.), pas6Hpafl BOapaCTflbTe COOTno

menHH MeiKAY IIIHHepaJIaMB B PYAax, paSll:eJIHeT no BpeMeHH oopaaosaHfIfl 

cepneHTHH H Hap60naT, OTHOCH nepBhlH J{ aBToMeTalllOPtPl1'leCKoi:i: CTall:lm, a 

BTOPOH - H 60JIee nOSIl:HeH fHAPOTepMaJIhHOH CTaAHH MeTaMoptPH3!IIa nopOIl:. 

XapaK,mepUCmUl£a cy.!Lbrjjufhwu 8l£pan.!LelUWCmU 

CYJIbtPff)l;Hhle Bhlll:eJIeHHH pacnOJIaraJOTCfl B npOMeiHYTKax MeiKIl:Y aepuallfII 

OJIHBHna H nHpOKceHa, npeACTaBJIHH C060H MOPtPOJIOrH'IeCI{H THl1l1'lllhle 

<pOPMhl BhlllOJIHeHHH HHTepcTHU;HH. OHH 06hl'1Ho HaOJIHpOBaHbI APYI' OT Il:pyra, 

no HHorAa COell:HHeHhl TOHHHMB iKHJIRaMH - npOBOIl:HHT{}{a~IM, npOXOll:fl~HMH 

BAOJIb rpanHU; 3epeH CHJIHI{aTOB. MecTaMH CYJIbtPHAhl npOHHI-ta[OT no Tpe

m;KHI{alll BHYTPb HpHCTaJIJIOB OJIHBHHa H nBpORceHa H u;eMeUTHpYIOT HX 06-

JIOMI<H. IIoll:06HaH CTpYHTypa PYAHhlX BhlAeJIeHBH no CBOHM oc06enHOCTJIM 

OTBe'IaeT CHll:epOHf1TOBOH CTPYI{Type (pHC. 100) . 
.L(JIJI xapaKTepHCTHHH YCJIOBHH HpHCTaJIJIHSan;HH CYJIbtPlIll:OB BalT{HO OT

MeTHTb CJIeIl:YIOm;ee 06CTOHTeJIbCTBo: B pHAe CJIy'laeB aaOJIIOAaeTCfl, 'ITO n PYAHOH 
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lIfacce C cn,n;epoHiHonoii CTpYI{TypOH SaI{JIIOlleUf>! 8epua OJllIBHHa, D 8Ualll1TeJIb
HOB repe coxpanffomnecfI J1e8 a~Ielll;enUf>IlIm cepUeHTlITIOM 11 JIIlml> CJIerRa 

P llC. 100. CI1W:'PO IIIlTOIJafl Ill<PUlJ : ICJlII OCTb 
cY:1L<IHlAOB ('tepRoe) B cepnCIlTUUU3JIpOBaIl
.nOM o:muumlTe. IIpn OAHOM nUN., X 32. 

P~lC. 101. qacTI!IqllO cepueuTunH311po
BaHn hIe Kpn CTaJJJJb1 OJJI1Bllna, 3a KllIO
'renUble u cYJJb<ImAax c rr.n;epOIlHTOIJ On 
UI'paU,'Ierm OcTH. TIPIl OA UOM lIlll{., X 32. 

cepilClITIIlIII3IIpOnannhIe B RPtlJU (pUC. 101). B TarHlX lIfaJIOHSMeUeUllhTX no
po,n;ax, 3UTPOUYTLIX II 3Ha'llITeJIbUO pa3BuToH cepneunnm:3an;lIeH OJUtBFlFIa, 
uaH60JIee OTQeTJII1BO l\'lOiRliO ua-
6JIIo,n;aTb coxpanllBilllleCR oc06eu
UOCTII COCTana II CTpoerIlIH cn,n;epo
HllTOBhlX PYAJIhlX BbIAeJIeUnu, 1{0-
"J'opLIe npn naJIOmeUllll ua nopo,n;y 
60JIee n08,n;unx npOn;eCCOB rn,n;po
TepMaJIhnOro 1I8l1ferreUrrR B 3Ha tIH
TeJIbnOn Mepe 3aT menLIBaIOTCR J[ 

~TlIpaIOTClI . 
MrmepaJIOrU'leCRUD: COCTaB CH

AepoJUITOBOH BRpanJIennOCTH xapal{
TepusyeTcR peSIUIM npe06JIa,n;aHIIeM 
<cpeAn OCTaJIbUhlX lIuruepaJIOB IlIIp
pOTllua, COCTaBJIlIIOrn;erO 70- 80 % 
-o6'beMa py,n;uoi'r JlIaCChl. CJIe,n;Ylorn;JiIM 
no pacllpocTpanemrocTl'[ RBJIReTCR 
neUTJIau,n;l'lT, 1WTO Pblii npucyTcTByeT 
13 IWJIlI'leCTBe 5-10% H 06pasyeT 
lI,n;lIoMopcpnbTe sepua, pacnOJIaraIO
~eCR cpe,n;H nlIppOTlma (plIC. 102); 
KpOMe Toro, neUTJIau,n;lIT BCTpellaeTCH 
B BlI.l(e MeJIRHX RJIHHhllllROB H nJIa
MeUeBHAHhIX BPOCTIWB n llHppOTllHe. 
IIo,n;llHHeuuoe nOJIO)KeUHe B cpaB

PHC. 102. I pn:cTaJJJlhl UeHTJJanAHTa (nfl) n 
unppoTHBe (no) cllAeponllToBoro Bl{paUJIen
HIIRa. PeJIbeq,nalI Nae~tKa no KpalIM BKpan-

JIenDI'm:a - Mar-neTHT. O-rpalKenRblH 
cueT, X72. 

HeUlIlI C aTlIJIfH ,n;BYl\iR: MlIHepaJIa1tfH saUHMaeT XaJIbIwnlIpHT, Bhl.u;eJIHIOID;lIHCR 
1II0CJIe lllIppOTllHa H neHTJIau.u;lITa II nepeCel{aIOID;lIH llX no TpeID;lIHl{aM. OlleH)) 

1 J HHTPY3HH lleqeHrH 
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peAIW H n HH~TO>HH01ll IWJnl~eCTBe B XaJIbIWnHpHTe na6mOAaIOTCJJ Memma 

nJIaCT]UIO~RH Ry6aHHTa H BaJIJIepHHTa, em;e peme - lIfeJIHHe eAHHH'lHhIe 

Pac. 103. YaH8f1 HaCMKa ~larT10Tn'fa 
("'ta) no RpallM CHACPOHl!TODhIX DI<patt
nOHRH[WD; no - n nppOTl'IlI; 1m - nOJi'f
naHAHT. COPhlO penho<iJuhTo 30pna -
I<pl1CTa llJThl paHRcro MarueTIlTa. OTpa-

mellllhlH cnOT, X72. 

Pnc . 104. Pa3BTI'1'ttO ~larJIel'ttl'a (c llo'r: lo-ce
PblM, pelr"C(~Bb1l1- Me) no nttpponmy CII
AopOHIl:ronhlX DHpartJIennImOD (no); nll 
IH' Tl l'JI all AliT , Tcmlo-copbl0 pcnbo.pnble ac r
Ha - paTlllni1 MarliOTIlT. 01'pamenuwii 

CDeT, X72. 

sepHa nJIanmOBOro MliIHepaJIa. M. B. ,[(eHHCOBa OTMeqaeT, RpO Ie Toro, npu

CYTCTBHe eAHnH~HhIX aepeH 60pHlITa, a r. B. XOJIMOB H ,n. A. illUJIhHrlHOB -

PRC. 105. 1eTaCOMaTl.J1IeC}WO aaMeIl\OlllfO 
llI!lppOTl'IUa CHAOPOIllUODblX Dl(panJJCBHH
lWD (Gonoe) nTOpII'IRhlM MarIlOTIITOM 
(CDOTJIO-COPbn'i). TOMRhlU CPOH - nepYA
lIhlC ~mHOpaJJhl. OTpa)J(eHRhlll cneT, X72. 

CYJIbBamITa n cli>aJIeprITa. 

CBoeo6paaHaJI 11 o~elll> TllIIll'lHan 

oco6enHOCTb cHAepOHI1TOBOii BI<paIIJIeU

HOCTI1 aal{JIIO~aeTCIl B 'laCTl1~HOl\{ 3aM 

meHm! ee BTOpH'IHhIMMarHeTHTOM, MeTa

COMaTH~eCIn[ paSBHBaIOm;RMCIl IIO nnp

pOTInry I{aeAma HI BAOJIb rpaIIm~ aepoll 

H ;o.nmpon'I1JIO~I al\'!H no Tpem;HIIHaM. 

II po~ecc :3TOT He BCIOAY npOIlBJIJIOTCft 

B OAHHaIWBOM CTeneHH: l\leCTal\!IT Ha-

6mOAalOTClI TOJIbHO na~aJIbHI)Ie CTaAlIU 

3alllCm;eIIlfH DIrppOTHHa lI1arneTIlTOl\1, 

HOJIH'IeCTBO KOToporo o'renb nenemmo 

(pRC. 103), B Apynlx ~aCTKax 3Hallll

TeJIbIIalI AOJIJI nnppOTlma 3aMem;eHa. 

l\1arHeTIlTOJII, paaBnnaIOmlHl CH ne TOJI b

KO n Kpanx BHpanJIenHlIROB, no l'I D 

~eIITpaJIbnhIX ~aCTHX ux (pIIC. 104 l/J 

105). B COOTBeTCTBUU C 3TUM If IWJIII

~eCTBe.HnOe COAepiHanne MarneTJITa 

BapbHpyeT OT 5-6 AO 20-25% u 

AaiHe 60JIee (pHC. 106). 
HeIwTopble MarneTHTOBhle MIIl{POiKHJIO~KH, nepeceHaIOm;He sepna nuppo

Tuna, HMeIOT OCb H3 cepnenTIIHa. HnorAa BMeCTe C cepnenTHHoM B ll,eHTpaJIh-
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HhlX 'laCnIX MarHeTFITOBhlX MFIRpOnmJIO'leH pa3JIIl'laIOTCH MeJIb'lall He TO

'le'lllble BbI,o:eJIeHUH XaJIbIWnupHTa. 

Op;HOBpeMeHHO C pa3BUTHellI MarHeTHTa no nHppoTHHy npOHC OP;HT 'la

CTH'lHOe saMe~eHHe IleHTJIaHp;HTa CH,o:epOHHTOBhlX BKpanJIeHHH OB BaJIJIe

PHHTOM, I{oTOP.blll Bhl,o:eJIHeTCH 06bI'IHO B Henocpe,o:CTBeHHOll 6JIH.30CTH K BTO

PH'lIIOMY lIrarHeTHTY. ROJllPIeCTBO BaJIJIepHHTa HeBeJIHI{o H saMem;aeT OH TOJIbKO 

HeSHa'lUTeJIbHYro 'laCTb neHTJIaHp;HTa, Op;HaIW caM <Pa}{T 'BOSHHKFlOBeHHH 

napareHeTH'leC}Wll aCCOI\Ha~HH: BTO

PH'lHbIU MarneTIIT+BaJIJIepHHT yCTa

HaBJIHBaCTCfI nO'ITli B }{a}K,o:OM aH

IIIJIH<pe, npHrOTOBJIeHHOllI lIS PYP;HbIX 

c.lIoen Te'lerUIH. 

J!.emaJlu cmpOellUJi opyaeUeJtblX 
c.wee (repnenmUliO-.AWUtemUmoebze 

.AWKpOJICUJtO'l.KU) 

nepu,o:OTliTbI C Cll,o:epOIIlITOBOii 

BKpaIIJlenHOCTblO 1.JaCTO COp;eptKaT 

60JIbIIIOC I<OJIHtIeCTllO 'lpeaBbI'laUHO 

lIIemmx ceI<y~llx cepaennmOBhlX 

)KHJIO'leJ<, nMCIO~HX IO~HOCTb, Ha

MepHeMYIO P;OJIHMH MHJIJIIDleTpa 

(npaBHJIbnee H ' Ha3bIBaTb lIHIKPO}KH

JIO'lRar.m). Rorp;a >I<HJIO'lRn nepece

I<aroT nepnlJ,OTIlT C coxpanHBIIIHlI1HCH 

peJIHI,TaMH OJIHmma, TO B Henocpep;

CTBeHnOH 6JIH30CTH R mnJIRaM aTH 

peJIHI<TbI HC'le3aIOT H OJIIIBHH nOJIHO

CTbIO aaMe~aeTCH cepneHTHHOM. BbI 

me OTMe'laJIOCb, 'lTO B cepneHTHHH3H-

pOBaFlHhlX nepHp;OTHTax nHpO}{CeH 

PIIC. 106. ITO'lTH 1l01IllOe 3aMe~eUlIe CllAe
POHHToBoro B({panneHHlu<a BTOPII'IHblM Mar
IICl'IITOM ("'2); GenbIe Y'IaCT ({H - pe rm:Kl'bl 
nllppOTHlla (no). OTpameHlolblU CBeT, X72. 

06hI'llI0 He no,o:BepraeTCH 3aMe~eHHJO cepneHTHHOllI U OCTaeTCH CBe>KHM; 

OlJ,lIaIW BlJ,OJIb aaJIb6aHp;OB cepneHTHHOBbIX }RHJIO'le}{ nHpO}{CeH TaHn<e cep

neHTHHH3HpyeTcH C OiJ,HonpeMeHHbIM BbIna,o:eHHeM MarneTHTa, 06paayIO

~ero MeJllUle 'IepBe06paaHhle BPOCTKH, UHor,o:a CJIOrHHO nepenJIeTaro

~HeCH. 

O'leHb THnH'lHO TaR>I{e nOHBJIeHHe B 3RaOHOHTaKTHbIX aOHax cepneHTH

HOBhlX >HHJIO'leH I{aeMOI{ (<II.bIJIeBHp;HOrO» MarHeTHTa B BH,o:e C}{OnJIeHHH 'lpeaBb!

'latiHo MeJIRFIX TO'le'lIIbIX BbI,o:eJIeHFIH B cepneHTFIHe, }{OTOPbIH npH aTOM 'laCTO 

nepexo,o:nT B XJIOpnT - 6eCI\BeTHbIH, C aHOMaJIbHOH HHTep<pepeHI\HOFlHOH 

ORpacKoii: ~ rYCTbIX TeMHO-<pHOJIeTOBbIX Tonax. IIHor,o:a no,o:06HbIll XJIOPHT 

06paayeT I{aeMRH BOHpyr cepneHTHHOBbIX nCeBp;01YlOp<poa no OJIH

BllEIy. 

Rpollle MHI{pOmUJIOlJeR, na6mo,o:aIOTCH 60JIee I{pynHhle }RHJIRH lIfO~HOCTbIO 
OT 2-3,0:05-6 MM, a napep;J{a p;o caHTHMeTpa H p;ame 60JIee. XapaI{Tepu3YIOTCH 

OHn TeMH }Re oco6enHocTHMU, I{OTOpbIe OTMe'leHb! P;JIH MHKpOmHJIO'leR H, 

RpOMe Toro, YCJIOnmeHbT npHCYTCTBHeM MarHeTFITa BHYTPH caMFIX >ImJIO'leR. 

ROJIH'IeCTBO lIIarHeTHTa HenOCTOHHHO: FIHor,o:a OH 06paayeT JIHmb OTOPO'lKR 

BP;OJIb aaJIb6aHp;OB cepneHTHHOBhlX iI<RJIOR, HHorp;a BbI,o:eJIHeTCH BHYTPH mHJIOK, 

MeCTallHI a<p<peRTnLIlIIH RpY>I{eBOnOp;06H.bIMH 06paaOBaHHJIlI1H. CepneHTlIH, CJIa

ralo~Hii: MHRpOnUIJIRH, Heop;Hopo~eH 1I npe~CTaBJIeH all10P<PHoH, BOJIORHRCTOii 

lIJIH TOHROnJIaCTHH'laTOH paaHOBHp;HOCTHMH. 
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Hepef{RO Ha6JIIOf{aIOTCH CJIY'laH rrepeCeqeHRH CepneHTHHO-MarUeTUTOlJhlMIf 

)f{RJIJ{allIIf CIf)l;epOHllTOBhlX CyJIbCPIff{HbIX BRpaUJIeHUIfIWB (pRC. 107), mlppOTIm 

ROTOPLIX npH aTOM HHTellCHBlIO aallfem;aeTCH JlfarHeTHTOIlf. Bo06m;e CIIf{epo

HHT013ble BRpanJIellllHRH B6JIIfaII ceprreUTlIHO-lIfarHeTIfTOBhlX aHrJIOI\ aa:Mem;aIOTCJI 

lIIarHeTHTOM B 60JIbmeH CTeneHH, '1eM B yqaCTRaX rrOpOf{bI, XapaI<TOpIIayIO

m;HXCR OTCYTCTBHeM IIOf{06HbIX mIfJIOR. 

CpaBHHTeJIbRO pef{RO Ha6JIIOf{aIOTCJI CJIyqaH, IWrf{a B cepneHTlmo-Marue

'I'HTOBbIX mHJII<aX (B IIX oceBoH lJaCTu) rrpFlcyTcTByIoT BbIf{eJIenHR MeJIJ\IJX 

PRC. 107. I1epec e'lenlle MarneTIIToBoH 
M.lIKPOlfUfJI1WB (pacIlo;:r omena ropl'l80R
TaJlbRO B Ilelupe CHlIMl{a) C.lItJ,epolIlIToBhlX 
CYJlb¢RAH~X BKpanJleRRllKOB , ITnppOTnrr 
l<OTOp~X RRT6R CHBBO 3aMe~aeTCII BTO
p.II'IHhIM MarHeTIITOM.II coxpanfleTclI Jl.IImh 
B B.lIAe peJIIIKTOB~X Y'IaCTKOB ( c BeTJI"b16 
M6JIKlIe Y'IaCTH.II). T eMHhIlr ¢OH - RepYA
Bble M.lIHepaJJ~. OTpameHHhlB CBeT, 

X 72. 

aepeR XaJIbROIUIpHTa. 

CepnOHTlIHO-lIfUrrreTHTouhle ,KIIJII<II 

nepeceRaIOTcR oOJIee nOaf{H~IIHl CyJIb

CPIIf{HbIMI1: HmJII< allflI , B IWTOpr:;rX, RpoMe 

CyJI:J>CPlIf{OB , npr1cYTcTuyeT TpeMOJIIIT, 

TaJIbI<, I{ap60rraT. 

B HeI<OTOpbIX CJIOHX TeTleIJI111 C CII

f{epOHHToDOH DJ{panJIellrrOCTbIO Ha6JIJo

f{a IOTCR CJIef{:J>I TeRTOHI:l'leCRHX DOaf{en

cTDHn, BbIpa')\oHHbI~ B CJIUOOM pac

CJIaHn;eDaHHH nopof{, ROTophle Of{HO

B peMeHHO, rrOIlfIlMO cepnenTJi[JJIIaan;HU, 

rrOf{BepraIOTCH IIHOIlfY rII)l;poTepMaJIb

HOMY IIallfeHeIIHIO - upelIMym;ecTBeHHO 

aM cpH60JIHaan;lII1: (C paaBIITHeM 6eCn;BeT

Horo TPOMOJIIITU) II D ropaa)l;O MeH:J>meH 

CTeUOHl'l OTaJII,l{OBamnO 1'1 I{ap60RaTIT

aan;l'll'l. 3f{CCT> ,He rrOR13JIReTCa )(eROTO

poe IWJInqeCTllO CyJIJ>CPII)l;Oll B BHf{e IIleJI

){rrx Bhlf{eJIOHnn, HaXO)l;am;HXCH B cpac

TaHliIH C nOCTepHopHIDfH MIlHepaJIaMlI. 

l'IHOr)l;a paaBIITlIO 3Toro cnOn;llcpH'le

CIwro napareHeTH'leCRoro IWIIHIJIeRca: 

nepe'llICJIeHHbIe nlf{pOTepMaJIbHhlO Mll-

HepaJIbI + CyJIbCPll)l;bI, npOIICXO)l;TfT MeTa

COMaTH'IeCIUIM rrYTeM B HeHapymeHHbIx nopO)l;ax, ne 3aTpOHYThlX Tel{TOHH

'1eCRHMH B03f{eHCTBllJIMll. ECJIH B Of{HOlli H TOM rIte aHmJIlIcpe npIICYTCTBYIOT 

O)l;HOBpeMeHHO CH)l;epOHHTOBLIe BRpanJIeHHllI<H H 60JIee n03)l;HHe CyJI:J>CPH)l;hl, 

accon;HHpyIOm;Heca C BTOpH'IHIDfH MHIJepaJIaMH, TO pa3HHn;a lI'lerI<f{Y HIIMH, 

nOMHMO napareHe3Hca, YCTaHaBJIHBaeTCH em;e no CJIef{YIOm;eMy 06CTOHTeJI:J>CTBY: 

CyJI:J>CPHf{bI CH)l;epOHIITOBhlX BRpanJIeHHHIWU '1aCTH'lHO aaMem;eHhl BTOpH'lHhlM 

MarHeTHTOM, a 60JIee nOaf{HHe CyJI:J>CPHf{bI lIfarHeTHTOM He aaMem;aIOTCH. 

o eeuepaquRx cy.!£brjiufJl.£blx J.tu1tepa.!£o(j (j opy8efte.!£blX C.!£ORX me'leUUR 

TIpHBef{eHHhle Bhlme Ha6JIIO)l;eHHH n03BOJIJIIOT BbIf{eJII{Tb B paccMaTplIBae

MLIX nopof{ax CyJI:J>CPHf{LI f{ByX reHepan;HH. 

1. BOJIee paHHloIO CHf{epOHHToBYIO BRpanJIeHHOCTb, OTJIH'IHTeJI:J>HIDfH 

'1epTaMH ROTOPOH HBJIHIOTCH: a) acCOn;llan;HH CyJI:J>CPHf{OB C COXpaHHBillHMCa 

lIe3aMem;eHHLIM OJIHBHHOM, ROff{a B CyJI:J>cpHf{aX 3aHJIIO'Iellhl JIHm:J> CJIerRa 

cepneHTHHB3HpOBaBHbIe B I<paHX 3epHa OJIHBHHa; 6) '1aCTII'lHOe 3aMern;eHlle CYJI:J>

<pHf{OB BTOPII'lHhlM MarHeTHTOM, MeTaC0ll1aTH'leCI(H pa3BHBarom;HMCH npeHMy-
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m;8CTB8HHO no nHppOTIIHY, C OAHonp8M8HHhIM pa3BHTH8J11 BaJIJI8pHHTa no neH

TJIaHAHTY; B) nepeCe'leHl'le CHAepOHHTOBhlX BRpanJIeHHHKOB cepneHTHHO-MarHe

THTOBIDfH ilUlJllWMll, 'ITO COnpOBO}K,n;aeTCH 60JIee HHTeHcnBHhlM 3aMem;eHH8M 

HX BTOpH'IHhlM MarHeTHTOM. 

2. BOJIee n03AHlle cYJIbqm:,n;hl, aCCOlvm:PYIOm;HeCH C I<OMnJIeRCOM BTOPll'lHbTX 

rH,n;pOTepMaJIbHhlX JI1lUlepaJIOB - TP811IOJIHTOM, TaJIbROM, Rap60HaToM, - C RO

TOphlMH CYJIb<PH,n;hl HaxoAHTCH B TeCHOM cpaCTaHHH, Bhl,n;8JIHHCb COBMeCTHO 

JIH60 B }I{HJIKaX, ceRym;HX cepneHTHHO-MarHeTHTOBhle mllJll{H, JIH60 B pac

CJIaHn;onaHHhlX ytIaCTI,ax nopo,n;bI, JIF160 HaIWHen; MeTaCO~!aTH'leClm pa3Bll

BaHCb B Y'laCTRaX, nOABepralOm;UXCH rH,n;pOTepllIaJIbHOIlfY 1I3MeHeHIIIO. 8TH 

60JIee noa,n;Hue CYJIb<PlIl~bI MarHeTnTOM He aall1em;aIOTCH. 

CJIe,n;yeT em;e pa3 nOA'lepI<HYTb, 'ITO paCCMOTpeHHhle COOTHomeHHH YCTa

HaBJInnalOTCH B CJIOHX Te'leHHH B BepXHeH nOJIOBHHe nepHp;OTHTOBoii: TOJIm;U. 

I-IFnRHHe 'laCTH nepllp;OTllTOBOH TOJIm;lI, RaK yme 6hlJIO OTMe'leHO, nop;BepraJIHCb 

UHTeHCHBHOMY rF!APOTepMaJIbHOJl1Y HaMeneHHIO - all:l<pH60JIH3an;nH, OTaJIb

ROBaHIlIO, Rap60HaTF!3an;Hll - BCJIep;CTBne 'Iero rpaHlIII;hl OTp;eJIbHhlX CJIoes 

Te'IeHIIH TOPHIOTCH, B3aHllIOOTHomeHHH Mem,n;y CYJIf,<pHp;aIlIIT H nopop;006pa

aYIOm;mm: lIIHHepaJIamr 3Ha'lllTeJIbHO YCJIOn{HHIOTCH H xa paRTe puaYIOTCH HHhlM I( 

oco6eHHOCTH HI. 

n"panJlClIlIOCTh B rllApOTCpJllaJlbHO lJ3MCUCHHhlX YiJbTpaOCIlOBHblX UOpOA3X, 

np"yp0'lCHlIbIX 1\ 1I3J1o)KeBlIblM CTPYKTYP3111 B HWKHIIX 'l3CTlIX 

mlTpY3 11BllhlX 1I13CClIBOB 

C mpoenu,e ItU:JlatUX II pu.,.ouma1f.mOebIX "iacmeti, unmpY8uenblX .Awccueoe 

ITpemp;e 'leM paCCMaTpI1BaTb CYJIl:.<pHp;Hoe lIIOP;HO-HHI<eJIeBOe opyp;eHeHHe 

B rlIp;pOTep~!aJIbnO na~leHeHHblX nopOAax CJIep;yeT OTMeTHTb Hel{OTOphle 'IepTbI 

CTpoeHHH nprnWlfTal<TOBblX 'laCTeH HHTPY3HBHhlX MaCCIIBOB . 

HaJIOn<eHHhle npo.o;eCCbI rHp;pOTepllfaJIbHOrO MeTaMOP<PH3Ma B Hn}l<HHX 

'laCTHX neprr,n;OTHTOB 3aTymeBbwaIOT nepBH'IHbre CTPYRTypHbTe 8JIeM81IThl HH

TPY3HH, I<OTophle y~a8TcR pacn03HaBaTb JIHmb TOJIblW Hapep;T<a, Ha He6oJIbill11lX 

yqacTRax. Tal<, B nel<OTophlX MeCTax YCTaHaBJIIlBa!OTCH 'IepThl nepBOHa'laJIl:'

HorO CTpOeHIlH nplllWIITaRTOBblX 'IaCTeH lUlTPY3HBHhlX lIfaCCHBon. Opy,n;eHeJIaH 

TeKTOHH'leCRaH 6peH'lIIH B nop;OmBe RHTPY3lIH pa3BHTa He nOBceMeCTHO: 

llapep;Ra BCTpe'laIOTCH Y'IaCTI<lI HHTpyaHBHhlx lI1aCCIIBOB, B HII,RHIIX ROHTaRTax 

I{OTOPhlX cJIa60 rrpOHBJIeHhl CJle,n;hl TeHTOHII'leCRIIX ,n;BlImeHHH, HJIH OHII co

BepmeHno OTCYTCTBYIOT (TeHTOHH'IeCRaH 6peR'lHH npoxop;HT B CTopone OT Mac

CHDa, B <pHJlmlTax). B TaIUIX Y'IaCTRax Ha6JIIOp;aIOTCR HopMaJIbHhle IiIHTPY-

3I1BHhle ROHTal<Thl YJIbTpaOCHOBHbIX nopo,n; C Ty<poreHHO-OCap;O'lHOH TOJlm;eH 

II HaH60JIee OT'leTJIHBO BH,n;HO CTpoeHlIe npHROHTaHTHOH SOHhl HHTpySHH, RO

TopaH 'no ,Ha6mop;eHHHM l{epHa pH,n;a CRBamHH xapaRTepH3yeTcH O,n;HHMI1 

H TeMH iHe oco6eHHOCTHMH. 

Ha pHC. 108 npe,n.CTaBJIeHbI THnH'IHhle npHMephl, HJIJIIOCTPHpYIOm;He 

CTpoeHHO I<OBTaHTHhlX SOH. Ral{ BIIAHO HS pHC. 108, nepHp;OTHThl Ha paCCTOJl 

HHH B8CHOJlbRHX MeTpOB OT HHiRHerO ROHTaRTa HHTpy3HH IIepexop;HT B nopop;hl 

ROH'l'aRTHOii SOHbI - aM<pH60JlHBHpOBaHHhle ITFlp0I<CeHHThl. Mal<pocROnH"lJeCRI! 

OHH peSHO OTJIH'laIOTCH OT nepHp;OTHTOB, I<aI{ no COCTaBY, Tal\ II no CTpyRType: 

CJIOIReHhl Ha 80 % I{OPOTI<O npII311laTH"lJeCKHMH aepHall1H aM<pH6oJla SeJIeHOrO 

IJ,BeTa (paBJIH'lHblX OTTeHRon), npoMemyTI<lI Mem,n;y I<OTOPID11I BhlnOJIHeHhl 

TOHRoaepHncToH lIlaCCOH TaRiRe cepOBaTO-3eJIeHOrO D;BeTa. MOm;HOCTb I<OH

TaI<THOH SOUhl, CJIOmeHHOH aM<pH60JIHBlIpOBaHHIDfH nHpORceHIITaMII, co

CTaBJIJleT 06hl'IHO 4-5 111. 
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O'leHb xapaKTepDhl ABe ocooeHHocTH 3THX nopOA. Bo-nepBhlx, aaKOHO
MepHoe HaMeHeHHe BeJIH'lHHhl aepHa B paapeae IWHTaI<THOf[ aonhl: HenocpeA
CTBeHHhlH I<OHTaI<T CJIOiReH HaHOOJIee MeJII<OaepHHCThlMH, lIIIorAa AaiKe TOHIW
aepHHCThllIfH paaHOBHAHOCTHMH, I<OTOphle no Mepe YAaJIemw OT IWHTaI<Ta 
CMeHHJOTCH 60JIee HpynHoaepHHcThllIiH paaHoBHAHOCTHMR (pRC. 10S). Bo
BTOPbIX, aaI<OIIOMepHoe nOBeAeHHe cYJIl:,<pnAIIOH BKpamleHHocTH, I<OTOpaR 

. r-':'"'"i . 'r-:-'-;' 

B cpeAHeM 'laCTH aOHhl I<OHTaTUHhlX nopoA 
oopaayeT ropHaoHT, peaI<o ooora~eHHhlH 
CYJIb<pHAaJllH (pHC. 10). B npeAeJIax 
3Toro ropHaOHTa I<OJIH'IeCTBO CYJIb<PIIAOB 
AOCTHraeT 60- 65 % 06'be!l1a nOPQAhl; BhlAe-
JIHJOTCJl onH B BHAe KpynRJ,lX BI\panJIeH
nHI<OB, coeAHHHJO~I1XCH H cmlBaJO~I1XCH 

r-:--l 
r--:--o..-;o APyr C APyrOM. 

Bhlme ::noro ro pJ'[aonTa a~J(I)J1ooJIIIanpo
BaHnhle nopOAhl KOnTaI{TIIOM aODhl TaKiI{e 
opYAeH JIhl, no cOAepmamlO CYJIb<PHAOB B HHX 
panHO cOAepmamHO CYJIb<PI1AOU B nepWAO
TllTax. HHiKe 06ora~ennoro CYJIL<PHAUMH 

,...., ., 
'.~~'r..; ..... 
• • r;-;1 • .. . .. 
r-:'.r.-::' . ~ . 
';..::.:.:.:,' .~. ropHaOHTa MeJII<oaepHI1CThle a~HI)HooJIHaHpo
r-I ,I n nannhle nHpOI<CenHThl ne cOAepmaT CYJIL<PI1A

~J ~ ~2 

" " 

1%'13 
1::=::16 

Pac. 108. CTpoeBHe HHIRBeH KOB
TaKTHOH 30Hh) HHTpY3HDHoro Mac

CHDa 

1 - cnaOo opYAeHCJIble n BMeHeH.HhlC n e
PHAOTHTbl; 2 - cnaOo opYACHenble c p eA
H esepHlfCTble aM$nOom13MpOBaHHbIC nll
p0l<CeHUTbI l<OHTal<THolt SO Rbi ; 3 - roprt-
80HT CMJlbHO opYACHeJlblX c peAHeacpHU
CTblX aM¢mOOnl!SnpOnaflHblX nMpOI·wenn
TOB 1I0HTaHTHolt SOHbI ; 4 - MeJIHOSepnl'l
CTble OespYllHble aM$nOonnSMpoaaHHblC 
nUpOI{CeHIlTbl HOHTaHTHolt 80Hbl ; {) - TOFl 
HoacpHllcTble aM$MOOJlItSllpOBaFlHhle nll
POl{CCFlIITbl y n e nOCp e)lCTB ~lHoro HOHTa H-

Ta C QlllJlJll1TaMM ; 6 - $1IJ1J1UTbl. 

nOM BI<panJIenHOCTI:I, H, TaHnM oopaaoM, 
aona HenocpeACTBeunoro anAOIWHTaI{Ta JIH
TPYSI:II:I HBJIHeTCH 6eSPYAHoH. IIpaBAa, 'laCTO 
ona COAepml:IT MeJII<He CeI<y~He CYJIL<pI:IARhIe 
}HHJIO'lI<I:I, HO I<OJIH'leCTBO nOCJIeAnHX B CJIy
'lae neHapymeHHocTI:I I:IHTpyaHBHoro I<on
TaHTa BeCbMa Heana'lI:ITeJIbHO. 

IIOA MI:II<pOCI<onOM BHARO, 'ITO HOHTaI{
TOBaH HnTpyaHBnaH nopOAa CJIOmeHa na SO % 
6eC~BeTHhllIf aM<pH60JIOM, oopaaYIO~I:IM 1<0-
POTHO npHaMaTH'leCHHe aepHa C OnTH'le
CI{HMH lwnCTanTaMI:I TpeMOJII:ITa: 1) mJIH<p 
436-334: 2V= - S6°, cNg= 1S o, Ng
Np=0.024; 2) mJIH<p 441 - 91: 2V=-SSo, 
cNg=17 °, Ng- Np=0.024. MHorAa BCTpe
'laJOTCH aepna aOHam,Horo CTpoem1H, B 1<0-
TOphlX D;enTpaJILnaH 'laCTb CJIO'HeHa cneTJIO
J<opH'lIIeBhllIf aM<pHOOJIOM, a I<paH - 6eCn;BeT
nbIM TpeMOJIHTOM; HapeARa Mea<AY 3THMH 
AByllW paSHOBI:IAHOCTHMH aM<pHOOJIa Ha6JIJO-
AalOTCH I{aeMI<H H Y'laCTlm CBeTJIO-aeJIeHOrO 

aM<pH6oJIa. PaSMepLI aepeH aM<pH60JIa BapbHpYJOT OT 0.5 - O.S MM B MeJII<O
aepHHCTLIX paaHOBHAHOCTHX II AO 2-3 MM B HpynHosepHHCThlX. 

B MeaOCTaaHce - MeJIHOnJIaCT:EtH'laThlH TpeMOJIHT, XJIOPHT (oeCn;BeTHhlH, 
c rycToH aHOMaJIbHOH HnTep<pepeHD;I'IOnnOM OI{paCI{OH, ClIneH HJIH RpaCHOBaro
<pHOJIeToBoH), MeJII<OnJIaCTHH'laThlH 6HOTHT (rycTooHpamenHhIH B HOpH'lHeBhle 
TOHa, aaMYTHenHhlH), Memme aepnhlmI<H ccpena, BLIAeJIeHHJl PYARhlX MHRepa! 
JIOB - THTaHOMarneTHTa (06pacTaJO~ero RaeMI<aMH c<pena) H CYJIb<PHAOB. 
CYJIb<PHAhl HaxOAHTCH B TeCHOM cpaCTanHH c MeJIIWnJIaCTHH'laThllIf aM<pH-
60JIOM. 

CTpYRTypa 
TaI<THOH aOHhl 

aM<pH60JIHaHpOnaHnhlX nHpOHCeHHTOB (aM<pHOOJIHTOB) I<OH
rlInHAHOMOP<PH03epnHCTaH, nanOMHHaeT CTpyI<TyPY MeJII{Q-
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aepJJHCThIX JIl1pol<ceJJ[1TOB R pe31w OTJIHTIaeTCJI OT nOHIUlJIHTOBOH CTPYI{Typhl 

nepn)J,oTHToB. 

I1JJor)J,a B 60JIee KpynuoaepBHCTbIX IJopo)J,ax BepxHlu Y'IaCTKOlJ 

IWHTaI{THOll 30nM, r)J,e OHH rrepexo)J,liT B IJepn)J,oTllTbI, MO}lmO na6JIIo)J,aTl. 

ocOXpaJJl1BmHeCR: 'lepT.bI noi1:I{HJIHTOBOH CTpYI<TYPl>I: B HpynJJl>IX nceB

,lI.OMopqlOaax TpeMOJIIUa no IInpOI{CeHY IIPHCYTCTBYIOT nOHHHJIHTH'leCKO 

BHJIIO'leHJJhle oI<pyrJIhle BbI)J,eJIeHUJI Toro me TpeMOJIHTa HnoH 0 pHeHTupoBHH, 

HJITI arperaThI MeJIIHIX 'lemyeK TpeMOJIHTa, npe)J,cTaBJIR:IOm;He C060R IIceB)J,o

MOPW03l>I 1I0 panee cym;ecTBoBaBmeMY ceplIeHTHHHaHpOBaJJJJOMY OJIHBHHy. 

Em;e Bl>IIlIe 1I0 pa3pe3Y B nopo)J,ax Ha6JIIo)J,atoTcli pemrnTOBble Y'laCTIUI 3epeH 

nnpOKCeJJa, He 1I0JIJJOCTbIO aa le

m;eJJHbIX al\lWH60JIOM. 8TH waI<TbI, 

YKaa.bJBalOm;l!le Ha 06pa30BaHue Tpe

MOJIHTa no nepBH'lR.bIM MHHepaJIaM 

(rJIaBH.b[l\( 06paaOM 1I0 nMpOHceHY), 

1I0anOJIRIOT C'll1TaTb, 'lTO nopo)J,l>I 

KOHTaKTHOR 30nbI lIepBOHa'laJIbHO 

npe)J,CTanJIfIJIH nupOKCeHHTl>I, KOTO

pble aaTeM nO)J,BepraJIHCb IIpo~eccaM 

MeTaMOPWH3Ma, B peaYJIbTaTe 'lero 

napOI<CeH 0I\a3aJICR: aaMem;eHH.blM 

aMwn60JIOM, a lI1e30CTa3HC - aMWH

OOJIOM+XJIOPI1TOM. TaI\UM 06paaOM, 

IWHTaKTHaJI 1I0pO)J,a JIBJIJIeTCJI aM

~H60JIuaUpOBaHHbIM, B03MOtHHO, IIJIa

(,HOHJI a30B.bIM lIM pOKCeHHT0ll1. 

Pa3Bllnre TOHHO- H MeJIIW3eplIH

oCTMX paaHOBH)J,HOCTeH Y caM oro 

IWHTaI<Ta YI<aabIBaeT Ha 6hlCTpylO 

"pHCTaJIJIHaa~HlO nopo)J,l>I, 60JIee 

paJJJJIO[O 1I0 CpaBJJeHHIO C HpHCTaJI

JIriaan;HeH BHYTpeHHHX 'laCTeH HH

TpyaHU. 

Pl'IC. 109. BRpauneHHHK CYJIb<PUAOB He aa
Me~ellBblB BTOPlilqUhIM MarueTRTOM; no
fl}lPpOTJJH, nn - neHTJlaBART. OTpamerr-

HhlH caeT. X36. 

Cym='<pJJ)],HaR: BI<palIJIeHHOCTb, 06paaYlOm;aR: B aMWH6oJIHaHpOBaHHblX IIHpO

I\CeHHTax opY)J,eUeJI.bJH ropHaOHT (B yqaCTI<aX MaCCHBa C HBTPY3HBHbIl\1H 

1\0HTal{Tal\iH, He HapymeHHl>IMH TeKTOHHKOR), 1I0)], MHI\pOCI\OnOM BhlrJIJI)J,HT 

oCJIe)J,YIOm;I1M 06pa30~L CYJIbWH)J,bI 06paaylOT )J,Be lIfOPWOJIOrH'leCKHe pa3HOBH)J,

IHOCTH Bl>I)J,eJIeHHU:. 

1. KpynHl>Ie BKpanJIeJJHlU<H ()J,o 3-4 MM B 1I0nepewuI<e) C BenpaBHJIl,

HIDfH KOHTypaMH H H3BHJIHCT.blMH, ay6'laThll\[H rpaBHn;aMH CJIO)KeBLl arpe

l'aTaMH H30MeTpll'lHLIX 3epeH nHppOTHHa ()J,o 0.2 M1II), cpe)],u IWTOPbIX BCTpe

"IalOTCJI B )J,OBOJIbHO 60JIbm0ll1 l<OJIH'leCTBe HpyllHbIe ()J,o 0.2 MM) H)J,HOMoPWHhle 

3epna neHTJIaH)J,HTa (pHC. 109) H MeJIl{He H)],HOMoPWHble H H30MeTpH'leCHHe 

f<pHcTaJrJIHltH MarBeTHTa (60JIee paHHero, 'leM nHppoTHH). B O'leBb He3Ha'lH

TeJIbHhlX HOJIH'leCTBaX npHCYTCTByeT XaJIblWnHpHT, OB MeJII{HMH BbJ)J,eJIeHIifJIMH 

HenpaBHJIbHOH WOPMhl pacnOJIaraeTCJI MetK)J,y 3epHaMH llFrppOTHBa. Pa3BHTl!lJI 

BTopH'lHoro MarHeTHTa no nHppOTHHY He Ha6JIIo)J,aeTCJI. BMeCTO 3Toro CYJIb

~H)],Hhle BI\pan;reHHMRH npOHH3hlBaIOTCJI (06LI'lH0 B I<paeBblX 'laCTJIX) nrJIall1H 

aMWll60JIa H llJlaCTHHH:aMH XJIOpIITa, 'lTO H npH)],aeT B3UHJIHCTOCTb HX rpaHl1n;aM. 

2. BTOpaR: paaIIOBH)J,IIOCTb CYJILWH)],Hl>IX BM)J,eJIeHHU - O'leHb MeJIKJ1e 

(cOTl>Ie )],OJIH MHJIJIHMeTpa) yrJIOBaThle BI{panJIeHHH'lHH, paCCeJIHHl>Ie no Bceu 

Macce lI1eaOCTaaHca nopo,n:hl. B npOMemYTHax Memny 'lernYRRaMH aMWH60JIa H 

XJIOpBTa. CJIO}KeHhl oHHnpeHMym;ecTBeHHo nHppOTHHOM, peiRe XaJIbKOnHpHToM . 
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Feo.lloeu1fecltoe nO.llOJICeftUe 30ft eulJpornep,Ata.llbftO 113,AeefleltltblX 0PyOCftC.1bIX 

.lJ.IlbmpaOCltOOftblX nopoIJ 

TH,qpOTepAfaJIbHO MeTall10pcpFI30naHHbIe H opy,qeBeJIbIe ropHbIe nOpO,qbI 3a

JIeraIOT Ha,q opy,qeHeJIOH TeRTOHH'leCROH 6peR'Tffeii; BHTeIICllBBOCTb rIIJl.po

TepMaJIbIIbIX H3MeHeHff:H H opy,qeHeHHH BaHOOJIbmaH nOJIll3ll OpeR'lJllf 

nOCTeneBBO 3aTyxaeT no Mepe y,qaJIeBHH OT Hec Rnepxy. 

TH,qpOTepMaJlbHO H3MCHeBBbIe nopo,qbI omrcaBbI H. A. EJIHCeeDhlll1 fIJ 

B. li. IIanyml'l:c (1952), ROTOPbIJlfH nnepnbIe ObIJIO YCTaIIonJleIIO HaJI01l\enue 

rH,qpOTepMaJIbiiOrO lIfeTaMopqm3Ma Ha aDTOMeTall10p<pu3M n JIORaJIbnaH npJI

ypO'leBIJOCTb rH,qpOTepMaJIhHOrO MeTaMop<pnsMa l{ Tel{TOHn'leCRlm 30naM. 

liMn rRe nOJl.'lepRHYTa CDH3h rII,qpOTepMaJIbHbIX H3MeHeHHH C rrpon.ecca~11l 
Py,q00opa30naHJ11I, 'ITO npOJIlIBaeT cneT Ha namHhle ocooeHHOCTU renC3Mca 

CYJIb<pHJl.llOrO HllReJIenOro opy,qeHellHH ITe'leHl'II. 110 JJ:aIIIlWAl rrpeJJ:hlJJ:YID.lIX 

11 CCJIeJJ:OBaTeJIeil:, CYJIh<PHJJ:bI I<pIICTaJIJIII3YIOTCH nOCJIe 06pa30naUUll a~ltPll -
60JIa, XJIOpJ1Ta H TaJIhRa. O,qHaI{O nOCJIe,qonaTCJIbIIOCTb 3a~ l em;errUH BTOPJlLJ

HbIMH rrpo,qYRTaMH paHHHX MHHepaJIOB, I{aI< YHa3wuaeT H. A. EJIllCeOn (1952a) . 
He Bcer,qa HClla H, nO-BH,qHMOMY, He De3)];e o,qunaTWBafl. 

B MaCCHBax ITHJIhrYJIp13H rH,qpOTepMaJIbHhle H3MCHeUIIH YJIbTpaOCHOBllblX 

nopo)]; BbIparHellhl B TOM, 'ITO cepneHTHlIH3npOBaUHbIe rrepIl)];OTIITbl nop;Bep

ralOTCH aM<pHOOJll'ISan;HH, OTaJIbHonaHHIO, XJIOpl1THSan;nu 11 I<ap60naTl'!3an;FIII. 

9 TH npOn;ecChl, RaJIO>I{eHHbIe Ra cepneRTHllH3an;mo, conpon01l\,qaIOTCH Bhl)];eJlC

lIHeM TOIII<OH MeTaCOMaTH'lOCHOH BKpanJIellrrOCTII CYJIb<pU)];OB, pa3BElB a

JOm;HXCH COBMeCTRO C BTOpH'llIhIMH l'H)];pOTe pll1a JlbRhl~lIl lIllIllCpaJIaMH II 06pa-

3yJOm;HX C lIHlI1H TOlIRHe cpacTalIIIH . 

MaI<pOCI<OIIH'leCI{H rH,qpoTepMaJIhHO HSlIlelIeRRhle nepll,qOTI1Tbl OTJIll'IaIOTCll 

OT cepIIeRTI1mlSHpOBaHHbIx nepH,qOTHTOB CBOCH OHpaCHoH. CopneHTnIIJl311 -

pOBaHlIbIe IIepII,qOTHThI - nopo,qhl ~TePllOrO n;neTa, C rI{J [pHbIJlf OJIeCHOlll B CBC

~J{eM H3JIOMe; aM<pHOOJIIISlIpOBaHllbIe, OTaJIhJ{OBaHHbIe II HapOOllaTHSHpOBaH

llbIe nepH,qOTHTbI - nopo)l;bI CePoro n;BeTa, MaTOBbIe B CBe}ReM M3JIOMe. 

OCBeTJIellHe cepIIeHTHHH3HpOBaHHbIx nepH,qOTHTOB HBJIHeTCFI npU3HaJ<OlIl 1I X: 

113MeHeHHH. 

HaHOOJIhmaFI HSMeHeHllOCTh nopop; RaOmO)];aeTCH B npHno,qomBeHHblX: 

qaCTHX HHTPY3HH, B Henocpe,qCTBeHHOH OJIHSOCTH I~ oPy,qeHeJIOH Tel{TOHH'leClwii. 

6peI~1fHH. BepXHHH rpallHn;a SOHbI H3MeHallllbIX IIOpO,q paCIIOJIaraeTCH Ha pa3-

llbIX ypOBHHX BHYTPH HIITpY3HBHoro MaCCHBa (B 40-70 M OT nop;omBbI HHTPY-

3HK) H xapaRTepHsyeTcH nOCTeneHHhlMH IIepexo,qaMH R cepIIeHTHHHSHpOBalI

HbIM nepH,qOTHTaM. OOhI'lHO Ha6mo,qaeTcH nOJIOCaTaH SOHa, npe)];CTaBJIeHHaJI 

'lepe,qYIOm;HMHCJI CJIOHMH OOJIee H3MeHeHHbIX OCBeTJIeHHbIX nopo)]; H MeHee 

lfSMeHeHHhlX cepneHTHHKSHpOBaHHbIX nopo,q. MOm;HOCTh OT,qeJIhHbIX CJIoen: 

BaphHpyeT OT ,qOJIeH callTIDleTpa )];0 HeCHOJIhI<HX caRTHMeTpOB, lfHor,qa ,q() 

MeTpa H OOJIee. ITo HanpaBJIeHHIO R HH,HHHlIl 'laCTFIM MaCCHBa rYCTOTa H MOm;

HOCTh ESlI1eHeHHbIX CJIOeB nOCTeneHHO BospaCTaIOT, nORa OT,qeJIhllhle IIOJIOCbII 

He CJIHBaIOTCH ,qpyr C ,qPyrollf B O,qHOPO,qHYIO HSMeHeHHYIO TOJIm;y. 

TH,qpOTepMaJIhRhlH lI1eTaMOP<PH3l11 B OJJ.IIHX Y'laCTHax HHTPY3HBHbIX M'ac~ 
CHBOB npOHcxo,qHT MeTaCOMaTH'leCRHM nYTeM oes HSMeHellHH TeRCTypbII 1J 

CTPYHTypbI nopo)];, I<OTopaH OCTaeTCH MaCCHBllO:H H He HapymeHHoH TeRTOHH

'leCHHMH B03,qeil:cTBHHMlf. B ,qpyrHx yqaCTI~ax TeI{TOllH'leCIme B03~e.iicTBH1] 
npOHBJIlIIOTCH O'leHh OT'leTJIHBO H rH,qpOTepMaJIbHOMY H3l1feHeHHIO nop;

BepraIOTCJI paCCJIaHn;OBallHbIe YJIbTpaOCHOBllbIe IIOPO,qLI C npeBpam;eHHell' 

Hr. B TpellfOJIHTOBbIe HJIH TaJIhROBbIe CJIaHD;bI (C HapOOllaTOM H XJIOPHTOM). 

PaCCJIaRn;OBallHbIe SOBhl MOm;HOCThIO OT ,qOJIeil: MeTpa .no HeCROJIhKHX .neCHT'-
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ROB MeTpOB paCnOJIaraIOTCH COfJIaCHO 3aJIeraHHIO aOHhl opyp;eHeJIOH TeI<TO 

HH'leCI\oH 6peI{'IHH, T. e. COrJIaCHO HH)I{HeH ROHTaI{THOH nOBepXHOCTH HHTpy

SHBHhlX lI1aCCHBOB. KaI{ 6yp;eT BHP;HO HHllie, paCCJIaH:qOBaHHhle SOHhl no 

xapaRTepy MeTallwpqm3Ma 1'1 no oco6eHHOCTHlI:! nonep;eHHH CYJIb<J!HP;OB B Hnx 

H e OTJIH'IaIOTCH OT HepaCCJIaH:qOBaHHhlX HaMeneHHbIX nopop;. 

II empoepa¢U'leC~aR, xapa~mepucmu~a euo pomep.Ata.l£b ftO u3Menefllf,blX 
opyoeneJ£blX nopoo 

OTJIHlJHe rHp;pOTepMaJIbHO HSlI1eHeHHhlX nepHp;OTHTOB OT cepneHTHHHaII

pOBaHHhlX nepHp;OTHTOB OT'IeTJIHBO YCTaHaBJIHBaeTCH nop; MHRpOCRonOM. I1::l
MeHeHHhle nopop;hl CJIO)l<eHhl B OCHOBHOM ROMnJIeRCOM BTOPHlJHhlX rHp;pOTep

lI1aJIbHhlX MHHepaJIOB - TpeMOJIHTOM, TaJIbROM, XJIOPHTOM, Rap6oHaTOllI, 

ROTophle aaMeI:qaIOT RaR nepBHlJHhle nopop;oo6paaYIOI:qHe MHHepaJIhl - OJIll

BlIH, nnpORceH 1'1 nJIarHORJIaa (npn'leM peJIHRTOB OJInBHIIa 1'1 nJIarHORJIa3a 

B Hall1eHeHIIhlX nopop;ax He coxpaHneT

cn), TaR 1'1 nOCTepHopHhle aBTOMeTaMOp

<J!H'IeCIO're MHHepaJIhl - cepneHTHH, Re

pCyTHT, aeJIeHYIO porOBYIO 06MaHl<y, 

6HOTHT. IIOCTOfIHHhlMH cnyTHHI<a~1lI 
BTOPHlJHhlX MHHepaJIOB HBJIfIJOTCH cyJl b

<J!HP;.LI. 

TaIUlM 06paaOM, B nopop;e BCTpe

'IaIOTCH: peJIHRThl nepBHlJHhlX nopop;o

o6pasyIOI:qHX lI:!HIIepaJIOB (nnpORceII), 

peJIHI<TbI nOCTepJiOpHhlX aBTOMeTa-

1I1Op<J!HlJeCJUIX MHHepaJIOB, lWMnJIeHC 

BTOPJilJHhlX rHp;pOTepllIaJIbIIhlX MHHepa

JIOB, PY)J,nhle MHHepaJIhl - MarHeTHT H 

CYJIb<J!np;bI. 

ROJIH"leCTBeHHhle COOTHomeHHH Me}I<

p;y BTOPHlJHbIMH rHp;pOTepMaJIbH.LIlI1H 

MIlHepaJIallUl BapbHpYIOT. MeCTaMH npe-

06JIap;aeT TpeMOJIHT, MeCTaMH - TaJIbI< ; 

XJIOPHT 1'1 I<ap60HaT npHcyTcTBYIOT 

06.LIlJHO B nO)J,'IHHeHHhlX IWJIH'IeCTBax. 

TpeMOJIHT (cNg= 16°; 2V=-86°; 
Ng - Np = 0.024) paSBHBaeTCR: COB

MeCTHO C XJIOPHTOM B BHp;e MeJII<O-

meCTOBaThlX H HrOJIb'laT.LIX arperaTOB, 

PllC. 110. 3aMe~enHe TpeMOnllTOM (Ilro
JIOtllm) II CYJIL!f>HAaMIl (qepnoe) cepnen
TIlHa, CJIaralO~ero nceBAoMop!f>oay mr 
OJIllBllHy. MuepaJI co cna:ii:HocTLIO -

mtpOKcen. llpll OAHOM HIlK., X60. 

saHHlIiaIoy:qHX npOMelliYTRH MelliP;Y sepHaMH cepneHTHHHSHpOBaHHoro OJIHBHHa 

H nHpORceHa. qacTo HapaCTaeT Ha nHpOI<CeH H SaJI:leI:qaeT ero no TpeI:qHHRaM, 

HHorp;a notiTH Ha:qeJIO, 06paaYH rOMooceBhle nceBp;OlllOp<J!oa.LI. OlJeHb THnH'IHO' 

Sa!I:!ey:qeHHe TpellWJIHTOll1 cepneHTHHa, CJIaraIOI:qerO nceBp;OMop<J!oahl no OJIHBHHY. 

STOT IIpo:qecc oco6eHHO 'leTRO YCT8.HaBJIHBaeTCH npH Ha6JIIOp;eHHH Hap; aepHa~ur 
cepneHTHHHSHpOBaHHoro OJlllBHHa, nOHI<HJIHTHlJeCRH BI<JIIOlJeHHbIMH B Rpyn- · 

HhlX RpHCTaJIJIaX IIHpORceHa, RaR 9TO BH)J,HO, HaIIpHMep, Ha pHC. 110. 
B IIapareHeSHce C TpeMOJIHTOM Bcerp;a Haxop;HTCH CYJIb<J!Hp;.LI, MeJIRHMH 

Bhlp;eJIeHHHMH paCilOJIaraIOI:qHeCH COBMeCTHO C HrOJIOlJRaMR TpeMOJIHTa B OC

HOBHOH TI<aHH IIOPOP;hl, no TeM ;J{e TpeI:qRHRaM B I<pyIIH.LIX RpRCTaJIJIaX nl1-

pORceHa, no ROTOPbIM paSBHBaeTCH TpeMOJIHT, R B cepneHTHHOBhlX IIceBp;o

Mop<J!osax no OJIHBHHY, ROTophle saMeI:qaIOTCH TpeMOJIHTOM. 
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MeJIIwlJemyiT'IaTlJe arperaThI TaJThI{a 3aMe~aIOT IIllpOlweII C COXpaHOHlIeM 

ROHTYPOB nepBOIIa'IaJTbIIhIX I{PYIIIIhIX I<pHCTaJIJIOB ero, OT I<OTOPhlX 06r>l1ffiO 

'OCTaIOTClI peJIHI<TOBhle Y'IaCTHH B n;eHTpaJIbHhlX 'IaCTHX. RpOMe Toro, TaJIbR 

COBlI1eCTHO C XJIOPHTOM II CYJIh<PH)1;a:MH paSBHBaeTCH no cepneHHlHY, saMeCTHB

meMY OJIHBHH. IIpH aTOM JIIO 6 onhITH 0 , 'ITO mHypO~IRJf lI1arHeTHTa BHYTPH 

,cepneHTHHOBOH nceB)1;OMOP<POShI no OJIHBllny coxpaUHIOTClI, XOTlI H nepece

HaIOTClI CYJIh<PH)1;HIiOIUI MHHPO}KFIJIO'IHaMH. 

XJIOPHT pa3BHBaeTClI B 60JIbmOlll KOJIll'leCTBe BMeCTe C TpeMOJIUTOM n 

TaJIbHOM. IIpe)1;cTaBJIeH 'lemyiPIaTOH pa3HOBH)1;HOCTbIO, 6eCn;BeTHOH, 30JIO

TIICTO-}HeJITOBaTOH HJIH CJIerRa SeJIeHOBaToii, C aHOMaJIhHOii HHTep<popeHn;nOH

'HOH OHpaCHOH - rOJIy60H H <pHOJIeTOBoii. XJIOPHT paSBHBaeTCH npeHMy~e
CTBeHHO no cepneHTHHy H B lIIeHLmeH CTeneHll. no coxpaHlIBIIIHMClI n'{H[ cepneH

THHH3an;HH Y'IaCTmlM nHpOHceHOBhIX 3epeH, HenOCpe)1;CTBenHO 3al\Ie~all nH~ 

pOHceH no Tpe~HHI<aM. 

O'leHb XapaI<TepHO pa3BHTHe XJIOpll.Ta no KPYIIIIliOIf CyJIh<PH)1;HhIM BHpan

.JIeHHHHall{ (CH)1;epOHRTOBIiOII), paHee 'laCTH'IHO 3aMe~eHHhIlI{ MarHeTHTO~r. 
Rap60HaT HBJTlIeTClI nOCTOllHHliOIf cnYTHHHOM nepe'lHCJIeHHhIX BTOPll.'IHhIX 

MHHepaJIOB H cOnpOBO}I<)1;aIO~HX HX CYJIb<PH)1;OB. B HaH60JIhIIIeM KOJIHlJeCTBe 

'BhI)1;eJIHeTClI COBMeCTHO C TaJIbHOM (B BH)1;e MeJIHHX TO'Ie'lHhIX BhI)1;eJIeHFlH), 

'B MeHbIIIHX KOJIH'IeCTBaX - C aM<pH60JIOM H C XJIOPHTOM. 

CTPYI{Typa rH)1;pOTepMaJIbHO H3MeHeHHhIX nopo)1; paSJIH'lHa B pa3JIH'IHhlX 

Y'laCTHax HHTPY3HBHhlX JIIaCCHBOB. IIpH Ha'laJIbHhlX CTa)1;HlIX rH)1;pOTepMaJIb

,Horo MeTaMOP<PHSMa COXpaHlIIOTClI lJepThl nepBH'IHO:H nO:HI{HJIHTOBO:H CTPYH

'Typhl, MeCTRMH IIOCJIe)1;HHlI saTymeBhIBaeTClI H COXpaHlIeTClI peJIHHTaMH cpe)1;H 

BTOpH'lHhlX 6JIaCTH'leCHHX CTPYI{TYP, xapaHTepH3Ylo~HXCH pasBHTHeM BTO

pH'lHhlX MHHepaJIOB. B CJIY'laHx, KOr)1;a rH)1;pOTepll1aJIbHOe H3MeHeHHe conpo

BOm)1;aeTClI paCCJIaHn;eBaHHeJII nopo)1;, nOCJIe)1;HHe npHo6peTaIOT CJIaHn;eBaTYIO 

'TeHcTYPY R JIenH)1;o6JIacTlPleCKYIO CTPYHTYPY. 

XapaxmepucmUK,a cy.n,brftuonou 6Kpan.n,ennocmu 

B aM<pH6oml3ll.pOBaHHhlX H OTaJIbHOBaHHhlX nepH,f(OTHTaX (He lIO)1;Bepr

'm11XClI paCCJIaHn;eBaHBIO) pa3JIH'laeTClI HeCHOJIbHO MOP<P0JIOrIPIeCHHX pa3HO

IBH)1;HOCTeH CYJIb<PH)1;HOH BHpallJIeHHocTH. 

1. IIepBall pa3HOBH)1;HOCTb npe)1;CTaBJIeHa peJIHKTaJlnI CH)1;epOHHToBhlX 

BHpanJIeHHHKoB. RpYIIIIhlX, C lJeTKRMR rpaHHn;aMR, CH)1;epOIlHToBhlX BI<pan

.JIeHHHKOB 3)1;eCb HeT, a OHH nOCTeneHHO, BHa'laJIe C HpaeB, a aaTeM D n;eHTpaJIb

HhlX 'laCTlIX npOHH3hlBaIOTCH H SaJl:fe~aIOTClI JIIeJII{H 11'1 'leIIIY:Hl{aMH 11 nJIaCTHH

KaMH XJIOpHTa, BCJIe)1;CTBHe 'lero TepllIOT 'leTI<IIe IWHTYPhI H npeBpa~aIOTClI 

B TOHKHe cpaCTaHHlI XJIOpHTa C COXpaHl'IBmHMHClI CYJIb<pH)1;aMH, rpaHHn;hl 

BKpanJIeHHHHOB CTaHOBHTClI H3BHJIHCThIlI{H, 3aay6peHHhIlI{H, He'leTHHMH. Mar

IHeTHT, pa3BHBmHHcH paHee lIO nHppOTHHY CH)1;epOHHTOBhIX BHpanJIeHHJ1HOB, 

He UOAAaeTClI 3aMe~eHHIO XJIOPHTOM H COXpaHlIeTCH. MeCTaMH 3aMe~eHHe 
BRpanJIeHHHROB XJIOPHTOM H)1;eT HaCTOJIbRO )1;aJIeIW, lJTO CYJIb<PH)1;OB nO'lTH He 

. OCTaeTClI , HO IWHTYPhl 6hIBIIIero CH)1;epOHHTOBoro BRpaUJIeHHHHa Bce }He 

'COXpaHlIIOTClI, O'leplJeHHhle I{aeMHOH MarHeTHTa (pRC. 111, 112). 
2. TOHHHe cpaCTaHHlI CYJIb<PH)1;OB C BTOPH'lHhIlI{H CHJIHKaTaMH - Tpe

MOJIHTOJII, XJIOPHTOM, B KOTOPhlX He Ha6JIIo)1;aeTCH npe)1;IIIecTByIO~ero 'laCTlf'I

Horo 3aMe~eHHH CYJIb<PH)1;OB MarueTHToM (pHC. 113). 
3. B rH)1;pOTepMaJIbHO H3MeHeHHhlX nopo)1;ax BCer)1;a npHCYTCTByeT TOHKO- ' 

paCllhlJIeHHaH CYJIb<pH)1;Hall BI{panJIeHHOCTb B <popMe 'lpe3BhI1:JaHHO MeJIKHX, 

' TOlJe'lHhIX Dhl)1;eJIeHHH Cpe)1;H HrOJIb'laTOrO TpeMOJIHTa, XJIOpHTa H TaJIbl{a • 

. t.} aCTO pa3Mephl aTOH BI<paUJIeHHOCTH HaCTOJIbRO JIIaJIhl, 'lTO MaKpOCI(OnH'leCHH 
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npHCYTCTBHe ee o6HapynniBaeTCH JIHmb no CJIa60MY MeTaJIJIH'IeCKOll1Y lI1ep~a
Hmo Ha nOBepXHOCTR rrSJIOMa nopop;LI, KOTopaH Ka)-I,eTCH cJIa60 opyp;eHeJIoi. 

Puc. 111. PacTBop HIIe H 3aMelJJ,eH~[e CfI
.JUmaTa 111 cJillJ,epO!H1TOBbIX BKpanJ1eHHH
[WB. MarncTHT npil aTOM coxpaHfIeTCIl 
,cepblN), CYJ1b(flIIAbI rrpIICYTCTBYIOT B BII
.J1,e peJIIIKTOO (CBeTJIWe nRTHbI1IIKU). OT-

pamenUblH CBeT, X72. 

PIIC. 112. PeJIIlKTbI cHAeponlIToBoro 
BKpanJIeUHHKa, nO'lTlI nOJ1HOCTbIO pac
TBopeHHoro, lWHTypbI KOToporo O'lep'lH
BaIOTCII coxpaHIIBIDHMIICII OT 3aMeII\eHIIII 
MeJIKHMII BbIAeJIeHlIlIMII BTOplI'IHOrO Mar-
HeTIITa (cepoe); CBeTJIbIe nlITHa - pe-
JIHKTbI UlIppoTIIHa (no). OTpameHBbIB: 

CBeT, X72. 

B p;eiiCTBnTeJIbHOCTR }Ke TaKHe nopop;LI 06HJIbHO HaCLI~eHLI cYJIb<Imp;all1H 
11 JJBJIHIOTCR: pyp;ar.m C nOBLImeHHLIM cop;epmaHHeM HHKeJIR: H lI1ep;H. 

4. CJIep;ylO~aH lIIOp<poJIOrH'IeCKan 
paSnOBHp;HOCTb CYJIb<PHp;Hoi BUpanJIeH
HOCTH - PYP;HO-CRJIHUaTHLIe nceBp;o
MOp<poaLI. OmI o6paaylOTcH no aepHa r 
.ceprrenTHUltaHpOBaHHoro OJIHBHHa. 
B yqacTI{aX nopop;, IIop;BeprmHxcH rHp;
pOTepMaJIbHO fy lI1eTaMoP<PHaMY, cep
lleHTIIH TaIU[X aepen nocTeneHHo, Bna'la
.JIe 'laCTH'lUO, a aaTeM nOJIHOCTblO aall:!e
~aeTCR: npeltMy~ecTBeHuo 6ec~BeTHID( 
'l'peMOJIlITOM, B lIIeHhmeii: CTeneHII
'l'aJIbJW f rr XJIOPHTOIIL Bce 3Tlt BTOplt'l
Hbre MllJ,IepaJIbI Bcerp;a cOnpOBO)-I,p;alOTClI 
.cYJIh<pI~p;aMII (rJIaBHLIM o6paaoM nnppo
'l'HHOM, lIJeHbme - neHTJIaHp;HTOM H 
XaJIbl{QoHPHTOM), BLIoap;aIO~ltMltBMeCTe 
.c HHMlt BHyTpH nceBp;ollwp<poa. ITPH 
.aaMe~enHH cepoeHTHHa UOMnJIeKCOM 
BTOplt'lHhlX MHHepaJIOB, conpoBo;I,p;aIO

·~ltXClI CYJIh<pHp;aMlt, lIlarHeTl1T, npltcyT
CTByIO~HH B cepneHTRHe B BHp;e Mem,ltX 
.aepeH (o6paaOB8.HHLIX op;HoBpeMeHHo 

PfIC. 113. TOHKoe cpacT8IDIe cym,cpHAoB 
c BTOPII'IHblMH CfIJIIIKaT8MII - TpeMOJIII
TOM, XJIOpnTOM. OTpameHHbllI CBeT, 

X72 . 

.c cepoeHTHHoM aa C'leT OJIltBltHa nplt cepneHTltHltaa~ltlt nOCJIep;Hero), He aa
Me~aeTClI It OCTaeTClI HeJilSMeHeHHLIM. TaKltM o6paSOM, PYP;Ho-ClmltUaTHLI& 
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nceBAOMopcpoahI no cepneHTHHHaHpOBaHHhIM aepHaM OJIHBilHa CJIaraIOTCJI: 

KOMnJIeKCOM BTOpl'I'IHhIX rHAPOTepJllaJIbHhIX MHHepaJIOB (TpeJlIOJIHT, TaJIbK, 

XJIOPHT, Kap60naT)+CYJIbCPHAbI+ MarHeTHT. lIapeAI{a B nHX em,e npHCYT

cTByeT cepneHTIUI, coxpanHBma:aCH IIeaaMem,eHHhIJll BTOPH'lIIhIJlHl MHHepaJIaMH. 

5. B npHnoAomBeHHoH 'laCTH IDITPY3HH, B6JIHaH OT oPYAeHeJIOH TeI<TO

HH'leCKOH 6peK'lHH, rAe CTeneHb H3MeHeHHOCTH nopoAhI H HaChIDl,eHHOCTb e& 

CYJIbcpHAaMH AocTHraeT MaKCHJlfYllla, 'laCTO 06paaYJOTCH MeJIKHe CeI<ym;H& 

mHJIO'llm, CJIOa{eHHhIe CYJIbcpHAall1H B conpoBomp;eHHH ne60m.mHx IWJIH'leCTB 

Tex me rHAPOTepMaJIbnbIX MHIIepaJIOB: TpeMOJIHTa, TaJIbI{a, XJIOpHTa, Kap60-

HaTa. IIIIorAa aTH a<HJIHH, opReHTRpoBaIIIIhIe B paaJIH'IHhlx IIanpaBJIeHHHX, 

nepeceHaIOTcH APyr C ApyroM, B peaYJIbTaTe 'lero BOaHn"KaeT cBoe06paaHhIB 

ceTenoA06HhIH PRCYHOK pacnpeAeJIeHHH CYJIbCPHP;OB. B lIleCTax nepe'Ce'leHHH 

HeCHOJIb.RHX }HHJIOH CYJIl'CPHAhI HepeAHo 06paaYIOT rHeaAo06paanMe BMAeJIenRH 
AO HeCHOJIbHHX MHJIJII!lMeTpon B nOnepe'lIIHKe . 

ITo Mepe YAaJIeHHH OT 0pYAeHeJIOH TeKTOHn'leCIWU 6peJ{'lHH lWJIH'leCTBO 

CYJIbCPHp;HhIX mRJIO'leK nOCTeneIIHO YlI'fellbmaeTcH If B rJIaBHOH no 06'beMY 

Macce rHAPOTepMaJIbHO HaMeHeHHhIX nopoA an lIJOPCPOJIOfH'leCI{aH pasHoBHp;

IIOCTb cYJIbcpnAHbIx BhIAeJIeHHH aaHHMaeT peaHo 1I0A'lHHeUHOe nOJIOrI{enne II() 

cpaBHeHluo G APyrIfMH cpopl\1aMH, npe06JIaAaIOm,rum Ha IWTOPhIX IIBJIJUOTClII 
TOHlwpaccelIHHaH IIbIJIe13I!p;IIaH nI{paIIJIenIlOCTb 11 PYAUO-CHJIHI\aTBMe IIceBp;o

Mopcpoahl, 

MRIIepaJIOrll'leCHIIll COCTaB Bcex nepe'lUCJleIInbIX lIloPCPoJIOrJI'leCJUlX paa

IIoBRAnocTeH cym.cpHAIIhIX BhIAeJIeIIIIH 0AHnaIwB. 3Aecb npl1cYTcT8YIOT rJIaB

II.hIe MlmepaJIhI PYA - nHppOTI1H, neIITJIaIIAIIT, XaJIbI<OnUpFlT II MarIIeTHT; 
B O'leIIb IIeaIIa'lHTeJIbIIbIX IWJIH'leCTBaX BCTpe~JaIOTCH BTOpoCTCIIeHHTlle MIIne

paJIhI - lIJeJIb'1:aHmHe eAIIHJ1'lIIbte aepna IIJIaTIIHOBoro (?) JlIUnepaJIa 11 ccpa

JIepRTa. 

CJIeAyeT nOA'lepHIIYTb Han60JIee BarI>HbIe oc06eHnocT11 OTI11CbIBaelllOro TllUa 

CYJIl, cplIAnoro MeAnO-III1KeJIeBOrO 0pYAeHeHHH, It 'lllCJIY fiX OTIIOCHTCJI CJleAYIO

m;lIe: 

1) O'lElnb HarJIHAHO R RCHO YCTaIIaBJIIIBaellIaH CBRab 0pYAeHeHlHI C fI1APO

TepMaJIbIIbIMH npOn;eccaMH RaMeIIeIIUH YJIbTpaOCIIoBHbIX IIOPOA, npOCJIerHCH

HaR Ha rJIy6HIIY; 

2) JIerI{OCTb pacTBopeHRR H nepeOTJIO,I,eHI{Jl CYJIbCPn:AOB B rnAPOTeplll aJIb

IIhIX yCJIOBHHX; C aToH oc06eHRocTbIO HX CBHaarro H HBJIeHUC aaJllem,eHllfl 8TO

PH'lIIhIJl1H CHJIHHaTaMH CYJIbCPHAOB CHAeponliTOBoii BI<paIIJICHUOCTJ1. 

Iloeeoenue Cy./tb¢uooe 8 paCCMlt/..f08aHHblX 30/WX U3.AtenemtblX nopo8 

B HeIWTophlX MeCTax IIarJIHp;HO YCTaHaBJIUBaeTCH CBHab rHAPOTepJI1aJJbROr() 

H3MeIIeIIHH nepRAoTRTOB C SOIIaMR paCCJIaIIn;eBaIIRH, HOTopbIe npOXOAHT B MOm;

IIOB TOJIm;e 0AHOP0p;HhlX cepneIITHHH3RpoBaHIIhlx nepHAoTHTOB C cHAeponH

TOBOH CYJIb<PHp;HOH BHpanJIeHHOcTbIO. ITepRAoTHT, nOABepraHcb paCCJIaHn;e

BanHIO, oAHoBpeMcIIHo H3J11eHHeTCH H npeBpam;aeTCR' B CBeTJIO-CepbIH TaJIb

HOBbIH CJIaHen; (C Iwp60IIaT0ll1) . ITPR aToM CHACPOHHTOBaR' BI<paIIJICHnOCTb, 

npHCYTCTBYIOm;aH B cepneHTunH3HpOBanHhlX ncpHAOTHTax H OT'leTJIHB() 

saMeTHaH lI1aKpOCHOnH'leCKH, B paCCJIaHn;OBaHHbIX nopOAax HC'lCSaeT, BMeCT() 

Hee nOHBJIHeTCH BKpanJIeHHOCTb B BHAe TOH'la:ameH CYJIbCPHAHOH <<nbIJIH», 

eABa aaMeTHOH, a 'lam;e COBepmeHHO IIeaaMeTHOH MaKpOCHOnHqeCI{H. 

XHMH'leCKHH aHaJIHa TaKoro, BHemHe nO'lTII 6e3PYAIIoro IISMeHenHOr() 

nepHAOnlTa, nOKaShlBaeT, 'lTO nopOAa no cOAepmaHHJO B neH nHI{eJIH K MeAH 

HBJIHeTCH MeAHO-HIn<eJIeBOH PYAOH. CJIeAOBaTeJIbHO, npon;ecc r:nAPOTep-
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MaJIhHOrO MeTa~fOp<pH3Ma YJIbTpaOCHoDHbIX nopop; D 30Hax paCCJIaH~e
naHl1H He DJIe<IeT 3a co6oii: D.hIHOCa HHI{eJIH H Mep;H, a OOYCJIODJIHBaeT JIHllb 

nepeOTJIOmeHHe cYJIb<PnP;OB, np11cYTCTBoBaBllHx B nopop;e p;o MeTa~IOp<pH3Ma, 
a KpoMe Toro, np"BOp;HT I{ oooraIl\e:mlIo TaI<HX H3MeHeHHhlX yqacTKoB CYJIb

<pup;a~1H, acco~HIrpYIOIl\HMIICH C BTOplf'IHhlMH rHp;pOTepMaJlbHhlMH MHHepaJIaMH 

H, OlJeB HP;HO , npHBHeceHHhlMII pacTBopar.HI, Bhl3BaBllHl\H[ MeTal\WP<PH3M H 

<>opa30BaHHe 3Tl1X l\UIHepaJIOB. 

o aenepalfuR,X CY.lLb¢Uanblx .Awnepa.IL06 6 auo pomep.1W.lLbnO U3.AtenelU!,bIX 
o pyoene.ILblX no pofJax 

II3JIomeoHhle BLIme p;aHHhle CBHp;eTeJIbCTBYIOT 0 npllCYTCTBJUr D rnp;po

"TepMaJIbHO H3MeneHnllIX nopop;ax CYJIb<PHP;HbIX Bblp;eJIeHHH P;BYX reHepa~RH. 
1. PaHHJUI reHepa~nH CYJIb<PHP;OB npep;CTaBJIeHa peJIHI{TaMH CHp;epOHH

"TOBbIX BKpanJIeHHIIROB, IWTopbIe B npo~ecce fllp;pOTepMaJIbHOrO reTaMOP<PH3 fa 

.aaMeIJJ;aIOTCH XJIOpllTOM; D paCCJIan~OBaHHbIX 30Hax Cllp;epOHllTOBhle B!{panJIeH

!BlllW ynHqTOmalOTCH cOBepmeHHo. 

2. BOJIee noap;rrHH reHepa~fIH CYJ1b<PHP;OB npep;CTaBJIeHa MOP<POJIOrHlJeCKH 

pa3HoOOpa3HhlMlI BllIp;eJIellHJIlIlU: CpaCTaHI1HMn C BTOPHlJHbIlIHI CIIJIl'maTaMH, 

"TOIIlwiI (<IIbIJIeBHp;HoH» pacceHHlloH BI{panJIeHHOCTbIO, Pyp;rrO-CHJIHI<aTHllIMH 

nceBp;ollIOP<P03RMH, MHKPOfIHIJIOlJKaMI1. HaIIOOJIee BafI<HoH oco6eHnocTbIO 

.3TllX BbIp;eJIenHJ~( JIBJIHeTCH HX TeCHaH CBH3E> C KOl\WJIel{COM BTOPHlJHllIX rl1p;po

TepMaJIbHllIX ~UIHepaJIOB (Tpe1l10JIHT, TaJIbK, KapooHaT, XJIOPHT), C KOTopmfH 

<CYJIb<PUP;bI oopa3YloT ep;HHYIO napareHeTHlJeCKYIO aCCO~l1a~HIO. CTPYl<TYPHbIe 

'COOTHOmenHJI lIIe~Kp;y cYJIb<pnp;aMH H BTOPHlJHbIMH Hepyp;HbIMH MHHepaJIaMH 

UOIW3bIBaIOT, 'lTO rJIaBHaH facca CYJIb<PnP;OB HpHCTaJIJIH30BaJIaCb nOCJIe 

oopa300aHHH Tpel\lOJIJITa, TaJIbHa, l\apOOHaTa H XJIOpHTa (0 lJeM CDI1p;eTeJIb

<CTBYIOT rHllIfp;IIOMOP<PHhle CTPYI<TYPllI H HBJIeHHH 3al\feIl\eHHH CYJIh<pHp;allUl 

uepelJUCJIeUUbIX lIfIIHepaJIOB) I[ JIHllb lJaCTHlJHO - op;HOBpell1eHHO C HIIMH 

<TOHl{He cpaCTaHlUI CYJIb<PHP;OD C TpellfOJIHTOM, TaJIbHOM H XJIOPIITOM). 

Onucallue PYAllbLX 1I111UepaJlOB BJ(panJlellHblX cYJlbcfmAHbIX PYA 

PaCCMOTpeUHhle BbIme BKpaUJIeHHllIe PYP;bI P;BYX THUOB, upep;CTaBJIeHHbIe 

{)J)OHMM. TeqeHHH C CHp;epOHlITOBOH BltpaUJIeHHOCTbIO H opyp;eHeJIllIMH rHp;po

"TepMaJIbHO H3MeHeHHbIMH uopop;ar.rn, OTJIHlJaIOTCH p;pyr OT P;Pyra (UOMIIMO 

reOJIOrHlJeCHOrO UOJIOWeHllJI BHYTPH HHTPY3HBHbIX l\laCCHBOB), Mop<POJIOrHeH 

.P YP;HblX Bblp;eJIeHHH, COOTHomeHHHMH Me}HP;Y CJIaraIOIl\H m HX PYP;IIbIMH MH

nep a JIal\III , uapareHeTHlJeCl<H1vm aCCO:qHa~HHMH COnyTCTBYIOIl\HX CHJIHl\aTBblX 

MHHepaJIOB. CaMH me Pyp;rrllIe MI:lHepaJIbI B Tex H p;pyrHx pyp;ax OP;HH H Te )Re. 

rJIaBBbI~JlI H3 HUX, CJIaraIOIl\FIMH OCBOBHYro Maccy PYP;HllIX Bhlp;eJIeHHH, HB

.JUIIOTCfI: llHPPOTHH, UeIITJIaHp;HT, XaJIbl\OUHPHT H MarHeTHT; B pe31\O UOP;lJIl

HeHUhlX I<OJIHlJeCTBaX UPHCYTCTBYIOT: BaJIJIepHHT, KyoaHHT, UJIaTHHOBbIH 

MHHepaJI, C<paJIepHT, OOPHHT, CYJIbBaHHT (?). 
BCJIep;CTBHe Toro, 'ITO Pyp;HllIe Bblp;eJIeHIIH OOJIblleH lJaCTbIO lJpe3DbIlJaBBO 

MaJIhl UO pa8l\lepaM II Haxop;HTCH B TOHI\OM: cpaCTaHHH C CHJIHl\aTaMH, a OOJIee 

KpYllHhle CHp;epOHHTOBble Bl\paUJIeHHHI\H CJIO/HeHllI HeCI\OJIbHHMH MHHepaJIaMH, 

"l'al\)Re cpacTaroIl\H~mCH p;pyr C P;PyroM - Bblp;eJIeHHe H3 BI<paUJIeHHbIX PYP; 

MOHoMHBepaJIbHbIX <ppaK:qHH OlJeHb 3aTpYJIHHTeJIbHO H p;o HaCTOHnrero BpeMeHH 

He 611IJIO OCYIl\eCTBJIeHO. l108TOMY xmmlJeCI\HX aHaJIH80B PYP;HhlX MHHepaJIOB 

83 Bl\paUJIeHHblX PYP; He HMeeTCH H OBH OCTaJIHCb XHMHlJeCKH CODeplleHHO 

aeH8YlJeHHbIMH. AnaJIH8bI, BbIUOJIHeHHllIe B HIICTHTYTe rHUpOHHKeJIb H 
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npRBeAeHHhle B OT'IeTe 

r. B. XOJIMOBaR,IJ;.A.illRJII>

HRROBa (1952 r.), HeJII>3H 

npRHRMaTI> BO BHHMaHRe, 

nOTOMY QTO aHaJIR3RpOBa

JIRCI> He MRHepaJIhl, a CPOCT

RR RX, TaR RaIt «nRppOTHH». 

nanpHMep, nOI{a3aJI COAep

,HaHRe MeAB 5.85% B HU

I{enJI 11.45 %, (menTJIaHAHT» • 

COAep}RaJI4 % MeAR, a «xaJII>

IWlllPTfT» -- 7.53 % HRHeJlJI_ 

CneRTpaJIbHble aHaJIH3LT 

PYAHbIX 1I1IIHepaJIOB, BbT

nOJIHeHHhle TaIOHe B nHCTII

TYTe fnOpOHImeJIb, c06paHbI 

B Ta6JI. U, HO H I{ BX OI~eH
Re Hynmo nOAxOAIlTb C OCTO

po»mOCTbIO, TaI{ RaH 3arpH-

3HeHRe aHamulHpyeMoro 1I1a

TepHaJIa neII36eamo, 'IT() 

npOAeMonCTpHpOB8HO TOJIb

ItO 'ITO npHBeAeHHhlMII AaH

HhlMll xnMIPleCKRX aHaJIR-

30B. 

)10 CIIX nop rJIaBHhlJl( 

lI1eTOAolll HCCJIeAOBaHOJI PYA

HbIX lIfllHepaJIOB IIrrJIbrYJIp

nn HBJIJIJIOCb lImRpOCHOOR

lJeCIWe lJ3yqemie fiX. 

IIPBBOARlIwe Hllme onH

caHRe PYAHhlX IImHepaJIOB 

AaeTCJI He no TOOall1 PYA. 

B He no 1II0p<P0JIornlJeCnIIM 

pa3HoBRAHOCTJIlI1 PYAHhlX 

BbIAeJIeHBH, a no reHepa

~RHM IlIlIHepaJIOB, IWTOPhlEl

YAaeTCH BhlAeJIRTI> BO BI<pan

JIeHHhlX PYAax. 2 

MarueTlfT. MarHeTIIT HB

JIHeTCH nOCToHHHhlII1 CnyT

HHHOM CYJII><PBAOB IiI OA- , 

HUM U3 rJIallHhlX MRHepa

JIOB pacclltaTprrllaell1hlX PYA. 

IIo ROJIII'TecTllY OH 3aHR-

2 TUTaUOMarneTUT (II 11311>
MemlT), 06pa3yIO[I~ne p aaoe
MarMa'rJ:!'1eClme cerpOl'aIlIlOHHbIe 
CKOOJIeHlIfJ, uplrypOqemrr,le R 
CJIOIO nHpORcennTOD, 3.necr, ITO
onnCl>1BaIOTCfI , TaR RaR OBI[ He 
CBfIaauw nenocpe,[(CTBelHW C 
cyJI('(~BnHblM Me,[(Ho-mIl\OJIeBbI~t 
opynefleHHeM. 
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BaJIJIepBBTOM. Ha6JI£OAaTOTCJI ncc cTaAIur noro npou;ec a: OT llatraJlbllbIX, 

IwrAa BaJIJIepUUT pa3BUBaeTCJI B OqeHb nC3rra 11IlTeJl blJbIX HOJHl tJeCTBaX, p;o 
nOqTH nOJIHOrO 3alllCm;CHllH nenTJIaHATfTa MCJIlwqemyfrqaTblMll arperaTaml 

BaJIJJepnnTa. 

H pOMe nenTJIaH1J;llTa cHAepollllToBbIX BHpamJCnHHlwD, npC~\CTaU JUlIOrII.CrO 
paHHne rencpa:u;ull ero, cYlIJ.eCTBYJOT 60JIce n03AJH1.e BbIp;eJICTIlUI neUTJlUUAHTa, 

acco:U;HHpylOlIJ.erOCJI C mrppoTunoM TpeTbe{r rcnepau;rrn IT J{O~IflJJCI{COM DTOpll q

IIhlX rl1APOTepMaJIbHbTX lIumepaJIOD, pa3BJmalonJ;HxcH D rnJ\pOTOpMaJIbHO lf3-

JlfOHeHnbIX 0pYAenOJIf>IX nopoAax. BblcOIwe cop;epn<aniio nU1{ JlR B TalOtX 

nopoAax (no AaHubIM XUlImqeClmX anaJIII30u) npeAonpCAeJIfIeT 3Haql'lTeJlbUOe 

cOp;epil\aHI1C B nux neHTJIanp;I1.Ta. 110A MHT\pOCHOno~r DIIAno, [ITO napl1AY C TORlW 

paCnb[JIennbIUll TO'le'lnhlllUI BbIACJIerrnHlIIU IHrpponma B mix COACpil{aTCII 

TaKiae me DO 1II0P<POJIonnr nbIAeJIenUH JiI ncrITnaRAT1Ta. OTlIOCIlTCJIbHO HCTOq

HHI{a ;:)TOrO nCITTJlaHAllTa cnpaBeAJInnO Bce TO, 'ITO CIW3aHO no aTOMY DOBOAY 

o nnppOTI1Ue TpeTbeii: reHepa:u;nl1, T. C., nO-BllAHlIlOlIIY, 'laCTb neHTJlanAI'ITa 

opYAeHeJIbIX rT1APOTepMaJIbHO n3~reHCllnbIX DOPOA JIUJIlIeTCII npllllTICCennotr 

M eTaMop<PI13YJOlIJ.lllllH paCTBopalllFl, a 'laCTb JIBJIHCTCH nepeOTJIOmonnbr~1 1JenT

JIaHAETOM CT1P;0POHITTOBbIX Bl<pa1JJlerUlrfl{OB. 

XaJlbIWIHrpMT. HapHAY C nllpponmOllI IT neRTJIanAIlTOlll XaJIbl«l1JrrpllT 

HBJIJICTCJI OA1J1lM n3 J'JIaUHb[X PYAHbIX Jl1Flnepanou nr<paunellllbIX PYl\ . [{OJHI 

qeCTBO erO neuOCTOHRll0 II 13apbllpYOT OT p:oJIefi UpOU;OHTa AO HeCI,OJIbr, IT X npo

:u;eHTon OT 06ll\ero rWJIl'rqeCTna PY1.(H6IX MIHrepaJIOo. PaSJIflqalOTCll Tpil rCIT pa

D.HH XaJIblWnFlpHTa. 

IIepBaH rOHepa:U;)'UI Bhlp;eJIHOTCH con I OCTno C nlippOTFlnOM 11 f1CHTJIaHAI1-

TOM n CHAepOmtTOBbIX BHpaUJIeHHlmaX, npU'lellf XaJIbl<onrrpllT fIl3JlHeTCll GOJIee 

n03AHHlIf , 'ICM DepnbIC Ana 1IIIlHepaJIa (nepeCel{aOT lilX f1mJII{a~III). XaJlblW

UlilpHT qalIJ.e, 'leM DlilPpOTHlI, CJla raOT UPOBOAUU'll\lT - rrpOmIT.ITIW, coeAI1UH 10-

DJ;He BHpaUJlCHHIIIOl APyr C APyrou. 

aJI.bTWnnplilT BTOPOii: reHcpa:u;rm B 1JJ[qTOrT ITbIX T<O JmqCCTUaX B BII"C ~IOJIb
'laflIDlfX TOqeqHbIX 3epHbIIDeI< BbIAeJIflCTCfl11 rrel<OTophlX cepuennm OBWX MlIJ,pO

}HlilJIOcmaX, rrop OCeHaIODJ;HX CIiACpOHIiTonYIO BI{pa UJICTlITOCTb. CnOIIM \I POIIC

XOrl\p:OHHeM aTH f1UmO'II{H CUJIaaUbI C upor~CCCOM cepuellTIlUll 3 al~1l1I TICpllJ].O

TUTOB. 0 rrpFlCYTCTBlUI n cepneHTTIHIf3JIpYIOLlJ;UX paCTBopax CYJI b<p 11P;013 1I1CAR 

CBl'lAOTCJIbCTnyeT elIJ.O <Pal{T 3allfOlIJ.enUJI IIeHTJIarrAHTa CIlACPOHIfTOBhlX BI pan

neUHFIlWB naJIJlOpl1l11TOM. II po:u;ecc 8TOT conpOBOil\AaeT aaMcro,cn n e rrll ppOTIliia 

MarHOTHTOM, HOTopoe npOJ[CXOATfJIO oAnonpCMenno C npon.CCCOM cep"CIlTIII1Il

aaIJ;IHI. 

XaJIT)I<ODHIHlT TpCTbefr reHepan.F1H aCCO I(ITHpyeTcH C l<OMllJlCl\COM I3TOPllq

HbIX rl1APOTcp?Ia JIbllbIX 1I1llHepaJI08 (Tpe~IOJlUT, TaJIbl<, KapOOllaT, XJLOpI I T) 

lil cODpOnOil<AaOT mlppOTllH n nCUTJIaHp;llT, BMAeJIfllOm;IlCCR B yqa 'TI<ax yJlbTpa

OCBOBHhTX DOPOA, nOABeprIDUXCll HanOiHCJ[UOMY rllAPOTepMUJtbOOMY MeTa

MOp<pllaMY . Hal{ II llJ1PPOTllH, XaJIbHOrmprfT 06paayeT paCCCHllIlYIO TOIll{YIO 

BHpanJleHHOCTb BO BToprr4HhlX Cl'lJIRHaTaX, npHlIHMaOT y qaCTIl O B CTPOCIIIIlI 

PYAHO-CUJlIlI{aTllbIX ncenAO~lOp<poa no cepnenTI1Hl13JJPOOanlIo~ly OJlIIBIlHY 

11 BbIAeJHleTCll COBlI l eCTHO C BTOpl{qnbTMII CHJIl'IHaTa ll'l J( HapOOH3TOM n 1IIlII{PO

a{JlJIoq!{ax, ceHyru;IlX cnp:epOHllTOUYIO B1<panJICHllOCTb II ~laI'H eTI!TO-CepIiCIl

TIlHOUbro jl(J1Jl[W. no~(06no lHlppOTl1ny 11 llCUTJlUHAUTY XaJIbl{OOIi pllT TpeTbeil 

reHepaIJ;l1l1 mlceT, BepOflTOO, ABOUCToeBBoe rrpoucxomACllnc, HBJlflflCT, qaCTllqHO 

1JepeOTJIOmeHHbIM, qaCTlftIBO D pI1BIlOCenHbl~l. 

BTopOCTellelHlble PYAHble Jlfltl lepa!lbl. B a Jt JI e p II Il T JJIJrfCYTCTuyeT 

n CllAepOH OTOBblX DI{paOJleIlHHI{aX; nperlMYlO,eCTBOllHO pa:1BI1BaCTCH no llCIiT

JIaHAHTY (U;J,I-l onpeMellRO C 3aMCll\CUl1eM Ol1ppOTllIIa MarHeTIiTOlll), B O'iCllb UO-

3HaQnTCJlbHbiX HOJlH'ICCTBaX Bhl;J,C.'UICTCH n XaJlbl\oUIiPUTC B BII;l,O 1II0JII\llX 
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MaeT BTopoe MeCTO cpeAH PYAHhIX MHHepaJIOB, YCTynaH JIHIDb nHppo

TIlHy II COCTaBJIHH MeCTaMH AO 35-40 % Bcero 06'1>eMa PYAHhIX BhIAeJIeHHH. 

Pa3JIHqaeTCR MHOro Mop<p0JIOrHqeCKHX pa3HoBHAHocTeR MarHeTlUa, cpe~\n 
IWTOPbIX, BepOHTHO, cym;ecTByeT HeCKOJIbIW reHepaqHH, OAHaKO C AOCTOBep

BOCTblO pacnosnaTb HX D pHAe CJIyqaeB HeBOSMO>Jmo. B HaCTOHm;ee Bper.m 

C YBepeHHOCTbIO JllO,KnO rOBOpHTb JIHIDb 0 AByX reHepaqHHx MarneTHTa. 

Mar neT H T P a H H e H r e H epa q H 11 - HAHOMopqlBhIe nso-

lIIeTprrqeCIUle sepHa BHyTpH CHAepOBHTOBhIX CYJIb<PIIABhIX BHpanJIeBUHI{oD. 

XapaHTepuo SOUaJIbHOe CTpoeHHe 3THX sepeu: qeHTpaJIbBafI qaCTb HX HMeeT 

TeMHo-cepbJ:U qBeT H HaH60JIee BIitSKYIO OTpaa<aTeJIbUYIO cnOC06HOCTb; sa 

Hell CJIeAyeT soua 60JIee CDeTJIaH H C 60JIee BhICOHOH OTparHaTeJIbHOii cnoco6-

UOCTbIO; nepH<pepHqeCHHe qaCTn sepeu o6JIaAaIOT Ual'lBbICIDeR OTpa,HaTeJIbUOU 

cnoco6UOCTbIO. l1uorAa ua6JIlOAalOTCH TOJIbIW ABe 30UhI: BUYTpeUHfIH H HapYil,

Hall, C pe3H1nm: rpauHqaMH Me,KAY BHl\IH. RpHCTaJIJIHsaqHH aepeu MarHeTHTa 

npOHCXOAHJIa AO I<pHCTaJIJIHsaqnH CYJIb<PHAOB, TaK KaK nOCJIeAHHe nepece

KaIOT ero flumoql\aMH 11: qaCTHqUO paCTBopHIOT, BCJIeACTBHe qero HpHCTaJIJIhl 

ero npHo6peTaIOT OI<pyrJIbIe, crJIaa{eHHhIe I<OHTyphI. 

IIo rrepH<pepIIH sepeH JIlarUeTrrTa STOR reHepaqnrr HepeAIW Ha6JIlOAaIOTCH 

BeHqHKOnOAo6HhIe OTOPOqIUI 60JIee nosAHero MarHeTHTa. 

1\ AocYJIb<PH1-WOll reHepaql'lH OTHOCHTCfI TamHe qaCTb lI1arneTHTa, o6paso

BaHHoro npH cepneHTHHHSaII.HH o JIHBHH a , B caMblX HaqaJIbHblX CTaAHfIX 3Toro 

npoII.ecca, npoTeI<al0III.HX AO HpHCTaJIJIHSaI(HH CYJIb<PHAOB crrAepoHHToBOR 

BI<panJIeHHocTII. IIPH onHcaHlm nOCJIeAHeii: OTMeqamICb CJIyqaH, HorAa B CH
AepOHHTOBhIX BI,panJIeHHHHax BHJIlOqeHhI aepHa o JIHBFIH a , JIHmb qaCTIIqUO 

ceprreHTHuHsIIpoBaHHbre B HpaHX, nO-BHAHlI10MY, em;e AO I<pHCTaJIJIHSaII.l:III 

CYJIb<PHAOD. RaeMHH cepneUTHua COAepil<aT MeJIHHe TOqeqHhIe BhIAeJIeHHH Mar

neTHTa, o6pasYIOIII.erOcH 0AUOBpeJlIeHHO C cepneHTIIHOM sa CqeT OJIIl
BHHa. 

Mar H e T H T 6 0 JI e e n 0 3 A H e ii r e U epa II. 11 H CDHsaH Tal(>I<e c 

npOII.eCCOM cepneHT11UHSaII.HII, UO co cTaAHHMH, npoTeI<aBIDHJlIII nOCJIe HpHCTaJI

JIHSaII.HK cnAepOHHToBOii BHpanJIeHUocTH. MarueTHT nOBcIOAY conpOBo>I<AaeT 

cepneuTHu, paSBJ1BaIOIII.HllCH I<aK no omIBHHY, Tal<. H no llHpoHceuy. IIPH sa

MeIII.enuH OJlHBHHa ~rarHeTHT JIH60 BhInaAaeT MeJII<IIMH TOqeqHbU1H BhIAeJIe

HruIMH, pacceHHHhIMH B \IIacce cepneHTHHa, JIH60 o6pasyeT IDHypOqI<H B II.eu

TpaJIbUhIX qaCTilX cepneHTHHoBhIX MHHPO,I<HJIOqeH, ceHYIII.HX aepHa OJIHBHHa, 

JIH60 HaHOHeII. COBMeCTHO c cepneHTHHoM o6pasyeT CIWpJIynoBaTO-HOUII.eUTpri

qeClme nceBAOMop<pOahI no OJIHBIIHY. IIPH saMem;eHHH IIHpOHceHa lI1arHeTIIT 

BMeCTe C cepneHTHHOJII o6pasyeT ceTb nepenJIeTaIOIII.HXcH MeTaCOMaTHqeCHIIX 

)I<HJIOH, paaBHBaloDJ;HxCH B I<pIlCTaJIJIaX IIHpOl(CeHa. 

CepneHTHHHaaII.HH nepHAOTl1TOB conpoBofHAaeTcH o6paaoBaHHeM Marne

THTo-cepneHTHHoBhIX MlII<PO,KHJIOqeI{, nepeCeHaIOIII.HX cHAepoHHToBYIO cym,

<PHAuYTO BHpanJIeHHocTb. IIPH 3TOM np0.HCXOA11T HIITeHCUBlloe MeTaCOMa

TII'leCIWe ' SaMeIII.efUre CYJIb<PHAOB MarHeTHToM, IWTOPbIH: paaBJIBaeTCII lIe 

TOJIbTW BAOJlb aaJIb6aIIAOB cepneuTHIIOBbIX Mm<pofHHJIOqeT(, UO II BHe 

BIIAUMOH: CBH3U C nOCJIeAIIKMIl aaMem;aeT nepH<pepIIqeCI{He qaCTH cHAep

OHIITOBblX BI(pallJleHUHIWB (o6paaYH I<aeMI<:H) H npOHHI<aeT BnyTpb BI<parr

JIeHnHI<OB, paaBHBaHcb (HHorAa BMeCTe C cepneHTIIHOM) no TpeIII.HHHaM n 

rro rpaHHII.aM Me1HAY aepHall!H CYJIb<PHAOB, npellJlIYIII.ecTBeHHo llHPPOTIIHU. 

Talum 06paaoM, pasBHTHe MarHeTHTa DO CYJIb<pHAalll CHAepOHHTOBhIX BI<pal1-

JIeIIIIHI<OB CBHSaHO c rrpOII.eCcaMH cepneHTKHHSaII.HH nepHAOTHTOB, I{OTopbIe 

B aHaqHTeJlbHOH AOJIe rrpOTeHaIOT rrOCJIe I<pHCTaJIJIHaaII.HH CHAepOUHTOBOU 

BI<panJIennOCTK. CJIeAOBaTeJIbUO, MarUeTI?lT, MeTaCOMaTHqeCI<H o6paaylOIII.HHCH 

no CYJIb<pHAaM CHAepOHHTOBhIX BI<parrJIeUHHJWB, D' 3HaqHTeJIbHaH AOJIlI JIlarHe-
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-rflTa, pa3BlmaIOIII;erOCR 3a C'IeT OJlITB:FlHa II nlIpOI{CeHa upn ax cepneBTUnl'l.

.a an;llH , - oopa30BaHHR 0)1.HOB03paCTBhIe. 

IIHppoTJm. IIHPPOTHB - npeOOJlaAaIOIII;Hii: no IWJlHlJeCTDY r.umepaJI 

BRpanJIeHHhIX PYA OOOHX TnJ:!:oB, CJIaraeT rJIaBHYIO Maccy Bl<paITJIellHIJKOB 

Bcex ~OpM. Pa3JIHlJaeTCR HeCROJIbRO reHepan;Hll llHppoTHBa. 

IIepnaR reHepan;HR - OI{pyrJIhle MeJIRHe BRJIIO'IeHIlR nHppOTlUra B IIHPOI{

·ceHe 0pYAeHeJIhlX CJIoen Te'IeHFIJl; BCTpe'IaIOTCR peAlw H n MaJIO~-[ ROJIJI'IeCTDC. 

IIHPPOTHH BTOpoi reHepan;HH CJIaraeT AO 85 % o01>e~m CH,n.ep0nFITOBI,rX 

BI<paUJIeHHHROD, 3aHHMaIOIII;lIX np0ll1emyTEUI MerRAY RpI!ICTaJIJIa~m OJIlIBlma 

I!I UllpO}{CeRa. BHYTpeHHee CTpoeHHe CI!I)1.epOIllITOBhlX B1{panJIeHIHlIWB CJIom

Hoe: unppOTlIH oopa3yeT arperaTbI 3epeH IlenpaBlIJIbHoiJ: ~OPMhI pa3McpaMH 

·OT 0.01 AO 0.2 MM. BOJIbIITlIHCTBO 3epeR XapfH{TepI!I3yeTcR IlaJlH'II!Ie~l HopaBIlO

MepHO nJIaCTHH'IaThlX IT RJIHIlOBI!IAHhlX AnOHHHKOBhlX CPOCTI{On (nepOfITlIO, 

.a- I!I ~-nI!IppOTI!IIla); KpOMe Toro, nI!IppOTRH 'IaCTO cO)1.epn{IIT JdeJIb'IaHrrme I<JIlI

HOBH)1.Rhle BpOCTl<I!I nenTJIaIl)1.lITa. II PI!ICYTCTByIOIII;Mll B ClI)1.epOHI!ITOBhlX BI<pan

JIeIlIlI!IKaX XaJIblWnHpHT uepeCeI{aeT mI!IJrO'IJ{a m 3epn a nnppOTIlIla, I<OTOPbIU, 

TaIUIM oopa30llf, RBJIReTCR OOJIee paHIllIJlL O)1.IlaKO BIlyTPI!I callforo XaJIblW

llI!IpI!ITa I!IIlorAa HaOJIIO)1.aIOT-CH MeJIRI!Ie npomI!IJIlWOOpa3Ilhle BhlAeJIeIlHR OOJIee 

n03AIlero nlIppOTlma, 06pa3YJOIII;erOCR, B03Monwo, B pe3YJIbTaTe pacna)1.a 

TBepAoro paCTBopa nnppOTllHa B XaJIbIWnI!IpI!ITe. Bhl)1.eJIemm 3TH ne Dbl XO)1.RT 

sa npeAeJIhI sepeH XaJIblWUlIpnTa II He CO)1.epmaT RJIIlHOBH)1.nhIX apOCTIWB 

neIlTJIaIlAliITa. HaROHen; , B CI!I)1.epOIlI!ITOBbIX DI<panJIennliIHax llCTpe'IaeTCll eIII;e 

OAHa pa3IlOBII)1.IIOCTb mrppOTI!IIla - n;enO'IIUl MeJIlUIX 3epen BAOJIb rpamln; 

-COnpI!IRaCaIOIII;liIXCR 3epell neHTJIaIlAlITa II XaJIbROllJrpnTa. 

CIIAepOHl:ITODaR BI<panJIeIlHOCTb nCTpe"raeTCR n CJIOfIX TelJeIIIIlI B DepXHeH 

nOJIOBliIne nepliIAOTliITOBOU TOJIIII;liI liI B rIfAPOTepMaJIbIlO I!I3MenennhlX, aM~J100JllI-
3HpOBaHHbIX II OTaJIbIWBalIHhlX nopOAax m[lI\neil nOJIOBIfHhI nepMAOTHTOB, 

no B TOM II APyroM CJIyqae neCKOJIbI<O pa3JIJI'IaeTCH no CnOIlM ocoOeHHOCTRM. 

B CJIORX Te'IeHIIfI IIaIIlIfeHee I13MeHeHHhlX anTOMeTaJllOp~nlJeClmMlI 1I rIl)1.po

TepMaJIbHJ>IlIm npOn;eccaMII nIlppOTlIH cHAepOHIITOBOH DHpallJleHrJOCTJI BRJJlO

'IaeT 3epBa coxpaBlIBIDerOCH OJIHBnIla, JIIIIDb 'IaCTlI'IElO cepnenTlIHH3HpOBan

noro D I<paRX II no TpeIII;IfHI{aJII. 

B OOJIee I13MeHeHIlbIX, Ha~eJIO copneIlTIfIl1I3HpOBanIIl,rx CJlOHX If rnAPo

"Tepll!aJIbIlO H3MeIleHHhlX nopOAax nn:ppOTIIR Cl'I)1.epOHHTonoil BI{pallJreIlHOCTR 

'IaCTli'IIlO MeTaCOMaTlIt reCl<l'I 3aMeIII;eH MarHOTIiITOM, pa3B1IDaJOIIVIJlICH C I<paeB 

nHppOTHHOBJ>IX BhlAeJIeHIiIU n no TpeIII;HHKaM B HIU. 

B aM~lIOOJI1'I3HpOBaIlIlJ,lX 1'I OTaJIbI<OBaIlHhlX nopOAax nlliImUX 'laCTeU 

HHTPY3HH llI!IPpOTIIIl CHAOpOmITOBOH Bl{panJIeRIlOCTII, coxpaRlIBIDrrllca OT 

3allfeIII;eRIIH MarHeTHTOIlf, nOABepraeTCII 3aMOIII;OHlHO XJIOPI1TOM, MOCTaMll nO'ITH 

Han;eJIO, TaI{ 'ITO OT CHAepOHI!ITOBJ>IX BJ<panJIeRIlHI<OB OCTaIOTCl1 JII!IIDb pommThI, 

a nepBOHa'IaJIbHhle O'IepTaHHH HX oopnCOBhlBaIOTCII J<aihlOll lI1arneTRTa, He 

3aMoIII;aeMoro XJIOPI!ITOM. 

IInppOTIIH TpeTheH reHepan;IlH accon;I1HpyeTcH C }<OMnJIOHCOM BTOPHqHhIX 

.rIlAPOTepMaJIbIlbIX MHHepaJIOB - TpeMOJIHTOM, TaJIbl<OM, I{apOOHaTOM, XJIO

pIlTOM. Mop~OJIOrH'IeCI<H OIl npeACTaBJIeIl BbIAeJIemWMH Tpex DHAOB. 

1. O'IeHb MeJII<He (0.01 -0.005 JIm) TOHKO paCnhIJIeHHbre DKpanJIORHRRH, 

iIlhlAeJIHIOIII;HeCH B napareHe3Hce C nepe'lllCJIeHHhlMliI DTOPI1'IIlbIMH 1I11'lHepaJIall1H 

II oopa3yIOID;He C HHMII (npeIlMYIII;ecTBeIlRo C Tpe lOJIlITOM) TOIllHIO paCTaHHH. 

B OT'IeTaX reoJIOrOpa3BeAO'IHOH napTHH II ~OHAOBbIX MaTepRaJIaX TaI<aa Bl<pan

.JIeHHOCTb HenpaBHJIbHO Ha3hlBaeTCII «3MYJIhCHOIlHOll». B HanOOJIbmeM KOJlH

'IeCTBe nn:ppOTHR 3TOi reHepan;HI!I BhlAeJIHeTCH B rH)1.pOTepMaJIbHO I13MeHeHHhIX 

nopo):(ax HH}I<HIIX 'IacTei HHTPY3HII, He3aBliICIIlIfO OT Toro, conponOmAaJIHCb JIH 

npOn;eCChl HaJIO)neHHOro rI!IAPOTepMaJIbHOrO MeTaMOp~I13Ma paCCJIaHn;OnaHReM 
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qernyeJ<, o OaIHrt{::UOl11;U X , OlJeOlIAnO, B pe3YJlbTaTe pacnal~a ToepAoro pac

TBopa. 
l{ y 6 a 1I J[ '1' D O'Ienb ne31Ia ' IUTC ll>lJLlX l<OJlU'leCTBax JJbl)l,eJlneTCH cpeAn 

XaJIJJlwllIfp ll TCl B cPOPMO leJllmx DJlaCTIUIOI{ it 3epen HCrrpaBlIJIblJOJL cPOPHbl. 

06paayeTcR, 1I0-Bi1AI1MO~[y, n pe3YJlbTaTe pacrraAa TBOPAO co pacTDopa. 
II 0 if 3 B 0 C T II hl ii: n JI a T J1 II 0 B h[ f[ J 11 ][ epa Jl 13CTpeqaeTcrr 

QpC311bl'Taiiuo pep;IW (Op;lIIIU'llJbIC CJlyqau) n Hnl-~e lIreJIlUJx 1130MCTpUQeCI{JiIX 

aepen 60J[01'0 ll,BeTa, C BbTCOIWii. OTpail,aTeJlbllOfI cnoc06nOCTbIO; pcarelITbI 

na nero He AeUCTBYJOT. Bl<JlJO~ICll n XaJJbHOTIllPllT n Il nuppOTIlII. 

C cP a J1 e p 11 T - o (iellb POAOl{. JIa6moAanCfI r. B. Xo 1M0BbIM II,1l;. A. limI b

lllllWllhIl (1951) B BI.lp;e MeJll{llX sepCll, OI,JllOlJeSHbIX B llIrppOTIl11 11 XaJlbl{Q

llJIIHlT Cl!l~epOUllTOBbIX n"panJI01UlIflWIl. 
C y JI b II a n It T OTMO<TaCTCH r. B. XOJIMOllbTM H ,D,. A. U1JIJIbHIlIWBblM 

(1951 f.) n CllAepOllllTOHblX JJI<paIlJTO ILJllm ClX IJ )juAO Mcmmx (0.05-0.1 M~l) 
uenpallUJlbnblX ae pal! tOil IOCTLIO C XCl lblWnrrpl.lTOM 11 UUPPOTllR OM. B alJ 

lUJ1l1cPax II OTPi\il\CIlIlOM CBOTe tHOJlTOBaTO-6eJlbIii. ITJlCllJ{006pa3Y[0li\Ue pea

feIlTh[ no AoiicTIlY10T. MltI{POXIUlJ['ICCI{an p aJ{JJ;llJI na lIallIIaAUrI, ]\lOl.I;b )i[ cepy 

l (aeT nOJLOil{llT('.TTbll bIe pcayJI hTal'bI. IT pIT YTCToyeT H 0 <Teilb ue3Ha LJUTeJlbnhlX 

l\oJI ll'lCCToax. 
Bop II IT l' OTMe(laeTCH M. B. ,1l;ellllcoBoll (1952) 13 B HAO eAllIIlllTUblX 

MCJlJWX 3CPCl! B xa.llbl{OTIlIpll'ro. 

Cll<lllllCJlIIC cYJlMIllli\lIoii m\lHlnJlCnUOCTII 0IlYAcn CJlblX eJlOCH TC'ICHJUI B IIC)JIIIJ;OTUTaX 

C IlIqHIIlJlC1UJOCTblO n rUAlloTC)l~raJlbll0 n3)ICUC1II1bLX nOIlOAax 

\3 nOJ1. 10 npTlHOAnTCH conOCTaB tCITl!C )l,ByX pacc roTpemrhIX IlbTllO TITIIOB 

131'pall.lTOJlllbTX PYA. J!13 :)TOI'O conOCTaBJTOITl1JI BIIAno,lJTO B OOOl[X T1.WaX PYA 

npllcYTcTBYJOT CYJIbcPllp;JlhlO HbfAeJlOl[l[)l AUYX reHepal~nli, lIO TW.TII[lJeCTBeIIIIbW 

COOTlIOmeUTln 1Il0il\AY IImlll Il TOM JJ )J,pyroM CJlyqae pa3JIJ[<IJ[hL B 0 PYAeHeJlbIX 

CJ10JIX Te'lOmUl llpoo6Jlal~ClIOT CYJrbcPlll.t;hI pauneii renOpaIl,IIlI, IIp eACTaBJleHllMe 

CII)l,OpOllHTonbT 111 llhTlIe.TIeIIrrmm, a CYJII>(I)l[Ab[ n03AHeii rOITepat~ I!II , aCCOll,l1J[PYIO

n(UeCfl C l<O~lTIJIC!<COj\{ BTOPll'lllb[X nmpOTepMClJIbIIblX MIInCpaJlOn, aaHI1MalOT 

DOA'IUHonrrOe nOJlO,I\eIIITO, pa3B IlBClHCb .T111.lUb B yqaCT[{aX, nOl\BeprumXCFI HaJIO

;HcnnOMY flIAPOTOp~raJJbIlO~lY MCTaAlOpcPII3MY. 

B](paITJrCJTllOCTb B fU1J,pOTopJ\JaJlbITO 113Mell 1I1IT>IX nopOAax, na060pOT, 

npO)J,CTUIl.fIOHa IIpO!nlyrn;ecTnenno pa3Ho06pa3HMMH IIO i\lOPcP0JlOrulI DJ,lAeJIe

Rl1mm cYJlbcPUAOB II03AHeii rOUepa.L~lfll, a ClI)lepOllllT013arr Bl<paI[JJenHOCTb 

coxpanROT'f! Jllimb B Bl'JAO pcmmTOll B nepa CJlaIIL(OBamlblX ll3MeueUHblX 

nopOl(ax. 

CYJlbcPnATJ[ pannCr! rellcpau;uu (CIf~OpollIlToBaH BI(paIIJICllUocTb) I,pUCTaJI

JIH3 YIOTCH lJ,O TCl(TOUll <Joc IHIX nOl(BH}I<OH, BbI3hIBalOJJ.(I!X pUCCJlunu;enan[l(} 

II CBH::JUHlIhTX C TIl[ III HBJ{cUl!ii. HaJlOH{eU[[Oro MeTa !OPcPllSMa YJlbTpaOCllOBllbIX 

nopolJ,; CYJ1I.cPTlAb[ n03Aneil renepawIU [\puCTaJIJlrI3YIOTCfI nOCJIe Tel{TOmne

CKIlX nOJ~oml C(\ l[ IlonocpCACTBOHHO COJI3anb[ C 06pa30oalllleM BTOPUqllblX 

rllAPOTepMaJlblIbIX MUnepaJlOB, BbIAeJlHHCb B OCHOIlUOM HOCJle nux. C Jle)l,Ona

TCJIblfO, Bl,THBJIellUbIO reIIcpal~lIU CYJlbcPllAOn paaAOJIellbI MOIIU.[lIJIepaJlIil3a

I1,UOl1nbT~Jl[ TOI\TOH([QOC10IMII lIona<ellUlIMH, conpoBomAaJOrn;U~mcrr fIIAPoTep 

]\Ja.1J hHhIM MeTaMO PcPU3MOM y JlhTpaOcnonIlblx nopoA. 

KPOMO Toro, CYJ1bcPUAbI PUIlILCU roUepaI~[lll (cuAepoHuToBbTe 06pa30llamm) 

nOABepra 10TCH lIaCTJFIllO~IY 3a~ I Oll(eHUIO JlIafIIeTI1TOJ\l, TorAa Ka K CYJI bcPHAbI, 

aCCOll, lI11pyJOlJ.t;HOCfI C BTopntrHblW1 rnAPOTCp raJIbllI.IMI1 MI!fTepaJlaMH, ~larlIe

THTOM llO 3aMOlI\aIOTcrr. CJIY'Ia ll , lWCAa CJlOnmble no cocTany CYJIbcPU~lIbIEl' 
}H UJTO'U<TI C TpO~lOJIlITO~I, TaJ! bl\OM II I{ap60naTOM nepecel\aIOT c HAepOIIi1TOBble' 

12* 
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nopo~ J1 JUl npOHCXO~llJlU B ueuapyrueuuhIx nopo~ax. M B TOM H ~pyroM cJly

qae TOm,alI DI,panJleUUOCTb ITHppOnlJ:Ia TpeneH reUepall;I'[H HBJIHeTCII npe-

06J1a~alO~eH: <pOPMOH Bbr~eJleUHH CYJlJ,<pHAOB B aTHX nopo~ax. B BepXUHX 

qaCTIlX nepnAOTI'[TOB, B MeUee H3MeUeUUT:.IX 0pYAeUeJlhlX CJlOllX TeqeUHll TOU

I,aH Bl,panJleUUOCTb ITHppOTIIHa B cOnpOBOJ:l{AeHHH KOMITJIeKCa BTOpH'IHhlX 

rI:I~pOTep~raJlbUhIX Cl1J1HKaTOB nOJIBJlJIeTCJI JlHmb Y'IaCTI{aMH (KaI{ B p aCCJlaH

qonauuhIX, TaL, H l:IeuapymeHuhlx nopOAax) H 3aUHMaeT pe3KO nOA'lHUeHUOe 

nOJlOmeHUe no cpaBUeUl'[lO C CH~epOUHTOBOH BI'panJleUUOCTbIO. 

Oc06eRnOCTbi0 n:uppOTHua ()TOH reuepaqHH HBJlHeTCH TO, 'ITO OU COBep

menno ne aalltern;aeTCH MarneTHTOM (noA06uo CH~epOHl'ITOBoti: BKpanJleUHO

CTH); aTO cnH~eTeJlbcTnyeT 0 60Jlee noa~ueii l\pHCTaJlJlHaatI;HH nuppOTHua, 

npoHCXO~IIrn;eIi nocJle Toro, I{aI{ CH~epOUHTOBan BI{panJleUUOCTb nO~BeprJIaCb 
'IaCTUqaOMY MeTaCOMaTl'IqeCIW 1y aaMern;eUHIO MarueTHTOM. 

2. BTopan paaUOBH~UOCTb mlpPOTHua TpeTbeH reUepatI;HH - MeJllme Bhl

~eJlenHII BUYTPH PY~UO-CHJlHH.aTUhlX nceB~.oMop<poa - 3ep eu cepneUTHUH3H

pOBanuoro omml'[ua, 3aMern;eUUb1X TOH ilte napareUeTH'IeCIWH accoqHaqlieH: 

TpellfOJlFlT + TaJlbl\+l\ap6ouaT + XJlOpHT+CYJlb<pH,D;hl. ilpii aTOM uaH60Jlee 

'laCTO H B naH60JlbmeM KOJlH'leCTBe pa3BHBaIOTcH TpeMOJIHT H nBppoTBH, 

a OCTaJlbHhlC JI1BnepaJlbI 06paSYIOTCJI B MeUbmHX KOJllIqeCTBaX II ua6J1l0~aIOTCH 
B py~nO-Cl1J1III,aTHhlx nceB~OMop<poaax pen{e. 

3. K aTOll me reHepaql'[H llIppOTI'[Ha Momuo OTueCTH MeJllme BblAeJleUHH 

nnppOTI'IRa B MHKPOlHHJlOql{aX, CJlOlHenUhlX onHTb-Tal{f([ TeM )i{e J<OMnJlel\COM 

rBAPOTepMaJJbUhlX Ml'IUepaJlOB: TpeMOJlHTOM, TaJlbIWM, l{ap60uaToM, XJlOPH

TOM. lliI'IJlO'lY,H aTH CeI{YT cB~epouHTOBYIO DI,panJleUUOCTb, nO~BeprmYlocH 
qaCT.lPIHoMY 3aMern;emno MarueTHTOM II nepeceKalOT cepneUTHHO-MarueTH

TOBbIe MHI{PO}l{UJlOqrUI, Ua6J1IOAaeMhle B py~ubIX CJlOHX TeqeUHH. 

OqellL cJlomeu Bonpoc 06 HCTO'IHHI,e mlppOTlma TpeTbeH reHepatI;HB. 

C o~Hoi,[ CTOPOUbI, npOCTpaHCTBeUUaJI H reUeTHqeCI{aJI CBlI3b UaJlOmeHHOro 

rH~pOTep~laJlbHOrO reTaJllOp<pH3Ma H conYTCTBYIOrn;ero eMY 0pYAeueUHH C Tel\

TOIDL'ICClHIMB 30ualllli CBH~eTeJlbCTByeT 0 TO 1, 'ITO Uel\OTOpaJI 'IaCTb CYJlb<PH

~OB MomeT 6bIT& npHBHeceHUOH; C APyroii CTOPOUhl, npHBeAeuubIe BbIme ua-

6J11O~enIIJI 0 pacTBopenuu CH~epOlI1ITOBOH BI,paIwennocTH B rHAPOTepMaJlbnO 

IISlIIcneanhlX nopo~ax n JIBJIeUIlJI nepeOTJIO/f,eUBJl cIlAepouHToBOii BI{panJIen

UOCTH B paccJlanqoBanH&IX 30Rax cBHAeTeJlbcTByIOT 0 TOM, 'ITO TonHaH pacnhl

JleHlIaH BI{panJleUUOCTb 'laCTn'lHO BOaUJ;[HJIa 3a CqeT nepeOTJlOmeHHJI 60Jlee 

pauncii: CII~eponJ[TOBoti BHpanJleHHOCTH. BepOHTHee Bcero, 06a aTH HCTO'l

nIlKa I1rpamr pOJlb B npoqeccc opy~eUeUl1fl rH~pOTepMaJl:bHO H3MeHeHH:bIX 

nopOA, o~naI\O B lIaCToHlqee BpeMfl llCT AaUllbIX, IWTophle n03BOJlHJlH 6.&1 yCTa

BOBl1Tb I OJIn'leCTBCUHble COOTlIOmeUHJI Me>HAY npHBHeCCHHhlM H nepeOTJlO

mCnUl>lM nHppOTHHOJll TpeTbeH reuepaqI1H. 

nellT (311):Vt'I'. no cpaBlICUl1l0 C IDlPPOTHHOM, neHTJlaH~HT co~ep>J{HTCR 
B pYAax D pe3Ho nO~qlIHCHnhlx ) OJlH'lCCTBaX, COCTaBJlHJI OT 2-3 ~o 10 % OT 

o6rn;ero }{QJII{qeCTBa PYAHhlX lIomepaJIOB. CooTHOmeHl1H neHTJlaUAHTa C APY

rl1Mn PYAnLUfll JlJHHCpaJla~ru naJiL60Jlec qeTHO Ha6J11o~aIOTCH B CR~epOHHTOBhlX 
Bl\panJIenmmax. 3Aecb paaJlBQalOTCn ~Be reHepaqnn neHTJlaU~RTa. D epBaR -

lIAI10MoP<PH&le 3cpHa, pa3MepOM ~o 0.4 MM B nonepe'IUHJ{e, BHJlIOqeHHhle B nHp

pOTlIH; no BpeMeHfl Bhl~eJIeHJiLn OUR HBJIJIIOTCJI 60Jlee paHHlUIB, 'leM nHppOTi'lH, 

TaJ{ ) aI, nepccel,aIOTcn }l,BnI<aMH nOCJle~Hcro. BTOpaJI reHepaqIlll neHTJlaH

~Y1Ta npeACTaBJIeUa MeJlbqai.imH~IJiL HJlHllOBII~nbIlIm BpOCTl,aMH B mlppOTf'lHe. 

M. B. ,lJ,cHl1COBa Ha6J1IOt~aJIa l\leJll<FIe BI\JlJOqelllHl lleUTJIaU~I1Ta D XaJlbHOnl1pl1Te, 

)WTOPblC oua C'lI1TaeT B03URI,mI1Ml1 llpH pacnaA8 TBep~oro pacTDopa neUT

JlaHJ~IlTa B XaJlbIWIII1pHTe. llpl1 3aMemClll1l1 nUppOT1'llIa CI1~epOUHTOBbIX BI<pan

JlenmmOB MarHCTUTOM llpoacxoAuT 0~llOBpell1eHnOe 3aMern;CHRe neHTJlaHAl1Ta 

12 H HTpY3HH ne'leHr"H 
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Ta6.11l1la 10 

CpaDHeuue c y n MIlUAHoii Dlt p a ll JlelHlOCTl1 D 0pYAeHe IblX cnoJl x Te'lCHIISI 
(n n e pIIAOTUTaX) C BKpa llJle HIIOCTbiO n rUAPOTep~l anb"O 113MOUeUlI b iX n o p oAax 

CpaOlnmaeMbrc 
OC06C!U10CTH 

BHpanneHHOCTb D 0pYAerrCJlblX 
CJlORX TC'ICFlHR 

l'eOJIOrrr4eCKoe 1l0JlO- CJlOR 'fe'leFlRrI, COrJIaC Uble C 
mellile 1l0pOr~ C CYJIl,- nC PlJlt'IHO~i nOJIOCa'fOCT bIO Till 
¢IlAlJoH IJKpan:ren- TpyanBHblX MaCCHBOD . 
1I0CTb.lO. 

XapaKTep.l1CTMKU no-

POA, cOAepmaIl~~lx 

CyJIb¢ffAUyIO 
Dl panJlCHllocTh. 

CepneHTHRR311pOIJallllhle n epJI

l\OTRTbJ, IHlOn~a C coxpa
rrrrBIJIUMII CfI peJllII{TaAfI'! O; !ll
Jlllna, 3al<JIIO'leHiIoro B CH

Jl.OpOrU1TOlJblX PYARbTX m,I: (e-
JJeB II nx. (B 01'11.0 Jbll blX 
Y'laCTT,aX CJIoe lJ Te'lCn lin 
nopOAhl HBOf'Aa nOAlJepraIOTclI 
lIaJlOmeFllioMY rnAPOTepMaJTb-
1I0MY MeTaMop¢rrilMY - aM¢Fl-
60JTII3alJ,IHI, OTaJIbROlJaUIlIO, 
J<ap60DaTUaalJ,H1I , XJTOPHTr1-
3aIJ,Hu). 

Mop¢OJlOnlll CYJlb- a) OT<PYI' JII>le JlKJTIO'IeHlHl 
cpl1AHbl X fJhlAeJlODJ1u. Jl HpnCTaJlJIaX nnpoKcc FIa 

(o'ro r-I b Re3Sa'IFITOJlbHOe IWJIlI 
·rocTllo) . 

6) TIpc06J1aAal lUan (IJOpMa 
CHl\epOBIlToBall BHpaOJlen 
H OCT b (C '1eTI01MH rpamllJ,aMH), 
JlbTrlOJlHHlOHWII rrpoMemY'I'IHl 
Me m l\Y Kpfl CTaJlJJaMH copn eR
TlfH1I3UpOilaHnol' o OJlHDHna II 
IHlpOI{Cena. 

Il) D Y'laCT({aX, nO~lleprll1l1XCII 
rnApnTepMaJlbno~ly M OT8-
MOp(~n3MY, - TOHIW pacce flH
Hafl BI{panJJenROCTb B cpa
cralHIH C BTOpH'IHhIMIl C1I.llI-

1<8TaMI1. 

r apaRTepm>l e oc06ell- ITnppOl'lfH CR~ POlll1TOllOl1 
nOCTH COOTHomeHnii BKpanJlCHHOCTJI 'raCTJI'IfJO 
Mnnepa:ro ll i.l PYT' MeTaCOM aTH'feCI If aaMOlJlOrr 
.c ~PYT'OM. ~la('ueTHTOM; Ol\BOBpeMOllHO 

n e TlTJT 8BAlfT :1aMOmaeTcn 
Ba:1J1 epnIiTOM. (ITHPPoTlIrr If 
nNITJJan J(IlT TOH!W paCCt"'HlI
DOli, ~l eJT HOH DHpaOJleULIOCTTf 
D l'F1~pOTOpMaJIbUO Jf3~le

uerlIlblX Y'laCTHax n o nOA
BepraloTCfl 3a~1e!lJ,emIl0). 

BHpanJlellllOCTh D rHAPOTCpMnnMIO 
lI aM Hel1l1blX nopOA8X 

30llhl rUApOl'epMaJlhllO 1t3Me
lIelHlLIX 1l 0pO~(, npflypo'leu
II hlO I( Jla lOll, flllhlM CTPY K 
TY1JIIJ,IM 3J leMeH1'aM - 'l' eI(TO
II U'leC IOI M aonaM . 6pel{'111 PO-
1J8HTH! II 30 naM paCC; lalll.lella-
1I11f! , IIponMyu~ccT BellHO B 
npFln Ol\OUlOeUllbl x 'laCTf!X 1111 -

TPY31J1lllblX MaCCIIBOB. 

rn (POT pMaJlhrrO U3MenenDhie 
Y JI bTpaOClIOIJIII.le Doporu,r. 
Xapal(TCpllaYIOlIlIll'CII pa;jIlU
THeM naparellOTll'lCClwii acco-

1~!1aJ~11I1 IITOP"'llIhIX MUllepu
JIO Il - TPOMOJ1!1T + TaJILI\ + 
Kap60n8T + X,10PJlT. 

a) ITpeoCiJTaJ(aroll.lIlO <}i0PMh'I
TORJ<O paCCOflDnall OblJl eB\I~

HUfl ImparrJlOliHOCTb Il c pa
CTaHlIlI C J)TOPIl'IIIhIMH CII 111-

l\aTaMn; CPOCT IUI C BTOPIl'I
IlblMH CIlJllII<aTaMn ; pyn no
CHJI!II,UrIlI,l e n CCllnOMopc[>03h1 
no aopnaM cepuonTUmI 3 f1pO
nanlloro OJl IIIHtua ; MIIKpO
mrrJJlOl. 

6) l'Irrof'l\a peJlIII{TbI ClIAe PO
IIJITOnOll nJ(pallJ1 1I110CTH, 
C 1I 3p Oa aIlIIhlMH , ne'!CTIOHtlI 
('pafllllJ,a~m nCJTe)WTIlII 11 po
pacTanfln JlI{PRDJ1 Olllm OB 
BTOPII'(!JI,IMfl CIIJl III<a'l'UMII 
TpeMo;uITOM, XJTOpllTOM. 

B pemll{TaX c rrI(oporrll1'ollol1 
JlHpanJlellnOCTl! IlIfPPOTIIR, 
coxpaIllIBUllli·i c fl OT 3a Me ll(e
Ulil1 MarB(,T[JI'O~I, npopa
CTaCTc n 1'peMOJlIITOM If XJlO
pT1TOM. CyJlhCPll llhl Tormo 
pacccmlHol1 llJ<paDJ1eOTlOCTI[, 
py nnO-CIIJlImaTII hlX IlCCB;J.O
MOpql03 It ~nmpoil(JlJIOI< 8a
~ l ell(ClIJIIO n e rr oAoepralO1'C II. 
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CpallllllllaeMblC 
OCOtiCllflOCTIl 

nilpanJlrIIHOCTb B opyn,eueJ]wx 
CJlORX Te'lemlFl 

CTPYI<TYP flbl O ocofiou- CO XpaEIIIlOTCI1 n OpllUqnhl O I 
B OCTIl nopoM C CY,'b- TPYK'I'Y Pbl MaI'.IIaTJ1'lOClmx 
<jll1AflOli BKpaunoIl- nop0ll:. (8 yqacTI(ax. DOA-
BocrbIO. DoprlDllxclI BaJlOmOBBo MY 

I'll,lXpOTOpMaJIbBoMY MOTaMop
<jl.ll3MY, paaBllllaloTcn: 6JIaCTJiI
qecluro CTPYHTYPbI). 

T a 6 JI n lI, a 10 (npoiJOJtJlCeH.ue) 

B HpanJlelUIOCTb B r ll ll.pOTepMaJlhHO 
IlSMeBCHflblX nopouax 

illupoKO pa3BIITJ,1 6naCTllq· 
clmo II JlOUHAOfiJIaCTll'ICCI<ITO 
CTpyf<TYPbl, aaTymollblBalOTCI1 
nOpBJ.lqUhlO MarMaTfI'lOC!WO 
CTPYKTypbl. POJlIlKTbl I(oTO
pblX coxpaUlIlOTc lI JlF!lUh 
D OTIl:0JlbUblX yqaCTI{ax. 

OTBornonno cYJIb<jln- CliA PODIiTollalI BI(pannOllHocTh B paCCj1aHl:~oBaHHblx 113MO-
AOB K TOI(TOUJIlle- Kp"cTan,'l1ayoTclI B u ona- nOI:lUblX nop0ll:ax Clfll:epOllll-
Clout AlllnHeUlUIM . p y monBblx nopOAax, 11 0 nOA- TOllall BHpanncHHocTb l1C'IC-

u o prlDllxcn: TOKTOHllqOCKIIM 3 a OT. TOlilW pacCOIIIlUal1 . 
B03Aoi1CTBJIIIM . nLIJlOIHlAualI DI(pannCAuocTb , 

OTJlara loU\al1CII D pacc" aH
UOBauBbix 30 1lax. .KPllCT8Jl-
nU3yoTCl1 nocno TOI{ TOIHI-
q OCI<HX nO,lXllllll{OH. Dbl3 ' 
lJalllDH ' paccJlaEll:~oDaBllo no
pOll:. 

06paSOBaRl'Ifl, yme nOABeprmHeCH 'laCTR'IUOMY 3al\'lem;emno MarueTHTOM, 
CBIIAeTeJIbCTBYIOT ue TOJIhRO 0 60JIee n03)1;IIeM paaDHTIiH 9TOrO IWMnJIeI{Ca 
(CYJIh<PHAbI + BTOpFI'lRbIe lInmepaJIbI) no cpaBReUHIO C CMAepOUHTOBbIlIfH 13.bl
AeJIeHII.Hl\HI, UO II. 0 TOM, 'ITO Me/HAY paunell H noaAHeH reHepan;HHlI1H CYJIhIf!H
Aon npORCXOA1'1T 06paaOBaRHe lIWrHeTHTa, lI1eTaCOllIaTF[qeCIHt pa3BHBalOm.erOCH 
no CYJIblf!HAaM paUReH renepan;HlI. 

IIpR OllHcaRHlI PYA OTMe"IaJIOCb, "ITO npon;ecc <!TOT npOTel{aJI OAUOBpell1eHUO 
C rJIaBROH Ta,!l.H H cepneUTIIIIH3an;HU uepMAOTMTOB H BOSUHI<UOBeUHe Mar
UenITa TeCRO CBRsauo C 06paSOIlaH1'1eM cepneHTHua; o6a lImRepaJIa nOCTOHUHO 
COIlPOBO}K,!I.aIOT APyr Apyra, o6pasyJl eAMUYIO napareUeTM"IeCI{YIO aCCOU;HaU;I'llO. 
TaI{.\1l\1 06paSOM, paRHHH H n03JI;HHH renepaU;HH CYJIblf!HAOB paa,!l.eJIeRbI APyr 
OT ,!I.pyra oco6oii CTaA1'1eH MHUepaJIHSan;HH, XapaI<TepHSYIOm.eHCH onpeAeJICH
HbIM napareuesncolli lIumepaJIOB: lIIarUeTHT+cepneRTHU. iho 06CTOHTeJIhCTBO 
npe;J;CTaBJIJJ T IInTepec C reUeTH"IeCI\On TOq}<H 3peUHH, TaH l{aH cpaBReRHe ABYX, 
nOCJIe,!l.OBaTeJIhUO 06paaYIom.HXCJI napa reReTH'IeCHHX aCCOU;Han;HH lIl1!lHepaJIOIl -
1) MarUeTl'IT+ cepneRTHu H 2) CYJIhlf!HAbI (nHppoTHR, neRTJIaRAHT, XaJIhI\O
mlpHT)+TpeMOJIHT+ TaJIbI< + XJIOpHT+ I<ap6ouaT - nOSBOJIHeT xapaKTepH
aOBaTh ReHoTopbl reHeTHqeCI\He oco6eHuocTH npon;ecca pYAo06pasoBaRHH. 

1. B COCTaBe lIlaraenl.Ta, conpOBOrKAaIom.ero cepneUTHR, npncyTcTByeT 
SnaqllTeJIbHOe J<OJInqeCTBO (OT Bcero I\OJIHqeCTBa Dem.eCTBa lI1arUeTHTa) >I<eJIesa 
B BllAe TpeXnaJIeRTBOro J(aTRORa Fe+++ . B COCTaBe lImnepaJIOB BTOpoii napa
reUeTH"IeCIWM: aCCOI..J;llaU;HH Bce meJIe30 npHCYTCTByeT B BHAe AByxBaJIeRTUOro 
I\aTHOHa Fe++ (n CYJIblf!HAax H B I\ap60uaTe). 3 Tal<HM o6paaoll1, O'leBHARO, 
"ITO 06pa30BaHne MarueTHTa H cepnenTFlua npOHCXOAHT B 60JIee Ol{HCJIHTeJIb
RhIX YCJIonllHX no cpa13uemno C YCJIOBHJlMI1 06pa30Baml.H CYJIhlf!HAOB 1'1 conpo
BO/l<AaIOmaX IlX lIlHUepaJIOB. 

2. II pH cepnenTHHIlsaU;I1H OJIHBHUa, conpOBon<Aalom.eHCH nepeXOAOl\1 sa
I<llCBOrO ,HeJIeaa n OIUICBoe C 06pasoBamieM MarUeTI1:Ta (nepnall napareHeTH-

s no Yl<aaaUluo A. r . BOTexTHsa (1954 r.) n COCTano IJI1ppOTlma MOillOT npliCYTCT
BOllaTh TpOXBa: leUTUOO a(eJleao , no n TaKOM Dl11JTOIKI:IOM JW;J1I'IOCTnO, 'ITO npaKT.I1'leCKH 
aTUM MOmuo IIpeue6 pe4 h. 
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'leCJ,afl aCCOIJ,nar.l;'l1fl ~lImCpaJ10B), yrJIClmCJIOTa li e BXOJ(IIT 13 COCTan oopa3YIO

IIJ;IlXCfl 1IIJIllCpaJIOU If nc npOffl3JI11eT ncnOCpCl (CTI30HnO CIlOO Y'laCTfIO B ;)TO?I 

upOl~ecce. CLIHTaeTcfl (H. COOOJICU, 1955; ROP1HHHCJ\J(li, 1953), 'ITO pom> 

yrJIC lmCJIOTbI nprr cepaem'I1n1l3aJ~l[I( YJIWpaOCITOI3TIbIX nOpOI( I3brpamaeTC}l 

m rl1T b n 1~l1ccoqnaqHu CO 2 ITa CO n 0, ~INf 11 OOYCJlOUmmaOTCfl Ubfcolmi1 OlmCJIII

TeJIhTIbTIr IIOTeHl.l, lfaJI CpeJILI MUHepaJlOOOpaaOnaI1HJI. 

B paCCMaTpllllael\Wl[ nallIIT BTOpOU napa rcueTH L(cClwii accoqltaqlllI Jl1l1ne

paJfO B (CYJIbCPUI(b[ + uTOpU'InLIe AJllIICpaJIbT) yrJTel{IICJlOTa IICIlOCpeJICTl3enHO 

Y'laCTllycT B npol.l,eccc MITHcpa.nooopa30uanlHf, Uc.TYJlaJI U pcul{J(TUr B Bi'IJIt' 
anllona C0 3--, CBH3hmaI0m:erOCH B ][ciiTpaJlhllbIC CO.1I1l Mg If Ca, npel(cTaIlJTCU

RI,le 1\[\ POOll UTO~1. 
CJTCllOOaTCJfbIlO, nOnel (CIHIC YrJICKIlCJfOTT,T npn oopa30uanmr Toil ' lt ]:(pyroii 

na pa rerreTlt (ICClWit aCCoW£ai(HJ[ pa3J1lfLlHO. 

3. BTOplnHh[C rnJIPOTepl\laJIbTIbTe lIfHHepaJTbI, COnp0I30il,p;aTOrr~no cyJlbcpn]:(hl 

n03p;lIel[ rencpai(lIll, COJICp"l~aT n cnOCl\t COCTano 1\1011 b[[JITe TW. II'l CCTOa H 20, 

'leM cepaCIlTI1TI, Uo IWTOPOMY npcmrYIIJ;eCTOCHllO ;)TI[ l\[JfI[CIH1Jl1.1 pa3B1lL1aTOTcH. 

Tal" COllcpmamro H2 B Tpel\IOJlJlTe COCTal3JlHOT 2.8- 3 %, B TaJTbl{C - 1[,8-
5 %, B HapOOITaTC - 0 ~o , a B CepTIenTlme - 13 %. TOJlbIW B XJlOPIITO COI(ep

,Haune BOJIhI IIPllOJl1l3lITCJlbUO Talwe me, I,al{ n CoplIClITrme (OT 11 AO 14 %), 
uo B 1I3l\leHcrrITbiX lIopo]:(ax J r II JIl,rYH pun XJ[OPIIT IIaXOJl,IlTCH B PC31{O IIOP;qlI

HCIIIThlX IWJlFl'ICCTBaX 110 cpaBHem1JO C TpO~10JlllTOl\I J( TaJl ['[W ,\1. 

CJle]:(013aTeJlbJ-IO, lIIcTaJllopcpnqecl-\oe npe06pa3013aWTC copnCIITlIlIllTH 13 Tpe

JliOJl II TO-TaJIbIWBYIO UOPOllY (c I{ap60HaToM) co npOBoml~aCTCfI OCIlOUOil'llCIl1l0l\1 
neHOToporo IWJlRLIeCTBa nOJIhl, T. e. HBJIflOTCH rrpOIWCCOM qaCTI!(IllOU J],crUApa 

TaU;1Il1 HCX01\Uoro copIIeUTunUTa. ::ho Harmrlluo 1l.1fJIlOCTPUPYOTCH Aamlbll\JlI 

XIHUI<JCCI\l1X aHa m30B CepnOIJTllllH3MpouaUHhlX rfCpl!l~OTI!TOB, C ol\lloii CTO

POIlbI, It OTaJlbIWBaJ1JH,1X l{ al\lcpIlOOJU13UponaIIuJ.rx 0pYJl,eHCJ£hIX YJJTpaOClloB

lll,IX IlOPOll, C l\Pyroll CTOPOHbI. IIOll06HaH ocoocTmo'Tb npou.ecca 1I10Ta~lOp
CPI<l3~Ia CBIIJl,CTCJlhCTByeT 0 OOJlblIroU XI1l\IIJllCCIWii aT~TnBnOCTf( pacTBopoB, 

Bb13brnaTOll(IlX a~lcpnOOJll13aqMIO, OTaJIblWBalllle, XJIOpUTl!3al(J1I0 II opyp;encnne 

ceprrCIITl1H11TOB. 

0pYHeUNI8f1 Tel>TOllll'JeCIWH OpeH'IIIf1 c nOJ\'IUnennblMIl cmlomll hlMIl 
Cy JlhljlflHl1blMIL pyna~1II 

30m>I 0pYJIeueJlOU TeHTOnUqOCTWU OpeKQlm, ](al{ yaw OTl\IC<raJIOCb, npoxo

JIflT OOLIqRO no )WHTaI(TY lIle/HJIY nop,OllIBOII HrrTpY3J1I3HbIX MUCCII BOll 11 BMe

IIJ;aIOIlJ,IHm TycporeHIIO-OCallOqnbIl\m nopop;al\!u. 3naQnTOJIbUO pC/I,e OJIT1 pac

nOJIOmeHhI nnyTpn MaCC11BOB OJIl13 JlCi!,a'lero OOI\U U ClII,e pemc - Bl:IYTPil 

TycporeflllO-ocap,otITIoii TOJTIIJ;U. KOmrqeCTBO cyJTJ>CPl1]:(013 B DI'IX 13 pa3Jl11qIlbTX 

Y'laCTI{aX UeOp;tlBalWBO: JlIeCTal\IJ[ cyJlbcpnp;l,f oopa3YIOT JllllIIh TOlfLIaUuryro 

lJJICHI{Y MerHp;y upnmaTbTMU l~pyr H ]:(pyry OOJlOl\mal\tJI, a 1I110l'JIa BbTP;CJlflIOTCH 

CIIJJOllIIThlMll lIlaCCaMll, BbITIOJlIUIIOfT(lHtII npOMCil,YTI<ll l\Icm]:(y pa300u~eIIHb£M][ 
oOJIOl\maMH. OOJlOMIUI 'IaIIJ;e Bcero II peJ(CTanJTO]fJ)l ClI JIbB 0 ][3MOnCHIIbnm, 

a~lcpnOOJl1l3IIpOBaITlIbnlII IIIIpOI~CenBTa~m IWIITaI{THoii: 30nbI HIlTPY3UlI I 

Jil3MeHollRe BbTpan,aOTCH, BO-lIepBbIX, B paCCJlanqeBalIlIl'l 1l0POJI, llCJlep,

CTBl1e <[ero nepBH'IHaH CTPYl{Typa rrx OObIqHO lIC'I03aeT B 1\I0IIHeTCH Ha 

JIeIIII]:(OOJIaCTB'IeCHYIO, a BO-UTOPbTX - B pa3UHTll11 J{OMIIJIOI(Ca BTOIHl'lHbTX 

MHBOpaJlOB, B3 IWTOPbIX rrpeOOJIap;aIOII(mllI flB JIHJOTCH XJIOPI1T, TaJlbl{ 1\ aM

cpB60JlhT. B CJIyl.fae, JWrJ(a opeI\l.U'lH rrpOXOp,IlT B cpHJlmITaX, OOJlOM IUl np eJICTan

JlelIl>I cpHJIJlllTaWl. O]:(HoBpeMeITIIOO IIPUCYTCTB llO B 6pc"LITIII OOJIOl\llWB Tex 

H p,p yrnx 1I0pOP; naomop,aeTcH pep,lw. Pa3McpbI OOJIOi\UWI3 Ba p b up YIOT OT He

CHOJTblUIX 1IIHJIJllIl\lCTpOB ]:(0 UOCI<OJTbIOlX caHTmreTpoB n llJllmy, HaUOOJlee 
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06bPlRhl 3-4 CM. Hal, upunUJIO, 06JIOMRU mIeIOT oKpyrJIYlO CPOPMY 11 CDJnoc

UYTbl napam[cJlbHO IWUTaHTalll TeI{TOlIll'leCl\OU aOUM; 1J.aCTO cpop~la lIX 

YAJlIlllerIHaB, 06bl 'mo AJlllllllble OCII 06J101lUI:OB COBrraAaIOT C HarrpaBJ1e

IlHeM rraAelJlHl TCI{TOUH1J.eCKoii: 30UM, BO lIBOrp;a IIa6mol~aloTcH CJlyqaH, 

Iwrp;a AJlllllUhIe ocn 06JIC mon paCrr0J10iKeHbI IWCO IIOP; YL'J10M I, HarrpanJ1eumo 

IIaAelIlHl TCI,TOllllqCCIWii 30libI. lIcpep;lw 1I1OiHHO BliAeTb S-06paaHhle H3rH6bl 

TOll1\liX OIWlIlJaIIUfi cumOCHYTbIX 06JIOlIlKOn; B03HJIKJIllte UpH :nOM Tpem;l1HlnI 

BbIIIOJlUeHbI CYJlb<IllIAa~m, I\OTopble IIpOIIl1l{aIOT II BHYTPb 00J10MTWB, aaMe

m;a» CJIaraIOUJ;ue UX C1IJllmaThI . 01J.eHb 'IaCTO 06JIOMIHI OI{PYiKeHbI TOBIwrr 
CJ1aH~enaTOU 060JlOlf1WU 113 IIJlaCTUlIOI{ TaJ1bl{a, pacnOJ1aralOm.UXCH napaJ1-

JIeJ1bTlO I{OrlTypa~I OOJlO~l\{Oll. 
Ha WlJ(CpaJ10B 1I00006paaOBaImU, pa3sunarom.UXCH s o6J1o~[]{ax, IIa IIep

DOM lIJeCTO CTO UT Tam,!C B IIell:OTOphIX CJlY1J.aHX xopomo BUp;IIO, I{al\ IIO I{paHM 

06JlO~1!I.oo pa3BUBalOTCII arperaTb! IIJIa T.tnIOf{ TaJ1bKa, B TO BpelllH Kal{ nnYTpl'l 

o6J1o~l\\on coxpaUHOTCJl cepUOUTillI. COBlIteCTBO C TaJIbl{OllI 'InCTO 06pu3yeTcH 

I<ap60rraT II XJlOpIJT. CpanHlITeJlbnO peAll:O lf D UeOOJ1bJIlOM IWJ1I11J.OCTSe nCTpe

'{aeTC» TpeMOJlI1T . TIPOlWCChl PYAOOTJIOtl{eIIUJ'l conpOBOH{p;aJ1l1Cb rIIAPOTepM:aJ1b
II bTM 1l3~lerrerIllOM lIO TOJ1bIW 06JIOlITlWB 6peI{1J.lllI, IIO 1I mrem.aro[[];UX nopoA 

EllCR qero 60lta 6pef{'IUpOnaBHoll aOJIbI. 

BJ.Ill.CJ10IlTle CYJIbCPUAOO B 0PYAeUeJIoii TeI{TOEIll'1eCROii Opel{QUn IIPOI1CXO

AIlJIO AUYWf cnocooa~lll: 1) nYTeM OTJlOlHCnHH B n0J10CTHX lI1e~"Jl:Y 06J101>ll{a~m; 
2) rrYTC1>l 1IICTaCOMaTlI'lCCJWro 3allle~enIIH lIlUrrCpaJIOB B OOJlOMHaX nopop;. 

nCpOLIM CflOCOOOllf OTJ1araeTCH n;OMeHT 6pel"lUll, Ma1<pOCIWnn'lOCJ{II npep;

CTaUJlHIOlIl.l1U c060ii CUJIOJIlIIYro CYJ1bcpl1p;nYIo lIlaccy, B !{OTOPOll IIOP; JlIHI<pO
CIWIIOM oonaPYflmoaeTcfl IIOp;'lIIIIenIIOe IWmr'leCTBO 1I1eJ1HllX BI<J1JO'leUtlU:, 

npCACTanJ1eUllbIX XJIOPIlTOM, TaJ1bIWM, l{apOOllaTollI II lIIeJIIUlMl1 o0J10MI{aMR 

11 3 MelleUllblX ym,TpaocuoDuLIX nopop;. B cJIY1J.ae, RorAa 30.EIa OpeI{qmI npoxo

AUT 11 TycporoIIIIO- OCap;oquoii TOJlrn;e IT OOJIOMl\l1 npep;CTaBJ1eHbI cpUJlJ1l1Tall11'1 

II Tycpaml, CpCAlL HcpYAubrx lIHIITepaJIOn n;ellleHTa IIOHBJIHlOTCH I{Dap~, ceplI
u.UT 11 YUCJ111 l lUUaeTcfl lWJ1ll<IOCTno l{ap60HaTa. 

OCOOClTnOCTblO Pyp;uoro n;eMeBTa 6peI'1J.HU JlDJUleTCfl ero TOHIW3epHH

CTOCTb: pa3~lepbl 3epell CYJ1bCPU):(OB He IIpeDLlmalOT p;eCHThIX AOJlell MRJIJl1HWTpa, 

HepCAl{O onl! n3~(epHIOTCH COTblMII AOJ1HlIUI lI111JIJlIIMeTpa . TIo CTPYRType pa3-

JllI 1J.a 10TCH panUOMopn03epUlI.CThle CYJlbcpDp;nbTe !\laCCbI R nOPCPllpOBR)J.Hble paa

HOnrtADOCTIl, B IWTOPblX IIpnCYTCTSYlOT 60JIee l{pYIIIIhIe Bblp;eJ1ennH neBT

Jlanp;IlTa, 3al,J1!OQeUlIble D lIIemW3epmICTOM IIHppOTHHe . 

lIa Y'IHCTIW l1J1lJIbrYHjJBU DO JllllIIepaJ10fl'l'leClWlI1Y COCTaBY DbIp;e-

JlHIOTCH TpU pa3UOnlI.o;IIOCTll CnJ10JIlHblX CyJlbCPll..o;IIhlX DLlp;eJleHlIll: 1) npeIUIY

lU;eCTOeUITO unppoTlIIIooLIe C IIeBTJlaII)J.nTOllI II IIOp;qIlHeBIIhlJll ]{QJlU1J.eCTBOM 

Bcex OCTaJ1bllblX Jlm.acpaJ10U (I,poMe nrrpILTa) - IIaT16oJIOe pacIIpocTpaneBHaH 

pa3DoOUAIlOCTI., npCACTanJ1JlIOlIl.an rJlaBllYlO lIIaccy PYAHoro n;ellIenTa 1I. CIIJ10(II-

11LI X cy JI bCPDAllbIX PYA; 2) IID P pOTUIIo- mrpnTOBhIe pa3IIOBH.o;IIOCTU 6e3 IIe.EIT

JlaDAlna -:- J~eMeHT 6peRQT1II B TycporeIIIIo-OCap;01J.BOH TOJIID;e; 3) IIpellll1y~e
CToenllO XaJIbTWIIUpllTODlJe, C nOp;'il1lIeBBIDI I{QJ1U1J.eCTBOM IIl'I.pp0Tl'lHa, IIeBT

JlaIIATlTa, MarllCTUTa, ccpaJlepHTa, BIlOJlaprrTa n MemUlX aepeH BeonpCAOJ1ennhIX 

~ruHepaJlOn - UJlaTllUOOhlX II lIlblIDMTKOBbIX (.D:eBllcona, 1952). oTa paaIIOBnp;

[JOCTb nbmOJllIlleT OObJ1lDO IIe6oJ1bJIl1:le Y'IaCTI\R Metl{P;Y OOJIOllmaMR 6pel{'lKR 

11 npO·/I;l1J1101, OTXO):~H1l(1le OT 30IIbI 6peK'lllR I<aK B CTOPOHY YJIbTpaOCHOJ3HhIX 

no POA, Ta I{ \[ B CPUJ1Jl1lTbI. 

B nYTptl 06JIOMHOB CliJIllI{aTIILIX nopop; TeHTOHH'Teclw.ii 6per{WH CYJIbcpnp;hl 

aaMClll,a IOT cJlararom.ne UX l-lllnepaJlhI. npli aTOll[ 06pa3YIOTca TOHI~He cpaCTa

BUll CY.'lbcpliAon C RTOPOqULIMU rHll.POTepMaJ1blIbIMII i\illHepaJIalllll - TaJlbIWM, 

;XJIOP"TOAI. 
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CBRsaHHhle C OpY}1;eHeJIhlMH Tel<TOHll'IeCI 10m 6penlflIRMII BbIn;OJIeIlI1J1 CIIJIom

HblX CYJIbIPH}1;HhlX lacc B l1HJIbrynpIHI UlIfeIOT HOSna"IJ1TOJIbHOe paSDllTne. 

OnH BCTpeqOnbI B nOOnOJIbItHX HyllKTax' r}1;o BblnOJInRIOT nOJIOCTI1 B BJJCR'IC f 

60Ity 6penl:JHpOBanHOll SOH.bJ, a Tan>I<e 06paSYIOT npO>I<HJIl<H U tHJJJIbT, UPll

ypOqeHH.bJe I{ TpeJIJ;llnal\1 CItaJILIBannR H nepnCThlM TpOm;rlJIaM. Mal<pOCTWIDl

l:JOCJtH B.bJrJIfI}1;J1T CUJIOmHhlMH pY}1;HhlMH Macca~rn, no nO}1; II1HItpOCIWnOM B IUIX 

o6Hapya<HBalOTCR MnOrOqIlCJICnH.bJe MOJIRHe BJtJIIOq nnR nepY}1;JJ.bJX ~mlIepaJIOB 
(aMlPlil6oJIhl, Itap60HaT, TaJILH, XJIOPHT) H 06JIO~fI<OB CUJIllJtaTJJhlX nopoA_ 

no MHHepaJIOrHqecI<OMY cocTaBY 11 CTPYltTYPUhlM oco6enJJOCTRM CnJIOmnbIO 

pY}1;hl HO OTJIHqaIOTCR OT pY}1;Horo n:eMeJJTa TOltTOUUqCCIWU 6peRqllll 11 no 

cym;ecTBY RBJIRIOTCn TOM iRe n:OMeHTOM, o6oco6IIBIllHMCR B nOJIOCTRX, BOSIDm-

lIIHX B CBJISH C 6PORqupOBaBHbIMR sOHa~m. . 

BCTpe'IaIOm;n:eCJI B nOI{OTOPhlX CJIyqaRx nOJIOCaThTC TCRCTypbI CnJIOmnbIX 

CYJIbIPH}1;HhlX PY}1;, BOSlIwmno, BOSHHItJIH BCJIOACTBHe nJIaCTII'IeCHlIX ACIPOpMa

n:HH PY}1;hl, HO ll,BHiHeUHR STH 6.bJJI11 CJIa6bIMH H ne BOSAO npOJIDI1JIHCb. 

CYJlb«l>0I\Uall B1(panJICnnOCTb 11 ra66po 

B ra66po, CJIaraJOm;OIl1 BepXIDIe 'IaCTU HUTPYSllBHbrx MaCCliB013 IIUJIb

rYRpBH, MeJIItHe cnOpaAH'IeCJ<HO Bhl}1;eJIeHHR CYJJbIPH}1;OB B BU}1;O pO}1;lWH pac

CeJInnOH DI<panJIeHnOCTH npHCYTCTBYXOT UODceMeCTHO , HO nnor}1;a DCTpeqaIOTCfI 

OT}1;eJIbH.bJO Y'IaCTJ<H, o60ram;eHH.bIO CYJIbIPH}1;a~m, IWJIU'IeCTBO ROTOPhlX p,O

PRC. 114. PaaBlITrJO CYJ1b<PIII\OB ('Iopnoo) 
110 rpanJ1UaM MomAY aOjmaMlI L<ap6ol18Ta 

(/l:a). flpu OAHOM BUK., X 65. 

CTHraeT 3-4 % 06'bO fa nOp0}1;hl. Bhl

}1;eJIenHR CYJIbIPIIp,OB xapaHTCpl!ISYIOTCIt 

cJIeAYIOm;nMH oco6ennocTflMII. 

1. BI<panJIeHmU{H paCllOJIaraIOTCH 

D npo fe)KYTItaX 1I101ltAY sepua~nl nHpo

ItCeHa U nJIarU01{JIaSa, 06bJl:lJIO D ac

con:HaI(l!l.H C XJIOPHTOM, qaCTO - C nap-

6oRaToM. 

2. CyJIblPHAbI paSBHDaIOTcn uo TP -

m;UHl{allf, nepeCOl{alOm;mI sepna rmpo

Itcena H nJIarIlOJ<JIaSa, o6pasYJI MHl{PO

>HHJIOqKH, D HOTOPhlX, I<pOMO PY}1;nbIX 

lIillHepaJIOB, npH YTCTDYIOT XJIOPHT Il 

Itap60uaT. anI lIfnHpOH<HJIOqI<H COHYT 

TaH}! 0 anaTHT II nCeD}1;OMOPIPOSbI JIeu

nOI{CeHa C HJIbMellJ{TOM no TIITanOMar

HeTHTY· 

3. qacTo ua6moAaeTcR MeTaCOMaTIl

qeCI<OO paSBllTJIe CYJIblPUAOD no llJIarnO

TtJIasy, npH'IOM lIO rpalIJIn:aM PYAHbIX 

BbIAOJIenHH nJIarHOrtJIaS 06bT'IllO O'Il1-

m;en OT MeJll(HX BHJIlO'IeIDlii BTOPHqHIJ 

npO}1;YI{TOB, BCJIO}1;cTBHe qero BORpyr CYJIblPHAOD B HeM o6pasyeTcR CneTJIan 

I<aeMHa. 

4. PasBHuaflcb B npOMe}!(YTI{aX MeiHAY I<pHCTaJIJIa?1H nHpOI<CeHa II n() 

Tpem;IlHHaM D IDlX, CYJIbIPH}1;hl HHOr}1;a BItJIlOqaJOT Tf}1;HOMOPIPHIJO 11rOJIO'ITHI 

TPOMOJIHTa HJIH aHTJIHOJIJITa - RaH60JIee nOSAHero aBTOMeTa~lOpIPHqecI<or() 
aMIPH6oJIa. 1..1 aCTO Ha6JIIOAaeTCR nepeCeqeIDle 9TRX HrOJIOqeI< cyJIblPn

AaMH. 

5. B PCSYJIbTaTe aDToMoTaMOPIPH'IeCI<HX npOn;eCCOD B ra66po MeCTa~Uf 
o6pasYlOTCJI lI1eJll{He XJIOpI1To-I<ap6onaTnhlo DbIAeJIeBHSI (pa3l\1epOllt OT 0.3 
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.0.02.5 mt B nonepeqmme), pacnOJIaralOm,uecn B npot.len<YTHax MemAY HpIlCTaJI
JIa~m IUIpOl{Cena, HHorAa na MOCTe paSJIOJI{eHHOrO nJIarllOHJIa3a. l{oe-rAe-

PRC. H5. I ae~ma cym.<llIlAoo (tIepnoe) 
BOI<pyr aepna HRp60naT8. ITpu OAaOM 

IHm. , X 95. 

PIIC. 116. PaapacTaHHe Hae lHH cYJJb<Im
f\OD ('.lcpuoe) oyTe 1 aaMe~omHI aepaa 

Kap60llaTR . IT pit OAOOM arm., X95. 

COBMeCTHO C I{ap60naTO ( npHCYTCTBYIOT lI'1CJIbllaffDme sepIlhlillKH J{Bapn;a. 
8TH 06paSOBaHHn 3aMem,alOTCn CYJIhlPHAa 11'1, nplneM YCTanaBJIHBalOTCn BCe
CTaAHH npOn;ecca: BIla'laJIe cym:.IPUAhl 
paSB1IDalOTCn no rpaBun;aM MeH,gy sep
Har-m Il'.ap60BaTa, a TalHl{e no rpaHHII;8l\1 
reJI{AY sepHaMR lI'.ap60HaTa II I{Bapn;a 

(pRc.114); 3aTe1l1, pa3BuBMCb UO Il'.palll\f 
Hap60HaTIlbIX rHeSA, CYJII:.IPUAhl 06pa
SYIOT l{aeMOllI{1I BOI pyr HRX - CHalla
JIa HenOJIIlLle (puc. 115), nOTOM 
nOJIHhle; npIl AaJIbHeffmeJll nOCTeneH
HOM saMem,CHIUI lI'.ap60IlaTa lI'.aeMO'll\'.H 
CTaIIOBllTCJl Bce nmpe R nmpe (pIlC. 116), 
BCJIeACTBJIe 'lero OT rllea)1. OCTalOTCll 
JIHillb peJIHII'.TOBhlO Y'laCTll'.H, Hall'.OHen; 
BCTpeqalOTCn CJIY'laH nO'lTH nOJIIlOrO 
saMem,emw II'.ap60HaTa B rHesAax 
cYJIb4JU)1.aMH (pHC. 117). 3AeCl> if,e 
OTtJeTJIJIBO Ha6J110AaeTCll npon;ecc JIS-
6HpaTeJIbHOrO saMem,eHllll: J{ap60HaT 
saMeIII;aeTCll, a sepna Imapn;a (npJIcYT
CTBYIOm,ero BMeCTO C I<ap60naTOM), 
6YAYQIl 60JIee YCTOH'lHBhIMII, He nOA-

PIlC. 117. ITO'ITII nomroe aaMecq Hae
me3Aa Rap60118Ta cy b<iJI'IA8MH ('.lepuoe). 

flprr OAHOM mlK., X95. 

AaIOTcn saMem,eIllIlo n OCTaIOTcn BKJIlOtJeHHbIMH B CYJIblPlIAbI (pIIC. 114~ 
117). 

TaI<JIM 06paaoM, YCTaHaBJIJIBaeTCll, 'lTO CYJIbIPIIAbI, npIICYTCTI3YIOIII;IIe
B ra66po, HaxOAnTcn B naparenesJIce C lI'.OllillJIell'.COM nOCTepaopHblX lIumepa
JIOB (TpeMOJIIIT, XJIOPIIT, I{ap6oHaT), 06pasoBaHIlhIx B nOCJIeAmre, mlSRO-
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TeMuepaTypULIe rU)J,pOTepMaJIhULTO CTa}l:UU aBTOllfeTaMop4l113Ma. CTpYTny pHhfe 

COOTuorrreUIUI CYJIh4lII}l:On C ol~pyn{aIOm;lIJlm MllUepaJIall1l! CBUAeTeJIhCTnYIOT 

o TOM, liTO HprrCTaJIJIU3a:qlur PY}l:UbIX Macc UPOIICXO}l:UJIa B em;e 60JIee 

n03}l:Uue CTaAun, nOCJIe 06paaOBamm TpeJllOJIl1TU, XJIOpUTa H Kap60-

naTa. 

MmrepaJIOrUQOC1UIii COCTan CYJIh4ln)J,Hf>lX lmpaUJIelIUHJWU upoCToii: CJIO

if\eHbI omr upeuMym;OCTBenuo nnppOTHHOM; U peaIW nOAlIunonHoM KOJIUqOCTBe 

npucyrCTllyoT XaJIhlWUrrplIT; UOHTJIanAUT BCTpellaOTCH lIpoaBhl'Iallrro po~VW 
rr B lIfll1TOiHnhlX J(OJfllqOCTBaX, rJIaBrrbIlIf 06pa30M B BlI)J,O BT\JlIoqeuuii n Uup
pO'fune. 

CYJlMllrI:lllun BJ(PUnJICIHlOCTb 0 nupOlicellllTux 

KaT{ YiHe OT~le'IaJfOCb BbllIJe, B COCTaB UrrpOI{CeUnTOB UXOAflT: TUTan

anfnT - OqeUb CBOrl,uii, JlteCTaMU 06paCTaellILIll 60c:qBeTnhIM aM4lu60JlOM; 

lIJIa rl'lormaa - llO'lTH nau;eJIO aaMem.enUhlll XJIOpnTOM; TUTaHO~larnOTIlT, 
paaJIOrl<errrrbIll ua lIJIbJllenlIT U JIOllKOHCen; 6U01'lIT; lIapO}l:I,a BCTpe1:JalOlll.neCJl 

3epRa OJIffBlilla, uau;eJIO aaMow,OUUble COpnenTlfUOM, XJIOpllTO I, aM4lu60JIOM 

11 PY)J,lIbTJlIll MIlHepaJIamI. BKpaUJIenUOCTb CYJIh<PUAOB n uapOKCOUUTax 

60JIoe rycTaH, 'leM B ra66po: DO 1{QJIrr1:JeCTBOIDIO-lI1li1IOpaJIOl'lI'ICCJ{llJl1 uOAClIe

TaM oua COCTaBJIHeT 3.5-5 % 06'beJlla UOpOJ(bI. 

Mop4loJIOrU'leCTHI UbIp;eJIHOTCn TpII pa3UOBlfp;UOCTlI B [<paUJIOUmmOB: 

1) OI{pYI'JIbTe Momme aepna, BIUIIO'leUUbIO B ]{pllCTaJIJIM UllpOI{Ceua; 2) ueupa

BIlJIhITOll 4l0PlllbI JI'lCJIKUe BbT)J,eJIenlIl1 B UPOMOiHYTHax 1I1omJ(Y HpnCTaJIJlaMlI 

nnpOl{Cena J1 TnTanOJllarneTJITa, 06bI'I11o B aCCOll;lla:quu C XJIOPUTOJII, puaBll

BaIom.I1J1ICH uo UJiarUOlufaay, IlROl'Aa OT RrlX OTXOAIIT ;HIIJIJ{U - uo Tperu;rrrr

xa~J B RpUCTaJIJIaX nlIpOI',CeRa; 3) Mcmmo Bbl,lJ,eJIOIlI1H, JIIeTaCOMaTUqeCIOI paa

.811 OaIOlJ.t;IIL'CIl: a) no JIei'moKcouaaIIpoBarulOMY THTaUOl\farnOTUTY, Tal,me 
B COIIPO[lOil{P;ODrll[ ' JI opUTa (n PU'lOM aa1l101.ll;CmuO DO)J,BepraOTCJ( TOJlb!tO JIoiirw

Kcen, a IfJlMIOIIUT Jlrr'" 0 coxpauHeTcH B BH,lJ,e perrreTTm JlIOJIRU" nJlaCTIlUOl{, 

BKJIIOqOlllfbIX yaw B CYJIT:.4lHAbI, JIu60 UepCOTJIaraOTCH ap;OCb me ol,pyrJIbIMil 

30p lla~fIl no nepl14lep lIlI 6bIIHUel'O I{plICTaJIJIa TrlTaROMarIIeTIITa); 6) .B Dceop;o

Mop4l03ax no OJlUBIIUY, UpU1:JeM Bcerp;a CYJIh4lllP;bl COUPOBOiR,lJ,iUOTCH TpeMO

JlflTOM , aaJlIem.arom;rrM COPUOUTUll. 

MHuepaJlorulloclmii COCTaB CyJIh4lHAIfblX BH paDJIeUUHlWIl u nllpOlI.CCUII

Tax GOJIoe pa3Ho06 pa3CJl, lIell[ B ra66po. IIpeOOJra,lJ,alOrn;UJI[ lIumepaJlO I1fBJIHOTCli 

IIliPPOTJ!U; [,pOllle uero, cop;epilHITCll UeUTJIaIIAIIT B BIIP;O uaOMeTpU'ICCrmx 

n l1jl;IlOMOp4lUhlX aepOH, Bl<mOllenUhlX B nuppOTUU, n B BIIIW J\JlllllOBll)J,IILIX 

BPOCTIWB B urrppoTlme; XaJIhIWUapUT; B UU'lTOIl{IIbIX HOJIU'lOCTBaX BCTpe

'laIOTCH naJIJlepUUT (paanunarom;lliicH uo nOnTJfaW(UTY) 11 CYJlhllaRUT (no p;aII

Ill,I~l r. B. XOJIlItOBa u ,D:. A. illllJlbUIl}{Ona). BJI'(eCTC C CYJll:,4lup;aJlIII npucyT

cTByeT nU'lTO>I'I100 J\OJlllqOCTBO JltarneTnTa, lI1eTaCOMaTII'1eCJm paSBilDUmllJ,OrOCH 

no U[1PPOTrIUY, B BR)J,O U;eIIOllCl{ MeJIhllallllillX aepeu. XapaKrepeu uaparoue

allc CYJIb4lU)J,on C XJIOpnTOM U DTOPH'lUhlJll aJll4ln60JIOM. 

B O)J,ROM CJlyqae D aCCOD,ua:qlIH C CYJIb4lnAam( n conpOBOmAaIOlIJ,1UU:I ero 

BTOPHqITbIMU CnJIJmaTalllH BCTpO'1en HJIbBallT, BhfJ~eJ[JJIOU\ui1CH lIleJlltIIMil 3ep

BallHI nOIIpaBHJIbIlOfr 4l0PMhl, D npOl\ferRyTl<ax. MomlJ.Y l{pnCTaJIJIa.~lIl mrpo
({cona II TflTaBOlllal'HCTflTa, a TaHiHe B PYARO-CllJTImaTIIbIX nCO.8AOll1op4loaax 

no OJIIfOlmy. 
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PYAOllPOHllJIEHHH C IIHTEllCllBHOf[ UEPEI{PJICTAJIJIII3AIJ,IIEfL 
PYAllMX MEIllEPAJIOB 

Ha yqaCTl{e H.aMMlIlumlI cpe)J,ff CJtJIbIlO )J,TICJIOn;UpOBalIHoii TOJltn;1!I oca

ll,OffIIO-l'ylflorcnulllx uo POil 3aJteraJOT YJIbTpaOCIlODlIbIe nopO)J,bI. JllllTpyaHH 
U1\1eeT I:IC60JIblUYlO MOOJ,lIOCTh (Ol\OJIO 50 JII) 11 B BOCTOlJTIOll ~IaCTI[ 06napymlil
HaeT 'leTHYJO TOlI)J,enn;mo I{ DbIl\ I11TIHBaHIIlO. 

feOJIOrl1:'IOCKl1il paapea TIa Y'laCTIW PY /-\011 porrllJJcllui,i OTIlOCllTeJIbUO TIpO

CTOll. 110)J, lluTpyaffOIIhlMJI YJIbTpaOCIIoBIlhlMH TIopo)J,a~m aaJIeralOT IflIIJIJIHTbl; 
lla)J, UlITpY3IIeil - TU1<i!\o IflIlJIJIUTbl, ~Iepe)J,ylOl1l;llOCH C 31fllflyallBIIbll\II1 nopo
)J,aMlI ()J,ua6aaa~0l II Cnnm!TaMU, a TamHe C Tylfla~lJil H TylfllfllITa~m). cDUJIJIHTO

Tylfllfloro!ITIo-oIflIflY31lIlfHUI TOJIrn;a BIICHqerO 60I\a UIITPY!11Ul RamlUImBlI 
Jlepe"pbIBaeT H ~\lla6aaU~Ul 'IOTllcpToro TIOI'pOBa. cJhIJIJIIITbI Jtemaqero 60l{a 
1I1lTPY3Q1'i,1{l\l{ II JJce nopO)J,bI na yqaCTHe nMClOT JIlOIIOI<JIllnaJIbnOC 3aJIOramre 

r Ua~\eHlIC I Utl IOrO-BOCTOH. nOlI yrJIOM 30-35° . I{oIITaHTbI 1\Ien,)J,y yJIbTpa

OCnOBUbIMn 1l0pOl\aMIl U IflUJIJIUTaMlI na 3TO~I Y'laCTl{e T II:TOnnqeCH.He. 
MOLI(lIOCTb ceprreIlTllIIlITOB OIWJIO 70-90 1\1. BepxnHH "raCTb lIHTpyaIUI co

CTOHJIa us ra66po (MoT1l,nocTbJO D 20 M) II IIIlpOKceIlIITOB (l\lOtn;HOCTbIO B 4-51\1); 
IIpII'leM yaHarr IIOJIOCa OUpOI{CeHlfTOB paCIIOJIaraJIaCb MeH{)J,Y cepIIeIlTIlIlUTaMlI 

II ra66po. 
B ca~IOU DepxIIeii 'laCTll paspeaa B lJ,eUTpe, lIa)J, cepneIITIUIllTal\lII, saJIe

ralOT IflUJIJIRTbI 11 oIflIflY311IlIIl>le OOPOJ\M, cpe)J,II IWTOPLTX OTMeClalOTCH OT
,J,eJIbUble )J,aiiRu unpORCCllILTOl3 U cpe)J,lieaepIIIICThIX ;O;l1a6U30B. 

TOJIm~a nopo)J, IflnJIJIUTO-aIflIflY3uBHo-TylfllfluToBoro COCTaBa oepeKpbIBaeTCH 
l\lotn;lloil Oa'll{Oll 60JIee nOJIOro aaJIeraJOrn;llX 1fl0JIJIHTOB. BepxlIIllJ: KOIlTaliT 
cepnelITlllJ1ITOB C BMew;al0lll.UMI1 nopO)J,aMlI TeKTOnU'leCIHlii. 

B aaua)J,uoii 'faCTO y'[[\OTHa lIMelOT pacopOCTpaoenIIe n3J1lenenllhIe l\lla6a3hI, 

npR'IOM U lIUflm ii qaCTH aaJIOrael' 1\1eJlIWaepmlCTaH uprmonTaHTODaH nopo;o;a 

(oIflIflY3IlBllbIU lI11Ill~\aJleI\aMennbIll: )J,Ra6u3). Bhlme 00 yCTyny - 60JIee Hpyono-
3eplllICTbtU II31\leneunr,nl l\ua6a3. 

B ~ellTpaJIhnoiI qaCTI1 IflUJrJIllTO-aIflIflY3I1BIIO-TyIflIflHTOBaH TOJIl1l,a IIpe)J,
CTaBJlena TOUIW 'WpC)J,ylOlII;llMUCH IflnJIJInTaAlU II aJIeBpOJIHTaMIl, TyIflIflH
THJlIlI 11 }{pyou006JlOIl1OlJ.nbu,m Tylflal\1n. CnHJIIlThl 6hIJI11 BCTpeqenhl II B BR)J,e 

06JlO1\(JWB CJ) )J,n Tylflo13, a Taltn e B BH)J,e 60JICC !<pyonoro nJIOXO OIwoTypen
HorO 06pa30BaUUJi. 

B nOCTOqnOll lJaCTU y'(aCTJ(a n TeKTOnnqeCI<OM HOHTaJ{Te C IflIImlHTalllH 

aaJIeraroT OTaJIbIOBaUHhIe cepOeOTJ1IInTbI, saJlleTno JlaCCJIaU~OBanm>le. 

,D;aUl<OllblC 110POl\bI npe;O;CTaBJIeJTbl l\!eJIH03epnHCTbmu ra66po U Ol1pOI{Ce
UIlTaMU. 

Cpe)J,1l IflllJlJl1lTO- Ty<pIflJtTOBblX IlOpO)J, OTlIlC'lena l\ail Ita nnpOltCCnHTOBoro 
COCTalla M6U~UOCTbIO OI{OJIO 4.0 CM. ,D;allKa RMeeT ceBcpO-BOCTO'IHoe, OO'lTlI 
lepII IfOnaJIbIIO npOCTI1panne II UpOCJIOiHena na 4-5 M. IIUpOl{CelllIT, CJIa

raroIU,ull l\aiit{y, CBetl\lltl, JIllmb 'laCTn'lUO XJIOpI1Tl1a H ponaunbIH. 
B OTO~f paiione 6hIJIIl BCTpeqOUbl )J,aiiHoBhle nopO)J,bl 11 l\pyroro COCTaBa -

<pypqlif.Tbl, nOpIflJl})UThl, MOn'llIlmThl (fIanymuc, 1952). 

MOplPOJIOl un py;o;onponBJIenoii 

llpe)J,c-raB JleuJ1c 0 CTpyKType opY)J,eneJIhlX yrrac'woll MOHmo COCTaBHTb 

110 oxe~1 aTIJ llCCIWMY reOJIOrn'leCl OMy nJIaIlY (pHC. 118 H 119, COCTaBJIeIlbl 
3. H. EmlceoDbTM TI E. H. IIaooBbIM). CXeMaTH'leCI{Hll reOJIOrlI'IeCKKll nJIan 

, 
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Puc. 118. CXeMaTR.qeClm~{ rooJIorl'£lIoclmii TI:lan 0pYAeEIe;IOrO Y'la 'TI a C CI{JlbEiO De-

peJ(pHcTamIHSOl3anlll:JMrr MlilIepaJlaMn, B pa~mo DO r. II. rop6yrrooy. 

I - nepcxoA OPYACHeJlOti GpeK'llm B cnnOJlI[{ble PYAhI; 2 - 0PYACHeJlalt Tel'TOI'III'IOOH31t OPCII-IfIIt; J - M3C
ClIBHhle MeJlROSCpUI1CTble CYJThcpRro'lble PYJJ:bl; 4 - C1IJTbno OPYACnenhlC cepnClITIIIUtTbl c npo)J(IIJIK3Mlf 
Cynh$IIll,OB; 5 - CIIJThHO OPYACUeJlhle cepncHTIIHHThI; 6 - cepnCIITIIHTIThl; 7 - $lInJTlITbl C CYJTb$llll,HbUlH 
npO)l(IIJTKaJlrn; 8 - $lInJTJIThI II aJTenpOJTIITbli 9 - rpaulll\a nOCTcnCllllblX ncpCxOll,OD CIIJTbllO OPYAClltlJlblX 
cepncllnlHHToB D cepnCHTIlHJlTbI C CYJTh$IIAIlOt! DHpannetlTIOCThlO; 10 - TeIITOIll[,!OOKIIC KOHTaKTbI II Hapy-

melUllt; 11 - ROHTYPhl YCTyn08 Ilapbcpa; I S - aneMCHTbI saneralllllt nopOA. ,PYA JI TpeU(IIH, 

c 
P03pe3 8 3onoiJHoti zoe mil Pa3pe3 8 3onaIJHoti zacmu 

10 C 10 

HI 

PO.Jpe.J eOf'Hbl'% nopof) HO !/ZoCmKe 

PIfC. j 19. Paspesbl ropuJ.lx DOPOA HCl Y·laCTI\C. 
OOOBBa'ICHlIlI TC H,e. 'ITO ua pnc, 1 t 8, 
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qaCTl(a (pHC. 120, a) H paapea BMeIIl.alOIIl.HX nopo)]; (pHC. 120, 6) aaKM-

CTBOBRUhl r . ll. rOp6yuoBa (1959). CXeMaTHqeCRI1M paapea nopo)]; lIa rJIy-

6UlIY (pnc. 120, 6) c)];eJlau 110 )J;aUUbl M lI1eCTlIhlX OpralII1aa:O;I1R . 

PY,l(OnpOJID JI HHH (PI1c . 119, 120) npl1ypOqen bl R I{OnTaKTY cepnelITI1-

IIRTon C nO)];CTI1JIalOIIl.HlI\lI cpHJIJIHTaMH )[ mmlOT CPOPMY JII1lIahl. ITo npOCTI1pa-
1:lll1O OTMeqaeTCH aaMeTHhlH I1arR6 JIHlIahl. HaR6oJIbmyro MOlD;HOCTb opyp;erre

JlUJI aoua IUieeT 13 ce13epO-130CTOqlIOR qaCTH, T. e. 13 aaMI{e Cl\JIa)];RI1 130 

BMem,aIOIIl.HX cpllJIJlI1Tax. B 3TOM /l\e yqaCTKe HaI16oJIbmyIO Mom,rrOCT1> IDlelOT 

H cepnelITHlIHThl. 

IIpocTR.paHue opy)]; rreJlOR aorrhl B 06lD;eM nOqTH mHpOTlIoe C na)];eHI1eM 

Ha lor no)]; yrJloM 30- 40°. C rJIy6I1Hoii opYAen JIaH 30Ha BbIIIOJlaaUIBaeTCll, 

C 

1 
/0 

10108 10108 

Puc. 120. CXe~IaTlIqeClUIH r eOJlOrn'feClmEI TlJIarr Y'laCT1<a P YAO
npOflSneH[lfl (a) 11 pa3pea 'fO~H DMe1l\8ro1I\uX nopojl (6). no 
r . 11. fop6vDon y (1959) . a 'l'alOne CxeMaTJ1'1B(lIU1B paapea na 
fJJy6urr)' DO iHlHflflM 3-4 (0). n !~arrllbll\<r M CTEOM opraIIB.aanRJll. 
1 - pyp;a; :1 - opy:{cncJlI>lc cepncllTnllllTbl ; J - ral'iGpo; 4 - cepneflTu
IIHTbI; 5 - J:\lIa6aSbl; 6 - I!JIIJTJtIITW; 7 - npocTHparulc 11 na.u,emte; 8 -

TCHTomf'I e!)IHlC UapYllJCIIIIR . 

O)];lIaKO B paaJlII'IlIhlX qaCTH ' no rrpOCTIlpaHI1UO OHa HMeeT paamJ1mhIe yrJlhl 

naAeHRll. BOCTOqnOe I{PhIJIO aaJIeraeT 60JIee HPYTO, TorAa HaK aana,l(Hoe 
I{PbIJIO HMeeT Men1>mUH yrOJI naAenuH (20-30°). 

B OTA JIbHhlX lJaCTliX cpop~ra opYAeH Jloi-i aOHbT YCJIorJ{nena I1anI6aMH. 

TaH, 13 paapeae (pRC. 119) OTlIfelJeH yCTyn nOAomBhl 0pYAeHeJloH 30HbT. 
MomnocTb e peal<O COl<parn;a61'CH. 

Dplf AElTaJIbRblX pa60Tax 6hlJIO nO)];T13epm)];eno YI<aaamIe r . ll . rop6y

H013a 0 norpyn eruuI BepxHeM rpaHn:O;hI aana)];ROrO HPhlJlR p YAuoro TeJla Ra 
sanap; nop; yrJIOM 70°, T. e. «CIOlOlienne» oPY,l(eneJlon 30Rb[ Ba sana,l(. 

B nOCJI8p;rrHe rO)];bl YCTaROBJl8HO, 'ITO cpopMa opY,l(eReJlOH 30HbI C rJIy-

6nnofr YCJIO}lHIllBTCJl. OHa paaBeTBJIHeTCJl, npIf1lellf OAHa B6TB1> npOCJlen<.H

BaCTCli no l{OnTaI{TY C pnenTIIRIITOB C nO)];CTRJIaIOlD;RlIUI cpRJIJIHTallllI, p;pyrall 

yXOp;lIT B CPRJIJlRThI, Tp TbfI OTBeTBJIfIeTCfI HBepxy H pacnOJIaraeTCJl no I{QR

TaI{TY C prrenTIlHI1TOD C nepeI{pLIDaIOlD;lom cpHJlJlHTaMH (pIle . 120, 6) . Pas

BBTBJleHlIe OTl\IBQaeTClI TOJlblW B :o;eIITpaJlbROIr qaCTII SOHbl (n paape3ax 3 11 4, 
pRC . 120, a) . B paapeaax no JlIIRJ[llM 2 H 5, COCTaBJIenIILIX Ra cpJlaHraX 

),,-JacTHa, nCTpef1eHO OAlIO Hepa313eT13JIHIOm,eeCJl py)];noe TeJIO (pRC. 120, 6). 
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30na CJIO>Kena paaJUPIHblMII TIma~m PYA: CllJIOlllIIhnm CYJII,qlHAHbTlIlll PY
Aallm, 0PYAeneJIofI Tel{TOH1PICCJ{Oll: 6peKqnefY, ccpnenTrrnllTa~[]( C pa::wnqnou 
RJITeJICHBnOCTbJO opyp,eucBHn U 0pYAonCJIblMl1 cpUJIJIMTallm; npIl'ICM 0PYAcne
JIhle CPIlJlJIHTbI DO CpaBUeUUlO C APyrHlIUI THuaMlI PYA UlIle lOT 3U3.'IIITCJIbnO 
pacupocTpaueHnc. 

(Dopllla opyp,eneJIOH 3011bl YCJIorImena nOCJIOpy,r\rrhIMII Ter<TOIll1qCCKIUIIl 
UOABUrI<Ralllu. BepxHHH ROHTaHT eo - IWHTaHT CUJIhUO 0pYAerrOJIbIX cepnelI 
THUUTOB C 60apYAHbiMII cepu HTUUlfTa~m IIOqTU IIa BCCM ero npoTHw nlll! 
TOHTOHHqecl\nM: (pac. 119). 

B Ter{TOUIi~IeCJ(oii aoue npllCYTCTByeT rJ!IIm{a TpenITJI, cp 'All JWTOpOU OT
MeqaIOTCn 06JIOhllHf ceplleUTlllTUTOB, HaJIb~UTODhlX upommmou J1 cnJII>1l0 0PY
ABUeJIbIX cepueuTuHllTOB. Ha IlOBCPXllOCTJI n :>Tofr aOHe npUCYTCTBY~OT OKFI(,JIh! 
iI eJIeaa. IIocJIepYAHoe TeI{TOnnqCCl{OO uapymeHDe B l.\euTpaJIbuolI qaCTlr · 30Ubl 
3axOAnT B cJla60 0PYAeneJlhlO cepnCUTInUIThT. B Ta!ntX yqaCTl{a ' coxpa
HHeTcn DOCTeuonnhliI nepexOA OT CIUlbUO 0PYI\ IIOJlblX cepncnTnm1TOB ( (CC
phlX PYA») J{ cJJa60 0pYAeUCJIblM cepncnTUUUTalll. 

PaapCabt O»YJ];clICJJoii 30Tlbl 

B n;enTpaJJbHoit qaCTU 0PYAcncJloii SOHIlI OT (qaCTC}! JI AYlOlll.Ce qCpCAOBa
nMe IIOPOA II PYA: cpmlJll1Tbl- CDJIOIIIHhle CYJIbCPUAIIblO PYAbt - ClIJlbnO OpYAC
HeJlble cepuonTHuIlThI- c,rra60 opYAelteJlhlC cepIIeuTuJUITbl. Ha cpJlallrax: 
cpUJlJlnTbI- oPY,llCneJlaH TOHTOlnrqeCI(aH 6pOI,QllH - CmIT,110 0PYll:cneJl hlC ccp
neIITlilIllThI- CJlaOO 0PYAeHeJIble cepIICRTJIlUlTbT. l1pnnoAoM onncauno pa3pe-
30B, TIIUllqHhlX ]l.JUI n;enTpaJIbRoi.i n l\paeuoii: ''IaCTell: 30llhl. 

B pa3pe3e (PITc. 11 9) JleH{aqni.l: 601{ IIp ACTaBJleH 0pYAcnCJlhlMlI (!lllJJJlJl
Tall'lH. CpeAfl <pTlJJJlHTOB OTMeqaIOTCR npOflOlJUm PYAIII,IX 1IlllllepaJlO13 (nuppo
TIlHa, XaJIbHOnnpnTa, nenTJraHAllTa, JllarneTIITa). ITo 1UMO llpOmUJIIWUaTl>IX 
BbIAOJleHRU, PY]l.HbIe lInUrepaJlhI paaBHUaIOTCJl no BCell: nopo}:\c, lI.\CCTalllH lIOqTIl 
HaqeJIO 3aMe:m,aH CPUJlJIllTbr. PYAnhIe 1I1lUIepaJlbI paaUllualOTCH n uopOAe 
comreCTno C 3eJIouofI CJUoAHOlr, I<OTOpan oopa3yeT llonopOmOBOJlOF<HUCTblO 
arpOraTJ,T. 

C opYAOHeJlbIMn cpUJIJlITTamI ]WUTaHTnpYJOT lIIaCCI!UHblO CYJIl,CPl1AubTe 
PYAhI. Ha 1{0HTar{Te C cpHJlJlIITaMII cpeAH CYJlbCPUJWB B OTAeJlhHhlX yqaCTI{aX 
COXpaHHJUICb pemII<Thl HpyrrnoHpI1CTaJlJlUqOc]\O ro (I{ PYUHosepnllCTO 1'0) nl!p
pOTHna. I{PyuH03epIUlcThIU nuppOTlTll coxpaUI1JICR u BUAO J111ll30BUAIIbIX 
BbIp;eJlemrM:, MO:m.HOCTb JWTOpbIX B OTp,OJlbHbIX yqaCTKaX p,OCTHl'aOT 10- 20 CM. 
ROHTaI{T ]{Pynff03epHHcToi.i n\'lPPOTlIJlOB01( PYAbT C lIfOJIIW3CPIUfCTOU: CYJlbCPIIA-
1I0ll: PYAoii: pesHnfr. 

B 0.4 111 BhIIIIe lwnTaHTa C lIJaCCI1UHbIlInI PYJ\alllI! CltJlbfIO 0pYJ\cneJll>m Cop
fIenTUInlThl RMCIOT cy:m.eCTuenno llUPPOTflUOBblii: COCTaB. B yn\CCTllenuo 
nnppOTl'rnOBb!X pyp;ax OTJIleqaeTCH nO~ITl! UOJJnoe OTCYTCT13ne l\ap6oua
TOB. 

B nepXUHX qaCTRX 3011W CI1JIhIIO opYJ(eUeJlbTe cepnOnTIUlI1Tbl rrOCTOneIlTIO 
06eAIIHlOTcH cYJlb<pI1J\alluJ. II pu aTOM CIIJlbno 0PYAOUeJIhle copnOIITlmrrThl 
UOCTenefifiO nepeXOAHT B cepneHTUIHITbI C 6eAnoii: CYJlbcpuJ\uoii l3I{paUJIeIl-
1I0CTbIO (uaup~[Mep, Ha yqaCTI{e pa3pe3a, puc. 119), 

Pa3pe3 !,paeuoii qaCTIlI (pnc. 119) OTJHrqaeTCH OT pa3p03a qerlTpaJlbUoii ~acTII 
y~a(jTJ(a. le,l<aquii 60l{ CJlaralOT cp llJlJlnTbI. BhIIIIe CPIlJIJIMTOB no pa3po3y 3aJlO
raeT 0pYAerreJIaH TeI<TOHrrqeCl<aH 6peI{1mn. B 0PYAeneJIoii Tel(TOllUqecI{oii 
6pel{qInI cpeAR OOJlOlllHOB nopoA npacYTcTByIOT HaK copnOnTI1I111TbI 6C3 
CYJlbCPIlll:HOii BJ<paITJIeIlHOCTH, Tal{ If CT1 JIbUO 0pYl.\6UeJlhle ccpneuTlifIlITbL 
BhIIIIe 0PYAeHeJloii Tel\TOHU~OClWU 6peIPlIm pacnOJlararoTcH ClIJlbnO opYAe-



PYllOITPOllOJIEHIffI C MHTEJlCIIBHOa llE PE HPHCTA JllIS \UII En 191 

IIeJIb19 ccpnenTIIHIITLI . ROIITal{T MemAY PYAROll: 6peKqIIeii II opyp,eIIeJIbIMJI 
C pnenTunl1Tall\u pesl<I1ii (qeTL{llii) - CJIIfBIIO:ll . ¥qaCTl{allUI 0pYAeneJIble cep
neIITllnUTbI OIWJIO KOIlTaKTa npomIsamu 60JIl>mUM '!HCJIOM BeTBllml1XCIl CYJlJ>~ 
<pI1p,IIl>tX npOilOllJIJ{OB, 'lTO COSAaeT BUe'IaTJIemle 6peI('UIn, COCTaUJIeHHOU: ns 
06JIOMHOD CIIJIbBO opYAeHeJILIX cepUeIITJiIHl1TOB, CI1,eMenTn pooauIIblx CYJIL
<pup.ar.m. 

Cpep,11 CUJIbnO opy)~elIeJIbIX cepueIITlHUITOB B OTp,eJIbIIl>tX yqaCTHaX WIT
IIam-1 BCTpeqaIOTCn c Jla60 opyp,eIIeJIhle CepneIITlmUThl. Ha p,pyrnx yqaCTl<ax 
cepnouTlillllTbl naCTOJIblW CIIJIhlIO opyp,oIIeJllue, 'ITO IIO BHCmneJlJY nnp;y OqeHb 
UOXOflUl na CnJIomIIble CYJIb<pIlARhle PYAhl. Bce aTO rOBopnT sa nepaBlIOMep-
1I0CTb paSBUTun CYJIb<pIIp,Iloro OPyp,oIloIInn B cepnenTHIIUTax. 

B ncpxncu: 'IaCTU PYAnoro TeJIa CIIJIbIIO opyp;eIIeJILIO ceprrOHTllnI1Tbl no
CTenenno 06ep;IIlUoTcn CYJIbcpuAaMu . CYJIbCPIIP;IIbIO OI{paIIJICHIIllrm CTaHO
BnTcn 60JICC pep,l<mm, XOTn 1I l<pynnec paSflJe p aMll. Opyp,cIICJIble CepnCHTlI
ITTIThI l<OnTal(TlIpYIOT C 60SPyp,UhIMli cepnCnTJlUl lTal\1I1. ROIITaKT II1CiH1W llInHl 

TOlnOHl l'I(,CHuir. 
Ha yqaCTI(e paspeSOB lIa6JIIop;aeTCH COIIpnn,eHlle 0PYAeIIeJIOH TeJ(TOIIll

qOCIwif 6pe({llllH It CrrJIOUlHblX CYJIhCPl-lAIIblX PYA. HaA <pIIJlJIllTaMU pacnoJIa
raOTCfI opyp,ellOJIaH TCI{TOnUl.IeCKan 6peH'IUn, BblIDe 6pel{qll[ - MaCCI10nble 
PY)~bI II CllJlhBO opYAeIICJlbIO cOpnenTJiIHUTbi. OpYAeneJIan Tel<TOUU qeCI{an 
6POl<'lllH no !\Iepc eo npOCJIemllOaIIufI C sanaAa IIa BOCTOH CTanODUTcn ?lienee
JI1on~uoii n I1,eJIll1<OM CMeuneTcn cnJIommn.m CYJIb<PnAUbIMH PYAaMFI. 

Onncauue P YA 

MC1~llO-IlHl\CJIeBOe CYJlbcpUAIlOO 0pYAenerure Y'Jac'ma KamllmlfBH rrpe)J.
CTaBJlellO paSJHI.l.fllbnlH TUU8MII PYA (pRC. U 9) . Onn:caIIHe PYA l{a lllHIlUlBtl 
rrpuOOAllTCJl 0 pa60Tax Bei"rpulJena ( Viiyrynen, 1938), r. fl. rOp6YIloBa (1952, 
1959) 11 APyrnx UCCJleAOOaTOJIcii:. 

OTJI u qllTeJI bllOtl oco6eIlIIocTbIO PYA I{aM.MIlHHBR, no lImellUIO r. fl. r op-
6yuoBa (1959), HBJIneTCn TO, qTO cpeAn HHX Han60JIbmee pacupOCTpaneUlle
HMelOT OPY OnOJIhlC cepnenTnnUThl H CIlJIOmIIbIe CYJIbcpHp,BbTe pyp,hl, Torll.a 
I{81.{ 6pel QUCBllp,nbJe n opYAeIIeJIbte <pUJIJIllTbJ urpalOT nOA"'lI1neUHYIO 
POJIb. 

B lJ;aJIhIIOiimOM 6bIJIli OCI<PblTbI SlIa'flilTOJIbHblO np01lBJIenRH OPYll.eHeJlOll 
Tel<TOllIltI CIWU 6pe[{'IIlU H8 cpJIanrax OPYAOIlOJIOL'O Y'laCT IHl. 

B ~enTpaJIbnoii qaCTli SOllbl paapea ue HSMemmcn (<pHJIJIUTbt, BbJIDe -
CllJIomUbIe CYJIT>CPllAHMC PYAhl C IIe3Ba'l1lTeJIhHbIM HOJInqeCTBOM 06JIOM
HOB CUJIllHaTUhlX nopoA, elqe Bhlme CHJIblIO 0pYAcneJll>le cepnenTu
lIUTbI). 

Bo <pJIaurax 30 01>1 OTMeqaeTCn HHoe CTpoenue. BMecTo 1I1aCCHBnhlX CYJIh
<pUAHblX PYA, TUnllqHhlX p;JIn I1,CBTpaJIbBoii: 'laCTR, nOJIY~taCT pacnpocTpaHo
BRO opyp,cU eJIaH T I{TOnn'lCCI{aH 6peK'llin. OpYP;cBeJIan TO[{TOnllqeCKaH 6peJ{ 
mn liS <pJIanrOBhlx 'IacToii YI!3CTI< a RaMMHIHIBH no cocTaBY II CTpOell.l110 
anaJIOl'll'lIla 6peI<'mn HayJIb!' 

0PYf,\C UeJlbJC <lllIJlJJlITbl 

0pYAcneJlbTC cpmmnThl lHleIOT paclipocTpaHeHue B JIe}I\aqeM 60I{Y PYAHOii 
aOIlbl Kamll11 llllU . Ha HOIlTal\TO CO CIlJlOmIlbIMll CYJIbCPUAUbIMH Pyp,aMH <pUJI 
JlllTbJ nepcLll U pasp,p06JIellbl 11 c~eMeIlTlIpOOaIlLI CYJILcpuAa~lU. 
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B q,IIJIJIHTaX JIPIICYTCTByIOT JIPOl-I{1IJlIUI cym,q,HAOB (nUPPOTHI:la, neHT
.JIanAl>1Ta, XaJIbKOnHpHTa) . OIWJIO npO>KIIJIKOB OTMe'Ia TCll 060ram.emre q,HJI
.JIIITOB CYJIbq,HAHOtl BI{panJIeHHOCTbIO. <I>IIJIJIHTbI paCCJIaHn;OBaHbI II nepeMllTbI, 
nJIOCIWCTb paCCJIann;eOam[ll paCnOJIaraeTClI napaJlJleJIbHO KOJITaKTY q,IIJIJIH

TOB C PYAHbIM Tf\IIOM. BAOJIb nJIOCKoCTeii: paCCJIaHn;OBaJIl1lI q,lIJIJIHTOB HepeAIW 
paSOHBaIOTClI JHHJII<1I CYJIbq,HAOB H Kap60HaTOB. l10HTJIaHAHT D TalUlX l-IUIJII<aX 
npeACTaBJIeH B BIIAe YAJlImeHHhIX SepeH nJIaCTHU'IaTOtl 11 Aan<e Il1TOJIb'laTOH 
q,OPMhI (B Ce1JeHHJIX). YAJIHI:leHHhIO RpHCTaJIJIhI (sepna) JIolITJIaHAHTa IWnn;eH

'TPHPYIOTClI BOI{Pyr 06JIOMKOB CIIJIIIRaTHhIX nOpOA 11 lIepep;KO 06paSYIOT n;e-
1I01JHH aepeR lIeHTJIaHAHTa, Y I<OTOPbIX p;JIlIIIlIbIe ocn I<pnCTaJIJIOB paCnOJIOfHOllbI 
noplIeHl~lll<YJIlIPHO B.blTlIHYTOCTH n;enO'IeI{ nOHTJIan),,(IITOBoro COCTaBa. 

CWl bI'lO 0pYAeUeJJble cepoe UTUBIIThl II cep nCOTrUUlTbl 

c CYJlb !J>UA HOU BKpa UJleOUOCTblO 

CeplIeHTHHHTbI C CYJIbq,HAHbIJIi 0pYAeHeHHeM CJIaraIOT BepXHIOIO 'lUCTb 
opYAOHen.oH aORb! I{aJ\n.mIumlI . CIIJIbHO opYAeHeJIbIe ceplIeUTlIHlITb!, CYAJl lIO co
xpaHHomeHclI peJIIII<TOBOH. CTPYI{Type, npeACTaBJIlIIOT lIa~10UeUnb!e neplIp;o

'THTbI, O'IeHb 60raTbIe OJII1BIDIOM. l1ceBp;oMopq,oahI no OJIIIBHHY Bbl110JIHeHbI 

npelIMym.ecTBeHuo mmeJIHCTbI~1 BepMIII,YJIHTOM, B MeJIbmetl CTonenlI - TaJIbJ{OM 
I[ cYJIbq,nAa1fIlI. PeJInl<TbI HelIaMeHetIHOrO OJIuorma B cepnouTHulITax B UpeAOJIaX 

PYAuoro TeJIa ne 6bIJIU 06uapyn<euhl. CYJII,q,HAhl aaMem.aloT rJIUBHhIM o6paaoll1 
nceBAoMopq,OSbI XJIOplITa no IIllpoKceny. TOJIblW 0 CJIY'IalIX HUTeHCIlBuoro 
paaOl'ITHlI CYJII,q,IIAHbIX J\umepaJIOB B CIIJIbnO opyp;eUeJIhlX cepneuTHHIITax 
~YJIbq,HAbI saMem.aIOT TaI<tI e II nceBp;oMopq,OSbI TaJIbI{a H cepnOIITIma 

IIO OJIHBHHY (pRC. 121). 
B o6paan;ax OTMe1JaeTClI pasBIITRo UIIl<eJIIICTOrO BOPMIIT(YJlIna, npH'IOM 

B BepXHRX ropHsoHTax B 6oJIbmOM HOJIlIlJeCTBO. HHROJIl!lCThltl nopMFll\yJIIIT 
paSBHoaeTClI B ltHTOpCT1.'lD;HlIX JI DIIAe HaTe'IUhlX (I{OJIOMopq,nhlx) oopasoDa
RHU. 

PasBHTlIe PYAHhIX II1HHepaJIOB B PYP;HOllI TeJIe COlIpoBomp;aeTCJl I<pIICTaJI
JIlISaU;Ueu XJIOpHTa, l{ap6onaToB, nplI'IOM XJIOPHT II Hap60lIaT npnCYTCTBYlOT 
He TOJIblW B CIIJIbHO opyp;euemiIX cepneUTIIHI1:TaX, UO II B >Jmm{ax, pacceKaIO

In;flX 3TII PYAbI. B aaBIICIIMOCTlI OT COCTaBa PYAHoro MTfllOpaJIa B ilUIJIKaX 
DpI1CYTCToyeT TOT HJIH HHOll nocTeplIopnhIlf II11!IH paJI. jI\UJII{lI nnppoTHuo
Boro COCTasa conpOSOil{AaIOTCff rJIaBHhIM o6paso 1 XJIOPIITOM, TorAa I{aK B 60-

JIee nOSAUllX XaJIblWlllIplITOShIX npOiI(lIJIRaX nplIcYTCTBYIOT 1JeTIW BblpameH

Hble npopacTaHHff CYJIbq,llP;OB C Kap6oHaToM. 
ClIJIbHO 0pYAeUeJIhle cepneHTlIHlITbl n aHa 1JHTeJIbIIOU CTeneUlI OTaJIhI{Q

Ballbr. Bnepx no paapesy CTeneHb OTam,IWBanlIff y6hlBaeT (YMeubwaeTcff H 
cop;epfJ{amle CYJI:bq,HP;OB B nopop;e). B 6.5 1\£ Bhlme ROIITaI{Ta cO CUJIOilllIbnm 

CYJIbq,Rp;Hblllm PYAa m, cepneHTHUHThI Y}He cJla60 OTaJIblWUanbl, npI1'I M CpOP;1l 
CepnOIJTllHHTOB Y'IaCTHaMlI xopomo coxpalIffeTCJl POJIIIHTOBafl cTpynTypa 

IIHTPY3HBHhIX neprrAOTIITOB. 
B CHJIbHO opyp;eUeJIbIX cepuelITIIUHTax uepep;IW npHCYTCTByIOT I{PYIIllb!C 

CYJIbq,lIp;HhIe BHpamleIIHlUUr. B OTAeJIbHhIX CJIyqaHx OTII BJ{panJIeHHlnm aa
JWIIOMepuo (JIllHeiiHOnapaJIJIeJIbHo) opHeHTllpOBalIM II paCIIOJIaralOTCII P;JIIlU

HblMU ocmm HOCO J{ nooepxnOCTlI I<OUTal{Ta CnJIOmHbIX CYJIbq,UP;HL1X PYP; C opy

AeneJIbIMlI ceplIeUTlIHHTa III (IlCnOJIbSYJl ueplICTble TPOm.TllIbl, paSBrrBaro[[~rleCfl 
BAOJIb l<OHTal<Ta C CYJIbq,lIP;lIoii PYAoii) . 

B CIilJIbHO opYJ(elIeJIhIX cepnOHnmIlTaX «(Cepb[X pyp;ax»), pacnOJIOr!,elllIhlX 

11 nenocpeACTBenlIoii 6JIlISOCT11 C lIIaCCHBlIblll11I pyp;aMJI, ID1PpOTllH nO'ITH 1I3-
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Il;eJlO aaMeIIl;eH XaJIJiKorm:PUTOM. B aTliIX ;1(e py~ax cepneHTHH H TaJlh!{, a liIHOr~a 
XJIOpllT saMeru.eHhl 1(ap60HaTaa-m. 

B opy~eHeJll,yx cepneHTHnHTax, r~e llMeeT MeCTO HHTeHCHBHoe pasBHTHe 
XaJIbtWmrpflTa, coxpaHfleTcfl OqeHh He6oJlhIIIOe IWJlH'leCTBO peJIHKTOB cep-

a 

tf 

8 

Puc. 121. PaaJHl'IRble CTatVIII 3aMe~eBJIfI CYJIbl{luAa~lII 
('lepnoe) nceDn;O IOp<fJOP- XJlOpUTa (x~) 1'1 TaJIbKa (m~) 
no OJlliDliBY D CHJJbIlO 0pYAeUeJlOM CepaelJTHUllTe OT 
Meneo H3MeueUUblX (a) K Ran60Jlee lIUTenCH.Dao n3Me
ueliDblM nopoA8M (6, 0). ilpll OAnOM 81m., X80. Mlil-

Kpo<fJoTorpa<fJIm r. H. rop6ynona. 

neHTllHa n TaJIbI{a, neaa 1eIIl;eHHhIX Kap6oHaTa~rn:. Ha yqaCTKe paaBliI
TRH XaJIbKOnHpHTa.oTMeqaeTCH saMeIIl;eHliIe o~Horo py~Horo M1iIHepaJIa ~pyrlilM 
(nlilPPOTlnIa - XaJIbIWllHpRTOM), IWTopoe conpoBoiK~aeTcH nepeRpHCTaJIJIH
saIl;Heii cyJlb4>R~UOii: py~hl, B peaYJIhTaTe qero py~a npHo6peTaeT MeJIROaep
HHCTblii o6JIu\(. 

13 HHTPYSHH ITeqesl'H 
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COJJOmUbIC cynbCllUAlfbJC PYAbl 

3TH PYAhl HMelOT pacnpOCTpaHeHHe B ~eHTpaJIhuoi1 'laCTH 30lIbI 0PYA -

lIeJIl>lX nopoA. 

B MeJIlW3epHHCTOH PYAe AOBOJIhHO 'leTIW BhlpanWna nOJIOCaTaJI Tel{CTypa. 

B TaI<HX PYAax npOcJIOIil llIilPPOTIilHOBOro COCTaBa 'lepeAYlOTCJI C npOCJIOJIMH, 

060ra~eHnhlMIil XaJIhIWllIilpHTOM R neHTJIaHAIilTOM (pRC. 122). llOJIOCaTOe 

CTpoeHlile MeJIR03epHRcThlX PYA Kal\fl\mRlIBR oc06eHBo 'leTIW BHAHO Ba ORHCJIeH

BhlX nOBepXBOCTJIX CROJIa H Tpe~HH OTAeJIhHOCTH. B MeJIR03epHHCTOH MaCCHB

BOR CYJIh<PHABOR PYAe B 3Ba'lHTeJIhBOM ROJIR'leCTBe npnCYTCTBYlOT Rap60-

HaThl (I<aR B BRAe MeJlI{lIX 3epeH, Tal{ R B BHAO !<Pynuhlx jJ{eJIBaROB AO 3-4 CM 

PliO. 122. fl0.J10CBTBII CnJTOLUHarr PYAa. 1l011OcaTOCTb 06YC1100-
JIena 'lepeAoBaur1eM nOJToc, 060ram.eHlIhlx XaJlb1\OnnpIiTOM. 
ueB1.'JlaUAWTOM (cne1.'Jlo-cepoe) II MarBeTIITOM (M Jllme pCJlbeqi
BhlC sepoa TeMBo-ceporo !leeTa). OrpameBllblH C»CT, X B. 

MI1KpO¢01.'Orpa¢llfl r • . H. rop6yuoea. 

B nOOepe'lIDlI<e). B PYAe npucYTCTnYlOT TaI<iRe 06JIOMI<H nOpoA, IWTophle 

HepeAI<O saMe~eRhl I<ap60HaTOM H TpeMOJIIilTOJl1. Kap60BaThl Opn:CYTCTBYlOT 

nO'lTR BO Bcex THnax PYA 00 paspe3Y, oAHalw Han:60JIhmee I<OJIIl'leCTBO I<ap-

60BaTa OTMe'laeTCJI B Y'laCTI{aX pa3BHTHJI XaJIhIWOHpnTa. XaJIbJWOnpHT 06-

paayeT nO'lTR MOHOMHHepaJIhHhle BhlAeJIeHHJI Ra }WHTal{Te MaCCHBHhlX PYA 

C pacnOJIOtReHHhlMH BhlIDe BTnx PYA CIilJIhHO 0pYAeBOJIbIMH cepneUTl1UHTaJlm. 

KouTal,T COJIOIDBhlX CYJIh<PHAHhlX PYA C CHJIhHO 0PYAeHeJIhlMIil cepneHTHBH

TaMH peal<HH. 

MHorAa, HanpHMep D sanaAHoH 'laCTIil oPYAeHeJIoii aORhl, YJIhTpaOCH013-

Hhle OOpOAl>I Y I<OHTaRTa co cnJIomH01( PYAOH 060ra~eHhl MarneTHTOM 

(pHC. 123). 30Ha 060ra~eHHJl MarHeTHTOM HMeeT :r.rO~HOCTh 10-15 CM. 

CnJIOmHhle CYJIh<pHAHhle PYAhl TaRoro iKe MeJlIWaepHHCToro 06JIUl,a, 

KaI<He DCTpe'laJIHCh B 60JIee BepXBHx ~raCTJIX aouhl, cOXpaUHJlHCh na 

)WHTaI<Te RHTPY3HH: C <pHJIJIHTaMH, MeCTaMH C peJIHI<TaMH I<pynuoaep

UHCTOR PYAhl, CJIOiKeHHOH rJIaBUbIM 06pa30M OHPPOTHHOM. B MeJIKO

sepUHCTOM MHJIOHHTH3HpOBaHHOM nHppoTHHe npnCYTcTBYIOT nJIaCTHH'laThle 



Pac. 123. ROUTaJ{T MelliA Cll.1IOUJUblMll cYJlh!I>IIAHhlMI-I pY
.n.aMl'! (cnCTJlO-Cepoe cnena) II 0pYAeUeJlbll\Ul crpaeUTllBliTaMH 
(cnpana), KOTopble n6m!3n HOllTaKTa o6oraOJ,c.HbI MarneTI'l
TOM (TeMBo-ccpoe). l.Jepnoe - XJJOpHT, 6eJ)oe - CyJlhllJl'lAhi. 

OTpalliCllJlblll cneT, X6. 

Pl1c. 124. AJlJlOTPUoMopqlHoaepIHrcTafl cTpyKTypa CllJlOlli
BOH cYIJh<I>nAlloii PYAbI. 

1 - neflTJlaHj.\IIT; 2 - nuppoTllu; 3 - xanbKODIipHT. TeMHo-cepLI~ 
peJJbe¢lJILIC 8cpna - MarHeTIlT. OTpa>l(ClUlblit coer, X 40. 

• 

, . 
'I 

13* 
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aepRa neRTJIaR)J.lITa, KOTOpllIe OplleHTHpOnaRnl napaJIJIeJIbHO IWRTaI{TY 

C I<PynRoaepRHCTIlIM: nHppOTImOM. 

KpynuoaepUHCTaJI Ul!PpOTHUOnalI py)J.a HMeeT aJIJIOTpnOMOp<pHOaepHHCTYIO 
CTpyltTyPY (pHC. 124) H CO)J.eprKHT UHKeJIlI ropaa):(o Menbme, 'IeM MeJIKO
aepHHCTalI MHJIOUHTH3HpOnaUUaJl py)J.a. 

IIpH 0"6pa30BauHH pY)J.Horo TeJIa 60JIbmYlo POJIb HrpaJIll TeKTOUH'IeCKHe 
RapymeUHJl. TeKTOHH'IeCI{He )J.BHrKeRHn npO)J.OJIfI<aJIIlCb IT nOCJIe BhlnOJIUemUI 

CUJIOIDHhlMlI CYJIb<pH)J.a~m 60JIee noa)J.Heif nOJIOCTH. 9TH )J.BIIif{eUDJl UpHBO)J.HJIH 
1< MHJIORHTHaa~HH CnJIOillHOH CYJIb<PD)J.UOH py)J.bl, npH IWTopoir UpOHcxO)J.lIIJIa 

nepeI<pnCTaJIJIH3a~nlI CYJIb<PH)J.UIlIX pY)J. C 06pa30BaHneM pY)J. TonK03epnElCTOrO 
CJIOmeHHJl. 

0pYAeHenan TeKTOHU'IeCJ;aJI 6peK'IUJI II COOTHomenlle ee 

co cnnomUbBIlI CYJIbCJ>IIAHhlMn PYAaMII 

3Ua'IHTeJIbHIlIH HHTepec upe)J.cTaBJIneT COOTHomeIDIe CUJIOillHhlX CYJIb<PH)J.
UbIX PY)J. C 0PY)J.euoJIoii TeKTOUHqeCKOH 6peI<'IHOH. 

THIIH'IRllIe 6pOl{'IneBH)J.Hhle pY)J.b! Ra <pJIaHre PY)J.onpOHBJI nun KaMMIJI<IIBH 

)J.O 1954 r. ue 6hlJIIl H3BeCTHllI. r. 11. rOp6YUOB UO)J.'IepKIIBaeT )J.De xapal<Tep

PRC. 125. <DOTO npllIIOJlUpOBanBoro IlITy4>a Da 
IWHTal{Ta 6peKQaeDlfAIIblx (DHDay) H CnJlOIllBblX 
nOJlOCQaTblX CYJIb<!>fIADblX PYA 0pYAeaeJIOH SOllhl 
KaMMHKRDI{' "t!epnoo - 06JlOMKR 601<ODhrx UOpOA. 
cepoe - 0YJlI,qn[J.\bl. Tel\1BO- Cephle nonOChl na 

lWHTal{TO - nuppoT1IH. 

Uhle oc06eHIlOCTIf CTpOeHHlI 

cnJIOIDHIlIX CYJIb<PII)J.UhlX PYA 
l{aM!l:fllI{HDH: TOHIw3epuH

CTOCTb CJIomemm H nOJIOCaTOe 
'-Iepo)J.onamIO CJIOeB, 060ram;eu

Hl:JX XaJIbKOnnprlTOllf, nllppo
TfIUOM, IlOUTJIan)J.HTOllf n Ma
rueTIITOM. 

Cpewr crmommrx CYJIb<PII)J.
IlbJX PY)J. KaMmmnBI1 UMOIOT 
pacnpOCTPaIIOUUe ue TOJIbIW 

TOnI<O, Uo n J<PyuH03epHH

CTbIO PY)J.hl, npeIlMym;oCTlleHRO 
nnppoTIIHODOfO COCTaBa. 

TOuI<030pmrCTl,ro pY)J.1lI Me
CTaMlI DMelOT OT1JeTJIIlBO BbI

parI<OlIHOe 1I0JIOCaTOO CJIOII 0-

lIIlO. IIoJIocaTocTb 3THX pY)J. 
opueuTupoBana celtym;e no OT-
1I0meIDIIO K I<pyuu03epnHcThlM 

PY)J.aM, 'ITO YIta3bInaeT ua 
60JIee Il03)J.neo 06pa30namro 
JlleJII<030pUIlCTbIX pY)J.. 

B BOCTOqUhlX H 3ana)J.lIbfX 

'IaCTJlX 0PY)J.euenotj 30llbl 
CnJlOIDlIhle CYJlb<PH)J.UI>IO PY)J.hl 
CMOUflTOTCfl oPY)J.elIeJIOH Te1<TO
UHqeCI<Oll 6peKQHei'r. KOHTaI<TbI 

Mem)J.Y aTHJlm THnaMIl pY)J. 

'IeTItHe H pe3I<He (pHC. 125, 126). Ano<pH3bI CDJIOmUhlX cYJIb <pI1)J.-
HbIX PY)J. nI<JIHUHnaIOTCJl B 0pY)J.eUeJIYlo TeKTOfllneCI{Ylo 6peI<'IlnO, 

npH'IeM CnJIOmUllIe CYJIb<pR)J.UllIe PY)J.bl B oT)J.eJIbUbIX Y'IaCTl{aX lIPRCYTCTBYIOT 
nan ua IWHTaI<Te 0PY)J.eueJIoii TeI{TOUR1JeCI<OH 6peI<'IHH C <pHJIJIlITaMR (pnc. 126), 
Tau H cpe)J.R PY)J.HOH 6peK'lRH (puc. 127), H no I<OHTaI{TY PY)J.non 6peHQUII 
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C CnJIbnO 0pYJJ;eHeJIbTh1B cepneHTuHHTaMH. B MaCCHBHbIX PYJJ;ax, paCllOJIOmeH
HhlX ua J\OnTaKTe C 0PYJJ;eneJIOH TeKTOHntrecKoH 6peI,trneU, MeCTaMlI DCTpe
qaIOTCa KCeUOJIUThl 0PYJJ;eHeJIOH TeI<TOHH'IeCIWH 6peIttrnH. l\oHTaKT TalUIX 
KCenOJIUTOB co CllJIOIllHhlMH MemWaepHlIcThlllfU PYJJ;all1B peaI<HD:. I\ceHOJIHThl 
oPYJJ; HCJIOH TeI<TOHI1'1ecItoii 6peI{TIlI'I 
JJ;e<PopMl'IpOBaHhl. 

PYJJ;Han 6pel<'lHa COCTOHT lIa 06JIOM
KOB cnmmaTHhlX nop0JJ; n CYJIb<pHJJ;HOro 
n;CMellTa (pnc. 12). 

CYJlb<PIIJJ;HhlU n;ell1eHT 0PYJJ;eHeJIOH 
TeI<TOHI'I'IeCHOrr 6peI<'lll1'l COCTaBJIlIeT 
npnll!epno nOJIOBJIHY 06'beMa PYJJ;bI. 
MJIlIepaJIOrH'IeClmiI COCTaB xapal<Tepu
ayeTca 3naTlllTeJIbHhlJ\l npe06JIaJJ;aIIl1eM 
B HliX ITFlppOTIma; B MeHLme1l1 IWJIH
'IeCTBe npUCYTCTByeT neIITJIanJJ;UT, 
XaJIbHOIDIpIIT 11 lIJarneTllT. 

B PYJJ;noii 6peH'llln 06hl'lHO OT'IeT
JIIlBO BbIpa}I<eHa CJIann;eBaTOCTb, napaJI

JIeJIbHaa I<OnTaI<TaM PYJJ;UOll 6peK'mH 
C BMern;arorn;IIlIill nopOJJ;aM11. 06JIOMIUl 
C11illmaTHhlX nopoJJ; OHaTaHLI, nMeIOT 

oKpyrJIYro <P0PlllY H cnmOCUYTbl napaJI

Puc. 126. CooTHomenne 0pYAeBeJlOll 1'el{
TOBllqeCIWU 6pel"HIll co conomllhlMll MOJJ

lW3epnllcThlMli Cynb<PIIAInUIII PYAa 111. 

1 - MeJmOaepUlICTble cnJloIllIthIC CYJlb<!Jl<tiVlbiC 
PYAbI; Z - oPYAeaeJIall TeKTOIllT'lCCKall Gpelt'lJlIl; 
3 - CIIJTbllO opYAeneJIblC cepnenTIIHlfTbl; 4-

<!JIIJTJlIITbl; 5 - Tel~Toal{,{CClUle lIOHTaKTbI. 

JIeJIbBO CJIaHn;eBaTOCTH. HepeJJ;Ko OT'IeTJII'IDO o6Hapyn<HBaeTca YJJ;JIHHeHHaa 
<popMa 06JIOMHOB. B TaI<HX CJIY'lanx JJ;JI11HlIble OCH 06JI0ll1I<OB npnMepHO COB
naJJ;alOT C naJJ;eHIIeM CJIaHn;eBaTOCTH PYJJ;HOH 6peI<'lHH. XapaI<TepnOH OCO-
6eHnocTbro PYJJ;BOll 6peI<QI'l11 PYJJ;OnpOaBJIeHH" aBJIaeTCa YJJ;HBHTeJIbHOe 
nOCTOaHCTEO npOCTpaHCTBeUHOll OpHeHTHpOBI<R CJIaHn;eBaThlX H JIHUeHHhlX TeK

P~lC. 127. COOTIIOOlellUO 0PYAeHeJlOll ·TeK
TOHJi'JeCKOll 6pet,quu co CUnOill1llilMll 

cynbcI>up;DhlMll PYA8MH. 
OOoana'lCflllJl Til me, 'ITO na pIIC. 126. 

CTYP B npeJJ;eJIaX PYJJ;HOrO TeJIa. I\ceHo
JIHThl PYJJ;HOrr 6peK'IHlI HarH6aJIHCb, 
3aHpYlfHBaJIHCb H n;eMeUTHpOBaJIHCb 
TOUI<03epnHCTOH CYJIb<pHJJ;nOH PYJJ;OH. 
TaI<11J1I 06pa30M, YCTaHaBJIHBaeTCa paa
nOBpeMeHUOCTb B 06pa30BaHHH 0PY
JJ;eHeJIOU TeKTOHHtreCHOH 6peI<'IHH H 
CnJIOmUhlX CYJIb<PHJJ;UhlX PYJJ; 1\ a Mli1B
In-IBH. CeHYID;He COOTHomeHHa MemJJ;Y 
PYJJ;uon 6peI<'IlIeH n CIIJIOIllHMlI1B CYJIb
<PllAHhll\1B PYJJ;aMH 6hlJIH YCTaHOBJIeIThl 
nalllH H aaI,apTHpOBaHM na ytraCTI<e 
BaamlHoro nepexoJJ;a aTHX PYJJ; (pHO. 127 
H 128). 

CIIJIOIllHhle cy JIb<pHAHhle PYAhl TOH
I<OaepUHCToro CJIOiKeHKa HMCIOT pacnpo
CTpaHeHHe TOJIbI<O B n;eUTpaJIbnOH 

'IaCTH Y'IaCTI{a. I1Mcuno B aTOll 

(pa3DeTBJIeUl1e) PYAnoro TeJIa. 
QaCTn na rJIy6HHe nOACCQeUO paBJJ;BoeHHe 

l1a paccMoTpeulIMx BTill1Ie CTPYKTYPHhlX cooTHomeHHH lIIOn<HO aaI<JIIO'lHTb, 
'ITO 06pa30nalIHe PYA 3Aeob npoIICxOAllJIO no KpaHHeH Mepe n JJ;ne <paahl 

°pYAeneul'In. 
IIepBafI <paaa 0pYAcneuHa npoHCXOAliJIa HenocpeAcTBenHo BCJIe,l{ 

aa o6paaoBaHHeM TeKTOHH'IeCIWll 30HM, nepenoJInennoD: OKaTaHHlllMlI 
06JIOllma?1B CHJIHI<aTnhlX nop0JJ;, n npHBeJIa K o6pa30naHHIO 0PYJJ;eneJIoii: 
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TeKTOHR'<JeCROH: 6peR'<JRR, TorAa RaJ( BTOpalI, aeCKOJIbI{O 60JIoe I!OSJl.HlIlI, 

cpasa BHe,ll;peHHll PYAHoro paCTBopa npUBeJla I{ BOSHImHOBeHBIO CDJIOIDnLlX 

o 1 2 3 " SCM ! I , , « 1 

Pac. 128. BpCKQnenaAn8R PYAa lIa Y'18CTI R8MMIIKlIDII. 
IlPIlOOJUlPOB8HlIhlH llTY<P. L[epHoe - 06J10Mlnl <pIJJT.1 f1TOn 11 cepnellTU

BIlTon, cepoe - CYJ1b<PnAHbIU n,eMCIIT. 

cym.cpR,lI;HhlX PYA, 6e,ll;HhlX 06JIOM1{aMB CHJIHI{aTHLlX IIOPO,ll; B cJIararom.nx 

D,eHTpaJIbHYro '1aCTb oPYAeUeJIOH SOUbi HaM HflmBIf. 

rJIaBa 19 

PYJJ;OnpOJIBJIEHrUI HEOBblqHOrO COCTABA (YlIACTOl{ I{HEP,l(jlm:nOP) 

CTpYRTypa Y'IaCTI,a 

CYJIbcpH,lI;HOe Me,ll;IIO-IIHl<eJIeBOe opy.qOHeIIBO ),'laCTI<a IWHTI)QJH!PYOTCH 

,lI;ByMH mHpOTIILlMH TeJ(TOUR'leCKIIMR souaMIf, npOXO,ll;Hlll,IIMII D,lI;OJIb HnH<

HBX IWHTar<TOB H 'rpeTbeH cnepxy RHTpySl'IlI cepnOllTUIlUTOB. B,ll.OJIb 06eIIX 

SOH npOHCXO,ll;l'IJIO CMem.eIIRe nopoA, 6JIaro,ll;apJl '1 My 06e lll:lTpy3THI npR

neAeHbl D conpmWCHoneUHe APYf C ,lI;pyrOM. PYATlbTe TeJIa CJlOll<eHbI 

B OCHOBUOM BI<panJIeUHbIMH PYAaMR B cepneTrrrrUHTax. OT~1eTlenbi 6peJ(

'1BeBB,lI;Ubie R C01IOIIlHble CYJIbcpHAubie PYAbI, a TalnHe OPY,lI;CIIeJIble <p1fJ1-

JIBTbl. 

B D,eHTpe IIHameH llIITPySIIlI nepeCe'1eHa SOlIa BI<pall JleUHblX PYA 

B cepnCHTHuHTax, saJIeraJOm.aJI napaJIJICnbrrO e Jlema'leMY 601<Y. CYJlJ:.

<pBAHoe MeAHO-HHKeJIeBOe 0pYAeneHRe R SACCb, nO-BB,I:\l'IMOMY, IWHTPOJIII

PyeTCJI TeI{TOHRTJeCKRMR TpeID.l'InaM II, rr60 BO lJC X cnytTaJlx B MeCTax 

crYID.emrJI cym.q)li'IAUOH DI,pallJIeHHOCTII OTMetJaIOTCH >r{lIJIlm CnJIOmHblX 

CYJIbCPIIAOB, SepI,aJIa CI<OJlbll<CUIIJI C npIIMaSl,aMH pacTepThlX cynb<PIIAOB 

J'I a,HJIbi I<aJIbD,BTa H TaJIbKa TaIORC C BJ<panneuHocTbTO XaJlblWnI1pHTa, 

IIHppOTBHa H DeHTJIaUARTa. 

B cepneHTHHIITax 61lIJIH HaHAcallI cJIeAYIOID.He fHAPOTepManIlUb!e )JUIJIbi 

(n DOpH,I:\I\C DospaCTUOH nOCJJeAOBaTeJIbHOCTH): XPI130THJI0-ac6eCTOBl>le H 

?,{arHeTHTO- XPHSOTHJIO -ac6eCTOBbTe, MarueTIITOBhIe, cepnotJ.lHTOBble, I:IaOrAa 

C CyJIbcpl'l)1;aMH, RaJIbD,HTOBbiC C CYJIb<pHAaMH, I{aJIb~HTO-cepneHTHHOBllre 
C CYJIb<pBAaMH, J(aJIb~HTO-TanbIWBble C cyJIb<pI:IAaMH, TaJ/llrWBbie 11 cynb

cpl1IAHhIe. 

Bo BI<Jem.aIOm.RX pYAHbie Ten a cepneUTHHRTax ManpOCKOnl1ITJeCr<H II 

XHMHTJeCI\HMH aaaJIH3aMH OTMeqaeT JI DOCTOJIHHOe npHCYTCTBBe cyJIb<pn

Aon HHKeJIJI H MeAH. 
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OnDcanue PYA 

B pe,,'{ue8u8f£ble py8bl 

BpeR'IHeBH~LIe pyp,bI BCTpe'IeHLI BO BCeX pyp,HLIX TeJIaX 3a HCKJIIO'IerrHeM 

SOUl)[ BKparrJIeHHOro opyp,eHeHHfI BHyTpH CeprreHT1iIHllTOBoro lI1aCCllBa. OmI 

BhITIOJIHHIOT TCI{TOHWIeCIUle 30HbY, rrpOXOp,nIqrrC npCJUlYIqeCTBeHHO Bp,OJIb 

Puc. 129. 38MeIT\eoue OuppoTlln8 (no) 
n03AHIlM 18rueTUTOM (cep8SI KpSUb) n 
[JceBAoMop<p03e uo onunrmy. CpeAIi mrp
pOTuoa II 0 HTJI8UAlfT8 (nil) DI1JJ.HbI pe
JIlIXTbI lIUIJlOl< Tanbl{Q (qepnoe) H BTO
pU'1HorO MarneTllT8 (TeMIIo-cepoe D rrenTpe 

>RllJIOK). illJlll<p. 1993. X201. 

Pac. 130. 3aMeIT\eHlle IJlIppOTUHa OUpU
TOM (6enoe). lJe~ -uePYAHble H BLI-

60UHbl. X86. 

KOHTaI{TOB CepneHTllHHTOB C 4>HJI

JIHTa1ffH, pe)l{e ~eJIHKOll1 B CeprreII

THHHTaX HJIH 4>HJIJIlITax. 

MHHCpaJIOrn'IeCIUlfr COCTan CYJIb4>ll~oro ~eMeHTa B 6peH'IHenH~OH 
pyp,e 06bI'IHbTll J.1 BI>lpa;ltaCTCfI B Cpep,HeM: rrllppOTHII - 75-90%, rrenTJIaH

p,RT - 10-15 %; XaJIbHOIDlpTiT - OROJJO 10 %, I<aJIb~HT H p,pyr:ue mRJIb

JiDIe MIlHepaJIhl - 5 %, OT aTflX cpep,HHx cop,ep}J\aHHll l1J.1eIOTCfI 60JIbnme 

OTHJIOHCnHR. 

Cn.ltOUJ.f£bte py8bt 

ITop4>HpoBHp,llhle 3epna paaMepolli p,o 3-4l\1M rrpep,CTaBJIeHbl nCHTJIaHp,HTOM. 

OCHoBHafI cym.4>Tfp,UafI Macca IDlceT aJIJIOTpHolliop4>HoaepHHcTYIO CTpyRTypy 

J.1 CJIOn,eHa rJIaBHWl oopa301lI 3epHHCTLIMH arpcraTallflil nHppoTHRa, no ne

pH4>epHH 3cpen I<OTOpOro 11 pe}}{e no TpeIqImI<aM B Helli pacnOJIaraIOTCfI MeJIRHe 

yp,JIHHeHHLIC BLIp,CJICnHH neIITJIaHp,HTa pa311IepOllI B COTbIe p,ome IIIHJIJIHMeTpa. 

ITo nnppo:rnuy MCTaCOl\laTH'IeCltIDI nyTelli paaBnBacTcH IDlpHT (pHC. 130) 

B BHp,e sepeH, CJIaraIOIqHX HenpaBHJIbHLIe y,llJIHHeHHble yqaCTInt:. 

0pYiJ.enenble cepneHTUUDTbI 

Opyp,eHeJILIe cepneHTfIHHTLI HBJIHIOTCJl rJIaBHbIM THnOlli pyp,LI. OHH pacnOJIa

UIOTCH B Henocpep,cTBeUHOB: 6JIHaOCTR K opyp,eueJILIM TeHTOHH'IeCI<HlIi aouaM. 

CepneUTlilll1TLI !l6JIH3H Tel,TOHH'IeCI<HX 30U CHJIl)UO XJIOPHTH3HpOBaUbl H 

OTaJIbI<OBanbl; COCTOHT H3 TaJIl)}(a, cepneHTHHa, XJJOpHTa, peJIHI<TOB nHpo

RceHB" TpeMOJIHTa, CYJIb4>Hp,OB, MarHeTHTa H HJIbllieUI1Ta. 

ROJIll'ICCTBO HJIbMeHllTa H nepBH'IHOrO MarueTHTa He npeBblIIIacT 1 % • 

lIJIbl\1eHllT BCTpe'IaeTCH B BRp,e yp,JIllHeHHblx Bblp,eJIeHHB: B npOMe}[,YTHax 



200 rJIADA 19 

Me}I()U' SepHaMH OJIHBHHa (pHC. 131), Hepe,n;IW B cpaCTam1H C XaJIbRODHpUTOM. 

O TMe'laeTClI liD JIelIIIe SaMem;eHUlI HJIbllfeUUTa XaJIbRODltprrTOM. Parrul1Iii 

PIlC. 131. ItIJlb'1ennT (nJl) 11 XaJILIW
rrnpuT (xn) B cJla60 0pYAeneJIOM cep
lIeIlTHBTtTe. Xa.TIb({QI1UPIlT 'laCTa'lIJO aa-

Mem;aeT HJIMleBHT. X86. 

Pnc. 132. Panlluii Marne"HT (AIm-I); 11031\
HUll (Alm-Jl). 60ne COeTJlOrO OTTenHa. 
paanxBa Tcn MeTaCOM8TJ'I'leClnIM nYToM. no 
mrppoTUBJ' (no) R DODTJIaDAnTY (nH). X201. 

MarHeTHT npucyTcTByeT B DI1,n;e paCCeHHHbIX H,n;HOMOpqlUbIX SepeH B UpO

Me;HYTJWX 1>lem,n;y OJIHBUnOM, Sa'laCTYIO C CYJIbcPHJl.allUr. IIoa,n;HHli MarHe

PHC. 133. 11 DTencnnnoe aaMem;e,Ellle neH
TJIaDAIITa lJ nllOJlapnT8 (GeJIoe) Marue
Tl1TOM (cepoe) no nepu¢epllll aepna H no 
Tpem;nBK8M. l.Jepnoe-cepnenmn. X201. 

THT paSBUBaeTClI MeTaCOMaTH"leCKU no 

nUppOTHHY (puc. 132). 

CyJIbcPu,n;uaH BJ,paDJIeHIIOCTb co

CTOHT H3 nappOTURa, nCnTJIan,n;HTa n 

XaJIbHOnupHTa. lliupoJ(oe pa3BUTue 

mreeT n03,n;Huii MarneTUT, 3aMem;aIO

m;uii IIUPPOTl1lU 1I neUTJIaH,n;UT (prrc.133). 

I-\OJIH'leCTBO II03)J,uero MarHeTHTa 

IIHor,n;a 3Ha 'lHTCJIbHO. Oco6eniio BOJIURO 

co,n;eprI~aHIle Ma!,HoTIITa B 0PYi,.eIIeJIOU 
IIpIIJ(OHTaI{TOBOll paSJIOBn)J,no~H cep

nenTIIHI1TOB. B ,n;pYrl'rx CJIY1:faHX OT'leT

mlBo Ha6JIlo)J,aeTcH HBJIenllC saMem;OHEH 

cYJIbcPu,n;aMu pallnero 30naJIbnOro Mar

BeTIITa, npe.HJIIYIIl,CCTllCHno ero ua

pyn\HOH 60JIee CBeTJIOU 060JIO'lKIl 

(pUC. 1 34) . 

Pa3Mep CYJIbcPH,n;nou BI<panJIen-

HOCTH napbHpyeT OT O.01,W 1 M1I1. MeJI

KHe Bl\panJIemUI 06bI'lIIO MOHOMHH8-

paJIbUbI: COCTOHT fiJIn U3 nHppOTnna, 

lIJIH H3 XaJIbIWnHpIITa, pe;Re H3 
nllppOTHHa 

H3 arperaTa 
neHTJIaH,n;UTa. BOJIee npyllHbIe BHpaUJIeIlHHl<H COCTOHT 

nHppOTHHa, neHTJIaH,lJ.HTa, XaJIbIWD1IpUTa, MarHeTHTa H 



XJIOpnTa. 

ROTOphle 
pnTa. 
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OTMe~reHhl DI{panJIenHBKI!t neHTJIaH,UBTa paSMepOM 0.3 lInI, 
TalURe npOHBaaIlhl pOaeTI{aJliB 1'1 nytmaMH BrOJI:b'laTOrO XJIO-

Puc. 134. BhlAcn IHtC mlppOTlfHa (no), 0 DTJlaDJJ;l'lTa (nil) II 
xa.m'KonrrpiiTa C I!fOJlb'IaTblM XJlOpIITO~l ('lCpDoe) B 0pYAcne
JlOM cepnenT1UJIlTe . CYJlbcpnAbI aa 1em.aIOT paHDHll aOnaJlbnblH 
MarHeTHT, npel1Mym.ccTneHHo HapY)f(HYlO 60Jlee CneTJlYIO aOHY, 

X460. 

BecnuppOmWt06ble 61CpanAennble PYObl 6 cepnenmunumax 

11PH Hay-qenIlU COCTaDa DI{paIIJreIlHbIX PY,U DIIepnhre n paHOIle DCTpe'leHa 

pa3IlOnIl,UnOCTb 0 PYAeIleJIhlX 'IepIIbIX CepneHTI1IlIITon C UIlOH napareIleTll'IeCROH 
aCco~a:qBefr PY,UHhlX lIlHUCpaJIOB, D ROTOPhlX OTCYTCTDyeT nnppOTlm n nplI
CYTCTDYIOT XRJIbl<OIDJPHT, neHTJIaII,UUT, 60 pHRT, MarHeTlIT U HJIbMe

HilT. 
110,U lI{llHpOCIWnOM B OTpameHUOlll CBeTe YCTanaBJIIIBaeTCfI Tpn DRAa DJ{pau

JIenHRROD: 

1) HAffOMOP<PHhle II nenpanRJIbHhle aepua 1'1 arperaThl 3epeH MarueTRTa 
][ BJIbMeIlnTa pa311lepOM OT 0.03 ,UO 0.2 !'.IM; cpe,UH HRX npe06JJa,UaloT Benpa

DIIJIbBOH <pOPMLl aepna CUJIbHO aBRSOTpOITDOrO RJIblIJeBllTa; 
2) Ton<raiimne npO}K11JIIUI MarHeTUTa, Hepe,URO nepeXOWfW,lIe D TOU

RYIO Cblnh B DEt,Ue ~enO"leR JIIeJIb"laHIIIJ2[X sepeB; TaRafI DKpanJJeHHOCTb 
npIIypO'IeUa K nceB,UOlllO P<POSaJl1 ceprreBU:Ha IIO OJIHBlllIY, HO OTMe'laeTCR: TaK}l{e 

R no ITIrp0I<CeHY; 
3) CYJJb<pl'l.uno-MarHeTHToBble 

Mhl, COAepma~Ji[e HTOJIb'IaThlH 
DeBIlO B npOMemYTI{aX Me}J{,UY 

BnHY· 

BRpaIIJIeBHHRH HenpaDHJIbHOH <pop
XJIOpHT; pacnOJIaraIOTCH npeHMy~ecT

ncen,UOMop<poaaMH cepneHTHHa no OJIH-

CYJIL<pu.uno-MarHeTHToBhle BI{paIIJIeHHllRH OOhl'IHO COCTOHT RS MarIIeTHTa, 

xaJI.bl\OnRpIITa C BI{JJIO'IeIlHeM 60pm1Ta, neIITJIaH,URTa. 11pH aTOM CYJIh<PH,UhI 
Bcer,Ua pacnOJIaraIOTCH B l.(eHTpe DKpanJIeBIIHRa, a MarHeTIIT - no nepH<pe

pHH. 11eBTJIaII,UHT Dhl,UeJIJIeTCJI HCI{JIIO'IHTeJILHO B BH,Ue HaOMeTpH'lHhlX, Hepe,UI<O 
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npaBHJIbBLlX RBa;a;paTBLIX SepeB cpe;a;n XaJIbIWIIHpHTa, HnOr;a;a C MarneTHTOM. 

OTCYTCTBYJOT nJIaCTHB'IaTLle BLl;a;eJIenHJI nenTJIan;a;HTa. 

BOpnHT (CuSFeS4 ) BCTpe'Ien B IIe'Ienre B TaI<OH aCCO~Ha~HH JI B ;a;aBnOM 

TUne py;a; BnepBLIe. 06LI1IH0 BTO oI<pyrJILle JIJIH nenpaBJIJILnLle BLI;a;eJIenHJI 

cpe;a;H XaJIbI<OnUpJITa HJIII B acco~uan;UH C nHM no rpanHn;aM sepeB nenTJIaB

D,HTa. B TOHI<HX npO}I<llJII<aX XaJIbH:oIIHpHTa 60PBHT CJIaraeT HX Olwn

'IanHJI. 

XUMH1IeCI<Hii anaJIJilS 60pnHTa, BbIIIOJIHeHHLlH C. 11. CI-Il1PIIOBOif, IIOI(a

saJI: Me;a;H - 59.87 %, )I,eJIesa - 10.86 %, cepLl - 24-25 %, BepaCTBOpH

Moro OCTaTI<a - 4.96 % . 
B CBeTe HSJIOiReBHOrO CTanOBJlTCJI nOlIHTnLlMlI I<pHBLIe co;a;ep>KanJilii HJil

ROJIH 1'1 Me;a;H BO BI<paIIJIenBLlX py;a;ax. Ha rpaqnmax B cJIa60 opy;a;eBeJILIX 

CepneBT1'lHHTaX BHCR:1IerO 601(a I<pHBLle CO;a;epll<anH:l1 lIHJ(eJIJI II Me;a;Jil 6'oJIee 

HJIH MeBee napaJIJIeJIbnLl, onH BLlpa>I(aIOT ;a;OBOJIbnO YCToiPm:noe COOTBomer 

nHe CO;a;ep>I{amIJI nHI<eJIfJ 1'1 Me;a;H, paBHoe rrpHMepno 14 : 1. Ho I<al( TOJIbI<O MLl 

BCTynaeM B sony 60CII1IppOTHnoBLlx XaJIbIWIIHpHTO-IIerrTJIaB;a;HTOBLIX C 60p

nHTOM py;a;, I{pRBLle co;a;epmamu1: Me;a;H pe3I<0 rro;a;IIHMaroTCJI BBepx, rrepe

cel,alOT RpHByro CO;a;epJI{aHHii nHKeJIfJ H na BCro MO~HOCTb BTHX py;a; MLI HMeeM 

o6paTHoe COOTHomenHe CO;a;ep>I\aHHH HHI<eJIJI H Me;a;n, paDHoe rrpHMepno 1 : 2. 

B1l,pan.tteftftble pyObl 6 (j3uJI,JI,umax 

Br<parrJIennLle py;a;l>! B «pHJIJIJilTaX ID1eroT neSHa'IHT8JIbUOe pacrrpOCTpaH8nH8 

B JI8)I{a'IeM 60I<Y ceBepHOH 0pYJleneJIoii TeI<TOHH1IeCI<oii SOHLI, OUH corrpOBO

>I<;a;aIOT OpeI<tJJleBH;a;Hble py;a;bI. HapJl;a;y C BUpaIJJIeHHOCTbIO II IJPO}J(HJII<aMH 

Pac. 135. BbII~eJIeBae naJIJJepaHTa (sa) cpeAR XaJJbKODlIpnTa 
(xn), 'JepBoe - KaJJbo.lfT, X460. 

CYJIb«pH;a;OB B «pIIJIJTJilTaX IJO'ITH rrOCTOflHHO OTMe'IaroTCJI RBapn:eBO-KaJIb~JilTOnLIe 
}lmJII<Jil C XaJIhI<OIIHpHTOM, nHppOTHBOM, neBTJIaB;a;JilTOM, C«paJIepHTOM, rrHpU

TOM, BaJIJIepHHTOM, raJIeHHTOM, XJIaOBTHTOM. B aTJilX mHJII<aX I<aJIb~JilT 60JIee 

MOJIO;a;oii II ~eMeBTJilPyeT pa3))'p06JIeBBble SepBa I(Bap~a. 



Pnc. 136. BhlAelIeHlIe c(panepIITa (c¢), ralIeBlITa (ea), neH
TJlaBARTa (nn) II XalIbl<oIIBprna (xn) B IInppoTIlHS (no); 

'1SPUOO - nepYABble II Bh16011Hbl, X195. 

PMC. 137, ilhlAeJIeRne 6enoro lIaOTpOillioro MlIHepalIa (XJIO
aUTe!'!"/) B XaJIbltOllllpOTe X460. 
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B a JI JI e P R R T (Cu 2 Fe4S 7 RJIU Cu 2S-2Fe2 3) BCTpel:JaCTCJI CpeAl!" 

XaJIbKOlllIpRTa B BIlAe YAJIRHerrHbIX meCTIlrparrmmOB UJIU TOm<BX .. 

HHorAa KOJIeHOOOpa3Hl>IX rrJIaCTHHOI{ (puc. 135), TOJIII\fiHOH 0.008-
0.016 J\{M H AJI:EmOH 0.3-0.4 J\{l\1 C xopomeu crraHHOCTbIO. B OTpameIIHOllf CBCTe

~llCT I{PClIfOBhlll, TClIIIIec DUppOTIiUa. Ol:JCDb pe:mo BIJpa'I<CDhl JIBJICHIIJI ABY

OTpaiJ{CHUlI, corrpOllomAaellfhlC ~BeTHbIM acpcpcr{Tollr: R 0 (DapaJTJrCJIbBO YAJIIIHC

HUlO) - CBeTJIO-){ eJIThlll, R~ (DepDeHAIlKYJIJIpnO YAJImremuo) - TYCKJIO-Ce

phlH. B CI\pe~eHHbIX HUHOJIJIX CIIJIbHO aHU30Tponcrr. HCPCAT{O BaJIJICpHIIT 

llhlAeJIHeTCH D BHAeY3Kolmaell1HDDo rpanIl~e 3epeD DlIppOTIlDa D XaJIbIWDRpDTa. 

n R P H T DCTpe"laCTCH II BRAe l:JCpBeOOpa3Hl>IX Ji3llJiJIHCTMX peJIbecpHbIX 

BhlAeJIeIIUH B aCCOIJ;Han;IIR C rrHppOTUIIOM H XaJIbl{ODUPRTOM, lIICCTaMH CPCAl! 

I\Bap~a. . 

IT e H T JI a H AUT - O"lCHb peAJUle H30MeTpJIlDIbiO 3epDa cpeAR CYJIl>cpUA

Hl>IX Bl{Pa DJIeHHI!IKon , conepmeDHO He H3MCHeH. 

r a JI e H H T OObIlffiO nCTpC'IaeTCfl n aCCO~Ran;HlI C XaJIbIWDHPRTOM II 

ccpaJIepHTOM B CYJIbCPIlADhlX >IUlJIax CpCAH opyp,eHCJILIX OOIWBLIX DOPO)l. 

<I>opMa llhlAOJIeHRH - ol{pyrJIhle D JIHn3000pa3Dble sepHa OCJIoro H CRHe

BaTO-OeJIoro n;BeTa pa3l1fcpOM: 0.03-0.05 lIfM (pRC. 136). B OAHOllf CJIYl:Jae 

B raJIemrTe oonapy}!{eno MeJIb'Ia:umee JlIHI{POCI\OIllflIeCRoe BHJIJOl:JOHHe O"lCHb 

CDeTJIOrO C meJITODaThlM OTTOHI\OM MHHepaJIa, DO Bceir nepOflTHOCTR, caMopOA

Horo cepeopa. nOCJIe Toro l{aH raJIenHT Ol>lJI OOIIapY}I(eII H ODpep,CJICn II oopa3-

n;ax H3 yTlaCTI\a RHepAII{HDOP, DpR BIIHJl1aTeJIbHOM BTOPH'IHOllI DepeCMOTpe. 

I\OJIJIeI{~RH mJIRcpOB orr Obm oonapY}Hen Tal{IJ{e n B APyrnx yqaCTJ<ax. 

C cp a JI e p R T Bblp,eJIHeTCH B BRAe MOJIHRX 30peH pa3MepoM 0.02 !I1M_ 

X JI 0 a H T l! T (?) BCTpel:JeII CPCAH XaJIbI\ODRpUTa, a TaHmc B KaJIb~RTe
(pRC. 137). no cpaBIIeHRlO C XaJIbI{OURPHTOM Ha,J,eTCH ClleTJIhlM C P030DbThJ 

OTTeRI{OM. Pa3Mep 3cpeH 0.01-0.02 MM. (J)opMa 30POH - ycelJeHHble Tpaue

~HR, DapaJIJIeJIOrpa1l1lllhl, HHorAa DpJI.lIlOyrOJIbl'imm, IHlaApaTbI n MHoroyrOJIb

naI\H. TpaBHTCH a30TDOH IUICJIOTOH (1: 1) C BhlHBJICHROM 30HaJIbHOH CTPYI{TYPLI_ 

no ODTRl:JOCI\DM R cpR3H'IeCrUllll CBOHCTBaM n I{pDCTaJIJIOrpacpD'ICCI\IlM ocooeR

HOCTJllI1 ero MOHtHO OTHCCTH I{ rpyrrDe apceHHAOD HIIReJIH II I\OOaJIbTa: XJIO

aHTRTY ( iAsz)-cMaJIbTIIHY (CoAs 2). B CBH3R C 1>JCJIHRMR pa3MepaMl! 30peH 

DORa He YAaJIOCL DbT,o:CJIHTb aTOT MllHCpaJI AJIJI penTreDOMeTpIIl:JCCKoro H XRlIfl[

l:JCCKOrO aHaJIR30B II DPOH313CCTR OOJIce TO'lHOC ero onpOAOJIeHne. 

TaKHM oopa30M, no COCTaBY PYAooopa3yIO~lIx MllHepaJIon PYALI YlJaCTK8 

RHepAlIumop pa3AeJIJIlOTCH na ABa TJIIIa: 1) OOJiIlIHhle DRPPOTIIIIO-T1CHTJIaH 

AHTO-XaJIbHOIIRpHTollhle PYALI C MarHeTRTOl\'f, HJIbMeHHTOM, BnOJIapffTOM, 

raJIeHHTOM, ccpaJIepHTOM, DHpnTOM, BaJIJIeplfHTOM, XJIOaDTltTOM, HOTopbIe 

CJIaraIOT PYAHhlC TeJIa IO}lUlOlr 30Hl>J, a TaIm,e OpeRlJI1(>BHAHhle II CUJIOIU

Hhle PY)lbI cenepHoH 30HbI; ~) XaJIbROnnpI1TO-DenTJIaH)lITTO-MarneTllTOBbJe

py,o:LI C OOPHRTUM H HJIbMCHlITOU; 3TO HOBaJI AJIfI neqeDrCI<IiX MeCTOp0il<p,e

DHK DapareHeTJPleCHaH aCCO~Ra~lIfI lI111HcpaJIOB, rAc lI1eCTO nHppOTIIHa 

aaHRlI1aeT OOPHtIT. 

XapaRTepHOH ocooeHHocThIO MllHepaJIbHOrO COCTaDa PYA HBJIJIeTCJI DOBLI

mCHHoe cOAep>I{aHRe MarH~TRTa II HJIbMemna. 
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TJilIIbI P'Y,n 

I1s IIpHne,lJ;eHHOrO nhlIIle OIIHCaHHH BH,lJ;HO, 'ITO CYJIl,<pH,lJ;HhIe Me,lJ;HO-HHRe

.JIenhIe PY,lJ;hI neS,lJ;e IIpe,lJ;CTanJIeHhI B 06m;eM O,lJ;HHaRonhIMH THIIaMH H paSHO-

13ll,lJ;HOCTfiMH, IWTophIe Ha JIl060M Y"IaOTl<e xapaRTepHsyIOTClI aHaJIOfH'lHhThIH 

rJIanHhIMH oc06eIIHOCTlIMH MOP<POJIOfHH H COCTaBa. B 60JI:bmHHCTne MeCTO

pOiK,lJ;eHllll BCTpe'IaIOTClI cxoa<lle no CBOHM oc06eHHOCTHM O,lJ;HH H Te iKe paa

HOBU,lJ;HOCTU PY,lJ;. 
Hall60JIbmOe pasIIo06paaHe PY,lJ; Ha6JIlo,lJ;aeTCH B ,lJ;BYX yqaOTRaX RaYJIe 

n llHJIl,rYHpnH, f,lJ;e BCTpe'IaIOTCH Bce TaIIhI II paaHOBH,lJ;HOCTH, H3neCTHhIe 

JIH IIe'IeHfH. 

PY,lJ;hI RaYJIhI OIIHChIBaJIHC:b HeO,lJ;HORpaTHO, O,lJ;HaRO IIpH aTOM OT,lJ;eJIbHLJe 

HCCJIe,lJ;onaTeJII[ llo-paSIIOMY paS,lJ;eJIHJIll HX. B Ta6JI. 11 IIPHBO,lJ;HTCH COIIOCTan

.JIellHe paaJIH'lUhIX THllon PY,lJ; RaYJIhl, Bhl,lJ;eJIeHHhIX n paSHoe BpeJl[H. 

Ta6JIlll.{a 11 

TUUM PYA ropbI HayJla (no paaubiM Aeneuuml) 

OCJlOnlloil: Ton - ce
pan M JIKOaepmr
CTan Macca TORKO 
CPOCIUHXCB CYJIb
cl>IlAOD H CIIJTllRa
TOD. 

Ihmpeubnt(IUf D cep
IIeUTllHH.Tax. 

Ibmpenbnl.{Hll D CJIall
l.{ax. 

[lOpcl>llPODhlii 'fUo. 

Cnann;eDaB 6peK'IHn. } 
BpeR'lH8Dan pyp,a. 

Xaanana (1939) 

BRpamleUHOCTb 
B cepneHTnHDTax. 

CeT'IaTb18 II 6ep,
uhle PYALJ. 

IDUJImiTOBb18 
PYAbI. 

}RllpHhle PYALJ. 

BpeR'l.llpOBamn.Je. 

I 
I<onnelCTHB <colOsmmeJlb-1 f. II. fop6YllOB 

OJlOBOnpoelCTt (1945 r.) (19"7 r.) 

0pYACUeJJbI8 cepnen
TUllHThI. 

0pYAeUeJThl8 cep
lleIlTIHUIThl. 

Opyp,eneJIhle 
JIllT.bI. 

cl>lIJI- 0pYAeUeJIbIe cl>nJI

MaCCHDuaB pyp,a. 

BpeR'lIIeDLJe PYAbT. 

JIHTbI. 
CnJIOIDUbIe CYJIb-

<{mARhle PYAhI. 
0pYAeUeJIaB TeKTO

nnqeCRaB 6peR-
'lRB. 

Ta6JI. 11 IIOI<aShlnaeT, qTO IIpH paS,lJ;eJIeHllII PY,lJ; Ha THIIL! HCIIOJIbSonaJIHCb 

paSJIH'lHhle ImaccH<pHRa:U;HoHHLle IIpH3HaRH, Ha OCHOBaHHH ROTOPhlX BhI,lJ;eJIHJICH 

-rOT HJIH HHOH THI1 PY,lJ;hI (TeRCTYPHhle H MOP<POJIOfH'IeCRHe oc06eHHOCTH PY,lJ;, HX 
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CTPYI{Typa, reHeTH'IeCRHe OC06eHHOCTH, npOIlfLIIDJIeHHaH n;eHHOCTb PYAhl, 

xapaHTep BMeID;aIOID;ei nopOAhl HAP,), IIpR aTOM B Han P;OM p;eJIeHHH CMemH

BaJIHCb HeCHOJIbIW I<JIaCcH4>HI{an;HOHHDIX npn3!IaUOB; Hp0ll1e Toro, OAHH R 

Te ,1(e PYAhl ua3LIBaJIHCb no-pa3HoMY, B 3aDHCIH1OCTH OT Toro, HaIWii: npH3uaH 

npHHmraeTCH 3a onpep;eJIHIOID;l1ll. HanpFIMep, cnJIomU.bIe CYJIb4>up;uhle PYAhl, 

no AeJIemnO r. M. rOp6YHoBa (onpep;eJI1IIOlD;RM Ami HHX HBJIHeTCH cocTaB), 

pauee Ra3hlBaJIRCb lIfaCCIIBRhIMII (no Tel{CType), }J\HpHIDIII (?), nop4>HpoBhUlUI 

(no CTPYRType). 
B HaH60JIee nOJIUOH I{JIaCcR4>HRaD;Im r. M. rop6ynona '1:eThlpe rJIaBneii

mHe THna PYA OTJII1'1:aIOTCH APyr OT p;pyra no cnoc06y OTJIOrKOHHH, BeID;OCTBeH

HOMY COCTaBY, TeRCTypHhIM oc06eHHOCTllM H npOCTpaHCTBOHHOJl[Y nOJIomemno 

B PYP;HOM TeJIe. TaI{HM 06pa30llf, 3p;eCb TaI{me npHIIIIlIfaIOTCH no ' BHRMaHHe 

pa3JIH'1:HhIe RJIaCCH<pHJ{aD;HORHhle npH3HalnI. reneTIf'C[CCIWii CIICTeMaTft1(H PYP; 

RaYJIhl B UacTollID;ee Bpe!vUI He cyru;eCTByeT. 

Ha YlJaCTKe IIHm,rYSIpI3II, Hal{ 6DIJIO C.Ka3aHO Bhlme, Bhlp,eJISIIOTCSI p;na 

Mop4>OJIOrK'leCIUlX THna Mep;UO-HIlI eJIeBhlX Pyp;: 1) nl{panJIeHHhle PYP;hl; 2) 0PY

p;eHeJIhle TeJ{TOHIIlJeCIUre 6peI{'lHH C nop;'DHleHHhlMH CnJlOIDUWIH CYJIL4>HP;HhlMII 

pyp;a?m. IIpoBep;eHHoe 3a nOCJIOp;HUe rop;hl n3yqolllie Bl<panJIeHHhIX PYP; 

nOJ{a3aJIO, 'ITO cpep;l1 HHX BhIp;eJIllCTCll p;Ba rOHeTlflJeCIUlX nma, OTJIlI'IaIO

ID;HXCll p;pyr OT p;pyra no CBoeMY npOllCXO)l{p;eHIlIO: a) COpneHTHHIl3UpOBaH

Rhle nepHp;OTHThl C CIlp;epOHuToBoii: Bl<panJleHHOCTbIO; 6) 0pYJl.cnOJII>le rHp;po

TepMaJIbHO H3l11eHeUUhIe (aM4>u60JIU3RpOnanHhle, OTaJlbI<OBaHHhlO R XJIOPH

Tl'I3HpOBauuhle) YJIbTpaOCHOBHbIe nopop;hI C pa31I006pa3Hoii no MOP4>OJIOrHH 
H npOHcxomp;eUllIO BI{panJIeHHOCTbIO (peJIIII{TaMlI cllp;epoHuTo130ii DI{pallJleH

HOCTH H nepeOTJIO>RoHHOH, '1aCTblO MeTaCOMaTR'IeCIWH BI<panJIOHHOcTbIO). 

RpoMe Toro, na Y'laCTl(e IJrrJIbrynpnII, Tal\ me I<al{ If na ItaYJIe, pa3-

BHT.bI opyp;eHeJIhle Ty4>oreHHo-oCap;OWLIe nopop;LI, I OTopLIe P;OJl}HHhl 6LITb 

Bhlp;eJleHLI B oc06hlii nm, npoTHBonOCTaBJIJleMhlH panee nepe'InCJIeHHIDI PY

p;aM, npuypo'IeHHhlM I{ lIUcTpyslIBnLIM YJIbTpaOCnoBnwl URI<eJIenOCnLTh1 

MaCCHBaM. 

B Ta6JI. 12 npRBep;eno conOCTaBJIellHC TunOB PYP; RayJILI U yqacTKa 

IJrrJIhrYSIpBll, B I<OTOPOIl1 HarJUIp;HO BhlHBJIHeTCH p;eJIenue HX no Mop4>OJIOrH'C[e

Cl\llM H reneTR'IeCJ{lIM rrpH3HaI<aM. 113 'l'a6JI. 12 BHP;UO, 'ITO BLIp;CJIJHOTCH CJIe

p;YIOID;ue TUUhl CYJIb4>UP;HhlX Mep;HO-HUHeJIOnhlX Pyp;. 
Bl\panJIeHHhle Pyp,hl npep,CTaBJIeHl,I P;DY?l1l reBeTIl'IeCI{lHm Tl1rraMlI. 

1. CepneHTlmH3UpOBaHHLle nopHp,OTRTLT C cllp,epOnl1TOBOii BRpaUJIeHHO

CTbIO. Pa3BHThl Ha Y'IaCTl(e lll1JIbfYJIpmr; Ha HaYJIe ue lJbTp,eJIHIOTCH, TaJ{ 

RaR cepneHTHHRThl RaYJIhl CBJIhHO B3MeneBhI llaJIO!} OHHbHOl rHp;pOTepMaJIb

UhlMH npOn;eccaMH (oTaJIbIWBUHUe, XJIOpHT1l3all,IlH).1 Mop4>oJIOrn'IocHH npep;

CTaBJIHIOT c060ii: BHpanJIeHHLIe Pyp;JJ C I{PYUHOll: cBp,epoHHToBOii BI{paUJIeH

HOCTbIO. Oc06eHBocTHMH nx JIBJIllIOTCH: npllypO'IeHHOCTb R CJIOHM Te'IeBHfJ; 

npBCYTCTBue cup,epOHHTOBhIX BLIp,eJIeBHH CYJIb<PllP;OB B BaIfMORce H3MeReHHhlX 

nepBp;OTBTax, nop;BeprmHXCH TOJIbIW ccpneHTHRH3an;lIH, J1Ilo!'p;a HenOJIHOii, 

C coxpaHeHBeM pemIRTOB OJIHBlIHa; paHHllH l'pnCTaJIJI1l3aIl,llSI CY;Ib(llBP;013 

CBp;epOHHTOBhlX Bl<panJIeHRUIWB (no cpaBHeHHJO C Bl{paUJIeHnOCTbIO nToporo 

TBna, CB1l3aHHoii: C HaJIOmeHHhlMH npOIl,eCCaMR rHp;pOTepll1aJIJ)Horo MeTaMOp-

4>H3Ma); paCTBOpeBRe CYJIb4>Up,OB CHp,epOHUTOBhIX BI<panJlel1J:IRl\OB B 30Hax, 

nop;BepraIOID;BXCll paCCJIaHn;eBaHBIO H rBp;pOTepll1aJILHOMY MeTa~JOp4>H3MY. 
2. Opyp;eHeJIhIe rHAPOTepMaJIhnO H3MeueHHLIe YJIbTpaOCROBHDIe nopop;hl. 

Pa3BHThl ua RaYJIe, DHJILfYflPBH H BO Bcex p,pyrux yrracTl\ax. reOJIOrH

'IeCI<B npHypO'IeHLI H HaJIOn{eHHLIM CTpyHTypaM, paCIIOJIaraSICb Rap; 30HaMH 

1 eM. CBOCKI!l K Ta6Jl. 15. 
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CpaBlienue TonOB PYA ropbI HaYJlbI U Y'IaCTI<a ITUJlbrYSlpBU 

nllnbl'YflpDIl Rayna 

CepneHTIUm3llpOUaJ1IfWe uepuAorliThI C CH- - 2 
AepOHUTOBOU: lll'paIlJlCRROCTbIO. 

0pYAeneJIhIe rnApOTepManbHO Il3MeneUUble 
YJIbTpaOCROBllble DOPOAbl: 
a) cJla60 0PYAelleJlble, 
6) CllJlbHO 0PYACllenble, 
B) - S 

0pYAerrenall TeKTOllliqeCKall 6peKQHll (6peK
QneBall pYAa). 

COnOmEThle cym,<{lllAHble PYAbl: 
a) MaCCIlDllble UUPPOTBBO-OCHTJIaHAHTOBhIe 

(c oop<{lnpoBHAHoii: crpYRTypoIi), 
6) XaJIhKOnl1pUToBhIe. 

0pYAeneJILIe HRTenCilBTIO OTaJIbROoaO
Hhle l'f XJlOPl1TIl311pOoaHIII,le cepnenTIl
lliIThI (T. e. rllApOrepMaJIbnO H3Menen
Hble nopOAhI): 
a) cJIa60 opYAenenhIe, 
6) PJIAOOhle PYAhl, 
0) «cephIe» PYAhl (MeTaCOMaTDTbl). 

0pYAeneJIaJI TeJ<TOHnqeCI<an 6peK<llIll: 
a) 0pYAeaeJIhle 6peK<rnenhle PYAhl, 
6) 0PYAeaenhle 6pel,QHeODAnhle PYAbr. 

CnnOmHhle CYJIb<{lHAHble PYAw: 
a) MaCCHDHhle MeJlK03epmlCTble, 
6) MaCCHOHwe C UOPcIlllPOBHAROll CTPYK

TYPOH, 
0) UOJIOCaTWe PYAM. 

0pYAeUeJIl>Ie <{lHJlJIRTbI. 

opY,Il;eHem.IX Tel(TOHll'IeCRHX 6peI{q-rfi{. OTJIH'lHTeJIhHbIMl1 'IepTaMl1 9THX PY,Il; 

lIBJIlIJOTClI: napareHeTH'IeCI{alI acCOn;Han;HlI CYJIh<PH,Il;OB C ROMnJIeKCOM BTOPH'I

HhIX rU,Il;pOTepMaJIbHbIX MHHepaJIOB (TpeMOJIHTOM, TaJIbI<OM, XJIOPHTOM, Kap-

60uaTOM), pasBHBaIOrn;nXCJI sa C'IeT cepueHTHHa 1'1 mIpOKceHa cepneHTHHIIsII

pOBanHhIX nepIIAoTlITOB; pasHo06paSH:ble MOP<POJIOrH'IeCIUle <pOp1\1"bI BbI,Il;eJIe

HHlI CYJIb<PHT~OB, OTJIaraIOrn;nXCJI npeHlI1yrn;ecTBeHno nYTeM saMern;eHHJI 1'1 
MeTaCOMaTosa no HepY,Il;HhlM MHHepaJIaM (C 06paSOBaHHeM PY,Il;HO-CHJIHI{aTHbIX 

nCeB,Il;OMOP<P03 no cepneHTHHIIsHpOBann01\ry OJIIIBIilHY Iil lIIilpOI{CeHY H TOHHIilX 

cpaCTamlu C BTOPlI'IHbIMll MHnepaJIal\1H), lIBJIenHJI nepeOTJIOiKemiJI CYJIb<PH,Il;OB 

nplI npon;eccax rlI,Il;pOTepMaJIbnOrO MeTal\IOp<pHSMa YJIbTpaOCHODHhlX nopo,ll;. 

Ba}l{HOH oc06ennocTbIO 9TIIX PY,Il; JIBJIlIeTCJI TaI{iKe nepaBHoMepHoe pasBII

Tlile npon;eccon opY,Il;eHeHIIlI II CBJISalInOrO C HIIM rH,Il;pOTepMaJIbHOrO MeTaMOp

<pHSMa, YCTanaBJIHBaeMOe Ral{ B npe,ll;eJIax Ra}K,Il;OrO OT,Il;eJIbHOrO yqaCTHa, 

Tal( n npn cpaBnennH paSJIlI'IHblX Y'laCTIWB. B HaH60JIbmen CTeneHIil 3TH 

npo~eCCbl npOTeJ{alOT D HenOCpe,ll;CTBeHHOH 6J1l'I30CT.H I{ 30HaM opYAeHeJIbIX 

TeRTOHH'IeCIUIX 6peI{'IHn II nOCTeneHHO YMeHbmaJOTCJI nplI Y,Il;aJIeH.H1I OT HIilX. 

9THM 06CTOlITeJIbCTBOM 06YCJIOBJIIIBaeTClI ,Il;eJIeHlle BHpanJIeHHbIX PY,Il; ,Il;aHHOrO 

Tlilna Ha paSHOBH,Il;HOCTH. 

2 B03Momno. tlTO K llTOMY nlllY PYA OTHOCHTCJI ropn30HT y60roro BRpaUJIeDDOrO 
0pYAenelliIll B rnaonoii: llIlTPY3HU RaYJlbl. pacnonaralou,ni1cll CorJIacno C nepBHqnoii 
nOJIocaToCTb.lO flRTpyaHoHhIx nopoA. OARaKo HHTenClIBBO pa3BllTble 3Aecb npon;ecchI 
rDApOrepMaJIbliOrO MeTaMop<{lH3Ma aaTpYABJlJOT onpeAenenne reneTHtteCKoro T.IUla CYJJL
~nAHOH DRpannennocTD. 

:I 0pYAelleJIhIe rJlllpoTepManLuo H3MeBeHRl>Je nopoAbl I1nJILrynpnH MeCTaMH nOXOffia 
HB .cepble» Pynbl Haynbl, DO COnepmaBlle UHReJIIl B HlIX !:Ie AOCTBraeT TaKli1X 3Ha
qeHHU. RaK ua HaYJIe. rAe npo~eccbI rnAPOTepMaJIbDOrO MeTaMop~aaMa H CD1l3aHHoro 
C DHM PYAuoro MeTaCOMaT03a pa3BIITbi 60JIee llHTeHCHDHO. 
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IIpH cpaBHeHHH PYA RaYJIJ>I H IIHJIbrynpBR YCTaHaBJIHnaeTCn, 'ITO lIHTpy

SHBHbIe UOpOAbI RayJIbI BOOOIqe CnJIbHee MeTaMopqlFIsoBaHhI - uepHAOTHTbI He 

TOJIbKO uaIJ;eJIO HSMeueHbI B cepneHTHHHTbI (oea coxpaHemm peJIHI{TOn OJIH

BHHa) , HO H nOBceMeCTHO UOJl,BepraroTcn HaJIO)J{eHHOl\ry rHAPOTepMaJIbHOMY 

MeTaMopcPHSMY - O'IBHb H1ITeUCHBHO paSBHTbIM OTaJIbKOBaHHIO R XJIOPRTR

san;HH, COnpOBO>1 Jl,aIOIqHXCn PYJl,UbI i MeTaCOMaT030l\f. BOJIHaR TernOHH'Ie

CI{HX aOH HcxOAHbIe YJIbTpaOCHOBn:bIe nopOAbI nOABepraIOTCH nOJIHOH nepe

paOOTKe C oopaaOBaHHeM CBoeOOpaaRbIX MeTaCOMaTHTOB - «cepbIX» PYJI,. 

B IIHJIbrYHpBH nepHAoTHTbI MeCTaJ\m nOABepraIOTcH JIHWb'IaCTlfCIROH cep
neHTHHHsan;HH H cOAepmaT peJIHKTbI coxpaHHBIDerocH HeHSMeHeUHoro OJIH

BHHa. HaJIOmeRH:bIe npOn;eccbI rHJI,pOTepMaJIbHOrO MeTaMoPcPllsMa paSmlTbI 

He nOBceMeCTHO H HeCKOJIbKO OTJIH'IaIOTCJI OT aHaJIOr~HhIX na RaYJIe, a 

HMenno: n YJI,aJIeHHH OT SOHbI TeKTOHH'IeCIWll: OpeJ{q]!IH OHH BbIpa}l(enbI npe

HM-yID;eCTBeHHO paaBHTHeM TpeMOJIHTa no cepneHTHHY 1'1 nepBlfCIRbIM MillIe

paJIaM nepHAOTHTOB, H TOJIbKO HenocpeACTBeRHO HaA 0PYAeHeJIoi1: TeKTOH~e
CIWll: SOHOll: HapHP;Y C oopaSOBaHHeM TpeMOJIHTa HaOJIJOp;aeTCH paSBHTHe TaJIbKa, 

XJIOpHTa H KapOOHaTa. IIpH 3TOM HHTeHCHBHOCTb rHp;pOTepMaJIbHOrO HSMe

neHHJI nopop; II opyp;eHeHHH He p;OCTHraeT TaIWll: BbICOKoii CTeueHH Hal{ Ha 

RaYJIe, n03TOMY B IIliIJIbrynpnH OTCYTCTBYIOT Talme nOJIHOCTbIO nepepaOOTaH

RbIe MeTaCOMaTHThI KaI{ «cephIe» PYP;hI. 

3. Opyp;eHeJIbIe TeKTOH.HqeCKHe OpeK'IHH n CBHDaUHhIe C HHlIfH CUJIOIDHble 

CYJIbcPHp;HhIe PYP;bI npep;CTaBJIHIOT c060ll: HHOll: MOPcPOJIOfn'IeCI{HH Tim, 'IeJ\l 

BKpaUJIeHHhIe PYJI,bI. 

0pYAeHeJIble TeKTOHll'IeCl{He OpeI{llRH paSBHTbI BO Bcex 0PYAeneJlhlX 

yqaCTKaX, HO MOIqHOCTb HX H CTeneHb Opel{'lHpOBaHHH nopop; He OJl,HHaIWBbI. 

HaHOOJIee MOIqHaH OpeK'IHlI HaOJIJOJl,aeTCH ua RaYJIe, rAe OT rJIannoii CP;BH

fOBOii SOUhI OTBeTBJIHeTCH HeCI{OJIbIW BeTBell: 0pYAeneJIhIX OpeI{tmii, npoxop;H

IqHX l{aI{ BHYTPII HHTPYSJIBHOrO TeJIa, Talt II MeCTaJ\fH no ero BHCJI'IeMY 
OOI{y. 

Ha yqacTJ{e IIHJIbrYJIpB U SOHbI oPyp;eHeJIbIX TeI{TOHn'IeCJmx 6peH'IRii: MeHee 

lIwIqHhIe H BeTBJIeHIIe IIX He npOHCXOAllT (sa HCJ\JIJO'leIDIeM YtJaCTJ\a Heno

CpeACTBennOro COUPHHocHoBeHHH rJIanHOrO H IOro-noCTO'Inoro MaccHBoB, 

paSp;BJIeHHbIX TeltTOHH'IeCKOH SOHOll:, OTXOp;JIIqell: OT rJIaBHOll: SOJIhI, JWTOpaH 

TaI<Hl\I oopasoM sAecb paaABaHBaeTCH). ROJI~ecTBo CYJIbcPllAHoro n;eMeHTa 

B 0PYAeHeJIOH 6PeI('IHH HenOCTOHHHO: HHorp;a OR COCTaBJIHeT oOJIee 50% Bcero 

OO'beMa Opel{'lHH, HHorAa >}{e CYJIbcPHP;hI oopasYIOT JIHmb YSI{YIO nJIenI(Y Me mAY 

TeCHO nplHHaTblMH p;pyr 1< p;pyry OOJIOMHaMH. 

HaHOOJIee ooraTaH CYJIbcPHp;aMH opyp;eneJIaJI OpeK'IHH pasBHTa Ha RaYJIe, 

Ha IIUJIbfYHPBH OHa, I{al{ npaBHJIO, MeHee ooraTaH, H MeCTaMH TeI<TOHH'IeCI<alI 

SOHa MOPcPOJIOrB'leCI{H npep;CTaBJIena sp;eCh He TBn~HoiiI opeJ('IHeiiI, a SOHOH 

HHTeHCHBHoi TpeIqHHOBaTOCTH nopop;. 

Ha RaYJIe 0PYAeHeJIaJI TeKTOHH'IeCI{an Opel\'lHH no 1I1OPcPOJIOrHtJeCInIM 

OCOOeHHOCTJIl\f p;eJIHTCJI Ha p;Be paSHOBHJI,HOCTH (TaOJI. 12): a) OpeK'IlleBhIe 

PYAhI; 0) OpeI<tJHeBHp;HhIe PYP;bI. 

CnJIOUIHbIe CYJIhcPHAHbIe PYP;bI TeCHO CBJISaRbI C opyp;enOJIhIMH TeI(TOIIII'ie

CKHMH OpeI{lJRHMH, npep;CTaBJIHJI COOOll: PYAHhIii: n;ell1eIIT IIOCJIeAHHX, 060co

OHBIDHicJI B OTAeJIhHhIe nOJIOCTH. Ha RaYJIe no TeI{CTypHbIM II CTPYl\TYPHbIM 

oc06eHHoCTlIM CUJIOIDHhIe CYJIbcPHp;HbIe PYAbI p;eJIJITCJI Ha TpH paaHOBHAHOCTII: 

a) MaCCHBHhIe MeJIl\OaepHHCTbIe (npamIJIbHee CI<aSaTh paBHO fepuosepHHcTbIe); 

6) MaCCHBHbIe C nOPcPHpoBHAHOll: CTPYI(Typoii; B) nOJIOCaThIe PYP;bI. Ha 

Y'IacTJ\e IIHJIhrYlIpBH CUJIODIHbIe PYP;bI paap;eJIJIJHI UO COCTaBY Ha UHPpO

THHO-UeHTJIaHAHTOBhIe (MaCCHBHbIe, C nOPcPHpOBHAHOll: CTPYI{TYPOH) 11 xaJIJ,!{O

TIlIpHTOBbIe. 
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qenLI rJIanllbI 1 06paso~{ l{ KonTaI\TY cyJIbqm.n;OB C l{COUOJlHTaMlt B~1OU~aJOliVIX 
nopo.n; (8 0pY,ll,eUeJIOH TeI{TonlI'leCIWU 6peK'Um). 

He60JIbIilllO 060c06JIemm: MaTOnLIX py.n; rrnppOTIIIIOnOrO It XaJIbJ<OUlIpU

'TOnOrO COCTana 6LJJIlI 06HapYiI OHbI H n 60JIee nepXIITIX rOpnSOUTaX. MaTOBIJe 
npO}KlIJIlUI nCTpe'leUbl pe.n;u JITl'rpyslIn KaYJIbJ (B CYJIbWUp,HOii nmJJO, 
npHypO~IOl:lHOH }{ TeI{TOHll'leCI{OMY RapymouHIO 1I10pl'l).l,uorraJIhnorO IlpOCTUpa

HUH B CYJIbWH,lJ;Hoii }I.lme, npnYPOllenHOii I{ MOpn,ll,nOHaJIbnOMY c60py). 'n 
o llHOCTJ[ MITlIepaJlOl' fi'IeCl\Oro 0 Tana If 'TpOOUUH neOObl'1II blX PY,T( SaCJIY
)1,m~aeT ('nt>UllaJIbIfOI'O 1(I3Y'lCIIIIH. 

CTpoetJue yqaCTKOB, CJIOmeHHbIX IIfaTOBbIlI1Il py.n;all1U . 

Pa3pes Y'IaCTI(a pyJ~ (j lIOCJWpy.n;HhlMH T InOIlrf'1 CIOIMI[ llapymoIlHJlMl1 

tlIpe.n;CTaBJIeH oPy.n;eHeJIOB: TeI{TOHU'IeCIWH 6pel{t{I1eii:; BMell.l,aIOll.l,ue nOpO,ll,LI -

..pHJIJIlITLI. MOll.l,HOCTb Py.n;Horo TeJIa B aTOM naMepe B IlOCIWJIblW pas MeHbme, 
'leM n .n;pyl'ux MeCTax. B JIeiI{aqeM 60RY opy.n;eHeJIOH TeltTOmrqeCIWll 6peI<-

JQ MaclIJmao 1:10 c 

Puc. 13. TIocncPYAlloO rCKTOrmqCCKOC aapy
mOUR. npnyp01:fCUIlOC It 0pYAOIJCJIOH rCI<TOHR

"ICCROD: 6PCK1:fHH. 

J - TY<!><l>IlTbl; Z - 1jJ1IJIJnIThI; 3 - OPY)I.<lne.naJI T<lKTOUlf'l<l
~K aR 6peH'IlIfI; 4 - Kap60naTHblC npOlRIIJllnt n Ty<!>!I>I'Tax; 
5 - rJII1Hna Tpcurtll C 06JIOMllaMlI nopo)l. 11 CYJIbljJll)l.OB . 

qriU BCI{PLITflI neGOJIbmHO ano

WKSflI nO'lTH BepTII! aJIbHOrO 
SaJIeraHHH, CJIOiHeHIlhle CYJIb

WH,ll,aMU. Cpe)J.H CYJIbWH,ll,OD 
napaJIJIOJIbnO HOuTal\Ta 1 ano

WlIS paCnOJlaraTOTCH nOJIOCIU1 
MaTOBhI py.n;. MOlIJ.lIOCTb OT
.n;eJIbHLIXIlOJIOCO!{ - IleCIWJIblW 

canTUMeTpOB. IIonOCRII MaTO

nhIX py.n; npOCTpanCTneIlIlO npn
ypOqeIlbt R Tpell.l,IDIRaM, npn
'1eM I10nepXIIOCTn nux TpOIll,UIl 
IJpe.n;CTanJIHlOT SepI,aJIa CIWJIh
}J.{eHUH. l:J.oTlme GOp03,ll,hl 3ep

HaJI CI<OJIbmOillIH n cy JIbWHJl,aX 
UMe.lOT roplI30UTaJIbnO Ila

upanJIemr , T. e. aTlI 60p03,ll,LI 
pacnOJIal'alOTCJl napanJIeJIbHO 
npocTuparuuo opyp,eUeJIOll Tei\
TOUJlqeCKoii: Gpel{qUU n lI1eCTO
pom.n;eHl1U. 

IIOCJIepyP,lIbl no.n;nmmm 
(Cy.n;H no GOp03):l;1{aM aepI{aJl 

C!{OJIbmelllW) GbIJlii 06ycJIon
JIeHhl ropU30llTaJIbUbIMD no.n;-
13IDI{Ka~1U I1111pOTHoro nanpan

J1enUH, npOHCXO,ll,HBmUM'lI DOCJIe I{pHCTaJIJIH3all,HU r.mHepaJIOB B M· CTOpOm.n;e

RHI1I. ,[(JIH p,aHHOrO rrpUMepa narrpaBJIeUlIe DOCTPYAIIblX rrapymeuIlll COBUa
.n;aeT C naIlpaBJIeUHeM ,ll,Opy.n;IIbTX TeKTOHHlleClUIX nO.n;BUl-lOJ . 

,[(OpY,ll,Hhle TeI{TOHlIqeCI{He nO.n;BH>Iu{lI npUneJIlI l{ 06pa30naHlIJO OKaTaIl

nhlX 06JImmOB CUJIHI{aTHbIX DOpO.n; (H. EJlHCeen, 1952G). IIocJIepyp,Hble 
HapymeHHH (no.n;BH}I{I\H) nOCJIY>I.lIJIU IlplIqIUlOn oGpa30BaHUH O1{aTaU

HLIX 06JIOMKOB pyp,hl (CYJIbWH,ll,On) cpe.n;u rJImmn TpenlIH (pHC. 138, 
139). 

Ha .n;pyroM Y'IaCTI<e RaynbI Cpe,ll,H CYJIbWH.n;UhlX py.n; OTMeqaeTCII nOJIO
. caToe pacupe.n;eneHue yqaCTHOB, CJIO}KeHHhlX M'aTOnbIMII py.n;aMU (pac. HO). 
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4. 0pYAeIIeJIliIe TYcP0relJIIO-OCaAO'llIliIe nopOAliI BJ>IAeJIJUOTCJI D OC061>1H TRn 

PYA, npoTIIBonOCTaOJIHCMblii DceM APyrHM PYAaM, npHypO'IeIIIIIDI l{ H1ITPY-
3HBBliIM nOpO)l,RM. Ha RaYJIo TYcPoreIIno-OCaAO'IIIble nOpOA])I D na1l6oJlh

meil CTenenn nOABepraloTcJI 0pYAellellIIlo C 06pa30BallIIeM MeAIIOllHI{eJle
BbIX PYA, 3aJleraIOm;l'IX llIDI<e 0pYAeIIeJlOH TeI{TOlll!l'IeCI<OH 30RliI. Mom;
llOCTb HX no cpaBnemno C 1Il0~OCT:bI0 0PYAelleJIl,IX cepnellTHIIllToB, 3aJleraIO
m;nx DliInIe Tel{TOIIlI.'IeCIWn 30UIlI, cpaBllHTeJlbllO IIeBeJll'IKa. <lJIIJIJlllThl 

nOABepraIOTcJI Hal{ PYAUOMY JlteTaCOMaT03Y, TaI{ II cOAepmaT IIMIIpellbJlll:O;IIH 
CYJ1bcPIIAOB D IlH)l,O Bl{pamiellIIocTll II CnJlOIlIIIbIX DhIAeJIeIIIIH B MeJIl{llX 
nOJlOCTHX OTCJIaIIBannJI. 

Ha Y'lao'l'l{e ]]JIJIbl'YHPT:lH TYcP0rellIlo- OCaAO'lIIaJI TOJIIII.a nOABepraeTcH 

oPY)l,errellIJIO B ropa3JJ;O JIlenbilleH CTerreIDI, "reM Ra RaYJIe. Rpollfe Toro, 0PY
lwrreJIliIe cPIIJIJIllTbl U TYcPcPUThl fIllJII,l"YJIpnr1 OTml'IaIOTCJI nOJInliIM OTCYTCTBHeM 
UlII{eJIbCO)l,epn Rm;ero CYJIbcPIIAR - nellTJIaIIAHTa. 
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OJiIl(IIE 3AIWHOMEPHOCTJiI JI OHAJIJil3AII;JilJiI CY JIb<DJiI.D;H blX 
l\1E.D;HO-BJiII{EJIEBhIX PY.D; llE'IEHrlI 

Bce MeAIIO-nHy{eJIeBf>Ie PYAonpOaDJIellHJI TIe'Ielll'ClWrO nOJica npHYpo
'JeUbr R nepBIl'lIlO paCCJIOeIIIIliIM AHcPcPepeR:O;IIpoBaIIIIID{ HIITPY3HJIM YJIb
TpaOCITOBnliIX H OCnOBIThlX nopOA, BAOJIb IIHnmllX l{QllTaRTOB ROTOPliIX npo
XOAJlT TeI{TOTIlrtJeCRHe 30IIf>I pa3JIOllfOU CABllrODoro XapaI{Tepa, BliIpa,ReIIIIliIe 

npeITMym;o TDOlmO 6peI{tJlIIpoBaBlleM RaR HITTPY3IDlIIblX ITOPOA, TaR II BMe
m;aIOm;UX IIX TYcP0reBBo-OCaAO'llIliIX nopoA. 8TK TeI<TOllHtJeCRlle SOIIliI, 
opReIITIIpOnallIll>Ie n o6r:o;eJll B mHpoTllollf IIanpaBJIeRHll, C nap;eHHeM B IO;H

IIliIX pYJ\16ax, JIBJIJllOTCH rJIRBRf>IMH PYAOROBTPOJIRpYIOm;HJlfIl CTPYRTY
paJl1H. 

B YCJIOBrrJlX RpaHBe IIeoARopoP;Boii: no JIRTOJIOrB'leCI{OMY II neTporpacPR
tJecKoMY cocTaBY CJIOIICTO]{ TYcP0reBTIO-OCap;o'llIoi'r TOJIm;II C nJIaCTOBl>IMH HII

TpY3IDn.m YJlbTpaOcnoBBbIx nopoA cABIIroBliIe ABlli:J{emH[ ocym;eCTBJIJIJIRCb 
npea{)l,e Bcero BAOJIb l{ORTal{TOBliIX IloBepxnocTei'r pa3JIH'lBl>IX no MeXamI'le
CHIIM cnOnCTBall1 nopop;. Tamom nOBepXBOCTllMH JlBIIJIIICI> I<ORTal{TliI IIBTPY-

3UBnbIX TeJI YJlbTpaOCRoBHbIX H OCBOBI]1)IX nopo)l" ra66po-AIIa6a30B II acPcPY-
3IIBRliIX p;Ha6a30B C cPRJIJIHTallLH. Ral~ MliI BIIAeJlII, nOl:[TH Dce OTMe'IeRIIbIe 
opY)l,oneJIble MOn [I JlaCTOBliIe cp;BRroBliIe TeJ<TOII}1tJeClme 30Rl>I npOXOp;JIT 

B)l,OJIb I<onTal\TOB lIJIll B6JIII3II nux, Cpe3all MeJIKHe II l<pYTliIe IIsrH6bI nJIaCTOB 
H nOBTOpJIJI otJepTanHH 60JIbillIIX CI{JIaAOR. 

reoJIorHtJecl{oe J{apTIIpoBaRIIc nOI{a3aJIO TaHme, 'ITO Me,RnJIaCTOBbIe Tel{
TOIIH'C[eClm:e 30llliI paCnOJIRra]OTCJI C 60Jlbmei'r HJIII MenbmeR paBnoMepnocTbIO 

no Bcell T¥cPoreBnO-OCa)l,OtJBOll TOJIm;C I{aR no npocTIIpaBIIlo, TaJ{ n BRpecT 
npocTIlpalUIJI. HCROTopbIe 6JIII3l<O pacnOJlOmeBBliIe 30Bf>I no npocTIIpaHIIlo 

COeAlIlIJIIOTCJI Me mAY co6oii: nocpep;cTBoM BeTBeH IIJIII an0cPII3. 
IIpocJIcnmBanHe 0pY)l,eBeJII>IX MenmJIaCTOBbIX Tel{TORHtJeCl{IIX SOR nOl{a-

3bIBaeT, 'ITO OBK nenpepblBno npOTJlrIIBaIOTCJI Ba 6oJll>moe paCCTO-
fIBne. 

I1nyIO POJIb B JIORaJIIIaa:O;HH opyp;eIIenKJI IIrpalOT nOnepe'lIIliIe (MepIIAIIO
naJIbIIhIe) TeI~TOnIItJeCl{He uapymenIIll - B36poCliI. TIonepe'llIbIe B36poCbI 

IIenocpeACTBellHO Be Bl\fem;aIOT CYJIbcPIIABliIe PYAhl. no npII nepeCe'IenIIII MeiK

nJIaCTOBliIX 30ll pe3J{0 YJIyqmaIOT B BHX CTPYRTypIIJ:iIe YCJIOBIIJI AJlJl PYAO
OTJIOmeBHJI . CJIep;OBaTeJIbnO, YtJaCTI<II nepecetJenIIJI MenmJIaCTOBliIX 30n C no- -

14 HHTPY3HH neqeSI"B 
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nope'IRI:JMl[ Bs6pocaJliH CJIe)'J;yeT OTHOCllTb K DeCbJlla nepCneKTUDRbIM )'J;JIH na

XOm)'J;eHHH HOB:bIX PYP;RLTX TeJI. 
Ba'J{HYIO POJIb B JIOI{amISaD;llll MOP;HO-HHIteJIeBOrO opyp;eHeHllH urpaJOT 

YJIbTpaOCHOBHhle nopop;bI - copneRTllBllTbl. B npo)'J;eJIax Tel{TOHHqeCIWR sonbl 

Pyp;Hhle TeJIa 06hl'1RO pacnOJIaralOTCH B Tex ylJaCTl(aX, rp;e Sona IIp;eT no KOJ]

TaI<TY lIJIll eDl,e JIyqme nepeCeI<aeT HRTPYSJ110. Hap; SOHaMH opyp;eHeJIhlX Te.K
TOH1IlJeCI<HX 6peK'I1riJ, B JIeil~alJeM 60J{Y llRTPYSHBRhlX TeJI, paSDHBalOTCH npo

n;eCChl rIIp;pOTepMaJIbRoro JIleTaMoPcPlls1I1a YJIbTpaOCBOBBhlX nopop;, conpo
BO}1{p;alODl,llOCH llX opYAeHeHHellf II npeBpaDl,OBBeM DO BI{panJIennhle MeTaCOJlta
Tll'IeCKlie CYJIbcPllp;BLTe PYP;hl. JiIRTeBcllBllOCTb rlIp;pOTepllfaJIbHhlX lISMeneBHii 
YJIbTpaOCHOBHhlX nopop; (aJl1cP1l60ml3an;lIH, OTaJIl>I{QBaUIIe, XJIOPIITllSaI\JUI 
1I Itap60HaTlISan;lUI), TaJ{ il{e Kalt 1I HHTOnCItIBBOCTb opyp;euORllJ'l (ll Pyp;noro 

MeTaCOllfaTosa) p;OCTllfalOT IIIal<CIIMaJIhHOH CTeneHU B Henocpep;cTDeimoii . 6JIlI
SOCTII It opyp;eneJIOH TOKToRHlJecJ{ol{ SOHe II 1l0CTenenno Y1l1eUbmaIOTCH no Mepe 
yp;UJIeHHH OT Hee KBepxy. TaI<HM 06paSOM, na1I60JIeo 60raTblo BJ{panJIeHHbI 
JlteTaCOMaTlI'IeCHlIe PYP;bI SaJIOralOT OKOJIO caMOl~I 6peI{'IH1I n CTaBODHTCH DC 

60JIee 11 60JIee 6e)l;HbIJlHr B yp;aJIeHIIH OT nee. 
ITPlI OTI{JIOneHlIlI TeI{TOmrqeCRoi\: SOnb! OT HHTPysHDHoro TeJIa D cPlIJIJIllTbI 

npOllCXOAllT nOCTeueBBoe, BO 6hlcTpoe Y1I1enbmeHlle 1I10Dl,rrOCTlI pyp;Horo TeJIa 

DllJIOTh p;o nOJIHorO DbmJIHmmaamr CYJIbcPllp;HO-nlIHeJIeBhlX pY)'J; U Sa1l1em)I 1'IX 

pyp;oi nlIppOTHHOBoro COCTana. 
ITop;lJepI<HDan 3Ty oc06eHllOcTI> JIor{am13an;1I1I Mep;llO-HlII{eJIenhlX py;:t; 

B YJIbTpaOCHOBHhlX 11 OCHOBHbIX HllTPYSllHX Hap; TeJ{TOnHlJeCIUlMH SOHa?tm, 
Mhl p;OJImHhl p;aJIee OTAleTllTb, lJTO SHalJll.TeJIbRaH IWBn;OnTpal\lIH CYJIbcPllP;OJ3. 
HliHeJIH 11 Mep;ll Ba6mo)'J;a6TCH TOJIbKO B TOM CJIyqae, eCJIli llHTPYSIIBBhle nopop;bl 
npep;CTaBJIeBhl IISMeneBHblJlill nepllp;OTllTaMll - cepneHTHBHTaMH nJIn llX pas
Honllp;HOCTHMH. ECJIli me TeHTOHllqeCl{aH SOHa npoxop;FlT ne no HOBTaRT 

C cepneHTllHHTaM11, a no ROHTaRTY C ra66po, TO B Hell II D 60ROBhlX nopop;ax 

HJIH He cop;epmllTCH COBceM CYJIhcPllP;OB, llJIli }l e npllcyTCTByOT TOJIbI<O 0P;11n 
lHIppOTllH. ITPli aTOM Be llMeeT SHalJeHBH, no I{aIWMY I<OBTaJ<TY lInTpYSllBHoro 
TeJIa npoxop;llT TeKTOnlllJeCRaH Bona - no BepXlIeMY nJIli IIll>I ueMy. 

ECJIli llRTpySliH p;llcPcPepenn;llponarra, TO npaKT1IlJeClUlll IIHTepec npep;CTatl
JlneT TOJIbI{Q ee HHiImu TeI{TOHlllJOCKHM IWHTaI<T coprrenTl111li1TOB C TycPO

reHnO-OCap;O'IRbIJliH nopop;aMH H callflI copneHTllHHThl, B IWTOPhlO HOPOP;I<O sa
XOP;HT nopHCThlO 11 Cl{OJIOBhle TpeDl,llHhl, conpOBOiI{p;aIODl,He TOI{TOnll'IeCI<lle sonhl 

H 06YCJIOBJIHBaIODl,lle lIX p;p06JIenHe liI JI10Dl,HOe BI<panJIeHHOe opyp;eHenlle . 
ECJIli >I{e HHTPYSBBBoe TeJIO ne p;BcPcPepeHD;llpOBaHO H CJIOll eno nOJIHOCT.bJO 
cepneHTllHliITaMll, TO B CJIyqae npOXOiI{p;eHllH TOI{TOn1IlJOCI{QH sonhI DO JII060MY 

BS ero I{OHTal{TOB KaR caJl1a aona, Tal{ 11 nHTpYSllJI nop;BepraIOTCJI CYJIbcPllP;HOJlty 
Mep;HO-HllI{OJIeBOMY opyp;cneHllIO. BOT nOlJellfY MaJIOMoDl,HbYe cepnenTnHnTO
Bhle nJIaCTOBhle TeJIa, eCJIli onH SaJIeraIOT Ha BepOJITHOM npoAOJImenHB TOHTO-

11liIlJeCI<HX son, npllXOp;llTCJI Jil3YlJaTb 60JIee BHHMaTeJIbHO. JiInoo p;eJIo HnTpy
SIilliI ra66po-p;na6asOB H ra66po, J{oTopble TalUI<e BCTpelJalOTCJI B py;:t;HOM nOJJ(I . 
01111 Ho6JIarOnpRHTHhl P;JIJI JIOI(aJIHSan;1I1I BI{panJIeHlIhlX Mep;HO-HllI{eJIeBbYX PYA; 
TeI{TOInl'IeCRlle sonbY, npOXOp;J1Dl.HO DP;OJIb I<OHTaKTOB HHTpy3HH ra66po-p;ua-

6aaOB 11 ra66po, I<al< npaBllJIO, 60spYAlIhle. 
ITpon;ecchI rHp;pOTepMaJIJ:,Horo JlteTaMoPcPl!ISMa n opyp;cnenJ1fI DO BMODl,aIO

ll~RX TYcPoreHHO-OCap;o'IRbYX nopop;ax, SaJICralODl,l:lX HH~l 0 TeKTOlIIIqeCl{flX SOH , 

Hal{ npaBHJIO, ne HJlIOIOT illllpOI{OrO paSBHTHJI H TOJIbI<O B neJ{OTophlX CJIY1:JaJIX 
pacnpOCTpaH1JIOTCH na HOSna'IHTeJ1hHOe paCCTOJUfHe nop; opyp;eHeJIOH 6pOJ{

lHleM. 8TH 06CTOHTeJIbCTBa 06YCJIOBJIllBaIOT aCItIMMOTPR'lROO CTpoenBC PYP;BbYX 
TeJI OTnOCHTElJIhHO nHTaIOIn;llX llX SOH opyp;eHeJIbYX T T<TOHH'IeCl<HX 6peH

lJKlr. 
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Pile. 139. GTpoenne CYllb<J!JIABOii: >I<Ifllbl. 3apIf
conKa D PTHl<8JlbflOii CTeflKH. 

• - C\lnnmITbI; 2 - TYWWll'\'hJ; 3 - Cyru.WIl)1b1 C oGnoM
-'laMll nopo)v .. ; 4 - rmuma Tpeffilll C oGnOMl<aMll nopo

)1b1 11 cynbWlI)10B. 

o 2 
'----'----' 

Puc. 141. CTpyiiqaTOe 
pacnpocTpallBlflle MB
TOBblX nOJlOCOl< B aJ]-

illJ1l1<J!e. 

1fi?¥11 r.aJ ~s 
~2 ~q~5 

PJfC. 140. CTpocflHe >I<llnbl 
CDJlOmflblX cynb<J!HAoB na 
Y'laCTKe pa3BuTllR DOCJlepYA
IJhlX TCKTOBlI'leCKHX f1apy-

menn». 

1 - wunmlTl>l; 2 - TYWlIJlITbI; 
3 - J<ccaOJIIITbl CUJlUJ(aTRblX 
nopOll Jl CYJlbWllll8X; 4 - 80Hbl 
M8TOBblX PYll B cynbWlIllax; 6-
rJlmma rpCHlIR U nOnOCTI1 nocne
PYJlHO~ Tpell\IIBbI; 6 - TCRTOHII'Je
I:HI.e BapymeHlfR DO DMell.\8lOll\I1X 

nopOllax. 

Te~11I0C -J(ceHomITbI UMe
ll\alOll\I!X CIJJllIIlaTllblX no
PO)1; cepoe - nonoclm. 
o HOTOPblX nOll MIIHPOCI{o
nOM oGnapYlKIl0810TCR 
CHOnJlellllR MCJlIUlX Hpn-

PDC. 142. Pa3BIITUe BTOpHqaOrO lUlpl1Ta B 
«MaTODhlX» DHPPOTillIOBblX PYA a x. Cepoe
nIIppOTl\H; 6eJJoe - DHPHT; qepuoe - I\('C-

CTanmmoo nupUT8. BOJlRTh' CDJJTII.<aTAblX nopo A. X l80. 
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0pYlwnelllle BAOJIb Tel'TOHHlJ.eCKOll 30nhl aa npeAeJIaMll illITpySHH, B TY<P
<pRTO-<pHJlJIRTOBOii TOJI~e TaKme lIa6mOAaeTcH JI1llIIb lIa ne60JIhmOM npoTR

,Kenuu H BCKOPO aaTyxaeT. PYAlIhle BhlAeJIelII!1JI B <pHJIJIHTaX, Ital{ IIpaBHJlO , 

flllJIHlOTCH 110 cocTauy IIHPHTO-IIHppoTnHoBhlMH, COBepmeHlIO lIe cOAepiI<aT 
lIl1ReJIH 11 Ji1SpeAIta cOAepmaT lIe60JIbIDOe }(OJInlJ.eCTBO lI1eAH. 

B paCIIOJIO)l{enHIl Bl{pam1Clllloro CYJIb<pHAuoro 0pYAelIeHHH BlIYTpHlIHReJIC

IfOCUhlX lIIITpY3nii, npoCTpanCTBemro lIe CBJlaamrOro C 1 PYIIlIhlMH opYAell 
.1LIMH TOI<TOHRQeCl{mm aOHaMn, 1I0AMe'IeHbI CJIeAYlOm;He aaHOHOMep-

llOCTH: 
a) pOAI{aH paCCOJlHRaH Bl{paUJIeHHOCTb CYJIb<PHAOB BCTpellaeTCH BO Bce,' 

Gea l1Cl,JUOQemlJl I1UTPYSHBDhIX TeJIaX; Me}HAY TeM CKOJIb-JH160 cymecTBeHHoe 
lmpallJIelllIOe CYJIb<pl1AlIOe opYAelIeBH0 OTMelleuo TOJIbl{O B OTl1,eJlhlIhlX AH<P<Pe
peH~HpOBalIlIhlX l1lITPYSHHXj uall60JIee OTlIeTJIUBO ero oco6ennoCTli Bl>ICTyuaIOT 
lfa y'IaCT1<e QllJlbl'YHpnn; 

6) B IIpeAeJIaX aTllX IlHTpyallH crym;ellRe BI{paIlJIOHHO 'TIl CYJIb<PRAOB IIPl1-
ypOlleIlO 1< OllpeAeJIeHBbIM l'OpH30HTaM - CJIORM Te'lOml.H B CeplleH'IlIH113HPO

uaHHhlX lIepI1AOTUTax; 
B) MOp<POJIoruqeCKH. CYJIb<pIlAHaH BI, pam1CHHOCTh Aauuoro THlla upeAcTaB

JIena CIlAepOIlDTOBOll BIl:paIlJIeHROCTbIO, J{pHCTaJIJIH3YIOm;eiicH paHbme CYJIb

<PHAOB, CBlIaaUllbIX C rHAPOTepM8JIbUMMH npOIl.eCCaMH, pasBHBaIOm;HMHCJl 
UAOJIb Te}(TOUl.t<ICClmx SOH. 

OAHaaJ{OBoe reOJIOruqeClwe 1I0JIOiJ,emte Dcex opYI\Cl1eJIbIX YlJaCTJWII 

II paSBIlTue anaJIorwUll>IX TUUOB PYA D paaJIlIlJ.HbIX Y4.aCTI(aX cBHAeTeJIbCTBYCT 
U TOM, liTO Bce OllH IIpllHaAJICiHaT II: 0AnOMY relleTIllleCJ{OMY THIIY. CTPYl<TYP
IlLIll I<OHTpOJlb B paaMemenUH PYAHbIX TeJI onpe).(eJIlIeTCJI HX npHyp0lJ.ennOCTbJO 
II: TeJ{TOlIII'leCIUIM SOHaM paaJIO lOB; Xln.UllleCKI!l:H l<onTpOJIb B JIOl<aJIHaaIl.l11l 

CYJIb<pHARnIX PYA onpe).(eJIJIeTCJI CBHablO opYAeReIlRH C upoIl.ecca!tm rH).(po
TepMaJIbnOrO li3MonerutJl H IIpl1yp0lJ.eHliOCTbIO 0pYAeneHIIH l{ YJIbTpaOCHoB

nIDI nopoAaM, JIen<o J10ABepralOw.n ICR rH):\poTepMaJIbnOl\lY 1I1eTal\Wp<pmH1Y, 

cOIIPOUO}RAalO.Lll.el\lY °pYAcneHlIe. 

r Jl a D a 22 

o II EI'EJ\I'UCTAJIJJ U30BAnnLIX CY,'lbClHI )l;JfhIX PY,l( AX 
(MATOBLIE PYAhJ) 

. la'rOBble PYAhI MeCTalllIl COlJ;epiHaT aHallliTeJlbHhLe lWJll1lJ.eCTOa MeJll{IJX 

I3l{nJOqenHll llllpllTa. Ha YlIaCTHax pa3BRTRH DHpliTa lI1!lppOTnHOBble PYAh! 
I1cpeRpHCTaJ1 J1ll30BallbI, npl1QeM npl1 nepel{pRCTaJIJIH3a~1l1l Y IIl'lppOTHlIa aa
MeTtIO 1I0BLIIDaeTCH COAepn<am:re cepM (npUl\!epno Ha 1.5 BeCOBoro IIpo~eHTa ). 
LfpHCYT.cTBlle B n pOl<pnCTaJIJIIlaOBaIlHbIX PYAax IIHpIlTa IlIIIlppOTIIHa C IIOBLl
llleHHhlM COAep)l,allHeM cepbI 06'bJICHlIeT aaMeTJIOe yxy~eIlrre T<aqeCTBa <pajm

IrlTeHHOB us PYA nl!lamHX ropRaoHToB KaYJIhl. 

PacupOCTpaueUlIOCTb nepell:pUCTaJlJUI30nuullblx PYA 
lIa yqaCTKe J\ayJJa 

Y 'laCTIW paaDHT1Hl nepeJ\puCTaJIJIHaOBaHublx PYA (lI1aTODLlx PYA) 06WIU() 
u pl1Y POQOllLI 1 T01{TOml'IeCIU'lM napymeHumr, llpoXOAmn;R 1 nenocpe.r\CT.QerrH O
no CYJll)<plJ l~al\1. Talme laTOBLle PYAbI 6bJJlfl BCTpeqenLI cpeAI1 YlJaCTJWIl 
'WIOUtllbIX rYJII.<p II J:\llbIX py)\. Iia KaYJI nOAo6HblO 06pa30BaJrnH npRYpo-

14* 
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CorJIaCHO C SaJIeraUneM aTITX DOJIOC paCDOJIaraeTCH 11 DOCJICpYAHaH TeltTOBII 
qeCI{aH SORa. MOm;ROCTb SORbI 4.0-50 C f, BbUIOJIReHa ORa rmnmOll R 06JIOM

}{aMII CYJIbCPHAOB. 
30RbI rrOCJIepYAIIhlX HapymeRRii B O){RI!IX CJIY'IaHX rrpOXOAHT llO }{OnTaHTY 

CYJIbCPRAHbIX rlm. C TlMem;aTom.HlIIT! IIopOAaMU (pHC. 138, 139), n APymx -

p w o
• 143. lIoJlocaToe CRon:lCul1 MeJIlH1X 

!lepeR IDIpHTa D «MaTODbIX» PYAax. Y 'Onp
pOTIIHa '1eTKO Bblpamefla KpnCTaJJJJOOJJa CTlt-

'1eCKarr cTpyKTypa , X 60 . 

B n;eHTpaJIbRblX qaCTHX CYJIbCPUATIhlX 
/HUJI (pRC. 11]0). I1onepxRocTH CYJIb

CPHARblX }Yum, ]tOIITal{TUpYIOm;HC t 

rJInRI<Oll: Tpemur ncerAa HMelOT qeT
Rne 60p03)1;b1 CI<OJIb)-TWRRH (ropn 
30RTam,Horo paCIIOJIOl£wIIHn). 

]\'lulIepa.noru'IeCJtuii COCTaB " 
cTpOenue taTOllhlX PYA 

MnUepaJIOrJPleCJtOO USY'IeIIIIC Ma
TOBbIX PYA YCTaUanJIIIBaeT IIpncYT
CTBr1e n Hnx 'fCX rIte PYAHhlX MllUO
paJIOB (mrppOTlnra, II lITJIaHAlITa , 
XaJIbJtOIIUpnTa, rarllenITa), ltOTO
Pbrc BCTpeqalOTCf{ B OUbI'IHblX AJI1l 

MeCTOpO){{AeIInH RaYJIa PYAax. Co
OTnomeHHH MeiT<AY rJIaBReiimlIMTI 

pYARbI~m Mlmep8JIaMU rrpRMepuo 
Talme rl{e, I{aT{ 11 B 06~f[r,IX - ne

nepeI{pRCTaJIJIUSOBaUUl>IX CnJIomIIbIX 

CYJIbCPRARhlX PYAax RaYJlhI. RpOM 
Toro, B MaToBhlXpYAax IIpl1C TCTByeT 

IIHpUT, BHOJIOPHT, 6paBORT. Cop,epn<aHHe mlpRTa B OTAOJIbUbIX y'IaCTRaX AOCTn

raeT 30-40 % (pnc. 1 "2) ° B PYAax qeTKO Dhlpa~ltORO rrOJIOCaTOe paCnpeAOJIennC 
MaTOBhlX Y'IaCTItOB (puc. 1011, 1/13). MaToBhle IIOJIOChI ItaK 6hl 06TeI{aIOT 06-

JIOMRH CHJIUHaTHhIX nopo}].. l1pH MHltPOcI<ouHqeCROM H3Y'Ieuna aTlIX 

PYA xopomo 3all1eTHhl IIOJIOCaThle CltOIIJIeHmr sepen nHpRTa (pRC. 11]3) 
R 'IeTIWe YAJIllHORne ItpnCTaJIJI06JIaCTOB nnppOTIma (puc. Hit II 

1/13). I10JIOC8TOe pacupOAeJIeHUe RpHCTaJIJI06JIaCTOB IItlppOTHUa n03IIHHaeT 

npH rrosAHeHuJUx rreperpYUUHpOBltaX Bem.eCTBa B CYJIbcpH)1;Hr,lX PY-
.n;ax. 

o Up'ulliUlax 06paaOBaIIH1J lU8TOllblX PYA 

B CBoeH pa60Te T. H. lIIap,JIYR (1953) OTMeqaeT, 'ITO D OTHOCIITeJlbRO M1Jr

KHX MIIHepaJIaX B CBJISH C Anna1l1nqeCRHM BOSAeiicTDHeM -qam;e BCerO BOSHHI{8eT 

TpU: rpYUIIhI upe06paSOBaHnii: a) J{aTalmas DJIH AP06JIeHHe; 6) UJIaCTHqe
CIHIe AecpopMan;HH B <fJopMe TpanCJIJIn;HB HJIU CKOJIb}l{eIIHJI H ABOiiuHKoBaHHII ; 
B) uppeK pnCTaJIJI IISan;lUI. 

8TH CPOPllfhl IIp01lBJIeHHJI MeXaRHqeCKHX BOSAeiicTDnii: 06hl'IH0 TeCHO CBJI

<l8IHI MeiHAY co60iiI, OARaI{O OARa HS aTHX CPOPM HspeAlw HMeeT IIpe~lMyrn;e
CTBeUHoe paSBHTHe, 'ITO CBHAeTeJIbCTByeT 0 paSJIH'IHOll: HHTeHCHBROCTH H )J;JIH 
TOJIbUOCTH AHUa mqeCKUX Bosp;eHCTBHH. 

06paSOBaHHe «PYAHhlX 6JIaCTor.mJIOHHTOB» B PYAax MOH'Ie-TYIIJI,phl, nal, 
IIOItaSaJI B. A. MaCJIeRHIWB (1953), upOHSOmJIO UOA BJIlI1IHHOll{ MHJIOnnTHSa-
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n.UH H I<aTaHJIaSa, J\oTOPbIM onYTcTBOnaJIa nepeRpHCTaJIJIUsan.ufl CYJIb-
4>ll,!(OB. 

BOSnlll<HOfJOHUe laTOBhIX PYP; RaYJIbT npollCXOP;HJIO TaRfI(e nop; BJIUflRUe ~{ 
Tell:TOnnqeCIWrO Dosp;oiicTDlUI, O)l.UaI{o I<aTaI{JlaS H MUJIOHUTllsan.HlI CYJIbCPU
)l,OB B 3TIIX Pyp;ax npOflDJIflJIIICb nepaBnoMepno, Menee uHTenclIDHo, ~IeM 

B «pyp;nhlx 6JIaCTOMIIJIOrrUTaX)} MOll'le-TyTI,!(phl. 

PIIC. j 44. Rpllcrann06naCTH'IeCKall cTpyKTypa nOS)l.Hero 
IHIPPOTlIH8 118 YQaCTI<8X paSBn'rRIJ n08)l.llerO lllIpOT8. 
CaOTJIOe pe IbeqHloo - DllpUT; CaeTJIOe Mellee pOJlbe41IJOe
X8nbHOIJUpllT; cepoe (06nwiI 410U) - nnppo'nlll; TeMllO-

cepoo - UOSlI:f1uti fIlIPPOTllU, X 60. 

B MaTOBhlX PYAax RaYJI»I llRTeHCHDnO npOflBJIJIeTCJI nep eKpUCTaJIJIlf.Sa-
1],1111 CYJIbcpH)l.On; nI1ppOTruI o6pasyeT BhlTlInYThle (1I:pUCTaJIJIo6JIa CTlf.'leCKue) 
CIWnJIOllliH; nenTJlanAIIT pacnOJIaraeTClI n,enO'lKallm, OpI1enTHpOBannhlMlf. 
napaJIJIeJIbnO SOpI{aJIa1l1 Cl<OJIbiI{eHUfl. H.pllCTaJIJIhl neUTJIanAIITa B nenocpeA

CTBeRIIOll 6JIlISOCTU 1< SepI{aJIaM CKOJIbmeHHJI HMeIOT YAJIHIIOnnhle O'lepTanHfl ; 
npH'leM AJIHnnhle OCR sopen nenTJIaUAHTa paCnOJlaraIOTCfl n ono p eK npo
CTHpalIRJI nenT1Iall)l.JJTOBhlX n,enO'lOl{. llOnepe'lHOe pacnOJIO)l«mlf.e YAJIHReR-
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HbIX ){pJICTaJIJIOB nerrTJIaH,rt;HTa B MaTOBhIX py,rt;ax OTpan aeT OOJI D03,rt;n 0 
ot>paSOBaHJIe neHTJlaD,rt;HTa. OpHeHTHpOBarmoe paCDOJlO;},erme YAJlHlleHHDlX 
aepeH neBTJIaB,rt;HTa cpe,rt;H MaTOBDlX PY,rt; OOYCJIOBJleHO npon; ccallm nos~~-

PRC. 145. MaTonall PYAa, CTPYl{Typa nepe
KpHCl'annHSOnaHIloro nlIpponma npIt 60JIb
meM yneml'lelll1H, X180. I eJlbecfJl:Ible 6enble 
sepEla - mlpHl'; co CJJa6blll1 peJJbecfJoM CDOT
JIoe - neHTnaHAHT; 'lepBoo - 06nOMIHl CH
mmaTHblX nopoA H nocTepnopHblo CIIJHmaT-

ElI>le MHBepanbl. 

HeiimHX neperpynllHpOBOI{ Bem;ecTBa B CYJlhqlHAHLIx Me,rt;Ro-HUl\eJleBbl • 
Py,rt;ax RaYJILI. OopaaOBaHJIe I<pHCTaJIJlOOJlaCTI[qeCltHX CTpYI{TYP nHppOTHHa 
B AiaTOBhIX PYAax npoHcxo,rt;HJlO o,rt;HoBpeMeHHO C oopa30nanueM (BTopuquoro 
lIO OTHOmeHHIO I{ nHppOTlmy) llHpHTa. 

r JI a B a 23 

o ([)OPMAX IIOP([)HPOBIf~HblX 3EPEH IIEHTJIAH~I1TA, 3AIWHOMEPHOll 11X 
OPHEHTHPOBI{E B iI\HJIAX H 0 IIOCJIE~OBATEJIhllOCTH OBPA30BAHliJJl 

IIJiIPPOTHHA n nEHTJIAH~nTA B PY~AX 

OllHCDlBaH tPOPMDI pa3BHTHH neHTJIaH,rt;HTa cpe,rt;H CYJlhtPH,rt;HDlX PY,rt;, A. r. E -
TeXTHH OTMeqaeT HaJIlI'IlIe ,rt;BYX reHepan;J<1l1 DeHTJlan,D.l1lTa B nuppoTHHO- XaJlJ>
lwnHpHTOBLIX PYilax, a HMeHHo, nepBoH - B BU,D.e }{pynnhIX nOPtPJIpOBU,rt;
lIhIX aepeH, JI,rt;HOMOPtPHhIX no OTIIomeHHIO I llJIPpOTlmy, U BTOpoii - D DH,D.e 
lIreJII<HX nJlaCTHHqaTDlX nJlaMeHeDH,rt;IIhIX, l\JllIIlODJI,rt;HhlX H neTeJlhqaTLIX oopa-
30DamtH, B03HlIItmHX B nHppOTHHOBDlX Maccax Ita!, npOAYI{T pacnaAa TBep
,D.oro paCTBopa. 

B OTHomeHlIH nOPtPHpOBH,rt;HDlX BhI,rt;eJlenni:i: neHTJIaH,D.HTa TaM ,He onw
qaeTCH, qTO OHH OOJIbmeH qaCTbIO pacceHBLI B nHPPOTHnOBOU Macce cnopa,rt;H
qeCM; HHor,rt;a pacnOJIaraJOTCH B Bn,D.e n;enO~IIU1 D,D.OJlb IWHTal{TOB ;I{JIJI C 60-
JWBLIMH nopo,rt;allm. 



o 2 3CM 
'~ ____ ~ ____ ~' ____ -J' 

~.~ 
~.~, 
48 8 

PriC. 146. 1 pnCTaiJJILI neUTJJaIlAllTa c xopomeli: orpalllwll. 
a, 6 - Ij)OTorpalj)lrn Kpynublx ItpnCTaJlJlOB (cse'1'Jloe - neUTJlaHiJ;HT); 

6 - CXeMaTllqeCltOC H80fipamemle BCTpC'leE!RblX B PYiJ;ax Ij)OPM CeqeUHf! 

RpUCTaJIJIOB neIlTJI!ilUI;'ITa (WTp'iXli - cnal!.HocTb MnnepaJlOo). 
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o (~Opl\1aX ..rlOp4)UpOBJlAHhlX aepen n eUTJIaUp;IfTa 

ilopqmpoBI!IAlIhIe BbIAeJIeHlIH nenTJIaHAHTa mapOBHAnoii cPOPMhl (AO 2-
;) CM B nonepewUI\e) cpeAH CIlJIOmHhlX CYJIhcPJ1p;HhIX PYP: HHTTIIC-RYMYlRhH 

o 1 2 3 SCM 
.1---lI_.:.L'I_..LI _.L-..... J 

BIlepBhIe OTMeTHJI Iii. H. llnplwB (1940). 
11pn BnnMaTOJIhnOM paCCMOTpeIDIlI 

CKOJIOB 11 nOJIHpOBannhIX nOBepxuocTeil 
CYJIbcPHP;HhIX Mep;RO-mmeJIOllhIX PYA H3 
IH13UhlX IIRTPY3rru 11eQenrn, cop;epma
DJ,nx. ([OPcPnpOBl[JOlhTe nhTp;eJIOmUI nOH1!JIaH
AnTa, Y aTHX 3epen nepep:l<o 66napyrJ{H
naJOTCll M]JoroyrOJIbnhle O'lepTannR. rpa
nU~I 3ep IJ nOHTJIanAIlTa C mlppoTIUlOM 
qaCTO q T}{He 11 npnMoJ1J!JTeimbw. TIpn 
1UKpOCI{OrrnqeC}WM H MaHpOCI{OIlH'leC}WM 

113yTJCHUK pyp: 6blJIll 13bIflllJlOnbl cJIep:ylo
lll;ne cPOpMhl C qOIIHU 3cpen IleIJTJIREIAHTa: 
mecTIlyrOJIbRbTC, nRnryrOJIbnbIe, a TaKHW 
aeprra B Bl1Ao pOM60B n TpeyrOJIbIJHlWU 
(pnc. 146, a, 6, 6). 

RaJ( SHAHO IJa puc. 146, a nopcPupo
J1l.iAm)w J{pHCTaJIJIhI rreHTJIaIJp:nTa HMeJOT 
orpalleHJIhle O'lepTaIIIIfI 11 AOCTnralOT 2-

3 CM H nonepeqmmc . 

o /eM 

Orpau -IIIIhle }{pHCTaJI
JIhl nenTJIaUp;HTa 6bmn 
IlCTpe'lCUbl n CUJIOmnbIX 
CYJIbcPlIl\UhT ' PYAax 11e
T( urfI II MOaqC-TynAPbl 
(pa3~lep OTt(eJIbIlhlX 3epen 
J\O 3-5 CM B nonepeq
HIIIW) II n 0PYAeUeJIoii 
TOI{TOllU'lCCHOU: 6pe}{qnn 
1 ayJIhl (pa3Mep 3epeH OT 
0.5 AO 1 CM), a TainKe DO 
UI{panJIeTIllhIX CYJIbcPHAax 
MeAuo-nIIl\oJIOnhTX II THTa
ROJlJaraOTHTODI.rx C CyJIb-
4JuAaMH PYAax panOIJa 
lI,ara (pa3Mep 3epOH MaI{
C I1~1aJIbrrO AO 0.2-1 MM 
n none peqlJlme) . L-__ --'-I ___ .-J1 

PIlC. 147. ¥A:Hlllellflble 3CP IIU JlCII T.'lUII1\11Ta pa3JID'Juoii 
(~OPMbl ce'lemul. 

(L - nJU1CTIIHQllT3A ::JJlJIIHlCOIIIIII,ll bHaR !ll0pMa; 6 - Jl IIH80DII,!J.I1 I1R 
!llopMa . COCTJloe - nCIlTJlalll t\lT; cepoe - TlllPPOTltH . 

BCTpe'IaIOTCR: pa3JU1'1-
I1hIe CJIytJau COOTIIomeHuii 
Orpam{H HpnCTaJIJIOU 
(OqepTaIJHfl 3epeu) C na
npanJIenHeM cnaHROCTII 
neHTJIaIIAHTa. Ha cP0TO

l'pacPHH, npllBoAHMOH PaJllAOpOM (Ramdohr, 1950, pIlC. 234), HAHOMOPcPHoe 
3e pno neHTJIaIIAHTa HMeeT AOBOJIbHO 'I6T1UIe mecTl1yrOJIhllhle O'IepTaUHfI; 
rranpaDJIeHIJR: cnaHHOCTH napaJIJIeJIbULI O'lepTaHHllM (orpaul{e) 3epHa neHT
•• aUAnTa (oopa3eo; II3 BymBeJlbAa). 



o nOCJlE.n:OBATEJlhfiOCTH OBPA30IlAIiHA. ITHPPOT[~I!A II ITEHTJIAH.n:li1TA 2Hl 

BCTpe'IaIOTCJI II .IllI bIe COOTHOmeRI1JI, l<Ol')J.a HanpaBJJeH.I1.JI CUaLmOCTl<[ ne 

~OBnaAaIOT C O'lep'raUllJIMJI UOP<PJIpOllJIAm>IX sepeH neHTJIaHAnTa. 
IIOP<PUpOBJIARhle DhlAeJIeHlIJI UCHTJIaUAJITa 'IaCTO npeACTallJIJIIOT MOHO

KpJICTaJIJI:bT, op;naI{o D OTAeJIhHbIX CJIyqafIX 30pRa COCTaBJIOUhI JIS Anyx-Tpex 
cpOCmJIXCJI I{pJICTaJlJUmOB. 

IIOMIDlO sepeH UeHTJIaHAHTa C MRoroyrOJIhHIDIH O'IepTaHUmlJ1, D CYJIb

<PHAHhlX Mep;nO-UJIJ\CJIeUhlX PYAax MOlnC-TYRAPhl H l1e'IeHrU HepeAl<O BCTpe
qalOTCJI YAJIllIIeHHhIC 30pRa. 0 pa3Mcpax YP;JIIlB UHhlX sepCH nCHTJlaH)J.KTa 
M01KRO COCTaBHTb upCACTaBJIeHne no puc . 1/17 . 

'Yp;JIlmeHHhle IIOP<PUPOBJiP;UhIe J{pHCTaJlJIhl nCHTJIaHp;HTU mlBlOT P83JI Il 'l 

RYro <p0PMY. Ha nOJIUpOBaRnhlx UOBCpxnOCTfIx H na UJIOCROCTJIX CI<OJla Y 06-

pa3II.OB CYJIh<PHP;HOi PYAhI YAmmCHEIblC KplICTaJIJIhl UeHTJIaHp;llTa D O)J.HliX 
CJIy'laJIX o6JIaAaIOT (1ft 7, a) UJIaCTIIU'£aThlMH O'lepTamHIMJI, B APyrHx (1117, 6) 
JIJIHBOBHARIDUI. 

B OTAeJIbRhlX CJIyqaHX 1l0p<pHpoBll)J.llhle 3cpna ueUTJIanAUTa 06JIaAaIOT 
GOJIee CJIOmHIDHI OqepTaIU!IJIMII. 

o n puypo'leuJlocT);t ::Jcpen nCJ-l TJI8UAHTa J\ KCeUOJlHTa ~( ropHblx nopOA 
B CYJlb4>uAnLlx iJnfJIax 

IIOP<PllPOBUAUblO sepna neUTJIanAUTa UepCAJW o6pasylOT CKOnJIeRUfI 01{OJIO 
1 CeROJIHTOB CHJIUKaXUhIX ropHLIX nopoA (puc. 1lt8). Ha }{OllTal{Te CYJIb<PMk 
mJX mUJI C BMem;8rolJJ,H~IH ropHhIMll IlopoAa 1H sepna UeHTJlaH)J.uTa nep eAKo 
pacno;raraloTcH B B.IlAe ll.Ono<ICJ(, upH're~[ Ha CBoeM npOAOJIlI,eRlilil 

o feM L-____________ -L, ____________ --J' 

Pnc. 148. ITPllYP0'lCUUOCTL acpel! lleU1'JJaIJ AllTa ], 
1{Cel]OJ1H1'a~1 UMem,alOJJVIX I"0PUblX nopo~l. 'reMIJOe -
KCenOJIlI'fhl cepn II1'IWIl'rOIJ; cepoe - llI1Pp01'IIII ; 

CaeTllblO <Jepua - nen-mau/ IU1'. 

llenTJIaHAHTOBhre II.enO'll{Ii (iKTiImm) OHaHMJIIIIOT HCeaOIliIThI nopop;, aaXOAJl
ll.\lIeC1J CpeAn cy JIh<pRP;OB B6JIIl3n I<ORTaHTOB }IUIJlbI. 

3epHa nenTJIanAUT8, UpHyp0'lelIJlble ]{ l{CeHOJIHTaM CffJIHI{aTllhIX nO p OA, 
nepep;HO CJIllB8IOTC1J B Op;Ry II.eUO'l}{Y - IKHJI1'Y . TaIUle }I\HJll\H, COCTOHIIJ.lie 
na 3epen iIeRTJIaRAnTa, AOBOJIbHO '1aCTO BCTp e'laIOTCH B nnppOTHHO-nenTJIa:H-
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)J.HTOBhlX pY)J.ax n Hepe)J.I{O npOCJIeil HOaIOTCf[ na paCCT01lHHfI )J.O 2 lIf II 60nee 

HaI{ no na)J.emlIO, Tall: JI no npOCTflpanJIIO PY)J;IThlX TOJI. llcRTJIau)J;\i[TOBhlO 

l~eIlO'Dm (}fUmIUl) lJaCTO cO)J;epmaT Hap60naTbl (KaJIbn;UT), a Imor)J;a R XJIOPMT. 

lleHTJIaIl)J;llTO-Rap60RaTHhle mllJII<II Ha CBoeM npo)J.OJI/IWRUII, Ta1\ }ftO, I{al 

neRTJIaH)J.HToBhle n;eno1JIm: Y KOHTaI{TOB PYJI:lIbIX TOJI o[tai mmOT I{CeHOJIIlTLI 

CKJIRl<aTHhlX IlOP0)J; (pilC. 148). IlORTJIaR)J;11TOBblO J[ neIITJIaHp,IlTO -I{ap60RaT

TIhlO n;enO'lltn paCilOJIaraIOTCJI Hal{ IlapaJIJIeJIbnO, Tal{ It IlO)J; yrJIOM It }WRTal{TY 

CYJJb<Pl1)J;HbIX )fum C BMeII\a lOII\llllnl Ilopop,ar.fI1. 

TIOJIOCaTbIe TeKCTypbl B CIlfPPOTlfUO-UeUTJlall)J;JlTOBht PYAax 

B CIlJIOmHLYX CYJIb<PRp,HhlX pY)J.ax PY)J;OUPOJIB JIe1l1lM HHTTllc- RYMyn{bll 
{MORlJO-TYH)J;pa), RaYJIa, RallfMHIHIBIl R IIrworYJIpun: (lleqeIlra), a TalOl(e 

B oPY)J;eRoJIoi TOI{TORIIlJecl<OH 6peK'IHH RaYJIhl II RaMMIlIUlBH o6RapymenLl 

IlOJIOCaThlO TOJtCTyphl PY)J;. 

1l0JIocaTocTb CYJIL<PH)J;RbIX MO)J.RO- RHJ{OJIOOLIX PY)J; B pa3ElLIX CJlyqaJIX Ilpo

JIBJIJIeTCJI Ilo-pa3RoMy: 

a) IlOCJIOHllhlM 'lepep,OBallllelll IlOJIOC nllppoTIlHoBoro COCTaBa C IlOJIOCaMlf r 

o60raII\OIIIIhlMH nop<PHpOOHAlILIlIHl (upIl6JHI3HTeJIbIIO H30MeTplftJeClmMH) Rprl

CTaJIJIallfll IleHTJIaH)J;lITa; 

6) 'lepe)J;ooaHileM IlOJIOC IlHppOTIIRonoro COCTaBa C nOJIOCaMH, 060raII\en

JJhllIflI IleHTJIaH)J;HTOM, IleHTJIaH)J;HT B aTOM CJIyqae Ilpe)J;CTaBJIeH Y)J;JIHROHHLlPoUl 

3epHaMB, opBeIITIIponaHHhlMR OCJIMlI IWCO IlO OTIIomeHIIlO I{ HanpaBJIeIIIIrO 

nOJIOCaTOCTB PY)J;hl; 
B) IlPRCYTCTBRellI cpe)J;lI IlRppOTBHa IleHTJIaU)J;RTOOhlX n;enO'leK, COCTaBJICII

llhlX H3 Y)J;JIHHeUHhlX (H)J;HOMOP<PUhlX UO OTHomeUJ11O I{ UlIPPOTHDY) 3epeH 

neHTJIaII)J;RTa, pacnOJIO)f{eUIIhlX IlopneII)J;Rl{YJIJIPHO IlOJlOCaTOCTll PY)J;hl. 

IIPIlMOPhl IlOJlOCaThlX TeI{CTYP CYJll)<pR)J;nbIX Me)J.IIO-IIRKOJIeOLlX PY)J; IlPH

UO)J;JITCH Ra pRC. 149, a, 6. RaK BHAlIO IIa pRC. 149, a, B pY)J;ax C IlOCJIOHIIblM 

'lepe)J.OBaHHeM IlOJIOC paaJIHqIIOrO COCTaoa (mlPPoTunoBoro U IleHTJIalI)J.UTO

Boro) B OT)J;eJIbIIhlX yqacTRax lI30MeTplfQeCIU:le 3epIIa neBTJlalll~RTa 06JIa)J;11IoT 

orpaHeHBhllIm O~IepTaHRJIMn. 

B O)J;IIOH Ha }I<lIJIO}{ nUppOTl'lHo- neIITJIaB)J;lITOBOrO COCTana MOII\IIOCTbIO 

2-3 CM lleH'1'JIaH)J;lIT IlpllypOQeII I{ OP,IIOMY 113 lWHTal{TOD }ImJIl\H C <pHJIJlHTallfH . 

lleIITJIaII)J;I1T B aToll: ;HlIJIJ{e COCTaDJIlleT OJWJIO 40 % OT 06II\ero 06'LeMa )[ lfJllUl 

H Ilpe)J;CTaBJIeH Y)J;JIrrneIIIILlMlI aepUaYl'IH, opHeilTHponaIlIlhllIut AJlRUllhIMIl OCJIMU 

IWCO IlO OTIIomenIlIO I{ IIanpaBJIOnllIO CTellI<II )ImJIRU (pnc. 150). B p,pyroK 

CYJIL<PII)J;llOJI n<HJI1<O Y)J;JlllHeIIBl>Ie HpUCTaJIJIl>I ncnTJlaH)J;HTa IIpUypOQCllM 

I{ CJIerl\a BOJIHIICTOii nOBepXHOCTJI, paCIlOJIOil{eUHOii n ~enTpaJ{LnOll: lJaCTU 

nHppOTl'lROBOii )IO![JILI (plIC. 149, 6). 
TIOJIOCaThle nnppOTIIHO- IlCnTJIaII)J;UTOBble PY)J;hl C nO'ITII 1130MeTpIIQCCI\lIMJ1 

aepHaMH neIITJIaII)J;H'fa IIa IlpO)J;OJIfKeBIlU o)J;HoH H TOll a e il{lIJIbI n e peXO)J;flT 

B nOJIOCaTL1e PY)J;hl, C Y)J;JIUUeHIlLIlIflI aepHaMlI IlCTtTJlau)J;U'l'a opncRTHponall

HhllIllI lWCO no OTHomeHlIlO l{ IlOJIOCaTOCTR PY)J;bI. 

Cpe)J;FI CIlJIOrrmbIX CYJIb<PHAlILIX PY)J;, B I{OTOPbIX ()TMe~{aIOTCfl llOJIOCaTlJ 

TeI<CTyphl, nOJIOChl, 060raII\eURhle sepna~m: neUTJlaR)J;llTa, lJaCTO pacnOJlaraIOTCII 

COrJIaCIIO C HanpaBJIeRlIellf IWIITal{TOn ,HRJlhl. O)J;lla! 0 n nelwTopLIX cJIYQanx 

Talme nOJIOCI)l 0PUCRTHpoBanbI IWCO 1\ JWHTaI{Ta [ II II JChl. Rocoe paCllOJIO}L{C

lIRe IlOJIOCOH, 060raII\eBBblX aepIIaM1I IleI1TJIan)J;FITa, UO OTuom lIIHO I{ CTen

l(aM ;]{HJIbI HaI160JIee lJaCTO nCTpe'laeTCH B MCCTax pa3)J;YBOB HJll1 nopon n~tOH 
11 lUI. B aTHX IRe YlJaCTItaX }J{RJI nCTp 'laJOTCfl cJlYQal1 paa)J;BoemfR nOJIOCOK , 

COCTOflJIJ,JlX ua aepeH llCHTJIan)J;UTU. 



1 o f 2 3 4. 
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PIIC. 149. IIOJlOCaTble TeKcTypbl B llUPPOTHHO- UeElTJIaHAllTOBblX PYAax. 

«l - nOCJIolhlOe 'lepellOOaJll1C Donne flllPPOTlIHOBOrO COCTaBa (cepoe) c nonocamt, o6oramcu
tiblml nopcjmpoBlUl.JlblMlI llpllCTannaMll neHTnaJlllHTO (CBeTnoc); 6 - 'lepCllOOaHlle nonoc 
nnpPoTllHoDoro II nCHTnruUlIIToBoro COCTaBOB e ynnullCllHblMlI llpncTannaMII uCHTnallllllTa, 
~plIellTilpOBlIHllOI'O KOCO K uonpaonelUllo nOJlOCaTOCT<I PYllbl; 8 - I'pe6elf'laTaa CTpYKTypa 

B umnax nellTnruIAUTa cpeAI1 mlppOTJlrra. 



PII C. 149 . (npOaMJ/(eHUe). 

Pac, 150. !DOpMbl DblAeneorifl aopen nenT.1I811AUTa D MeJI
KoaepHHc'I'O U II HpynnoaepHucToH (TeMDo-cepoe) o.appo
TlIAOBOH pyno, pacnonomounoll ua 1(Q1J'f8KTO ClfJIblfO 
0pYAeueJIblx cepneanffllHoD C 0PYAeElOJIOII TeKTOUU'leClWH 

6peK'lneH. 
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3Ua'IHTeJIbuhrii: JlRTepeC npeACTaBJIHIOT CnJIOmHhle CYJIb4>uAnhle PYAbI, 
1I KOTOPLIX YAJIIlHeHHhle aepHa neHTJIanARTa (UAHOMop4>uhle 00 OToomeHBlO 
1< OBPPOTHHY) paCOOJIO,KeHhl nepneHAuRYJIHPHO K nOJIOCaTOCTlI PYALI (pUC. 149). 
B nOCJIeAnell1 CJIY'tJae, I<orp;a Y)l;JIIDIenHhle I{pHCTaJIJIhI nenTJIaHAUTa pacno
JlaraIOTCH IlepOenp;llI{YJIHpnO I< OOJIOCaTOCTU PYALI, PYAa 06JIaAaeT rpe6en
'IaTOll CTPYJ<TYpou. RpnCTaJIJIhl IlenTJIailARTa BAalOTCJI B IluppOTun B 06e CTO
POHLI OT n.eIlTpa n.eOO'lIUI aepen neRTJIaUp;UTa Ra paauyIO AJIJI I,affiAoro aepna 
rJIy6llHY. B n.eUTpaJIbilLIX 1JaCTHX rpe6eH'tJaTLIx n.enO'tJeR aepeH neUTJIaHAUTa 
npIlCYTCTByrOT aepna I<ap60HaTo13 U XJIOplITa. I\eoo'tJK1I aepeH neHTJIanp;UTa 
rpe6en1JaTOrO CTpoeHHH, paaBU13alOlD;lleCIl cpeAn mlppOTl!ma, 13 OTAeJIbHLIX 
CJIyqaHX paaBeTBm1l0TCff (pRC. 149, 6) 11 npeACTa13JIflJOT }IUfmHI nCIITJIan
AIlTOBoro COCTaBa, paCCeKaIOIIJ.lIe nnppOTlm. 

l1eHTJIaiiAllT013bIe rIUIJII<ll rpe6enqa'l'oro CTpOeRIlH BCTpC'lalOTCH 1<al{ cpeAl 1 
I<PynnoaepIIIICToro IIIIppOTnoa, Tal{ 11 B MemwaepHUCTOM l.mJIOHRTlIallponan -
110M mipponme. 

BLIIIIe OTlI1e'laJIlICh paaJllPlRhle CJIy"!au npOHBJIeHRII nOJIocaToCTU n OUppO
TIfiIO- OeRTJIaOAUTOBLIX pyp;ax. Op;RaI<O 110JIOCaThle TeI{CTypLI nCTpeqalOTCJI 
Taml<e II 13 PYAax, COAepn,aIIJ.JilX aRa'tJIITeJlbHLIe HOJIH'tJeCT13a XaJILl\Onli pIlTU. 

IIOJlOC8Thle TeKCTypbJ B XaJIbJ\ODDPUTO-DlIPP0Tl:fBO-UeHTJl8UAUTOBbIX PYAax 

110JIOC3TOCTb n XaJIbKODJIPlITO-OUPPOTIIlJO- DeRTJIanAJilTOlfbIX PYAax H.aYJILI 
Oblpa}l{ena 'tJepeA013aUJilell1 nOJIOC nllppOTJilHonOrO COCTaBa C nOJIOca~lll, CO
CTOHIIJ.U m JI3 XaJIbl<.0nllpUTa. 3epna neRTJIaHp;nTa npnypO'tJeUhl rJIaBUhHI 
06paaOM 1< nHppOTllHOBLTh[ nOJIOCaM (pRC. 150, 151). B OllPPOTIlH013hlX nOJIOCI{aX 
OCTpeqalOTCJI n.enO'liUl 3cpen oenTJranAJlTa rpe6eu'tJaToro CTpOenUJI. B 3TRX 
PYAax DI1ppOTnn lI1eTaCOMaT11'tJeCI<.H aal'l1eIIJ.aeTCH XaJIbROnJilpUTOM, op;ualw 
neElTJIaIIp;IlTOBble aopHa OCTaIOTCJI ne3all1eIIJ.ennbn.m. XaJILKOnnpHT ay6n;aMtl 
DAaeTCJI B nuppOTJ1HO- nenTJlaIJAllToBylo PYAY: B CJIY'tJaHX, I<orp;a Talme 3y6n.bl 
lIMeIOT aHaquTeJlbHYIO npOTarI<eHElOCTb, MeffiAY XaJIblWIIHpHT013bIMH U nllp
POTHIIOBbThlll nOJIocar.lIf IIa6moAalOTcH nOqTU napaJlJIeJIhilble II npIIMOJIUIIefl 
able rpanmJ;l>I. 

Cnoe06paaHYIO TeI{CTYPY, nanOMl1nal0DJ,yIO TpaXIITORp;IlYIO TeHCTYPY ro p 
Bl>IX IIOPOA, MOiHilO 6bIJIO na6mop;aTL B MeJIROaepUlICToi l\JlfJIOHUTH3apoBau
BOH H nepel<pI1CTaJIJIJlaOBarlHoi Pyp;e na RaMMRK1'IBU (pilC. 152). 

JhlDeiiHble TelCCTypbl IIJlPPOTDHO-OeDTJIaDADTOBbIX py~ 

BhllDO OTMeqaJIOCb, 'ITO cpeAu nuppoTuuO-DeIITJIanAnT013LIx PYA BepeAI<O 
BCTpe'larOTCJI IIop4>JilPOBlIAHble aepHa nenTJIaHp;UTa C yp;JIlirneUHJillIH O'lepTa
IlIIHM II: YAJIlIIIennLIe }{pJilCTaJIJlbl nenT JIaHp;HTa UMeIOT aJIJIJilnCOIIAaJIhULle, 
JIliHaOBllp;llhle 11 nJIaCTHU'laTbl e O'lepTaUHH. 

,n;JIl1IIHhle OCR yAJ1f'1BenUbl X sepeu (KpnCTaJlJIOB) nenTJIanAJilTa pacnOJIa
raIOTCH paaJIllqULIM 06paaOM B CYJIL4>UAHLIX ilmJIax: a) napaJIJIeJIbHO CTeURaM 
CYJlb4>RAHLIX iRllJI; 6) KOCO no OTnomenuIO I< CTeUKaM iI,UJI; B) nepneElAHI<Y
JIJIPEIO 1< HOlITa1<TallI IInIJI. 

PaaJIll'lDhle CUOC06LI opueHTupOBRU yp;JIUueRHbTX aepen neHTJIaElp;HTa 
B CYJIb4>llAlThIX PYAax Hao6pa}1<enLI Ha puc. 153 . 

JIuHeiInalI OpnenTJilpOBI<a UMeeTCH He TOJIbI{Q Y OTAeJIbnhlX YAJIRHeHHhlX 
3epeu nenTJIaHAI1Ta, B ffiHJIaX nepeAKO opaeHTuponanHO paCDOJIaraIOTCJI 
c pOCTIm 113 AOYX-Tpex aepeu neHTJIaHAHTa . 

• I 
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PRC. 151. I10JIOCaTble Tel\CTypbl B xallbKOnapT!T-nOUTJlallr~nT-nHp
POTHElOBblX PYAax. XaJlbKOUapHT (cneTJIO-Cepoe) 3y6ua~m BAaeTC« 
B IJHPPOTHUO-UeUl'JlanjlHTooylO PYAY. I1HppoTlm (TeMJlO-Copoe) M"6Ta
COMaTl['1eClm: aaMeI£\aeTCfI XalIbKOITI{PUTO f, neIlTJJalljl~1T (coOTJIble 
COpblO sepna) npHcYTcTBYIOT Cpe/1,II rrnppoTlIlIOBhtX nOJlOCOlt B BIIAO 

aeno'] K SOpOH nonepeqnO-meCToBaToro cTpoenKIl . 

o 1 
, I 

2 3 
I I " 5 ! , 

PHC. 152. IlJIaCTHEl,]8TbIO 3epna rrenTJIaHAHTa B MeJlK03epnucToii (MHJIO
fllUH3IfpOBaElHoH) PYAe. 



o ITOCnE~OnATEnhHOCTrr OBPA30BAHHa ITHPPOTHHA IT nEHTllAH~HTA 225 

"Y)J.JIHlIel1Hble 3epna neHTJIaH)J.HTa HMeIOT pa3JIIPmyIO <P0PMY: 

a) KpIlCTaJIJIhl (3epua) ITCUTJIaII)J.llTa, pacITOJIaraIOIII,BeCR napallJIeJIhBO 

06II1,e~lY n pocTHpaIIHIo CYJ1h<PD)J.IIblX }l{HJI, lIl\IelOT JIIIB30BHAHYIO HJIH ITJIaCTDU

qaTYlo <P0PMY; 
6) HpHCTaJIJIhI IIenTJIaHp;HTa, paCnOJIO}HeIInIJe P;JIImUhlllIH OCRMH l{OCO no 

OTBomeH 010 l{ J<OIITal{TaM 'HHll, 06JIap;aIOT 3JIJIHIICODp;aJIbHhlMH HJIH JIIm30-

BHP;IIhIMll OlTepTaITH1Um; 

n) B CJIyqanx, ROfp;a l<pI{CTaJIJIhl ITeUTJIaI1p;HTa COCTaBJIRIOT ~eIIO'IRH C rpe

oenqal'Oll TCI<CTYP0tl, 3cpna IIenTJraIIp;nTa IIO BHP;Y I1aIIOMImaIOT CTOJI6HI{H. 

A 
5 
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Pw. 153. JIlIlIOiioblO TO I,CTyphT B nnppoTIlHo-uouTnauAliToBI,lX PYAax. 
l'u31J11'llIblC cnyqaH OpnOOTllpODlnr YAJIHUOnllblx aopoa nellTJIaHAllTa B 

n{l1JTax. 

A - YUJ1llllell11e sepna nenTnarrnllTa napanneJJbllO CTCHal'll mun; B . B. r - lIocoe pac
nOJlOmClIl1C BblTflJ1YTblX acpclI nCHTnallUI1Ta no oTHom eH 1110 K CTCHHaJ\t »<J1JI11 II nonocaM. 
060rall\elUlbllll aepnaMI1 nCl1Tnafll(l1Ta; II. - YUJllIIlCHl1e BblTFrHYTblX sepell nCIITnanUHTa. 
paCIIOJIOmCHlIWX nonepCH npOCTlJpmlllFr }i<lln. (1- tjJ}lnnIlTbl; 6 - DIIPPOTlllJ; 8 - nCl1-

Tnfll1AJ1T; 2 - ccpneUTl1H11Tbl; a - Ty(~tI>lrTbl. 

IIJlacTJ![lqaThle I,pnCTaJfJILI ITeUTJIaUp;ITTa HJlIeIOT pa3111ephl p;o 1 CM B P;JIHHY 

n 0.1 C~I B TOJIw.uny. 
Talmc cpaBUlITeJIhnO HpynI1I:.Te l{pITCTaJIJIIJ nenTJIaHp;ITTa BCTpe'IaIOTCR 

cpep;H . MCJl J{03epHITCTLIX 1I111JIOHUT1l3HpOBaITHLIX ITUppOTITnOXaJIhI<onHpHToBhlX 

p A, npl1lleM ITJIaCTrm"'IaTLIe npllCTaJIJILI CBOH1I1 yp;JIHnenJileM paCnOJlafaIOTCR 
ITa paJIJleJ] hUO nJIOCKOCTll 1IIllJIOUIITII3au:nI1. 

"Y)J.JI ImenHbre J<puCraJIJIbl nenTJIarrAnTa BLITIDIYTbl na paJIJIeJII>HO nJIOCKO

CTn cnallUOCTU (111) MllHepaJIa, QTO oc06enno OTqeTJIHBO BbIpa,HeHO Y nJIaCTHH

q8TbIX H1H1CTaJIJIOB. HanpaDJICmm cnannOCTIl H Y mmaOBHAHI>IX H 9JIJIllnCO

lI,!l,aJIbllblX 3epen TaKHW napaJIJIeJIbHO HX YAJIImenmo. KpHCTaJIJIOl'pa<pI!I'Ie

cl~oe naUpaBJleIIlle, no IWTOPOMY YAJIlITleHhl Tarme 3epHa neBTJIaH,!l,1na, xo

porno on PCIl. JIfIeTCJI no xapaHlepy oT6JIecl\OB OT llJIH<poBaHnon nOBepXIlOCTH 

mIPPOTHIIOAOTl PYAhI, conepn aU.J.cil nop<p.apoBlIAHbIe YAJIJilHeHBhle HpUCTaJIJIhl 

nenrJIaUL\llTa. lIal~paBJIeHUC ynmmemur l<pUCTaJIJIOB nenTJIanp;HTa COBnaAaeT 

c 0Il.U11M 113 pe6ep Olna9Apa (110), (101) II (011). 
15 IhITpY3 1111 TIeqeHrH 
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BblBO)];l>I B3 n aOJlIO)];enBH: }fa)]; <popMal\fII pa3BHTHlI nenTlIaU)];UTa 

B CYllh<!>lI)];HbIX PY)];8X 

Mop!}loJlorUII nplICTaJlJlOn neUTJJaUT\IITa 

B rrpOTHDOrrOJIO}HnOCTb cyIIl,eCTnyIOIIl,e ly r.rrreHlIJO 06 OTCYTCTDIlH orpa

HeHHhlX HpUCTaJIJIOD rrenTJIan)J;BTa D CYJIb<pHArrhlx PYl1.ax, namu nCCJIel1.0saBllfl 

YCTaHODBJIU naJIB"IU8 xopomo Dhlpan{8rrm>lX l{pnCTaJIJIOD C paano06paanhlMn 

I{pBCTaJIJIOrpa<pH'leCI{BMl!1 <popllIar.m 3Toro r.rnnepaJIa. BhTm6 OTMe"IaJlOCL, "ITO 

D Ol1.nBX CJIY'laflX orpaUHa npnCTaJIJIOD n6HTJIaH)J;BTa napaJIJIeJIbna cnaUHOCTH 

MHHepaJla, D APynu - rpaHrr pacnOJIaraIOTCJI noco no OTnomeHHIO l{ cnaii:

HOCTU. B nepDoM CJIY'Iae nan60JIee nepOil.TnaJI <popllIa J{pnCTaJlJlOn nenTJIaHl1.HTa 

onTaal1.p. ITpn lWCOM paCnOJIOfRCnlIU rparreil l{ ClIaHIIOCTI1 :>TI1 rpauu ID1810T 

60JIee CJIOmnble CBMDOJIbI, 'l8M Y ORTaal1.pII'lecJ{oH cuaii:nocTu. 

OTCYTCTDJ18 CaJIIOCTOJITeJIbHhlX Due rruppOTImonoii: PYl1.bI orpanenHhTX l{Pl1-

CTaJIJTOD rreHTJIarrAKTa ne rrOaBOJIHJIO rrpTIMeHUTb orrTUl;leCKI1ii: rOBuor.10TP l1.JlJI 

UCCJIe)l;OBaHBJI r.lOp<P0JIOrUH orpaHeUHhlX I{pnCTaJIJIOB rrOHTJIaHAUTa. TeM ne 

Menee Y rrenTJIanl1.HTa, TaR me Hal{ H Y APyrux PYlJ.HhlX MllHcpaJIOD, peARo 
06pa3YIOIIl,UX caMOCTORTeJIbHhle BbIl1.eJIeUHJI, rrpel1.CTaDJIIWTCfI BoaMQ)}{UbIM 

BblJlDI1Tb MOP<POJIOrBTO HpUCTaJIJIOB. ,1J.JIJI ;)TOM ~eJIn Mon<eT 6bITb npTIJI1enen 

peIITreHOMeTpH'leCI<HH lIIeTO)]; oupe)];eJIeHHJI MOP<POJIOnl"IeCIUl namIII>lX rparreu 
I{pUCTaJIJIOB, npc)];JIO}l{eHHhlH B. 11. MuxeesIDr n Jl1. 11. ma<pparroBclm~1 (1949). 
CorJIaCHO aTOMY MeTO)];Y, rJlaBHeMmlIMU B Mop<POJIOrIl"IeCROllI OTilomemIU JlB

JIJlTOTCJI Te rpaHH, IIJIOCI{Ue ceTlUI HOTOPhlX )];aIOT naH60JIee lITlTenCTIlmWe JlU

nUH Ha peHTrerrorpaMMax nOpOml<1l. [JPIl aTOM nopJIl1.or{ DaHWO Tn rpaneii 

COOTDeTcTDyeT y6bIDarrIIIO DeJIHtfillIbI lIIemIIJIOCROCTnoro paCCTORBl1JI (d~ In). 
IT pl1MeHfIJI aTOT MeTO)]; I~ nenTJIaB)J;BTY MOmBO DhlIlDIITh, 'ITO Da)l<neflmRMII 

B MOP<POJIoruqeCIWM OTlIOmeHUrr JIDJIllJOTCR rpanH: (311), (111), (331), (511), 
(110). HaH60JIee Ba}KHIDIH rpam'IJI,m Y neBTJIaH~lfTa, 06Jla)];alouwro Cl1MMeT

pl1eii Fm 3m, llBJIllIOTCJl TPI!lrOBTpHOI<Taa)];p (311) U OT{Taal1.p (111). 
rpamI nOP<PHpODHl1.HhIX npHCTaJlJlOB neHTJIaUl1.HTa, pacnOJIuraroIIl,neCfl 

KOCO rro OTHomeuuro 1{ cnaunocTH, no Dcell BepOllTnOCTJ1, rrpel1.CTaSJIflIOT rpaHll 

l>1HororparrnnHa (311). rp aHl'I , paCIIOJIaraIOIIl,l!1eCll napaJIJleJIbHO cnaiinocTu, 

npHHa~JIemaT OltTaa)];py. 

rCHcauc nCKOTopbIX nOJJOCaTblX II JluHeiiubLX TCI,CTYP n CYJJb!}lU~HbIx Py;{ax 

06Ba pymeHl'le nOJIOCaTOCTH II mmeiiuoCTII D cYJIb<pU)];nbTX nenTJIaUp,IIT

co)];ep"{"llTTJ,RX pyn;ax MOU"Ie-Tyn)];pbT II ITe"tJeHrn D IICPOlltlt MO~1UHT n PUDOl1.TlJTO 

H MLICJlH, 'ITO Cpel1.u llt:lHTJlan;:V1To-unPPOTl1HOBbIX pyn; Jllb! naXOl1.ml TC me 

CTP yltTY PhI, HanHe xapaRTepHbI )];JIll H3Bep,I,ennbIX roprrbfX nopoJJ;. Ha OClIO

BaJill1l Dnemnero CXOnCTsa CO CTpYHTypaMH Te'lenUll ropHhlX nopol1. nOCJIou:

Hoe lJepep,onaHae CJIoes IIHppOTJllIOBOrO 11 UeHTJTan~lfTOnoro COCTaBa B CYJI b

<pffl1.HWX }RflnaX npel1.ITOJlaraJIOCh 06'bflCnUTb 1<pUCTaJIJIU3au;uefr CYJ1b<pJ.1p,On 

DO DpCJI'IR ~DnmeHHJI PY)];IIOrO paCJ1JIana (MaCJIeHHI<OB, 19-6). 
BOJIee l1.eTaJl bBoe paCCMOTpeH110 nl1ppOTI1ll0-neUTJl aHl1.I1TOULIX mrm D01\a-

3hlnaeT, 'ITO PYl1.hl, CJIaraIOIIl,He 3TH mUJIhl, 06JIa~aIOT Teln; rypaJl1l1, OTJIl:IqShIMU: 

OT TeI\CTY p 113Be piKeIIHbIX 11 MeTaJllopqll1 l lec}{ux 1'0 IJUbLX nopol1.. 

B cny"aflx, I<orl1.a YAJIItlHeHIlbIe Hpl1CTaJIJlbl llOIlTJlaJ1l1.11Ta paCIJOJTararOTCR: 

I<OCO [{ CTOI:iKaM }HHJI, op~leBTl1pOBKa TaRI1X r{pnCTaJlJIOB B 1HIlJlaX COUllal1.aOT 

C Hanpasn01Il1eM nepUCThIX TpeIIl,IUI DO DMeIIl,aIOIIl,UX ropllbIX nopop,ax. 
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Ha PI1C. 149 npuBOAuTCH CJIYlJaH, IwrAa npHCTaJIJIhl paCTYT, HCnOJIb3yJI 
cnCTeMY MOJIKHX TpOm;nn, OTBeTBJIHIOm;IIXCH OT 60JIee I<pynnoH BOJIlll'ICTOH 
Tpem;linbI, pacnoJIomeRnoii B IIenTpe mnJIhl nnppOTHnOBoro COCTaBa. B APyroH 
il\UJIe YAJIUnennLle npnCTaJIJIbt nenTJIanAnTa pacTyT OT IWRTal(Ta CYJIb<PHAHOH 
nmJILI C <p II JIJIIITal\nl, HCnOJIb3YH, I(al{ II B nepBOM CJIY"Iae, CHCTeMY nepHCThlX 
Tpem;un. 

B 06pa30BanuII mmellno-opuenTllpoBaHHoro pacnOJIo)J{emw 3epen neHT
JIanAllTa 60JIbmyIO POJIl:' llrpaJIII Tel<TOnIIlJeClme nOABll>Rlm, npllBoAuBmHe 
I{ 06pa30naHllIO nepHCTblX Tpem;un D ll.l'IppOTIIne, I<OTopbIe DhlnOJIHHJIUCb neHT
JIaUAIlTOM. OAnalw Tel<TOHHlJeCKHe ABlHI(eHHH (nOAl3lHIUm), npOIICXOAHDmHe 
B nepIIO,n; I<pllCTaJIJI1I3aIInn nenTJIan,n;HTa, 6b1JIH CJIa6b1I\Ill H 06bI'lHO He npIlBO
,n;nJIU I( MJlJIOnIITH3arnnr py,n;hl. Talme no,n;BIInmH npUBo,n;nJIH JIUllb 1< 06paao
nanIno TpeIIJ;lUl D mlppOTllIIe. 06 HCnOJIb30BaHHH nenTJIan,n;J1TOM Tpem;lmOI{ 
cpe,n;n nuppOTnna rOBopllT naJIlf<DIe B py,n;ax pa3DeTBJIHIOm;rrXCH IIenOlJeI{ 
(nuIJIon) , COCToam;UX na 3epeH nenTJIaRAIITa (pHC. 154) . 

IIpu 06paaonanuli IIenOlJeJi (nmJIon) aepen nenTJIan,n;nTa C rpe6eH'IaTIDl 
CTpoeHueM Tal{)I\e mreJII\ 60JIbmOe 3na'IeHne TeI<TOHJ11:feCI<ue HapymeHlHI n nup
pOTune, TaJ< I<al{ n 3AeCb ItprrCTaJIJIbI neHTJIan,n;UTa DO DpeMH CBoero pOCTa nc
nOJIbaOBaJIll Tpem;llHbI B nnppOTnne. POCT npnCTaJIJIOB nenTJIaH,n;UTa B 06e 
CTOPOlIbI OT Tpem;rtnbI Ha pa3nyIO rJIy6uny R nanpaBJIeR1lI1, nepnen,n;HI<yJIHP
HOM It TponWHe, CBu,n;eTeJIbCTByeT 0 TOM, 'ITO B ,n;annOM CJIYlJae MllI mIeeM 
,n;eJ10 CO cBoo06pU3nbIMU CTpyKTypal\Ill MeTaCOllfaTH'IeCIWrO pOCTa rrenTJIaH
,n;HTa, pU3BUBaIOm;erocSI aa ClJeT nnppOTJilna. 

KaR B CJIyqaax IICnOJIbaOBannH nenTJIan,n;HTOM rrepnCTllIX Tpem;HH D nnppo
TIme, Tal( n D }IUIJIl(aX rpe6enlJaTOrO cTpoeHHSI neHTJIan,n;HT o6paayeTcH n03n,e 
mIppOTIlIIa rryTel\l BblnOJIUenl1H TpOm;nnOI{ n MeTaCOl\laTUlJeCHOrO aaMem;eHllH 
lU:!ppOTlllla. TaIOIlII 06pa30M, nOJIOCaTOCTb B CYJIb<PU,n;HbIX (nHPPoTIIHo-neHT
JIaII,n;)~TonhI ) py,n;ax D03rrnI<JIa He no BpeMH OTJIO}t{eHlUl py,n;, a J3 60JToe n03A
Hae aTanbl cpopmlponanmr: CYJIb<PH,n;llbIX i-I J1JI. 

3aHonoMepno oprrenTllpo.nannbre TeI<CTypbI py.n; (nOJIOCaTbIe H JIHneH
mue) , OnIlCaIIHL[Q BbImo, lIlOi-J\110 pa3AeJIIITI> na Tel(cTypbI BhIIlOJIHemUr II TeK
CTypbl MeTaCOMaTIl'leCI<OrO 3aMem;enHH. 

K TCl\cTypaM nbIllOJTIIeIIUH OTnOCHTCH Tanne, I<OTOpbIe n03nHI<a10T nplI 
KpnCTaJlJll13aIl:llU 1\ P YIIHblX RpnCTaJIJIOB nenTJIaHAIITa B IIepIiCTblX Tpem;liIHa x 
cpe,n;n 1I1IppoTIlHa. 3aI<onOl\lepHO opHenTnponannble nepncTble Tpem;nnbl CJIy
>HDJIII nyTHlIrJI IIIIPKY1UJWII1 pacTBopoB, U3 ROTOPbIX I<pnCTaJIJI1130naJIHcT> 
3al\Onmlepno opnenTupoBanHhle JIHnei'mo-napaJIJIeJIbHbIO HpUCTaJIJIbI neRT
JIanAllTa. IIpu BblIIOJInCWIll nepUCTblX Tpem;rm qaCTU'IllO npOUCXOAflJlO H MeTa
COMaTIl'IeCI<Oe 3allIem;eHno mrppOTllna neHTJIan,n;UTOM . 

l'I3YQeHUe nepll('ThlX TpeIIIlIn IIMeeT 60JIbUIOe 3na'IelIUe AJIH pemeHHSI no
npocoB MllHep3JIbnOrO napareHeallCa B neTpOJIOfnll (IIoJ1HanoB, 1950). 
PIlC. 147 Ii 149, 6 xopomo UJIJIIOCTpnpYIoT pOJIb nepaCTbIX Tpem;IlH npn <pop
JI1nponaJIl:II~ cYJIb<PU.n;UbIX Jl(e,n;no-nUI<eJIeDbIX py,n;. 

K ToI\CTypaM I\leT3COMaTIllJCCr,oro 3aJl'lem;eHIIH OTnOCfITCH nOJIOCaTble Te}(
CTypbl C rpo6ell'l3TOii <pOPMOii: paaBHTHH npH311laTIf'leCHUX HpUCTaJIJIOB nenT
nau.nIITa, pacTyru;ux HouopeK I{ Tpem;nm<c. TaRaH <popMa pa3BHTHH nOJIO
caThlX TCKCTYP C JlUnoiirro opueilTuponanHhIll1 paCnOJIO}ReHneM RprrCTaJIJIOB 
UenTJIan,n;IITa, pacTym;Hx 3a C'teT MeT3COMaTU'leCI{OrO 3al\Wm;errUH nn ppOTFIHa, 
11I11'epoCna C Anyx TOqeI{ 3poUllH. Bo-nepnblx, ona HBJIHCTCH npIlI\1epOM opHeu
TupoBannblx yaopoB, B03I1Il1{aIOm;UX npn MeTaCOMaTJIlJeCHOM 3aMem;eHJ1H. Kal{ 
1130eCTDO, «yaop],! lI!eTaCO~WTUqeCKOrO aal\leII\eUllfl» nMeIOT aTeT{TOHIlTOBoe 
CTpoeuue (H. EmlceeB, 1953a). B ,n;aHHOM me CJIYlJae TpeIIIUHI<a, BAOJIh 1\0-
TOPOll pU3paCTaJIllCh rpe6eII l iaTbIe rI<IIJTKTT nP-HTJH11l)lnTIl. 01<a3hIOaJla opueHTH-

15*' 

... 
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PIIC. 154. a - pUaUeTll;lfllol.QllC'cn nwnLl (r(CrTo'lI;n acpen) 
nell'l':rall ;\l!TU - cueTnoc, CfWII1{ Jl11PPOTf!llU - cepoc; 6 -IIP)"I oil 
o6puaeI(, 01<0: 10 06nOMIWll ll\lell,alO1J~l[X nopoJl., R]lOMe am:r, 

na6:IJO!larOTCfl nCflTnallJ],IlTOBblO OTOpOQlm. 
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pyIOIIl,OO BJIllRnuo. H.pllCTaJlJILI nCnTJIaTIp,UTa pOCJIJ! nonepol{ TpeUVtlIIm:, 
06pasyfl cnoo06paaubIo yaopr:.r pocTa. BO-BTOPLIX, rpe60H'laTLIe mnJUm neHT
JIaIIp,llTa npell.CT3BJUIIOT 0'1011b XOpOml1D. npmrep lIJeTaCOJllaTIflHlCKIfX iKHJI 

(RopH<1mCrUlif, 1953). 

llplIj>ol\<l ICPYLlJJblX noptlmpoulIAublX C xopoweii ol'paJmoii ICIlIICT3JIJIOn DeLITJlaDAIITa 
U Cy.tlh(~IIADbIX IJYAax 

ITo uopnoMy nIl 'Ian! untO Hpynllhlo, xopomo OrpaFIeHllr:.ro HpJ1CTaJlJILI 
rrOUTJHllI,n;lITU (pIlC. 146) MomBO npUUflTh 3a llopqnlpoBIf,n;HLIe BLI,n;eJIeHIHI neHT

Jlan,n;UTa, MillIepaJIa, I\oTOPbrJ£ I\pnCTaJIJIIlsonaJlCli lla py,n;noro paCnJIaBa HJIll 

pacTI30pa panee IlllppOTllua II npn06pOJI BCJIe,n;CTBue 3Toro n,n;uOll:lOpCPllLIe CPOPMLI 
lIO OTIIOUIeUllIO 1< 30pHaM l11IppOTlma. TaJ\Oro lIIllOTInfI II npIlp,epmllBalOTcn 
A. r. BCTexTnH II A . .n. rCHlum (1951). O,n;nal{O, I{a[{ 6I:.IJIO nOHa3aHO BLImo, 

I\pYIInbIe nopcpupoBll,n;Ilhle I{prrCTaJIJILI nCIITJIaII,n;nTa BLIllOJIllRIOT uepIlCTLIO 

TpeIIl,llIlLI u JtIlPPOTl1ll II n :JTO~I CJlyqae YCTan3BJlImaOTCH nnafI nOCJIe,n;OBa
TeJIbnOCTb J{pllCTaJI.1l1J3aU;ll11 CyJlLCPU,n;IIblX JllIIIlcpaJIOB: CPOp~llIpOBaHl!re lll1PpO

TU110BOii py,n;LI BoaummOBeUIfO uepHCThIX Tpelil;nJl - I{pUCTaJIJIIIaa~llH 
rrOnTJIan,n;IlTCl . 

Y,n;JIUHCnlII>lO U pnall[aTll'lCCImC }(pnCTaJIJILI IlCrrTJIaH,n;UTa, paCTYIIl,HO B 060 
CTOPOUbI OT TPCUJ,lllIOIt nepnell,n;J1J YJIflPHO lIO OTHomorrmo 1, mOl (pRC. 149, 8, 
150), DoanultalOT upn lIIOTaCOlllaTH'IeCI<OM aalllem;elllIlf nnppOTJma UerrTJIaH

,n;UTOM. 11 n :>TOM c.lfY'lae U,n;J[OllIOPCPllue l\pnCTaJIJIr:.r nenTJIan,n;UTa I\pl'1CTaJIJIll-
3 YIOTCfl 1I03)J,JI CC nllppOT£lll a. 

I1soopail\cHHbrc na puc. 149, a lIprmephI npaBIIJIhIIOrO llOCJlOHHOro pacno

JIOJJ{eUllfl ol'pyr.lfLIX (UOpO)J,IW orpaneuur:.rx) l\pUCTaJIJIOB UeUTJIan,n;UTa TalUKe 
11 JIbafI paCCM aTpllBaTL D Ha'leCTBe rrepBlf'IllLIX (I{pllCTaJIJIn30BaBIIfl[XCH 113 
paCnJIaBa UJIH paCTBopa) I<pnCTaJIJIOB. Tal{ /i{0 I<aI{ H I{pynHble I{paCTaJIJILI 
B rpe6CH'faTLIX 11'mJIaX, Tal{ U n 301lteTpU'leCIUre HpnCTaJIJILI I{pHCTaJIJIHaO

BaJIIICL uus,n;nee mlppOTnna. 06 :nOM rOBopnT TO, 'lTO ua upO)J,omI<eHllH O,n;HHX 
n Tex }HO UOJIOC, oooram;cnnLIX I{pUCTamrallllI UeHTJIaUp,IfTa 11 pacrrOJIOi-I<eHHLIX 

cpe.n;n llI'rppOT1UIa, BCTpe1.raIOTCR l\pIlCTaJIJIbI, npllypO"tJ:OUHLle H 1l0pHCTLI~1 Tpe

III,UnaM B UIIppOTnne, 11 I<prrCTaJIJIb[ C orpaneIlUbIlIW O'lCpTaTIIIHlIIH. RpHCTaJIJILI 
C xopomeft: orpaUIWU IIuor,n;a 'lepoa lIeCI<OJIbl{O CUHTIIMeTpOB Cl.leHHIOTCH y,n;JIH
llelIHLI III 30puaMn ueUTJraUp,UTa. OTCIo,n;a CJIe,n;yeT, 'lTO orpanellHI:.Ie I<pnCTaJIJILI 

lIellTJIaUp,UTa upc,n;CTaBJIHfOT 60JIee UO3,n;fIl!Ie, 'lei\! llUPPOTlIH, 06pa30DaHHH, 
B03Hm{WIlO MOTaCOMaTH'IeCKllll UYTHM. IToCJIe.n;rree YI\a3LIBaOT TIa TO, ~ITO nop
CPUpOBl1.n;nr:.re ItpIICTaJIJILI IleHTJIaH,n;UTa upe,n;CTaBJIHlOT C060R MOTaI\pHCTaJIJILI. 

TaHUlII 06paaOM, I<pllCTaJIJIHaaO;lIfI nopcpupOBII.n;rrbIX aopeH nOnTJIanAllTa 
npOllcxo,n;lma ne panee n Aa>I<e ne o,n;HOBpeMelIno C IDlPPOTHHOllI, a HeCI{OJIbI{O 

U03,n;uee nllppOTlma, npH 60Jlee rr03p,Heii rrepeI{pllCTaJIJIllaaO;Hn CYJIbCPUAIILIX 
py,n; II MeTaCO~laTn1.leCI<OM aaJlIOm;eHHll nnppOTl1lla IlOHTJIaHAllTOllf. D03TOMY 
npaBIIJIbIlee lla3BaTb l<pynnhlC I<pIICTaJIJIbI neHTJIan,n;HTa HO UOPCPHpOBll.D.HLIMI1 
BbI)J,eJICJIlHimr, a nopcpII p06JIaCTallJlI. 

B nuppOTIIlle nepe,n;HO DCTpe'IaIOTCH UJIaCTUll'la Tble II UJ1al1leneBll.n;rrLIe BI{JIIO
'lemlfl UeUTJIaII,n;IlTa, aaI<OllOllIeplIO oplleHTnpOBaHllhle llO OTHomenllIO J{ CTPYI{
Typo ImppOTlUla Jl ,u;eTaJIbnO OUUCaIIUbIf;\ A . .n. reHIHIllLTh! (1955). PaccMoT

pOUl1e OC06eHHOCTen TaI<HX CTpyI\Typ 6y,n;el' c,n;eJlaHO B rJIaotj 24. 

llOCJICAOUl\TCJlbLIOCTb KPllCTl\ IJJlI3<ll{11II nUppOTllUa n DCIITllaOAUT<l 11 BlllUlllllC 

TCICTonll'lCClmx lIl\pywCUlJii (Ac<IlopMal{lIii) lilt ncpmq)lICTaJIJllJ3al{lIIO PYA 

OCIlOBUbThI HpUTepIIOM ,n;JIH cyn{,n;elllIH 0 nOCJIe,n;OBaTeJ1LnOCTli 06paaOnaTIllR 

lIlHnepaJIOB D py,n;ax CJIYil<aT CTPYI<TypUble COOTllomeHllH lIleiKAY MllHepaJIaMll. 
O.n;HaTW Ila OCUODamm UenOJIIlbIX .n;anllLIX paaJTIl'IJIbIlIlIl RCCJle,LWBaTeJIRMlI 
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O,qHl1 H Te me CTPYl<TypHhle BaaJuroOTHomeHllfl 1>Ie>H,qy MlmepaJIa1>HI 06'1>
lICHflJOTCH no-paSHOMY. 

lIpH IIayqeHHl1 Me,qnO-HnHeJIeBhlX py,q Ha nepnOM nane CTPYHTypHhle 
COOTHomeHIHI nHppoTHHa H nOnTJIau,qIITa nCTOJIHOBhlBamlCb l<al< peaYJIbTaT 
nOCJIe,qOBaTeJIbHOrO BbIJ].eJIeHnH 3THX MHHepaJIOB Ha pacTBopa, npr"-~reJlf nenT
JIarr,qIIT, COrJIaCHO aTOMY npeJ].CTaBJIeHHIO, BhlJ].eJIHJICH nOCJIe nIIpPOTIIua 
(Campbell a. Knight, 1907; glow, 1911; Tolman a. Rogers, 1916; Wandke 
a. Hoffman, 1924, II J].p.); rreHOTophle aBTopLI OTlIfe'IaJIH CJIyqarr saMem;eHHH 
nnppOTHHa nerrTJIarrJ].UTOJ';L lIo Bal~,quHrTOUY (BuddingLon, 1924), UOHTJIaH
J].HT l<prrCTaJIJIHaOBaJICH 'l:IaCTl'I"l{[TO O,qROBpOMeHHO C nnppOTlInO?J, qaCTH'!HO 
rrOCJIe rrnppOTHHa. 

illHeu,qepxeu H Pa1l1,qop ( chneiderhOnn a. Ramdohr , 1931) 'BhI,qeJIIlJIH 
J].Be reuepa~.rrn: neHTJIaHJ].lITa - (meaaBHCII1I1bIl[» II BOaUHI{mnii npn pacna,qe 
TBep,qoro paCTBopa n mrppOTIme. illueii,qepxerr YIWSLIBueT rra nepnWlJIoe, 
uo OOJIee nos,qnee, 'lOM mlppOTIm, oopa30nauue CU1.IOCTOHTeJIbUhlX aepeH 
neHTJIaH,qrITa. 

B OOJIee noaJ].nee npo?'(H JICCJIeJ].OBaTeJID CqnplwB, 1940 r.; 13eToxTIJD, 1940; 
BeTexTHn If femmrr, 1051. II J].p.) CI{JIOHHIOTCR B nOJIbay 60JIee paurrero oopa
SOBamUI neIITJIan,qUTa, onlO~IaH OOJIbmOIr nJ].nolllOpqJH3l11 call1OCTORTeJIbnhlX 
BbTJ].eJIomr:iI DeRTJIaH,qIITa H OTCYTCTBne noa,qrrBiimux nepBrpymmponOli. BB
~ecTBa n CYJIb4>li1,qRhlX rrerrTJIanJl.TlTCOJ].ep>l<am;HX py,qax. 

PacnpocTparrenrroe B naCTORm;ee npeMJI npeJ].CTaSJIenHe 0 naJm-qull B CYJIb
<pn,qnhlx py,qax J].nyx ronepau;nii nBnTJIarrJ].UTa PH,qOM anTopOB ocna pllBaeTClI. 
lIo HX MrrerrHJO, Bce MHoro06pa3ne 4>0Plll paaDUTUH nora MlUIOpaJIa RDJIReTcn: 
peaYJIbTaTOM o,qrroro rrpon.ecca: no S,qnap,qcy (Edwards, 1947), - pacna,qa 
TBepJ].oro pacTBopa, HJIH, no RaMepoHY (Cameron, 1943), - lIfeTaCOMaToaa 
IIHppOTllrronhlX arperaTon IIHneJIerrOCnbIllUl paCTBopallfIl. 

l1rrTepecHo OTMeTDTb, 'ITO Pallf,qop (Ramdohr, 1955) UJIaUeUBBn,qUbIe 
BpOCTHH neHTJIUu,qUTa B ITIIPPOTIlHO OTUOC.lIT Ii. CTpyHTypaM, B03HHRaJOIqIDI 
npFI nOBTOpnOJlf narpenamm PYJ].bI. STa nJ].efl Bnepnhle n 1952 r. 6hlJIa BbICl<a
aaua XOJIJIU H XbIOHTOJlf. B 60JIee pannux DhlCRaahrnaITIf1IX Pall1,qop no,q06ULIe 
CTpyRTyphI OTUOCUJI It npo,qYli.TaJIT pacuaJ].a TBepJ].oro paCTBopa. 

lIpune,qollHhle HOBhle J].anITLJO (CTp. 255) rOBopflT 0 cP0PMUX paaBJiTllfl Uop-
4>Hp06JIacToB rrerrTJIaUJ].aTa, a TalnI,e 0 CTPYli.TypnllTx COOTHOmOHlfllX Me'l<J].Y 
neUTJIan,qHTOllI I[ nHppOTUUOllr. STn npI1MepbI YI{aahlBaIOT na TO, 'ITO CTeneRb 
HJ].IIOllwp4>H3111a IIUmepaJIOB IIO Bcema OTBe~laOT 1I0CJIe,qODaTeJIbnOCTU 06paao
BaHMR MlmepaJIOB. l1J].noMop4>nbIe nop4>npo13.F1,qnr,ro l{pllCTaJIJILI neRTJIan,qUTa 
(uHor,qa C orpaneHHhllIIll O'IepTaIIIIfJIIlTl) oopaaYJOTClI IIOaJl.IT e ITupponma, 
'ITO oc06enno 'IOTI{O DIlJ].110 Ha ammtax (a;eIToql\ax) aepell rreHTJlaUAJfTa C rpe
OenqaTOIr CTpYl{Typoii. 

lIpu 06paaonanHII l<pUCl'aJIJIOB nenTJIUnJ].UTa OOJIbmYTo pom. nrpaJIll Tel{
TOUI1'1eClme Ha PymeHllJI CJ].e4>opJI[an.nH) B llnpPoTmTOBoiI PYAO. n pH lImHpOCTpYH
TyplIOM J1aY'IOUHU CYJIb4>n,qULlx PYJ].onpOHBJIeHnii (H. EmlceeB, 19536) 6bIJIO 
YCTaHOBJIOnO, 'ITO Talme MlmepaJIbI, J{aR }wap~ n aRb6RT, rrpllcyTCTByIOm;n:e 
cpe,qn Py,q, He rrOCRT CJIeJ].OB J].e4>opMan.nH. OTCIOJ].a 6hmo YCTaUOBJI lIO, 'ITO 
cna 'laJIa Boanmma TeJ{TOHH1:feCHaH aona, a aal'eM n CIlOIWi'urOll OOCTaHOBI(e 
npll OTCYTCTBIIH CffJIbUbIX TeltTOUlJ'leCI<llX J].DmHOUUU nponcxoJ].IlJIO PYJ].OOT
JIomenl1e. 

,r:t;aHllbIO, npUBe,qenUllre B uaCTOnm;el\[ paaJ].eJIe, CBHJ].OTeJIbCTBYIOT 0 TOM, 
'ITO TeI{TOnlI'IeCIU1e J].nlIrHeHflH, XOTfl 11 UeaUa'IIITeJILnOIr IIllTHlICllnnOCTH, 
npo,qOJIn<aJIHCb n BO npell1JI PYJ].OOTJIOiI{OUUR. TeHTOllll'IeCIHte napyrnoHI1R. cpe,qH 
ID1ppOTrrna CJIyaHIJIH UYTflMH, UO IWTOPbThl npOJ1cxo,qIIJIO OTJIOmemIe neHT
JIaUJ].UTa U JIIeTaCOll1aTll'leCI<Oe aall1e~eHIIO nlfppOTI1Ha neUTJIaHI~IITOM" 
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OS YCJIOBIIHX liI nOCJIE.D:OBATEJIblIOCTH OSPA30BAlIDH MHHEPAJIOB 
B PY.D:AX 

<])H3BIW-XBMD'IeCRDe ycnOBD1I o6paaOBaOH1I l\1DOepanOB B py.n;ax 

Hepe):{Ko rrpu OO'bHCrreHHll reHeallca cym,qmAHbrx lIIeARO-HHKCJJeBhIX MeCTO
pOm}1CHUH CChIJIaIOTC11. lla paGoTY r. r. "Yp3aona II H. A. <Dl1nllHa (1£138) , rrpH 

aTOllI YI,a3bIsaH rra HeKOTopoe HCCOnrra}10Hue rrpHpOABhlX rrpo~eCCOB HpJilCTaJI
JIHaa~llR CYJIb<PllAOB c npOI\eCca~ur I{pHCTannl1Sa~nR llCI<YCCTBeHHhlX MRHe
panOB B Cl1CTeMe 1I<eneaO-HlIKeJIb-Cepa . 

. 06pa30naHue noptPupODIIAHl>IX sepeH neHT- tOC 
JIaHAFlTa, Kal, YFa:lblBaIOT A. r. BeTexTllll If 1200 
A.,n;. feHKHo (1951) : ne MO}J{e'l' 6hlTb OO'bHCllellO 

rrpl1. nOMO~H /\l1arpaM1>lhl 6Hnaprroll Cl1CTClIIhl 1000 
Fe -, is 2' rrpeAnO}J<ellHOll r. f. "YpaSOBblM \ 
H H. A. <DummbI"M (1938) na OCHOBaIIIIJiI ,')}{c- \:---....--> ____ 
neprnrerrTanbITbIX lICCJIeAoBaIIlIH (pBC. 155). 80(} I 

B caMOM lJ;eJIe AHarpaAIM a aTOll c.uCTellIbl / ! 
uonaahlDUOT, ~lTO rrenTJIUnlJ;l1T aa1I1:tt.laeT npOJl\e
;I<YTO'1JIO nOJIO)I{onne lIIe}J{AY llllKeJIlICTbThI 

nIIppOTurro 1 (C COlJ;ep}I<aHBeM lUIReJUI lJ;O 3 %) 
iii Ti2 3, T. e. l1IIbIMU CJIOBaJlIll JIBnJIlOTCR ABOif
UblM Xill[lI'leCIUlM COelJ;lwellneM B CJlCTeMe TpO

UJIUT-XuaneBYlJ;UT. ,n;nJI Toro 'lTOObI U3 pac
rrJIaBa I<pUCTannH30BanIICb aepIIa (CUMOCTOH
TenbHble) neHTJIanlJ;llTa B 1\a'leCTBe UpOlJ;YHTOB 

nepBOll KpUCTaJIJI.II3aO;Jnl, ne06XOAJ1MO, 'lT06bl 
pacnJIan CO)l.OprE aJI HellIeIIee 30% mmeJIH, B TO 

BpeMJI 1\al< B IIPUpOAI:lhlX YCJIOBllJIX CalIlOCTOJI
TeJIbHb!e «I10P<PHPOBIfAIIhle)} aepHa neHTJIallAJilTa 

06paSYIOTCH B PYAax C cOAepn<aBlleM: llIII<eJIJI B 

/ +// 
I! 

5-6% . 
CorJIacno ,mCnepII!lIelITaJIbUblM lJ;aHHhlM, II3 

paCTDopa C Tar{uM cOAopmaHUeMHll1\eJIJI HpllCTaJI
JIllaart;llJI Ba qUOTCJI C BbIAOJIOlIllJI IIl!mennCToro 

r----.i...j', ...... " 
I \ '", 

500 

/ J+(Fe,Ni)gS8 , __ .>1,\ 
400 I i 

I I 

feS 

Pnc. 155. Erraapoall ClI'CTeMa 
FeS-NisS2 (no AaOUblM 

r. r. ¥paaooa n H. A. <DH
JUma, 1938). 

1-TBepAbJe pacTBopbJ 11l1l>enH B FeB; 
I I - o6nacTE. Toeplloro pacTDopa, 
6oraToro H1meneM; 1+ II - o6nacTb 

HecMecllMOCTII ToepAwx paCToopoB. 

lIUppOTllna npmJepno lIpll TeMnepaType 1150 0 
C, AaJIeenOMOpe naAeHlUI TeMnepa

TYPhl 6YAYT }{pIlCTaJIJIllaOBaTbCJI sepHa HIIKeJIllCTOrO 1II1ppOTllHa C B3MeHHIO
~IDICJI COCTaBOM (c nOBbIllIelIlleM cOlJ;ep)I{anuJI II30MoP<PBoro IIuRenR). IIPII 
Te~IllepaTYpo 870 0 

C I1acTyrraeT IIBlwHrpyaHTHoe npeBpa~eHlle, nOJIBJIJIeTCJI 

TpeTbJI <p33a - TBepAble l<pnCTaJIJIhl rrenTJIaHAIITOBoro COCTaBa. IIpJil 8TOH 
Te~mepaType panlIonOClle IlHBapuanTHoe, n01\a He BC'leSneT OlJ;Ha llS Tpex cpaa: 

nmwJUlcTblll nllppOTJilll, paCnJIaB IIJIR neHTJIaHAHTOBaJI TBepAaJI <paaa. IIPII 
cOAepmaHllH nHl,eJIJI B IlcxOAnOM pacnJIane B 5-6 % pea1\rt;HJI Mel-KAY BbIAe
JIl1BmlllllIlCII "pUCTaJIJIaJllI[ nllKeJIllCTOrO IIIIppoTIIHa n pacnJIano!l1:, 060ram.eH
BblM nUl\eJIOM (na <pasoBoll AnarpaAnJe paCnJIaB COAep}KRT lJ;0 42 % HIII<eJIR), 
3aJ<OIl'lIlTCH C oopaaoBamroM arperaToB aepeH HJilKeJIBCTOrO nJ1pPOTlma B 1\0-

JIB<feCTBe 82 % 11 sepell nCllTJIaH,!\UTa - 18 %, paClIonaraIO~lIXC11. B npOMemYT

Kax Me11'AY aepHalIfll HBJ{eJIIICTOrO IIIIppOTIIHa. HBKalulx nOPtPl'IpOBIlAHbIX 
aepen neHTJIan)l.IlTa, COl'JIaCHO ~lKCrrepFl.JlJeBTaJIhBblM AaBBhlM, oopaaOBbIBaThCJI 
He MOrKer. . 

... 
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l.h06bI l<aI{-TO ynHsaTb npOTl'fBOpe'IDe peSYJIhTaTOD r<pTICTaJIJIlISan;Un 
cYJIl,qm.u,noro paCnJIa13a C Ha6JIIo.u,aeMlillHl 13 npupOJ\O rrpo-qecca~1U HpI1CTaJI
JIHSan;TUI py)l.HhlX ~mIIepaJI013, A. r. BeTeXTIIn II A. ,D;. remnUI AOJIaIOT rro
npaBJ<y Ha COAeprE\aIII1e JIeTTUIX neID;eCTB, r JIa13Hlilll 06 pasollr BO.u,bT, B npI1-
POAHhlX rnAPOTepMaJIbnhlX paCT13opax. TaI<oe Aonyrn;onue I<al( 6YJrro 6l>f npn-
6JIIIrE\aeT HSY~leHnyIO CHCTeMY TpOnJIHT-XIilSJIenYAHT T{ npnpOAUbTJIf YCJTODIUIM, 
TeM 60JIee, 'ITO npII Tal<OH norrpaBJ,e Aomr<Ha Sna'l11TOJTbIIO nOIlI1SllThCf[ Te~tUe
paTypa UPUCTaJIJIIISan;UII TBep.u,hlX cPas. A. r. BeTeXTflrr n A. ,D;. renrmn (1951) 
AeJlaIOT APyroe AonYID;OIIue, OCIIOBannoe Ha OIlLITe 3HcnepmlelITaJlhnoiI neT
porpacP1m; OHn npeAnOJJaraIOT, 'ITO npH6aBJJeHlle BOALI no TOJlbl<O nOnll>KaeT 
TeMIIepaTYPY UpHCTaJIJJIISan;m{ TBepAhlX cPas, HO n CAnnraOT 3BTOI<TlT'ICCI<YIO 
TO'IUY (OHppOTRH+ neHTJJaHAHT) BJJenO, T. e. n 06JIaCTf> C ~lelIbmmI. COAepi]<a
HHeM nHKeJJH. 

npOTl'fBOpe'IHH OCTaIOTCH AarT<e npn ABYX AonYID;9lIUflX, YI{aSaIIHhlX Bhlmc. 
,D;eJlo 13 TOM, 'ITO ecmI 06paTRTbCH l{ ARarpall! Ie 611napHOH Cl:ICTeM.hl TPOllJIlIT
XRSJJeBy.u,HT, TO 13II)l.HO, 'ITO rrpn }{PIICTaJlJlJ1San;nu l1S paClmaoa I<pI1CTaJlJJrr
S013aThCH MomeT neHTJJaHAnT JIlmIb C pesuo nonLlmeHnhlM COAOprE\all lleM iRO

JIesa. no Mepe naAeIInH Te~mepaTyphl pacTDopmrocTb iJ eJleaa 13 nOnTJrallp;UTC 
nOlIIIrl<aeTCH, 'ITO lIeHS6eiYlIO AOml{lIO 6hIJIO npHBOAJ!lTb I{ BOSIIHHn·onerrmo 
CTpyl<Typ pacnaAa C DpOCTI{aMn UliIppOTllHa B neIITJJaH.u,HTe, 'lero na caMOM 
AeJJe HRl<OrAa B IIpRpOAHhlX pyp;ax He IIa6JIIo.u,aJIOCb. Tal<IDI oopaaOM, p;Hal'
paMMa UpUCTaJJJJUSan;HlI CYJIl'cPUAHhlX pacnJJanon YI{aShlOaeT Ha TO, 'ITO npH 
l<pHCTaJJJJIISan;HH HS pacnJJana AOJIrr<Rhl 6hlJJn CI<opoe 06paSOBaThCH CTpyKTyphl 
pacnap;a Tnepp;oro paCTnopa n rrenTJJalIAIITO, '-leM Aarne n nnppOTlllIe. 

Ho ca~fOe rJJa13nOO eID;o He D atOM. PaCCMaTpnBaH AIIarpa1>IMY nJlaBlWCTU 
CYJJhcPn,n;OB, HOTpyp;no sal\'fBTU1'.b, 'ITO lIan60JJ8e 13hICOl<OTeMnepaTypmili\1 CYJlb
cPHP;OM rI<eJJesa HBJIHeTCH TpOmnIT, 60JJoe cepHnCTbIe nrrppOTIlHhI 06paSYIOTCH 
lIpH SHa'lHTOJJbHO nOHlHI<eIIHLIX TeMoepaTypax. TaR, TpOHJJnT, corJJacrro p;na
rpaM1l1B r. r. YpasoBa 11 H. A. cDHJJHlIa (1938), I{pIlCTaJlJIH3yeTcH np11 'l'eM
rropaType 1150 0 C, Torp;a nal< lIHReJIHC'l'hlll lllIPPOTflR (n upupo,n;e 06bl1lUO 60-
JIoe cepIIHcThIH) npn 60JJee HI1snHX TeMnepaTypax - nnJlOTb ,n;o 870 0 C. HJIIOJ1 
n Bnp;y, nepOHTIIO, HMeHlIO TaI<YlO sanHCRMOCTb COCTa13a nrrppOTIwa OT TeMne
paTypLI npRCTaJIJJRaan;mr, A. r. BeTexTHH (1953) BbICl<aShIBaeT npep;OOJlOrE\e
mle, 'ITO no OTCYTCTBHIO B pyp;ax TpOHJlnTa MOiRlIO CYp;llTb 0 TeMnepaTYpo lIa
'IaJIa I{pHCTaJJJIHSan;HH CYJJbcPnAon, }{OTOpaH eABa JJlI npenhlIDaJJa 300" C, 'ITO 
COOTneTcTByeT p;onYCl<aeMlilli Tel\IllepaTypau 06paSOBalIlllI 06bIlJ1lbIX rnAPOTep
MaJJbHhlX M \lCTO PO}({AOHHlr. 

npH I{pHCTamIH3an;lIII I1S paCIIJIanon naJIJI1ll:Ie COphl pesI\O CHH;I{aeT TeMne
paTypy npIICTaJJJIH3an;Rll, nOaTOl\IY HeYAHBIITeJJbHO, 'ITO HS cyJIhqm,n;Boro pac
IIJIana O'IeHb Tpy)l.HO nOJJyqnTb TPOHJJIlIT. TaI<, us paCDJIana, co.u,epjl{a~ero 
H36hlTOI{ mOJJesa (p;o 35 % no OTHomeHUlO I{ CyJJbcPH,n;y }KeJle3a), I{pIICTaJIJIl1syeTcH 
He TPOHJIHT, a nHppOTHII CO 31Ia~IHTOJIbHLIM H36bITl\oM COPLI. ,D;JJJJ nOJIYlleBrrJJ 
TpOHJIUTa, l<al< OTMe'IaJJU BeCOJIOnCIUIH rr JI. r. Y.eHn;ona n 1938 I., ne06xo
,n;HM lIeOp;HOl<paTHhlH OTflUIr CYJlh!f>HAa }I{eJJosa II nonhlIUennaH TellmepaTypa. 

Concel\1 RHhle pe3YJJbTaThI p;alOT 3l<COeptIMeHTbI IIpH H3Y'IOHHH saBHCllMO
CTH COCTana nHppOTlma OT TeMnepaTyphI npHCTaJlJJHSan;HH lilS paCTBopa 
(8. EJJJ1ceen, 1958a). Ha OCHonalI1IH 31<CnOpHMeHTaJJLlIhIX AannbIX YCTarraB
JIlmae'l'CH, 'ITO npeAeJJbHOe HaChlID;8IIHe nJIppOTHHa cepon nOBhlmaeTCfl C yne
JJlf'IeHHeM TeMnepaTypLI paCTBopa. Tal{, npJI 300 0 C He MOrKeT l<pIICTaJIJlI1S0-
naTbCH rrHppOTHH C 66JIbmHM cop;ep;r,aIIller.1 cephl, 'IOM Fe? 8' l1pu 565 0 C 
He 60JIee, 'IeM y Fe bS6 , a npJ1 650" C - lIe 60Jlee, 'IeM Y Fe4So. 

113 paCTnopa SHa'lHTOJJbnO Tpyp;Hee nOJJy'IHTh Tnep,n;ylo cPasy C .u,ecPeHTlIoH 
UpHCTaJlJlII'leCl<on pemeTl<On, nplI'IellI 60JJoe Ae!f>eI{THaH CTPYI<Typa Tnepp;oii: 
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q,aShl (T. O. C 60JIbIIIII~f na6hlTRoM Cep.bI) lIIO'HeT 6hlTb 06paSOBana JIHIJIb npn 
rrOBhlmeHllblX TOMliepaTypa . OTclOAa CJIeAyeT, 'ITO TPOllJIllT D rllAPOTepMaJIb

IIhlX YCJIODUHX JlBJIJleTCH Hal!l6oJIee HIiISI<OTellmepaTypHbrM CYJIbq,FlP:OM 'HeJIeaa . 
fl03TOMY OTCYTCTBne TpOHJI1'lTa B pyp:ax mH<aK He MO}ReT HDHTbCR KocnennhlM 

YKasanUOM na IIHaJ\YIO TOllmepaTYPY J\pT1CTaJIJIHSa~HJ.{ CYJIbq,HP:OB B 1>WP:HO
nllKeJIeBhlX JI1eCTOpO')I{,n;eBlIJlX, l{aI{ aTO YKaSbIBaeT A. r. BCTeXTHB. 

TaRuAl o6paaoll1, paCClIlOTpelllle ,n;lfarpall1Mhl l{PlfCTaJIJIII 3a~Hl1 paCllJIa
BOB B CHCTellIe Fe - ' i 3 2 npHBOAIIT H aaRJIIO'IeHlIIO 0 HellpmrelIIIMOCTlf AHa
rpallUllh[ J{ 06'bHCnemUO IIpHpo,n;m.IX npo~eccoB KpHCTaJIJIHSa~liIH CYJIbq,H,n;llhlX 
lI111IIepaJIOB B lIleAHO-mmeJIeBblX MeCTOpO}I~AeHHJlx . 

9RCllepllMeHTaJIbnhle IICCJIeAOBanHfl r. r. Ypasona H H. A. cDIIJIIIna 
(1938), H. H. OJIbIJIaHCIWro (1950) n ,n;pyrux ,n;aJIelHr OT npHpOAHhlX YCJIOBHH 
H ne llOSBOJIHIOT IIPOBOAHTb arIaJIOfUU lILe}I{,n;y 3I{CnepHMellTaJIbBhlMH AaHnhlllIll 

H npupo,n;IIIDIH IIpo~eccallIII Py,n;oo6pa30BaHHH. 06 aTOM y6eAHTeJIblIO CBH

,n;eTeJIbCTByeT paaJIlI'lBaH TeHAelI~IlH 1< nac~eHHIO cepoH nHppoTHHOB, J\PH
CTaJIJIU30na13IJIUXCH lI3 paCllJTaBOB H paCTl30poB. Heo6xoAulIIO np116JIl1aHTb 
YCJIOBIUT, B 1<OTOPLTX np0l13BOAHTCH aI\cllepmleRT I{ npupo,n;HhllIt YCJIOBHJlM. 

o llapareu e3Hcax MIJHCp aJlOB B py,n;a x 

A. r. BeTexTlilI (1953) no,n;qepmmaeT, "ITO B l1syqeHnu reOXIDW'IeCI<HX 

oco6elInocTeii: IIpO~OCCOD py,n;006pasoBaHHH 60JIbIJIYIO 1l01lIO~b OKaSbl13aeT Me
TOA napal'eneTUqeClwrO anaJIUsa, pa3pa6oTalllIbID: ,D,. C. I opamHCKHlIt. May

llellIIe paBnOBeCBhlX acco~nao;ui:i, T. o . rpYlIn COBMOCTIIO 06paSOBaBIJIlfXCH 
1t1ruropaJIOB, OTBe'IaIOTIJ;l1X OllpOACJIeUlIbIllI CTa,n;l1mI paaBl1THH npo~eCCOB lI1HHe

paJIo06paSOBarIltH, Ol<aaaJIOCL BeCbllla nJIO)lOTBOPlILThI H OTRPhlJIO HOBLIe rryTH 
B HCCJlOAOl3aBnll PYA (BeTexTun, 1951). 

flo A. r. BCTexTmry, napareue3UC - COBlIleCTHoe 06paaoBamrc, a He npo
CTO COHaxon AeHnc lIllmepaJIOB. I(a}Hp;yIO naparCHeTl1'IeCJ\yro rpynny CJIc,n;yeT 

BI~mO'IaTb TOJIbHO Te lI11mepaJlbI, l~oTophle BOSnHKJIn na onpc,n;eJIelIHOII CTa,n;HH 
.MIrncpaJI006paSOBaHUJI. 

CpeAl! cym:.q,up:on IIellenrC1mx py,n;onpOJIBJIeHHH Hepe,n;Iw 13 rpaq,HllecIwM 
npo pacTanllII npllcYTcTnYloT nOCl'epHopHble CHJIHRaTHbIe lIlilHepaJIbI. Talmo 
cpaCTalIlt1:I py,n;nhlx H uepYAlIhlx 1>mnepaJIOB HMCIOT lIIeCTO KaK BO BI{panJIeH

llhlX, TUJ( H n CIIJIOIIIIIbIX CYJIbq,U.n;nhlX py,n;ax. 
l1cxOAJI 113 nplfBcp;eUHoro BhlIIIe onpe,n;eJIeHIIJl napareueSHCOB, py,n;HbIe 

mrnepaJIb[ 1I nOCTcpHopnble CHJIHKaTnble IIfHnepaJIhl H Kap60IIaThl CYJIbq,11,n;HhlX 

Mcp;nO-Ulll<eJIenhlX pyp:onpoJIBJleHHH IIe'IeHrH MbI ,n;OJI}1\HLI paCCl\IaTpnBaTb 
H l(a':leCTHC naparellCT1:Illecmtx acco~Ha~uH. 

B PYAax IIe"Ienrn Bbl,n;eJIHIOTCJI paSJIJiI.'lBhle napareHeTHlleclnre paBllOBec
lIMe aCCOD;ua~HH CYJIbq,np;OB II rJ-1ApOTepMaJIbHblX (llOCTepHopnhlX) Ml1HCpaJIOB: 
uanpUM·ep, nnppoTllna (1) C XJIOPHT0ll1 n aCCO~Ha~11l1 nnpponura (2) C Hap60-

HaT0ll1 (Ta6JI. 13) . 06 :nOM CBnp;eTeJIbCTByeT cBoe06pa3BaJI pYABaJI 6peI{llHH, 
13 06JIollmax KOTOPOii: npncyTcTByeT nnppOTHH C rpaq,HlleCHIDIll npOpaCTaHHJIMH 

XJIOpnTa, a ~eMeUTOM PYAIIOD: 6peK'IHU CJIY'l{HT KaJIb~HT H nHppOTlillI HHoro 
('leM 13 06JIollmax) COCTana n 06mma. Ital{ 6yp;eT nOKa3aHO mm{e, ID1PpOTHH 

l1a 06JIOMIWB 11 lla ~eMCllTa IIpeACTaBJIJIeT paSJIl1'lBble renepa~Inr aTOI'O lIume
paJIa, llMCIOUJ,Tte paSIIhlll COCTan. 

YllllTblBaH paSJJUllHH B TOJ\lllcpaTypax 06paaOBaHHJI ,n;JIJI IIHppOTHHa H 
BMeCT9 C UlIM - P;JIJI ;I{uJI,blIblX CYJIbq,HAnhlX 06pasonaHHH, MOJl{HO YCTaHOBHTb 

npOp;OJIiJ<ffTeJIbllhlU TeJ\wepaTYPHblH I'lHTepnUJI I{pHCTaJIJIHSan;HH XJIOpnTa H 
I(aJIbD;lll'a (CM. rJIaBy 36). 
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reHepa~1JO DuppoTlIBa B CYJlblf!UAHblX JlfCAflO -TfilReJJeDblX PYAax 

reHcpallllR 
OIlpPOTlllla 

DapareHe311C AamJOlt 
reHCpaQIfl! I 

COAepmaHlIe I 
cepw 

(S 8TOMII. "!o) 

B RaltllX MCCTOpOmnemlRX 
OTMeQCnO cro nplICYTCTDHe 

(OTACJJbllb,e nplIMcpbJ) 

2 
3 

4 

lll!PpOTllH + XJJOpHT. 

llnppoTHH + KapGoHaT. 
llHppoTHa H3 CUJlODmhlX 

CYJJb!f>HAHhlX mHJI. 

54.35 

53.28 
52.1; 52.5 

I ay la, }lutJlblJOe 0pYAeaeHlle 
(nelJenra). 

TaM ,HO. 
Pa3JlIl'lHble PYAbJ ne'leHrJI 

}I MOUtIO-TYDAPbf n 1I0PIIJIb
CKa. 

KpucmaJr,/I,uaal!uJ/, XaJl,b"OnUpuma 0 pyfJax 

IInppoTHu II3 )f{HJlO'leH, 
paCCI:H<alOlI.\UX XaJlblW-
Unpl1T. 

52.50 MOH'le-TyuApa (rJlyGllHHoe 
Me/.\Hoe 0PYAeneuno). TaRoif 
mo OnppOTlJU HMeeTCll n 
n II opnJlbCKe. 

IIepel>pucmaJl, /luaa/fU-'1. u .~1U.1ol{UmulJ(l/fuA (~IQ lloafJ/iUX 8manax pyfJoo6paaooaHUIJ) 

5 
{ 

llnppOTlUT + OHpHT. 

llnppoTIIB 6e3 OHpUTa, 

53.14 KaYJla (ITe'!Oora), l-hITTBC-
f yMymbn (Montle-TyuApa) . 

KaMM1IKIJ BJI (IIeqeura). 

IIapareueaI1CI:J cyJIl)qmp;oB C IIOCTOpHOpULrMl1 MIDlepaJIall1If IIa6JIIop;aIOTClI 

ne TOJIL1<O B IIelJeHre, HO H B MOHlJe-TYHP,pe H HOpnJIbCHO. IIOCTOJlflH!>II1 

IIapareHeaHC cyJIbqmp;oB C OHOTllT0ll1 B HOPHJILC1<IIX pyp;ax OTlI10lJeII M. H. fO,lt

JIeBCJHlM. B MOHlJe-Tynp;pe P;JIlI CYJIl;<pHp;HDIX lI1eAHO-IIUJ{eJIeBDIX Bl{pUmJOIIHhlX 

pyp; 8. H. EJIl'lCeeB (1953a) OTMelJaeT CJIep;YIOIIJ;l1e uaparel1eaHCDI: 

ARTTmOJlRTOnafl porOBalI oGMaU](a + MarOe31l'r 
A](TlmOJlJITOnan porOBafI 06MaHKa + CYJJh!f>IIAhl (nrrppOTI1ll + neUTJJanAIIT) 

XJIoprrr + MarBOTIlT 
Cym,!f>Ul\hI + TamR 
CYJI),!f>Ul\hI + XJlOPTfT 
CYJJL!f>f1l\I>J + ](apGonaTbl 

B. A. MaCJIeHHKOBbIlI{ P;JIH. YllaCT1<a HUTTHc-KYMymbell uhlno IIOHa

aaHO, 'ITO MOIIJ;110CTb aOH 01<OJIOpYP;HDIX IIaMerreHHH aIIalJHTeJIbHO UpOBDImaeT 

MOIIJ;HOCTb CYJIb<PHAHhlX }1<HJI. 
TO'll1ue cnen:eHllH. 0 IIapareHeTliIlJeC1<HX aCCOD;HaD;HflX :r.rrmepaJIOB B CYJlb-

4lHAHLIX r.rep;HO-IIHKeJIeBhlX pyp,ax He MoryT 6hITb rrOJIYl}eHhl 6ea yqeTa I10CJIe· 

AOBaTeJIbHOCTH BhlAeJIeHHH. lIIHHepaJIOB B PYAax H HaJIHlJrrH. paaJIU'IHDIX refle

paql1H, MI1Btlpa,;r:on, oc06eHHo pyp;HDIX. IIoaToMY cnep;yeT OCTaHOnI1TbClI Ha 

STIIX norrpocax. 

o reuepaI.\unx PYAUbIX l\UIUCpanOB 

XOPOIDIIlI[ IIpHMepOM IIaJIHlJHH. B pYAax HeC1<OJIbl(HX re110paD;l111 llUppO

TlIHa CJIya{aT PYP;DI RayJIDI, rAe HaJIII'IUe OOJI01l1ROll IIJJppOTHIIa cpe.rr;H IWJIb

D;HTO-III1PPOTIlHOBDIX }HHJIOI{ HeocoopHllfO YHa3DIBaeT IIa CYIIJ;OCTBonaIIne )J.oyx 

paIIHllx reuepaD;HHrm:ppoTHlIa. B nOM me y~JaCTI{e JJUTpyallll RayJIa OTMeqaeTCII 

paaHonoapaCTHOCTb B oopaaonaHHH 0pYAeIIeJIOl1 TenTOfIlPleCTWH upeI(·nm Ii 

COJIOIIIJJhlX CyJILqHl:.n;HDIX if(HJI . ECJIH opyp;eHeJI(llI OpeHlJHH. B 3HUQHTeJIbIIhIX 1<0-
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JIUtleCTBax CO)J;0pfRRT IIpRMecb XJlOpRTa II I<ap60naTOB, TO B 60JIee II03)J;nHX 
no BpeMenii 06pa30BaRJiUI CIIJIOIIIHLIX CYJIbIPHAHbIX >mmax OTJ'vIe'IaeTCH nfftITOn'
Hoe I<OJIlt l (9CTBO aTnx lIHmepaJIOB. 

113 aTHX na6JIIOAennU CJIeAyeT, 'ITO CIIJIOmnbIO CyJIbIPHAhl 6e3 nOCTepHOp
nbfX lIlnIIepaJIOB MorYT 6bITb BhlAeJIOnbI B OC06yIO IIapareneTH'IeCKYIO rpyrmy, 
.a mlpponUT CIIJJOrnIIblX CYJIbIP1'fAOB CJle.n:yeT BhlAeJI1rrb B BIIAe BnOn rcrrepau.UB, 
'Jel\! TnrppOnfU 0pYAoneJIOll TeRTOIlTPleCJ<on 6peR'IIIII (06 aTOM CBU.D,OTeJIb
CTBYIOT ceHym;rre CTPYJ<TypII.bre COOTllornemw :lTRX pa3JIlf'mhlX TRUOB PYA). 
Bo Bcex YI{a3anl1hlX 13hlrne CJIyqaRx nHppoTIlH 60JIee panHHH lIIBHepaJI, 'IeM 
XaJJbROIInpliT. I1nhle COOTIIOmem'IH lI1emAY XaJIbKOUUPIITOM H IIHppoTIlnoM 
na6J1IOAaTOTCH B PYAax rJJy6mmoro MeAnoro 0pYAenenHH MOll'Je-Tynp,phl, 
paCIIOJIOmeJlrroro B np0ll1C}HYTI<B Mea<AY AonnOR 3aJIen<bIO MaCCI1Ba HBTTHC
RYMymbefr-TpauJlHon H 3aJleraIOm;IIMII B BepxnHx 'JaCTHX MaCCBBa CnJIO[[JnbIll1H 
CYJlblPll.D,l1bTMU }HIIJIaJlIR Hm:mc-KYMy}I{be) . 

B rJI 6nnuoM lI1CAnO~[ 0PYA nOllIlII npe06naAaJOW;YTO pOJIb HrpaeT XaJlb
lWIInpnT, mrppoTIJU 11 11 l1TJIanAHT npncYTcTByroT B IIIPITOatllO MaJIOM I<OJIH
'IeCTBe. Cpe,T(u nO'ITlI lIIOIlOMHHepanbHolx XaJIbJ<olluPUTOBMX BhlAeJIenHH OT
Me'IarOTCSl ne06bl l lnhle npOnU[JIIHI mrppoTJima. TaJ<Olr me, 60Jreo n03.n.nRll:, 'JeM 
' anbHOllllpnT, IntppOTIlli BCTpoTIaoTcH It n XaJIbIWI1IlPUTOBbIX PYAax HOPIlJIbCI{a. 

Br;rme OTMe'IanOCb, 'ITO reOJIOI'n'IOCI<aH BCTOPIiH cynbIPuAnOH Me,n:no-nH
Kenenoii JlHmepamT3uu.rm npou;eccoJII IPOpMIlpOBauuH PYA ue 3aHan'IRBaJIaCb. 
lIocJIe J<.pnCTaJTJIll3au.uJ( pyp,hI nepew<o nOAnepI'aJTHCb MUJI0H11TU3a:qHu R nepe
J{pRCTaJTJIII3aqurr (cu. rnaBY 22). 1I1l PPOTIllI nepeHpHCTaJIJIU30BanHhIx PYA 
CJlelJ;yeT OTIIOCIlTb It nau60JTee II03AITeU renepau;rIl1 :noro JlmnepaJIa (Ta6JI. 13). 
3Aecb c;re~yeT A06aBILTr>, 'ITO B CYJJ bIPIlAHl,rx PYAax CPOAU BI<paIIJIenUhlX PYA 
OTMe'IaIOTCH npomunHu Tex ~He CYJIT>IPHAOB. OupeAenenne COCT8na IlIIPpO
Tuna, 0 T[BM 6YAeT Cl<a3anO oc060, nOMoraeT YTO'IUHTb o,n:nonpeJlIennOCT[' HJIH 
pa3ITOB03paCTJIOCTF. 06pa30BaI1UH CYJTJ>IPIIAOB B }KUJII{aX IT BO BI{panneHnOCTI!I. 

TaH, rne3AOBT,IO BbIAeJIenHSl CYJIbqHlp;OB meJIe3a, nIIl{eJIJl Jj MeAH If OI<pY~I<aIO
m;ITe lIX BI{paUJTenUllI{ll CYJIbIPHAOB, nO-BHAllllIOJ\IY, pa3RHBaJIIlCb OADonpe
Menno. 06 aTOM CllTlAeTeJIbCTBYIOT ne TOJIbl<O nOCTeneUHI,Ie IIepeXOALI OT CIInOill
RbIX CynbIPHAOB I{ BHpaIInennOCTH, no II IIAeIITH'IHOCTb COCTaBa rrupPOTIIHa 
B 9TUX pa3JIfftIIIbIX IPopMaX pa3BUTUH. lIpnBeAell! neCI<OJIbHO rrprurepOB. 

fIle3AOBbIe PYAhl lOilmOll TeppaCbI ropbI HIOA B CIIJIOIIIIIbIX CYJlbIPT1AnbIX 
BblAeJTerrURX cOAepmaT IlUPPOTUU 52.58+0.21 aTOMH. % cepLI, a IIuppOTHn 
n3 BI<palJJIOllIlIJT<OB - 52.58+ 0.13 aTOMH. % cephl. ,L(pyrou rrpHMep -cynb
IPrtAHOO Mep,nO-IIJ:meJIeBOB PYAOIlpOHDnenHe <DeAopoBoll TYHAPLI. B IIopOAax 
IIPTlCYTcTByroT I<8R rne3AOBhle, Ta1\ II BHpaIlJTenUbIe CYJIbIPHAbI. lInpPoT0.H 
H3 BHpnrmCTlUbIX CYJILIPI1AOB COAepmIlT 52.7+0.2 aTOMn. % cephl, a U3 rrre3A 
52.4+0.2 8TOlllH. % CepbI. 

11~,eloTca npUl\Jephl, }WrAa nuppOTun B IPOpMe BI(pannennHI{OB oopa3yeTcH 
HeCIWJlbTW pall bill ' 'IellJ paCCeI{alOm;ne BRpanJIennhIB pYAbr CYJIbIPUAHbIe (Uup
pOTJUlOObW)" rrpOmIlJIIm. MOTaCOMaTII'IeCI<lIe PYAbI Kayn:b! (CJ!lJIhnO 0pYAsnem,re 
cepnenTUlllIThI) cOAepn{aT 60JIee BLICOIwe cop,epmaHlie cepbI n IIHppOTI1Hax, '1eM 
npo"H<IlJIl<n, paCCeI{aJOm;He cepneuTuuuTbI. lIuppoTIDI lIfeTaCOJlfaTHtJecIWll BHp8U
nonnOCTH B I<OTlTaI{TOBhlX poroBHKax lOamoI'o lWUTaRTa XU6nnCT{OrO JI.laccnna 

COAepH<UT 52.36+ 0.02 8TOMU. % cepbI, TorAa l{aI< IIUPPOT11I10BbIe IIPOtRBJII<U, 
paCCeT{aIOUJ;UB 9Ty BRpaI1nennOCTb, COAepiI{aT 50.80+ 0.5 aToMn. % cepbl. 
BOJTbnran pa3HD:qa B co.n.epmanDIf cepol D nnppOTlJnaX TI3 pa3JJl1'llI bIX 
IPOPM pa3Bl!TIUl CYJIbIPUAOB CBIlAeTeJTbCTByeT 0 TOM, '-ITO 9TH IPOPMbI CynbIPRP;OB 
06pa30nhlnaJTIlCb U3 APyroro pacTBopa C pa3nH'IIl0ll: JWuIl.enTpau.neu cephl. 

3B3'ITITcJtbHbre ROJJe6aHUS:[ B COCTaBe nHppOTIlHa OTMe'IaIOTCH B CYJIbIPuA
IIbJX PYAUX U3 pa3JIH'IHhlX MeCTopon<AOHtrH (MOH~le-TynApa, lIe'Ieara , 
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paiion p. Il,ara H )1;p.) , O)1;lTal{O :nIDI PY)1;a?,1 CBOJrCTUeHIIU OOn"aff 3aHOnOll'lepIIOCTb: 

BRpanJIennLle PY)1;hl (Ral{ naUOOJIee panIIlIO 00pa3013anmr) COli, pil<U'f rranOOJlb

mee IWJIHlfeCTBO cepM 13 TInppOTUTIe, nre3)1;OBhle pyp,bI IDICIOT 1I1Cnee copmlCTbIU 

rmppOTI1H, a D >RHJIbHh[X pyp,ax B nO)1;aUJUlIOm;eu l.IaCCO rrpIICYTCT13YCT nnp pOTfur 

C HUIlJlJeHbmllM COp,epi-KallHO 1 cepM. Cpell,ll rrpO)1;YI{TOB nepBlI'llfoii HpnCTUJIJITI-

3an;HU B CTIJIOmHbIX CyJIbcPlf)1;aX nepBIlTh! BLI)1;eJIHOTCH llrrppOTIIII C OOJIce BhlCO-

1<HJIf CO)1;Cpi-HaIIIleM cephl, "10M lllJ PPOTl'III OOJIeo n03/WUX rellopan;nu. 

apaRTepllOJr OCOOCliHOCTbIO COCTaBa CYJI bcPft)1;JlLIX JllO)1;IfO-mmeJIOOhTX PY)1;, 

OTMOqaeT A. f. BeTeXTIlH, HBJIJIeTCJI y)1;I1BUTCJIbliO OT"lJCTJIIIBO BbIpamenuaH 

130 Bcex JI'leCTopO't.H)1;elIHHX Ml'Ipa napareUeTrrqCCJ{aH UCCOn;UalJ;nrI r.1JaOObTX ?IU

nepaJIOB: nnpPOTlm+ neHTJIall)1;UT + xaJIbKOJlnpJlT+ lITam TlIT. B py~"orrpOHBJlO
lIHJIX, paCllOJIOiHeHlIhlX BOJUI3H TIOBepXTIOCTfI , :)Ta aCCOD;1IaI"Uf[ CMCIIJl TCfl 00-

JIee llH3IWTeMuepaTypn bl Mil (rrllRCJIIICThlU nnpIIT, BltOJIa pHT , M IlJIJlcpur:; DlI O

JIapT],!.', lI111JIJIepJ1T, OOpUUT n )1;p.; BeTeXTHII H fOHImll, 1951). TaT{an CMClTa 

uaparCneTUqeCIUIX accon;nan;nu, no MReumo :nux lICCJIe)1;OUUTCJJeU, OUYCJJOB

JIena II3MelienH0ll1 ROnn;ellTpan;nl[ cepLI B OCTaTOlJIIMX paCTUOpuX. 

Pa3rpannqeHne accon;rran;ufr PY)1;HLIX MllllOpaJIOU, ocym;eCTBJJ llrroc J\. f. B e

TeXTnnLIJII H A. )J; . feHl{UIIT>IJ\f, JIBIlJIOCL Ban<IJLTM BKJIall,OM )1;JIH I13yqemlH py)1;O-

06pa3YIOm;HX npOll,eCcoB. TeM He lIlenee Bhl)1;CJIOnUe TOJILlW c)1;uHoir napUrCllOT1l

'IeCIWU aCCO~Han;1.U1 PY)1;IIhlX lIlUllepaJIOB rrnppOTHlJ + ucnTJJan)1;UT+ xam,l'W

mrpUT + MarIIeTMT HO yqnTbIBaeT UaJIJIlJIUJ B pyp;ax paaJIWlllLIX rcn~pan;JlU mrp

pOTlIIIa. B CReTe HORhlX )1;anHhlX BLIJIDJIJIOTCH OOJIee CJJomnOO 00pa30namre 

CYJIbcPH)1;HLIX Me)1;HO-H1'meJIeBhlX PY)1;ODpOHBJIerruii (I UlIflIfllImurr, I\ayJIa B 110-
qeIIre), a TaJU}(e llprrcyTcTBne B py)1;ax cpe)1;H ::>TUX 06pu30nanuu UCC[WJIhRIl ro

IIepan;ufr py)1;IIhlX lIHfIJepUJIOB. Bco 3TH )1;aUDLle n03ROJIHIOT YTO'JIJHTb xupalne p 

paBnOBeCHhlX coqeTamui pa3JIn"lJRLIX JlnmepaJIou, B031IUI,mnx B pa3UbIe 

CTa)1;lHI pyp,ooopaaOBaHlIH. 

o nOCJIe)1;OB8TeJlbHOCTlt BbI,!J,eJleHHH MUUep8J10B B py,!J,ax 

IIo nepBOMY BneqaTJIenlIIO I<pyunhle, MeCTaMn xopomo OI' paIIollHhlc HpU

CTaJIJIhI nenTJIaIJ)1;uTa lIlOjUHO )1;eJJ:CTBIl1'eJIbIlO nplIUJITb 3a rropcPlJpOUn)1;HbIe 

Bhl)1;eJIeIIllJI neUTJIan)1;uTa, M11l1epaJIa, KOTOPhlll I<pl1CTaJIJIIlaOBaJlCH ll3 pY)1;nOTO 

paCUJIaBa UJIlI pacTBopa panbme nl1pponma 1I npHOOp JI BCJJCp,CTBllC 31'01'0 

H)1;FlOMOPcPHh1e cPOPllIItl no OTIIomeIIlIIO l{ aepIIaM nlIppOTIma. Op;HaRO n CYJIb

cPU)1;HLIX py)1;ax ileqeIIrH RpYIIHhle nOPcPl1pOB lf)1;ULIe I\pUCTaJIJILI nOnTJIan)1;UTU 

BLInOJIIIJlIOT rr aaJIeqHUalOT nepHCThle Tpem;nnhl D nllpponme, nepO)1;lW 06pa

aYIOT n;eUOqI<U 3epeH, pacceIWIOm;HX nHppOTllII. AHaJIOrlJ'lIIOe JIBJJeIIHe rlMee r 

MeCTO H B py)1;ax MOnqe-Tyn)1;pbI. B 3TOM CJIY'Iac nOCJIe)1;OBaTeJIbHOCTb HpBCTaJI

JIUaan;lU1 rrepBII1:JHhlX CyJILcPII)1;OB 6LIJIa CJJe)1;YlOm;UH: cPOpll'lBpOBaIIue (u OCII011-

IIOM) mrpPOTHHODOH py)1;hl - D03HmmoBelIIIe nepllCTbIX Tpem;nn _ 1\pnCTaJI

JIUaan;UH nOlI1'JIaH)1;HTa. B)1;OJIb 3aJILOaH)1;OB nmJI Hepe)1;l{O oopa3yroTcH CHOIJJIO

HUH TaJ{ na3bIBueMblx nOPcPup013H)1;lIhlX aepen neHTJIaH)1;HTa. B 3THX CI<OIlJIe

HUJIX yp,JITlHeIIHLIe rrpU311I8TH'leCTme l{pIICTaJIJIbl neHTJIaU)1;IlTa PUCTYT B 000 

CTOPOllbI B nUnpaBJIeHIlII, nepUen)1;HI{YJIJIpn0ll1 no OTHomemIIO n llerrTJJan)1;U

TOBOU 1I0JIOCI e. TaROH POCT aepeH rreHTJIaU)1;HTa rrpOHCXO)1;llJI BCJrO)1;CTBHe 

MeTaC0ll1aTlf1leCIWTO 3allIem;eHrrJI nrrppOTlll1U UeHTJIan)1;UTOIII (MeTaCOMUTlflIe

CRJile IlmJIhl). 11 B 3TOll! CJIyqae n)1;IIOMOPcPnLIO l{PlICTUJIJIhl neIITJIaII)1;HTa KPlI

CTaJIJIJil30BaJIHCb rr03)1;nee mlppOTIlHa B pe3YJIbTaTe lIfOTaCOMaTII'ICCIWI'O 

3aMem;eHHJI. 
OopaaODaHIIe xa.lIbIwrrnplua D py)1;ax IIeqeHTn npOIICXO)1;IlJIO TaK}l{C rr03p;

Hee nHppOTllHa, 'ITO 1'1 BH)1;HO Ha IlplIMepo PY)1; H.ayJIhl. IIprr 3TOM 3Ha'IllTeJILHYJO 

pOJIL nrpaJIO MeTaCOMaTMqeCIWe 3aMem;enne llrrppOTMna XaJIbROIJH PUTOJl1. Oqen b 
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urrTCp CrrbIMll nBJIJ1lOTCH ITOJIOCaTMC Xanbl\onnpUTo-nnppoTllUOBbIe PYAhl Ka
yJlbI C 'lCTl,IlM TfcpcAoBaHllc~1 IIOJIOC IIl1 ppoTllnoBoro COCTalla C lJOJIOCa!IJ 1(, CO

CTORID;l1MT[ 113 XaJIl"HorrnpnTa. Ha npOAOJDI{eIllIII aTHX PYA YCTarroB.TJen nepo

xop; llnppol11110BbIX PYA B xanblwllupllTOBbIC. XaJIblWUltPIlT 3AeCh 3you;aMR 
Bp;a TCR: n I!l1PpOTIlllOBYro PY/W, 3ail1em;aH nprr aTOM nuppOTUU. 

CpeAll nllppOTJIlnOBLIX PYA Toii: me II{UJIl>! nCTpeqaroTcH 1l0P<PUpoBHAHble 
aepna 11 lITJIaUp;IITa. llprr 3a]l(em;eUuT[ lJUppOT11lla XaJIhKOnnpUTO]l( neUTJIaU-

liT coxparrHCTCH ne3aMem;enULlJI[, n pepacrrpCACJI1UICb B n;erroqrm. Tal{U]I( 00-

pa3mr 3a CIIeT l\1CTaCOMUTU<IOCI<oro pa3IlllTllH XaJIbKOrrlIlntTa no nuppOTIIHY 

nup POTIlIIOBbI PYAbL C nOPCPllpOBlllWMMll 3epUaJlITI rrerrTJIaIIp;HTa rrpeBpa
m;aI<lTCI{ n xaJI I.>F{OLllIpHTO-neUTJIarrAuTonble. 

TIPOI\CCC aaJlICHl; UIIH nnppOTllIIa XaJIbIWIIllpI1TOllf, ncpOHTHO, 3UaqIlTenbno 

rJllTCllCUBJlee ocym;CCTBJHIJlCfI B ,1<aJIbUbIX PYAax CnoapcFwii nJJaT<popMbl (Ho
PllJIbCl\), lAC HpYllm,1O 3epua nerrTJJalIAnTa BCTpeqaroTcH rJIaBUMJI'l 00pa301l1 cpep;u 

XaJJbl oallpuToDblX PYJl. Tal{ml OOpa30JlI, B nepBhlll nan tPOpMHpOBannH PYAbI 
nOJInOl'O DblUO IlIClUlJI 'HlIJI rJIalmeiirnllJllH PYArrMlIfII 1IlilnepaJIaJlUI (nHppoTu
HOlll HCIITJHUI1(Il1'OJII II XaJIhIWIrrrpU1'OM) - nrpaJIa POJIb He TOJIblW I<pJ1CTaJI
JI1l3all,IIH 1I111J1CpaJIOB IT3 }rmp;lwii tPaaL1, J<aI{ OT~re'raeT B. A. MaCJIenIlIWB, 

JIO ITe MeHLlUec ~([Uq film lllIJeJIO l\leTaCOlllaTlIqeCI{Oe 3aJ1JeII\CJIHe OP;lIITX C JILtPn

AOB /1:pyrJJJllll. A OTCIOAa CJIe/1:yeT . qTO ~lHrrepaJIbr: JIlarneTIlT, IIUppOTfIll, nenT
JIaUAllT H XUJIbHOUUPHT ne 1II0rYT ObITI:> OTlleceHM 1< e,ll;nHOH paBnOlleClloii napa
reueTII'ICCJwii UCCOIJ;1l31wn. 

CJIY'Ia ll 3aJllCll:.r;en UH panneii: reUepaI\IlII MarneTllTa nuppOTFIHOM (no 
B. A. MaCJlCUlJJ<ony) 11 nuppoTlIHa UenTJIaII/1:IITOl\l RBJIHIOTCH peaYJII)TaTOi\I 
Ilepanuollccllbrx cooTIIomennii MCrl\AY 3THlI1ll lIumepaJIallUI BO npeMH tPo PMH

pOBallllfl PYA. OAllalto B APyrue lI101l1enTJ,I IIpn tPopMnpOBamlll PYJI; B BRAe 
1'1.11 blX tPOp~1 BLJ"eJlCrrnH 06paaOBaJIIlCb paBHOBeCHLle aCCOn;liian;lUl 3TlIX ilW 

MlmCpaJIOB. 

reue::mc l'pa<Im'lecI{llX npOCTl\oB neHTJIan,ll;UTa n MarIleTIITa 

B nnppOTBHe 

001>1'1110 C'IllTaOTCH, qTO OTO PC::IYJII,TaT pacnaAa TBCPAOl'O paCTnopa B IIUp
POTlIllC. B nOATBCp}Hp;enIIe TaHoro aaHJIIOlJeHllH nepC,ll;lW CChlJIaIOTCH Ha AaH

nbre OI\ClIOPlIlIICJITOD. PaCIIaA TBepllOl'O paCTBopa nponCXOAUT npIl rrOHnt"eHIIH 
TeJllllepaTypbI. TaHoe Oo-bJ1CnenIle rraXOAUTCJI B COOTBeTCTBllIl C TO'lJ\olr 3 perrllH 
OpTO rarlllf.lTHlICC1\oii: J~pIICTaJIJIn3al\lreij- CYJIbtPIlAOB. 

B JlOCJlCAneC BPClIUI 6bIJIO Jl;01<a3allO, HaH OTMe'IaJIOCI) Bnrnc, qTO AafT{c 

BO BHPRtlJICHllblX Py,n.ax CYJIl)tPft )"\hI )<pnCl'aJIJIIl30BUJIlICh nOCJIC 3aTBepL\CBalIIlfl 
mICIIl;aJOJI\cii: UOPO"bI B rnAPOTcpMam,uyIO CTa1l;1110 lInmepaJI006pa30naIIllH. 
OTClO,'l;U TClIlIlcpaTypa oopa30naUilfl CYJIbtPUAOll 3IIaqnTeJI .ullO H1m\C TOll TeM
rrepaTYPbr, I1pll JWTopoii, COrJIaCllO OHc nelHllll€,HTaJIbllJ,I?I[ )"(aHlUIM, lIJOmCT 06pa-

3011aTbcfl TllepAhrii: pacTBop nuppoTlm-IICnTJIaBAUTonoro COCTana. 
IIaJllfTlllC 3aTWllOJlrCpllbix lIPOCTIWB ueU1'JIaBAIlTa n 1!I1ppOTIlTle pacu;crrn

BaeTCfll\al~ CBIIAOTCJIbCTBO nr,rCOI\uX TCl\[UepaTYP KpUCTaJIJIIlaaI\llrl CYJlbtPllAHhlX 
MCr~J[o-nl1l\CJICObl x: PYJI;. 

1-1 aJIul\O nCCOOTBeTCTBne 111l3I,OTClIlflcpaTypnblx YCJIOBIIll 1<pnCTaJIJfllaaI\HTi 

CYJIbqJII,n.()1J n IlpnpOAIlblX MecTopoII<ll;emmx C 'lpe3J11CpllO BLlCOl>HJlIll Te~rnepa
TyptUIll, Ila TWTOPl.>lC yr<a3WJa1OT ::mcncpIIMCllThf. 

,1J;JIH PYA ItCQCnfl1 r. 11. rOpUYUOB (1959) OT~re<IaOT nOJJHOe OTCYTCTBne rpa
<pn qce F{JlX npOCT" OB nenTJIal:lA'1Tl:l B nnppOTl'lUe, ~ITO, no erO JllRcmno, corJIaCYCTCf! 

C UlI31\0TelllflcpaTYPllOll rCOJlOrU l IeCIWU: OOCTaUOBKoii, B J{OTOPOll nponCXOp;llJIO 
0pYACUClIUC u lleqeueclmx PYAOllpOHBJleUUHX. O,n.llaHO ]lJIlI~pOCI\ofIl(qCCF{l.1e 
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IIeuTJIanATIT nDJUI Tcn Op;IIHM Il3 rJlaBUellIIm.X PYp;IILIX lImnepaJIOB CYJII,qlDp;
RJ)[X lItep;uO-DH [{CJIen1>IX lIIeCTOpO}l\J~ennii: . OI<OJlO 90 % Bcell lIIUPOBOiJ npop;YK
qllu lI1eTaJIJlll'leCI<oro HlUteJIn 113BJleRaeTCn H3 neUTJlaHp;nTcop;epn<am;ux cym,
<pnADLTX PYP;· 

AnaJl1l3hl nenTJlaUp;llTa npHBep;enLI B pa60Tax ,I(eJiTepa II JIeUTlI10nepa 
(DolLer, LeiLmeier, 1926), M. H. qupHoBa (1940), BaMHHrTona (Budding
Lon, 1924), y )J;m. )J;. )J;:ma 11 AP. (1950). Bcero B MHUepaJlOrlitIeCI{oii: JIHTepa
Type, Jl I{JIIO'laH nOlIenrCKHe neHTJlaUp;UTLI, H weTCH OI<OJlO 30 XBMHQeCIHIX 
auamI30B 3Toro 1IlIIHepaJia. I{aI{ 6hlJlO nOI<a3auo (3. EJIIICeeB, 19536, 1955), 
'laCTb 3TIlX ailaJIll30B nDJIneTCn nep;o6pOI<a'leCTBeHuoii: H3-3a 3Ha'lHTeJlbUOH 
npmlOCIl nUppOTIUla, I<OTOpan BJiTIneT ue TOJlbI<O ua COOTIlomeUHe 3J1eMeUTOB, 
HO II na BeJlll'lUUY YAeJibUOrO Doca. 

lIan pUlIlep, aUaJW3 neHTJlanp;IITa H3 TIUTPY3UU IIrtJfbl'Yl'fpnll, TIpOBe
AeUTIhlii COTpyp;lIUI{allm 1I1ICTilTYTa frrTIpOuIII<em:., TIOI<a3hlBaeT 3aUH>I,eUHOe 
cop;ep>I<aUDe HJu<eJHI. Hm'Re AeJiaeTClI nOnhlTI<a DhlJICHHTb oco6eUUOCTH XHMH
<reCI<oro COCTaBa nenTJlanp;TITOB paaJlH'lUhlX lIlecTopo>I{p;eIIIIH lOU'lO-TynP;PLI, 
IIetIeurJf, panona p. I.l,ara. 

MaTepuaJl AJISI I1CCJICAOnaOIlSl 

06paaIl,H TIOHTJ1aUAUTa op;UODpelllenuo nop;BepramlCb XHlIfR'leCI<OMY H peUT
reUOMeTpll<reCHOMY llCCJIeAonaHIHIlI1. IIapaJlJleJibUO npOll3DOAHJllICb onpep;eJle
IilIll yp;eJIbnOrO Beca lI'rnnepaJia. Bcero 6hlJlO npOanaJilIaHpOBano 10 o6pa3qoB 
nenTJIanp;lJTa: 4 06pa3n;a 113 lI11'rpY3IIII YJIr,TpaOCHOBUbiX nopoA I{aYJIbT, nO 
Op;IIO~JY o6pa3n;y II3 I aMlIHII<llBlI II HnJIbrYFlpuH, a TaH;.t<e p;Jln cpaBueUlllI 
4 o6pa3qa lIa IIIlTTIIC-l\Yl\£ymbe (MoH<re-TynApa) . )J;JIn Bcex J13YQeUnbiX naMIl 
06pa3Il,On neIITJIaRp;lITa, I<poMe cOAepmanlln nHHeJIn, Iw6aJlbTa, meJleaa, 
MeAn H cepor, 6&1JT1I onppp;eJIeIIbI pa3~lepJ,J aJIellieRTapno(r Hqell!{ll J1 neJlII'llIIIhI 
YAeJIbllbIX DeCOB. 

IIepnble p;anm,xe 0 XIUIlI<re'I{O [ COCTane neQeIIrCJ{],IX lIeIITJlaII,Il;lITOB 6hlJIlI 
nOJlyqenht BCRope nocJle BeJIHIWii OTeqeCTBenUOll: BOllRLI 1941 - 1945 1'1'. 
npn nCCJIelwnannl1 MOBOMflUepaJILUblX cp pa l\l~uj,i (3aDIHuIH, 19481'.). E. B. 3a
IDliXlIII (Ta6JI. 111) npIIBO)l;E.T AanR.hle 0 cop;epn arum nlII<eJllI, I<o6aJlbTa, l-E<e
JIea a II COP.hl B neHTJIaIIAHTax 113 opyp;oIIeJIorx cepneUTHHllTOB, cephIx PYA, 
0pYiWIIeJlhlx cJlanqoB ]I PYAIIOH 6pCf{tIHlI. Bblp;eJlenHe nenTJIaIIp;lITonoii: <ppaI<
Il,IDI IIP01l3B'OAUJIOCL na CTomme BmTb<pJlelI npH !<pynnocTu lIIaTeplIaJla 1 111M. 

MaTCpllaJI AJIH COnapaIl;1![lI 6paJlcn B HOJlIlQeCTne 13 Rr. IIOJIY'lellHhlll: KouqeH
TpaT II3MeJIbqanCH AO 100 MeID II p;aJlee nop;BepraJlCn MarHHTUOH CenapaqHH 
ua Tpy61te )J;anHca (nplI cunc TOI<a 5 mA). B HellIarHlITRoii: <ppaH~ll OCTa
DaJlCn IICnTJIanp;uT, B lIiarnllTUYIO nepemeJI TIHPPOTHU. HeMarnHTUaJI <ppaHIl,]In 
nOABepraJIaCb o6pa6oTI,e Op;IIOnOpMaJlblll;IM paCTDOpOl\i COJIJInOH IUlCJlOThl nplI 
TellmepaType 100 ° C B TeqeHHe 12 'laCOD. IIpa o6pa6oTI<e COJIlIHOH RHCJlOTOi1 
IIOJIUOCTLIO paCTBopnJlcn nnppOTIlH, naXOp;lIJ:qHHcn B CpOCT!{aX C neHTJIaH
p;lITOM. Ha aTOM npoAnapUTCJIbHan o6pa6oTl<a C n;eJIbIO o6oralqeHlIJI <ppaHn;ml 
neUTJIarr,ll;HTOM aal<an"tJUBaJlaCI> . )J;aJlbHeiffimMlI onpep;eJIeUIlnllm JIBJIJIJlOCb YCTa
nOBJIeUae cop;ep>I<aIIUlI cephl, UIlHeJIlI H >ReJle3a B aToll: <ppal<n;HH. 

16 HUTPY3HlI Oe'leurH 
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HaomOAeHl1UI PYA H3 ITe'leHrU nOJ{a3J:iIBaIOT, 'ITO B ITUppOTHne AOnOJIhIJO '1aCTO 
npHCYTCTBYIOT BpOCTKH neBTJIaBAHTa, npltl'leM no <popMe l:)T1I BpOCTHIl Tal{ne me, 
KaRHe I1MeIOT MeCTO B nHppOTHHe B3 HOpnJIbC1{a (fem<Hu, 1955) It MOn'le-TYH
J);phl. 

KaMepoH (Cameron, 1943) CTaBllT Bonpoc: ){aI< iHO OYAOT OOCTOIITb AeJIO 

B CJIY'lae, 1{orAa CYJIl'<PIIAbI BBOJ);flTCII B nopOAY n o . JI ee 3aCTMBaBltlII rnAPO

TeplI1aJIbHhlM nYTell1? OO'bJTCHeIllIe CTPYHTYP npopaCTaUIIH neBTJIanADTa 
B IT1tlppOTHBe RaMepOB BrrAuT B MeTaCOMaTn'leCJ{OM 31lMem;eUUU ITl1ppOTIIlla 

BHI{eJIeBOCBbum paCTBopa~m, npo:u;e>IUIBaIOm;JIMHCII CE{ll03b IT1tlppOTUnOBblO 
arperaThl no IWHTaI{Tall1 MeFHAY 3epua~m ]{ BAOJIb cuaHlIOCTU illIppOTlIBa. 

B nOJIb3Y AOI{a3aTeJIbCTBa MeTaCOMaTU'lOCIWl'O oopa30uaUUII rpa<pU'1eCKUX 
CTPYl{TYP neBTJIaBAl'lTa B ITl'lppOTIIRe I aMepOH YI{a3.bIBaOT Ba . 3aMem;eBfle 
nl'lppOTl1Ra MapI{a3UTOM. 

Cym;ecTuyeT H IIHaH TO'lI{a 3peHlIH Ba npOllCXO}I{AenIle Tex rHO rpa<pmreC1{UX 

BPOCTli OB neHTJIaHAl'lTa B llHppOTHne (XOJIJIU FI X bIOUT, 1950), l<aI{ npOAYI<T J);UC

COn;Ban;Hll paBee BblAeJIHBlIlerOCII coeAIIBOHHII nOA BJIBHITl'lOM TenJIOBOrO B03-

AeiicTBHH, conpoBo}J<AalOm;ero oopa30BaHHe oOJIee n03AIDrx ~lllHOpanOB (no 
FIX MBeBHIO, BanpJ1Mep, XaJIb1{OUnplITa). Tarnnr oopa30M, 13 lIJ1luepaJIOrlI'leClWll 
JIRTepaType cym;eCT13yloT pa3JIII'lllble lIfIIeBlIH. 

llPH OillIcaHRII B3aRMooTBollIeHIIu 'MemAY PYAHf>IMII MIIBepaJIa m (H. EJITl
ceeB HAP., 1956; 8. EJIIICeeB, 1956) aTH TO'lrm 3peBHfl pa300paIIf>T nOAPooBO. 
Ha OCBOBaHDH conOCTaUJIeHHH aI{CnepHMeBTaJIbJIblX AanBhlX 0 TOMnopaTypax 
1{paCTaJIJII>l3aIJ,IU[ CYJIb<PlIAOB (OltOJIO 1100 0 C) C DepOHTBhlMU TeMnepaTypa~m 
oopa30DaIIlIH PYA (BInKe 400 0 C) n BbTCOIWU TellmepaTYpou pacnaAa TuepAoro 
paCTBopa neHTJIaHAHT + nlIppOTHH (450 0 C), no HbIOxaY3Y ( ewhouse, 1927), 
BRAHO, 'ITO npIIpOABble YCJIOBUII <P0pMlIpOBaUBH 1Il0CTOPOl'l<AOUUll He COOTueT
CTBY]OT TOM TeMuepaTypal\l, npH 10TOPI,IX lI10iI{eT ocym;eCTBJIflTbCR paCTBOplI
MOCTb nenTJIaHAl'lTa B 1lI1ppOTRne. 

IT peppraBJIeBltle I\aJllepOBa 0 1IIeTaCOMUTlIqeCi,OhI npOlIcxomAOUIIU B POCTK08 
neHTJIaBAHTa D nHppOTlIno He COOTDeTCTDYOT lInmpOC1{OUlIqOCRUlI! uaOJIIOAe

HRHAt. ITOBTJIaHAHTOBblO BPOCTI{U pacuonaraIOTCR nopaSllTOJIbnO sall:onOMeplIO. 
B CJIyqae MeTaCOllfaTl'I'leCKOrO UX D03JDlHBOnenUH, O'lOBUAHO, I1MeJIliCb Ohl OT-
1{JIORelIUll OT CTpororo napaJIJIeJIUSMa HX C nJIOCI{OCTbIO 6asonRBalWl1Aa nnp
pOTflHa. 

8. H. EJIUCeOBbIllI (1956) OO'bHCUHIOTCR npH'lHHbI oopasoBaHlIH rpa<pll'le

CRHX llpopacTaHHll neBTJIaH)l;HTa B KpUCTaJIJIR3YIOm;eMCH JfS rHAPOTOpMaJIb

HbIX paCTBopOB llHppoTIIHe. 
B mrppOTIlBe, B rpa<pll':recI{ollf npopaCTaHHH, uaXO)l;HTCH lIe TOJIbHO ueHT

JIaBAHT, no H, Hal{ OWIO OUHcaHO A. ,n;. feIJl<IlBhllIl (1950), ~JarUOTIIT. 3al<oHo
MeplIbJe cpaCTaHHfl MarBeTHTa R llMppOTIIBa, Ral{ cupaneAJIUBO OTJI'IeqaeT 

feHlmn, YKa3bIBaIOT Ba OABonpeMenHoe HX oopasonaBHe. CpaDunnaH paCUOJIO
mem'lO rpa<plI'lOC1{HX upopacTaHuu neBTJIaUAI'.lTa R MarHOTHTa B nuppoTlIue, 
MOJ-l<HO Sal{JlIO'lIITb, 'ITO nenTJIaHAIITOBbIe U MarneTHTOBbIO BI<JI.TOqOBfUl B UHPpO

THBe paCilOJIaralOTCH B TOll iI<O UJIOCKOCTH (0001) napaJIJIOJIbilO Jl.Pyr APyry. 

ITJIOCIWCTH OI{TaaAPOD B MarUCTIITe H UeBTJIaHAfiTO, a TalUT{C oasonnna
I{OUA Y ImppOTUHa HBJIHIOTCH nJIOCJ{OCTHMU nJIOTHeullIoii: ynalWBl<lI amIOHOD. 
llnOC[WCTH unOTBenmeii: yualwBIUI flBJIflIOTCH ocnOBBbllIm UJIOCROCTflMIl cpa

CTamUl D JllHOrO'lHCJIeBUbIX Til nax ADoii:H~moB no mnnUeJleUOMY, RaJlb~HTonOMY, 
CJIIOAHUOllIY, PYTI1JIOBOMY (I<OJIOB'laThle AnOllURKH) n APyruM SaI<OUaM. flJlO
C1{OCTH cpaCTaHIlfl paSJlU'lHhlX lI111BepaJIOB, no MBeHnIO H. B. BeJIona (1951)t 
TaH;[(e JTBJIIlIOTCII UJIOCI<OCTRJIIH nJIOTHeUllICll ynalwnlUl. 

Ha upUMepe BI{JIIOqeUHII Aliacuopa B )<opYUJl.e H. B. BCJIon UOl{aSaJI, 

'ITO BpaCTaHRe Hpl'lCTaJImmOB DIlYTPb 60JIee Rpynnoro I<pJICTaJIJIa-X03flun3 
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npenpam;aeT nJIOCl\oCTH nJIOTHenmeH ynaI\oBlm, napaJIJIeJIbHO IWTopon pac
nOJlaralOTCfI DItJIIOqenBJI HpIICTaJIJIIIHOB, B nJlOCHOCTH oT,UeJIbIIOCTIL n PIICYT
CTBRe B llHppoTmre BI(JIIOqelmn ynJIOm;CRRhlX HpIICTaJlJlHHOB neRTJlan)J.HTa II 

MarncTHTa, pacnOJIaraIOm;RXCH napaJIJIeJIbRO (0001), BoaMomBO, H B nnppo

TIIRe 06YCJIOBJIIIBaeT nOHBJICHIIe no 9TOMY lIanpaBJleBUIO peaJ\O Bhlpa}l(eBBOH 
OT)J.eJIbHOCTll. no I<paiiReii !\Jepe 'leTKaH OT)J.eJIbBOCTb B IDlppOTHBe lIa6JlIO)J.aCTCH 

B o6paal.\ax, cO)J.epmam.HX 60JIbmOe qaCJIO BPOCTI<OB lItarnCTI1Ta II neIITJlaB)J.lITa, 
'ITO OC06CBlIO Xapa}(TCplIO )J.JIH nHppOTHBa Ha IlOPHJlbCI{a. 

B }(pnCTaJIJIll'lCCHnX pcmeTKax neRTJIaB)J.HTa, MarlIeTllTa II nnpponma 
BMeIOTcn: 1) nOBhl )J.ByxnaJlCRTROro rReJIeaa; 2) HpHCTaJIJIH'leClme nJIOCHOCTH 

(nJlOcl<nc CCTHll pcmcToI<), COCTaBJIeBlIhle TOJIbHO Ha O)J.Roro BR)J.a BOROB, -
.AByxnaJICBTBOro )-l{eJleaa; HpilCTaJlJIllqeCI<He CeT}(II (111) MarBeTllTa R neBTJIaH

)J.lITa, a Tal(mC (0001) IDlppOTlllla CXO)J.Rhl B CTPYI{TYPBOM OTRomenBR B HMelOT 
reRCarORaJlbRblll MOTIID. TaItI!lM o6paaoM, ID1eCTcn RamUJ;O .ADYMepBafl CTPYR

TypuaH aHaJJOl'lIJI I(pIICTaJIJIff'lCClmx pCmeT01( nrn:ppOTIIua, nel1TJlan)J.IlTa II 

MarnCTUTa. OTCIO.Aa IIMeIOTCfl Bce OClIonaB1UI paCCMaTpIIBaTb aar\OBoMepBhle 

rpacpll'lCClme npopacTamuI MarBeTIITa II neBTJIalI)J.RTa B mlppoTRile l<aK 
peaYJlbTaT conMecTBo.H KplICTaJIJIRaaqIlII lIS paCTBopa. 

PaaRllqa B paccToflRHflX MemAY HOlIaJl1II ABYXBaJIeRTlIOro ,KeJIeaa AJIH Mar
ReTIITa no cpanlIeRHIO C llIIPPOTIUJOM ropaa)J.o 60JIbmaH, 'leM paaRHqa AJIfl nllp

pouma H nenTJlan)J.IITa. llOaTOMY neyp;llBIITeJIbBO, 'ITO aaI<OlIOMCpnble cpa
CTaBI!ll nCIITJlalIp;tlTa C mrppOTIlI!OM BCTpe'laIOTCH ropa3p;o 'lam;e, 'leM cpaCTa
BnH MarHeTllTa C nuppOTllnOM. 

B TDep)J.hlX paCTDopax, ItOlIqell TpaqHH HOTOPblX 1I3MeBHeTCJI B 60JIbmHX 
npep;CJlax, Ha}f{)J.OMY COCTaBY pacTBopa COOTBeTCTnYCT onpe)J.eJleHnblll COCTaB 
Tsep)J.oli cpa3b!. TIPII }{pIlCTaJIJInaaqHu Toep)J.oll cpa3bl C nOCTOflHlIhlM OTHomenlleM 
aTOMOB nJlI! C OqCllb orpaHlnCHHhlM npe)J.eJIOM 113r.JCHeH.I1H cocTaBa, Hal{ y nenT

JIanp;llTa (9. Emlcoen, 1955), )J.OJnKcn cyu~ecTDOBaTb onpep;eJIenHhltl npc)J.eJI 
s I<ouqeElTpaIJ;IIll Ham)J.oro HOMnonCBTa B paCTsope, HBJIfIIOID;IlHCH BIl}l\lIen: 

rpaBJlqeii o6pa30namm HpUCTaJIJIOB. 

H OIIIJ;CHTpaqnH HIll(eJIfl B PYAHbJX paCTBopax 6bIJIa HIl3I<On, 0 qeM HCHO 
CBU,ll;eTOJIbCTsyeT ne60JlbIDOC cop;eptl{aBlIO BHHeJIJI B pY)J.ax . Y CJIOOIIfI )J.JlH nOJI
Horo aanOJIllelIHJI Y3JIOB HHI<eJIJI n RpHCTaJIJIII'lCCKOii pClJTeTI{e neHTJIaH)J.llTa 

OTCYTCTBOBaJI.I1, 1I l{OJIII'lCCTBO !,pHCTaJIJIOB nClITJIaHAHTa 6hIJIO HeaHa'lIlTeJIb
HhIM. 

KpUCTaJIJIlIaaqlm nCHTJIaB)J.HTa n YCJIOBHJIX 3anOJIfICHUfI CYJIbcpfl)J.aMu mHJI 
1I1OiHeT npOIlCXO)J.T1Tb CJIep;yIOm;1'IM o6pa30~1. Ha HCKOTOPblX yqacTI<ax nonepx

HOCTH paCTYU\UX }(pI1CTaJlJIOB nIlpponma 6JIarOp;apfl lllecTHoiI, HeCI<OJIbl<O no

BhlIDOHIIOU IWHIJ;CnTpaql1H mmCJIH D PY)J.HOM paCTBope MorYT o6pa30ohlsaTbcH 
1I1emme HpIICTaJIJll1RIl nCnTJIaH)J.IlTa, aaI<OHOMCPRO napaCTalOnt,lle l1a nosepx

BOCTb HpUCTaJIJIa nJ1ppOT~lDa. B npoqecce pOCTa KpnCTaJIJIa nHppOTTlfla TaRRe 
MeJIHUe l(pnCTaJIJII!I<I1 neHTJIan,ll;DTa MorYT Ol\a3aTbCH nnYTpu nHppOTUHa B BHAe 
MeJIlUlX HpIICTaJ1JIOB, o6paayIOm.IlX rpacpHqCC}(lle cpaCTanUJI c nnppoTIIHOM 
(3. EJIUCCCB, 1956). 

B paHHUC CT3)J.Ull CPOpMupooannfl CYJIbcpK)J.nhlx MCABO-lllmeJIeOblX PY)J. (npH 
nOBblwenBhlX TeMnepaTypax) nI1ppOTlfH, TaH(fll1 o6pa30M, l\lO;HCT o6pa30Bhl
naTh paDnooccnblC aCCOIJ;uaqtm - rpacpHqeClme npopaCTaHHfI - C MarHe

TIlTOM 11 neUTJlaHAItTOM. B YCJ10BIHIX me nORIHHCHn1>IX TeMnopaTYP, s n03)J.HHC 
CTrI)J.l1 H 9TH acco~lI al.\IIH RUJlR IOTCR HCYCToijqn Obl1>m, n09TOM y nll ppOTltlI sa

Men~aCTCR nCHTJlaIIp;1ITOM (C 06pa30namlCM nopCPHpo6JJaCTOs), a em.e n03t1<9 -
M arneTU TOll1. 
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Ta6JIH~a 14 
COCTan neOTlIaUAOTa (n nec. %) oa paallU'JBblX TUDon PYA KaYlIhI 

TttnbI PYA <Dop~ryna HtlKenb 'Heneao Cepa 

neUTJIaUAHT U3 0PYAeFJe-
JIbJX Cl'pneUTIIHIlTOB Fe4.7SN is.27Ss 33.62 35.45 30.93 

neBT .lanJJ,J1T 83 °PYAEl-
oeJJl'] X c.laBu;eB Fe4.76Nis.19SS 37.56 25.90 36.54 

neaT .1a BART 113 cepE>IX 
PYA. FeuoNis.l0SS 36.30 28.32 35.38 

IIeuTJIaBAI1'l' 1:13 PYAooif 
6peKQgR Fe4.27Ni3.4sSs 35.57 27.86 36.57 

CpeJJ,BlIH (1I3 'leTbJpeX 
aBa.1H:10B) COCTaD neu-
TJIaHAI1Ta Fe4.50N i3.S0SS 36.00 29.00 35.00 

llPH TalwH npe)1;BapHTOJIbHOB nO)1;rOTOBI<e MaTCpI!aJIa )1;JIH OOJIbIIlllHCTBa 

nopo)1; Y)1;aBaJIOCb nOJIyqHTb nO'ITU 'IHCThle nOHTJIaH)1;llTOBhle !J>paluQul C npH

MeCbIO XaJIbJWnHpHTa, Y KOTOPhlX cYMMa n<eJIcaa, MC)1;ll, nm(OJIfI n cophr OhlJIa 

96-93 %. II pH paC'IeTe peaYJIbTaTOn XHMH'IeCIUI.X onpC)1;eJIeHntl OhlJIO yCTa

HOBJIeHO, 'ITO HeMarHHTUalI !J>pal<I~HlI, OopaUOTaUHalI npe)1;DapnTeJIbEIO COJIlI

HOll JUICJIOTOB, CO)1;ep}l<aJIa OT 21 )1;0 64 % XaJIblWlll1p11Ta 11 OT 32 )1;0 73 % 
neUTJJaU)1;nTa. 

llprr paCCMOTpeHHll peaYJIbTaTOB XHMH'IecrH1X UHaJInaOB, BhlIIOJIHCIIHhlX 

RHCTIITYTOM McxaHoop, BbIlIBJIlIeTClI HenOpMaJTbHOe COOTHOmeIIJ1e ,nOJIeaa 

J{ HHI<eJIIO (OT 10 : 9.5 )1;0 10 : 14.5), a Tal<}l<e HOOOI']'lHO BhlC01<I1e CO)1;epHCaHHl1 

cepbI )1;JIlI 'IaCTIT aHaJIHaOB ()1;0 36.6 Bec. %). TIPH paC'IeTe Ha !J>0Pll1YJIY IIOHT

JIaH)1;rtTa Jwa!J>!J>m~neHT, XapaI<TepII3YIOII\IIH IWJTn<JeCTBO aTOMOB }Rene3a B l<pU

CTaJIJIII<JeCKOB: pernCTI,e IImnepana, HlI1eeT nOnpaB)1;OnO)1;OoIIOe 3Ha'leIlHe

JIlIOO 5.25, mloo 3.19-3.80. Tor)1;a HaK COrJIacno TO'IHbTM }J,aHHID! OIl III0meT 

KoneOaTbClI B npep;enax OT 4.00 1~0 5.00 (8. EJIllCeeB, 1955). 
B03IHIKaeT Bonpoc, nO'IeMY ObIJIH nOJIY'IeUhI TaKlile pe3ynbTaTbl? 

OopaTIlMClI CHa'iana I{ MeTO)1;HI<e aHaJIH3a neHTJIaHp;HTa, IWTopan .ElCnOJIb30-

BanaCb H. B. 3anmxHHbIlI1 npn oToope nenTJlaDp;ElTa. ,UnlI OT}J,OJIenHlI nenTJIaU

p;HTa OT nHppOTHna MeJII{YIO !J>paI<qHJo nOp;BCpr.JIR oopaooTI<e COJIlIHOH I<Ucno

TOll npH BeCbMa BhlCOIWB TeMnepaType II aIla'IHTeJIbHOll npO)1;OmlmTeJIbllOCTH 

paCTDopeBHH. PaCTBoplilMOCTb pa3JIU'IHhlX coe}J,BneIIHH BHIWJIlI palmaR. H aTHIII 

nOJIbaYIOTCR. npH !J>aaOBOM aHaJllilae URI<eJIeBhlX Pyp;. TIPH aBaJIIl3e neBTJIaB

)1;IlTOBbIX !J>paI{qHll pe'lb Rp;eT mimb 0 UllI<eJIe CYJIb!J>HP;OB; mmeJIb CYJIb!J>aTOB 

II UBI,eJTb CI1JIHKaTOB B p;aanoM cJIY'Iae nOJIBOCTbIO OTCYTCTBYJOT. 

l-hmeJIb CYJIb!J>U)1;OB, I<aK ObJJIO p;OltaaaHo ,UfflfCOIIOM B 1904 r. IT nop;

TBepiHneno }J,JIH neqeHrCI<IIX PYP; M. H. MacneHIU~I<HJI[ IT ll. ltI. XOMbIJIe

BhlM (1947 r.), npHCYTCTByeT TOJIbI<O B BH)1;e neBTnanp;MTa. OObr<JBO C'IH

TaeTCSI, 'ITO neFlTnanp;HT B COJIlIHoii I<HCJIOTe npH (30 ° C He paCTnOpfJeTCH, 

Tor)1;a Hal{ mrppOTITH paCTBOpfJeTClI nOJIBOCTbIO. Ha aTOM ocnOBamlIl II 

6bIJIH nOCTpoeHbI cxeMhI !J>aaOBoro aBaJIFlaa CYJIb!J>HP;HblX Me}J,Ho-mJ KeJIeBbIX 

Pyp;. OnBaI<O CJIeP;yeT OTMeTITTb, 'ITO pHP; ITCCJIe}J,OBaTeJIcii OT~.le'IaeT 'IaCTUqBYJO 

paCTlJOpFlJlIOCTb neUTJIaB)1;HTa B COJIlInOH IUlCJIOTe. Talt, II. B. 3arnnXI1H 

(1948 r.) nRmeT, 'ITO npH paCTBopeBHH IIHppOTHna MOrJIO npOI1CXOP;HTb pac

TBOpeH:He 'IaCT\{ neBTJlaB)J.1ITa. OB OTMe'IaeT, 'ITO npH pemCDIlII nOCTaBJIenBOii 

lIM aa)1;a<m, aTO Be :HMeJIO aHa<JeHHH. 



qACTb VII 

MIIHEP AJlbI 

11ay<lemle py)J.HhlX }.mHepaJIOB OObf<lIlO npODOp;HTCR }.mnoparpaqnnecIHIM 

MeTO)J.OM. 
CJIe;n;yeT aaMeTHTb, 'ITO npJiI aHaJIllae py;n;HhlX MllnepaJIOB 'lac TO oOHapynm

BaeTCR Baam1HOe cpaCTaHHe MHHepaJIOB, II IIOaTOl\fY XIIlIllilJeClme anaJIJiIaL1 He 

Bcer;n;a MoryT ;n;aTb ;n;OCTOBepHbre CBe;n;eHnJI 00 IIX COCTaBe. 
PaapaOOTarmaR B npOI(eCCo npOBe;n;emm HaCTomn;ero nCCJIO;n;OBanllR Me

TO;n;IIHa peHTrenOMeTpWleClwro nCCJIe;n;OBaUlUI rJraBHeumnx py;n;nDIX wmepa

JIOB - neHTJIaHp;HTa H nIIppOTnHa, a TarUHe OJIUSIInOB IIlIreeT ymmepCaJIbHOe 
npll}'leReHHe HaR B 06JIaCTH MIIHepaJIOrml, Tal< 11 D MeTaJIJIOrpaepH11 11 npu llC

CJJe;n;OBaH11ll IDJJalWB. 
OCHODHhlM ;n;OCTOHHCTBOM aToro MeTO;n;a RDJJJIeT JI nOTpeOIIOCTb ;n;JIJI aHaJIIISa 

HFftITOnmO MaJIbIX IWJIHlJeCTB MaTepllaJIa npM )J.OCTaTO'lIIo:fr TO'llIOCTH onpe)l;e

JICHIlU. 
DepBhlu ;n;OBOJIbnO nO;n;pOOm>lll cmrCOI{ JlmHepaJIOB, DCTpeLIennbIx B IIeqeHre 

OhlJI COCTaBJIeH M. B. ,n;eRIIC0130U IT n03)l;rree )l;OUOJHTCU J. II. Em[ 'eeBbHI (1959). 
CmJcoI{ MlmepaJIOB, np11BO;n;UlI1bIU M. B. ,n;eHTICOBofr, )l;OIJOJrIren IIporrylI~<.'mr{'IMn; 
RpOMe Toro, B )l;aIJRhlH cmrCOK nOMern;eRO 3 HOBDIX ;n;JHI I1eqonrn t.1l111UpaJJa -

pCTrepC11T, nualwTeMnepaTypIJbIH HamIeBbrU IIOJIeBoii: mIJaT - al\YJlRp II 
OOIJapYiI~ermhLu H. A. EmlCeeBbIM - IJY"meJJlIJ[T. 11a Cllucr~a lICltJJTO'WUhl 
~yJU'-BanrIT, mmeJIUH, XJI 0 aIITIlH , Tpeoyrorqrre TO"liiOrO Oup )l;eJJemUI, a TaK}J~e 
HOt.repHhle JlmnepaJJbI M. B. ,n;eHllcosoU. 

C a JI[ 0 P 0 )l; R hI e a JJ 0 M e U T hl: Me)l;b. 

C y JI b ep II )l; hl: nIJppOTl'IU, neUTJJaUAllT, XaJlhKOIHrpUT, mrpUT, cepaJlCpl1T, 
raJleUIIT, HyoaHTfT, IWBeJlJIIlU, BHOJIapHT, OopmIT, naJIJIepJ[UT. 

o I{ IT C JI bC }'larueTIIT, THTauo}.ral'HeTUT, HJIMleIIUT, PYTIlJI, rmapn;, JIrHIO

HIlT, XaJII(e)l;OII, OuaJI, JIefmOT<CeH. 
H. a P 0 0 naT hl: I{aJrbn;UT, )l;OJIOJlmT, am{ep11T, MarHcalIT, MearITfiT, CII-

)l;OpIIT, epeppOCU;n;epnT, MaJIaXIIT, aaypIJT. 
CJ) 0 C ep a T hI: anaTUT. 

C y JI b ep a T hr: meJICaUCTO-MarHUCThlH POTI'CPCHT. 
C II JI H KaT hl: OJIHBIJH, WlOnCH)l; , TIITaH-aBrIIT, OaaaJIbTfl'lCCI<al1 poro

BaR OOMaHHa, aT{TI1HOJIIIT, TpCMomn, cepneHTllII, ROIITPOIIIIT, upcnUT, UYl\f
neJIHIU, a)l;YJIRp, cepeR, XpUSOTIIJJ, XPIISOTIJJIO-aCOeCT, TaJIbf{, XJJOpUThl, IIII

JWJInCTblii XJIOPlIT, o crOTIlT , CepHI(IIT, BIJII)l;OTO-IJ.OllaIlT, nJIbBallT, rpaHaT, 
aI{CIrrTIIT. 

n pll paCCJI£OTpennIJ XllJlllllJCCKHX COCTanOB MIlUepaJJOn, py;n;, nopo)l; ;n;aIIllbTe 
o cOAepll~anun OT)l;eJIhIJhlX aJIeMeUTOB nplI nO~VITcR B neCOSblX npOn;ClITax (%), 
sa Ilc IUlroqeUUeM CJryqaCB, I<or;n;a orOUH pl.lBaeTCfl, "ITO )l;aLIIIbTe IJpnSO)l;l1TCR 

n aTOMHhlX (aTOJlUr. % ) HJJH JlIOJIeKYJIRpUWX (MOJI. %) IJPO~eHTax. 
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C. 10. <Daim6epr (1953) B pa3,ll;eJle «cJ)a30Bbtii: aRaJl1'13 COe,ll;HReHHH R1'1ReJlR 
B PY,ll;ax» YKaablBaeT, 'ITO np1'1 o6pa6oTT<e COJlJlBOH R1'1CJlOTOH neBTJlanA1'1T 'Ia
CTlI'IBO paCTBOpJleTCJl, OC06eIIIIO paaIIOB1'1ABOCTlf ero, 6eABble IIHI,eJleM. Ee,ll;
Rble IIIII{eJJeM paaBOBlI,ll;ROCT1'1 neRTJlaBp;HTa <Pal{T1'1'tJeCR1'1 npe,ll;CTaBJlJIIOT CMecr, 
neBTJIan,ll;I1Ta C nHpPOTHROM, noaTOMY ec TeCTn eBHO , 'ITO no Mepe YBemlqeR1'1H 
npHlIIeCH llHppOTIma paCTeT paCTBopHMOCTb 06m;eH HaneC!lli (3. EJIlfceeB, 
1955). 

,I(JIH npaBRJIbHOrO npe,ll;CTanJIeHHR 0 BOaMOII<HOCTlf <paaoBoro aHaml3a 
MeTOAoM paCTBOpemrH o6paTlIMCJl R peaYJIbTaTaM aI{CnepHMeBTaJIbllOrO Hay
'IeBnJl paCTBopHMOCTH neBTJIaIIAHTa, npOBe,ll;eBBOro COBMeCTBO C C. 11. CJlfHP
BOBon (3. EJIl,lceeB H ClIIHpllona, 19586). 11a paCCMOTpelllfJl paCTBopHMOCTH 
6YAeT HClIO, nOqeMY H. B. 3amHXHlIhlM 6blJIll nOJJY'Iellbl HeCIWJIbIW He06bl'I
Rble AaHBble 0 COCTaBe neHTJIall,ll;HTa. 

o paCTBOpu.MOCTII neBTJIaHAllTa 

,I(JUI nCCJIe,ll;OBannJl 6LIJIlI BaJlTbI 06paaD;bI Ha MOII'Ie-TYH,ll;pLI (o6p. E-1) 
n lIa ne~leHrH (06p. 101-m). Bbl,ll;eJIellllaJl nOA 6HHORYJlJlPHOH JlynoH MOIIO-
1vWlIepaJIbllaH <ppa l{D;l1Jl 1'1a RPYllHbIX nop<pHpOBH,ll;HhlX Bhl,ll;eJIeHHH neHTJIaH
AnTa nO,ll;DepraJIaCb XFI:lImqeCI<OMY aIIaJlHay; npl[1:JeM npOHCXO,ll;HJlH napaJIJleJlb
IIble onpe,ll;eJIeIIJIH D ,ll;UYX IIaBeCKax, O,ll;IIa H3 ROTOPLIX nOAnepraJIaCb npeA
BapHTeJlbII01l1Y paCTBOpeHHlO B COJIJl
IIOH ImCJIOTe, ,ll;PyraJl paCTBopeIIHIO IIe 
nOABepraJIaCb. 

TIPH npe,ll;BapHTeJlbIIOM paCTBope
Ran: B HCI, Hal{ BH,ll;HO lI3 Ta6JI. 15, co
Aepil<aBl:le cepbl OCTaeTCR nOCTOflIIIIblJIr. 
HecHoJlb}{O yneJUl'IItlBaeTCJl COAepiHa
IIHe RHI<eJlJl II meJIeaa. OAIIalw aTO 
yneJIH'IeHHe npOUCXO,ll;UT aa c'tJeT l:Ja
CTHl:JIIOrO paCTDOpeIIHJl B HC] Iw6aJIb
Ta, meJIeaa, HHHeJln II cepuT; np1'1l:Jelll B 
aBa'll1TeJIbHblX IWJIHl:JeCT13aX paCTBO
pHeTcn Ho6aJIbT (60JIee nOJIOBIIIIbI IIMe
lOm;erOCJl nepnOElaqaJIbIIO B MHHepaJIe). 

Bcero aa 108 qaCOB paCTBOplIJIOCb 
59.0 Mr, 'ITO COCTanJIJleT 1.969 % OT 
o6m;ero Data nCXOAIIOlr HaBeCHn; nplI
'JeM 26 'lacon paCTBOpeHlIe npOnO,ll;H
JIOCb npn BarpenallHH (60 ° C), OCTaJIb-
1I0e DpelllJl npl1 20° C. 

T a 6 JI H q a 15 

PaCTBopmlOCTb nellTJJaUnnTa B 50/o- AI 

paCTBope HCI upu TeMneparypax 60° C 
(ucxonuun o.UBeClm - 3.0012 r 

lIPlf 20° C) 

ITPOllOJl- l{OJlII'leCTnO paCTBO~ 
HllrreJlb- 'feMnepa- pelllloro neHTJlaHllHTa 

UOCTh pac- Typa pac-

I (n Bec."/o) 
T80peHllfi T80pa (8 °C) (u Mr) (B'lac.) 

6 60 11.0 0.367 
4 (10 1.2 0.039 
8 (10 4.9 0.167 
8 60 1.2 0.039 
8 20 2Q.4 0.680 
1~ 20 - -

7 20 2.6 0.087 
48 20 10.3 0.343 

4 20 7.4 0.247 

TOT me' o6paaen; (E-1) aa 108 'IaCOB B 5%-M paCTBope HC] npH 20° C no
TeplIJI B Bece 9.0 MT MlIHepaJIa, T. e. 0.3 % OT lICxoAHofr HaBOCHlI (3 r). 

OTMe'IaeTCn aall1eTIIaJl paaHlID;a B y,ll;eJIbIIOM Bece neIITJIaH,ll;HTa, o6pa60-
TaIIIIoro npH paaJIlI'InblX TeMnepaTypax. TaR, o6paaeD; E-1 lIMeJI y,ll;eJIbHblH 
Bec 5.031. nOCJIO o6pa60TRH B 5 %-IIJ paCTBope HCI npl1 20° C y,ll;eJIbBblH Bec 
CTaJI 4.968, a nOCJlO o6pa60THH npn 60° C - 4.936. TaHHM 06paaoM, no Mepe 
paCTBOpemlJI neHTJIaB,ll;lITa YMeIIbmaeTCJl ero y,ll;eJIhIIblH Dec, a 9TO D CBOIO 
O'Iepe,ll;b YKaahLBaeT aa IIeHOTopbIe lWIICTPYI{THDIIhle lIaMeIIeIIHH D ero COCTaBe. 
RaJ{ ITOKaaLIBaeT anamI3 <pHJIbTpa, B paCTBOp nepeXO,ll;BT II cepa, II H{eJIe30, 
R IInHeJIb, H }{06aJIbT. llPlI Tel\mepaType 60° C paCTBOpRJIOCb Ol{OJIO 2% IIa
BeCHlI neIITJIaIT,ll;BTa, nplI'IeM B paCTDOp nepemJIO OIWJIO IIOJlODHIIbl n06aJIbTa. 

16* 
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ITPII aHaJIIISO cpllJIhTpaTa 6blJIO YCTaHOBJIeHO 14.66 % cepbl, 34.97 % n{eJIesa 
II 37.88 % HIIT<eJIJI. Me,o:h B cpllJIhTpaTO no 6bJJTa YCTanODJIeHa. 

ITPII 061.J1IlIOH TOllmepaType (OIWJIO 20 ° C) paCTOOpl1JIOCh B 5.5 pas MORhmo 
neHTJIaH,o:lITa (OIWJIO 0.3% OT Beca Haneclm) . B <IlTIJIbTpaTo Ra'lOCTBOIIIIO YCTa-

% HOBJIeUO nprrCYTCTDlIe n<CJIosa, mmOJIJI II 

50 B Tal<OM iI,O 50/ 0-M paCTBOpO IIpn 60 -
fOO Ie CepbI. 

20 JIee BblCOr,Oll TellHIepaTYpO (OI\OJIO 100°C) 
'0 npOnaOmJIO nO'1TJI nOJluoe paCTBOpeHIIO 

MOROllmHepaJIbHOii neHTJIarr,o:ffTOBOU cppal{-
5 n;HR. 

Z, ~" Ha OCHOBalIUJI nTllrnellplmeA~IIHbIX 
,o:aHlIblX IIOCTpOOlIa HpnOall paCTBOpliI-

05 MOCTll nORTJIaIIAUTa (pHC. 156). flo 
03 " xapaI<TOpy I<pTiBOii: BII,o:nO, 'ITO paCTBOpH-
02t MOCTb nOllTJIarrAIITa peS1W yoomrQ1l0aeTcrr 
o f '\....--:2:':o--q .... O:::-----:6:':O--8::':O:--~fOO t·c no M ep e nOB bill enll JI TeM nep a TYP hI P ar.

TBOpnTeJIJI . 

PMC. 156. PacTBopr:[MOCTb [JO[ITJIal:l
AMTa B 5%-M pacTllope CO JHIIIOi:i Jut

JI01'W npr:[ paaJllI'lUOH TOMrlopaType. 

1'13 ;:nux ,o:a1IllhIX Monmo c,o: JIaTb 
CJIe,o:YTOrn,rle npa[I:TII1:Jocrme DhlBO,o:l>l: 
1) HOJIb3H Ollpe,o:OJIUTb COCTan nOnTJIan 
,o:HTa HaK lIumopaJIa D o6pa6oTaullbTx 

npe,o:napHTeJILHO cppaI{n;IUIX; 2) npe,o:BapnTOJ[hIIO paCTBopemle n commoii: 
IUlCJIOTe npHBo,o:HT I{ peaHOMY aaIIJin{enTIIO HOJIU'IeCTOa Iw6aJlbTa n lIf1mepaJIe; 
3) paCTBopenne nenTJIanA~[Ta npH paBHI!TOJlbnO II1131W11 TOMllopuType (OJ\OJIO 
60° C) nplIBOAFlT n BbI~OJIalJl1BaITIlIO U3 IIl1InopaJTa HOOaJIbTa, rlWJIeaa If uu
I<eJIJI, npH'leM Bhl~eJIalHInanUIO no,o:Bopra!OTCfJ rrOUhI MCTaJTJIOD, naxo,n;Il~lIeCJI 
B ORTaa,o:pl1'leCIUlX nYCTOTax pemeTlm 
neHTJIarr)WTa. 

IToCJIe,o:lIee SaI{JIIOqemle OCHOBalIO 
lIa peaYJIbTaTaX pelITrelIOMeTpH'leCROrO 
H3Y'lemUI rreUTJlalI)J;HTa, nOABopraBtnC-

TaG ;1 11 LI a 1 G 

PaCTROI)IIMOCTb i!(e:1C3a n rrrmCJIn 
B CY:lbCPUAublX IWuu;cuTpaTux 

rOCJI paCTnOpeIIl!IIO D Hel. PelITreno- Ilpo)J.OJlHUlTeJlh-
ll cpclUJlO B paCl'Il0p 

(0 ncc. % OT lIallCClm) 

rpaMlIfa nOnTJIalI)J;flTa ,0:0 FI nOCJIe pac- IIOCTb o6pa6oTlm -------,-----

TBOpenJ11l KMeOT o,o:HlIalwnblU: BII)J;, 'ITO npoGbI (u 'lac .) }l(('JIC30 IIlmeJlb 

CBn,o:eTeJIbCTByeT 0 TOM, 'ITO OCUOBIIOR ------+-------!----
napI{aC J{pHCTaJIJIH1:JeCIWn CTPYI<TYPb! 
neIITJIaII)J;IITa, COCTOHm;Ifll H3 n;elIOqeK 
JI(QHlIbIX MeTaJIJIon TeTpaa,o:pMqOCIWiJ: 
]WlIcpHrypan;HH, OCTaeTCJI neTpOnYTbTM. 

,D;anHhle paCTBOpnMOCTH nffppOTHna, 
co,o:epn{am;erO npHlI1eCb nOUTJIanAHTa, 
no IT. IT. COJIOBI:teBY, ll. H. MaCJIenHn;-
IWMY, A. B. BeHlwBoH II H. A. J16JIOH-

0.5 
J 
1.5 
2 
:l 
6 

4.42 
5 .()! 

J8.96 
2;'.:3;) 
34.0:1 
3(i.42 
37.;3.) 

JlOtl,W. 
O.t I 
0.17 
0.17 
0.19 
0.21 
o 2l 

cnon npnne,o:ellT>I B Ta6JI. 15. Ma npI{Be,o:eHI-Il>IX mill peaYJIhTaTOB CJIeAyeT, 
'ITO CIWpOCTH nepoxo)J;a B paCTBOp Y mmeJISI II fl{eJIeaa paaJIUQIlhle. 

TalUIO ate pe3YJIbTaTbl 6bIJIn nOJIY'leUbI nprr paCTUOpeIJIm II APYrux 
npo6. 

B npon;ecce paCTBOpOIIlIJI COOTHorneUHe MeH,,o:Yi-T\eJIOaOM II nIIl\aJleM 1I1en1leTCH 
(Ta6JI. 16). B nePDhm 'lac paCTBOpJIeTCJI 60JIee nOJIOBUIIbl (D O)J;ROM CJIytlae 
52.38 %, an ,o:PyroM - 80 %) Bcero co,o:epiI,am;erocH B o6paaIl.e nHT\eJIH. B TO me 
npeMH B paCTDOp aa 'lac nepemJIO 15.02-28.22 % I{OJIIl'I CTBa meJIcsa, IWTopoe 
UOJIHOCTbIO nepexo,o:HT B paCTBOp nOCJIe pacTDopenllll ua IlpOTllIKeUllff 9 qa-
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COB. 11:3 nOro CJJep:yeT, 'ITO HnHOJIb B paCTBOp nepeXO}:V!IT 3Ha'<JHTeJIbHO OJ:JCTpee 
meJIe3a. 

fI-llone30 n 2-3 pa3a l\:!Op:JIenHee paCTBopfieTCH, 'leM HHI<eJIb. 

06 1J3~leUenlJlI X n COCTane n eUTlJa lJil. lITa npu 06p a60 TKe el'o 
COJl1IlJo ii IUlCJIOTO ii 

B Ta6JI. 17 npIIDop:ftTCH pe3YJIbTaTbI XIIMH'leCKHX aHaJIH30B 06pa3~on 
101-)\{ (KaYJIa) H B-1 (MOn'le-TYHp:pa, HnTTHc-Kyr.tYH<bH), BhlnOJIHeHHhlX Ha 
lIaneCHax, nop:BepraBmnXCH II Henop:Dep i' aBIllIIxcH 0t5pa60TJw COJIHHOI'i ItlIC
JlOTOll. 

Ta6JIlll:(a 17 

X 1J&J1I\ICCIme anaJl ll3bl neUT Jl3 1Il\IITa, n0il.Be llraBlUel'OCn (3 n3J1113bl 2, 4) 
11 LIe 1J0il.ucpI'anLllcrocn (3 11 aJl1l3bl 1 H 3) 06p a60 TI(e 5%-M p acTBoJ)OM HCl 

COCTall 

Ni 
\i'o 

0 
r, u 
, 
J l epacTllop"MblU 

OCaIl Ol( 

Cy~lMa 

Aenbublii noc. 

OGp . 101-)1( 

3:>.83 
29. 2 
0.56 
0.28 

33.0,) 

0.55 

JOO.09 

I 
4.98 

06p. 101->K. 
oGpa60TallHWfl 

n HCI 

35.60 
:~0.ft8 
0.25 
0.21 

32.96 

0.60 

JOO.IO 

4.97 

06p. B-1 

35.08 
30.13 
0.43 
0.14 

33.72 

0.49 

I 
99.99 

I 
5.031 

I 
I 
I 

OGp. B-1, oGraGo
TallllblJi B HCI 

35.13 
30.20 
0.23 
0.12 

33.72 

0.49 

99.89 

4.936 

l{alt DIIP:110 H3 npuBep:eHllhlx p:annbJX, n pacTBop nepexop:HT Bce ;meMeHTbI, 
cop:opH\a~TleCfl B nenTJIaHp:llTe. ¥ p:eJIbHbIll Bec nOnTJIaHp:HTa npH pacTBopeHHH 
nOCIWJIbJW YMeHbmaOTCfl, B03t.lOrKHO, 3a C'lOT BhIIIl;eJIa<m:BaHHH Iw6aJIbTa 
113 ](pnCTaJIJIT1t[ CIOll pemOTI<H :MImepaJIa. 

Hal( OTAIOqaJlOCb BbIDIO, n <p1fJIbTpaTe nOCJIe 06pa6oTIm neHTJIaHp:UTa HC} 
6bIJIO ot5napyrJ<eno I1III<eJI1J 37.88%, meJIe3a 34.97 % H cephl 14.66 %. B <pHJIb

Tpue cop:epm.llTcn 3Ha'IHJIbnO 60JIbme l\leTaJIJIOB (B cyMl\le - 72.85%), 'leM 
B neHTJIaHp:llTO (06hl'lnO B nenTJIaHp:nTe - 66.5 %). 

1'l3 pat50T no XHlIm'leCHOMY aHaJIII3Y CYJIb<PHP:HhlX JI1ep:Ho-nH1<eJIenhlX pyp: 
113BeCTHO, 'ITO npu paCTBopenHn CYJIb<PllP:OB B paCTBOp 60JIeo JIenw H3BJIeI<aroTcfl 
MeTaJIJUJ, 'lOll! cepa. IIpn anamI3e nOHTJIanp:HTa OTMe'laeTC1J Tar<aH mo I<apTll.na. 

XJJMl I'lCClmjj COCT30 nC'lCurClmx nCHTJlalJ;lJJTOn 

B Ta6JI. 18 npuoop:eno 24 XnMnqeCI<HX anaJIH3a nenTJIanp:HTOB IIe'lOnrH 
JI MOUq:O-TYllP:PLI. 113 nll.X 10 nOBbIX anam[30D (CM. Ta6JI . 20) BhlnOJInOnhl 
C. 11. C~flIpflonoii (Xl1J\llmO-aHaJIllTUQecltan JIa60paTopluI l\OJIbcI<oro <pu
JJlIaJTa AH CCCP). PeHTreHOrpal\fl\lhT 06pa3I1,a 8 11 10 pacIllII<ppoDanbI A. II. ~e
nllCOBhlM, OCTIIJIbHhle 8. H. Em'lCeeBbIM. B Ta6JI. 18a npllBop:HTCH pe3YJIb
TaTb[ nepeCqeTa l lalIlIbIX Xl1J\IH'leCIHtX alIaJIn30B na 100 %, a B Ta6JI. 19 - 1<oa<p
<pUII,UenTbI <POP~fYJI MIlHOpaJIa. ~anHbIe XlHUI'leCI(HX anaJI1I30B nanecenhl na 



Ta6JIlfD,a 18 
Ta6n~a XnMnqeCKDX aoannaOB neuTnao,nHToB 

COCTaB 2 3 I 4 I 5/ 6- I--~ 1 8 I 9 I 10 1 11-, 12 

Ni · ...... 34.07 32.79 35.17 35.83 I 32.14 30.99 35.08 35.22 33.29 34.90 34.96 35.54 
Fe · ...... 31.25 32.95 31.00 29.82 33.28 32.40 30.13 29.74 30.99 30.14 30.16 30.R3 
Co · ...... 0.36 0.35 0.35 0.56 0.32 0.51 0.43 0.10 1.32 0.77 0.52 1.03 
Cu · .. .... 0.18 0.16 0.16 0.28 0.02 1.53 0.14 0.00 0.17 0.02 
S .... . ... 32.93 32.70 32.70 32.05 33.52 33.69 3372 34.08 33.38 33.36 33.76 32.58 
HepacTBopIHlhlii. 

OCTaTOK ••.. 1.02 1.02 
I 

1.02 0.55 0.69 0.83 0.49 0.69 0.76 -
I 

CyMMa . .. 99.81 99.97 100.40 100.09 99.98 99.95 99.99 99.83 99.91 99.19 99.40 99.98 

Y,neJThHbIU Bec . . 5.085 4.891 5.006 4.98 5.051 5.045 5.031 5.032 4.916 1.827 5.14 
ao± . .... .. 10.033 10.042 10.035 10.033 10.052 10.054 10.054 10.035 10.041 10.040 
~ao ....... ±0.004 ±0.004 ±0.001 ±0.004 ±0.005 ±0.008 ±0.003 ±0.004 ±0.003 ±0.003 

--- ---- ---

COCTaa 13 14 15 16 17 18 19 20 121 1221-231 2" 

Ni · .... .. 34.21 34.19 35.12 35.13 34.29 33.45 34.26 34.98 34.69 34.92 34.71 34.11 
Fe · ...... 30.29 30.72 30.74 31.29 30.90 31.47 31.01 31.25 31.69 31.52 31.14 29.47 
Co · .. .... 0.50 0.67 1.60 1.09 2.08 2.92 2.19 1.73 1.19 1.36 1.90 0.55 
:::u · .. .... 1.22 0.57 - -
S .... .... 33.78 34.05 32.29 32.39 32.73 32.07 32.47 31.96 32.44 32.17 32.30 33.48 

Cym.13 ... 100.00 100.20 99.75 99.90 100.00 99.91 99.93 99.92 100m 99.97 100.05 97.flt 

Y,neJThHhlii Bec. . 4.83 4.93 

I I 



T a 6 JI II lU iBa 
XUlllllqeclmii COCTaB oeOTnaOA'DTOB, nepec'IlI1'auoblJl oa 1000/0 

I 

COCTaB 2 3 4. 5 6 8 9 10 24. 

Ni . 34.63 32.96 35.49 36.00 32.37 31.27 35.26 35.53 33.57 35.08 34.95 · ......... 
Fe · ......... 31.63 33.14 31.19 29.96 33.52 32.69 30.28 30.00 31.26 30.59 30.19 
Co · ......... 0.36 0.36 0.35 0.56 0.32 0.51 0.43 0.10 1.33 0.77 0.56 
Cu · . . . ...... 0.18 0.91 0.16 0.28 0.02 1.54 0.14 0.00 0.17 0.02 -
S ••......... 33.34 32.63 32.90 30.20 33.77 33.99 33.89 34.37 33.67 33.54 34.30 

C:YMMa ........ 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 

Fe: Ni .... .... 10; 10.96 10; 9.94 10; 11.40 10; 12 10; 9.64 10; 9.56 10; 11.63 10; 11.83 10; 10.73 10; 11.49 10; 11.57 

T a 6 JI n II; a 19 

!\08IPIPUD.UeHTbl IPopMyn oeBTnaBADTa cornaCBO aBanU3aM, npUBeAeOHblM B Ta6nnn;e 21a 

C OCTa o 2 I 3 I 4. 5 6 7 8 9 10 

Fe" .......... 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 
Ni" •......... 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 
Fe'" . ......... 0.36 0.69 0.36 0:15 0.56 0.43 0.11 0.01 0.27 0.20 
Ni''' .......... 0.55 0.55 0.73 0.78 0.20 0.21 0.57 0.52 0.38 0.58 
Co'" .......... 0.05 0.05 0.04 0.07 0.04 0.06 0.05 0.01 0.16 0.10 
x •..•.....•. 0.96 1.29 1.13 1.00 0.80 0.70 0.73 0.!)5 0.81 0.88 
Fe''': N i'" ....... 0.666 1.32 0.455 0.192 2.20 1.61 0.32 0.758 0.758 0.406 
ricp .......... 0.640 0.649 0.636 0.630 0.654 0.651 0.634 0.631 0.642 0.636 
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TaG.TlHI\a 20 

.Ni a1l8-
n1wa B 

TaOJl. 21 
II .M 00-

IJaaua 

CnnCOR 8UaJlUaUp00 81IHbi X o 6 paa[\OB n e UT I8UIJ.IJT8 

!II eCTO DSRTIIR oOpaa[(a 

1 I ITe'lellra , HaYJJa. (lI3 il<nJJW CUJIOllilTWX CyJJh- lIoDl,lii all a-
(l14-r-1) QH1J10B). Jll1S. 

2 ne'leul'a, HaYJla, (lis cYJlh<PTlJlIlOH 'Rlmhl). To iRO. 
(52-IJI ) 

3 I1e 'lollra, HaYJla. (lIs CYJlhCPHJlUoit ano<pllShl, »» 
(65-0) pacuoJJomeuuoil B Jle)f{aqOM GOtty pyJlllOrO 

TeJJa cpeJlIl <pIIJIJIHTOD). 

4 
(101-m) 

5 
(CRB. 342) 

6 
(91-!{) 

7 
(B-1) 

8 
(B) 

9 
(220) 

10 
(321) 

11 

12 

13 

14 

15, 16, 
17 

18 

19, 20 

21 

22, 23 

24 

ITOtlenl'a, HaYJJa. (1I3 CYJJh~lUJl1l0ll aWJTbT , pac
n01JOif{OTlUOll Ila HOUTaHTC clJUJJJlHTOB C I<CCUO 
JIllTIlMH JlnaOa30D. 

I1 e<re ll ra, I1n.'lbrYRpBH (l!Js cYJIbqJllJ\lloii 
'RflJlhl) . 

rr oqoFlra, HaMMHRlIDH , (H 3 CYJlhclJl1J1f1 oro n pO
aW.iRa CpOJllf CllJILIIO opYJI HeJJWX cepJloJl
TIIunTOD) . 

MOII'lO-T),IJJlpa , I-1J1TTJlC-HYMY'Rbe. (1I3 cym,
clJnAlloH aWJI],l , npnYPO'leHIlOH " ra6Gpo
ll er~laTIITaM). 

~fOll'lO-Ty/lApa; HIITTIIC-HYMYiI<be. (Jt[a mIl JJ bl , 
npnypO<reUB Oll K ra66po-UCI'MaTIiTaM). 

!\IoFl'1e-TYl1J1pa , I1I1TTIl C-HYMymbO. 

MO/l'le-TYUJ:\pa , I1HTTIIc- HyMymbO. 

HaYJIa , V ropu30HT. (Tl3 CnJlOmllblX cYJJb(IJll
AOD). 

I1o'l ollra, HaYJla. (113 ClVlomUblX CYJJh<pIIAon 
C pellH <jJnJlJll[Ton). 

I1e<lollI'a . Ol1JJbrYrIpnu. (ll a CYJIb<PRJ:\I1blX XaJJb
KOUl1PUTOBhlX PYA) . 

Oe'Jenra , llllJIhrynpDU. (1l3 CY.TlhclJJlI\IIMX mlp
pomnO-neIlTJJaIlAJlTOBblX PYA C nop<plIpOUII A
UW .IIII BW JleJJeJlfl1BIU neJl1'JlaIlJlHTa) . 

» » 

II o Dhli! analllla. 
(OGpa3Cl\ no
peAall IVJII JI '

CJJel~OBalllllI 

B. A. lacJJc
nURoBwM). 

Ii OBblii allaJJfl3. 

To ;!(O. 

» » 

» » 

11 ODhlH aUaJJlT3 
(06paacl\ no
pO/lau H. H. 
!\03;JO D"I~I). 

M. B. JJ.oullcooa 
(195~ r.). 

M.. JJ. ,LI,euncoDa 
(1952 r.). 

To mo. 

» » 

i\Ioll'Je-TYllJ:\pa , IhlT'l'lI c-HyMY}KbO. (Il3 }I{I1JIhl). 11 . 1-1. l.iuprWD 
(J940). 

~ [ OIl<JC-TyllJlpa, I1 nT'l'n C-!{'YMYiKhO. (Tb iRJfJJbI). 

MOIl'le-TYBJ:\pa, lI nTTllc-HYMymbC. (](a 'HIlJlbl). 

MOJl'Je-TYIIJ:\pa, II.IlTTlIC- l{YMY'HbO . (lLJ mflJIw). 

MOU'le-TYHJlpa , lI HTTllC-HYMY;!tbO. (lI s ilUIJIbl). 

To "(c. 

» » 

I) » 

» » 

fIe'lenra, KaMMnHII BIi. (U3 MaCCIlDHWX CUJlorrr- Xo JIAlOD r . B. 
I1WX CYJlb<!mAIlWX PYJI C nop<!lJlpODHAIIOfi 1I,LI,. A . lUlI.'Ih-
Cl'pylnypoi1). IJllIIOH (1951 r.). 

AriaJlIITIIK 

} C. l f. C~mp
aoua. 

11. K . 
npyxa . 

JL A. Ta
pauooa . 

J 

C. II . C~lIJp"" 
llOHa . 

M. A. Ha
uycTlwa . 
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pnc. 157. IT3 ~'lTUX )l,amlhIX CJIe)weT, 'ITO no Mepe YBeJIHqeHHH cOAepmaHHH HlI
HeJUI B neqerrrCl\uX rreHTJIaH)l,IITaX y6bIBaeT cOAepmaHHe n~eJIC3a. ileHTJIaHAHThl 
KaYJlhI, FlaMlIIlII<llBlI, a TalOHO 11llTpyaIlll TIl'TJI t, rYJ[pBII HlIfelOT AOBOJIbHO nH3-
Hoe COl\epiHanue Iw6aJIhTa - 0.5-0.7%. B 8TOM HX cym;ecTBeHHoe OTJIH'lHe 
OT nOllTJIanTtlTOO MOR'le-TYHAPhI. 

CO)l,epmamre H<CJIe3a B pa3JInQlIhlX 06pa3rr;ax nCRTJIaRAHTa KayJIhl KO-
1lC6JICTCH OT 29.96 AO 33.14%, HIIJ{eJIH OT 36.00A032.96%, I~06aJIbTaoTO.36 
AO 1.03%, cephI OT 32.63 )],0 34.36 % . 
ilCnTJIan):(llThI KaYJIM lIMCIOT y)l,eJIbHbIii CO 
BCC 4.98-5.006. OTHomenllc if CJIcaa 3 
1{ mmcmo OT 10: 10.96 AO 10: 12. 
Pa3Mcphl 3JIClIlOllTaplIou fl'leiilm 06hI'l
nO HOJIe6JlIOTCH B npe)],CJIax 10.033-
10.042 kX. Bn'lnCJIennhlII cpeAHIfll 
pa)],uyc TpeXOaJICIlTIIOro ROlla, HMeJO
m;cro mecTepuylO HOOpJl.1'lRarr;UlO, paBClI 
0.630-0.649. 

ilenTJIaB)l,nTrJI KallJMllIUIBII JIMClOT 

2 

CJICl~YlOm;IIe CO)],cpil~amUI OTACJIhlIbIX Fe 
8JICMenTOD: l-HeJ1.C3a - 30.19-32.69 %, 
IIIIl<CJIll - 31.27-34.95%, lw6aJIhTa- 33 
0.51-0.56 %, cepLI - 33.99- 34.30 % . 
YACJIbrrJ:Jii Bec nenTJlalIAIITa 113 l{aM- 32 
~mKITBU 5.0/l5. TIIomennc iI, JIcaa 1< 

HlII<CJIIO KOJI 6JIeTCH OT 10: 9.56 AO 31 

0\ 
00",. . . . 

• \. ® 

, ®--~®-~--~~~\~--
31 32 Xl 34 35 36 Ni 

r£! . 

10 : 11.57. lIeCIWJIhlW aaml}I{ClIHOe co
)],ep}l,anne nUl{eJIH n nCRTJIan)],l1Te Kalll- 30 
MIIlmBU qaCTJl'IHO 06'bRCIIJleTCH npn-
1I1OCbIO XaJIbl oIIupuTa. PaaMCp ;meMelI
TaplIoii J['lciiKU: 10.054 ± 0.008 kX. 
Cpe)l,nnii (DJ:JqnCJleHIIhtii) paArryc TpCX
naJIeIITnOro llona, JUreIOm;ero mccTcp

~~0--37f~-J~2~-J~J~~3~4---3~5--~36 Ni 

(fJ 8ec. "/0) 

nylO HOOPAnHaI~llIO, paDon 0.636-
0.651. 

ilCnTJIalIp;IlThI 11 3 flHTPY3111l llum:.
rYHp131l IIlIJClOT cJleAYlOm;ml COCTan: 
}),eJIe3a OT 30.29 ,11,0 33.52 %, nllHeJIH 
OT 32.37 AO 34.40 %, Iw6a1lbTa OT 0.32 
AO 0.72 %, CCphlOT33.77 )],034.05% (alIa
JlIl3J:J, npUBe)],elllIMe u pa60Te M. B . .D.e-

PJ1C. 157 . COOTUOmeJlUe MelKAY lIHHCJJeM 
IT l{o6aJJbTOM (Bepxurfii rpacIHlI{) 1'1 MCiR IlY 
U1[({eJleM U ill nC30M (UfIilWHll rpacIlllK) 
y n e UTJIaH ,IJ,Ul'OO 113 pa3JJ1IIIllh1X py ,lJ,o
npORBJJe Huij, !\Iancublwe KP YlKl<U oro6pa
H<aIOT peay IbTa1'bl XUMIIQ e CIUIX aHaJJrl30H 
~IOlllleI'OpCIH1X n eU1'JlaEl AI1TOB. l<pynuw 
C o60A I(aMll - netleurCKHe n e BTJlaU tlUl'LI. 

llHCODOti, cOAepntaT MCAn 1.22- 0.57 %). YAeJlbnhIll Bec neHTJIalI):(HTa lIa PYA 
Ill1'rpya!Il1 llIlJIhl'YHPOI! 5.051 (no anaJIlI3aM, npHBeAelInbIlll M. B . .D.eHlI
COBOH, YAeJIhnhtii Bec paDen 4.83- 4.93; neI<OTopoe nonmlteJIne YAeJlhnOrO 
Beca IIpOBCXO):(llT sa CqeT npllMccn XaJll>IWIIllpHTa). PaRMep 8J1C fenTapHOM 
fI'loii:Im:: 10.052 ± 0.005 leX. CpeAHTIIU: (BbI'llilCJlelIHhlll no XHllmqeCHOMY aHa
JIusy) paAllYc TpeXBaJIelITHOro nOlla C mecTepnoii HooPAIIHa~HcH-
0.654. 

nenTJIanAHThl Jl3 pa3JIlIlJlJhl . ne'JcnrcI<Jl ' nopOA XapaI<Tepu3yIOTCJl nepe
lI1eHHhlM B 3UaQlITeJIbUhIX npeAeJIaX COCTaBOM, UpH'leM R3l\IenHeTCfl lIe TOJlhI\O 
COOTlIOUJCHne MOTaJIJIH'lCCI{lI[X aTOMOB (meJIe30 : Hlll{eJIh) , RO U COAepmanne cephI 
B lIumcpaJIc. l'I3Monenufl n COCTane nOJIHOCTblO OTBeQaIOT TeM npCAeJIarvI lW
JIe6anl1ii: B cOAepll aRUM OTD.eJIbllhIX 8J1eMelITOD, :KOTOphIe 6bIJll'I YCTaBOBJleHJ:J 
panhruc (8. EJlnCCeB, 1953a, 1955, 1956). 
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JIaollwpcJ>UbJe a811femeUUH B DeUTJl811ADTe 

Ao IIe)1.8BIIerO BpeMeIIH HMenO OOJlbIDOe paCnpOCTpaIIeIIHe npe)1.CTaBneIIHe 

o nepeMeIIIIOM B mHpOI{HX npe)1.enaX COCTaBe neUTnaH)J.HTa. 9. H. EnHceeB 

(1953a, 1955, 1956) nOI{aSan, 'lTO COCTaB neHTnaII)J.HTa OT oopasn;a K oopasn;y 

MenHeTCH B YSKHX npe)J.enax. 

9 Y 
1.~~ 'q l? ~ ?J10.0 
~ 0.8 

.~ 0.6 
.e~ Oq 

, , . e oe 0.2 

z 

0. 6~ 
~q • 

e e .e 
0.2 _ 

0.0 '---'-_.L-....... _"---....... _ 

x 

fO'Ob---~ 0.9 e~ 

0.8 • '--Z 
0.7 ---'~ 

S(OOec.%) 
34.0 

' 33·qo.030 10.040 
ao 

fO.050 fO.060 /(X 

PHC. 158. COOTHOmCBHC paa lcpon 
9JICMenTapffoil R'leihnl C COC1'anOM 

l1eD1'JIaDARTa. 

BosHHKaeT Bonpoc, K8I<OBLI npe)1.enhl 

HSMeHenHH COCT8na Y npnpO)1.HhlX neUTnau

)1.HTOB H 'leM aTH USMenonnH OOYCJIOBJIeuhl? 

o COOTHOWCUUIIX mCJlcaa II UUI,MII 
B nCIITJlallAUTC 

CornaCIIO aIIanusaM neIITnan)1.HTa HS 

MOII'le-TYII)1.phl - 9 8IIaJIUSOn H. H. qnp

lWBa H 4 IIOBhlX - COOTuomeHHO (BecoBoe, 

TaOJI. 21) }I\enesa H IIHI,enH Kone6JIeTCJl Y 

aTHX rreHTJIaU)1.HTOB n npe)J.eJI8X OT 10 : 10.7 

)1.0 10.5, rro )J.aHlIbIM 11. H. qHplwBa, H OT 

10: 11.5)1.010 : 11.8, - no HOBhlM )1.aHHhlM . 

ITeIITJIaH)1.KThl MOIIQe-TYU)1.phl {lIS H flTTIlC

HYMY}}{bll) xapaKTepm>,I rrplI~18pIIO rrOCTOlllI

HhlM CO)1.epn{aHHeM n{eJIesa, KOTopoe USMe

HHeTCH OT 30.0 )1.0 31.7 %; npUQeM )1.aIIHhle 

HOBblX aIIaJIIISOn YTma)1.bIDaTOTCJl B Te iRe 

npe)1.eJIhl HSMerreIIH:H COCTana l\fHHepana, 

ROTophle OTMellaJlHCb11. H. LlUPIWBhlM (1940). 

ITenTJI8II)1.HThl I1S ITeqenrCIHlx pY)1.0rrpo

HBJIennM B OTnn'lHe OT rreIITJIaU)1.1'lTOB MOH

'le-TYU)1.pbI HMelOT SUa'lrrTenbHO oonee CBnbHO 

HSMeHRIOID;HeCH npe)1.enhl CO)1.epn,aUIIn }l\eJIe

sa, KOTOplJe COCTaBJIJllOT 29.96-33.52 %. 
Ha puc. 157 npUBO)1.HTCn corrOCTaBJIenrre 

cO)1.ep)l{aIIHH menesa n IIHReJIJl B DeUTnaH

)1.11TaX HS PY)1.orrpoHBJ1euml IIe'leIIrH: n Mou

'le-TYH)1.pbI. TO'l}m, OTBeqalOID;ne COCTaBaM 

neUTn aU)1.HTa 1'IS MOU'le-TYH)1.pl>I, pacrroJIa

ralOTCH npuMepIIo n O)1.HOllI Y3HOM nOJIe, 

TOf)1.a RaJ, nelleHrC1<lJe neUTnaH)1.UTbI DOKa-

3lJBalOT mHpOKHe Bap~lan;rrn B COOTHomeHIfH 

iHeJIeSa H HHHeJIJl. OTHomenHe }1\enesa u 

HHReJlH B neUTJIaU)J.HTax US PY)1.0npOffBJIeHrrii 

HaYJIhl, KaMMIUUlBlJ H IIrrJIbryapBfl RO

JIeUJIeTCa B 3H8'lrrTeJIbHhlX rrpe)1.en8X - OT 

10: 9.6)1.010: 12; nprr'leM rro Mepe YBeJIU'lelllIJ{ 

CO)1.epm8UHJl meJIeS8 B nellTJIaH)1.lITe oon8PY

iHUBaOTCH YMeHbmeIIHe IWJIH'leCTBa IIHJ{enH. IIp1UlOJIHneUHaH 3aBIICUMOCTb, cy

m;eCTBYlOm.aH Me;r<)1.y cO)1.epmammMH iHenesa II mmeJIH B rvmnepaJIe, yoe)1.H

TeJIbIIO rOBopHT sa cym.eCTBOBaIIHe HSOMOp<puoro aa!l1em.elIlIH l-ReJIeSa II IITi

ReJIa B neUTnaII)J.HTe, ocooeHIIo B neIITJIan)J.I1Te H3 ITell nrCI<l'lX pY)J.onpOH B

JleIDI fi. 
HaK BH)1.IIO H3 Taon. 18, H3MeIIeHHH B COCTaBe rrOIITnan)1.TUa DpOHCXO)1.llT 

B rrpe)1.eJIax O)J.Horo (H3 )1.eBHTH) MeTaJlJIH'leCI<IlX 8TOJllOB, DPUCYTCTBylO~lX 
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D <p0pMYJIe r.mnepaJIa. l\OJIll'leCTBO aTOMOB }I<eJIeaa B <p0pll1YJIe ?>feHReTCR 

OT 4.01 }l;O 4.69, a }l;JIR HHlteJIR OT 4.78 }l;0 4.20. TIo 'ICThlpe aTOMa 

,[WJIeaa n Hl1I{eJIR HaXO}l;IlTClI B 'IeTBepHoH KOOp}l;HHaU;Hfl H TOJIbltO O}l;HH 

MeTaJIJIH'ICCI<ldi aTOM c meCTcpllorr I<oop}l;lIHau;neft MOr1,eT 6bITb npe}l;CTaBJIeU 

JII160 HIlHeJIeM, JIn60 'HeJIe301lI DJIH ual<oueu; I<o6aJIbT0ll1 (8. Emlceen, 1953a, 

1955). 3anOJIUenHe paSJIH'IUbIMl1 aTOl\faMH (meJIeaa, UHI<eJIR HJIH I<o6aJIbTa) 

Ol{Ta3}l;pH'1eCKOll nYCTOTbI B I<pIlCTaJIJII1'IeCIWH pemeTKe neHTJIaU}l;HTa npnBO}l;HT 

I{ TeM U3MeUemJRM B COCTane }'ll1nepaJIa 11 B COOTuomeUHRX )l{eJIeaa ]I IlRHeJIlI, 

IWTopr,re Mbl na6J11o}l;aellf y npHpO}l;IIbIX neIITJIaU}l;HTon. 

llaMeneuIIe COCTana aTOMOB, HMelOru;nx TeTpa3}l;pH'IeCI{YlO IWOp}l;nua:u;uJO, 

CKa3hlBaeTCfI na ua lenOHl1fIX pa3MepOB 3JIeMeUTapHoii: fI'1elil{]I neUTJIaU}l;IlTa. 

Ha P"C. 158 npHDO}l;flTCfI }l;aUULIe, Xapal{TepHaYIOlII,He IIallleueUHe napaMeTpa 
ao B 3aDl1CUllIOCTH 01' COCTana aTOMOB C mecTepHoll KOOp}l;I1Ba:U;J1ei. ITo Mepe 

YBeJIU'IeUUfI CO}l;epmamlfI 60JIee Kpymiblx aTOMOB (aToMoB )-I{eJIeaa) BOapayTaeT 

napaMeTp ao, paCTeT 06'hOM 3JIeMeBTapuoH fI'1eihm . 

.il:JIfI I,am)1.0ro l1aY'ICnUoro 06paa:u;a BbI'IllCJIeU CpO}l;BHM pa}l;nyc 01{Ta3p;

pn'1eCIWrO aTOllla. PaaMep 3JIeMeUTapuoll fI'Ieihm neUTJIaU}l;HTa Haxop;HTCfI 

B npJllllOU aanUCllllfOCTH OT cpep;uero paal\'lepa aTOMOB, HaXOp;fIlII,IiXCfI B 01{ Ta-

3)1.pH'IeCIWIII oJ<pyn,eHHII cepbl. 8Ta aaBUCllMOCTb npe}l;CTaBJIeBa ua puc. 157. 

C nOllfOlII,blO :nOll AHarpaMMbI npe}l;CTaBJIfIeTCfI BOaMO}{{BhlM KOppeJIHpOnaTb 

COCTaB n pa3MepbI 3JICflJellTapuoII fI'Ioimn Y neUTJIal!}l;HTa. 

o COOTHoweUlUI I1D1,enn II ,I\06HJlbTH 

.il:mr nenTJIallAHTOB l1a M OU'Ie-TYHP;pbl paHee OTIIIe'laJIOCb (8. EJII1CeeB, 

1953a) nepeMenuoe COOTHomeHue UHl{eJIR 11 I<o6aJIbTa, npH1JeM 6bIJIO YCTaUOB

J1eno, 'ITO C ynemlqenUelli COp;ep}KanHJI I<o6aJIbTa B nellTJIaU}l;HTe COOTBeTCTneHHO 

y6bIBaeT cop;cpmanrro nHI\eJIJI. Ha 3TOM OCHOBaHH]I }l;eJIaJIHCb BhlBO}l;bl 06 H30-

MOP<PDOM aaMelIl,enUll }W6aJIbTO~t llJmeJIJI. Ha pHC. 157 TaIWe cooTuoureHHe 

fe,K)1.y IWUaJIbTOIIf II lHmeJIellI 'leTHO BlI}l;HO }l;JIJI 06pa3D;OB 113 MOU'Ie-TYfIAPbl 

(lIlaJIenblnI ,TOtllm). 

IT pl1: anaJll13C nenTJIanAHT013 ua TIeqenrIl 6blJIO nhlJIBJIeHO, 'lTO 3TH neHTJIaU

AnTbI, Bo-nepnLIX, OTJIU'IaIOTCIl cpaBnllTeJIbnO lIn3I<l1M cop;epmaHlleM Iw6aJIbTa 

(B cpeAnel\1 0.5 - 0.7 %), a Bo-nTopLIx, paSJIll'IHbIe 06pa3U;bI cOAepmaT npHMepHo 

0AllualWDoe lWJIH'IOCTBO Iw6aJIbTa. OTCYTcTBue 3aBHCUMOCTH cOAep>HaHHJI 
l\OUaJlbTa OT cop;Opa{anuH UIIE\oJIH B ne'lenrCI{l1X neHTJIaH}l;UTax BHABO Ha 

puc. 157. 

Ma CI<a3aHUOrO BhIlle CJlet~yeT, 'lTO }l;JIR neHTJIaEIAl1TOB na pY)1.0npOJIBJIeHHi 

ITe'IelirH xapaI,Tepuo 1130l\IOP<P1I0e 3allfelIl,enHe meJI030M HHl<eJIJI (npH cpaBIIH

TeJIbnO nOCTOJHlllOllr cOAepn,annll B MHHepaJIe Ho6aJIbTa), TOr}l;a KaI{ P;JIR neHT

JIaHp;llTa U3 MOn'le-TYHAPbI OTIIIe'IaeTCJI 1130MOP<PH3M HHHeJIJI If Iw6aJIbTa (npH 

npllMCpnO nOCTOJInHOM con,ep>I<aHIlll }1~eJI03a B 1IIIIJIepaJIe (Ta6JI. 18). 

o COOTllomeUlI1I MeTannon II cepbl n neUTnHHAIITe 

MaOMop<pnoe aalltelIl,enne n<eJIe3a HllI{eJIeM, a HlII{eJIJI Iw6aJIbTOIII call10 no 

ce6e ne npllBop;UT I{ JIaMeUOUUlO cOAepmaUHJI cepbI B MHHepaJIe. TaK, eCJIH 6bl 

cooTBoureHHo >J{eJIoaa I< nrmemo H3111OHJlJIOCb OT 1 : 1 AO 1 : 2, B 3THX npe}l;CJIax 

11301lI0P<Pub1e aaMelIl,eBIDl conponoiJ<p;aJIUCb 6bI H3MeneHHeM cO}l;ep}1{aH~JI cepbI 

OT 33.23 AO 33.42 %. <t>aI<TI1'IeCIUt me CO}l;ep'RaHHe cepbI H3MeUJIeTCfI B neHT

JIaBp;llTe OT 33.0 p;o 34.3 %. M3MeHenHJI B cO}l;epmaUHH cepbI B HCCJIep;OBaHUbIX 

06paan;ax ne DhJ3BaHbI npHMeCRMI1 60JIee cepHllCThlX MnnepaJIOB, BanpHlI1ep 

DuppOTuna, Tal, Hal< Y;J.OJIbHhlll: Bec Y 3TIlX 06paaD;OB ne 06Hapyn<llBaeT 3aMeT-
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HLIX H3MeHeHHH. YAeJIbHurii BeC nenTJIaH].U1Ta 6JIn30K It 5.00-5.05. B CJIy'lae
npHMeCH nnppOTHHa OH aaMeTUO 6hl nOUlIaHJlCH. 

lial\1eneuHH B cOAep)'!{aHHH cephI B paaJIUtffi.hIX 06paa-qax n HTJIaHAHTa 
conponomAaIOTCfI H3MeHeHneM COOTnomeIDIH Cyllllllhl lIleTaJIJIOU I{ cepe. cDop
MyJIa neHTJIaHp;HTa H3 pa3TIbIX HlJTpyarrii lle'leurH H MontIe-TYHAPhI naMe
HHeTefI OT Me o s AO Mes.5 8, (rAc fJoj\ pal (UI(UJIOM 1I 0lWa3YMcBacT 'H cyMMa 
HfmeJIfI, Iw6aJl bTa II }\{eJIeaa). 

Rar< BHAUO 11a pRC. 15 ,naMeueHRe B COAep"{aIIHH cephI naxop,FITCfI B npH!I[O
mIlleiinOH 3anllCmrOCTl[ C paalllepallrII aJICMeHTaplIoii: H'leUlm 1Il1inopana. Ha 

paal\1epLI 3neMeHTapno'u lI'Ieihm o [,a3f>JBalOT' 
Rt

c

l
= 0. 67bo. 52Y+ 0 55J BJIIHIllIIe H30MOpq1II311{ mmeJIH Ii meJle3a, a 

Tal\iHe nepeMennoe CO o TllO melI II 0 CyllllllhI 
065 " ~ l\IeTaJIJIOn u cepbf. 

~ llepell1ennoo COOTIlomcnHe CylllMLI Me-
0.64 "~" TaJIJIOn If cepLI cBUAeTeJlbCTuyeT 0 ,D,e4>oRT-

./" " v ..-- nOCTll l{pHCTaJIJItl'leCl{OU CTPYHTYPbI nenT-
O. 61G.Gs"~-:,0.:-':G:-II-~-'G~. O""5:--"" -'0.-.406 G. JJanAllTa. (D0pMYJIe Mes· 5 s ,D,OJlfI<IIO COOTBeT

Fe 

Nt 

0,9 

a CTBOBaTb 66. aT0ll10B n aJleMenTapnoil fI'leih<e, 
npOTl!l,B 05LI'lHhlX 68 aTOMOB . D prr TaI<oii: 
4>op ryne n MIIHOpaJIe ,D,OJIrI<IIO cO,D,ep»<aTLCH 
34.6 %, 4>aRTH'leclnt B 05pa3D;o, y IWToporo, 
4>Op1l1yJla Mes 5 s, CO):(cpi\<aJIOCb 34.4 % cephl. 

)J,~eltTIIOCTl> neHTJIaHAUTa c 4>0plIrYJIoii 
MeB•5 s DO OTBomeHDIO H 4>0pMYJIe, OTpamaJO
IIWU nOJIIIOe aaDOJIDCDne Y3JIOll HpnCTaJI
JIIl'leCJ<OH pemeTl{H neIlTJIaU,D,HT8, COCTaD
JIHeT 5.56% (ne3aHfITbum OCTaJOTCfI 0.5 II 

fo.,06a. 9 Y3JIOB lIreTaJIJlOB). Do Mepo YBeJlIIqeUJllr o ~0. 03 10.,0.11 fG.GS 
5 

PHC. 159. a - 3BSlTClIMOCTb napa
MeTpa ao 01' Cpe}\BerO paAnyca 
OltTMApn'lOCl<f1X nonOR D rrenTnBU
Arne, 6 - saBIlCIUIOCTb napaMe1'pa 
3neMeB1'apnOn n'leiKH nen1'nanAK
Ta 01' OT HOIfTE' RlJf I rnaBBblX l eTan
non, BXOHfI~rfX B COCTan noro 

~mHepaJJa. 

'lJ1CJIa n03aMOm;eUUhIX MeCT B UPJ1CTUJlJIJl'le
CIWi'r pemeTKe, a CJIe,D,OnaTeJlhnO, n YBeJln
'leUHfI cOAepmaHTIH cepbl ,D,OJlI1UIO 5uJlO npo
llCXOAHTb YMenbIDeTIlle pa311JepOB 3JIeMeIITap
noil j]qCirHII. 

Ha ca~1O r Jf{e AOJIe y nenTJIaU,D,IITa DC) 
Mope yneJIllqenl1fI cOAept1{amm cepuI npo
UCXO,D,llT yneJlUqeHHe paallfepoB ;)JIOMenTap
HOU 1ncuHII TIa 0.021 kX (nprr JI3Menemnr 
cepuI OT 33.2 AO 34.0%). 

ITo lIIepo yneJIJnenm[ COAepiHanHfI cepLI paCTeT n cO,D,OpmaJIIIe ,l<eJIe3a 
B MIIHepaJIe. li3 aToro Ha3aJlOCb MomllO 5bJJIO c):(eJIaTl> nl>TB OJ\ , "tJTO H36wTOl( 
cepbI H meJIe3a n neHTJIan):(HTe Bhl3Ban npUMOCbIO nnpPOTIHla. Op,Halw CJIe):(yeT 
TIop;qepJmYTb, "tJTO IIO Mepe yneJIIIqOHUfl COp;epll{anllfl Il~OJIe3a (pHC. 15 ), 
a TaI{me OTnomeIInfI }I{eJIe3a I{ UJiI]{OJIIO (pIIC. 15 , 6) n ynOJIuqemw cpep;nero 
pa311repa OI{Ta;)):(plIqeCIWrO aTOllIa MCTaJIJIa (pRC. 159, a) paCTeT napaMeTp ao 
DeHTJlaU,D,IlTa. C YBeJIlI"tJenlleM J OJlllqeCTBa TpeXBaJlOIITUOro meJIe3a, uaxop;ff
m;erOCfI B Ol{TaaAPR'lOCIWII'1 OI{pyn,eIlJlII aTOMOB CCphI, paCTeT 06,])CM 3J1CMenTap
BOH H"tJeHl{H. TaKIJlI1 06pa30llf, no lIlepe yneJIUqenllfl lla6hlTHa iHOJIe3a lIlOHHeTCR 
05'])eM fIqeiJiu[ I<pRCTaJIJIlnecKoii: pemeTKH neHTJIaHARTa. OTCIO,D,a CJIe,D,yeT. 
'ITO YBeJIHqenne COAep,HaHRfI }J{eJIe3a, 05napyrRfIBaeMOO npn XlIMUqeCIOIX 
anamI3ax, CBfl3auo ne C npHlIIeChIO nOCTopOHIlIIX lImnepaJIon, a C TI3111eHe
HlleJlI COCTana caMoro nenTJIan,roua. 

B ananll3e 8 (Ta6JI. 1Ba) 06napYII<ono npII XlilMII"tJeClWM anaJIlilae 34.37 % 
cephl. OObI'IHO B neUTJIan,D,llTax Mon"tJe-TYH):(pbI YCTanaBJIHBaJIOCb DplHlepno 
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33.2 % CepbI. ECJIH ClJlITaTb, 'ITO YBeJIH'lenHe CO,IJ;epmanJlJI Cephl Up01'JaOlTTJIO 
3a C'leT npUM e 'M mlppOTHna, ,IJ;Om[\HO O,IJ;UOBpeMennO UOBhlCHTbCJI CO,IJ;eprJ<aIllle 
;1{eJIeaa. B ,IJ;annOM anaJIHae 8TorO He naOJIlOp;aeTCJI (30.00 % meJIeaa). C p;pyroH 
-cToponbI, npmtCCb rmppoTHBa p;OJIilma ObIJJa npHnecTH I{ YMeHbrneHHIO yp;eJIbUOrO 
neca lfCCJIep;ye~lOro JllaTepnaJIa. Yp;eJIbHJ:.ri1 Bec DHpPOTFIHa C ~OpMyJIOH Fe9S 10 
panen 4.62, a CYP;H uO cop;epmamno cephl D DFrppOTIIHe MOrJIO npncyTcTBO-
13aTb OKOJIO 21 % npIlMecn UUppoTIlHa, IWTOPYTO JJerRO JlIOHmO OhlJIO oonapy
}IUITb upn JllJilItPOCIWllL1QeCROM UPOCMOTpe oToopaBHoro Jlral'epuaJIa; op;aaKO 
oOT06paHHhrii ~JaTepRaJI nan;eJIO COCTOJIJI ua neHTJIaH,IJ;UTa. IIpHMecb DHpponlHa 
B IWJIIlQeCTOe 21 % 6e3YCJIOBUO UOHHaIIJIa ObI yp;eJIbHhlH Bec lIUlHepaJIa ,IJ;O 
4.96. Ha caMOM iHe p;eJIe yp;eJIbIIbIH Bec rmppoTIlHa C ~OpMyJIOll Me8.5So-
5.032. Bce 3TO rooopliT aa TO, 'ITO B COCTane UeHTJlaHp;HTa IIMeeTCJI uepellleH
noe COACpil<aUflO CephI. 

B p;py rOM auaJIliae (7) COAepil<aHI~ e cephl TaR}Ite neCHOJI bRO UOBhlrneIIHoe 
n COCT3aJIReT 33.89%, 'ITO COOTBeTcTByeT npH uepeC'leTaX 12-13% Upnll1eCH 
mrppoTllua. Y p;eJIbuhIJI Dec Tal }l{C OhIJI ObI nOHlliHeH, 0AnaIW no oupep;eJIeHI1RM 
paneu 5.031. 

II pn npop;OmKIiTeJI bUOM ('108 'laCoB) paCTnopeHliIH noro 06paau;a B 5 %-ii 
COJIJIHoii 100CJIOTe paCTBOpUJIOCb 0.3 % naBecIur oopaan;a. ECJIl1 Ohl naObITOI{ 
-cephI Oh[J1 Bhl3Ball npHlIIeCbIO nHppOTl!Ha, TO npH p;eHCTDHIl HCl B paCTBOp 
nepemJIO ObI ue 0.3 %, a 12-13 % OT oorn;cro Beca BanCCIHl. 

IIpu pacTBopclIllll neJITJIaIIp;UTa, cop;epmarn;ero npHMccb UKppoTHlIa, upo
llCXOP;JlT CJIep;YlOJJJ;uo U3MelleUliJI C llaaecKoiI: 

a) JlanOClta YMcubl1JaeTCJI B Deco Ha BeJIU'lHIlY nplHICCU; 
6) CO)l,epH auue cepbI aaMeTHO Yl\lCHbmaeTCJI, UOCI{OJIbl<y UeHTJIan)l,HT 

oOJ1an.aeT naUMenhrnl1l11 cOAepntaHl1eM cephI Cpe)l,H p;pyrHx CyJIb~HP;OB H<eJIeaa, 
HUL{eJIH n ~lC)l,U; 

B) YAOJIbllIiIll Dec JlJaTCpUaJIa nOBhlmaeTCJI, Tal{ Hal{ nOHTJIaII)l,HT 06JlaAaeT 
l\1CHbIIJUl\l y)l,CJIhUhHl Becor.! no cpanIIOHHIO C p;pyrllMll CyJIb~U)l,aMH HIH<eJIJI 
H r.lep;u. 

IIPH paC~BopcmllI nenTJIanp;HTa, COAep}HaUrero nOBblrnennoe IWJIIJ'leCTBO 
cephl, YMCIIbrneIIue Beca IIpn oopa60TKO HCl npOllCXO)l,JIT na HIl'ITOtl{UO MaJIYlO 
13eJI.I(t{JIlIY. YACJlbUblll DCC no yaCJll[qHUaOTCJl, a YllleubmaCTCJl. YJlIOHbWenue 
yp; JIbIlOro Boca, I,aI{ O.bJJIO nOKaaano DhlllIe, npOllCXOAlIT aa CQeT BbllIleJIa'lll
numl.Jl ua nOlITJIaUAIlTa 'laCTH MOTaJIJlOB, lIaXO)l,JlUI,HXCJl B TeTpa3p;pn'leCKO~1 

oJ{pyn<ellllll CCphT. CO)l,epmaIIlle cepbI B nenTJlaHAUTO npH paCTflOpeHHll ero 
D COJIJlHoii JUlCJIOTe IIpaHTllQeCHU OCHleTCJl IIOCTOllHHhlM (Ta6JI. 17). 

IIone)l,cllJIe lienTJIaHAUTa npn paCTBopeHUH IIOHaa.blBaeT, 'lTO npH BOa)l,eii:
CTllIlll lla liero HCI ne oorrapymunaeTCJl IIpHMccn nl1ppOTliHa. IIeHTJIanp;HT 
HepeAHO llMCCT IIOBhlrnCIIIIoe cop;epn{aTIIIe cepbI DO OTHorneHllIO K ~opMyJIe 
Me o 8' <Da({TII1.IeCJ<Il ~OpMyJIU IIenTJlaIIp;DTa HlI'JeeT OOrn;Ull BHP; Me o_:/- s. IIen
TJIaU)l,UT llCpep;L{O oOl1apYi lmBaoT nenomroe aaMellI,enue hIeTaJIJlH'leCKl1X yaJIOD 
HpUCTaJlJJU'loclwii: perneTIHI, OTCIOAa CJIe)l,yeT, 'lTO CTpyRTypa neHTJIan)l,HTa 
oorrapynmDaeT )l,e~el{TnOCTD . 

lloBwii MeTOA oopei.\e.fleuull COCTBlla UellTJIBIIAllTa 

paap;OJIe, DOCnJ'lIIl,enUO~I llaOMOp~nhlll1 aaMern;errHJIM B neIITJIanp;nTe, 6IiIJIO 
nOKa3auo, ~TO D aTOM MHlIepaJIe OTJ\1e~aIOTCJ'I aaBnCJ!(MOCTH paaMepOB 3JleMen
TaprrOH Jl<fCU!UI OT COCTaBa mllIepaJIa. BOJIee Toro, p;JUI nenTJlarr)l,HTa Haomo
)l,aeTCJl SaallCffMOCTb BeJIliqHHb[ rrapaMeTpa ao OT paSJ\tePOB cpe)l,nero MeTaJIJIH
'leCHOrO uona C meCTepnOH IWOp)l,l1Han;neii . RpoMe Toro, cyrn;ecTByeT npJ'lMall 
caH3b JIleH{P;Y cOAepmamleM cephl D nenTJIarrp;HTe 11 paaMepaMH 3JIeMenTapHOll 



254 rJTABA 26 

ll'leHlm. Hn. pUC. 158 3'l'1I aamlCfl1l10C'l'1I npenCTanJIeUDI B BUne rpaqHH<On, 
lWTOPhlMH ynoooo nOJlbaOBaTbCH nJIH onpeneJIeHIIIl npR6Jll1aRTeJIbOOrO COCTana 
neOTJIannRTa. 

lila ~OpMyJIDI neOTJIRHnHTa HCHO BIInHO, 'ITO nepeMeUBhlMll neJIR'<lIma1.IK 
HBJIHJOTCH HonbI B meCTepnOH 1<OOpn.IU:IaqlIH, npU'IeM nO'ITH nJIH BCCX ]\03~~H
qReoToB (aa HCI{JIJOqeOHeM Iwa~~IlqlleIlTa, OTpa}}(arom,ero COnepiHaOlle 1<0-
OaJIbTa); na pRC. 159 npllBOnHTCH rpa~HqeC1<He COOTIIomeIlHH C napaMeTpou 
ao neHTJIaOJl:HTa. 

DpeilMyID.eCTBa HOB oro MeTOna aaT{JIIOlJaIOTCH B TOM, 'ITO nJIH IlCCJIe)J.OBanUJl 
TpeoyeTcH OMqTO}l{nO MaJIOe 1<OJIlI'IeCTBO MaTepRaJIa. 

r JI a B a 26 

nIJPPOTUIf 

ilRPPOTlIO HBJIHeTCH naROOJIee pacnpOCTpaneOilbIM pynnbIM MilOepaJIOM 
cpenH pynOllpOHBJIeH\l~i YJIbTpaOCHOBObJX nilTpyaHii. B OTlJeTaX n APyrnx 
paooTax npeAhlAyID.nx lICCJIeAOBaTeJIeil HMeeTCH YI{aaaIIlIe Bccro lIa Ana Xll
Ml1QeCI<HX anaJIMaa Ill'lppOTlIoa ua DO'Iennl, npnqeM 0lJ.l1lI Ha JIUX neA06poI<a
'IeCTUeOoblH (ooa anaJIHaa npHBenelIbl XOJUI013bl M H illIIJIbl1l1I OBl>TM, 1951 r.). 

o COCTane IlnppOTRoa, 1<al{ :->TO 6YAeT cneu.naJlblIO paaoopano H1Ime, lQ}lmo. 

CYARTb Be TOJlbl{O no )J.anBhlM XRMlilqeCIWX anaJIRaOB, IIO II no poaYJIbTaTaM 
peBTreOOMeTpll'lCCIWrO naY'IeOHH . 

PenTreOOl\feTpRlJeCIWe lICCJlenOBaune onppOTntla 

DepnaH nOnbITI(a OO'l>HCBRTb npHpo)J.y nIlpponrna C IlOMOm,bIO peBTreHO
CTPYI{TyplIoro IICCJIeAOBamm OblJIa npOAnpmUlTa B 1925 1'. AJIJ' CenoM. AJIbCeO 
no[{aaaJI, 'ITO mrppOTHn OTOOClITCH I{ CTpyl TyplIOUy aoaJIory apcelIIIAa 
HH[{eJIH iAs II npennOJIonUIJI, 'ITO llaM.OOeBne COCTaBa nnppOTlma II lIaOhlTOK 
cepM B neM npOHcxoAHT BCJIeACTBIIe aa leru;eOillI aTOMOB m JIeaa aTO~laUll 

CephI. ilpn aTOM 'IRCJIO aTOMOB B aJIeMenTapnoiI H'IeHl{e fHl1epaJIU l~OmJ{BO 6hIJIO' 
OCTaBaTbCJI 1I0CTOHHlIbIlI1. OAlIa1<O n03.o;nee, B 1933 r., ::>rrOM II 3YI( )J.OP~OM 
Ol>IJIa OTMO'IeHa HenpaBIIJlbnOCTb npeACTaBJIenIIH 0 CTpoemHl lIn p pOT.lU:Ia l<aJ< 
TBepAoro paCTBopa aaMemeHIIH. Xarr H 3yI(AOP~ IIOI{aaaJIn, 'ITO u aMeneHile 
COCTaBa nHppOTIIHa npOHCXOAHT 3a C'IeT HaMenelIHJI 'IIICJIa aTOMon B 3JIeMen
Tapnoil HqeifI(e C MenbIDHM 'IllCJIOM aTOMOB meJIeaa npn nOCTOHHnOllI 'lUCJIe 
aTO~lOB cepDI. 

DpH YMelIbmenIIH 'IHCJIa aTOMOB B 3JIeMenTapnofr JI'<leUl{O 'IaCTb Ol(Ta::>n pU
'IeCI<HX IIYCTOT, npeAHaaHaqennbIX AJIJI meJIeaa, OCTaeTCH lIeaalIHThlMU. Dpo
nopu.HonaJIbHO OTCYTcTByrom,eMY 'IRCJIY aTOMOB »teJIeaa 'laCTb aTOMon ,JWJIeaa 
na AByxBaJIenTnoro IIepexoAJ[T B TpeXBaJICHTHOe COCTOHHlle. l..jncJIo aTOM on 
meJIeaa B CTpyI{Type mIppOTnHa MO,HeT UIlMelIHTbCJI OT 2 71.0 1.6 (n 9JIOllleR
Ta pnoH HqeHHe IIHppoTHua, 1<al{ anaJIora i s , AOJI ,Hno cOAepmaThcH Z = 2, 
'ITO COOTBeTcTByeT Hall1eHeHHIO ~OPMYJIhl MIIUepaJIa OT Fo 71.0 Fe4 5) . 

C yneJIH'IenHe i Ae~eHTHocTH pemeTI<H nllppOTIIlIa H qlTCJIa oOJIee MeJIHl1X 
TpeXnaJIeBTOhIX aTOMOB paaMepbI aJIeMenTapnoll H'Ioii1{H CO [{pam,aIOTCH 
(8. EJIRCeeB H ,I:(eIII1COB, 1957). 

3a nOCJIe.o;nTIe 10-15 JIeT IIpH AeTaJIbnOM llaY'lennu 1I11ppOTlIHa C npmm
nenuo i penTreHocTpYlnypHoro anaJIHaa YCTanOBJIelIO neCI{OJIblW oro nOJIll
Mop~nhlx MOnn~HI<au.Hiir (Heraldsen, 1941; Bystrom, 1945; J1nnuH, 1946; 
Buerger, 1947). 

B CneU;RaJIbHblX pa60Tax no IvUmepaJIorJm CyJIb~H.o;n:r,TX MecTOpomAeIIJl:U, 
a TalUHe B CnpaBO'lDOU MnnepaJIOrHqeCl{oiI JIHTepaType (,I:(nc ,I:(. ,I:(ana HAP·, 
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1950; BeTeXT]III, 1950a, Ramdohr, 1955, H p;p.) He npHBOp;HTCJI CBep;eHHH 0 Ha
JIItqHH Y nl'lppOTlIHa nOJInMOP<PUS la. IToaTOMY Ha aTOM Donpoce HeoGxOp;l'lMO 
OCTaHODIlTI:.CJI nCCROJIbRO nop;poGHee. 

llOJImIOP<lJU311( U CUCTCMC TporrJlUT-nUppOTUH 

B CIICTeMe TpOHJIHT-nnppOnIH Cyru;eCTnyeT HeCIWJIbKO CTPYRTypUhlX 
MOp;n<pHlHllJ,llH nl1ppOTl'lIIa. 

ITepnYIO HaIl60JIee nOJIuYlo <pasonyro p;HarpaMMY D CIICTeMe TPOHJIHT
mrppOTlfH, OCHoBaIlHyro Ha p;aHnbIX peUTreUOCTpYRTypHhlX HCCJIe,n,OBaHHU, 
npUBeJI repaJIb,n,Cen (Heraldsen, 1941). repaJIbp;CeU OTMeqaeT CYIIJ,eCTBOna
UHe Tpex <pas, paBHoneCHhlX npll I{OJlIHaTHOH TeMIIepaType: a'-nHPPoTHH 
C COCTaBGr.l, GJI1lSKlIM l{ TPOItJIHTY II HJIleIOIIJ,llM YCJIOrImeHUYro reI\CarOUaJIbUYlO 
CTPYKTYPY «\CBepxcTPYl{Typa»); a" -llJ1IPPOTHH co CTPYl{TYPOH a pcemrp;a 
H1!lKeJIR (uOpJlfaJIbHaJI llJ1lppOTHHOBaJI CTpYKTypa), HO C napaMarU~TUhlMll 
CBOHCTBaJ\m; ~-nUppOTr1H co CTPYRTYPOH apceHlIp;a HHI{eJIJI H <pepPoMarHllT
HhlJlIH cBoiicTBaJlHL I\po/tle 9THX Tpex HHSROTer.mepaTypHhlX <pas, repaJIbp;
ceH onre'!aeT CYnJ,eCTnOBaHIte ABYX GOJIee nhlCOIWTeJlmepaTypUbIX <pas C napa
JIIarUlITnbIMIl CnOHCTBaMH - y-nHppoTHU, YCTOHqJil:BYIO D oGJIaCTH Ter.mepaTYP 
130- 310 0 C npH HeGOJIbmOM Ae<pHIJ;1!lTe lIOHOB 'HeJIeSa D CTpYKType (OT 50 
):1;0 48 aTOMU. %) n p;pyryro <pasy 8-nHppOTlm, YCTOH'lHDYIO P;JIJI Dcex COCTaDOB 
OT 50 AO 55.5 aTOJ\IH. % cephl npII 60JIee BbICOl{HX TeMnepaTypax - DbllIIe 
310 0 C. a' - a"-JlIO,n,I1<pHHaIJ,nH lllIppOTnua cop;eprI,aT OT 50 p;o 52 aTOMH. % 
cephl n JIBJIRJOTCJI napaMarHHTHhlMH, TorAa I{aI{ ~-<peppoMarHlITHaJI JllOP;H<p1!l
){aIJ,UJI nnppOTHua nOJIBJIJIeTCJI B llJ1lppOTHuax npH SHa'lHTeJIbHO GOJIbmeM 
CO)l,ep}lWHllll cephl, T. e. npH GOJIbmeM, qeM Y Fe12S1s. I1pep;eJIhl CYIIJ,eCTBO
BaHHH ~-JlIO,n,II<plII{aIJ,HJiI nHppOTHHa COrJIaCYIOTCJI C npep;eJIaMH cyru;eCTBOBaHJiIJI 
Y noro JliHnepaJIa <pepPoMarUeT1!lSMa. 

Ral{ BnepBhle OTJ\IeTHJI repaJIb,n,ceH, a nOSAnee :IiI Broprep (Buerger, 1947), 
rpanlllJ.hl Mea{,n,y napaMarlllITnoii H <pepPOlllarUItTHOii (ex ll ~) paSHOBlIp;HOCTJIJl1H 
IDlppOTIIHa He COrJIaCYIOTCJI C rpaHHIJ;aJlf:IiI CYIIJ,eCTBOnaHlIJI CBepxcTpynTyphl 
TIIna TpOnJIllTa II npOCTOH CTPYI\TYPhl THna apceUlIp;a HHneJIJI. 

npH.MepHO D no me DpeJlIJI GbIJIa OTI,phlTa nOBaH, ne OTMeqeHIlaJI repaJIbp;
CCHOM, MOIIOKJIlIHnaH Jlro,n,n<p1maIJ,HH mlppOTJma. 

BllCTPOIIt (Bystrom, 1945), BnepB:ble .uCCJICp;OBanmHH MonOIWUHHhlM nuppo
Tun, npumCJI 1\ BhlBOP;Y, qTO Men<P;Y COCTanOJlIU CHJIlMeTpIlen CTPYI{TYPhl nIlppo
TIlna nCT DnI\aJWM SanHCllJlIOCTH. O,n,ualW nosiluee ITepMan (Perhman, 1954) 
nOHaSaJI, qTO nIlppOTHHhl C JlIOHORJIHHHOn CTPYI{TYPOM oGhl'IHO oGJIa,n,aIOT 
G6JIhmllM co,n,ep>Han:IiIeM CCpLI, 'leM reKCarOHaJIbHhlC nHppOTHUhl. BHCTPOM 
nOA'leprmnaeT, "ITO JI10HOIUfliIHnaH MOP;lI<pIIRaIlHH CYlIJ,eCTByeT TOJIhIW B npH
pO)l,UhlX ycnOBUJIX, Torp;a I\aI{ B YCJIOBIIJIX naGopaTopHoro aHcnepHMeUTa 
8Ta MOAII<pllKaIJ,l1H nc GblJIa llOJIY"leHa. l1s 9Toro BJiICTPOJl1 AeJIaeT BhlBOA 0 SHa
qBTeJIhTIOM ' paSnnqllI1 YCJIOBHn TIpH I\pHCTaJIJIHSaIJ,HH TIHppOTHHa B aI\cnepH
MeBTax H B npnpop;e. 

C 06napY>J(cmJeM MOnO!,JIilllUOlr ~1Op;H<pBKaIJ,HH TIMppOTHua nOJIyqHJIa OG'bHC
HeBne paSnn'IIIaH cnoc06HOCTh paSHhlX nlIppOTHHOB K <pJIOTaIJ,HH (Bystrom, 
1945). 

MarunTnaH nocnpnHM"IHBOCTb paaJIH'lHhlX oGpaSIJ,OD JlIOUOI,JIHHUOrO TIIIPpO
THHa, no nepMaIIY, O)l,H.HaI'OBaH. ITo p;aBHhlll1 BI1CTpOJl1a, Y JI10HOI<JII1HUhlX 
TIHPPOTHHOB HP;OTITH"IUhl paSMephl aJIeJlfeUTapUoH H'leilrm, TIpHqeJII Co H ao He 
MeaJIIOTCH npH flSMeueBHM COCTana MOUOIWHIIuoro nHppOTJiIIIa. MaruIIl'aaJI 
DOCnpHIIMqllBOCTJ> reI{carOnaJIbHbfX nBppOTHHOB (no ITepMaHY) HH"ITOamO 
MaJIa. MarHHTnaH xapaRTepllCTUKa npBpop;HhlX nnppOTHHOB saBHCHT OT RO-
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JIUqeCTneHHhlX COOTHomellHH npnCYTCTB)TIOm;UX 1II0Allq1l11{an;aJr (CllJIbUO Mar

HllTIJOH - lIfOHOI{JIffHHOll H O'leHb cJIa60 MarHllTDoii - rel{caroHaJIbHo11) • 

.D:aHHhle r CpaJIbACeHa (1941) nOASeprJIffCb YTO'lrremUIM nOCJIe)l.YJOIIJ.UMH 

HCCJIeAOsaTeJIJIlIfFI (BffCTpOM, BJOprcp, JlffllHlI, IIeplImu). Ha OCHOBaUHU 

pa60T aTnx HCCJIe)l.OBaTCJIe:if Hall1H 6hlJIa YTO'IIICUa cpaaOBaJI )l.lIarpall1Ma 

tOe 

300 

200 

napaMG2HUmHbiU - ~ -fen.,S 
(nOC/l8 Ox./lG:JKiJeHuR npe8pa14aemCR {j MOHOK/lUHHb,U 

l/JeppoMoeHumHblU e-Fen.,S) 

Tun cmpyKmYPbl 
NiAs 

l/JeppoMaeHumHblU 
r-Fen.,S 

faa (X'-Fe S 
n·t CfJepxcmpYKmypc 

muna nuppomuHo CfJepxcfTlpy.rx'!...Fen.,S i 
mypa muna Tun cmpYK- . 

reS mYPb1rx'FeS! 
unuNiAs 

°50 5f 52 

PIlC. 160. (])aaonaa Af!arpaMMa CllCTCMbl TP0ltJlIIT-lInppO'l'\!U. 

fepaJIbACClIa, COCTanJIeHHaJI )l.JIJI CHCTeMhl TPOHJIDT-UIIPPOTUH (Fllc. 160). 
B Ta6JI. 21 UPHBOP;JITCJI p;alIHhlC, XapaI{TCpU3YIOuwe pa311mphI 3JIeMCnTapUhlX 

R'leCI{ paaHhlX lI10p;I'IcpllHan;UJ{ mrppOTtIIIa. 

ItaH 6bIJIO DOHa3ano S. H. EJlI1CeenhlM 11 A. II . .D:errIICO%IM (1957), 3Jle

lIIeUTapHaJI JI'lenHa l{a>HAoll U3 lIIOAffcpffl{an;ffll UnppOTllUa MOi l,eT OWTb BhIpa

;-KeHa 'lepe3 3JIeJlfenThl OCHOBnOll CTPYKTYPhl (lJepC3 ao - 3.43 leX u Co-
5.68 kX). STO xopomo BUAno ff3 AaHHhlX, npffBel1;CHUhlX B TaGJI. 21. MCXOAJI 

113 COnOCTaBffllfOCTff pa3McpOB 9JIcr.rCHTapHhlX aqeCI{ paaJIlllJHbIX 1II0AllcpllHan;llH 

Ul'lppOTIma, upeACTaBJIJIeTCJI n0311fOtI{HhllIf UPOU3ll0P;IlTb cpaBuenHe pa2McpOB 

y pa3HhlX JI'IeeJ{ B npep;eJIax OAHOE: AllarpaMlI!bT, HC3aDllCIIMO OT Toro, 1< I<aHOll 

lIfOp;HcpRI{an;Htl nnppOT1HI npnIIa)l.JIea<HT. 

06 onpef(c.TJCHDIlX ~,CJJeaa J( cepw a npnpOI\BblX nnppOTllllaX no pcaYJlbTaTaM 
XUDJII'ICC"UX allaJl(J30a 

.D:o HaCTOJIm;erO apeMeHH 0 COOTBomeBHn }f{eJIC3a U cepbI B nHppOTnne 

MomBO 6hlJIO CY)l.I1Tb Jll160 no pesYJIoTaTaM XtlMHqeCl<oro aHaJIHSa IInmepaJIa, 

JIll60 no BeJIU'lIDIe ero yp;eJIbUOrO Beca. OAHaI<O na pesYJIbTaThl onpeAeJIeHUH 

npH XUMH'IeCKHX aBaJIIISaX nuppoTlffia, a Tal{)He Dpll onpe)l.eJIeHUI1 Y)l.l:lJIbI10rO 

Beca CBJIbHOe BJIHHIIHC 01\a3.blBarOT nOCTOHHIIO UPllCYTCTUYlOTIJ.llEl n o6pa3n;ax 

nocTopoHHHe DpHlIfecH. II pncYTcTBHe p;an{e B He60JIbmnX J{OJID'IeCTBaX Mar

HeTI1Ta HJIH nI1p.ElTa B nnppoTHHe saMeTHO C}{aiHeTCn npH anaJJ.Hsax na COOT

HomeBHC iHeJIe3a H cep])!. .D:JIJI Toro 'lT06hl COCTamlTb npeACTaBJIeHHC 0 TOlJ

BOCTH XHlIUl.lJeCl{HX onpeAeJIeHHH npH anaJII13e nHppoTllDOB, CJlCP;YCT o6pa

THTbCJI [{ xopomo H3uecTHol! pa60Te C. B. JlnnHHa (1946) 0 nHppOTHuax. 
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T a 6 :J II It a 21 

Pa3MepLJ ;)JIellJeUTapBblx lI'1eeR y p a3JJ D'IBbIX lIJoAD!llURaqll ii n llppOTHfJa 

-

Conepma-
Pa3Mepbl aneMeHTapfloll R'JellHII PasMepbl n'Je-

MarBIITHOCTb 
Bile cepbl eR TpOIIID1'ra 

CTPYKTypa (0 aTOMH. 

I 
11 DHppOTlIBa 

"to) Dpn . caepx-
110 Co CTpYKType. 

Tnna FeS (CBepXCTPYR- IIapaMarHnTBhfu. 50--51 3.42- 3.45 5.87-5.79 ao'=aol/3 

Typa) . co'= 2co 

f eRcaronanbHaJl TIlDa To )f{e. 51 -52 3.45-3.44 5.79-5.75 -

NiAs. 

reJ{caroaanbBaJI BbICOJ{O- 50-52 fIpu <paaOBO\1 npeBpa~e- <'0 cOJ<p~aeTCJI Ha -

TellJoepaTypaaJI(ycToH- HIIII a-nIlp POTII H a B 0.2 kX 

'1UBaJl npH Te~mepa1Y- ~-nHppoTHH; ao YBeJJII-
pax 1 00-300°C). '1HBaeTCJI Ha 0.05 kX. 

rOK CarOaaJIbUaJI «Imp po- <Dep pOMarntlTHLlll. 0152 ):10 OT 3.44 ):10 3.42 OT 5.75 p,o 5.65 ao'= 2ao 

TllHOBalI» - p,e<peJ{TlIalI. 54.5 co =4('0 

feKCarOBaJJbUaJI BLICOKO- IIapaMarHIITHblii. 50-56 <DaaoBl,Iii nepexo):l B 0- <DaaoBbri:i Depexop, 0 -

TeMnepaTypHalI (ycToii- nnppoulU COIlPOBOiK- !3-nnppOTl:lfl con po-

'1RBan npn TeMDepaTY- p,aeTCJI YBeJIH'IeIHleM BO)f{p,aeTCJI cOl{p~e-

pax BLlme 310°C). ao aa 0.15 kX. EHleM Co aa 0.30 kX. 

11 Cl{a)f{bIIH all relwaro- OqeH b CUJI bHO <pep- 54.5-56 30 = B03 c=5.68 -
HaJIbOaJI CT pYHTypa pOMarallTHblii:. ao = 5.94 ~=89°34 

TIIna NiAs. 80= 3.43 

I I 
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B 20 aHaJIH3aX R3 37, npHBeJl,eHHhlX C. B. JIHTIHHblM, OTMetfaJOTcn OTI010-

HeHHn OT 100.00 % 3HatfHTem,HO 06m,IDHe, 'tJeM 0.5 %, a B 12 aUaJIH3aX - oOJIee 

1%. 
MOllieT ObITb, 3TH OTIWOHeHHn OO'bnCHnJOTCH TeM, 'ITO anaJIH3hI B SHa'tJR

TeJIbHOM OOJIbDllllICTBe CTa pbIe (BbIIIOJIneIIIIhle B npOIDJIOM neI{e), oes TIqa

TeJIbHoH MarHHTHoH conapa~HH. B aTOM CJIyqae HOBl:Je anaJIH3l>I nnppOTllHa, 

BbIJI,eJIeHHOro H3 PYJI,hl MarIInTHoll cerrapa~neii, Jl,OJUHTlbI Jl,aflaTb SJ£aTfIlTeJIbnO 

C. (IJKX) 
5.88 G1 

5.80 

5.76 

5.72 

5.68 

02 
-3 

a.jo/Z? 
JIll.; 
3.43 
3.4Z 

5.6%~0~--~5~' ----~5.~2-----5~3-----5L4----~55S 
(AmoMHble %) 

0.0 

"" ~ 
,'t .J 

, 
0.13 .. 

",," 

Qj-:' 
0...:::. 

, , , 
0.2 0.250.3 
""~ ~~~~ 
~ Qj~ ..,,,, 

~ 0...:::. 0...:::. 

·x , . . , 
0.375 0.43 0.5 0.6 

<--,"> "," ",,'0 c..,"> 
Qj" 

~ 
..,'0 

0...:::. 
.., .... 
~ 

..,"t-
0...:::. 

PIlC. 161. 3auIlCHMOCl'L paaMepoB BJleMeUl'apnoii Sl'leHKU 01' COCTaBa DUppO
THHa. 

1 - nl1ppOTlllibl, )l.na IWTOPblX llMelOTca OIlpe)l.eJJeHlIfI COCTaJla If Y)(eJJbHOI'O aeca; 2 - IllIP
POTllHhI. )(nR KOTOPblX COCTaB OOpe)l.eJJeJI no peUTl'eJtOMe'I'pfl'teCl<t111( )l.8HllbIM; 3 - I1CIIYCOT

oeUHble CYJlblPHllbl lfleJJeaa. no )(aUHbfM repallb)l.CeHa (HeraldsCIl. 1941). 

JIyqmne peSYJIbTaTbI. OOpaTHMcn I{ HOBhlllI anaJIRaaM, npI1BOp,eUnbIlI1 B pa60Te 

C. B. JIHInlna (1946). Y nHTH oopaaIl;on CYMMa anaJIHSa ObIJIa CJIeJl,YIOIqeii, %: 
98, 35, 99.07, 98.87, 98.59, 99.88. B TIOCJIep,neM OopaaIl,e, HMelOIqeM CYMMY -

99.88%, ObIJIO oonapya eno 6.34% l<per.meseMa. 
IIpH conpeMeHnOM XHMH'tJecnOM anaJIH3e IIHppOTunOB 11 D03MOIKnOCTHX 

BhlJl,eJIeHHH MonOMHHepaJIbHbIX 4JpanIl;HH, Hal{ nOI{aSbIBalOT npl1Bw\eHnhIe Bbrne 

Jl,aHHbIe, no pesYJII>TaTaM XRMH'tJeCKHX orrpeJl,eJIeHHll neB03Moamo TO"lIIO 

CYJI,HTb 0 COCTaBe 1I}rppOTRHa. 
C. B. JIHmm npRnop,RT Jl,aHllhl 0 COlwplliamilR Jl,BYX- II TpexnaJIeTITHoro 

llieJIeaa 13 nRppOTfIHe, OJl,IIaIW R aTR Onpe)HmenRll He OOJIaJl,aIOT 00 JIbIDoi'r 10"1-

nOCTbIO. 
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ECJIlI CYAI1Tb 0 <P0pMYJIe nl1ppOTl!ma lIO peSYJIbTaTaM ODpCAeJIeHIUI OOID,ero 
I<OJIH'leCTna ;I{eJIeaa, HJIH ABYX- l1JIH TpeXnaJIeHTHOro }I{eJIesa II cepJiI, TO 

nOJIYlJalOTCn paSJIHlJHJiIe AaHDJiIe 0 <popuYJIe MmIepaJIa. COAep}RaHHe }ReJIeSa 

He COOTBeTCTnyeT COAepmamlIo cepJiI. CYAH DO DPI1CYTCTBYIom.eMY ROJIJil'IeCTB 
il{eJIeSa n nnppOTmIe DpH ero aHaJIl1Se HeAOODpeAeJIeHO He MeHee 0.5 nec. % 
cepLl (T. e. OOJIee 1 % no OTHomeHHlO I{ oom.eMY COAep;I{aHHIO cephl B DHPpO

TI1Ue). 

PesYJII1TaTJiI XHMHlJeCRHX aHaJII1S0B, a TaI{me SHalJeHHH YAeJIbHIiIX Becon 

mlppOTHHOB (TaOJI. 22) CJIY}l{aT OnOpHJiIMH ,IJ;aHHhlMH tIpH nOCTpoeHllH ,IJ;Ha

rpaMMJiI COCTaB-CBoicTBO AJIH DllPPOTHBOB (pHC. 161). B TaOJI. 23 tIpHBeAeHJiI 

<POPMYJIbl, Y,IJ;eJIbBJiIe neca n napaMeTpJiI nnppOTHHOB. 

XHMl1lJecruuf aHaJIHSaJlJ OhlJIH DOABeprHYTbI nnppOTI1HN C COAep}RaHHeM 

cepN (aT01<ID. %): 50.20, 51.89,51.95,52.00,52.85,52.94,53.13,53.17 ,53.17, 
53.42, 53.55. 

PeHTreH01tleTpl1lJeCUoe llSYlJetIIIe tIHPPOTHHOB npOI1SBOAllJIOCb C nOMOID,bIO 

peBTreHOCTpYRTypHoro aBamIsa MeTO,IJ;OM nOpOmI{a. BOJIbmmICTBO oopasn.oB 

CHI1MaJIOCb B ual\1epax C 8cp<peI{THBnLlIII AllaMeTpou 66 MM (C'beMKa npOHSBO

AllJIaCb no lwpnycy uaMCp C ,IJ;HaMCTpOM RacceT 57 MM). IIpH C'bel\me TPYOKB 

C }I{eJIeSHhlM aHoAoM HarpymaJIIICb HanpHiHeHllCM 35 J{BT npH CHJIe TOI{a 10-
12 rnA. 

IIPli BI:J'IllCJIeBllHX nonpaBInt BBO,IJ;HJIHCb no AODOJIHI1TeJIbBoMY CHI1MUY 

C I aCl. OnpeAeJIenHe napaMeTpoB ao II Co DPOBOAIIJIOCb no HallOOJIee lJeTI<HM 
11 npKHM JIl1ffiHlM peBTrenOrpallfM nOpOml{a (oTpa}ReHHHM: 1010; 1011; 1012; 
1012; 1013; 1013; 1120; 2020; 0004). 

9. H. EJIllCeCBLlM H A. II. ,JJ;enllcoBLTM (1957) ObIJIO OOHapY;I{enO, 'ITO DO 

Mepe YBeJID'ICnnH ,IJ;e<pnn.HTa }J{eJIesa B DHppOTlIBe paSlIIepbI 8JIeMeBTapBon 

RQenKU YMeHhlllaIOTCH. OcooeHHO CllJlbnhle HSl\1eHeHHn XapaI{Tepnhl AJIH OCH Co' 

PaSMephl aJIeMCHTapHhlX HlJeeK mlppOTBHOB xopomo COrJIacyloTcH C pas

Mepalllli HqeeJ{ lICI<YCCTBenUhlX CYJIb<PUAOB ;I{eJIeSa, HSYlJeIlHbIX repaJIb,IJ;CeBOM. 

r 'paJIbACen (HeraJdsen, 1941) na OCHonaHllll llSYlJeHHH HCI<YCCTBeBBhlX 

DllPPOTUTIOB upnmeJI K Sal{JIJOlJeBHlO, 'ITO ,IJ;JIH HCKYCCTBeHHbIX CYJIb<PHAOB 

meJIesa paSl\!epbI 8JIeMeUTapTIOll JIlJeihm SaBHCJIT OT COCTaBa CYJIb<pllAa. 

CneAyeT OTIIICTIlTb, 'ITO nOAOOBoii SaBHCTIl\lOCTH ,IJ;JI1J UPHPOAHhlX nRppOTR

IIOB nI1HTO He BhlBOAHJI. 

Ral{ BlIAno na pRC. 1G l, lJapaMeTphI ao II Co, a TaI{me OTHomeHHe Co : ao R 

OO'beM 8JIOl\lenTapTIblX JllJeeJ{ (EJIHCeeB H ,JJ;emlcoB, 1957) Y nHpponIBOB H 

I1Cl<YCCTBemlhfX CYJJb<pll~on ilWJIeSa, llMeroID,llX O~JIBal{QDhlii COCTaB, H,IJ;eBTH'lHhl. 

3aBHcIBIOCTH penTrenOl\1eTpllqeClUlX J.<OHCTaHT OT COCTaBa, npHBe~eHHhl 
aa puc. 'lG 1 , O~Hnal{QBO CIJpaBe~JIHDhl 11 ~JIH npHpoAuhlX H ,IJ;JIH I1CI{yccTDeuuhlx 

CYJIb<PllAOB iHeJIesa. 

,JJ;narpallllllbI, xapal<TepllsYIOOJ,lIC lISMeneUI1H TIapaMeTpon (ocooeHHo rpa<pHK 

)l.JIH napal\leTpa co) n saBllCHMOCTH OT COCTaBa nHppO'l'mIa, npeAJIaraeTCH Be

nOJIbSOBaTb. AJIH onpeAeJIOJ-lHH COCTaBa IIHppOTlma no peHTreHOMeTpHlJeCIUlll'l 

AaBHhlM. 

,JJ;JIn OOpaSI\OB, Y I<OTOPhIX II IClOTCH XnMH'leCJ.<He aHaJIil3hl, OTMelJaIOTCIl 
xopomne conna~ellUR n onp AeJIeHllU COCTaBa l{aI{ DO XHJIIH'leCI{RM AaHHblM, 

Tal{ IT no Y)l.eJIbHOMY necy H paSMepalll :1JIeMeHTapHOH HlJeHI{ll. 

l'ISY'l('UTIble nnppoTIIlIhI (pnc. 16J) COCTaBJIHlOT nOlJTll nenpephmH.btii: pHA 

TBep~1>IX pacTBopoD D npCAeJIaX OT !'i1.96 ~o 54.35 aTOllm. % cepbI (T. e. OT 

Fel3 14 ~o Fes G)' Rpol\1C Toro, ObIJI llSYlJeH oopaseu; C 50.8 aTOllffi. % CephI. 

Oopa3U;hI IIl1ppOTHHa B npC)l.eJIax !11.96- 54.35 aTOMU. % npe,IJ;CTaBJIHlOT 

<pepPolllarnumylO Mo~u<pllI{aI\Hro DllppOTJiIHa (~-lIJi[PpOTJiIB); o6pasen. C 50.8 
aT01\lB. % cep}'l HUJUICTCR napallJarHHTHhlM a"-nHPPOTHHOlIl. 

17 *" 
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P eaYJIbTaTbI XmlU1JeCKDX anallI1aOB DUppoTHua 

COCTao 8 9 1- 1l 14 19 20 21 22 28 29 31 

I 
I 

Fe · ...... 63.25 58.52 60.37 61.79 61.60 58.86 61.02 56.84 58.81 58.83 56.00 59.21 59.84 
61.90 61.54 60.75 , 59.82 

S ........ 36.63 36.88 37.81 38.43 38.64 37.38 39.11 38.23 33.22 38.70 38.74 39.48 39.50 
38.06 38.41 :39.14 39.59 

Co · ...... He 06na- 2.99 0.57 0.1 0.1 2.78 0.1 2.70 0.63 - 4.05 0.32 0.1 
pYiKeBo. 0.08 0.02 - 0.1 0.07 0.2-0.3 0.05 0.24 - 0.04 0.24 0.2 

Cll · ..... . - 0.12 0.28 0.1 0.1 0.04 0.2-0.3 1.31 0.19 - 0.02 0.04 0.5 
II epacTDoplIMblii 

OCraTOI{ .... - 1.49 0.89 - - 1.15 - - 6.91 0.42 1.55 UO -

I -

CY~lMa ... 99.88 100.08 99.94 100.22 100.21 100.28 100.13 99.13 100.00 97.95 100.40 100.39 99.89 
99.96 99.95 99.89 99.96 

Y l\e:lbRhl ti Bec. . - 4.662 4.656 - - 4.681 - 4.598 - - 4.615 4.595 -
C!>Oplly.la Fe),oooS FeO.025S FeO.D23S FeO.921S FeO.915S Feo.nsS Feo.SIlsS Feo.SIl&S FeO.89SS Feo.sssS FeO.880S FeO.872S FeO.867S 
COl\epiKalHle cepbl 

(B aTOMlL %). . 50.21 51.95 52.00 52.06 52.24 52.15 52.85 52.85 52.94 53.15 53.1 7 53.42 53.55 
napaMeTp CO • •• 5.880 5.738 5.737 5.736 5.734 5.7295 5.712 5.708 5.713 5.709 5.696 5.690 5.680 

IT P n M e q a Rue. 1 - TpOU:JlIT U3 aBrYCTffIlODCROro MeTeopUTa (U3 pa60TbI C. B. Jhllluaa. 1946). ITuPPOTUHhl 113 paannlJlIblX 
Mec rOpOiKl\eBUM; 7 - rre'Ieura . KaM.\lIIlU1DIJ. 113 "pyn l103epIJUCTOU PYAbl; 8 -- pauoH p. JJ.ara H3 PYARI>lX ra66po-anopTo3BTOB; 
9 - U. valle in Selesdal (Gronvold a. Ilarald "en.19!'J2); 11- Selregl'uben Ostrold (Gronvold a. Haraldsen. 1·952); 14 - fIeqeara. RaMlHI
KUDH. U3 Rpyollo:repullcToii PYAbI; 19 - Arodal Froland (Gronvold a. lIaraldsen. 1952); 20 - TO iKe lIHTpY31rii U PY;J;. AaanOTDI{ 
II. A. rpllropheoa, 06p. r. U. XOIalOBa J1 ,1:(. A. lliU.'lblHJJWOa; 21- paiiolJ p. IJ;ara. 03 PYAHblX ra.66po-.la6pal\OpUTOD (upllMecu 
Al t 0 3 -O.600f0; SiOt -2.22%; TiOz-O.Ol%; :\IgO-1.14%); 22-113 OARoro ypaJIbCROro MeCTopOiKAeHUH (U3 pa60Thl C. B. JhmnHa . 
1941)), upliMecb - 0.4'2.%; 28 - IT e'leHra. RaYJla. 113 CIl.10IDHblX cy .lbqmAHblx PYA; 29 - paUOH p. L(ara. U3 PYAHhlX ra66po-na6pa
ll.0PUTOB; 31- lIerz03 Friedrich Crubo. Koa5sberg (Gronvold a . HaraJdsen. 1952). 



Ta6;ml(8 q,0PMY.'I COCT8BOB, YAe.'1bBbIX BecOB D Be.'lDQllB n a paMeTpOB nUppOTUBOB 

I I COAepmaHlte mcneaa 
Conep- (B Bec. "to) 

ATOMlIoe S (B 
X B (jJop- qnCJIO aTO-

~-enSn+1 Fel_vS Fe" - Fe';' S maHIle Mync MOB B ane-i-x 1/3X cePbl (B OTH~:n::ue aTolllH."to) 
Fei=-xFe'i~S 

MCHTapRoll 
Bec. "to) F" I F .. . / Fe"+ R'IellHe 

e e + Fc'" I . I 

Fe4S,; F e(I_O .200)S FeO.400 Fe(j:4.00S 41.78 29.11 29.11 58.22 1.25 55.56 0.600 3.600 
Fe;;S6 Fe(1_0.167)S FeO.499 FeO.·334S 40.80 35.53 23.67 59.20 1.20 54.51 0.501 3.666 
Fe6S? Fe(l_a.l4s)S FeO:471 FeO.2s6S 40.12 39.90 19.98 59.88 1.166 53.85 0.429 3.714 
Fe7S8 Fe(1-0.125)S FeO.625 Feo·.~s 39.62 43.13 17.25 60.38 1.142 53.33 0.375 3.750 
FesSg Fe(I_0.111)S F eo: 667 FeO·.222S 39.23 45.60 15.17 60.77 1.125 52.94 0.333 3.778 
Fe9S10 Fe(J_O.lOO)S FeO.700 Fe(j.~S 38.95 47.48 13.57 61.0j 1.11l 52.63 0.300 3.800 
FelOSn F e(1-0.091)S FeO·.727 Fe(j:182S 38.71 49.02 12.27 61.29 1.098 52.38 0.273 3.819 
FellS12 Fe(I-0.083)S FeO.7!>1 FeO:166S 38.51 50.36 11.13 61.46 1.091 52.17 0.249 3.834 
Fe12S1S Fe(I-O.077)S FaO·.769 FeO:I54S 38.35 51.37 10.28 61.65 1.084 52.00 0.231 3.846 
FelSS14 Fe(l_O.071)S FeO·.787 Fe(j:142S 38.20 52.37 9.45 61.80 1.079 51.85 0.213 3.858 
Fe14S15 Fe(1_0.067)S FeO.799 Fe'" S 

0.134 
38.08 53.03 8.89 61.92 1.071 51.72 0.20l 3.866 

FelSS16 FeCl-o.06S)S 1<'eO.813 FeO:125S 37.98 53.15 8.27 62.02 1.067 51.61 0.188 3.874 
Fel6S17 F e(I-0.059)S FeO.823 Fe'" S 37.89 54.32 7.79 62.11 1.062 51.51 0.177 3.881 O.I1S 
1<' e17S18 F e(I-0.0556)S FeO.S32 Fe'" S 37.80 54.82 7.38 62.20 1.059 51.43 0.168 3.889 0.112 
Fe18S19 Fe(I_0.052S)S FeO.S41 Fe'" S 37.72 55.31 6.97 62.28 1.056 5"1.35 0.158 3.895 0.t06 
Fel9S20 Fe(}_0.0476JS FeO.806 Fo'" S 

0.096 
37.61 56.10 6.29 62.39 1.053 51.28 0.144 3.905 

Fe20S21 Fe(1-0.045S)S FeO.S63 Fe(j:092S 37.56 50.44 6.00 62.44 1.050 51.22 0.138 3.909 
Fe21S22 Fe(1-0.043S)S FeO.S69 Feo:OBbS 37.51 56.74 5.75 62.49 1.047 51.19 0.132 3.913 
FeS Fe1.00S Fo"S 36.1r8 63.521 0.00 63.52 1.000 50.00 0.000 4.000 

T a 6 J I II II, a 23 

YneJlb-
shill 
Bec 

4.45 

4.52 

4.55 

4.57 

4.60 

4.62 

4.63 

4.64 

4.65 

4.66 

4.66 

4.67 

4.68 

4.69 

4.69 

4.70 

4.70 

4.71 

4.79 

Q o 

3.410 

3.418 

3.425 

3.430 

3.434 

3.436 

3.439 

3.441 

3.442 

3.443 

3.444 

3.444 

3.445 

3.445 

3.446 

3.446 

3.447 

3.447 

3.440 

c. 

o 
o 
5 

5 
o 
o 
o 
7 

3 

8 

2 

6 

o 
5 

o 
74 

9 

80 

2 
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,n;JlH BCerO pHJ.l.a nHppOTHHOB, Ha'llIHaH OT MaJlOCepHHCTOrO napaMarHHT
HOrO nHppOTHHa C HHSKHM, OROJlO 51 aTOl\m. % ceplJ, AO 1>tUOrOcepHHCToro 
tPepPoMarHHTHoro nHppOTHHa (J.l.0 54.35 aTOMa. % cepLt) , OTMC'IaeTCH paBUO
MepHoe HSMeHenHe paSMepOB 3JleMeHTapHoiir H'IeHRII. ITo J.l.an(IbIM repaJIbA
ceRa (1941), n'pn 51 aTOMH. % cepLt Ha6JIIOAaCTCH pesRFlH nepeJlOlll B npHMO
mmeiiHoiir SaB1'lCIIMOCTn napaMeTpOB ao H Co OT COCTana (pHC. 161). Y TpO
HJlHTOB (OT 50 J.l.0 51 aTOl\m. % ceplJ) cym;eCTByeT HHaH SaBHCITMOCTb napaMeTpOH 
ao, Co H OTHomeHHlI Co : ao OT COJ.l.epmaHHH B HHX cepLI, '1eM y nHppOTHHon, 
HOTOpLte COJ.l.epa,aT 60Jlee 51 aTor.m. % cepLl II 06JlaAaroT IIHblMJI paSMepaMII 
<lJIeMeHTapHoiir H'Ieihm. 

Y n pH POAHbTX nHppOTlmOJ3 OTMtllJaeTCH SIIa'IRTeJlbIIO 60JlbmeC HRCLIlIl;eIIlilO 
cepo:ii:, qeM Y J1CJ<YCCTBeHHLIX coeAHHeHIIiir ceplJ II meJleaa, nOJIyqeHIILtX r e
paJIbAceIlOM rrpH TeMnepaType 300 0 C. ITPR nOR Ter.mepaType Jl l{yccTBeuIILIe 
CyJlbtPRALl meJlesa MoryT RMeTb MaRCRMaJlbHO 53.4 aTor.m. % ceplJ, TorAa 
HaR y npnpOAIIoro nappOTJIHa naMH 06I1apymeHo COAepil aHne cepJ>I, paRRoe 
54.35 aTor.m. 06. 

Ha penTrerrorpaMMax 06pasD;oB napponma I1S RaMMII1U[DU (ITe1:JeIlra) 
paiiroHa p. D;arH II rOPlJ HIOA (MoH'le-TYHApa) H HeROTopblX APyrHx MeCTO
pomAeIDlR 06I1a pYiHeIlO rrpHCYTCTBHe AonOJIIIHTeJlbIllJX JIHHHiir, ROTOPJ>lC , 
no AaIlIIbTM BHcTpoMa (Bystrom, 1945), rrpIlHa~(JIea\aT tOHOl{JIIIHHOii MOATI
tPlmaD;HH nHppOTHHa. 

o TO'JHOCTII onpel\eneUUll COCTana nnppoTlUJa 110 peUTrenOMeTpU'ICCJ(ml l\aUllblM 

TO'IIIOCTb onpeAeJleHHll COCTaBa MHHepaJla MO}J,eT 6LtTb nOBblDIena, CCJIII 
npu peHTreHOMeTpH'IeCIUIX HCCJIeAOBaHJlI1lX C'heMI,y npOHSBOAHTb B I,aMepax 
60JIbmOrO AHaMeTpa, I1anpHMep, 140 MM. B TaIWM CJlY1:Jae onpeAeJleHHe na
paMeTpa BOSMOiRHO npOBOAHTb C TO'IIIOCTbro + 0.001 kX, 'ITO cooTBeTcTByeT 
0.03-0.04 % ceplJ HJln 'HeJlesa. 

HccJleAOnaHJ!lIO 6LlmI nOABeprHYT.bI 06paSD;Lt HS paSJlH'IIILlX P 1(0 n ponoJIenHii 
CYJlbtPHAHlJX MeAHO-I1HReJleBLtX; THTaIloMarHeTHTOBLtX, CBlISaHUT:>IX C ra66po
!1a6paAOpHTaMJ1; JmaHHTOBLtX CJlaHD;en; JWIITaI,TOBLtX poroBHlwB; rpaHHTIILlx 
rrerMaTHTOB. 

ITPH HSY'leHl1H nHppoTHHOB HS MeAHo-I1HReJleBLlX CYJIbtPIIAHLlX PYI(OnpOJI13-
.rJ{,HHH 06pasD;hl 6paJlHCb He TOJlbKO H3 paSJlH'lIILlX MeCTopoiHAerurii:, no H HS 
paSHLlX THnOB PYA (cnJlOnmhlX CYJlbtPHAHhlX, rHesAonhlx H BKpanJIeHHLlx). 

HaH60Jlb'DIee cOAepmaHHe cepLl B nappoTlmax OTMe'laeTCJI B 06pasD;ax 
u s MeAHO-HHKeJIenLlX PYA; HaHMeHbmee - n HH3RoTeMnepaTypIIJ>IX 06pasOBa 
mmx (13 IWHTal,TOBbIX poroBHRax XH6HHcRoro MaccHBa). 

B cnJlomIllJX cyJII>tPHAHlJX pYAax HS HlITPySHti YJIbTpaOCUOJ3llbIX nopoA , 
110 cop;ep)l{aID;uX B CBoeM COCTaBe nHpHTa, 06Ll'1IIo OTMeqaeTCJI nappoTIDl 
cJla60 HacLlID;eHHbIH cepoiir, T. e. cOAepmaID;Hiir 52-52.5 aTor.m. % cepbI . 
B PYAax a{e, rAe npHcYTcTByeT nepBH'lIIbIH nHpHT, mlppoTHn UMeeT HHOii 
cocTan, a HMeIIHO: 53.5 aTOllfH. % cepbI. 

Cop;ep}J,aHHe ceplJ B UHppOTHHax, HSY'leHHbIX IIar.m, H3MeHJIeTCll Ha 4.55%, 
T. e. ROJle6JleTCJI OT 50.8 p;o 54.35 aTOMa. % cepLl, 'ITO COOTBeTcTByeT HSMe
HeHHHM tP0PMYJlLl MHHepaJla OT FesS s AO Fe22S23. 

XapaI,TepHOH oc06eIIHOCTbIO nappOTHHa JIBJIHeTCll HSMeH'IHBOCTb ero COCTaBa 
He 'fOJIbIW B npep;eJlax Bcero Y'IaCTI{a PYP;OUpOllBJIeHRii, 110 H op;Horo 06pa3~a . 

06 Jf3Men'JDBOCTII COCTana nuppoTlIHa 

ilRPPOTlI1l B cl>0pMe BKpaUJleHHOCTR 06bI'lH0 06pasyeTCll HeCIWJlblW paHbme, 
'IeM pacCeI{aroID;Re 06pasD;Ll CYJlbtPHp;IILle npOiI<HJII{H, TaI{me nHppOTllHOBOrO 
COCTaBa. RaK npaBRJIO, pallHHt! no BpeMeHR 06paSOBallHH nHppOTHH, lUleroID;IJB 
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pacupOCTpaHeHMe B BHAe cynb~HAHOH, HepeAKO MeTaCOMaT1'1qeCKOH, BKpaU
.1leHHOCTH, COAep}RHT SHaqaTenbHO 60nbmee KOnnqeCTBO CepLI, qeM UHPPOTH

](OBLIe Up0>IUmKH, 60nee UOSAHHe UO BpeMeR1'1 BLIAeneR1'1H. 

Tal" UJIPPOTRH 1I1eTaCOMaT1'1qeCKOH BI{paUneRROCT1'1 D IWRTaKTOBbIX po

rODMKaX (Ta6n. 24) COAep)I{RT 52.36±0.02 aTOllm. % cepLI, TorAa I,al, UHPpO

TIlliOBLIe UPO}Jn!InK1'1, paCCel{aIO~He cynb~1'1ARYIO DltpaUneRROCTb aToro )ite 

o6pasn;a, cOAepmaT 50.80 ± 0.51 aTOMH. % cepLI. PaSRMD;a B COAep>I{aR1'1H cepbI 

B UHppOT1'1Rax 1'1S OARoro II Toro }Ke o6pasn;a, RO HMelOOWX paSn1'1qRyro ~OPMY 
paSBHrJIH, COCTaBnHeT 1.1-1.5 aTOllIH. %. 

T a 6 n H ~ a 24. 
COII,eplicauue cephl B nuppoTwlax ua pasJlBquhlX rCOJlorU'le

CICIlX o6paaOBaBIlii 

PYAonpORDJlelllle 

Opynononble porODHt01 U3 lOliworo l{OH-
T8RTa XnouncKoro MaCCI1Ba • 

IIorMaTuThl Cenepuoii RapeJIlHl ..... 
I\uauIIToDblO cnan~bl Hella. . . . . . . . 
fpaHIlTRhlO nOrMaTI1Thl ltubI . . . . . . . 
THTauoMarneTllToahIe pynoapoflDneulfll paii:-

oua p. ~anl ............. . 
P8aJIIl t !llhIO MOAIIO-nnl{eJICDbIC PYAhl MORlJe

TyHII,pbJ n lIeqeurn . . . .. . . . . . 

II peACJThI 1I3Mene
HI1B COAepmalll1fl 

cepbI (0 aTOMH. "Ie) 

50.8-52.4 
51.96 

52.36- 52.63 
53.82 

51.07 -53.82 

52.13- 54.35 

TI.8PPOTHli cpeAR K.8aUHTOBLIX cna~eB, paSBHBamm.ricfI B BRAe MenKO-
3epRHCTon lI1eTaCOMaTHqeCIWH m,pauneRROCTH, 1'1lI1eeT 52.63 aTOllIH. % Cep})I, 

TorAa I{aI{ KpYIIHosepRHCTLIe UpO}KHmWBLIe BbIAeneHHfI UHppOTHHa HS Tex me 

ImaRHTOBblX cnann;eD COAep>I{aT 52.36 aTmm. % cepbI. 

rHesAoDbIe BLIAeneRHH cynb~HAoB 1'1 oKpyn{aIO~He IIX BKpauneRHHIUI. 

cym)~HAoB B leAHO-RUKeneBbIX pYAonpOfIBJIeHIiIHX, UO-BHAH1I10MY, paSBH

BaJlUCb OAHODpeMeHHO, TaK I{aI{ U1IPPOTIIH, pa3BHBaIoID;HllcfI B BHAe rneSAo

Boro BbIAeJIeU1'1fI CyJlb~1'1AOB, COAepn{aJl 52.58±0.21 aTOllIH. % cepLI, a BI{pall

JIeRHbIU UllppOTJ.l.H, OKPY'KaIOm.HH rHeSAoBoe ClwuneHHe cynb~HAoB,-
52.58 + 0.13 aTOllm. % cepLI. 

lfRTepecHo upOCJleAHT.b, ItaKOBO COAep}KaRUe cepLI B UHppOTlIRax paSRbIX 

reuepan;Hu lIS OAlloro U TorO me PYAuoro Tena. TIPH HsyqeHIiIH cynb~HARbIX 
1eAIlO-UHKeneBLIX pYAonpofIBneRHH RaMH 6LInO o6HapymeHo ReCIWJlhl{O re

nepaD;Hll UHppOTHlla. HaH60nee paRReH reHepaJI,Keii: HBJlfIeTCH IDIPPOTHH, 

naXOAfIIII.HllCH B rpa~HqeCKOM CpaCTaHHH C xnOpHTOll!. IlHppoTHR C rpa~H
qeCKH~m cpacTrumfI~m xnopHTa 6peKqapyeTcH, H o6no~u{H aToro, 60nee 

paHHero, ' UHPPOTHUa Cn;eMeRTHpOBaHbI UHPPOTHHOl\I H Hanbn;HTOM. BOJlee 

paHHll.K UHPPOTHII (.113 aCCOn;nan;HH UHPPOTRH + xnopHT) COAeprltHT HaH6oJIb
mee KOJInqeCTBO cepbI us Bcex HsyqeRHLIX RaMH o6paan;OB - 54.35 aTOMH. % 
cepbI, TorAa Kal{ IIHPpOTHR HS aCCOn;HaD;HH C l{ap60RaToM HMeeT saMeTRO 

MeHbmee cOAepmaliHe cepLI - 53.28 aTOMH. %. Hall60Jlee llOSARHMH HB

MIlOTCfI DLIAeneRHH UHppOTHlIa B BHAe cunOmHbIX cyJlb~HAnbIX mHn. Cunom

Hble cyJlb~HAHbIe }J{HnbI HS qeTbIpeX pa3nnqllbIX MecTopoiKAeRHH HlI1elOT 

IIpHMepRO OAHlIaI{OBOe COAepll{aRHe cepbI: 52.13, 52.30, 52.44 H 52.47 aTOMH. %, 
QTO HBnHeTCH YKaaaHHell1 Ra upHMepHO OAHHaKOBbIe ycnoBHH KpHCTanJIHSa

l\IIll mrppOTlIHa D paSJlHtIHbIX MeAHO-HUlteneBLIX pYAax. 
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B npeAeJIaX O)l;Horo l'I Toro me MeAHO-Hl'II{eJIeBOrO CYJIl,qmAUOl'O PYAO
npOHBJlenHH OTMO'IaJOTCH CHJIbHhle H3MeHeHIIH n COCTane nHppOTllHa. 

OTMe'IaJOTCH H311f8HeHl'IH n COCTane Ul'IppOTHna ue TOJTbIW Ha pa3JIH'lHbIX 
CTaAHHX HpHCTaJIJIH3aIl;Hl'I, HO Talm{e npl'I npoIl,eCcax OOJlee n03AHeii nepo

rpynnHpOlHm PYAHoro BeIIl,eCTBa. OROJIO 30n, rAe HMeeT pa3BHTHe DO nHp

POTHHY BTOPH'lHbIiJ: nHpHT, lll'IPpOTHH nepeI{pHCTUJIJlH30DaH, npll'IeM npn 
3TOM. npOHCXOAl'IJIO 3allleTHoe nOBhlIIIeHl'Ie cOAepntaRlIff cephl B nllppOTlme. 

TIllPPOTl'IH CnJIOIIlHhlX CYJIb41l'IAHhlX PYA COAepJl{llT 52.13-52.47 aTOMn. % 
cephl; nepel{pHCTaJIJIH30BaHHhlH nHppOTHH, naXOAHIIl,llHCH B aCCOIl,llaIl;nH C nn

PHTOM, - 53.14 ± O.08 aTOllffi . % cephl. 
)J;anHhle 0 COCTaBe UllppOTHHa nOHa HellmOrO~IllCJIeUUhl, UO YOOAUTOJIbUO 

CBH,n,eTeJIbCTBYJOT 0 TOM, 'ITO UpH npon;eccax I{pnCTaJIJIIl3aI~lUi II nepeKpllCTaJl

JIH3an;lIH PYA npoHCXOAllJIl'I CHJIbHbIe n3l11eneHHH B COCTaBo 31'01'0 1IlJIuepaJIa. 
HanooJIee panRl'Ill no npeMenl'I 00pa30BaHlui nnppOTIrH H3 HaYJIhl, uaxo

Aru:n.HIICH B rpa41H'leCROM cpaCTaHl'Ill C XJIOPllTOM oOJtaAaeT 54.35 aTOllill. % cepbI, 

OOJIee n03AHHe IIlIPPOTHHhl COAep>I aT 52.47 aTOlllH. % cepuY, T. e. pa3BHIJ;a 
B co,n,eplHamm COpuI COCTaBJIHeT 1.88 %. ilpHlI!epno TaRHe }J{Q npo,n,CJlhl U3MC

JIeHHH B COCTano mlppOTUBa oonapYiTWnbT H npH XDMH'IeCIWIIl anaJl1l30 IIBPpO
Hma lI3 CIWI1 Jl e JlOU CYJIf,41HAHhlX MunelHlJIOI3 R pa3Jlll~JIlbIX ropUblX nopo

,l:\ax , nanpllMOp, B CYJIb41ll,n,HOn ;J{HJIe B 4lBJIJIHTaX n CYJIbCPIIl\IlOii Jl{llJIO 
CpeAl'I cepueHTHBllTOB. fIo XUMH'IeCIUIlIf oupeAOJIennHJIf pa3uBu.a B co,n,ep
i1,aHlll'I Cepb! B nnppOTllue COCTaBJIHeT 1.7 aTOl\III. % . 

)J;JIH COCTaBa nlIppOTIma XapaJ{TepnO nc TOJIblW COOTHomemlC i J,OJIe3a H 

cephl, HO TaHfHe naJIll'Il'Ie paSJJll'lDhlX npl'IMeceii. 

11 pmlCCIJ RTopOCTcncnRbL,,{ 3JJCMCUTOB B nuppOTlIlIC 

HPH allaJIH30 mrppOTIma OObI'lDO oonapyaumaIOTcH npm1eCB )!I1({eJIl1 t 

Me,n,H, Hpell1HHH, MapraHn;a, MarmUI, aJIIOlI1nnHH, IInorAa OOPllJIJIllH, Tl'ITaHa, 
nanaAl'IH II APyrlIx 9JIell1enTOB, 'ITO XapaI{TepnO AJIH BCOX llc'IOUrCIUlx 
HHTPY3Bii (HallfIllDIUlBH, HOTCeJIbBaapa, TIUJJbrynpon). I1pnCYTcTBDe D nup
pOTHne STnx aJIBMBHTOD 6B3YCJIOB110 CBHSBno C l1pnllfeCHAfH 1< arraJIlJsnpyelllOAIY 
JIHPPOTIUlY APyrnx AIllIIepaJIOB - PYAHhlX l'I C1IJIHRaTHLTX. Hal, nOI,a3bIBaeT 
onhlT 1I3Y'IOHnH BTopocTeneHnhTX IWMllOnenTOB B n1IppOTnne 1I3 pa3JIll'lllbIX 
hfeCTOpOm,l:J;cnnii: HnonHH, nOCTOHnnoe npncYTcTBlle npIlMeCn JllhImbHl{a, 
lIIarHHH, MOAn B J,peMHlIH AJIH SToro JlllIHepaJIa xapaRTepuo. MbIIIlbfIl\, Mal Dnlr, 
MeAb H I\peMHlirH: COAepfI{aTCH B UHPPOTHHC ne3aBnCllMO OT TIlDa MeCTO
pOlI<AeunH. )J;PyrHe SJIeIlJeHThl, l{aR CBnnen;, nUReJIb H THTan nOJIlIOCTbIO OT
CYTCTBYlOT B nllppOTlIUO H3 l{OHTal{TOBO-lIIeTaCOllIaTH'IeCI<l'IX MOCTopOlHAennli. 

B TO me Bpell1H l'I Me,n,b, H CBHllCn;, n THTan npaI{TrI'leCI{l![ BcorAa conYTCTBYIOT 
nHppOTHHY B CYJIb41HAHlilX Me)l;HO-UlIHeJIeBhlX PYAonpOSIBJIeIIUHX, J<al{ lle
lleHrH, Tal, H MOU'Ie-TYIIAPLI. lia CI{a3aHHOro BIlABO, 'ITO MelH,n,y naJIB'lIfeM 
Tex l'IJIn HUhlX BTopOCTeIIeUIIhlX HO moneHTOB B nnppOTllHe II TJlllOIlI MeCTO
pOfI{AeHIIH CYIIl,eCTByeT BnOJIIIe OUpeAeJIenHaH CBH3b. BTOpOCTCIIelIIIJ:J.e upu

MeCII B nllppOTuno OTpaH{aIOT 00IIl,1llt: r.llIHepaJIorn'IeCRHII COCTaB PYAonpOH13-
JleHHif (npHMeCl'I 3JIOMeHTOB C03AaIOTCH npIIMeCHlIfH lIfHUOpaJIOB), n03TOMY IIa 

npHCYTCTBne l'IX B nl'IppOTHHe, a TaR}Re H B APyrnx PYAHlilX lIU1UepaJIax CJIe
,n,yeT OOpaIIl,aTb ocoooe BHl'IMaHHe. 

B uHppoTnHe n3 MeAHO-Hl'II{eJIeBhlX MeCTOpO;I{Aemrii: lle'IeHrH npH cnoJ{

TpaJIbH0ll1 aHaJIH3e nOCTOHBno oonapY}l<HBaeTCH npncYTcTBliO «cpeAnHx» 11 
«BhlIIIe cpeAIDlx» JI1lHIIM: 1{00aJIbTa Ha CneI{TpOrpal\1Me. MHorIIe IIcCJIeAOBaTeJIII 
npl'IAop;I{HBalOTCH l\mOUHH, 'ITO l<ooaJIbT H30MOPcPHO BRJI10'IeH B I,pnCTaJIJIn

'IeCI,YIO pemeTHY IIHpPOTHHa. TaI{Oe npeACTaBJIeHHe BhlCJ<aablBaJIH illHeM:AOp-
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xeH (CM. pa60TY Bamepa, 1932), CaxaMa R PaHI{aMa ( ahama a. Rankama, 
1950) n pf.l~ ~pyrax llCCJIe~OnaTeJIeii. R06aJIbT, Hal{ IIOI{aShlnaeT RCCJIe~onam'[e 
XHMHQeCI<Oro COCTana IIenTJIan~HTa, ~eiiCTBHTeJIbHO RsoMopqmo BI{JIIOQeH 
B IIeIITJIan~RT; IIpRtIeM ~JIJI IIenTJIaII~UTOB MOIItIe-Tyn~phl YCTaHOBJIena JIH
HennaJI samlCRMOCTb co~epmamlJI Iw6aJIb'ra OT KOJIHtIeCTBa IIHKeJIJI B MRne
paJIe. ,1J;JIJI IIetIeIIrCl{RX IIeHTJIan~HTOB YCTanOBJIena IIpRuepno IIOCTOJIRHaJI 
IWffi\eHTpaIl,HJI lto6aJIbTa (OHOJIO 0.5 %). OTHomeHRe B aTOMHbIX l{OJIHtIeCTDaX 
K06aJIbTa H mmeml Y IIRppOTrrHa HS yJIbTpaOCIIOOIIO)~i RlITPySITR RayJIbI 
paDHO 1 : 100, ~JIJI IIHppOTHHa 114.-r-II - 1 : 115. ,1J;JIJI IIeHTJIaH~RTa 3TO 
OTHomeHRe paBHO 1 : 102. H~eHTHtIHOe OTIIomeHile Iw6aJIbTa R mmeJIJI B IlRP
pOTffHe R neIITJIaH~HTe YI{aShlBaeT Ha TO, 'ITO BeCT, lto6aJIbT IIPRCYTCTByeT 
B IIIlppOTRlIe B BR~e BPOCTKOB IIeHTJIan~RTa. B CYJXb<PH~HhlX Me~nO-HIlKeJlen:hIX 
py;o;onp01JOJlenrrJIX l1eqenrH no J{pai'meii Mepe no~aBmnOIIl,aJI qaCTb J{06aJIbTa 
npRCYTCTByeT B nenTJIaII;O;HTe R ne BXOAHT HSOlllOP<PBO B IIHppOTHH. 

BonpOChl, CBf.lSaB1lble C H3MerreHReM COCTaBa nnppOTlll'ra npn nCpel{pliCTaJI
JIHSaIl,HH, pas6lIpaIOTCJl B rJIane 22 (CTp. 248 ). 

IUW'JCClUlii COCTau IlnppOTlma l{a~nJlllmUIl 

PeaYJIbTaTbI XR1.1ntIeCIWrO anaJII:13a IlRppOTl'llla lIS RallI IIlIUlBR npHnegellbI 
13 pa60Te r. B. XOJllllODa H,1J;. A. illllJIbHHKOna (1951 r.). MaTepUaJI, XIl1l1lltICc){H 
IIpOanaJIIISilpOnamIbtu, ogrroBpeMeHHO nogBepraJICJI peHTreIIOMeTpIlt{eCKoMY 
BsytIeHlIlO. no PC3YJILTaTa:M peHTrenorpaMlIlbl IIOpOml{a, npnBegerrnOlr B OT
tIeTe nnCTllTYTa rllIIpOHllKeJIb, BaMR 6bIJIll BbllJRt.:JIeHhl IIapaMeTphl 3JIell'leU
Tapnoii: JItIeih<ff nnppOTuna R3 I{aMMRI<ffBR (Ta6JI. 2J). 

no XllllUltIeCI<OMY anaJIlI3Y, nnppOTl'm us RaMlIllllmBH cogeprHflT 
52.65 aTOM!£. % cephl, no ygeJIbnOJl[Y Becy - 52.90 aTOMH. % cepbI, a n o 
penTrenOl\IeTpRQeCI{uM )l,aHHbIM - 53.00 aTO m. % cepLI. Cpe}l;Ilee HS Tpex 
Ollpe~ JICIIIllr, DLIDOJIIIelll'lbIX paaJIIf'llIblMll MeTogallllI, COCTaBJIHCT 
52.85 ± 0.17 UTOlltU. % cepLI. 

,J:(nJI 06pa:sIl,a 129-n; naMIl 6LIJIR nOJIYtIellLI CJIegyIOIIl,ue lJ,anflI>le 0 CO
CTaBe I PYIIn03epnnCToro nBppOTlma . ITo XI1MHQeCI<IIlIf onpeAeJIerrHJIlII -
51.87 aTOMH. %, no ygeJIbROMY Becy - 52.25 aTO~JlI. %, IIO pOHTrenOl\IeTpIl
'1eCI<ILM lJ,aIIHbIlI( 52.44 aTOllm. % CepbI. B cpep,IlellI B l{pyrrnosepnnCTOllf nBppo
Time cop,epmRTCJl (cygJI no gaHHbIM Tpe'x lIJeTogoB) - 52.15 ± 0.27 aTOl\m. % 
cepl>(. 

B ItaMMBI<HBll OTMetIaeTCJI paaHOD03paCTHOCTb l{pynno- II fOJII<OSepnll
CThlX CYJIb<pRAnLIx py~ (CTp. 211). 

MeJIlwaOpnncThle PYALI oopaayroTCJI n peaYJIbTaTe nepeI{pHCTa1IJIIISan;l1][ 
J\pyrrno30pHIlCThlX nnppoTIlHo13LlX arperaToB: nepeI{pnCTaJIJIII3aIl,IUI nRppo
Tlma conpoBo:mAaJIaCb BHegpeHReM B PYAY PYAHhlX pacTBopoB, B peayJIb
TaTe tIerO p;YlJ,a C1IJIbnO 060raIIl,aJIaCb HHKeJIeM H lIfegblo C 06paSOnaHJfeM 
IIenTJIangliTa II XaJIbIWIIIlpHTa. RonTaRT MerRAY MeJII<OSepmlcToi 601Iee nOall,
Hell u I{pynnosepHlicToii oOJIee paRHeM pyga:r.m peSl{HH II tIeTI<Hii. HHTepecHo 
OLIJIO BhIJICHIITb - JilSMeHneT f! JIR DpR l1epeI<pRCTaJIJIRSaIl,nn PYA COCTaB mrp
pOT1!ma. OgnaI{O npea{Ae HOOOXOAHMO YCTaHoBllTb npeAem,I R3l\leneRIIJI COCTana 
IIRp pOTlilla. 

no penTreHOll1eTpUQeCI{HM galIllb1ll1, nRppoTIlH HS IIeqeRrIl RMeeT CJIeAyIO
m;ee cop;epmaulio cephl (TaOJI. 25). 

B oopaaIl,ax TIIIppOTHua 83 (RaYJIa) R 129-n; (Rall1MHI<ffBR) oORapymeuo 
rrpIlCYTCTDIle D nOlJ,'IIlIleIlHOM TWJJBtIeCTBe MOBOI{JJHlIHOM (<paabr) nOJIllMop<pHol'r 
l\wgIl<pIl1tan;.l!IB nlippOTJill1a. 
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Ta6J1llna 25 
COAcpmanuc cepbl B DUPPOTllIIC U3 IIe 'Jeufu lIO peuTfe uOMeTpU'IeCICllM AaUUbJM 

• oOpaSl\a MCCTO B311Tllfl oOpaSl\a l COAepmamre 
cepbJ (aToMH. 

"to) 

J29-~ 
IX 

j 50-0-2 
83 

11-VI-4 
100-a 
100-6 
490 
348 

HaMMMRlInrr. CnJlOlUlIhlO cym,lj)nAI'lble PYA'" 
To »(0 

) ) ... . ... . .. . . . 
Rayna ... ........... . 
Hayna .... . ' ........ . 
HayJla (n cpacTaHlUl C xnopIlTOM) .. 

To )Re ••••••••.••.• 

Hayna (n RaJlbn;nTO lloii ;>twJl}(e) ...... . 
ITn PPOT IIIf l1l!nbrYH pD IT (CIl.HOllllJI.16 CYJlblj)"J,1I we 

... 
PYAIJ ) 

52.44 
52.85 
52.20 
52.47 
53.'14 
54.35 
53.2 
53.84 
52.30 

IIepMan (Pehrman, 1954) npOI1SBeJl l1CCJleAOnanlfO 13 06pasqoB nI1ppo
TlIBa. B 9 06pasqax on 06HapYHnJJl npHCYTCTBHO MOn01\JlliIlInOH MOAHqnma
qHH; nplI'IeM HCCJIeAOBaHhl 6hlJIH H mrppOTHnllI C cOAepmaHlIeM cepLI B 52.6-
56 .7 (?) aTOMH. %. CpeAH HsyqeHRllIX IIepMauo t 06pasqoB OARU 6bIJl us 
l1e'leHrH. B 3TOM 06paaqe TaJ{)I{e 6bIJlO 06HapYH{enO npIICYTCTBI'IO MOnOl{JlHH
HOH MOAH<pH1\aqlIlI mrppOTIIHa. TaI{lIlIf 06paaOM, naJIU"IlIC Mono1\JIHHHOH 
~ I OAR<pUI{an;HH B UeqeHrCIUIX PYAax YCTanaBJIHnaeTCu IIepMaHollf H naMR. 

(])OpMb' p a311llTlill nuppOTlma B PYAax U CTPYI(Typnblc COOTlIom61111J1 
c ]J. p yrll ~1I1 MuucpanaMlI 

IIBPPOTl'IH 06bl"IH0 CJIaraCT MOHOMRHepaJIbHLIe arporaTbl paaJIHqflO oplleH
TI'[pOnannbIX sepen. <Dopllfa aepen 06bl'lnO nenpanllJIbnaJI. HepeAIW BCTpe
qaIOTCJI cpaCTaHRll nHppOTll:na C APyrHMH CYJlb<pIIAnbIMII MHHepaJIaMII. Pa:3Mep 
aopeR n paaJlH'lRhlX Tllnax PYA paaRblM 11 lWJIe6JIeTCll OT AeClJTLIX AOJIeH 
MHJIJIHlI1eTpa AO oAHoro HJIII HeCI{OJIbI{IIX caHTIIMeTpon n nonepe'lnJme. B RPII
CTaJIJIaX lIHPpOTIlH BCTpeqaeTCll OqeHI. peARo. CpeAII CYJIb<PHAllblX MeAHO
Rlll<eJIem,IX PYA IIe'leHrH OTMeqeH OAHU cJlyqaii orpan lIIIbIX l<pIICTaJIJIOB 
lll'lppOTIIHa - B HaJIbqlITOBOM npOil\0.JIl<e cpeAI1 CIIJlLnO 0pYAerreJIblX cepneR
THHHTOB. 

IIHPpoTHH 06paayeT nepeAIW paBHOMepn03epIHICThl arpcraThl, a HuorAa 
nop<PlIp013RAUble aepHa, IWTophle pacceRalOTCll XaJIbl<QUIilPffTOM. CTPYI{
TypBhle COOTHOmeBRll lIfeiRAY lTIIPPOTHHOM IT XaJIb/{OUlIPHTOlll B aTUX CJIy
qallX CBHAeTeJIbCTBYIOT 0 TOM, 'lTO 1TIlPPOTHU II OCHOBI10M IIUqaJI I{pIICTaJIJlII
aonaTbCH neCROJlbl\o paBee XaJlbJ\oIIHpI'ITa. 

B OTAeJIbRbIX CJIYQallX, OAHaI<O, Ba6J1Jop;aIOTCH 06paTHble CTPYI<TypUble 
COOTRomeBHH MemAY nRppOTI'IHOM H XaJILIWnHpIITO~{' A. r. BeTeXTlIn B 
II. E. Bop06beB (1940) OTMeqaIOT, 'ITO RapllAY C HAHOMOP<PUbI1tm 3epna~Ul 
IIHppOTHua, 06pa30BanmHMHCJI HBRO pauee XaJlbl<omrpHTa, B CYJIb<PHAUhlX 
,J\lIJIax MOHQe-TYRAPbl Ha6J1JOAaJlHCb llPO)RHJIHOBaTble BLIAeJIeIIHll llIIPpO
T1ma H no I<OBTaKTaM Mell<AY aeprrar.:IK XaJIbI<onlIpHTa . B CnJIOllIBliIX CYJIb<PHA
RblX PYAax IIe'leRrH HnorAa BCTpeQaIOTCll nepeCeQerrHll arperaTOB XaJlbRO
lIHPHTOBblX aepeB nHppOTHHonLIMII npO}l{HJll{aMH. Erqe 60JIee CJIO)J(Hhle 
COOTHOmeUllll OTMeqalOTCll B CHJIbnO opYAeHeJlhlX PYAax KaYJIbl, Kahn.m
J<IIBII H APyrlIx PYAonpOJIB JleRffllX IIoQeRrII. CepneRTImHTbI, npOHHaaUBble 
rYCTOH: ceTblO BI{paUJIeHlH:l I<OB XaJlbKOml p IITOBoro COCTaBa, BepeAl<O pacce
l{alOTCJI mlppOTI'IIIOBblMr{ npO}l{I'IJI({aMH. IIOA06IIble COOTUOmellHll nHppOTlIHa 

C XaJIbI{OnHpIITO~:[ YKaablualOT Ra cyrn;ecTBonaHlle B CYJIb<PIIAHhlX PYAax He-
ROJlbI<HX rerre pan;l'Iff nllppOTflHa. 



IIIiPPOTHH 267 

o paaIIOB03paCTUOCTU 06paaOBaHHH nHppOTHIla B STHX py~\ax Tam-He 
CBllACTeJIbCTDYIOT COOTIIomCHTUI C nOCTepHopHWIH Cl1JIHI<aTHWIH H l{ap60-
naTHbIMR MHHCpaJIaMT1 (XJIOPIITOM, TaJIbIWM, Rap60HaTa~m). B 06paan;ax 

lIa Raym>l OTMe'ICIIbI CJIY'IaH, ROTAa illIPpOTIIII HaxOAHTCJI B O'IeIIb TeCH01\{ 
npopaCTaHIIH C XJIOPHTOM, npH'IeM XJIOPHT COCTaBJIJIeT IIpHMepHO nOJIOBHHY 
Bcero 06pasn;a. TIo XIIMH'IeCROMY anaml3Y 06napY)I{CIIO 18.52 % cepbI no cpaB

UeIITIIO C 06hl'IIIblM COAOp)l{aIIHeM cepbI B nIIpponme OROJIO - 38 %. B cpa

CTaiinn C XJIOPl1TOM naXOAHTCJI IIO OAllH IDIppOTl'm, a aCCOn;l'lan;UJI ~mIlepaJIOB -
mrp POTl'Ill + neIlTJIaHJ:(HT + XaJIbl{OIIIIpHT. 

fpaqlH'IeClme cpaCTaIIIIJI CYJIbCPIIAilbIX MlUiepaJIOB C XJIOPHTOM, TaJIblWM 

II 1{ap60naTaMIl AOBOJIbiiO 'IaCTOe JIBJIeIIIIe D MeAIlO- fUme JIeDhIX CyJIbCPIIAHhlX 
PYAax; npJI'IeM OHH Ila6mOAalOTCJI Hal{ B CnJIOmHbIX , Tal{ II DO BI{paIIJIeHHhlX 

PYAax II cBRAeTeJIbCTBYIOT 0 COBMeCTHOM o6paaoBaHIIIl 8TIIX JlIlIHepaJIOB 
(8. EJl1ICeeB, 1953a), n08TOMY CJIeAyeT paCCMaTplIBaTb naparerreSRChl PYAnbIX 
H nocTepllopHbIX JllllHepaJIOD. 

B OTAOJIhHhlX 06pasIl;ax 1I3 RaYJILI OTMeqeIIhr CJIYl[aR 6peI{'IRpOBaHI1JI 
IHrpp o Tim a , llaxOAmn;e rOCJI B TCCHOM rpacpII'IeCI<OM cpaCTaHllii C XJIOPRTOM. 

06JIOMIUr 9Toro llIIppOTIIHa Cn;eMeHTIIpOBarrbI JWJlbn;RT0lll II IIlIPPOTIIUOM. 

Ha TaRIIX CTPYI<TYPllLIX cOOTHomellIIH CJIOAYOT , 'ITO aCCOIl;IIaIl;IIJI MHnepaJIOB 
(lllIPPOTIm + XJIOpIIT) 06paSOBaJIaCb aHa~mTeJIbBO paHee , 'IeM aCCOIl;lIaU;lIJI 
(IIlIppOTUH + I{ap60uaT). 

TIpn MllJ{pOCl{OnH'IeCHOM II3YlJeUUU BKpanJIeHHhlX CYJIhCPHAHbIX PYA OAUOll 
1[3 HBTPY3UH ItayJIbl YCTallaBJIHBaeTCJI HeCIWJIhHO OOJIee paHaee 06paSOBaHHe 
ImppOTIIlla C XJIOPHTOM, 'IeM lllIppOTIma 6e3 l{aI{uX- JIII60 BRJIIO'IeHHM. HepeAIW 
UHPPOTllll OOS BRJIIO'IeHIIR paCCOI{aeT IIJIII OHamlJIJIeT sepHa llllppOTIIIIa, 

COAepmaIn;oro Bl{JIIO'IeHllJI XJIOpHTa. 
MBTopeCIILIO COOTIIOmeHRJI llRppOTlIHa RS paSJIK'IHhlX TIIllOB PYA Ol'Me

-qaIOTClI AJIH PYA RaYJILI II RaMJlUnmBII. 0pYAeHeJIaJI TeRTOHII'IeCRaJI 6peR
'IUlI, Il;eMellT ROTOPOH llpeACTaBJIeH rJIaBBIDt 06paaoM IIlIPPOTIIHOM, cpeaaeTcH, 

a lIuorAa H OpeI{'IlIPyoTCJI CllJIOllmbIllm CYJIbCPHAHbIMH PYAaMII, TaR}RO llperury
lu;e cToeuuo DUppoTlllloBoro COCTaBa. 3IIa'IllTeJIbIlLIIT IIHTepec llpeACTaBJIHlOT 
COOTlIOmOmU( mlppOTIma C 1l0tITJIaH)l;HTOM, a TaRH<e llIIpIITOM. 

o aaDlICIIMOCTIl DaCbI~elUlIJ Il ll ppOTllna cep oii OT «>1I31IKO-xIUIII 'JeCIUIX YCJl o Bnii 

I( pnCTaJlJIll3a~U I1 

8I{CtIeplIMeUTaJIhllLle AaIIIILIe, xapaKTepH3YIOm;ue saBIICHMOCTb paB1I1epOB 
.(l JIeMeHTa ptIOIT JI'IetiI<II UCRyccTBeHlIoro CYJIbcpHAa meJIesa OT l<OIIIl;eHTpaIl;IIH 

c epLI H Fl{OJIeaa B pacTBope, H3 IWToporo HpHCTaJIJIIIayeTclI llUPPOTlIH, llpHBeJI 
repaJIbACeH (Geraldse n, 1941). OIl llOI{aaaJI, 'ITO npH HaJIH'IHII BLICOIWH ROH

n;eIITpaIl;lfU }T,eJIesa ua paCTBopa RpHCTaJIJIHayeTclI ABe cpaaLI - TPOlfJIIIT + )I{8-

JIeao. B TO )l-(e BPCMJI nOBbIilleHHaH IWHI:(eHTpan;HJI cepbI OOYCJIOBJInDaeT 

<> opaSODaHIIO APyrnx ADyX cpaa - IIlIppoTmra + tIHpIITa. CYIn;eCTDOBaHIIe 
IIHPPOTIIIIOBOll cpaaLI C OAIIOH CTOPOllbI OrpaUH'IeHO TPOHJIIITOM, CO)l;epmaIn;HM 
50.0 aTOMH. % cepLI, TorAa UaI{ APyraa rpaHIIIl;a OOJIaCTH Cyrr:(eCTBOBaUHR. 
tInppOTDIIOBOH cpa aLI MenaeTClI D aaBHCIIMOCTH OT TeMllepaTypLI. TIPH oOJIee 

BLICOl<IIX Tel.lllepaTypax 06JIaCTh Cyrr:(eCTBOBaHIIJI OAuoii IIlIPPOTlIllOBOM 

cpaabI CABHraeTCJI B CTOPOHY OOJIbmeii ROHn;eIITpa:I:(HII cepbI, a 8TO SHa'IlIT, 
'ITO npII OOJIee BLICOI{IIX TeMnepaTypax oopaayeTCJI lllIPpOTlIH C OOJIea 
BLICORIIM COAep}J{anneM cepLI. repaJIhAceH lIameJI, 'ITO llpeAeJIbHOe HaCLI

ID;eHHe cepOM mlppOTlIIIa llplI 300
0 

C COCTaBJIlIeT 53.4 aTOMH. % cepLI. )J.JIa 
aTOH }Re TeMuepaTypbI PooepTc (Roberts, 1935) npHBOAHT 53.3 aTOMH. % 
cepLI. !taR OTMe'laeT repaJIbACen (Heraldsen, 1941 ), neCIWJIbRO HIlMa p e -
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aYJII.>TaThl nOJIyqHJJU IOaa H BJUITn;, I<OTOPLIC RpIlCTamTIlaOBaJIU 1lI1PpOTlII! 
IlpH Me~JlennOM OXJJa}R~eHmI paCTBOpa. ITocJle TIn;aTem .. UOl'O y~a.JIeUllll npn
lIrecu UllplITD. ORll YCTanOBHJlH, 'lTO DI:lppOTIm upu 300 0 C MO}HeT OLITL MaH

tOe 
600 

500 

400 

JOO 
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100 

feS+S -----, .-'-I-ren-,Sn+resz 
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'F t 

~~----5~2---5~3--~~-5~*---5~5--- S 
(AmOMHble %) 

Pnc. 162 . .il.narpaMMa npo/\9J1bllorO lJaChlll(OlllHT 
COpOll ]JCl(yccTDellDoro llHppoTuna npJ( pa3JlII'l

DbTX 're~1lI9paTypax. 

COCTRBJlCHO no AaHJ!blM: 1 - r, c, rprr~RCm{O U AI). 
(1953); 2 - rCPJ3J1bACCHa (Heraldsen, t9Id); 3 - AJI
Jlen 11 np, (Allcn a, oth" 1912); 4 - Xorra 11 3YI<nop
Iba (Ilagg u. Suckdorrr, 1933), B nepxnei1 q aCTI! A1I3-
rpaMl\'bl nOJlc CYLUCCTllonanllfl oAnoli Ibasbf - nnpp01'II-
1Ia; J3 II(1}H!ICI1 - nOJlc CYLUecTDooafll1f1 nnyx <\)ao-

(nllpPoTlIfla + I!BlntTa), 

CIlMaJlLUO 52.8 aTOllm. % cepb!. 
AJlJlcn II ~p. (Allen a. oth., 1912) 
rrOJlyqRJJlI lIli PPOTUR upn 565 0 C, 
IWTOphIii: Co~cpjf\aJl 54.55 aTOM. % 
n cepLI. X::lrr }[ 3yl{c~op<p (Hagg 
u. Sucl<sdorff, 1933) upn 650 0 C 
DLmpnCTaJJJTllaODaJJI1 UuppOTun C 
cm;e OOJII,mmr cOJ],ep}l<aUllell! CO

phI - 55.5 aTOllUl. %., 
ECJIU D J],OUOJIuenue 1( UbImo 

CT{a3annOlllY 06paTUTbCJJ 1{ paooTo 
f. C. fpnn.acBIw, II. H. CJTYJI;
CIW:ll U H. I\. AfIA1IJIl>IlII (1953), 
B ]{oTopoii COA pmaTCJJ J],arrULIO 0 
HpI1CTaJIJTII3uD;1UI cYJIL<puJI;on npn 
IWMnaTnoii 1'CJlUlCpuType, TO 1\1011;

no COCTaUllTT. npCJ],CTaBJ!Cnne tl 

rpannu: CYln;eCTl1013anUJJ uaCbI
u(cnnoii nllpPOTll10130ii <paaT,{ Uplf 
paaJIlPlllblX TOMlTcpaTypax. 

Ha pac. 152 npU13eACUhT AaUlIbIe 
nccJTeA013aImii r. C. fprrn;acUlw. 

H. H. CJlYJ],cI\ofr II H. I\. AllAlInbJJU (1$)53), rapaJlLAccna (Heraldsen, 1941), 
AJJJTeIIa II AP. (Allen a. oth., 1912), Xorra H 3YI<CAOP<Pa (Hiigg u. Suck dorff, 
1933). ITo pnc. 162 MO}l 110 CYAllTb 0 namrenbmCll TeJlmepaTYpc pacTBopa, 
JIacr,rm;enuoro cepoM, Upl[ HOTOPOM MOtHCT II:pl1CTaJrJIl£3013aTbCf[ UUPPOTJlU 
C TeM lIJIII UIILIM cOAepn,anncM CepLI. 

3ua'letJIIC II;JMOII'III110CTlf COCTaua nnppOTllua AMI naparOHCTfI'lCCl(Oro amWlJ3U 

aCCOlvrallllJl PYAJlblX JlIIIDCP;)lIOB 

Pa3JIn~maH II aCbIIIl,errn0 CTI. CepOfI DnppOTUrron 3aBHCUT 01' cPU3ImO-xmm
'leCI{llX YCJIOnUH, JWTOpble Cym;ecTn013aJIli npu I1:pIlCTaJIJJII3a~nJ[ PYArrLIX IIIUnC
paJIon BO BpellfJJ <pOpllIlIpOBaHIIH PY.l\OII pOJIflJlellrril:. BMmc 6LIJIO nO]{a3aUO, 
'ITO 13 YCJIOBflJIX :mcrrepHlliCIITa lIIaI{cmfaJIbIIOC rraCLUJJ.CIIUO HflppOTIllla cepoil 
sanrrCIIT OT TCi\!IIepaTypLI paCTBopa. B TO mo npOl\If1 lIa CTcncrrL naCLTII(eUUII 
rrnppOTlTUa cepofI BJIlureT TaI<me II lWUn;CrrTpan;IlH cepLI n paCTllOp . Ta}{, 
fepaJIbACen IIpn TeMllepaTYpc 300 0 C rrOJIy'IIIJI rrOJTnhrll pRJ], mrppOTIIlIon 
C COAep}l{arrRCA! OT 50,0 AO 53.4 aTmm. % cepLI. 

11 a OCHonarrrrrr uaY'IenUH XImllQCCJ(OI'O COCTana IIplIpOl~nblX nllp pOTllnOB 
YCTaHOllJIena CJTJILHaJI II3AIen'lITBOCTh COCTana rrnppOTlma B paaJIll~lllhlX CYJIb
<I>U.l\nbTX lI1eCTOp01HAeHHHX. 113MeHeHllf[ B COCl'ane urrppOTliHa n UpeACJIaX 
Aame OJ],lloro 06pa3IJ,a y6eAllTeJIhllO CBnll.eTCJIbCTBYIOT 0 rrepanrrOBeCITDlX 
yCJIOBUJIX, cym;ecTDOBanmux rrpH <popllfrrp013arrHil PY 11.0 npOJIBJIOnuu. 

HecMoTpH na TO 'lTO rrpu 06paaonamIH PYJ],onp01Il3JlenllU JlMeJlll MOCTO 
IIepaBnOBecnLlC YCJIOBllJJ, OTlIle'laeTCJI 06m;aJI TelfJ],errn;Ufl l,{ IJOrrH)],CIlllIO IIaCh[
m;enHJJ cepOH Y OOJIee II03AII.I1X UO BpeJl[eIIII I{plICTaJrJIIlaan;IUI TIlIppOTIIrrOB. 
BOJIce panrruo, a CJIeA013aTeJIbnO, II IIeCHOJlbIW OOJIee BbICOIWTelllTIepaTypIlLIO 
IInppOTIIIILI COAepil,aT ana"tfRTBJILnO OOJII>rrme HOJIH'leCTUa cepLl, "tfeM III13I\O
Te~mepaTypULTe nnppOTllliLI. 113 aToro CJIBAyeT, ~JTO npn 60JIee BLICOKHX 
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XUMO'leClWii COCTaB (D Bec. 0/0), paaMepbJ aneMeuTapuoii lI'1eiil(o, ¢opMYJJa It YAeJJbUblU BCC xa,lblwnnpuTa 

HaSBaHlle ollpaal\a (l)0pMyna 
1 Fe 1 Cu I Ni I Co I 

HepaCTBo-1 I YlleJlb- 1 S fJlIMblli C)"MMa HbJii 00 
OCTaTOI( Bee 

Co 

XaJIbKOOllPfiT 03 MonOMlfHepallb-
nOB mli.1Kll, Rayna (o6p. 520 
03 KOJIJIeKI:\ll1i 1\1. B. ,ll,euoco-

Cu J .01 F el .02S2.0ol 30.55 34.40 0.15 0.00 34 .36 0.20 99.66 4.152 2.272 He ODp. 

BOH) 

Me:IKO:lepHOCTblH MaToBblH XaJIb-
KOUIIPOT H3 cy.lbqafAlloH mllJIKo. 

CUO.96 FCO.97S2.00 29.82 33.67 0.17 CJIeAbl 35.29 1.10 100.05 4.106 5.264 He ODP. 

Ray:la , MepoAllOHaJIbHaa mllJIa 
(o6p. 119) 

To me nOCJIe paCTDopeOllfl 
5-Dp0ll,eUTHOH H Cl 

B CUO.90 FCO.99S2.00 30.1 5 33.39 0.09 CJIeAbl 34.95 J.23 99.81 4.117 - -

XaJIb KODOPOT H3 mIlJIKff CYJIb- CUO.97Fel.OlSZ.OO 30.42 31.92 Om CilCAbl 34.61 3.04 100.06 4.048 5.268 He oop 
q>lljJ;O B CUJIbUO 0pYAeUeJIblX cep-
DeHTUUHTax. RaMMllKoBH (o6p. A) 

XaJIbKODHPHT II:! TIUJIbrYRPBU 
(IIO ,ll,eHlicoBoH. 1952) 

C uO.97 FCO.9' S2.00 30.91 33.74 CJIeAbl - 35.20 - 99.85 4.160 5.270 He ODP 

MOHoMDBepaJIbRaa <ppal<n:lIfl 61 H3 CUl.J4 Fel.OOS2.00l 30.83 29.90 7.53 lle onp. 33.59 He onp. 101.85 4.186 - -
BKpaUJleRUOB PYlI.bl B rrnpoKce-
MTe (no XOJI:\WBY H illOJIbIHl-
KOBY. 1951 r.) 

TeOpeTlI'IeCKHH COCTan XaJIbI<O- CU1.ooFel.OOSz.oo 30.54 34.57 ~ - 34.89 - 100.00 4.283 5.240 10.30 
unpliTa 

n pH M e 'I a H H e. AaO';TJil3 (.N'~ U/ D 1-5) BblOOJIOeObl allaJU:lTl1KOM C. H. C)mpnoBoil (XUMl1KO-alla1lJ1TU'IeCI,an Jla6opaTOpnll' 
HO:lbcKoro clloJIoaJIa AH CCCP) . 
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TeMIIepaTypax cym;ecTBYIOT HHLIe HOHu;eHTpaU;UlI Cephl B paCTBOpe, l:Ie~I IIpn 
HlialHIX TeMIIepaTypaX. 

TI pII IIapareIIeTnlJeCROllf anaJIllaO aCCOU;lIaU;lIH: py,ll;lIhlX MlIHepaJIOB OOhl1JHO 
elJUTaeTCn, 'ITO COCTaBhl lIflIllepaJIon He JlreHfIIOTcn, a IIoaTOMY IIpe,ll;IIOJIaraeTCn, 
'ITO ,Il;llarpaMMhl «COCTaB- IIaparenealIC» ,Il;eJ]-CTBITTeJIhHhl ,Il;JIH BeCbJlla mlIpo
lWl'O IIIITepBaJIa TeMIIepaTYp. 

TIepnan IIaparelJeTH'L9CHaH ,Il;HarpaMMa Cl1CTeMhl PY,Il;HhlX HrHepaJIOB, 
()Tpaa<aIOlU;an napareHOTn'IOCRHO COOTHomenlIn mlppOTHHa C nnpRTOM, lIfar
HeTUTOM 11 reMaTl!TOM, OhlJIa 11pe,ll;JIOmena L(. C. ROp>THlnCIHIM (1948). Ha npH
Mepe accou;uau;ull PY,Il;llDIX lIHlIIepaJIon TyphIlncIHlx Me,ll;HbIX PY,Il; L(. C. Rop
'RlJnCKRH paaonpaoT COOTllomenUlI n CUCTeMe (Of<eJIeaO - Cepa-lUICJIOPO,ll;I>. 
IIapareneTn'IecRue COOTnomeHRn n ,Il;pyroll ClICTei\le (OHeJIeaO - JlIe,ll;b - Cepa)} 
6J>[JI1I paaoopauhl L(. TI. rpIiIropbeBbIJll (1948) ua lJpmlepe CYJIL<PIiI,Il;OB Me,ll;R 
1{0JI'Ie,ll;aU11hlX JlIeCTopon<)J;euHu Cpe)J;IIero YpaJIa. TIoa,ll;nee )J;JIn Cl1CTeM ,Il;PY
nIX PYAnbIX JlUIIIepaJIon ,Il;ITarpaMMbI «COCTan - rrapareHeallC)} OhlJIII COCTaBJIenbI 
A. r. BeTexTliIumr (1951, 1953). Ha <paaonhlx )J;HarpaJlfMax CTtCTeM Fe-S-O, 
Fe - Cu- , Fe-Cu- S- O, a TaIUI{e )J;JIf.! CUCTeM Fe-As- S n Fe-Sb-S 
KOHHO)J;l>I npOBeAonhT IIa paClJeTa nOCTOf.!IIUOro COCTana 11nppoTHHa, COOTBeT
eTBY low.cro cpoPJlIYJIe Fe (TpOHJII1Ta). 

Ha AUarpaMJllaX, OTpamal0n~l1X napal eUllTll'IeCIHle COOTnomenlUI npH
POlUIbI ' aCCOl.\uau;uu rnnepaJIon n lIfe)J;UO-IIHI{eJIeBhlX CYJI1,<pU)J;IIhlX oopaao
naLIIII'£X II pyp,ax ,Il;JIfl ILUppOTJma UprrBO,ll;HTCn U rrnan <popMYJIa FeOS7. TaRall 
qlopMYJla IIUppOTllHa A. r. BeTeXTHIIbIllI (1953) npune,ll;ena B CIiICTeMax: Fe-

i - S; Fe-I i- Cu - S; FO-l i - -0. 
L(JI11 paaJI nlfllhlX C I!CTe~f, OTnocnID;lIXCH }{ O,ll;UID! II Tel-I tHe IIPlIpOp,UhIM 

oopaaOBarrrr1Hlr, )J;aIOTCH paaJIU'IIIhle <P0PMYJIhI mlppOTuna. Tal{, AJIH CHCTeMhI 
Fe- Cu- npnBO,ll;IlTClI <p0plIIYJIa Fe (36.48 nec. % COphl), TOr,ll;a HaI{ n PO)J;
CTBenTlOll CnCTell10 i - Fe- TIJrppOTIlIIY COOTBCTCTBYllT <popMYJIa FeSS7 

(40.12 nec. % cepM B JlIllUepaJIe). TaJ<HlII oopaaoM, n pO,ll;CTBeUHbIX ClICTeMax 
npUBO)J;HTCJI <p0pMymll nuppOTlIua, paaJIII'IaIOID;lleCJI ITO CO,ll;epmaIIlIIO cephl 
ua 3.G4 %. T~Han paaunI\a n COCTano nHppOTuua MomeT CHaaaTbCJI Ha BlIAe 
~ua r paMM «COCTaB - na pareueallC». 

HU)T\c lIa npJUlepe CllCTOM Cu- Fe- S 1I Ni-Fe- S ,Il;eMOUcTplIpyeTclI 
XapaI{TCp BJIlIHBHfI llaMerfllHDOCTU COCTana nlIppOTllHa ua nlI)J; ,Il;RarpaMM 
~COCTan-napareHeaJIC» . 

Cucme.I.ta Cu-Fe-S 

CorJIaCUO )J;atUlhlM A. r. BeTexTlma (1953), ,Il;uarpaMMa «COCTan-napa
reneaHC» 13 CUCTeMe Cu- Fe- B!UIIOqaeT CJIeAyroID;rm MffnepaJIhl: CUzS
XaJIUIw:mn; Cu - }{QneJIJIl1lT; CUsFe 4 - oopmu; CuFeSz - XaJIbIWITlIPRT; 
CuFez 3 - t,yoamIT; Fe - Fe& O- Fel-xFe2/3x - nlIpp0Tl>IH; FeSz - napHT. 

,D.tlarpa~lMa «COCTUB - napareneaJIC)} CI1CTeMbl «Me,ll;b-tI<eJIeao-cepa» 
6bfJIa COCTanJIena A. r. BeTexTHuhlM uplIMenlITeJIbUO n YCJIOOlIHM O'IeUb 
nuaRoro napl.\IIaJIbUOrO ,Il;aOJIeUHH (Houu;eHTpao.lm) cephl, T. e. AJIH TaRlIX 
YCJlOlJHU, upn lWTOPLIX n03Momno oo.paaonaulIe TOJIbRO MaJIOCepHI1CTOrO 
DllppoTlma - TpOnJIIlTa (pllC. 1(3). O,ll;naJ{o, nal, nORaaauo BhlIDe, B npupo,ll;
D blX ycnonIIRX, npll IWTO pblX IIPOlICXO,ll;IfJIO oopaaonaIIHe CYJIb<PUAIIbIX MeAHO
DIlKeJlenblX PY)J;, xapar,TepHo OL£JIO ue IIOHlnI{eBHOe, a nOBblmeHBoe nap-
1lllaJTbllOe AaDJIeIIUe CephT. 31'0 Cne,ll;yeT l1a Toro, 'ITO III1PpOTkIH lIa aTHX MeCTO
pOH,,llellllll (maChlIII,em cepou (n PY,Il;ax HMeeT MeCTO Il1IPpOTlrH C <P0PMYJIOt'l 
Felo u - Fes 6)· 
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p;llarpaMMa ):PIll HHSIU1X nap:qHaJIbHhlX .n;aBJIeHHH (}WH:qeHTpa:qlIU) Cephl 
B paCTBOpe (Cy-rqeCTBOBaBmHX npH 06paSOBaHHH TBep.n;oii' mrppOTIDIOBOii 
!l>asbI), Sall?lrCTBOBaHHa1l HS pa60TLI A. r. BeTeXTlma (1953), .n;onOJlnenH 
lWHIlO.n;ru.11I .n;JI1I lIfHorocepHHCToro nHppOTl1Ha (nym{THpHLle JlHHHH Ira 
pHC. 163, a). 

BLIme OTl\1elJaJIOCb, lJTO B HalJaJlbHble CTa.n;lIH }{pHCTaJIJllIaa:qlIH CYJll'!l>H.n;HhlX 
py.n; RS paCTBopa BLI.n;eJIllJlC1I nHppOTHH CIIJl'bHO Hacbn:u.eHHLlH cepoii' (FebS6) . 

IIpH TaI<OJl{ COCTaBe mrpponma Ha .n;Harpa!l1Me «COCTaB - napareHeaB » 
B CHCTeMe Cu-Fe- S I<orrHo.n;LI <<nRPPOTRH-XaJll>I<orrrrpHT», <<nHPPOTIIH-
60PHHT» II <<nHppOTHII - XaJl'blW3IfiI» CTaHOB1ITC1I HeBos~romIII..rMn, a caM<t 

Fe 

FeS 
Fe

S
S
6 

r e Sz ¢or---'~c-

r:u S 
a 

Pnc. J63. ,lJ,l1arpa lM hl COCTao-napal' elle3I{C B CUCTeMe Fe-Cu-S. 
a - no A . r . BeTCXTlIlIY (1053); 6 - B CI1CTeMe Fe'/- Fe"'- Cu-S. )''l11TblBalOlI\Cil 1t3MmrellllA " COCTQne 

nnpponrua. O!i'bflcHellllfl D TeRCTe • 

.n;llarpaMMa (pUC. 163) I1pnOOpeTaeT UHOU: DT:I.n; (C [. Iwnrro.n;hl, OTJlle'IOHllbr 
rrYHHTHpOM) . 

B CYJIb!l>H.n;HLIX lIte.n;HO-Hl'meJIeBLIX py.n;ax IIelJeHrlI n cpe.n;I1eM rrnppo
THH npeo6J1ap;aeT Hap; XaJl'bI<onHprrTOJl1. B CnJlOIllHLIX CYJlb!l>n.n;HLlx pyp;ax 
Talmx o6pa sonaHHH Mep;H co.n;epn<lITC1I I1pHMepHO B 15 pas MeHbme, lJC.\l 
lI'eJIesa. fis 3Toro CJle.n;yeT, 'lTO KpHCTaJIJIHsa:qH1I CyJl'bCPH.n;OB n3 paCTBopa , 
CHJlbHO o6oraID;eHHoro lI<eJleSOM, 6y.n;CT rrpoxo.n;HTb no Jly'ly, nOpeCeI{aIOID;eM 
6mmpHLIll napareHeSHC: ImPPOTHH+ KyoaHHT. 

B YCJlOBH1IX nOBhlIIIeHHOU l{OH:qenTpa:qIIH cephl B paCTBope rrpH I<pHCTaJI
JlHsa:qHlI nHppOTFIHa XaJlbI<onHprlT R XaJlbHOaHH 1IBJHIlOTC1I TleycToii'IHBblJlIII 
TBepAI>IMTl !l>asaMlI. 

Cy.n;n no p;Harpa!lfMe (pRC. 163), nnpponm MomeT rraXOp;UThCJI n panHO
BeCHH H, CJIap;OBaTeJIbHO, HpRCTaJlJlHSOBaThCJI COBMeCTHO C XaJI'bI<orrHpUTOM 
rrplf OTHOCHTeJlbHO HRaHOM nap:qrraJlhnOM p;aBJleHlUI Capb! D paCTnope, J{Qr.n;a 
I1S paCTBopa BLI.n;eJIneTCn nHppOTHH He OOhI'IHOrO COCTana (Fes 6-Fe lO 11), 
a ClIJlbHO ooep;neHHblu cepoii (TP0.l1JIlIT - Fe ). BOSJllOnnIO, 'lTO MeJlI<osep
HHCTblH nlIppOTIm, pasBlIBaIOID;lIMC1I no I{QHTaHTaM Me}E.n:y 60Jlee EpymrhlJlllf 
EpHCTaJlJIaMH XaJlhI<O.l1HpHTa H oOJloe nos.n:I1HU: no npeMenH BbI.n;eJlen1I1I, 'leM 
XaJIhKOnHpFIT (1JHPI<OB, 1940) npe.n:CTaBJl1Ie'l' IDfeIIHO TaR on CHJlr:.no o6e.n:
BeRHhIll cepoH mlppOTHH (TpOHJIHT). 
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,n;uarpaMlIIa Fo··-Fe"·-Ni-S yqHTLIBaeT nepeMeuuLrii B SUa'lHTeJILULIX 

npe.n;eJIax COCTaB DHppOTllua H DHpHTa, a Tal0Re }WJIeoaUIUI B COCTaBe neUT

JIaH.n;HTa. 

Ha npHJI1epe cym.cJ>H.n;nhIX Me,ll;HO-UHI(eJIeBMX py.n; xopomo BH,ll;HO, 'ITO 

H YCJIOBlUIX paSJIH'lHOH nonn;eHTpan;HH cepM B paCTBope oopaSYIOTCl'I He TOJII>RO 

pasnMe aCCOn;Han;llH MHHepaJIOB, no II JlfRHepaJILI paSJI1J'llIoro COCTaBa. l1sMe

lleHl!tl'I B COCTaBe nUppOTfIHa OTpamarOT Te HSMeHemll'I lwnn;eHTpan;HH cepM 

13 py.n;nhlX paCTBopax, us nOTophlX npHCTaJIJIHSOBaJIHCI> py.n;HMe MHHepaJIM. 

Ha npHllrepe cnCTeM «meJIeSO-Me.n;L-cepa» H (OHeJIeSO-HHI(eJIh-Cepa» 

1l0I(aSanO, 'ITO DMl'ICnenHIO YCJIOBl1H, cym;ecTBoBaBmHX npn py.n;OOTJIOmeHHH, 

CUocoocTnyeT HsyqeHHe XllMH'leCIWrO COCTana py.n;nMX MHHepaJIOB H ocooeHHO 

YCTanOBJIenHe TO'IHOrO COCTaBa llFlppOTIma B paSJIH'lHMX THnax py.n;. 
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XA~bRonHPHT,nHPHT,HnbMEHHT,MATHETHT 

XaJTbIWITUpUT 

XaJILIWnRpUT, Tal{ )1\e nal{ nRppOTHH H nenTJIan.n;l1T, npHCYTCTByeT npaR

Tl1'leCRn DOBceMeCTHO DO Dcex TRDax py.n; II COCTaBJIl'IeT 3Ha'lHTeJILRYIO llaCTb 

pYARon MaCCM. Co.n;ep)l\anue XaJIblWUnpI1Ta OT Y'laCTI<a I( Y'laCTI(Y py.n;Horo 
TeJIa MOHJIeTCl'I, 'ITO upnDo.n;HT l{ IWJIeOaHHmr D COOTIIomeHHH Me.n;u H HHI<eJIH 

13 py.n;e. Hepc.n;IW BCTpO'laIOTCl'I yqaCTIUI C IIonMmeHIlhlM co.n;ep)l{aHlIeJlf xaJII>

l<Onl1pUTa H ocooenHO y'IaCTlnI, na IWTOPMX Me.n;h npeBaJIHpyeT na.n; HHI{eJIeM. 

CYID;eCTBennO XaJIbIWnnpUTOBMe py.n;M IDleIOT pacnpOCTpanenlle na nORTal{

Tax py,ll;HhIX TeJI C BMem;aIOm;InHl nopo.n;aJlHl, a TaInI(e H B cJ>flJIJIlITax. 

COCTaB XaJIhROnHpl!I.Ttl HS paSJIH'lHMX ropHhlX nopo.n; H PYA IIe'IeHrH OT

BellaeT TeopeTIiIJeCI{OllIY cocTany CuFeS2. HeSna'lHTeJII>HMe OTRJIOUenHl'I OT 9Ta

JIODULIX .n;aHnhlx OTlIIe'IaIOTCl'I H y paS.MepOB 9JIeJlfeHTapHoH H'IeURH IICCJIe.n;OBan

nblX 06paSn;OD XtlJIl>lwnUpuTa. ,n;aIInhlo XHMH'IeCROrO II peRTl'OnOMOTpH'IeCROrO 

IlCCJIe.n;oBam~l'I cBII.n;eTeJIbCTBYIOT 0 TOM, 'ITO COCTaB XaJIbHomrplITa D paSJlH'I

llhlX yy.n;onpOHBJIenllllX IIe'Iennr OCTaeTCl'I nOCTOl'IHllWl (Ta6JI. 26). MaTepHaJI 

l~JlH anaJIusa OblJI oT06pan O'IeUh 'IHCTbIM (B aHaJIHSHpODanHhlx oopasn;ax 

npaItTll'IeCHU OTCYTCTBYIOT npm.l0CH mrppOTana H neHTJIan.n;HTa), Tor.n;a l(aR 

06hTlflIO D py.n;ax I\ayJIhl H RaMMHHuBII on sarpllSHen BceBOSMOmnhIJIHJ BHJIIO

'leBlll1Ml1 (anaJIl!I.s 6, TaOJI. 26). qacTo CpO.n;H XaJIbHOIIl1pl1Ta rraOJlIO.n;aIOTcl1 

MeJIlme seprra MaI'HOTlITa II mrppOTl1Ha co CJIe~aJlllI pOSOpOU;Hl1. XaJIhI{OnnpnT, 

Bhl.n;eJIHl1Cb I10CJIe JlIarIIeTlITa, I1HppOTIma n I1eBTJIan.n;lITa OObl'IHO paSBH

naeTCl'I 110 TpeJ::D;lIIIHaM II B l1HTOpCTKn;l'IX panee Bhl.n;OJIHBmHXCl1 MffHopaJIOB. 

l1CIIOJIhSOBaIlUO CIICTeM I1apaJIJIeJIbHMX Tpem;anOR B I1HppOTHno XaJIhIWnH

PIITOM I1PHBO.n;IIT R oopa30BaIlHIO cBoe06pasHJ.Jx I10JIOCaT.bIX IIlIppOTl!mO

XaJII>lWITHpllTOBhIX py.n;, l{OTOpMe ocooerrHO lIeTIW I1pOl1BJIenhl B BepxuoiJi 

'!aCTIf HIIT"PYSHH RaYJI.bI. 

Oopa30nanlle XaJI.bI{OnHpnTa nepe.n;Iw (naIlpnMep, B CIIJIOIIIIIhlX CYJIbcJ>H.n;

I1hlX py.n;ax RaMMl1KHBll) conpOBon'.n;aeTCl'I nOpeI{pIICTaJIJIH3an;nOH cyJIbcJ>n.n;

HhIX py.n;. 

Cpe.n;H XaJIbIWnlIpliTOBhIX py.n; npHCYTCTBYIOT Bl<JIIO'lenHl1 MHIIepaJIon 

.6eJIoro II pOSOBoro n;BeTa (n OTpamennOM CBeTe), IWTOpbJe OOJIa.n;aIOT DonbI

menITOU TBep.n;OCThIO. ITo .n;anIIWI M. B. ,n;emrCOBOH, B 9THX MHIIepaJIaX oona

pynmnaeTCn. nODhlmenIIoe co,n.ep»<aIIIIe MMmbl1Ra. Oopason; XaJIbJ<OITnpH

TOBblX py.n; C TafUlMrf JlflmepaJIaMU OhlJI npOarraJll13HpOnan (aUaJll1Tl1R 

c. 11. C~mpnOBa). PeSYJIhTaThI aIIaJIl1Sa npHBe.n;eIIhI II paoOTe M. B. ,n;eIII!I.

COllOH (1952). 
18 HUTPY3HU DeqeHrH 
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,D;uarpaMMa CRCTel\U>I Cu-Fe-S (pHC. 163, a) He yqHThlBaeT npHCYTCTBHJ[ 
B CYJIb41HAax Anyx- II TpeXBaJIelITHOro JIWJIesa. OAHaIW npHBeAeHHble Bhlm 
co06paJI~enHJI xopomo COfJIaCYIOTCJI H C AHarpaMMOH «COCTaB-napareneSIIC» 
CHCTeMbI Fe++- Fe+++- Cu-S (pRC. 163, 6). TIoCJIeAHJIJI ,o;Harpru.ma yqHTbI
BaeT nepeMennhlH COCTaB nHppOTHHa (BOJIHHCTaJI ROHHo,o;a). Ha AHarpaMMe, 
Y'fHTbtBaIO~eH npHCYTCTBHe ABYX- H TpeXBaJIeHTHOro JI{eJIesa, B paBHOBeCTIn 
C CYJIb41n,o;aMH MeAII MOJI~eT HaXO,o;HTbCJI nnppOTHH C nSMelI'UlBbThl COCTa130M , 
nOBTOllfY SAeCb BMeCTO IWHHO,o; npliUlOAJITCJ:I nY'll{H KOHHO,o;. 

Cucme.Ma Fe- Ni - S 

A. r. BeTexTHli (1951, 1953) npRBOAl1T Auarpru,lblY «COCTaB - napareJlC
SHO) CHCTeMbI Fe- i-S (pRC. 164, a), npnqeM COfJIaCHO COCTaBY nHppo
THHa (FeOS7) BTa ,o;narpaMMa COCTaBJIena AJIJ:I YCJI013HH BblCOlwro nap~HaJlh
Horo AaBJreUlUI cephl. Ha pHC. 164, a TOlII<H, OTBeqaIO~He COCTaBaM mlppo
TUBa, nenTJIaIIAHTU JI XUSJIeBYAFlTa, JIe»WT Ba OAHOH npHMOH JIHHHH. Ha aTOM 
OCHOBaluur A. r. BeTeXTJlTI salWJOlJaeT, 'ITO XHSJIenYAIiT He MomeT nCTpe-

Fe Fe'" Fe" 
~-------------------~ 

FeS 

a 

Puc, 164. ,[(llarpaMMbl coc1'as-lIapm' c ll e3 I1 G B CI1CTeM6 Fe- i-So Ni 3S4 - IJO;lllAU-
MIlT, F e Ni 2 S4 - MJIJlJl61JllT, Ni sS2 - X1I3J1eBYAllT. 

a - no A . r. BC'I'CXTIIIIY C AODOJIHCllJlRlIUt aUTopa; 6 - n CIICTCMe Fe"-Fe"'-Nl-S, Y'lIlTblllalOll\cii 11 3-
MCnemlfJ n HOlIl.\eUTpaI\1n1 cepbl B paC'TBOpe OPB l<pnC'TaJlJl II SaI\1U1 PYAHblX IDllICpaJlOU FeS, - IUJpll T, 

FeS-}!'e. 1-Fel~xFe;;:s - nHppO'fl1H, (Fc, Nt)._8 .• S. - nCJ[TJlaB):IHT, Fc IS - Dl10JlapIlT, Nl ,-
uanCllT Nt • • - nOlUl)l.IlJlntT, FcNI,S. - MllJIJlCPHT, Nt,S, - XIIBJlcnYAHT. 

1JaThCH D MeAHO-nHHeJleBblX PYAaX 13 napareBeSIiCe C nHppOTIlHOM. TIo A. r. Be
TeXTllllY, XI13Jl ny,o;IlT MO)J<eT BaXO,o;I1TbCfl B 60raTbIX BUHeJIeM 1JHCTO neHTJIaH
,o;nTOBbIX PYAax, Be COAept1~a~lIx IDIppoTHBa, UJIU B accoUHan.lul C lofIIJIJle
pIilTOM. 

B CDJIOllIDhlX CYJIb41HAHhlX Me,o;no-BHI~eJIeBhlX PYAax HaR60JIbmee pacnpo
cTpanenlic IDleeT llJlPPOTHH Fe9SlO- Fe12 13, a He FeGS7' TIpn TaH0101 COCTane 
IIIilppOTlma TO'IRH nnppOTJIHa, neIITJl3HAllTa .l1 XH3JIenYAHTa Be JIeJI~aT Ha oAHoii: 
npmlOll, npU1JeM XI13JleBYAIilT 1If0}HeT naXOARTbCR: B paBIIoBecnlil C MaJIOCep
HnCThlM nnppoTnnoM. 

Ha AI1arpaMMe Fe"-Fe''' - Ni - S (pRC. 164, 6) oc06enno xopomo BHABO , 
'lTO naparene3Flc «I1HPPOTRII- Xn3JIeBy,o;HT» B03MomeH npn UR3I<HX nap~HaJIb
nr.rx AaDJIeHIilHX cepLl 1'1 B BoccTanOBHTeJIbHOH cpeAe, HorAa n pacTBope npn
CYTCTsyeT nOQTll I1CI{JIT01JHTeJIbHO ,o;syxnaJIeHTHOe }l{eJIe30. 
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B anaJII1BI1pOB8nnOM o6paan;e OTCYTCTBYIOT ItaIme-JU1.6o AJICYJIb<PI1A:LI I1JTlI 
AH8pCeHI1AuI. ,I:(JIlI MI1RepaJIOB THUa RS 2 , RAs 2 ne XBaTaeT nu: CapuI, UH MhlIDb
lIRa. ,I:(JIlI anaJIH3HpOBannoro 06pa3n;a ne YRa3ano COAep}l{aRHe MarneTHTa, 
'leM BOSMomRO H 06'I>lICRlIeTClI H36:LITOR ~HeJIe3a n ueXBaTHa cep:LI )1.JISI )1.Hap

CenH)1.0B HJIH apcenOnHpTlTa. 

lIHPDT 

IIHpHT n ropnhlx lIop0)1.ax RaYJIuI H RaMMaIUlBH lIOJI1JeTClI BTopoCTeneII
RLIM JlfHnepaJIOM. B pY)1.ax OR BCTpe'laeTCH SRa"tJRTeJILnO pen{e, lJeM nnppOTHU, 
XaJIbIWnHpHT HJIH nenTJIaRAHT. Ha6mo)1.aIOTClI TpH THna Bhl)1.eJIenH'll llHpnl'a 

B pY)1.ax. 
XOPOIDO orpaHeHnhle npHCTaJIJIHIU1 Beml'lHHOH )1.0 5 MM B nOnepe'lHHK e 

'laCTO UPHCYTCTBYIOT Cpe)1.R <pllJIJIHTOB, B TpeIll;Hllnax cpe)1.n oPY)1.6neJIOH TeI<
TOHHlJeCROH 6peJ\lJHH H B nOCJIepY)1.H:LIX rJIHnHaX Tpennn, paCCeHaJOIn;llX 

CnJIOIDnhle CYJIL<pHAHhle PY)1.LI. Orpanennure npnCTaJIJILI nnplITa lJaCTO BCTpC-

o 
I 

2 
I 

3 
I 

y , 

PlIC. 165. j-l\OllBarHl nnpwra Cp~}.( I! aJIenpo.'llrroll. lloCToqllOO 
OpToaiiolJ. 

'laIOTCll B <pHJIJIllTaX BI\remaIOUl,HX 1I0pO.n; IlIlTPY3JlTl RayJIbI, B aJlOBpOJInTaX 
BOCTO'lHOrO 0pToaUBH. IlnpHT cpeAH aJIeBpOJIHTOB BOCTOlJIIOro OpToa:ii.BII 
nCTpelJaeTClI B Bli)1.e ~HeJIBalWn (pac. 165), CIWDJIemlir HpnCTaJIJIlllWB J<y6n

'leCIWrO H otJeRb peAI\O neRTarOR-AOAenaa.n;pntJeCIwro ra611Tyca. RpDcTaJl 

JIIUUl ImpJ1Ta H3 <pllJIJIJ1TOB RaYJIl)I B o.n;rITIX CJJY'Junx lurelOT <P0PMY I<y6on , 
YCJIonmerlHldX OHTaa)1.pn'leCHHJlHI rpaRlIJllIJ (pnc. 165), a B )1.pyrnx CJJ)'

lJalIX - <P0PMY OI{Taa)1.pOTl. 
M. B. ,I:(enncoBa (195L1 r.) OnHCaJIa DHpHT H3 ROTCeJIuBaap:LI (Ha OPYA('

ReJIhlX <pHJIJIllTOB, a TaHme JI3 0pY)1.eneJIhlX TeHTOIln'leCI<HX 6peI{lUIH, 3aJIC

raIOIn;HX B <pHJIJIJITaX H no IwnTaHTY IIDTPY31lBHLIX TOJI C <pHJIJIl1TaJl1U). B PY)1.ax 
ROTCeJIbBaapor , no )1.unUbTM M. B. ,D,enItC0130H, nl'1pUT B DpeoGJIa)1.aJOIlJ,CM 

'lHCJIe CJIYlJaen HlI1eeT <P0PMY I<y6oB, pS3l11ep nOTopLIX JWJIe6JIeTClI OT 0.3 
)1.0 1.6 MM. B ne60JILIDOM IWJIl'PleCTBe OTJIJelJaeTClI npIIII1eCL nnppOTIJlla H nll

PHTY· 
BLIAeJIenHlI ITHpHTS BToporo TIlITa upeACTaBJIenbI 60JIee MeJIJ<DM1i orpa

neHIILlMII I<pffCTaJIJIHHaMIl H HAJ10~roP<PIIbThIH 3epnaMIJ, BLIAeJIJl10lll;TUmCSI 

COBJlleCTIIO C I\aJIbn;HTOM B TpeIn;HHnaX Cpe)1.H CIJJIODIULIX CYJIb<PllALIX pY)1.. 
IIHpnT H3 TaIUlX amJIOI, HMeeT ltIIOH ra6I:lTYC, RpllCTaJIJILI ero pacnpOCTpa
BeII:LI npeDMYIn;eCTRenno B BHAe nenTarOH-)1.0)1.el,aa)1.pOB. HaI:l6oJIbDIee pa3-
BOTHe nnpI1TO-Hap6oHaTHJ,fX ~l<HJIOH 6bIJIO BCTpe'leIIO na YlJaCTI<e CI1JIODInLlX 
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CyJIhlPQ~\HWX BhlAeJIOmtlr ua KaYJlc. KaJIbn;HT S TaRUX }'HlIJIHax. llepe;:vw 
HapaCT80T na rpaHJ!( llIIpHTa B BHp,C CI{aJIeROap,pII'IeCKHX I{ pUCTaJIJIRIWB pa3-

MCpOB 11,0 0.5 Ml\! n llOllOpe'lIIlute. 
rJlaBIIan Macca llI'rpnTa cpep,II CYJIblPRp,llbIX (cllJIOmHblX II OpeR'IHeBR.n;Hblx) 

PYA npep,CTaBJIeHa J3TOPIf1IJlbTh!lr oopasOnamULMH, pasBHBaIOID;HMlIcn no Tpe

ID;HTIl{aM IT IIO IWHTaRTY nepOl1'lIIbJX CYJIb<PHJJ;HbIX lI1HHepaJIOB no.n; BJIU1IHHeM 
HaJIO,l<eHHbIX npo~eccoB. Memme sopna llHpHTa B pyp,ax OObl'IHO pacllo
JIaraIOTCfI nOJIOC~lMH H n;enO'lIWMH, I{oTOpbTe IIapaJIJIeJIhHbl TpeID;HHRaM B pyp,c. 
Cop,epmaIIHe IIRpIITa B CIIJIOnmLIX cym,<pHJJ;HhlX pyp,ax nepe.n;Ro p,OBOJIbHO 

BhlCOlwe (p,o 40% B OTp,eJIhllhlX yqacTltax). BTOPH'lHhlll nHpHT conpOBO

iHp,aeTCJl nepeRpnCTaJIJIH30BaHHbThf OOJIee cepIIHCTbThl IIHPPOTHHOM (rJIaBa 22, 
CTp. 248). BblAeJIeIIlU[ IIIIpftTa TpeTbero Tllna npep,CTaBJIeIIhl lI1emUIMH (OT 
ThlCfPmblX p,o p,eCHTLlx p,oJleii lIIHJIJUtMeTpa) Jilp,UOMOP<PHbThHI 3epHa~Hl . 

BhlllIe OhlJIO OTlIe'leHO, 'ITO l<pHCTaJIJIhI lUlpHTa B pa3JIH'lIIhlX pyp,ax II rop

BblK nopop,ax IIC'l.eIIrrr OOJIap,alOT pa3JIlf1IROll orpaIIl{oH - pa3JIH'lIIbIM raOft

TYCOllI. 
B. A. KOII~l(R (1949), r. K. AoP,YJraeB (1957) 1I p,pyrue nOI<aaamr, 'ITO 

B npep,eJIax rllp,pOTepMaJIbllblX MeCTopO'Kp,emIll B paSmr'lHhle CTap,UH IIpO

u;ecca YCTOiPIrulI..t Te ITJIU l1l:Il>Ie <pOPMbI RpnCTaJIJIOB. B J3bICOROTeMnepaTypIlble 
CTap,UH IIpeOOJIap,aIOID;Ce pa3BUTue IThleIOT 1\y6 ]I ORTaap,p, Torp,a l{aR neHTa

rOII-p,Op,eI{aap,p (210) H TeTparou-TpHoHTaap,p (211) HMeIOT BTopOCTeIIerrIIoe 
pa3BUTue. B cpeAueTeMuepaTypHhle CTap,HU npeoOJIap,aeT lleUTsrOH-p,op,e
[{a:>.n;p (210). Y IIU31WTeMIIepaTypIIoro IIHplITS llpeOOJIap,aeT Hy6 (100) H pe,l, e 
neUTarOII-p,Op,e[{aap,p (210). 

PaccMoTpellIle nuplITa 1I3 UqOHrCIUlX UUTPY31IM YJlbTpaOCUOBHblX I'0PUbIX 
1I0POA lI1eCTOpOi!<p,enHu IIOl{a3bIBaeT, 'ITO UaHOOJIee 1I1I3HOTeMIIepaTypHble o6pa-

30naHlIJI IIIIpHTa B HIIX TaIOI,e XapaI<T0pII3YIOTCfI <popMaMII Hy6a H IIenTarOH
p,o~eI<aap,pa (BoCTO'lIIOe OpToalilHl), a l{pOMe Toro IW 161IIIa~lUIMH Ity6a 
l[ OI<TaJp,pa (lPHJlJIliThl BMeID;aIO~JiIX 1I0pO.n; HHTpy3HH Kaym,I II I\ar.IMHI<HBH). 

ITnpiiT 113 IIJ1PUTO-I{ap6onaTnblX }KllJJOH, pacceI,aIOIIVIX CIIJlOmnble CYJIb<PU)l

I1bro PYAhl, q6pasoBaJlCfI npn OOJIee BhlCOI<llX TeMIIepaTypax, 'leM nHpIlT 
B <plIJIJIUTaX, 0 'leM C13nAeTeJIbCTByeT CpeAITeTOllmepaTYPIIJilIr ra6IlTYC I{pHCTa.'l 
JIon DlIpnTa (210). 

B MIIIIepaJIOrH~lecI{Qu JIllTepaType (,D.)-I<. ,n;. ,Il;ana 1I p,p., 1950) YRa3bI

aaeTcn, 'ITO p,o CUX IIOP IIe1I3BeCTHhl UpeAeJIbl U30MOPlPDOii: CMeClilMOCTH 
If eJIe3a U RHI{CJIH B HHI<eJIJICTOM nIIpHTe. Tall! ~Ke rosopIITCH 0 TOM, 'ITO , 

1303MO}lmO, CYID;ecTnyeT HOJIIIaH 1130MOPlPIIaR: cepHH OT mrpHTa Fe 2 p,o 6pa
BOliTa F 0 j 2 U p,ame ~o BaaCHTa i8 2 • 

B pa60re r. C. rpnn;acRHo, H. H. CnYP,ClwH n H. K. Aii:p,llHhIUI (1953) 
ua OCllOBanIlII peHTrenOMeTpR'leCKOrO anaJIR3a BhlCKa3hlBaeTCH IIpeAIIOJIO
i l,omiC, 'lTO n YCJlOBUJlX TeMIIepaTYP IIe 13bIme 80° C cyrn;ecTByeT pa3pbI13 

13 U30MOP<PIIOii CMeCUMOCTU Fe8 2 1I i 2, orrpeAeJIFlIOm;eiicH rpaHEr~eH OROJIO 

FeoA l i o.o8 2: 
8. H. EJIIICeeBbThI (1956) OhlJIO IIORa3ano, 'lTO y npnpop,HhIX IIUPHTOB 

B llllTopllane Men<p,y IIIIPHTOM Fe2 II 6panoliToM Feo.sNi 0.582 H30MOP<PHaH 
CMeCllMOCTb HHI<CJIH II meJIe3a OTCYTCTByeT, B pe3YJIhTaTe 'lero B IIPHPOp,HbIX 

YCJIOBlIHX lIO oopa3YIOTCH IIlIplITbI C IIpOMemYTO'lIihThi COCTa130lll MO}l{AY IIHpH
TOM II 6paJ301ITOllf. 

B CBH3ll C aT1IM 3IIa'lllTeJIbHLIll HBTepec IIpe~CTaBJIHIOT AalUlbIe 0 XHMH'leCHOM 

COCTano nnpUTa li3 RUTPY3RU YJIbTpaOCIIOBRbIX ropIIhlX nopo~ IIe'lenrH, 
TeM 60JIee, 'lTO p,o IIaCTOHID;ero BpeMeRH HMeeTCJI O'leUh MaJIO AaHHhlx 0 

XIIMII'IeCKOlll COCTaSe IInpuTa H3 pYAonpOf(BJIeHH~1 MOUqe-TYHAPbI n 
IIeqenru. 

1 '" 
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T a 6 JI II ~ a 27 
X~IAJIJ"cCKuii COCTaa nUplJTa (a acc. %) 

COCT31l 2 3 4 5 

Fe 44.1 44 .85 45.04 42.3 46.54 
)Ii 0.00 0.Q7 0.27 0.00 -
Co eJlO)l!>1 CilM1;d Crre,o:hT HU'ITO){Whle -

cneALI. 
eu 0.02 0.04 0.19 - -
S. . . 51.22 52.25 51 .70 47.16 53.54 
HepacTnopnMr.lii OCTa-

TOI{ 4.35 2.85 2.80 - -
Si02 - - - 4.70 -

120 3 - - -. 1.32 -

CY,IIMa. 99.77 I 100.06 I 100.00 I 95.56 I 100.00 

YAeJIbHblH Bec •. 4.915 I 4.963 I - I 4.80 I 5.02 

8a 6w~emO.M npu.lt~eceii u nepec'tema peayltbmamo6 Ha 100% 

Fe .. , 46.31 46.18 46.75 , . 46.75 

I 
46.54 

S .. 53.69 53.82 53.25 53.25 53.46 

Beltu'tuna pe6pa ao 8M.It~eHmap1-tOU Jl.'teiilCu nupu.ma 

ao (Il kX) { I 5.413 5.411 5.412 
5.416 5.406* 

II P II M e q a Jl IT e. 1 - H3 anCnpOJlHTOB BOCTOqnOe 0pToailull; 2 - r<puCTaJlJIbI T13 
<plmnr1TOll a~16l1l,aIOI1l,IIX DOpoAIIIITpy3THI YJlbTpaocnoDHblx nopoA Kaym:,(MaTepna., 113 HOJI
JleKqnir l\f. B. AeHrICoooii); 3 - [f3 nUpJJT-I(anbqnToBblx munOK, pa('ceIW 10U\I1X 
CnJlOUIlibIe CYJIb(~[f,o:lIble PYAbl, l\ayJIbI; 4 -113 T(OIJTal(Ta PYATJOro TOJIa C <pIIJIJIIiTaMfI, 
I{oTcCJJbBaapa (no M. B. Aenllcolloii, 1954 r.); 5 - TeOpCTIl'1eCKllii C()CTRB Dnpl1Ta; 
3Be3AO'lJwii OnJe'lelI pa3Mep sneMonTapuoH lI'IoiiJm nlJplITa, no l\eppy (Kerl" '194.5). 
AJIn DllpllTa 113 KOJIOpaAO. 

Xl1£MU'IeC}WMY anaJIlI3Y ObIJIU nOAueprnYThI nrrplIT.bI TI3 DMo~aIOm;nx 
nopOIl; - )1[3 CP)1[JIJIIfTOB ]I aJIeUpOmiTOB (aHamI3bI 1, 2, 4, TaOJI. 27), a TalOi\O . 

nHpl'ITa 1I3 llIipIITO-l\aJlbD;rrTOB.bIX npOnUIJII OB, paCCO}(aIO~llX CIIJIomnhIe 

CYJIbcpIIAH.bIe PYAbI (arraJIH3 3, TaGJI . 27). 
Yll;eJIbH.bIH: Bec ne'IeHrCI<HX nllpHTOB nOCIWJIbIW 3anRmen no oTnorueulIIO 

.}{ TeOpeTIPIeCI<0ll1Y sa C'IeT npIIMeCH uepaCTBopmfbIX ClIJIlIlWTIIhlX Mliluepa
JIOB. 

B nnplue Jl3 OCaAO'IHO-lIfeTallfop<pH30BannbIx nopOA (<pUJIJIIITOB H aJJenpo

mITOB) ne oOHapY>I<eno mmOJlJI. MaJIbIO I<OJIH'tJeCTBa Hlifl<OJIfI OLJJIll oonapy
meUbI B IIHpIUC II3 nHpHTO-HaJIbD;HTOBbIX nmJIOH, XOTfI aTH }l<TIJIlm pacceK8TOT 

CYJIb<pI1AHble PYA.bI, I<OTOP.bIO cOll;opn,aT ,1\0 10 % IIHROJIfI. TaHufI cYJIh<PI1A
BafI PY,I\a npnr.repHO na OAHY TPOTb COCTOl1T lI3 nopcpIIpoBIIIl;II.bIX 3epen oeUT

.JI8nAI1Ta paSMepOM 0.5-1 CM. HOCMOTpa na TO 'ITO nlIpllT B aTOM CJIy'l8e 

o opa30BhlB8JICH cpeAH 60raT.bIX nR},CJIeM PYA, B 110M npUCYTCTUYIOT JIUmb 
HlIQTOnHible I<OJIII'IeCTBa IIlmOJIfI (0.27 %). 

CXOAHbIO pa3J\fOPbI aJIOMenTapUbIX fI'IeeI( nIIpFlT8 lI3 <pUJIJIIITOB, aJleBpO

:mTOB 1'1 li3 CYJIbCPH,I\HbIX mHJI (TaOJI. 27) YI<a3blB81OT na TO, QTO npFlMeCb 

lIIu<eJlJI B nnprfTC HO HBJIHeTCH I1301ll0PCPIIOH II DLJ3Bana IIPUCYTCTBI1eM neIIT
JlanAI1Ta. 
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PeaYJlbTUThl lfCCJleAOBanHfT ne'lenrCI<HX DnpHTOB CBHAeTeJIbCTBYIOT 0 TOM, 

TITO, BO-nCpBhlX, CYIIJ;CCTBYCT OrpaHJ!lIeHHaH CIlfCCHMOCTb HHReJIH II )I<eJleaa 

D npnpOAlIbJX DHpUTaX n, BO-BTOPhlX, )I.JlJI 06paaOBaHllH HHIWJIllCTOrO mlpHTa 

II 6paBOllTa lIe06xOAl11IJhl aDa1fHTeJIbHO 60JIee BhlCOIme I\olI~eHTpa~HlI HHI{eJIll 

B paCTBOpC, 'leM STO I!lMeeT ]\feCTO B TpCIIJ;llIIRax cpeAll 60raTr,IX neHTJIaHAllTOM 

CyJIbqltlJ.{JIhlX PYA. 

MJIbMeHlIT 

I1JIbMennT lla paaJllltIlIhlX I:JHTPY3I1U IIe'lcHrH, no AaHHhll\I HCcJIc)I.oBaHD1( 

,il;eHBcoBoii, OTlIOClITCH 1\ mCJIY aR~eccopHbIX MllIIepaJIOB roplIhlx nopoA. 

COrJIaCHO aTllM AalIlIblM, HJIbMCIIHT B 0pYAelIeJIhlX cepneHTlIJIlITaX, nO-BllAJI

MOMY, HBJIf.!eTCf.! «peJIHRTODIDf MnnepaJIOM nepllAoTllTOB» (,il;eIlHcoBa, 1949 r . ). 

B 60JIee noaAlIllX pa60Tax aTOT mc aBTOp OTMe1faeT ABe <pOpl\Ihl BhlAeJIelIHJI 

HJIbMelIllTa: B BHAe caMOCTOHTeJIbnblX 3epen lIenpaBllJIblIOH <pOPMhl, pacno

JIOmenlIhlX B npOl\!en<YTI{aX Mea<AY 3eplIaMIl THTanOMarlIeTHTa, II B BH)I.e 

BI{JIIO'lenIlll B TI!ITanOMarneTllTe (HaT( npOAyI{T pacna)I.a TBep)I.oro paCTBopa). 

8TIl ABe <pOPMhl Bhl,neJIenIIf.! llJIbMenlITa OTIIOCf.!TCJI I{ AByl\[ reHepa~HM l!IJIb

lIIelII!ITU. PaaMep sepeH llJIbMeHl!ITa BO Bcex CJIY'laHX He npeBlJ1IlaeT, no ,il;eHH

cOBoM, 0.4 MlIl (no AanHLlM 1949 r. - OT 0.04 AO 0.4 MM; 1952 r. - OT 0.002 
,no 0.25 mI; 1954 r. - OT 0.02 AO 0.3 MM) B nOnepe'lHI!IRe aepHa. TaRI!IM o6pa-

30M, DHJIIO'1elInH HJIbMenllTa )I.O Cl!IX nop 6hlJIl!I l!IaBeCTlIhl JIHmb l\llmpOCI<O

nJ!lIeCfO'lX paSl\IepOB, npH'leM 06paSOBaHIte ::noro r,nmepaJIa OTHOCl!IJIOCL 

I{O Bpel\femr BosulIHnonenl!lJI aR~eccoplIhlX Ml!IHepaJIOB H3Bepa<elIlIhlX ropHbIX 

nopOA (AO CepIJelITUHlIaa~l!Ill) . 
IIpl!I lIayqenUU MI:JHepaJIOrllll IIe'lelIrCl(I!IX lllITpyallll YJIbTpaOCIIOBHblX 

1I0pO,n naMll cpe,nIl opYAelIeJlhlX cepnelITI!IHlI.TOB 6hlJI BCTpe'leH 'lepHhl:H MllHe

paJI co CMOJIlICTbrM 6JIeCHOM. MI!IHepaJI 6bm o6Hapymen B CnJIOmlIhlX cyJIu

<pI'IAllbIX npo»{I!IJmax, paCCeRaIOIIJ;HX CBJIblIO opy,nelIeJIble CepnelITl'IHHTLI. 

OT,!I.eJIblIbre nJIaCTllmm 1fepHOrO MHlIepaJIa AOCTHTaJIH paSMepOB )I.O 5-6 Mbl. 

IIJlaCTlIUHH ,)Tn B MeCTax nepe)l{IDI0B CYJIb<PnAlIhlX npO,RHJIIWB OI(aaaJIHCb 

u30rnyThlMI!I. 

06na pym'enl1e neo6hl1fHo:H acco~a~I1H (cy JIb<PllAhl+ 'leplIhl:H Ml!IHepaJI 
CMOJITICTOrO 06JlDl(a) nOCJIY}RHJIO OCllOBaHHeM AJIJI 60JIee ,neTaJIblIOrO Hsyqe

lIl!IH aToro MHIICpaJIa. CneHTpaJIbnbIM alIaJIHSOM 6hlJIH 06uapyn<eRbI JIHTeR

CHBlINe munm THTalIa n 3JIeMeHTOB, IWTophle f.!BJlR'IOTCH 06hl'lHhlMH ,lJ,JIfI 

cepnenTllIInTOB (no-BI!I,nH1I10MY, MaTepl!laJI ,lJ,JIH CneI{TpaJIbllOrO auam1sa lIe 6bIJI 

AOCTaTOtmO mCThlM). 

IIPII MIII<pOCl<onll'leCKOM paCCMOTpelIl!IU 'lepnhIii lIIllHepaJI OI(asaJICH 

(no xapaHTepy OTpa,I<aTeJILIIOH cnoco6HoCTH H ABYJIyqeoTpamemm) HJIbllfe

IIHTOM. 

,il;aHllhle peUTfOnOrpaMM nopomRa 3Toro MIlllepaJIa alIaJIOr~Hhl peHTrelIO

rpar,n.mM llJIbMelIIITa us I Dl!IHCI!I, MacCa'lyseTca (AaHlIhle BSHThl H3 peHTre

HOBCHoro OllpeAOJIHTeJIJI BOJIAhIpeBa H Ml!IXeeBa, 1938). 
BeJIl!I'lIIHhl MenmJIOCHOCTRNX paCCTOHHH:H IT llHTelICI!IBlIOCTH JIHHH:H 

UJlbMelIITTa ('lepnoro CMOJIHCTOro Ml!IlIepaJIa) OI<aSaJIITCb H,nelITl!I'lHIDHI I!lJIb-

lellHTY. ,il;onOJInHTeJIblIble JIHUHII na pelITrelIorpallUle I!lJIbll:!eHHTa PYAO

lIPOJIDJICUHH RaYJIbI (3.034; 2.809; 2.468; 2.091; 1.903; 1.661; 1.617) 
nOHBHJlHCb sa C'lOT P-I!ISJIY1feHI!IH. ,il;JIH 3TaJIOna npHBeAeHhl JIImIb JIl!IHI!II!I, 

06lIapY,lmBaoMble B OT<pHJIbTponalIHoM H3JIyqeHHI!I. PaccMOTpeHl!le pelITre

uorpaMMlll nOl{aShlBaeT, 'lTO MaTepl!laJI AJIf.! peHTreHOBCl<oro alIaJIll3a 6hlJI 

oTo6pan HCHJII01fllTeJIblIO 'll!ICThl:H. HeCHOJIbHO lIeo6hl'lHOe SHa'lelIHe MeiI\

UJIOCHOCTlIoro paCCTOlllIIlf.! 6hlJIO nOJIY'lelIO AJIJI nepBO:H JIl!IHl'Il'I (4.'14~ 
BMeCTO 4.50), 'lTO lIyn<AaeTCSI B AOnOJIHI!ITeJIbHO:H npOBepRe. 
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MaI'HeTUT 

MarneTnT II PY,ll;aX MeCTOpOn(,ll;eUUH nOCTOHnuO COnpODQ)J{,ll;aeT CYJIb

CPU,ll;hl, O,ll;UaTW HOJlUqeCTDO aTOro MHlIepaJIa 06IUqflO UeneJInRO. Paa~fep 
epeu pe,ll;IW npeBhlTIIaeT UeCIWJIbKO MJIJIJIHMeTpon B nonepeqnJII,e. He60JIb-

1l10ii paaMep aepeu MarneTHTa D PY,ll;ax ue nOanOJIHeT USyqn:Tb aTOT MUnepaJf 

no Bcex TllDaX PY,ll;. ,Il.mI lIelJ:eul'rr B JIHTepaType IIsBeCTen JIHTIIb 0,ll;1IH xmm
~[ cmIlr aIIaJIH3 Jl[arueTHTa (11.30% cephl, 0.90% UHReJIH H 0.80% 1I1e)l;11). 

110 anaJIII3Y r. B. XOJIMOlla H ,II.. A. illJIJILnHIWBa, D neM CO,ll;ep}J{aTCH npu

lIIecu TlfTaUa (1.10%), OImcu xpOMa (0.94%), IHUla,ll;HH (0.19%). ,Il.JIH IICCJIe

):(OBauuoro 06 pa3T~a TaM >J"e npUBO,ll;HTCR: pe3YJIbTaThl penTrenOMeTpJIqeCJ{oro 

n3YQenUII. 
BMeCTO nUTeUCHBHhlX muun 2.516, 1.475, 1.605 U }.!,pyrnx B HHCTllTYTe 

rIIrrpOHHReJIL onpC,ll;eJIeHhl JIUIIUU cpe)l;Hei1 lIHTenCIInnOCTII. 3HalJ:eHJIH Me}R

IIJIOCIWCTHhlX paCCTOR:lru:i1 Y lIfarneTJITa, no onpe}.!,eJIenHHM HIICTTITYTa rHnpo

UHI{eJIl:', OTJIJIqaIOTCH OT ,ll;aHHbIX, T13DeCTJlbIX B JIHTepaType (BOJI}.!,hlpen 

11 Muxeen, 1938). PaCXOfH,ll;eHIIe B SnaqeHDHX penTreHOMeTpHlJeCRlIX BeJIT1lJIm 

(JIHTeHCHBHOCTTI JIJIHHH JI lIfeamJIOCROCTHbIX paCCTOllmr:i1) }.!,JlH lI1arHeTlfTa 

MeCTOpOlR,ll;eHIIII I{aMMHlmnli Tpe6ycT ,ll;OnOJIUUTeJlbUoii npOBepRH COCTana 

:)Toro lIumepaJIa. B CBJ'ISH C aTHM B03UHJ{aeT nonpoc, B I{aIWl\I BI1,ll;C npUCYT

CTBYIOT THTau, BaHa,ll;HH, XpOM, Me}.!,b, HIII{eJIb? 06paSYIOT JIll aTH aJIeMeTIThf 

l1aOMOPCPUYIO npHMeCb HJIn npHCYTCTBYIOT B nu}.!,c caMOCTOflTeJIbHhlX lIfHnepRJIOB 
(IfJTbll1eHHTa, CYJIbnaHHTa, xpOMHTa, neHTJIaH}.!,l.lTa, XaJIbROnl1pUTa H T. }.!,.)? 

l l.ll1 peTIIeHTlII 9Toro Bonpoca He06xo}.!,HMhl }.!,OTIOJIHUTCJIbHbre }.!,aaflhle, nOJI y 

q fIRhle Ha ql~CTOM MaTepllaJIe. 
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IJOCTEPJilOPllbJ E MJilHEPAJIDI 

1l0CTepIIopnMe lIHIUepam,J ropIIhlX nopo}.!, npe]{CTaBJIeHhl allfcpT160JIOM, 

X.'lOPHTOM, TaJIblWlII, cepneHTJ[HOM, JIeUROl{CeH0ll1, I,ap60HaTallHI. 

AlIICPH60JI npe}.!,CTaBJIeH HeCROJIbRHMH pasHOBIIWIOCTJIMlI: 1) IWpJIlJ:IleBOii 

THTaHHCTOH pOrOBOH: 06Mamwf[; 2) TeMHO-SeJIenou poroBoii 06MaHRoii; 

3) CneTJIO-SeJICHW! aRTHHOJIHTOM; 4) 6ec~BCTnW{ TpeMOJIHTOM. 

XJIOPHTLI J'I13JIHIOTCII naH60JIee cJIa60 IIsyq:ennhlMlI MHlICpaJIalllll B Me,ll;HO

IIIlKeJIe13bIX lIfeCTopon,}.!,emIIIX lIelJ:elIrH. t~o CHX IIOP IIeT }.!,OCTOBepHbIX aHa 

JIllSOB aTHX MHIJepaJI013. lIo OIITHlJ:eCI,lIM C130HCTBaM 13hl,ll;emrrOTCH CJIe,ll;YIO~lle 
paSH013H}.J,HOCTJI XJIOpHTa: 

a) lJ:emy:i1lJ:aThlU XJIOPJIT SeJIeIIOrO ~BeTa C aHOMaJIblIWm queTaMII IIHTep

<pcpeH~HJI, paaUH13aIOID;JiIilcn: sa ClJ:eT nHpOI{CeIIa JI 6JiIOTHTa; 

6) IIJIaCTMHlJ:aThlU XJIOPHT a,eJITO-opamI{e130rO ~BeTa C peSKO DbIpan,en

IILIMJI nJIeOXpOUSMOM (OT rOJIy6013aTO-SeJIeHOrO IIO Ng }.!,O JIPIW-30JIOTHCTO

opaH>Renoro IIO Np) C He06hllJ:HhllII BhlCOI,HlII }.!,BOHnW[ JIyqeIIpCJIOllfJIeHJIeM. 

BOJIee }.!,eTaJIbIIO JIsyqeH ccprrenTHH JI TaJIbl{, OIDIcarrHe ROTOPLIX npJIBO

,ll; IlTCII HH)Re. 

BCTpeqaeTCf! aRCHIIHT (nanpHMep, 13 !,Bapqeuo-aRcHnHToBbIX n,HJIaX cpe~T1 
r a66po). 

CepneHTHH 

CepIIeHTJIH OTHOCl1TCJI }{ O,ll;HOi1 JIa naH60JIee BafHHhlX na MeCTOp01I<}.!,eHIDr 

f'pyaII MlIHepaJIOB - MarHe3IIaJIbHhlX rH}'!'poCHJIHI,aToB. B. H. JIO}.!,O'lHHKOn 

(1936) B l'JIane 06 060SUaqeHHH cepneHTlIHonhlx MHHepaJIon YRaSLIBaJI Ha 06H-
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JIl1e HaJUUllHHX TepMHHOB B noil rpyune lvHIHepaJIOB. JIo~O<JHlmOB BbT~eJIHeT; 
XpUaOTHJI, ac6ecT, aHTJIrOpIIT, 6aCTHT 11 cepnOcJ!JIT. 

r. C. rpm~aemw (1944) npJI OnliCaHJIli lIfarIIeaJIaJIbIIbIX II lIJarHeaHaJIbHO
IIU1<eJIeBLrX rII~pOCJIJIIIK8TOB AKKepM8HOBCJWrO MeCTOpO~I<).{eHHH Ha IO~KHOM 
YpaJIe K rpYTIIIe cepIIeHTHIIa OTHOCHT: XPII3OTJIJI, aHTnfOpJIT, XpJIaOTHJI-
8a6oCT II cepuocJ!HT, a TaRme IIJIReJIlICTble MUHepaJIbI - n;eplIraTTHT, peB
~UHcrnIT, ~eDeHJIUT U HlmeJIenbIH AeBeHJIlIT. 

M. ItI. rnu36ypr l[ JtI. A. PYI<aBHIllHIIIWBa (1951) B u;eJIOM nOBTopHIOT 
RJIaCCHIPUI<a.u;lllo, npep;JIo>l<ennYIO rpHD,aeHlW, op;naRO nop;paap;eJIOHIle na MHHe
paJIbUtiIO DHP;bI II Bf:Jp;eJIemre 9TH X MHHepalIbIIbIX BHAOD n rpynuhl I1pOBeAeIIO 
IIep;OCTaTO'IlIO "tIOTHO. 

MIIoro06paaTlO cJ!OPM npOHBJIeIIHH MHHOpaJIOD cepneIInmOBOIr rpynITbI, 
06paaOBaIIue JI.teJIIWaepIIllCTblX, a JIIIOrp;a U reJIe06paaIIblX Macc, IIaJIU"tIHe 
nOCJIep;yIOIII,IIX l[aMeIIeHUH cepaeHTUIIOB JI IIaRoneD, HalllOII'IJIBOCTb CBOHCTB 
II XlllIIll"tIeCROrO COCTaDa ::>TUX l\urnepaJIOB BnOCHT 60JIbffivre Tpyp;nOCTH B I1X 
JiI ayqeII He. 

XpUaOTHJI paaBJilBaOTCJI no OJIHBllHY 1I B CBOro O'IepeAb nOABepraeTCJI nOCTe
puopnblllI ll3MeIIenlll'Thr: OTaJIbROBaIIUIO, XJIOpHTUaaU;UH, J<ap60IIaTHaaD,lUf. 
llp0D,ecclJ llaMeIIeHllJl XPH30TUJIa B 30ne nmepreH03a B MOCTopOH<p;eIIHII 
RayJIa nOJl:a eIIl,e no 6blJIn BCJ<PblTbI. 

AnTIrrOpUT paalll.1.BaeTCJI no OJIHBliny JI TaI{iJ<e BCTpe'IaOTCJI B BJIp;e CeIty
~UX nopOAY npO}[<IlJIROB, npH'IOllf B aone CYJIbcJ!Hp;noro opYAonemIJI IIopeARO 
OTMe'IaeTCR npomnmosenne CYJIbIPUP;OB BP;OJIb yp;mmeIIIIIJX - meCTOBaTbIX 
RpnCTaJIJIOB aIITltrOpnTa. 

XpnaOTllJI-aC6eCT n MeCTOpO}l<p;enun pacnpOCTpaIIen B HeaHa"tIHTeJIbIIOM 
1 0JIll"tIeCTSe B Bap;o }1\UJIOH, p;OCTHraIOIII,HX 3-4 ClIl MOIIl,IIOCTbIO. ArperaTbI 
xpnaoTrIJI-ac6eCTa - TOHl<ODOJIOl\HllCTbIe. BTOPU'IIIbIX llaMeneIIUK B xpuao
TIIJI-ac6eCTe ne 6blJIO o6napymeHo. 

Cepno<pltT BeCbMa pacnpOCTpaneII n MeCTopOH<p;emUI. ~BeT ero 06hf'IlIO 
6YTbIJIO'IRO-aeJIeIIblH, op;naRO B 06paan;ax, nopep;anHhlX naM P;JIJI nCCJIep;o
BaHllH M. B. ,[(enuconOH B Ra"tIeCTne HeUBneCTHoro lIIllnepaJIa, cepnocJ!UT 
()UJIap;aJI lIfOJIo"t{ll0-6eJIhlM D,SeTOllL ArperaTbl paaBIIBalOTCH no TpeIIl,HllR81If 
B Rap6oHaTnoii n<1me COBMeCTHO C BOJIOI(HUCTblM CYJIblPl'lP;HblM ~mHepa
.1I OM. 

CepneUTUll (06paaen; M. B. ,n:enHCOBOH) 6hlJl llop;BeprnYT xrurH'IeCI{QMY, 
e.neHTpaJIbnOMY, penTreIIOMeTpH'IeCI<OMY JI TepMlI'IeCROMY RCCJIep;OBaHUIO. 

Xrom"tIeCRHll auaJIlla cepnenTHna npnnop;UTCJI B Ta6JI. 28, TaM }Re npu
DOP;lITCSI nepOC'IeT XIIII1ll'IeCRorO COCTana na cJ!0PMYJIY MHHepaJIa. ITo XHMII
<JeCIWlI1Y COCTUBY nCC1IeAOBaIIlIblIr 06paaen; OTIIOCUTCJI H 60raTOMY llieJIeaOM 
e.epneIITlIHY (Fe20a - 5.97%). Yp;CJIbHblH BOC MHRepalIa IWlIe6JIeTCJI B npOAe
JIax 2.5- 2.7 Y lICCJIeAOBannoro o6paaD,a - 2.61. 

B JIIITOpaType npn nCCJIeAOBanllU cepnenTRIIOB OTMe'IaIOTCH CJIep;yIOIII,ue 
TepMU"tIeCHlle OCTaHOmm: 120° - IIOIITpOHUTonafI; 180° - rnp;paTa ORUCR 
meJIoaa; 250- 260° - reTlITHaJl; 280° - rIIp;paprnJIJIUTonaJl; 400° - 6py
e. UTOBan; 480° - rnp;paTa Sam,ICIT H<eJIOaa; 650° - naJIyeBuTOBaJl; 700°
:meeBlllwuan; 850° - 0PTOXJIOpUTouaH. 

TepMll'IeC1\nO OCTanOB1\lI OAnoro U Toro }I{e MHllepaJIa JIa paaJIH<IHblX 
lecTopomp;omnl B aUa"t{llTeJIhnOH CTeneIIlI U3MeHJlIOTCH . TaI{, OPTOXJIOPJI

TOSaJl OCTallOBRa AJIfI pa3JIH<IHbIX 06paan;on cepneIITIIHon YpaJIa, no AanHbThl 
11.. JtI. rUJi36ypra IT n. A. PYI{aBUllIHHRoBOii (1951), ROJIe6JIOTCJI B npep;elIax 
773-800° C (npoTnD cTanp;apTHOH TeMllepaTypbl - 850°). B o6paaD,e cep
llenT1IIIa ll3 HaYJIbI aTOT :maOTepMU"tIeCRHH acJ!cJ!eHT na6JIIOAaeTCJI npll Tellme
paType 805- 810° C. 3~[eeum{QBbI:i1: 9H~OTepMU'Ieclm:ii: acJ!cJ!eRT P;JIJI paBJIU'I-
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Si02 
Ti02 
AltOa 
Fe203 
FpO 
MgO 
CaO 
11 20 
11 20 
n . D. 
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Ta6Jlllll,a 2 
XIIMU'ICCImii anam3 ceprrenTDnu (ccpDolf>nTa) 

O,,""~ 
1 

Bec. % I MoneRYllRpHoe 2 
HOllll'lCCTDO 

41.88 6972 41.58 
0.00 - -
0.28 2 1.02 
5.97 374 0.07 
- - 9.06 

37.62 9825 34.01 
0.31 52 0.37 
0.11 - -0.59 
1.06 588 -

n. 12.83 71 2 -

CYMMa. 100.06 I I 98.27 
<DopMyna ... I 3 (Mg, Fo)O . 2.17 S102' 2.22 11 20 

IT P l! M e q a n 11 o. 1 -l\ayna, o6p. 520 nepeAan A1UI nccno
l\OBaIUIH M. B. ,JJ;enncoBoa; 2 - 06p. lIS RaynLI (1'11. B. ,D.c
JutCOBa, 1940 r.). AllamlTBH B. r . 3anlHaiiQen/w (XlTMI1'le
CKal{ na6oparOpl1lI l\O])[,CI{orO <I>JTJIHana A H CCCP). 

HLIX oopas~on TaIOKe npOHBJIHeTCH npu paSmPIHLIX TeMnepaTypax (OT 633-
655 0 C ll.JIH oopa3u;oB "YpaJIa II 700 0 C - CepneHTHHa RayJILI). 

IIpoHBJIeHHe npH pa3JIHlJRLIX TeJlfIIepaTypax aK30TepMIftIeC1mx H aHll.O-
1'epMIftIeCKHX a!fl!fleKToB y 00pa3~oB ceplleHTHHa H3 pa3JIH1JlIbTX MeCTOpo
H<ll.eHJ.di OTpa}RaeT lIepeMeHHLIii: COCTan 9Toro Jl1HllepaJIa. B03MO>KHOCTb TaRoro 
113MeneHITH Mon<no npOCJIell,HTb XOTJI OLI Ha acoecTax, IWTophle nOll.pa3ll.e
JI1IlOTCH Ha TpH rpYIIIThl B 3aUHClIMOCTH OT COll.ep}J<anHJI BOAhl. Pa3JI1I'lIIhle 
IIOArpYIIIThl acoeCTa COll.epmaT, IIO r.menHIO rUHs6ypra IT P YJ(aBllIIIHHJ(oBOll, 
4, 14 H 20% BOll.hl. B03I1[O}J(HO, H ll.JIH APyrux lIlarneSHaJIbBhlX rnll.pOCHJIU
I<aTBblX MHBepaJIOB cy~ecTByIoT ll.ByX-, Oll.BO- H 1I0JIyB0ll.Ilhle !fl0PII'lhl. 

RpHBLIe BarpeBamm a-xpHSOTUJIa HMeIOT IInsKoTeMnepaTYPBLIll a!fl!fleI<T 
C MaJ(CIDtlYMOM ll.O 100 0 C, 06YCJIOBJIeBBLIM BLIll.eJIeBHeIlf all.cop6nponalIHoii 
nOll.bI. 3TOT IIR3J(OTeJlmepaTyplllirii MaI<CHMYM oc06eBBO pe3I<O Bblll.eJIlleTCH 
IIpH R3YlJenHH I<PHBOH BarpeBaBHJI CepneBTl'lHa MeCTOpOm,ll.eBHH RaYJIa 
na BaneCKax Be6oJIbIDOH: n eJIH'IHBbI (onpell.eJIeBHH npOBO,ll.HJIHCb Ba BaBeCKax 
B 2 H 0.01 r). 

Ha J(PHBOH BarpeBamlH ceplIeBTHHa Bhlll.eJIlleTCJI Be6oJIJlmOll MIIBIIMYM 
OKOJIO 400 0 C, CHJIbBhlll 9Bll.OTepMHlJeCKHH 9cp!fleKT - OIWJIO 700 0 C H Beno
Cpell.CTBeHHO 3a BIDt1 CJIell.YIO~HH aJ(30TepMIftIeCI<HH ocpcpeI<T (CKaqOI<) . CYll.H 
no XHMIftIeCKOMY aBaJIH3Y, B cepneBTHBe COll,epmaJIOCb Bcero 12.83 % BOll,hl, 
Torll,a I<aK nOll,BepraBm:JiJ11cJI TepMH'IeCI<OMY HCCJIell,OBaBHIO o6paseu; rHnS
oypra H PYJ(aBHIDnHIwBoH COll,epn<aJI 12.95 % BOll,bI. TeOpOTH'IeCIWe COll,ep
}KaBHe BOll,bI B cepllenTHBe panBO 13 % . 

BbIlIOJIneHHOe nar.1H peHTreBOJlleTpH'IeCI<Oe HSYlJeHHe ceplleHTJlBOn ll,O 
neKoTopoH CTeneHH nOll,TBepmll,aeT cy~eCTBYIo~ee IIpell.1I0JIOmenHe 00 HX lIepe
MeBBOM COCTaBe. B nOJIb3Y 'lero rOBopHT cpaBHeBHe ll,aBBblX 1I0pomlwBoH 
peBTreBBOrpaMMbI OIIHcaBBorO BblIDe ceplleBTHBa C ll,aBBblMH ll.JIJI ceplleH
THBa BOCTOlJROrO OpToaiiBH (110 ROpHHJIOny), H C ll,aBBblMH ll,JIJI OOJIbIDHHCTBa 
HSBeCTBIiIX B JIliITepaType (rJIaBHblM oopaaoM Selfrige, 1936) ceplleBTJlBOB. 



nOCTEP110PHhlE M.HHEPAJIhI 281 

,1l;aHHLle )l;e6aerpaMlIf XPH30THJI-ac6eCTa npHnO}.VITCH no CMlI)l;TY (Smi th, 
1953). 

HaH60JIee xapaKTepULlMH H uaH60JIee HHTeUCHBHLlllflI JIHHHflMlI cepneu

TIlHa ua peUTreHorpam>tax 1 HBJIflIOTCfl: (9) 9.310-7.384; (7 -5) 4.431-
4.668; (10-9) 3.641-3.695; (9-10) 2.424-2.558; (7-10) 1.553-1.522; 
(7-6) 1.301-1.326. Mel-l\nJIOcI<ocTHhle paccToHHHH CHJIhUO ][3MeHflIOTCfI 

OT o6pa3~a K o6pa3~Y B 3aBHCHMOCTH OT HaMeHeHHH BeJIH~HH nOKaaaTeJIei 

npeJIOMJIemIH. Tal(, cepneHTmI rophl TYPKei, Hblo-,1l;mepcH co CJIe)l;YIO~Hl\1II 
nOKa3aTeJIHM11 npeJIOMJIeHHH (Ng=1.550; Np=1.546; Ng-Np=0.004) 
CHJIbHO OTJIHqaeTCH OT cepneHTHHa 11a Toi n{e MeCTHOCTH, HO C mIhlMlI nOI{a

aaTeJIHMlI npeJIOMJIeUHH (Ng=1.560; Np=1.552; Ng-Np=0.008). HH}l<e 

TIpHBO)l;lITCfI cpaBHeHHe peHTreHOMeTpHqeCKHX )l;aHHLlX HaH60JIee HHTeHCHB

max JIHUHH 3THX o6pa3~oB cepneHTmIa C o6pa3~oM cepneHTHHa RayJlJ:J 

(Ta6JI. 29). 

T a 6 JI n 1'( a 29 

PenTrcnOMCTpU'IeClme il:anHble uan60nee UHTenCUBHbLX mmmi 06pa3l'(OB 
cepocuTuna 

HaYJ1a 
Topa TypHefl, 

Ng - Np = 0.004 
Topa TYPKefr, 

No - Np = 0.008 

J I d""n J I d"'ln J I d"'ln 

10 7.310 9 7.384 9 7.379 
8 4.557 7 4.604 6 4.573 

10 3.649 10 3.695 10 3.656 
10 2A51 8.5 2.463 9 2.477 

9 1.532 10 1.52 10 1.527 
6 1.314 6 1.306 7 1.306 

RaK BH)l;HO Da npHBe)l;eUuoro cpaDueHuH, cepneBTHHhl ,u.a}!,e 113 O)l;Horo 

ldeCTOpO)K)l;eUflH (ropa TYPl{eli:) 06JIa)l;aIOT paaJIHqHhlMII nOl{aaaTeJIJI'MH npe

~OMJIeUHH II penTreHOMeTpII~eCI(HMH )l;aHHbIl\IH. O,u.HaKO He YCTaHOBJIenO, 

B ~eM Bblpa}l{aeTCH nepeMeHHhli COCTaB B CTpyKType 3Toro lI-lHUepaJIa. flOaTOMY 

MHUepaJILl cepneUTIfHOBOH rpynUbl KaI, nopO)l;006pa3YIO~He, Tal{ H )-KHJIbHble 

3aCJIymHBaIOT ,u.aJIbHeiimero lUlyqeHHH C npHMeueHHellf Bcex COBpeMeUHLlX 

MeTO)l;OB MnnepaJIOrHqeCIWro nCCJIe)l;OBaUIIH: XHMR'CJ:eCIWfO, peUTreHOMeTpH

qeCKOrO, :meI{TpOHOMl1I{pOCKOnnqeCKOrO, peaK~Hii: OI{pamnnanHH, TepMH-

'CJ:OCI<orO n }J,p. .~ 

AI{TUHOJIUT 

flpn · BCK,{lhITllll BHCHtIerO 60I{a PY}J,Horo TeJIa D cepneUTIIHUTax ua y~lacT
I{e RaMMHltHnH 6bIJI][ 06HapY~KeULl (KaJIb~HTOBhle) nnIJIhl, n KOTOPhlX 

cpe,u.II OTaJIhIWnaUllJ>lX KCeHOJIHTOB cepneUTmIHTOB npHCYTCTBOBaJI TOHKO

BOJIOI{HHCThlH l\1HuepaJI, 3arpH3HeUHhlH OKlICJIaMH ~KeJIe3a. M][uepaJI o~enb 
lUlrlffiH, paCTupaeTCH naJI:r:.~aMH. flO)l; MHKpOCKonOM 06HapY>KFlBaeTCH TOH

KOBrOJIb'1aTOe CJIOmenHe B BR)l;e DOJIOI{HHCTOrO arperaTa. 'Y ):I;JIHHeUHe nOJIO

mHTeJIhUOe, noracaUHe - npH.Moe. ,1l;BoHHoe JIyqenpeJIOMJIeHHe HeBhlCOI{Oe 

(cephle TORa BHTepq,epeH~HOHHOH OKpaCI{H npH CI(pe~eHHhlX HHl{QJIHX). 

1 B cl\ool\ax YRaaaBT..I npe,lleJlhl a ROJIe6aBnii: lII1Tenc.aBllOCTll IDIIU.rH na pellTrellO
rpaMMax paamllJIILIX o6paan.oB cepneBTRB8, 6e3 Cl\060K - npe,lleJIbI n3MeBeBHii Melt,· 
llJIOCKOCTlIblX paCCTOflIll1i:i:. 
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TIOlta3aTOJUI npeJIOMJIeIDUl: Ng= 1.645; Np=1.628; g- )=0.017. 
B ruJIR<pe lIfRllepaJI nOJIIlOCTbIO RCTHpaeTca, a B npenapaTe yqeCTb TOJI1Il;lfBY 
IUOJIor~ neBo:nroamo, n09TOMY npaMoe H3MepenHe p;Bollnoro JIY"ronpeJIo~1JIe
IIRn y :3Toro MHnepaJIa (c nOMOIII;blO IWMneBcaTopa IImUfTlma-BepeI<a) 
npOB.3neCTB nen03MOlf{llO. 

COBepruenBo 'HICThIll: IIIrmepaJI 6hIJI o6napy»<elI n llflJl hryapnu cpep;fl 

CpeAIIe30plIHcToro ra66po B npO>I<HJlI<e, IWTOPhTll paccer<aeT al<CHHIITonyro 
ilUWy. 

MHlIepaJI o6JIap;aeT nepJlaMYTpOBblM OTJIIiBOM, cOBoprueulIo 6ec:qBeToB 
nop; r.nmpoclwIIOM. OnTUQeCI<lIe IWIICTaBThI o6pa3:qa H3 lllfJlbrYJIpBfI 
BeCIWJIbIW OTJIHtIaIOTCJI OT IWHCTanT 3Toro }KO mmepaJIa U3 I{aMMm<HBl1. 

,I(JlfI r.umepaJla H3 KaMmnmnn onpep;eJIeIIO: Ng= 1.654; Np = 1.638; Ng
iVp=0.017. IIoracaHllo TOIII<BX BOJIOTWH rrotJTH rrpfIlIfoe, y,n;JIlmomw - rrOJIO
}fUlTeJIbHoe. 

IIo onTH'lOCl{llM cnoucTBaM UOJIOJWlICThIU r.lIInepaJI OtJonI. 6JIH30H] allTO

<PI1JIJflUY n<OJI03IICTO-MarB03HaJlbllOrO COCTaBa . Op;lIaI<O no pOHTreIIOMeTpH

qeCKIlM HOHCTaHTaM nOT MHuepa.lI IIMeeT 60JIhmOO CXOP;CTllO C MonOI<JIHrrBhTUU 
aM<pu6oJIaMH. 

Xapal<TepUOH oco6eUBOCTbIO pOM6IltIeCT(,UX aM<pu60JlOB (anTO<pHJIJIllTa, 

meAPHTa) llBJlaeTCll IIX 60CD;nOTHOCTb n nplIMOe 1l0raCaIIHe. MOnOI\JlIIHHblO 
aM <Pll60JIbI B no,n;aBJlRIOU~OJl{ 60JlhmmrCTBe 06J1ap;aIOT Ol{paCIWll, CRJlbUhIM 
nJleOXpOH3~1OM H 60Jlee BhICOHHM, tIer.! y pOM6u\IeCHIfX aM<pu6oJlOB, p;BoiiHblM 
JIyqeUpeJIOMJleBlleM. l1cHJlIOqem1e COCTanJIfIOT Tpe~lOJIllT. , 

CneKTpaJIbBblll aBaJIll3 UOJlOInIHCTOro MlurepaJIa B3 Y'laCTK OIl RaM-
1>IBKRBH H IIfiJIbryaplHI nOl{a3aJI IIp;eJITHtJnhTe p03YJrbTaThi. CnOI<TpaJlbHhIii 

alIa.lIll3 r.1BnepaJIa ll3 op;IIOlr tI<BJIO'IlW uIl"rPY3uii nU JlbfYHjJll l1 Bb1UOJIUen 

H. H. ROJleCIIHIWBhlM D J1a6opaTopIIH IPll3H'IeCl{llX MeTOAOB nCCJIep;OBaIIIlfl 
MIlBOpaJIOB II PYP; I{oJlbcKoro <puJIllaJIa AH CCCP. CpeAUUO JlnIIIID 

AI, Ba. Mn, CJla6ble JlDIIDU - i, Sr, CI', CJlOAbI - V. Ti, Cu . 
Co. 

XIIMJl'IeClmii: COCTaB BOJIOlnIllCTOrO 'llllIepaJla 113 1' llp;pOTepMaJIblIblX }lOIJl 

IIetJeIIrII xapaHTepeII npIICYTCTnIleM 3IIatJHTeJIbIIhlX I\OJlHtJeCTB Marnlla, l<aJIb
JJ.~I1l, lreJIe3a H KpeMBHlI. B OTJlHtJIIe OT aIITo<pllJlJIUTa neqenrCrOIH TOHI<OBOJIO(
II IlCThllr r.mnepaJI cop;epmHT 60JIbmOe IWJIlltJOCTBO I(aJI.bqmI. XmruqeCRllMIl 

anaJIH3aMU OhlJIa p;OI{a3aIIa npnBap;JlelHHOCTh noro r.nmepaJIU J( aT<THnOJllfTY. 
Ha peIITrerrorpa?1Me IIopomHa aKTIIIfOJlIlTa D3 IleQOIIrB ~leTl{O TIbIflBJlHIOTCfl 

mmUll 60JIhIIIOll lIIITerrCHBBOCTII. 
IIpu cpaBBeBllH peBTreHorpar.rMhI netIenrCKOro aKTlIIIOJIIITa C p;aIIIIbIr.m, 

1I3n eCTlIbIMll B JIBTepaType p;JIa aMIPB6oJIOB. BbIlIBJIlIeTCa 60JlbmOe CX.OP;CTBO 
C peIITroHorpamfOH 03amrllTa. 03anniiT npe,n;cTaBJlaeT aM<pII6oJI, y KOToporo 

D OTJIll qlle OT anTo<pIIJlJlIITa MeCTa nonOB MarlIBH B CTpyI<TYPO 3amIMaIOT 
HOIIbl naTpllH, IIpll'leM Tar<aH II30CTPYl,TypIIaa 3aMelIa ne rrpnno.n;uT I{ B3Afe
nenHlIM pa3MepOB 3JIeMenTapHoii H"'Ieiil<U, a IIPIlBOP;I1T JlBmb I< IICI<aiI<eUBIO 

peruOTIm. 
CXOP;CTBO AfenmJlOCI<OCTIIhlX paCCTOfIIIBH y peBTreIIorpaMM aKTIIBOJIBTa 

n3 l1eqeIIrH H 03aIIIIBTa CBlIp;eTeJlhcTByeT 0 6m130CTli pa3MepOll 3JIeMenTap
noll: lItIeurm y 3TBX r.nmepaJIOB. 

,I(JIlI OIWIIqaTeJlbIIOrO pemeIIBa Bonpoca, "'ITO C060ll IIpep;CTanJlfleT BOJlOK
ImCThIll r.nmepaJl H3 p a 3J1I'I ' fllbIX IIetJeIIrCI{lIX llIlTPY31Iii, 6hlJl Bb1UOJlIIeII Xll

lIIBlJeClUIl1 aIIaJlIl3, pe3YJlbTaTbI I<OToporo IIpHBep;eIIhl B Ta6JI. 29a. Xmm
q eCI<IIe aBaJIH3hl al{TIIIIOJII'ITa H3 11l1JIhryapBH BbInOJllIeIIhl U XR~mI{Q
anaJIHTlItJecIWD: Jla60paTopHlI I{oJlbcT{oro <plIJlHaJIa AH CCCP arram1TIII\aMII 
(1) - E. ltI. YcrreHC!{OjUI • (2) - C. ltI. C1>m:pIIoBoH. 
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T a 6 JI II n: a 29a 
' IUJU'Jeclcuii auaJlU3 ue'JeUrCKOrO aKTIIHOJIUTa 

t 2 (DOBTOpRWfi) 

Ol<IICJlhl I MOJleHY-IIIII C.I10POA- I MOJleHY-II<ItC.I10POll-
Bee. % .I1npHOe 110- Hoe KO.l1It- IICC. % .1111 pllOe HO- uoe HOJlil-

JIII'IeCTBO 'leCTBO nlllJCCT80 '-leCTBO 

I \ 

Si02 55.04 916 8.00 55.66 944 .00 
Ti02 0.11 1 0.06 1 
Al20 a 0.71 7 0.1 0.96 10 0.15 
FczOs 2.31 14 1.30 8 
Ji'eO 8.54 119 9.21 128 
MgO 17.69 439 4.89 18.1 5 45!1 4.aO 
CaO ia.SO 241 13.00 232 

a20 . 0.34 6 2.1 0.28 5 l.a7 
K 20 0.0:3 - 0.Q7 -
P20 5 0.00 - O.Q7 I 
MnO 0.17 il 0.12 2 
1120 - 0.0 4 0.75 0.14 8 0.63 
11 20+ 1.40 7 ' 1.21 67 
F 0.06 3 - -
C] 0.01 - - -

CYMMa 99.99 100.16 00.03 (F) 
99.90 

PaC'leT pe3YJIhTaTOB XllMIlQeCI{UX aHaJIH30B AaJI CJIeAYJOIIJ.ue 4JOPMYJIbI 
~JUl ne'leHrCROro aI{TllHOJIllTa: 
1 - (Ca, Na, K)2.1S(Fe", Mg)II.8 9(Fe'lI, A},") o.18l Si lt0 n l(OH)1.5; 
2 - (Ca, Na, K)1.97(Fe", Mg)4.9o(Fe'lI, AI'II)0.15lSi40ul(OH)1.26' 

B al<THHOJIRTe lIS TIe'lenrn COAep}KIITCJI 21.3 % j]{eJIC3 f1CTOro J{OMUO
HeUTa Ca 2 Fe6[ i ,Ou12(OII)2' 

TaJIhl{ 

TaJIbl{ JlBJIHeTCn llapOIW pacnpOCTpanennbI'M JlumepaJIOM li BCTpeQaeTCH 
B ropnhlx nopOAax nepeAIW B BRAe nCeDAOl\IOP4Joa no nepBR'lnbIM nopOAO-
06paaYJOIIJ.IIM l\mnCpaJIaM (no OJIIfDlUIY 1I no nnpoRceny), a TaIORe n BRAe 
ilUlJIbnoro l\1IDIepaJIa B TaJIbl{OBhlX H TaJIblWBO-Kap6onaTnbIX n{HJIax . 

B ropnhlX nopOAax TaJIbl{ pa3BRBaeTCH npeIlllfYIIJ.eCTBeHHO 3a C'leT cepnen
TJllIa, OAnaKO OTMe'IaIOTCJI CJIY'laR sa?IeIIJ.enHH XJIOpHTa TaJIbROll'l. 

B >KlIJIaX TaJIbI{ o6pasyeT ana'lllTeJIhnbIe CROnJIenRJI 9Toro lIwnepaJIa. 
)J;Ba o6pas~a TaJIhIU1Ta (no TCpMJUIOJIOrJIJI B. B_ ApIlIllHOBa, TaJIblHITbI
nopOA,bI, COCTOHIII.He tJOJIee 'leM na 750/ 0 n3 TaJIhKa) 6bIJIR nOAaeprnYTbl XliMlI
lleC!Wl\IY H' TepMII'leCROMY lISY'lellIIIO. OAlIll o6pase~ 6hIJI BSHT lIS nJIOTnOH, 
npOCBe'lIlBaIOIIJ.eii: B TOJICTbIX RYCRax, paSllOBJIp;IIOCTR Tell1HO-SeJIenoro ~BeTa; 
APyrou o6pase~ - D BRp;e pbIXJIOrO arperaTa 6eJIoro 'lernYU'laTOrO TaJIhKa. 
PesYJIbTaTbI XIIr.m'leCIWrO nCCJIeAOBallHH TaJIhRa npeACTaBJIJJlOT nelwTopblH 
Jillorepec, Tal{ Halt panee nOT lIfHIIepaJI lil3 !{aYJIbI ne anaJIHSF1pOnaJICJI. 

B Ta6JI. 30 npHBOAJITCJI Aanllble XH~m'leCRIlX anaJI1130B ABYX o6pa3~oB 
T3JlhHa l{aym,r II o6pas~a C ropbI TpaBHnoii (no Aanm.m B. A. MaCJIaHIII{OBa). 

CYAH no anaJIlISa~(, ne'lenrCIUle TaJIhKIl COAep>KaT Slla'lIlTeJIhllO 60JIhme 
QKHCJIOB ,ReJIe3a R lIIeRhrna MarllHH, 'Ielli MOR'IerOpCKHe. OTCYTcTBHe AannbIX 
06 YAeJIbnOJl1 Dece TaJIbKa ropbl TpaBHIIoll (HS MOn'le-TynAPbl) ne I10SBOJIJIeT 
npOBeCTII nOJIIIO~eniioro cpanHeIIIlH TaJIbIWB lIS aTRX lIIeCTOpO)KAenlIll:. 
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Ta5nHD;a 3l) 
XmU1 tl eCKlle aUaJJDa!>! TaJJblla 

1 2 3 ~ 5 

OIH1CJlbl I MOJlCI,y- I MOJlCI'Y- I MOJleIIY- I MOJlCl<Y-
nec. % JlRpnOe KO- Bec. % JlflpnOC HO- nec. % JlRpnOe HO- nec . % JlR pnoe I<D- BCC. ", 

nll'leCTno JlII'leCTOO JlUqeCTOO JlUqeCTOO 

SiOz 61.18 10289 60.08 100003 61.93 10310 61.18 1019 63.5 
Ti02 0.05 6 0.05 6 - - 0.00 -
AhOo 0.12 12 0.86 86 0.20 20 0.82 8 
.1<' 0 20 3 1.10 70 0.91 61 0.21 16 0.39 1 
FoO. 2.91 401 3.12 433 7.34 186 5.00 70 
MgO 29.77 7387 29.04 7202 30.46 7550 27.39 679 31.1 
CaO. 0.02 4 0.06 11 0.06 11 0.84 J5 
Na20 0.00 - 0.00 - 0.09 15 0.00 -
1<.20 0.00 - 0.00 - 0.05 5 0.00 
MnO 0.03 4 0.04 6 - -
P20S - - - - 0.03 
H2O- 0.18 104 0.12 71 0.28 
H2O+ 4.80 2660 5.06 2811 5.13 3005 4.28 238 
n . n. u. npn 0.3/1 

8500 C . . 4.47 - 4.63 0.00 8 

CYMMa.. 100.49/ 199.781 / 99.79/ 1100.24\ 
----~-----+----~----_r----~----~----~----~-----

¥~~~b~b1.ii 2.810 1 2.797 1 I ~.65 1 2.7-2.8 

11 pH M 0 q a IT n o. 06pa3~bl nll l{aYJlbl (1 -2) 11 l'O Pbl TpauJIlloi.i (3). AUaJlIIT~(J( 
C. H. CMllpHona (06p. 3 I'J3 oneTa B. A. MacJlemmona). 

1-Mg2.8SSi409.92(OH); 2-Mgz.84Si40n.96(OIIh.1Z; 3-cpopMyJ1a no orrpeAeJJlIJl8Cb; 
4 - >RHlmU cPCAu cepneIlTIlHHTon (06p. 31, CEm. 477), no M. )1.. )1.ellllcoBoii (1954 r.); 
5·- ToopeTlltleclulu COCTaD TIlJlblta. 

II pH TepJlIFlqeCI<OM ll3yqOHIIH 06pa3n.OD TaJIbI<a H3 MeCTopO}J(lWHlHI H ayJIa 
6IJJIlI BIJHBJIeBIJ cym;ecTBOBBIJe pa3JI1Iq}JH. TaI<, AJIH rrepBoro 06pasn.a rrJIOT

HOll paSBOBllABOCTH - «CTeaTlITa» Ba l<PUBOll rrarpeBaHlI1I 6hIJI 06rrapY}I<eB 
JIHmb OARB aBAOTep mqeCKI!ll a41<l>eJ\T UplI TeJlmepaType 950 0 

C, TorAa I<aI< 
Ba J\PlIBOTI BarpeBaBHH BToporo 06pasn.a Tam,I<a Hcrro DhIpHCOBLIBaeTCH BHS

J{oTeMrrepaTYPBIJii: aHAOTepJlmqecJ\HTI 34141eRT npu TeJlwepaType 100-1100 
C. 

RpHBIJe narpeBaIIlI1I BIJIIleOIIHCaII1IIJX 06pasn.oB TaJIblW UPUBOAHTCH B OTqeTO 

8. H. EJIIICCeBa (1954 r.). 8TH 06pasn.IJ, 06JIaAaH 0AHnaIWBbIM cOCTaBOM, 
rrOI<a3IJBaIOT pa3JlJl'IHbIe TepJlmqeClme XapaI{TeprrCTHl{Il. Heo6xOAIlMO AaJIb
BeiImee H3yqeBIle 3THX 06paSD;OB C n.eJIbIO BIJHBJIeHIm rrpHpOAbI BH3IWTeM

rrepaTypFlIJX Tep1.mlJeCl{1!lX a4141eI{TOB y TaJIbIWB. 
CpaBBeHHC AaBHbIx rropOmIWBIJX peHTreBOrpaMM AJIH paSJIHlJFlbIX 06pa3-

n.OB TaJIbI<a HS paSBIJX MeCTopOiI'AeBHH rrpHBOAHTCH B Ta6JI. 31. 
HaH60JIee xapaHTepHbIMH JIl!UIHH1;m rropomIWBbIX perrTreBorpaMM TaJILHa 

flBJIHIOTCJl 002, 006, 204-132. HH}I<e AaeTCH cpaBnerrHO HBTeHcHBBoCTCii 
H Men{IlJIOCIWCTHIJX paccToHBHii: AJIJl 3TFlX HaH60JIec Xapal{TepIIbIx JIUBnTr 

TaJIbJ\a HS pa3Jl1!1qrrIJX MeCTOpO>I<AeBHlr. 
TPII HaH60JIee Ba>I<BbIX JIHBllH rra pCBTreBOrpaMMax TaJIbl<a 06JlaAaIOT 

rrpIllllepBO HAeHTHqIIbIMH IIHTeBCHBBOCTflllfFJ, OABaI<O SrraqeBHH Meil nJIOCl{QCT
BIJX paccToHBHll (B kX) y rrprrBeAeBHl>IX BbIme 06pasn.oB CHJIbBO Il3MellflIOTCfl, 

TaR 002 - OT 8.393 AO 9.48; 006 - OT 3.06 AO 3.18 H BaROBen. 204-132 -
OT 2.47 AO 2.54 ('ITO SBalJRTeJIbBO rrpeBblmaeT TO'JROCTb orrpeAeJIeBHH MeiJ{

IIJIOCl\OCTBhlX paccToHHml). Talme OTI{JlOHeBIlH Bel' OCBOBaBIlfr OTBOCI1Tb 
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TaGlll1~a 3] 

}l;aHlll>le ))eUTreUOMeTIHl'leC[WrO aualluaa TaJlblWB 

TaJlbl< 
fUilPOTaJl.bH. TaJlbH. 

CTeaT,1 T rplO-.Ka YJla. M. B . ,llc- ypaJl 
O. H . EJlIICeCII UIlCODa uep (,1 934) (110 fplOuepy) r. M. fop-

OyttOD 

hltl J I da. ln JI da. /n J I d a.fI' J I da. /n 1 J I da./n JI d«/n 

002 10 .393 10 9.48 8 9.4 7 9.30 5 8.94 10 8.96 
006 10 3.115 10 3.118 10 3.11 10 3.11 10 3.06 10 3.18 

204- 132 8 2.538 7p 2.506 5w 2.47 6 2.48 5 2.449 8 2.54 

I{ norpemnOCTIIJI1 anaJIH3aj OnlI 6e3YCJIOBHO cnH.n;eTeJIbCTBYIOT 06 H3MenenHIIX 
napaJlfeTpOB aJICMenTapHoir. II'leihuI TaJIbl{a. 

Cpc.n;n TaJIbI<OBLIX 11 TaJIbl<OBO-I<ap60naTnLIx }l{HJl, BCI{PLITLIX na Y'Ia

CTIW IIIITPY3IIU YJIbTpaOCHODHbIX ropULlX nopo.n; (RaYJIa), OTMe~reHbI 3Ha
'llITeJILHLIe CIWnJICIIIUI fJIHUono.n;o6nhlx ~mnepaJIon. B o6pa3D;c H3 TaJIbIWBO
Kap60naTnOM: ,1<HJIbT, pacnoJIoa<cHnoii B JIe,l<a'leM 60I{Y Py.n;noro TeJIa cpe.n;H 
~I\o[lJIenIlll uaom1Hono.n;06nofo MlIHepaJIa, Haxo,nfITCII PCJIHI<TbI ne113MenCH
Horo TaJlbI{a, 'ITO CB11,nCTeJIbCTBYCT 0 paaBHTH11 rJIlIHono,n06H.bIX JllHnCpaJIOB 
a a C'IeT TaJIbl<a. 

BhlJIn c,neJIanLI l{pHBLIe narpenaIDlH 6eJIoro rmIHono,n06noro JlfHUepaJIa 
113 Kapbepa II BTOpII'lHOrO MImcpaJIa, pa3B1!IBaIOID;CrOCfI no TaJIbI{Y. RpHBble 
llarpCBaIIl1fI YI{a3LIBaIOT ua 60JICC CJIOrI-myIO, 'lCM Y TaJIbRa, Tep m'lCCI{YIO 
XapaI{TCpHCTfIl<Y rJIImono,n06ULIX - BTOpH'InLIX no TaJIbKY MllHepaJIOB. 

Kap60n3TbI 

H.ap60naTJ)[ B IT e'Je nre npHcYTcTBYIOT Hal{ B ,1{HJIaX, Tal, H B DHP;O 
CIWUJICUIlU ' Scpcn cpe,nn pa3JIH'IULIX THn013 PYP; H npe.n;cTanJICUbI KaJIbD;HTOM, 
p;OJIOMIITOM II cc.n;epB TOM. 

Pea YJlbTUThT MJmpOCI<Otm'lCCROrO 11SY'lenHII I{ap6ouaTOB npHBo.n;nTCH 
B pa60Tax B. H. IIanyrrm.c (1952), r. H. rOp6yuoBa (1952, 1959) H p;p. 

II pIl Cnel{TpOCUOIIH'leCI{OM H3Y~IeuHH COCTaBa I{ap60uaToB H3 pa3JIH"lHbIX 
yqaCTlWB lllITy3IIl1 RaYJIIll oORapY>I{euo npHCYTCTBHe B IlX COCTaBe 3aMeT
IJhlX J{OJIEl'lCCT13 CTpOIID;IUl (cpe.n;uIle no HHTenCHBnOCTIl JIHnun). 

RapOOHaT.bI lIIllPOKO pacnpOCTpaReUhI B YJIbTpaOCHOBllbTX ropllblX nopop;ax 
If BO MHorIlX CJIY"lafIX npOfIBJIfIIOTCfI B orpaHCHHLIX I{pIlCTaJIJIax. Orpa
lle HHble I1JIII 'laCTBqIIO orpaHelillble KpllCTa.nJILI l{aJIbD;HTa BCTpe'laIOTCfI B KaJIb
qIlTOBbIX n,HJIaX, pacCeJ{aIOID;HX CnJIOmnLIe CYJIbtPIlp;HLIe PYP;LI (HanpHMep, 
D l{a.rrb~rr.ToBoH ,lUIJIl{e lIS RaYJIbr), 

Xopomo orpaBeHRble CHaJIcnOap;pH'leClnre I{pIlCTaJIJIllI HaJIbD;HTa BCTPC
qaIOTCH B nllpHTo-HapoouaTIILIx npOmBJII{aX B tPHJIJIIlTaX II 13 illlPIlTOBLIX 
)fUlJII,aX, paCCeI{aIOID;UX CnJIOmIILIe CYJIbtPH,nuble Py,nbI (nanpHMep, py.n;ax 
RaYJIbT). 

B pa3JIn'lHblX YCJIOBUHX (n I{apOOnaTIILIx Il\HJmaX, n11pJilTO-KapOORaTJIhIX 
ilUIJII,aX B tPllJIJIHTaX nJIII CnJIOmHblX CYJIb<PJ-f,nHLIX Pyp;ax) HpHCTaJIJlbI HaJIb
D;HTa 06JIa,naIOT paaJIll'lIIOH orpamwu. I aI{ nOJ{a3aJIa M. O. J\JIHfI Ra npB
Mepe Py,nuoro TeJIa na pallORa TeTIoxe, CJIOi!,enROro IlJIbBaHTOM, illlPpO
'l'.llllOM, CtPaJIepIlTOM, XaJIbI<Onl'lpnTOM, raJIeHHTOM H p;pyrn~1l1: ~muepa.(IaMII, 
H3MelleUlle YCJIOllllH RpIlCTaJIJIH3an;HIl JlIHHOpaJIOB 06YCJIOBJIHBaJIO nOllBJleHHe 
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U pa3BUTUe nOBhlX RpHCTaJIJIOfpaqm:TfeCrmX CPOPM Y I{lHlCTaJIJIOn I{aJIb~nTa. 
li3MenenUO HpUCTaJIJIOrpacpH"<IeCJ{UX CPOPM Y J{pHCTaJIJIOB :nOro MURepaJTa 
npOHCXOAHJIO npH nap;enHH TeMnepaTyphl I{pUCTaJIJIHa~HH. 

Oopaae~ I<aJIbD;UTa US TaJll:'I<OBO-HapoonaTnoll iRUJIbI RaYJIhl Ohl.lI nop;Depr
nYT Tepr-m"<IeC.ROMY anamfay. PeSYJll:'TaTbl TepJlIH"<IeCIWfO anaJlli13a 11 OP;T BOP'l{
p;arOT npaBHJIbHOCTh ,D.uarHOC'l'HHlI :3Toro ~1T111epaJIa. Oopase~ I<aJIbn;lITa 
US TaJll:'ROBO-I<apoonaTnoH aUlJIbl JIerI{aTfero OOI{a Pyp;Horo TeJIa RaYJII>l 
OblJI BSJIT lIS Toro me lIfeCTa, 'ITO U rl'lp;pOTaJIbI{, ormcannbTl1 BLlme. 

llpemlT 

IIpeJ[HT OblJI oonapyil\eu CpOP;H cpUJIJTFrTOn (?) aJIOUpUTOBoro caCTaoa 
C }lop;n UMeIJWIOID.l!X no pop; HnTpY::lIIu{-tay JIM. 8TOT MllnepaJI pa3BHBaOTCfl D nm
JIax COBMeCTno C l<apOOnaTOM 1I C pU~UTOM. XapaT{TepUbf TeCHLle MURpOCI<OnH
'IeCl<He npopaCTaRJUI npeUUTa C CepHJl.RTOM. IIponRT OOJIap;aeT RCHOH cnaii
HOCTIlIO, ccpepOJIHTOBhlM CJIOmenHeM Ii OTpU~aTOJIbnbm yp;JlIIHenuer.r. 3RaR 
MTlHOpaJIa nOJIO}1{fITeJIbRbliL YrOJI OnTHTfeCRRX oce:ii IWJIeOJIOTCJI OIWJIO 65°. 
B IDJIRcpe oOHapynmBaeT cpep;RRe ~DeTa HHTopcpepelIJ~HlL Hepeurw npe
IHITOBhle HpHCTaJIJIbI pacceRalOTCJI I<BapD;OBhl1l1H npOrI<JlJII{aMll. 

PeRTreHOMeTpH'IeCI<Hll anaJIH3 MaTepnaJIa, npOanaJIllSl'lpOBaHHOro XllJlUl
qeCJ{H, nOp;TBep}Hp;aeT MHHpOCIWrm'leCIWe onpep;eJIenue COCTaBa npermTOBO
cepu~uToBo:ii nnlJIHU. Ha penTrenOrpaMMe oOHapymnnalOTCJI JIHIIIITl ],Uf{ 

opeHIITa, Tal{ n cepIID;HTa. JiIs-sa MUl{POCIWITH'IeCI<HX npopacTaoHH npenllTa 
II cepHD;nTa paSp;OJIUTb 3Tll JlffiHepaJIbT no yp;anOCb. 

r JI a B a 29 

30HA OlUICJlEHllfl CY JlbcI>II.D:HblX ME"HO-llm, E J EBhlX PY,n: 

ilepBIl'IIfhle CYJIbcpllp;ITble PYP;hl npep;CTaBJIenhl nnppOTI1:HOM, nenTJlan
P;UTOM, xaJII>lWITHpHTOM, a TaI<me MarneTHTOM. 8TH naUOOJIee pacnpocTpa
nennhle PY,D.llhlO r-mHepanbI JIerIW OI<HCnJIIOTCJI na BOS}:G'xe, npII aTOM nOllOpx
nOCTnmm Bop;ar-UI ns nIlX Bbn:qeJIa'lllDaeTCJI nIII{OJIh, MOP;b II p;pyrl'Ie MOTaJI
JIII'IeCRIIe :3JIeMeHThl. Cepa CyJThCPIIP;OB D nOBepXHOCTlIblX YCJlODIIfIX OI<HCJIIIOTCfl 
II nepexop;IIT D CYJIbcpaTnylO. Mnrpan;IIJI cepbl B rnneprOllnhlX YCJIODIIflX CYJlb
CPUP;IIhIX py p;OnpOJIBJIeUnH npOHcxOWIT D BHp;e nona [ 0 4 r2. 

B aono OI<HCJIeIIl!lfl cepa oopasyeT COep;HneHlW c IIHHeJIeM, meJIe301lI, 
MarHHeM, J{oOaJIllTOlll, ~HHI<OM, a TaKme C MarnneM rJIaDHT,IM oopasoM B BD;o.e 
nOJInrnp;paTOB cYJIhcpaToB aTl!lX :3JIeMeHTOD. MnrpaD;IIJI cepbI D rnneprellUJ.,IX 
ycnOBHJIX II nepeMern;em:re lJaSJIl!l'IHbIX MeTaJIJIII'IeCKIIX :3JIeMeHTOB no Cl<JIO
HaM oona>I{eHHii ooycnoBnena TeM, 'ITO RIIcnopO}J;rlhl 0 coe,D.JIHeIIHJI cepbl C :r.reT8JI
naMII, oOpaSYIOII.J.1leCJI D SOlre OIUICJIeHlIJI CYJILcpnp;on (MenaHTepnT, Mope
H03IIT, fl<eJIeanCTO-MarHnCThlH peTrepCHT) oonap;aIOT OOJIblllOH paCTBOpu
MOCTbIO. ,il;nJI nOJIHrnp;paTOB MarnnJI, HIII{eJIlI n n{eJIesa xapaHTepHa JIerHan 
nOTepfl npn BLIChlxaHIIII "<IaCTH RpnCTanJIHqeCJ{Oll BOp;M. TaH, B cyxyJO COJl
He'lHYIO norop;y ceMIIBop;nhle CYJIbcpaTbl nnJ{eJIJI (JlJOpenOSIiT n MeJIaHTepnT) 
JIerHO TepJIIOT OWlY MOJIeHYJIY DOP;hl Il nepexop;flT B meCTHBOp;IILte CYJIllcpaTld. 
CynbcpaT meJIesa - MeJIaHTepHT FeSO 4 ' 7H 20, cOrJI.aCHO nOCne)l;lIHM p;anRblllt 
E. <1>. Cnp;openlw (1955), npn BhlCIlIxaUUH MOiHeT TepllTb p;o Tpex MOJIel(YJI 
nOp;bl. 

TaRIIM oopa30M, nonep;eHIIe cepbI D aone OImCJIenI111 ooycnOBJleHO cnocoo
TIOCTblO oopasoDbIBaTll paSJIII'IHble nOJIIIrIIp;paTbl C Pyp;IIb1Mn :3JIeMelITaMll 
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H 60JlbmOll pacTDopmlOcTbIo aTHX cOeAIIUeHRll. HMeHuo :>Tn!>I 06'bflCllneTcn 
pealwe l'IaMenenl'Ie MlInepaJIOrl'I'IeCHOrO l'I XIDUl'IeCKOrO COCTana CYJIbCPllflVIbIX 
MeAHO-HllI<eJIeDIJX PYA B aone OI(l'ICJIeUIIJI oy m-,cpUAOB. 

PaSJIl'Iqnm1n l'ICCJIeAOBaTeJIJIMH OTMe'laJIHCb n OIUlCJIeHHhlX PYAax lletIenrll 
CJIeAyIOIIlHe JlmUepaJIhl: l<OBeJIJIIIn, nl'IOJIapl'IT, 60PHHT, JIJill\10HIlT, xam~eAon, 
onaJI, JIeilliOI{Cen, MaJIaXnT, asypnT l'I CYJIbcpaThl Hl'II<eJIJI (MopeHOaJilT). HaJil-
60JIee nOAP06no HaMl'I 6hlJI HayqeH CYJIbcpaT HHI<emI ua 06Ra}ReIIHH RaYJI):'I 
II RaMMnIOiBIl, I<OTOPhlH OI<aaaJICJI nOBOH paSHOBl'IAnOCTbIO meCTI1BOAnOro 
cym-,cpaTa UIlRemI - iHeJIealICTO-lItarHIICThlJl1 peTrepCHTOM. B BepXHJilX 'IaCTfIX 
CYJIbcpnAnhlX iJ{HJI II PYAnhlX TeJl lIHlteJIb BbIIIleJIa'lllnaeTCfI Jil CnOCl'ITCJI BRJila 
nonepXUOCTHbIMJil BOAa m no Tpe~nUa1l1 UJIJil ClmonaM l\apbePOB H noaBhlmeR
ROCTeu. rIa YTJaCTIIax OJUfCJIelLllfI PYA HepeAl<O MOlliHO Ha6moAaTb CJIY'IalI, 
IwrAa 6YPhle OI\Ji/.CJ1bI meJIeaa, I10aHHI{aIO~He II pesYJIbTaTe OKllCJIeUHJI CYJlb
CPaTOB mm JIfI o6pasYIOT CKOUJIeUnJI B HeCI{OJIbI{HX MeTpax IIna,e OKIICJIeIIIIbIX 
CYJIhCPUAOB. naJlOrnqnoe HBJIenUe InfeeT MeCTO l'I B aOHe OI01lCJ1emrn cnJIom
HblX CYJIbcpllAnhlx iRllJI HHTTJic-I{YMymbH. Bepxlllm 'IaCTb aTl'IX ~RIm, HMeIO
~tIX BbIXOAhl na AneBIIYIO nOBepxuocTb, CJIOiHena 6yphllliH iHeJIeanfII<aMU. 

1{ap6onaTbI MeAn - MaJlaXHT H aaypHT - no cpanneHl'IIO C CYJIbcpaTaMII 
InlHeJIfI 06JIaAaIOT orpaHR'lenIIOIT MHrpa~HeH H 06paaYIOT CHOnJIeIIl'IH npel'UIY
m,ecTBenno B6Jlllall paaJlOn{eHlIOrO xam:'HOnJilpl'ITa. 

llPII rnnepremU:.lx npo~eccax Ha6mOAaeTCJI Ron~eIITpa~HJI ~eJIoro pHAa 
SJIeMenTOB B npOAYRTax neOllmnopaJIHaa~l'I. TaH, B nepBllqnhlX CYJIbcpHAnblx 
MlmepaJIax COAep)HanUe l(ruma O'leHb nHaI<oe. 

B nepBlITJIlOn PYAnO:H: lImHepaJInaa~llJ[ CYJIbCPUARhlX MeAHo-nHH.eJIeBhlX 
MeCTopom)J,enHll r.mrpa~llJ1 ~HBHa pOACTBeHHa C reOXHlIm'!eCI{l'IM nOBeAeHlielll 
MeAll. 

Hnan I\apTlirra OTMe~IaeTCJI Upl1 rnneprennbIx npo~eccax. llplJ OlWCJ1e
HIII1 cyJIJ:'CPU)l.OU Me)J,l) 06pa3yeT npOCTI:.re coep;nnenRfI C cepOll (CuS II Cu 2S), 
a nprr aBa'lTITeJlbBO 60JrbmeM: OlmCJIennlI callropoAnyIO MeAl) H AalHe OI<fiCJIbl 
(CUzO 11 CuO). 

~unH npu OHIICJICBl1il CYJrbCPHAOB I\On~enTpnpyeTCJ1 n nHhlX YCJIODHRX 
II 06paayeT l<RCJIOpO)J,nble Coe)l.UHenrrJ1 C aBROHOM (SO 4)2-. B 30Be o ImCJIelIl'lfl 
~lllm uauummBaeTCH B ana'iliTeJIbnbTX IWJIll'leCTBax B CYJIbcpaTax lI'farBIISl, 
nlll,CllfI H }['eJleaa. 06 3TOM CDI1AeTeJIbCTByeT BhlCOI<oe CO)J,epii{arrUe ~UDl\a 
B meJIeallCTO-MarnnCTOM peTrepcnTe 0.61 %, 'ITO B )l.eOfITHH paa Bblme CO]l;Op
)J{anUJ1 ~HHI{a D nepBll'lUhlX CYJIbcpIIArrhlX pY)J,ax lle~IeurH. 

I{06aJlbT anaJroru'IIIO ~llHI\Y B rnneprerrnhlX YCJIOBllJIX TaI<a<e 06rrapy
nmnaOT 60JIbmyIO ClmOHHOCTb I{ I{QB~errTpaIWl'I B HllCJIOpOAnhlX CO 0AnrrenuH x 
(CYJIbcpaTax) BMeCTe C MarIIlleM, rrIII<eJIeJll H lHeJIeaOM. jf{eJIeaI1CTO-MarHIICTblIT 
peTrepCIIT cO)J,opmrrT 0.34% CoO, TorAa HaH Tal\OrO IIblCOIWrO COAepil{anUn 
SToro OJIeMenTa nnrAe, HpO~[O nenTJIaaAIiTa, ne rra6JIIO)J,aeTCJI. 

H aJlU'lIle ana"tlllTeJlbTILIX cO)l.ep>HaID1ii MaraHJI II ll,eJIeaa B cYJIbcpaTax 
lia 30nbI OImCJIenI1fI lleqenrCHIIx MecTopolHAenHIr YI{aablBaeT rra 60JIbmyIO 
nO)J,BllilmOCTb n STUX SlleMenTOB B rl1ueprennblX YCJIOBIIHX. 

)I\eJrealfCTO-ltIarH HCThlii peTrepCl1T 

<DpOB)J,eJIb ]( ll3Jra'I (Frondel a. Palacbe, 1949) BnepBble o6Hapyml1JIll 
II OIDIcami n pUpO)J,lIbI:H mecTHnoAHhlH TeTparonaJIl)nbrll cYJIbcpaT nIII{ellll, 
}WTOPblll I1MU OblJI naaBan peTrepCHTOM. R. <.I>ponAeJIb H 1.1. naJIa'! OTMeTl'IJIH , 
'ITO B YCJIOBTUlX aOHLI OKnCJIeBI1JI npnpOAnhlX MeCTopomAeIlHH HMeeT JIleCTO 
npeJIMYllI,CCTUennoo pacnpOCTpaaerrne peTrepCl'IT, a Be MopeB03HT. 
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IToCJle TOrO IWI, peTrepCHT OhIJI nnepnIile OnRCaH n l.mnepaJIOrH'IeCIWH 

JHlTepaType, n ne'IaTH ne nOHBJIHJIOCb nH Op;HOrO COOO~eHHH 0 naXOp;Ke 9TOrO 

l\IlIHepaJIa n p;pyrHx MeCTOpOmp;eHHHX, HII 0 ero cBoiicTBaX. 

3eJIeHblH MrmepaJI H3 30Hbl OHHCJIeHHH ITe1JenrCl\)[X cym,qrHp;nblx Mep;HO

nrmeJIeBblX pyp;onpOHBJIeHHH OI{a3aJICH meCTIInop;UblM CYJIl,4>aTOl\l nHRenll, 

MarnHH H }KeJIe3a, lWTOPIilH no cocTany H CnOnCTBaM OTJIlI1JaeTCH OT peTrep

CHTa - meCTlIBOp;HOro CYJIl,<!>aTa mmemt. 8TH OTJIJ'I'IUII nocnY}IUIJIH OCHOBa

DIfeM P;JlJ'I Bblp;eJIemUI HOBOn >I{eJIe3HCTO-MaraIlCTOH pa3nOBlIp;HOCTlI peTrep

CIITa. 

,JJ;JIH UplIpOP;UIilX CYJIb4>aToB UlIReJIH BnepBble oonapymeno npuCYTCTBHC 
B 3Ha'IlITeJIbHhlX J{OJIHQeCTBaX iI{eJIe3a. 

PeTrepCHT P;JIH MeCTopomp;elIlIH CCCP YCTanOBJICn BnepBbIe. 

Hll}l{e p;aeTcH I{paTROe OIIHcaHlIe 9Toro r.mnepaJIa H3 ITe1JenrlI. BOJIee 

nop;poonoe OIIHcaHHe npHBep;eno 8. H. EJIHCeeBhIM IT C. H. C {HpnOBOn (1958a). 

Y CJIODJlfl naXO>Kj\eUUII pCTrcpCUTa D PYJl3X Ile'Jcllrn 

PeTrepCJIT, Hal, npaBHno, npHCYTCTByeT na YQaCTHaX PYP; C nOcJIepYA
nblMlI TeI{TOHlI1JeCKHr.m HapymeHlIH1.m. Oopa30BalIHe peTropcHTa npoHcxo

P;lIT npH OObl'lHbIX aTMoc4>epublx YCJIOBIUIX. BCJIep;CTDUe OOJIbIDOii pacTBo

PHMOCTH t.muepaJIa CIWUJIeHlIH peTrepcHTa lISMeHHIOT CBOH O'IepTaRHH nocne 

Prrc. 166. HOQlWBllA ALl6 DblAe: IOIIIHl p eTrepCI'ITa, cocToflrqnc 
113 MemHU l(p.MCTaJJJl oB. 

Kamp;oro p;O>I{J];H. ITepeOTJIO}l{eHlIe peTrepCHTa Ha1I6oJIee xopomo saMeTRO Ha 

OTBeCHIilX H HaKJIOHHbIX CTeHKax J{apoepoB. 

B OTp;eJIbHhlX CJIY'IaHX p eTrepclIT o6pasyeT nO'IJ{H, COcTollID;He liS MeJIKHX 

HpHCTaJIJIHlwB. RpHCTaJJJJHKH 9TH HMeIOT TaOJIHT1JaTYIO 4>0PMY (pIlC. iG6). 
C'bCMJ{a nayarpaMM C TalUIX KpHCTaJJJJOB nOKaaaJIa, 1JTO OHff npep;CTaBJHIIOT 

nommpHCTaJIJIHQeCIUle 06pa30naHlIH. 
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Xmm'Jeclmii COCTan ,UeJleaIlCTO-llaI'URCToro pCTrepcRTa 

COCTan JlIlInepaJIa, YCTaHOBJIeHHhlR XHlIDI'IeCKJilllI aHaJIHSOM (anaJIHTHH 

C. R. ClIUlpnoua), npHuo,n:HTCJI B (Ta5JI. 32). ITo npl1CYTCTBHIO SHatJ:HTeJIbHbIX 
HOJII1QeCTB fl<eJIeSa, JlfarHHH, Iw6aJIbTa H ~HHHa (cYMMa aTHX lI1eTaJIJIOB co
CTaDJHleT 7.3 %) aHamt3 HSY'IeHHOrO HaJ\lli JlmHepaJIa OTJIH'IaeTCJI OT aHaml

SOB CYJIb<paTOB UHI\eJIJI, HSneCTHhlX B IIiHnepaJIOrIItIeCIWH JIHTepaType [,11;eJIb

Tep II JleiiTMeiiep (D6lter u. Leitmeier, 1926; ,11;aHa ,11;»<. ,11;. HAp., 1953)]. 
[uuepaJI l[MeeT CPOPMYJly-

i O. 623 F eo. 125CoO.012MgO.1 8.!ZnO•o 20 Cao.o 35) 1.oooL SO 4h.o 2lH20 5.86S· 

T a 6 JI n II a 32 

XIIMR'leclmjj COCT8B meCTIIBOjJ.UWX CYJlb!f>8TOB HHKeJlII 

}I(eneOI1CTO-MarllllCTblii PCT1·CPCJ.lT PeTl'epCI1T 

nocne I1CI<JlIo-

MOnel<Y-
'1Ctll1R Hepa- nocne lICIWlo- no H. <I>POR- TeOpeTII'Ie-CTBOPlllllOI'O 

OKIICJlbl Bec. % nRpnoe HO- OCTaTl<a r nIlDO- 'lellllR rl1l1ca llCJIIO u q. na- CHilO CO-
JII1'lCCTBO 8e~la U MellU (B Bec. "!o) Jla'lY (1949) CT3.B 

(D Bec. %) 

NiO. . J7.77 2378 18.23 18.67 26.87 28.42 
FeO. 3.53 0491 3.62 3.7 l 0.63 -
CoO. 0.34 0045 0.35 0.36 - -
MgO 2 .• 2 0699 2.98 2.96 0.65 -
ZnO 0.61 0075 0.63 0.64 - -

aO. 0.74 0'132 0.76 - - -
SO:I . 31.24 3902 32.12 31.72 30.32 30.46 
HoO . IlO.39 . 22414 41.41 41.94 41.53 41.12 
CuO 0.15 - - - - -
AhOa ..... 
Hepac'l uop[JMwii 

0.23 - - - - -

OCT81'O[, 2.50 - - - - -

yMM8 100.32 I I 100.00 I tOO. 00 I 100.00 I 100.00 

Yt\e.1LULlll DC { Jl3~lCpCIlUbIU . 

: I 
1.96 - 1.96 

I I 
2.04 

I Dbl'IIlCJIeuHl:Jii 2.04 2.07 

CY]],fl no pesYJIbTaTall! X1JMHtICCIWl'O anaJIllSa, Ha 0.56 Bec. % aaBhlmeHO 

cOll.epmaH Ue S03 lIJIn B 06pas~e npHcYTcTuyeT 0.22 Bec. % 9JIeMeBTapHoH 

cepLL 
DOMIlMO. OCllOBnbIX 8J10MeHTOB, CneI{TpaJIbBhIM aBaJIH301ll, BhlnOJIHeBBbIJI1 

H. H. l{OJIOCrrDHODLIM (J1auopaTopUH cpl!I3HlJeCKHX lI1eTO,n:OB HCCJle,n:onaHlHI 
?JUDf'paJ10n J:\OJIbCIWrO cpllJInana AH CCCP), 13 Honou pa3HOB[HIHOCTlf peTrt:'p
CllTa YCTallOUJlOnO npnCYTCTBue Mn (cpe,n:nee) 1, Si (cpe,n:Hee), Sf (OqeHb CJIa-

50e), CI' (CJle,n:bl) 11 Ba (cJIa50e). 
1..j aCTb us YHasanrrbIX BhUIle II D Ta5JI. 32 OJIeMeBTOB, OtIeBR,n:BO, CBJrsaBa 

c nplllllccmm CllJIIlI{aTHhIX 1l1I111epaJI013 (Mn, Si, AI, Ca, Sr, Ba); ,n:PyraH 

qaCTb 9J10MOBTOU 06YCJIOBJIeBa npBCYTCTBHell1 npHlI1eCH PYABblX JI1RHepaJIOB 

(Cu, Cr'). 

1 II CI(06J(8X npllDcneua I1DTeUCIlBDOCTh mlBl1ll na cneRTporpaMMax. 

19 IJIITPY311H ne'lellrJ.1 
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J].auuwe peBTreuOrpa~m nOpOwl,a 

BeJIH'UlHhl MenmJIOCIWCTHhlX paCCTOffHHll 'ReJIeaHCTO-MarHIICTOrO peTrep

CHTa aaMeTHO OTJIH'laIOTCff OT COOTBeTCTBYIOID;UX BeJIH'lI{H meCTllllOAHOrO 

CYJIL<paTa HHI{eJIff (peTfepCHTa). HaH60JIee IllITenCH'Bnaff JIHHl1ff peTrepCnTa 

duz=4.26 A, a Y MopeHoaHTa - d l12=4.20 . TorAa l{aI{ d 1l2 - Y }HeJIe-

3HCTO-MarRaCToro peTrepCHTa JWJIe6JIeTCff no AaHHbUI MTll peHTreHorpaml 

OT 4.359 AO 4.365 A. 
OTRJIOHeHHe BeJIH'UlH Me,I<nJIOCIWCTHhlX pacCTOffHUlJ Y Hsyqennoro HaMil 

MllHepaJIa OT AannhlX 06hl'lIIOrO peTrepCHTa Ii lI10pen03HTa He 1I10rYT 61l1Th 

06'hlICHeHhl npHCYTCTBHellf npHMeceii APyrHx MHHepaJIOB. Ha penTfeIIOrpUM

Max meJIeSHCTO-MarHHCTOrO p eTrepCHTa OTCYTCTBYIOT JIHHHH APYrux hfimepa
JIOB }1,eJIeaa H MarnH1I - MeJIanTepHTa n MOpeHOSJilTa, a TaRme I<aInIX-JIIIOO 

ORHCJIOB H rHAPOOIHICJIOB iI<eJIeaa. 
TaI{HM 06pa30M, }HeJIeSO H MarllltH B peTrepCHTe U3 IIe'lenrn npIlCYTCTBYIOT 

B BHAe HSOMOP<PHhlX K HHl{eJIIO npHJlleceii. 

IIo AaHHhlM Me,HnJIOCl{OCTHhlX paCCTOlIHHlr II HHAeI<CaM OTpaiI<emUI 6b1JIfl 

Bhl'1l'lCJIeHhI paSMephl 9JIeMeHTapHoif fI'leHIUI HCCJIeAOeaHHoro HaMIl lImHepaJIa . 

B Ta6JI. 33 npHBOAHTClI CpaBHeH1!le paaMepOB 9JICMCHTapnOlr lI'le~iItH 'ReJIe3f1-

CTO-MarHHCToro p CTrepCllTa, peTrepCJilTa, reHcarnAPHTa H MeJIaHTepllTa. 

T a 6 ;} II I{ a 33 

PaSMepbl 3J1eAleUTapUoH nqeliKU cYJlh!IJaToB DIme 111, lI!arnUlI II ilteJleaa 

PeTrepCIIT 

I

UCHYCCTncu-/ )J( JICBIICTO-I 1 
lib! Ii PG'fI'CPCIIT ManlllCTbl Ii rClICBI'IIAPIIT 

(n A) 
(n A) 

OTRomeBlle oceii 
CloI.urolll1lI . . . • 

PCTrCPClI'f 

6.765 ± 0.22 6.776 ± 0.0036.753 ± 0.015 7.15 6.09 
18.20 ± 0.05 18.249± 0.009 18.42 ± 0.20 200 = 20.0 

1 : 2.690 
TeTparoll. 

1 : 2.693 
TeTparou. 

I:Is03,f 
1 : 2.727 I: 0.851 : 2. OS 

TeTparoll. l\·IOIIOIWUII. 

~J CJJilIlTep IIT 

7.67 6.49 
co=20.02 

104°16' 
I : 0.845 : 2.606 
~IolioHnull. 

IIepeCTaHOBHa oceif Y reI<CarHAPHTa oCYIIIeCTBJIena TaIOlM 06pasoM 

(B Ta6JI. 33), 'lTo6hl COBepmeHHalI cnainocTh Y Bcex CYJIh<PHAOB COOTBeTCTBO

BaJIa (001). 

OnTll'leClme cBoiicToa 

IlOA MHI<pOCI<OnOM B HlIfMcpCIIoHnhlx npenapaTax BbUIBJIffeTClI ':Ipe3BbI

'lanno MeJIIWSepHHCTOC H p eAIW TOmWBOJIOHIIlJCTOe CTpoenne arperaTOB peT

repclua. ,II.mma OTAeJIhHhlX BOJIOHOH COCTamlffeT 0.004 MM. IJ,DeT MJI}lepaJIa 

CBeTJIO-aeJIeHhlH H 6eCI{'BeTHhlll B TOHIUl X BOJIOIl:nax. TIoracaHlIe nplIAlepnO 

npsn.we. 'Y AJIllJIeJIBe nOJIO>HHTeJIhJIOe. CYAH no I{DeTaM I1FITepcJ?epen~ul1, 
ABOllBOC JIyqenpeJIOlllJIeH0e cpe,Unee, ':ITO nO;nTDeprH;naCTCH lJ3Mepellll1IMII C no

MOIIIhIO HOMneHcaTopa HHHBTl'lna-BepeHa (ORono 0.020- 0.025). 
OTAeJIhHhle sepna 1IIHFIepaJIa HaCTOJIblW MeJIlm. 'ITO B CHpe1Il,ennhlX HIl

I<OJIlIX arperaT FIe raCHeT. 'Y Tal\HX arperaTOB B03J110i lUlO 6hlJIO I!ISMepIJTb 
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JIHmb cpe}J.llIIll nOJ{aaaTeJIb npeJIOMJJeUHJl, IWTOPblH )J;JIJl meJIeaHCTO-lIfarRH
CToro peTrepcHTa Of{aaaJIClI paBRblM 1.492. PeTrepcHT, no CI>poR)J;eJIlO H lla
JIa'IY, mIeeT No= 1.511; e=1.487 H 0- e=0.024. 

llaMcnClIlIe oeca MlIHella.1la IIplt uarpCBaOl1J1 

Xapal{Tep 06e3B0r1{HBaHIIJl >HeJJeaHCTO-!lrarmrCToro peTrepCHTa OTJIHtfaeTCn 
OT )J;ern}J.paTan;llII lIIopeU03IITa. -y H3YQenHOrO Ha1>m l\mnepaJIa OTCYTCTByeT 
XapaT{TOpnhlfI )J;JIl1 IIfOpeU03HTa acpcpeKT BT:.I)J;eJIeHHl1 BO)J;bI npH Tel\mepaType 
30-40° C. 

llopexo)J; meCTtlBO)J;Horo cYJIbcpaTa D MOHorII)J;paT npOHCXO}J.HT HenpOPbIBUO 
B nHTepnaJIO TeMnepaTYP OT 70- 80 ~~o 160° C. Ha )J;HcpcpepeHII;HaJIhnOll }{pn~ 
BOll narpeBaHHl1 DbIAeJIeHlllO IlJlTH IOJIeJ{YJI BO)J;hl COOTBeTcTDyeT O)J;llH aU)J;o-

Bec. 
% 

faa 

PIlC. 167. Hpllnan 1l3MeUClllHl neca ~HeJJe3JTCTO-l\IarlJJ1CTOrO pCTrepCJ:lTa Ilpll 
BarpCnUIlTIU. CTpeJJl<aMII OTM e 1Jellbl paa1Ht1JllbIC <{laShy. 

Tep llllJCCIUJil aCPCPCKT (IJ,BeTKoB 11 BaJIbl1IIDlXIIUa, 1955). Ha I{PHBOii H3Me
uemIl1 Beca l\lllHepaJJa npu narpeDamm (pnc. 167) 'IeTIW BJ,T)J;eJIneTCn MOMenT 
nepexoAa AllrIIApaTU B MOHOrITApaT cYJIbcpaTa (120 -160° C). 

PCXOA l\IOHOrIIp;paTa B 6eaBoAIlbIll cYJIhcpaT Y 1HeJIeaHCTO-lIfarHl1CToro 
peTropCIlTa paCTnUYT aa 60JIbmOM TeMIIepaTypIIoM llIITepBaJIe (260-500° C), 
TorAa I{al{ Y MOpOn03I'JTa aTOT me cpaaoDhlll IIepeXO)J; ocyrn;eCTBJIl1eTCn IIpH 
360-390° C. 

llOJIHaH AOrH}J.pUTan;Rn MHRepaJIa npOHcxOAHT JI11llIb IIpll HpacnOM l<aJIe
Hun, npll TOMllepaTypax 13bIllIe 600-650 ° C. 

CO}J.epa{aHll BOAhl, OIIpeAeJIennOe npnMhlM rryTeM B TPy6I{e lleHcpHJIbAa 
(41.41 %), XOPOllIO corJIacyeTcn C 1 OJIHQeCTBOM BO,n;bI, BbTneJIJlOMbIM MIlHepa
JIOM npn narponaunu AO 500° C (41.82%). 

BLIAoJIenuo nOCJIOAUeii MOJIeI{YJIbI BOAhl Y meJI03HCTO-MarHHCTOrO peTrep
CllTa HaqUnaCTCH paIlbIDO R aaHantfllBa TCR noa>J<e, Tie 1 Y JllOpen03HTa. llPH 

19*' 
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360-390° C JIlOpenOaHT TepfIeT 7.1 % BOALI (U.BOTHOB n BaJIbElIlllXJIrra, 1955), 
Tor)J,a HaH )l,e.rreaucTo-MarnnCTLJH peTrcpcllT B 9TOJ\'J )1,0 IInTepaaJIe TOMIIcpa
TYP TepfIeT JII1IDb Ol<OJIO 2.5 % BOw>I. PacTlIuYTOCTb cpaaoBoro nope 'o)J,a 1II0IlO
rn)J,paTa B oe3Bo)J,nbIM cYJIbcpaT n CJIyqae :aayqenROrO naMJI oopa31~a Oqenh 
cxoJ~na C npo.qeCCOIlf, naomo)J,aeMbTM y CeJllFLBO)J,Horo cYJlb<paTa }l\eJIe3a - lIte
JJaHTeprna, H DbI3BaHa, BepOIITno, TeMH me npnqnna~lIf - o6paaoBaHIIe ! 

rrpOMemYTO'lHOrO coep:IlHemIH - (Nl'", Fe''') 04(OII) \' 

3al\JJ/o'JenllC 

TIo cocTany l\mHepaJJ HDJJlIeTCfI iI,eJJC3UCTO-JllarnrrCTbI1l1 peTrcpcuToM, 1\0-

TOpr,yii: OTJJn:qaeTCfI OT pOTrepCHTa, OJIIicannoro CJ)pOIT)J,eJleM n n3JJaqe~f (Fron
del a. Palache, 1949), no peUTrenOMeTpUlJCCKUM nOJII~qnHa I, y)J,e.rrbHOMY Racy 
:a aHaqT:ITOJJbHOMY CO)J,ep;l, aH1!JO 1I30Jl10P<PHhlX npmreccii (Fo, Mg, Co l1. ZII 
COCTanJlfllOT noqnr TPOTb OT oOJ.qero I{OJInlJCCTBa MeTa.rrJIOB B MlmepaJJe). 

B H:aqeCTBe npuJllepa Bblp:eJIeHFHI OCOOblX paa110BlT)J,nocTeii y mmepaJIOB 
COIDJIeJIICH Ha p:pyroH Bop:nLlrl CYJI b<PaT - JI1CJlaRTopUT. B MeJl aIITep lITO, CO
rJIaCHO ero TeopCTHlJecl{oii cpopMYJJe Fe 0 4 , 7H 20, c0l1.epw;n:TCfI 25.8 % F eO; 
28.8 % Os H 45.1,1 % H 20. MeJIaHTepFiT C H30Mopcpnou npmlocblO le)J,H 
(3.13 % CuO) T1 MarnC3IIIi (3.36 MgO) DbI)J,OJJOn n caJIIOCTOflTeJILfIbrii MrlH O
paJI - I<ynpoHIlpOBllT TUIn MeJJ;IIcTbIii: ImponrrT CD, lla ,Il,}I' . ,Il, . 11 )J,p. , 
1953}. 

B HonOH pa3HOBllp:rrOCTf! POTfOpCIITa, onFlcannOlf Bblme, ' cO).1,opamTCH 
3.62 % FeO; 2.89 % MgO n18.23 % JiO, Tor)J,a HaHB p eTropCIITe }J.OJDKIIO npB
CYTCTBOBaTL 3alUJCR mmOJIH - 28.42 %. 

r JI a B a 30 

r'EHTrEHOMETJ)IlqECIWE nCCJIE)J;ODAHHE MHIIEPAJlOB C IIEPEMEIIHbll\1 
COCTADOM 

PerrTrerrOMeTpnlJeCRHe onpep:eJII1TemJ A. K. BOJl)J,hlpcna u B. 11. M[[XeeBU 
(1938), A. H. KI1TaUropo)J,cJ<oro (1952), cO)J,epmam:llo CUllCO!{ }J.aIlRhIX perrT
rerrOrpaMl\1 1300 XlIl\JlIqOCRIJX coep:nnennu, onpe)J,OJIflTeJlb a~lepl1HaUC lmx 
UDTOPOB, ASTM, F1aJJ;auHbTH B 1944 r., npeCJleJJ;YlOT .qOJlU JJ;llarnOCTlll<JT XTiJlfll 
qeCIUIX coep:YUerrUll U BHJJIOlJalOT B ceon JIl'lIDb OTPhlllOlJUbIC cnep:enIiR 0 co
e}J.l,menBRX C JiI3MeHqnDhiM COCTaBOM. B naCTOfImce BpeMH p;JJfI pfIJ(a Xll~mqO
cmu cOe,[(ImenHH C nepeMOnHbtM COCTanOl\l YCTanon.rrCllbl 3anUCrIJlIOCTrI penT
renoMeTplI'JoCI{HX JJ;ann.bTX OT COCTana coe)J,Fmemw (Mllxceu, 1957). OnrOTIIlI1 
rJJaBHeilmIIe paooThl no penTrerrOMeTpH"<IeCIOMY H3Y'IClHlTO XIIMUqeCHUX co
e).1,llnenFlu C nepeMennbnt COCTaBOM. CrrO~HaJI1)uble pelITrenOMeTplIlJeCIUlC 
liCCJJe)J,ODanIlfI ~leTaJJJJlIqeClmx CnJIaBOll BLIllOJJnCHDl "L1. C. BappeTToM 11 pR)J,OM 
APyrllx aBTOpou; i\mnepaJJOB XJlOPIlTOBOii: rpynnhl - r. B. BpH)(JJII II B. H. Mn
xeonbal; )J,H- Ii TpT:l-apcenT1)J,OB nlJHeJJH Ff meJJ03a, MarneTllTOB, XPOMIITOB , 
munIloJlei1, rparraTOB - B. M. MHxeeubTM; CeJJemf)J,OD H TeJIJlypn).1,OB rUJJJlHII, 
1I."I1I\a - H. A. rOplOnoDoif, B. A. KOTOnn"<I n B . A. ())paT:IJ,-KaJllene.qIUli\I; 
nI1HCJTHCTbIX nnpUTon - r. C. rpn.qaeIIRO n JJ;p. YHa3anm,Ie BbIIDC DCCJTefJ,O
nan HR Uhlfl nHJIU nmpOJUle B03J110;1,UOCTII J<OppOJJfI.qnn XHMH'IeCJ<orO co
<:.Tuua y coep:Rnenufl C nepeMenHhlM COCTaBOM, IiCnOJJL3YH penTrenO~JeTpH
"leCIUlO .o;anUbIC. 8TUlIIH paooTaMH naMeqeU HODbTH nyTb 1I3YQCIll!IH l'lDJIeHHR 
1130Mop<P1I3Ma B XHMT:l"<IOClmX COO)J,HHemHIX. 
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O CfJOBHble TUUbI XmmlleCRH. COe.L(UllefIUU: C n e peMeIlllbU f COCTaBo~1 

B nepnoe BPCMfI, nCJIep; 3a OTl~PbITt1el\{ HBJICH1UI t130MopqH13Ma MllTqep

JInXO~ 1 (1819- 1822 rr.), 113Y'lenuc noro HnJICmUI nponOp;nJIOCb na l{pI1CTaJI

JIax C nO~l oru;blO fOIIUOllfCTPlitIeCltOfO IICCJIep;OBallHfl. B p;aJIbHCUmeM P;JUl ll3y

qCllUH lJ30MOpQ1ll3l\la UblJIlI IIplIBJIClJellbI l\1CTOP;bl 1I10JIeKYJIHpIIhlX 06'beMOn II 

APyrue l\IIIOrOqIlCJIeUnhIe n pa3IIoo6pa3rrblc c!>1l3I1RO-XH~1llqeCRHC HCCJIep;Ona

nnH. STU ucc.ncJJ,oaannH ll30Mopc!>nbIX BCm;eCTB, npOnep;9l-IHhIe B .L(OpenTreHOB

CIUlll nepuop; 113y trcnuH ToepJJ,blX paCTBopOB, OTnOCnJIllCb rJIanrrbIM 06pa30M 

1( BfJlfICIIeUllIO oco6cnUOCTell 3allfCID; llnJI 3JIeAIerrTon C 6JIll3I{nMlI cnollCToaMlI. 

TOJlbHO C npmlenemlCM pellTreUOCTpYHTyprroro anaJIn3a R U3Y'JeUUIO Tncp

AbIX paCToopOB UbIJlO YCTaUOBJICnO ooru;ec pa311000pa3lfC XmmqeCIUIX Coep;I1-

HCUUII n p r.rCUUbTM COCTanOM. . 

B 1933 r. XClrroM Jl 3YI{cJJ,0Pc!>0l\[ 0 hmo BhTHBJIeIlO cyru;CCTBonaUlle TBCPP;hIX 

paCTOOpOI3 C ACc!>CKTllOI[ l{PliCTaJIJIlltlCCltOii pemcTHoll. 

r. B. BOI{Uii (1954), OT lC'laCT, 'lTO Tun Tnepp;blX paCTBopOB BO l\.U10rOM 

3aBllcnT OT xapaJ\Tcpa XI1MHQCCI\lIX 3JICAIellTOn, 06pa3yJOID;&X COCAHllCHlie 

nCpellJCllIIOrO COCTana. TaR, l\IeTaJIJIbI C MeTaJIJIallfH naIOT llenpopbIBnbIc Tnep

p;blc paCTBopn ITOl[Tll UCIWIO<JlITeJIbllO THna 3al\lCru;elllm. TnepP;hlc pacTnophI 

BHcp;pcIUm ua6mop;aroTCH y coeAuucullu MCTaJIJIOB C neMeTaJIJIll'leCIUlMll 

3JIeMenTawI, 06JIaAaJOw.mm: laJIbIJlllI pa3MepaMII aTOMon (SOAOPOAOM, OOpOM, 

YfJ1ePO,nOM, U30TOl\l). TnepAble pacTnopbI BbI'lI1ITamm 06hI'Ino BCTpeqalOTCH 

Y COCAHIIClllll
u

r M TaJl.JIOfl C neIWTOp.hlIlIR ne leTaJIJIllqeCI{IIMR 9JIeMenTaMH, 

Tal\lIMn, l{aK cepa, CeJIeIl, IIlbillIbHR, TeJIJIYp. 

P acn p OCT p a Ue UIJOCTb coe,ll;Hnemdi nep el\lelluor o COCT ana B P Y,Il;a x 

n lllJIa I,a X 

Xmmqecl<J1e COCAllLremm nepeMeHIIoro COCTana 1'lMeJOT mupoI,ce pacnpo

CTpaHCIIIIB n PYAax CYJIbc!>IIAllbIX MeAIlO-H1meJIeBhIX MeCTOpOII{AellHH. B nep
flUqa.hlX nopoAo06pa3Yl0ID;llX IIfIfRepaJIax - OJIIIBHIIe H lllrpoKcene - OTMe

qaeTCfl 11aM 11'111130e COOTUOUI Ulle MarHl'UI H )-1 eJIeaa . 3Ha'lHTeJIbHbJO KOJIe6a

I1llfI B co,n.eptl<all lllI mCJIe3a H MarmUI HMeTOTCH R no BTOPll<JlIbIX CUJIHHaTHhlX 

l\lllnepaJlax - D ccpneHTuae, XJIOpUTe, poroBbIx OOMMY{aX, a Talm<e n lW]J-

60naTax, I,oTophle conpOnOil\p;aTOT B JlIeCTOpOmAeHuHx Pyp;llf:Je MHnepaJlbJ. 

OClloflIIhIe PYAllbIO MHlIBpaJIbI CYJIbc!>llP;HhIX MeAIIO-Hlll<BJICnbIX PYA, OllPpOTIIll 
II nellTJIan,ll;IIT, 06JIaAalOT 1I3J1leUQRBblJl[ COOTnomenueM cephI H JI1eTaJIJIOO. 

MBTaJIJlII'IeClme 9JIOMCnTbl - tHeJIe30, HHl,eJIb H R06aJIbT - H30MOP<PllO 3U

Mem;aTOT APyr APyra II nupuTax, neHTJIaHARTe 11 III1IOJIapHTe. 

XmmtlCC IHIe COeAnn01:lll11 nepe~leHnoro COCTana He Menee qaCTO DCTpe

qa]OTCH cpep;u mTeUHOU n MeTaJIJIyprUqCCI{HX mJIaROB, }<OTuphIe nOJIyq aJOTCfI 

oprr .ncpeUJIaUJIerrrrll lI1ep;HO-HHReJIeDhIX CYJIbc!>RP;HhIX PYA ( B 0pTOCHJIfmaTaX 

»{eJIeaa JI'lIlarmlJ1, n CYJIbc!>Hp;ax HUI{eJIJI, 1\1eAl1 II KOOaJIbTa). 

B03~1O;'1~IIO CTb IWppeJJSU~H[J XmlllQeC lwro COCTana Y COe.L(uHeIIR H 

no perITreIIQl\leTpU'IeCKOJ\l ,Il;alIHbJlU 

"yqnTbISafI 60JIbmOO Opal{TI1'1eCROe 3naqeHae nenTJIaHAHTa, IIHppOTI1Ha 

H OJII1SHna, Ha1160JIee pacnpocTpaHeHHblx B pyp;ax CYJIbc!>IlAHbIX MeAHo- HH

I{eJIeDblX P AOnpOHBJleUHU, B IaoopaToplHI <pu3H'IeCRnX MeToAoD IlCCJIeAOBaHllfI 

MHHepaJIOB 11. PYA ItOJIbCJWrO c!>11JII:IaJIa AH CCCP OblJIO BhInOJIHeHO p eHT l'eno
MCTpfftleC[We II3yqenUe ClTUX l\lfIHCpUJIOn . PeIlTrenOMeTpllQeCHOe H3Y'IeHHe 

OJUIO llna , nUppOTIIHa I:I neHTJIanAuTa 11 leJIO u.eJIblO BbTHBJIeHHe ocooeHHOCTeH 
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CTpoeRIUI aTHX MlffiepaJIOB 1'1. BOSMOiI{UOCTell onpe,J:\eJICnnJI HX COCTaDa no peUTre

UOMeTpH'IeCRHM ,J:\aRUWf. 
OJIHBHR, nnppOTHU 1'1. neUTJIaU,J:\HT OTUOCflTCfl I{ pa3JIH'<fHhlM nma1l1 TBCP,J:\hlX 

paCTBopOB. OJIHBlffi HDJIHeTCH ImaCCIPleCRlllll npHMepOM 'l'Bep,J:\oro paCTBopa 
saMem,eUHH. ITHPPOTHH OhlJI nepBhllII XlIMH'IeCI{HM coe,J:\IIlleuneM, y I{OTOpOro 

OhlJIO oouapymeuo ueCTeXlI01>1eTpH'ICCIOe OTRomeHHe aJIeMeUTOB (meJIesa II 

cephl), BXO,J:\HIIl,HX B ero COCTaB. 
ITeUTJIaU,J:\HT B OTJIH'IHe OT OJIlIBrrna H Dl1ppOTlllla Dpe,J:\CTaDJHICT cnOiHHblU 

TBep,J:\hlH paCTBOp C ,J:\o6aBO'lnhlM 'IUCJIOllf aTOllJOB B anCMenTapDoii: nqelll{e. 

3aBHCHMOCTH napa1l1eTpa :meJ\lCHTapUOll: nqei'nm OJIUDUna, mlppOTlma 11 
neUTJIaH,J:\HTa OT HX COCTaDa OCOOO BailmyIO pon:b HrpaIOT D ,J:\eJIe COJIOCTaUJIeUUn 
COCTaDa aTHX lInm:epanOB HS paSnl1'lUhlX PY,J:\, n To~r 'lJ:ICJle If HS Dt<paJIneHHblX 

PY,J:\· 

rpynna ~lImepaJIOB co mmmenenoii CTpyKTypoii (1\IarUeTUT, XpO~II1T, mnuHeJJb) 

rpynna mnHHeJIlI OO':be,J:\UUfleT 6oJI:bmoc ROnll'leCTDO MHnepanOB, UpH'leM 

K aToll: rpynne OTHocnTCH TalUle mHpOI{O pacnpOCTpaUeUn:bIe B CYJI:b<pH}:\lIblX 
Me,J:\HO-UHIWJIeBhlX MeCTopon ,J:\eUHHX 1>mnepal1hl, l(al( MarueTIIT II XpOMHT. 
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Puc. 168. ,D,lI.arpaMM8 a8BfiCJlMOC'rrr 
pe6pa ll'leiiIm lllUURenuAon 01' ux 
COCTana. lliKaJlu A AJIH J130LlTK8 
Fe20S; m!\aJT8 B AMI 11361>11'l\a J'JIH
tJoa6M8 (DO B. II. MuxcellY, 1955). 

3Ta rpynua xapaKTepH3ycTCH n peJl1err
UWi cO,J:\epmaHll 111 }.l.ByxnaJlCllTUblX II 

TpeXnaJIeUTnbIX I<aTliOIIOU. Oom,aH <po p 

Myna JlllmepaJIOB aToll rpYIIIlbl H weT 
CJle,J:\YIOm,nii nn,J:\ RlIR2"10~, f,J:\C R" -
npe,J:\CTaBJleIlO ,J:\D YXBaJIenTUblMIi J(aTHO
nar.m: MarD)(CM, n eneS01l1, lIIapranu,eM, 
D;lIUROM, ulmener.i, IwOanbTOl\l; R'II_ 
TpeXBaJlCUTDbIMllHaTlIOHaJlIU: anJOMlOtnel\l, 
XpOMOM, ;T{ene~OM, MaprarrD;eM. 

RaJ{ OTMe'laIOT B. JiI. MuxeeD 1'1. 

H. H. CTynoB (1955), rpyDna mDHDeJIll 

npep,CTaDnneT HpRlIH npHMep HSOMOP<PHS
Ma, H,J:\ym,ero no uanpaBneHHHM Hal{ ,J:\ByX
BaneUTHoro, TaI( H TpCXDaneUTuoro 1\a

TlIOHa. ITpn TaRHX 3aMem,enHHX CTPY1\
Typa XHMlI'IeCIHIX co ,J:\lffiemlu OCTaeTCH 
I{yolI'IeCROiI, 0,J:\naIW 5TJl saMom,emUI 

CIIn:bHO CHa3LmaJOTCH na paSMopbl 31Ie
Ml'llTapnOu Jpmihm, I<OTOPLIe HBnHIOTCJl 
<PYRI{D;HCii Be1lJ1'lnU pa,J:\uycoD }{aTIIOnOB. 

B. JiI. MlIxeoB DOHaSalI, 'ITO 3aJlJem,o
nne TpeXDanOHTHhlX J<aTnOHOB Dbl3bIBaOT 
Sna'IHTen:bnO 6onbmoo I1311l0nCnne DenlI

'lUUhl fl'lefu<lJ, '10M SaMClll.enne ,J:\lIYXDa
JIeUTHIiIX },aTUOUOll. BJImml1e D30MOP
<pUbIX saMem,onJ[U na paSMepbl aneMCH
Tapnoii: H'lCUI n JllUHCpanou rpynnbl 
mnllHCJIH (Marne'l'HTa, XpOJlIHTa Ii C06CT

Deuno mnHlIenH) xopomo DIlAllO na pHC. 168. ITo 3TOMY rpa<pnI(Y 
(pHC. 168) npe,J:\CTaDnflOTCH B03MO}lmIDf onpe,J:\enHT:b COCTaD IImnepalIa, a Tal\}H~ 
CY,J:\HT:b 0 npHcyTCTDHH Tex llnII HHblX 1130MOp<p1Il.JX npmlecejj B 3TI:IX mmepaJlax. 

JillIIelOTcH OTpbIBO'lHhle ClIe,J:\eHHH 0 peHTrenOll1eTpl1'l()CIHlX ,J:\aBIlhlX Marne

TIlT a HS npHpO,J:\HhlX MeCTopon',J:\enllll. TaHHC ,J:\aTHIblO nOJIY'Ienhl UUMH ,J:\JIH 
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J\farneTl1Ta H3 nepBUqnhIX py.u RaMMHI{JiIBH (fIelJeHra) H MarHeTHTa HS THTaHO
MarHeTRTOBhIX py.u paiiOHa p. IJ;ara. Cy.uH no peHTreHOMeTpHlJeCKHM .uaHHbIM, 
lIIarHeTRT JIfl (lTEIX Py.uOupOHBJIeHHi'r co.uepa{HT B BHa1JHTeJIbHhlX I{OnHlJeCTBaX 
H30MOpqlHYIO npHMeCh MarHHH (pRC. 168). TalUIM o6pa30M, MarHeTHT nepBoi'r 
renepa~uu, Bhll~eJIHBmHMCH paHee CYJIb<pH.uOB, npe.uCTaBJIHeT «MarHHCTYIO» 
ero paaHOBHAHOCTb. 

fIPJICYTCTBRO HSOll1opcpnoiI npHlI1eCR MaUIHH B MarneTHTe CRaaIJBaeTCH 
rra ero CPII3H1JOCI{HX CBOHCTBax. 

TaR, MarIIeTHT JIa BI{panJIenHhlX Py.u PYAHoro nJIaCTa COll1JH (MOHlJe
TYHApa) 06JIaAaeT MIU{pOTBepAocTbIO nopHARa 1200 Kr /cM2 , a MarHeTHT HS 
CnJIOIDfIhlX cynbcpHil.IIhlX Py.u Toro }Re paiioIIa (H3 HHTTHc-RYMymbe) HMeeT 
60JIee lJeM B .uBa paaa lIIeIIbIDYIO TBepAOCTb - OIwno 500-550 Kr/cM2• 

113 CI{aaanIIOro Bbtme BHAno, lJTO MarneTHThl paamI1JllhlX MecTopom.uenHH 
U pasnoro rene3Hca o6naAaloT OTJIH1JHhlMU <pH3HlJeCKRMH cBoiicTBaMH H pas
JIU1Jllhllll XHMll3MOM. 

fIepoA AaJIbIleii:mHMH l\1HnepaJIOrHlJeCRHMH HccneAOBaHHHMH CTOHT 3aAalJa 
BbUICIDITb oco6eIIIIocTH XlD1Hall1a MarHeTHTa Ha paaJIH1JllhlX MecTopomAeHHii 
H pa3noro reHe3llca. Bom,moe 3HalJeIIHe In.,leeT BhlHCHeHHe OTJIH1JHTenbRhlX 
oco6eIlIIocTeii MarHeTHTa, BoaHHRaIo~ero MeTaCOMaTH'leCRHM nyTeM aa C'leT 
cynbcpHAoB. 

B CJIY1:JMIX TeCnhlX C pacTaHHM cnIOAHCThlX l\1HHepaJIOB C .upyrHMH MHHe
paJIaMH - APyrHe MeTOAhI onpeAeJIeH1iHI COCTaBa l>1HHepaJIOB HenpHMeHHMhl, 
n08TOMY cneAyeT OCTanOBHTbCH na oco6eHHocTHX peHTreHOMeTpH'leCROrO 
8HaJIHaa CJlIOAlIlCThlX MmlepaJIOB. 

O'80~'fe" 
Mi' 

0.70 Fe'" 

O. 60~ "" Al ... • 

.(of I I I I I I 

1.49 f 50 1.q1 f.52 1.53 1.54 f.55 

PllC. 169. ,lJ;narpaMMa 3aO flCR
MOCTIf ·cp0J.\ lI oro pa3Mopa OKTa-
3j.(pH'leCI{OrO "aTr-lOna II Mem
llJ10C IWCTuoro pnCCTOflElIHI OT
p am eJJ llfl 060 Y CJllOj.( (no 

n. 1/' l\ Lnxeony . 1.954) . 

Co (tJ 8ec. %) 
N/ 

(OfJec.%) 

Puc. 170. fpa<liUl{ 3aBHCIlMOCTH peGpa 
IJ'reiilU1 nITpaTOO OT cOAep}I(anllfl !Hi
L{e:Jf1 u [W6aJlbTa (0 BOC . Ufo). CocTaB
:I0UO no mJTepaTypHblM AaullblM. no 
OCll aGC[{lICC - napaMeTp SJlOMOHTap-

BOR R'IenKa nnpllTOB. 

,il;uarIIocTUKa CJlIOAUCThlX MHHepaJIOB no peHTr6HOMeTpH'l6CI{HM AaIIHhlM 
paspa60Tana B.I1. MlueeBhlM.I1M npeAJIO}KeHa.unarpaMMa (pHc.169), no ROTO
pon MO)l\RO onpeAemlTb COCTaB CJlIO)l, no penTreHOMeTpH'l.eCI{HM AaIlIIbIM. Onpe
AeJIemJ.e COCTaBa npOH3BoAHTCH no BeJIH'lHHe Mel'! nJIOCI{OCTHOro paCCTOHHHH 
(>Tpa}l{ennn (060), ROTopoe J{OJIe6JIeTCH OltoJIO 1.500. Y cnex B onpeAeJIeHHH 
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CJIIOAHCThIX II1HnepaJIOB 06eCJIe'lunaeTcfI Ao6pOl{a'leCTBeUf[WM~I U TO'ITIb£MU 

9TaJIOHHbThm peHTreHOrpal\lMallUl rrOpOIDI{a IT AOCTaTO'IIlO 'lYTI{UMI1 JlISMCllClUlRMll 

B CTPYI{Type lImnopaJIa B SaBHCl1J1l0CTH OT rrpaCYTCTBllH J!SO\10PCPfII>TX npmlCccII. 

I1UPIlTbl 

B aTy rpyJIrry J\umepaJIOB BXOAHT C06CTBOL1llO llI1pUT, a TaJ{H{O lIIJI{eJlb

HIW6aJIbTCOAepmam,Ife rrI1pl1ThI. B CYJlbcpHAJIhlX J\WAlio- rrUT' OJ10BJ){X PYAon pOHBJIO

HHfIX IIe'leHrH RMeeT paCIIpOCTpanenllO rrupaT, KOTOPbLU no cOl~opamT HIl mI

KeJIfI, HH 1{06aJIbTa . ,lJ,amo B Tex CJIY<IaHX, IWf):~a JIllplITOBble IIpOmllJllnt 
paCCel{aIOT rruppOTfllIO-DellTJIarrAl:1TOBhle }lnJJI bI, rrnpl[T He CO)l, pil<llT mmCJIfI. 

OAHaIW mmOJIb- U Iw6aJI.bTCO)l,ep' HaDwe llllpnThI MorYT 6WTb DCTpe']eJIbI 

B PYAllbIX 6JIaCTOJ\lHJlOrrllTa - . B aTOM OTllOIDeHIHI )l,JUI PYA MOrrqo':'TyrrAPbI 
HMeeTCH YKasaHHo B. A. MaCJlOmmOBa (1953). 

,lJ,JIfI MUnepaJlOB rpyuIIbI uflpuTa XapaI{TOpna neJIOJJllafl IIsoMopqmall 

CMeCHMOCTb B PfIAY Fe 2- l i 2 n llerrpepbIBIJaH B l1S0J\IOPCPIlO 1 pR)l,y FeS 2-

C oSz . Ral{ 6blJI0 rrOI{aSanO f. C. fpnu.aeHIW, H. H. CJlY)l,C1Wn It H. I. Au
P;Hl1bHH (1953), C HSMerrermeJ\I CO)l,epil\aIIIIH IUmOJIfI B IIl1pnTaX rrapaMcTp 

9JIeJ\lenTapJIOH fI'leUIUI lImnepaJla paCTOT rrpHJ\IOmnreUJIo, OCJIlI COCTao BwpaiHen 

B J\lOJlOHYJIfIPHhIX npoqorrTax. TaTUlM 06paaolll, mmOJlIfCTble rrupllTbl npOA

CTaBJlJHOT rrpHMep XHMH'leCHOrO COe)l,JlfIeIlHfI, )l,JlfI I<OTopOro cnpaoe)l,JIllO salWJI 

BeraN\a. 
,lJ,JlJ1 IIpaHTFi'leClnIX u;eJIeji OJIpO)l,eJIeIIHJ1 COP;Opij aUlw Hm,CJHf lJ 1I06aJIbTa 

B IIHpRTe 6blJIa COCTaBJIOna crren.naJIbRaR ArrarpaJ\lMa (pnc. 170)', na HOTopon 

COAepn{anHe aTUX HOMrrOneUl'OB BblpaiHeFlo B BOCOBhlX npou;01uax. 

PenTreHOMeTpll'JeCI{OJ\lY USY'lCRJIIO DOABcprnYTbI XUJ\IIl'leCIme coeAllrrenl1H, 

OTnOCHID.HOCfI I{ paSJInQIlhIM TUIIaM cooATmennir rrepo'Molinoro COCTaBa. 

Ha IIpl'IBOp;ennbIx IIpnMepax rrOI<asana BOSMO'I<IlOCTb I\OpPCJlRn.I1fl COCTana 

xUJ\lI1'leCIUIX coeAnneR:aH C rropeJ\lennblJ\I COCl'aBOM, nca80llCllMO OT Toro, 

K I<aHOMY Tflrry TBep)l,bJX paCTBOpOB aTU coe~raIIen.l1H OTROCHTCfJ. ,lJ,J1J'I 8TJIX 

MHHOpaJlOB JIPHBO)l,J1TCH rpacpUI{Jl (pnc. 158, '1 59, 161 , 168- 170), JIO lWTOPblM 

MOa{HO orrpOAeJIRTb HX COCTaB. 
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O.6lJ~ll E CBEAEJlJUI 

I1Pll paCCMoTpemru 3.neMCITTOn cer.wllCTna }l{e.neaa BbIllCITIT.nOCb, 'ITO ]].0-
cTpoiiKa 3JIel{TpOJHILIX OpGUT Go.nee r.nyGoI{l1X 060Jlo'Ier{ II coxpanemte 6e3 

JlaMeneIIIlIl Bnemneu 060JlO'IlHI aTOl\la, 'ITO Haumop,aeTCH ITpn nepeX01(e OT 
il{eJleaa K KoGa.nbTY Ii }{ mil{ JUO, He BbJSbIOalOT OC06hlX nsr.WHeHnir CBoiicTB 

XmmqeCKOrO :J1leMeITTa. 

PaCCMOTpeITllC lICTOPUU aJlOMeHTOu cer.ICllCTBa rl{eJIeSa u aeMROU KOPO, 
COrJlaCIIO CYIl\eCTuYIOlIl;n ( Boa3 peHlHIlII, IIPOBO,IlHTCJI C TO'lKU SpeUllJI Cxop,CTua 
1:1 paSMepax aTOMl1hlX pal \UYCOB, Xapal{TCpa cnOUCTB 3.ne~IeHTOU, a TaIOHe, 
l{aI C.nC,l1.CTBlIe Cxop,CTBa n CnOllCTBaX, B H,l1.eHT.uqHO~( 1I0ne,l1.eEIIlH npl1 I{pHCTaJl

JIUSall,IUI llIiTpyauBOB . . OC06yIO pOJlb llrpatOT npe).l.CTanJlenHJI 0 1I0ue]].eBHlf 
a.neMenTOD npl1 BhICOI<ilX TCMnepaTypax. CorJlacno ClTllM npeiWTaBJleIIHHM 

npu BhlCOKUX T MncpaTypax CHJIIH<aTHhlll paCnJlaB cnoc06eB paCTnOpJITb 
nelWTopoe .1{OJru'leCTDO CYJlbqrIlAOB . IIpu nOBl'DI<eHUH TellmepaTyphI paCTBOpu
MOCTb CHJIbnO CllIDKaeT JI 11 cy.nb<pH,l1.HbIH pacrman OTp,eJlJICTCJI OT Cl1.mmaTHoro. 

B llCTOPlllI OJIOMeUTOB }l{eJIesa It oco6enno BHJ{eJIH Gom mafl pOJlb npH

SHaeTCH aa IlS0Il10p<pnaMOM C JllITO<pUJlbnbHllI aJIeMeIlTa~m npn nOBhlillOBHhlX 

Te mepaTypa . 
Talum 06paaOM, B CITC~lIa.nhHblX pa60Tax ITO reOXlHJllU 11 J3 PYI<OUO)lCTBax 

no PYAHbUI MOCTOpOH<).l.eHJHIM reOXUlIIH'IeCI<OO nonOAouuo UUKeJIfl tl l<OUaJlhTa 
onpeAeJlJIOTCJI, C O).l.HOll CTOPOHLI, GJIll30CTbIO XHlIUrqeClUIX, a CJle]].JBaTeJlhHO, 

II reOXlu,m'leClUIX CBOllCTB ClJlOMeHTOB ce reiiCTBa il{eJleSa; C ,l1.pyroH - no,l1.
'lepltllBaeTCJI TOCllOe HSOMop<pnoe PO).l.CTBO mmOJIJI C lI1arBueM. 

IIpe).l.craBJIOUllH 0 IIaJlff'lllII IIaOMOP<PM3Ma Mell-;).l.y lIIarHlIOM 1'1 mll{eJIe~1 
OTparHaIOT B3r11JIAbl <DorTa, no MHeHlllO IWToporo, CYIl\eCTByeT Be TOJIb({O 

upoCTpanCTBClIlIaJI, UO IT rCnOTU'leCI{alI CDJISn HMJ{eJIlI C 1I:tarHe311aJIbHhr~m 1'1 

}l\eJleSI1CTO- Marn031'1.ilJlbBbIMtl CUJIlIKaTaMU. IIo <DOrTY ( ogt, 1923), rJIaBBbH.llI 
UOCIITeJIfHlI:I lllmeJIJI B OCIIOBITbIX ropnhIX DOpO).l.aX JIBJlJIIOTCJI nepBI1'lllbJ~ 

rropo)J,006pa3YIOllV1C lIITUlepaJIhl - OJlIIBHH 11 B !I1eHI,meH CleneHH pOM611-
'loclmii mrpOI{Con. 

HepeAl{Q IIPOllO).l.IlTCIl napamJeJIh MelH).l.Y CO).l.ep .. <aHI10M lIlarBeamr B MllHepa

JIax 11 nopOAax C paaJllI'IllbIlI1 UCXO)lIIhlllf IWJlll'leC1'lIOM Hlll<eJIH. ITo cDorTY, npl1-
qUBa nOCTOHIICTBa COOTuomemlll cOAepmaHIIH Mal'HeSl1lI n nopOAax l!I mmeJIfI. 

B CYJlh<pllAax 3aJOlIO'laOTClI n TOM, 'lTO nl!IT{OJlh B pOAOBaqaJlhHOll MarMe 11 B npo

~ecce eo All<P<POp II~rra~I1I1 conpOBOil{AaeT MarHe3HIO. IT pTf aTOM npUSBaOTCH, 'ITO 
MarUe311aJlbTlblU OJItlDllH COAepmllT 60JInmo BllI{eJlJI, 'leM mCJIeSBCThIlr, a yJIbTpa -
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OcnOn TI bTe nOpO]:(hI 60ra'le MarneaHen no cpaSllemno C ocnonBT,Hur, II nOaTOr.ry 

QnH 60raqe OCHOBHLIX HHI{OJIeM. 

Ha OCHonaHRH ~noro reOXHlIlHQeCHOe nOBe)WHRe HHReJIfI pmcyeTcH CJIo)J.yro

III,HM 06 paao~1. 
«Han60JIee 6JIRaKff no paaMepaM pa)J.HycbI HOBon mmeJIH J( MarRUH ()J.JIH 

060HX r,=0.78 A) . IIOlnor.ry B MarHeanaJIbnhlX CUJIImaTaX )J.OJIiHBO n)J.TH 

060ram.enHe IITfKeJIeM npeHMynJ;eCTBeBHO nepe)J. )J.pyruMtI 3JIeMeHTaMn CeMen

CTBa meJIeaa, ROBbI HOTOPhIX no CBOBM pa)J.HycaM 60JIee rum r.mneo OTJIHqaIOTCH 

OT BonOB Marnl1H. 

MCCJIe)J.OBaHHH nO)J.Taepm)J.a!OT 9TOT BbJBO)J.: AJIH aer.moii: J{OPLI B n;eJIOM 

OTHOIIIeHHe Ni : Fe COCTaBJIHeT Ol(OJIO 1 : 200, B OJIHBHHe - Marne3HaJIbHOM 

CIIJIH[{aTO nepBHqHoH !{pHCTaJIJIJi3an;HH - aTO OTnOIIIonBO BoapactaeT nO'lTn 

B IWCHTb paa, )J.OCTHTaH 1 : 20. 8THM 06'bHCHHeTCH TO BamHoe 06CTOHTeJlbCTBO 

'lTO nO)J.aBJIHIom.aH qaCTb aTOMOB HHKeJIH HaXO)J.DTCH B <!Jopl\1e BaOMop<!JHOiI 

nplUl eCH B MarHOal'IaJIbHbIX 0pTO- B 1IIeTaCBJIBI{aTax)} (CayrwB, 1951, CTp. 

326-327). 
TaIHIM 06paaoM, IIa6JIIO)J.eIlHHMH na)J. npOCTpaHCTBOIlHblM pacnpO)J.eJIeIlHeM 

n rmeJIH B CBJIffKaTaX 11 CYJIb<!JH)J.ax 06b1"lI1o nO)J.qOpl<HnaOTCH rOHOT1!1qOCI{aH 

CnJIab HHI{eJIfI C OJIHBHHOBLIMH nopO)J.aMR. 

O)J.Halw <DorTY npIIHa)J.JIO>I<HT He TOJIbKO l1)J.eH HaOMop<!Jnoii: CMeCIlMOCTD 

HHl{eJIH C MarHHeM, B peaYJIhTaTO 'lero <<DO)J.aBJIHIOmaH 'laCTb aTOMOD IIIII<eJIH 

BaXO)J.HTCH B cpopMe BaOMop<!JHOii npHMeCH B CHJIHI{aTaX», no B npOTUBOOO

J10nmall eil H)J.Oll 0 IIonoJIIIOii CMeCHMOCTB HHI{OJIH B MarIlDll . IIplI'lRny noa)J.

HOH KpHCTaJIJIHaaU;HH CYJIb<!JH)J.OB (TIBPPOTHHa, nOIlTJIaIl)J.UTa) (J)orT HaXO)J.UT 

B anaJIOrHH C 6mraI<HM K HBM no COCTaBY nC!{YCCTBenDbIM MODOCYJIb<!JII

)J.OM - Fe , 06JIa)J.aIOm.BM 60JIeo HBaKoii Tel\lDepaTYP0U: nJIaBJIenRll, qeM 6om:.

mUHCTBO CHJ1HI{aTOB. B nO)J.TBep'H)J.enae Talwro BhlBO)J.a <DorT (Vogb, 1893) CCbI

JIaeTCll Da Ter.mepaTyp bl aaCThlBaHBH cym:.<!JH)J.HblX B CBJIHI{aTHhlX coe)J.HuenRii: 

npu: KpHCTaJIJIHaaU;HH mTeiiHOB MeTaJIJIyprneCI\HX nJIaBOH. IIo )J.aunblM cDorTa, 

CyJIJ><!JR)J.l>I is, CU2 B Fe aaCTbmaIOT npn 1050-1100 0 
C; OCIIOBDbIO meJIO

aUCTbro <!JaHJIHTOBhlO mJIaIUl - npn 1050-12000 
C, TyrOnJIaBHlIe )J.OMonllhle 

IIIJ1aJ<H C aBnITOM, r.WJIHJIHTOM H aHopTliTOM - npn 1200- 14.00 0 
C. 

B peaYJIbTaTe UeClIfeCllJl10CTli npH OXJIa,HAOnHTI CHJIHI{aTHOrO paCIIJIaBa 

~yJIb(I>ll)J.Hblii pacmraB OT)J.eJIlleTCH 01' CliJIBI{aTHoro . IIPH AammeiimeM ox

J1a'H)J.enBH 06paaYloTcll cyJIbcpH)J.nhlo MOCTOPO'H)J.OHUH mmBaU;UOIIHoro 

"nma. 

MarMaTll'lOCKaH-JIHHBan;HOHHaH - TO'lI{a 3peIlHH Ha reIIC3lJC M e)J.n 0-

mmeJIeBbIX MOCTOPO'K)J.OHHH BbICI{a3bIBaOTCH H B PJI)J.e APyrHx Cnen;HaJIbBbIX 

pa60T H PYKOBO)J.CTB no PYJ1.HIDf lI10CTOpO'H)J.onnHM. IIoBe)J.eHllo HllI<eJIH npH 

HpHCTaJIJIHaan;HII MarMaTlI'IeCIWrO paCIIJIaBa, corJIacno STOll TOlme 3PCHDH, 

~JIO)J.yIom.oe. IIPB TeMnopaTYpo 60JIce Bl>ICOIWn, '161\1 TeMnepaTypa na'laJIa 

HpHCTaJIJIHaan;HH CHJIHl{aTnbIX lIumOpaJIOB (npHMopHO npJ! 1500 0 C), B Mar

r.JaTH'lCCI<OM pacnJIaB6 npOHCXO)J.HT JIIII{Ban;nH. Kamm cym:.<!Ju)J.noro pac

OJIaBa OT)J.CJlllTOTCH 01' C1!IJIHHaTnoii MarMbI H BCJIC)J.CTBHO 60JIbmerO y)J.OJIbnOrO 

Boca onYCHaIOTCH I{HBay HJIH, CJIe)J.yH npnHD;Rny Copa ( ogt, 1893), l{QIIn;cn

"TpHPYIOTCH y IIJIOCI<OCTOii OXJIam)J.eHBH. 

Cl{OOJIeHHO }{aIIOJIb CYJIb<!JH)J.IIoro pacmIaBa lIfO,HeT npIIBeCTH It 06ocooJIe

HBIO CYJIb<!JH)J.IIOll MarJlJl>I. (1)orT (Vogt, 1923) OTlIlOqaeT, 'ITO paCnJJaBJ10HUble 

CYJIb<!JUAbI O'leIlb IIO)J.BHmHbI H 'laCTO 06paayIOT I{paeBbIO IIH'belU~IlJI, THoa 

O<!JCOT C ")J.6epn, HOTOPbIe 06hlqHO Xapal{TepHaYIOTC}l 6peJ{t{HOBI1)J.BOii CTpYI{

Typon . II pn KpIICTaJIJIffaan;HH CYJIl,<!JR)J.HOU: lIIarMbl, mImOT (DorT, OCTaTO<IRaH 

qaCTb eo 060ram.aOTCH Me,n:bIO R B HOI<OTOPbIX CJIyqanx MomeT OblTb OT)J.em.'Ha 

n OTil,aTa. IIPH 3TOIl! C XaJIblWIDIpRTOM OCTaTO'lIIoii: MarMbT Iwnn.eUTpl1pyroTCJl 
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nJIaTUHOBllIO lIIeTaJlJILI, paCCOJIHHhlO B O'lOHb MaJIhlX IWJll['lOCTBaX B llCXO)J,HOil 

larMe. 
CorJIacno JIHI<BaIJ;HOHHOil TO'IRe 3peHHR, npH nOCTeneIIHOM OXJIa,H)J,eHHH 

IIHTPY3HJ![ J<pHCTaJIJIliI3YIOTCR CHJIlimaTHble MHHOpaJILI, B TO BpeMR KaJ{ nH31W

JlJlamme CYJIll<pH)J,LI )J,OJIro eru;e HaXO)J,RTCR B }l{H)J,l{QM COCTORHHH. B npo.o.ecce 

KpllCTaJIJIII3aIJ;llII CnJIlIKaTnOll l\lari\ILI npOHCXO)J,nT nOCTeneHHoe 060raru;eHHe 

OCTaTO'lHOrO 1IIarl\taTl1'leCIWrO paCllJIaBa JIerI{QnJIaBKHMl1 I\Ol\mOHeHTallJ II , 

B TOM 'lHCJIe TaInl 1Il, Hal{ nO)J,a 11 cepa, I OTophle Jl I\oHIJ;e I\oHD;OB CI<allJIHBalOTCll 

B CHJIllI{aTllO { pacmrane II CJIYrl{aT npH'lllllOi eru;e 60JIbmerO n01l1111WHlUI 

TellIllepaTyphI I<pl1CTaJIJIlil3all,HH CYJIb<pJ'l)J,Horo paCTIJIaBa. 

TaIum 06pa30l\J, COrJIaCllO npe)J,CTaBJIOmUIM Ci.>orTa, nOBe)J,enHO lI11Heml 

]j npou;ecce HPHCTaJIJlH3aU;HH YJIbTpaOCHOBIIhlX H ocnOBlllllX MarM )J,BO:M:CTBell-

110e. C o)J,Iloii CToponhl, HHKeJIb BlI10CTO C copoii mmBupyeT H OT)J,eJIHeTCH 

OT CrtJlIlKaTllOn Mal'MLI B BR)J,e CYJIbcPHJ1,HOH Manm; C )J,pyrofr - HHl\eJIb B J{a

'lOCTBO 1130l\lOPcPnOll: npn IeCII K MarHIDO BXO)J,IlT B COCT.1B KpHCTaJIJIlilBYIO-
11I;nXCll no p BI'I'UIbI X CHJIHI<aTnbIX lI1IDIepaJIO,B. 11 Ta i l )J,pyran H)J,ell 

Hpll06peJlIl O'lenb 60JIhmyIO nOOYJIllpllOCTb 11 IlO'lTll Bce06ru;ee npn-

3llalIlle. 

O)J,HaJ{o Tal{Qe 11pn3Hamw )J;BOllCTBelflIoro nOBe)J,eHHll lll1HeJIn B npou;ecce 

],prICTaJlJIH3aU;HH ocnOBHhIX 11 YJIhTpaOCIIOBnhlX MarM npUBO)J,UT J{O lIfllorUM 

UpOTlrBope'lUJIlI1 11 BCllCnOCTllM. Tal{, llperI<)J,e Bcero IIenOBllTHblM CTanOBl1.TCll 

al\1a npU'rHlla )J,BoiicTBenlJOCTU, a 1Il\1ell1I0 BenOBllTBbl npl1'l11BLI, B cnJIY l\oTO

phIX BUKeJIb, C o)J,noii: CTOPOlIhl, BM CTe C cepon B pe3YJIhTaTe JIlu{DaU;UH OT

)J,eJIJ'IeTCH OT nepnH'llloii Mart-rbI, a C )J,pyroii - DXO)J,HT B BH)J,O H30MOP<pllon 

npnllJeCII H lIIarllUlO B nepOIl':IlILIe CJ'lJIliIl<aTnr,Ie 1II11llOpaJIbI. COBepmelllIO lle

HCllO, l{al{all n{e 'laCT.b BUl{CJIll nepBOUa'laJIbIlO BXO)J,lIJIa n COCTaB nepBH'lIIhlX 

CYJIb<pIl)J,on Il HaH.an ~raCTb, nepnona qaJIbllO BXO)J,ffiJ~all B COCTan nepUJilqllbIX 

CHJIlll{aTBhIX r,mnepaJIOB,. n03)J,IIee l\111rpnpOnaJIa U3 ClIJIHI<aTUhlX MJilHepaJIOB 

LX noruJIa TaK}J{e n COCTaB CYJIhcPH)J,OB. 

Hc06xo)J,IlMO OT~reTIlTb, 'ITO TO'l}{a 3pellUH <DOrTa, npHnllCblBaBllcro lIIeCTO

pOH{)J,enUfBr CYJIb<pl1.)J,uoro lll'lI{eJIll nepnH'lHOe MarMaTaqeCIWC npOUCXO}H)J,eUHe, 

l{al< Yl,a3blDaCT ,1J;. T. 3lIlIrCBaJlb)J, (1937), «BbT3hlBaJIa COlllHClIl1ll C caM oro 

ua'laJIa» . B 'laCTIlOCTtl, TOJIbl\laH 11 PO)J,rr<epc n 1916 l'. OTIIOCDJIll cYJIb<PJiI)J,llbIC 

Me)J,llO-lllIHCJICBhle PY)J,hl l{ 1'1I)J,pOTepMaJIbBl'>ThI 06pa30nallnlllll (Tolman a. Ho
O'ers, 1916). 

1a<pJIIDl u Bcep (1937) TaR OIIUCblBalOT Il3l\leHenllH no B3rJIH)J,UX Ha reHe

:mc CYJIb<plI)J,lIbrX nHl'{CJleDhlX MCCTOpO>l{)J,eIlIfU: «Bua'laJIe onn C'IllTaJIHCb 3a nep

liMe IIPO)J,Yl{Thl l{plICTaJIJIII3al~I111, HOTOPbIe C06UpaJIHCb no l{paHM HJIl1 na )J,IIC 

UllTPY3IUr. BOOCJIeACTBHH, nOCJlC Toro l{al{ MllI{POCI<OllH tIeCI01 6bIJIO )J,01{a3allO, 

'ITO CYJIl'>cPlI)J,bI 06pa30BaJIIICl'> n03)J,Hce l'JIanHoii MaCCbl nopo)J" npUrnJlH I{ 3a

l,mOqenlllO, 'ITO CYJIh<PlI)J,hl OT)J,CJIHJUlCb B BR)J,e :nrYJIbCUn, I<OTopan ne I<pllCTaJI

JIH30BaJIaCb )J,O TCX IIOP, no Ita nopo)J,a ne 3aTnep)J,eJIa. ,1J;aJIbHeiirnee )J,eTaJIhHOe 

113Y'ICUl1e ITel{OTOPbIX TI10rrqOhlX JlICCTOpOiJ()J,elluii llOl{a3aJIO CBH3b T3I01X 

BTOPIlClJlhlX 1I11111epaJIOll, I{al{ XJIOPIIT, C 60JIbmcil 'laCTblO cYJIJ,<pU)J,OB, n n aTOM 

TaI<>l<e lIamJIa nOMepn{HY HonaH TO'll{a 3PCHUH, no ]WTOPOii: CYJIJ)<pU)J,LI OTJIO

}l·;J:IJlllCb n nIl)J,e mmpeIIbHI.1,Hll 11 3aMeru;enHii» (CTp . 61). 
Bcc i1W neCMOTpH ua BOaparl{enUH <DorTY H BhlCl{aahlBaHHll B 110JIb3Y 

I'H)J,poTCpMaJIbHOrO npORCXO>H)J,cnIlll MecTopO>H)J,eUl1ll cYJIl><pII)J,uoro JTJ1!{eJIll, 

ll)J,CU Ci.>ona COxpamIJIU CIlJIY )J,O HaCTOllm;el'O BpeMeun, 'leJllY nO)J,TBep/I{)J,l!I1UCM 

CJIY}I<aT PYI{QOO)J,CTBa no PY)J,IIhlll[ l\IeCTOpom)J,enl1HM n lIIHOrO'lHCJIenHhle COBpe

MellnbIe pa60TbI no rcoxmmH. B HaqeCTnC npmIePOB lI10tHHO COCJIaTbCH ua pa-

60TY B. 1:\. KOTYJIbCHOrO (194.8), PYIOBO)J,CTBO 110 rCOXl1JIlllTI A. A. CaYKoBa 
(1951), PYI{QBO)J,CTBO no MeCTopOH )J,CJllIllM nOJIC3n.blX UCl<ouaeMbIX B. 11. Ct.1llP-
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Hoaa, reOXl'nU[lO CaxaMa H PalmaMa ( ahama u. Rankama, 1950), CaHp,eJIJla 
H fOJIp,ll'la (1952), Bepra H p,p. 

cym.eCTBYIOm.HX I JIaCcHq)Jma~mIX OCH013IIoe 13nHhlaIIIle IIpU BhIAOJJ.eHIlII 
THna CYJIb<ptlp,nbIX Mep,HO-Hlll{eJIeBbIX MeCTOpO}! p,emlli oOpam.aOTCfl ITe na cno
COO OTJIO;T{eH.lUI CYJIJ><PHAOB B nopoAo.x, a Ho. npol~uOJIomeUHO, loITO OTI\oJJ.oUUO 
HHI{eJIH OT Mo.rMIJ npoHCXOAHJIO npH JJ.HI{Ba~IUI CYJIb<pnp,noro paCITJIaBa OT Cll
mmaTIIoH MaOIhl. Op,TIal{Q HOHcno , Mor JIH cym.ocTBouaTb 13 BlIAo paCIlJIaBa 
npH 13blCOIUlX Te~rnopaTypax TOT paCT130p, KOTOPIllH IIplI IIH3JWX TOMIIopuTypax 
npU13eJJ. K 00pa30BaHllJO CYJIb<PIIAIIhlX MeCTOpO}l{p,91m:ii? 

CYJIb<PllAHbIO MeAHO-mmOJIOBhlO Jl[eCTOpOfl~p,eHLlH npJmO~VITCH I UY{ THlltl'l
HhIU H eAIIHCTBeIIIIl>lU npmlOp JJ.mma~IIOHHbL MeCTOpO>HAemrii IIpn OIIITCam1H 
PYADhlX MeCTOpJrHAeIIHll (Bo;rb<pcon, 1953; 3axapoB, 1953; 13 Te ' Tnn" 1957 n 
AP.). STII lI1eCTOpOmp,eHlUl HepeAI{O OTnOCHTCH ){ «COOCTB nno MarMam'leCmnt». 

A. r. BeTexTIIH (1949a, 19490, 19506, 1951, 1953) nYOJlHl{OBaJI pfIP, 
paOOT 0 mmOJIHCTblX CYJIJ:><pl'IAaX, naparerre3ucax CYJIb<PUAOB, a TalOf{e 0 <pn-
311I{Q-XIIMH'leClUIX YCJIOnITfIX KpIICTaJI11II3a~IIIT CYJIb<Pllp,OB D3 paCTBopOB (pe
aum cephI, HlfCJIOpOAa, yrJJ.cmtCJIOTbI) 11 no APynlM 110npocallL JilcCJlCp,Onamre 
Tal{Qro pop,a lIIeCTOpOrHAOrrHi"I HpnBeJJ.O ero K BhlDOAY 0 HpIlCTaJIJJ.J13an;IIU cym,
<PHA013 IIpU cpa13HHTeJIhnO IIU3I oir T ~mepaType 13 rIIAPOTOpMaJIblfbIX YCJIOBIUIX. 

Ha IIpOTfllHemm OOJlee 'tJCM p,eCHTllJIeTHIIX IiCCJleAOnaIIUll IIpIl u3YQOnllIl 
YJII,TpaOCUOanl>lX R OCIIOBHhlX llllTPY3IJij MontJe-TynAPbI, IIOl.{OnfII U HOPUJIb
Cfta OblJI coopan AonOJJ.bno oomnpHbIU: MaTepHaJI ITO r OXIlMllll mmeJIH 13 CYJfb
<PIIAIThIX Mep,HO-BImeJJ.eabIX PYAorrpOHBJIOIDlij . 

HOBhle AaHHble n03130JIHJIH nepeClIIOTpeTb ?JltOfRe npUUl~HDnaJlbDble DO
npOCbI, B03HI'IKarom.ue npR u3yqemm TaHoro pOAa MIlnOpaJITI3aIl,Hn . K ,<[Dcny 
TaRIlX 13onpOC013 UpBUaAJIe,KaT BonpOCbI 00 Il30Mop<pH3Me rrlllWJIfI B OJIHDIlUaX, 
o rrpl'lpOiJ.e CllJInKaTIJOrO I1[JHeJIH 13 PYAax, 0 Te~mepaType l{pnCTam1R3a:JJ;Bn 
CYJlbtPllAOB, 0 npnpOAe PYAOIJOCHl>TX paCTUopon Ii MHorHe l\pyrne. 

[' naB a 32 

PACnI'E,lJ;EJIEnHE HlIREJIfI B CY JIb<DlI,lJ;HhI ME,lJ;HO-HHREJlEBbIX 
PY,lJ;AX 1'1 rOPIlhIX nOPO~AX 

fopHbIe nopOAhl ne'leIJrCl{llX mlHeJIenOClIhlX JiHTpY3rmOB B OOJlbIDI1HCTOe 
CBoeM npeTepneJIII 3Ha'tJUTeJIbI1ble rIlAPOTep 'faJIbHE>Ie 1l3MeHeJIUH, nOJTOMY 
no HRM O'leHb TPYAHO CYAIITb 0 COAep;T{aHHH H1meJIfI 13 nepBI1'lIIf>TX Ii313ep» en
I1hlX rropOAax. 

CJJ.ep,yeT OTMeTHTb, 'tJTO a paccyn<p,OHHlIX 0 reOXll mn J1J1IteJIfI concolll ne 
Y'lllTbIBaeTC1I pOJIb mmeJI1I npH ]{pHCTaJIJIn3a~HH BTOpIIt:lHLIX CJ1J1ffUaTnhlX 
MHHepaJI013 II Rap00I1aT013, conyTCTBYIO~UX CYJI1><pIIAnOMY opyp,onoIIluo, ne pac
CMaTpllnaJOTCH OCOOeHTIOCTH Mllrpal\IlH mmeJIlI npu 13TOPU'lHLIX n3~mnomfRX 
CYJIb<PF1p,HbIX PYA. B aTOll caHSU ny»mo nOp,1.JOpmIYTb, ':ITO opyp,oneJlbT 
YJIbTpaOCHOBHhle IlOPOAhl IIetJeHrR, nOAneprmlleClI CIIJIbITOMY rU1WOTepMaJlh
HOMY HalllenemHO HepeAIW COAep)f{aT 3na'lHTeJIbHO 60JIbme HIlI<eJIlI, 'leM Aa}l<e 
cnJIOIDHhle CYJIb<pHAHbIe PYAhl. -

,11;JIlI Toro '<[TO ObI COCTaBHTb npa13llJIbllOe npeACTa13JIeIIlre 0 pacnpOCTpamm
HOCTH HRReJIH B nep13R'lllblX RHTPYSIIBHblX IlopOAax, CJIep,y T npHDeCTH Aau
Hble 0 COl\eptt<aHH.ll aToro 8JIeMellTa 13 cnenmx nopOAax H3 pa3JHl':rHbIX lllll,eJle
llOCUbIX pal10ll0B. 
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KaT{ npaBl1JIO, cOAepn,aHHe JIHKeJm, Ho6aJIhTa, a Taml. ° naHaAHH B MllHe

paJlax 06b1':rHO SHa'fHTeJIbHO HJIH, 1!IX COAepiHannH n nop01\e, 'lTO IIeCO~fHeriBO 
06'hfl(,IIfleTCH npUCYTCTnIIeM AannhlX aJleMenTOD B aHl:(OCCOPIlbfX PYAIlhlX MlIlIO

paJlax (J ocko l ds a. Mitschell, 1948). 

HHKeJIb B OJIUBHne 

OJIFIBl.lH B IIopOAax IIe'leHrJ!1 'laCTO UO'lTII Hal~CJIO lISMOflell. AHaJIUS OJlll

B1ma n TaHHX YCJIOBHHX npOJISneCTII IIeBOS~lOnmo. lJpn cn UTpa.rrbnOM ana

JIFJse OJIHBIDfa C rophl Ky ryrI heM (MOllqe-TYl1)1~)a) o6napYH(eHbl JIlmRJl cp A

HeH HHTenCHBHOCTH HHI{eJIH, CJJeAhl MeAH Ii cJIa6hle lUlUJUI Ho6aJJbTa. IIpEl XJl

Ml1'leCIWM OIIpeAeJJeIlJiFI HHI,eJJJI n TOM fl, e o6pasll,o OJrnBI'lJIa YCTanOBJIe110 

{L01 % i (H . EJJJICeCB HAP., 1956). . 
E. K . KOSJIOB (1953 r.) IIpnBOAHT 1\13a XHMH'IeClmX anaJJRSa OJIUBURa 

ns ropnbIX nopOA COl1lJ1!I. B O)1,HOM HS DUX o6HapYfl{CIIO 0.39 % i 11 0.11 % 
.a n )1,pyroM - 0.19 % Ii H 0.04 % . 

Ie <1> . BeJJorJlasoB (1935 r.) OThle'laeT, 'lTO OJII1BIDILI C COD'l11 OOW'lfW o6na

pynmBaIOT SHa'lJITeJIbHhle COAep}}{aHIUI lIJlIWJIH ()1,O 0.31 %). llpu llllmpOCKO

nH'IeCIWM nsyqeJum Talwii: OJIHBIDf CO)1,epn\uT TOHl{YIO m,paIIJIeHHOCTJ) CYJIb

cpH)1,On II MarneTHTa. 

B ~lImpOCIWUH'lCCHUX TpCIll,HHRaX BOYTPH OJIlIBIIUa npnCYTCTByIOT EM CTe 

C CYJIbcpI1AaMll aMcpn6oJl, TaJIbl{, Hap6oHuTbl. 

A. E. <Pepc laH (1939) YHaSlill3aeT: «,n:JIfI IICCJICA01HlTeJIC~I aTUX MCCTOPO)l{

AeH~IH (cym,cpHAon B OCDOBHhlX 1!I YJIbTpaOCnOnrrltIX roprrbfX nopoAax) neo6xo

AmlO nOMDIITb, 'lTO 'laCTb H UJ{eJIH 3al{JIIOqaeTCH HO B OOOCOOJICHHhlX sepnax 

.cYJJbcpn)1,OB, a npeACTaBJIHCT lIfemWAHcncpcnyJO CYJI.bCPU)1,IIYlO cpasy Jl JIU }l-\C 

BXOAHT B }{a'leCTBe H30 IOPCPHOH upHMeCII B OJIIIBIHlhl>} (CTp. 151). 
C.rreAyeT DOAqeplnrYTb, 'lTO B pa60Tax DO MUUepaJIOrHU Il rCOXH Hllf 1II'lHeJIH 

B CYJIbCPHAJihlX MeA110-HHKeJIeBhlX MeCTOpOrHAemHrx BcerAa OTMe'laOTCll BXQ}1{

AeDne Hm<e.rrH B BIIAe IISOMOPCPHOii npJ-UIeCR 1< Mar1ll1JO B ommIlHe, rro OqeJIb 

pe)1,JW YRaSbTBaeTCH ITa pom:. CYJIl,CPH)1,HO:ii )1,llCnOpcDoii: lmpanJIe111IOCTH B OJIll

BRHe. A MelRAY TeM 'lTICTOrO OJIRBRHa 6es DpH~IeCn AucnopcrrflIX lHunO~1 mID 
MarrreTllTa H CYJIbcpRAon oTo6paTb AJIH anamlsa rrpaJ{Tll'1CClUI rrOBOSMOl1<ao. 

311a l ll1TeJl bllan ~laCTb HRfWJlH J1[ JW6a Jl bTa B OJIJ1[OI11IWTUX .Il[ OJJflOI11UaX 

{)TIIOCI2ITCn: 1, npl1[MCCI2f CYJlI:'C!lIlJ.,[\OB. Ho DO BCC Dpmlocu MoryT 6bJTb OTAe

JJeHbI MeXaHIl'leCT<ff, 1!I DoaTOMY qaCTb TaJmX DpmlOCeJr lIonaAaT IlMCCTC 

C oTo6paHHbIM O.rrUBfllIOM. B aTOll me CBflSf{ CJIeAyeT o6paTrITb BIllIManne na 

TO, 'lTO npu aHaJIJlSe OJIHBHIlOn o6bf'DIO YUYCI\aJOTCH OlIpe,o;CJJOUnfl CCphI. TaK. 

n pa60Tc Pocca, (J)ocTepa JI Meuepca (Ross, Fo tor, Myer, 1954) A.rrfl 

15 rrOBblX ana.rrU30B onpeAeJIJIJIOCb DPUCYTCTUHC 33 XRMIl'leCJ{I[X aJleMelITOU 

(xl1~J[1'lccl<m( II CIIOlnpaJIbHIDU[ JIleTo,o;aMn), 13 9TllX o6pas l(ax UO\lO~ly-TO lIe 

BhllJOJlneHO onpeAeJleHne cOAepmaDDH CCpb!. B peSYJlbTaTO C03AaeTCH Bne

LTaTJlenl1e, 'lTO BeCh mme.rrb (B CpeAJIeM HS 15 HOBhTX anaJllISOB - 0.34 %) 
J I BJIITCTCIT 111S0MOPCPHOii: DplIlIfeCbIO l{ JlJarIlIIIO. 

HecC'Ml1eJIHo, '-ITO B OJIRBHJIaX H 0Jl11nnIJCOAOp;HaUJ;11X lIopOAaX qaCTO 

npnCYTCTBYIOT SDa'IHTeJlbH1>lO I<OUqOJITpaU:UI! IllmeJIH, O)1,rraI<O J30lIpOC 0 cpop

Alax HaXO:H<AeHILH HUJ{eJIH II omIBlIHO saCJIynmsaeT CTIcqu:aJlJ,DOrO pa36opa. 

HIIl<eJlb B DnpORceHax 

B DJlpOJ{ceHax OTMe'laeTCH SUa'll1TeJIbHO MeHblUee cOAepmaIIlIe J1I!ReJlH 

flO cpanueHluo C OJUlBHllOM . Xecc (Hess, 1949) 3anI'fl\JaJICH AeTaJIhllbIM Jtsyqe

UlleM XllMH'leCHorO COCTana nIlpOlwellOIl. ))13 60Jl .bDIoro KOJlII'TOCTBa anaJII1S0B 
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HurceJIb B rOpUblX DOpOJl;aX 

Xopommi npu lepOM HlmeJJenOCllhDC UllTPYS0:BllbIX nopoJJ: nBJUleTcn nH
-rpySUB MOll'le-TynAPIiL COfJIaCHO JJ:aI-lf1bIM H. EmrceeBa 11 Ap., 19-6, B nopo

Aax 113 3Toro paii:olla OTMOqalOTCn CJIeJJ:YIOmue COJl.epmamrn HBI< eJIn, MeAIl 
J[ cepbI (Ta6JI. 3/1). 

Ta6 Jlll~a 34 
CO)J,epm3H ue l~pe~lUeaC~ta, OlmOIl H\ rlllJ1l , 11U1.eml MeAu II cepbf B paa.'lU'IUbIX ropUl>IX 

uopO)J,<lX 

Cpem!cc eO)lCpmBmlC (0 Bee. "!o) 
HOJlII'!C-

I I I I 
IJOPO)lb! CT1JO alla-

J!1!300 810, l\Ig 10 8 CuO 

o J1I1 1l1l nIlT hI 2 39.50 45.25 0.31 0.04 -
ITepll l\OTUTf,T 10 44.47 36.3 0.245 0.206 0.16 
flOJlCIlOlJlIJaToll('!o n e pll l\o-

TIIThl • . . . . . . . . :~ 43.84 27.82 0.33 0.41 0.43 
O j lIlDllIlODIIC DI!POf{(' IH!'1'bl 2 47.56 31.48 0.22 0.13 -
flnpol<C UI1Thf 8 52.00 27. L 0.246 0.5 12 -
O:nIIl!fIlOBbIe 1l0 pll'fh! 4 1 46.3 1 26.04 0.185 0.17 -
H OpllThf n ra66po- 1l 0 pllTl.>l . 10 52.68 16.42 0.096 0.207 -
MeTaMop<i>u30llaHI! we 110pO-

AbI (XJ10Pl!TI!3IlpOn3 HHblc 
46.95 H. 18 0.037 HOrU'!'''1 n olJ;O I' apl\JlTbI) • 3 0.47 -

)l;aiifwBblc n OpOAb! • . . . , 10 43.33 10.60 0.0 O.:W -
ra66po-I10rMaT ITTbT . . • • I 5 1.47 I .06 0.0 0.11 -

B Ta6JI. 3/1 npJIllOJJ:IlTCH aIlaJI1l3 ropUbIX flOPOA, o6oramelflfbIx CYJIh<PllA
nOff DI{paIlJIeHLTOCThIO. IIpll CHCTeM8THQ CIW ( MaCCOUOM aHaJIJil.3e n pa3-
pe3e MOlllierOpCJ{O I'O JWl<OJICnOCuoro UllTpY311na OKaSaJIOCh, 'ITO 06bI'UIO 

nOpOJJ:hl 31laQUTeJlbllO 6 'JJ:llee 111110JIC L Tal(, Jj lWHuoii: 3aJlen If rOpM Tpa
BJIUOii (n JIa60 paTO pUU HOM6uuaTa «CenepOlllIKeJIb») BO ~lllO r jj x 06pa31~a x 
VCTUnOBJIeL!O 0.03- 0.006 % UllKeJIH . 

. Hauoo leO llpanllJIbllble p caYJl bTaTIi( AalOT anaJlII3hI npeJJ:CTanUTOJIblfbJX np06. 

Hume llpllBOJJ:HTCH P C3YJlhTUTbI aUaJIU3a 0Auoi1 COOPHOii: npo6hI (aUaJIl13 npo6.bI 
nepeJJ:Ull P. B. I apnoBbIM) 60JlbUWf' O neca, COCTaBJIellnOH ua 60 % U3 cpeAue-

2epHllCT bIX UCPUAOTRTon II ua 40 % u a cpeAue3ep11llCTIllX nOJleBOUlnaTOBhIX 
ililpOI(CeHHTOll U OJIUBUUOObIX UllPOl,CCIIHTOB, uaXOJJ:HllJ;UXCJI CpCAll nep0:
P;OTllTOB 13 DIiAC llpOCJIOen . 

llpll pan.llOHaJLbUOM: anaJIU3e, Ta lWM o6pa30M YCTanOBJlellO 0.02 % Cl{J{H
l{aTITOrO H 0.20 % CYJI.b<pllAlioro nrmeJIH. 

B APyrou npo6e TaKorO n,e 60JJhmOrO neca, COCTOJImen 113 Hpynllo- H 

rpy603epIlllCThIX nOJIenOUlUaTODbIX llUpOl{Ce11HTOD C RPYU110U CYJIh<PHAHOH 
BHpanJJennOCTbIO o6napYiICelfo 0,23 % o61Il,cro lWJIHQeCTBa UUHeJIJI B uo

pO)1,e , liS JInx - 0.20 % cYJIb(ImAllol'o 11 0.03 % CllJIll1\aTuoro llflJ(eJIJI. 8TH 

p,alIllble xopomo COrJ18CyIOTCJl C OTMeQe11llhlMU Dhlllle pe3YJIbTaTaMll Macco
llblX aUaJI1l30B nopoJJ: C peAHoii: CYJIh<PllAllOU DHpanJle11UOcThIO. 
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,nJJH llHTpyallBHhlx nopOA MOIl'Ie-TYUAPhI, TaKliM OOpaaOM, YCTaHaBJIIl
BaeTCH: 1) nOBhlIJJeRROe cOAepmaRlie UlU{eJJ1J II cephl B YJIbTpaOCHOBHhlX l[ 

OCROBRblX nopO)l.ax; 2) OCROBRoe lWJIll'leCTBO RllI{eJIH KOHD;eRTpapyeTcH B CYJIh
<pIlAax; 3) COAep)I{aRlie RllKeJIH B nopO)l.ax B BJiIAe «ClfJI1u{aTflOrO RliReJIH)} 
RIl'lTOn{ffO MaJIO; 4) npII aRaJIIIae npeACTaBIlTeJIhRhlX IlPOO B OTJIH'me OT CTa
phIX aRamlaOB nopo)l. (8. EJIUCeeB, 1956) DhlHBJIHeTCH 3Ha'lHTeJIhRO OOJIhmeC 
KOJIII'leCTBO Cephl. TaK, B nOJIeBOmnaTOBhlX nepII)l.OTIITaX no TpOM aHamlaaJ\1 
DOPOA YCTanaBJIIlBaeTCH 0.33% iO; 0.45% CuO II 0.41 % . CepbI RO xna
TaeT )l.a>l{e na CBHabIBanHe Me)l.R B XaJIhKOnupUT. 

B TO )1{e BpOMH B nopO)l.e npIICYTCTBYOT ana'lIlTeJIhnoo IWJlIl'leCTDO nnppo
THRa. HRoe COOTRomeRHe MOTaJIJIOD n cephl YCTanOUJIerro npn TlD;aTeJIhnOM 
aHaJllIae npeACTaBllTeJlhRhlX npoo. B Tex )1,e nOJIOBOmnaTOBbIX' nepRAOTn-
Tax DbIHBJleRO 0.22% i, 0.125% Cu U 1.03% (!). 

3Ra'lHTeJIbHhlH llHTepec npeACTaBmllOT aaROROMepROCTH pacnpC)l.eJIOHlHl nl\
I{eJIH D Tpannax ceBepo-3anaARoM 'laCTH CHOHPCI{OH nJIaTcl>op~lhl. TaK, B OI{
peCTHOCTHX HOpRJIhCKa (paRon oa. rJlYOolwro) H. A. I\opoUHlWBhlllf (1948a) 
YCTaROBJIenO, 'ITO B nopOAax neAIlI<p<pepeRD;RpOBaRRoii OaaaJIbTOBOir MarMbl 
(a<p<PY3HBnhle ARa6aahl) Cpe)l.Hee CO)l.epn anne HRKeJIH COCTaBJIIICT no 42 ana
JIHaallf - 0.004%, MeAR - 0.011 %. B mnl<nHX no]{pOBaX cpe)l.JIOC co.n;epma
RHe (no 48 aRaJIHaaM): HHI<eJIH - 0.001 %, Me)l.R - 0.012 % . 

B peaYJIhTaTe AR<p<pepeHD;RaD;TflH 6aaaJIhTOBOM MarMbI, npIlBe)J,meii: I, 06pa
aOBaRHIO nRl{pHTOB, npORCXO)l.llT ooorarn;enne RRI{eJIeM II Mel\bIO. Cpe}.{JIee 
COp,ep}KaRlie B nllKpRTax (no 27 anaJIHaalll) - nnI{eJIH 0.10 ~o U M p,n-
0.024%. 

CJIeAycT 00paTI1Th BHHMaHlle na TO OOCTOIITeJIbCTBO, 'ITO OOJIee IIoap,llll(' 
AIlcl><pepenD;HaThl HOPRJIbCIWrO pai10Ha OOhI'lIlO OOJI. e Ha MenCll hT, nop,Bep
rJIliCh aBTOllfeTaMop<pnaMY. B CTermOBaThlX paaRonnp,HOCTHX acl><PyauullbIX 
)l.llaOaaOB cpaBllHTeJIhRO CBe,lU1ll1 OCTaeTCH UYJlI{aHH'l CKoe CTel{JIO, TlO B OT
)l.eJIhnhlX CJIyqaIIX II CTel{JIO XJIOpRTUanpOBaflO UJIn aallfCUl,aeTClI lIAAT1I1f nTOu 
RJIR XJIOPliTOM. 

HepeAIW ropflhIe IIOpO)l.bf, naUOOJIee IIRTeHCUBflO llaJlWn mn,r a B'fO-
MeTaMOP<PHqeCKHMT1: npD;eccallHl. B TO }T e BpeMH OKaahmaJOTCn oooraID;CHIl bHIH 
lI1eJIHOll CYJIh<PHAHOi1 DKpaIIJJCnnOCTblO. 

Barep II MRT'leJIJI (1952) Ira OCHOBamIH pacnpCACJlenIIn pCAlmx 3JleMeH
TOB B roplIhlX nopop,ax lIHTpyalnI CKaCpraapJI (rpeHJIanl\HfI) npnXOAfIT J, aa
l{JlIOQeHHJO 00 YBeJI1ftIenIIH HonIl,eUTpaD;nn nHKeJIlI B OOJIOC n03p,IlTIX (a ne 
paHmrx, 1{al npUHlITO C'lllTaTb) )l.TIcl><pepenD;UTax lilaI'M. 00 aTOM, no }IX JlIHe
HUlO, rOBOpl'l'T JI1enlIIOUJ;cecn OTHomenne HIIRCJIH II lIlarllIm p,JIlI paaJTJt'lHhlX 
ropm.IX nopOA. 

OTHomeHHe JiO: MgO AJIn nepBll'lnOR JIlarMhI (I paeBoe OJIIIBIInOBOe 
ra06po, no Barepy TI MnTqeJlJIY, COOTBeTcTByeT nepBona-qaJlT,nOMY cocTany 
CII:aepraapp,CI<OU J\larJllbl) panno 1: 600, B ra06pO-1lIII<pIITaX - 1 : 400, 
D OJIHBUnOBblX ra66po - 1 : 700, p,JIn cpeJ.\1Iero ra66po - 1 : 500, AJUI 
noa)l.HUX ra66po - 1 : 200. 

o JllaJJOJll cOAepwamnl nHReJIH J[ p,pyrnx lI1eTaJIJIltqeCIOlX aJIeMeflTOB 1'0-
BOPlIT l\annhle Apenca (Ahrens, 1953) II p,pyrux llCCJJep,OBaTtmeiI p,JIn p,ua6a
aOB OHTap~lO, D JWTOphIX B cpe)J,ueJlI COp,CPil\HTCH: nlll{eJIH 0.011 %, J<OOaJJbTa -
0.0039 % , lIIe):(H - 0.0072 % , xpOMa - 0.022 % R BanaAHH - 0.022 %. rpa
nOlPupOBble p,HaoaabI COp,ep}HaT TIlmeJllI B rrpep,eJIax 0.0041 - 0.0075 %, 
OJIlInOBCOp,epil.,aIn;lJe p,Ha6aahI - 0.0073- 0.0079 % 1I B )l.pyroM r.lOcre -
0.009-0.017 %. 

TaI<I1M 06paaoM, ua rrpHMf'pe Tparrnon ceBepo-aanap,Iloii 'IaCTll CH6up
CHOU nJlaTcl>opll1hl (HopnJlbClwro paiiOIla) II ropilhIX rropop, CI<a('praapp,cHoiI 
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nnpOKceHOB, npHBe.n;eHHbIX XeCCOM, JIHmb B pe.n;ImX CJIyqaJlx co.n;ep>I<aHHe 
nllI{eJIJI .n;OCTKraeT 0.02 % U ne npeBLIIIIaeT 0.04 % . 

Pocc, <l>ocTep II Meilepc (Ross, Foster, Myers, 1954) npHBo.n;JlT AaHHLIe 
o COCTaBe 22 9nCTaTllTOB H 19 AHOllCIIAOB. CorJIacno HOBh~ aHaJIHBaM, aH
CTaTIITLI 06napyrruIBaIOT cOAeprr<aHHe nHI{eJIH OT 0.04 .n;o 0.15 % (n cpeAHeu 
lIB 11 anaJIl130n - 0.08%). ,il;HoncnALI B cpe.n;neM H3 10 aHaJIH30B o6napyam.JIH 
0.038 % HIII{emI. OAHano H AmI nHpoHceHOB POCC, <I>ocTep H Meiiepc He npH
BOAHT .n;annLIX 0 co.n;epnmHHII n HRX cepL!. 

ITo p.anHID[ HOImOJIL.n;ca n MllTlJeJIJIa ( ockolds a. Mitschell, 1948), 
(<Hn3HOe co.n;ep}KanHe nm{eJIH H Iw6aJIbTa n palmeM anrHTe He conceM no
llJlTrro II panHO 0.01 %» (CTp. 335), B TO n{e npeAIJI l{al{ co.n;epn{allHe HHHeJIJI 
B n03Anee l{prrCTaJIJIllBOnanmeMCJI anrlITe paBno 0.02 %. ROJIlIlJeCTBO HHl{eJIlI 
B 1'nnepCTeno AOCTll1'aeT 0.03 %, B p01'onLIX o6l1Iarmax - 0.01 % H B 6UOTR
Tax - 0.01 %. CtPen, anaTllT, nJIa1'HOI{Jla3LI 1:1 llOJIeBhle mnaThl npal{TH
'leClm ne 06na pyn<IIBalOT 3aMeTnbIX npmIeceu IIlll{eJIH. 

llPlI anaJIllae TRTan-aB1'RTOB ITeqen1'H H anrnTon HOPHJIbCI{UX mmeJIe
HOCIIhlX llUTpyanil aUiueTnhlX Iwn~eHTpan;lIii: IIHI<eJIJI ne 6bIJIO 06Hapymeno. 

TaHRM 06paaOM, lImnepaJIhl paIIIlllX <)TanOB npnCTaJIJI1l3an;HH lI1arMhl He 
cOAepa,aT Cl\OJIbHO-nu6YAJ> 3na~UlTeJIbnhlX Iwnn;eHTpaIVIH HnI<eJIH. YTBepiH.n;e
nne r. Bepra (1933), ~ITO 111:1I<eJIeJlI 50raThl npo.n;yI{Thl panHeH I<pIICTaJIJIH3a-
1\nn lIlarMhl (OJIlIBllll, nupOI<ceH, DJIa1'nOI{JIaahl), HenepHO. 

o I1nI(eJIe B nOCTepUOpnbJX CBJIlmaTUblX MBUepaJIax II KapoouaTax 

IJ pn.n;anaJI 60JILDIOO 3na'leDUe IllIHeJIIO npH HpnCTaJIJIn3an;H.lI yJILTpaOC
nOBllLlX II OCIlOBHLIX lIIar ! H npeYBeJIlllIUBaJl POJIh HIII<eJIJI npll 05paaOBaHUH 
BhlCOI\OTeMlIopaTypnLlx nopnu~mhlX CllJIllHaTnbIX MllnepaJIOB, MHHepaJI01'H H 
reOXmJllIHf B 60JIbIIIllHCTBO CJIy'IaeB HOaaCJIY}HeHHO IlJaJIO BHllllaHI:IH yp.eJIJlJIH 
nOBe.n;enmo mII<eJIJI B np01\eCcax I<pHCTaJIJI1l3an;HH BTOPHlJRhlX (nOCTepHOp
nhlX) mI3lWTellIllepaTypnLlx JlIlInepaJIOB. A Merr<.n;y TeM aTa oc06ennOCTh 1'eo
xm!I!U nllKeJIJI UlIloeT OlJenh naJlmoe ana~IeHne. 

B nOCJIe)1;rrCC Bper>lf.l YCTanOBJIenO, 'ITO 05pa30BaHlle CYJIbtPUAIIl;IX Mep.80-
nUltoJIeBbl ' MCCTopon<)1;enuil, CBJl3anIIhlX C YJIbTpaOCnOBHblll1.\iI II OCHOBHbIMH 
1'opnhllllll nOpOAal\JlI, nponcxo.n;uJIO npII cpannllTeJIbnO HllaI{.ffX TeMuepaTypax 
(mIn\() 4.00 0 C - CTp. 269). 

o TOllI, 'fTO IWll~CIITpa~m[ HllI{eJIJI H lw6aJIbTa n CYJIbtPIIAHhlX MeCTOpo
;J{p.eHIIHX nponcxop.llJIa npu TOllIllopaTypax «rHAPOTepll.IaJIIITOn»), CBBAeTeJIb
CTnYOT ue TOJIblW COBlIWCTnoe HaxomAeHlle 1I COBlIleCTHoe 06pasoBaHlle CYJIb
<IlUAoB llIIl,eJIJl II MeAn C aI{TUllOJI.lITOBIDf ai\ltPn60JIOM, XJIOPIITOM, TaJIhlWM, 
BCPlllIIl<YJIIlTOM Jl Iwp60naTaMlI, llO n npuCYTCTBIIe HllHeJIJI B 3TIIX rnAPOTep
MaJlhUI,uX MHUepUJIax. 

ITo MneHllIO R. (j). bCJIOrJIaaOBU, anU'lllTeJIbUbJe HOH~eHTpa~llH HHHeJIH 
1Il0ryT npuCYTcTBOBaTb B aHTIInOJIUTe. OTlI1ClIaIOTCH, XOTJI II He60JIbIIIne, CO
AcpmaUIIH mm JIJI D TpeMOJTIITe, TaJILI<e 113 MOIl'Ie-TYUAPhl (p.o 0.3 %). 

3I1a'IIlTCJlbHO 60JIblllle HOll1\eUTpan;UU HllI{eJIH 06napY}HHBalOTCH B nIISIW
TelllllcpaTypUhlX HUCJIOPOAUbIX coe.n;rwennJIX (rapHuepliTax, uenYUTax, peB
AenCl{JlTaX H APyrl1x MUnepaJIax). 0 CHJIOHHOCTH UHKeJIJI BCTynaTb B coeAH
Henna B IlIl3I<OTeMnepaTypnbre lIIllnepaJIbnhle 05paaOBaHnJI II 60JIee phlXJIble 
no CTpoeuUlO ImCJlOpo.n;uble coeAlilHeHUJI (cnJIlII<aTbt) 1'OBopnT .lI TOT tPanT, lITO, 
no A. E. (j)epcl\Jany, llaBOCTHO TalWO me I<OJIUqeCTBO I<HCJIOpOP.HLIX coe.n;lilHe
uuil llIIltCJHJ (rJIUnULIM 05pa30ll1 rrruepreHHLIX), CIWJIbIW HaneCT80 
B npupop.c CCpnUCT.b[X n lIlhlillbf.lIWBblX MHHepaJIOB IJIIKeJIH DMeCTe B3HTblX. 

20 1It1TPY3HH Oe'leHrli 
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IDITpy3Rll ( rpenJlaHAIHI) xopomo BRAHO, 1:J:TO 060ra~eHlle HRHeJIeM npo

JilCXOAl1T na 60Jlee n03AnllX :3TanaX aBOJlIO~JilIl MarMLI. 

06LI'IH0 cOAep»<aHl1e mmeJlSl B OCHOBHhlX rOpHLIX nopoAax HeBLICOI<oe, 

o 'IeM cDllACTeJIbCTBYIOT AaHHLIe pa3Jlll'JHhlX aBTOpOB: 

fa66po .......... . 
,Itlla6aaM (Mu<lIIrau u :\JIfllcCOTa) . . 
fa66po II ~lta6a3b[ lOHwoil J]auna1l-

0.016% 
0.018% 

(Goldschmidt, 1937) 
(Call~('JJJI 11 fOJIAUq, 1952) 

~1111 ••••••••••••••• 

OCIIOOIlI>16 [[OPO~bl POtnar 11 (llInc
n;nll) . . . . . . . . . . 

C!(acpraap~ ((all IllLTpyalllI (fpell
JI3U!\UII). . . . . 

,naa6n3h1 OUTnpno ..... 

0.00'1.5% 

0.0065% 

0.017% 

0.011% 

(Sabama, 1915 : 

(Luodegiirdb, 1946) 

(Barep u MuneJIJl, 
1952) 

(Ahrens, 1953) 

B 113MeHCUllhIX llUTPY311DUhlX nopoAax, HaI{l[?llH JIBJlSlIOTCSI nOpOAb[ HH

HeJleHOCfILIX IUITpY3Kll IIC'IeHrJil, TaH}I{e HeBbICOHO cOAcpn<aHHe R1iII<CJlJI Jil 

MeAH (Ta6Jl. 35, no AaHHhThI Vayrynen, 1938 Jil IIanyml1c, 1952). 

T a 6 JI U n; a 35 

COi\ep iI,auue 1,pealHe3Cb13, OKUCU Maruon , BWtemI, Mei\o II cepbl 8 ne'lenrCKIL"< 
DopOAax 

lIopOJ\w II MCCTOPOlKJ\CHHfI 810, b1g0 CuO 8 

IInpOKCCUODhlO OJU.1D1IlITlTbJ 35.92 34.10 0.44 0.10 lIe oup. 
IIJlarUOIWaaODblC UOplli\OTltThl . 41.92 20.60 0.02 0.05 0.37 
IIopuitoTUTh, C TllTaUOMarliCTlITOllblM 

18.58 opyncucllncM 17.25 0.08 0.04 1.65 
CepOeUTlUlI13L1pODaIlLlblc nepll~oTllThl 37.17 30.95 0.09 
Xnop","",p0"'''''"' "pn,"""'n~ I 

33.13 r[eTa~JOptVllaODall UhlO O:IUIlJIIiOllhle 27.31 0.34 0.15 1.46 
nu POI,OCllllTbI . . . . . • . . . . 46.66 13.68 0.06 0.09 0.17 

IIo nOAC'IeTaM B. IiI. IIanymnc OAHIl 113 llRTpY3IInoB IICQCUrH cOAepnnlT 
B cpsAueM 0.C6 % i Jil 0.037 % . 

IIp.l1BeACUnhle ])LImC AaRHLIe nOHa3IiIBalOT, ~ITO YJlbTpaOCIrOBUhle II OCUOD

UhlC ropUbIC nOpOll,hl npn O'IeUb 60JlbmOM COAepif\aUHH Marlll1Ji B COCTano no

pOl' 3al<JJlO'laIOT JIIlillb nU'ITO}KHLIe H.OJlIftlCCTna HHl{eJIH . 3a 0611JlbHOC COACP

n,amm. R)mCJlH B Talmx rOpIrhIX nopOAax l\lO}RHO CqnTaTb 0.02-0.07 % (Ba

rcp II MllT'leJlJI, 1952). 'Y Ha3amre fOJlbAmJlIHll,Ta Ira cOAepmaHJilC B ncpBAO

TJ1TaX 0.31 % CRopeo rOnOpl1T 06 06~el\l IWJlllQCCTBC H1meJlH B nopOAS, a He 

HlmeJlS I:IJOAlOPcl>UO\\I l{ l\1arHJilIO . 

HI:Il(eJlb 8 nopOAOo6pa3YIO~UX l\JUnep aJl a x 

,[(BYXBaJlenrllhlii: 1l0U UHl,eJlH HMeCT nOQTl1 TaI{OH me pa3l\10p lloua, I<aH 11 

AByxnaJlCnTnhllr lion MunllH, ua ocuonaUBl1 8Toro pacnpOCTpanHJlOCh npeA

CTanJlCllllC, 'ITO lIlll{eJlb Aoml: eH C Tal<OU >I<S Jlerr<ocTbIO, I{al{ n l\JarHnH, BXOAllTb 

B COCTaD OJlBBnnOn (Barep II MllT'leJl •• , 1952; H APyrue pa60T@). 
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Oc060 CJIe~yeT nO,u:qepImYTb Bxoa<~emre nUl(eJIH B CJIOnCThle CHJIRRaThI -
BepMHRYJIUT H XJIOPUThl. TaR, paSBOBItI~BOCTb DepMIIRYJIlITa - ~iHecPcPepll
SHT - CO~ep}HlIT, no nOCJIe~HlIM ~aunhlM B. II. lIBanoBoii 11 10. lip. IIoJIo
BIIUTnmou (1952), ~o 7.4 % ORlIcn BllKeJIfI, a no ~aunIDf BnnlJeJIJra A. H. n 

r. BHUtIeJIJIa (1953), BepMlIKYJIHT MO)t<eT co~ep»\aTb ~o 11.25% OKJJCII 

nRKemL Oc060e nOJIOiKeBI1e saBm.1alOT UllI<eJIbCO~eprKa:rqHe XJIOpnThl. Cpe~u 
PY~ IIelJeUrlI Sna'UlTeJIbBhlM pacnpOCTpauemfeM 06JIa~aeT nI1I<eJIIICThlH 
BepllilIHym'fT C ClIJIbUbTM nJIeOXpOnSMOM (OT rOJIy60BaTo-aeJIenoro ~o llPRO

meJITOro ) H C OTUOCHTeJIbUO 60JIbIDHM ~ByJIyqenpeJIO~fJleHJ1ellI. HHI<eJII:JCThlU 
BepMHI<yJlHT paCIIpOCTpaueu B npHnOBepXBOCTBbTX lJaCTllX py~oro TeJIa 13 
lIMeeT rI1111epreUuoe npOllCXOrI<~eBHe. IIepBI:J'lllhlH - rIr~pOTepMaJIbIThl:ii XJIO

pHT FlS lletIeufH IIpaI<THlJeCIm ue co~eprRHT ITRKeJI1I. XJIOPI!T llS oJ\OJIOPYA
HhlX l1SMeueUHH ua I<OUTaRTe a,HJI HHTTHC-RYMY>I<bfI (MOUqe-TYII,tipa), no 
~aHUhIM B. A. MaCJIeUHKOBa (1956), TaIUKe ue 06uapynuIBaeT SUa'lBTeJIbHhlX 
IWJIHqeCTB HUKeJIH. 

TaRHM 06pasoM, BHKeJIeM 60raThl, I<al< no 1<0JIlIlJeCTBY UHKeJIll B IIfIDIepa
JIax, TaK ff no 'IHCJIY HSBeCTUhlX HHI{eJIbCOAepn<alIl,BX ~fHnepaJIOB, HJ1'SI<OTeM

nepaTypRhle rH~pOTepMaJIbBhle H rffDeprennbIe CHJIHKaTBbIe MIIHepaJIhl, 
a Be MHffe paJIbJ <mepBH'IROll KpHCTaJIJIUSa~BH» - OJJUBlllI, nHpOI{CeU HAp., 

I<aK no npHBJlTO ClJHTaTb ~o criK nop. 

BUIteJlb B PYMbIX MHUepaJIax 

06pasoBamre PY~UbIX lIIHnepaJJOB B CYJJbcPH~UhlX Me~o-nllI<eJIeBhIX PY~O
npOJlBJIeBHHX npOHCXO~lIJIO npm.repBO B cJJeAYJOlII,eM nopllw<e: MarUeTltT_ 

mrppOTHFI+nOBTJIaU~HT n rpacPlIlJeCIWM npopaCTan~:nr BnYTpH nuppoTllna_ 
nOPcPnp06JIaCTbI nenTJIaRAuTa _ XaJIbI<OnUprrT - MarlleTHT, paSBIIBaJOlII,HiicH 

MeTaCOMaTll'IeCKff no CYJIbcPH~ar.I. Br.reCTe C BTOPl1QRIDf MarneTHTOM 11 

B TOT i"e neplIOA MeTaCOMaTlIlJeCRnX SaMelIl,ORIIll llepBH'IRbIX CYJJbcPU~TlhIX 
r.nmepaJIon BOSRIIKaJOT BTOpIIlJRhle CYJIb<pU~Uble r.muepam,I: 6paBOIIT, IHIO
JlapHT, nOJIH~HMRT, BaaCllT, BTOpl1'IHbIe CYJlbcPUAhI lHeJIeSa Ii! nm{eJIJI. 

MarneTIIT 

CneT<TpaJl"bUI.le aUaJIHSbI MarHeTHTa JllS paSHhlX PYAonpOJlBJIeIUlH rre~JenfIl 
06uapymnDaIOT JIHHHH BHKeJIH JIlIIDb CJIa60n: H cpe~lloii HHTeHCITBnOCTH. Xn

MHlJeCKTlMH aBaJIUSaMH B MarHeTHTe RS MOHlJe-TYB~phl 06napya,eIIbI BJl'ITOn,
Blile KOJIHlJeCTDa llHI{eJlJl (0.04-0.05 %). HHI<eJIb n COCTaB MarneTHTOB ne 

nXO~HT. 

ITIIPPOTIIH 

IIHppoTHn HBJIfleTCH O~Jn{ HS rJIanHeHmHX CYJlbcPH~LIX MlllIepaJJon 
B Me~nO-UHI<eJIeBbIX py~onpOHBJleHHfIX. RaJ< BHpaIIJIennhle PYALT, Tal{ H C}\O

IIJIeBIUI CnJIOIDllhlX CYJIbcPUABbTX py~ (CYJlbcPH~bIe >KI1JIbI, opy~eneJlalI Tel<TO
BHqeCI{aH 6peI\lJITH, CYJIbcPu~hle rIles~a) MOlIlJe-TYII~PbI H IIeqenrB 60JIoe 
qeM Ha nOJIODHRY COCTOJIT lIS nl1ppOTlIRa. 311alJHTeJIbHYro pOJlb lll'rppOTllIT 

nrpaeT H B PYJ(ax HOpHJlbCI<a. 
B rrpOIIecce cPOpMJlpOBaHBII Me~O-m1J{eJIeBbIX cYJII.cPTlAIIbIX MeCTOpOrI<.n;e

lUra aTaD KpnCTaJIJIHSa~HH IIUppOTliHa 6.b1JI ~JIHTeJIbIIbIM. Panee (8. EmlCeen, 
1956) no~p06uo paS6npaJIIlCb saTpY)lHemHI, BOSnHI<aIOlIl,He npII XIDIIItIeCKOM 
arraJIHSe nHppOTlIua. He60JIbIDHe norpeIDHOCTlf B onpeAeJJeRRH rI<eJleaa I1JIII, 

"'ITO (lOJIce BepOHTHO, B onpe~eJIeUHH co~eprJ\annH cepbI npIIBO~HT I{ BeCMra 

CYlII,eCTBeHHIDl IISA1CneUHJlM B cP0plIfYJIe mrppOTlma. TaI<, Ha OCHonaHllIl pe-
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3YJIbTaTOD anaJIDaon, rrpnBe,n:enHI.rX C. B. JInmmbIM (1946), OTlIlet.laJIML, t.lTO 
1l0rpemnOCTb D 0.07 % cep])r llJIlI n<eJIeaa rrpBBo,n:l1T I{ nSMonemuo qlOpMyJIy 
Ml111epaJIa OT Fe 12S13 J{ Feu 12' 

B rrOCJIep;lIee DpOMa paspa60T3n 60nee na,n:emnbrM: MOTOP; orrpr.,n:eJIeJIllIa CO
OTHomenna meJIeaa n cepLI B rrrrppOTlme (penTrcnOMeTpliIt.leCIUlll MeTO,n: onpe
p;eJIemlfJ COCTana nnppOTHHa: 8. EmlceoB H ,IJ;enHcoD, 1957). ::hOT MeTO,n: no-
3BOJIlIJI npOHsneCTH onpe,n:eJIenHe COCTaDa y MaJILIX ROJIHt.leCTD MaTepHaJIa n 
D CllJIbnO aarpHsnCHIlOM IlpHlIfeCHMH MaTepnaJIO. B poaYJIbTaTe conOCTaDJIe
nHH COCTaD3 11 p3aJIliIt.lHbIX CTPYRTypHblX COOTnomenBll YCTanaBJIHBaOTCa 
neCROJIbIW rcnopan;lIll nuppOTllHa D cYJIbqm:,n:nLlx 1I1e,n:no-nHROJIeB'LIX MOCTO
pO}!<p;elIIlfIx.1 

B nnppOTIrne HS MOnt.le-Tyn,n:pLI B cpe,n:neM, no ,n:annLIM E. E. 3axapoBa n 
M. r. ,IJ;o,n:yx (qnpRoB, 1941 r.), co,n:epnUITCJl 0.25% mmeJIH. ECJIn ClJHTaTb, 
"ITO DeCb ;)TOT llBReJIb BXO,n:HJI npH DLICOROll TellwepaType D COCTaB nHppOTHHa 
D BHp;e TBep,n:oro pacTBopa is, FeS, TO }WJIH'IeCTJ30 TaRoro rIIUOTeTHt.leCIWrO 
paCTBopa COCTaDJIlIeT ne 60JIee 0.74 % llO OTnomOHIIlO R 06rn;eu Macce llHPpO
THHa. 

ITpncYTcTDue 60JILmOrO I<OJIIIlJeCTB3 npHlIIocofr nHI<OJIH D llHppOTHHe 06-
napynurnaeTCSI n Tex 06paan;ax, r,n:e UpH MlmpOCI<OllH"IeCI<OM nSYlJeHHH OT
Met.laIOTCSI BpOCTI<H neUTJIanp;nTa. 

MarHHTnoii: conapan;neH n nocJIe,n:YJOrn;HMn anaJInSaMn nnppoTHna Ha 06pas
n;a x us C3.n.6epH ,Il;HRconoM D 1904 r. ()J;:ma ,IJ>R. ,IJ;. 1'1 ,n:p., 1950) 6LIJIO 1l0I<aaano, 
"ITO DeCb mlReJIb D rmppOTmre 1l0lJTH ncor.n.3 npHypOlJeB I{ aepnaJIf neBTJIaU
,l.I,liITa. R arraJIOrHt.lHOllfY BbIDO,n:y npnIDJIH n. H. MaCJIemlD;RllH n IT. n. Xo
MbIJIeD (1947 r.), nCCJIe,n:onanmne mlpPOTllHLI RayJILI (IIet.leBra). 

BLI,n:eJIHTb .n.JIJl arraJIHSa lIIOBOllUmepaJIl:'RYIO <ppal(n;HIO 6es llpIIMeCH ,n:PY
rnx MHHOpaJIOB Ot.lOHb Tpy,n:HO, B nrrppOTnBe nOCTOJlnnO npHCYTCTBYIOT npn
Mecn l{peMnlIJl, MarUHJl, MapraRl:~a , Me,n:n, naTpmSI, I<aJIbD;HSI, UIII<eJIH H I<06aJIbTa, 
06BapynumaeMLIe CneI<TpaJIbllblMlI auamlsaMH. Ha pelITrenOrpaJI1MaX llHP
pOTllRa nope,n:I<O nplIcyTcTByIOT XOTa n CJIa6LIe JInnlIlI neRTJIan,n:HTa II XaJIbI<O
nllpl1Ta, a HHor.n.a MarneTHTa. 

IIO"lTH nOCTOHlInbJe npIDfeCH IlHl,eJISI B nHppOTHBe HS CYJIL<PH,n:BLIX Me.n.HO
RIIKeJIeBbIX lIJeCTopom,n:onHH 06'bHCIlJIIOTCJl npIDfOCHMH neIlTnan.n.HTa ern;e 11 

nOTOMY, "ITO B nepnIllJnLIX Py,n:ax 11 n nHppOTHnODhlX <ppaI<D;HHX OTBomeBHO 
BMOJIH 1{ Iw6aJIbTY TaROO }l{e, HaI< n caMOM lleIlTJIaH.n.HTe. Tal(, OTnomeBHe 
Nl : Co n nenTJIan.n.IITe H3 HOpHJILCI<a (30nToB, 1943) COCTaDJUleT 35: 1. 
ITPH anaJIl'I3e CnJIOmRLIX CYJIb<pII,n:nLIx PY,n: Toro ~He MecTopo,u,n:eBI1H YCTano
BJIelIO OTRomeBHe i 1\ Co 38 : 1. 

AnaJIOrliIt.lHaH I<apTHBa B COOTBOIDOBnH i H Co B ITet.leBre II B MOBt.le
TYUP;pO. 

lleOTnaO)J.DT 

RaI< nOKaSaJIH POSYJILTaTLI HSYlJeIlHH neIlTJIaH,n:HTOB H3 ITe"lenrH H MOH
qe-Tynp;PbI (CTp. 288), Y lleBTJIaBp;HTa OT 06pasn;a 1\ 06pa3n;y MenaeTCSI Be 
TOJIbIW COCTan, no H pa3Mephl 3JIeMenTapROH H'lefrKR I<pIICTaJIJIH"IeCIWH pe
meTI<ll, a Ta1{;1(e H yp;eJIbBLIH Bec lIInRepaJIfI. ConOCTaBJIOBHe COCTaBa, y,n:eJIL
nora neca H paSMepOB 3JIeMenTapROH HlJeiiIm Y nenTJIaR,n:HTa llOHaaaJIO, 'lTO 
neBTJIanp;HT, Tal, ~}(e Hal{ n nnppOTHB, JIBJIHeTCH MHnepaJIOM nepeMeBnoro 
COCTana. C H3MenonHeM COCTana HSMenHeTCH ne TOJIbI<O COOTBomeRHe Men(AY 
nHl,eJIeM, ~I,eJIeSOM II I<06aJILTOM, no Ta1\me H lJIfCJIO aTOMOB (OT 68 ,n:o 66) 
B 3JleMeBTapRoH H"Ien}(e MHHepaJIa (8. EJIIICeeB, 1955, 1956). TaKlIM 06pa-

1 0 COCTane nnppOTnna us ile'lenrCKl'.IX HllTPYSl!I.tl eM. CTp. 297. 
20* 
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aOM, ,o;JIJI nOnTJIan,o;MTa YCTanOBJIOn nepeMennhlll COCTaB Ii nepeMeHHoe "tJIICJIO 
aTOMOD D aJIeMeHTapHoii: WIeHKe. 

llpe,o;cTaBJIeHHe 0 nOnTJIaH,o;HTe, RaI{ 0 lInrnepaJIO C nOCTOJInHhlM COOTHO
monHeM nHI{eJIJI II meJIeaa B TeTpaa,o;pH'leClnIX nYCTOTax, 06'LSICnJIeT, nOlleMY 
neHTJIaH,o;MT MOrReT 06paaoBhIBaTbcSI n Bn,o;e caMOCTOJITeJIhnhlX aepen TOJII)I<O 
B 60raThlx HMl(eJIeM py,o;ax H nOlJeMY B Py,o;ax C nnaRITM co,o;opiRaHlleM HII1<eJISI 
caMOCTOJITeJIbHhlX aepeH rreHTJIaH,o;IITa IIe nCTpellaeTCH (CTp. 276). 

B cTpyn:TypnoM OTHomeHIfIiI IIaMeHeHHH n COCTane neHTJIan,o;lITa COOTBeT
CTByIOT aaIIOJIHerrHIO (IIOJII10MY HJIH HenOJInO fY) OI<Taa,o;prrqecrwx yaJIOB I{PII
CTaJIJIlI'JeCIWll pemeTRH lImnepaJIa. B aanHCIDlOCTlI OT aallOJInellllSI aTllX 
yaJIon aTOMaMn meJIeaa, IIllI,eJISI HJII<f I{06aJIbTa IIaM:enSIeTCJI COCTan lI!lmepaJIa. 
TaRHlII 06paaoM, orpamIlIOHHhle IIpe,o;eJII)T Rall16neHIIJI n COCTane nOllTJIaH,o;HTa 
oTpameHbI nero IPOpMYJIe: F041V i4IV(CO, Fe, i)IV OT 0 1\0 1 . 

llpHYPollenIIOCT1) Iw6aJIbTa I( OI<Tao,o;plf<IeClmM yaJIaM I{pnCTaJIJIR'IeCRoii: 
pemeTIUI IIenTJIan,o;I1'ra ,o;OI,aahlOaeTCJI nbrro;OJIUtIHUamrelll Iw6aJIbTa, a TaK>He 
HeROToporo I\OJIHlIOCTDa IIHReJIJI ]I meJIeaa npn paCTDopemm B 5 %-M paCTBope 
HCI npH 60 0 C. (9. EJIHCeeD ]I ClIJl1pnOBa, 19586). 11PH nhl~eJIallIIDamm: R3-
MeHJIeTCJI He TOJIhI\o COCTaB, HO II pa311rep1)I JIlIOIIKII n y,o;OJII)ITbIll Bec ~nmopaJIa. 

B COCTane nenTJIan,o;nTa IT3 YJII)TpaOCIIonnbIX IIIlTPY3nii MOIIlJe-Tyn,o;p:u 
II llelleHrH IIMOTOTCfl cyrqocTBeHHhle pa3JIUlJJHL B MlllIepaJIe II3 MOII'Ie-TYIl,o;Phl 
OTMOlJaeTCJI OrpaHD'IeHHl)rii: H30MOPtPII311f HIIKeJIJI II ROUaJIbTa nprr nOCTOJIll
nOM co,o;eprKaHIHr })'{DJre3a, Tor,o;a Ka1, U py,o;onpOHllJlenUJIX lle1:Ionrn OTMOllaOTCfl 
OrpaHH'lOnHhlll H30MOPtPH3M nm,OJIJI II }J,eJIe3a IIpII nprmopno rrOCTOllnnOM 
co,o;opn,amm n nenTJIaH,o;nTe Iw6aJII)Ta. 

B nenTJIUn,o;HTe ua CnJIOmnhlX CYJIbIPn,o;UhlX num cpo,o;n MaCCUBa HRTTTIC
H.YMY}l<DO co,o;eprRffTCJI ,0;0 3 % Co, B nOpfIJIT)Cf\O 1 .nOHTJIau,o;l1Te -,0;0 1 % 
Co, a D noqorrrCI<OJl( nOHTJIan,o;rfTe - 0.5- 0.7 % Co. 

Caxallfa Il Pam<aMa ( ahama a . Ran kama, 1950) ,0;0 UIOT neIlpaHllJIbIIbIii: 
nhlno,o; 0 paCIlpOCTpurremroC1'l'I I 06aJIbTa n cyJIbtPn,o;rrLIK lI{uIlopaJrax. 110 UK me
mno, ROUaJIbT He BI<JITOqaOTCJI B pemOTI<y rreHTJIaH,o;UTU, a npucyTcTByOT 
D pacceHnHO~1 DH,o;O B IllIpponIHe. 

A. r. BeTOXTHH II A. )J,. remmFI (1951) ua OCHonaIlHlI ceplill rrOJIHbIX 
aHaJIB.30B (qliPIWB, 1940) npUmJIff I, 3aRJIIOT[(lIllHO, lJTO IIlIlOlIrro n IleUTJIUIl
,o;IITe cocpe,o;OTOqerra nCII Macca ROUaJIbTa. TaHoo 3aTWIOlIerrue no,o;TBeprI<,o;aeTCll 
HOBbBUI MaTepnaJIaMll rro UOIlTJIan,o;lITY U3 pa3JIJIlJIlT>lX Py,o;onpOllBJlOnui1 
COIOaa. 

XaJlbKOnnpnT 

9TOT lI1UnOpaJI B CBOeJlf COCTane IllII<OJIfl ne co,o;opnmT, o,o;rraKO 3a ClIOT npl'I
Mecoll rrOHTJIan,o;rna rrpH aHaJIIIaaX n XaJIbJ{OlIllPlITO llllor,o;a oUlIapyn<llBaTOTCII 
1I0UOJIb[[[11e IIpffMeCI1 HUI{OJIII. 

Hy6aIJIIT 

Ky6amIT BCTpOlJaeTCH B py,o;ax MOIIqe-Tyrr,o;pLI, HOPIIJIbCI(a u TIe'IOlIrH. 
Cy,o;JI no .n;aRlIbIlII M. H. qnpI<ODa, B Ry6anuTe U3 MOIlllO-TYH1IPLI mmem, rrpII
CYTCTnyeT B Bu:,o;e rrOCTopOHnou rrpHlIfocrr (0.47 %). 

B nOpBII'IlILIX cyJILqlU,o;ax nJlI<OJIb Homl;eIlTprrpYOTCJI TOJIbI\O D nu,o;e JIOIlT
JIaUp;TITa HJIH B BLI,o;O caMOCTOJITeJIbFIT>lX 3eperr, IIJIK B ou,o;e 1IlexaUaqOCl<HX BI JIIO
'leaHu D ,o;pyrHx MIIHOpaJIUx. 

HOT{eJIb no BTOPH'IUbJX cYJIbcfm,o;rn:'lx mwepaJlax 

OTMellaeTCIT 3HallllTeJIbHOe paauo06pa3 ne BTOPH'IFIbIX mIl< J[ Lco,o;eprKaIqlilX 
CYJIbtPfIJJ;HbIX MJIlIopaJIOB: nOJIn,o;UlIIHT, DKOJIapUT, TIl1f(eJIDCo,o;epma~rrll IlII
pKT, 6panoHT, DaaClfT, MHJIJIepUT U ,o;p. 
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Tomme npOmll{HODenrH( BTOpfftllIbJX CYJIb<PI1I!;OB B nepBH'lHbIe, aHa'IHTeJIb

Hoe paaHo06paane BTOpH'IllLIX CYJIb<pUI!;OB 11 OJIIl30CTb HX <pHaJf'IeCRHX 

CBOUCTB aaTpYl!;nHIOT I!;UarnOcTIIRY 3TIIX lIlHHepaJIOB. II03TOMY HeYI!;HDRTeJIbHO, 

"ITO Ol!;nH If Te ;T{e DTOpR~IRble CYJIb<PUI!;J>1 D paaHoe BpeMJ'I paaJIU'lHhlMR lICCJIel!;o

DaTeJIflMU onpel!;eJIflllHCb no-paaHOMY. 3aTpYI!;HeHlIJI D I!;JfarnOCTIiI<e DoaHIf

RaJOT erqe IT nOTOlllY, 'ITO Cpel!;H BTOPH'lHbIX CYJIb<PIII!;OB IIMeIOTCJI :M1mepaJIbI 

C nepeMennhl"M COCTaDOl\!. l1aMeneHIIe COCTaDa Y TaRHX l\IHHepaJIOB (npIf 'IaCTH'I

HOli: naoMop<pHOll aaMeHO HHHeJIfl }I{eJIea0ll1) cJIa60 oTpamaeTCJI Ha <pHaH1:IeCIUIX 

CBollcTDax (oTpamaTeJIbnOU cuocoonocTII If I!;p.) H l!;alRO na paaMepax 3JIeMeH

Ta pnoll fl'IeUrU1. 
B pfll!;Y BTOpn"'Inmx CYJIJ><pIfI!;On BhlfOI!;HO OTJIH'IaeTCJI HHl(eJIHCTbIH nHpHT, 

I!;JIfl ROToporo OTlI1e'IaeTCfl 'IOTI{aJI aaBHCIDfOCTb paaMepoD 3JIeMeHTapnoi fl.'IeilIUI 

OT ero COCTaBa. 

HIIReJlllcTbJii nllJlIIT JJ 6JlaoollT 

HH1{eJInCTMH nupliT Ha cYJIb<pUl!;nMX MeI!;HO-n1'meJIeBhlX OTO'IeCTneHnMX 

PYI!; BnepBMe 1!;0CTOBepHo OmICaJI A. ,n;. feHKHn (1952 r .) . MeTaKpH

CTaJIJIhl opaBouTa C aOnanblIbTh! CTpoenueM, ooycJIOnnennlilll1 'IOpeI!;OBa

nIl eM aOH paamPInhlX OTTeHlWB C paanIDI COl!;epil<anHeM HHReJIJI, 00bf1IH0 

npOCTpaHCTBeuno CBflaanM C 60JIee nHaIWTe1>rnOpaTypHbtMl1[ oopaaoBaHHflMH H 

BoaHIlItaJIIf B YCJIOUIUIX nOBbrmennoH ROHn.enTpan.HH cephl B OCTaTO'InhlX paCT

Bopax, nponill<aBlllTIX B CYJIb<PHl!;RbIO MaCChl. B TO n{e Bpe~fJ'I OCOOO OTMe'IaeTCfl 

(BeTeXTHII n feHl<HH, 1951), 'ITO D nnOCTpanHoii JIHTepaType pacnpOCTpaneHO 

HenpaDRJIbnOe lI1nenHe, OYI!;TO Ohl nRReJIIfCThlU nllpHT JIBJIJIeTCJI nepBH'lHbIM 

MIIRepaJIOM, D03HHHIJ.IHM I!;O RpRCTaJIJIHaaqHH nHppOTlma. 

B. A. MaCJIeHlIRODhlM (1956) YCTanOBJIenO, 'ITO opaBOHT THnH'Ien I!;JIJI 

Tal{ Ha3hlBaeMbIX MaTqDhlx PYI!;, npOI!;CTaBJIfllorqHX COOOIO PYl!;nhlO OJIaCTO

MHJIOnnThl. 

B nnpHTe Ha IIe'IonrH ne oOHapyn{eno CROJIbI{O-HHOYl!;b cyrqecTDeHHoro 

COI!;OpmanHJI mmeJIJI (CTp. 314). ,n;JIJI oopaaoBamm IUIReJIHCTOrO nHpHTa 

neOOXOl!;illlhl ocooble YCJIOBnfl nODhlmennoii ]{Onn.eHTpan.HH nHI{eJIJI D paCTBope. 

B nlipIlTODMX npOn'\RJIRaX, pacceRaIOrqHx mlppOTHHO-nenTJIaHI!;HTODYIO PYI!;Y 

(l\ayJIa, IIe'IeHra), nnpHT He COl!;eprRHT mmeJIfI. 

aJIH'IRe aonam,nOCTII D nUHeJIUCTOllf unpHTe H TOHIWe "'Iepel!;ODanHe )I<e

JIeaJfCThlX II UUReJInCThlX npOCJIOeD B lIIeTaRpHCTaJIJIaX npHpOI!;HOrO nHpRTa 

liS HOpnJIbCRa fl.DJI1IeTCJI 1!;0nOJIHHTeJIbHbIM Yl{aaaHHellf Ha OTCYTCTBHe B upn

pOI!;IILIX YCJIOBnflX nOJIlloii HaOllfop<pHOii CMeCIDIOCTH mnteJIII H }l{eJIeaa B IUI

pIlTax. 9TH HaOmOl!;eHHlI HaxOI!;R:TCR: B nOJIHOM COrJIaCHH C 31{CnepIDfeHTaMlI 

f. C. fpnn.aelllw, H. H. CJIYI!;CI,OM H H. X. AUI!;llHbfln (1953), nOI<aaaBmHl\IH 

OTCYTCTBHe npOMe}l{YTO'lHhlX COel!;llHenIIM Me)-l{I!;Y FeS z H Feo.{ i O•6S Z' 

CJIel!;yeT nOI!;'IepHHyTb, 'ITO, COfJIaCHO cyrqecTByrorqUM npel!;CTaBJIeHIIIIM 

na npel!;eJILI 1130MOP<PHOU CMeCIDJOCTH Men'I!;Y FeS z H j z, 1!;0JIfl{eH cyrqecTBo

BaTb nOJIHMU pHI!; CMeCIIMOCTlf. TaRHM oopaSOM, D OTnOmeUHH UHKeJIHCTorO 

nllpnTa OnreqaeTCR: npOTUBOpe'IHe TeOpeTl1'IeCI{.I'IX DhlBOI!;OB C <paI{TlneCKID! 

111 aTepUaJIOM. 

C noau~lIii: COBpeMeHHhlX npel!;CTaBJIeHUll, onnpaIorqHXCR: ua OJIHaOCTh 

XllMn'IOCl{JIX n reOXIDIll'IeCRnX CBO:HCTB }I,eJIeaa H IIIII<eJIJI, OTCYTCTBHe nOnHOrO 

II30Mop<pllaMa B rpynno nupHTOB ne naXOl!;nT OO'bflCHenHII . To me MO>RBO CRa-

3aTh n 00 OTCYTCTDun npoMemYTOlJIIhlX cOel!;IiBenHii Y I!;HapCeUIII!;OD }l,eJIeaa 

II HnReJIfl.. TIoaTollIY HeT YI!;OBJIOTBOpUTeJIbHOrO OO'bIICHeHHfl 30HaJIbUOMY 'Ie

peAODaHHIO 60raThlX II OeI!;HhlX HHl{OJIeM SOH B MeTaRpHCTaJIJIaX HHReJIHCToro 
ImpHTa. 
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IIOJIIIJI.1lMliT 

IIOJUI:):J;HMI1T OTlI1et{UJIClI ~JIlI CYJIh<I>H~I1hlX Me~IIO-I1I1KeJleBhlX PY~OOpOllBJle-
11IfH HIO~a (MOIIt{e-TYII~pa), r~e OR, CY~lI UO OI1IICaBIIIO T. H. ma~JIYB (Mu
RepaJI:bI CCCP, T. II, 1940), paaDHnaCTClI rro TpeIIJ;lmRaM B 3eprrax rreRTJlaU

~IITa, 3aMeIIJ;all rreBTJIalI~HT . IIpH ~aJIblIe:.i1:I1IllX HCCJIe~OBalIlI1lX naXOiK~elIIIe 
UOJIH~IDfllTa lIe 6hlJIO rrO~TBcpm~CIIO. 

IIoa~lIee r. C. rpHn;aellI{Q, 10. C. HecTepoDa II B. II. BYTY30B (1946) 
npH rrOMOIIJ;II XIfMIl'feCI(IIX alIam[aOB II pCUTreIIOBCl<IIX HCCJIe~Onamlll YCTaIIO
BI1JIlI rrOJIlI~HMI1T D HOBO-Aii~hlPJIHIICIWM lI'leCTOpOiI(~elIlIlI lIa IOmBoM YpaJIe. 

,I(eTaJIbBOrO HCCJIe~ODaIIUlI BTOpII"lHhlX MHHepaJIOB B CDoe BpeMH lIe rrpo
DO~IIJIOCb, 1'1 Ot{CII:b t{aCTO rrOCJIe~YIOIIJ;He HCCJIe~OnaTeJII1 ~anaJUI HM HOBhle 
lIaanalIlHI. CJIOnmyIO {lBOJIJOn;IIIO B H3l1ferrelIUH rraanaBl'IH rrpCTCprreJIJi rr BTO

pII1IIIhle 1I1IfHepaJIhl Momle-TYH~phl. TaR, I10JIH~IilIIHT C ropM HIO~ rrOCJIO pa-
601' M. H. l.JIIplwBa 6hlJI rrepeIfll1eHOBalI B 6paBoHT, a rrOCJIe pa60Thl A. ,I(. reR
Iuma - B BHOJIapiiT. 

B OOJla pllT 

,I(JIlI BHOJIapHTa, TaI< }T<e I<aI< Il ~JIJI rrOJIH~HMHTa, B JIIlTepaTYPC OTlIfeQaeTClI 
paaH060ii B lIamrcalIlIll XIIlIIH"tfeCIWii ero CPOPMYJIhl. ,I(JIll nUOJIapnTa Y ,I(OJII:,
Tepa H JIeiiTMerrepa (D61ter, Leitmeier, 1926), a TaRil(e Y M. C. BOJILmCROfo 

(1949) rrpIlBO~HTCR cpopllfYJIa i 2, o~aRO Kepp (I err, 1945) lIfIIIIepaJIY C co-
CTan0ll1 iS 2 rrpllCnOHJI rrOBoe HaaBaHlle - BaaCHT. 

A. :n;. relIl<HII (1950) rrpIIBO~IIT OIlHcaHHC BHOJIaprrT;l (IT3 rrOpIIJIbCI<UX py~), 
J(aJ( BrrepBhle TO"tfHO YCTalIOBJIerrlIOrO lIumepaJIa ~JIlI MecTopo}J<~eHHii COBeT

CI<oro COIOaa . IIo lIflIeRIlIO A. ,I(. reRJ(HHa, BCJIe~CTBIIe lIe~OCTaTOmIofI Hay
'leHHOCTIl, {lTOT lIHmepaJI 'JaCTO rrplllIUMaJICJI sa ~pyrI1e lIlllrrepaJIbI - rrOJIH

~IDlIlT HJIH 6paBoIIT. 
3Ra"tfHTeJIbrr:bre OTI<JIOHeRHJI 01' TeOpeTH"tfeCJ(oro COCTaBa IIlI'leCT BHOJIapI1T 

HS Ce~6epH (KaRa~a) H H3 IOJIHaB (KaJIHcpopBHlI, CllA). He06xo~lllIIM ~o
rrOJIHHreJIbHl>Ie HCCJIe~OBaBJIH ~JIlI BhlJICHeHHH rrpHpo~ BH:OJIapRTa. 

IIoMHlI1O IIe"tfeHfH, HOPRJIbcI<a H MOH'le-TYH~phl, BHOJIapnT OTMe'JaJICH 
,I( . r . YJILJIHOBhlM B 1936 r. B HOBo-Aii:~hlPJIHrrcRoM pai1:ouc. 

MII1IJlepUT 

MHJIJIepHT OTMe'JeH ~JIlI PY~ IIeqeHrH M. B. ,I(eHHcoBoii (1952), "tfTO 

B ~aJIbHeHIlJeM He rrO~TBep~HJIOCL . HaH60JIee ~OCTonepIIhle ~aJIHhle 0 MIIJIJIe
plITe HMeIOTClI lJ,JIJI PY~OI1pOJIBJIeHHH HOpHJIbCJ(a (30UTOB, 1943). 

BTOplI1IIIhle CYJIbCPH~hl HHI(eJIlI 06paaYloTcH rJIaBHhlM 06paaoM lI'leTaCOMa
TH"tfeCJ(H 110 I1eHTJIaH~HTY B J(one1IIIhle CTa~HH lIIHrrepaJIoo6paaOnalIl'IH. Co

rJIaCHO A. r . BeTexTlmy, rrOCJIe~OBaTeJIbHOCTL ClI'leBhl MHnepaJIOB orrpe~e
JIeHHhlX acCOn;Han;HH, pa3JIJI'JaIOIIJ;HXCH rro COCTaBY, 06YCJIOBJIeHa COOTueTCTBYIO
IIJ;HIlfH Ha:\l eHeHHHMH J(ORn;eHTpau,mr cephl H IUlCJIOpO~a B paCTDope. COrJlaCHO 

TaJ<OMY rrpe~CTaDJIelIIUO, nOJIY'laIOT 06'LJICHeHHe B03HHIUIOBeHOll (Fe i)sS4 

HJIH (Fe, i )S2' HJIH naI<OHeu, 1 is sa C'leT rrepBlI1IIIorO neBTJIaB~nTa. O~HaRo 
C n03Hu,HH COBpeMeHHhlx reOKHMH"tfeCJ(IlX rrpe~CTaBJIeHHH, nO~"tfepI<HBaIO~I1X 
6mlsocTb XHMIl"tfeCJ(HX H reOXHMHTJeCJ(IiJX CDOHCTB SJIell1eHTon ceMeHcTBa iI<eJIe3a 

(CaYI<OD, 1951) HJIH 6JIIiJ3KOe «CPO~CTBO HHJ(eJIlI C n<eJIe301ll» (Bepr, 1933), 
neB03l110nmO Dpe~yra~aTb - 6y~eT JIH rrpN aTOll:[ B03BHI<aTb FeNi 2 4 HJIII 

Ni 3S~, FeS 2, HJIIl (Fe, Ni ) S2' HJIH HaROBeIJ; iS 2. 
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HHKeJIL B CYJIb<paTaX 

B CnpaDO'IHOH MHHepaJIOrlI'IeCKoii: JIllTepaType neHSBeCTHLI CJIy'lRH npH
CYTCTBJUJ B Sna'lHTeJIbULIX KOJIH'leCTBaX meJIesa B meCTH- 1'1 CeMHDO,nublX CYJII:,
<paTaX BKI{eJI1J. ,D;JI1J MOpeHOSIlTa P;O nOCJIep;nerO BpeMeUH UblJla HSBeCma 
JIHmb op;na paSnODU,nuOCTb 1I10penOSI'ITa - MarHHCTaH (,D;){C ,D;. ,D;ana 1'1 p;p., 
1953). 

iI\eJleauCTO-MarnucTLlii peTrepCUT 

8. H. EJInCeeBbIlll 1'1 C. 11. ClItHpnoBoii: (1958a) na ocnOBaHHH Hsy'leHHH 
cYJIbwaTOD us IIeqenrll YCTanOBJIeIIa HOBa1J paSIIOBHp;nOCTb peTrepCHTa
}l{eJIeSf1CTO-MarnIICTbrii peTrepCIIT, Y I<OToporo mH<eJIb saMerqen ){{eJIeSOM UPH
Mepno B TOll: iI,e IIpOnopD;Un, KaKa1J 6b1JIa YCTanOBJIena P;JI1J HCKYCCTBenHblX 
CeMnBOp;nbIX CYJIb<paTOn mmeml. 

illeCTUnOp;IJblll CYJIbWaT UHKeJI1J, lIIarHH1J 1'1 ){{eJIeSa - }HeJIeSHCTOMarHH
CThlU peTrepCI1T HS II e'lenrH , corJlacuo p;aUUbIlIl XHMlt'leCI{orO aUaJIllSa, CO
p;ep»{HT HOMnoueUTLI rnp;pocYJIb<PaTa: HHI<9JIH - 62.3 %, meJIesa - 12.5 %, 
MarHun - 18.4 % , I{aJIbn;U1J - 3.5 % , n;HUI<a - 2.0%, K06aJIbTa - 1.3%. 
CJIep;y eT OTMeTnTb, 'ITO B peTrepcnTe, onHcaHHOM <DpoHp;eJIeM 1'1 IIaJIa'IeM 
(Frondel a. Pa l ache, 1949), co,nepmaJIOCb Bcero JIHmb 2.30% I{OIl1ilOHeHTa 
rnp;pocYJIb<paTa ,ReJIeaa 1'1 4 .15 % - lIIarIUIH. 

3HaQnTeJIbHO 60JIee mlIp01we paaBUTHe cYJIb<paToB HHHeJI1J, meJIesa, Mep;H 
rureeT MeCTO B souo OIUICJIeUn1J HOPHJIbCKlIX Pyp;. 3Ha'IlITeJIbHblH l'IUTepeC 
npep;CTaBJIReT I<OJIJIeHn;n1J cyneprenuhlx Ml'I1lepaJIOB, onHCanHa1J H. C. 30n
TOBhlM (1943). Cpep;H MHHepaJIOB rpyrrnbl cYJIbwaTOB H. C. 30nToBbIlII OTlI1e
'laeTCn IIPKCYTcTDJIe B HOPUJIbCKHX pyp;ax MeJIanTepnTa, IIHsauHTa, XaJIbRaH
THTa, MopenosuTa (?) . Rpollfe Toro, HM Hapep;I{a OTMe'IaJIC1J rnnc. 3Ra'llITeJIb
Hhle BbI,neJIenn1J aTHX MlIIIepaJIOB nOSBOJIHJIl'I BbIDOJIRHTb P;JI1J nI1X XHMI1'leCHHe 
anaJIlIShl. B paaB~lToH aone 01{HCJIenH1J HOPHJIbCKHX HnTPyaHH H . C. 30n
TonblM OTlIfe'laeTC1J npHcYTcTBHe, nOMHMO Bhlme YHaaaRHhlx II1HnepaJIOB, 
cYJIb<paToB OHncnoro meJIesa (wn6po<peppKTa) 1'1 1JposHTa. PaSBHTlie ST1'1X 
?flmepaJIon OTMeQaeTC1J B sone JIHIIIORlITOBblX Pyp;. 

B 06paaonannH cYJIbwaTOB B IIe'Ienre H HOplIJIbCKe 1'lMeJI1'1Cb CY1.l\eCTBeH
lILIe paaJII1'1U1J. TaH, I1CCJIep;OBannhlY 8. H. EJII1CeeBLIM 1'1 C. 11. CMBpnoBoH 
meJIeSlICTO-MarnnCThlH peTrepCHT 06paSOBblBaJIC1J nenocpep;CTBenno ua MeCTe 
paSJIO}HeHn1J CYJIb<PlIP;OB n He npeTepneJI ?mrparvm na SHa'IHTeJIbnhle paCCT01J
HllH, nOaTOlllY B neqenrCKOM peTrepCJ1Te COp;epil<HTCJI 1{06aJIbTa nO'ITI1 CTOJIbI<O 
x{e, Cl<OJIbKO B neIlTJIaHp;lITe (0.34%). 

HUble COOTlIomeUHH ua6mop;aIOTC1J B nOpHJIbCKHX CYJIb<paTax, n peTep
neBillHX 3I1a'llITeJIbUYIO MHrpan;lIIO. B nHI{eJIHCT0ll1 MeJIanTepl1Te, no H . C. 30U
TOBY, OTROlIIeHHe i: Co = 72.5 : 1, a B llH3anI1Te p;ame 130 : 1. 

H. C. 30HTOB OTMe'laeT, 'ITO npeBparqeUlie CYJIb4JI1P;OB HHHeJI1J B CYJIb<PaThl 
conponOn\,naeTCJI nOTepeH I<o6aJIbTa B 60JIbmeii: CTeneHH, 'IeM HHKeJI1J. 

,D;JIH UOPHJIbCI,HX CYJIbwaTOB B n;eJIOM xapaHTepRO HH'ITO):f{HO MaJIOe cop;ep
manne lI1arml1J. B TO ):f{e BpeM1J CY1.l\eCTBeIIHoll cnoc06UOCTbIO l{ IImrpan;H1'1 
06JIap;aJIH !\lep;b 1'1 ;HeJIe30. 

rpaH~bl UaOMOp(~Hal\la B rpynne meCTU- U ceMHBOAllblX CYJIL<paTOB 
nUKeJIJI, Maruun II meJIeaa 

3aHOH0ll1epilbIlllH BSlI1eHenHJlM1'1 OIlTH'IeCKHX CBOHCTB 1'1 yp;eJIbIlOrO BeCa 
OT COCTaBa p;OKasauo HaJIH'IHe BSOMOPWHSMa Y n pHpo,nHhlX 1'1 HCHYCCTBeHHblX 
eeMHBOp;I1LIX CYJIb<paTOB HHl{eJI1J 1'1 MarRH1J (H301l10P<PHblii: pap; 1II0peUOSI1T-
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anCOMHT, COOOJIeBa, 1952, 1953; DureL, 1878; HuLton, 1947). OnTH'leCIHlMJJ 
HCCJIe.o;OBaBHJllIHI .o;ORasaBa nOJIBaH HsoMopqmaH CMeCIIMOCTb MarHlIJI Ii D;HHI<a, 
B ceMHBo.o;BLIX cym;cpaTax (ancoMIIT-rOCJlaplfT) . 

C YCTaBOBJIenHeM BOBOH paSUOBH.o;UOCTH meCTHBo.o;rroro cym;cpaTa HlmeJIH
meJIeS11ICTO-Marn11lCTOrO peTrepcHTa, co.o;epl-J{arn;ero SHa'IUTOJIbnylO HSOl\WPCp
BYIO npHMOCb l-ROJIOSa H Marn11lH, Sua'IIITeJII>BO pacmupHIOTCH namll suannR: 
o rpauHD;ax IISOMOPCPBOH ClI'IOCHlII0CTH B npupo.o;BhlX nQJllJI'n.o;paTax cyJIbcpa
TOD aTHX aJIOMeBTOB. ,n:o BaCTOHrn;ero DpellleBlI OhIJI lISBOCTeH 1I0JlBhlH (co
Bepmeunblu) HSOMOPCPUhlH pH.o; MOpenOS11IT (j 0 4 , 7H20) - anCOMIIT 
(MgS04' . 7H zO), np11l'leJ\1 .o;JIJI aToro pH.o;a ?lHIBepaJlOD BIII\OJlI ne OTMe'IaJIOCb 
npHCYTCTBlIe i,HeJIeSa (,n:rI{. ,n:. ,n:ana 111 .o;p., 1953; Dol ter a. Lei Lmeiel', 1926 T1 
.o;pynre CnpaBO'IHHRII). 

pJlC. 171. rpaHliI1(bT cy~ec1'DoD8HIJ1I Tllep
HblX pacTDopoD B CllCTeMe MopeHo3l1T

SIICOMHT-MeJI8HTepIIT. 

1 - nOJle nOJIHo/t HSOMOp(jlHOfi C.ICCHllfOCTII; 
I I - IDfKemlcTblll MCJlaTepnll. 

Pac. 172. IIpupoJ\Rf>le MlmepaJTbl II 
CIIC'feMe NiS0 4 • 611 z0-MgS04 • 

. 6H 20-FeS04' 611 20. 

HeCOBopmonBhlM 11ISOMOPCPBhllI1 PJI.o;OM HBJlJIeTCH pH.o; cym;cpaTOB MarnnH 
111 iReJIeSa (anCOJlHIT-MeJlanTeplIT). B anCOMHTe (MgS04 • 7H20), COrJlaCilO 
JlHTepaTypnhlM .o;aBnhllll, MOfI{eT npnCYTCTBOBaTb neOOJIbmaH (.0;0 13 % 
FeS04 • 7H20) npllMeCb }HOJlesa. B TO rI{e DpeMH B meJIeSIICTOM CeJlHlBO,ll;nOJlI 
cym;cpaTO meJleSa (MOJIanTepIlTe) MOl-HeT npnCYTCTBonaTb .0;0 43 % 
MgS04 • 7H 20. 

,n:JIH HCHYCCTBennhlX COe.o;HnenllH, anaJlOrll'IHhlX 1I10pen03T1TY (,n:il{. ,n:. ,n:ana 
11 .o;p., 1953), OhlJIO npOCJlemeno saMern;enlIe UlIIWJlJI l-HOJleSOM .0;0 MaHCHlIlaJlb
Boro COOTnomenllH Fe: i = 1 : 5. 

Me.o;b npaJ{TlI'leCHII ne DXO.o;IIT D cYJIl.cpaThl MarBlIH II UlIReJIH, Tor.o;a leal{ 
iKeJIOSO B MeJIaUTOpHTe MomeT Sall1ern;aTbCJI Me.o;blO na 65.5 % . 

I(BBR IIMeeT nOJlnYIO lIsoMopcpnYlo CMeClIMOCTb C MarnlleM (coBepmemlwu 
llsoMopcpnhlH pJI,ll; aUCOll1lIT-rOCJlapIlT). HeOOJlbmaH npBMeCb Il,l1HI{a BOSlI10l-lma 
y CeMBBO,ll;nhlX cYJlbcpaToB l-I<eJlesa, o.o;naI{Q ,ll;JlH cYJlbcpaToB BlIl{eJIlI (Mope
nOSBTa 11 peTrepcHTa) npHllleCb D;HURa OTMe'IaOTClI BnepBhle (2 % Zn, 0 4, 7 H20). 

fpaBIiD;hl cyrn;ecTBoBaulIH TBep.o;hlx pacTBopoB D CHCTeMe «JI[OpenOSIIT
ancoMIIT-MeJlaBTepBT» npnBo.o;HTcH Ba pBC. 171. Ha pRC. 172 Hsoopan<eHhl 
lISBeCTHhle nplIpo.o;Hhle MlIBepaJlhl B ClICTell1e NiSO~GH20-MgS046H20-
FeSO~6H20. llpHpo.o;noro MHnepaJla C COCTaBOM FeS04 ·6H 20 ne cyw,e-
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cTByeT, O,D;HaIW }I{eJIe30 B 3nalJ][TeJIbHhlX IWJIJI1IeCTBaX npncyTcTByeT B Bn,D;e 

1130Mopqmoii npmwcn B meCTll130,D;nhlX CYJIbcpaTax HI1II{eJIH 111 JllarHlIH (pRC, 171). 

3al\aH'IllBaH paCClIIOTpeHUO nprrpO,!I;HhlX BO,D;HbIX cYJIbcpaToB MarHI1IH, lue

JIeaa H 1lll1<eJIH, CJIO,D;YOT OCTaHOBI1ITbClI Ha Bonpoce, nO'IeJlIY B O,!I;HI1IX CJIyqaHx 

Ha6JIIO,D;aeTClI nOJIHaJI naoMoPCPHalI CMOCHMOCTb, a B ,D;pyrHx OrpaHI1I'IeH

HaJJ? 
CeMllBO,D;lIhTe CYJIhcpaTbI HHReJIH n MarHI1IJI - JlIOpeH031lT H anCOMHT - HMeIOT 

ll,D;enTHWYIO CTpyHTyPY 11 I1I,D;OnTI[qHbIe no paaMepy I1:aTHOHb! ( i2+± 0.74 A, 
Mgz+ - 0.74 ). MaoMopcpnoe aaJltem;OnHe HI1Il\eJIlI J\rarHHeM He npJilBOJlHT HH 

I( }J3MeHenIIHM CTpYInyphl TBOp,D;OrO paCTBopa, HfI paaJlICpon ero aJIeMeHTap

Hon lI'IeimlI. 
Concel\[ lIlla'Ie AeJIO 06CTOUT C COMUBO,D;HbIM CYJIbcpaTOM }I{eJIeaa (MeJIaHTe

pIITOM). ECJHI anCOMIiT 11 MopeHoaHT lIBJIHIOTClI pOM61I'IeCKHIIHI MI1IHepaJIaMH, 

TO MeJIaHTepHT l\L0130l\JIl1uUMiL ITpn aTOM CTpYRTypa CYJIbcpaTa }J(eJIeaa npH 

naOCTPYI(Typuoi'r aaMeHe IIlmeJIlI }ReJIeaOM l1ICRa}l{aeTCH. B nOJIOCTI1I (101) 

MeJIaHTepllTa aTOl\[hl CJlrem;enhl Ha 14°16' no cpaBHeHI1IIO co CTPYRTYPOH lIIope

nOal1lTa. KpoJlle Toro, meJIeao I1IMeeT 60JIee I{PYIlHhlii: pa3Mep HOHa (Fe2+ -

0.80 ). Cy~ecTBeuHhle paaJIllQI1lJI B pa3Mepax HOHOB (pa311IepbI i 2+ H Mg2+, 

C O):QIOii: CTOPOHbI, U F e2+ , C ,D;pyroii, pa3JIlnalOTCH Ha 8 %) H B CHMJlIeTpHl1l HO

HOB 06rJIOBJITlnaIOT HCI{a}l eHHJI RpHCTaJIJIH'leCl{OH pemeTRH npl1l uepexoAe 

OT ( i, Mg) O· 7H 20 l{ Fe O· 7H 20, 'ITO HBJIHeTCJI UPH'lHHOH HeCOBep

menCTBa l1I30MOPCPHhlX pHAon MOpeH03l1IT- MeJIaIlTepHT H aUCOMHT-MeJl allTeplilT. 

ITPHpO,D;HhIe meCTI1BOAUbIe cyJIbcpaThl nI1l1{eJIH, l\[arHHJI H }l{eJIe3a 3HalJ][

TeJIhHO pen{e OnW'laJIIICh B lI:leCTopO}J{,D;eHHHX, O,D;HaIW n ,D;JIJI HIlX, nepOHTHO, 

CUpaBeAJIIlRhl DpTiMepHO TO }He rpaHHn;bI H30MOPCPHOH CMeCHlIlOCTl1I, IWTophle 

YI{a3aHhl BhUDO AJIH CeJl..rn:DOAHhlX CYJII,cpaTOB (pHC. 172). 

r JI a B a 33 

IlPOBJIEMhl rEOXlIMlIlI 1:I1IHEJIH 3II):(Or EHHLIx MECTOl'OiI\)J,EHIHi 

B reOXIlMH'leCHOn, MHHepaJIOrH'IeClWH n RpHCTaJIJIOXHMH'leCI<OH JIHTepa

Type mIlpOI<O pacnpOCTpaHeIlO J\meHIle 06 HaoMopcp1I3Me HHI<eJIJI C MarBHeM. 

KOHII,eHTpaIl,lIlI mII<eJIJI H l(06aJIbTa B CYJIhCPH,D;BbIX PY,D;ax HHor,D;a 06'.bHC

BJIeTCH I<al{ peaYJIbTaT H3BJIe'leBHJI l{06aJIbTa Ii BHI{eJIJI Ha BHI<eJIbCOp;epma

m;HX CnJIHt{aTHLIX J\mnepaJIon - OJIHBHHa H OTQaCTII nHpOI<CeHa. TaI<, no CaH

AeJIJIY u fOJI,D;H'lY (1952), BHI<eJIb nOI<a3b1BaeT Menbmee CTpeMJIeHHe R ROH

n;eHTpaIl,lIII B OPTOPOIl16II'IeCl{HX nHp0I<CeBaX, 'laM B OJIHBl'me, peaI<II,HJI Mem,D;Y 

OJIIIBIHIOM . II paCTBopOM, Aarom;alI 6pOHaHT HJIH nrnepCTeH, MO}l,eT BepHYTl. 

Hlimellb MarMe, U aTO C03,D;aeT BOaMOfl<HOCTb ero nOCJIe,D;yrom;eH I<OHn;eHTpan;nIl 

B PYAHlJX MeCTopon AOHHHX. 
B CDHaH C 3THM B03l:lIlI<aIOT BonpOChl, HJI1eeT JIH MeCTO H BOalllO}I{eH JIH B Aeii

CTBIlTeJIbl:lOCTli 1I30Mopcpl1al\1 MemAY BHI<eJIeM H MarHnel\1 H B l(aRnX YCJIOBIUIX 

JllO,1<eT HMeTb MeCTO TaRon llaOMOPCPdaJl1? Bonpoc 0 TOM, B I<aI<OM BHAe BaxO

AJ:lTCJI HllI<eJIb BO BI<panJIeBHhlX PY,D;ax, HJI1eeT He TOJIbI<O TeOpeTR'leCI<Oe, 

HO II 60JIbmOe npal{TRQeClWO aHa'leHIle. 

CJ:lmmaTHhlM: HHl<eJIb OTJlle'laeTCJI n 0pYAel:leJIhlX nopOAax He TOJIbRO 

ITe'leBnr, HO n HOpHJIbCI<a H oc06eHHO 'laCTO B MOR'le-TYH,D;pe. TaI<HM 06pa-

30llI, 06rn;enpUBHThlllI C'lHTaeTCH nplICYTCTBHe HIII{eJIJI He TOJIbl<O B CyJIbCPH,D;' 
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Hon, HO H B CHJIHKaTHOH <!J0pMe - B nepBIil'IHhIX JliHHepaJIaX, OC06eHHO B OJIH

BHHtl. 

ITPlIRJ'ITO AYMaTI> , 'ITO nplI 060ram;eHHlI BKpanJIennhIX PYA ~eJIHKOJli 
TepHeTcH llMeHHO Ta '1aCTb H1meJIH, I<OTopaH HaXO,ll;HTCH B BHAe llSOJliOp<!JHOH 

npRMecll B OJIl1BHne. 

MHOrO'IHCJIeHHI>Te pa60ThI XHMHltOB, 060raTHTeJIen, llCCJIeAOBaTeJIen APY

rlIX Cne~HaJII>nOCTeH AaJIH ~eHHhle cBeAeHHH 0 KOJIlI'leCTBe 1I pacnpo

cTpaHeHHH CHJIRKaTnOro HlIKeJIH B HSBep/l{eHHhIX ropHhIx nopoAax. 

BnepBhIe HaJIH'IRe ClIJIRKaTHOro HlIlteJIH B YJIbTpaOCHoBHhIX nopoAax 

6hlJIO Onre'leHO B MOH'Ie-TYHApe, saTeM B HOpaJIbCKe. B ITe'lenre Ha HaJIR'Iae 

CRJIJiH<aTHOrO HlIKeJIH 6hIJIO 06pam;eHo BHHMaHRe yme B nOCJIenoennoe BpeMH, 

ItOrAa B aTOllI paHone BCTaJI Bonpoc 06 HCCJIeAOBamIll BItpanJIennhIx . CYJIb

<!JHAHhIX PYA· 
ECJIJiI B MOH'le- TYHApe 11 HOPlIJIbClte BHa'l1lTeJIbHOe pacnpocTpaHeHHe 

HMeeT OJIRBHH 11 CRJIJiIKaTHhlH HHlteJII> OTHOCRTCH sa ero C'IeT, TO B CllJIbHO 

CepneHTI>IUnSllpOBaHHhIX nopop;ax ITe'leHrH '1aCTI> ClIJIHRaTHOro HIII{eJIH OTHO

CRTCH sa C'IeT CepneHTlma. 

HCXOAH RS npeAnOJIOmeHRH, 'ITO '1aCTb HRKeJIH HaxOAIITCH D CYJIb<!JIIAax, 

a 'IaCTI> B CRJIJiIKaTaX, 6bIJIH npeAJIOmeHhI MeTop;hI paS,lI.eJIbHOrO onpep,eJIeIlIlH 

CYJIb<!Jnp;HOrO 11 CIIJIHKaTHoro nHKeJIH - MeTOAhI pa~IIOHaJIbHOrO anaJIl3.sa 

CYJIb<!JRp,HhIX JI'fep;Ho-mmeJIeBhlX PYA. 

IToBhlIIIeHHhIe nOTepH HllKeJIH npH 060ram;eHIIII BKpanJIeHHhlX PYA rophI 

Con'lIl (MOH'Ie-TYHApa) n06YAHJIll 11 MHHepaJIOrOB (II. H. 1-lBpBIilIIclmu, 

3. M. EpynoBCI{aH, A. r. BeTexTlIH 11 AP.) npHSHaTb IIaJIl!'lHe CIilJIImaTHOro 

HlIlteJIH B OJIHBHHax. R. cD. EeJIOrJIaSOB H IT. H. qJ[pBJ[Hclmii 06pam.aJIII 

BHHMaHIIe Ha SHa'IHTeJIbHhIe nOTepIl CYJIb<!JHp;HOrO HHK.eJIH B XBOCTax OT 060-

ram.eHHH. 8TH nOTepH R. cD. EeJIOrJIaSOB OTHOCHJI sa C'IeT BhICOI<OH P;HC

nepCHOCTH CYJIb<!JHAOB HlllteJIH BO BKpanJIeHHhIX PYAax H npep;JIaraJI aaHHTbClI 

paapa60TKOH MeTOAHlm, nOSBOJIlIIom.e:i1 o~eHlITb paaMephI CYJIb<!JJ[p;HhIX 

BI<panJIeHHHKOB B PYAe. 
Ha cym.ecTBeHHYIO pOJIb MeJII<OU CYJIb<!JHAHO:i1 BI<panJIeHHOCTlI D nOTepHx 

HHlteJIH npH 06oram.eHHH o6pam.aJIH BHHMaHHe H. A. ROPOBHIWB (1947 r.), 

r. M. illemYI<oaa (1947 T.) P;JIH PYA HOpHJIbCI{a. 

,I(eTaJIbHOe HaY'IeHHe COCTaBa BI{panJIeHHhlX PYA C I<OJIII'IeCTBeHHhlM 

yqeToM He TOJIblW HaJIH'lHH nopop;006paSYIOm.HX MHHepaJIOD (OJIHBHHa H nHpOK

ceHa) B nopoAe, HO H BTOplI'IHhIX nocTepHopHhlX MHHepaJIOD AaeT He06xoABMble 

CBeAeHHH AJIH BhlJICHeHHH 060raTHMocTH PYA. ITOaTOMY I{OJIH'IeCTBeHHhIii MllHe

paJIOrH'IeCI<HH aHaJIHa BKpanJIeHHhlX PYA (8. EJIJiICeeB, 1956) BKJIlO'IaeT HSY

'IeHJ[e: 1) MHHepaJIOrH'IeCKOrO COCTaBa BI<panJIeHHbIX PY,lI.; 2) Bem.eCTBeH

Horo COCTaBa PYP; C TO'lHOH xapaltTepBcTHKOii COOTHomeaHH MeiI<AY cO,ll.ep

,HaHHeM HHKeJIH, MeAH, cephl H APyrHx nOJIe3HhlX I{OMnOHeHTon; 3) ItOJIII

'1eCTSa PYAHhlX MHHepaJIOB BO BKpaIIJIeHHhIX pY,lI.ax; 4) COCTaBa CYJIb<!JH,lI.HhIX 

BltpanJIeHHHHOB; 5) paSMepOB PYAHOH BI<panJIeHHOCTH B cpeAHeM AJIH PYA

Horo TeJIa H OTAeJIbHO AJIH paSJIH'IHhIX nopop;, COCTaBJIHIOm.HX (ITO PYAHoe 

TeJIO. ITPH aTOM oc060e BHHMaHHe 06pam.aeTcH Ha pOJIb npOrKUJIlWB H nnmo

'1el< CYJIb<!JHAOB BO BItpanJIeHHhIX PYAax; 6) aaKoHoMepHocTeH B pacnpeAeJIe

HHIil CYJIb<!JHAOB B paspese PYp;HblX TeJI. 
Bce anI CBeAemlH TaIt rIte, Halt H I{pHBhle I<PynHocTll DltpaIIJIeHBHI{OB 

CYJIb<!JIilAOB MorYT 6hITb HCnOJIbSOBaHhl AJIH 60JIee IIOJIHOn O~eHI<H TeXHOJIO

rH'leCI<llX nOKaaaTeJIen 060raTllMocTJ[ DI{panJIeHH.hIX PYA. XOPOIDIIM npn

MepoM npaltTH'IeCIWrO SHa'IeHlIH KOJIH'IeCTBeHHoro Ml1HepaJIOrH'leCHOrO aaa

JiRSa BI<panJIeHHblX PYA JlBJIJleTCJI llCCJIeAOBaHlle BHpanJIeBlIhlX PYA PYAHoro 

nJIa~Ta COn'IB (MOHQe-TYHApa). 
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110CIWJIbHY BOIIPOC 0 CHJIHRaTIIOM HHHeJIe HMeeT 06m.ee ,n:JIlI pa3JIJ!I'IHhlX 

paiiOHOB 3naqeHne, CHaqaJIa 06paTHMClI I{ OCHOBnhlM pe3YJIbTaTaM H3YlJeHHlI 

BKpaDJIeHIIblX PY,o; MOHqe-TYHAPhl, a 3aTeM COIIOCTaBID;I I1X C ,o;aHHbIMH ,o;JIJI 

PY,o; l1elJeHrH. 

CUJll1ICaTllblii Dlmenb B nopo,n:ax MOB'Ie-TYll,n:pbI 

BI{paIInenRoe cyJIbqH'IAIIOe opy,o;enelI1Ie B MOHqerOpClwii llIITPY3IUI IIpH

~YTcTDyeT HaI{ D OCIIOBHhlX, Tal{ 11 B YJIbTpaOCnOBHhlX ropnhlX IIopo,o;ax (B ROPH

Tax, ra66po-nopuTax, OJIUDllnOBhIX HopHTax, IIHpOI{CenHTax, OJIHBHHO BhlX 

llIIpoKcenllTax, llepH,o;oTI1TaX H OJIHBIiIHHTax). RpoMe Toro, CYJIbCpHAnaJI 

Bl{panJIennOCTb, no C MaJIhlM co,o;epmanlieM lI1meJIJI, Haomo,o;aeTCJI na IWH

TUl{Te HIITpy3Rl!1 C BMem,aIOm,HMH IIopo,o;aMH, pe,o;Ho BO BMem.aIOm.Hx nopoAax. 

Bo BKpaIIJIeIInhlX py,o;ux OTMeqaeTCJI I13MeH'lHBOe co,o;epmaRIIe cephl. 

Hamlenbmee OTIIOCHTeJIhnOe Co)wp}l{aRHC cephl H RaHOOJIbmee «CHJIHI{aTnOrO 

llUl,eJIJI» OTMeqaeTClI BO BRpaIIJIennhlX py,o;ax py,o;noro IIJIaCTa COII1JU. 

Bo Bl{panJlt:lllIIhlX py,o;ax COII'lH IIO qacJIY npcOOJIa,o;aIoT BI{paIIJIennHKH 

nnqTO}!\HO MaJIOrO pa3Mcpa (MeRee 0.08 MM B IIoIIepewlIKe), TorAa I{al{ oOJIee 

75 % 06ru.ero BCCOBoro cOAepmaFlHlI CYJIbq,uAOB B IIopo,o;e 3aHJIlOqenO B pe,o;

I{HX, RO 60JIec I{PyIIHbIX (l<pyIIHee 0.2 MM B nOIIepe'lIIHHe) BI<paIIJIeRRlIl{aX 

~YJIbq,Il)WB. Ha ocnonaRHH lvmOrO'lHCJIeRRhlX IWJIH'IeCTBeIInhlX IIOACqeTOB 

QbIJIO YCTanOBJIenO, qTO AJIJI nopo,o; pa3JIlf'IIlOrO COCTaBa pa3Mep BI{paIIJIeH

HOCTJi IIaXOJIllTCJI B npllllIOii 3aBIICIlMOCTH OT co,o;ep}HaHHJI CYJIbq,IIAOB BO BKpa

llJIeHHhlX PYAax. 
B py,o;no 1 ITJIaCTe COIIqu co,o;ep}l{anHe CYJIbq,H,o;OB OT oopa3n;a 1< o6pasn;y 

II3MeHlIeTCJI cpaBlfllTeJIbRO llJIaBnO H lI1aRCUIIlaJIhnOe co,o;epn<anHe CYJIbq,H,o;OB 

B py,o;nOM nJIaCTe COII'IH naOJIIOAaeTClI B n;eIITpaJIbHOii ero qaCTH - B Bepx

HeH 'IaCTIl IIepUAOTUTOBoro nJIaCTa, SnaqHTeJIbnO Bhlffie OJIHBIiIHHTOB, a TaKH<e 

na nel<OTopOM paCCTOllnHU Bbnne I{POBJIH nepnAOTHTOBoro nJIaCTa cpe,o;H 

l{pYIIn03cpmlCThIx IIupO·I<cenHTOB . HaUOOJIbmnH paSMCp cy Jlbq,U,o;1I08 Bl\pan

JlellllOCTfI OTMeqaCTCn D MeCTax Mal(CHMaJIbITOrO CYJIbq,H,o;noro opy,o;eHeBlIJI, 

'ITO nOJl,TBep}l{,o;aeT saBHCH~IOCTb pa3McpOB Dl{panJIennOCTH OT co,o;ep}l{anHJ1 

~yJIbtPIIAOB BO DKpanJICnnhlX pyJl,ax. 

3aKonOMcpnhlll XapaI{Tep pacnpe,o;eJIell1lJI CYJIbq,H,o;OB B pa3pe3e py,o;noro 
UJl.aCTa ConlJU, YCTaHOBJIeHllblD: IIpH KOJIH'IeCTBeHHhlX no,o;CqeTaX (8. EJIlI

ceeD, 19536), no,o;TBepiR,o;eH pe3YJIbTaTa'MH XRMHlJeCKHX aHaJIH30B oopaSn;OB 

H upvo U3 pa3pe3a PYAlioro UJIaCTa (8. EJIHCeeB, 1956). 
B [{pallJIeHHhlC PYAbl C 60JIbmlIM COAep,Kl\HIIelli OJIHBIIHa (OJIHBIiIHHTbl 

II OTqaCTH nepH,o;OTKTbl II OJIHBIIHOBble IIlJpOI,CenHThl) OObl'IRO co,o;epmaT 

He oOJIee 2 % CyJIbCPH,o;OO. l1PH HCllbITaHl1lIX aTHX BKpanJICllIIblX PY,o; Ha 060-

raTHMOCTb 6hIJIO YCTanOBJIeHO (HHlwnoB, Ha3apoB, I1BaHoBCKaJI, 1939 T.), 
qTO OIlH 06JIa,o;alOT IlJIOXHMH nOI<a3aTeJIlIMH oooraTHMocTH. l1HpO[<cenllThl 

11 KpYlllI03epRHCThle IIHpOI{CeHHThl C ne60JIbmUM co,o;ep)f{aHHCU OJIHBHHa 

(,0;0 5 %) H' IIpR TOM )fee CO;J;ep>KaHHH CYJIbq,H,o;OB 060ram,aIOTCH anaqHTeJIbHO 

JIyqme. 

l1PH l<OJIHqCCTBeHHblX MHHepaJIOrH'leCKHX no,o;CqeTaX OhlJIO nOAMCqeHO, 

qTO B OJIHBI:lHOBhIX nopo,o;ax SHa'lHTeJIbHO qam,c pacnpOCTpaReHa H OOJIee 

UUTeHCHBua MCJII{aJI CYJIbq,H,o;naJI DKpaIlJIeHHOCTb, qeM B 6esomlBHHOBhlX 

nopOAax. BOJIee Toro, upa O,o;I10llf H TOM me co,o;ep}l{anHH CYJIbtPHAOB BO BKpa

UJIeHIIblX PYAax B nHpOKcenUTax CyJIbq,u,o;nble BKpaIIJIeHHHI{H HMelOT SHa

'lHTeJIbIIO OOJIbmHH pa3Me p, qCM B OJl.HBUnHTax HJIH nepH,o;OTJ[Tax. 

TaIHIM oopaSOM, paaJIlIqnr:.r.i1 pa3Mep BI{paIIJIeHHOCTH B paSHblX no COCTaBY 

IIopo,uax 01{a3blBaeT cym,eCTBCHHOe BJIHllIIHe na HSBJIeRaeMOCTb CYJIbq,H,o;OB 

H3 BKpalIJIemrblX PY,o; npII ooOrmn;eHI1Il HX. 
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PaSJUPIHhlii paS~fBp CYJIl;,<pHATIoii: BHpamreHUOCTff n paSJIhlX no cocTany 

IIopop;ax nOp;'lepKlIBaeT oomyro saKOHOMCPHOCTb B paCIIpeAeJIemm PYJl.HhlX 

r.nmepaJIOB B PYJl.HhlX TeJIaX - B rOpHSOJITaX BI<paIIJIeHHhIX PYA. B MaCCHB

HhlX IIopop;ax (B OJIHBHHHTax) PYATIaH Bl{panJIenJIOCTb IIPIlYPO'l IIa rJIaBHIDl 

oopaSOM I{ HUTepcTH~FlHM MerRP;Y I{pHCTaJIJIa~m IIOPOAooopasYlO~IIX MHHO

paJIOB. B IIlIpoHceHHTax, oOJIaAaJOIIl.HX oOJIoe KpYIIHbnm KplIcTamrar.m IIOpO

AooopaSYJOm.Hx MHHepaJIOB, a:epeAl{O HaOJIlOAaeTCH TpaxHTOHAHOCTb. B 60JIee

KpYIIHosepuHcThlX IIopoAax OOhl'lIIO BI{panJIenHOCTb IIMeeT SJIa tUlTeJIbIIO 

OOJIbmHe pasr.wpbI. TIo Mepe YMeubmeJIIIJI BKpaIIJIeIIHbIX CYJIb<PUAOB D IIopop;e 

BospacTaeT OTHOCHTeJIbHaJI pOJIb MeJIKHX BKpamleHHHRoB. AHaJIOrH'lHaH 

saKoHoMepHocTb (HPynHaH BKpanJIeIIHOCTb B rHraHTosepIIHcThlX IIopoAax) 

HMeeTCH II B p;pyrHx MaCCHBax MOH'le-TyrrAPhl - B l~OIIHdfr saJIemll. 

HHTTHc-RYMYl-Khell-TpaBHHoH, a TaInRe H B p;pyrnx HHTPYSlIJIX, nanpIDtep 

B HOpHJIbCKe. B HOPIIJII:,CIUIX IIHTpYSHJlX HaH60JIee J(PynnaH, TaK IIaSbI

BaeMaH JIanqaTaJI BI{parrJIeHHOCTb HMeeT MeCTO HMeHIIO B rHraIITosepHH

CThlX Tal{CHTOBhlX ra66po-AHa6asax. 

B TpaxHToHAIIhlX IIHpOI{CeHHTax MOH'lO-TyrrAPhl BHpaIIJIeHIDrKH Haxo

P;HTCH He TOJIbIW B HHTepCTH~HHX, HO H B Tpem.URI{ax, 'qaCTO HCIIOJIbSYH 

TpeIIl.IIHKH CIIaHnOCTH IIHpOIweHa. HeYAI1lBIITeJIbHO, 'ITO Memme, a HHOr):(R 

H AOBOJIbHO KpYIIHhle )J<HJIKH CYJIb<PHP;OB, IIpOCJlemHDalOIIl.HeCH no npOCTFlpaHI1lIOo 
Ha paCCTOHHue p;o 2-2.5 M, paCIIOJIararoTcH B HpyrrnoscpunCThlX IIerllfaTn

TOBI1lAHbIX IIHpo"ceHHTax I1l He saXOAHT B paCIIOJIOlKeHIIhle rrnme IIX MaCCHB
DhlO OJmBHHHThl. 

I1JIOXYlO oooraTHMOCTb IIOpOP; C BhlCOI{HM COp;epH{amreM OJIllBUHa IIPHHHT() 

06'.bHCBHTb HaJIFl'IHeM 60JIbIDCrO IWJIH'qeCTna CHmmaTIIoro HHKeJIH. 06 3TOllI 

rOBopHT He TOJIblW HCCJIeAOBaUFlH oooraTHMOCTU BKpanJIeHUhlX PYP; rophl 

COII'IH, BhlDOJIHp.HIIhle B p;OBoeHHoe R nOCJI(lBOeHHOe BpeMH, Talwro lKe r.merlHH 

IIpup;eprrm.BaroTcH Tf:lXHOJIOrH u B HaCTOHm.ee Bper.1JI. Tal{, B AOKJIap;e H. ,1],. Pa

'IHHCl{OrO, B. H. TIoS,IlIIfllWBa, 11. C. BepecJIeBa H A. TI. lliJIOIIOBa (1957 r.} 

OTMe'laeTCH, 'qTO BaJIH'llJe CHJIHKaTHOro HHHenH B PYAax COD'IVf (<Dpep;o

IIpeAenHeT 60J1bmHe DOTepH». 00 aTOM, J(aSaJIOCb, rOBopHT n AaHHbIC 

pa~FlOHaJIbHoro aHaJIHSa BI,paIIJIeBJIhlX PYA. PanBOJIanbIIblll aBanuS (XHMUI\ 

A. 11. fpaB<peJIbA) nOHaSaJI, 'ITO B DopOAe COAepmHrCH 0.33% CIIJlIIlmT

JIoro H]IReJIH .II TOJIbKO 0.03 % cYJlulmAHoro RIrKeml. TaImM 06paSOM, STU 

AaRB.hle IIop;TBepAHJIH, 'ITO DeCb CHJIHHaTHbIll HFlKeJIb TepHeTCH Dpl1 000 rallle

BHI1l, 'qTO IIOTepH BhISBaUbI HaJIJiIqlIeM CHJIIII{aTIlOro miKBJIH B DopOl~e. 

OJJ,HaIW em.e R. <D. BeJIorJIaSOB YRaShIBaJI, qTO B XBOCThl nODaAaeT 'qaCTI). 

CYJIb<pHAHOrO HRRBJIH, H, CJIeAOBaTeJIbHO, B IIpIIBep;eHROM IIplIMepe Be BeCI). 

CyJIb<pJiIP;Undl HImeJIb OhlJI I1lSBJIeqeH npH <pJIO'1'a~mI Pyp;. BOJIee Toro, nOSAHee 

np.II UOBTOPHhTX HccJIeAo13anmrx Tex >1< 06b J<T013 (RYP;PHl<OB, 1948; 3amHxHH. 

1949 r.) 6hIJIO IIOl{aSaHO, qTO OT oOGra~eBHH CYJIb<PHARbIlr H1'mCJIl, Aa}.\{9 

IIpeBaJIlIpyeT HaA CHJIHRaTRbIM R COCTaBJIJIeT JJ,O 60-70 % OT 06IIl.oro I{OJIII

qeCTBa HHI{eJIJI B XBOCTax. 

o HeIIOJIHOM RSBJIe'leHHH CYJIb<PHP;OB (H nr.reCTe C STHM CYJIb<pHATIOrO 

RHI<eJIH) y6ep;HTeJIbHO rOBopHT JJ,anHhle 060raTHMocTH np06 Ha M(l,Il,b. TaH. 

B YRaSaRHOH BhlIIIe npooe HHI{QHoBa II Ap. (1939 r.) lIS BaJIOBOU: Me)l,R 

IIpH <pJIOTa~IDl 6hIJIO JISBJIe'leHO Bcero JIHmb 0.025 %, TpR qeTDepTH MeAR UplI 

oooram.eHHII TepJIeTCH. TIoTepH H{e CYJIb<puAnoro BJIJ{eJIH DO cpaBIlenHlO 

C Mep;bIO, KaJ{ npaBHJIO, em.e 60JIee Slla'IliITeJIbIIbI. CJIe)l,OBaTeJIbBO, omHOHa 

D OIIpep;eJIeHJIH IWJIR'leCTBa CHJIHI{aTHOrO HHKeJIH B CTOPOHY 'IpeSMepHoro 

saBblUIeRHfl ero He AOJI>KHa BhISbIBaTb cor.meIlJiIH. 

BhICOI{He nOTepR HHI{eJIJI B XBOCTax R. <D. BeJIOrJIaSOB OTqaCTH OTHocnT 

sa CqeT O~leHb MeJIIwii: BI<paIlJIeHHOCTI1l CYJIb<PBP;OB. 
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MeJIKHe (MeIIbme 115 Mem - 0.124 M:r.r) aepHa CYJlb<Pl'lAOB lIrpaIOT BamHYIO 
pOJlb n COAepa<alIlm HIIKeJlH. 'leM MeIIhme IWJIl'llIeCTBO HHKeJlH B nopoAe, 
'TOM Bamllce pom, :r.reJlKHX nKpanJleIIHHKOB CYJlb<pHAon B 06m,eM IWJll'lqeCTBe 

-cYJlb<PHAOB. llPH OAHOM H TOM }I{e IWJlHQeCTBe CYJlb<PHAOB B nepHAOTHTax 
1I. IIHpOl{CeIIllTax MeJIIwii: BI<panJlerrnOCTH aHaUTeJIbIIO 60Jlbme B IIepHAo
'THTaX, "<IeM B nHpOI<ceHHTax. 

Boa IOmHo, "<ITO JIy-qrnaJI 060raTlIMocTb IIIIpOI\CeHHTOB no cpaBHeHHIO 
C OJlIIBHIUlTaMII 1I nepHAOTlITallm 06YCJlOBJIeHa TeM, "<ITO B nl'lpOI{CeHIITax 
.alIa"<I~ITeJlbllO 60m,maJI "<IaCTb CYJlb<PHAOB aalmIO"<IeHa B 60JIee I<pynIIblx aepHax. 

llpeAnOJIO}KOnUe 0 npHMoii aaBIICIIMOCTH 060raTl'llIlOCTH BRpanJIeIDlhlX PYA 
{)T paaMepa Bl{panJIeHIIHKOB HaxOAl'lT nOATBep}l{Aemre B JIy"lJIDeii 060raTH

MOCTH Bl{panJIelIlIbIX PYA C nhlCOKl'lM cOAep}J{aJ:IlIeM CYJIb<PHAOB npJ![ OAHOM 
11 TOM )He COCTano nopoA (8. EJIHCeeB, 1956). 

llo AaIIIIbIM A. H. HlIltOHOBa, B1tpanJIeHllhle PYAbI B OJlHnHHHTax H nepn:

JI,OTIITax Py,o;Horo mraCTa Conu C co,o;op}l{aIIlIOM IH13I\lIM CYJlb<PUAOB (no ne
pOCQeTY C XIIlIfWIeCIWI'O IIa :MlmepaJIOrH'IeCKaff cocTaB) ne AaJUI y,o;OBJIeTBO
pnTCJIbnbIX peaYJII, TaTOB no 06oram,eHIIIo, a Te }Ke nopOAhl C 60Jlee BbICOKlIM 
~o,o;ep}l{aIIIIel\I CYJIb<PIIAOB AaJIli nOJIO}lUITeJIbHhle nOl{aaaTeJIn 060raTHMocTlI 

BKpanJIellIIhlX PYA. 
Tal{l1l1[ 06paaoM, KOJII1"<IOCTBenIIhlM Jl.mHCpaJIOrH~IecKJ![i aHaJI1I3 BHpanJIeH

IIbIX CYJII><PIlAHhlX Me,o;Ho-mmeJIeBbIX PYA rOBOpl'lT 0 TOM, "<ITO nOTepH npII 
.(pJIOTan:,JlII OTUX PYA B03mmarOT 3a CqeT HeAOII3BJIeqeHHH CYJIb<PHAOB 11a !I1eJI
KOll CYJIb<PUAUO(1 BKpanJleIIIIocTu. 

PacupOCTpallelIJlIO oillJ1l60woro npo,o;C'l'aBJlOHHH 0 aIIaUTCJIhIIOM co,o;ep

, l{allIIU CHJI1U{aTIIOrO IIllI\eJlH B no po,o;ax MOH"lJe-TYlIlJ,PbI cnoco6CTBOBaJIO 
'TO 06CTORTeJIbCTBO, "<ITO IIp11 onpe,o;eJIeHIUI lIlaJlhlX I{OJIll'IeCTB cep1>l Dpii cyme
CTBYIOilllIX MeTo,o;ax alIaJln3a 3Toro <JJIOMOnTa neH36enmLl 60JIbml1e ero nOTepH. 

Ha neAoH3BJ[e~IeHifO COpbI npll XlIlIUl'reCHHX alIaJIIIaaX 06paTl:lJI BlllIMalIIIe 
elIl,e ll. H. 1.IIIpmIllclmll (1936 r.). 

llpHqIIny paCXO}1{Aerrrrii: B OIIpe,o;eJIemm cep1>l ll. H. LJIIpmlUCltIIll BI1,o;I1T 

13 1l0Tope CO pM upn pa3JlOil errnI1 l{JlCJlOTaM}t[ II npII BhlBeTpUBanun BHpaUJleIl
UhI ' Py,o;. B TO}[{Q npCMlI ll. H. l.JupBJ!InCJ{Hll npnanaOT qaCTll"<ITlOe naXO}H)),elIlle 
.ITIIHeJIH B CnJlIIL<aTlloii: <popAle, o,o;naIW ll. H. LlJ!IpmlITClnIii: C~lliTaJI IIe06xo

jl,HMbIM nepeCi\IOTpeTf> onpe,o;eJlennJI ne TOJIbIW cephl, no II nUl\CJIJI, TaH HaH 
BocrrpOU3Bo,o;J[1I1OCTb P03YJlbTaTOB onpe,o;eJIenmI RIIl{CJIH D nopOAe nJloxaJI 

Ii pacxom,o;em1Jl n OupOAeJIOnUJIX nIIl{eJIlI AOCTIIraIOT 0.15- 0.20 %. 
He,o;ol1anJIeQellue cep!>I lI3 Bl{panJlennhlX PY,o; OTMO'laeTCJI II B cOBper-Jerr

lIblX XHMU"<ICCl{IiX anaJHlaaX, nOCIWJlbl{Y lI1eTOllURa onpell.eJIenIIH C~PbI, mmeJIH 
II MO,o;l[ aa nOCJlO,o;Hno 20 JIeT npal Tll~IeCI{Ii He UaMeUIlJIaCb. Tal{, npn anaJII1ae 

BI~palIJIelmblX CYJIb<pI1,o;rrhlX PY,o; (MOnqe-TYII,o;pbI, 3acTcii:,o;- II H ,o;pyrnx 
PYAoapOflBJIenrrii:) no xuaTaeT cepM AJIJI CBH3blBanJ!IJI ,o;a,He lIle,o;Jl n XaJIbHonllpnT, 
'Tor,o;a I{aK npii lIlUl{pOCI{OnIIQeCI{nX lICCJIe,o;oBanrrHx YCTanOBJIerrO, "<ITO, DO~II1MO 

XaJlb[{Orrl1pnTa u neIITJIanll.I1Ta, B nnx pYll.ax npHCYTCTBYOT 60JIee 50 % DFIP
pOTTma. 

C Jl e AyeT OTlIICTJlTf>, 'ITO IIeJl,OII3BJIe"<ICnne cepbl CTalIOBnTClI O"<IeBII)J,HbIM 
£Ipll anamI3e 1'0 pHbIX nopo,o; C co,o;epmanlleM CYJIb<Pll,o;OB lIlonee 3 %. 

HelWTopble oco6eHllOCTR XDMJltJeCIwro COCTana 
BI(panneHHblx PYA 

<DOPMI)[ HaXOH<,o;cnHlI HI11{eJIH DO BI{panJlelI1I1>IX PYAax MOHqe-TYlI,o;pbI 

no,o;p06no paa06pallbI 8. H. E JITICOeBbllll (1956). Oco60e 3Da"<IenIIe lIMeeT 
-ro, 'ITO npJI B03,o;eifcTBllJI paaJlJ!IllII1>IMll pcarenTaAlH 'IaCTb lIIIl{eJIlI Cl1IIor,o;a 
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P;O op;Hoii 'IeTaepTH Bcero HliIKeJIJI) ne nSBJIeltaOTcn 11 OCTaeTCII B nopaSJIarae
MOM OCTaTRe. A. 11. Hm:I<on013 (1939 r.) npnBOp;l3.T p;unnhl 0 mmeJIe no 

paSJJaraOMOM B ClIreCII n;apcI<Oll: BOP;I{II II cepnon I<nCJIOThl. PasnocTl, Memp;y 

HHl<eJIell1 06rn;HM l'I cYMlI10n IUlI{eJIII CYJIb<pIIp;noro+ cHJIImaTIIOro TaRil'<e nBJIII
eTCII HepaSJIaraeMhlM HIlI<OJIeM. 

EIe H. EropoBa (1938) OTMe'IaOT, 'ITO MbI ne pacnOJIaraeM p;OCTaTO'lllhlr.m 

p;annblMH, 'IT06hl pemHTb Bonpoc 0 <popMe mn eJIII, Haxop;flrn;erocn BO BJtpalIJIeH

HhlX pyp;ax, HO I{OTOPhlH He HBJI11eTCn CYJIb<PHP;OM. EI<. H. EropOBa npep;

nOJIaraeT, 'ITO <lTO «MorYT 6hlTb HeCIJJIJmaTHble ImCJIOpOp;nhle COep;I1HelIlllI 

HHI<OJIH HJIH BbICOI{Op;HCnepClThTe BI{JIIO'leUIIH MOTaJIJIII'IeCIWrO UHl{eJIfl, HJ1Ii me 

lIIiIIWJInCTOrO a{eJIesa». Op;HaI<O Mlmeparpa<pH'IeCIme RCCJIep;OBanIIH <lTRX 

IPOPM HnI<eJIH He YCTaUODRJIU. 

o npIipop;e HepaSJIaraellIQro mmeJIH y6ep;HTOJIbUO CDnp;eTeJIhCTDyeT TOT 

<Pal{T, 'ITO B Dopop;ax C MaJIhlM cop;epiHaHnell1 CYJIb<Pl1P;OB uepaSJIarael\lOr() 
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a - "plIBal'! I'PYflElOCTII CYJlb<!)IIl1.UblK nt<paflJlClllllllWO ('1CM KpymlCC pa6~lOp cyJlb~lllnHblx 
acpcn, TCM S na'lIlTCJl bTICe 11K POJlb n necoBoM COl ICp>t'Qllltlt B Dopolle); 6 - KplIIJaAIISOJle'le
UHf! CYJlbcj)II;l.OO B SaB lICllMOCTI1 OT IlSMCJlb'ICElllf! sepen ; 8 - "I)tIORA IISBJlC'lCllllfi cepbl D 

aan ncm,10CTU OT CTcncnll 11 3MCJl b'lCnnfl. 

UHReJIH 60JIbme, 'Iell! DO BHpanJIeUUbIX pyp;ax CO Sna'lHTeJIbn:nlM ROJIll'leCTBOl\{ 

IIlU{eJIH. 

COp;epil{aHUe UepaSJIaraellWro HHT{eJIH, TaR me Ral{ Ii «CIIJIllI<aTHoro HIIReJIlI»

Haxop;HTCH B SaBlICHMOCTH OT COCTaBa DOPOP;bI. Tal\, uo ll.aHIIbIM A. 11. HHIW

ROBa, B OJIHBUHHTax HepaSJIaraeMOro HHI{eJIH - 0.05- 0.07 %, B nepup;OTH

Tax OT 0.01 p;o 0.07 %, a B IIHpOl<ceHHTax OT 0.04 p;o 0.1 %. IIpIIMepHo 'raHoe me 

I{OJIH'leCTBO ll epa3JIaraeMoro HHI<eJIH BO BI<paUJIellHbIX pyp;ax OOHapYfJUf

BaelCH no )J.aHHbThI ll.pyrHx HCCJIep;OBaTeJIeH (EIC H. EropOBoii, M. 11. Kyp;

pHIWBa). CHJIHI<aTHOrO, a BMeCTO C HHM H HepaSJIaraeMOro HHI{eJIH OOJIbme

B Tex uopop;ax, rp;e UpeBaJIHpyeT ~reJlI<alI cYJIh<plI)J;HalI BHpaUJIeHHOCTb, T. e. 

B uopop;ax C UOHumeHUhlM cop;epJI{aUlIOM CYJIbIPHJJ:OB. 

PesYJIbTaTbI uSy'IeHHlI pacrrpep;eJIeUHH paSJIH'lUhlX <pOPM UHIteJIlI, ROTO-

phle nop;p06HO USJIO)!<eUbI B npep;hlp;YIIJ;nX HCCJIe,uOBaHllHX (8. EJIIICeeB, 

1953a, 1956). 
CorrOCTaBJIflH RplIBYIO I<pynHOCTII cy JIb<plI)J;llbIX BI<paUJleIlHHIWB 

(pHC. 173, a) C I{PRDbIlI1H, xapaKTepusYIOIIl;UMlI 1I3BJIe'IeIIHe MeTaJIJlOB 1I cephl 

B saBHClIlIfOCTH OT CTeneHH HSMeJIb'leHHlI (pHC. 173, 6, 6), HarJIlIp;I10 BHP;RO, 

'ITO C POCTOM BeJIlI'lHHbI aepua BO BI<parrJIeUUbIX pyp;ax nospa0TaeT 1'1 D3Bne

'feHHe. IIpH YMeHbmeHHU paslI1epa seperr rrpu rr01l10Jle rrp06 BospacTaeT U3BJIe

'leHUe CYJIb<PHP;OB. 
ITo Mepe YMeHbmeHHH 06rn;el'o cop;epmalllIlI IHmeJIH BO DI{pannennbIx pyp;ax 

pacTeT I<OJIH'leCTDO 1'1 OTHOClITeJIbIlalI POJIb Repa3JIaraelllOro lTHI<eJIlI. 8. H. EJID

ceenbIM (1956) npHBop;flTCfl aHaJIOrH'lHble l\aHUbIe 0 saBliClIMOCTI1 a6COJIIOT

Horo (B Bec. %) cop;epmaHHH RHI<eJIH OT 06rn;ero HOJIU'leCTBa B nopop;e UHI<eJIlI. 
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lieu ~1enbme CYJIl'<PH~OB B nopo~e, TeM 60JIbme nOTepH IIIII<6JIlI H Me)J,H, 
TeM 60JIbme CHJIHHaTIIOrO IIHI<eJIlI H HHHeJIlI B XBOCTax npii 060ram.eHuR. 

Bce aTH xa paHTepIIcTRHH BI{panJIelIlIhlX PY~ B3anMOCBH3anhI lI1eiRP;Y c060u:, 

npII'I6M rJIaSIIOH npnqrnlOll nOTepb mmeJIH, Mep;n, cepbI npn XHMU'leCHHX 

aHaJII13aX H CYJIb<PIIP;OB npH 060ram.e1IIHI HBJIHeTCJI 1IIaJIbJU pa3l\Wp CYJIb<PH~
HhIX 3~pen, 'lTO npHBoAliT I{ HeA0I13BJIeI<aeMOCTH CYJIb<Pll,'J,OB. 

Oc060 CJIeAyeT nOA"leplmYTb, qTO xapaKTep nOTepb Me~H aHaJIOrII'leH 

nOTepfIM mmeJIH. lIOTepl'I lIHKeJIH H Mep;R (B npOn;eHTax H 06rn;eJl1Y COp;ep}Ha
Hmo B nopoAax) HOCHT xapaHTep CUCTeMaTR'leCI{RX OIDII60I{, TaK Hal{ IWJIII

qeCTBO TepHcMoro HHI{eJIH HJIli MCP;R 06paTHO nponopn;HOHaJIbRO 06m.eMY 

BecoBO~ry cOAepmaHHlo HX B YJIbTpaOCnonnblx nopoAax. CYP;H no H)1PHTH"l

ROMY xapaRTcpy nOTepb HHI{eJIJI II Me)J,H, MmI{nO 6bIJJO 6b1 npeAnOJIOn{HTb, 

'lTO nOTepH RHReJIH H Mep;H 06'bHCRJIIOTCH npl!lcYTcTBneM B nopop;e «Cl!lJIHlWT

Horo nHKeJIH» II «CHJIHKaTRou: 1I16)1H». Ho HeBepoHTlIoCTb cym.ccTBoBaRHH 

«CIIJIllI{aTnOll lIICAR» B YJIbTpaOCHoBHbIX nopoAax O'lCBHAHa. BMecT6 C 3THM 

CTanOBllTCH HCROU: CYJIl,<pRP;HUH npHpop;a «CHJIlmaTnOro RHI{eJIH» B OJIHBHRaX 

II YJIbTpaOCRonuhIx Dopop;ax. 

lIPII anaJIH3e OI<HCJIeURhIX nopop; npH o~HHaHOB0ll1 cOAep}l{aHHH mmeJIH 

H 1I18AH 6bfJIO YCTaROBJIenO ~matIHTeJIbHO 60JIbmCe COAepH{aHHe cepbI: OTRO

meRHe i: Cu : S Y CBemHX nopop; 2.6: 1 : 2.4, Y OI<HCJIeIIHhIX nopop; 2.2 : 
1 : 4.9. liaCTll'lllOe H3MeReHne (OI<IICJIeIIHe) H paCCJIaBn;eBaHHe BJI1ern;aIOrn;HX 

BI<panJIeHnOe CYJIb<pHAnoe opyp;eReRHe DOpOP; He TOJIblW cop,e:i!icTByeT 60JIee 

nOJIHoMY BCl{PhITHIO BI<panJIenIIDKOB, RO 6JIarOnpHHTcTByeT CJIa60MY OI{HCJIe

BRIO CYJIb<PHAOB, 'ITO npHBop;HT l{ 60JIee nOJIBOMY HBBJIe'leRIIIO CYJIb<PIiAOB 

UpH <pJIOTaIVIH H cephI npu aBaJIR3e BKpanJIeHHbIX PYA (8. EJIHCeeB, 1956). 

CUJlUI{aTlILJH mmeJlb B nop0;:J,ax ITelJenrn 

lIpaI<TIl.'leCIUI Bce 1IIllHepaJIbI ne'leHrCI<IIX ropRbIX nopo~ npH CneI{TpaJIb

HOM anaJIll3e 06napynhmaloT npnCYTCTBHe BHI{eJIH. M. B. ,UeBHcoBa (1952) 
npHBop;HT CJIeP;YIOUl,He }J,alIlIble cneKTpaJIbHOrO ODpeAeJICHI1H HllI{eJIH B pflAB 

MnnepaJIOB no HnTeRCllBHOCTH JIIIHHH Ha cnel{TpOrpaMMax: lI10BOKnllHBblH 

nnpOl{Cen (nH"lTO}l{HbIe CJIeAbI), OJIHBIIR (CJIa6aH), cepneR'rHH (cpep;BlIH), 

xnopUT (cpeAHHH), TaJIbl{ (O'leRb CJIa6alI). 

Heo6xop;HMbI Cnen;HaJIbRbIe llCCJIep;OBaBHJI P;JIlI pemeHHH Bonpoca, B HaKOH 

<popMe npIICYTCTByeT nHI{eJIb B 3THX MHHepaJIaX, B BH}J,e JIH npIIMeCH CYJIb

<pn}J,OB nJIn fl~e B BHAe H30MOP<PROii: npHMecn B caMHX MHHepaJIax. 
OARaKo nMeIOTCH HeHOTophIe 3HcnepHMeHTaJIbRbIe AalIHble, I{OTOpbJe n03BO

JIHIOT CAenaTb npep;BapHTeJIbnbJe BbIBOP;bI 0 <p0pMax HaXOn{AeBnH lIJmeJIH 

B DopOAax lIe'leRrlf. 

CJIeAyeT OTMeTUTb, "lTO cop;ep)-HaBlle CHJIHl{aTlIOrO lIHI<CJIlI BO BKpanJIeH

BblX PYAax B DonTopa pa3a nOBbIIDaeTCH npii YMeHbIDeHHll HOJIH'leCTBa CYJIb
<pn OD B DopO}J,e. TaHl!lM o6paaoM, H AnH lIe'learH xapaJ{TepHa o6paTRafl 

BaBllCHl\IOCTb HOJIll'lOCTBa cnmmaTHoro HIIKeJIH OT 06ID;ero KOJIH'leCTBa aToro 

3JIeMenTa B roplIou nopOAe. 
~JIfl ropnblX DOPOA lIe'leHrH np06JIel\1a CRJIHl{aTnOrO nHKeJIlI Re CTOHT 

TaJ{ OCTPO, Hal{ AJIH BI{panJIeHRbIX PY}J, MOH'le-TYRAPbI. B nopoAax lIe'lenrH 

Bo06U1,e CO~(epflUITcH 60m,me Hlll{eJIJI. C P;PyroH cToponbI, B lIelienre PYAHble 

MllHepaJIbl 3aI{JII0'1eHbI B CepneHTIIRllTaX, lwTopble Menee pacTBopHMhI B KllCJIO

Tax, 'leM DOPOAbI cop;epa arn;HB cBemnii OJIllBl!lH. lIo 3TOiI npH'lllRe B nelieHr

CI<HX Pyp;ax He CTOJIb CHJIbHO npOflBJIlIeTCH 06BOnaIUlBaBHe CYJIb<PHAHbIX 

BKpanJIeHmmOB reJIel\f l{peMlIeI{HCJIOTbI, tITO MOn{eT cnyn{HTb npll'lHHOH lIeAO

H3BJIe'lennlI Hl1IWJIH 1'1 cephI DpH pan;HOlIaJIbROM aHaJIHSe Cynb<pllP;HbIX Me}J,HO

BllI<eJIeBhlX PYA. 
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CUJUnWTBbJH HUJteJIb B nopOAax HOPBJIhClt8 

)J;JIH HOPHJIbCI{OrO paIiOHa DJillIOJIHeH 60JIbmOU 06'1>eM pa60T P;JIH BbIHC
HeHHH npll'IHH IIOTepb npH 060ram;eHHH. l'I. A. ROPOBHlWB (1948a) 06paTUJI 

BHlIMaHHe Ha POJIb MeJIHOH CYJIb!llHp;HOH BltpanJIennOCTII B B03UHHIIOBellHH 
IIOTepb HHI<eJIH npH 060ram;eUHH BI{paIIJIeUHbIX Pyp;. 11 . A. ROPOBHIWB BJIP;HT 
CJIep;YIOm;HC IIpH'lHHbI nOTepb HHlteJIH H Mep;H: 

1) I<pYIlHoe AP06JIeUHe H3-sa MaJIbIX paSMepOB cYJIb!llnAmIx sepen; 
2) OIUICJIeUlIe CYJIb!llUP;OB; 3) TOH'IaHmee pacceHHHe cYJIb!llnp;oB B CJIJIUItaTax 
H MarneTHTe, HOTopbIe IIOIIap;aIOT B XBOCTbI OT 060ram;eHIIH; 4) IIOTepIl IlII1<eJIH 
B CHJIHI{aTUOH !ll0pMe n, naI{OHe~, 5) napymemlH B penwMe !llJIOTan;IHl. 

B p;pyroH pa60Te l'I. A. ROPOBHIWB (19486) OTMeqaeT, 'ITO BOIIPOC 0 CIlJIJI
RaTIIOM nHReJIe Ol<on'laTeJIbHO He pemeH H IIPHBOP;llT p;aIIIlbIC 06 aloir !ll0pMe 
HHJ<CJIH B pyp;ax Ba OCBOBaHHU peSYJIbTaTOB XUMH'IeCKUX OIIpep;eJICHHu. 
COrJIaCHO aTHM AanRbIM, B IIHI<pHTax CUJIHHaTUbIll IIHfteJIb COCTaBJIHeT 6 % 

}{ 06m;eMY cop;epmaEIHIO Hl!meJIH B IIopOAe. 
B OJIHBHHO- 6HOTHTOBbIX ra66po-AHa6asax CHJlHRaTIIOro nHl(eJUI 2 % 

OT 06m;ero HlH<eJIH B IIopop;e. B aTHX IIopop;ax cop;epmllTCH 5-20% OJIII
BlIRa. 

BOJIbmoiI BImap; B p;eJIO HsyqeHIIH !llOPM paCIIpep;CJICUIIH IIIII<eJIH BO BI<pa
IIJIennbIX pyp;ax HOPI:1JIbCI{a BUCC M. H. rOArreB('.RII ii . 

CYJl:H IIO peSYJIbTaTaM XHlImtJeCInIX II pall,llOIIaJlbRbIX aUaJIllSOB, H P;JlH 

HOpllJJbCKRX IIOPOA cOACpa,aHJIe CHJIImaTIIOro IIHI{eJIH B IIepBOM IIpnOJrml,e

Hl!m oopaTllo DPOUOpll,DOHaJfbUO 06m;ellIY cOAepmaIIHIO CYJI1:,!llHAoB B IIopOAe. 
)J;mI OIWR'IaTeJIbiiOrO pemenRH Borrpoca 0 IIpHpOAe CHJII!T<aTHOro RUI<eJIH 
B nOplIJIbCI{HX IlopOAax Re06xoAHlIIO IlpOlJSBeCTJI lWJUI'IeCTUeUnhlU 1Il0nepaJlO

ra'IeCRJIH aHamIS BRpallJIClIHbIX PYA C n;eJIbIO BbIHcllellllH pOJlJI cYJIb!llaAHbIx 
sepen paSJIII'lHOH BeJlH'IHRbI B nOTepJIX nHI{eJIH IIpH anam13e, Hal\ {)TO upo

)\eJIano AJIH BHpallJIenRbIX PYA Momle-TYHAPbI (8. EJIIlCeeB, 19536, 1956). 

o upnpOAe 1I81<eJI1I B OJIHBDUaX 

B naCToam;ee Bpel\IH IIpeACTaBJIenHe 0 IIJ:meJIenOCIIOCTlI OJIUJ3l1IIOB (uso

Mop!llJIS~re IIHReJIH B OJIHBJIUe) UMeeT mHpOHoe paCIIpOCTpaHemre . C'IllTaCTCH, 
qro B OJiummax COJl:epiI<IITCH 0.1 - 03% iO. 

HaH60JIee IIOJIJ-lOU CBOAl{DU 0 IIIII<CJleHOCHOCTH MarMaTr['leCI IIX CnJIOJ<UTOB 

Bo06m;e II OJIIlBT1HOB B 'IaCTIIOCTII AO uaCTOHw;oro B pO~1elm 6bIJIa pa60Ta 
<DorTa (Vogt, 1923). ITo MReIIHIO <DorTa, rJIaBnbI 1 IIOCHTeJIe~l mmeJIa B OCIIOB
HblX TISBop;r\CnHblX IIopOAax HBJIHeTCH OJIUBl1II JI pmr611'leCI lIl( IIILpOL{CeH; 

npU'IeJl( OJIFIBHH B CBoeM COCTaBe 06bI'1EIO COACPiJ<HT 60JIbUIC mmeJIJ1, 'Ielll 
pOM6u'leCI<IIll IIJIpOI\CeR, a nOCJIeAHHll 60JIbme, 'IeM M0110LWIInribIU IIapOI cerr, 
aM!llff60JI :n 6aOTHT. 3a cpeAIIee COAepa{aIIJIe sannCII 11I11( JIH B OJIIlB Imax 
(VorT IIpiinlIMaeT 0.33 %. RpoMe Toro, IIO <DorTY, 60JlOe 60raThle JIIarrrneM 

OJJIIBlIHbI B cpeAueM COAep}RaT 60JIbme H IIIIReJIJ1. ITOPOAbl, co):( ' pn<am;ue 
II OJIIIBIIR H IIHpOJ{cen, 60raQe CYJIb!llHAaMH B Tex MecTax, rAe llhlOIe cOAep

maHlIe HHI{eJIH B CIIJIIll{aTaX (B OJIIIBHHO). 
)J;eTaJIbHOe !l!IlHOpaJIOrII'lOCI oe HsyqeRHe OCllOBHblX oc06eunocTcu DI{pa

nJICUHOrO CYJIb!llIIAIIoro 0pYAeHeRnH, paccMoTpeuHblx BhlIIIe, no [(aShJBaCT, 
'ITO IIpeAnOJIO}RenOH <DorTa 'Iam;e He OTBe'IaIOT AoiicTBHT6JIbllOCTIl. B OJlU

BlIuax OTCYTCTByeT IIpHMaH saDlICHMOCTb Me>I{AY COAeprr{allHeM B HUX MarIITIlI 
II IIHI{eJIH . Ha060poT, B CJIY~Iae, I{DrAa B IIopOAax OTlI1eQaeTCJl IIOBbIIDCIIII06 

CO,L\Cp)HaHHe CYJIb!lluAoB, OTMC'laeTCJI peSI<oe IIOnInHCIIUe co)\epmanlIH CIIJIH
I{aTnOrO nIlI eJIa . B AenCTBUTeJlbIIOCTH, J{aH OTMe"laJIOCb DbIIDe, CYIf\eCTByeT 



flP013JIEMbt rEOXHMrUI ::m :n.orEl-lHbIX MECTOPOlUnEHH1it 321 

HO npRMaR, a 06paTuaa aamICIHlIOCTf, Me'R)].Y co)].ep'RaHJIe~l CYJIb<PH)].OB H r ·JIJIJI

H.aTIIOfO mllWJJa BO BI pallJlenUbIX py)].ax. 

B 'UleTO JIIarUe3UaJIbTI.bI <popCTepOTax COBceM He 06HapynumaeTCR HUReJIa 

(CIIL anaJI03bI y Erc H. EropOBOU). Hrmemr He 6LIJIO 06HapYiI{eHO 13 Mlmepa

JIOrII'leCIUl TIf1CTO oT06 pamlOM 06paan;e OJIl'mrma fOpbI RYMymnell (MOHTIe

TYHJJ.pa). 
COJJ.op,l\auno HHI\OJIH B OJIIIBllUaX, IIO JJ.aUHbI 1 EIC H. EropOBOH, J OJIe-

6JIeTCH OT 0.20 )].0 0.40%. B 3TlIX il~O o6paan;ax EI{. H . EfopoBa OTMeTIaeT 

IIPUCYTCTBIIO IT MO)].11 H COphL ER. H. Eropona IIpHXOJJ.I1T }{ DbmoJJ.Y, 'ITO OJIH
BliHb! WOCTORlIIIO co)].opmaT nOSHaTIllTeJIJ,IIOO l{OJIl'[QOCTBO DbICOIW)].HCrr&pC

IIhIX BI{JIlOTIOHHll CYJIbqm)].OB». ECJIU }I\e Y'IOCTb, 'ITO IIpU nOnmI{OIIHhlX lWJIH

qOCTBaX CYJJb<PU)].OB B IIOp0)]. aHaqnTOJIbIIaa '1aCTh cepLI He)].OHaBJIeRaOTCa, 

TO OI{afIWTCfl, 'ITO no J{paiiueu Mepo 3Ha'IllT JIbHaH TIaCTb HIIReJIH OJIHBHH013 

HBJlaeTCfI CYJIb<PIIJJ.IIbThl HlI.I\CJIeM. 

ITo IIOBOJJ.Y 1\0JIllq CTBa CHJIJiII{aTHOl'O mmOJIJI J3 OClIOBHbIX nopoJJ.ax 

R. CD. BeJIOfJIaa013 Yl{aaJ1TBaeT, 'ITO cOJJ.ep}J{arure ero (Ha npull1opo nopo)]. 

HIOl \a) JlaX0JJ.llTca B llpC)].OJIax TO'lIIOCTII aHamraa H )].OCTHraOT 0.034 %). 
B T X }I\O IIpO)].OJIax HaX0JJ.llTCJI cOJJ.epmallIIe CJ.lJIllT<aTHOrO HIII{eJIR B ITeTIeHre 

)( JIopUJlbCI{e, 'ITO COCTanJIaeT OKOJIO 3 % no OTHomemno K o6ru.eMY cOJJ.ep

r!,aH IlIO HJIKCJIfI B nopoJJ.ax, TITO Tal{n<e HaXO,lWTCJl B IIpe)].eJIax TO'fHOCTH 

11 lIl'lOCI II ollpe)].()JICnI1H. 

A. I-I. 3anaprnJ,J{ull 11 r. f. Rnama (1952) OTMeqaIOT, TITO 13 npOTl'1130no

JIOH BOCTb 3eMllOMY OJH1BllIIY, mrelom,eMY 13 TBep)].OM paCTBope Ho60JIbmYlo 

np11MeCb U1meJlfI (0.2- 0.3 %), OJIIIBlIH MeTeopllTOB ero nO'lTH HJIIT COBcer.1 

Be CO).l;epmIIT. B OJIIIJ3rrnaX IIS MeToopHTOB He co)].eptlU(TCH CllJIIII{aTHOro 

nllI<eJIR JJ.an{o II B Tex CJly~aJIX, ]{orJJ.a B MeTaJIJIff'leCI{oH 'laCTH MeTeoplITOB 

npucyTcTB eT )].0 10 % Hlmemr. HUHeJIb 1l0JIlIOCThIO OTCYTCTByeT Ii 13 Hel<O

TOphI' ae !JIbTX OmID(llIlax. HOT nIn eJIR D <popcTep11Tax BeSYBIIJI, 'Ypana 

il B JJ.p . CI1JIlmaTflhlU IIHI{eJIJ) B IIopop;ax He 06napyrr<HBaOTCJI npH 60JIee BhlCO

ROM, '10M 3 % co)]. p i l{alUnr CYJIb<pUJJ.OB. Bce 3TO 3aCTaBJIJIOT llepeCMOTpeTb 

ffiUPOHO pacnpOCTpaHeUHOC meIIue 0 nHHeJrenOCIIOCTII OJIHBHHOB 11 COBOP

ruellcTBe uaOMop<pllaMa RIIKeJIR B OJIlilBunax B IIpUp0)].IIbIX YCJIOBlUlX. 

U epUW!llbIe IIO pop;006paaylOlIl,ue ~nlIlepaJIh[ y JlbTpaOClIOBHl>IX H OClIOBRhlX 

r pIIbTX nopo)J, B npOTUBOnOJIOilmOCTh ~llleIIlllO <DofTa IIC fIBJIR:lOTCH fnaUllhThlH 

HOClll'OJIH~m ClImmaTlIoro UHi CJIH B pYJJ.ax. 

r JI a B a 31 

ITl>IIqlIIlbI 3AI<Oll0I\1EPllOro PACIIPEJ(EJJEBHfI XHMllqECRJiIX 
;)JlEMEIITOn "I'll OBPA30BABllH MIIBEPAJJOB 

TIo'IeMY B npHpo)].ubIX MCJJ.Ho-IIHI{eJIe13hlX CYJIb<PJiI)].HhIX MeCTOpOtI{)].eHHJIX 

'£TITaU, XpOM, ~larrlJ(U:, }{aJIbIl,l1U, aJIIOMHIIUIr, HPOMHUIr DCTpeqalOTCH 13 Bu)].e 

coelJ,llueuuii C 1 nCJIOpO)].OM, B TO npOMJI Hal{ Me)].b, n;IIHI{, UHHeJIb, Iw6aJIhT, 

UJIaTUlIa, naJlJIaJJ.Hii: 06paaYlOT npOCThre COe)J;HHE;IlHH C cepOH IT BCTpeqaIOTCJI 

npemlyll1,CCTOenuO n CYJIbqmJJ.ax (?) - 3TO OJJ.UR Ha BaiKHeHmux BonpOCOB, 

OTBCT na KOTOPbtU: JlIOil{ T JJ.a'l'b TOqllLIil yTIeT Xapal{Tepa CBJI3H, IIpe06JIa)].arom.ei 

y )].arrnbIX ::lJICMOlITOB. 

B DPPIHI<f1IhlX PY)].lIbIX IlmepaJIax MeJJ.HO- HHHOJIeBhlX lCCTopomp;emlU 

mmeJIb npUCYTCTByOT 11 I{oRn;cnTpHpyeTCJI nCHJIIO'lHTeJIJ)RO 13 Du)].e neHTJIaH

p;l1Ta. l1pOLlCCC.bI BTOpl1'lUOro I1SMCHem1JI npIlBO)].RT TaJnKe I{ 06paaOBamuo 

CYJlh<p11JJ.0J3 B111{eJIJI. B UPOTlIBOIIOJIOHmOCTb nru{eJIJO iHeJIeaO B npHpoJJ.Hl>IX 

21 II11TPY31<fH nO'leHrl<f 
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CYJIbqnIAHlJx MeAHO-mmeJIeB])TX MeCTOp0il>AeHJUIX BCTynaeT B COeAJ:lTIenUB 
C JU1CJlOPO,n.OM B paHHJ!le nanhI lI:!J!IllepaJI006paaODalIJ!lJI n nepnop; HpB.CTaJIJID
Sa~Hl1: OJlHBHna, nHpOJ(COna, XpOMffTa H l\laraeTHTa, l\pHCTaJlJlH3YJOIIl,IlXCJI 

Sap;OJlfO .0.0 nOJIBJIelIHJI B TBepAOH <paso uepBoro HIIKeJlbCOAOpn a .lIl,ero MllIIe
paJla - neHTJlaHp;11Ta. i-ReJle30 CIIoc06HO 06paaOBhlRaTb ImCJlOpOAnhle coeAH

HOHHJI 11 BO BpeMJI l{pUCTaJIJIHSa~l111 CYJJb<PTl,n.013 )1'eJIe3a, 0 'IO 1 CBH,n.eTeJI])
CTBYJOT oplleHTHpOBaHnlJe npopaCTaUUJI MarueTUTa D mlppOTnlle, 011Hcall
Hble A. ,U. feHRIDIDlllf. 

MarmriI, I{aJIb~~lii, XpOM, THTaII, amOMllIIUll Bonco He 06paaylOT ~llmepu
JIOB B coeAHHeHHH C cepoi1. 0 60JIbIDOii CRJIOHHOCTU I{ 06pa30BarnJlO coep;Il
HeHBH C cepoil Y IIIIlWJIJI IIO cpaBHemno C )-HeJJ030M rOBopflT 11 3 l{ cnepmle1l
TaJIblIDle AaHHhle f. C. fpHll,ueIIl<O, H. C. CJIYACl\Oll 11 H. . AflAlUIbflH 
(1953). 8TH nCCJIeAOD3TeJIB IIOI{aSaJIH, 'ITO B YCJIOlHUIX HeBbICOKllX TOMnepa

TYP T'Bep,n.aJI <paaa no OTHomeHHJO l{ ncxoAHID1 COCTaBallI paCTJ30pa peal(o 
060ram.aeTr.JI HJ!lHeJIeM, OCTaTOlJH])le pacTDophl 060ram.alOTcH ilteJIeaOM. 

Do 3TOil npJ!llJlIHe B YJI])TpaOCHOBH])IX 1I OCHOBHhlX I.1UTPY3I1flX llpH AOCTa
TO'llJOJll I<OJII[QeCTBe cephl DeCb HffHeJIb p;OJImeH OJ{aaaTbCfl B cYJlh<Pl:1AHOM 
COCTOfl1llUX. TOJIb]{O npH HeAOCTaTOlJIIOM ROJIH"leCTJ3e COpbl MO}lmO 6bTJIO onm
AaTb n01TBJIeHIIe HHI{eJIfl B CBJIJmaTax. HaJIu'lue BO Bcex CYJIb<PllAHhfX MeAHO
HHI{eJI eBbIX MeCTOp0}l(AeHlUIX 60JIbmUX IWml"leCTB IIrrppOTnrra, a rlIIorAa 

H llHpHTa, CBHAeTeJIbCTByeT 0 TOM, lJTO HeAOCTaTI{a capbl AMI 06paaOBaHIlIl 

CYJII><PHAOD IUII{eJIJI IIpH I<pI1CTaJIJHIaall,HU CYJlb<PTIi~IIbIX PYP; ne 6blJIO. 
COrJIaCHO HOBl>IM AaHHbll\[ B. lrI. e6eAeBa (1953a, 19536), CUOC06HOCTl> 

MarHHJI, C OAHOH CTOPOHbI, a HHI<eJIH H Iw6aJIbTa, C APyroii, 06pa30DbmaTb 
HOHHhle R l{ODaJIeHTHbIe CBllau paaJInlJIIa. HmteJI.b II Iw6aJIhT CTpeMHTcn 

l{ 06pa30DaHIllo IWBaJIeHTHl>IX CBflaeii 11 IIe MorYT 11aOl\lOP<PHO aaMem.aTb l\lar-
. HHH B OJIl1BmIe, IAe cym.eCTBYIOT UORRhle CBJI3U C JUICJIOpO;n.o~r. liICXOAH n3 

paSJIHt:fUfl XapaI{Tepa CBfl3R , OJIHBI1il AOJl}f en UWTb CDOUOP;UblM OT II11l{eJUI 
Ii[ I{06aJIbTa. 

liI30l\WP<PHSM HHReJIJI C J\1arIIHeM MO}I<eT llMeTb MOCTO H P;OiiCTBHTeJl.bTIO 

np01TBJIlleTCJI B l\1HHepaJIaX, 06paaYIO~IIXCfl upn IIHSl<On TemlepaType II IIpn 
YQaCTHIl BOAhl, cIIoc06cTDYTOm.eU nOlnI3a~rn[ Aail\C TaI<UX ::.IJl ~I TlTOB, 1<a1\ 
amol\umuii: H MarHuH. 0 CUJIJU<UTHbIX nUKOJIeBbIX MI1BOpa JIaX rOBOl.HlJIOCb 
BbTIIIe. lrIaOl\lOp<pIISM H1u{eJIJI R MarIUm DOal\IO)-J{en JIHIDh IIpTI rreAOCTaTRe 
HJIH OTCYTCTBHI1 cepbI. TaI<, B DopMUJ{ymITe rJJHII03el\[ 'laCTn'lUO MOH{eT aaMe
U~aTbCJI OIUlCIIblM rKeJIeSOM, a lIIafHnu: - }l{eJloao I II UHlH'JJel\l (IIO A. f. Be-

TeXTHllY, BepmmymlT 1\10)-1,eT COAepiHaTb .0.0 11.25% iO). 
iReJIeao 11 nHI<CJIb HBJIJIIOTCfl paSJIH'lIIbIMTI IIO CDoeMY xapal<Tepy 8JleMen

Tall>IJ[. PaCIIpOAeJIeHHe HX BllYTPU OAHOll J<al{oij-Jlu60 I<pnCTaJlJIHlJOCROii 
perneTI<H AOJI)-J<HO nOp;lJllUJITbCJI I<pnClaJIJIOXlllIH1lJeCIWl\ry saI<ony A. B. IDy6-

HHHOBa ('uOJIHDO- ,U06POBOJIDCI<HH, 1937), T. e. nOJl.<IIllillTbCll 06JJ~eii CIIM
MeTpHH I<pHCTaJIJIa. OTcIOAa CTaIIOBIITCJI nOIIflTIIbIlII OTCYTCTBne IIJ:U(eJIJI 
B TaltHX coeAHneHHHX, Hal{ FeA 2; FeSz ; FoS; FoJ_ .. . 

I1oCJIeAOBaTeJIbHocTb BbIp;0JIeHUH :IIHIIIOpaJIOB IIPH <pOpMupoBamm CYJIb

<pHAlIhlX MeAHO-HHl<eJIOBhlX PYP; 06YCJIODJIOUa, CorJJaCHO YJ<aaamuo A. f. Be
TeXTl1Ha (19506), IIe CTOJIbI<O IIaAeHlleM Tel\IllOpaTypbI, CHOJJ b 1(0 H3111eHeHlleM 

COOTRomeHIIH IWn~CIITpa~l1H 1<OMllOIIenTon n paCTBopax n lTpo~ecce PYAO
OTJIOmeHIIH. I1ocJleAOnaTeJIbHOCTb 06paaoDarrllH Tex lIJlTl HllbTX JlITllJepaJIOB 

HeJIbSJI paCCMaTpHBaT.b }{aI< P03YJlbTaT peal'~IIii, HAym.rrx B 0llUY cTopony. 
A. f. BeTexTHH Ha OCHOBaHRII CHCTelllaTl:[qOCIWfO lIayqoulIH rraparOHOaTICOB 

1\1HHepaJIOB H IIOCJIeAODaTeJIbHOCTTl HX 06paaOBaHIIJI npnXONIT 1{ aaKJIlO'lOHUTO, 
'ITO COOTHomeJIne I<On~eIITpa~Hii cepbI Ii ]{TlCJlopop;a B PYAHbTX pncTBopax 

n npo~ecco PYAOOTJlOrI{eHlHl H3J\[eJIHerCI1. I1po~ecc PYAOOTJlOiileIII'lfl rrpole-
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l\aeT na cPono neoJwoHpaTllOI'O Hall1enemlH 1\0nu;enTpaU;HR cepbI H I<HCJlOpOAa 

B PY)l.lIOM pncTBope. 
A. r. BOToxTllIr npHXO)l.UT 1\ BhlBO)l.Y, 'ITO i}{eJIOaO no cpaBnOHHIO C Me)l.bJO 

06napYiHtIBaCT 60JlbllICC CPO)l.CTBO C HllCJIOPO)l.O 1, llOiHeJIH C cepoil:. ITPH 

an)l.OrOHllhIX pY)l.006paaYIOll~uX npOl..l;eCcax Hlll{eJlb HMeeT rOpa3)l.0 60JIhmee 

CpO)l.CTBO C cepoii, nea{eJIJl C J<l1CJroPO)l.OM (BeTeXTl'lH, 1953). 
Tarwc CpO)l.CTBO llllH Jill II Me)l.H C cepOll He 1I10mOT 6b1Th 06'hllCnOnO TOJIbl{O 

pa)l.uycaMJI UJIU naJIenTHOCTLIO UOHOB. TaI{, rranpHMep, pTyTb 11 CTpOHll,11R 

nMelOT O)l.lmalwBbTo paaMepI:.I llonOB - 1.12 A, 06paayIOT n30cTpyRTYPHbI~ 
H HaOBaJIOnTllbIe coc)l.unorrnn HgF 2 11 r F 2' OiwaKO C}{OJIbIW-nn6Y)l.b 6m13-

IWll reoxn lH'leCI ofr aCCOU;llau;nu lIfen,)l.y pTyTbJO H CTponu;nOM B npHpO)l.e 

He CYlI\OCTByeT. 
l1~leoTcn pHP; rCOXTUmQOCKnX np06JIeM, }{OTOPbfC He HaXO)l.nT 06'hllCHeHHll 

C TO'llUI apcrrUJl TOJlblW BaJI HTnOCTll H paal\WpOB HorrOB. TaI<, ne HMeeT 06'h

Jlcneuun O)l.nUCTllennaH B CEoeM pO)l.e YHIH(aJIbUaJl cnoc06noCTb H11.HeJIll 

n lIIep,rl naJ{anJll£llaTbCR B OCTaTOWblX npO)l.yHTax ](pllCTaJIJInaaIl,un, 0 'leM 

Y>He rOUopI£JIOC& D1JTTIlO. IIecMoTpll Ha paBerrCTBO liorrOB H DaJIeHTnOCTeH 

Y HIIHeJIf.l U 1IIarIIIHI, llI1l<CJIh 06napymnBaoT nCJ{JIlO'lHTeJIhnyIO XaJIbRo!fJHJIb

lIOCTb, lIlarnuii: II 0 npHCYTCTByeT B BU)l.e I{HCJlOPOp,lIb1X COep;lUIeH11.H. 

C JICp,OBaTeJIbllO, HlIlelOTCJl H p;pyrHe CBollcTBa aJIel\1eHTOB, TWTopble 

ne Moncc BanmbI, 'leM uonnLIii pap,HYC u BaJIenTHOCTb, p,JIn 06paaoBaHHn 

reoxmm'ICClmx accon;lIaWui:. ::hy oc06 HllOCTh OTMeQaOT B. M. rOJlhp;mll1Hp;T 

(1929), YHaabll1aH na TO, 'ITO «pacnpep,CJleHlI H(eJIeaa It nUI{eJUl B npnpop;HbIX 

lIlUIIepaJIaX CHopee Jl[O>l{HO 06'hflCHI1Th pa3JIH'lIIbIM HX CPOP;CTBOM C COPOH, 

'leM nOJIIIQllUaMll UX aTo~ron H HOnOll». 

B.bllllO yme rOBO pnJlOCb 0 TOM, 'ITO CBna b JIlem)l,Y cepon H MeTaJIJJallm 

13 60JIbmei'r CTonellU IWJJaJICHTnOro Xapa({Tepa, 'IOM M.en()l,y lUICJIOP01~OM 11. 

Te (U iHe MeTaJIJra~!Jl. ITo B. 11. JIe6cp;eny (1951), npH'lHHa 06paaOBaHJilfl 

O)l,IlIlMII 3JIClIICnTamI COO)l,llHCnHD C cepoR, a p;pym:l\m: - C KHCJIOPO)l,OM aaT\JIJO

'IaeTCll B paaJIlI<moii: npO'lliOCTll cBflaell Toro nJlU JilHOrO xapaKTepa P;JIll coe)l.Jil

nennli: ].(allllbIX aJIOM lITOB. 

1\ arraJIorU1JJJO~ly DbffiOP;y npumOJI ApeHc (Ahrens, 1953). ITo ApeHcy, 

lIeClIlecmrocTb OIOlCJIOB U CI1JIliHaTOB C CYJ1bcPHp;allIH MO}1(eT 6bITb 06'hllClIeHa 

CDHaHMU 60JIee BblCOKOfi CTeuenu ]{OnaJIeHTno.ro Xapal{Tepa B CYJ1hcPHP;lIbIX 

MIilIOpaJIax. CIlJIY I OBaJIeHTHOll Cnfl3H ApeRc IlbITaOTCfl oT06paaHTb npn 

1I0MOUl,ll 1I0TeIIU;llaJIOB 1l0nUaall,1l1l aTOMOB J. MOHbI C 60JIee BhlCOl<HM aHa

'IOIIUCM p;OJDlm.b! u6uapymnBaTb 60JIbmylO TeHp;eHnHIO I{ 06paaonaHuIO I\oBa

JIOHTHhlX cBfl3eii: C C poiL O)l.JJal{O l1p;eaJIbROe cpaBHeHHe npH nOM o lIl, 11: nOTeH

u;naJIOB 1l01lI1aaU,UU, no Apellcy, BoaM01Hno TOJIbHO B Tex CJIy'IaJlX, l\Orp,a 

naJIOIITHOCT.Il n pal (liYCbI .Il0nOB y cpaBmmaellthlX aJIeMeHTOB Op;l1HaJWBbIe. 

CJIe)l,OBaTeJlbHO, p;JIn 06'hHClIeHUfl paaJIU'IIIOrO Cpop;CTua meJIeaa u MOAH, 

a Tal(}f,e ll{eJIeaa 1I nnHeJIll C cepOll IIMeOTCll IIOJIJIOe ocnODaHue IIpHBJIe'Ih 

IIOTeUll,llaJIb[ 1l0UII3al..1;UH aTOMOB. 

B Ta6JI. 36 BHH3Y pacnOJIaraIOTCn 8JIeMeUThl (MarHlIll, MapraIIeu;), BCTpe,

'IaJOllI:ueCfl B npupOI(O JIllUIb D I{llCJIOPOP;IILIX coep;HneHHflX, DBepxy aJIeMeHTbI. 

HO BCTpCQaIOll1,HCCfl D cocp;IInemm C I{IICJIOPO)l.O 1 B ,mp;orenUbIX MeCTOpo

}H)l,ellIIR · (M P;b, nJIanma, naJlJIap,rrii). fI-\eJI030 Hal< aJIOMellT, BCTpeqarolll,HHC& 

II B l{lICJIOPOp,llbIX coep;HueUHllX II B coep;lluemUI C cepOR, 3anHlI1aeT IIPOMe-. 

a'YTOQIIOe nOJIOH,elllIe. ITo Mepe Boa paCT<UUIH nOTeHn;HaJIa 1l0nUaan;Ul1 y 9JIe-. 

MeUTon, npllDop,OHUbIX n Ta6JI. 36, BoapaCTaOT CI[P;OpocPHJIbUaa TenAeHn;HJl. 

8JICMeIITOD. 
ITOPH)l.OI{ lloapaCTaunH CP[P;CpocPHJlhnOll Toup,eHU;HU y p;ByxnaJIeIlTUbIx. 

aJIC~1011TOB 1IMCCT upH~IOe OTnomeHHC J( reOXUlIIHI1 H lImHf.'paJIOr.HH. 

21* 
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T a 6 JI n t~ a 36 

Be.;1I1'1l1Ra 31leltTpn'JecKoii unTellcnDIlOCTJI noneii nouo" 

110111>1 J F PI 

Cu2+ 20.30 0.72 2 .20 28.20 
Ni2+ 1 '.20 0.69 26.<10 2:1.40 
PL2+ 24.10 
Pd 2+ 19.90 0.80 25.00 24.90 
Zn2+ 24.70 
C02+ J7.40 0.7<\ 24.40 21.60 
Mg2+ '15.03 0.72 24.20 21.20 
Fe2+ 15.m 0.!i6 22.8 19.30 
Mn 2+ 15.64 0.71t 22.00 19.60 
Ag21' 16.24 0.80 J9.50 17.:W 

IT P II M '1 a H II e. rrapa~leTPbr J, r Ii F npnnOHlI'rCf[ llO 
AallllhTM Apenr.a (Ahrens , 1953); FI non \lOHa nYTOM paC'teTa 
c 11CnO!lh30nanne i o6r.ll,enplUHlTbrx pa):lnycoll IlOllon (llanpll
Mep, no B. 1. fonbAlliMIlATY) )1 110TeJl[~lIa.'lO B 1lOllll aa llllll. 

C llOllfOm;blO nOTenu;nana TIOllr!3au;rrn MO,KHO o6'bACrlll.Tb, l{alWO CO AJllle

RHe 6YAeT HpHCTaJIJ11130naTbcff, llarrplUlep, B CJfy'rao nplIcYTcTBIIfl U iEeJlOaa. 
U TIUHeJIfl B pacTllope. I{orAa ABa HOHa OArma1{ol3oii Ba JlOHTllOCTH II pannoro 

HJUI 6mla lwro paAJryca J<OTmypupYIOT MeiHAY COOOlO na AannOM CTpYJnyp
ROM yqaCTl{e pacTym.ero HpnCTaJIJla, OT reqaOT Aporrc, nOlI CO anatffiTOJIhllO 
60m,meH ::met{TpElqeC(wi'( rrllTOllCH13110CTblO OYAT AOCTnraTb :nora nOJIOif\emlll 

panbme. 

IlOA 3Jle]{TpHqOClwii: llUTenCmlTIOCTbIO llOJIfl nona F A penc npolPlUraoT 

Ha3blBaTb BeJIIl'IUUY F= ~, rAe I - nOTenU;UaJI HOHJraau;ml; r - paAnyc 
/' 

Houa. 

Hau60JIbUWll 3JlBl{TpUqecI{oii IIllTeHCH.BrrOCTbIO OOJIaAa[OT nOli 1>1 MOAU, 

RarrMeHbmefr - 1IIarITJ1fl. 3HaqeRrrn F upIIBe.n;eRbl B Ta6JI. :1li . 
IIepBble TpU KOJlORKIl Il,HCPP B Ta6Jl. 3G nplmeAeuhl no peucy, qCTfJ pTafl 

llOJIyqeHa npll. AeJIORHII I na 06rqenpHRflTbTe paalliepbl llOlllIbTX paAIlYCOB. 
Apeuc npHBOAI1T pa3~lOpLl 1I0nRbIX pa.n;UYCOB IlUble llO cpaBueHIlIO C 06u\0-
npnRflThlMlL 

TaKR]\[ 06pa30M, eCJIll paCTBOp oOJIaAaOT OAFl.IIarOBbIMII Houn,eUTpa.LJ.llflMil 
j-reJleaa II HI1l<eJIfl, TO, CorJlacno Ta6JIlfllIIblM AamrbIlIf, 113 paCTIlopa COOAll

ReRBe H.Iu,eJlJl 6Yl~eT RpHCTaJIJIR30BaTbCH 6blCTPOO, ~IOM coeArmeul1e meJI03a. 
OTCIo.n;a CTal:TOBJ'lTCfl nOIIHTHbIM peaYJlbTaT OITblTOn r. C. rplIuacnlO, 
H. H. CJIYACROH H H. X. Afr.n;UUbflII ('1953). 113 paCTBopa, rAe OTnOIUCTll1e 
}{OHIl,eICTpan,luI }I{eJIeaa K HH1{emO paBllo '1 : '1, ]{pUCTaJI JIll a yeTCH TBcPAaR 

4>a3a C OTIJOmenHOJl{ Me~I'AY TeMH ~He 3JIeMeUTar.1J[ paBllhlM 1 : 4. 113 paCTBO pa 
C OTnomeuueM 4: 1 HpUCTaJIJIH3yeTcH TBoPl.J;oe 1eJ1O C OTHOIDeUll eM 2: 3. 

3JIeI{Tpn:qecl<Ou IIUTeUCUBIIOCThJO aTOMOB 06"hflClllIeTCH 60JIbIDCO CPO)),CTIlO 

HJ;II{eJlII C cepoll no cpaBnOlUlIO CpOACTBa meJleaa C COpOll. TeM i1{e OOYCJIOBJIenO 

.oOJlbmee CPO)),CTBO lImAll C cepon no cpaBneRHIO C }1'OJJ030~I. 
,D,JIJl J\pnCTaJIJIH3aUJIH nenTJlaR)),IlTa C OTuomemfeM B TBCp)),oii cpaae a,OJIeaa 

J{ BHl<eJIlO paBROM npII!lrepuo 1 : '1 ue06xOAII!II 60JIoe pa30aBJIeunhlll D OTIlO
IDeRlH[ 1{ HHl\OJIIO paCTBOp, qellf paCTBOp C OTnOIDeHHOM HOIJIl,elITpaUllJl 4 : 'J. 

,D,ml KpHCTaJIJIJf3alVfll XaJIblWilUpIlTa C OTHomeUHeJ\[ i l eJIeaa !<J\lCAII 
:n TBepAoil cpa3e pannOM 1 : '1 TaI{Jl{e Tpe6yeTcH pa30aBJIellllWll 13 OTIJOLUellJ11I 

a{ JIleAR paCTBOp. 
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. JilcrmIOtmTeJlbnOe 3nalJellII c'rpywrypuoro IWlI'rpOJlfI ~Jl1T py~oOTJJOmenOfl 
npOfIBJJfIeTCfI ua OpeI('lHeBf,lX II CDJIOmUbIX CYJTbcpn~nbIX py~ax, 'ITO (I,e I<a

caeTCll BI<paDJleUIIbTX py~, TO 3~eCb BJllllIIIIIe CTPYI,TypJloro IWIlTPOJlfI npOJlU
JllleTCll neCIWJTbHO J1Haqe II CJJomnce. 

3RaIWMCTBO C Tnna~tI[ CyJlbCPfl~RhlX MeJl,nO-uur~oneI3TJX py~ 13bUlBlIJIO ~13a 
TIIna CyJlbCPR~BOi:i: BKpanJlenBOCTII. OAun npeAIlOJlO,lmTenbTIO nepI3lItJHbli'[ 
TEn B1<panJIeHIIOCTn, Xapal(Tepn3YIOm,niicH lJaCTO TlrnnqnO JlIC30CTaTUQe
CKlnn! cpopl\1aMII pa3BIITlUi Bl{panJIenUOCTH. Talme BI<panJlCllIlf,ro py~bl nMeJOT 

O'lCBb mnpo}(oe pa3BHTne B MOnqe-TYBAPC, r,ll;o OUlI ml010T IJpeooJlaJl,aJolIl,ee 
pa3BUTl'IC IiI BCTpeqaIOTCH nOBceIlfCCTHO. B IIeqenre Talmc Bl,panJIOmn,ro PY1(IJI 
BCTpeqarOTCfI pe,ll;lW U nMeJOT cOBcpmcnHo nOA<mneIJnoe 1I BTopocTcncrmoc 

3HaQenIIe. ,u;pyrofr TIITl Bl{panJIenIlOCTn, TWTOpyIO C nOJInhlM ocnonaimeM ·l\IOamO 
Ba3BaTb BTOpIIqnofi BT(panJlenBOCTbIO, B npOTJ1BOnOJIOmnOCTb UCPDOMY, 
JIlIleeT B ITeqeIIre OqeHb mnpolwe pacnpocTpancnuc. 

'YqaCTlUl, CnO}I eUUbTe pa3nnQBblJlfII TTlnaMH Bl{panJICnnOC1'1t, 'IIMeIOT pa3-

JIIIWYIO CTPYl{Typy. 'YqaCTHU C BHpanJICnHOCTI>IO nopnoro Tl1na naomOAaJInCb 

Ha Rayne (fOPOyUOB, 1953 r.), Ha Y'JaC'rKO COYI<opniiolnL lla Y'IUC'rIH' 
llJIJlbrYHpl3fI OHll npuypOqOffbI I{ JIea{aqeJlIY OOI<Y Jl, llcpcp eperrD;n:ponull
BbIX nRTPY3uii!. B BllAe CJIOeB TeqeRUfI B cepnCHTURn3upOBarrnbIX uepn,ll;o
THTax. 06blqnO BI<paDJTeUnOCTb pa3BUBaeTCfI neCHOJlbKO OTCTYTUl OT JTOi+i3-
qerO lllITpY3nDHoro I<OHTaJ(Ta C 3aJIerarom,mru DnU3Y Tycporenno-oCaJl,OQUblM1l 

TOJIm,aJlUl. Tamle CJIon TeqeHIln, oOOralIl,cHnble cYJIbcpTl,ll;uoii DJ{pamTcnUOCThlO, 
HaIIo~mRalOT CJIOIl TC1.leBllSI B p,OJIHbIX 11 MemcpopMal.\110flUb!X 3aJICmaX Ul<pan

JIeRHbIX CYJIbCPJIAIJblX PY,Il; B Mouqe-TynApe (H. Emrcocn, 8. EJIliCCea, I{O:3-
1IOB, MaC1IeHHl{OB .Ii JIJ]mm, 1956). 06pauI;aoT Bmr ramtc, 'ITO Il MOnqO-Tynp,pc 

CYJIbcpll,ll;llall BT{paIIJIeHlIOCTb llaOJITO,Il;aeTCH nc Y HenoCpO,ll;CTIl rllloro IWllTaT{Tfl 
YJlbTpaocnoBBblx 11 OCHOBHhlX nopop, C BMolIl,aIOID;Tl1l£U TIOpOAaMu, a OTCTYIIfl 
OT lWUTal{Ta ua HeCI<OJIJ)RO carrTTIMeTpoB UJIII ,Il;CCJ]TROB CaHTTtMeT

pOD. 
JJ:Pyroro pOAa BHpanJIeHHOCTh, I{OTOPYIO 11(0)[<00 OT[!OCTU IW IlTOprrqUOrr 

CYJIbCPU,Il;HOii DKpanJTeHHOCTJI, CTPYI{Typno npl1ypolJerra H 0pYAerrOJIhlM Te]i 

TonH'leCIHIM 30HaM. Ha RaYJIe Talmo Dl{paUJTerrHhle PYAbI pa3BunalOTCfI DnYTpn 
ynbTpaOCnOBHhlX nopoA, nO,ll;neprrIlI'rXCfI CYJIbCPU,Il;IIO lY ?lJOTaCOMaTo3Y. J.!I.n
TeHCIrnRO II3l1£CrreffHbIe cepneHTTtmlTbI, oooram,enHhlo cYJIbcpnp,nOlr DHpanJICn
ROCT.bTO, npe.ncTaBJIfIJOT COOOH ooraTf,IC Bll1<eJIeM 11 M(l,ll;bIO PY/ I;hl II Ua3bJDaTOTCH 

cepbIllm: PY,Il;aMH. TaRne cepbIe PY,Il;Iil DCTpeqaTOTCfI ITa I aYJlo BMeCTe C 6pol\
'lBeBhTMH n CnJIOmUbUTU PYAaJlffi. Cepblc PYAT>l B03lll1I{aIOT Tal{H{e npfl otJem,. 

HnTelICIlBnOM 060ram,cmur cyJIbcpll~a~m TycpcprrToB 1I pemc TycporcrJUblx CJTaII
n;eB, no, l<a1< nOI<a3f,lUaeT npal{TIIl{a lf3YlJeIIlIfI cepT)lx PYA, Talmc MCTaco [3-

THqeClm oooram,eIIIIble CYJl.bcpH,Il;aMH nopOAbl Oe,ll;IIhl I111l<eJIeM, D npOTllBono
JlOH<HOCTb CepLIM PY,Il;aJlI, B03HHIU[[F[lI£ 3a CqeT n3MeHemrll ccpnenTllnll3UpOnalJ

HhlX nepH,Il;OTFlTOB. 
Ha TOLt me RaYJIo, AJIfI IWTOPOi:i: OqeHb XapaI<TepIlI>lM fTBJIJlOTCfT nCOObIl<-

1l0BeHHO Ill11pOIWe pa3BJITile BHpaIlJICnHhlX PY,Il; BToporo pO)l;a, m{panJleHIIblO 

PY,Il;hl HJI1eIOT M:om,Hoe pa3Bl'lTlIe B BUCfTqeM OOI\Y opy;.l. 'lleJloir TOI{TOUll'lOCJ{Ort 
SOHT,l. MOIlJ,IIOCTb Ta1<OH 30Hb! BHpau.;J.cnllblx CY1lbCPUAubIX PY,Il; 113MepfTOTCH 
Ba RayJIe neCIWJIblUlMH COTflllJl1II JlfeTpoB. IIPlI aTOM BhlllBJIena OhlJJa aCU\I

lIteTpnn B CTpOem!lIt 30rr BJ,paIlJIenHblX PYA, BbTpamaTOlII,ancfI B TOM, 'ITO MOll(

HOCTb 30H Br<pallJIeHHhTX PYA B BlICfIqCr.r OOI(Y PYAllOII 30UbT B IleCI<OJIblW pa~~ 
npeBbImaeT Jlwm,noCTb B1<pallJIenllhlX PY,Il; B JJemaqCM OOI<Y PYAlIbTX 3aJICmeil. 
30flaJIbHOCTb STa llpOHBJI1IeTCH ,Il;BOfIJ<O. EC1IIl B JICiI,aqeM 60l<Y Jllerl\uJIaCTOBOii 

TeHTOBnqecI<O.ii!. 0pY,Il;eHeJIOU 30HbI pacnOJIaraJOTcfI nopoAT>J Tycporenno-oca,ll;o'J
HOH TOJITI(H, TO MOm,HOCTb BJ<paIl1lCHnbIX py,ll; D BHClIqeM oOJ<Y (B YJIbTpaOCHoB-
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C TOQlnl 3pemm ITOTen:.o;naJIOB 11OIIl13aU;l![1i[ 11 aJIeKTpH'IeCIWH l'1nTeBCHB

BOCTH CTaaOBIlTCJI nOnJITnbI~l, noQoll1Y B 60JIee n03AH11x BTOpH'InhlX npou;ec

cax Y PYAUhIX MillIepaJIO II MeAb Il mU{eJIb CTpeMJITCR 3aMeCTl1Tb meJIe30. 
PaaHllo.a n nOTenO;UaJIax HOlmaaU;Hn }KeJIe3a (16 .24) u mmeJIJI (18.20) paBHa 
1.96, 'ITO COCTaBJIfIeT 12.72% no OTnOnleHHIO 1{ }KeJIeay Il 11.30% - H nOTen

U;HaJIY 1l01Illaau;nl'1 IlllHOJIJI. CJleAOBaTOJIbRO, II eJIeao D mmeJIMCThle coeAR·· 

nemm ( i 2; i3 4) 6YAeT BXOAHTb JIef'Ie, 'leM RUl{eJIb B H,em:3H.CThle. 
BOJIbUIoii paall11n;OU 13 nOnmU;HaJIaX nOHIl3au;nn }I,eJIe:::a n mmeJIH MO,lntO 

06'I>JICnllTb OTCYTcTBue lUll,eJIJI B f1{eJIeallCTbIX cym,qlMAaX (FeS; Fe t .... , 

n Fe 2)' a TamI, OTCYTCT13ne IlpO~I (,H\yTOllllh[X COC'I,lillieulllii MeiHAY FeS z 
II Fe i ' 2 lIle~"AY Fe .u i; FeA II I iAsS. BOJI},meli aJIeI{Tp11'IeCIWU HTITeH

CHDIlOCTbloYlIlII{eJHl IIO cpaDHeHUIo C }HeJIeaOM 06'I>HCflHeTCJI TO, 'ITO D npnpC).l.e 
B03MOil<IT0 xmlJl'l CIWO COeAlnreIlUe Fe [2 -1' a He rUIIOTeTHqeCI(Oe i Fe 2 .j. 

IIpu IlpOU, ccax 06pa30BalIlIII aUAorellllhIX PYA11bIX J\leC'l'OpOJl<Aeonii pe).l.l\o 
llPOH.BJIllJOT JI HelfTpaJrbHbIe aTO~lLI I,al{ D paCTBO pax, TaK 11 13 paCnJIaBax. 

Ern.e 6 0 JIbmafl paauuu;a B nOT rru;rraJIax 1I0Hl'I3al(1:l1l. MemAY MaraneM 11. Dll
KeJIelll no cpaBHonlllO C pa3nuu;oii" Mon,,lJ;Y n{OJIeao ( 11 DlmeJlO I cnOCOOCTDYCT 
YAepmafIlllO nUI,CJlH D OCTaTOqablX paCTBopax. 

i 
~lg 

:JlICMC'II 'I' bl J 

18.20 
15.03 

6J 13 JlPo~elJ'rax I{ MarlllllO 

3.15 21.1 

Paanuu;a H nOTOnu;naJIax JIOUn3au;nn !.IarmUI II 11111\OJU(, D03MOHmo, 

HBJlHCTCH onp AeJIHlOIll,11J1I YCJlOBneM, lI3-aa I<OToporo IlI11<OJlb He DHJlIOqaeTClI 
13 J{pnCTaJlJlI1QOCl{YJO peruoTI{Y llOpDnQm.rx nopO,lJ;006paaYIOtD;J:IX MHnepaJIOD 
B OJIllBlInO 1I llllpOI{Cene. 

IIpa IqillCTaJIJ1ll3aIl,l1U CYJI:b<PIlAOB H3 pacTBopon nOlilIanpOBaHIIble THil,eJILle 
aTOMbI MOTaJIJIOD ll[mOJIfI, MeAn, nJlanlIIbI, U;UHl{a It APyrHx OCa}1{AaIOTClI, 
poarupyH c cepou ( - 2). IIpu aTOM I10PlIAO({ Bbl,lJ;OJIOHHll J\IlmepaJIOD peryml

pyeTCR: pe}l{](MOM cepbI l( lOICJIOpOAa D paCTDope, COOTuomOHHellI JWHU;OnTpa
l(llU ;.r eJleaa, mIl CJIlI, lI1eA([ 11 APyrnx aJIOMCHTOB, a Ta[{fl{e ClfAepo<pHJIbnoi;i 

TenAcnquoii 3JIelllelITOR, COOT130TCTBYIoru;eu DoapaCTanUIO llOTonu;aaJIa liOIII1-
3aU;UJ1 OT MarnllH AO Me).l.U Y ADYXBaJIOnTllbIX 8JIell(OHTOB D TOM UOPlIAHO, lWI{ 
3TO YI{asal10 D Ta6JI. 3t,. 



qACTb IX 

rEHE3DC CY JIhC.t>D)J,HOR ME)J,HO-HDKEJlEBOn 
MDHEPAJID3AI(HD 

B CDOO BpeMlI (DorT (Vogt, 1893) uo IIOBO.o;y cyJIbqm.o;ur..rx 1I!e.o;no-nlll(eJIe
BLIX MecToporr'.o;emdi: CI{aSaJI: «MHOrOTIHCJIellIIhle H paCIIpOCTpanOrlElhle IIOTITB 
IIO BceMY CBeTY cym,qm.o;uhle py.o;hl oopasYIOT B mmepaJIOrll<IeC1WM U reOJIO
rlPIeCROM OTHornOH1UI TeCHO OrpaHHTIeUHYIO XapaT{TopHyro «M1rpOBYIO rpynuy 
~mCTOpO/l\.o;enlIil», 1I!TmepaJlOrHlI ROTOPbIX Tal{ npOCTa 11 MOHOTOIIIIa, ·lTO eo 
MOjf(HO oxapaRTopusonaTb cpasy .o;mI BCCX MocTopom.o;elmii». 

CnpaBe.o;JlFlBOCTb 9TUX CJIOB (DorTa COxpamlJTa CDOIO CUJlY .0;0 naCTOHID.CrO 
npeMOUH. MuuepaJlOrHTIeClmil COCTaB paSJIUTIIIbIX TIIIIon py.o; liS MOCTOpOil\.o;e
HUH pasHLIx paiOHOB se~moro mapa B ocnOBUOM n.o;euTHTIeII, nOaTOMY .o;JlJl 
XapaI{TepHcTHlu[ IIapareIICTHTIeCTUrX oTuornemn'1: .o;ocTaTOT{HO OrpalIlIT{1lTbCfl 
pacc~iOTpeuHeM IIeOOJll,moro 'lllCJIa IIPIHWPOIJ. B 'faqlIocTn, TalUlMII IIplIMe
pal\fH ua I{oJIbC HOI\[ IIOJIyoCTpone ~ l omeT CJIY}lmTb lIflIHCpS JI lIS S 11, I Iff M OIITIO
TyU.o;PLI R n eTIenrH. 

BOIIPOC 0 reHesuce IIe'fcIIrcl\oii MJJHepaJUIasn.un OOCY»'AaJICl:I BcirpuHe
HOM (Vayrynell, 1938), ,r:(. cI>. MypameBLIM (1946 r.), B. 1-\. IOTYJIbCImM 
(1946, 1948). 'Yr<asaHIIble aBTophl COBepmenHO OIIpc.o;eJIeHIIO BJ>ICHaShlBaJJl[Cb 
o MarMaTUTIeCIWII1 IIPOUCXO}l{.o;eHIIU IIeTIenrcJ{oii: MIlllOpaJl lIasu.rnr, cpopMnpo
Bamre Mlmepa JIOU npOHCXOAllJIO npu I\pUCTaJlJmSa~ITI PY)J,JIoil (CYJIbCPH.o;HOii) 
MarMbJ. B TIaCTHOCTII, npe.o;IIOJIaraeTClI, 'fTO oopasoBamle cYJJT,CPU.o;UOll Mann,r 
npOHCXO,!1;l!lT IIpH IIOMOm,n: JIIUman;ml, MarMa YJlbTpaOCIIonHblX U ocnOBHLIX 
HHTPySHH JlHmnlpyeT C oopasonallue f ClIJIllHaTHOrO H cym,cpnAHoro paCnJIaBa. 
B .o;aJrbHeHmellf npH RpUCTaJIJIHSan;nrr CHJIlIHaTHOro paCIIJraBa oopasYIOTcfl 
YJrbTpaOCHOBHb1e H OCHOBHLIe IIOpO.o;hl, npu HPIICTaJrJJl[San;HII me cyJlbcpn.o;uoro 
pacnJIaBa IIpOHCXO.o;HT oopasoBaIIIIe BI,paIIJIeHHbIX U CIIJlOmHhlX cym;,cpu.o;IIhlX 
py.o;. 

COrJIaCHO liI.o;ee 0 py.o;HOll (CYJIbCP11.o;HOii) lIIarllIe (<rreCMeCI11110CTb (mII<Ban;ll1I) 
CHJlHI<aTHOrO H cyJrbcpH)J,Horo paCIIJIaBa B Ma rJlre OCHOBHoro H YJrbTpaOCIIOBHoro 
COCTaBa IIpOUCXO.o;HT npH OTIeIIb nhlCOlwii Te~IIIepaType (1500 0 C), npaHTl1-
qeCI{H JrHI{Ban;nlI 3altaHTIHBaeTClI, Iwr.o;a Ha qlmaIOT HpUCTaJrJl1fSOnaTbClI OI{J1CJlhl 
ca~wro paUHero oopaSOBaIlRlI n CHJrUHaThl» (BarHep, 1932; 17 rJraBa, nanu
CaHHalI IIIIIen.o;epxoHoM). 

qTOOhl pasoopaTbcfI B .o;eTaJIlIX reHeSFlca cYJrbcpnAHoi1 Me)J,HO-llImeJre
BOH MHHepa JIll 3 a rVUJ ,HeoOxo.o;uMO OTBeTIITb na pfI.o; BonpOCOB, OCS IIpaBHJrb
noro IIOHHMaHl1R HOTOPblX conepmeBHO HeBOSMomHO HSYTIlITb OqeHb CJlO}l{
Hble DsaHlIfOOTHOmeHUlI Mem.o;y paSJIHqHhlllfH flBJIeHliIlIlIm, conYTCTDonaBmUJlm 
npOn;eccaM CPOpMHpOBaHHlI MeCTOpOiT .o;eHHU II npOn;eccaM PY)J,OOTJrO/l'eHHfI. 
TIepe'fJICJrHM aTH BOIIPOChl: 1) pOJIb CTPYHTypHoro IwnTpoJrR npH npoo;eccax 
Py.o;OoTJrO}I\eIDIJl; 2) JilCTOTIHHI<H HHl{eJlJI, IwoaJrbTa if Me.o;ll; 3) npon.eCCbI nepe-
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m,rx TIopof(ax) 3Ua'll1TeJIbHO npen:r:.nnaeT lIIOIIJ;HOCTh nKpanJIeHHbIX PYf( 
B JIetr{a'lOM 60J<Y, nOTOMY "'ITO Bl\pannenHIJIe PYf(bI n n3MeneIIRbIX yJIhTpa
OCUOBnblX nOpOAaX pa3nUBaIOTCa 60nee IlHTeHCHBHO DO CpaBnenmO C BHpan
JIeBnbIMU PYf(allJ][ B Ty<pOreHHO-OCaAO'lHLlX nOpOAaX. Ho )J;an<e 11 B TeX 
CnY'131lX. IwrtV\ opy)J;elleJlan -rel{TOUtll'leCI(arr 300a npOXOAIiIT neJlJilIWM Rlly-rPH 
ynbTpaocnOBHbIX nopoIl" 1I10IIJ;noCTb 30HJ:,I BI<panneHHhIx pY)J; B BIJCJPleM 
60HY nco panno npenbImaoT MOrnnocTh nl{pannOHHblx PY)J; n JIe>Ha'lOM 60[<y 
0PYAoHeJIoii: TelnOHl1'10ClWU 30IlbI. RaJ{ ynuAIlllI AaJIee, TaHaa aCmtll!OTpUJI 
n CTpoeUUII 3011 Bltp3IlneIlIlbIX PYA n03HIIHaOT n pe3ynbTaTo MOTaCOM3TII'IeCIW[[ 
30naJIbIlO TIJ, ROTopaa DbIpaa<aoT a B TOM, TITO rnAPOTepMaJIhIlbIe PYAOIIOCHbfe 
paCTBophl npomH<amr BBepx OT oPY)J;eHeJIoii TOf{TOTIJ'llIeCIWn 30RM C 60JIbmoii 
HnTeIlCIlSnOCTDlO, TIOM BUll3. 

CJTOAYOT OTMeTllTb, "'ITO CTPYlnYPIlJ:,Ilr HOnTpO Jlb 01<a3brnaJI 60JIbUIOe nJIHH
IlIle na <popllruponalIIIo pY)J;IlhIX TeJI H D APynlx paiiOHax - n MOH'Ie-TYHApe 
II HOpUJIbCne. 

TaJ{, n MonTI -TYU1WO nOJIorona)J;alOlll.ne 30RhI, nplIypo'lOnHbIe It IWHTal(
TaM nopoA pa3JIH11lI0rO COCTana - nopII)J;oTlfTonhIx CJIoen Te'leJInJl D nupoKCc
HIITax, - CJIY,KrrJlH nyTHlIflf )J;JI1:I npOCa'lU13aHUa paCT130p013 II MeCTaMH OTJlO
ilWITlla CYJIb<PllAOB Bl:IYTPII ropll30nToB nHpanJIerrnhlX PYA. Ta[{aH npnyp0'leu
nOCTb ropII30nTon Br<paIlJlennhlX PYA K TeRTOIlIl'lOCl{H oCJIa6JIenIIblilf 30IlaM 
xopomo nIl)J;ua na npmrepe PYAHoro nJIaCTa Conqrr (3. EJIIICeen, 
195G). 

Ha HlOAC OTAeJlr,ULIC ropU30lITbI BI<panJICrrHJ:,IX PYA pacnOJIaraIOTcfl I<OCO 
(nOf( n uonhUIulII yrJlOM) 1< CTpaTl1<pm a~1fII JiIHTPY311llnoro Tena, a lfnorAa 
na cno A{ npOAOJImerrITII Dl<parmenllble ropU30HThl npOH1I3hlBalOT rropOAM Tal< 
na3bIBae~IOl'0 I{pIlTll'leCIWrO ropU30nTa Hro)J;a, COCTOfl.IIJ;erO IT3 rJlbI6 oca)J;oq
nbIX II llUTPY3U1lUblX nopoA KPOBJll1 MOnQerOpCl<oro llIllwnellOClloro nJIY 
Tona. 

<t>op m:ponaHUC Pyp;nbTX TeJI rne3AOBr,IX rr nUIJlhHbIX py~onpOHBJleullii: M OH
'Ie-TynAPbI em,e n 60Jlhmeii CTenenII 3aBlICeJIO OT TeI{TOllHI<II (3 . EJIIICeeB, 1956' 
Macnenm<OD, 1956; JIflJIIIn, 1956). 

HeCII[OTpH na 3IIa'lUTeJIbIIMe 1If0p<ponOrlI"'IeClmO pa3JIII'IHfl BHpannerrllhle. 
rne3AOBhle II nmablIhle PYAonpOJlUneHIlfl 06pa30Bl>lnanlICh nOA nJIIDIIlUelli OA
rrRX n Tex rKC npll'lllR (IIaJIll'llUI TeI{TORlrqeCKl'I OCna6JleIlIlLIX 30n, nonocTeii), 
noaTOMY II YAUBTlTCJI1lRO, 'ITO COBpeMeHlIf>lllm lIfeTOAar.m: aneInpOI{appOTa>l{a 
(11. IT. XapJIar.lOu) YCTaUallJIHUaeTCn cnn3h ne TOJlblW JlIea<)J;Y 13ceMII >HrrJIaMJI 
PY):(lloro nonn HUTTllc-RYMynu,H, no rr lI{llnbUhlX pY)J; C frre3AOnr,IiIU'I (rJIy6uH
nhl1l1 II[CAllbOf 0pYAerrenue:{ II PY)J;llbIUll rHe3Aar.m). a Tal\H<e C ropH30nTaMlI 
BI'panJIellm,rx. py~. Ha yqaCTKe HIITTlIc-RYMymhe:i1 nplI nOMOIJJ;U CYJ1h<Prr)J;
IlhlX nponO)J;Hlf'IIWB iI<IIJIbI COCAIIHenhl C ropuaolIToM OI{panneIlHblX PY)J; )J;oHlloH 
aaJIe>i\Il. 

ITo· na6~IOAerru:ll r M. ll. XapJIaMOna H M. A. J.J,U6YJlb'IHI<a, BCC }l<IIJIbI KPYTO
IT nOJIorOnaAalOU~UO PY)J;lIoro nOJIn HnTTIIC-I\YMY}I{helr cnH3anhl Me>I{)J;Y co
oon CYJIb<pJlAnhIMn npOnO):(llH1lI<aMR. 

JItUJIbUhre PYRbI HUTTflC- RYlIIY)-I,belr (MOnqe-TYHApa) npOCTpanCTBeIlno 
npuYPO'1CJIbI It IlaJlo)-{{errIlLIlI1 cTPyI,Typall1 (06pa3~oBa, 1953 r.) . rne3AoBble 
PYAbl TalOl,e npnypO'1 rrh! Jt IlanOmenU))l]\:{ CTpYI<Typall1, nepCAI<O 
pacnoJla raaCh na npOA0JItJ{emill TeI{TOnnTIeCI<IJX rrapymonIlll, l{ IWTOPhlM 
npIIypO'WllbI H cym:,<pIlAHMe a{llJIhl (3 . EJllICeeB, 1956). 

Ha IIlO)J;e cYJIh<PU,L\HblO rrre3Aa, pacnOJIaraHCb rra npOAOJIfl<eUHH TeKTOnu
'IeCHIIX Hapymcnnu, DhIIlOJInCnHhlX CYJIb<PRAlIhIlIl.H H<HJIar.rn, n TO mc Bper.lIl 
06bI'lHO nprrypO(ICnbI H yqaCTJ{all1 (ropn30UTaM) nOBhlmelIHOH CYJIb<p.H)J;lloiI 
Bl,panJIerrIIOCT\1 (narrpmlCp, CYJI.b<pnAH1l!e rne3)J;a Aonnon 3anemll ropbI Tpa-
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OTJlOH<eRTIR CYJIhcPflARhlX MeAHO-mmeJIeBblX PYA; 4) PYAUblH (CYJIhqHI)l;llhlii) 
MeTaCOMaTOS; 5) MeTaJIJlOreUIUI II reOXIIlIUUl UMReJIeHOCUblX I1UTpYSUllj 6) UPII

pOAa PYAUhlX pacTBopoB. 

r Jl a B a 35 

OCIIOBHhlE IIPOBJlEMhl fEOJlOnm, CTPYI{TYPbJ, fEOXDMUD 
11 PYAOOTJ1OiI\EHHH 

B aToll fJIaBe upnBO)l;IlTCH UOCJIeAOBaTeJIhUOe OCBe~ellIle OTBeTOB Ha UO

CTaBJIeUubte BOUPOChf, sa RCJ'J1IO'leRIIeM OTBeTa Ra BOUpOC 0 upIlpOAe PYAUblX 
paCTBopOB, I{OTOPblll paa6upaeTCH B fJIaBe 39. 

POJlb CTpyKl'ypuoro lCOHTpOJJlI B upoqeccax PY)J.OOTJIO>I(emm 

,il;ame l<paTIWO 3Rar<OMCTDO C TlmaMH Ue'leHrC[{I1X PYA UOSBOJIlIeT aaMe

TIlTh UCI{JIlOqUTeJIhUYIO pOJIh CTPYRTypHoro IWUTPOJIH Upii PYAOOTJIOmeURII 
,n;JIH nOAaBJUIlOIlwro 60JIbUIRUCTBa TIIUOB PYA. Ha reOJIOrIl'leCHoti cxeMe IIe
'leurCI oro 1I0Hca Jl lL'rpYSlJi1 (pIIC. 2a) XOPOIDO BR,n;UO, 'lTO Bce PYAo[[pOHl~neBHH 
npl1ypO'leUhl I{ Y'lacTJ<al\1, r,n;e OT'leTJIIIBO UpOHBJIHeTCH 0ARa IIJIII HeCROJIhIW 
CABurOBbIX SOB, I<OTopble 'lam;C Bcero UpOXOAflT UO ROJITal{TY lIIe}HAY JIe}J(aqIlM 
60lWM naI<JIOnUblX Al1cPcPepeIIIl;UpOnaUJIhIX nnTpy3HBUhlX TeJI II CBOTOH TYcPO
reHBO-OCaAO'lIIbIX . nopOA. I{al{ UOKaaamI AeTaJIbllble Ua6J1IOAellIHI B Tal<OM 

XOPOUIO lISYl.J:eHHOM Y 'I a CT I<e, RaJ{ RaYJIa, BCI{PhlTbl M 60JIbIDIIM HOJIII
'leCTBO~l UOAseMUblX ropUbIX Bblpa6oTOl{ R uepeCe'lenHhlM MuomeCTBOllf 6YPOBhIX 

CI{Baamn, opYAeu JIaj[ Tel{TOmneCl{aH SOHa npOXOAIIT UO IWUTaT,TY YJlb

TpaocnOBlibIX nopoA C TycP0rennO-OCaAO'lnhlMlI nopoAallfIl, HO MeCTaMH npo
XOAUT n,eJlffI<OM Hal{ B YJlbTpaOCnoBnblx nopOAax, Tal{ II BUYTPU TYcPoreuuo
ocaAolfnblx nopoA. 'Y CJIOBIIO TaI<He Tet{TOHII'leC[Ule aonhl naSBanbl 6hlJlH Me}l{
UJraCTOBT>l1l1l1 TOI Touu'reCIHIlIUI sonaMU. 

Ha reOJIOrIIqeCKOfI: cxe Ie XOpOUIO BH)l;BO, 'lTO B 60JIbIIIHlICTBe CJIY'laeB 

TamlC lIIeil UJIaCTOBble TeI{TOUJI'leC[~IIe 30nbI upIIypOqeUhl }{ CHlllmnnaJI.blIhlM 

USrl16aM B TYcP0reunO-OCaAOqHbIX uopoAax. PeaYJILTaTbl MIII{POCTPYI{TYPHoro 
anaJIlI3a, na6JIlOAenHH naA nepIICTblllIII TpeID,nnaMIT IT uaA COOTIIOIDeUUHlIm 
Men{AY Mei1\ITJlaCTODhlMn Tel{TOUUqeCHHlI1I1 aOl:1a!1'1H 111 nOUepeqUhlMH c6pocaMJ1l 

B pallone yqaCTH:a RaYJIa II B APyrnx MeCTax UOaBOJIIIJIH YCTaUOB11ITb 
CABJUOBblll xapaI,Tep Ter{TOnHqeCKHX nepeMem;enIlH D Me)ImJIaCTOBhlX TeHTO
IIIIqeCIUiX 30llax. 

Te }I{O na6J1IOAeHIlH U03BOJIIIJIlI YCTanOBIITL UOCJIOAOBaTeJIhlIOCTL BO Bpe

lIlenu MOiHAY cPOpMITpOBallIlOll1 TaruIX SOH 111 MFuropa Jluaall,liJoii. 0pYAenellIle 
uPOucxOAimo nOCJIe cPOplIllIpOBanIIH TO){TOnIl'leCI{llX aou, U03TOMY Ta}{11Ie 30nhl 
It npOAJIOjI{{~110 6bIJIO uaSbIBaTb opYAOHeJIhl~UI TeI{TOUn 'leCI<HlIfll 30-

ua Hl. 
BJIllllnUOM CTPYl{Typuoro }{OIITPOJIH na MiinepaJIUSan;I1111 06'bflCll1IeTCH B 06-

II.T,OM nJIacTo06pasnaH cPopMa MJ'Illepa JIbnbIX aaJIe}l{oIr, BOaIIHI{IDaJl BCJIeACTBHe 
0pYAI.Uennll 1.ICnmJJaCTOBblX TeI{TOnll'tOCIUIX aou. CJIOAyeT OTlIleTUTb YCJlOtR
nenUH D cPopl\1e IT paSMopax Ha npoo;eCChl MIIuepamISan;VJIiI I,aI{ yBHAIIM 

nIl}T\e, OKaSLmaJlH OrpOMIIOO BJIIIHnIle upon,eCChl p y)l;110 1'0 (CYJIbcPHAHoro) 

1I10TaCOMaT03a. B oc06ennocTIl XOPOIDO D.FIJl;I1hl I1oA06uoro pOAa YCJIOtlmOUHH 
na Y'IaCTI,aX, rAe lIfOID,rrOcTb 0pYAeIleJIhlX TOHTOUII'leCKRX aon 60JlbmaJl, I{al{ 

nanpIUI0p na r.WllepaJII1S0BaUJI bIX Y'laCTl<ax RaYJIa. 
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BflHOR, fJIYOFlHHOH -qaCTJI fOphl Con-qa H J1,p.). TIono IY CTeCTnenno, -qTO nn
TCpnaJJbI nomlSH fHeSJ1,OBhlX CJWnJJeHHU CYJIl:,qlHJ1,OB B MOlI-qe-TynJ1,pe OOJIOJ1,aIOT 

nOBbImeHHOH 3JJeRTpOnpOBOJ1,HOCTbIO (H. II. XapJIa~IOB). 
B PYJ1,OnpOflBJJeHFlHX HOpHJJbCI{a CnJJOmHbIe cYJIb!l>nJ1,nhle PYJ1,bI Taml,e npn

YPOTJeHbI U nOJIorOnaJ1,aIOm;I1M H HpYTOHaI<JIOnnhIM TeHTOHH-qeC} lIM napYlliemum. 
DpeHMym;ecTBelIno B ;)TOM pallOlIe pacnpOCTpanonbI nOJIorne iKHJIhl, I(OTOphTe 
B MeCTax BbIJ{JIHHI!lnaHfm DeTDHTCfl H HepeJ1,RO Ha CBoeM npOJ1,oml eTIliU YXOAflT 

.nO BMem;aTOm;He 3!l>!l>YSHBHbIe II OCaAOtIBhle nOpOJ1,bI. 
TIpHypo-qeTIHOCTb J{ HaJIO)J{eTIHhThI CTPYJ{TypaM OCooeTIno -qeT! 0 nHAlIa 

Ha npaMepe nepTIIUaJIbHbIX mI1JI, IWTophIe nepeJ1,RO YXOAflT B nOACTHJlaIOm,H6 

nopOAT,l, npHTJeM !l>opMa iKliIJI YCJJOiHHHeTCH MHOr01fllCJJemn:.r HI IWJIenTJaTbIMH 
Hsraoa~UI OJ{OJlO COpOCOB TI TeHTOHH-qeCKRX CMem;eHIilll. . 

ilpon,eCCbl nepeOTJlOilteUIIlI CYJIb«PBAOB n JIX POJlb 8 «popMuponaUBU 
ne'lenrCIHlX PYJJ.nbIX 30)[ 

HaomOJ1,eHIUI HaA BI<panJJeHHbn.m PYAaMll 13 BIICflTJeM OOT\Y 0PYAeIIeJIOlI 
TeHTonH'JeCIWH 30HI,I lIa HaYJJe TI aCIHfMeTpll'lnOe paSBHTltO SOTI Bl,paDJlennhIX 

PYA n YJIbTpaOCnOBlIbJX nopoAax nOSBOJJHJlll CJ1,CJIaTb J1,Ba O'!CTIb Ba1lUlhTX nhl
BOAa: 1) 0 TecHou reHcTfITJecHolI CBflSH MeiT{J1,Y «naJIorJ CTIf[l,IM» rnJ1,pOTCpJllaJlb
nbl~[ JIIeTaJlJOp!l>llsMOl\( ropHhlX nopoJ1, H opYJ1,enCHHeJl[ TeI\TOllll'ICCl{oil: sonhl 

H 2) 0 nepeOTJIOilWHliIH CYJlb!l>HJ1,OB H oopasonamHI BTOpHTJnOll CYJJb!l>llJ1,HOII 
BI{panJJCHHOCTH (H. EJJHCeen H IIanymllc, 1952). 

OtIenb XOP0DmU npIHfCp, HarJJflJ1,nO HJ1JIIOCTpflPYIOr.qnii: Talwe nepeOTJIO

meHae, }IMeeTCfl na Y'IaCT}{8 l1HJIbrYflpBff H OOHaPYil,eUbi nprr BblflcueUUH 
xapaKTepa CYJJb!l>aAITOll mmepaJIDsan,Hll na rJIYOHny. IIpn aTOM ne ObIJIO 

oorrapYiKeHO Hn l'ISMeneHnfl CYJIb!l>HJ1,UbIX PYJ1, na rJIyorme, nn 113MenenUfl 
B XapaI{Tepe JIIeTaJlfOp!l>nSJlfa ropUbIX nopoJ1, n 13 xapa[\TCpc PYAllhlX MTI

nepaJlon. CYJJb!l>HAnarr mmepaJI"'3arrrrfl uaOJlIOJ1,aeTCJl llblLD paCCJIanll,OBaU
UhlX nopoJ1, 13 OTaJlI:'lWBaHHhIX Jil oooram;enUhlX BTOPK'IHOM: CYJIh!l>UP.UOU nRpau
JJeUnOCTbIO nepHJ1,OTIITax. 

B paCCJJaHn,OBaHnbIX HSMeneHHI,IX nepUJ1,OTilTaX naOJlIOJ1,aeTCfl HUTeHCIIB

Hoe o'rUJJbKOBamle, XJIOpUTn3a~fl, Hap60naTRsan,Hfl H paSBHTlIe TpeMOJmTa. 
BMeCTe C T<pHCTaJIJITISal.l,neU MeTaMop!l>H-qeCRliIX JlHlflepaJIOB npOIICxOJ1,JIJIO OT

JIOn<enHe cyJl b!l>ffAOB. 3epna CYJIb!l>nJ1,OB H H.apOonaTOB ne JlMelOT CJIeJ1,OD p.e
!l>0pMan,HH. OTO 06CTOllTeJIbCTnO YI\aShlBaeT fla TO, -qTO HpnCTaJIJIT:lSUl.I,Ufl Jlmne
pa110B nOA BJInflnHC~I rHJ1,pOTepMaJIbnOrO MeTaMop!l>1I3Ma H OJ1,HOBpeMeuHafl 

I{pHCTaJIJJHSal.l,Hfl CYJIJ:,qllIJ1,OB npOHCXOAHJJn nOCJJe pacCJJanO;CflaIlIJH ropnbIx 
nopOA. IT pH aTOM DhlJICnHJlUCb nelWTophIe J1,eTamr, npOJIUBarom;ue CBeT ua sna
-qeUHe npon,ecca nepeOTJIOiI{enHR CYJJb!l>HJ1,OB. ,il;oBOJIbnO Hpyuuafl BKpanJIen

HOCTb CYJJb!l>HJ1,OB, CYlIl.eCTBOBaBmafl B cepneUTlIlHISIIpOBaunblX lIepl1p.OTffTax 
J1,O paCCJIanl.l,eBallliIfl H fliIJ1,pOTepMaJJbnOrO ~leTaJl10p!l>n3Ma, Hc-qcsaCT n BMeCTO 

3Toro nOSnm{aeT TOn'laUmafI CYJIb!l>HJ1,nan <<llhlJJM 60JIefl UJIll Menee paBDOMepno 
paCCeflnnaJI B nopOJ1,e H :r.rat{pOCIWnHTJeCI{H COBepmeHHO ne aaMeTIIafl. XI1J1IIT

'1ec(u~e anaJIrLSbl TalOIX ffSMeHeUHI>lX Bnemne UCSPYlIDbIX nepa,uOTllTOB oona
Pynm:nalOT lleJWTOpOe COJ1,epmaHne Hm{eJJJI Jil MeAR. Hpo~1O TOfll{JlX 3t'PPfI 

IlCpeOTJIOIHennhlX CYJJb!l>HJ1,OB, MeCTa?m paSBHBaIOTCfl nOIJlIUI n rneSJ1,a CYJ/b

!l>"'AOB. 
llepeOTJlOiRenne CYJIl:,!l>l'IJ1,OB C OOpaSOBaHHeM TOnI\llX aepen npOOCXOJ1,HT 

OAII OBpeMenHO C HpHCTaJIJlI1san,Heii: TaJJby<a, XJIOpfITa, I{apOOnaTOIl; cepoeH
nm SlUI m;aeTCJI TaJIbROM, HapOOHaTa?IH H TpeMOJJnTOM. Bce STO DpOTel\aeT 

npll Y'IaCTHII n noJ1, IlJJlHlHMeM fHJ1,pOTepJllaJJbHhlX paCTBopon. 
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MOJJJ.I10CTb 30Rb1 nepeOTJIOll{eHHhIX CYJIb4JH)J,OB, }{OTOpafI paCIIOJIaraeTCfI 

B BI1Cl1<WM 601<Y OPY)J,eHeJIoii: TeI{TOHIf'leCIW:H 30HbI, Ha Y'lac'me nIiJ JlbrYfI pnu:, 
a Ha KaYJIe ~[Qm;HOCTb TaI<OU 30HLI H3MepfIeTcfI COTHHMH MeTpoB. B 'IaCT
HOCTlf, na KaYJIe npu: n3YQeHIfIf SOHbi C CYJIb4JIf)J,HOii: Bl{panJIeHHOCTbIO 
lBbUlBJIeila 6LIJIa cJIe)J,yrom:afI oco6ennocTb pacIIpe)J,eJIenHfI BI{paIIJIeHHocTU:: 

napaJIJIeJIbllO oPY)J,eneJIOH TeI{TOHIl'IeCIW:H 30ne npoxo)J,HT neC}{OJIbIW reJIIUIX 

'TeKTOHlI'IeCI{lJ.X 30n, OI{OJIO I<OTOPhIX Ha6JIIo)J,aeTCfI I10BblmeHHafI IWlln;eHTpa
:U;IIH CYJJbqlH)J,OB I al{ n BlI)J,e BI{pallJIenllOCTIl, Tal{ H B BIf)J,e }l{HJIOI{ Jil ne6oJII>

mux rne3,[(. 
3aMe'laTeJIbHOil ocooenllocTbiO lrepeOTJIO}HI nnblX CYJIb4JJil)J;OB JIBJIfIeTCJI 

TO, 'ITO mmOJIh npJil nepOOTJIOm nlUI CYJII>4Ju)J,on ne yXO)J,HT 3a npO)J;eJIbl Jil3-

feHenl:IhIX YJIbTpaOCnOBHbIX llOpO)J;. iha oc06eUUOCTb OtfeUb xopomo H3BeCTna 

rOOJlOraM-pa3ne)J,tfIU{aM. TIPlI ne-

pOXO)J;O 0PY)J;onOJIOU Tel{Tonn:Qe

CROH 30llhI U3 YJIbTpaOCnOBnblX 
nopo,[( B Ty4JorennO-OCa)l,O'lIIbIe B 

-cYJIbcPll)J,ax, Hal{ npamIJIO, pe3HO 
nonUmaeTCJI cO)J,opn<anno nlIKOJIfL 

B PY)l,HbIX 3aJIe)-l{ax nnYTPJil 4JIIJI
JHITOB py)J,LI COCTOJIT H3 nnppo

"TRUa, no ne COp;epil\:aT nenTJIaH
/ (HTa. iha oc060nnOCTb reOXllMHJil 
lIRI{ JlJI, Bblpai:l,aIOrn;an n B TOM, 
QTO nllI\OJIb OOJIa)l,aeT OTIeUb CJIa

{loir mrpan;1l0nUOll CDOC00J10CTbIO 

II no nponHHaoT BO nMOllI,alOlllJ10 
{TYcPorenno-OCa)l,O'lIIbIe) nopop;bl 
Jt BMeCTe C TeJ\1 nepeOTl{Jlap;bI

naOTcn nnYTplI n3l\WlI Hl'IbIX YJIb

"TpaOCn013BLI nopo,[(, xopomo 
npOJlBJIneTCJ'l n ua )l,PyrHx Me-

-cTopon'AoHnnx, m ,mpHMep 13 
1{0lI'Ie-TynApe (H. EJlHCeeB, 

3. Emfce 13, I{o3JIOB, JInmm II 

MaCJIenHIWB, 1956). 

rvvl 
L.Y.JI 

PIlC. 174. l10cJlepYAuafI Te[{TOOJI1IeCKaFl 6pe[{
'lIHI na KOnTal(Te Cl'lnbnO 0pYAeneJIblX cepnelI
T1WlITOB C 6eapYAubIMU cepnenTJilJHI1'a~1Ji[ I PORnIi 

Ml1HepaJI1l30naHlIOro Y'IaCTKa Ra~IMIIKHnff. 

J - cepnellTIIHHTbt; l1 - cynb!l>l<IAIIble npOH{1InlHI cpenll 
CTlJfbHO OPYAClleJIblX CepneIJTllmlToa; 3 - nocnCPYnnaFl 
TCKTOIUI'ICCKBFl GpeI<'llIFl c rmllIIloI1 TPCI[IIfI; 4 - oGJIOMKl1 

I<apGoHaTuo>l H<JIJlKH B rJl]UII,e Tpenllfl. 

TIpon;ecchI nepCOTJIOll{eHHJI CYJILcPlIAOB OCOOOBHO xopomo aaMeTHhI npR Ha
OJIIOAcmmX lIa,[( Tp0lll;RnOnaTbIl\[I[ n paCCJIaHn;013aHffhIMH yqaCTI-,a in 13 cepneH

l'IIffiITaX II, B qaCTnOCTR, HaH60JIee JICHO 13hIpameBbI 13 TOX CpaBBJilTOJIbBO pe)J,

lUIX CJIY'I a J'lX , Ior)J,a npOJIBJIFIlOTCJI nOCXPYABLte TOJ{TOHlI'leClme BapymeHJilJI. 
TIpnne)l,eM O)l,IDl lIPJilMep C yqaCTHa I{aMMlIRH13H. 

B l<pOBJIO 1R1I pamI300aUfforo y'[aC1'I{a, IWTopan CJIO,Heffa Tpern;un013a

ThIMIICepD.OHT0IlDTa?llli, npOXO)l,HT nOCTpy,[(nafI 30na paCCJIaBn;ODaffHblX H 
OTaJI'bJWaannblX cepneHTHUHTOB C npOrHHJII{aMH I<aJIbI.J;l1Ta II CYJIbcPUP;OB. 
HenOCpe):(CTnouno no,[( 301IO}I paCCJIann;OnaIIIlhIX no pOP; 13 cepneHTl1HUTaX no 
TpCIlI;TlHa t OTJIOil\IlJlIlCb CYJIbcPR)J,oI (puc. 174). 

RaJ{ nOI aaaJIli Ba6JIIo)l,eHIfJI Ba)l, nepeOTJIOmCHHhI tIl CYJIhcPU)J,ar.m: 13 MOH'Ie
Tyn,[(pe (8. EJIHCee13, 1950), npOn;eCChI nepOOTJIO}l,OnHJI npH130)VIT l{ cPOPMIlPO

BaruIlo rHe3)J,oBLIX PYA, IWTophle pa3BHBarOTCJ'l Ha Y'IacTl{ax, nO)l,13eprmHXCJ'l 
'Tel<TOHll'leClm f rrapymeHHJ'lM. B TOM me MOH'le-TYH)l,pe HMOlOTCJ'l PY)l,OllpO

JlBJIemUl, npep;CTaDJIJIlOrn;Ile TIlnUqHYro 0pY)l,eHeJIylo Tel{TOBHqecl<YIO 30BY. 

K 1fiICJlY TaKHX PY )l,on POH13JIOBBH OTHOCJilTCJI Y'JaCTOl\ Mopoml<OBoro 03epa. 
TIpon;ecchl nepeOTJIO)I<eHIlJI CYJIl>cPll)l,OB HAYT cJIe)l,YIoIll;IlM 06paaOM. Cna

:qaJla paCT130pJllOTCJ'l Jil nepeKplllCTaJJJJJil3013hlBaIOTCJI panoe cyllI;ocTBonaBIIDIe 
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CyJlbCPTtIIVI )il nOCJle SToro rrpOUCXOP;I1T J<p~lCTaJIJI\!I3an;lIa: BTOPll'HI0i'r CYJlT>CPUA
HOil: B1'paUJleHUOCTI{. B -qaCTHOCTlt, 06p.a30BaRue TomwlI CYJlbcprrAnoii: nRparr
JIeBBOCTlI na Y'laCTJ{Q I [lfJlbl'Yf[PBU rrponCXOAJ!T aa C«CT paCTBOpemlfJ 
II nepeOTJIO>f{CHIIrr 60JICC J<pynuoaepnl1CTOIJ panl1eii: U[{pUITJICnnOCTlf, xopomo 
3aMeTnof[ 1I1aI<pOCF OTIII'leCKI1. CJIeAyeT OTMCTrITb, 'lTO 0'1;) nb 'IaCTO TPYAUO 
6bIBaCT paarpann«l1Tb nepeOTJIOH enrryIO CyJIbcpn:AnyIO BHpanJ£e IJIfOCTT> OT 003-
MOiIUlO UPIICYTCTBYIOm;ci'r ap;ecl> mc 60JIce pauueu YJlE'CPUA110 i'r nJ<panJICH
HOCTH, n oc06ermOCTll B TCX CJIy-qanx, IWfp;a pa3l1lCpbl BTOpUqnoii CYJII,cpllp;uoii 
D Hpa UJIeHHOCTlt yneJfH tum aIOTCIi. 

3p,eCb, HCTaTI~, CJlep,yeT OCTauOBlITbCfl na rrpon;eccax rr pCI,pIlCTaJTJTn3a~[U! 
cYJll>cprrAOB , CYJIbCPUp,bl n Jl[arneTflT B pyp;ax He-qcnrn O'1011b 'lac TO 06napy
il-\HBarOT C!Iep,bI rrcpeRpnCTaJIJIII3an;Tm, 1:[TO, B -qaCTllO Til, npnBeJlO 1\ U03rrIll<
HOB mLIO rreClWJTbl<lIX rcnepan;nii pyp,nbTx JlnmcpaJ£Ou (CTp. 2" 8). 

CBoeo6pa311bTMrr rrepCHpRCTam 1J130nalUlbIWf pYAaMII flU JrHIOTCfl Tar' aa3['[
BaeMble «MaTOB.bIC» PYAlI, orrncanune B. A. MaCJIOHUI OBbTllI (1953) AJIII yqaCTl\a 
HUTTTlC-!{Y1IIYil,MI A MOnqe-TynAPC. MaTOBhle PYAbI llsnCCTUbI u B DOlmnre 
B I1TI>lUTlfX 'laC'J'HX y'IaCTI\a I aYJlU, ua Y'l aO'l'],e HaUlIlUIHmT[ (rJTana 25) . 

M a TOBLIe py;:o:.r 06hIQnO n031lUJ,aIOT II MCCTax nOCTpYAlTJ.TX Tel TOl!ll'WCIUlX 
nOABJiiH6I{ II, ual:{ nOKaSaJI B. A. MaCJIelIR1WB, npCp,CTallJIHIOT COOOIO PYAnbIe 
6JIaCTOMIfJIOUHTbI. MaToBhIe PYAM OTJInqalOTCII cno 06PU31I0ii uccor~Jlawrcii 
M:rm:CPUJIOB, OObIQUMe MHlIepaJI['1 PYA - nllppoTIDr, nClJTJlaUAHT, XaJIblWnnplIT 
n lIIarUeTIIT OI,a3hlBaIOTCIf HeycTofrqUBhllllII, mreCTO 11X noanrmaCT acCOn;nan;IIH 
nnpffTa, 6paBollTa, T{yoalluTa H MCJTbUJ[)WBHTa. B oTuoruenIIII Xmut3~la DUOnb 
06pa3YJOm;necII :r.umcpa bI B MaTOllhlX pyp;ax lJaCTO OTJTJl(IaIOTCH oOJ[ce BhICO
IUIM COAepii{aIIRC,\I cep!>l, 'ITO YI{aaT>TBaeT na H3Meuermc pcmnJlla cephI npu: nepe
RpnCTUJIJIU3an;nU C 06pUSOBaHlIeM JlfaTOBblX PYA H :<IellIy npnAaeT 60JIbmOe 
3lIaqerrHe upn HprrCTaJIJTH3aq)[U cYJIbCPl1AOB A. r. BeTCXT)[lI (19490). 

CJIeAyeT OTJlfCTHTb, "<[TO npoo;eccl>I nepeHpnCTamIR3an;rrn CYJTLCPUAOD n I1c
lJelIre rrpOIlBJIHIOTCIl no cpaBnemno C rrpoqecca 1Jf uepCI<pI1CTaJIJUISuqUll 
lIIaTOllbIX PYA B M OlIlJe-TyuAPC ropa3Ao paslTo06paaHo n CJIOilmcc. 

Bo-rrcpBblx, naplIAY C 111lPHTOM B TIlTlTl'JnhlX MaTOBW.X PYAax lIa ropt" 
HaYJIa - naCTOflIII.HX OJraCTOMIfJIOnHTaX - XOPOUIO coxpauHloTcIl uepnu«
nl>Ie JlllIHepaJILJ. I1pu neper pllCTaJlJID3Ull.IHl nmCpaJlbl rrpT106pcTalOT 3aHOBO -
1IlepnyIO opnenTnpoBHY B npocTpancTBe, TJlJlf[~mylO AJIlI T I TonUTOn,QTO 
XOPOIDO BnAno Ha pIfC. H 5. 

BO-BTOPbIX, DCTpe-qaloTcIl CJIyqarf ncpoHpnCTaJIJm:aaqrOl npu nocTpYARb[X 
UJIaCTHlJeCIUlX AecpopMan;HIlX PYA, IWTOPblC coupoBomAaloTcH ncpCI(pIfCTa1l
JIH3an;Reii nenTJIanAHTa, rruppoTIIna 1I XaJIblWIlI1.pJiTa C 06paaoBunlIcM cnoe
o6paanhlx TeT{CTYP, nOXOrI<HC na TpaxHToHAUhlC TCJ<CTypbI ropnhlx nopoA 
(pRC. 152) . HPH ncpeHpnCTaJIJIHSan;U11 OlJenb '1aCTO nc B03HU1{alOT uccoo;naqlIlT 
HOBblX JlmnepaJlOB, TlIIIII-qnLlX J(JIfl MaTonLIX PYA, nJIaCTllllqaTblC 30plIa nClIT
JIalIAnTa B JlfeJI1<03epnHcToii MUJIOUnTn31i1pOBanHoii: n nepcHpUCTaJIJIH30naH
nOH ~ I accc PYAbl pacnOJIaralOTcfl nJIOCHOrrapaJTJICJIJ.HO. 

HOBbIe Aannble rr03nOJUlIOT YTO'lIDITb HalII:U npeACTaUJlClUUI 0 COOTuome-
1I1iIIf lI1Cil>p,y rrpoqeccaMH Ae!fJ0pMau;EIII B 0PYAencJIoii TC1{TOIIJlqCCI<Olr aoue 
H }{pncTaJIJIu3a.qnel[ CYJIb!fJl1AHbIX PYA. Hal{ y)-He y}{a3bmaJIOC b BhTIDC (rJ1 a sa 15), 
t.ml\pocTpYHTYPUbli'f anaJlliI3 0PYA neJJOfl TeI{TOnHtIeCl of I 6pc/(WIl rr03-
BOJIllJI YCTarrOSHTb CJleAYIOrn;yIO rrOCJIep,OBaTeJIbJ[OCTb rOOJIOrHl:J.CClmX C06bI
TIlH: crratIaJIa rrpOH30lIIJIU Tel{TOHllQeCHUe AUJI)I<CHllIl, B PC3YJIbTaTC IWTOPbIX 
CCPOpMllpOnaJTaCb 6pel{QRII, llOCJIe '1cro HpnCTaJIJIII30aaJIJiCb CYJlbCPll~bI J1 Ta
}{Re ~umepaJIr..I, ]{alt Imapq, RapooHaTbr, XJTOprrT, TUJTblC I{p1'lcTaJ[JIu3aLI;UfJ 
1>1lJI1epaJIOB rrpOHcxowma B crrOIWllHOH 06cTanoU!,e, 0 -qeu MO rlUIO CYAUTb 
lIa OCIIonanIlIf H30TPOUHI>IX Y30POB D :r.nmpocTpyHTyprrbTx Arrarpam1ax. BCJlOA-
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~T13Ire 60JlLUll1X TPY,l.1.BOCTeu. npn J1CnOJIb3011amUI PY,l1;IIhIX ~n11lepaJIo13 ,l.1.JIH 

MlIKPOCTPyHTYPllbIX ~eJIell ,l.1.UarpaMMhI 6h1JIH COCTaBJIenbI no uep Y,l1;HbIM 

~!UnepaJiaH B Y'laCTHaX Cpe,l.1.1I PY,l.1.UbIX. 
9TOT BIJUO,l.1., 11M IOrr~Hii O'leHb na}J{Hoe 311 a 'lemre, B cneTe 1l0UblX AaHHbIX 

HY,HiWeTCIl n i~o nOJUIelilHIX 11 n311IeHelHUIX. B opY,l.1.elIeJIOrr TeJ{TOHlneCI{OH 

301Ie Tel~TOllilqeClme ,l.1.13llilWnIiH npO,l.1.0JlmamICb II nOCJIe OTJIO}i\ellUJI PY,l.1.. B pe-

3YJIbTaT Talmx ,l.1.IlUilWIIIl)[ ccpopmlpOBaJIliCb MaTODLIe PY,l.1.Ll, na6mO,l1;aCMble 

lla KaYJJe H I\aMMll Hll13H. ITOCTPY,l.1.Uble Tel{TOIIllqeClme p,BllfIWHJlIlI conpOBO

rl,p,aJIllCb nepel<plTCTaJIJ[l13au,lleii CYJIbCPU,l1;HbIX PYA C 06pa30BanlleM, D '1aCT

!lOCTU, nOPCPllp06JIaCTOB neRTJIanAJlTa, 3aHoRoMepno OpneIlTUpOnanHhIx 

B PYAe (I'Jla13a 2:3). B pe3YJIbTaTe nocTpyp,HbIX ,l.1.ecpopMau;nii: npOllCXOp,HJIO Bbl

nOJIHenuc Tperu,IlH B ccprrellTlllllITax (pIfC. 153). 
ITo TpYAUbrc TOHTOUU'l Cillie Al3IllKOllllll II lIapynreHI1JI npOH13JlJIIOTCH 

ue nonCOM CTIIO n unTellCIIBHOCTb }(X B 06J.JJ;eM 6bIJIa ne3Ha'II1TeJlbIiOu. 

Itl3y t lClillC npOl(eCCOB nepeOTJIOi-l\eRJ!H CYJIbCPIIAOB (lIlCCTllOH MlirpaU;Hll 

YJlbcpllp,on) nOHU3bwaaT TccnYlo Clm3 b IlX C naJIOn<eIlnhIM r.l'l,l.1.pOTepMaJIbElhlM 

MOTa~1O pCPIl3MOM. 

PYAUwii lIteTaCOllIaT03 

PYAlIhlii M'Taco faT03 npOJlBJIJlOTCIl B 3aMoru;eHHll Cl1JIRL<aTllblX ~IUUCpaJJOB 
PYAHhl~lll - CYJIbcpllp,aJlIl{ ~t JIIarnCTIJTOll!. ITpu onllcaHUH Y'laCT lW Il YJIb

rYHpllU 61>fl1 0 oopall~cno DlI1HlallILe Ha 3UMeru;eHIfO XPU30TlIJI-aCUOCTa, 

nOJI01Hla HOToporo paCIIOJIaratoTcH nOllcpOK CTonOK ,HlLJIOl( 1\10lunocTbto 

n 2- 5 CM, MarlleTHTOM. ITO,l1;0611hle nCOBAOMOPCP03hI 110 XPU30THJI-ac6eCTY, 

BblITOJIUCHHLle cym:,cpUAaMlf, BCTP qeHbJ 6bIJIH na Y'laCTHO }{aYJIa. 

B U3MeneUII hlX ncpU,l.1.0TltTaX na Y 'laCTJ,a ' I ayJIa II }{aMJllHRIiBH 

OqeHL 'Ia'TO na6JT10p,aCTCH pa3DIfT11e cym>cpUAOB BnYTpH nCOD,o;OMOPCP03 cep

Ul.'llTuna J[ XJIOpllTa 110 OJlIIBUlIY. CYJI1:.cpUAal\fII 3aMcw.U10TCH Talnl<e 3C'PHU 

lIfJPOl\CCHa. ITPII ;)TOM 00bl<180 BMeCTO C CYJIbcpIlAaMll pU3BIInalOTCH TOIllme 

If p,l1l1lIUble IIJIaCTl1lIJm nO'lTIL 6ccUneTnoro xJ(opnTa II npII3l\IOQKll TPOllIOJIIlTa. 

Harr60JI e TlllTenCllnnoo I OTaCO~)aT f'JlIOCIWe 06oraru;cnuo CYJ1bcPl1AaMn FI, 13 "ItlCT

HOCTH, TlOUTJIaUp,I1TOJl1 cOlIponOH~AaoTcH llpc06JIap,alOrn;IlM pa3DI1TlIOM cY1I bCPU

,l.1. J3 11 OTQaCTl[ JIlarnOTJiTa 3a CqeT Cll.11Jll<aTHbIX 1IliinepaJIon - Cep OOIITUnU, 

XJIOpllTa II ,o;p. B Tal{!JX IlnTOllClInnO opy).(enCJIbIX YJIbTpaOCIIOBTlblX nop0Jl.ax 

Jlef!l\Ol~ IIll3HpOnanUhItl TIITarrOMarrreTuT TaHme '1aCnlt{HO 3aMOlu;aeTCH CYJJb

cpuAUm1. II a pnc. 82, 8'1, 8. II ).(pyrnx npH130AelllJI llPl1J1l0pLI nOTCUCI1DHO 

0PY~ I1CJIbIX copnOllTIIHIlTOB C xopomo coxpaHT1BilleucH peJIll1{TOBoi:i: CTPYI{

TYPOR neplI.f\OTIlTOD. Ha puc. 82 CYJIbcPllAbI llHTonCUDIIO 3UMe1l(alOT I{Pyunhle 

30pna I lllpOI{COna, ncoB).(oMOPCP03bI no omlDHHY CJIOil(eUbI TaJIblW I JI XJlOpJ'I

TOM, n n;ellTpo 11 CUAOJIIOPCP03 pa3BUBalOTCH CYJIbCPll).(bI. Ha PI1C. 8'1 PyAUbTO 
llcenp,0~lOpcp03bl IIO OJIlIDUHY UMeJOT Iwnn;OnTplIqeClWe CJIOmOIUlO. Ha pUC. 85 
neBTJlaJ[~\lrT Bhll!OJl1IneT nepucpepll'fCCl{lfO '1aCTII PYAllLIX 1I1eTaMoPCPo3 IIO OJI!l-

BUllY· . 

HUTC)[CrIBUO 060rarn;eUllbro PY).(lILlMli lIInnepanamI lUITellCliBno J13Menen

lIMO YJlhTpaOCJIODUWe nopoAw (nopuAoTUTbl) OTIIOCHTcn K TILIlll'lllhIM PYAllhlM 

MOTaCO~laTlITau. BhtCOIWe cOAepmamro n PY):(HblX MeTaCOMaTUTax HUJ{eJlfl 11 

Jl l eAII npol3paU\aeT ax D PYAbl, HOTopMe H3DOCTHhI nOA l:la3BalllfOM «cepwx PYA». 

IIau60JlCc 1 0~LIOO pa3BnTlfe COphlC PYAbI n~!oroT MeCTO na Y'laCT1<aX 

Rayna Jl KaMMuIUIDU, OI\uaIW OlUl BCTpeqaIOTCH 11 na ).(Pyrl1x y tlaCTI<ax. 

PYAUO~IY MOTaCO~'laTo3Y nonnepraloTcfl lie TOJIh.l\O It3MOnennble YJlbTpa

OCnOBII1>IO nopow.f, no lL TY<PO reIlIlO-Oca,l.1.0QUWO llO POllhT, npellMYlu,OCTBeuno 

TO, IWTOPbIe mlOlOT aJIenpOJillTOBblll co TaB 11 06hlqnO o60ra~euw TycporcnBbllll 

l\laTeplIaJlO~L CepbIO PY,l1;bI, B03H1l1WHle 3a CqeT PY,l.1.uoro Jl leTaCOl\IaT03a TYCPO-
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reHHo-OCaAO'InbIX nOpOA, OTJIrrQal0TCfl OT CCPbIX PYA, B03nUlUUIlX aa C'lCT lla

:r.renenHfI YJIbTpaOCnoBnLlx nopoA, O'Ienb nU3IUIM COAcpFI,anlfeM U1IHeJIfI u, 
RaT~ npamuIO, npOl\:[bIUIJIClllIOrO 3IJa'IemIfl uo ](MeIOT. 

o TOM, 'ITO MaCUITaObl MeTaCOl\laTH'leCIWJ'O 0PYAenemlfI B nOpO~(aX TY<P0-

rennO-OCaAO'IIIOlr TOJIlIJ,H neana'IUTOJIbnhl no cpanrremno C MaCHITaOaMll opY

,Aerrenmr B I13MerrenrrMX YJIbTpaOCrrOBRbIX nopOAax ronopl! 10Cb Bhlrrro. ::ho 

06CTORTOJIbCTDO CJIynmT Op;nOll U3 npU'Iun nOfl13JICmIfl aCJ'lMMCTjJUU n lIICTaCO

l\IaTH'IeCIWU aOnaJIbnOCTH OIWJIO l\IFrrrepanlI30 nanl! hI x TOI<TOlTlPICCI,IIX 301[ 

H 001>flCHfleTCfI CJIeAYIOlIJ,UM. "LJ allJ,c Dcero TCl{TOnn'IC RaR 30ua rrpOXOAIlT 

ncr IwnTaRTY MOil AY JIemaqrm 001 OM ATI<p<pePOlll(11pOnaUUbIX UUTpY3JlnUbIX 

TeJI n Ty<porenUO-OCaA01HfJ,Tl\IH nopOAallHl. BRCfIllJUI 60J\ opYAellcnou TCI~TO
UH'I CIWU aonbI CJIomen OObJ'IUO U311JenerrHLIMlI YJIbTpaOCllOBllMl\JU' TlOpOAaMH, 

a JIea;a'lulr 001~ - Ty<porcunO-OCaAO'lnbIMlI TlOpOAar.ru; D uaMcneUUbIX yJIbTpa

OCUOBRbIX nopOAax TlII1puna MCTaCOMaTU'IeCTmX 30n nCCJ'Aa 60JIbme, 'IeM B TY

<poremro-ocaAO'InbTX nopoAax. 

,n:PyrafI nplI<IIfJ:fa aC11l\fMeTpUn reTaCOMaTJI'leCIWfr 30lHlJIbnOCTU oOYCJIon

JIena naK.JIOnrrblM UOJIOa eJUWM opyp;eneJIl,IX TeJ\TOIIJI'ieCrm;X 30n (UOJIOruu: ua

ImOH upUMepno l{ lory B cpCAneM nop; YJ'JIOM 38°). B TOllT CJIy<rae, IWI'Aa opY

AeneJIafI TeRTOHII'IeCRafI 30na UPOXOP;UT n;eJITHWM BUYTPJ[ YJIbTpaOCLIOl3nMX 

UOPOA, xopomo BHATlO, 'ITO MOllJ,ROCTb J'UAPOTepMaJIbIlbIX Il3111enorrnii rropoA 

H aou PYAnoJ'o l\IeTaCOMaT03a oOJIee 3na'IUTeJIblIafI D BHCfI'leM OO! Y no cpaB

nCTllHO C 1II0llJ,noCTbIO D JIOiHa<J.eM 60Ity 0pYAeueJIOlr TOI Tonu'IecTwll 30nbI. 

PYAII'bIfr (CYJIb<PHp;lIbIU) reTaC0ll1aT03 IlaxoAuTcfI D TccTlofr r neTlI'JecJ{oii 

CDfI3T1 C «IlaJIO}J{eIlnhl~1» rll)J.poTOpMaJlhnLIM MOTaMop<pu3l\f0l\r, lWTOPbIU nanGo

JIee nnTcncnnuo npoHDmrcTcfI n ca:t.lOu 0pYAencJIoij: TeHTOlJu'JOCIWU 30UC. 

C06cTBenHo PYAHbm MCTaCOMaT03 JIDJIfIeTCfI o,I\Iloii U3· cTopon rUAPoTep raJIb
Horo lIlCTalllOp<pH311'la . Ha3Damre naJIo>HeIlnblu rOTa~fOp<p~131\f U03nrfRJIO 13 CUR311 

C TOM, 'ITO, D 'IaCTHOCTH, YJIbTpaOCHOBnblC nOpOAbt, na HOTOPhIX HaIIOOJIeC
narJIRAIlO npOHBHJIOCb Tal oe naJIOil enne, palIeo 6blmr lIT!TCnCHBlIO 1J3~II.lTIeRbJ 
nOA BJIUfInIIe i aDTOllJeTa1\10p<pH3Ma. Pa3JIn'InbIe cTa)J.uH alJTOM TaMop<p1J3Ma 

OCTaDHJIlI CJIOAbI, n03nOJIflIOlIJ,JIe onpeAemITb D uelwTopLIX JIyqaflx IJoCJIeAo

BaTOJIbnMO cTyuenu aUTOl\leTalllop<PlfqeCHHX H3Mcnenuii:. Tal, P;JIfI aBTO leTa

Mop<pnqeCI{UX I1aMeIIClIlIii uepuAoTIlTOB FI mlp0T<CerrOBbrx OJIUSUUUTOB no co

xpannBIDIIlIlCfI peJInHTaM nepDH'lnhlX n nocTepIIOpnflt:X l\nrnCpaJIOB YCTallaB

JIlmalOTCfI cJIeAYloIT(lIe cTaAurr 1I10nOl{JInnnbltl rrupOT'Cel1~IWpIIqrrCUblii allf

<paGOJI (ncpcYTlfT)~3eJIeIIafI poroDafI OOMallKa~aRTlJn JIlITOnafI porOBaR 

06Mam~a-XJIOpuT. Ommnn 3a rellJ,aeTCH peATw TpeMOJIIITOM II 'Iarn;O Bcero 

copnenTI'rnOM. 110CJIeAOBaTeJIbHLIe 'IJIeUbI aBTOMeTal\fOp<pII'leCKITX PfIAOB lIIH

HepaJIOB D03HFIKJIH D rFIAPoTcp ,raJlbnYlo cTaAulo anTOMoTalllOp<p1l3Ma. 

11 aJIO}l,enHhlU MeTaMop<p1I3M n PYAlIhTlr MeTaCOMaT03 IIOCflT Tal<me OT<[OT

JIUDO nbJpaa,eHHblll rnAPOTepMaJlbnbI~I Xapar{TCp n np ACTalJJIeHbl fll!31H1MII 

cTyrrenfIMu . TaI,an accou;uaU;Tlfl lIrrmepaJIon, Hal{ TaJIbT<, XJIOPI'fT, HapoorraTbI, 

Imapl\, cepnn;HT, CYJIb<PIIAbI n MarneTITT OTnOCflTCfI It XJIOpllTO- HapOOrraTITOir 

cTyneIlu rnAPOTepJlraJIbnOrO lIJeTaMop<pn3Ma. PemmTbI n pnU<IIILIX n anTO

MeTaMop<pH'IeCI<FIX lIumepaJIOlJ 0l{a3l>IBaIOTCfI nOYCToJ"rQT1BbIl\f1[ n 3allleln;a 10TCH 

accoD;n an;UfIlIII1 YI,a3anuLlx l\mnepaJIOD B aalJIICHMOCTlI OT neplJOUa'laJlbilOrO 

HX COCTana . lliHPOHO pacnpocTpaIlerrnbIll1 npoIJ;eCCOM r.1TIlIepanOOOpa30lJamffl 

B FI3l11CneHnbiX YJIbTpaOCrronnhIx IIopoAax, Kal{ l\!b[ DIlAe.rnr (rJIaBa 15), HD

JIReTCIl aaMelIl,elI1I8 CopuenTIma UU3HOTeJlmepaTypUhfM Tanb!<DM (cTeaTI1Tolll) 

II l{apOOflaTar-IH, npon;ecc, JWTOpblil MO}l{RO Ha3BaTb cTcaTIlTIl3aJJ;Ueri. HaJIoiJ\en

HbIU fl'r~pOTepl\laJIbnbljI MeTaMop<pJ.I3 ODIJI oOJIee D1i13IWTeMflcpaTYPflDIlIl no cpaB

nemlJO C rHAPOTepMaJIbnoii: CT:lAUeH aBToMeTaMop<pl'!3Ma (cepnenTIIU1l3a-

1l;RfI) • 
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MeTaCOl\laTU'lCClme JIDJI TIHll D pY)J;ax IIpOJJBJIllIOTCll ne TOJIbI{Q D 3all1ern,enuIil 

CnJl1maTUMX lI11mepaJIOB pY)J;allLII (C06CTDCnRO PY)J;nhrii MeTaCOll[aToa), no H 

B aaMem.cRuH PYAnblx lIo1BCpaJIOB PY)J;HT)IMll lHC. CYJIbcpll)J;Uble l\lImCpaJIbI a a-
lellWIOTCn CYJIJ,CIlllJ1,allm. TaIt, nnppoTnu lIIOl-\{CT 3a"llWUI;aTbcn UeRTJIaRAllTOll:( 

U ;)TO npl1DOp,I1.T D neI{QTopT)TX CJIyqaJIx I{ POCTY uopcpnp06JTaCT013 neUTJIaUp,llTa. 
Talme nopqmpo6naCThI neUTJIau)J;BTa pacTYT B BR)J;C naeMOlt nonpyr I<CCUO

Jl1ITOn BlIlem.aIOm,ux nopo)J; nnYTpu Y'lacTJ{oD CnJIOIIIBOU CYJIbCPU)J;Hof[ PYAhI 

(puc. 148). M eTaCOllfaTU'lCcJ<uii: POCT Y)J;JIIilUeUnbIX npR311IaTn'lCCJ<L1X 3epcu 
neUTJIaUAUTa upnDO)J;UT It BoanUJ<UOIJemno JlfeTaCOIlIaTnqCCJ{llX PYAUI>TX iHIlJI, 
y,!pTIllJeHRht 3cpna nCIITJIanp,llTa HepanHollfcpno pa3pacTaIOTcll ncpneHAFmy

JIJrpno H TpCm,IUIHC, Bp,aBallcb OT TpeDJ;rmlm B cTopony nnppOTl!lHa na pa3uhle 
pacCTonmfn (rJIaDa 2:1). 

OpOllllllf HpHI pOM JIIeTaCOllJaT03a 13 PYAax R13JIJJCTCll 3aMem.eHIIe cYJIbcpn
AOD lIIarUCTllTOM, <[TO 06bJJCUJJCTCH, ItaI{ lIH,[ DHp;eJIII (rJIana 22), JlalllenCUIilelll 

pemI1J11a ItUCJIOpOp,a It cepbI D npon;eccc CPOpMupoDaHnll PYAHhIX MJIIlepaJIOD. 

3uaQenlle paaJlJl'U1blX THUOH PY)J; B IIe'lenre 

1 al{ lIIbT DUp;eJIU (rJIa13a 20), B TIe'Icnrc HMeCTCH neCl{QJIbI{Q TUDOD PY)J;. 

I a3p;eJICmrC Ha THUbl BCTpCtJaeT 60JIbUIHO 3aTPYP;HellJUl, nOTOMY 1:JTO O<JeHh 

TPYAHO 06ocHoBaTb pa3p;eJleUllC ua OAHOM I(aROM-JIIl60 npU3naI{e. MOPwoJlo
nl'JeCIU~ paSJInqaIOTCJI Bl(panJICnRbte, IIUIJIbnbTe H rne3AODhlC PY)J;f,r. 

feu TI1'lCCIUI BHpanJIeUUhle PYAhl nop;pa3)J;emlIOTCH Ha ABa Tuna. OAIIH, 
BCTp01:Jeunhlll na 11 iI Jlhl'YH P 1311 , upep,CTaBJIen JlIC30CTaTU qeCIUl pa30nnaIO

m.ciica (cuAcponnTOBoii) CYJIbcpIil)J;noii: Bl{panJIennOCTbIO. BItpalJJI elJnOCTb 

APyroro T11na B03I!ltI<aeT B pe3YJIbTaT nepeOTJIOn<eHHJI CYJIbcpUAOO, UpO
nCXOp,HllI,erO UPJ{ YlJaCT.I:I.I:I II nO)J; BJIHHnlleM rHAPOTCpMaJIbUOrOMeTaMOp
WII3t-1a, HOTophIlll1pollBJIaCTca D opyp,oneJIhlX TeHT01lI'l'IeCIUIX 30Hax II ropIIhIX 

uopop;ax, npUJIeralOm;Ux 1< UIIK fup;pOTepMaJIbIIhlff 1I1eTall10PWH3M conpOBO
n,)1,aeTCR PYAObfM l\ICTaCO~laT030Jl[, l{QTOPbIU npl'Iypo'Ien 6.hlBaeT I{ lIIeCTaM naH-
60JIee nUTenCUDuoro DpOJIBJIeDnJI rHAPOTep?llaJIbnOrO 1I1eTalliopcpn3Ma ropUhlX 

nopop;. B pe3YJIbTaTC Pyp;uoro i\leTaCOMaT03a BOanl'IItJIlf PYAUble MeTaCOMaTlITbI, 
Tal Ha3hmao IhIe CCPbTe py,rr:r,r, upep;CTaBJIJIIODJ;He C060IO 1:Jarn;O BccrO 113Menen
UbTO l'I oPYAenCJIbfe nepnp,OTnTbI II pen,e nopop;hI Tycporcnuo-ocap;oqnoii TOJIm.H. 

B rCUeTlllJ.CCl\ofl CBR3ll C npOn;eccaMII nep OTJIOl:J{eUIIH naXOAJJTCJJ CnJlOm

nMe CYJIbWHAlIhle PY)J;bI, Pyp,bI, n;eJllenTHpYIODJ;He TeI{TOlIutJeCI{YIO 6pel<tJnro, 
II PYP;bl, BhlflOJIUHJOm.ao nWJlbI. 

Talt1lll1 06pa30 f, 'B De'leure HJlfeIOTCH co6CTBenHO l\Ba reUeTl2ItJeCIUlX TilDa 

CYJIbWIIp,OB: 1) npCJ1,nO.TJOmUTeJlbHO nepBJ1'lHaJI CYJlhWHp;naJI BI{panJIeHnOCTh 

B YJlbTpaOCHOBIlblX nopop;ax, uamlenee H3 leneIlHhlX ueplIp;OTJITaX (COACp"fl<a
II1;aJI JJIlHeJIh) 11 2) ueCOi\lllpnao BTOpTIlfUble - anureHeTU'leClme - ncpe

OTJIOH<eIlHhlO CYJIbWIlAhl: CYJI bW II AU aJI Dl{panJIennOCTb, CllJIOIIlUhlC CYJIbCPllilbf, 
n.e IOnT o py-nCHCJIorI Tel\TOHIl'leCHOU 6peH'lllH, CYJIhCPDP;hI B JlleTaCOlllaTUTax . 

Ha Y'la'I( JlIlJIHYHPUIl 1110 lImo upOCJIeAHTb Ital{ nOA BJHlHEII1e~1 
t'llp,pOTepJIlUJIbUOrO MeTalllOPW113l1fa 1lI DepeOTJIOlI{ennH CYJIbWHilOB 11CQCaaeT 
nepllUqnaa lll<paUJIennOCTb U Halt aa C'IeT ee pa3BHBaeTCJI BTOpH1:JHaH CYJIb 

WIlAuaa BI<paDJleUllOCTb, conpOBQ}HAaIOm;aHCJI >l'I1JIKaMH. 
13 cnllau C 3TJlM B03lJIlI,aIOT ABa 01:JeHb Ba,l\llhlX Doupoca: 1) HaI<OU 113 

nux ABYX renCTH'I Cl<JIX TunOD CYJIhCPIlAOD UMeeT rJ:::aBuoe Iil I<a lwii BTOpO
CTeDennoe 3naqenlle 11 2) 'lTO RBJIlleTCll l1CTOQHHIWlIf nepeOTJIO>HeHHbIx PYA? 

13HpallJIellUO Tb nepDoro TUIla H3DeCTua ua Y'laCTHO HIIJIbrynp BH, 
rAe IfMelOTCfl nallGoJIcc CDe}1 He C coxpaHllDffiIIMUCJI nCpBJl1:JHbIMli JllllnepaJIaMH 

(OJII1BUH, lJupOl\ccn) ropnhle nopOAhl. Ha Y'laCTI<aX, DO,IJ.BeprmIlXCH fHAPO-
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TepMaJIbnOMY lI1eTa:MOpql1ir3~ry, ::ITa BJ,paUJIeUHOCTb HC'I03aeT u nepeOTJIaraeTCH 

Il Bll]J,e BHpanJIOllilOCTH BToporo THna, B BR]J,e ~eMenTa oPY]J,erIeJIoiI TeHTOllH

qeCHOll 30Hbl H B BH]J,e CnJIOmnhlX CYJIbtiJII]J,RbIX PY1J;. 
BKpanJIeIIlIOCTb nepnoro TIIUa coxpaJTItJIaCh B Rel{OTOpbIX }.teCTa , B CJIORX 

Te'IeHlIH 113MoueRHbIX nepnAOTHTon, oTcTynn neCIWJIhHO al:lTUMeTpon OT 

JIema'Iero 60Ha ]J,J:HptiJepomJ.l1pOnaHHhlX l1UTPY3J1BllbIX TeJI. Tal\aH B1 panJIeH

ROCTh Reco~m HUO CYUWCTBOBaJIa R Ra I\aYJIe, fAe rHAPOTepMaJIT>Uhlii MeTa

MOPtiJH3M B CBll3H C 60JIJ,mou MOlIl;ROCThIO 0PY1\eneJIoir T l{TOrmqeCHOii 30RhI 

CTep CJIelJ.bI pauoe CYTI:J.eCTBOBaBmeu UepBH'IHOii CYJlbtiJlf]J,ROil Bl\paIlJIennOCTH. 

feOJIOflf'IeCI<oe n3y-qemro BhlHBHJIO 3IIa'IUTeJIbHOe np006JIaAaRlIe BTOpOfO 

reneTHlJeCKorO THDa CYJIbtiJlIAOB B lle'leRrCI<OM PUi-iOIlO na]J, CYJIbcpHAa?fii 

nepBoro Tuna. . 

tITo .RUJIllJIOCh HCTO'IlUtI<OM cYJIhcpn]J,oB B nepeOTJIO)I<eIDIbIX PYJ(ax? COOT

Ilomenrm Meil<AY nepBH'lRolr cYJIJ)CPUABOii BHpanJIenUOCTbJO II BI,panJI01lltOCThIO 

li e POOTJIOiKOBHOii, lJ3Y'l UROH: na y~JaCTJ< D.3 Jlbl' YR pua, 1,a3hIBaOT lla TO, 

'-1T0 Tal\JlM nCTO'lIlI1HOM CJlymRJla nepBI!lqIIan CYJIbCPU;:\llUH Bl<pallJIORIlOCTh 

B YJlbTpaOClIOBIlLIX nopoAax. 

DeqenrclUle :l<JeCTOP0H<, \OJTI1H HBJIRIOTCH npcJ\pacuhlM nplHI POM Dep OTJIO

,!,elIlIhIX PY]J" npon,ecchl nepOOTJIOiHeRUn COJJOpmaJl11Cb 3l(ech B 60JIhmUX 

M8CillTa6ax. llOJIRYlO npOTUBOnOJIOiHROCTT, De'IeIll' CI<I1M npCl(CTaBJlJIfOT ~I TO

pOiHAeuuH MOHqe-Tyn]J,pw, r]J,e nepBJPlIlan cYJll,tiJn]J,naH RKpanJleRnOCTb 

·C lI1eAnO-lUmOJJeBLJMH CYJILtiJftAaMll mupOHo pacnpocTpanenu D YJ1bTpaOCnoB

HLIX nopo]J,ax n rJJ.e YCJIOBUJl AJIRI13Y'lCUHH nepnU'lnbl x BJ<pallJJenllUl{OB CYJJb

CPH]J,OB OqeHb 6JIarOnpnHTHLI BCJIeACTBne O~lelIb xopomeii cOXpalIUOCTIf yJlhTpa

OCIIOBRhiX H 0 'IIOBHbIX nopo]J, - nepuAOTlITOB-nl1pOI,COnuTOB-nopu10B -

.c XOPOIDO coxpalIuBIDll mcn nepBf[<lHhlllm rropoJ].006pa3YJO!ll.UMII lItrllle paJiaMIl 

(H. EJlHCeeB, 8. EJIl1c en, R03JIOB, HJIl1U li Ma JIOlll1IWB, 1056). 
BKparrJleHnLTe PYAbI MOn'Ie- TYII]J,pLI 3aI{JIIO'IaJOT 60JIbJO.l1e 3anacw llIH<eJIH n, 

npIlRlfMaH BO BRHManue 3TO 06CTOlITBJIbCTBO, CTanOBlf.TCH nOllHTIILIM, 'ITO 

nCTO'lJUII<OM nepeOTJTOn,eTIHbIX PY1~ (CYJIhCPHATIbJe "HUlb[ HlITTBc- Ryr.tYil\ben) 
RBJIRJl]]Cb Bl.·pamlOnlIhle pY]J,hl - YJIbTpaOCIIOBTIbIe nOpOl \bI C n pBUqnOn 

.cYJ1LCPUAIIOii Bl'panJ1ennOCTblO. 3a CqeT nepOOTJIOH HUH nep1l11'lnoii: CYJIb

tiJlIJJ.lIoii DHpanJleUnOCTH npOHCXO]J,HJIO Ai fTII(.'puJI006 paaonuullo B opY]J,cno

XLIX Te1\10HH'leCIUlX 30nax lle'IelIrH. 

3aMO'laTCJlbllOii OC06elJlIOCTJ)lO npOn;eCCOD nepeOTJIOrJtemUI CYJIhtiJUAOB 

HBJIReTCfI ne COBceM nOHRTuaH OrpaRUqeUlIaH MnrpUU;HOUnaJ'l cnoc06nOCTb 

nlll,eJHJ npn: nepeOTJIOiHenlltl, }WTOpafI DhIpamaeTCH D TOM, 'ITO cYJJbq>nl~bl 
TIUIWJIJl Donn HCl,JITO'UlTOJIbHO cocpe]J,OTO'lUDaIOTCH nnyTpn 113M nellnhlX 

YJ1bTpaOCHOBHLIX nopo]J,ax. RaJ\ TOJIb({O 0pY)leHE~JIan T(>l\TOHUqCC' J<afl 30rra 

nepeXO]J,HT no npOCTRpalIHTO D TytiJor€'llnO-GCaAO'lIIyro TOJllIl.Y, nponCXOJ\llT 

6blCTpoe 06eNJeHfle q . JIbcpnp,OB mmeJIeM. PY]J,HbTe aaJIel-Im nnYTpn 'fycporenno

OCaAO'lnhlX nopCA 01JeHl. 6e]J,Rhl RRHeJleM. B CJIY1JaHX, lWn(8 0pYAcneJIaH 

TeRTOIUI'leCRan 30TIa no npOCTllpaOHIO nepeXOAUT ll3 YJIhTpaOCnOBlIhlX nopo]J, 

B TycporellHO-OCa)lI)~HIhle, npoHcxoAHT 6blCTPOB 06el\f1eTTlfO PYH II1mCJIeM. no 

npn ]J,aJIbHeiimellf npo]J,OJIi-1 eHHll 30Rhl OllJlTb n YJIbTpaOCflounhlX nopOAax 

na6mOl(aeTCH DbICOIWC cO]J,eptl alIno IIIII<BJIH B PYAax. 

MeTaJlJIOreOUlI HHTPY3UH YJIbTpaOCHoBllbIX II OCnOBl1bJX uopo~ 

T.JT06hl OQeRIlTb 3IIa'Ienne npo~eccoB JInHB~Hll npn J<pnCTaJIJl1l3aI(1I1l 

CYJIbtiJII]J,RO-CllJIHHaTHbIx pacnJIaBOD 06 paTIDICH 1< OBP fllOIlOLlM pa60TaM. 

fl. H. OJIbmaHCK!1IH (1950), DOABOAH HTOrI{ Sl\CnepnMBRTaJlhllhIX pa60T, 

nOCBRUJ.CHHbIX 3TOlllY Bonpocy, npumeJI I< BhlDO]J,Y, 'ITO «60Jlbman qaCTh H3 IIHX 
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'lIe }1.aJIa» aaCJIYIKHBaIOm;llX }1.0nepHR peaYJIbTaTOB, TaK I{aK 31{CTIepIIMeHTaJIb

'I1llIe pa60Thl BbInOJIHCllhl 6hlJIH Ha HHSI<OM TeXHJil'IeCl<OM ypoBRe. TeM He MeRee 

lla OCHonamiII nCCJIe}1.0BamtU paCTBOpl!lMOCTH cepHHCToro }KeJIeSa B CHJIHKaT

llblX pacnJIaBaX (OJIbmanCKKu, 19516) YCTaHOBJIena 6hlJIa B TPOllHOii CHCTeMe 

FeS-FeO-Si0 2 06JIaCTb paCCJIaKBaHHR MerK}1.Y }1.BYMR rKIiI}1.I<OCTHMRt, RtS 

ltOTOPhlX O}1.Ra 6JIHSKa no COCTaBY nO'lTH K 'lJitCTOllry SiO z, a }1.PyraH MO}l{eT 

JlSMeIlllTb cnon COCTaB OT 'DICTO CYJIbIiJK}1.HOrO }1.0 CllJIRHaTHoro . 

<:DHsKI{O-XUMJI'lCCHHe KCCJIe}1.0BaRlIR: nOSBOJIHIOT TeOpeTll'leCKK }1.0nYCTHTb 

BOSlIIQ)HROCTb JIHHBa:I\nH npH OXJIa)f{}1.en1tlH YJIbTpaOcnoBRoi[ MarMhl Tal{ me, 

Hal{ B03Momna n peaJIbnO ocym;eCTBJIReTCll JIIIHBa~nll B MeTaJIJIyprlftleCI{JitX 

IDJIaI{ax. OAnaHo na6JI10}1.enHR na}1. CYJIbliJHAnblMH nepBH'lHhlMII Bl{panJIeHHllI{aMK 

B YJIbTpaOCnOBnhlX nopo}1.ax MOn'le-TyH}1.phl BCl{pblBaIOT pll}1. oc06eRHocTeu, 

I<OTOPbIe npOTnBOpeqaT BOSMO)l{llOCTH HCTOJII<OBaHIIR KX KaH npO}lYHTOB 

l{pKCTaJIJInSa~IlJII npn JIllI{Ba:I\IIK YJIbTpaOcHoBHoii: lIJafll1bI (8. EJIHCeeB, 1953a) . 

CYJIbliJHAhl 06pasYIOT napareReTHqeCl{Jite aCCO~Ka~HII K BSaIIMTIble cpaCTanKR 

<C CHJIK1<aTUbl Mrr MlmepaJIall1JiI - TaJIbI<OM, al<TKnOJIHTOM, HapooRaTaMH, XJIO

pKTOM. OTAOJIbHhlO BKpanJIeHHHHH CYJIbIiJH}1.0B COe}1.HRHIOTCH TORl{Jiti\lII iKJlJIO'l

l{aMH C COCe}1.RIIlIm sopnar.m - BKpanJIeHnHKar.m. CYJIhIiJH}1.hl MeTaCOMaTH

'<IeCIHl Sall1em;aIOT CKJIHI{aTRble MKRepaJIbI H paSBHBalOTCR, B qaCTHOCTH, no 

pOM6HQeCltOlIry mlpOI{CeHY, ORH 06pasYIOT rpaliJH'leCKlle cpaCTaHHR C CHJIHKa

"1'alllII. B MeCTax rpaliJlftleCKHX cpacTamrll CYJIb<PHAOB C nHpOI{CeHOM, nOCJIe}1.

nUH sall1em;aeTCR aMIiJH60JIOM. Bco 3TO YKaSblBaeT Ha HHSIqIO TeMnepaTYPY 

KpIICTaJIJIIISa~u:rr nepBIITffihlX CYJIbIiJH}1.lIblX BI{panJIeHHHI<OB. TaKKM oopasoM, 

PYAooopasYlOm;Ull paCTBOp COACprKaJI BO}1.Y, yrJIeKHCJIOTY, cepOBOAOpO}1., 

XJIOP (9 MOHqe-TynApe) II Oop (B lle'leHre), CY}1.R no npIICYTCTBHIO B rIIAPO

TepMaJIbnhlX }}{J1JIax aKCHnHTa. 

HaOJIIO}1.eHIIR RaA nepBHTffihlMIl CYJIbliJHAlIblMH BI{panJIeHHHI<aMH B yJIbTpa

<>CHOBRblX nopO}lax yI{~SbIBaIOT na HeOOOCROBaRROCTb aHaJIOfnll MeH{AY JIlmBa

IJ;I1eH m.TIaI<OB H npeAnOJIarael>IOH JIln{Ba~l1ej1 Y.TIbTpaOCHOBROii MarMhl. JIKI{Ba

IJ;Hll B MeTaJIJIyprn'leCIUlX m.TIaKaX COnpOBOi-J }1.aeTCll 1iJ0pr.mpOBaHJiteM I<anJIe-

06pa31IhlX MeTaJtJIKqeCHHX TeJIe~ B m.TIaKax . TaI<He Te.TIb~a n HeCIWJIbKO 

MHJI.TIHlI10TPOB n AuaMeTpe MOl-KRO Ha6mOAaTb n MeTaJIJIyprH'leCI{HX mJIaI{ax. 

IIPII cpanneHllII m.TIaI<on C l{anJIRMH MeTam::a H Bl{panJIeRnlIKOn CYJIbIiJH}1.0B 

BHyTpU: Y.TIbTpaOClIOBRhIX II OCROBnhlX nopOA BhlHCIDIeTCH, 'ITO m.TIaI{K COCTOllT 

lIS BbICOHOTellmepaTypnblx lImnepaJIOB, fJIaBHhlM oopaSOM liJaRJIHTa. CYJIb<PHA

liaR ilte Bl<paO.TIelInOCTb HaxOAllTca: B TeCHon aCCOIl,Ha~HH C rH}1.pOTepr.Ja.TIb

IIhlMIl, nU3T<OTel>mepaTyplIhlMH MJitlIepU.TIar.m H oopasyeT BSaHMRhle cpaCTamiR: 

.c lII1MU. l103TOMY HMeIOTca: OCHOBaRHR YTBepmAaTb, 'ITO I<pHCTaJI.TIH3aIl,KR 

nepBHqnOH CYJIbliJIIAROH BI{panJIeRTIOCTH npOHCXO}1.H.TIa TIpH HHSI{QH TeMnepa

Type nplI rO}1.pOTepMaJIblIblX YCJIOBHllX. 

Pe3YJIbTaThl H3yqeRHll mJIaJ{QB 'laCTO HCnO.TIb3YIOTCll AJIa: CYl-HAeRHH ore

lIesuce MC)~HO-RlII{C.TIeBblX MeCTopO>KAeHHll. OARaH.O H3Y'leRne COOTRomeRHii 

MemAY npapOAllblMl1 PY}1.HJillIH lIlrrnepa.TIal>IH He YBH3blBaeTCH C AHarpaMlIlaMJit 

I1,J111 CYJIb<PUAOB, nO.TIyqaIOm;RXCa: nplil KplICTa.TI.TIHSa:I\HK CYJIbIiJH}1.0B K3 pacnJIa

BOB. TaI{aR lIeYBfIS Ka 06'bRCRlleTCR paSJIII'lIIelll YCJIOB1m: I{pHCTaJI.TIH3a:I\IilH 

<CYJIbIiJH}1.0B IilS paCllJIanOB C I{pHCTa.TIJIUSa~HeU CYJIbliJHAon HS rnAPOTepll1aJIb

IIhlX paCTBOpOB. Y CJIOBIilR I{pHCTa.TI.TIHSa~HH CYJIbliJlilAOB n3 rIIAPOTepMaJIb

nhlX paCTBopOB }1.0 RaCTORm;ero BpeMelIlI s({CrrepIUIelITa.TIbRO Re HsyqeRhl. 

B CBRSH C BTIlM C.TIe}1.yeT YKasaTb, 'ITO HMeeTCR O}1.IIH MopIiJO.TIOrHQeCKHii 

npHSRal{, IWTOPhlll MOmeT I<OcnennO CJIymHTl> Yl{aSaHlIeM Ha dOa'lJitTeJIbRYIO 

llJIOTHOCTb paCnJIaBa Il.TIH paCTBopa, KS I<O'Ioporo I{plICTaJIJIIil30BaJIlICb cn.TIOm

nble CYJIbliJrrARbI8 PYi1.LI - 3TO nOJIOCaThle Tel{CTypbI Hel{QTophlX PYA. B. A. Mac

JIeHHKOn 06'hllCHR.TI npolilcxoiKAeHlile nOJIOCaTOCTII B TUI<UX PYAax BCJIe}1.cTBne 

22 IiHTPY3HH lle'leHnI 
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TeqemHr DHSIUIX R IIJIOTRhlX MaCC. B pesy;n,TaTe Te'TeRmr, 13 'laCTROCTn, IIOp

pUpOBH.D.Hhle BRpaIIJIOnnUlUI nenTJIanll.RTa (np0.D.YRThl panneil Hpl1CTaJlJIl13aD.Ull} 
paCIIOJlaraJIRCb napaJIJIeJIbRO CTeRI{aM CYJlh4Jn.D.IIhlX ilUIJI. IlpaD.D.a ilTOT DbIDO,D.. 

Be Y13lISbIBaJlCH C naOJIIO.D.eHllHMR B Tex me PY.D.ax Ha.D. .D.pyrllllllI PY.D.nbIMH 
r.1DnepaJla~m B nmJIax. AeJIo B TOM, 'ITO 4JOPM1>l paSBIITllH XaJII>l{ODllpliTa 
B nOJIOCaThIX PY.D.ax - ano4JusbI, MOJIRllO p;JInnnbIe OTrImJIIUI H ceTb TonHllX 
npOnmJII<OB H TORI He HaeJlUUI XaJIbHOnnpnTa, paSBllBaIOm,IICCH Ha rpaDIID.e 

aepeR IIHppOTIlHa, MeTaC0ll1aTl'l'IeCHOe paSBnTIIe tarneTri'ra DO l\palIM sepeR 
mrppOTIIHa YHaShlBarOT, DO JllHeHllIO B. A. MaCJIenIIHOBa, na OOJlbmylO nOA

DDJRnOCTb PYAOHocnoro paCTBopa. TaJ<oe npOTll130pe'lMO MC,HAY npeAnOJlO
melweM 0 BHSI{OM COCTOJIRRn PYP;OHOCHoro paCTBopa, B peaYJJbTaTe lWToporo-

4JOPMIIPYIOTCH nOJlOCaThle PY.D.bI, R 4JaHTaMJ1, YHaSbTBalom,llJl'lll Ha OOJlbIDYIO 
nop;BlliHROCTb PYAHbIX paCTBopOB Dpll I{pnCTaJIJIllSan;Un XaJlb}WnllpHTa R 
JIlarIIeTHTa no B. A. MaCJlOnllKoBY (1 956) OO'.bHCnHeTcH CJIOAyIOm,HM 06pasoM: 
nocJle HpIICTaJIJlHSaIJ;RR TIlilppOTllna 11a BHSKoro Pyp;Boro paCTBopa OCTaTOqnbIe

nopo;nH paCTBopa 06J1ap;aJIH, HaooopoT, «OqOnb OOJIbIDOll IIpoHlm;aIOm,eii 
cnocooHoCTbIO R IIop;BRit\nOCTbiO». 

Op;naHo AaJIbRellmHe naOmO.D.enHH 9. H. EJIlICeeBa Rap; nOJlOCaTbIJIllI 
TeKcTypaMR B n~'{enrClmx CIIJlOIDHJ:JX pyp;ax y6e)J{.D.aJOT B OmnOOQIIOCTn Talwro

OO'.bHCRenRH nOJIOCaThIX TeI{CTYP (rJlaBa 23). I\pYIIIIbIe sepna nOnTJlaR.D.IiTa, 
RMeIOm,He oKpyrJlbIe n npaBRJlbHhle npUSMaTllqeCl<RO O'lepTlllllIH, BOBce ne

HBJlHIOTCH nop4JliIpoBRP;RhlMliI (np0P;YRTaMII paRHeil HpIiCTaJlJlllSan;nll) Bbl.D.e
JleRRHMR, l{OTOpble npnoopeTamr B p.aJlbneilmell1 npn: BHSHOJll TO'leUUll PYAO
HOCHoro paCTBopa nJlOCl<onapaJlJleJlbHOe paCnOJlO}HeHlle B npOCTpaRCTBe. 

9TO TllnRqRhle nop4JRpOOJIaCThI, paCTYUl.J1e B TBep.D.01! pyr~nou Jl1aCCO, COCTOH
m,eu npel'lMYID.eCTBenno RS nnppOTRRa. Ha'IaJIo pOCTa nop4Jup06JJaCTOB npn
ypOqeRO ObI saeT H Tpe1D;UHl{3M, npHSJlJaTJl<leCI<ne I,pHCTaJIJlhI nOIlTnaup.llTa pas

paCTaIOTCH UepneH.D.11KYJlHPHO Tpem,llHe R oopaayroT MeTaCOJlJaTHqeCKl'le i1{llJlbI. 
I1nOl'p;a OQCnb xopomo OLIBaeT BR.D.RO, H31{ Tal<OU POCT nop4JRpOOJlaCTOn neR
TJlan):(llTa nponc·xop;llT no cnCTeMe DeTBJUD.ll.XCH }HIlJlOl{ R BAOJlb nepl1CThlX 
Tp0TD.IIB (pRC. 11[9, 154). 

TIo .. IOcaTbIe TeI{CTyphl He MoryT CJlyn<ll.Tb YHaSaH1l0Jl1 Ra HpnCTaJIJIUSa

n;IlIO CYJlb4JRP;OB RS pacnJJana em,e H nOTOJllY, 'ITO Tamle rrOJlOCaThIe PY.D.~ 
yqaCTJ{aMlI cOAepmaT Hap60l.laTbI, TaJlh!{, XJlOPHT, HBapn;, naXOA1IID.ReCH' 
B cpaCTanll11 C CYJlb4JHp;aJlJR. 

HOBhle reOXlnmqeCJ{ne p;aUHhle (9. EJlHCeCB, 1956) SaCTaDJIJUOT OTI{a

saTbCH OT rrpemnllX rrpeACTaBJleHI1ll 00 llS0i\Wp4JIisMe Hll.I(eJlH' H lIfarHHfI B nep
BIiqRbIX nopo.D.oOOpaaylOm,Rx AUmepaJIax (0 CHJlRI{aTHOM ruIl ene). reoJJoru
'leCIUle ll. MURepaJlOrll.qeCInlO p;anlIhl0 BMeCTe C TeM Yl{aShlBalOT na OmUOO'lTlOCTJ>. 

npe)l<RRX npe.D.CTaBJIeman 0 HpnCTaJIJlR3aD,IIR CYJIl,4JHP.HhlX PY.D. - BI{paUJlen
HLIX, iIHIJIbRhlX R rResp;OBhlX -]1S Bhlc0RoTer.mepaTypnoH pyp.Roii (CYJIb-
4J11.D.IIOU) lIfarMbI. I\pllCTaJlJlRaan;IlH CYJlb4JO):(HOH BHpallJlCTIROCTR, I,aI{ nep
BU'fBOH, Tal{ H BTopll<moll (nepeOTJIO,HeIIHon), npOllCXOP;UT, 1{3l< MY,l BllneJJII" 

B rlInpOl't>pll1aJIhIThlX, nll3T<OTeMuepaTypHbIX yCJIOBHHX. CYJlbCPH.D.bI 06paaylOT 
TecnyIO napareneTR<IOcHYIO aCCOD,UaIl,JlIIO C TaJIbKOll'f , },3pOOII3TaMH, cepneII

THHOM, TpeMOJlUTOM (cepHD.llToM R HBa]Ju.CM B nopop.ux Ty<vor 11110-
OCaAOqROH TOJI1D;I'l). CHJIHI{a1RbIe :tYumepaJlLl, B COCTan I O'lOPbTX BXOP;IIT' 
mmeJIb, oopaayroTcH IIpliI RllaKoii TeJlmepaType n rnp;pOTOpJllaJlbDOU OOCTa

rrOB[{e RJIR npl'l BLIBOTpllBamm. Pyp;onpOHDJlOnnJI CIlJlImaTl!Oro III1I: e JIH 
paC[lOJIararOTCH B sonax l<OpbI DLIBeTpIlDltRl1Jl (,YpaJI, ¥J\panUll). 

B ClleTe HOBbIX .D.aHRbIX ReOOXon;RMO BReCTU HCnpaBJIeIIl<IH II YTOqHeIIllH' 

B npep;CTaBJIORlilH 0 MeTaJlJIOreRHR RRl(eJIenOCnhIX llnTPYSHn YJlbTpaOCROBRhlX 

Jif OCROBHhlX DOpO):(. 
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Oo~eU3BeCTno H He Bhl3hlBaeT co~meHFIii: TeCHaH reneTFl'leCI{aH BH3b 

l\1eCTOpOnVJ;eRUU CYJIb<pE:,r(nOro HFIKeJIH C UHTPY3HHMFI YJIbTpaOCRODHbIX 1'1 

{)CIIOllnblX nopoA. TaKaH CDH3b nOJ];'lepHFIBaeTcH npOCTpaHCTBeIDIOU npuypo

"IemIOCTbIO CYJIb<IllIAflhlX MCCTOpO)I{AeHHM: H FIRTPY3FIBHbIM TeJIaM yJIbTpaOC

[(OBnblX II OCIIOBllbIX 1l0poA n coxpaHfleTcH npliI npoIJ;eccax nepeOTJIOaWRliIH 

C JIb<pUP;OB Aa,He B TO~1 cJIyqac, IwrAa 9TH npOIJ;eCChl DbIpa}HeHhl oqeRb IrnTeR

CUDIIO, 'ITO Oqenb OTqeTJIIlBO BhlpameRO Ra 0PYAeHeJIhlX TeI{TOHFl'leCI{llX 

30nax B ITeqenre. 3AeCb OT'IaTJIRBO BHAHa TecnaH reHeTFl'lCCI<aH CBH3b CYJIb

q,U).l,OB C rOpRbIMI1 nOpO).l,aMJ1, B03uRKmmm npII HnTeHCIIDHbIX MeTaMOP<PR

'1eClHIX II3MCIICIIlHIX ym,TpaocnOBRhIX u OCflOBHhIX nopOA. 

r ReTHqCCI(aH CDfI3b CYJIb<p.II).l,noro JlfeAIIO-lUmeJIeDOrO 0PYAeHeHHH C liIH

TPY3UfI III YJIhTpaOCnOBnbIX n OCHOBHhIX nopOA DhlpamaeTCH B CJICllyIOllJ;CM. 
Hm,cJI b nc npu Il U[MaJI yqacTHfI B pa HflHX npo).l,Y I{TaX I{pnCTaJIJI1I3aIJ;.Jm Man.lliI -

B nepUl1'IUblX CIIJIIII{aTHhlX MIIHCpaJIaX, a TaIUl{e ne KOI1Il;enTplIpOnaJICH B npo

AYl,Tax JlllI Ball,rm H ne DXOAlIJI B COCTaD PY).l,ROff (CYJIb<PHAHOU) MarMLI npH 

BbICO[WU TeMuepaType P;O naqaJIa Kp.IICTaJImI3aIJ;1I1I ClIJIImaTHoii: JI1arMhl, 

B03HHl<aIOUl, iJ: npn JIffI<UaIJ;IIII. BeCh RlmeJIh IWHn;CHTpRpOBaJICH D OCTaTOq

nhlX npOAYl(TaX l<prrCTaJIJIn3aIJ;nlI MarMliI - rIIAPOTCpMaJIbHbIX paCTBO

pa . 
C aTOH TO'IIUl 3peHIIH nOlUITHOH CTaHOBFITCH TecnaH rCHCTlIqCCI{aH CBH3b 

lI1emAY HpIilCTaJIJI1l3aIJ;lIeU ncpBR'IIIOff CYJIb<PFIAHOi'r BI{panJICHHOCTlI B yJIbTpa

ocnounhlX II ocnOBHblX nopO).l,ax U HpFICTaJIJIII3aIJ;IICii nOCTepFIopllIiIX MFIHe

paJIOD, D03nnKIDllX npn rFIAPOTCpMaJIbHOl\1 aBTOMCTaMOP<P1l3Me, 'ITO nOlJ;pOOHO 
onncaflO :3. H. EJInCeCBblM (1953a). Ona OO:'HCHfIeTCH npIIypoqCHHOCTbIO 

npOll,CCCOB 1 pUCTaJIJIU3all,UII nCprnI'lHblX CYJIb<PlllJ;OB l{ aaI,mO'lIlTCJIbHTillI 
:)TanaM OUOJIIOU;UU HnReJIOnOClIbIX lIJITPY3FIU. 

B rIIAPOTepMaJIbUhlX j{{e YCJIOBIIHX npOIICXOAIIT npOIJ;CCCbI IICpeOTJIOn<CHFIH 

CYJIb<PIIlJ;OB. . 
MeTaJIJIOrOIIUlI YJIbTpaOCHOBHblX II OCHOBHhlX UHTPY3IID: OOJIalJ;aeT CXOlJ;

nhlMU "lepTai'm C MeTaJIJIOrenIIeil rpannTOIIAUhlX IDITPY3Uii. B rpan1!lTOFIlJ;HhlX 

llIITpyaIIHx OOOCOOJIenIIC PYlJ;nhlX paCTBopOB npOnCXOlJ;FIT B 3aKJIroqIITeJIbHhle 

<lTanhl ::mOJIIOU;UU JIlarMaTUqCCIWrO npou;ecca. TaKil{e IIpOTeKaIOT npOU;eCChl 

o60raIIJ;Cnllf{ UlIl{eJIe 1 rlfAPOTCpMaJIbHhlX paCTBopOB B 1iIRTpy31!lHX yJIbTpa

ocnOBUblX H OCUODnh[X IIOPOA. Ho D npOTFIDOnOJIOrI{HOCTb rpamlTOlIlJ;ULIM HHTPY-

3IIHM rHAPOTepMaJIbHhle UIllWJleHOCHhlC paCTBophl He OOJIalJ;aIOT TaKOD: IIOA

BmKlIOCTbIO n cnOCOOHOCTbIO H i'mrpaIJ;1II1, l<aI<on OOJIalJ;aIOT I{OMnOnCHThl 

rrrAPOTepMaJIbnLIX paCTBopOB rpaHFITOHp,HhIX HRTpY3nii. BCJIClJ;CTBHe aToro 

CYJIh<PUAbI nllI{CJIH paCUpe).l,eJIHIOTCH DnyTPlI FIHTPY3Hn YJIbTpaOCnODnhlX H 

ocnOBUhlX nopop; B DUAe nCpBHqnoii CYJIb<PFIlJ;IIOM BHpanJICHHOCTH. B lJ;aJIb

nCllmCM CYJIb<pUAnaH BI{panJIeHHOCTb CJIymnT nCTO'ImUWJ\1 nepeOTJIOtl<CHHhlX 

)KUJIbHhIX U I'll 3lJ;OB bIX PYA pacnOJIaraIOllJ;I1XCH Tal,rHC BrryTpa FI3MCHCBRhlX 

YJIhTp-aOClIonnblx n OCHOBflhL,( nopop;. 

IIpou;eccbl nocJIelJ;YJollJ;ero nCpeOTJIOmenrrH CYJIb<PHlJ;OB TaKme npoTeRaloT 

D rFIlJ;pOTep~mJIbIJOU oOcTaHoDl<e. Kal< B aTOM JIerr,o ObIJIO yoelJ;HTb\:H D IIeqeHre, 

npou,CCCbJ nepeOTJIO)'l{ennH CYJIh<PrIP;OB COrrpODO){{lJ;aJIlICb HaJIOmenHhIM rHlJ;pO

'rep~IaJIbrrbIM MCTa~lOp<pH3MOM. IICqClIrCKllff pailOH CYJIh<PFIAIIhlX Me).l,HO-IDl

I{eJICUblX PYAonpOHBJICHuii xa paHTepII3YCTCH OOJIhIDll~m MaCIDTaoar,m upOIJ;ec

COB nepeOTJIOmOnl1lI CYJIh<pllnOB. 

B CBH3ll C 9TUM neOOXOAFIMO OTBeTUTb Ha Bonpoc, C qe~l CBH3aHbl OhlJIFI 

rHlJ;pOTCpMaJJbRblC paCTBophI naJIO}heHHOrO ~leTaI\IOp<pH3~la B opyp,eHeJIhlX 

TeI{TOmIQeCRllX 30nax? :3TOT Bonpoc nc HIIJIHCTCH HOBblM. B cnoe BpCMH lIa Hero 

nhlTaJIClI OTBeTUTh A. r. OCTaneHHo (19521' . ), HOTOphlii C'lIlTaJI, 'ITO rFIlJ;pO

TepMaJIbHble nUHCJICnOClIhle paCTDophl nocTynaJIH FI3 rJIYOll.lI, UpaqeM HCTO'lHFI-

22'" 
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KOM paCTBOpOB JIBJIJIJIHCb HaXOAJIIIl;HeCJI Ha rJIy6HHe H lIe 06Haa<aIOlIl;lIeCJI HIl 

lIOBepXHOCTH rpaHHTHhle HHTPYSHH. 

IIpHHHMaJI BO BHHMaHHe HaOJIIOAaeMYIO B IIe'leHre reOJIOrH'leCKYIO 06-

CTaHOBKY, HeT He06xoAHMOCTH IICKaTb HCTO'lHHK TelIJIa Ha rJIyoHHe B CBJISH 

C rpaHHTHIDm HHTPYSIIJIMH. Ter.mepaTypa lIpo~eCCOB rMpOTepMaJIbHOro

MeTaMoPcpHsMa lIpH lIepeOTJIOrKeHHH CYJIbCPHAOB B npeAeJIaX opyp,eHeJIhlX 

TeRTOHH'leCI<IIX SOH 6hlJIa HlIme TeMDepaTyphl rlIAPOTepMaJIbnOn CTap,HH 

aBTOMeTaMOPcpHSMa; naJIOn<eHHbIiI: MeTar.fOPcpIISM, B 'laCTIIOCTH, COlIPOBO>I<AaJICJI 

CTeaTIITlIsa~lIeR - saMelIl;OHHeM cepneHTHHa HHSIWTOMlIepaTypHhlM TaJIbKOM 

H RapOOHaTar.m Ha y~IaCTl,e RaYJIa H TaJIbIWM, TpeMOJIHTOM H I<apoo

HaTar.m Ha YlJaCTI,e I1mrbrYHpBH. ECJIH P,OlIYCTJ1Tb, 'ITO CPOPMBPO

BaHHe TeRTOHH'leCRIIX SOH lIPOHCXOAHJIO BCJIeA sa cpopr.mpoBamxeM AlIcpcpe

pO~HpOBaHHhlX HHTPYSHBHhlX TeJI, TO HCTO'lHHJWM, OT ROToporo He Tpe60-

BaJIOCb 60JIbmoro lIOAHJITHJI Ter.mepaTyphl, JIBJIJIJIHCb caMH AHcpcpepe~H
pOBaHHhle HHTPYSIIH. 

II pHMephl nepeOTJIO>I<eHHJI CYJIbCPHAOB lIpH lIOCTPYAHhlX TOJ{TOHB"tJeCIUIX 

HapymeHHJIX, 0 JWTOphlX rOBOpHJIOCb BbIIIle, YI{aSblBaIOT Ha TO, 'ITO lIepeOT

JIOrKeHUe CYJIbCPHAOB COBepmaeTCJI JIerlW, MomeT lIPOHCXOp,HTh Ha O'IeHb 

HeOOJIbmHX rJIy6HHax H He Tpe6yeT I{aHHX-TO OCOOhlX HCTO'lHUKOB TelIJIa. 
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XapaKTepHOH oc06eHHOCTbIO CYJIbcpUllHhIX MeAHO-nHKeJIeBhlX MeCTopomAe

HHR JIBJIJIeTCJI SHa'lHTeJIbnaJI POJIb rHAPOTepMaJIbHbIX paCTBOpOB B HX cpOPbm

pOBanHU. 

IIPH OlIHcaHHH PY)]' paSJIH'lIII1TX YJIhTpaOCHoBllblX II OCHOBHbIX IIHTPY

SRM RaYJIa, RaMMlrnlIBH, IhfJIhrYJIpBR U APyrHx 60JIee MeJIRHX llllTPYSHH 

IIe'leHrJil nOA"tJepRHBal1.acb pacllpocTpaHeHHocTb B Pyp,ax XJIOPHTOB, 

TaJIbKa, cepneHTIma, Kap60HaToB H APyrIIx rHAPOTepMaJIbHhIX MHHepa

JIOB . 

MCCJIeAOBaHBJIMH lIOPOA I1e'leHrJil (H. EJIBCeeB, 1952a; H. EJIHCeeB n 

IIalIymJilC, 1952) YCTaHOBJIeHO, 'ITO B TeCHOH CBlISH C lIpo.a.eccaMn PY)],OOTJIO

>I<eHHlI HaXOAlITClI MOIIl;Hhle MeTaMOPcpH'leCJ{Jile JilSMOHeHHlI HaAPYAHOH TOJIIIl;H 

BMelIl;aJOIIl;HX ropHhlX lIOPOA, CJIaraT0lll.HX BUClI'lJIii 601, PYAHOii: SOHhl. MOlll.HOCTb 

HSMeHeHHhIX lIOpO)], Ha RaYJIe O'leHb BeJIHJ{a H )],oCTHraeT HeCJ{OJIbJ{IIX COTen 

MeTpoB . 30na HSMenenHJI BMelIl;aIOIIl;HX lIOpO)], OT'Ie"tJaeTCJI H Ha APyrHx IIe

'IeHrCT\HX PYAOlIpOJIBJIeHHlIx. ,I(JIfi 8THX cJlY'Iaen O'ieDb xapaKTepHa lIpfiMas 

CBlISb MOTI(HOCTH USMeneHHhlX lIOPOA C MOlll.HOCTbJO 0pYAOHOJIhIX SOH. PYP,OOTJIO

rHeHue COlIpOBo}I<AaJIOCb rJilAPOTOpMaJIbHhIM USMeHeH1IeM BMelll.aJOIIl;HX nopoA 

H 06JIOMROB lIOPOA cpeAH CYJIbCPHp,OB B 0PYAeHeJIOH TeltTOHIf'leCIWU 6peI{'lITII. 

8nI acco~lIa~IIH CYJIbCPIIp,OB C rIIAPOTepMal1bHhIMII MHIIepaJIaMH npnBeJIII 

H. A. EJIHCeeBa I{ BhIBOAY, 'ITO PYAHhIH paCTBOp 6hlJI O'leHb 60raT BOAOH 

H lIO CBOHM CBOHCTBaM, nO-BIIJlHMOMY, lIpep,CTaBJIflJI rlIp,pOTepMaJIbHhIH. 

cpaBHIITel1bHO HIISTWTeMlIepaTYPHbtU paCTBOp. 

MHTeHCIIBHoe paSBIITHO lIOCTepHopHbIX rUAP0I<CHJICOAepn,aIIl;HX MHHepaJIOB 

H I{ap60HaTOB B CBJISH C opYAeHeHHeM HMeeT MeCTO H B p,pyrHx HHI<eJIeHOCHhIX 

HHTPYSIiJIX. 

TeCHalI l10I<aJIbHaJI H rOHeTH'leCHalI CBJISb CYl1bcplI)],lloro opYJleHeHfIlI Ii rIIAPO

TepMaJIbHhIX HSMOHeHIIH lIepBH'lHhIX CHJIHltaTOB HMeeTCJI B BKvanJIeHHhIX 
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PYAax, rHeSAOBbIX PYAax H CnJIOIDllblX CYJIbqlHAHhlX rl<HJIaX MOn'le-TynAPbl 
(8. EJllICeeB 1953a, 1956; MaCJIenHl<OB, 1956). 

IIocTolIHnnm napareneSHC CYJIb<PI1AOB C 6HOTHTOM cpe}J,H BI<panJIennhlX 
CYJIb<PHAHblX MeAnO-HHReJIeBbIX PYA HOpHJIbCRa OTMe'laeTClI M . H. rOAJIeB
CI<HM (1950 r.). 0pYAeHeHHe B HOPHJIbCI<HX nopOAax conpOBon<AaeTClI XJIO
PllTOll1, HMlffirCHTOM (ROPOBlII{OB, 19486) . 

Ha6JIlOAemm B IIe'lenre, MOHlle-TynApe H HOPHJIbcI<e nORaSbIBaIOT, 'ITO 
TaM, rAe Ha1160JIee nHTenCHBno npOHBJIlIIOTClI rHAPOTepMaJIbnhle HSMenenHlI 
nepB1!l1lllhlX CHJIHl(aTOB, npoHcxoAHT HnTenCHBHoe pasBHTHe CYJIb<PHAOB, H, 
nao6opoT, B MecTax, rAe paSBHTHlI nocTepHopnhlx MHnepaJIOB He npOHCXO,IIHT, 
CYJIb<PHAhl He nOHBJIlIWTClI . 

Ha1!l6oJIee mITeHCHBHO rHAPOTepMaJIl>nhle 113MeHeHHH ropHhlX nopOA Jil 
MmIepaJIOB npOHBJIHIOTCH B IIe'lenre (H. EJIHCeeB H IIanyml1c, 1952) . 

Ha CBH31> CYJII><PHAOB C nocTepHopnbIMH MJllIepaJIall1II YI<a3blBaJIH nel<O
Tophle I1CCJIOAOBaTeJIH II palIee (CB1I3b CYJIb<PHAOB C XJIOpHTaMlI nO}J,1leplHlBaJIR 
JIa<pJIl1ll II Beep, 1937). <DorT (V ogt, 1893) Tal{>I<e OTMe'laJI npRCYTCTBRe 
aRTmIOJII1TOaOH poroBoH 06ManI<H, 6ROTHTa B lliBeACI<HX H HOpBe)I<CI<RX 
HHI<eJIenOCnbIX HHTPY3RHX. 

Tal<, B ra66poBoM nOJIe I\JIe<pBH (lliBe~HH), no AanHbIM <DorTa, npH
CYTCTSYIOT ne TOJIbI<O l{pynno3epnHCThle 6esrHllepCTenOBbIe ra66po H nopexOA
RbJ e paSHOBIIAHOCTR lIIe}HAY ra66po H nopHTaAm, no H MeTaMOP<PR30BannbIe 
pa3nOBHAnOCTR <)TRX }I<e nopOA - ypaIDlTn3HpOBaHHhle ra66po R HOPRTbI, 
B I<OTOPbIX nHpOl<ceH nOJInOCTbIO saMem;en nOCTepHopHbIMR MmIepaJIaMH. 
<DorT B nOpBe}I{CI<llX Me}J,HO-Hm<eJIeBhlX MeCTopOmAenRlIX OTMeqaeT nOJIHOCTbIO 
HSMeHeHBble nopOAbI (ypaJIHTOBbIe HOPRTbI H ypaIDlToBhle ra66po paHOHa 
Benepn HAP,), A. r. BeTexTHll ony6JIHI<OaaJI PlIA pa60T (1949a, 19496, 19506, 
1951, 1953), I{aCaIOm;HXCH CYJIb<PHAHbIX MeCTOpOn{AenHi, B I{OTOPbIX pa36H
paIOTClI BonpOCbI XHlI1H3Ma PYAOHOCHbIX paCTBopOB. B 'IaCTHOCTR, A. r . Be
TeXTmI npnmeJI I{ B:bIDOAY, 'ITO KpIICTaJIJIH3a~IIlI CYJIb<PHAOB npOHCXO}J,HT 
npH nl1lSI<Oll TeJlmepaType, npH rIIAPOTepMaJIbnbIX YCJIOBHlIX. 

A. r. BeTexTHll (1953) nOAPo6HO pa36HpaeT paSJIH'lHbIe rHllOTe3bI 0 nepenoce 
Bem;eCTBa B rnAPOTOpMaJIbnbIX paCTBopax. On nO}J,1lepI{HBaeT, 'ITO Bce DhlCI<a3bI
BaBnrneCH B JIIlTepaType npeACTaBJIenHlI no aTOMY nOBOAY CBOAlITClI I{ ABYM 
OCHOBHblM rHnOTe3aM: 1) nepenocy PYAoo6pa3YIOm;RX Be~eCTB B HCTHHBbIX 
(HoHnO-AJiCnepcnbIx) paCTBopax H 2) nepeHOCY HX B I<OJIJIOHAnOM COCTOHHHH, 
T. e. B BHAe 30JIeH C nOCJIeAYIOm;HM BhlAeJIenl1eM B BHAe reJIeH. 

B BOAe H B pacTBopax npR ne60JIbmoi HX KHCJIOTHOCTH OTMeqaeTCH HR'I
TO}I{HO MaJIalI pacTBopHMOCTb CYJIb<PHAOB. ,I1;JIlI m;eJI01lHbIX paCTBOpOB XapaI<TepIIa 
neCROJIbRO 60JIbmalI pacTBopHlIlOCTb CYJIb<PHAOB. HO B npHpoAe MaJIO BepOlITnO 
cym;ecTBoBaHHe m;eJIOWbIX rHAPOTepll1aJII>HbIX pacTBopoB . 

MaJIalI pacTBopHMOCTb CYJIb<PHAOB H OTCYTcTBRe CJIeAOB rrpoxO>"AeHHH 
'Iepe3 ropnbIe nopoAbI 60JIbmIIX Macc pacTBopoB, no JlmenHIO M. H. rOAJIeB
CKoro (1950 r .), npRBeJIH H RPH3HCY rHAPOTepMaJIbnOH TeopRH. 

OAHH HCCJIOAOBaTeJIH BRAlIT BblXOA RS aToro l<pR3Hca B npH3naHHR pomI 
paCnJIaBa B nepenoce PYAnoro Bem;eCTBa, APyrHe - B ROJIJIOHAnOM COCTOlInHlI 
PYAoo6 pa3ylOm;HX paCTBopon. 

B OTnomenl1H n PHJIOrI<RlI10CTH paCnJIaBa K o6'blICneHHIO rene3Hca cy JIb<PHAHbIX 
MeAHO-IUmeJIeBbIX PYAonpOHDJIeHJilD: rOBOpIlJIOCb BDImO. rIlnoTeaa KOJIJIOHAHOro 
rrepeHoca Bem;eCTBa B rHp,pOTepllJaJIbHbIX paCTBopax TaK}I<e BbIShIDaeT plI).( 
Bospa»<eHIlii:. A. r. BeTexTlffi np~IBOAIlT CJIeAYIOm;HO BOSpa}I<eHHH npOTHB 
:3TOH rHnOTeSbI. ROJIJIOHAbI AOJI}I{HbI 6hlJIH cym;ecTBOBaTb C caMoro naqaJIa 
OTp,eJIeBHH paCTBopa, 'ITo61>I MO>J{HO 6bIJIO 06'bllCHHTb 60JIbmyro pacTBopH
MOCTb l\1eTaJIJIOB B ROJIJIOHp,nOM pacTBope . OT)l;eJIOnHe IWJIJIOH}J,HbIX pacTBopoB 
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OT CHJl1l1<a TROrO paCllJIaDa ReDepORTRO . KpOMe TOro, 60JIbIDlJe TPYAIIOCTU 
D03RHI{aml B COXpaReRHH I{OJIJIOIlAUbIX paCTBOpOB npu nepe~(ern;OmUIX 1IX ua 
3Ra1JlITeJIblThle paCCTORRHR . 11 caJlwe rJIaBllOe I{OJIJIOIIAbI lIe cnOC06I1bI IIpeOAO

JIeBaTb nOJIynpOHHJJ;aeMhle nperpaAhl 11 c03AaBaTb JlIeTaCO~IaTIrlICCRHO 06pa30-

naHlUI, AOBOJIbHO 'IaCTO BCTpe'IalOlIl:aeClI D CYJIb<P1IAllbIX MOAnO-IlIIT{(lJIeBIlIX 
PYAonpoffAneIIHlIX. 

A. r . BeTe~TRH npeAJIaraeT CJIeAYlom:ylO rlllJOTe3Y IlepOHoca nem;eCTBa 
B rHAPOTepMalIbUblX paCTBopax. OCIIOBIIbIe nOJIOIlWUIlR 9TOll n1ll0T03l>I 3almro
'IaIOTCR B CJIeAYlOm;eM: 1) rnAPOTOpMaJIT,UllIe paCTBopbl nMOJIH IlOIlIlbIll xa
paI{Tep (ffCTIITIIIbIe, T. e. HOHHO- u J1fOJIOI{YJHlPllO-AucnOpCUbIe pacTBophl); 

2) B paCTBopax nepeIlOCHJIHCb ne Fe lU , CuFe 2' (Fo, i)9 all F030 4 (HB
JIHIOm;l1eCfI TpYAno paCTBOpHUblJlIH MTfiIepaJIaJl:IJI), a 110HhI Fe", Fo"', i" , 
S-2, 0 - 2 I-I T. A. Cal\IO 06pa30BaHHe Fe , Fe 2 H APyrIlx lI1TfiIopaJIon npUDOA1I1I0 
I{ DblnaAentuo lIX 1'13 paCTnopa, 'ITO COnpOBO}RAaJIOCf> OAlIOBPOMCHllhlM Jl3 16-

HeIIl'le~:{ COCTana OCTaTO'IHoro paCTBopa, 3) paCTBopbI mfOnll DhlCOltyIO KOH
n;eHTpan;mo 3a CqeT JIerl{O paCTBOpl1MblX COOAIIHOHJll[ JlIaTaJIJIOD C XJIOPOM, 

<pTOPOM H 60pO~L Bnomrc BepORTeH nepeHOC BelIl;eCTBa D BIlAO CJIOlInIl>IX IWJlm
JIeI{CHhIX coe~vmeHHll . B nOJIb3Y DhlCOIWll Iwnn;enTpan;UJI PYAHblX paCTDopon 
rOBopHT TO, 'ITO COCTan ra30BO-tlOIW{HX BKJIIO'IenrlH 60JIOO IWIII~orrTpupOBaRHhlii, 
'IeM B03MO}l{HO nOJIYl.JlIT:h npH 9KcrrepHMeUTaJIbHhIX YCJIOBlHIX D pacTBopax . 

A. r. BCToxT{m nOA'lepI{llBaeT, 'ITO nMeeTCH ABa cnoc06a n bIAeJICUIIfI MII
HepaJIOB 113 rllAPOTOpMaJIbRhlX paCTBopOD: BbIAeJIeJllle H3 paCTBopa rr l{pIICTaJIJII<r

aan;rfH D P03YJIbTaTe XHJlm'IOClWrO ll03Aeil:cTBIDI. IIpn aTOM IlOA"IeprmBaeTCJI, 
'ITO C 06pa30BanHeM TpYARO paCTBOpHMbIX l\mnepaJIOB orpo~myIO pOJIb na
'IHBaIOT ffrpaTh peamJ;HR 06l\10UHOrO pa3JIOmeIDIlI, rHApOJIU3 H, 'ITO oc06euno 

naiT no, OIU:{CJIHTeJIhHO-BOCCTaHOBDTOnbHbIe peaKn;UII, ~Ayru;ne C J13MOnennOM 
naJTeIlTHOCTII nonOB . 

O«llCJIlI,TeJIbHO-BOccTaROnIITOlIbJIbTO poaKn;IIII, mrenmne MOCTO B PYAax 
B nOCJIeARHe CTaAllH HX o6pa30nanIIl'I, npnBOARJI:tI I{ CMeTIe JIaparenOTlllfeClmx 

acCOn;Han;HH nOpBlI'llIhlX CYJIb<PHAHl>IX lIIfrnOpaJIOD 6oJIoe nIl3IWTeMlIepaTYP
HhIMH acCOn;naU;HH m, lIal{Jlal~b.ma)oru;lnIffCH TIa 60JIee paIlllue 06pa30BanIIlI. 

rJIaBHOil II Pff'IHHOii CJlWHbI 3THX accon;uan;:rrii (cMOnl>I cYJlb<prrAHblX lIumepaJIOB 
C pa3JIHQTIblJl1 COOTTIOmeHIIeAI ]l[eTaJ[JIa), Kalt nOI{a3aHO A. r. BeTeXTlIIlUM n 

A . ,[(. remnmblM (1951), HllIIJIOCb Jl3MOnOnIIO Houu;onTpau;nII COpht B paCTDope . 
3na'IHTeJIbffYlo pOJIb B XIHllfQeCT nx peaI{n;IlfIX n paCTllopax nrpaJIlI H 20, 

CO 2 , BepOJITHO, CI, B03, a na n03)J,IIIIX cTaAulIx pasllrrTJ[JI HCO s, 0 4 II AP . 

B XHM1J1IeCI{HX peaI<n;HHX 3na'lUTeJIbffYIO pOJlb UrpaJIH ImCJIOTnOCTb paCTBopa, 
pH, perHHM yrJIOI{HCJIOTbI, pemIIll! l<HCJIOpOAa 11 OTlI1e'IeIIIIhlii BhImo pellmlll 
CephI. 3Ha'IeHHe 9TffX <PD3H1{Q-xIDIU'IeCJ<HX YCJIOBD.u 06CTOHTeJIhDO pU36n

paeTCfI n pa60Tax A. r. BOToxTIma, n09TOMY OCTanOBHlIlCH JIffIlIb na HOBl>IX 
)J,annhlX, 1{OTOphle n03BOJIHIOT YTO'IHnTb <pII3HI<O-xnr.m'IOCI{YIO o6cTanOBIty, 

npH nOTOpOD: conepmaJIlICb npon;OCCU 0pYAeneHUlI. 

Rorm.eBTpa~Hn cepl>( B pacTBope 

A. r. BeTOXTJ:IR nOA'IeprUmaeT, 'ITO U311leneRHO IWIfn;eUTpan;nII cephl 
D paCTBope Ol{a3hIDaJIO Sna'IffTeJIbHO 60JIeo cyrn;eCTBenBOe BJlUlInne na npou;eccbI 

OTJIO)f{eHHH MllROpaJIOB, 'leM Aall{e TeMnepaTypa paCTBopa. flClIblM CDUACTeJIb
CTBOM H3MenOnUJI Iwnn;effTpan;IIII cephl n paCTBOpo, no ero l\mOlIlHO, JIBJIl'IeTClI 
pe3KaR C~fCHa naparene3HCOB, IWTopan conpOBO)J{AaeTCl'I 3Ha'llITOJIhHblM 

H3MenOHHeM COCTaBa TBepAhlX <pa3. O)J.nHM H3 nOl{a3aTeJIOII lI10IflII0ru;ei1clI 
IwnqenTpan;HH cepLI n paCTBope CJIynmT CMcna DnppOTHnu m[prrro~I. 
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KaI{ nJ,mCIIUJIOCb B I10CJIeJJ,IIee Bpe~UI (8. EJIl>1CeCB, 1958a), Il3MOHOHIIe 

ROIUJ;eHTpaIl,I1Il COphI B paCTBope no Bpe~UI XpUCTaJIJIH3arvUI CYJLb<PIIJJ,OB O'leHb 
CIIJIbHO C){a3bIBaCTCfI ua COCTaBe nnppOTfrna (mlRepaJIa C I1CpCMennblM: COOTHO
meIlllOM meJIe3a 11 COPT>I). fIUppOTllH <IYTI 0 pearnpYCT Ha H3MeHCIH1fl B COCTane 
PYJJ,Horo paCTBopa. BblUle OTMe'laJIOCb, 'ITO 60Jlee panHlUf no Bpei\1eHU nhlAe

JIennfl I1uppOTrUI U3 CYJIT)<pll~~nhlX lI1eJJ,Ho-nIIl{eJIenbIX PYA cOJ],epml1f nOBbrmeH

I10e I<OJII1'IeCTBO cepbl. B nuppoHrne nepBJPIROn I<pIiICTaJIJ!n<laIl,HII 60JIee n03A
nero DhtJJ,eJIenHfl cOJJ,ep}HIlTCfI 3aMeTHO IelIbme cephl. B TO 'He Dpe~Ui B nlilppo
Tune, B03nlil){alOn~eM np.u nepeHpHCTaJIJIn3an;Yll CYJIl,<pHAHhlX PYA C JlBnbIMH 
npn3nar<all111 nplJBnOCa cephl (C neOMIlRepaJlH3an;neii: I1HpUTa), OTMe'laeTCfI 

nOBbIIllennoe cOJJ,epmamm CCpbI. 

Koun;eU'rpal\DD ClI,n:epo<imJIbIlbiX 3J1eMeUTOB B PYAHblX pacTBopax 

3lIa'lllTeJIbIlbrll nnTepcc I1peACTaBJIfIIOT ,H{CnepnMelITaJIbHbIe AalIlILTe 0 cno
cOOnOCTII meJI03U II mIHCJIfI 06pa30nLlBaTb cooAIDIemul C cepoi. COrJIaCHO 

AalIlILI~l r. C. rplII\aOHl\O n ,n,pyrmx nccJIeAOnaTeJIei1, lI3 pacTBopa, n~e OT
HomOBlle Iwnu.ellTpaIl,IIii Fe: i = 1 : 1, !,pHCTaJIJIIiI3ye TCfl TBepJJ,aJl <pa3a 
C OTlIOmOmrell1 MeiHAY aTIiIMll )I{e aJIe-

MeHTa m, panllWl 1 : 4. 113 paCTBopa 
CO 3na'IllTeJIbIlbThI I130LITIWM }I{eJIe3a 

I10 OTIIOmCIIJUO 1\ COp;epi-HaIlIlIO ImI<eJIJl 
(Fe: i= 4: 1) I<pIICTaJIJIIl3yeTCJl TBep
Aafl <pa3a Bce if e C Il36bITIWi\1 nllHeJIJl 

(Fe: i=2 : 3). 8m na6JIIOACnlIJl ome 
pa3 nOHa31>malOT, 'ITO I1lII{ JIb 06JIa

p;aOT 3IIR'IUTeJIbnO OOJIbmIH! CPOACTDOM 
C cepoll, 'lOM IJ\CJI030 . . 

ECJIll no JJ,alllIhlll1 ::mcIIepmlenToB 

r. C. l"'pnIl,aemw II APynlx nOCTpOHTb 
AIIarpamlY COCTUBa pacTBopa U paBno
BeCUbIX eMY TBepAhIx <pa3 (pRC. 175), 
TO no aTOMY rp3<puRY neTpyp;no YCTa
nODUlb BepOHTIIOe COOTIIomenUe i : Fe 

pac TBopa , npn lWTOPO [ 1>1 on,eT I\PH- #;;1;-' --!"-:-:,--.'--:-,-:---,~,-,-_--::,.-I 
.................. _ ........ <')<:)0 Fe 

CTaJIJIU30UaTbCJJ neIITJIaHJJ,I1T. :";'i-; <-; "" ~~ '" "'""-
U3 p;I!arpaMMbI UUAllO (pRC. 175), HUe (j mOepiJou qJ03e 

'ITO TDepAafI <pa3a C COOTHomeHHeM 
Fe: i= 10: 11 (l{aK y neIITJIalI,nI1Ta) 

MOH~eT HpnCTaJIJI1l30BaTbCH JIJDTIb npn 
oOJIee DhlCOT\oM COAepiH.unlilI1 rumeJIH, 
t}eM D paCTuope c COOTIIom~nnpM 

Fe: i= 9': 1. l1nmflf CJIOnaMI1, co
rJIacn() ;mcnepUlIlenr3M C nRcYJIb<pU-

PIlC. 175. ,I:(l1arpaMMa COCTana pacTBopa 
11 paUEIOnOCllblx C J1[fM 'fBepAblx q,aa. 
COCTaBlJerlHan no AaflHhlM f. C. fpl!
I(aeUl<O, H. H. CJlYAClfOJ1 Jl H. H. Aii-

AllllbnJl, 1953. 

,n,allm BJ'IKOJIfI II meJI€'3a. Tuepp,aH q,a3a C COOTIIomeImelll HRIWJIb: meJIe30, 
Kal{ y UeHTJIaDJJ,I<lTa, ne MOl-HOT l\pIlCTaJIJIH30BaTbCH H3 pacTBopa, rAe l-HeJIe30 
npeDaJInpyeT IIap; Rl1HeJIeM 60JIce "'IeM B 10 pa3. 

ECJIU ii\e OOpaTf1TbCfI I{ upnpOAllbIJIf 06pa30BaIIRllM, TO OJ'o.meTCfI, 'ITO 

lIMeIIllO Tal{aJl HapTIIIIa RaomOJJ,aeTCfJ B CYJIb<PUJJ,lIbIX MeAHO-IJhl{eJIeBbIX PYAax. 
Do ,n,aIlIIhI r H. A. EJIHCeena, 8. H. EJIRCeeBa, E. K. K03JIoBa, II. B. JIfJJIHlIa. 

B. A. lacJIeumwBa (1956), B CYJIb<Pll,nlIhlX py,n3X MOn'Ie-TYHJJ,phl 
06bI'lnO OJJ,opil\aT JJ CliJIll!(aTbI R py,n,lIble Ml'mepaJIbI - cy JJb<pH~bI iii 

OImCJIW. 
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RaI~ BUARO, B mUJIbHhlX PYAaX MOH'le-TYHAPhl meJIeaO OOJIee 'leM B 10 pas 

upeBamapyeT Hall. HUKeJIeM. B UCXOAHOM paCTBope OTHomeHKe HHKeJIfI I~ il~e
JIesy OhIJIO, DO-BHAUMOMY, TaHoe HHaKoe, 'ITO HS CYJIb<pHAHOrO paCTBopa He 

oopaSOBhlBaJIUCb caMOCTOHTeJIbHhle BhlAeJIeHHfI neHTJIaHAHTa OOJIee paRHue, 
'leM nuppOTUH. 

!\oOu.eRTpau.uu JlUT0<pUJlbObIX 3J1eMeHTOB B PYAUblX paCTBopax 

RaI~ nOHaahlBaIOT OTHomeBHH MeiHAY PYAHhlMlI MJmepaJIaMU H nOCTepKOp

BhIMH rl'lAPOTepMaJIbBhlMH MHHepaJIaMH, I~pJ1CTaJIJIIlaaD;HH HX npOllCXOAl'IJIa 

8S eARRoro rHAPOlepMaJIbHOrO paCTBopa, HOTOphli HBJIHJICfI' nl'lTaIOm;eH 

cpeAOH AJIfI Bcex PYAHhlX MlmepaJIOB, a Talta<e H AJIH nOCTepHopHhlX CIlJI1u<aTOB 

II Kap6oHaTOB. 

B nepm>le CTa,lJ,HH <pOPMHPOBaBHH CYJIb<PHAIIhlX PYA oopasylOTcH 'laCThle 
It Bal'lOOJlee 'leTIW BhlpatI~eHHhle rpa<pH'lecrme cpacTaHIlfI CHJIIu<aTIIhlX ~mHe
paJIOB (aHTHHOJIHTOBOH poroBoH oOMaHKIi, XJIOpHTa) C CYJIb<pHAaMH. B oOJIee 

nosAuux CYJIb<Pl'IAHbIX <pOp~llIpOBaff1'lJIX cOAepmHTcfI aHa"qI'lTeJIbHO MeHbmeo 

HOJIl'I'leCl'BO nocTepHopHhlX MHUepaJIOB. OAualw Aa>I{e B callIhlX noaAuHx 

CYJIb<PHAHhlX oopaaoBaHHflx - B nHppOTlUIOBhlX npOmHJIHaX, pacCeHaJOID;HX 

XaJIbIWnHpHT np'HcYTCTBYIoT XJIOPHThl, 'ITO H13JIfleTCfI cBHAeTeJIbCTBoM Upl1cYT
CTBHfI H B OCTaTOtffihlX PYAIIbIX pacTBopax JIHT0<pHJIbHhlX aJIeMeHTOB. 

CYAfI no OOJIbmoMY KOJIH'leCTBY BPOCTKOB rHAPOTepMaJIbHbIX CIIJIKHaTHbIX 
MKHepaJIOB B oOJIee paHHHx CYJIb<PHAIIhlX oopaaOBaEIUHX MOl-I(EIO SaHJIIO'lRTb, 

'ITO Upll oO~Jee BhlCOIUlX Tet.mepaTypax B PYAHhlX pacTBopax cOAepiKaJIocb 

aUaQUTeJIbHO oo.rrbme JIHT0<pUJIl,UbIX :3JIeMenTOB, 'leM uprr UOHHmeHHhlX. 

J\.oHlleHTpaD;HH JIHTO<pBJIbHhlX :3JIeMeHTOB B PYAHOM pacTBope (MarHllfI, KaJIbD;IIH, 

}'pet.mHn, aJIIOMHlllHI H iHeJIesa) HBJIJIJIaCb npnqJiluou nOCTOJIUnOro uapare

lleaHca PYARhlX H uepYAHhlx (uocTepnopHblx) MllHCpaJIOB B CYJIb<PnAHbIX 

MeAuO-UllKeJIeBhlX PYAax. 
MeTacor.t8TU'leCKRe saMer:n;eHUJI 0AIIux PYADhlX MRRepaJIOB APYfUlIlll TaKme 

conpOBO>ltAaJIHCb BhlAeJIeHHeM fUAPoTepMaJIbHhlX mmepaJIOB, cOAepmam,Hx 
JIHTO<pRJlbHhle 3JIeMeHThl. Tal{, B D;eHTpaJIbIlhlX QaCTJIX ueUTJIaHAHTOBhlX 

npOilUIJllWB C rpeoen'laToir CTPYI~TypoiI pacuoJIaraJOTCJI aepna XJIOPUTa Ii 

HaJIbD;l'ITa. TaKllM oopaaoM, PYAHhle pacTBophl, CJIymuBmHe HCTO'iRllIWM 

lllmeJlJI npa HHI{eJlenOM MeTaCOMaToae Ul1ppOTl1HOnliIX PYA ('ITO npflBOAIIJlO 

R oopaaOnaHH.IO MeTaKpHCTaJIJIOB neHTJIaHAuTa), COAe pn~aJlu TaKil{e lI1arHHn, 

KpeMEIHH, I{aJIbO;I'IU, BO,rt;y, yr JIeI{flCJIOTY. 

COBMeCTHoe 06paaOBaHl!le PYAIIbIX H nOCTepHopnbIX r.mIIepaJIOB no Bcex 

THIIax PYA, oopaaOnaBmI!lXCH KaI{ uYTeM DbIUOJIUell1uJ. fpeW.I1I:IOl<, UOJlOcrel:l 

Tal{ H nYTeM MeTaCOMaTH'IeCKOrO ::saM"'tIl.6IlHH no POll., y6eAIITeJIbIIO rOBOpl1T 
o cyw.eCTDel:Iuoll r.mrpaO;I-m JIllT0<pHJIbHbIX 3JIeMeHTOB npH o6paaonanHR CYJIb

<PlIAHbIX Me).I.I:IO-nIIlWJl eBbIX PYA. 
I1HTepecno onleTHTb, 'ITO B l1e'leHre np» HUTeHCHDHO r rHAPoTepMaJIbHOM 

MeTaMoP<PHaMe YJlbTpaOCHoBHhlX UOPOA, conponO)l~AalO[O;CMCJI, I{al{ UpaBHJIO, 

ooorar:n;ctll1eM CYJ1l)<P1'lAHOH BHpaUJlennOCTbIO, l-KeJIeaO HBJIHeTCJI l1HepTHhIM 

I<or.moHeBToM, B TO BpeMfI Hal{ MarHHn 6hlJI nOAB1'lJ-l{uhIM I{OMUOHeIlTOM 

(H . EmICeeB H l1auymHc, 1952). B nOJIHOM COOTlleTCTBHIf C aTllt.[ aal{JlIO'leHneM 

naXOAHTCH COCTaB CHJIHI{aTHhlX MKHepaJIOB lla ne'leHrCRllX PYA. TaH, n oea

PYAHhlX 06paaOBaHHJIX XJIOPHTIiI cOAepmaT rJIaDIlbIM oopaaOM meJIeao II neOOJIb

myIO upHMecb MarHllfl (no 1\ 0 pmaJIO By , 1958 r.) Si0 2= 23.47-28%, 

FeO + FezOa= 23.79-37.95%, MgO = 7.5-16.37%, ALl.Os= 18.04-20.82% . 

B TO me npeMH D XJlOpaTe, 06paaYIOm,eM COBMeCTflO C CYJIb<pHAar.r.a, Maruaii 
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npeBaJlJipyeT naA JI{eJIeaOM. ITo namUM AaIIRLIM, B TaKOM XJIOplITe Si0 2 = 
= 35.6%, AJ zO a= 5.70%; cyMMa OIOACJIOB )l{eJIeaa - 17.3%, MgO=28.1 %. 

3na'lUTeJIbnafl paCTBopIlMOCTb MarmUI B PYAHbIX paCTBopax npHBOAHT 
13 nepBhle 1I10MCnThl KpBCTaJIJIIlaan;BH PYAHblX lIumepaJIOB K 06paaoBaHHlo 
lI:rarHeTUTOB C BhlCOKI1M cOAepmamreM MarHHfl. CYAfl no pa3MepaM aJIeMeH
TapnoR JI'lellKH H MHI<pOTSepAocTH cpe)l.Ji BI<panJIeHnLIX PYA (Ram1HI<HBH, 
PY)l.HIun nJIaCT ContJu) , RMerOT MeCTO MarHeTHTLI, y I{OTOPhlX )l.ByxaaJIeHTElOe 
}l{eJI 30 nOQTH nanOJIomm:y 3a fCID;eHO ManHl.eM. B TO me BpeMfl 13 MarHeTHTax 
H3 60JIee n03)l.HRX 06pa30BanufI: - U3 CYJIb<PHAHbIX }l{HJI nO'lTH ne conepmHTcfl 
MarnDfl. OTcIOAa CJIe)l.yeT, 'ITO paCTBOpHMOCTb, a BMeCTe C aTl1M I<Oan;.eFlTpan;UJI 
MarHUJI 13 PY)l.llhlX paCTBopax C nOHIDI<eHl1eM Tet.mepaTYPbI naAaeT. 

TelUnepaTypa I<pnCT8J1J1U3an.UJI PYA U3 PYABbIX pacTBopoB, 
UCnOJlb30naUue DuppoTuna B I~at}eCTne reOJlOfutJeCf(Oro TepLUOLUeTpa 

o TeMnepaType I~pHCTaJIJIH3an;HH CYJIb<PlIlJ;HLIX 1I1eAHO-HlIReJIeBbIX PYA, 
J{aI< 61,lJIO YiI<e nOKaaano, cBuAeTeJIbCTByeT napareHe31Ic PYAHhlX MIlHepaJIOB 
C rIllJ;pOTepMaJIbDhlltm nocTepBopnLIlIIH MHHepaJIallIH. H. A. EJIIICeeB (19526) 
CJIeAYIO~DM 06pa30M OIDICbIBaeT reOJIorn qeCI<YIO 06cTauoBKY, IWTOpaJI xa
paI~Tepna AJIJI ne'<feurCInlX CYJIb<PHAuhlX MeAUO-UlII{eJIeBbIX PY )),on~OHBJleHHll: 
«B Tecuoii reOJIOrlltJeclwii CIHl3R C npOn;eCCaMII PYAOOTJIO>HeFHJ.fl naXOAHTCJI 
?WID;Uble lI'leTaMop<pl1'IeCKIIe B3MenenHfl uanpYAuoll TOJIID;lI BMeID;aroID;Bx nopoA, 
CJIaraIOID;nx BDCflqnii 601{ PYAuOU 30UbI. MO~HOCTb 30HLI 1I3MeHenIlhlX DOPOA 
O'<fenb BeJIllI{a na I"taYJIe II II3J1[epfleTCll COTUflMH MeTpOB; 3Ha'lIITeJIbUO MeHbme 
oua na APymx lIIeCTOpO;l{p;enIIllx. MO~llOCTb 30HbI H3MeHeHHhlX DOPOA na
XO/l:llTCll B npRt.fOU saBllCIlMOCTIi OT lIIOIII.UOCTlI PY):(HOll SOHhl H MOIII.HOCTII 
Pyp,HbIX TOJI. ITpoD;eccbI Pyp,oOTJIO(1{enlIa conpOBO}l<AaJIRCb rHp,pOTepMaJIhnLIM 
lIaMenenrleM 06JIO mOB Pyp,noH 6peI,qnH n BMeID;aIOID;lIX nopoA BIIcatJero 
601{a. TaJ{afl accoWlan;Ha ~IHnepaJIOB, I{al{ TaJIh!{, XJIOPHT, cepIInHT, KaJIbn;IIT 
BHYTpn 06JIOMIWB H KBapn;, J<aJIbD;HT Ii XJIOPRT C PYAUbIMlI CYJIb<pKAaMlI CJIy
mnT l(aSaHneM na Ul1aHYlo TehInepaTYPY I{pnCTaJIJIHSan;HR CYJIh<PHAublX 
PYA. Pyp,HblU pacTBop 6blJI o~eUb 60raT BOp,Oll II no CBORM CBollcTsaM, no
BHAmfO~IY, npep;CTaBJIIIJI rHp,pOTep1l1aJIbHbTU cpaBUIITeJIbHO HH3IwTeMnepaTYP
HLIU paCTBOp» (CTp. 110-117). 

)l Pyrou TeltmepaTYPHblii I<pHTeplIll OTMe'ICH AJIa ;I{lIJIhnLIX PYA MOHtJe
TYHP,Pl>I B. A. MaCJIenlIKODbIM (1956). B. A. MaCJIeUHHOB nOp,MeTHJI, '<fTO 
13 CYJIb<PIIABhlX }RllJIaX pacnpOCTpaneH TOJIbI<O pOM6II~eCJ{Hii aHTo<pHJIJIHT, 
Torp;a Hal{ D HS1l1eHennl>IX 60I{OBbIX nopOAax tJaCTb aUTo<pI1JIJIHTa HBJIfleTCfl 
I{JIIIHOPOM6ll'lCcIUn.m. B TO rHe BpeMl1 R3BeCTHO, qTO pOM6IneCI{HPi aUTo<pHJIJIlIT 
YCToiiqUD JIRIDb npH cpanrnlTCJIbUO uR3KlIX TeMnepaTypax - H1UHe 400

0 
C. 

oJ{CnepUMeHTaJIbnO (Boyan If TaTTJI, 1950) IIop,TBepmp,eua HeycTOnqlI
BOCTb UH:rOQJHJIJIHT3 npH DblCOltlIX TeMIIepaTypax. OAuaRo aaB60JIee Ba}HnblM 
TeMnepaTypHIDI J<pBTepl1CJII, IIO-IHIP;RMOMY, flBJIR.eTCH aaCblID;enHe cepoR 
nnppOTllna. O. H. EmlceeBblM (1958a) ua ocnOBaHHB conOCTaBJIeIDlfl al{CnepH

'MeHTaJIbnbIX p,aunblX YCTaDOBJICHO, ~TO IIpe)l.eJIbHOe uaCblID;eBBe nKpponma 
cepoll npn ero KpnCTaJIJIllSan;HIl H3 paCTBopa HaxoAHTca B IIpflMOR saBIICllMOCTlI 
OT rer.meparYPbI Pyp;noro pacTBopa. 

ECRU P;OnycTllTb, 'ITO aTt{ lmcnepRMeUTaJIbUble AauubTe MorYT CJIyanfTb 
RpUTepHeJII Te~rnepaTYPbl 06pa30BanUll cYJIb<pI!lP;HLIX PYA, TO, OqeBr,yp;no, no 
cocTany llIIppOT[ma ueTpY)),JIO onpep,eJIflTb TeMnepaTypUhle YCJIOBI1R. KpRCTaJI
JlH3an;UR pa3JIH'IUbIX TIIDOB PYlJ;. 

CYP,H IIO cocTaay nl1ppOTJilHa, BJ{paIIJIeHBbJe pyp,bI aBJIllTOTCll na1I60JIee 
BhlCOIWTeMnepaTypnblMH 06pa30BaIIliUIMH CYJIb<pIIp,nbIX MeAHo-BHKeneBhlx PYA 
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(OROJIO 500 0 C). lI\HJIbHhle PYP;bI oopaaOBblBaJIHCb npII HanOOJIee nuaRofr 

TeMnepaType (OROJIO 300 0 C). HaJIH'IHe JII:lTyqnX no~mOHeHTOB B PYP;HblX 

paCTBopax, nepOHTHO, HeCROJIbIW nOBblmaeT npep;eJIbnOe naCbIII.\eRue cepoil 

nHppOTHna. OTcIOp;a naqaJIO I<pHCTaJIJIHaa~1il1I CYJJbcPHP;OB BO Bl<panJIeRHhlX 

pyp;ax OblJIO He npII 500, a npH OI<OJIO 400 0 C. ECJIR no cocTany mippOTHHa 

TeMnepaTypa 05paaonaHHlI MOiReT OblTb onpe)WJIena n uaBeCTHOH CTeneHII 
npUOJIIIiReHHO, TO no {)THM p;aRRblM MOil<BO nOJIyqIITb Bap;eiRRble p;anHble 

00 HHTepnaJIe Te~mepaTYp, npH l<OTOPOM npoHCXOP;HJIO opyp;eBeIIHe. PaaBRn;a 

B TeMnepaTypax 00p8aonaBHlI CYJIbcPIIP;OB n Mep;HO-BHI{eJIeBblX pyp;onpOHBJI8-

BHRX COCTaBJIflJIa 200-250 0 C. 
TeMnepaTypbl oopaaoBaHHH paaJIHqHblX reBepaI(lIH IIHppoTHHa xopomo 

COrJJaCYlOTClI co CTPYRTYPBblMH BaaHl\WOTHOmeBHflMU (lTI'IX MOAHcPHRan;lIii. 

llHPPOTIIB nepBoH reBepaI\HH (a") oopaaOBblB8JICH npHomlaHTeJIbHO npn 500 0 C 
(TaOJI. 24), BTOpaJI reHepa~IlH DHppoTHHa (Y) BOaBHRaJIa IIplI 380-400 0 C; 
TpeTbJI HaBOOJIee pacnpOCTpaHeHUalI (e) B CYJIbcPlfP;HblX numax - IIplI 240-
270 0 C. llHPPOTHH, oopaaYIO~Hfr a<HJII<H cpep;1I XaJIbT<ODHpIlTa, l{pUCTaJIJIH

aOBaJJClI IIpIl~lepHO IIpH aTOM iRe HHTepnaJJe Te~mopaTYp - OI<OJJO 250 0 C. 
TaI<HM. o6paaoM, oOJIee paHHne no npeMeUH oopaaOBaHlI1I reHepawm. 

nHppOTHHa BOflHHKaJIH npH IIOBbIilleHHbIX TeMnepaTypax. 

BeCbllla nOaMOrKHO, 'ITO npHBep;eUHhle TellmepaTypHble nnTepBam>l Ha CalliOM 

p;eJJe HeCROJIbI<O aaBblmeUbl, HO TellmepaTypIIalI IIOCJIep;OBaTeJIbnOCTb pa3IlO

BH)J;IlOCTell: nHppOTHBa COxpaHHeTCH. 

Jtl3 nplIBep;eHHbIX BbIme p;aHHblX BH)J;HO, 'ITO TeMIIepaTypa II I<onn;enTpan;IUI 

PYP;HOrO paCTBOpa flBJIflJJHCb npH'IHHal\IH IlaMelJlIHnOCTn COCTana IIllppOTHHa -

MHHepaJIa C IIepeMeUllI.JM COOTHOmeHlIeM }HeJJe3a H CepbI. 

ECJIR yqeCTb, 'ITO C yneJIBqenneM p;ecPel(THOCTll I<pIICTaJJJIlIqOCI<Oll: pemeTJUl 

nnppOTllHa B neM B03paCTaeT cop;ep£l<aHileOEm:CHoro rI< JJe3a, TO COCTaB nllppo

THHa B ueROTopoii CTeoeBIl MomeT YRa3hlBaTb ITa ORHCJIHTeJJbIIO-BOCCTaHOBlf

TeJlbUble YCJIOBHR B PYP;ROM paCTBope. 
llOCJJep;OlHITeJJbBOCTb oopaaOBaBJ,UI py)J;BblX MIlHepaJJOB n CYJJbcPRP;UbIX 

Mep;HO-BlmeJIeBbIX pyp;ax ObIJJa CJJep;YIo~eH: 
1. MarBeTIIT pal:1lJ ll: reHepa~rn[. 
2. MilorocepHlicTwll nnppOTHH (B aCCOIQIa~1I1I C XJJOpUTOIII). 

3. MaJIOCepHT1cTbIU IIIIPpOTHIT (B acco~ua~ulI C JtaJIbn;IlToM). 

4. MaJIOCepBIH:TbIH UBPPOTHB (6ea nOCTepnopUblX l\Jl1BepaJJOB). 

5. llepel<pHCTaJIJIH3a~l!11I PYP; C BeollmnepaJlHaa~HeH DBpHTa: MHorocop

HblH mlpponm -r llUpHT. 

6. BTOPHqHhU1 MarneTliT, MeTaCOMaTlneCI<Hll: no llI'l.PpOTUUY. 
Tal{HM 06paaoM, BCJI e;x; aa nepnHQBblM MarHeTllTO~f H HOllocpep;CTBeHllO 

nepep; BblD;eJJeBHeM BTOpl'l"tlBOrO MarneTHTa Bblp;eJIJleTCH nllpPOTHU C nOBbIrnell

HhIM cop;ep;t;aHHeM TpeXnaJIeUTHOro iI(eJIeaa . 113MelIeHHe pemllMa cephl roJIO 

napaJJJleJIbHO C D3l11eBeHI1ell1 pelliHlI1a KIlC.l0pOAa. 06paaonaBlfe oOJlee cep

HHCToro llUppOTHBa 0P0I1CXOP;HJlO n 60JIee OJ<lIcmITeJIbHbIX YCJJOBnJlX, 'leM 

MaJIOCepHHCToro. llOoTOMY eCTeCToeBDO, 'ITO HMellilU C llnppOTUHOM. a ne 

C TPUIIJTHTOM oopaaYIOl'Cll rpacPll'leCI<ne CpOCTI<H 111 a rue'JIlTa , OIlHcanHbfe 

A. ,Ll.. feIlKllHhIM (1 950) . 
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