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YOAK. 550. 382.3:550.384

Pa6oTra nocpseHa M3y4eHWi0 MACHHTHBIX ¥ [a/leOMATHUTHBIX XapaK—
TEePHCTUK UHTpyaweibix nopof IOwuoro Ypana ¢ unenvio xoppensudu #
onpeneneHHa BpeMeHH oO6paaoBaHus W I'eHeaHca nopon.

[To naneoMarHuTHBIM OAHHBIM C TpUB/IeYeHHeM CBefaeHud O MArHUTHBIX
cBOfCcTBAX W NMOBedeHHA OCTATOYHON HAMAIHWYEHHOCTH NOpOA NMpH HATpe=
BAHUM W PE3MATHUYUBAHUK ﬁepemeunhm MArHUTHDIM TIOJIEM OTMETIUBO
BbIAE/IATCH WHTpPYSUBHbEIE OOpPA30BAHUA W3 PA3HBIX CTPYKTYPHBIX 30H M
KOMIJIEKCOB.

YcTaHoBNleHue NPHPOOEl eCTEeCTBEHHON OCTATOYHON HaMArHHYEHHOCTH,
aHaMa pPeayNLTATOR TEPMOPA3MATHUYUBAHWA ¥ PA3MATHWYMBAHWS NOPOR
nepeMeHHbIM ¥ NMOCTOSHHLIM MATHMTHBLIMHM NOMISMHM M CpPABHEHHE U3aMeHe—
HUF MHAYKTUBHO# ¥ OCTATOYHOR HAMAarHH4YeHHOcTe#l nmopoa Mo paapeay
NMO3BO/MW/IY PEWUThL HEeKOTOphie BONMPOCH TeHe3HCA WHTPY3WBHbBIX 06pa3o—
pauuft Oxuoro Ypana. Ta6n. 2. Puc, 34. Bu6n. 115 nase, Ilpun, 1.

OrpeTcTBeHHbI penakTop
[OKTOp QHAIUKO-MATEeMATHYECKHX HAYK
AH. XPAMOB
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055(02) 75 r. © WaparenscTeo “Hayxa”, 1875r.



OBO3HAYEHWA BEWYWH, NMPUHATHIX B PABOTE

In - ecTecTBeHHas OCTATOMHAS  HAMATHWYEHHOCTL IOpPHOH NOPOIL!
[i - uHAYKTHBHAS HAMAIHWYEHHOCTH

Ir - WCKycCTBeHHas HOpMANbHAS OCTATOMHAA HAMArHHYEHHOCTH

It - wckyccTBeHHas TepMOOCTATOYHAS HAMAMHWYEHHOCTH

Ifi - uckyccreennas wneallbHas HaMATHWHEHHOCTD

Irc - uckyccTeennas xwmudeckas HAMATHHYEHHOCTb
Ir'v — uckyccTeemHas Baskas HaMarHWHEHHOCTH

x* — MArHATHASA BOCNPHHMYMBOCTL TIODHOR Mopoasbl

6k - remmeparypa Touku Kiopu

H - HeanpsXeHHOCTb NOCTOSHHONO MATHUTHOT'O noONsd
~H = HaNpMKEHHOCTbL NMepeMEeHHOrO MACHWTHOIO nons

H. - paspywaomee nocTosHHOe MarHuTHOe mofe, CBOAMmee K HYIO
In o6pasua
Q 0 eas =
- KTOp TOpPHLI (o] ="TEy = e
ety PORUER, HOpA «kH [
In. - cpeamnee smawenwwe In nng rpymer ofpasuos

- To We, ANA Kk

D& - cxnoneume In B coBpemenmoff CHCTeMe KOOpAHHAT
Ic - To xe, naknonenwe In . "

D - cenouenue In B ppemmeit CHCTeMe KOOpIHHAT

I = 1o xe, naxnonemwe In

k=n—_—£- kywocTs (pasbpoc manpaenemuft In)
n—

R=y/x2,Y2, 72 Moayns BexTopa ~ peaynbTaHTta, rae
B Inx " In 0 Ing
X= 3 l—' Y= 3 --l; Z= —
o | 1=1 In f=1 In
(mm cyMMBI COOTBETCTBYIOMHEX xoctmycoa)

@gs — PAOMYC Kpyre nopepus g P --2"6 ,1-p =0,95,
roe P - BepoOSTHOCTL TOrO, WTO MCTHHHOE CpeflHee HaNpaB/leHHe JIEKHT
BHE Kpyra paguyca a, ONHCAHHOTO BOKpPYT incp, MOMY4eHHOr O

B namnom Hanammm rpeveckas Gykma kamma EmeeT Taxoe HAYepTAHHE,
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n—R =T
O peaynbTatam uamexemufi ags = 81 \/ —ﬁ_( 20 = 1)

®,A - xoopoumaTh naneoMarsTHOre nomoca (wwupora w nomrorta)
04 @i - momyocu oBaa MOrpeWHOCTH B ONPEAENEHHH MONQKEHH
naleoMarHUTHOrO Moioca NMpH YPOBHE BEpPOATHOCTH

sin ém a (8indm
"0 95, = — LR T |
d ' By =a cosl 1 2( cos| ) 2

8In, § x = MOrpelHOCTH ONpeAeNneHns cCpefHux sHadeHwd [n, «
ong rpymisl 06pasnoe

ain -/

.42
—1n)2,
n(n—l)z(lnl n)

_!ﬂi - enwHWYHOe 3nadenwe In,
In = cpepnee snauemme In,

n - ggcno sHagdewu# In,

r = KOSGYHIHEHT KOppe/smuu

n
z (Xi-—)T) (Y; -

f; : X; - X)%(y-7)2

i
Fae  X.,Y. - enmmwmmeie shavemms napamMeTpos,
X: YI = Cpellie 3HaYeHHs NApaMerpos



BBEJIEHNE

YcraHoBneHue BpeMeHH M I'eHe3uca MHTDPY3UR UMeeT BawHOe 3HAYeHWe
KaK Ond NO3HAHUA HCTOpWY GOPMHWPOBAHWSA OAHHOH T€ONOrHYecKOH NpOBHH=
uu¥, TAK W A/ pelleHUsd NPaKTUYeCKHWX 3anay Npu MOUCKe W paspefke
MECTOPOXAEHUH NONEe3HbIX MCKONaemblx (NiaTwHbl, HUKeNd, Xemesa, Xpo-
MUTOB, 30/10T4, Me¥ W T.O.), CBA3AHHBIX C 3TUMH WHTPYSHAMMU.

Ha IOxunom Ypane onpegeneHue BO3pacTa WHTPY3WBHBIX NOPOA 3aTpyl=
HEHO TeM, YTO 3TH o6pasoBaHWsd YacTO PA3BHUTHI CpPedH NOpOA, HE UMelo=
WHX HaoexHol cTpaTurpadwdeckoif npuBsasku., K Tomy e, nnoxag 06—
HEOKEHHOCTbL TEepPPUTOPHH HEe BCeraa Mnos3pojigeT NpPOoCleduTb B3auMHoe
pacrnonoXeHue WHTPY3WBHbIX M BMEIlaIWX MOpod ¥ XapaKTep WX KOHTaK=
ToB. Hepenko dopMupoBaHWe MHTPY3WBHLIX Tesl 6bII0 MHOroba3HbIM ¥ B
OHOM MACCHBE MOI'YT HAXOAMTLCH pasHble MO BO3pACTy nopoasl 6ea yeT=
KMX WHTPY3WBHBIX KOHTAKTOB Mexay cobo#f, He MeHbwe TpynHocTe#
BCTpeyaeTcd U NpY BbIABJIEHWH IeHeauca WHTpPY3UBHbIX ofpaloBaHu#t, Tak
KaK Nnopoabl OAWHAKOBOIO COCTaBa MOLYT HMEeTb DA3/UYHOE MPOHUCXOMX/1e=
uue (Hanmpumep, rpaHuThl). Bce 3ToO 3acraBnger Ans pelieHWd OAHHBIX
BONPOCOB, HApSAly C NPUMEHEHHeM CYWEeCTBYIOWHX (CTpyKTYypHO=reolo=
FUYeCKwil, MUHepallorvieckuit, neTpoxuMH4YecKui, nalleoHTOJNIOrHYeCKHi,
pPaQHOu30TONHbIR) , UCKATL HOBble MeTodbl. OOHHM U3 TaKHX MEeTOAOB
aB/igeTCH nalleOMarHUTHBLIH, KOTOpPLIH HA OCHOBAHWM M3Yy4YeHWs OCTaTOY—
HOJf HAMATUHWYeHHOCTH NMOpPOd B psde CllyuyaeB NO3BOJNAET OnpefeluTb
BpeMsd M YyC/IOBHS, BO3HUKHOBEHHS MAPHUTHBIX MWHepAal/loB, & 4Yeped HUX —
BO3pacT ¥ HeKOTOpble ocobeHHOCTH obpa3oBaHudg CaMux MOpPoA.

lNaneoMarHMTHeIf MeTO[ OnpefdeNleHMs BO3pacTa nopoa Gaawpyercs Ha
TOM, YTO MAarHUTHOe nojle 3emMild 38 BpeMdA ee Ieo/IOruYecKOfl MXU3HU
3aKOHOMEpHO H3MEHHANOCh, a Clefbl ero COXpPAHW/MCbL BO MHOMMX TOPHBIX
nopogax B BUAe eCTEeCTBEHHOH ocTaTouHolt Hamaruwdennoctu (In). Ocra=
TOYHaf HaMarHM4YeHHOCTbL NOpoA BO3HUKaeT mub6o B MomeHT ob6pasoBaHuf
B Nopogax MarHMTHLIX MUHepalZioB (eciv nocnegHue KpHCTa/UTH3YIOTCH
npu Temneparype Hke cBoux Toyek Kiopu), nubo npu oxnaxneHud no—
pon or Temneparyp Bbile To4yek KiopH MarsuTHbLIX MUHEpAaloB Mo BOZ=
AeicTBHeM 3EeMHOr0 MATHUTHOMO MNong W OGBIMHO OPUEHTHPYETCH N0 He=
My. 3Ta nepeWMHas HAMATHHYEHHOCTb BO MHOTHX CHy4afx COXPAHSAEeT
CBOe Hanpap/leHHe MWIIHOHBI NeT, BIIOTb A0 MOJHOrO pa3pyweHus mar—
HUTHBIX MUWHepalloB, C KOTOphIMH OHa cBs3daHa, B 3TOM OTHOWeHWM HaH=
Gonee BnaronpuAaTHL M3BEepXKeHHble NOPOAbl, TAK KAaK MX NepBUYHAS Ha=
MArHWYEeHHOCTbL — TepMOOCTaTOYHasd — Haubollee yCTOMYMBLII BHA HaMar-
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HEYEeHHOCTH. MarHuTHbEIe MHHepaiki MOCYT NMOTEPATH CBOK NEepPBUMHY0
OCTATOYHYI0 HAMATHHYEHHOCTL B peay/lbTaTe NOCIenyolero Harpesanus
nopon eelwe To4ek KiopH, HO B Takux cllydadax obbIYHO CYIECTBEHHO W3-
MEHATCH ¥ CaMU MHHEepaibl; OHM UCHBLITHIBAIOT, B YACTHOCTH, (asoBble
npeepamerysa ( THTAHOMAIHETHT pacnafaeTcs Ha MarHeTHT W M/bMeHHT,
MArHeTHT 3aMellaeTcd I'eMaTHTOM ¥ T.A.), clenosarensHo, nopobubie
ABfIeHHa MOr'YT ObiTh 2aduKcHpoBaHbl.

Hanpapnenue HaMarHW4eHHOCTH TMOPOALI MOXET H3MEHATLCH [pH Cpab=
HHTE@/IBHO HHSKOTeMIlepaTypHbIX BTOPHRHBIX NpoReccax B pesyibrare
BOSHUKHOBEHWS B Heft HOBbIX MACHWUTHBIX MuHepanoB (Ges paapywenus
NepBUYHBIX) , OCTATOYHAS HAMAMHMYEHHOCTb KOTODLIX MOXET He COBMNa~
faTh MO HANPABIEHWI0 C NMEepBWYHOf HAMANHHYEeHHOCTBI, ¥ Torma obpa-
ayerca cymmapHas In, HanpaBienue kOTOpo# GyHeT NMpOMEXYTOHHBIM.
O6bIyHO OT TaKo#f BTOPWMHOR HaMarHW4eHHOCTH Jlerko uabaBuThbCH My-
TeM NporpeBaHud nopoda, nubo poaneficTBMEeM HAa HUX NMEpeMEeHHBIM Mar-
HUTHBIM TONeM. 3HAYHTENLHO cloXHee OGCTOMT fefo ¢ uabaBneHueM OT
MeTaxpOHHO#l HaMarHW4eHHOCTH,

MuoroumcnesHsle naneoMaruuTHeie uccnenosanuss B8 CCCP u aa pybe-—
JHOM NOKa3anv, YTO HeM3MeHHbLle OJHOBO3pACTHHIE NOPOAB!, HAXOAALWECH
Ha nnomanu nopaaxa 100 x 100 mz, HMET OOWHAKOBbIE HAMpaBie-
uug In (B nmpepenax owwubBox skcnepumentos). Taxue noponsi, yAaneu=
HEI€ OflHA OT ApPYroff HA SHAYMTEeNbHLIE paccTosHus, o6lapaT Hanpas—
nexueMm In, COOTBeTCTBYOUIMM eOWHOMY NONOXEHWI0 IeOMArHUTHOrO
nontoca, [losToMy, cpaBHHBaf pacnofiOXeHWe NONCca, onpepelleHHoe Als
NOpoR, WMEeIUUX HafeXKHYl0 CTpaTHrpapuyecKyio NpHBA3KY, C MECTOHAa-
XOXKOAeHWeM MaleOMAaTHUTHONO MOMoCa, MONyYeHHLIM ANIR MOpoad, BO3PACT
KOTOpBIX HE H3BeCTeH, MOXHO OleHHBaTb Bpemsd OGP&SQMHHSI MoceHUX.

OcTaTo4Has HAMATHUYEHHOCTk MOXeT 6biTe of6padoBaHa pas3HbIM My=-
TeM, T.e. GuiBaeT pasHoro supa (TepMoocTaTOdHas, WAOTepMWMeckKas,
X¥MHUYecKas, NHHAMUMECKAs, BA3Kad, OPHMEeHTAUWOHHAH, NbeaooCTaTo4Y-

Has). :
YoTaHOBNEHHe BHOA OCTATOYHON HAMATHWYCHHOCTH AdeT AOCTATOYHO

O6BeXTHBHYO MHDOPMALMIO O TeX YCNOBMAX, B KOTOPLIX HAXOAMNACH TOp—

Has Topoga B MOMEHT o6pasopaHus aTOH HAMATHMYeHHOCTH,
Bemuyuna MarHMTHOA BOCNPHHMYHBOCTH (k) B OCHOBHOM 3aBUCHT OT

KOHLIEHTpaIlWM, COCTaBa, paaMmepa ¥ XapakTepa pacrnpefelNeHHs MarHH THBIX
MHHepAanoB, KOTOpbIe B CBOK OYepelb OGyC/lOBNEHb! ocoBenHocTaMHU HOp=
MupoBanud, nubo MeTamopjusma TOPHOH MOPOALL. [ToaToMy U3y4YEHHE IO=
BeleHUS STOIO napaMeTpa B PasHLIX NOpPONAX [aeT OnpeellieHHble CBe—
neHua 06 uX reHesuce,

CoBMmecTHbI aHamus nopenenus In w x  npu padmausbix naBopaTop-
HbIX WCCNENOBAHMAX MO UHTPYSWBHOMY MACCHBY WM APYyroMy reooruye-
CKOMY Tefly MO3BOMZET KAYeCTBEHHO XApaKTEepHaOBATh YCHOBUs 06pado-
BaHUS MACHWTHLIX MWHEpanoB, a CllefOBaTellbHO, W YCIOBHA $GOpMHpOBa~
HHA WM MeTamoppuama coAepXalllux WX NOpod.

Ta/lleOMarsuTHbIE OAHHBIE NAOT BO3MOXHOCTL YCTAHABIWBATL UCTHH~
HOE 3aNleranue nopod, ©C/IH MIBECTeH WX BOapacT, T.e. MOTYyT GbiTh MC—
noNbL30BAaHb! ITPH CTPYKTYDHO=TEeKTOHHYECKHX HccjieqOBaHHu sax.,
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TakoBbl rnaBHefiliie BO3MOXHOCTH HCMO/Ib3OBAHHSA NaleoMarHHTHEIX
NAHHBIX [Ulf ONpefefieHHs BOIPACTA NOPO[ ¥ BLIABJIEHHA HEKOTOPBIX OCO=
GeHHoCcTefl UX reHeaHca,

[Moapo6Ho BCe 3TH BOmMpochk! paabGHpaloTca B CHNeUHalbHON NHTepaType
(Harara, 1956, 1965; Xpamor, 1958; Xpamos u op., 1961; Womno,
Anorckuft, 1963; Xpamos, lomo, 1967; Benokorwe u ap., 1973;
Creer a. 0., 1957).

Briepeblie naneoMarHMTHbIE WCC/ENOBAHWA WHTPY3WBHBIX MOpPOA HAa
Ypane 6eum npoBenedsl B 1956-1957 rr. A.T.Komapopsim (a3 uuTpy=
auit OxuHoro Ypana uayyaluck TOABKO nopoasl Maccuea Kpaxka), koTopeift
no “dakropy” () neitancs onpememuTs ux BoapacT. [lansHefuue uccie-
NOBAHHA NMOKa3alv HermpuMeHWMocTb Ha Ixuom Ypane nopoGHo#f MeTo-—
nukn ([lauykanos, 1962, 1963; [lanykamoe w np., 1968).

[laneoMarHuTHEIE HCC/IENOBAHWS HHTPY3HBHEIX O6Gpa3’OBaHWil C WCHONL—
3opanueM nanpaenenus In  wa IOxmom Ypane po pafor aBTopa He mpo-
uapoaunuce, OnbiT npeabinywux et ([lanykanoe, 1965) nokasan, uto
Ha lxHOM Ypane uMHTpY3HBHble O6pa3soBaHusa AOBOJNIBHO YeTKO OT/IHY&—
IOTCSl O MATHHTHEIM ¥ OCOBEHHO NaneoMarHUTHLIM OaHHBIM OT BMEIAaio—
wux ux ahdysusHbix nopon. Kpome aToro, GbliM  YCTAHOB/EHB! OIpeae=
NeHHble pas3Nuy¥A OaHHBIX MapaMeTpPOB MeXOy HWHTPYSHBHLIMH TellaMHu
pasHoro BO3pacTa M reHeauca,

Hapany c ofMMu ¥ yCTaHOBMEHHBIMH KOHKpeTHO ans lOxxoro Ypana
BO3MOMXHOCTSMH METOdA HAMETH/CH Uelbifi pan TPYAHOCTeR ANd naneo—
MArHHTHBIX WCCNEeNOBaHWH WHTPYSHBHBIX 06pasoBaHHMf NAHHOI'O perHoHa.
OcCHOBHbBIE M3 HWX — MHOrogaaHocTk (OPMHpOBAHHMS HHTDY3Wil, METAMOp=
¢uaM ropHbIx MOpPon M KAK peay/bTaT BCEero STON0 = MHOMOKOMIOHEHT=-
HbIf COCTaB MarHuTHOR ¢pakuwu, MHUHepa/bl KOTOPOH{ WMEOT pAadHbifl re-
Heauc. Artu dakTopbl, 06yc/OBNHBAA H3MeHeHHs MOPHBIX NOpPOHd, Pas3pylua—
0T cTapble (nepBUdHbIe) W COB3AaOT HOBble (BTOPWYHbIE) HAMATHHYEHHOC—
TH, 3aTpPyAHFIOT ONpefe/leHHe HAanpapleHud HAMATHWYEHHOCTH SMNOXH
obpaaopaHusa nopoa, CO3AT CIOXHYIO CYMMAPHY HAMAIHWYEHHOCTH,
ABNSMOLIYIOCH pe3y/IbTaTOM IeOMeTPHYEeCKOrO C/IOKEeHHS YACTHBIX HaMar=
HUdeHHocTe#t, mubo oOoHy MeTaxpoHHyk u T.0. CepbeaHble OCIOXHEHUS
co3naeT AWCAOUWPOBAHHOCTH WHTPY3HBHLIX NOpOH, KOTOPYIO OYeHb TPYMHO
pacwubpoeaTs. Bce 3TO B ue/OM CYWECTBEHHO yCNoXHdeT paapaboTky
METOMKH BO3pacTHOIO pACYIEHEHUd W KOppe/guuH UHTPY3HBHbIX O6pa—
3oBanuft KxHoro ¥pana no naneoMarHuTHEIM OaHHBIM. [loaTomy MOTpe—
Gopancs uelnbiit KOMIIeKc N1abopaTOpHBIX HCcllegoBaHuit, obecrnevHBa—
WHX BbIIBNIEHWe MEepPBUYHON HAMAarHWMeHHOCTH, ee NpPHpOabl, NMPUMEpHOR
BellMYWHbI, UCTHHHOT'O HANpPaB/IEHWA W CTENeHW COXPaHHOCTH, a TaKKe
BTOPHYHbIX HAMATHWYEHHOCTEll, BO3HHMKWHX 38 BpeMs TIeolloru4yeckof
JXUM3HU M3y4yaemblX T'OPHBIX NMOpod. 3TH HCCeNOBaHMS BK/IOYAIT TepMOo-—
MarHUTHBIA AHAMW3, pasMarHWYUBAHWE B NepeMeHHOM M NOCTOAHHOM
MarHUTHLIX NOJIEX W M3MEHeHWe eCTeCTBeHHOH OCTATOYHOM HaMAalHWYeH-
HOCTH CO BpeMeHEeM.

Hapsany ¢ M3710)eHHbIM H3yyallach 3aBHCHMOCTL k M In oT cocrasa,
KOHUEeHTpAaluK, pa3MepoB, CTeleHH H3MEHEeHHOCTH H TPOHC XOWIeHHd Mar—
HHTHBLIX MHHEpanoB TOpPHBLIX TOpPOIL



OcHoBHag 3apava ucciienoBaHmfi — uayuyenuwe ApeBHeft HaMarHWwieH—
HOCTH WHTPYS3WBHLIX NOPO C Ue/bi0 HCMONL3IOBAHWSA ee [/18 BO3pacTHOTO
pacuneHeHHd, KOPPelAuuH U BLIAB/IEHUS HEKOTOPLIX ocoBeHHocTeR ¢op—-
MHpOBaHHsi 3Thx O6pasopanut lOxHoro Ypana,

Nna pewennsa nocraenewHoft 3anauM WMcClefoBaHus BeMCh B TPeX
HanpaBleHH X2

1. Hayyanace 3aBucumocTb x H In or cocrapa, xoHueHTpaUWH,
pasamepa, NMPOHCXOXAEeHHda W APYIrUX CBOACTB MACHUTHBIX MHWHepAalloB.

2, Onpenenanack npupoga €CTeCTBEeHHOH OCTATOYHON HaMarHHYeHHO—
CTH MHTPY3WBHBIX NTOPOA peruoHa,

3, TNpoBOOH/IOCH BO3PACTHOE paCY/IeHeHWe, KOppe/slMs, BLISBISIHCH
HeKOTopble OCOBEHHOCTH (OPMHPOBAHUA W MeTaMmopbuama HWHTPY3WBHBLIX
obpagopanuit Ha HkHoMm Ypane no MArHWTHBIM ¥ NalleoMAarHMTHBIM
AAHHBIM.

Nannag paboTa He mpeTeHAYET HA NOMHOE pelleHHe NOCTABIEeHHBIX
3agay W BLIBOAbLI He SBNAKTCH Ge3yCNOBHbIMH M OKOHYATE/bHEIMH, OHH
TOMbKO OTBEYalT COBPEMEHHOMY COCTOHHIO WCCENOBaHW{, HO aBTOD
6yner ynoBfleTBOPEH, ecl/li OHA OKAXEeTCcd B KAKOW=TO Mepe nojle3HofH
ONg panbHeRUUMX reONOrHYecKUX W reoduauyecKux UCC/efoBaHul WHTPY-—
auBHBIX nopond Boobuwe u KhkHoro ¥Ypana, B 4acTHOCTH.

B saxmouenue a4BTOp CYMTAET CBOWM A0AroM nobnaronapuTs OTBET=
cTBeHHoro pepaktopa usagahua A.H.Xpamopa aa To BHMMaHue, KOTOpoe
OH NMpOSBH/ K NMPEeACTABIEHHOMY TpPYAY, & TakKe COTPYAHWKOB Nalec=-
MaruuTHoff nabGopatopuu HHcturyTa reonoruu BPAH CCCP 3za nomoulb
NP NpOBEAeHWH SKCIepUMEHTOB, NOJeBbiX paboT ¥ MOArOTOBKE pPYKO=
nucu k nedat, Ocobyi NpU3HATENBHOCTbL ABTOP BblpAXaeT COTPYAHUKAM
WucturyTa reonoruu CapaToBckoro yuuBepcutera B.H. Kpacuoso#t u
B.I1, Penuxy, NpoBOAMBIIKX OTEOP W I'e0/IOro—-MuHepalnoruyeckue ucclie—
OOBAHWSA MOPOA IOMO-BOCTOMHON YacTH peruoHa.



Tanasal

KPATKHUE CBEJEHHA O TEOJOrHYECKOM CTPOEHUN
U UMHTPY3UBHBIX KOMIIJIEKCAX HIKHOTO YPAJIA

TeppuTopusd, HA& KOTOPOH NPOBOAWIMCHE MaleOMATHWTHBIE HCCllelOBaHusd
WHTpPY3uBHbIX 06pasoBaHuit, pacrno/lokeHa B HXHO# HacTH YpalbCKOl reo—
CHUHK/TMHaNbHOR 0BnacTH, KOTOpad XapakTepuayeTCH MIIHTENLHOCTbI0 HC—
TOpHH paadBuTHA, HacwuThBawuieid 1=2 mapn.ner ([porun, 19636).
YpanbcKas I'€OCHHKJIMHAND 3allOKWIACh B KOHIE NMPOTepo30f Ha pa3HO-—
ponHoM $yHOAMEHTE ¥ C TOrO BpeMeHW €e CTPYKTYPHbIf NilaH Heo[HO=—
KpaTHO MeHalcd.

B HacTosuee BpemMsa YpansCckas IeOCUHKIWHalL npeacTabnger coboil
PAN KPYMHBIX MOMOXKHTENbHLIX H OTPHUATE/bHBIX CTPYKTYPHBIX 30H | no-
panka cybMepuoMOHaLHOIO NMpOCTHPaHUA, TAKMX Kak 3anafnHo-Ypansckas
kpaepas, lentpansno-Ypaneckaa antuxkiunopuas, Taruno-Maruutorop—
cKasi CUHKMWHOpHad, BocToyHo-Ypallbckas aHTHKIUHOPHaA W Apyrue 30—
HBl, OTH CTPYKTYpPbl OCIOXHEHbl CK/IagdaTbiMu COOPYXeHUAMH Gonee Bbi—
COKOT'O mopsaaka.

B cTpoenuu ¥Ypana BbIAeNsOT HECKOMLKO CTPYKTYPHLIX KOMINIEKCOB,
COOTBETCTBYIOLUX PA3HBIM 3TanaM (OpMHPOBaHU#A FeOoCHHKIWHanu. [lon
CTPYKTYPHbIM KOMIIIEKCOM ITOHUMAaeTCd COBOKYINHOCTL oBpasopauwuit, oT—
Be4awliuX ONHOMY TEeKTOHO=MArMaTHYeCKOMY UMKIy. 3TOMY BOMNpoCy
nocesueHo 6onbuwoe wuciao pa6or (Cobonee, 1961, 1963a; Ceprues—
ckufi, 1960, 1963; Ilpouun, 1963a; Kouauaitu w ap., 1968).

Cambift OpeBHUWIt CTPYKTYPHbI KOMMEKC, K KOTOPOMY OTHOCHTCH
rTapatauckad ceuTa (kpuctannuueckuii dyHaament Ypana, no B.M,Cep—
FHeBCKOMY) , NpeacTaBigeT dparMeHT KakO#=To ck/agqaTol cucTens
HeypanbCKoro npoctupanua. [lanee BbiaeNfiOTCA NMPOTEPO30HCKO—HIDKHE—
kemGpuiickuit, OpAOBUKCKO-TpHACOBLIH ¥ nocjiecknan4aTbifl CTPyKTYypHLIe
KOMIUIeKChl. B OpOoOBMKCKO~TpHACOBOM CTPYKTYPHOM KOMIJIeKCe yCcTa—
HOB/IeHbl Tpu 3Tana dopmupopanus (Kowuawaiim u ap., 1968): opnosuk—
CKO=paHHe1eBOHCKHH, cpenHeneBOHCKO=-KapBboHOBLIIT W  NepMo=TpHa=
COBBIif,

Ha ¥Ypane npogBM/MCh TpH /aBHLIX CAMOCTOATE/bHbIX THNA Marnma-—
TH3Ma: NepUoOTHTOBLIR, GazanwrTouanlii W rpanuTHbli (lWreinbepr, 1963,
[Mpouun, 1963a). CoOTBETCTBEHHO OTMEYalTcs TPH ecTeCTBeHHLIe ac—
COLUHALUH H3BEPXEHHBIX NMOpPOA ¥ TPH TPYNNbl MarMaTudeckux dopmauit,
MPUYPOYEHHBIX K ONMpeAefleHHLIM 3Tanam padBUTHH TEeKTOHO-Marmaruyec—
Kux uuknop, Hac wHTepecyloT MHTpY3uBHbie dauuy mMarMaTH3ma,

MuTpyauu, pByliMe napa=opTOrHeHChbl, MUMMATHTBI M KpHCTallludeckue
CllaHubl TApaTAWCKOH CBUTEI ( HIKHWA CTPYKTYpHbIE KOMNAEKC), nped—
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cTapllens rab66po-auabasaMu, rpaFuTaMu ¥ rubpuaHbLIME noponamu (Tla-
pans, 1939, 1959; Cepruesckust, 1963; Cmupros, 1963; lappuc
w op., 1960; llemmmix, 1970).

B Benacko—keMOpuACKHUA 3Tan NpogBH/IECH HHTPY3HH AYHHT-raplb6ypri—
ToBOH, rab6po-NHOpUTOBOR, TPaHONMOPUTOBOR W rab6po-auopur-auaba-
aosoh popmaunh (Cepruescxuit, 1963; Cobones, 19636; Kounnaiu
¥ nop., 1968).

OpnoBHKCKO-PaHHEeBQHCKHA 3TAaN XapaKTepH3yeTcHl HeOdHOKDPATHO
MOBTOPAOIAMHCA MHTPYSUBHbIMH GOpMauMsaMy peMudecKoro Thmna, 3ToT
npouecc Haubosee nomHo nposeuica B Taruno-MarHyTOropcko# 3oHe
(Wremm6epr, 1963; Cepruebckut, 1963; Konnmaim # ap., 1968),

B cpennenepoHcko-KapGOHOBLIA 2Tan WHTPY3WBHAA AEATENBHOCTbL NMpo=
aBuflack TPWKALL. B KOHUme cpeanero gepoHa cHOpPMHpOBANMCH WHTDY3WH
ra66po-rpaHoQuopuTOBOlt M AyHUT-rapubyprutopoft ¢opmauuit. B TypHeft=
ckuit Bex obpasoBamuck runabuccanbHble MHTPY3WH rabbpo-rpaHoCHeHUT—
rpaHuTHOM ¢opmanvu., B koxue cpennero M B noaaHem xapbOHe BO3HUK-—
nu BaTONUTHI T'paHHT-IPAHOAHOPHTOBOK dopmaunu BocTouno-Ypansckoit
aonsl (lWretinbepr, 1963; Cobones, 19636; Cepruebckust, 1963;
Konaouaitu u ap., 1968).

B nepmo-rpuacopbiit aTan $opMHpOBAMMCEH KPYTIHBIE WHTPY3WH I'PAHUT=—
uofi dopmauuu (Kounwatn w ap., 1968).

MaccuBbl yIbTPaOCHOBHBIX NMOpPOA Ypalla onHW UCC/eNoBaTelld CYUTa=—
OT HHTPY3WSAMM [EepUOAHTOBOA Marmbl pasHoro Bo3pacTa OT AokeMbpua
no wwkHero kapbona BkmounTensHo (Pomanoe, 1949, 1958; lTein-
Gepr, 1963; lponun, 19636), Opyrue (Kuunnep, 1969; llrpeitc,
1968; Mopkoekuxa, 1968) cYuTAIT WX NPEBHWMU, BO BCAKOM Cllyuyae
NOOPAOBUKCKHMY OOpa3oBaHusM¥ THNA NMPOTPY3HH, T.e. Tenamu, chopmu—
POBABWMMUCH HA TJIy6MHE M yXe B “XOM0AHOM” COCTOSHHW BbiBE[EHHbI-
Mu ( *BbDKAThIeY) Ha NOBEPXHOCTHL B peadylbTaTe TEeKTOHMYECKOA nNes—
TelLHOCTH,

Haubonee wWHPOKO pasBuTHl Ha Ypane WMHTpyawu 6a3aNbTOWAHON Mar=
MbI, KOTOpbIe HEONHOKPATHO BHEeApA/lUChL NOYTH Ha BCeX artanax $opMu-—
pOBAHWA reocuHK/MMHand, OHM NpeacTaBleHbl NOPOAaM¥ OT Y/1bTpPaOCHOB—
HOTO N0 Kucnoro (Bk/moyas ansckuThl) u wenouroro (no nedennHoBbIX
cuenuros) cocraea (llUreiubepr, 1963; Cepruesckuii, 1960; 1963;
Cofonep, 1961, 1963a; Ctpyee, 1959).

OfpaaoBanue TpaHNUTOB #ABNfAeTCsA HauboNmee CNOXHON W A0 HACTOsuie—
ro BpemMeHH Hepa3apelleHHO# npobnemoit. Ha Ypane no ycnoBus ¢op—
MWpPOBaHW#l BbIOAENAT TPH THIA rpaHMToB: obpasopaHHble B peayliskTare
BHeOpeHuA rpauuTHoi marmbl (Cobonee, 1963e; [lponnH, 1963a;
lWireinbepr, 1963), chbopmupoBanHsie nyTem auddepenuuauvu 6Gasane—
ropoi  marmbl (lWrein6epr, 1963) n BOSHUKWHE TPH METACOMAaTHYECKOM
3ameumenun nopon (Kopxuuckui, 1952).

BonvuukHceTBO MccnenopaTelefi cYUTAKT, YTO POpMUpOBAHUE T'PAHWUTOB
NPOUCXOAH/IO OT TNpoTepo3os Ao fepMu BKmo4YuTensHo, [lpu 3ToM o=
nmyckaetcsl MHOro$asHOCThL H CPaBHMTENpHO AMMTELHOEe dopMupopaHHe

(¢ nepepeiBamu) orpemubix Mmaccupop (llreinGepr, 1963; llrpeiic,
1968),
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Puc. 1. CxemaTHueckas
reonoruyeckas kaprta HOhkHo-
ro Ypana

a — T'PaHHUbl I'NAaBHBIX
TeKTOHHYECKHX CTPYKTYP;
6 — KOHKpeTHBUl paikou pabor;
| = LenrpansHo-Ypanwcxkas
anTHKIMHOpHaa aoua; |l - Ta-
runo—-MarHiToropckas cHHKIH—
HopHas aoHa; Il - Boctou-
HO=YpanLckad AHTHKIMHOpHAS
3oHa. MayueHHble HH-
TPY3HBHBIE MAaccC BB
(1-28): 1 - Taparawckxi,
2 ~ Cepepnblit Maccup Kpa-
xa, 3 - CpenHuit maccus
Kpaka, 4 ~ Yaauckuit mac—
cuB Kpaka, 5 - Hwuuiit mac-
cuB Kpaka, 6 - Hypanuxckuii,
7 - Ypaabaescknit, 8 - Ca=
BelbKYbCKHil, 9 = AXxyHOoBO-
Kaparaiickuii, 10 - Yiickui,
11 - [lerponaBnoBckuii,
12 - Kpacumckuii, 13 -~ Ka-
cenbckuii, 14 - Bornanosc-
kuit, 15 - Tacrabyrakckmii,
16 - baszapbaepcxwuit, 17 - lllu~
MMKTHHCKHI, 18 ~ [lyHeHCkHil,
19 - Horoopcxuii, 20 - He-
CHPry®HHCKHHA, 21 - Moxa-
POBCKHit, 22 = AuwebyTaxkckui,
23 - Emusapetunckuit, 24— Ka-
pabyrakckuit, 25 —~ Cannbip—
Gexckuit, 26 - Enenoncxuii,
27 = XKumckiii, 28 - Twoilb=
Kybaickuii, 29 — HHTPYIHH MeK—
nypeubsi ¥Ypana u bBonwwoi Ka-
paraikH

3naroyer,

Marwsroroped d
"




[laneoMATHHTHBIMY UCCIIe0OBAHUAMH OXBa4eHbl WHTPY3HUBHbIE MOPOLb
pasnoro reHeauca (npouaBoiHble NEPUAOTHTOBOH, 6a3aNLTOBOA W I'pa-
HMTHOR Marmbi), paseuThie B npenenax LlentpansHo=Ypanscko# ( Tapa-—
TaWwckKufi AHTUKIMHODWHA U 3unaupckuit cunkmiHoput), BocToyno-Ypane-
ckoit ( Unbmenoropckuit u BocTouno-Ypansckuit antukimHopuu) u Taruno-
Marmroropckolt ( MarHUTOTOPCKH#L MaracHuk/iMHOpHit) 3oHax (puc. 1).
YTo6el He 3arpy¥aTb KapThbl, HA Heil TOKA3aHBl TONLKO KOHTYPbI KPYTi—
HbIX MHTPY3MBHBIX MACCHBOB 6e3 reollorHyecKoil 06CTAHOBKH BMeE A0~
UMX TOPOA H TPAHHLBLI OCHOBHBIX CTPYKTYPHO—-TEKTOHHYeCKHX 30H. Bom—
WHHCTBO HM3YYeHHbIX MACCHBOB H Tell O6be[HHEeHbl B HHTPY3HBHbLIE KOMIi-
NeKCpl, TMOO KOTOPLIMH TIOHHMaeTcs, corjacHo nasHemnm B.C, Konreba-
[eopuuxosa (1952, 1960) u W.[l. Cobonepa (1963), copokymHocTs
HHTPY3HBHBIX Tell, MapareHeTHYeCKH CBA3aHHbLIX Mexay coboit u moayh—
HEeHHbIX €e0HHOH CTpPYKType.



I'amasall
METO/IUKA HCCJIEJJOBAHHH

[NaneoMarHuTHbIE WCCNENOBAHHA WHTPY3HuBHbIX nopoa IOxnoro Ypana
NpoOBOAWIMCE mo obmenpuHaTol metoanke (XpamoB u ap., 1961; Xpa—
moB, lllomo, 1967) ¢ yueToM MEeCTHBIX YC/IOBM U MOCTABIEHHbIX
aapnayd, Beck kxoMnnekc uccnenoBaHul MOXHO pa3bGuTb Ha pan aTanos,
BHIMOJIHAEMBIX B ClleAyollefl NMocnenoBaTeNlsHOCTH:

1. Buifop reonoruyeckoro ofvekta W OT60p OpUEHTHpPOBAHHLIX
o6pasauos.

2. HaMmepenwe MarHWTHBIX NapaMeTpoB 0OpaslUoOB TOpHEIX IOPOAd.

3. Maremarwdeckas o6paboTka pes3yNbTATOB EQWHWYHBIX  H3MEpeHu#,

4. Onpepenenve cTabuUILHOCTH ¥ NMPUPOObLI OCTATOMHOH HAMATHWYEH=—
HOCTM TOpHBIX NOpOQ.

5. Haydyenue MHHepaNloOrHYeCKOro cocTaBa MOpOM.

6. Boruucnenwe cpepmwux sHauwenmun#t  «, In, D,1  nna rpymo nopon
¥ onpefe/leHHe NAalleOMarHHTHOrO MoJKca,

7. lNocTpoenue rpadukoB, aga/mM3 W HHTEpPNpeTaUHd MOIYyYEeHHOTO
Marepuana,

Bonbluoft BospacTHO# NHANA30H ¥ pasHoobpasHe reHeauca HHTPY3UB=
HbIx obpasopanuit IOxHoro Ypana ofycnoeumi BbiGop 06beKTOB HCCle-
nopanusa ¥ oCcoBeHHOCTH MeTonukw oTb6opa OpHeHTHpOBaHHLIX 06pasuos
ropueix nopon. [Tpr BhiGope O6BeKTOB AN NANEOMATHUTHLIX HCC/efOoBa—
HUll CTapalliCh OXBATHTL WHTPY3HU, BO=IEpPBbIX, OCHOBHBIX THIIOB M&r—
MAaTH3Ma (nepuno'rn'roauﬁ, 6a3anbLTOBLIR ¥ DAHWTHBI), BO=BTOPLIX,
pasHoOro BO3pacTa M, B—TPeTbHX, U3 pa3HLIX CTPYKTYPHHIX 30H, OTHM
cobcTBeHHO M of6bacHAeTca GOMbuiOe YHCNO HWCCIENOBAHHLIX MACCHBOB
(cm. puc. 1). KonugecTBo OpHeHTHpOBaHHLIX 06paamop onpeneisioch
pasMepoM MACCHBA, YHCNIOM neTporpadHYecKHX pasHOBHAHOCTeH Cllaraio-
IIUX ero NMOpoAd ¥ WX OGHaXEHHOCThI. B GompluMHCTBe C/y4YaeB OpPHEHTH-—
poBannble obpasub! oT6upamuch no npodumo, MepeceKalmeMy MAacCHB
TakuM o6paaoM, 4TOGbl OXBATHTL BCE OCHOBHBIE PA3HOCTH nopod., O6-
paaus! orbUpalMchk paBHOMEpPHO, HO WHTEpBAJ 3aBHCeNl OT paaMepa Mac-—
CHBA W/IH Tejla, COCTaBa NOpold ¥ uX ObHameHHOCTH., 3T0 6biN0 HeO06XO=
OWMO AN nofydeHus Haubolee O6BLEKTHBHOR MHPODMAUWH O MATHHTHBIX
napaMeTpax pacCMaTpUBAEeMOI'0 MaccHBa, THna nopoa ¥ T.A. Ua xpyn-
HOrO OfHOpOAHOro Tena orbupanoce He meHee 10-15 ofpaauos, »
MeJXHX XHIKaX H aalikax - He MeHee Tpex (OBa Mo KpasM W OQMH B
uentpe, Mi60 Bce TpH B UEHTpe nmo NpocTupaHuio nafiku). [Ipeanouyre-
HHe OTAABAJIOCh LEeHTPaNbHOH HACTW Tella, TaK KaK oGbIYHO NMOopomdb!
agecb MeHee uWaMeHeHbl, Ha kpaax or6upamicek o6pasubl C Lebi0 yCTa=

13



HOB/IEHU$ BITMAHHS HA MATHHATHbIe MAPAMETPHI NOPOA HHTPY3HH BMemalomHuX
ofpasopanuit, MM6O NNA BLISCHEHHS 3ABHCHMOCTH 3THUX NapamMeTrpos OT

CTelNeHu W3MeHeHHOCTH nopon.

B MecTax orfopa OpHeHTHpOBaHHBIX OOpas3uOB NPOM3BOAMIIOCH I'eO/Oo=
rmdeckoe wayyenwe mopon (ux cocrae, B3aWMHOe paCNONQXeHWe, CTPYK—
Typa, CTeneHb M3MEHEHHOCTH ¥ T.d.). Texuuka OTGOpa OpHEHTHPOBAH-
HbIx 06pasuoB H HX AOKYMEHTAUHSA BBLUIOJHAIHCH IO obwenpungaroft ansa
[aNeoMArHWTHEIX Hcclenosanufi meronuke (Xpamoe w ap., 1961; Xpa=
moe, lommo, 1967). O6paauaM npuaaBamu npuMepHo Kybuueckyw dop=
My. B nanbmeftwem, B nabopaTopuu Anf cnaboMarHUTHLIX O6pasuoB Bbl—
nmumBamuck Ky6uku paamepom 24 x 24 MM ¢ TouHocTeio +0,5 MM, a
Ang HEKOTOPOH HacTH CHM/BLHO MATHHTHBIX nopon — paamepoM 50 x 50 mm.

MarxuTHag BOCIPHMMYHMBOCTL (k) WaMepsanack Ha karmamerpe MMB-2,
YYBCTBRTE/ILHOCTE KOoToporo 1 - 1078 crc. HamepeHnne npou3BOOMJIOCH
Nno TPeM B3AHMHO TepNeHOMKy/ApHbIM OcsM ofpasua (X, Y, Z)  neamas
(+X,-X, +Y,-Y u 1.0.), T.e. xaxaut ob6pasen W3MEpsNiCHd B WECTH NO—
TOXKEeHHsAX., 3TO NeMNajioch C Uelbio UCKIIOYeHWs BIMSHUSA HEOQHOPOAHOCTH
cocTaBa 06pa3aua, NOBbIEHUS AOCTOBEPHOCTH Cpe[Hero 3HAYeHWUs K W
YCTAHOBIIEHHA MATHUTHOH aHW30TpOnuWu nopoa. HamepeHus kx BBINOMHSA—
nuck MO O6bIYHON MEeTOAMKe COr/IACHO MHCTPYKUWH, MpUiaraemMoft K npu—
Bopy. Kpome aroro, x onpegensnach M3 MHAYKTHBHOH HAMATIHWYEHHOC—
tu (li), wamepenwe XOTOpoO# MPOMBBOOMMOCH HA ACTATHMECKOM MArHH—
ToMeTpe MA=21, TaknM cnoco60M MOXHO ONpeaensaTb Kk OT 1-10°6 crc
no 3 CI'C, MHAyKTHBHAS HAMATHUYEHHOCTh M3MepANach B paBHOyAalleH—
HOM TiofiokeHnn obpasua. Texuuxa uamepenus li  ofwenpunarasa, co-
CNACHO MHCTPYKUMW K NPHGOPY W METONMKE naleoMArHHTHBIX HCCleno—
samuft, O6paseu samepsiica 12 paa, kaxauii oTcuer aHavenu#t li Gpan-
CH NMpH paanmMyHO# opHeHTauwu oce#t obpasua (X, Y, Z) orHocHrensHo
MarHuTHolil cHcTemsbl npubopa, Takoe KONWYeCTBO H3MEDEHHH MPOH3BO-
OUNOCH C UEeNb MCKIYEeHUs OWHGOK, BOSHUKAWWHMX W3-38 HEeOOHOpPOd—
HOCTH COCTaBa M HeTOYHOCTH yCcTaHOBKM O6pasua. CxooMMOCThL 3Hade—
HU «, Ompene/ieHHbIX Ha pasHex npubopax (MBM-=-2 w MA-21), xopo-
wag, Owubka ompenenenus oboumu crnocobamu He npeeblwaer 10%
Be/WHMUHBl K.

Ocratounas namarmmiennocts (In)  cuapno MmaruuTheix ofpasuos
- uaMepanacek Ha MarHMiToMerpax MA-21 B nepBom nonoxerwu laycca
(c6oky Ha ypoBHe HWKHEr0 MArHWTA CHCTeMbl). MakcuMmanbHag YyBCTBU-
TemsHOCTL 9THX npubopos 0,042-0,055 y /nen (4,2-5,5:10-7 CIC).
[na xaxporo obpaaua npouasoaunock 12 aamMepoB NpU paanWyHOR OpHeH-
TaHW ero paaEMHO Tepnennuxynspabix ocedt (X, Y, Z) oThocurensuo
MaTHHTHO#l CHCTeMbl npubopa, 3TO NeNanock C UEebld UCKIIOYeHWS BIHs-
HHA Ha nonydaemMoe 3Ha4eHue |n HHAYKTHBHOH HAMArHHYEHHOCTH, MAI=-
HUTHOM AHWBOTPOMHHU NMOPOAbI, HETOYHOCTH YCTAHOBKH ¥ ¢opmml obpaaua.
Owubxa onpepeleHHs BelTMYHHbI OCTATOMHON HAMAMHHYEHHOCTH HA 3THX
npubopax no naxHHo# Meronuxe He npeebiwaer 1 0% npu In > 10.1 o"7tre,
a npu In> 100.10-6 CIC - 3-5%. Oumbka » nanpaenenuu In coor=
BETCTBEHHO He MpeBbllaeT 8-2°. Ha acrarieckom MariMromerpe ua-
Mepamice ubo GechopMmennsie obpaausl o6vemom B 50-200 cwge (rpy=-
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6o kybuuyeckas opma WM H3OMeTpHuHbie) , Mubo kybuku 50 x50 mm,
Texnuka uamepenus Gbinia o6wenpuHATON, COrNMACHO WHCTPYKUHM K IpU—
6opy ¥ MeTOOHKe NalleOMarHWTHLIX Wccllenopanwit. CrenyeT 3amMeTHTb,
4TO mpH uaMepeHwH Ha MA-21 B nepeoM nonoxenwu laycca ofpasuos
hopon ¢ ouens Gombwo#t « (ocobewno ecmu «>>In)  asuayemus In cy-
IIEeCTBEHHO WUCKAXAITCH 38 CYeT BIMAHWE VHOYKTUBHON HAMAI'HHYEHHOC—
TH NOpofbl, CO30ABAEMONl 3E€MHEIM MATHHTHLIM nolieM. [/ yMeHblueHus
(npakTudecku nomHoe ycTpaHewue) sroro abdexra Inmonobubix mopon cne-
AyeT HW3MepsATb CHUAY (MON MarHWTHOA CHCTEMOR) No MeTOAMKe W Ha
noacTaBKe, mpeafioxeHHoft B paBote I''M, Apuana u M,A., Osepckoit
(1959); npu sToM MarHuTHas cucTemMa npubopa OOMWKHA 6bITh OpHEH-
THpOBAHA TNO MATHHTHOMY MEpHAMaHY,

OcTaToyHas HAMATCHWYEHHOCTbL ClaBOMarHUTHBLIX NOpOA U3MEpaiach
Ha Maruutomerpe MOH=1, mMaxcumanbHas 4yBCTBHTENLHOCTB KOTOPOrO

cocraensger 1 - 10_8 CI'C (onTumanchas paboyas YyBCTBUTENLHOCTH

-8

npubopa 3,7-10 = CI'C). [luanasoH W3MepeHHsi COCTABIIIHX BEKTO=

pa OCTATOYHON HAMAIHHYEHHOCTH - OT 1 -10"‘7 CIcC no 2'1 0—4 CI'C. o=

r‘peu]HOC'ﬂI onpeneneHHd BelH4YHWHbBI H Halpabl/leHUd BeKTOopa OCTATOYHOH
S EIC = 3 5% mo s
-
eI =

o
no pemuyuHe He Gonee +10%, a no HanpaBnenuw - He Gonee 10

B) ans In< 2-10-7 CI'C = no pemuude He Gonee +20%, a no Ha-

npaBlieHHl0 - He Gonee 20°. Texwuxa uaMmepeHuit 6biia ofumenpuusaTad

(Xpamop w ap., 1961, 1967). [lna wamepenus In Ha marmmTomerpe

HOH-1 ofpasnam npuaasanacs cTporo Kybudeckaa gopma (Bbimanupa—

nuce xy6uku c rpaseio 24 mMm +0,5 mMm). HenocraTox wuccnepopanus
Ha sToM mpubope - Mambifi o6kem ob6pasuos, B pe3y/lIbTATE Yero BO3~
MOXHO momyuenue sxadenut In, coorpeTcTByOIMX NOKANBLHOMY yYacT—

Ky, Hé XapakTepHOMy B Ue/lOM and nopoabl, [pyrofi HeAoCTaATOK - He—
06XOAKMMOCTL NPOBENeHUs TPYNOoeMKHX pabor mo eeimumiBanuio o6pasuoe
Tako#t crporo#t Qopmel.

MaTtemaTvieckas o6paboTka uaMepeHHbIX 3HAYeHu#t x ¥ In mpoBonu=
nace no cymwecTtsyiome#t metoauke (Xpamom u ap., 1961, 1967).
Ormaue 6bi710 B TOM, YTO BHIYHC/IEHWe Be/lMYHHLI In no peaynbTaTtam
HamepeHus Ha Mmarsuromerpe MOH-1 npoBOOHMIOCE YHMPOWEHHBIM CIIOCO=
6omM Ha norapudpMHHMecKO# NHHefiKke, CyTb KOTOPOro 3ak/lo4yaeTcs B Clie—
nyomem. Kak uaBecTHO Moayne Bextopa In  paccuuteiBaercs no dopmyne:

| 2 w2 . M2
1 /i'lyz + Mip + Myy
|n = V ___.2—--——--— 3

HAMATHWYEeHHOCTH CllefyiowHue: a) ans In>10.107

[s] ° -
nuvyuHe ¥ He Gonee +4 no Hanpaeiewwo; 6) ang In>2.10

roe Mxy' Mz MYZ — NpOeKUMH BeKTOpa HaMaruwdeHHocTu ofpasua co-
orpercteenno Ha mnnockoct® XY, XZ u YZ B cucreme koopaunar of-

15



pasua. CnenopartenbHo, Mxy' xz 1 My, aBnmorca cocrasnmomumu In,
HO B Opyro# cucTeme KOOpOMHAT, [{os'romy BelyHc/ienue In  moxHo
npoeoauTs no cxeme LI, Axmartoea (XpamoB u ap., 1967) u Tonsko
peaynsTupylowyio R (2uavenue In B nenenmusx wxamni) cienyer paaie-
nuTh Ha 1,42, BriyMcleHHe BCeX CTATHCTHYECKHUX XapAKTEepHCTHK K

In, r, R npouaeogunoce Ha 3BM.

Hccnenopanue NMpHPOALI OCTATOMHON HAMATHWYEHHOCTH, ONpefeleHHe
ee MACHUTHOH ¥ NalleOMArHWUTHOH CTaGW/IBHOCTH W MarHuTHad “9YHCTKa”
TecCHO CBA3aHbl Mexay cobofl, TexHUKa SKCHEepUMEHTOB y HMX OQHHA=
KoBas,

[lp¥ naneoMarHWTHLIX WCCIIEJOBAHMAX BHAYalle CTApaloTCH U36aBUTb=
ca oT BaskoRt HamaruwdenHoctu (Irv), coapauHo#t B nopone coBpemen~
HbIM MATHHTHEIM NOIeM, MEeTO/I0M BpemeHHO# marmiTHo#t “unctku” (Xpamos
# ap., 1967). C sroit ueasw obpasubl nocie orbopa B MNONEBLIX YCIIO=
BMfIX Pa3NelalMCh HA CHIbLHO- M CNaBOMATHHTHBEIE C NOMOUILIO Karna—
meTrpa HMB-2 w marmmTomMerpa MA-21. [locne 3TOro y CWIbHOMATHHUT=
Hblx O6pAa3loB MOpPOA 3aMepaliMch BelvduWHa W Hampabnenwe In. Yepea
nea-Tpu Mecdua (nocie Bo3BpauleHWs C noneebix paboT) y aTux of-
pAa3UOB BHOBL 3amepsanack In. Axanuaupys paanwyus B 3HaveHusx (c
y4eToM owwubOK) NONeBBIX W nabopaTOpPHLIX W3MepeHu#t OCTATOYHOR Ha-
MATHHYEHHOCTH NONy4alu MepBbie CBedeHHd O MaleOMAarHWTHOH CTabuiib-
HOCTH ¥ Ha/U¥HHM BA3KOH HaMAarhHw4eHHocTH. [locne artoro obpaausl ycTa—
HABIMBAIIMCbL B TO )€ NO/IGKEHHE 0 OTHOWEHHI0 K 3€MHOMY MATHHTHOMY
Momo, B KOTOpPOM OHW Haxoounmuce B OGHawkeHwu. CnabOMAaTHHTHBIE MOpPO=
OBl pacnwMBaNUCh Ha KyOWKM, samepsanachk HX In, w oud ycranaenm-
BalMChk TaK Xe, Kak nepeas rpynna obpasuos, [lo ucTeyenwwu 15 cyrox
y 06pasuoB BHOBb W3MepHlACk [N, W OHM yCTAHABIUMBAIMCL B NONQKE—
HWM, moBepHyToM Ha 180 BOKpYr OCH BOCTOK - 3anaj OTHOCHUTEILHO
CBOEro MepBOHAYANILHOrO nonokeHwd., B sToM nonokenwu o6pasaubl Bbl-
nepxuBamick 15=30 cyTok U BHOBbL 3amepssiace In. Heckonbko of-
pasuos, HaubGolee npeacTaBUTENLHLIX, ONATL YCTAHAB/IABAJIWCHL “MpPOTHUBR
nonda” w BLIAEPXMBANMCHL 00 rofa H Gonbwe. [lepuoauyecku y HUX M3-
mepanace In. Kpome aToro, ana uenoro psna nopoa MpoOBOAWIOCH Clie—
UHANbHOE M3y4eHue BA3KOH HamarHuyeHHocTw. [na 3Tod uemu orGupa-
mick obpaamei, In  y KoTopeix 6bina paapywena (oBbIYHO NP ApPYTHX
aKcnepumenTax) Tepmopaamaruuwupanuem (200 obpasuos) u nepemen-
HbIM MarHuTHeIM nonem (100 obpaanos), W BeicTaBasnucs no nabopa—
TOPHOMY MATHHTHOMY NOMO. B 3TOM NONMKEHWH OHM HAXONWIUCH B Te=
yeHHe Heckonbkux MecsueB (oo 11). lNepuonwdecku (yepea 15, 30,
100 cytok) y Hux uaMepanack Irv  (MCKyccTBeHHas BA3Kasd HAMArHH~
YeHHOCTS) .

[locne “BpemMeHHONl YUCTKH” OLEHUMBANACH NAaleOMarHUTHAH# CTabulb—
HOOTH MOpPOA MO WameHeHHO HanpaBieHusa In, kyunoctu sexktopor In
nopoa OQHOre Bo3pacTa (OOHONO MHTPY3MBHOIO Tena) M WX OpHeHTAUHH
OTHOCHTEJ/IbHO COBPeMEeHHOT'0 MAPHWTHOro nond, B pancuefliem ua no=
pon NMOYMTH K&X[OOr0 WHTPY3WBHOIO MaccuBa Bolfupamice ofpaausi ang
May4YeHus noBeneHws ux IN npu HarpeBaHWM M BO3AEHCTBUH NePeMeHHO—
ro W IOCTOSHHOI'O MACHUTHBIX MOMNef.
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TepMOMArHMTHbIE WCCNEeN0BAHUSA NPOBOAW/IMCH B CHEUHabHO CKOHCT=—
pYMPOBAHHON HEMATHWTHOM NMEYM B CKOMIEHCHPOBAHHOM MATHHTHOM nole,
KoMnencauua OocTHranack AByMd napamu Koneu lenvmroasua., Crenexs
Henokomnencauuu cocrapngana 50=100 y. Texuuka sKkcHepuMeHTa aHa-—
norwdHa onucaHHo# B paborax [.H, [lerposo#t (1961) u A.H. Xpamora
u JLLE. Wonno (1967). Heckonsko of6pa3unoB uayyaluck M0 MeTOAHKE
E. u O, Tenve (1959), Ho B panbHeitieM OT Hee OTKA3AMNHCH W3=3a
TOTO, ¥TO MOBTOPHbIE HATPEBb NP OAHOA W TOl xe TemmnepaTtype (na-
e wHesblcoko#t -100 + 200° ) B BO3Oyxe Hepenko NpUBOOAT K Cy=—
WEeCTBEeHHbIM (Aa30BLIM MPEBpallleHus M MATHUTHEIX MUHepaloB, IPH 9TOM
TepseTcs CMBICH NalbHeHWuX HCcaenoBaHuil mpu Gollee BHICOKMX TeM—
nepaTypax. Kpome Toro, sTOT MeTON HeONMpaBAaHO TpPYdOEMOK.

[Tp¥ TepMOMATHUTHBIX WCC/IE]OBAHWSX MOC/e K&XIOoro Harpeea ofpaa—
HOB ¥ WX MNOC/EeAyliero OXI&KAeHHH W3MEepAnachk Kk C UE/b BbifBle—
pug $al30BbIX NMpeppalleHHli MACHHTHBIX MuHepadob. [ns pana ofpasuos
onpenenanack Touyka Kiopu (p Uucturyre dusuxu Iemmu um, O.10, Wmun~-
ta AH CCCP).

Hayuyenuwe noeepennsa In B nmepemMeHHOM MAarHUTHOM MOfle C III&BHO
y6riBaomef aMmIUTynoH e&H) NMPOBOOMIIOCE HA CIelHalibHO CKOHCTPYH=
POBAHHOfl YCTAHOBKE, PACIMONQ@KEHHOH B CKOMMEHCHPOBAHHOM 3eMHOM
MArHUTHOM TIOIe; KOMIIEHCAIWA, KAK H NPH TEpMOpa3MaTrHW4YHBAHUM, /10—
CTHranaco npHMeHeHueM OByx nap koneu [ensmronesua. KaTywxa c ne—
PEMEHHBIM MOJIeM [epeMellanack aBTOMATHYECKH. AMIUMTyOa nepeme-
‘meHus 2TOf KATYWKW 6bula B 3aBHCHMMOCTH OT Benwuunbl #H or 0,5
oo 4 M. CxopocTs nepememennd 1 M 3a 1 5cek. Tok 6panca mpombiusieH=
Ho#t wacrors! ( 50 ru). Makcumansnaa ammmutyna ~ H = 700 spcren.
Ofpaaen BO BpemMs SKCNEpPHMEHTA HAXOOW/ICH B CKOMIIEHCHDPOBAHHOM IMO=—
Ne ¥ Bpamlancd B OBYX B3AHMHOMEPNEHIHKYNAPHbIX M/IOCKOCTSX C 4Yac=
toro#t (f), wue xparHoM wacTore TOka B pasMarmmumMBalomen KaTyiuxe.
[TonobxHasa mMerTonuka ucclenopaHuit obecrneyHBa/a BLICOKYD TOYHOCTH
SKCNMEepHMEHTa M XOpOWYI NPOHABOAMTENbLHOCTb Tpyaa.

Hccnenopanve In npu sospeficTBMM MOCTOAHHOrO MATHHTHOIO NONA
(H) npouepoamnoce Takke B CKOMIEHCHPOBAHHOM MATHHTHOM Moie,
O6pasen Bcerna BeiCTaBAf/ICA BeKTOpoM [N mpoTuB meficTByomero mo—
CTOgHHOrO nong. [lng sToOro HCNoNL3OBANCH CHEUHANIBHO CKOHCTPYHpPO=
BaHHLIA nepxaTens, NO3BOAMOIUMA BpamaTs o6pasen B [BYX B3aUMHO-
NepneHOMKY N9PHBIX IMVIOCKOCTSX HA CTPOro OQHKCHpyeMoe YHCNo
Tpamycos.

[na cpaBHeHus xapakTepuCTHK cTabuibHOCTH In ¥ HckyccTBeHHBIX
HAMACHWYEHHOCTell PAdHBIX BHAOB, & TAKXe [A/lf BhHISBIEHHS OCOGEHHO—
Creft cocTapa MarHUTHEIX MHHepAallOB UCCIEAOBANOCH IOBefeHue Haeallb—
HOl HAMATHWYEHHOCTH IpPH BO3[eHCiBHH [epeMeHHON0 MAarHdTHOMO MO0=
ng, HUpeanwHas HAMATHUMEHHOCTHL COBOABAIACH IIPH [OCTOAHHOM Mﬂ["iﬂ[’l‘n
HOoM none B 0,467 u 0,887 ¥ MakcdManbHOA aMITATYyOe nepenénuwo Fr
nong B 600 spcren, PeaynuTaTh! 9THX HCCNeNoBaHu#i, KpoMé epaBHe~
Hug crabunbnoct Iri w In, nosponamu cynure o mekoropkix ocoﬁeu-
HOCTAX COCTABA ¥ CTPYKTYPbl MArHMTHBIX MHHEpAlloB MOPOA, TaK Kax .
paanbie MHHEpAasbl NMPH MAEHTHYHBIX YCIOBHAX npuoﬁpe’ram In paauou
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BeJIHYHHBI H yCTOﬁ‘l'H'BOCT“ K nepemMeHHOMY IOJo, Takum uccnenoBaHuaM
6bino noaseprHyTo 85 obpaauoe. [lna aTOR ke uellM  npuBNeKamchL W
0ocODeHHOCTH MOBEAEeHHHA K npH HarpeBaHWH nopon.,

[lna onmpenenenvs npHpoas! In aHamMM3HpOBANHCHL Pe3YNbTATHl BCEX
NPOBEfeHHbIX IKCNEPUMEHTOB C NpUBMeYeHueM NaHHLIX MUHepanorwiec—
KHX WCCllefOBaHH# MNOpOA.

[na naneoMarHMTHBIX HCCNeNOBaHMH BeCbMa BAXMHbLI TOYHbIe CBeeHHS
0 cocTape MATHHTHBIX MHHEpalloB, MX reHeauce, CTPYKType, BHYyTpeH-
Hux nebpexrax, TpebyiomHe NOBOMLHO TOHKMX WCCEOOBAHHA 3ITHUX MHHe—
panop, BKo4ad 3J1eKTPOHHOMHKPOCKONMHWYEeCKHe M pEeHTreHOCTPYKTYpPHbIE.
K CC_)H(&J'IGHHIO, Y Hac MHUHepal/lorHYecKHe HCClleNOBAHUSA 3aK/I4HalluChb
TONBLKC B H3YYEHHH MNO/JMPOBAHHBIX H NMpOo3pavHbIX uJ.I’lHlbOB C HCIOINB3O=—
BaHHeM Mukpockonoe MHH-8 u MHH-9,

[focne npopefeHHss BCEX SKCIEPHMEHTOB, YACTb SIBHO HeCTabWibHBIX
ofpasuoe GpaKoBanach, @ I/ 4ACTW uX B Hanpamjexue In  BBOAWMICH
TONpABKY ¥ ONPeASNSNNCL CPeNHMe BHaYeHHs «, In ¥ HanpaBnemus In
nu6o B LeoM WIS MOpOR MHTpyauBHOro maccupa (ecmu owu 6bum OAHO-
ponHele Mo cocTaey), nubo no rpynnam nopog (oTmuuHEIX 1O cocraBy),
claraliux Maccue, [locne paanene}mﬂ nopoa Ha TPyNnbl, NO THIAM H
MAaCCHBAM CTPOHW/IHCE I'MCTOrDAMMBI, pexe BapHalMOHHbie KpWBble pac—
npenenexus «,In, ¥ no wum onpefenanuck cpeaHue, Haubollee BepoAT—
Hble 3HAYeHHd ITHX napaMerpoe, Kpome aToro, npopoaou/cd aHaIM3
KOppe/smHOHHOR 3aBHCHMOCTH MeXny x ¥ In  (eermucnancs  xoshdm-—
IHeHT Koppenauuu r). Bce sTh onepamuy NpOBOOHMICHE MO OGbLIMHOM
MEeTOoWKe CTaTHCTHYecKORR O6pabOTKM pesylbTaToB (HAWYeCKHX 3KCle—
pamenror (Xamea, 1956; Xpamor u ap., 1961; Xpamoe, . llomno,
1967y Fisher, 1953). Cpennwe aHaueHWs CKIOHEHMA W HAKNOHEHUS
HAXONHW/IHCE IMyTEeM CJIOKEHHS HaNpapB/giomHUX KOCHHYCOB, COCTABJISOIIMX
In(Inx, Iny, Inz), satem Bermcasncs pamuyc xpyra noeepus (a 95)
¥ Onpefe/lsuliCk KOOPAWHATHI NajleOMAarHHTHOIO NOMIOCA H MOJTYOCH OBa=—
na norpemnoctH (6, 64).

Boapact In ang rpynmnb nopon onpepensiica myTeM CpaBHEHUS, yCTa—
HOB/leHHOTro no In  nonoxXeHus naneoMArHUTHOrO MOJOCA C TPAeKTO~
pHeli W3MEHEHHS MECTOIONOXEeHHsi reomarHuTHoro nonoca or pCmy no
Q,  nocrpoenno#t nng ropueix nopon Esponel (Xpamos, llomo, 1967).
Hampasnenwe In onpepenanoce B coBpemenmofi cucTeme KOOpOHMHAT,
Tax KAK IpeAno/iaranochb, YTO 3ajleraHHe IOPHBIX NMOPOA B WHTPYSWBHBIX
MaccHBax, oCo6eNRO KpyMHLX, Noche KX o6pa3opanud He W3MEHHIOCh, JTO,
beaycnoBHO, gpndeTcd OOHHEM M3 HENOCTATKOB METOAMKH, NPHCYUIUX BCEM
NonoGHEIM HCC/IEAOBAHEAM HHTPY3HBHBIX MOPOM, TAK KAK HEKOTOpLIe HHTPY=
SHBHBIE Tena TAKXe MOTTH MeHSTL CBoe NoJoXeHHe Mocne o6pas’oBaHus
{manprMep, npoTpyamn) HTE Npr NepeMemeHHH HenbiX 6I0KOB 3eMHOM KOpBL

lpu anamuse ocobGexHOCTeft GOPMUPOBAHMA NOPOA NPUBIEKAIHCH NaH=
Hble ¢ npupopge X In, noBemewwM k Npu HArpeBAHMM H O XapakTepe
coorrowenns k ¥ In. [Tpu nocnemseM WCMONB3OBAMMCE YCTAHOBIIEHHBIE
paHbllie 3aKOHOMEpPHOCTH W3MEHEeHHWS 3THX NapaMeTpoOB B 34BHCHMOCTH
oT ycnopufi o6pasoBaHus M Meramopiuama ropHeix nopoa ([dawykanos,
1965; Nanykanoe u ap., 1968).



PeaynsTatn uccienopanuft ctabunshoctu In K nocTosHHOMy ¥ ne—
PeMEHHOMY MATHMTHBIM IO/IAM M HArPEBAM NpEedcTaBlEeHbl B BHAE KpH—
puix 3aBucumocty I or Ha~H, w t° AHajoruaHbiMM KpHBEIME Npea-
CcTaBJIeHbl pe3y/ILTaThl PABMATHHYHBAHES [ri [PH Bo3neHCTBHH MEPeMeH -
HOT'O MATHHTHOTO NONSA M M3MEeHeHHs « NPH HATpeBaHWH nopoa. Pacnpenene=
HUMS BekTOpoB In B MaccuBax u rpynmax mopoA HAHOCHIMCL HA CTEpes-
rpammbl, PeaynstaThl uaMepewus k, [N w naneomarmuTHble aamHEle
cBOOM/MCE B TaAGMuubl MO THNAM MOpPOA, MHTPY3UBHBIM MAacCCUBAM H
KoMniekcaMm. [ns KaXaoro MHTPYSHBHOIO Tell8 yCTAHAB/MBAITNCH HaH—
foniee xapakTepHble QU3HYeCKHe NapaMeTpbl, N0 KOTOPbIM OHEeHHBA/ICH
PO3pPacT Nopoa ¥ OCOGEHHOCTH WX reHesHca. 3aTeM CpaBHUBANUCH Mar-
HUTHbBIE ¥ NaneOMATHWTHLIE [OaHHbie N0 MACCHBAM M TellaM BHYTPH WHT=-
PY3HBHLIX KOMI/IEKCOB H NpoBOAMiack WX Koppensuusa. [lns xomniexcos
TaKKe BLIABNMIMCE Haubonee xapakTepHele 0COBGEHHOCTH MATHHTHBIX H
naneoMarHHTHBIX OAHHBIX, IO KOTOpbIM OWUEHWBANOCH Bpems (GOpMHpOBa=
HHfl 3THX KOMIIJIEKCOB,



I'naea III

CTABHJIBHOCTb M NIIPAPOJA
ECTECTBEHHOH OCTATOYHOH HAMATHHYEHHOCTH
HHTPY3HBHBIX MOPO/I

I'naBxeftiian sanaya npu /1OGLIX NaneoOMarHUTHLIX HCCNENOBAHHAX -
onpenefieHUe HanpablleHWd 3€MHOr0 MAaTHHTHOIO nonsi B snoxy obpaao-
BaHHAa HCclleyemofi MOpHOR nopoabl IO ee ecTeCTBeHHOH# OCTATOYHOMH
HamaramdesHocT . COXpaHHOCTR TepBOHAYANLHOrC HampaB/leHHd [n
XapakTepuayeT naleoOMarHHTHYK cTabulLHOCTb ropHoit noponsul. [ns
OUEHKH BEepOSTHOM NMAaleOMArHHTHOH CTAGWILHOCTH M YCTAHOBJIEHWS [OIH
nepeWdHOl HaMarHwdeHHocTH In o B In  ropuoit NOpOoAb! WHPOKO HCIMOIlb=
ayiorca nabopaTopHble MEeTOMbl ONpefe/leHHd MAarHHTHOH cTabuilbHoc—
tu In. JlaBopaTopHbie ompenenexus cTAGHM/IBHOCTH [/l HAC BAXHLL elle
M NOTOMY, YTO OHM IIOSBOJISIOT BLISBHTH BHOLI OCTATOYHON HAMATIHHYEH=
HOCTH, TAK KAK CBEIEHWA O NMPHpoOAe NOCHe[HMX OAT OnpefelleHHYIo
HRGOpPMALHIO O (USHKO-XMMHYECKHX YC/IOBUAX, B KOTOpBIX HAXOOHMNACH
ropsas nopoaa B MOMEHT BO3HWUKHOBEHHS 3TUX HamarHwieHHocTed, Uay-
YeHHI0 MArHUTHOA cTaGHALHOCTH IOPHBIX NMOpPOd H OGHMEX NONOXEeHWR O6=
pasoBaHWsl PadHbIX BHAOB HAMATHWYEHHOCTH INOCBslleHa OOWMpHAd NuTe-
parypa (Harara, 1956, 1965; Bnexerr, 1959; Tenwe E. u O,,
1959; Illerpora, 1961; Tetr, 1962; TI'pexam, 1962; Meramoea,
dantnbepr, 1963; Auoeckut, 1963; Womo, 1970; Heanos, Wanwupo,
1965; Muxaftnoea, 'neBacckasa, 1965; Xpamos, llomo, 1967; o=
no, fAxoscku#, 1963; Graham, 1949; Neel, 1951, 1955;Kawai,
1955; Creer, 1957; Uyda, 1957; Stacey, 1958; Nagata, Car—
leton, 1969a,b), nosromy nonpobHo aTH BOMpPOCH 3NECh HE PACCMAT—
pPHBAIOTCH.

Ilpy naneoMarHuTHLIX HCCNEQOBaHHsX B NEpBylo oyepeab CTPEMATCH
u36aBUTLCA OT BA3KOH HaMATHWYEHHOCTH, HABENEeHHOH B NOpOAe CoBpe-—
MEHHBIM MArHMTHBEIM notem 3emmu., C aTo#t Uenbio Gonmee 1000. obpaa—
OB M3 OCHOBHBLIX PA3HOBUOHOCTEH MOPOLd KAaXIOro WHTPY3HWBHOIO MAac—
cuBa GbUIM MOABEpPTHYTH BpeMeHHO# “wmcTke”. B peaynmnTaTe yCTaHOB —
neHo, ¥TO NMpH Boame#icTeuM nabopaTopHoro marmutHoro nons (nopsnxa
aemHoro - 0,465 spcren) B Teuyenuwe 15=45 cyTok B nogapismowem
BonbWHHCTBE CllyyaeB HET CYUEeCTBEHHBIX H3MEHeHH|! Be/IHYHHL! H Ha-
npaenenus In. B ocHoBHOM OHa u3MmeHsercs Ha 1 < 5%, pexe 10%
no Be/MYHHEe, 4 MO HAmpaBleHWio Ha 1 = 5 , pexe 200. H Tonwko y
enuHuWyHbIX o6paatioe mopod BeMwuuHa In W ee HanpaBnenue CHILHO
uaMenunuce, Takuwe obpasubl coctaBimoT 2% OT BCcell MCCIeNOBAHHOH
Ko/utekuvd, OB6LIMHO 2TO CYUECTBEHHO MeTamMopdu30BaHHbIe NOPOAbI, B
KOTOpbIX mnpeobnanawT “BTOpPHYHLIE” MATHWUTHEIE MHHepalsl, obpasoBap-
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270

180

Puc. 2. dnarpammel nopeflendss BexTOpoB In  mnpH BpemeHHOM "yl
ke” ofGpasuoB runepbasutos HypamiHckoro maccHBa

a - pacnpenenen¥e In nepen "wHMcTKoi”; 6 - pacnpenenenne In
nocne BpeMeHHON “YHCTKH"; B — M3MEHeHHe HamlpaBlieHHs In B cepres=
THHMTax H ra6bpo mnpu Bpemenuc'm “yuctxke”; 1 - npoekuwn In cepmes-
THHHTOB N0 "4HCTKH”; 2 — mpoekuun In  cepnenTHHHTOB mocne “wHCT=
Ku”; 3 - npoexuuu In ra66po no “uMctin®; 4 — mpoexkuwu In  ra66po
nocne “yucTKH" ‘

Hble NIpH CpPABHHTE/IbHO HUBKHX TemiepaTypax (MHOro HHXe HX TO4eK
Kiopu) . ITpmmep nopenemua In B nannoM skcnepumenTe npuBedeH Ha
PHC. 2, W3 KOTOpPOT'O BHAHO, HACKOI/ILKO HEe3HAYHUTENbHBl U3MEeHEeHHUs Ha—
Npaenenus sexTopoB In  ropHeIX nopon npu BpemeHHOM “wucTke” (He
H3MEHW/MCL HH KY4YHOCTb, HH cCpefHee Hanpapaenue In).
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Kpome Bpemennoit “wmcTkn” Gonee wem y 200 ofbpaauor crneuvansho
Hay4anack cnocoGHOCTL K npuOGpeTeHWio BA3KOH HAMATHUYEHHOCTH B
3eMHOM MATHHTHOM none, [lns artoro ofpaaubl nopoa NpeaBapHTelbHO
paaMaruuYMBaiuch HarpesanHeM 00 600=-700 C unu nepemMeHHbIM Mar—
HHUTHbIM noneM, CneayeT OTMeTHTb, YTO HeT 3aMeTHBIX pa3/viui B Be—
nwaune Irv  y nopom, In  xoTopeix paapyuianach pasHbiM¥ cnocofamu
(cpapuuBanuck o6pasubi, BhIMMIEHHbIE W3 OQHOrO wryda). PeaynbraTs
HCcnenoBaHuft ceenens! B tabn, 1, nokaaniBayo, YTO ANA GOMbLIHH-
cTBa uccnenoBaHHeix nopon Irv  we npeeslwaer 10% 6uiBwedt y wux In.
ABcomoTHbie 3Hayenusi Irv Taxxke HeBeNMKM, naxe y CUIBHO MATHHT—
Hbix nopoa. OOHako. MMElOTCA M Takue Nopofl, y koropwx [rv >In,
oHu cocTtapnaioT 1% or obwero KoJIW4ecTBa Way4yeHHbix 06pasuoB. Ko—
nuyectBo obpasuop ¢ Irv =1/2 In ne npepbimaer 10% ot obulero
9YHC/IA MCCNeNOBaHHbIX nopoa. O6GbIMHO = 3TO nopoabl, B KOTOPLIX Npe-
ofnagaioT MarHuTHbIE MHHepalbl, BO3HUKIIHE B pedyibTare (as3oBbix
npeBpalleHuit NpH TepMopaaMarHuyuBanuu ¢ obGpasopanuem Gonee mar—
HUTHBIX (pakuu#, MO0 nopoabl MeTaMopdH3OBAHHbIE, CONEPKALIME MHO—
ro “BTOpWYHBIX” MATHUTHLIX MWHepamnoB, o6pasoBAHHBIX NPH HUSKHX TeM—
nepatypax. Ma pToporo cneayer, 4To uMeercd obliad NpuUYHHA HecTa—
6unbHocTH N x Bpemennoit *wucTke” w cnocobHoCTH nopoa npHoGpe—
TaThb Sdnbmylo BA3KYI0 HAMAMHWYEHHOCTb B 3@MHOM MATHUTHOM I10/€ - 3TO
Ha/MYHe MACHWUTHBIX MHHepanos, O6pa30OBaHHLIX HEe B MOMEHT KpHCTall-
NM3auuMy OCHOBHOT'O BEellecTBa NOPOA, a NPH BTOPWYHLIX HU3KOTeMIepa-
TYpPHBIX NpOLECCax.

BAskag HAMACHWYEHHOCTbH, KAK NMPaBH/IO, WHTEHCHBHO pacTeT B Mep—
Beie 15 cytok. B nocnenmywuiee BpemMsi ee yBe/lMYeHue OHEHL HeaHa4u-—
Te/lbHOE, T.e, MNOATBEPXOAETCH W [/ UHTPYSHBHLIX NMOPOA BbICKA3AHHOE
nonoxenwe ana addpyauexbix nopoa lxHoro Ypana o ToMm, ¥TO npeobna-
napowas 4acTk BemwduHbl Irv BoanukaeT B nepebie 15 —= 45 cyrok
(Mauyxanor, 1965),

Taxum obpaaoMm, B BGONbWHHCTBE MHTPY3uBHBIX nopoa lKxuoro Ypana
CONepXAaTCA CPABHUTENLHO “KecTKHe® MarHUTHble MuHepanbl, a ux In
BIIOJ/IHE YCTOHYMBA K BO30efCTBUI0 COBPEMEHHOrO0 MATHUTHOIO NOfs,
ChnenoBaTe/nbHO, NpPH NajeoOMAaCHUTHBIX WCCIIEIOBAHUAX WHTPY3WBHBIX 10—
PO pervoHa BS3Kas HAMArHWYEHHOCTL He INpefcTaengeT 6oMnbloi onac—
HocTH. [Topoabl, B KOTOphLIX OxuaaerTcs Hammyue Irv  (co cnepamu
BTOpPHYHbIX HH3KOTEMIEpATYDHbIX M3MEHEeHHH# — oxBaplieBaHHe, XJODUTH—
3anug, SMUAOTH3AUMSA W T.d.), ClleayeT NOABEpraTs BpeMEHHOR MAarHwT—
Holt “yncTke” B TeyeHne 30-45 cyrok. YcranaBnupaTs o6pasaubl NpoTH—
BOMOJIOKHO 1N situHa Gonee AnWTENLHOE BpeMs NMPAKTHYECKH HE WMeeT
CcMmbIcna,

[Ipy TepMopa3MarHHYMBAHHH HHTPY3HBHBIX nopon lOxHoro ¥Ypana ua-—
6iopaloTcs Tpu THna Kpuebix (puc. 3,4).

[na nepporo THNa KpuBbiX TepMOpasMarHWYMBAHUA XapaKTepHO =
6o nnaeHoe y6GbiBaHMe Benuuwiibl N c noBbluennem TemnepaTypbl, nubo
In ocraerca mouwrw HewameHwoit QO ONpeReNeHHOR TEMNEpPATYDbI, BLILIC
KOTOpO#i peako yMeHbluaeTcs OO NMOMHOro paapywenus, Hanpasneune
pekropa In npu aTom ocraeTca HeusmeHHbiM, KpuBbie Tepmopasnmar-
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Ta6bnuua 1

‘
Benwuunnt Irv  3a pasubie BpemenHble HHTEpPBAIL!

WUurepsan Komme- | Irv aa ].3-195 cex,
pesuuHbl [n [cTBO B 1-107Y crc b B r
B 1-1 0-6 CI'Clo6paauos

max min A

1-50 36 22 0,1'0,1-1,5"'50 0-10 ' 41
51-100 30 40 0] 0-10 87 0-10 72
101-1000 120 230 0 0-10 61 0-10 81
>1000 45 240 0 10-50 44 0-5 94

Ta6nuua 1 (mponomxenue)

HuTeppan Konu= ] Irv 3a 39 cek,
peavuuubl [n |4ecTBO B 1.10-6 crc B B r
Bl 0~6crc o6pasauos

max min A
1-50 I 36 21 0,2'0,1-1 50 0=-10"' 57
51=100 30 42 0,2 0-10 T 0=10 77
101-1000 120 950 0 0=100 78 0=10 77
>1000 45 810 1 0-100 60 0=5 80

Ta6nuua 1 (oxonuanwue)

Wurepsan Komu= Irv 3a 43-10° cek,
BeMYuHbLI |n |4ecTBO B 1-107% crc |5} B I
s110-€crc o6pasuos
max min A

1-50 36 34 0,5 0,1-1 55 0-10 "' 50
51-100 30 31 0,4 0-10 73 0-10 73
101-1000 120 480 0 0-100 83 0=10 65

1000 45 2570 s 0-100 57 0=5 71

lTpumeuauune: A - naubonee BEpOATHLIR WHTepBan anadeHwit [rv:

B - npouent ofpaauce, nonanawomux B wereppan A; B - naufonee me—
POATHLIE WHTepBan 3uavenu#t oTHowenus Irv/In (B %); [ = npouent
3Havenult otvowenusa Irv/In, nonapawownx B weTepean B,
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Puc. 3. KpuBrie Tepmopasmaruuunbarms . In METpysuBHBIX mopon mepmoro THmA

a - mnoarum; 6 - Il noatunm; B - Il momtun; r = IV nonrtun
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Jnafdn x, /% om; /Jrro
U/DI a %Y %
100 100 700
30 + S0+ 5
g L 0 a 1 i
300 700 300 600
t9C ~4,
g /Iy
x;/ I /g
‘%’ % %
100 100 100
50 50 50
0 L 0 a :
300 00 Jog 600
Puc. 4. Kpubvie Tepnmopasmaruuunsanus In MHTPY3HUBHLIX Nopon

a4 = BTOpPOro THna, 6 = TPpeTbero THNa



HUYMBAHMS [AHHOT'O THNA CBHAETENLCTBYT O TOM, uTo In  nopon -
ONHOKOMINOHeHTHas, oBg3aHHad OOHOMY BuAY HAMATrHwYeHHocTH, Takoro
THMA KpUBLIe pa3MarHWyMBaHug HabmonawoTca As 6OJBWMHCTBA WCCie—
noBaHHbix nopoa (61% ot obwero wucaa obpasuor). Cpean KpuBbIX
TepMOpPa3MATHHYMBAHUS NMEPBOrO THIA BLIAENAKTCH YeTblpe NoATuna,

[epBbifi NOATMN MMeeT BBINYK/IYK© (OT KOOpAWHATHON OCH) KpHUBYIO
TepMopaaMaruwusaunug, In nonHocTbo paspywaerca npu HarpeBaHuu
nopon o 625 + 685 C (cm. puc. 3a). Takoro Bula KpHBLIE TepMOpas—
MATHHYHBAHHS XAPAKTEpHL! A/ TEPMOOCTATOYHON W XUMWHYECKOH Hamar-—
wwuennoctu (Ilerposa, 1961; Harata, 1965). TemmepaTypa nomHoro
HcyeaHoBeHuA In  cBUOETEeNbCTBYeT O TOM, YTO HAMATHWYEHHOCTb [aH=—
HOI'O BHOA CBfA3aHA C FeMAaTHTOM, IPH 3TOM O4YeHb MEKO3EepPHUCTBIM,
KOTOpHLIAi Naxe He AUATHOCTHPYETCH NPH HCCIeNOBAHUAX MOA MHUKPOCKO—
noM. MarHuTHAg BOCNPHUMYHBOCTbL NMOPOL C 3THM THIIOM KpPWBOH Tepmo-—
pasMarHMYMBaHUA NPH HArpeBaHUW B GO/MBWUHCTBE ClIydaep MPAKTHYeCKH
He uamengercsa (oTknoHenus He npesbiwator +10%), aT0 ykasbiBaer
Ha oTcyTcTBHe (a30BLIX NpeBpalieHUdl B MATHWTHbBIX MuHepanax, Y or-—
nensHbix ofpasuos (1% OT BXOASUMX B OAHHYK TPynmy) NP UX Ha=—
rpeeanuu k ymeHsiwaetrca Ha 20-50%, r.e. umMeer mMecTo nepexon
MACHUTHLIX MWHepanoB (y-remaTut) B c1a60 MarHuTHbIE ( a =remarur).
kK HeKkoTopeix ofpaauoe pHayane (no 300 C) ypenwyuBaeTcs, 3aTeMm C
panbHeHRu UM MOBbIWEHWeM TeMIepaTypbl NOCTeNeHHO yMeHbluaeTcd,

Y yactu obpasuop (- 1%) npu HAMPeBaHWM k NOCTENEHHO YBeNHiaBacT—
ca Ha 20 - 45% K@ T-€. NPOMCXOMMT NpeBpalleHue HacTu napamar-
HUTHBIX JKelMea0CoNepXalliX MHHEepa/ioB B MArHUTHLIE.

YeroityuroeTs In ropHebix nopoa namHo#t rpynnbl K BO3AEHCTBUIO le—
pemennoro markuthoro nong (MH) camas paanuunas. Yacts obpasuos
(41%) coeepwenHo He pasMarHWYMBAeTCs Np¥ BO3AEHCTBHM MONs B
600 spcren. ¥ npyro#t, Gonblied rpynmnsi, o6pasuop ctabuisHocTs In
K ¥l umeer noBonbHO BonbloH CnekTp: HexoTOpble 06padubl TepsoT
90% In yxe B none 25 spcren, y Apyrux npu poaageicteuu ~l B
400 apcren emwe octaerca 20 = 35% pemuuuuel In. B artoi rpynne
nopoa In  nonnoctbio paspywaerca y wactu ofbpasmor  npu ~H
= 200 = 400 spcren, HO y HekoToprhix In  coxpansmor 10 = 20%
CBOeft BenuuMHbl nocne pasmaruuyuBanusa vl s GOO apcrea. Kpusnie
TepmopaamaruuuuBanug In nepeoro noartwna waGnwnawoTtcs y o6pa3uos,
cocrapnsmouux 30% OT U3YYCHHOH KONMEKIUM WHTPY3UBHLIX NMOpOA, W
48% nopoa ¢ | Tunom kpusoii.

Takun 0o6padon, OAHHBIH BHA KPWBLIX TOPMOPASMACHWYHBAHUS — Xa—
pakTepen ang ropuuix nopoa, In xoTopeix - TepamoocTaTounas nubo
XUMuYeckas, 06yclIOB/IeHHAs FeMAaTHTOM pasfiMyHOro reHeauca (Boa-
HUKIUKMM NpH KpUCTANMu3auuy Mopodnl ua pacniaBa, nubo o6pasoBaHHLIM
NpU CPaBHUTENILHO HW3KO{l TemIepaType B peay/bTaTe NOMHOIO 3ame-
WeHWH MArHeTHTa WIH THTAHOMATHETHTA WM KAKUM—=TO APYCHM IyTent),

KpuBble TepMOpa3MarHMUMBAHHS BTOPOrO THIA 110 BHAY AHAJIONHYHLI KPH—
Bbn mphlopﬂaMﬂl‘HqufBaHHﬂ nepBoro ITOﬂTH[I-'i\ HO lll BEE‘CEJOHOJTHOCTIJEO
paapywaercs npu Boiee Hu3KMX Tewmnepatypax — 500& 580 C (puc.36).
Taxuc kpuBble TepnMOpa3nMarHUYIBAHUS XapakTepHbl LI TEepMOOCTATOM—
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