N30MOPDU3M
B MUHEPAJIAX




AKALEMUA HAYH CCCGP

HHCTATYT I'EOJIONMU PYjIHLIX MECTOPOKAEHUN, IIETPOTPAOUN,
MUHEPATIOIMYA U TEOXAMUN

ACADEMY OF SCIENCES OF THE USSR

INSTITUTE OF GEOLOGY OF ORE DEPOSITS, PETROGRAPHY,
MINERALOGY AND GEOCHEMISTRY



- ISOMORPHISM
IN MINERALS




/ 70/

N30MOPDOUSM
B MUHEPAJIAX




VIK 548.32

Wsomopgusm B MuHepanax. Vsm-so "Hayka", 1975, 1-324,

CGopruK COCTCUT M3 YeTHpeX pasmenoB. B pasznene I ocee-
WaeTeA COBPEMEHHOE COCTOAHNE MpoGNeMH, OGCYRIAeTCA ompelne-—
JIgHME TOHATHA "usomopdwsm", HaeTcA 0030p HOBHX MUHSDATIOB —
YIEHOB M30OMOPPHHX DANOB - ¥ YKasHWBAWTCA BOIMOKHOCTHM HCCIE-
IoBaHUA M3OMODPHHX ¥ HEMsSOMODPHHX COeNMHeHME Ha OCHOBAHUM
bacueTa Kpueramroxuvudecknx dopvyn. B paspmene I1 uasnara-
DTCA PE3yJIbTaTH ONPENeNEeHNA ¢ MOMOWEW PadMNYHHX COBDEMEHHHX
METONOB 3JIEMEHTOB-NPKUMECEH B 30J0Te M KACCUTEDHTE, OIMCH—
BaeTCA pPeNKu MUHEpaa U3 U30MOPPHOR TPYNHH CTHGMKOHMTA.
B pasmene III pacCMOTPEHH HEKOTODHE OCOGEHHOCTH n3omopdrs—
Ma B CyJb(mIax # pa3CMpanTCH KOHKDETHHE NpUMepH. B pasmere
IV o6o0maeTcA MaTepnal O XUMUYECKOM COCTABE HEKOTODHX
CTOXHHX MRHEpaNOB U NPUBENEHH HOBHE HAHHHE 1O M3oMopusMy
B YPaHOBHX CJOAKAX, NOJEBHX UNIATAX. .

Kaura paccunTana Ha UMpORUA XDYT T'eoNOTOB, MUHEDATOTOB,
neTporpafor, pucTawIOTpafos,

OTBETCTBEHHHE DelaKTOpH :
axanemux O.B.YYXPOB, KaHmMmaTH Teox.-MUHEpal. Hayk

B.E.BOPYIKIZ, H.H.MOSTOBA

Editors:
Academician F.V.CHUKHROV,

B.E.BORUTZKY, Ph.D. N.N.MOZGOVA,Ph.D.

Hgg:?gr;f 1-?5195"75 @Msxarem;cmo "Hayxa", 1975



IIPENHACJIOBHE

llonATne maomopfwsM, BBemeHHOe B Hayky J.MuTwepmuxom B 1869 ., nepEOHa-
YaJBHO OSHAYAN0 PaBEeHCTBO KpHCTaLIorpafwdecKnX fopM XMMUYECKM CXOLHHX Be-
mecTB. Ha cMeHy eMy MOSBMJIOCH CTPYKTYDHO-KPMCTALIOXMMAYECKOE NpPEeNCTaRIeHne
o6 msoMopdusMe, OCHOBAMA KOTOPOTO ABLANTCA CMU30CTE DasMEPOE Sameuanipx
OpyT IpyTa 49acTdll, pasMepoB ¥ JopMH HX SJEMEHTADHHX KPUCTAMYECKEX AYeer
¥ ONHOTMIHOCTE XuMIueckux cBAselt. [ msomopdHEX cmecelt B JmTepaType HCHONb—
3yOTCA HasBaHWA "CMellaHHMe KpucTawtu" (moHATHE BBelexo bBelasom B 1818 r.) m
"TRepIHe pPacTEOPH" - 3aMemeHnd, BHEIDEHUA, BHUMTAHHA, '

MonHTKY YTOYHWTE NpPelCTABIEHMA 0C M3oMopfMsMe M OTHOCANMXCA K HEMy Tep—
MEHAX B COBETCKOl /IMTepaType NeJaiuchk HeoNHOKDPATHO. ITUM BONPOCAM NOCBAMEHH,
Hanpumep, padord H.A.TopwHoBoit, B.A.dpaxr-Hamenenxoro "0 cofepRaHmy NOHATAA
usomopdusm” (1956), B.A.KoToemu "K weTopmM DESBATHA B3IVIANOB HA ABIEHNE
msomopiusma” (1962), H.J. ChupHoBOdH "I3oMOPJHEM ¢ KPUCTALIOXMMAYECKO! TOTHI
sperma” (1964), M.M.Comero "0 cymHocTH HOHATHA "m3oMopduam" ¥ M30MODHHHX
SaMemeHuAX XAMmYEeCKHX anemeHToB" (1965), H.J.CwmupHOBoit, H.B.benosa "Msomop—
fusm ¥ CnMsKMe NpencTaBleHud B cBeTe rpucTamtoxmom" (1969), A.A.KyxapeHko
"Mpodnemu maomopdmsma B wmueparax" (1970), U.J.BopHemar-CrapuEKeBrd "00 H30-
vmopfusme B mMmHepamax” (1971), B.A.®Opaux-Kameremkoro "Msomopdusm u HederTH B
KpueTamnax" (1971). :

TnapuuM ODESHAKOM H3OMODIHSMA MOXHO CUNTAT: 0OpEIOBaHHEe CMEUgHHHX KDHC—
TALIOB W TBEPRHX DACTEODOB DasS/AMYHHX THNOB., Ha aToMapHOM ypoBHe aTOMy Oy-
IeT pPaBHOBHAYHO BXOXIEHNE 4TOMOB B UyXyW pemeTHY. VIMEHHO B TaxoM IOHUMAHMN
9T0T TEpPMUH, Kax yxasuBan H.B.BemoB B 1966 I'., MCHONBE3YETCA GONBIHEHECTBOM
8BTOPOB NPX XADAKTEDUCTUKE NDUPOMHHX MIHEDANOB, CXONHEM G6pasoM OH TDaKTy-~
eTcA M B HacTosmeM cGopHmke (crarTba I'.B.Boxud).

C ompemeneHHeM NOHATUA W3OMOpEUAM TeCHO CBASAHH ¥ TPaHMIH €0 NpUMeHeHn:.
PacomoTpenve msomopdmsma, npopemeHHoe I'.E.BoxMem, NMoxasHBaeT, YTO OT M30-
MODPHHX cMeceif MORHO HaMETHTh NOCTENeHEHEe IepeXomH, ¢ ONHOM CTODOHH, K XMMu-—
YECHUM COEIMHEHWAM 4Yepe3 TBEpHHE DACTBODH ¢ OMURHIMM ONOpARKOM, ¢ IZpyToft —

K MEXaHWIeCKNM CMEcAM Yepes KoJUIOKRHHE TEepIHE' pacTBopH (GIOYHNE ®3oMop—
fusm), "wiediTaerc" (BRIDYEHMS IpUMEcel B BHIE IOBYMEDHHX CJ0EB) ¥ BIUTAKCHD.

Omuo#t 3 3aXay mccJaemoBaHuit mo mpodieme ¥soMOpusma cremyeT cuMTATE YTOU-
HEHME PO KPHCTALIOXIMIMECKHX BAKTODOB, RIMAWIMX Ha M3OMOpIHHE 3aMemeHusd
B MUHEpanaX pasiiyHNX Tpymm. OYeBUNHO, ONPENENeHHHN MHTEDEC B BTOM OTHOWE-
HU¥ MOT'YT NpEINCTARJNATE ¥ CTATEM HACTOAMETO COODHMKA, B KOTOPHX N3JaranTcd
TaguHe o6 msoMopfusmMe B CamMOPONHHX SIeMEeHTaX, OKMCHaxX, CYAbfumax, CHIKKATax
¥ focharax. Hanpmep, 0GoGMmeH e NalHEX 10 #somopfusmy B cynsdumax moxkasHBa-
T, YTO B DTUX COENMHEHMAX, ABIAOUMXCA B OCHOBHOM KOBATEHTHHMM, M3 KpDHCTAN-
JoxmMIvecKuX faxTopos ms3omopfuaMa Ha NEepBHRl IIaH BHCTYNAWT Te, KOTODHE CBA=—
8aHH C 3MEKTPOHHHM CTDPOEHUEM aTOMORE.

Bonrmoit Brnam B mpodiemy msoMopdmsMa BHECHM yY€HHE DASHHX CTpaH IpHM OmyM-—
CaHMM HOBHX MuHepamoB. CocraBnedHuit 3.M.BoHmTenr-KymreTckolt 0030p 34 mociaem-
Hze 20 jeT NoKasal, YTO CPeI#t BHOBE OTKPHTHX MUHEDPAJOEB MHOTO WIEHOB n30MOpd-
HHX DANOB ¥ CTPYKTYPHHX aHalOlOB yXe M3BECTHHX MHIHEpaloB.



HepeZxo mpu MMHEpaloTo-TeoXMMEYECKIX HCCIENOBAHUAX CHBaeT TPYAHO yCTaHo- ‘
BATE ¥30MOPQHHA XapaxTep NpUMecei M OTMYMTE MX OT MeXAHWYEeCKUX BIINUEHMil.
OnpemesieHHy® NIOMONE IIPH 9TOM MOEET OKASarh NDABWIBHHI pacyer KPUCTAILIO XM~
geckoll opmysu mueepanoe (crarsm M.J.BopHeman-CrapurkeByy u H.M.3adapmuro-
Bo#t). OGmell 0COGEHHOCTEN COBDEMEHHHX padoT mo msomopfusMy ABIAETCA TeHIEHIMA
K MCIONB30BAHAN DA3JMYHHX METONOB. 3TO OTDAXAETCA ¥ BO MHOTHMX CTATBAX Ha-
cToAmero coopiuka. 0codoe MECTO IpM M3YUEHMM MSOMODHU3MA MUHEDANOB B NOCTEX-
HIE TOTH 3aHAM SMEKTDOHHHI MAKDOSOHT, MOSBOJADIMI HANEXHO XapaxTepu3oBaTh
pacupefieNieHe SJIEMEHTOB B MUHEepalaX, BHABJIATE KOPPENAIMOHEHE 3aBUCHMOCTH
COTEepRAHUA BJIEMEHTOB. JlemoNB30Baiue HTOTO METONA UrpaeT OTPOMHYD POJME B pas—
TPaHI4eHN M3OMOPJHHX ¥ MeXaHMYecKmX mpumeceil. C NOMONBO BIEKTPOHHOTO B0HAA
TOMyHeHH HOBHE MHTEeDECHHe NaHHHe 00 0COGEHHOCTAX COCTABA DANA MUEEDAIoB
(craren WU.O.Jlamyruaoit, A.T.Tenwuna; H.A.Osepopoit, B.C.Ipyszera; H.B.lleTpos-
crolt, T.U.locepoit; T.H.llamwrys ¢ coaBTOpamu 7 Hp.).

Hapamy ¢ MMKPOSOHHOM WIA ESYYEHHA M30MODIMSMA YCIENHO MCIOMb3YRTCH:
onpepeneHne MEKpoTeBepmocTs (crarha lleTpoBeko#t, M.M.Hosropomosoit) u AIeKTpU~
4ecknx cBoitcTB (craTsa M.U.Homropomomolt, E.B.PosoBoit), madpaxpacHad CIeKT—
pockomua (crarsa E,C.Pymaummko#, E.B.Bracosoit), MaTeMaTHyecKad CTATHCTHKA
(crares T.A.fkoBnescko#t m P.X.Baxreepa). YcTaHaBmmBaewue P U3YYeHMN MIHE-
pajnoB = YNEHOB MBOMOPIHHX DANOE 3aBHCHMOCTH COCTaB — CBOHCTBA MOTYT MCIONE—
30BaThCA WNIA UX IHMaTHOCTHKM, VA ONIpEeNeNeHusa comepRaHud mpumecedl mo csofi—
CTBaM MEHEDANOB ¥, HaKOHeIl, JJIA CHHTe3a BemecTB C 3allaHHHMI CBOHCTBAMHA.

Kax nsBecTHO, oGpasoBaHve TBepAHX DACTBOPOB, NOMAMO BHYTDEHHUX KDUCTATI-
NOXMMUYECKEX (aKTOPOB, PETYMMpPYeTCA TAKEE BHEWHNMA TEPMOTMHAMUYECKUMA YCJIO—
BuAMz (Temmeparypol, IDaBNeHMeM, KORIeHTpampell KOMIOOHEHTOE). ORHEM u3 afpex—
THBHHX METONOB M3y4YeHMA M3oMopdmama, NOSBOJADNMM OIEHUTH HEeiCTBHE BHEWHHX
faxTOpOB, ABNAETCA SKCIEDEMEHTANBHOE M3YYEHWEe CHCTeM. B COODHUKE HMCCJIENOBa—
HMA TAKOTO XapakTepa oTpaxesH B cTaThaAXx l.K.Bopodrera, a rawxe JI.H.Bemosoi,
B.U.JmTerxosoit.

Msyuenre BHemHMX (axTopoB m3oMopfusMa Ha NPUPOIEHX OCLEKTaX B 3HAYMTENb—
HOMt Mepe CMHKaeTCA C MCCHIeNOBaHEAME THHOMOpfMSMa MUHEDANOB U3 MECTODOXIEeHHH
pasHux THmoB (cTareu B.E.Bopyuxoro B coaBTopaMn).

HecomHeHHa BaxHOCT® IUIA INOHUMAHNA M30MOpW3Ma NAHHHX O CAENCTBHAX YIOpA-
IoYeHNA B KPUCTaLIMYECKHX CTPyKTypax (crater B.A.lpmua ¢ coasTOpamm;
H.B.[lerpoBexo#t, M.M.Hoeropomoso#i; B.E.Bopymkoro ¢ coaBTopam# ¥ Ip.). [lommo
MOJIeBHX WIATOB, ¥ KOTOPHX ONpefeNeHde CTENeHHM NOpANKa yEe Ial0 ILeHHHE pe— -
BYNBTATH, MHOTO HOBOTO JNACT N3Y4YeHNe NPYTHX MUHEDANoOB, B KOTODHX YHODANO—
YeHne H3oMOpdHHX cMecell NPUBOIMT K NMOABNEHWD DANOB COeNMHEHHH, 3aMeTHO pas-—
JIYaIMXCcA Mexny codoi. MHOTME U8 TaxuX COeNUHEHH! NPUHUMANTCA 34 CaMOCTOf-
TeNbHHE MUHepanbHHe BumH (crarsz H.H.Mosrosoit).

XapaxTepucTuKa msoMopfmsma B CyAb(UIaX NONOJHAETCA HOBHME HaHHHME 00
130MODJHHX SaMeleHNSAX B MuHepalaX IDYNNH BallepuuTa ¥ B Ixepdumepure (cra-
5% H.YM.Opragosoft ¢ coasropamm, M.I'.JoOpoBoabecKolt ¢ coaBropamy). OTH yHH-
KaJbHHE MEHEDANH BechMa JGOMHTHH "THOPHOHOCTHR" CBOETO COCTABA M CTDYKTY-
pH: B HMX COYeTapTCA CYAbQUIH Memu, HUKeJNA M Xexesa, C ONHOU CTODOHH, I
THNPOOKHMCHH ¥ XJIODAMNH KaMud, MAUHHA U aliMdEMs - ¢ Ipyroit, Eme HemaBHo Ta-
Kue cBoEoCpasHHE COYETaHUA JMTOJWIBHHX ¥ XalbKOPWIBHHX IEMEHTOB MNpeNCcTaB—
JNAICE HEBEPOATHHMM.

Bonewolt mHTEpEC WIA mcoremoparenei msomopduama NpencTaBldeT HeNABHO ycTa—
HOBVIEHHAA IJIA 9BOMANMTA KPUCTALIMYECKAd CTPYKTyPa MOHOOOMEHHNMKA; MOJOCTH B
€r0 CTPYKTYpe MOTYT SaloMHATECA SHAUNTENBLHHMM KOJMYECTBAMA DAS/YHHX MKOHOB
(crarea W.].BopHemaH-CTapHHKEBHY ) . ;



L. OBIIME BOITPOCEHI H30MOP®H3MA

: T. B. Boruii
IPAHNIBI IPUMEHEHHA NOHATHA «M30MOPOH3IM»

B Jmreparype TepMuHy "m3omcpdusm" cooTBerTByeT OOJIBIOE YUCHO CHHOHHEMOB:
M30MODJHHE WIM CMENaHHHE KDPUCTALIH, M30MOpPQHHE cMecm, TBepIHE DACTBODH,TBED-
Ide fasy MepeMeHHOT'0 COCTABA, COENMHEHMA ePEeMEHHOI'O COCTaBa M T,..

Bce oHE COOTBETCTBYOT ORHOMY NOHATMD, B KOTOPOE BKINYAETCH NOCTENEHHOE
HENpepHBHOE 3aKOHOMEpDHOe M3MeHeHMe COocTaBa KPUCTalna, BHSHBAOUEES NMOCTENEH-
HOe HempepHBHOE M3MeHeHne ero aTOMHOTO CTpOeHNA ¥ fusuYecKux cBoficTB, B pe-
3yabTaTe 4ero MHOTNA [DOMCXONUT [TOCTENeHHOe M HelpepHBHOE W3MeHeHNe BHell-
Heit OpMH KpUCTALIOB.

MsomopdusM oGHYHO HOmpasfiendeTcA Ha nsoMopdmsM 3aMeleHVA U BHETPEHHA.

B gavecTBE CHHOHMMOB I BTUX IOHATHE MCHONBBYOTCA TEPMUHH — TBEpIHE DACT-
BODH IepBOTO ¥ BTOPOT'C pofia. YacTO OTHENBHO PaccMaTpUBaeTCA M30MOpPu3M BH-
TMTaHNA, KOTOPH{ ABRIAETCA 94CTHHM CIydYaeM HsoMopdusMa BHEZDEHILA ( Boxait,
1971). TociemHemy COOTE@TCTEYOT CTPYRTYDPH BHEIDEHUHd. Ifiaomopqmsm 3aMele Hid
nompasnenderca Ha N30BaNeHTHHU UM reTepoBaleHTHHHA.

" QueH® 49aCTO B OFHUX ¥ TEX %e pealbHHX KPHCTaLIAX NDOABIAETCHA HECKOJBKO
THIOB M30Mopw3Ma, HanpuMmep: OLHa YacTh ATOMOB KPACTALMYECHO! CTPYKTYDH
3aMemaeTCA paBHOBalEHTHHME aToMamMy IpyIMX XUMHYeCKHX SJIeMEeHToB, a Ipyrad
4acTh - aToMaMu C MHOE BaleHTHOCTEHO. ONHOBDEMEHHO 9aCTh IYCTOT B CTPYKTYpe
MOXET 3alONHATHCA ATOMAMYA BJeMeHTa IPUMecH, NpUYeM Takue NONOJHUTEJbHHE
aTOMH MOTYT pasMelaTsCA B CTPYKTYPHO~DASHHX MosuImAx (mycTorax). Haupummep,
B cfenepuTax 4acTh 4TOMOE Kejesa 3avMemaeT aTOMH IMHKA, a 49acTh pacunoaaraer-
CcAd B OKTASIPUYECKUX IYyCTOTAX. JTO ABJEHME XOPOWO M3Y4YEHO DPEBOHAHCHHMH METO—
"IaMM, TOSBOJEBIVMY YCTAHOBATH B&BMCHMOCTH DABNMYHHX CIEKTPOB KPUCTALIOB OT
PacloJIOREHNsA aTOMOB TIPMMECH B MX CTDPYKTYDE.

Tlp¥MECHEHE aTOMH MOTYT 3aMelNaTh HEXOTOPHE 4TOMH OCHOBHOTO BemecTBa (Mar-
pUIH), DONAfaTh B NYCTOTH CTPYKTYPH M LaBaTh BCEBOBMORHHE KOMOMHAIMK BTHX
(z aHamorwunux mM) medexToB, OGYCAOBIMBEWIMX B CBOD OdYepeXb NOARIEHUE B
KpucTawiaX pasamdHHX "OnTHYECKHX LeHTpoB".

B Hamei#t paGore (Boxm# m mp., 1970) moxasa#o, YTO NpHM BBEIEGHNN B ZnWo,
(npenenbHNll MEHAT CAHMADTUEMTA) IDEMECH Gd~ ' HAPANY G OCHOBHHM CHEKTDOM
OIIP. BOSHMKAWNT MeHee MHTEHCUBHHE nonomm'remme cnexTpi., OCHOBHO# CHEKTpP
CBA3AH C 3aMemeHNeM B omaaxpax 720t Ha Gd°T, TOrma Kax HOMOMHMTENbHHE
CHeKTpH BHBBAHH BXORLEHNEM Gd° ' B NyCTOTH KPACTALIMYECKO! CTPYKTYPH, Haxo-
IAUpEcH DANOM ¢ BAKAHTHHMA NOSHIMAME MOHOB Zn° . COOTHOWEHMA HHTEHCHBHOCTEH
OCHOBHOTC K [ABYyX HE38BHCHUMHX IONOJHMTEILHHX CIEKTPOB NpHCIMSHUTENBHO DABHH
12 0,2 0,04,

AHanoTmyHOE sARTeHMe HalmwiaeTcd ¥ BO (IoopETax, Ie 3aMeljeHud catt Ha
1’3'33+ ¥ F Ha 0°~ BHSHBART NOARIEHHE HEHTPOBR pasJuyHHX THIOB, & Takxe B
TpadaTax, WEeRHTEe M MHOTHX LDPYTUX BemecTBaX, HCIOGALSYEMHX B KaYeCTBe KBaH-



TOBHX T'eHEpaTopoB'. M3 Beero CKa3aHHOT'0 EHIlE CHAELyeT, UTO OrPaHMYMBATE I0—
HATAE MSOMOPEWSMa TONBKO KAKAMI-~TO OTHENBHHMA SEIEHUANA (Hampmvep, TOTBKO
u3oMopduaMoM 3aMEWeHud), Kak 370, Hanpumep, npenmaraer A.A.Kyxapemko (1970),
BPAL JU IfeJecoospa3Ho.

VisoMopdmaM MOReT OHTH NOJHHM WIX HENOJHHEM (OTpaHNYEHHHM). OUpaHumdYeHHHe
TBEPIHE DacTBOPH MOIYT UMEeTE KaK JOCTATOYHO IMPOKYH, Tak M BeCEMA Y3KyD 00—
JNacT: T'OMOT'@EHOCTH.

Ecm Ha ImarpaMMe COCTOAHNMA HE YOSETCH ONPENeNHNTh UMPHHY OGIACTH IOMOTEH—
HOCTH (B CBA3Y C HESHAYMTENBLHHM KOJNYECTEOM BTOPOT'0 KOMIOHEHTA), TO OGHYHO
TOBOPAT? 0 "mpuMecH", &TOMH KOTODOE MOTYT 3aMemars aTOMH KaKuX~TO XUMEUECKUX
SJIEMEHTOB B CTPYKTYPe WM BHEIDATHCA MeXLy HUMZ X B IYCTOTH. ECTECTBEHHO,
4UTO IPUMECE MORET OHTE I YMCTO MEeXaHWYecKoi (He n3omopdHON), 0 uem Oymer
CKa3aHO HuRe,

Tepvmun "mpumecn" oGHYHO MCHOMBBYETCA TOTHA, KOTIA BTOPOTO BEWECTBa B

" KPECTa/Ie HEMHOTO (ennﬂuuu TNPONEHTOB WINM IOV IpOIeHTa). ONHEXO NOKA3aTh
Ipnpony mpmMecH (MBOMOD(HAR OHA WIM MEXaHNYeCKad) METONWYECKH JacTO OueHs
TPYIHO. d

HouaTHo nsoMopdmsMa, TBEPIHX DACTBOPOB W M30MODPPHONA CMECH OGHYHO IIpo—
THBONOCTABNAETCA NOHATHE MEXaHMYECKOH CMecH, C OfHOW CTODOHH, I NOHATHE Xi-
MIYECKOI'O COEIMHEHMA - ¢ JApyroit. KOHKpeTHHM IpuMepoM TBEPIHX PacTBODOB
MOTYT CIYRUTH OLHOPOIHHE KPMCTAIH KC1, B KOTOPHX 30% aToMOB (moHOB) KamsA
3aMelleH aToMaMi pycﬁnnﬁ; COCTaB TaXWX CMellaHHHX HKPUCTALIOB MOXHO BHDABHTE
caenyomelt xMIYecKot @opmwnoﬂz (K 7 Rbo )C1. B arom caydae KC1 I RbCI
ABMARTCA KOMIOHEHTaMV DaBHOBeCHO &msnnorxnmmqecnon CHCTEMH U 0CGPas’ywT OIHY
(asy. Bce TepvmomuHamMuueckue ¥ ApyrHe (usMuecKHe CEOBCTBa KPUCTALIOB TIpOME—
KYyTOYHOTO COCT&Ba CyLYyT OTVMYATHECA OT CBOHCTE KPUCTALIOB YMCTHX KOMIOHEHTOR.
Jlerxo MomHO cele npencwaBnTL'Mexaﬁnqecnym CMECE HKPHUCTALIOB KC1 1 RbC1l, B3d-
THX B TO#t %e mpomopmar. Iy TBEPHHX PACTBOPOB PEHTTEHOTDaMMa IOKaKeT mapa-
MeTp pelleTk! a, NMPOMERYyTOUYHON MEeXNy B3HaYyeHNAMA NapamMeTPOB MIF YHCTHX KC1 M
RbCl. ¥ mexaHWuecKoli cMecy Ha DEHTTEHOBCKOM CHIMKE OyLeT HallumaThsCHa Halo-
ReHne INApARIMOHHMX OTpageHu# oT KC1 ¥ oT RbCl, MO KOTODHM MOXHO DAaCCUHTATE
NapaMeTpH peleToX OCOMX BellecTB; MHTEHCHBHOCTH OTpageHN#l NMO3BOJSDT ONpeme—
JUTE ¥ cocTaB cMecH. H o kakxoM "paBHOBecmn" MEXLY KC1 ¥ RbCl B TakuX CIy—
YadX TOBOPUTE Helxb3d. Bce mx (usuyeckue cBoiicTBa CYOYT MMETH SHAYEHHA ONHO-—
T0 ¥ OPYyTOoro YACTHX BeljecTB, TaK KaK MeXILy 3TUMI BemeCTBaMi He BO3ZHUKaeT
XIMIYECKOTO B3auMOMelcTENA. B oT/mMUMe oT mexaswmdeckoll cmecu B usoMopdHOi
CMEeCH HMeeT MeCTO B3auMomelcTBUEe MEXIYy KoMmoHeHTamu. OIHakKO XUMUYECKOe B3a-
mogeicTEne He 0GABATENBHO NPUBOIUT K olpasoBaHMD H30MOPJHHX cMmecell.. OHO
MOXET NPMBECTH X 0CPa3s0BaHMl XMMWIECKOTO CoeMuHeHns Mexny Hmviu (Hampumep,
CaCO + MgCO = CaMg(CO ) ) W ®e BHDaSUTECA B MHOTOUYHACJAEHHHX IDPOMEKYTOU—
HHX coowoannﬂx MEeRILY TBepnuMM pacTBOpaAMM WIN COeIMHEeHUAMM, C ONHOA CTODOHH,
I MeXaHuYeCKMMU CMEecAMH - ¢ IpyToii.

B Hexmpolt mpHpoZe OUYeHbE YaCcTO MERINY IBYMA NPeNeNbHHMI COCTOAHUAMA Halmo-
TaoTcHd NpPOMEXyTOYHHE, KOTOpHEe He IpPeNCcTaBAIeTCAd BOSMOXHHEM DE3KO OTIENHTE
OT Kpallfmx. B TamMX CJIydYadX MOXHO T'OBODUTE TOJBKO 00 YCJOBHHX TI'DAHNIAX ,HO-
TopHE YLOOHH Ind cdopa, CHCTEeMATHKN I OCMHCINBaHUA (QaKTORB.

0603HAUUE TBa XUMUYECKN NHIMBULYAIUSMPOBAHHHX BemecTBa GykBavi A n B,
¥ moayumm: AB (wm B odmeM crydae AmBn) L9 XUMMYECKOTO coemuHeHns (cTporo

1 CM. Hamy o6sopuyn crarso (Boxmit, Kpasuenwo, 1973).
2 JneMeNTH, HammcaHHHe B fopMmyse 4Yepes 3anATyo, pacnojaralrcd B KPUCTaLIe
CTATHCTUYECKN B OJNHOJM NPABIWIBHO! CHCTeMe TOYeH.



roBopsd, M7 XUMAYECKOTO COeMMHEHUA [OCTOAHHOTO cocrasa), (A, B) - mia TBep-
noro pacrsopa m (A + B) - LiA MexaHnyeckol cmecu. Kak yEe GHIO CKa3aHO ,MeXIy
TpemMsa STUMM MOHATHAMA HeT OYeHb YeTKuX rpaHuil. JlocMOTpMM Telepb, Kaxue H3-—
BECTHH TPOMERYTOYHHE CIyd4sM. Hak y®e CHJIC CKa3aHO BHme, LA IEpBHX ABYX HO-
HATH XapaxTepHO XUMWYEeCKOe B3auMoIeiicTeBHe MeXmy A @I B, a LA MOCHENHETO
NpemnoNaragTca OTCYTCTBHE TaKoTO B3EMMONEHCTEUA.

OnHaxo MeXIy CIIBHHM XAMUYECKHM B3auMoLeAcTBHMeM, NPHBOIAINM K 00pa30BaHMO
XMMIYECKIX COSNMHEeHNA WIn TBepIHX DacTBODOB, U NOJHEM OTCYTCTEMEM B3aUMO-
DelflcTEEA cylecTByeT oOnacTh CAAaCHX B3auMomelcTBHMit, HaGIOIAOIMXCH, B YACTHO-
CTE, B RINKAX pacTBOpax. YTOCH -Iydlle NOHATE TPUPOTY 9TEX CAAO0HX B3auMOTel—
CTBuif, IpoBeleM CAeIylmuli MHCIEHHHN BKcmepmMeHT. IloMecTIM B NpDOGADKY KDHEC—
TaJH BEMECTB A ¥ B 1 HayHeM UX HarpeBaTh. BCIM XUNIYECKOTC B3auMOIElCcTBAA
HEeT, TO B KaKOi-TO MOMEHT ONHO M3 5TMX BEWMECTE paclUIaBUTCA X Daciias (mo-
nycruM, A) GyOEeT OKpyXaTh KPUCTALIH B, Ilpy 5TOM BOSMOXHH IBa CIydad: Kpuc—
T B HAUHYT DACcTBOPATHECA B KUEKOCTA A (8To GyIeT Kaxoe-TO XMMIAIECKOe
B3ANMONENCTENE) Win Xe.0CTaHyTCA HemsMeHEHMZA. IIpoTOMXad HATDEBAHME, MH CMO-
¥EM IOCTUYR IVIABIEHNS BTOPOI'0 BELECTBa M 3Iech CHOBA BOSMOXHH pa3JWYHHE Ba-
PHEHTH.

1. 0de mumKocTM MOTYT 00pas30BaTh eNUHHI paCliaB. B xypcax Msnmro-ximMude-
CKOTO aHaum3a 3TO HasHBAETCA CAyYaeM, KOTZA KOMIOHEHTH 00pasyuT ORHYy RULKYyD
fasy, a B HPHCTa/LIMYECKOM COCTOAHMU He [alT HY TBEPOHX PacTBOPOB, HH COelu~
HeHM#. Ho B3amMHaf pACTBOPUMOCTE B XUOKOM COCTOAHUM BCE e YHA3HBAST Ha
KaKoe-TO XuMHYeckoe B3auMoIelicTBHE.

2. Feau XKe Takoe B3aUMONEACTBHE IONHOCTEN OTCYTCTEyeT, TO RULKOCTH IIO
VIEJIBHOMYy BeCy paclaliaeTcdA Ha IBa CloA — A m B, T.e. Ha IBe HecMmelMBaplecA
XAIKOCTH .

3. Moger, omHako, OKasaThkCA, YTO Kaum ofHOM XufKocTH OYyIYT ILIaBaThk B
Ipyroit (ckakem, kamwm B B A, XoTopad o6pa3yeT HENDEPHBHYD cpeny). lpm us-
BECTHHX YCHOBMAX MOXET NpoM30iTH ofpaleHue, T.e. KAIIK A CTaHYT II&BATH B
epene B. ' .

Ouepmngo, TpeTu# cirydall OymeT MPOMEXYTOUHHM MeXNY NepPBHM ¥ BTODHM,¥ MH
LOJHHH IPUBHATE B HeM Haauuue, IOYCTh OYeHb CAaO0HX, NOBEPXHOCTHHX CHJI B3au—
mMoZelcTera, Takum o6pasoM, TOJNBEKO BTOpo# caydall yOOBIETBOpAET HaWeMy IEPBO-—
HavyarbHOMY TpedoBaHmn (OTCYTCTBHD XUMIYECKOTO B3auMOLeRcTBHA Mexmy A u B).
XoTd Taxyme CHCTEMH CYWECTBYOT, OHU Ype3BHYAlHO Denxy Nake Cpely MALINOHOB
HCKYCCTBEHHHX BEMECTE. B NoLaBadbmeM COJBUHHCTEE MUHEDANBHHX BeWleCTB eCTh
KaKaA-TO CTeNeHb B3auMONeidcTBuA A u B, u HO9TOMY pealbHHE IpAMEpH JexaT
TIe-To B npoMexyTke mexny (A, B) m (A + B), XoTH OHM ¥ MOTYT MHOTZA OHTB
BechkMa Omumswmvm ¥ (A + B). HauGoiee pacmpocTpaHeHHHM GyAET ciydalt, Korma
BelleCTEA CMEIBAWTCA B KUIKOM COCTOAHWE (HANpWMEp, MarMa) U pasmelilTcH B
TBEpPHOM. TBepIHe BelleCcTBa, BHKDICTA/IN30BHBAACE U3 MarMd WM pacTBopa, Io-
CIEeNoBaTeNbHO WIH ONHOBpPEMEHHO (9BTEKTMKE) 06pasynT TODHHE NOPOIH — CMECH
DasHHX TBepmHX (as (MuHepamoB). Ha mepeuit B3Il MORET HOKA3aThCA, 9TO KpHC-:
TaWIH IDPYyT ¢ ODPYyTOM HEKAK He BauMofeicTeywr. OmHa®xo 2TO He Tak. Bomr #X
arperard HavyaTk paCKajHBaTh, TO HEe BCerfa NOBEPXHOCTH pacKona OyIeT IpoXo-
INTh MEXLYy BepHaMi OTHEeJbHHX fa3 (MmHepanoB). (d4eH: YACTO NPY BTOM DacKall-
BaTCA CaM 3epHa MHHepaJoB. IJTO IOKA3HBAET, YTO CHWJIH CBASH MERNY DasHOPOI-
HEMP MuHepajgaM# GoJblle, YeM CHIIH CBASH BHYTDE OJHOPONHOT'O KpucTanla, IO3TO-
My STUMI CHJIaMM HEJB3H IpeHelperars. CWiH, pasBHBanlMecs Ha I'DaHuMIEX pasie-
Ja, MOTYT OHTE OXapaKTepPUB0BAHH ONpEeNeNeHHHMA SHEpreTHYeCKNMY BeJuYMHaMA.

B KIacCcHuecKOM (QM3NKO-XUMAYECKOM aHayM3e mpd HaydeHuu $asoBOTo cocTama
Toit WX MHOM CHCTEMH STHMM ITOBEPXHOCTHHMY CHJIaMM IpeHedperawt, "npaBuno fas"”
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I P u c. 1. ONMTaKCHaNbHOE CpPACTaHUE
K K] HOIOECTOTO Kalud ¥ MyCKOBUTA
J 8 - 3aKOHOMEpHOE DECHONOXEHNE KpUCTal-
K JoB KI Ha omome (creBa mOKasaH ONMHOY-
_ HH}t KpUCTE/UMK); O — aTOMHHE CeTKH Ka-
]"’g&. % AL " JmA B CTPYKType KI; B — aTOMHHE CETKH
Zﬂ+5H KaMuAd B CTDYKTYpe CHOOH. PasMepHOCTE Ha
2AL g DHUCYEKe QaHa B gHI'CTPEMax
20+ )H k]
1725, %A1\ §
70 §>
K
g
1750, 72A1
20+0H
2AL
20+0H
17251,7 8
5Q7SL£éE!U P u c. 2. DoKoBaf NpOEKIMA BMUTAKCHATD—

HHX HapacTaHull MODMCTOI'C KalNA Ha CJOEe

X He y4YNTHBEET. B HEKOTODHX CIYyYafAX HABa KPUCTANNIa Da3HHX MUHepanoB (pasHHX
XWIMIYECKIX COeNUHEHN)) CpacTanTCA IO CAyYaiiHOMy HalpaBIeHWn, HO OHE MOTYT
cpacTaThca 3axoHOMepHo. llocnenmHm#t ciydall Ha3HBaeTCA 3MUTAKCHEH.

U3BECTHHM IpUMEpOM BMUTAKCHY CIYKAT 3aKOHOMEPHOE HapaCTaHHe HOIICTOTO
KamuA Ha IWIOCKOCTH chaitHocTH MyckoBuTa (puc.l). Taxoe HapacTaHWHE 00yCHOBIE—
HO CXONHHM pAacIOJOXeHueM aToMOB Kanud B HEKOTODHX IUIOCKOCTAX, HOYTH OfuHe—~
KOBHX y HIBYX BemecTs, Cnoit aromoB ranud, IO KOTOPOMY IPOM3OIUIC CpacTaHue
000MX BEWECTB, B PABHOI Mepe MOKET CUMTaThCA IpHHAMIexammM Kak KDPUCTaLTY
MyCKOBUTa,TaK U KPHCTALIY MOOMCTOT'O KajWdA, HUKaKO# NMOBEPXHOCTM DABIEesNa MEX-—
Iy oTUMM BemecTBamy HeT (puc. 2). Jlerko IpencTaBuTE cefe aHANOTHYHYD KapTH—-
HY ¥ B He3aKOHOMEPHHX CpaCTaHWAX,Hanpuvep HDOJEeBHX WNATOB C KBapleM. I'paxuua
pasmena, Kak I B IpeNHOymeM clydYae, MOXeT NPOXODUTH IO aToMaM KAcjaopona,fAB-—
aAIMMCA o0UMMK IJIA IBYX MUHEpaloB, B 9ToM cIydyae MOXET He OHTH IeJHX IJIoC—
KocTell oOumMX aToMOB, a OYyAYyT KaKMe-TO OTHENBHHE TPYINH, NpuHalIexamie ONHO-
BpeMeHHO 0C0MM MHUHepanaMm. B paSoCpaHHHX CJayYadX peHTreHoTrpaMMa NOKakeT Ha-—
Jmuue neByx fas.

OueHb YacTO aTOMH NpUMEcH BHENDANTCA IO IWIOCKOCTAM, IEepecexallpM 3HauW-
TEJNbHHE YYACTKMA OCHOBHOTO BEWNECTBa B PAsAMUYHHX KpHCTawLtorpafuYeckux Hanpab-
JeHuAX. B BTOM cIyyYae OOHWYHAdA PEHTTeHOTpavMa HOKaXeT ONHOPasHYD KapTHHY,
XoTa (u3yyecKUe CBOjicTBa OCHOBHOTO BelecTBa IpJ TAKOM pasMemNeHWUN Iake He3Ha—
YATENBHOTO HKOMMYECTBa IPUMECH MOTYT BECEMA CYUeCTBEHHO MBMEHHMTBCA. JocTaToy-
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HO. 37echk CONOCTABATE CBOHCTBA METaNNIHYECHOTC QIKMHUHHA ¥ CIJIQBOB THIA
Iwpamovuaws- (Boxu#t, 1971). B mocrenuem crydae IEYMEpHHe ydYacTKY memxm (u He-
KOTODHX IPYTHX SIEMEHTOB) NpoHW3HBabT no (100) KpUCTamiTH alOMAHKR, 00pasyd
B NOCHENHMX TPEeXMEepHH} KapKaC M3 IBYyMEpPHHX o0pasoBaHuii. Haxmas OByMmepHas
ceTKa NpencTaBiieT cobolf IWIACTEHKY 6'-PasH CuAl, TOJNNMHON B ONHY sdelKy
CTPYKTYypH Tuma CaF,. [lonoxeHnd Ca BgHMMaiT aroMd Cu ¥ P - aroMi Al. Ilpm
9TOM aTOMH Al NpHHAIVIERaT ONHOBDEMEHHO Kak 0'-fase, Tax U amoMuHmMoO. Bropo#t
OYeHBb XapakxTepHHIl MpuMep — aHANOTMUYHHE MOHOATOMHHE [0 TOJUMHE IIACTHHKY W3
aTOMOB a30Ta B CTPYKType aiMasa ("miefitmerc"). Bce NpupomHHE alMasH COLep—
EaT OpUMEChk as0Ta, H, €CHM KOJUYecTBO 8T0M NpPAMECH DE3KO yMEeHBWaeTCHA, CBOH—
CTBa aIMa30B CYMECTBEHHO MEHADTCA: U3 U3BOJATOPOB OHI CTAHOBATCA NOJYIPOBOI~
Hukavmn. Orpaska "dmcTHX" (C MaJMM CoNepHaHWMeM &30Ta) alMasoB BCErha XyXe, a
TBEPOOCTE MEHENE, YeM y OCHYHHX aIMa30B; MEHADTCA ¥ Hux ¥ MH-CHEeKTpH moTyo-—
meHnd W T.I.

Pacnpenenenne npuMecH MO KPUCTaLIOrpafUvYecKMM IMIOCKOCTAM MOKHO paccMaTph-
BaTk Kak Hadalo 3apOXNeHud BTOpo# gasH. Kak cKasaHO Buile, OCHYHHE DEHTI'EHO-
TpaMMH TEKHX BENECTB NOKE3HBAWNT 0XHOPASHOCTH, Kak ¥ TBepAHE PacTBOPH; EMECTe
c TeM cJoff. TOMWHOA B OFHY AYEHKY MOEET XApaKTepU30BATHCA CTPYKTYDHHM THIOM,
OTMHYHEM OT CTPYKTYPHOTO THNA OCHOBHOTO BeljecTBa. IOM0CHHE 06pasoBaHNA HME-
OT Y9ePTH XEMAYECKOTO COENMHEHHA I 3aHMMAnT MEeCTO MEeRLy OCHYHHMEA TBEDIHMI
PACcTBOPaMM I MEXaHMYECKAMHA CMECSMI KDHCTAIOB LBYX BEmECTB.

AHEIOTHYHO MOTYT OGpasOBHBATLCA M ONHOMEDPHHE DANH OGIMX aTOMOB. /sydeHue
X CBA3AGHO ¢ COJNBIAMY METONWYEeCKuMM TpyIHocTAMA. (OcoOuit MHTEpec IpeNCTaBJIAET
COdYeTaHNe TPEXMEepDHHX cpacTaHmiél IByx BemecTB. OHO MOXeT CHTH Kak BaKOHOMED—
HHM, TakK ¥ He3aKOHOMEpHHM. XOpOUMM NpMMEpOM MOTYT CIYXMTh ®BTEKTHKM. Hesa-
BICHMO OT TOTO, 3aKOHOMEDHO WIM HET CpacTalTcd B SBTEKTUKe IBa BelleCcTBa,
PeHTTeHOT'DaMMH NOKA3HBANT Haumdie IBYX (as. M3-3a Hamuymd NOBEPXHOCTHHX CHI
B3gUMOJeficTBIA MEeXIy NOCTATOYHO MAJHMM KPUCTALIaMi PA3SHHX (a3 B 5BTEKTUKAX
(HACTONBKC MalHME, YTO MX yAeAbHad HNOBEDXHOCTE: ¥ COOTBETCTBEHHO CyMMapHad
NOBEPXHOCTHAA SHEPTHA HACTOJBKO BEJUKM, UTO IpeHedpeYsr MV yEe Heapsd) He-
KOTOpHE TepMAYECKME CBOACTBA S9BTEKTHKM CYMECTBEHHO OTIMYaNTCA OT aHAJOTHMYHHX
CBOJCTB KOMIOHEHTOB; B YaCTHOCTH, TeMOepaTypa IJaBIEHEA PBTEKTUK BCEIZa
HAXe TEMIEpATyp IUIABAEHMA KOMIOHEHTOB. llpr 3aKOHOMEDPHOM CpaCcTaHWm KpucTal-
JIOB KOMIIOHEHTOB ¥ YMEHBINEHMM WX pasMepoB He TONBKO B SBTEKTHKaX, HO ¥ BO
BCEX OPYTUX caydYadX MH MOXeM cele NpeICcTABUTE TOCTENEHHHH NMEepexXonx oT IBYX—
dasHOlt cucTeMH dYepes "KOJUIOMAHHEe TBepIHE PacTBOPH" K omHofasHOM mm K Taxoi
cuCcTeMe, KoTopad N0 OOHYHONM peHTreHorpamve OyHeT BOCIHPMHUMATHCA Kak ofHofas-
Hafd~. KoHeYHOo, OmpeleleHHHe CBOWcTBa B "KOJIONMEHHX TBEpOHX pacTBopax" OymyT
OTIMYATECA KAK OT COQTBETCTBYOIMX CBONCTB ATOMHHX (MOJEKYJIADHHX) TBEDFHX
pPacTBOPOB, TaK ¥ OT CBOWCTB KPHUCTALIOB-KOMIOHEHTOB.

BruepBHe 3aKOHOMEDHOE BKINYEHVE TPEXMEepHHX "GIOKOB" B MaTEpUHCKOE BelecT-
Bo Ha NpuUMepe reTepoBaNeHTHOTO uaomopfusma KC10, - BaSO, Hadmomamr B.I.Xmo-
meH ¥ B.A.Hmxmree (Chlopin, Nikitin, 1929). B mocnefHye TOFH GIOYHHIt M30MOpP-
dmsM M3YYEH B CHCTEMAX KH,P0, - LnPO, (Patscheke, Puess, Will, 1968). OTH
BelfecTBA G/MMSKM IO CBOEMY CTPOEHM, HO B CTDYKTYPE JAHTAHOHAHHX COERUMHEHHI,
KOHEYHO, OTCYTCTBYOT BOIZODONHHE CBASK. B3anMHOE e DacHoJOXeHMe MOHOaTOMHHX
KQTUOHOB N TeTPASNPUYECKUX KOMILIEKCHNX BHEOHOB OCTACTCA AHANOTMHHHM. Pasme~
PH TeTpaIOHaﬂBHHX fdeex: y KH PO, a = 7,47, ¢ = 6,99 A 1 y ErPO, a = 6,86,
¢ =6,01 £, Xora oHE GMMsKE, HO UX pasHula B NapamMeTpax HeofuHaxoBa: a ~ 0,5,

1 06pasoBanre KOLIOUNHHX TBEDIHX DAcTBOPOB HEDeNKO paCCMATpEBaETCA Kak IIpo~
ABNeHre " GI04YHOTO u3oMopdmama".
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a c~1,0. OTy pasHuLly KOMIEHCHDYWT pasMEpH GIOKOB ErP0,, BRIOYADIMXCA B
pelmeTKy KH2P04.-OHH dosmlle MO OCH a, 4EM IO OCH c. YaCTO BaKOHOMEpHHE cpac—
TaHuA 0CPasynTCA IpPY pachale TBEDIHX DPACTBODOR.

IMeeTcA GOJBIOE KOMMYECTBO CHCTEM, B KOTODHX IpU BHCOKIX TeMIepaTrypax
HaOMOIAeTCA UMPOKad 0GNacTh TBEDHHX DACTBOPOB, & IDK HUSKAX TEMIepaTypax
TBEpIHEe, PaCTBOPH paclafialTcAd Ha IBe (PasH mwiz Gosee (IpUMED — CHCTEMA Au —
Cu, Ignuaa mocje pacnafa TBEPIHX DAcTBODOB COEIMHEHHMA CuAu K CuBAu).

/I3 BCero CKAB3aHHOTO CAENyeT, YTO IEepPeXol OT MeXaHWYeCKEX cMecell K M30-
MOPQHHM MOKET OCYWMECTBIATECA HENPEepHBHO ¥ HUKAKON De3KOolf TpaHulH MEeXIy HiMZ
yCTaHOBATE HEBOBMOKHO.

B ymearbHHX TBepIHX paCTBODEX NPOECXOIUT 3aMeljeHne aroMa Ha aroM. WsBect—
HO, ONHaK0, GOJEIOEe KONMMIECTBO (a8 IEepEMEHHOTO COCTaBa, B KOTOPHX ATOM Of~
HOTO XUMHYECKOT'O COENVHEHWA 3aMellaeTcA Ha IPYNNy arToMoB, Hampumep KU Ha
NHE. B KOOPIMHAIMOEHHX ¥ KIATDaTHHX COEIUHEHUAX CTPYKTYDPH YacTO IOCTDPOEHH
00 OPUHIMIOY IWIOTHEHIMX yUaKOBOK KPYNHHX HKOMILIEKCOB WK COOTBETCTBEHHO Kap-—
KacoB C SaNONHEHNEM IIyCTOT MOHaMH BHEUHel CPepH B IepBOoM CIyuae I MOJeKyJa-
MI — BO BTODPOM. /OHH MOTYT OHTEH Kak ONHOATOMHHMI, T8K U MHOTOQTOMHHME.B pe-
3yABTATE 3aMeleHNA OTHWX MOHOB (WM OFHMX MONEKYN) Ha LpyTHe 06pasyouTcs
$asH mepemeHHOTO cocTaBa. B HMX, HampuMep, HaGMOIASTCA BaMeljeHie Br BHEIHEl
cepu Ha Cloz WX TOJIOBUHH HMOHOB GpoMa MOHANH soﬁ' ¢ odpasoBaHEeM HeferT—
HHX CTPYKTYD.

JleTro OpemCcTABATL cede aAHATOTWYEHE 3aMEleHEA He TONBKO B "Toukax", HO
TaKXe M0 JIMHIAM, CJOAM X ¢ o0pasoOBaHHEeM BaKOHOMEPHO OPHUeHTHPOBAHHHX TpPEXMep-
HHX BKIOYEHN® B MaCCe OCHOBHOTO BelleCTBa. XOPOIMM IIPMMEDPOM MOCHERHEro CJy—
Yad ABIANTCA CMENaHOGNOHHE DIMHACTHE MUIHEDAJH .

Oco0ne TpymHOCTM, KK BSKCIEDHMEeHTANbHHE, TaK ¥ TeDPMIHOJMOTHYECKHIE, BO3HH—
KanT 0Opy U3YYEeHUN TeX CUCTeM, B KOTODHX BTOPO# KOMIIOHEHT NPHCYTCTBYET B Ka-
YecTBE HE3HAUMTENBHON NpUMECE. MBBECTHO, UTO, YeM MeHBIE ee KOJIYecTBO,TeM
MeHee KeCTKUME ARIANTCH DeoMeTpYecKre OTpAHNYEHHA ¥ OTDaHMYEHNA 10 BaieHT—-
HOCTH. MEEDOIpHMECH METAJLIOB MOTYT E3oMOopdHO (aToM 3a aToM) 3aMemaThk Ipak—
TwdecKy Jodoif MeTaIMYEeCKuit ATOM OCHOBHOI'O BemECTBA, HE38BHCKMO OT €r0 Da3Me-—
POB ¥ BaJIHTHOCTH. B paBHO!t Mepe 3TO OTHOCHTCA X K HEMETALIMYECKMM aTOMaM.
Ecim xe peus uIET O IPOCTHX BemecTBaxX 40 NMONIPYIIH, TO KX aTOMH B KPHUCTAJIE
MOTYT 3aMemaThod Kak KaTWOHavul, Tak ¥ aHUOHavi. V3BeCTHO, Hampumep, 4YTO IpH
NeTUPOBaHMI KPUCTAICB TepMaHNA 30JI0TOM, MeIbl UM MHUBAKOM BTH SIEMEHTH
M30MODIHO 3aMemanT aroMu TepMaHud. llocaemHufl YacTo COINEPEUT IPUMECE KUCIO—
poma (mo 10'5%), OCBOGOIUTECA OT KOTOpPO# OYeH: TPYIHO.

OHepIWA 3aMemeHnd aTOMOEB OCHOBHOT'O BEmECTBa HA aTOMH IPUMecH WV BXOKLE—
HUA aTOMOB NDPUMECH B NPOMEXYTKE CTPYKTYDH — TOTO Xe IODANKA, 4YTO ¥ ‘BHEeprud
XUMI9ecKOl CBASH, Tak Kak IO CYWECTBY 3TO I €CTH HODMANbHAA XUMIYECKAd CBASE.
OmeE&r0, KOTTA pedb nmeT o0 OdYeHb MalHX IPUMecAX, HeoOXOomuMO YYUTHBaTE He
TOJMBKO WIEANTBHYD, HO ¥ DPEANbHYD CTPYKTYDPY KPECTa/LIa OCHOBHOTO BemecTBa.Pealb-
HH}f KpucTasl BceTla uMeeT IHe@exTH: ToueuHHe, JuHellHHe, IIOCKOCTHHE I 0OBEM-
HHe. JUIA TMOMYIPOBONHUKOBHX BEWECTB NOKasaHO, YTO ATOMH MuKpompmMecu (Jery-
pyomed moGaBru) MOTYT pacmoJaaraThed Ha JedexTax, B YaCTHOCTE Ha IUCHIOKAIIAX.
Taxue npﬁmeCHue aTOMH, CJaefoBaTesBHO, He 3aHUMalT ONPEREeNeHHHX KPUCTaLIorDa-—
¢uueckux MecT B CTPYRTYDe I C 9Toff TOYKM 3peHUA ABIANTCA MeXaHWYeckoit, a He
n3omopdHO# mpumecko. ONHAKO OHM MCIOJBBYWT KOHIH OCODPBaHHHX Ha IMCJIOKAIMAX
XMIYECKAX CBA3ell ¥ Mo cBOMM 3HEPTeTHYECKNM XapaKTepuCTUKAM MOTYT He OTJl-
YaTHCA OT ATOMOB TOll e IpUMecH, pacloJOXEHHHX B CTPYKType "msomopdHo". Ta-
KM odpéaom, yMeHBIleHNe KOJMYeCcTBa IPMMECH IPUBOINUT K TOMY, YTO IOJHOCTED
cTHpaeTcA T'paHb MexOmy usomopdHo#t ¥ MeXaHUYEeCKOW CMechW.
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Jlo cuX mop MH TOBODWIM O TIPOMEXYTOUHHX COCTOAMHAX MeXLy u3omopdHHME 1
MeXaHUYeCcKUME cMecAv. [JOCMOTDUM Teneprk Ha NPOMEeXyTOYHHE COCTOAHEA MERIY
usoMopfHIME CMecAMZ (TBEpIEMII DACTBODEMZ) ¥ XUMUYECHMMY coefuHexmavm (pmc.2).
llo cTemeny yHOpANOYEHHOCTM MeXIy OGOMME COCTOSHUAMM, €CJM NEepPBOHAYANBHO DAC—
CMaTPUBaTh UX B UNEaM3MPOBAHHOM BHUIE, CYMECTBYDT NOCTEIEHHHE IepeXOIH.

B "nmeampHoM" TBEpHOM DacTBODE DACHONOREHHE aTOMOB A M B uUMCTO cTaTHCTH—
yeckoe (cM. pue. 3,a). B "uHeanbHoM" XUMIYECKOM COSOUHEHME YTOPHATOYEHHOCTE
nonHad (cM. puc. 3,T). COBpDEMEHHHe DEHTTEHOBCKNE METONH B KaXNoM KOHKDETHOM
ciydae MOBBONAKNT ONPENeNNTh CTeNeHb YNOpPANOYEHHOCTH B IpPONEHTaX. [Iepexon
MEXIY NBYMA KpaltHUMI COCTOAHUAMY OCYWECTBAAETCH HEeNDEepHBHO, W HET BO3MOX—
HOCTH 3aMETHTE: HAKyW-TO De3KyD DpaHULy MeXLy HIMI. OTH IIDOMEXYyTOYHHE COCTOA-
HIf OTD@XeHH B TepMuHaX "yHopAZouYeHHHe TBepIHe pacTBopH" m "pasymopanoYeH-
HHEe XUMUYECKHe coeluHeHmA",

Mo®HO YCJOBHO CUMTATE XUMAYECKMM COENUHEHNMEM TOJBKO TaKue BeuecTsa, B
KOTOPHX yIOpAmOYeHHOCT: BHme 50%. ONHaKO NpPaBOMEDHO ¥ IPYTO€ DEemeHVe, KOTO—
poe Kaxercsa Gojiee JIOTMUHHM: HEYaJI0 YUOPANOYEHHOCTH (KOTHA MH C TOMONEN TeX
WIN MHNX METONOB IOAyYaeM BOBMOXHOCTE KOHCTATEDOBATE YUIOPALOUYEHHOCTEH) MOKHO
CUNTATEL HAYANOM CYUWeCTBOBaHMA XUMUYECKOTO CoeInHeHudA. Ha peHTTeHoIpDaMvax
HaJM4lle TAKOTO COoeNuHeHuA OyLeT BHDAXATHCA B NOABIEHMN cepud "CBEpPXCTDYKTYD-
HHX" OTpameHm#, & Ha muarpamMve COCTOSHKA — MOABJIEHUeM HOBo# ¢asu. ITH BOIpo-
CH OHJM pacCMOTPEHH B RIaccHyeckux padorax H.C.KypHaxoBa m mp. (1907-1909)

0 cucTeMe Cu - Au, B KOTODHX BIEDEHE CHIM HallleHH COeMMHEHMA CuAu ¥ Cujhu.

FPacnad uni cobmecmuag

‘//,’__‘;gh@mﬁﬂﬂememaw Kpuemanasagus ‘__\\\\_
2 & F . S P A

PR G T e T AL ee) T ol

Puc. 4. Cxevma, WIIOCTPUDPYONAA HENPEpHBHHE MNEPEXCIOH MEXLY NOHATUAME

1 - m3omopdusM (TEepmHE DACTBODH); 2 - XUMWYECKOE COEIUHEeHHE; 3 - MeXaHrduec-
Kad CMech; 4 — TBEDIHE DACTBOPH C CIMEHUM IOpANKOM; 5 - "mwre#iTieTc"; 6 - Koa
JOUNHHE TBEPIHE PACTBODH (Gmounuit msomopfmam); 7 - BSUETaKCEA
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B pafe cay4yaeB JUOPAMOUEHHOCTH: KOHCTATHPYeTCA 3HaYUTENBHO DaHEBme, deM
npu 50%. llo Mepe COBEPUEHCTBOBAKAA METONMKM HCCAEROBAHMA NPENEN OCHAPYREeHEA
yoopanoveHuA OyZeT BCe Bpemd NOHUEATECA. BONpOC OCNORHAETCA eme X TeM, YTO
HoNHAA HEeYMOPANOYEHHOCTH: (cM. puc. 3,a), HO-BHIMMOMY, Dealu3yeTCs BechkMa
penko. HamGomee pacmpocTpased oxydadt (cm. puc. 3,6), KOrDa B TBEPHOM DacTBO-
pe (GymeM TOBODHTE, B WASANbHOM) HaluomaeTcd CJEEHME NODANOK, T.€. ¥ ATOMOB,
HaXOIAMIXCA B MeHbLeM KogudecTBe ("uepHHx" Ha puc.3), B IepBolt KOOpHVHAIMOH-
HOlt cepe HaXOmATCA TOMEKO "CenHe" arTomd (T.e. aTOMH Apyroro siemeHTa). Me-
TOMUKA OIpeNeNeHrna OMUMXHET0 NOpANKa INOCTATOYHO CIOXKHA M HE BCEIfla HallexHa,

' YYBCTBHATEIBHOCT: €€ DEe3K0 IafaeT C yMEeHBUEHNEeM pDa3Huiy B HoMepax, NpUCYTCT-—
ByOUMX B TBEpIOM DacTBOPE ATOMOB XMMUYECKUX 9JIEMEeHTOB. I[loloEeHNEe CTAHOBHATCH
DOJIHOCTEH HeoUpeReleHHHM, HKOTIA cocran npudimikaeTcd ¥ 1:1. I3 cxasaHHOTO
BHIe BHTEKAeT, 4T0 OCOCHOBAHHO YKA3ATH T'DAHULY MEXLy NOHATHAMM TBEpOHil pacT-
BOD U XUMIYECKOE COeQVHEHNE He IPEeNCTaBIAETCA BOSMOXHEM. ¥

PeanMIpoBaTs CKa3aHHOE BHIE MOXHO C IOMOWBD cienyomel cxems (puc.4). Ha
Helt GosBIMMM KpyTamu 0G03Havesu: 1 - TBepmH# pacTEOp, < — XMMUYECKOE COemu-
HeHe M 3 - MeXaHuueckad cmeck. OHM HeNDEpHBHO NEPEeXOZAT IpyT B Ipyra ¢ 0C-
pasoBaHEeM: 4 - TBEPHHX PACTBOPOB C CIMEHAM HOpAmKom, 5 — "nefirrerc" B
TBEPEHX pacTBOpax, 6 — KO/UIOMIHHX TBEepIHX DPACTBOPOB B 7 — SIMTAKCHYECKHX
HapacTaHnit.

HoeeuHo, TaruX NPOMERYTOUYHHX COCTOAHMN MORHO BHIEJUTE GOJEIEE KOJMYECTBO.
OmHaro 8TO He Tpedyercd ﬁm& IEeMOHCTDaIn Hame# ocHoBHOR umem.
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HOBBIE MUHEPAJIbI — YJIEHBI H30MOP®HBIX PAJIOB,
CTPYKTYPHBIE AHAJIOT'M U3BECTHBLIX MUHEPAJIOB

Ba nocaemane 20 JET OTHPHTO MHOT'O HOBHX MUHEDAIOB. BONBUMHCTBO 73 HUX
CymeoTBEHHO OTIAYaeTCA OT paHee YCTaHOBJIEHHHX IO COCTABY, CTPYKTYPE ¥ CBOA-
CTBaM. BmecTe ¢ TeM OIMCEHO MHOT'O0 aHAIOT'0B M3BECTHHX MAHEpaioB. OOHYHO OHM
I0 cOCTaBy GMUBKY K KpalHnM 4WwieHam BOSMOXHHX WM BKCIEPMMEHTArbHO NOKa3aH-
HHX M30MOPQHHX DANOB, SCTECTBEHHO YKIANHBAWTCA B CHCTEMATHKY MEHEDANOB, Cy—
WeCTBEHHO IONONHAA KAaCCH{UMKAIMOHHHE TDYIIIH.
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MHOTO TaKMX HOBHX MHHEpanaB cpelz cyapdmmoB ¥ CEeJeHUNOB, K rpynme xamb-

- komupura (8 = 5,25, ¢ = 10, 32)1 orzocmres mepEHil M3 OTKDHTHX MIHEDANIoR Tal—
M TALT CuGaS, (Strunz et al., 1958a; a = 5,35, ¢ = 10,48) u omud us mep-
BHX MIHEPaNOB MHONA POKE3UT CuInS, (Picot, Pierrot, 1963; a = 5,8, ¢ =
=11,05) . IsoMmopdHOe Bamemerme B HUX Xejesa TaLINEM ¥ UHOUEM CYLECTBEHHO CKa-
3a710Ch H& BO3pacTaHny 00beMa BIeMeHTapHHX AYEeeK.

OTHDHT pAN aHAJOTOB CTaHHwHa (Tadn.l), B KOTOPHX MECTa aTOMOB Cu, Fe WK
Sn CTaHHMHA 34HMMAWT ATOMH Zn, In, Ge Wi Ag; JUIA MHOTHX U3 BTHX MUHEDANOB
XapaKTEepHO NPUCYTCTEHE Zn.

CrpyrTypy chamepura (2nS; a = 5,43) HMeNT HOBHE MUHEDANH XOYAMUT CdS
(Trail, Boyle, 1955; a = 5,818; Cd —Zn), ¥ WTWUIEHT ZnSe (Ramdohr, 1956;

a = 5,687; Se—-5); YCTAHOBNEH NPOMERYTOYHHA MEHEpaa M30MOPIHOTO DAJE XOy-
M T-MeTAIMHEEA0apuT (CdS-HgS): CayKOBUT (Hg,Cd)s (Bacmiares, 1966; & =
= 5,799).

B cinoxHOM cynefmie MOycomHaTe Cu (Fe Sn)S, (Markham, Lawrence, 1965; a =
=10,74)0n0B0 3aMElaeT I'epMaHnit, xapaKTepHun LA pEeHBepuTa CuB(Fe Ge)S '
(a = 10,60, ¢ =10,53). AsmmMoHmupceut (Ag, Cu),q(Sb, 4s),§,;(Frondel, 1963

=12,81,b = 7,41,c =11,91, B = 90°) ommmaercs or mpcenta
'(Ag,Cu)mAszSH (a =12,66, b = 7,30, ¢ = 11,92, g = 90°) npeoGranaimen Sb
Ham As.

HoBHe MuHepasH CO CTPYKTYypolt mupuTa (FeSE, a = 5,42) NpENCTABNEHH BSPIMK—
MaHITOM OESE(Snetsinger, 1971 a = 5,6196), ARIADMOUMCHA AHANOTOM J&ypUTAa
Rus, (a = 5,60), u ceneHMmamMu: TPOTTATMTOM CoSe, (Ramdohr, Schmitt, 1955;

= 5,87) u KpyTauToM CuSe, (Johen et al., 19725 a = 6,056)., Ms0oCTpyRTypHH
C ISBECTHHME CyJbduMIaMi B TeSTypuNaMy ¥ HEKOTODHEe IDPyTHMe BHOBEL OTHPHTHE Ce-—

nenumy. Tax, CTPYKTYpYy Mapkasuta (FeS,; a = 4,445, b = 5,426, ¢ = 3,388)
mveT Peppocemmut FeSe, (ByppanoBa, Komwom, 1955; a = 4,789, b = 5,74,
¢ = 3,577), KymepymuT NiSeQ(Vuorelainen 8% al., -1964; 8'=4,89, b =5,95,
¢ = 3,67) ¥ XacTuT CoSe,(Ramdohr, Schmitt, 1955; a = 4,84, b = 5,72,

c = 3,60). KaBamymmur BlaTe Se(Kato, 1970; a, = 4,23, c, = 29,66) mpencras-

JIAET CEeNEHOBHH aHaNOT TeTpammMuTa Bi,TesS (a, = 4 232, oy = 30,07), a fumec—
cepur Ag,Ause, (Johan et als, 1971; & =9, 967) — CEJIEHOBH} aHaNoT NeTIMTa
AgqAule, (a = 10,38):

K omsoMy msomopdHOMY DALY OTHOCATCA NBA HOBHX IMIATMHOBHX MUHEpana: MOH-
genr (Pt,Pd)(Te,Bi), (Terxun u mp., 1963; a, = 4,049, ¢ = 5,288) u mepen-
oxmmr (Pd,Pt)(Te,Bi), (Kingston, 1966; &, = 3,98, ¢y = 5,125), pasanyanipmeca
KOJMIECTBEHHHM COOTHOmEHNeM Pt 1 Pd.

Cpemy BHOBb OTKDHTHX &DCEHUNOB JAHTUCHT Coy gNi, HAs (Petruk et al.,
1969; a = 3,538, ¢ = 5,127) ABIAETCH KOGATHTOBHM (CO > Ni) aHANOTOM HEKEMH-
HRWiS (a = 3,88, ¢'= 8,11}

B HJacce OKNCAOB BO3POCHO YHCHAO XeJe3HHX MNUHeNel: yCTaHOBIEHH aHAaNOIH!
yappeumuaems (Tifey0,, & = 8,53) - OpyHoralteput GeFe,0, (Ottemann, Nuber,
1972; = = 8,409; Ge—Ti) ¥ KYNPONIMHENb CuFe,0, (Nickel, 1973; a = 8,369;
Cu—=—Ti).

VB0CTPYKTYDHH ¢ KopyHNoM (a, = 4,77, ¢, = 13,04) u TemaruroM (ay
ey = 13,70) ackomamT Gr,0 (Kouvo, Vuorelainen, 1958; a, = 4,96, ch
U KapeJuaHuT V,04 (Long et al., 1963; a, = 4,99, ¢, = 13,98).

5,04,
13,60)

1 3HgueHNd NMapaMeTpoB WIEMEHTADHHX AYeek 3Nech Be3lle IPUBelleHH B aHTCTpeMax;
LIS paHee W3BECTHHX MUHepanOB OHN YKA3a8HH IO CHPaBOUHMKY "MuHepamu" wmwiu
no "Munepanorudeckum Tadmruam” X.lrpyrma (1970).
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TEG ;o e 1
HoeHe MIHEDANH TI'DYNIH CTAHHUIHS

. Hzomopd-
Mzuepan Dopmyna a ¢ - jHoe 3a-
MEeUleHne
CTaHHIH Cu,FeSns, 15,47 110,75
KécrepuT CuE(Zn, Fe)SnS4 5,43 10,86 Zn > Fe
(OproBa, 1956; Vsa-
HOB, [IATEHEKO, 1959}
Caxypant (Cu,Zn,Fe)B(In,Sn)E4 5,455 10,2 In > 8n
(Kato, 1965) Zn > Fe
BpuapTutT (Francotte Cug(Fe,Zn)GeS4 5,32 10,51 Ga > Sp
et al., 1965)
OrapTuT AgFesns, 5,74 10,96 Ag > Cu

(Caye et al., 1968)

Omicad pAx MuHepaNoB (pasHOBMAHOCTER) IDYNNN MUPOXICpPE-MAKDOIUTA,B KOTO-
PHX Ca # U IMPOXMOPa WM MUKDOJMTA SAMENEHH HMHHMY KaTUOHaMH: OTKDHTH CBHH-—
noBre Wwmmdonupoxnop (CropodoraToBa X Ip., 1966) I ILTOMOOMAEDOMAT (Saffia-
nikoff, Wambeke, 1961), a TAKKE aHANOTH MUKPOIMTa — Capiesuy pelixesypur
(Veen v.d., 1963) n BECMyTOBHIl BecTIpesuT (Knorring, Mrose, 1963). K rpymme
IIPOXIOPA OTHOCATCH R CYKyJIauT Ta,5n,0, (Vorma, Siivola, 1967).

XpoMoBH# MaHEepan OpecyaimT CrOOH (Milton et al., 1967) mMeeT CTPYRIYDY,
aHANOTMYHYD CRPYKType rérura (FeOOH), Imacnopa (ALOOH), rpoytuTa (MnOOH),
MOHTpO3enTa (VOOH).

YCTaHORIEHO HECKOJIBKO MBOCTDYKTYPHHX MEHepaioB ¢ opMylamii THIZ A(OH)

B AB(OH) ; 1o Yality # Hemesy (White, Nelen, 1973), OHE COCTABIANT HOBYD
TPYINY OKACHOB - TPYONy CTOTTHTa (TPYIIY MOXHO OGO3HAUMTE K TDYUHOH mRanmnH-
ImiTa - TO NepBOMY U3 OTKDHTHX MHHepanos)(Tatm.2). ¥ BXOGAmMETc B 9Ty Tpyamy
HEHASBaHHOTO MiIEepana loploxa u Jamrtarya FeSn(OH) YailT u HexeH, kax ¥ WA
BUXMEHNTa, YCTAHOBWIN BTODYWL, TeTparcHanrHyn Momxfuwxermn, Tadep u OrTeMan
(Geier, Ottemann, 1970) oGHapy®wm B TcymeGe eile HECKONBKC MIHEDATIOB, He—
COMHEHHO, OTHOCAUMXCA K ©9TO#f IpynHe; TeTparOHANBEH{ IWHKOBHA CTOTTUT
(¥e,Zn)Ge(0H)¢ (a = 7,512, ¢ = 7,438)u Hesaspaumye "MuHepais B u D' MnGe(OH),
bid (Fe,Mn)(Sn,Ge)(OH)B, CHHTOEAA KOTOPHX HEW3BecTHa. J MUHEDANIOB 23TO# I'pyIIH
9eTKO MPOABIANTCA, XKaKk ¥ ¥ MUHEDANOB TDYNIH DEHbepUTa, B3aUMHHE H30MOpdHHE
3aMemeHmI Sn n Ge. ;

‘B xracce KapGoHATOB YCTaHOBIEHH aHaTOIX CHHXMSUTA CaCe(co ) F: LHOBEpHUT
CaY(COB) F (Smith et al., 1955),B KoTOpoM Y mpeoGralaeT Hal Ge, I XyaHXUT
BaCe(CO )2F ¢ Ba Ha mecrax Ca {(Cemenos u zp., 1961).

Hopio GopaTH IMIMOOKT Mn,B,0; (Watanabe et al., 1963; a = 5,640,
b = 8,715, ¢ = 4,637) 71 4emMéepcuT Mn B0, 401 (Honea, Beck, 1962; a = 8,68,

= 8,68, ¢ = 12,26) ARIAOTCA MAPTAHIOBHMMI aHa/IoTaMi KOTOnTa MgBB O
(a = 5,42,.b = 8,44, c = 4,52) u Gopammra Mg B0 13cl (a =8, 54 b = 8,54,

e =12,07).

1 cpemm BEOBER OCHapyReHHHX CYIbHATOB BCTPEUEHH aHANOTY DAHEeEe USBECTHHX
cynedaToB, 0COCEHHO MarHMeBHx. Tak, MecTa Mg B UeKCallIpHTe Mgso4-6H20 3a~
HATH aToMaM¥ Co B mypxaycure (Jembor, Boyle, 1965) CoS0,*6H,0 ¥ aroMamu Ni
B HEKeabrexcarmmpure (OmeftEmxo® ¥ Ip., 1965) Ni50,+6H,0. B wmopure
(NH, )Fe (80,),+6H0 (Garavelli, 1964; a = 6,237, b = 12,613, ¢ = 9,292,
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B 106953' ) Fe zamemaeT Mg GycceHToTHTA (NH) Mg(SO4)2-6H20 (== 6,21,

b=4182,680, ¢ = 93,30, g= 107 %06' }, a Zn BMeCTO Mg ABIAETCA OCHOBHHM KaTHO-

HOM B IMHXOGOTDHOTEHE ZnFe3+(SO ), (OH)*+7H,0 (Tu Kwang-chin et al.,1964;

a = 10 489, b =17,819, ¢ = 7,185, p=1000") m B ImMHKOKOmMamuTe

ZnFe +(SO ) (0OH) +18H;0 (Tu Kwang-chih et al, 1964; a = 7,35, b = 18,16,
v 28, % 93850 B=101°30", vy = 99%2').

K rpynne cyma@aTAQOCQaTOB cBaHbepTuTAa SrA]3(SO )(P04)(0H) 8 S = 8, 9%

p = 16,8) 1 Bynxaysenra CaAl,(80,)(P0,)(0H); (a, = 6,97, ¢, = 16 30) orHo-
CHTCH HOBHE cyxz@a?—apceﬁawu KBMHHHHT SrA13(504)(ASO )(OH)6 (Hak ~t al.,
1969; a, = 7,027, ch = 16,51) u BelimepuT BaAl 5(80,)(A80,) (OH) ¢ (Walenta,
196673 8 =7, 05, oy = 17 16) ABIAOIMECH CTpOHHHEEHM 1 GapweBHM aHaIoTaMu
UNATETONTa PbAl,(80,)(4s0,)(0H)¢ (a, = 7,04, ¢, = 16,99).

OmmcaHo MHOPO HOBHX apCceHaToB 7 focfaToB, B KOTOPHX IPOARIACTCA M30MOp-

“fusM As ¥ P WM B3aIMHOE 3aMeljeHue KaTHOHOB (Tadm.3). M3 HuX Tpnm HOBHX MuHE-

/?0/

pana W30CTDPYKTYPHH KOLIMECHTY Ca(Mg,Fe)(PO4)2 *2H;0 1 GopdunsouTy
Ca,(Min,Fe) (PO, ), 2H,0: focdar KACCHMMIT U apCeHATH B—poaenuT I TaNBMECHT;
LA EBYX NOCHENHUX APCEHATOB XapaKTEpPHO, KPOME TOr'0o, B3auMHOE M3oMOpdHOe
saMemerne Co ==Mg. OTMETHM OTKDHTHE MHUBAKOBOTO M GapueBOTO aHANOTOoB foc-
fopypaEmmuTa: apceHypaHWINTa W GepTeHNTa. YCTAHOBIEH HENpEepHBHHA H3oMOpHHI
pan deyerT (Mn > Fe) — TpadroeuT (Fe > Mn).

HoBHe BaHaNaTH KODHEHNT Pb(U0,),(V0,),*5H,0 (Cesbron, Morin, 1968;
a = 10,40, b = 8,45, ¢ = 16,34) u gpancBawmT (Ba, Pb)(U0,),(V0,),+5H,0
(Branche et al., 1957; a = 10,59, b = 8,44, c = 16,60) IpemCTARIANT CBUHIO-~
BHit ¥ GapueBHil aHaloTW TRAMyHHTA Ca(U0,) (VO4)2‘5H 0{a=10,63, b= 8,36,
e = 20,40). BapuecuT NaV6O16 3H,0 (Rosa, 1959- g =12M8, b= 3,614, ¢=%,80,
B = 9503, NO-BUMAMOMY, M3OCTDYKTYPEH C XBOOTTUTOM CaVg0,q*9H,0 (= = 12,56,

Tadaxnmga R
T'pynna IXaMMEIATE-~CTOTTUTA

lMunzepan GopMyna (HETOEMA a | ¢
IRaTEINT In(0H) duYecKad 795
(T'enrxuH, Mypa®besa, 1963) 55 0
38HTenT Ga(OH)3 . 7,47
(Strunz, 1965) :
BurmamT MnSn(O0H) ¢ 1 7,873
(Moore, Smith, 1968)
lgsdumrcuT MgSn(0H) ¢ s 75759
(Faust, Schaller, 1971)

"Murnepan C" CoSn(0H) ¢ L 7,78"
(Geier, Ottemann, 1970)

HeraspaHHHY MuHepan TopmoRa FeSn(0H) Y 7,65
(White, Nelen, 1973) -

CroTTT FeGe(OH) TeTparoHanbHal 7,05 #,A4%
(Strunz et al., 1958 ; Zemann, 1959)

TeTpaBIEMAENT MnSn(OH) ¢ 2o
(White, Nelen,. 1973)

¥ I MOKYCCTBEHHOTO COSNMHEHNA,
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Taszzae 23

Voomopleee savemesnd B8 HoewX QoofiaTax # aposHarax
Homuf wmrepas Fanes mapecoyuil wilRepan _FEEEF*
EGE 3amMe-
HEJBgHRE 1 fopuyne # napameTpy HEspakNE foprra o DapaMerpy [mne
Tlapapasr? I 20, (a80,) (om) Tapdymar | Zn,(P0,)QH ¥ ot
(Bwitzer, 1956) B =58, bv==06,8,c=508 5 =5,06, b =6,43, ¢ =55
ApoeHy PRHIIET cn{UﬂE]*{m#}E[ﬂHJ"-ﬁﬂaﬂ JoodyDakmm Y EE(UDE} {PG#JE{'UH}E'BHZG by —F
I:.EB.EL?H, 1553) a=15,40, b 1740, ¢ = 13.77 a=1585, b =17,42, ¢ = 13,7
Tarspecar Oa Mg (Aaly )« 2H,0 HomecRr  Oa, (Mg, Fe) (PO, ) -2H,0 Ag —F
{Bariand, Herpin, 1360) =& =5,89, b = 7,69, o = 5,56, 4 =57, b =673, ¢ = 5,39,
e =112938°, B = 70%49', v = 119%5' « = 96%8', § =107°16', v = 104%32"7
YEpHUENT 480 HoennTm TR0, he —F
(Tomsmus 2 Xp., 1967) 5=$mmu=E£? s = 6,89, c = 6,04
GocdopEER aHanor TpErerTa {UGEJJ(PD4}2-BHED Tpéreptr (U0,) 5(Aa0, ) (0H) F—4s
{Hagomd v mp., 1983)
BetoBuT (r,Ce,Ha, 0a) (PO, ) 5(0, 0H) AnaTE? Gr, o (PO, )¢ (0,0H), 97 —=Ca
(Bopoymn, KaaawoBa ,1954) & = 9,82, ¢ = 7,12 & =539 =589 Ce —=da
CTpOmMAEnaTIT ETEEH4{EG435iE.Gﬂiz " ﬂn,ﬂifu415{a,u&12 Ep — (a
{ Bjumom w0 qp., 1982) a =868, ¢ = 7,198 a=9,39, o=6,8
Eeprocaut Li,Cahl,(P0,), (CH,F), TanepmonT (L1,Ka),(Sr,0a)Al, (PO, ), (OH), 0 — 21
(fmarping, Mroge, 1966) o =15,73, b =723, 5 =11 48 a=158,79 =734, =15
Eefraanw EE{UGEJQIFﬂ4}E!ﬂE}‘-BHEO Joofypamumt? Ca(U0,), (PO, ), (OH) , «BH,0 Ba— (a8
(Biltemann, Mob, 1959)  a =16,2, b =17,7, ¢ =13,19 s, = 15,85, b =17,42, ¢ = 13,76
Epegtr Mn, As0 {oH) ATEMITE ZnyAs0, (OH) Iz — Zn
(Moore, 196T) & = Brg?l = B!WI t = 6,27 a= E.g‘l, h=23.,56 o=6,09
. HUT MgAl, (PO, ), (OH), - SH,O filn, — Mg
Tayeun wnPes’ (B0, ) (015" 8150 oy - BT RGO R o — AL
{3truns, 15548) B = 5.2&, H= 1['!.%,[,& = T,14 e L iagﬂél?\' = HD‘BE?'r Y= ?10_.“}1
ﬂ.:ﬁiﬁ'ﬁsﬁ"r 3:1(}'&53’. ¥ = LU0 - ’}ﬁ Fe- =}
AwdmErosmr  LiAl{P0,)(OH -
TABOERT Lire(P0y ) (0F) o= 549, b=TA2, &= 6,0
(Lindberg, Pecora, 1954) = 112°02", B = a2’ , v = el
2 Fe —Al
o ORoDHATAT (Fe M)Al (PO, ) (DHJE.
SagGocamur AL D L X S =715, b= 7L, & = 7,25,
{Lindberg, Pecors, 1954) o= '?,EE, B = 7,46, ¢ = 7,49, - 150°40"
a = 120718’ _ 144
0, )2 (0H) - +H,0 -
5 gk (8v,2n)¥ed’ (PO, ), (0H) 5 H,0 TommmeT 5’§fiéfégji =§1:é5¢
. =9 04, g = E‘EI'EI n’h T e c't‘- 5
(V.Wambske, 1958) By, = U5 Oy iR o et
).(20,) Bapymer (Wa,Ca)(Mn, Fe)o(
{aremnoplnT (¥a;0a) (e, a2, GO 5 Ca o, p =42,88, o= 6,46,
:HHE Hzizrguﬂsﬁlﬁz ‘“— I'.'l
(Strunz, 19540) . T B = 114959"
HET (Pe, him,0a,Mg) PV, )n
TeyouT {hlfﬂ‘hsﬁjafﬂﬂgéa oo Tpalro oz BB, b 1311' R L
(i, Avtesarain, 196016 = 8,70, B =155 6 B 5= 99%12¢
g = 99%
—Wg
- Hommgonr  Ca, (Mg, Pe)(FO, ), 2050 s
taoaze N g S a5 m—n
ite &t ml., 1967) 8= 55T, 5= 050y B R0t r - 3 S 6, y = 104%32"'
ey a = 96049’ , B = 207°21" , ¥ = 104935 a= 96%8', p=10716", ¥ 3
. TamsmecyT  Ca Mglas0y). 2,0 s
p-posemiT Cay00(Aa0y ), 2H,0 i "
{Frﬂﬂ.ﬂﬂ‘lu 1955} Hurpin.‘lgﬁﬂ}
10w, L A80, Y (TR) B0 ¥,ce—~aA1
(¥, Ca)0ug (A60,) 5 (0H) 3,0 MyscmT Bi,0uy 1 ha0, )6 (08 56

ArapmaT

{oietrich et al., 19697 By

a=33,5, o=

A= 13|E¢| o= Elgs




b= 3,16, ¢ =11,47, B= 97¥), HO KOIMYECTEO BOTH B MUHEDANAX H2OMMHAKOBOS
U pJapamMeTpH AYeRKM HECKONBKO OTIMYanTcHd. BaHAlaT yorfmimur ¥vo, (Hogarth,
Miles, 1969; a = 7,10, ¢ = 6,30) u3ocTpyKTypeH ¢ KceHoTMMoM YPO, (a = 6,89,
¢ = 6,04) I ¢ HOBHM apceHaToM YepHOBUTOM ¥As0, (Tombmme n mp., 1967,
a=",04, c=6,27). :

MHOrME HOBHE CWIMKATH ABNARTCA aHaNOoTaMy paHee M3BECTHHX MUHEpANOB. YcTa-—
HOBIEHO HECKOMBKO HOBHX TPAHATOB: XPOMOBHH KHODPUHTHT 1\;1g30f2.{51041q (Wixon,
Hornung, 1968; a = 11,659_), MeI®opHuT MgB(Fe,Si)E[SiO413 (Smith, Mason, 1970;
a=11,524), IMDHOHVEBH] KUMIEHT Ca,Zr, [41,510,,] (Milton et al., 1961 ;

a =12,46) ©H BaHapueRHil TOJIOMAHUT Ca3V3[SiO4]3 (Moench, Meyrowitz, 1964;
a= 12,01} . 'y

HoBuii MUHepa! KUpmITaliHMT CaFelSi0,] (Sahama, Hytdnen,1957; a = 4,86,
b=11,13, ¢ = 6,42) - XeXe3HHl aHATOT MOHTHYEJLILTA CaMg[SiO4] (a =88,

v =11,10, ¢ =6,38) n TaaywoxpouTa Caln(SiO0,} (a = 4,92, b=1119,
¢ = 6,51).B ofpasnax,coCpaHsnX Ha JyHe,00Hapy®eHH MMpoKc@epponT (Fe,Ca)Si04
(Anderson et al., 1970) - ®enme3Huil aHANOT MUPOKCMAHTHATA (Mn,Fe)SiOB.

Yorawomnex (llemens, Kapmemwo, 1969) BaHammeBHlt SIITOT MyXMHMT
CayAl V(810,) éoH), B KoTopoMm V u3omMopdHO 3amemaeT Fe.

Gonom: 4Mn28106-Mn(0H,F)2 (Yoshinaga, 1963; a = 10,66, bv = 4,88,

c = 14,30, B = 100931" ) oxasancs MapramNOBHM aHATOTOM KJIMHOTYMATE 4Mg,5i0, «
Mg (F,0H),.(a = 10,29, b = 4,75, ¢ = 13,7, p=100°50"), MamamuT CaSnsiO
(Alexander, Flinter, 1965; & = 6,66, b = 8,89, ¢ = 7,15, p=113%0') x
NaGOTHT BaSnSi,Oq (Gross et al., 1965; ay = 6,71, o = 9,83) - OMORHHHMI
aHANOTEME THTaiNTA CaliSiOy (a = 6,56, b = 8,72, ¢ = 7,45, p=119%43") n
GeHNTOUT] BaTiSi309(ah = 6,61, ¢, = 9,73). Kax BuAHO, 3aMeleHNe MATHIA Map-
TaHIeM B COHOMITE I TUTQHa OJI0BOM B MaladuTe M NaGCTHTE CKasaloch Ha JEEeI-
YeHM O0BeMa BleMEeHTAPHHX AYeeK HOBHX MHUHEDATIORE.

OTKpDHTH KanplLIEBHE gHalOT HEKOTODHX HATPUEBHX CIINKATOB: KATAIIENTyY
NaZrSi,0q*2H,0 (a = 7,40, ¢ = 10,07)0TBeuaeT KalbIMOKaTAIEHT Cazrsi,0q+2H,0
(NoprroB, 1964, 1972), asamsImMy NaAlSiy0.+H,0 (@ = 3,71) - B3alfpakur
CaAl,;B1,0,,2H,0 (nceBpoxySuuecku, a = 13,63, b = 13,68, c'= 13,50; Stei-
ner, 1955). Haxomka B fnoHu; MUHEpala NPOMEXYTOUHOTO COCT&BA ¥ CBOACTB MEXIY
BHANBIMMOM U BalpakuToM NONTBeDMANa Hanuune B Npupofe uzoMopdHoro pAma
aHaIbIMM-BalipakuT.

Cpemz nmavmpo@UIIUTOB HHHE DASHMMMMH COGCTBeHHO JavmpofumnuT ¢ Sr > Ba
(a = 5,40, b="7,06, c=19,76, p=96%30') 1 Gapuromammpodmmmur ¢ Ba > Sr
(a=5,43, b="7,0%, ¢ =19,98, p= 96030'; Tze-chung Peng,Chien-hung
Chang, 1965). ¥YcTaHOBIEeH pAN MIHEPATOB -~ aHANOTOB acTpodwimuTa
(K,Na)(Fe,Mn) iy 51,0451 (0,0H,F);: B KymIeTCKuTE (CemeroB, 1956) Mn > Fe,
B nesuii-xymwrerckute (EfumMoB u Ap., 1971) Cs > K ¥ Na, B HmoGodwumTe (Ni-
ckel et al., 1964) Nb > Ti, a B mEprofmwrmure (Kamycmmm, 1972) Zr > Ti.

BusABNEHH HUKEJNEBHE aHaNOIM XPHBOTWNIE M TalbKa: IeKOpauT NiBSi205(OH)
(Faust. et al., 1969, SHaueAUA [apaMeTpoB HEe yKa3aHH) @A YWLIEMCHT
(Ni, Mg);51,0,,(0H), (Hiemstra, de Waal,1968;a = 5,138,b = 9,149,c = 18,994).

MeEOImE ¥3 BHUEYKA3aHHHX MUIHEDANOB HaAGMNNamMCh B BUNEe MUKDPOCKONMYECKH
MEJKNX 3EepeH ¥ JCTAHORIEHH JMIE Ha OCHOBE NDPUMEHEHHA SMIEKTPOHHOTO MUKDO3OH-
Fa B COUETAHWM C DEHTTEHOBCKMM M IpPyTEMaA mMeTomemu. Tak, 3a moclenHee HecATH—
JeTe BIepBHe OTEDHTH MIHEDaiH In ¥ Ga, AC dTOTO BpEMEHM HaGmoiilaBIIecd JMWb
KaK 2JeMeHTH-IpUMECH; MHTEPecHo, 49TO0 COGCTBeHHO MEmUeBHe (cyapdummy - wHEAT,
DOKEeSNT, CAXypauT ¥ OKuces] — KRKAMKHENUT) ¥ COGCTEEHHO Ta)UMeEBHe MUHePaNH
(cymdun - TammMT ¥ OKMCEN — 38HTENT) ABIAOTCH aHANOTaMy M3BECTHHX MiHepa—
JIOB ¥ ©CTECTREHHO BXONAT B KIACCUQUKAIMOHHHE TDYINH.
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XapaKTepHO OTKPHTIE 3a MocNefHie IONH MHOTMX HUKEJeBHX MUHepanoB (Kyme—
DPYIVT, HUKEXBTEKCATHIPNT, KACCHOMAT, YIWILTEMCHT, IEKOPauT) WU PANa KOOarbTOBHX
(MaHTHCHT, XACTUT, MypPXayCcuT, P-DOSENNT) MIHepaloB-aHaioTOB, B KOTODHX Ni
1 Co samemai? Mg wiy Fe. [[MHEKOBHE MUHEDANH, M30CTDYKTYDHHE C paHee W3BECT—
HEMII MEHepanawil, HNPeNCTaBNIeHH CYNbumarii KECTEpHTOM I CaKyDauToM, CYasdaroMm
IMHKOKOIMAIMTOM, B KOTOPHX NPOABAEH H30MOpfW3M Zn—=Fe, a Takke IMHKGOTPHO-
reHOM (Zn —=Mn) ¥ mMHKPO323uTOM (Zn —Cu).

Hapamy ¢ oveds MHOTUME HOBHMY CapUeBHMY MUHEpaXaMy, IpEMMymecTBEHHO
CIUMEATANA, ABIADIUMICH CaMOCTOATENBHHMA BUIAMEL, 38 NOCJeNHHE TONH YCTaHOB—
JeHH 1 GapueBHe aHaloT¥ M3BeCTHHX MUHEDANOB: KaploHaAT XyaHXuT, BaHalar fpan-
cBWLIAT ¥ focdaT GepremuT, B KOTOPHX Ba m3oMopdHO 3amecTWwn Ca, Opucymmit mo-
BEPUTY, TOAMYHUTY ¥ focdypaHmwmTy; B CapnTOJIaMIpOfUINTE Ba SamemaeT Sr JaM— -
npofwumra. Cpeml MHOTWX HOBHX MapraHIOBHX MIHEDaloB TakKe BCTDEYEHH MEHEe—
panH-gHanoTu: dopaTH mRUMOONT M dYemGepcuT, docdaT JayeuT, CUMIKATH COHONUT
¥ KYyILIETCKUT, B KOTOPHX Mn BXOIYT Ha MECTo Mg, apceHaT eBeHT C Mn B IOJOXKE~
HUAX Zn B glavmHe. CBoeoCpasHO 3aMeleHNe TETaHa OJOBOM B MaladuTe U natcTh-~
Te — aHaloraX TUTaHNTa U OBHUTOUTA.

Kax yxe oTMevaloCh, ONECAHO MHOTO HOBHX CEJNEHHINOB, UBOCTPYKTYDPHHX ¢ H3-
BECTHHME CYNBIUZAMA I TEJLTYDULAMI.

MHOTHE W3 BHIEYEASAEHHX MHAHEDaNoB, 0COGeHHO CyabdumoB, ceneHumoB, gocda~
TOB ¥ @pCEHaToB, OTBEYANT MCKYCCTBEHHO MOJYYEHHHM COENMHEHWAM, X WX HaXOmKy
B OPHPONE MOKHO COHJIO IpemyranaTh. OCHYHO [0 COCTaBYy OHHM TONBKO OMUSKY K KO-
HEUHHM uJeHaM K30MOPQHHX pPANOB, HO IO CPABHEHN® C paHee M3BECTHHMI MiHepala—
MZI STEX DENOB B HOBHX MUHeDajiaX msomopdHo saMemanumyil BIeMEHT CYWECTEEHHO
pommEnpyer (Hamprmep, B pARYy OeycuT - rpadToHRT B GeycmTe Mn > Fe, B Balipa~
kuTe .Ca > Na, B gHalplmMe Na > Ca u T.I.), ONHakKO INANEKO He AJIA BCEX HOBHX
AHAJNIOT'OB UBBECTHHX MIHEDPANOB BSKCIEpMMEHTAJbHO YCTaHOBIEHM HENpepHBHHE U30—
vMopdHHE pATH ¥ TO0 HacToAmEeTo BpeMeHn uKcHpoBaHa JMIE CTPYKTYPHAd aHaJIOTHA
MUHEDPANOB ¥ Ha/iyile B HOBOM MUHEDaje M30MODHHO 3aMellaionyiX SJIeMeHTOB.

TlpocremuTes BINAHME BXOMIEHUA MHOTO BJEMEHTa HA 3HQUEHWA NapaMeTpoB U
o0beMa BIeMEHTAPHHX AveeK MUHEPANOE OvYeHb TPYNHO, 9T0 TPefyeT CHeIMalbHOT'Oo
U3yUEHNS- ¢ yYeTOM X S@BHCHMOCTH OT CTPYKTYDHHX ocoCeHHocTell MuHepanoB I,
BO3IMORHO, OT TOYHOCTH OLpeNeNeH!S IapaMeTpoBs.
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. J. Boprenan-CmapoliHresuy

PACYET KPHUCTAJIJIOXUMHYECKOW ®OPMY/Ibl KAK
OUH U3 METO/IOB UCCIENOBAHUA MHHEPAJIA

Ilpn pacueTe QopMyJiH MHHEpATa MH CTATKMBASMCA C TAKAMH OCBEKTaMy,B KOTODHX
' ADKO NPOABJIANTCH BAKOHH M30MOPIMEMA, M C TEKMMH, B KOTODPHX S3a8KOHH M3oMopdns—
Ma TPYIHO OCHADYRUTH; K IMOCIEIHMM OTHOCSATCA: 1) MUHEDAJH CJIOMCTOTO CTPOSHNA,
CIOCOCHHE "BIUTHBATE" IIOCTODOHHWE NPEMECH; B5T0 IVIABHHM o6pasoM "pasdyxawime"
CINIONONOCHHE (BEPMMKYJINT, MOETMODWLIOHAT ¥ Ip,) CATHKATH, B MEXCIOEBHX IpO-—
CTPEHCTBAX KOTODHX MOTYT HAXOIUTHCH HE TOJBKO BOTA C OOMEHHHMM QCHOBAHWAMH,
HO ¥ MOJIEKYJIH OPTaHWYECHUX COeINVHEHNH; B 5TUX MUHEDAJaX MOIYT BOZHUKATE HO-
BHE MEXCJOeBHE OODA3OBAHUA C MOCJHOHHHM BHEIpPEHUEM IPYTUX CIOUCTHX MUHEDAJOB
WIN CYOMUKDOCKONWYECKHUX NpuMeceil pasHOOOpa3HHX BHINYEHMA C HECJOMCTOR CTDYE—
Typol#t; 2) MEHEpaTH, B CTPYKTYPE KOTODHX MMENTCA GOIEBINE MONOCTH, NPUACYIHE
neosmTam ¥ feapmumaTomnam ("Goxkomads mens" B,U,BepHAICKOT0); B OTH IOJOCTH B
COOTBETCTBHM ¢ o0beMOM "(QOHapA"MOTYT BXOMWTH ATOMH, DATAKANH WIN IEJHE COe—
IUHEeHUs, o0pasylille COBMECTHC C KADKACOM BIOJHE OmHOpOmHH#, omHofaszmit mum—
Hepa, '

llpexme 4YeM NpHCTYNWUTE K IPMMEPEM pacueTa KpuUCTaLmoxXuvmdecKux Gopwmyx Tol
U IOpyTo#f KAaTeropmu, CAENYET YETKO ONPENENUTH, YTO K& TaKOE M3OMOPPUIMT

fleneHne msomopdusma — BTO HEOOXONUMOE CJAENCTBHE KDUCTAJUINYECKOI'O COCTOA—
HPA MCTVMHHOTO (HODMATBHOTO) TBEpIOTO PACTBOpA XMMHISCKMX CoeXuHeHud. Kpme—
TALINYECKOE COCTOSHNE TpedyeT PACHOJOKEHUS ATOMOB (MOHOB) B IIPOCTPAHCTEE IO
OIpeNesIeHHOMY MOTUBY,HA ONpelelJIeHHHX 'DACCTOAHUAX, YTO, COBEDUEHHO OYEBUIHO,
MOXET OCYWLECTBIATHCA TOJBKO IJIA TBEPIHX PECTBODPOB TEX COENUHEHU!, KOTODHE
UMENT ONHOTUIHHE XUMUUECEUEe HOpMYJNH, C OJUHAKOBHM YUCJIOM OJM3KUX IO OOBEMY
aToMOB, HOHOB, paTWMKaIOB, TaKWM o0pas’oM, MEHEpA] € APKUAM ODPOABIEHVEM M30MOpdH-
HHX ZaMelieHWMll MOXHO CUMTATH MCTHHHEM HODMAJBHHM KDUCTAJLIKYECKHMM DacTBOPOM
ONHOTUIHEX COeNUHeHuit (MUHANOB), MuHEpaNH, B KOTODPHX nsoMOpdusM TPYIHO OG-
HApy®ATE, CJAEOyeT NPAYMCIAATE K AHOMAJILHHM KDUACTAJIMYECKHM TEEPIHM DACTBOpPaM:
60 B HHX MEJKO IUCHepTupoBaHa mHas (fasa (momolume XUIKOTO"KOWIOMODHOTO" pacT-
BOpa) WIM HAXOIATCA MEKCIOSBHE OOPABOBAHM; JMGO BTO BHIUIEYIIOMSHYTHI ocoguit
THI KPHCTA/LINYECKUX CTPYKTYD C 3AKOHOMEDHHM BXOXIEHHEM, Ces HapyUeHWUA eln-
Hoft PazH, Taxk HasHBAEMHX OGOKOBHX Lene#l B.J,BepHazcroro.



s sToOr0 caemyeT, YTO IpHM pacyeTe KpUcTasoXummueckol dopMmysH MmHepasda
BAKHO MMETH NAHHHE O €0 CTPYKTypDe, OFHaKO IpH HAJMYME "YMCTOTC HM3omopdusma”
pacuer GOPMYNH MOXeT CHTL NpOU=BeIeH 0e3 NamHEX O KpHcTasmmuecKol cTpyxrype,
I OH [OUTH TAK Xe IOpocT, kax M pacdeT QOpMysH JT0GOTO XMMMUYECKOT'O COeLHHEeHUA
0 eT0 KOJHYECTBEHHOMY XUMEUUeCKOMY AHAJM3Y,

Uro Taxkoe XummyecKasa fopMyla COeIMHEHMAT

Xmvmaeckaa Gopmyna coelMHeHMS — 3T0 IaHHHe XIMUYeCKOI'O aHaiM3a, OpeIcTab—
JIEHHHE He B BUIE BECOBHX IPOLEHTOB OKUCJOB, & B BUNE COOTHOmEHH! KojMdecTs
COCTaRIANIIX €T0 aToMOB. PaccuuTars QOpMyJy mo AAHHHM XUMUYECKOTO BECOBOTO
aHaNNsa HeTPYOHO: BeCOBOE IPOIEGHTHOE COLSpKAHWE KaMIOTO OKUCAa HIeluTCHa Ha
ero MOJEKYIApHHA Bec, yMHORAETCA Hg UYUCHAO ATOMOB JAHHOTO SJEMEHTa B OKUCTE
¥ IOJyYaNTCA STOMHHE COQTHOWEHWA, KOTODHE NPUBOLATCH K IDOCTHM HYHCJAM
(radn, 1).

PacueT GopMyJH MUHEpajsa, IPENCTARIAKIETO UCTUHHHA KPUCTAINYECKNUA pPacTBOP,
MOKHO HPOMSZBECTH TAKKE, OINHAKO HPOCTHX COOTHOWEHM: MeMIy BCEMM 3JeMEeHTaMH,
KaK NpaBmio, He HAGMOUAeTCH; OHM IOABIANTCA Jiib IocTe oCBeIuHeHM#l paBHOpa-
IUYCHHX MOHOE (Ta6i, 2), Ilp¥ HAJIWYHA MCTUHHOTO KPHCTIMIECROTO TBEDIOTO DacT—
BOpa Taxo#f pacueTr nacT onpensieHHyw HopMmysay MmHepasna, ¥ COCTAB KARIOI'0 HOBO—
To odpasna OymeT oTBedars Tunoro#t dopwvyne co ceomvm MaomopfHEME 3ame-
NEHHAMM; IpM DAcYETaX MOKHO OGo#THCE Oes IAHHHX KPUCTALIOCTDPYKTYDHOI'O
aHammMsa,

B HeKOTOpHX Ciydasx G6e3 3HAHWA [NADAMETDOB SJEMeHTapHo# fueitxyl HeBOBMOXHO
NpPaBWIEHO pACCHYUTATE QOpMyJy MUHEpasa; eCJI4 Xe WUIBeCTHH yueJbHuft Bec u mapa-
MeTpH BJeMeHTapHo# Adeilkd, TO [0 JaHHEM XHMUYeCKOTO AHAMM38 HEeNOCPEeICTBEHHO
oupemendgeTcA cocrap dleMeHTapHo@l AuelikM; McmosBayeTCA 2aKOH ABOTAIpO, IO KO-
TOpOMy Tpamm—atoMm (T.e, Bec, paBHui ATOMHOMY BeCy B Tpammax) Jo6OTO SiASMEH—
Ta COTEpXUT 6,023 « 1094 aromoB, Mcrnodesyercs nponoggn&: T'paMM—aTOM OTHOCHT=—

cA K Joodoit erc HaBecKe, KaK YUCJAO aToMOB 6,023 « 10°* oTHocWTCA K YUCHY aTo-
MOB B IaHHO# HaBecke:

I'paMM~aToM SJIEMEHTa A 6,023 * 1024
BEC SJEMEHTE A B OJGMEHTApHOR ¥ :
muetixe (1)

roe X — YHCJO &TOMOB BJIEMEHTA A B paeMeHTapHOR sdelixe. Bec aiemeHTa A B
seMeHTapHolt Auefike paBeH a + V ¢+ d, THe a — NPOLEHTHOE CONEDXAHNE 3JIEMEH~
T7a A B MEHepaJe; V — o0%eM 3jeMeHTapHOR sueitkm; d — VIEJBHHE Bec MaHepala.

Tadaanag 41
PacueT Qopmyin NaBPO 2

Moneky- | AToMHOE
Beo k" Moaexy- rapHoe | orHome ATomHOE CooTHO-
! I dopMyTIa
Oxrmcen Cladiiy JIﬂpH;IE Gaiatn | G AL oznomeine meHue PMY.
5 BEC L g KUCJIOpOna ‘a'I‘OMOB
Na,0 56,7 62 0,9145 1,8290 0,9145 Na
P,05 43,3 142 0,3050 0,6100 1,52560 P 1 NayPO,

0 2 Aads 1 g g
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Tadaurnoga 2
Pacuer dopmynH cnnapnwaf

Monexy- |AromHoe AromHOE
Mosexy-
JAPHOE  |KOJMUECT- | Jye- | KoJuyecT— | COOTHOWEHMNe
ol Beg.% HHPH:@ KOMMYECTHBO KUGHO- | MeHT | Bo kammo- | aromos
ot B0 a/M  |poma HOB Q-]
Fe0 42,600 M58 0,5929 1.0,592%9 Fe 0,68
Mg0 0,22 40,3 0,0005 0,0005 Mg = 1.00
MnO 17,568 7 0,2476 » 0,2476 Mn[ 0,8731 0,28 4
Ca0 1,80 56 0,0321 0,0321 Ca 0,04
€0, 38,30 . 44 0,8705 1,7410 c 0,8705 1,00
100,50 0=2,6141 o 2,6141 3,00

*
Boree CIOXHHE IPUMEPH CM, B pyKoBomeTeax M,.],BopHemaH-CTapuHkesud (1964,

1971). Popmyna MuHEDATIA (Feq ggling palag 4)C03 WHI B NPOLEHTAX MUHATORB!
68% FeCO3 + 28% MnCO; + 4% CaCOB.

PaccMoTpuyv HECKOIBKO IDMMEDOB 13 ﬁpexHCTopnn pasBuTHA Hheil o6 msomopdma—
Me ¢ pacueToM (OpMyN MUHEDANOB X NpEMEpH pacdera HopMmys, NPMBEMINX XK HOHM-
MEHVE CYUHOCTH MUIHEp&ia.

1, B 1915 r, mo nopyuenuo B,U,BepHamckoro Hamy GHIM [IPOM3BENEHH XMMHYeC—
KHe aHAJNSH HECKOJBKUX OCDA3IOB MOHAIWTS M3 DA3INIHHEX MecTopoxmeHuit (CTapua-
keBud, 1922), MoHAIT COREPRNT MeHAmMecs KoawdecTsa ThO, (or 1 mo 28%). B
TO BPEMd MHEHUA O XHMMYECKOM COCTAaBE MOHALMTA DACXONWINCE: CUMTANIOCE, YTO
TOpHH JHUGO BXOIMT B COCTAB MOHALATA B Bume gocdara ThP,0 7 Ju00 COLEPKATCA B
IpUMECH TODHTE ThSi0, . [lpoT#B MOCNENHETO MHEHUS T'OBOPWIO OTHOWEHUE Tho,
§10,, KOTOpoe BCETHa duno >1; Ha 5T0 Xe yKasall MOPONEeJaHHHe HaMW SHAIN3H,

BuecTe c Tem ymajlocy moxKasaTh, 4TO YCHOBUMH KJIACCHISCKOTO METOIa aHANW3a
MoHanmTa (pasioxerue cepHoft KUCIOTO! mpu HATDEBAHWH, NOCTENyKmAas o0padoTxa
nenAHO# BoIo#l M BHUEJeHHE KpeMHesSeMa B 0CalOK) BeIyT K OCDA30BAHMD DACTBODH-
MHX B Boze cWmKofocaTomB, UTO MellaeT IIONHOMY OCAXIEHUK KpeMHeKHCJOoTH, Hec—
KOJNBKO AHaIRB0B, IPOBENEHHHX KJACCHYECKHM METONOM X METONOM CIJISBIEHNA C CO-
moit (oTcyTcTBYRT yCTOBMA I o0pasoBaHUs cWmKofochaToB),IONTBEDIWIA STOT
fakT ¥ B pesynsTATEe, OTHOWEHHE ThO, : 510, B MOHAIMTAX OKA3&JIOCH DABHHM
emHMue, Bl CIeNaH BHBOL: B MOHaIuTe ThSiO, o0pasyeT TBephuit KpmcTamIvdec—
Kuit pacTsop B CeP0, .

llo 3axoHaM, yCTAHOBJIEHHHM 3HAUMTEJEHO moske (B 30-X romex), IJA M30MOp-
fusma TpeCywrcA OZHOTUIHOCTE HOPMyJ coenvHeHu{, BXONAIMX B T2epIHd KpHcTam—
Jgudeckuil pacTBop, M OGIM30CTEH DA3MEPOB DATHMYyCOB COOTBETCTBYHUMX MOHOB. B Mo—
HaimTe pamiycs moos Ca>t m h*T - 1,02 }; pamayc woma si*t - 0,391 m POF -
O,343;®opmgﬂu CeP0, M ThSi0, ONHOTUIHH. BuBOL O Hanpypy B MOHALMTE B3aMMHOTO
pacTsopa CePO, 7 ThS10, COOTBETCTBYET COBDEMEHHHM TpeCGoBaHIAM nspmop@nsma.
OIHAKO UMENMCH BO3DAXEHMA: MOHAUMT KpUCTALIMSYeTCA B MOHOKJIMHHOMA, & TOpHT
ThSi0, - B poMOMYecKo# CHHT'OHMH; 3T¥ BO3DAKEHMA Yepe3 HEeCKOIBKO JeT OHIR
CHATH. B 1951 r. OWI OTKPHT MMHEpAN XaTTOHUT Th,Sis0g = (2(Ths : 04))(Pabst,
Hutton, 1951),a B 1953 r. (Bowie, Horne, 1953) — depaimT CaThP,0q, o6a OHM
UMEIT CTPYKTYPYy MOHAIMTA 1 TOTO Xe TUma opwmymy A,B,Xg. llosnuee K.II.Coxora
(1962) Ha OCHOBAHMM MHOTOUKCJEGHHHX SHAIW30B BEBEJA IUIA MOHAIMTOB oOmy® fop-
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MyJLy (CL,?p,Ca)E(P,g;,sjzoB, 0TBEYAKIY® TBEPLOMY pPACTBOPY MUHAIOB, -—
XCEEPEOS + yCaThPEOS + zTh25i208 + vCaESEOB.

2. B 1924 1, Bo BceX 0o0pasuaX XMOMHCKUX anaTHTOB G OCHADYXEHH penKue
zemny (CTapiHKMeBWd, 1924) ¥ BCTal BONPOC, KAK TPEXBAJIEHTHHE DETKNE 3eMIN
BRINYATE B QOpMyIy anaTHTaBCaB(POA)E' CaF, WK Ca1OP6024(F,OH)2. 3a mepuor
1930-1950 rr. CHJI OTKPHT PN HOBHX MIHEpP&IOB CO CTPYKTypoll anaTuTa; BJIecTa—
AT Ca,;(Si385)¢0,,(0H), (Mc Connell, 1937); Gpmrommt (Ceglay) 10Sig0p4 (0H),
(Barth, Berman, 1930); demoBuT (CagCela),oPy0,, (OH), (Boponus u mp., 1954),

I BCe aHWIISH alaTUTOB XOPOWO pACCYNTANNCE Ha oOuyn  §opMysTy
(Ca,Ce,Na,Mn)1O(P,Si,8)6024(0,DH,F)2 WY B OTHEJBHHX MUHSEIAX:

xCa ;P 0,, (F,0H), + F(CESCeNa)1OP6024(OH)2 -+ z(ae60a4)10516024(0H)2 +
4 vCa10(51333)6024(0H)2.

3. C xomma 20-xX TONOB HaYayoCk XMMMYECKOE MCCJSNOBaHME MuHEepasoB KoJabcko-
TO NOJYOCTPOBa ¢ COJBUVMMA CONEDKAHWAMU TUTAHE, HUOOWA, DEIKUX 3eMesb, Kaib—
Ind, Xemxesa, leaodeil, OcoGeHHO MHTEPECHHM MO M3OMOPHHHM 3aMEUEHUAM SJIEMEHTOR
pasHOf BaJEHTHOCTH OKA3AJCH JONapHT. B ero cocrap mxomsr (Na',k *), (CaQT
sr2t), ce®*, m* ¢ pamuycamm momos, Gmswmm x 1 &, m (Mg2T, Fe2t), Fet,
pi4t, (w2, 1a°T) ¢ pammycaym momos, Gimskmm ® 0,7 . JomapuT mMeeT CTpYER—
TYDy NEpOBCKATA CaTiO, mp z = 4 (wm Ca,Ti,0, MU z = 2) n Tpedyer - PopMyIH
TOTO ¥& THIa -— A2B2X6‘ XmvuuecKre gHAaNN3H PACCYUTHBAnTCA Ha oduyw dopmyry
(Va, K, Ca, Sr, Ce, Th), (Mg, Fe®, Fe>*, T, Nb, Ta),0, Wm Ha TBepmHi KpHC-
TALINIeCKIA pPAcTBOD MUHAJIOR, HMEKUWX ONMHAKOBHI THI (OpPMYJIH: x(Na,K)ENb206 +
Iy y(;a,Sr)zTigo6 + z(Na, K)CeT1206 + vThE(Fe, Mg)206- llaHHHe aHaJIA30B
HACTONBKO XOPOWOQ COOTBETCTBYWT MUHANAM, COCTARIANNMAM KpUCTaJIMYecKull TRepmuit
pacTBop JOIApHTa, 4YTO, 3HAA COZEpKaHMe TpeX KOMIOHEHTOB, MH MOXEM OMNDEJIEJATH
OCTAIBENE IBa. IIpH 9TOM 38 KOMIOHEHTH IpMHMMaRTCA Ti I B3AUVHO 3aMellaniuecsd
QJEMEHTH ONVHAKOBOR BanenTHocTH: (K + Na), (Ca + Sr), (Nb + Ta), (TR). U=
cocTapa, BHPAKEHHOTO B MHHaNaX, BUIHO, YTO WEJOYM BOWIK B 2 MMHANA:

(Na, K),Nby0p B (Na, K)CeTi,Og; CHeIOBATENBHO, &TOMHHE KoJmdyecTBa (Nb +
+Ta)pABHH BCEMy ATOMHOMY KOJMYEeCTBY WEJOUHHX aaeMeHToB (K + Na) 32 BHUETOM
UgJIOYHEX JJMEMEHTOB, BOWENINX B eIMHCTBEHHuH MuHal c TR, - (Na, K)CeTisOg,
T.e, ATOMHOTO KoJamdecTBa P33, BoulemuuX TOJBKO B JAHHOE COEIUHEHMEe, W PABHO-
T0 aTOMHOMY ﬁonnqechy B HeM (K, Na). TakuMm oGpasoM, CYWECTEYRT CJEILyHUME
38BUCHMOCTH MEXIY KOMIOHEHTaMHM:

aToMEne kommiecTsa (Nb + Ta) = (K + Na) - P3D;
i Ti = (Ca + Sr) + 2P39;
! (K + Na) = (Nb + .Ta) + P33;
P39 = (K + Na) - (Nb + Ta);
3 (Ca + Br) = Ti - 2P33,

Temm aHaiU2 HemoJHuR ¥ ompefesieHa JIME YACTE KOMIOHEHTOB, TO II0 MX aTOM-
HHM KOJMYECTBAM MOXHO DACCYNTATEL MPOLEHTHOE COIepXaHyue OCTANPHHX, YMHOXKAS
HOJYUeHHEE (10 BHIENPUBETEHHEHM PABEHCTBaM) ATOMHHE KOJMYECTBA HE MONEKYJIAD—
HH Bec OKUCJa, NeJeHHHA Ha YUCJIO aTOMOB B HEM.

B Tadi., 3 OpUBENEHH 5 aHaNM30B C DPABJMYHHM COIEPKAHNEM Nb205 (or 1,71%
B [EDPOBCEETE N0 26,26% B HuoGompnapure), PesyJrTaTH pacieTa STHX aHATM3O0B
DOKABHBAKNT YIOBISTBOPUTENLHYH CXOIUMOCTE C NAHHHMM aHANW3a, KPOMEe IaHHHX
ma (Ca, Sr) u Ti B adaimse 5, NO-BUOUMOMY, M3-3a OmNOKH aHaymTuka (BopHe-
MaH-CTapHHKeBNY, 1964): IIpU- OCAXTEHUM [OJYTOPHHX OKUCIOB C COJBIUM COMLEpKa—
HueM Ti0, B OCaZiOK MOKET nepeiiTn 4acTh KaNbBlUA B BUIE caTioa, U eCJH XUMMK
3TOrO He Y4Yek, TO Ipu masbHeimeM ompemeseHHM THTAHA BECOBHM IIyTeM COLepka—
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PR o ama 8

AHaUWMBH IEPOBCKUTA ¥ JIONEPHTOB

1 2 jy CWIe- s 5
TlepoBCEUT JonapuTy HuoGomonapuT
epo,
TEAGeY Xuouuu, JloBo3epO, r?ﬁzzzmgep— Jlosozepo, Vit
Kyxuesymuopp | T, DHTHOD — Anryait

% a* % 2 % < % a % =
Ti0, 54,88 6870 40,70 5608 '38,31° 4790 36,31 4539' 32,01 4006
Nb,0. 1,71 129 8,04 604 12,81 832 15,44 1161 26,26 1974
T3205 0,16 8 0,62 28. 0,62 28 0402 41 - -
F8203 009 - 11 0,56 0,20 25 . 0,20 25 - -
A1,05 - - 0,20 39 - & - 012 23 - -
FeO 0,74 103 - - - - - - 0,94 130
NgO 0,03 B - SRR 7. B T A M - SO
Mno Crnega - - - - - - - - 7 -
TR 7.,99% 481 33,50 =R018..30,67 1893 28,27 1703 25,55 1560
ThO, 0,22 B 08RG B 2 A
Cal 30,87 5512 4,88 868 (@74 868 .3,86 689 1,32 236
810 56 15, o B30  BOA.. 2.3 862 R.67. 989, - -
Na,0 R R 8,20 2645 8,78 2832 9,29 2997, 10,53 3397
K50 G 2% - 080« B DT w87 - 0,38 v 890,80, 170
510, 0,08 - 0,40 - 0,40 = 0,66 ~ - -
H,0% 0,25 - 0,48 - 0,20 - 0,30 ~ 0,85 -
H20" 0,12 - - - - - 0,78 - 0,85 -
P,0s - - 0,08 - - = e - - =

100,61 100, 56 99,70 99,87 100,45

Ananururn:0.4.Haxonaesa,B. C.Bukosa, . . Bopeeman, M. E. Kasaxosa, 3. M. Topome Ko

*
& — aTOMHOe KOJUYeCTBO

HEe Ti0, MOXeT OHTH 38BHIEHO, & COomepxaHue Cald — 3AHMKEHO. 3aHUKEHNE CYMMH
Ca0 + Sr0 B aHa/msax 2'm 3 OOBACHAETCA TEM, YTO CYMMA ATOMHHX OTHomeHui# Ca +
+ ST pPACCYMTHBANACE TONBKO Ha Cal, MCXOIA M3 aTOMHOTO Beca Ca (56), Ecaz xe
CUMTATH, HANpUMED, UTO B ATOMHEX KoJMdecTBaX 2/3 cocramuder Ca, a 1/3 sr,

7 YMHOXATEL 2/3 aTOMHOTO KOJMYecTBa Ha 56 u 1/3 Ha 103 (ar. Bec Sr), NOIyYmMT-
ca cymva Ca0 + Sr0 = 6,99%, YTO COOTBeTCTEYET LAHHHM &HANMBA. ]

4, B 1948 r, GHI HpoaHaMMBEPOBAH PAN OCPa3UOB KIMHOTYMITA, COREPRANETO
turaH (BopHeMaH~CTapuHKeBNY, MacHuxoB, 1950). PopMysa OGHYHOTC KIMHOTYMATA
Mg(OH)4'4MSESiO4. TuTag 1o pasMepam pamayca MoHa it (0,643) MO’ 3aMemars
marunit (paguyc MoHa Mg2+ - 0,74 1),50 Mor Bamemars m Hpesmmit, 9TO B HacTOA-
mee BpEMA U NPUHATO IJIA HEXOTODHX MUHEPAJIOB, HECMOTpA Ha COJBIyR DasHELY B
pasmepax moHoB Ti%t n si** (pammyc noma Sitt - 0,398). Gopuyna, BusemeHHas
HaMu, OIS OCHOBSHA HA HNEPBOM [IPEAIONOREHAR (Ti4+—-Mg2+, 3ameuneHne Mg(OH),
Ha Ti0,). JIOKa3arensCTBO TOTO, 9T0 THTEHOBAR COCTARIANUAA KIMHOTYMATE TiO,*
* 4Mg,5i0,, a He Mg(OH)2 *4Mg,T10, HaMpaIMBAGTCH CaMO coGoii: ecam nepmasg
dopmysa BepHa, TO C YBEJAWYGHHEM KOJMYECTBA TUTAHE NOJIKHO YMEHBUATHCA KOJIH-
YeCTBO BomH; o fopmysne MO¥HU paccuMTaTh,KaK COOTBETCTBEHHO MEHAETCA ee COo-—
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NEPKEHNE C yBeJMYEHUEM CONEpKaHWA THUTaHa, [loKaBaHO, YTO M3MEHEHME COJIEpPKaHUA
Ti0, U H,0 NefiCTBUTENBHO COOTBETCTBYeT TeopeTHueckoMy (BopHeman-CTaphHKeBHY,
MacHmxoB, 1950),

Us nmpuBefeHHHX IPEMEPOB $ODMYJ MOHAITA, aNaTHTA X JONApHTA, U3 pe3yiIb—
TarToB pacyera GOpMyJH Ti -KIMHOTYMUTZ M MHOTOYMCIEHHHX DacyeToB (GOpMyN Ipy-
TIX MIHSDPaJIOB BHBOIUTCH 38KOH M3OMODPHEX BameleHmit: 1) QopMmyna OTDagaeT Kax
XuMMYecKuit cocTaB, Tak M CTPYKTYPY MUHepaia; 2) COeIMHeHHA, BXOIANUE B KpUc—
TEJLTHIeCKH PacTBOD, NOJKHH 00NaiaTh ONHOTHMHOR dopMymot ¢ COOTBETCTBEHHO
O/M3KEMUA PamuycaMl MOHOB. OmHakxo HepeiKid CJydYaH, KOTJE YHOBIETBOPUTEJBHAS
Qopmyna He IOMyYaeTCH U3 NAHHHX aHaiu3a, 9T0 CAYRUT OCHOBOM! MCCIIeNOBAHUA
MUHEDANA D0 pacyeTy ero GopMysH, PaccMOTpEM MPUMEDH.

Hpuwmep 1. JIOMOHOCOBAT-MYypPMaHNAT,

B 1923 r. B XuluHax OWI OTKDHT HOBHI MuHepajl, HasBaHHHA 0 &0 KDaCHBOMY
fuoneToBOMy LBETY - BHONOPWLIMTOM, [O3KE OH GHI NEpPEeMMEHOBaH B MyDMAHHUT,
AHaumM3H MypMaHuWTa, npouseenedHwe T,A,Bypopoit n 1.]l. BopHemMaH-CTapHHKEBHY B
1933 r. (cd, "XuGuHckme TyHmpw", 1937), mpueean ¥ dopmyre (Na,H 30),Ti,81,0g°
* nH,0. Bomee mosmmme amamsu (1936-1937) moxasami OPUCYTCTEHE B MEHEpATe
poctopa (ar 1 mo 18% P205) [lo anamoruM ¢ MOHALUTOM H &IATHTOM OXKMIAIOCH
saMenienne kKpemHusa Ha (foodop. OmHaxo aHa WSH NOKESHBAMM YBEJIWIEHHE HATDHUA
napajeseHO ¢ yBesmueHueM Qocdopa u paccumranaces dopmysa (Na,H)2T1251209 .

* nNa,P0, + mH,0 C DA3/IMMHEMMA SHAYEHWAMH n ¥ m, YTO HABEJO HA MHCID O CBA-
31 docdopa TOMBKO C HATDMEM, & HE ¢ CWMKaTHON YacTeb MmHepana. M3 8TOTO
Oun chesxaH BHBOXL: (ocPopHOKMCIHE HaTpME Na3P04 KaK BeCBMA DACTBODPHMOE CO-
EIMHEHWe, NOJKEH M3BIEKaThCA BOXOH, uTo M OWIO [ONTBEpKIEHO. B TOT
Xe IEepHON BpeMEHM OWI OTKPHT HOBHA MHMHEpas — JIOMOHOCOBHT, comepxamuit 12%
P,05; B IPHPOMHEX ofpasnax G yCTAHOBIEHH IepeXONH JIOMOHOCOBUTE B MypMa-—
HuT, PopMmysa JMOMOHOCOBUTS DACCUKTHBANACE KaK Na,Ti,8i,04 * 2N33P04.HDE ero
oOpadoTke Bomoil focdarHAd YACTE M3BIEKANACE B PAacTBOP M OCDAaSOBHBAJICA Myp-
mexuT (BopHemaH-CTapHHKeBydY, 1946),

3a mocuemHNe T'ONH JOMOHOCOBHT ¥ MyPMEHMT TWATeJbHO Msydaymucs H,M,3adas-
Huxosoit (1964, 1967, 1971), En yrouxHeHa d¢opMyZa MypMaHuTa (BMecTo
Na2T1281209 + nH,0 mDoiyveHa Naj'Ti4Si4(O,OH)18 : nH20). YcraHoBiIeHO, 9TO
JIOMOHOCOBHUT NpH BHUeJa4YuBaHud Bomoil focdara mepexomuT B MypPMAHHAT, HO [IEpEXOm-
HHX pasHocTell mMypmaHuTa ¢ comepxaHueM. focfiopa Ha cymecrsyer: focdop BXOmUT
B COCTAB DEJMKTOB JIOMOHOCOBHTE,

BuACHeHNEe HPUPONH JOMOHOCOBUTA C SKCIEPHUMEHTAMA N0 BHUESIWINBAHAD U3 HETO
focPara Harpua Bomo# CWIO OCHOBEHO MCKIOYHTENBHO HE DesyJbraTax pacueTa fop-
MyJH MEHEpana,

Opremep 2. Touwmmur,

JIA TOYWIMHUTE [0 IAHHEM DEHTTEHOCTDYKTYDPHOTO MeciemoBanma (Opraxosa
n mp., 1971) Owra BHBemeHa (fopMmyJa 6(Pey oS) * 5 [(mg,AL,Pe) '(0H),]; mepecuer
IaHHHX XMMHM9eCKOTO aHaNW3a IPHEBEeJ K APyTuM KosfduuueHTam npm cyasdumHo#t u
THnpaTHO# Tpymmax 6(Fe0 §) + 6,3[(Fe, Mg, A1)(OH),]. HKorza MOX BJIEKTPOHHHM
MMKEDOCKOIIOM OHIa odHapyera ruddcurononodHan gasa, TO pacueT dopmysH, 3a
BHUETOM ImOGcuTa Al(OH).,Tal PesysibTaT, COOTBETCTEyHINA NaHHHM CTPYKTYDHOTO
UBYYEHNA: B(Feo,gs) * 5 [(Mg.Fe) (0H),] + nA1(0H) 4.

Ipumep 3. OBIUATAT-IBKOJAT.

JEIVMAINT — TPYIHHA "opemek" Kax IJIA XMMAYECKOTO aHain3a, Tak A LIA CTPYK-
TYDHOT'O W3Y49eHMA, O YEM Ipexye BCeTOo CBUNETeNbCTEYeT HeOonpeNeJeHHOCTE ero
dopmyrs,

B cnpasounukax @opmyna (Na, Ca, Fe) ZrSi.(0,0H,Cl),, CTOMT CO SHEKOM BOIN-
poca, MHOTMMZA &BTOpaMil [PMHUMATAC: HPYTHE COOTHOWEHMA BJIEMEeHTOB:
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(Na, Ca)BZrSiG(O, 0H) ;g3 (Na, Ga)T(Zr, Fe),8ig(0, OH, Cl),; ® Hp, Hamm (Bop-
HeMaH—-CTapmxesud, 1945) Gwma npemrtoxeHa fopMysa [%335112034(%)2] * NaCl=
=AB451 g{o 4 (OH, 01)31 37+ The A = Na; K, Ca, Sr, TR (Mn); B=(Mn), Zr,
Pelt, 1«"e5 Mg, Al, Ti, Nb, Ta. 3Ta GopMmyna OHIa Bmse,rceﬂa H3 23 gHaIu30B
BBJIPIBJIPITOB ¥ 2BKOJNTOB, Iloske HamM O mpelioXeHH fOpMyJn, BHUMCHEHHHE Ha
OCHOBE IIapaMeTpoB poMmGosmpmieckodl saemexHTapHOR suelirm, OOmasn fopmynm miad
PasiMIHEX 00pasuoB: (A, Blyy 57815, 56(0, OH, Cl)qs_gye Hamu famHue Gwin
UCHOJBE30BEHH NPY PACUMPPORKE CTPYRIYpH oBmmasmTe, (Toxsues ® Op., 1971) mia
OTHECEHHA ero K THNY MOHOOOMEHHMKa SBIMATMTOBOTO HeojmuTa, "Kapkac" KOTOPOTO
Na12GaSZr3F63[SiB 9]2[5190 (OH) 1, MOXET CYmMECTBEHHO YCJIOXHUTECHA "GOKOBH~
v Tpymmamu” (B, H.Bepﬁa,ucm) B COOTBETCTBIM ¢ 5Toff koHUemMe#l BO3MORHO Ha-
XOXJeHNe B IPUPONE SBIUAJMTOB, COCTaB KOTODPHX BHpaxaercA 15 dopmynamm pas-
JIMEHOTO THIA™,

PaccmoTpeHHHE OpUMEp MOKASHBAET, HAK BaXHO COYETATh pacdeT KPUCTALIOXH~
vruecKoif GopMyJZIH O IaHHHM XVMHYECKOI'O aHaMm3a ¢ TaHHHEMK O CTPYKTYDE MHHE—~
pana, B neommrax, fersminmaTonnsax, B TVMHMCTHX MHMHEDAJNaX, CIOCOCHHX DasdyXaTs,
532KOHN M3OMOPQHSMa OTXOHAT Ha Bropoll mian: QODMYJH TaKMX MUHEDAJIOB MOXHO
PacCYMTaTh TOJBKO IMef NAHHHE O CTPYHType, YIMTHBaA, YTO OHM MOTYT NOTVIONATE
HOHH, paluKalH, -coeIuHeHWs Oes msoMopfHux samemlexuit B "kaprace", ¢ BHeIpe-
HUEM UX B 3aKOHOMepHo pachojoxenHue "GoHapu" WM MeXcJIOeBHe NPOCTPAHCTEA.

PopMyTIH SBIMAIMTE ¥ SBROJMATE OGCYRIANTCA MHOTO JeT; IPUIMHA HEeBO3MOX—
HOCTH YTOYHWUTH KX, NO—BUIUMOMY, BHACHEHa; pacyeTH QOpMys IO TaHHHM XUMHYEC—
KOTO aHaJM3a HAYa/ M COIVIACOBHBATHCA C NAHHEMHM CTDYKTYDHOTO aHalmmMsse, ONHAKO
HCCJEe0OBaHNEe 3THX HEOOHUHHX MUHEpAaJOB HeJb3d CUHTATE 3aKOHUEeHHHM; CIeyeT
yYeCTh BO3BMOXHOCTE IOCTODOHHMX mpuMeceif, 0COCEHHO B CBASH C TeM, YTO BBIUa—
JUT JIETKO 3aMelaeTcsa BTOPUYHHMN MUHEpasamu, CJAeLyeT HONHTATECA MSYYATE WX
KOJMYECTBEHHO DASIMYHHME METOTAME MCCJENOBAHUA (9NEKTDOHHH! MMKDOBOHI, 3JEK-
TpoHOTpaduA, BSIEKTPOHHAA MUKDOCKOIEA).

Ipuwmep 4. Caogs.

T.A.Kamuronosa ¥ [0,].KamyeTun B padoTe O XUMHUECKOM COCTaBe M KPUCTAJLIO—
XuvmgecKux fopmynex comon (Kanwroxosa, Kamyctme, 1971) oTMeTwmm "PALN IOCTO—
FHHHX ¥ BaKOHOMEDHHX OTKJIOHEHMH pacueTHHX K0o5PQUIIMEHTOB OT TeopeTHUYeCKHX
sHa9eHW" W CHEJIAM BHBON, 9YTO 3TH OTKJOHEHHA OCYCIORISHH HANMAYMEM B CJIONAX
MOCTOPOHHUX BRmodeHu#t, JmrenbHuft ¥ TPyDOeMK:N! SKCIEDUMEHT DaCTBOPEHHA
CJNE B KHACIOTaX, B WACTHOCTH B COJIAHON, C aHANU30M DACTBOpA M M3yUeHUEeM He—
DPacTBODUMOT'O OCTaTKa, HO maHHuM T.A,.KammroHoBol, mOKasam, 4TO MyCKOBHT IOY—
TH He NepeXONUT B PAcTBOD, & U3 OMOTUTA M (UIOrOONTa OTHOCHTENLHO JEI'KO
DOCTENEHHO MBRIEKAWTCA B pacTBop Mg, Fe, Al, K, NPONOpPIMOHANEBHO MX CONEDXa—
HED B GJNEe. HepacTsopuMuv ocTaercA "ckeaer" 510,, GCecuperHuit, NpospayHHil,
[NepPEeNOMHEHHH! pasHoOOpASHHMH, BEeCHMA MEJKHMY BRINYEHWAMA MAHEDaJOB, HE DACT-
BODMMHX B COJIfHOM KucjoTe, BHCTpEe APYTHUX BJEMEHTOB B DPACTBOP NEPEXORAT
Mn, MHOTAA Ca, NOCJEIHUA C BHOSJNEGHHEM IYSHPBKOB CO,. MHOTOUMCJIEHHHE CHUMKH
oCTaTKa OT PACTBOPEHMA WLINCTPUPYHT IEpeHOJHEHHOCTE TPHOKTASJDUYEeCKMX CJINI
BKIWYEHNAME. B YaCTHOCTH, B OCTATKE IOCTE OCPAGOTHM KUCIOTOH CcuHTeTHMIeCKOi
"TUTAHOBOR" C/ONH OCWIBHH BHJIKYEHWA TUTEHOBHX MHUHEDAIOB.

HecooTBeTCTBIEe KPUCTALIOXUMMUYIECKUX HOPMYT CIII CTPYKTYpe NPUBEJNO K BHIIOJ—
HEeHUO MOJe3HO! SHCIepPUMEHTaNEHO! paGOTH — BHACHEHMNO "ONHODPONHOCTH H HEOIHO-
popHOCTH" MMHEpania, a TakKke K OCTOPOXHOA oleHKe M3oMOp@HEX 3aMemeHHE oCHOB-
HHX KOMIOHEHTOB BCEMH aTOMaM#, OOCHADYREHHHMA XUMMYECKHAM aHajiusoM B Mi--
Heparne.

1 W.l.bopreman—CrapuEKesyd, Jpzmauyr, Hacr. c6,, crp, 187.
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Opuwmep 5. MeravumTHHE MUHEDATH,

HeKOTODPHMH ABTOPEMA IPUHEMAETCA BOCCTAHOBIEHHWE IIE€DBOHAYANBHOIH -KDPUCTAILIA—
9ecKoft CTPYKRTYpH IPH HATDeBSHNN METAMUKTHHX (pEHTTeHOAMODJHHX) MHUHEDAJOB.

B oTmespHEX CiIy4adx TaK M IPOMCXONUT, HO dale NOCJE HaTDeBaHWA NOABIANTCA
HOBHE, KPUCTATMYECKHE WIN peHTTeHoamopimue (crexmoodpashue) dasH,

N.M.Kynpumiosa, T'.A.Cumoperxe U mp. (1965) mas SopocwmkaroB (cneHcur,
TPUTOMAT, MEJSHOIEPUT) IOCHE NPOKAIUMBSHEA JCTAHOBAIM CTDYKTYDPY anaTuTa
(6puronura)c Gopmynoit Tuma A10Bg0s4%53 B COOTBETCTBMM C BTHM, IO JAHHHM Xn-
MISECKOTO aHamss, Owia mpennoxeHa fopwmyna (TR, Ca,Na,Th,B,Al,Ti,Mn,Nb,Ta),q
(Si,B)GO (0, 0H, P)2 B rpymnoy A Boway He TOJBKO SJEMEHTH C pa,mcazvm Ho-
HOB, ﬁnnaxnmn K 1A. HO W BJEMeHTH ¢ pammycamy moHoB oT 0,2 mo 0,78 . dro,
0esyCcJoBHO, IPOTUBOPEYUT BeeM IpelcTapieHusaM 00 M3oMODPHHX saMemeHusx, Pac-
CUNTSE 4HANMS HopMatbHO (BopHeMaH-CTapHHKeEBMY, 1968) M IDUHHUMAA COCTAB Me—
TAMUKTHOTO 32 "Oueuuil" cocTaB KpUCTaMUYECKOTO MUHepasia, noixydaeM (opmymy,
BeCcpMa OTJNYHy® OT QOpMYJIH amaTmToB: (TR, Ca) (a1, Fe)B si. {0, OH).I .

* nH,0 LCyvMapeHit cocTaB 06pa30BARIETOCH. TIOTJE npo:cazmaam PUTOJTA (cwpyK—
Typa anaTuTa) W BHIMMOTO IOI MUKDOCKOIOM DEHTTeHOoaMopfHOTO cTeria Jerko pac-—
CUNTHBAETCA Ha y4YeTBepeHHyH QopMyJy MeTeMMKTHOTO cmeHcura:. (TR, Ca)12

(Al Fe)4_ BS_'L (O, OH}GO (Na, Ca; TR, 1‘2])10316024 = (GPKTOJIHT) i

+ 2z(Cal Fe203 * 2B,0, « 3510, ) (crenmo).

Hcenenosaine METaMAKTHOT'O mmepa.na BCETIa no.mmo HAYMHATBECA C pacdera
hopMysH HENPOKAJIEHHOT'O BelECTBa, & BATEM yke NOHHA IPUHUMATECA BO BHUMAHUE
OCHapy#eHHAA MOCHe NPOKANMBAHUA CTDYKTYDA M TEJaThCA COOTBETCTBYIUME BHBONH.

MoxHO CHIO OH IPUBECTH elle pPAI NpUMEpoB pacdeTa HOopMys MEHeDaloB, IOL—
TBEPKIANI TaHHHE CTPYKTYPHOT'O SHANM3a WA CTaBAlMX MX IIoI COMHEeHWe, Pac-—
yeT QopMyJaIH MOXET yHaszaTh HA BOSMOKHYL ONMCKY XAMMYECKOTO aHajmMsa M IOMOYb
aHaNIuTHKaM €€ HCIPAaBUTh, MOXeT BHARUTL OINHOPOIHOCTH WIM HEONHOPOUTHOCTH MUHE-
pana ¥ NDONTBEPIUATE WIM IOCTEBUTE ION COMHEHWE TE& WIM MHHE BHBOLH 00 M3MEHEe-—
HUAX MHUHEpaNa B pasaudHoll reosormdeckoil 0GCTaHOBEE.,
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II. ©30OMOP®HU3M B CAMOPOIHBIX JJIEMEHTAX M OHMCIIAX

H. B. lemposckan, T. H. Jocesa

PEHTTEHOCHEKTPAJIBHOE MCCJIEIOBAHHUE
- PACHIPEJEJIEHHA CEPEBPA
B 3HIOTEHHLIX BBLITEJEHUAX CAMOPOJHOTO 30JI0TA

[[pM3HAKE HEOZHODOAHOCTY COCTABA CAMOPONHOTO 30J0Ta GHIM YCTAHOBIEHH EIe
B Havane XX B, npy MuHeparpaduyecKux padoTax: HEDPABHOMEPHOE NPOTDPARINEBAHEE
COCEINHUX yYacTKOB 3EPEH M 3ePHUCTHX arpeTaToB 30J0T& DACCMATPUBANOCE KAK IIO—
Ka3aTesb PasiMYHOT'O COLEpPHAHUA B HUX cepedpa, KoJudecTBeHHAA OLEHKA TaKUX
pasmyuil IJATeSEHOE BPEMA OCTABANACEH NPHGIMXEHHO#., B OCHOBHOM OHA G43MpOBa—
JIach.Ha MCIOJB30BAHAN 3aBHCUMOCTH ONTMYECKMX CBOHRCTEB 30JI0TA OT €I'0 COCTaBRa
(OcTpoBcrmit, 1946) # JuE B ENMHMYHHX CJAYY2AX — HA DPESYNLTATAX JOKAIBHHX
CHEKTPaJbHHX 7 XUMUUECKMX AHATM30B, [JONEDEYHUK MCCAELYEMHX JUACTHOB H3MEDSI-
CA IDeCATHMH, PEXe COTHMHA HOJAMK MALIMMETDA.

B nmocienmHee necATHIEeTHe OJarofapd NPUMEHEHHMH MeToma JOKAIBHOTO peHTTeHO-—
CIEKTPANBHOTO aHANM3a OTKDHIACE HOBHE NEDPCIEKTHBH M3YYEHMA HEOTHODONHOCTH
TIPUPOTHOTO  30JI0T&, CTANO BOBMORHEM ONpPENElATh B TOUEYHHX Y94CTHAX KOHLEHTpa—
o cepedpa @ mofydaTs oOmUe KapTHHH ero pacnpelefeHHdA B 30J0THHaX, Tax, pac—
TpOBHE M30CpaxeHAA B PEHTTEHOBCKEX Jydax moseonwmy E,Cravmfum n A Kiapky
(Stumpfl, Clark, 1965) BHABMTH B MEIUCTOM 30JIOTE C OCTDOBA BOPHEO MUKPOBHJI—
YeHWS BHCOKOCepedpuerToro 30M0Ta, [OomoCHHM ®e TyTeM UCCHemOBAMMCE ofpasuu
30JI0T& M3 COBETCKEX MECTODPOELEHWA, U B HMX OHiM OCHADYKEHH CEerperalyd IpH-~
Mecell cepedpa ([leTpoBckad M Ip., 1971a), IoxyueHHHe NAHHEE B COBOKYIHOCTH
¢ MaTepuanaMi MEHeparpafuueCKUX M 8IEKTDPOHHO-MIKDOCKONNYECKUX HalmomeHui
VYUTHBAINUCE IIDH ofwelt cucreMaTHKe HeomHopomHocTell camopomHOTO 3oJoTa. AHa-
JU3 KOHIEHTDAIMOHHHX KDHBHX, XapaKTepusylnuX CedYeHHA Yepe3 CMeXHHEe YaCTH—
IH 30J0Ta 7 cyasfumos, mpupeax M,C.Caxaposy(1969) ¥ BuBoxy © mudysmy Au 7
Ag B OKDYXAHUYD MEHEDATBHYD CDELy.

[lpmMeHeHNe JIOKAJIEHOT'O DEeHTTEeHOCHEKTPANEHOTO AHANN3A K MCCISNOBAHND ca—
MOPOTHOT'O 20JI0Ta JIMIEF Ha49WHaeTCHA, HO MHTepec K 9TOMy Bce (oJee BO3pacTaer,
B cBA3# ¢ 5TUM BOSHUMKaeT INOTPECHOCTE B YTOUYHEHMM BOSMORHOCTEH MeToma IJIA
paccMaTpMBaeMux uUelefl, OCOGEHHO BagHHM NpeICTABIASTCA BHACHEHNE BONpOCA O
pacripefieleHun HaudoJee - TOCTOAHHOT'O KOMIOHEHTa B COCTABE XAPAKTEPUSYEMOTO
MuHepasa — cepedpa. 3Tolf 3aade OWIa NOCBAIEHa padoTa aBTOpPOB,

METONHKA PABOT

AHaJrﬁsnpomucb CHCTEMATUYECKHE OTOCpPaHHHE OGPa3lH CamMOpOJHOTO 30J0Ta M3
MecTopoxneHuit fopmanuu oTHoCHTENEHO Goxbmwx Tury6umH (Emmcefickmit, Jlemckuit,
Kuswmxymcknit pafionn), cpemmux miycun (llenTpameHsll AMTan) ¥ MAIHX IryCHH
(Badaiixanse, OxorcKo-UyKoTcKmil BymxaHoreHHH! moAc, HmwHee [IpuaMypre, 3a-
KaBrasse) .,

IWmpH M3rOTOBIATECE M HCIONMH30BAHMN HAGOPOB BJIMASHHX TAcT; TMATEJBHO
HOLTOTOBIEHHEE MX ITOBEPXHOCTH IOKDHBANUCE yIVIepomHO# mienkold (Baxyymioe Ha—
mirexre). MccaemoBaR™ (IDOBONWIMCE Ha BJIEKTPOHHO-30HTOBOM MUKDOSHAIMBATOPE
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MS-46 KaMera 1pM MAaKCHMANEHO CEATOM BJEKTDOHHOM Jyde (1,5-2,0 M), ycko-

prlmem HampskeHus 10-30 kB, W TOKe, I[pPOXomAmWeM dYepes olpaser,

10~20 nh.

] 'PesyumTam IpeIBApUTENEHEX CIEKTPATbHHX AHAMHM30B IOKA3aiM, 4YTO MUCCASNo-—
BEHHHE OCDABIH 30JI0Ta CollepxaT, KpoMme cepedpa, npumecw Cu, Fe, Bi, Te, Mn 1

Ip, HX xoimYecTBa 34 HEMHOTMMM UCKINYEHHMAMM HE MOPEBHWANM COTHX ¥ THCAYHHX

Ioneil mpoligHTa W NOTOMY He MOIVIM ONpenesiAThCA IPH MOMONM 3JEXTPOHHOT'O MUKDO-

30HI2 (IYBCTBATENBHOCTE DANOBHX DEHTTEHOCHEKTDAJBHHX ONpemeseHmi — OKOJO

0,1%). MUk B OTHEJBHHX MUKpOyYACTKAX WindoB OWIN BHABJEHH IOBHUISHHHE KOH—~

[EHTDAIMH YKA3aHHHK OJEMEHTOB B BHNE BR/NYGHHN B 30J0Té COCCTBEHHHX. MHHEDa—

0B, KonMuecTBeHHHE ONpeNelNeHuda, a Takke NpyTHe BHOH aHaNM3a MPOBOXWIACE

TOJIBKO IJIA cepelpa ¥ 30J0Ta,
% 9,
y
z :
6 ' 8

Pu c. 1. Tlonorerve npofunedt crammpoBaHua (¥, x) IOpH
UCCHeNoBaHm 30J0THH B Wwmdax

a - Jesmpur; 6, B - YACTHMIM Henpammhnoﬂ'@opm

Pacnpernenenue cepedpa MCCIENOBANIOCH TPEMA CHOCO0EMA: CKAHMPOBAHHUEM 30J10—
THH N0 OpodWimo MyTeM 3amicH MHTEHCHBHOCTYM AHAJMTHYeckoll JmHWM cepedpa BIOJIE
BHODAHHOTO HANPABICHNA (KOHIGHTPAIQHHHE KDUBHE);CKAHMDOBAHWEM 30JOTHH IO
IJIOWaT! ¢ MOJYYeHHEM DACTDPOBHX HMzolpaxeHmil B XapaKTepHCTUYECKOM DEHTI'EHOBCKOM
HBJIYUeHM Agp . ; TOYEUHHMI KOJAYECTBEHHEMH QHAIM3AM.

TlepBHit cnocod IaeT JAUP NPUOAWKEHHYH KapTHHY DaclpelefseHna npumeceit, mTax
. KaK CKasHBAWTCA BIMAHMEe QUIHOPECLEHTHOTO BO3OYRNEHWT, HNOIVIOWLEHHE XapaKTepuc-—
THYECKOTO DEHTTEHOBCKOTO M3JyUeHHUA ¥ Ipyrue oddexrTH.

BanMcH KOHIEHTPAIMOHHKY KPMBHX II0 BHODAHHHM DPOPATAM NDOMSBONWIMCH He
TOJNBKO LA cepedpa, HO M IIA 30J0Ta, 4TO NOSBONANO KOHTDOJMPOBATH IOJIYYEHHHE
IaHHNe, CHOpOCTE NepeMelleHMA miamde Mol 30HIOM COCTARIANA 7-8 MK/MuH,

B cBA3K ¢ 0COOEHHOCTAME DETHCTPUpYMuell ammaparypH HMeeT BHAYeHHe BHOOD
npofune#t craEUpoBaHuA: Gojee NOCTOBepHHE NAHHHE MOXHO NOJYIATE OPU CKAHUDO—
BaHUY . 3epHa B HaNpaBIeHNH, NapajenbHoM odpasymueil KpHcTajua-aHaIMBaTopa M
0G03HAYEHHOM HA DHC, 1 MHIEKCOM y. ¥ SOMOTHH GJIOXHOH KOHPUTYpanuu ECCIefoBa—
JACE IO XBa BEDTHHANBHHEX NPOPWIs I HepUeHINKYJNIpHHe K HEM cevenus, JlosoxeHue
npofwre# dukcmpopasock Ha sapucopkax, JnAd Hadopa CTATHCTHUYECKHX JaHHHX, O3~
BOJIANUAX CYMIMTH O CTENeHM TUINYHOCTH DACIpPENeNeHud cepedpa, aHAIMBMPOBANIOCEH
HeCKoabKo 3oqoTnH -(oT 2-3 1o 10 ¥ Gojee) U3 OOHOTO M TOTO Xe MECTODOKIEHHA,

PacTpoBHe U300DaXeHUA 30N0THH B PEHTIEHOBCKOM HM3JydYeHMM cepelpa Owm Joc-
TATOYHO  YeTKUMHA JWMIE OpY PARNMURM COZepRaHWi 3TOTO 2JIeMEHTA B CMEXHHX
yuacTrax, npesmmaiomem 30 oTH, %.(puc, 2 - CM. OPMIOKEHHE).
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Koav4eCTBeHHOMY AHANN3Y NOTLBEDTANACEH LEHTDANLHEHE ¥ KDAeBHEe YACTH BHESJe—
HA#t 30J10T&, HEOTHOPONHOCTE KOTODHX IDEeTBSPHTEJEHO MCCJIENOBANACE IDH IIOMOLK
MeTOLOB MEHeparpafuy 1 3JIeKTPOHHOR MUKpOCKOmMM. OfHHUM U3 aBTOpOB OWIA paspa-—
foTaHa MeTOIMKA KOJMYECTBEHHOT'0 MUKDOAHANM3A CAMOPONHOTO 30J0T4 II0 YHCTHM
JTamoHaM 30JI0Ta H.cepelpa; IeTalbHOe ee OmHcaHue OyIeT OmyCIMHOBAHO B CIEIM—
ampHO# padoTe, YKageM JMIB, 4TO KCIONB30BAH IDUHIMI CDABHEHUA HHTEHCUBHOCTH
XapaKTEepPUCTHIECKOT'0 DPEHTTEHOBCKOTO H3Jy4YeHHUA HCCAeILyeMHX o0pasioB M STAJNCHOB
30J0Ta X cepeGpa  uyHCTOTH 99,999 %..

Tipr aHasmse yskwx (5-15 MK) KpaeBHX 30H OCHOBHOE BHUMAHWE YIEJAIOCE YET—
Kot JOKaIU3aIuN UCCIENyeMHX yUYaCTKOB MUHMMAJIEHHX DasMepoB; 0COC0E 3HAYeHNE
TaKrKe -IproCpeTanr BHOOD YCJIOBHHA, OPE KOTOPHX He IPOMCXONWIO OH 38METHOTO Das—
pymeHus o6pasia BCIeNCTBHE LIUTEJEHOMR GOMOapIMpOBKN er'o 3JeKTpoHamu, [Ipu—
MEHUTEJEHO K IeHTPaNbHEM 9acTaAM BOJNIOTHH MONOCHHX 34884 HE BOSHUKATIO,

McnonbsoBaHHad METORMEKA IO3BOJANA OIpPEIeNAT: COLepXaHMe cepeCpa ot 0,1%
¥ BHIe, OIHAKO IpM eT0 MAJHX COINEePHAHUAX OIDPENHOCTE ompemejeHu#t CymeCTBEHHO
BO3pacTana: 20TH.%LIA comiepkamuit 1-15% m 34 orH % mis 1-10% (mo 10-
20 oTH% OpH OmpemeNeHMd Komu4ecTB 0,1-1% Ag). :

[lpm m3ydeHud Cosee y3KUX (< 5-8 MK) KpaeBHX 30H YaCTHI 30JOTE IO CpaBHE-
HAD C ATpamMil TeX Xe YACTH] NOTPelHOCTh YBEJHYMBAJNACH BIBOE; C yBEeJIWYEHHEM
pa3MEpPOB 30H YKA3GHHHE DASJUYMA [MOTPElHOCTH HUBEAUPOBAMUCE, [[0BTOMy LIS MC—
cHenoBaHMil BHOMpaiMCch BHOEJEHMA B0JI0TA C IOINEPedYHHKOM Oojee 15 MK.

HONYYEHHBIE TAHHBIE

Bo BceX HCCHIeINOBaHHHX BHOEJEHHUAX CAMOPONHOI'C 30JI0Td, KAK BHIHO M3 Taljn—
1IN, yCTAHOBRJIEHO HEpABHOMEDHOE DacHpenelieHuMe cepelpa. [sMeHUMBOCTE eT'o comep-—
EOHWSA B PASJMUHEX YaCTSX SOJOTHH U3 DABHHX MeCTOPOXIeHM#l HeomuHakKoBa (0T
1-2 mo 15 oTH.%). XapakTepHa €e 3aBHCHAMOCTE OT IPOCH CaMODORHOI'O 30J0Ta X B
onpenefieHHo# cBA3M ¢ 3TMM oT (QPopmanuoxHoll IPMHANIEXHOCTH MeCTOpOXIEeHUH,

' B pymax MecTopompmeHmit GopMaIM GONHIEX TUIYOUH 30J0TO CDABHUTENHHO OIHO—
PONHO IO COCTaBy; BapHAIMM COTEPXaHMA Ag B OTIEJPHHX B0JOTHHAX HEPEIKO He
IPEBHIAKNT NPENeJoB OUMOOK aHaymmsa (2-4 oTH.%). B TeX cayyasx, KOTIa OCHApy-
RMBanTCA OoJiee CYmMeCTBEHHHE KoJeCaHWaA, eCTh OCHOBAHMWE MNpennoJaraTrh JIureHe—
THYeCKOe BOBHUMKHOBEHHE HEOIHOPONHOCTH 30JI0TA B pel3yJAbTaTe ero SHIOTeHHHX
npeoGpazoBauuit, HanpuMep, B BHCOKOMPOOHHX 30JOTHHAX U3 DYIHOTO NOJA MypyHTAy
(Kuswxymcku#t perzon) BHABNEHH YyYaCTHU C comepkaHueM 8,6 U 10% Ag. lloBmme-
HYE COTEDKAHMA Ag, KA MOKA3aJM MUKDOCKOIMYECKHe HACIONEHWA, X2DAKTEDHO AIA
OPOXUIKOBUIEHX 060COCAEHNE OTHOCUTENIBHO HUSKONPOCHOTO MOBIHETO 30J0Ta, JTH
[aHHHE COIVIACYWTCHA C IPEICTABICHAAMA O IPOCTPAHCTBEHHOM COEMEmEHMM B palioHe
PasHOBO3PACTHOTO 30J0TOrO opyneHexms (Bemmmk, Hecrepoea, 1971).

MaxcuMasBEHas N3MEHYMBOCTE COCTABA 36pEH M UX arperaToB cBoficTBeHHa HH3-
KOMPOGHOMY B3QJIOTY W3 MECTODOKISHUA fopMaimm MAMHX IVIYOWH., B #ccleloBaHHOM
ofpasne #3 0XoTCKO-UyKOTCKOTO BYJKAHOTEHHOT'O II0fAca CONEepEAHME cepedpa B OT-
IEJBHHX yYacTKax 300TMH Ha 30% BHIe, 9eM B COCENHHUX ydYacTKax; TDaHMIH MeX—
Iy y4acTKaMy peskme, [I0o-BHIUMOMY, B arperaTe NpPUCYTCTBYNT 3epHa 30J0Ta pas—
HOTO cocrasa (IpoGHOCTH) .

HoBHE JAHHHE NOBBOJITH YTOUYHMTH HaMeueHHHe paHee (IleTpoBckas M Ip.,1971a)
OCOGEHHOCTY PacHperefieHus cepedpa B 30NOTWHAX pasimduolt dopmu w cTpoeHumH,

TpempHENe U MHTEDCTUIMATEHNE BLUEJNEHWA 30J0Ta, OCIamaniue 3epHUCTOR CTpyK-
Typoil, B KpaeBHX UACTAX HEPeNKO MMEeNT 30HH, KOTOPHE OTJIMYANTCHA OT LeHTPalb—
HHX uacTell HECKONEKO NOBHIEHHHV WX NOHWESHHHEM CcoNepkaHMeM cepedpa. Cyma mo
fopMamM KOHIIEHTDALMOHHAHX KPHBHX, NMONOGHad M3MEHYMBOCTE XaPaKTEPH3YeT COCTaB
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PesybTarH KOMMYEeCTBEHHOTO DEHTI'@HOCIEKTPAIbHOTO

MAKPOSHaJMB3a 4YacTHl] CamMOpomHOI'O 30J0Ta

FaiffoE, MecTOpo%- | XapakTepHcTHEA Copppmants A Xaza:izﬁniac—
IeHne 30JIOTHHH Au | Ag cymMa HRSH
npyMecH cepedpa
1 2 3 4 5 6
. MamormyGunHas 3070TORYIHAA (PopMarma
Hmxnee Ilpwamypee CpPOCTOK KpHCTALIOB =
nepeHit Epait 76,7 20,1 96,8 AcEMMeTpHYHOE
ALPO 68,8 31,2 100,0f HepaBHOMEpPHOE
BTOpOil Kpail 72,0 26,8 98,8] oOepmHEeHHE KpaeB
CpoCcTox KpUCTAJIOB B
mepBHit Kpait 79,6 21,7 101,3| OGoramenne OXHO—
AIpo 65,7 34,8 100,5F TO ™3 KpaeB U
BTOpO# Kpait 63,0 36,7 99,7 ofemHenue IpPOTH—
" BONOJOXHOT'O
Oxorcxo-YyKoTC—  JIEHOPUT B MeJIKO-
Enit mosc (ATaTOB- sepHMCTOM KBApIE
croe) nepeuit xpait 52,8 48,4 101,2| HepaBHOMepHOe
AOpo 58,6 40,4 99,0p oCoramerme Kpa-
BTOpoit kpait 49,4 58,5 102,9] eB
JIeHIDUT B MEJKO3Ep—
HUCTOM KBapLeg =
nepBuit Kpait 69,0 24,8 93,8
AIPC 66,0 33,4 99,4
MUKDOBKINYEHNE 43,0 59,0 102,04 gﬁgziogcgforzgzscm-
PO 66,0 36,1 102,1 .
MUKPOBKJIKYSHEE 39,0 65,5 104,5
BTOpO#t Kpait 40,0 64,2 104,EU
3adalixanee (Ba-  JleHnpuT
Iefickoe) nepBHit xpail 78,5 20,5 99,0| OGoraweHue ONHOIO
ATpo 74,3 26,0 100,3[ ¥ ofemHeHWe TPOTH—
BTOpO# Kpail 69,0 31,2 100,2] BOMONORHOTO Kpad
lleHmpuT
nepeuit Kpait 73,0 28,0 101,0
fIpo 72,4 29,5 101,9[ 710 %e
BTOpO# Hpait 68,3 31,8 100,2
YacTHila Henpa—
BWIEHOH fopMu
nepsuit kpait 3,2 26,9 100,21
AIpO 73,8 26,9 100,7 220;322‘;“6 Ui
Bropolt xpait 68,0 31,6 99,6 B
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Tadmua (mpomo/mkeHme )

1 2 3 4 o 6
HacTHa HenpaBRIb-
HO# Gopvu
nepsuit ®pait T,7 25,7 100,41 HepapHOMEpHOEOOET
ANPO 72,3 28,3 100,6f ofemHeHuMEe OGOMX
BTOpO# Kpait 74,1 26,1 100,2| Xpaes
YacTHia HenpaBuiIb-
Ho#t Popmu
nepsuit xpait 78,0 21,5 99,5| OGCoramenme OTHOTO
AIPO 76,7 22,2 98,9f u3 KpaeB H ofemHe-—
' Bropott xpait 75,0 24,0 99,0 HMe IPOTHBOIMONOR~
HOT'0
YacTuila HenpaBWIb—
Ho#t dopmu
nepBuit xpait 79,8 20,3 100,1| OGCorameHme OHHOTO
AIPO 77,5 21,4 S8,9r ®3 Kpaes u ofem-
~ BTOpoft kpait 76,2° 23,0 99,2| HeHNe IPOTHBOIOIOK—
HOT'O
3axaprasbe JleHIpUT BETOYKO-
BUTHHI
mepBHit pait 55,5 47,8 103,3
PO 67,8 33,8 101,6 Peskoe oGoraleHue
BrOpOil Kpatt 53,1 48,5 101,5| O00HX Kpaes
JeHIPUT BETOYKO—
BUTHHI
nepswit xpait 55,1 . 45,0 100,1
AMPoO 60,3 40,7 101,05 To xe
BTOpofl Kpait 53,0 44,5 9,5
YacTHila HenpaBuit—~
Holt dopmu :
IepBHi Kpaif B2,3 19,2 . 01,6
ANpO 76,8 24,1 "100,9 OSRporan: paK
BTOpOft Kpait He ompegmensnoce
UacTHie HENPaBAIb~
HO# hopMu
nepsHit Kpait 70,6 29,1 99,7 OCemuenue omHOT'O
AIpo 68,7 31,6 100.3} U3 KpaeB
BTOpO# Kpait He ompemenanocs
Qopmalia CPeIHMX IVIyCuH
llerTpanarHHi JacTuia HEIpaBWIb~—
Annan (leGemu—  Holt Gopumu
HoE) nepprit Kpaft 85,6 12,7 98,3| OdorameHme OIHOT'O
: Anpo R,3 7,0 99,3p u3 xpaeB ¥ olel~
BTOpO# Kpail %,5 6,1 102,6| HEEWe TPOTHMBOMO~
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Tadmuma (mpomosmxerue)

1 2 3 I 6
YacTHa HENpaBWIb— :
HO#t dopmu )
' mepBHit Kpait 86,7 %,8
ATPO 91,2 98,0+ To xe
BTOpO# HKpait 95,6 99,91 - *
" UacTHla HelpaBUIE—
Hoit fopmu
AIPO R4 99,3
" 93,1 99,6
" R, 99,6
DopMalnA OTHOCHTENBHO COJEBNMX IUIyOHH
Emmceftcxnit YacTuia HeIpaBuiIb—
kpak (CoBeT- Holt dopmu ‘
croe) nepBuit xpait 97,0 99,2| OGemmenme xpaes
AIpO R”,4 99,4 (rumepremnoe?) m
MAKPOY4YaCTOK . 83,8 - 101,6| JOKanXEHHEe cerpera-—
BTOpO# Kpai 95,0 97,2 1w B IeHTpe
YacTua HelpasWIib—
Holt Gopnsl .
nepBuif Kpait 99,5 100,7
ATPO 91,4 97,71 1o me
MIKDOYYACTOK 88,0 96,6
‘BTOpO# Kpait 99,5 100,5
YacTHlly HelpaBWIb— '
Ho#t dopmu
ATPO 9,8 99,2
ALpO 90,2 97,6
Kuswmymcruit HenpaswisHolt fop-
paitor (MypyH-— MH BKJIKYEHHE B
Tay) KBapme
nepshit Kpait 90,9 100,8
A0 9,0 100,0 Odernmerne omHOTO
BTOpOM Kpail 93,0 101,6 Ny A
HenpasmwipHO# $op—
MH BRJGYEHHE B
- KBapme
ATDPO 83,2 103,3[ Cerperauud y omHO-
BTOpO# Kpait 79,5 102,5} TO U3 Kpaes
Hempaewrsso# dop-
MH BRJIKMEHHE B
KBpapre .
nepBHRA Kpait 93,2 8,8 102,0] OTHOCHTENBEHO Of—
SIPO 93,2 8,8 102,0r HOpPOmHOE pacnpeme--
BTOpO# kpaf 93,2 8,8 102,0| .JseHume
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Tadmua (oxoHYAHME )

i ° 3 4 5 6

'Henpa.amsnoﬂ dop—
MH BRJINYEHHE B

KBaple
nepeuit xpaft fa.6 5,8 883
AIpo 9,8 6,8 98,3r To xe
BTOpO#t Hpait 91,5 6,8 98,3
- JleHckuit paiton Mamo oraraHHas
UACTHIE M3 pOC—
CHIIH )
nepBHit Kpait 62,8 37,2 100,0 OfOTENpHES ORHOTO
AIpo 70,8 32,8 103,6 us xpaes
BTOpO# Kpait 7048 28,2 99,0
Mano oxaraHHaHA
4acTuua M3 poc—
CHITH
nepsuit Kpait T 23,0 100,2
ARpO 84,4 17,8 102,2p To xe
BTOpOi# Kpait Bi.4 17,8 102,2
Mamo oxaTaHHEES
YECTHIH A3 POC-
CHITH
AIpO BY9,2 11,3 100,5
AIPO 88,8 13,8 102,6
SanagHafs dy- HempaswirHad 30—
KOTKa JIOTHHE Ha TPaHuIe
KBapla M apceHo-
IMpuTa :
nepeHii Kpad 23,5 10,5 104,0
mpo . 9,6 10,8 102.4 B
BTOpOil Kpail 89,6 12,5 102,1)

30J0TE MECTODORISHMY , OTHOCAUMKXCA K PasHEM QOpMANZAM — OT IV[yOMHHEX IO GJns—
TIOBEPXHOCTHHX (puc. 3). KoHIeHTpauma cepedpa B KPaeBHX 30HAX OTIMYSETCH OT
CpemHEro CONEepXaHWA B ANpe Kaxmofl 30J0THHH: B o0pasiuaX M3 IVI[YOMHHHX MEeCTO-—
poxneHnit Ha 3-5%, a2 B "omurepMaNbHEX" pymex" - Ha 10-15%. CozepxaHue cepes-
Pa B ImpefeJiaX OTTEJBHHX HempaBWISHON PopMH 30J0THH U3 3axaBKasba KoJaelaeTca
or 19,2 mo 31,6 %, a u3 Barnelickoro pymHoTo mosia B 3adaltkamse - or 20,3 HO
31,6% % T.4. (cm, Tadmmy).

30HH, ofoTameHHHe CepedpoM, OTUYETIMBO 3aMETHH HA DACTDOBHX N3006paXeHUAX
{cm, prc. 2). PesroeoGemuenve CepedpoM KpaeB 30J0THH W3 BepXHMX uacreil mec—
TOPOXTEHMA M U3 POCCHIE! MoXeT OHTEH CJeNCTBMEM THIEPIeHHOTO "0o6JaropaxuBa—
Hua" sonora (oM, puc. 3,a8). HeomHOpomHOCTE GoJmmell 4acTy UCCHASNOBAHHHX BH—
IeneHmt He 3aBUCHUT OT I'MIEpIeHHOI'C M3MEHEeHUS pPyL ¥, OUYEBWUIHO, ABRIASTCA Iep-
Buuxoft,

Il OTpaHeHHHX MHIWBHANOE CaMOPOTHOTO 30JI0Ta, KaK U LA KCeHOMODPHHX 30—
JOTHH, OTMeYaeTcs HepaBHOMEPHOCTE paclpeleseHWsa cepedpa, BOzpacTamuas 1o
MEpe YBEJMYEHUA eT'O KOHLEHTpalud, [[oNTBEpKIaeTCH OTCYTCTEME YETKO BHDAXEH—
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P u c. 3. Kpupee pacnpeXeneHus cepedpa B 30J0THHAX HEIpaBMIbHOR §OpMH

a - U3 30J0TOKBADLEBON RANH, WEHAA 4acTh EHMCENCHOTO KpAXa; O — U8 pPOCCHINM,
Jlegcknit palfoH; B — B cynnfulHO-KBapIEBO# 3ameRu, pynHoe none JleGemumHcKoe,
AnmeH; T - U3 MIBHOT'O XalneJOHOBUIHOT'O KBapua, bameif, 3alaitrambe



HOi BOHAJBLHOCTH DOCTA ¥ KPUCTAIIOB BHCOKONPOGHOT'O 30JI0TA M3 MeCTODOXTSHHHA
dopmaumn Goremmx Tuyoue (Exuceitckuit xpmk, Jenckult pafioH), B MHOTOTpaHHMKax
13 cpeIHeTMyOHHHEX MeCTOpokIeHmi (paitoRn [leHTpaNBHOrO AJNNAHA) HHOLNA yEAST-
CA 3a8MEeTUTE WHUPOKME, HECKONBKO DACHNHBYATHE 30HH, COJEpXaHMe cepelpa B KO-
TOpHX, II0 JaHHHM OTHEJBHHX DeHTTeHOCHEXTDaNbHHI 8HAIN30B, DasnmfivaeTcAd Ha
3-6 %.CpemHan mpola sonoTa (XEMudeckme aHaiaEsH) 900-850,

HoHTpacTHHE pPAasJMuMA coCTaBa XapaKTepmsywr 30HH POCTa KPUCTALIOB W OEHI-—
DPUTOB HE3KOIPOOHOTO 30JoTa (mpo6h 700 7 Huxe) M3 MeCTOpOxIeHME dopmarmm ma—
JHX TJIyOuH.llpavepoM CIyXUT IIOCKEA XOpOWo oCpasOBaHHHE BeTOYKOBHMAHNHA NeRI-
puT ¥3 SaxaBKasbA.[UIMHA ero 0ceBoTo crTepxHA 10 MM; pacToNOXEHHHE TON YIAOM
60° k crTepREw GOKOBHe BeTEN mMenT Tpamm (111),(100) m (110).Comepxamme ce-
peSpa B 30Hax pocTa OeHApmTa 47,8 - 58,5 — 33%,49T0 COOTBETCTBYeT IMKaM HOH-
HeHTPalMOHHNX KPWBHX (puc.4,a).CyllecTBeHHHe pasiMYud COCTaBa 30H pocTa Xa-
PaKTEepHH MIA NEHOPUTOB I KPHCTALIOE U3 DYNHHX NoJed pasHHX pai#oHOB,B YaCTHO-
cru ¥3 Huzmero Ipwamypss (pme.4,0).

' (OCoramexHue cepeGpoM 30HN HEPEIKO DACHOJOKSHH IO KD&AM BETOYEK IEHIDHTOB
U y TOJOBOK N30METPHIHHX KPUCTAIIOR, [0KA3ATENBCTEOM CIYyXAT DE3yJLTaTH aHa-
JmMz0B MenEEX (0,1-1 MM) EpMCTA/MKOE M3 ByXTAHCKOTO ydYacTxa B HukHem Ipm—
aMyphe., KopHeBHE MX YSCTHM DPACIOZHAWTCA II0 OTHEYATHKAM HA 30J0Te HeposHocTel
TPEUMH ~ CKOJOB BMeUaliMX arpeTaTOR KBapla H IO COWISHSHWUAM OI'DaHEHHHX WMH-
IWBHNOB ¢ NPORWIKOBUIHEMY BHUEJEHUAMM 30J0T4, & TOJOBKM — IO COBEPNEHCTEY
$opM M CKYIENTYDAM DOCTa HA T'paHAX, TOUSUHHE DEHTTEHOCHSKTPAJNBHHE AHAJMRH
oxasam, YTO B 30HAX POCTA MHOT'MX KPHCTaLIOB IO HANPABIEHHWO K MX TOJOBKaM
comepkaHme cepedpa SaKOHOMEDHO Bospacraer ¢ 21,7 mo 34,8 u mamee Zo 36,7%.
HadmomaeTca Taxke dYepelOBaHUE 30H, CoTarux u OemHEX cepedpom (20,1; 31,2;
26,8%). KoHuenTpanus cepedpe B mpenesaX "BepXYWEUHHX" 30H, OCpPABOBEHHHX IPH
IOpacTaimy TOMOBOK KPHCTAILIOB, OCYCIOBIMBAET X SCHMMETDHYHYD 30HAIEHOCTE.

IIpOBEIeHHNE MCCJSHOBAHUA BHABIANT OTHOCHTENIBHO IMPOKYH DPACHPOCTDPAHEHHOCTD
VHIVBHUIOB I 3€DHUCTHX ArPeTaTOR CAMOPOTHOTO 30J0Ta C IFATHOOCDAsSHHMA yyacTKa-
MM KOHIEHTpauu# cepedpa (oroao 30% oT o6Uero YMCNa HCCASTOBAHHHX SOJOTHH M3
MecTopoxneHrA 0X0TCRO-UYKOTCKOTO EYJKAHOTEHHOTO Nofca, dabalikansd, HuxHero
lipuamypes) ., Hamuume IATHOOOPA3HHX 000COGneHul PUKCHPYETCHS DESKEMA IMKEMU Ha
KOHIIEHTPAIMONHEX KpEBHX (puc, 5), Comepxamme B HEX cepedpa Ha 10-30 % BHue,
4eM B OKDYyXaleM CaMOPOIHOM 30J0Te, ¥ HOCTUTEET B OTHEJBHHX caydasx 65,5 %.
BuyTpenHee cTpoeHMe "mIATeH" C IOMONEBN BJISKTPOHHOT'O 30HZS MCCJIENOBATHL HE yIa-
J0Cck, HO, CYIA IO DEe3yJbTaTaM SJIEeKTPOHHO-MMKDOCKONMYECKOTO U3YUSHMA ofpas—
OB M3 TeX ¥e MecTopoxIemuit ([leTpomckas ¥ Ip., 1970), 30J0T0 B EX Opeleiax
HEOTHOPONHOE, TOHKOMOBAMYHOE, ¢ HEOOHYHO BHCOKOH KoHUeHTparme# Ag, B MEeXOIO-
KOBHX BHIEJEHNAX; DPAcHONoXeHWe MOCJelHMX XapaKTepHo VIR CTDYKTYP bacuang.

Ecim cymuTe MO OTHENEHHM DACTPOBHM W300paxeHNWAM, pPasMepH HATEH BapbBUpyoT
or 2-5 mo 10-20 v, dopMa WX OKDYIVIas WM HEdYeTKO NOJUTOHANBHASA, OTMedaeTcd
BHTAHYTOCTE INATEH BIOJIE I'PaHm] BHIEJeHWd 30J0Ta BO BMelanIX MEHepanax.

TIpMMEYATRIBHO TATOTEHNE YYACTKOB BHCOKOCEDPEOPUCTOIO 30J0Ta K KpaaM 30J0-
THH, OOHYHO K ONHON U3 ;X CTOpOH, JTO CKA3HBaeTCA M Ha (opMe KOHIEHTDAIM-
OHHHX KPWBHX,OMH KOHEI] KOTODHX 3aMETHO BHUle CpPefHero ypomHs (cM.pmc.3,6,B).
[loyloXeHMe BTOPOTO KOHIIE KPMBHX B ONHMX CJyHasX HECKOJIBKO HIXe MaKCHMyMa,

HO BHIE CPEJNETo yPOBHI, B IPYyTUX - Ha CpefieM yDOBHE WIN HEKe eIo, 9TO 03—
HAUaeT, YTO § Kpad 30J0THMHH, IPOTHBOIOJCOKHOTO IO OTHONEHMO K mepudepudecrol
30HE NATHOOOpaBHHX CHomeHWd nmpmMecedl cepeGpa, COmep#anue MOCIETHET'O MOXET
OHTH HECKOJEKO IOBHIUEHHHM, IOHWKEHHEM WIM He OTJIMYATBCA OT CPEJHETO COomep-—
KAHUT JTOT0 BJIEMEHTZ B ISHHOM BHISJEHNN CaMOPOIHOIO 30/I0Td. Bce TpM THIE
_ DacmpeneseHNA cepelpa OTMEUEHH [IPM M3Y4YeHUH 00pasuoB 3070Ta U3 ONHOTO U TO-
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Puc. 4. KpuBie pacuperneneHus cepedpa B ResApiTax I KpUCTaLIax 30J0Ta

93bf, NONEpedHOe ceuedme; O, B — KPUCTALTH U3

a - BETOYKa NeHApuTa U3 3aKaBK

avMypse; MO TOPUBOHTANBHOH OCH - PacCToAHNE

Huxzee Ilpu

oT "KopHeBHX" dacTell MHIUBUIOB.

ByXTAHCKOT'O y4YacTKa,
pocTa

[lyHKTUp - BEPOATHOE IOJNOXEHNEe TPaHMI 30H
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P u c. 5. KonAnmesTpammoHHNe KpUBHE, yKasHBaoimjleé Ha Hatmdue B 30J0THHAX U3
XanneJOHOBURHOTO KBaplia YYACTKOB C DE3KO NOBHWEHAOW KOHmeHTpaimedl cepelpa.
Baneit

TO Xe MeCTOpoXmeHmd, Tak OGCTOWUT Heso U B ATATOBCKOM MECTODOKISHUR OXOTCKO-
YyKOTCKOI0 Iofca,n B Bameiickom w3 3aCaiinalbd.

lonApROE KpaeBOe DacloMOReHne 000TaleHHHX # OOSTHEHHHX CepedpoM YYacTKOB
30JIOTHH IPOBENANIOCE CONOCTABICHUAMY KPUBKX WA OTIEJBHHX 3€peH [0 Da3HHM
npodusia, HEePIEHTUKYIAPHEM APYT K ApyTy. OTMeYeHHSA TOJAPHOCTE HE 3aBUCHT
OT XapaxTepsa CpelH; OHa HAOANZANack Kak y BONOTHH, IPaHMYaUMX C 3epHaMH pas-—
HEX MHHEpalIoB, TaK B.Yy BRIpYeHME 307074 B ONHOPOIHHX arperaraX xsappa. Ha-
DALY C acUMMETPHYHO SCHANBHHMM B OFHMX M TeX Xe Iumfax IpucyTCTBOBAIM 30J0-
THHH CO CPABHUTENLHO ONHODONHHM pachpelencHueM cepeCpa (pme, 6).

B wmfax o6pasuoB m3 MeCTOpOXNeHH)i Badaiikantd u 0X0TCKO-YYyKOTCKOTO HOACA
Y COJLIIMHCTBE COJMEEHHHX 30J0THUH, CIeMEeHTMPOBAHHHX XANIENOHOBMIHHM KBApIEM,
30HH, OGOTalleHHEE CepedpoM, DaCIOJoReHH ¢ OpHolt m Toff xe cropomu (puc, 7).

Ay, % .
30 - g
401
201 |
70[' 201
i
L . i J I | 1 i
77 74 &7 68 20 40 60 80 700 mr
0 8
207
wt Puc. 6. KpuBHE paCOpelefeHMA Cé-
pedpa
| i i ] i a — B OTHODOTHON TO COCTABY BOJNOTHHE;
4 § 12 IF Z0mxk o, B - B acuMMeTpuuHON B0JOTHHE.
Baneit
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P u c. 7. KoHueHTpalMOHHHE KpUBHE, NOKASHBALIME OTHOOCDE3HYD OpHEHTHDOBKY
30H KOHIEHTpalmy cepefpa B GIM3KO DPACHOJOXEHHHX 30JO0THHAX, CLEMEHTHDOBaHHHX
XaMlelOHOBUIHEM KBapueM. bamei

OBCYKEHUE PE3YJILTATOB

[lprBemeHHHe TAHHHE NONTEEDXIANT TOJOKEHUE O HeOIHOPONHOM DaCIpeleJeHnn
cepefpa B CAMODONHOM 30JI0TE, XAPAKTEpHH OTPAHWYEHHHE NUANS30HH Bapunanmit
COTEDPXaHNA Ag, HEONUHAKOBHE B MECTODORIGHMAX pasHiX (opmaumit, Ho BeceMa pef-
KO TpeBHIalme 15 %. B CBA3M ¢ 9THM ofpalgeT Ha ceGf BHUMAHWE GJM30CTEH YPOB~
Hell MAXCUMYyMOB KOHUISHTDAIVOHHHX KDHUBHX. [JO-BHIMMOMY, OHHM OTDEKANT HU3BECTHOE
TOCTOAHCTBO MpelieIOB BXOKNEHNA cepedpa B KPUCTAIMYECKYH PENETHKY CaMOpPONHOIO
307I0Ta IpH ONpeleNeHHEX (UBMKO-XMMHYEeCKNX YCJIOBUAX,. JeTanbHOoe pacCMOTpeHUe
NpUYME yK&3aHHO! OCOGEHHOCTHM W (PaKTOPOB, ONPENENABIMX BapUAIM IPOCHOCTH
30JI0Ta, BHXOOUT 32 paMkM Hacrosued crared, OTMETHM JIMUE BO3MOKHOCTE CYWECT-—
BOBAHMA B NPUPONE DANA OTHOCHTSNEHO YCTOMYMBHX KHTEPMETAJUIMHECKNX COeIUHE—
HE Ag ¥ Au C GIUSKHM K CTEXVMOMETDUIECKAM COOTHOMEHNEeM KOMIOHEETOB (IleTpoB-
ckas, 1973). CoOTBETCTBEHHO KOJNEOaHMA COCTABA B MIKPOYYACTHAX BOJOTHH MOTYT
paccMaTpUBATECH Kak IoKAas3aTeNb CpacTaHuii IBYyX M CoJee pasHOBHEHOCTEH Au-Ag-
vuHepanoB, 0 Hammuun Pa30BHX T'paHull CBENETENILCTBYOT YETKUE OYepTaHNA y4YacT-
KOB C pasHHM COIepXaHueM cepelpa, BHARIAEMHE TDaABICHHEM LINJPOB,

CTPYKTYPH BHIeJeHU# camMOpomHOIO 30JI0TA, COBINABAEMHE DARIUYHHM DaCIOIOKE—
HEEM YYaCTHOB H 30H, OCOTAljeHHHX WIH O0eIHEHHHX cepedpoM, OTBEYanT pasHHM
THIAM HeONHOPOINHOCTH MEHEDEJ A, YCTAHARIMBAETCA Gojee MUpoKad, 4eM BTO Hpel-
CTABJIANOCE pPaHee, PACHPOCTPaHEHHOCTH CTPYKTYP HANPaBIEHHOTO POCTa MHIUBHIORB
30JI0TA $0COCEHHOCTH KOHIIEHTPAIMOHHEX KPUBHX MOITBEDKIANT M3MEHeHWe CONepRaHui
Ag OT KODHEBHX YacTe§l KDMCTaLIOB K UX TOJOBKaM, a ¥ IEeHIDUTOB — 0T’ LeHTPadb—
HHX K KpaeBHM 30HAM MX BeTOYeK., Hapamy ¢ MeHAOIUMCH COCTABOM DaCTBODOB BEpPO-—

ATHO# IpUUMHOR BTOTO MOIVI GHTE HM3MEHEHWA KUCJOTHO-IENOYHHX CEBOMCTB cpel,
KaX W3BECTHO, CYNECTBEHHO BIMAKNMX HA BEJMUMHY OTHOWeHus Au/Ag (llepdumua,
1956).

CBOg0OpaBHO} PABHOBMIHOCTEN BOHAJBHOCTH SHIOIEeHHHX BHIEJEHUA €aMODOTHOTO
30JI0T& ABIAETCH ACHMMETPHUHOE DACIOJOKEHNE YJ9acTKOB M 30H, OCOTamEeHHHX N
o0efHEHHHX cepeCpoM o nepupepyy HelPABWIBPHHX B3€DEH U 3ePHUCTHX arperaTos
30JI0T&, BT'C OCOGEHHOGTM TPYNHO CBASATE C DOCTOM 3epeH ! xpucTawiosB (orcyT-
CTBUE 3ABUCHMOCTH OT KpHCTaLIOrpafuiecKmX HapapneHul, IPEPHBUCTOCTE) . Bpsan
Ji OHIQ CYWEeCTBEHHHM W BAMAHME CPENH, OOCKOABKY ACHMMETpPHYHO—30HAJIBHHE 30—
JOTUHH HEPEeIKO pACHOJNATranTCsa B OFHOPONHHX KBapleBHX arperarax, [lo-BHIMMOMY,
OCHOBHO# mpuumeoft acHMMETDHYHOTO DACHOJNOKEHNA OCoralleHHHX CepedpoM ydacT-
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P u c. 8. ImarpamMvMa, XapakTepusybmas pacnpeneneHre cepedpa B 30JOTHHAX H3
pazHOTUIHEX 30J0TODYAHHX MECTODOXAEHMH

1 - Ag B OCHOBHOM CONEDRATCA B LEHTPANBHOW YacTH; 2 - COLEpRAHNE Ag ONMHA-
KOBO B IeHTpalbHOo# # KpaeBolt WacTaX; 3 - oCoralleHue Ag Y ONHOT'O U3 KDaeB;

4 - oGoramenve Ag ¥ o6omX KpaeB; 5 — olemHeHme Ag y 00OHMX Kpae®; 6 - 060Ta~
meHre Ag y ONHOTO U3 KpaeB IpM OGERHeHMN IPOTHBONOJORHOTO. [UMEa CTPENOK
yKa3HBaeT Ha BeMUUMHY DasiuuMs COCTaBa HMEHTPANBHHX I KpaeBHX uacTell Xammoi '
uccaeRoBasHol 80M0THHH. [uameTp KPYRKOB — BeIUYMHA NOTPENHOCTH aHaII30B

KOB CJYyXWIH ITOCJEKDACTAIUIMBAIMOHHEE AnieHus nuddysnoHHOHR neperpynnuponxn'
np¥Mec: cepedpa B CAMOpOSHOM 30foTe, Tarwe ABJEHMA MOTWN BOSHUKATE elle MO
3aBEpIeHHA PYMHOTO Ipolecca, HOf IeACTBHEM TEmNOBHX MOTOKOB, B cepe KOTO-
pux PopMMpoBaUCE ¥ TOJTOE BpeMsA HaXONWIACH MHOIHE BOJIOTOPYIHEE MeCTODPOXK—
IeHusd, JMUTENBHOE COXpaHeHNe BKTWBHOCTH MONOCHHX NOTOKOR HEOCHOPUMO MOKa-
3HBAETCH cymecTBoﬁaHneM TEPMUUECKEX aHoMaymit B 0GJMacTAX MOJQUOR MeTasiore—
mnn (pymHse souu Kaekasa, Bocrounmx KapmaT # mp.). lix BIMAEWe HA DYRHOE Be—
I)eCTBO, OCOGEHHO HA MIHeDAJBHHE ACCOLMAITM DaHHWX cTamull PYHOOTIOKEeHNd,
OpencrartAeTca modTH HemsCexHrM (IleTpoBCKag M IP., 1971a).

CxopocTs Imuifysur cepedpa GCoJbme, 9YeM 30J0Ta, 4YTO JOKa38HO SKCIEpPUMEH—
TABPHO HE TPUMEpe CIiaBoB (Ramberg, 1952) W Ha IPUPONHHX OCBEKTaX (Monceen—
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¥0, 1965); mosToMy cepeGpo NepeMeNasiock ¥ ONHOMY M3 KD&EB YACTHI CAMOPOIHOTO
30JI0Ta ¥ YacTHYHO EHHOCWIOCE 3a HUX mpenesid. CTENeHb K XapaxkTep €TI0 BHHOCA
BApBEUPOBANM OT yUYACTHA K YUACTKY, YTO ONPENeJUWIO CYULeCTBOBAHUE 30JOTHH,
o0IamaKmy acAMMETPHYHEM GTDOSHUEM,

lloxa ewe He yzanoch HCCIASTOBATL OpHEHTHPOBaHHHE Ha MECTe WIMEH 30J0TOKBAp-
[eBHX ATPETATOB, X MOXHO JUMIEL JONYCKATh, YTO HANPaBIEHHOCTE: nuffysum onpeme-—
NAETCHA B OCHOBHOM BOCXOIAUMM IOTOKOM IVIyGMHHOTO Temia, T.e, HalIpaBIeHHAMA
KOHTDOJNUPYHIMX 9TO NBUXEHME TEKTOHMYSCKHAX B30H, Bonyd 3T0 NOJOXEHME CIpaBelr—
nUBO, To BerTOp mufdysum cepedpa, ounpepelAeMuif o IpESHAKAM MOJAPHOTO pac—
DONOKEHUA DABNHYHHK [I0 COCTABY KPAEeBHX yYACTKOB 30J0THH, OpHodpeTaeT 3Ha-

| YpHME BAKHOTO IOKA3aTEJI TeHSSHCA 30J0THX DyL, OTHIOHEHHA OT HOLAPHOCTH MO~
TyT BH3HBATECA JOKATBHOH HEOTHOPONHOCTER TEILIOBOT'O MOTOKA, CBA3aHROR ¢ coc-
TaBOM MHAHEDANLHHX aTperaToB, HX TelNIONPOBOTHOCTED, DACHOJOREHMEM B HUX Tpe-
UMH # T.0O. )

YacToTa ECTPEYAEMOCTH pA3NMYHHX THIOB DacOpeleJieHHA cepedpa B 30JOTHHAX
xapaHTepmayeTc:ﬂ onarpamolt (puc.8). OTYeTyIMBe BEIHO, YTO IO Mepe HEpeXoms .
(0T TV[YCHHHEX MECTOPOXNEHUV X MaJOIVIyOUHHHM YBENMIRBASTCA DPOJE ONHOCTODOHHE~
TO oGOTalleHua CepedpoM KpAeBHX YYaCTKOB U BO3PACTAET KOHTPACTHOCTL OTJMuuit
X COCT&EA OT COCTaBa BHYTPEHHHX uacTell 30J0THH, 9TO IO3BOMHET NPENIONATATH,
YTO C yBEJUUEHUEeM COIEpXaHUsA cepefpa B CAMOPOIHCM 30JI0TE PacTeT ero YyBCTBU-—
TENBHOCTE K YCJIOBHAM MMHEpPANOOSpasoBaHud (KOHIEHTDAIMA DacTBODOB, pH-Eh cpe—
IH 7 Ip.)E NOCJeXDHCTIM3SNHOHAEM Bo3ZelicTBUAM, OCOGEHHO TepMUYeCKHM,

BBIBO/1BI

1. llpmMeHSHME SJIEKTPOHHOTC MUKDOSOHIA IOZBOJAET HCCAENOBAThL HEOZHODOIHOE
baclpenesicHue cepedpa B UACTHIAX CAMOPOIHOTO 30J0TA (PACTPOBHE M30CPAKEHNAA
B PEHTTEHOBCKUX JyvaX, KOHIEHTDALMOHHHE KDUBHE), & TEKKE OUDEIEeNAT: ero
comeprarme (or 0,1% M BHUE) B yYACTKAX 36DEH U BEDHACTHX aTPETaTOB 30—
JOTa pasMepaMy He MeHee 8 MK, PesynbTaTH MUKDPO3OHZOBHX AHAMNB0B MONTBED—
KIAK0T HeOTHOPONHOCTH DACIpEeNeNeHud cepedpa B SHNOTEHHHX BHIEJSHHAX CAMO~
POIHOT'C 30J0T&; DASNHMYAR CONEDXAHMA Ag B OmHOR 3onoTmHe gocTHrawr 10-15 %.

2. PacrpoCTPaHEHHOCTE 30JOTHH C PEe3KO HeDABHOMEDHHEM DPACHpeleleHueM Ce—
pedpa, ¢ YeTXMMM IDaHMIAMA yYACTHOB W 30H, CYLECTBEHHO DABIMYAKNUXCH IO
COTePRAHWD BTOT'O BJIEMeHTa, CO QTPYKTypami, CJ/M3KUMM K CTPYKTYpaM pacuals
TBEPOHX PacTBOPOB, HE COIVIACYETCHA C IMHEPOKO MSBECTHHME IPEICTaBISHUAME O
nomHo#t maomopdHo#t cmecu Au B Ag B OPHPONHHX YCHAOBWAX, [O-BHNAMOMY, CYume-
CTEYRT HPENENH COOTHONEHMA YHA38HHHX SJEMEHTOB B CAMODOIHOM 30JOTE, O UeM
CBUTETENECTRBYET TEKKE OTHOCHTENBbHOE IOCTOAHCTBO MAKCIMYMOB KOHIEHTDAINEAg
B COJBUMHCTBE HCCASIOBAHHHX 00pasloB.

3. BHABJIEH OCOGHH THI 30HANBHOCTH 30JOTHH, OIpeneldeMuil acumvMMeTpHIHHM
DPACTIOJIOREHAEM B BOJIOTHHAX Y4YACTHOB W 3CH, OCOTAUEHHHX W OTHOCUTENLHO o0el-
HEHHHX cepeCpoM. llpemmosaraeTcdA, UYTO €I'0 BOSHEKHOBEHHEE MOXET OHTH ClAeI-
CTBUEM Kax IIPOLECCOB pocTa (30HH IOpacTaHMA I'OJOBOK KPHCTALIOB B BeTmelt
IEHIDUTOB), TaX U HOCAEKPUCTAILMEanUoHHOl mudby=un cepelpa. 7

4. TlpusHard acUMMETpPUYHOR BOHANBHOCTH BEPHUCTHX B0JOTHH DACCMATDUBENTCSH
KEK BOSMOXHHE DOKa3aTeNs HanpaBleHM#E INOTOKOER IMIyCHHHOTO TEIJIS HE IMO3IHMX
CTamMAX mponecca pynoodpasoBaHmA,
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H. B. Hemposcrar, M. H. Hos20podosa
MUKPOTBEPIOCTh KAK [MOKA3ATE/ND OCOBEHHOCTEMH

PACHPEIEAEHAA U ®OPM HAXOKIAEHAA CEPEBPA
B CAMOPOJHOM 30JI0TE

3aBUCHMOCTE BEJMYME MUKDOTBERIOCTH B0J0TE OT CONepEaHUA B HEM cepedpa
‘Gia yoraHORIeHa IIS Au - Ag-CILIGBOB eme B Hauame XX B. (KypHaxoB u mp.,
1915). B marpHefmeM oHa OHia HOATBEepRLEHa U LIA IpupofHoro sojota (lledeme-
Ba, 1963). . .
Omupasch Ha OTMEYeHHHe 3aKOHOMEDHOCTM, HEKOTODPHE HMCCIENOBATEN CTANM HC—
TNOJMBI0OBATE METOJ M3MepeHu#l MUKPOTBEpROCTH NIA ONPEeNeNeHVA CPeNHAI0 cOcTama
(IpoGH) OTHENBEHX BOJOTEH, B TOM 4MCTe MUKDOCKONMYECK: Menkux (Hapcees,
1969). OpmHako BOBMOXHOCTDL IOZOCHOW OIHOBHAUHOW KHTEpIpeTalMy ONpeResieMHX
BEJMUAH BHBHBAJIZ COMHEHIA. MUKPOTBEPHOCTE CAMOPOAHOTO 30J0Ta, 0GNamaiomero
omHolt m Tolt ®e mpoColf, He BCerTa OKasHBaNaCk ONUHAKOBOH. [lo~pasHoOMy OlEeHUBA-
JMCE U oCuMe TpeleNH WSMEeHIMEBOCTE er'0 MIKPOTBEpIOCTH (HPC/MME): 34-52 (Bo-
wie, Taylor, 1958), 41-94 (Young, Millman, 1964), 50-82 (Jledemesa, 1963),
41-137 (Bamanosa @ mp., 1968) m maxe 37-150 (MarxoBckuit z mo., 1972).
liccnenoBamte 30M0Ta OTHENBEHX DErMOHOB NOKA3&N0 IMPOXY® TUCIEPCHD pac—
cmaTpuBaeMbEX Bequund (BamamoBa u mp., 1968).
Vmenupecs MaTepnald YKasHBalT Ha TO, YTO 34BHCHMOCTHE MIKPOTBEPHOCTH CaMO~
POOHOTO B0JIOTA OT COTEPXAHEMA B HEM Ccepedpa OCNORHAETCH JOKANBHO IDOABIANLMM-—
© CH BIUAHNEM IpyTuX PaxTopoB. BmuAHme Ha MUKPOTBEPHNOCTE CaAMOPOTHOTO 30J0Ta
IpYyTEX BJleMeHTOB-TpuMecell He MOXeT OHTH CHOMBKO-HNGYH: CYUlECTBEHHHM: OHI
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NPUCYTCTBYT B HUYTOKHO MAJHX KojmdiecTBax (0,0n - 0,00n%). BuvecTe ¢ TeM
SHCIEDIMEHTEIBHO YCTQHCBJIEHO, 470 HPOYHOCTHHE CBONCTBa 30J0THX CILI&BOB, B
YaCTHOCTH UX IIQCTHYHOCTH, DE3KO UBMEHANTCHA JIME IIpH CONEDEAHUN npuMecel
Bi, Pb, Sb, Zn, Te  mp. He meHee 0,1% (Bypxxapmr, 1941; Ilnaxemm, 1958).
zaBecTHO, YTO TBEPIOCTE KPUCTA/UMAYECKAX BENEeCTE MOKET 3HQUUTENEHO MEHATE-
cAd B 34BHCMMOCTH OT WX CTPYKTYDH, NOPHCTOCTH X XefopMupoBaHHOCTH. Mccaemo—
BaHEA NOTOGHOTO pofa 3&BUCHMOCTEel A CaMOpONHOT'O 30J0Ta JHNL HauUHAKTCH.

ECTE OCHOBaHMA NONATATE, UWTO MIKPOTBEPHNOCTE 30J0TA MOXET BaDBNDOBATE
BCHENCTBAE HePaBHOMEDHOTO pacClpelefeHnd B HEM cepelpa, HaIMYMA ero cerpera—
1A ¥ 9acTHYHOTO YNODANOYEHMA MPUPONHHX Au-Ag-cMecel. BO3MORHOCTE MCIONB—
30BAHIA MUKPOTEEDPIOCTH IUIA BHACHEHWA 9THX OCOCEHHOCTel NDPEICTEBIAET OCOCHH
zHTEpec. llepBHE pesyabTaTH mcCheNoBaHuil omySmukomaxu ([leTpomckas, 1969,
1973). Huxe DpUBOZATCA HOBHE JQHHHE.

AsTopamy OHmu w3yueHH 60 o6pa3’noB CAMOPOTHOTO 30JI0T& U3 MECTODOXILeHMY
Ypana, EHucelickoro Kpsma, Vaderucrasa, Salalixanesd, Axymmi ¥ HEKOTOPHX BOC~
TOuHHX paltosor CCCP; mpomssemero cBume 1000 3aMepoR MAKPOTBEPEOCTE. OOpasIm
IpeNBapUTENIBHO KCCAENOBATNCE IPM NOMOUM METONOB MuHeparpafum I BSIeKTpOHHOM!
MEKDOCKOIME; COCTEE HX ONpPEIEeNAncA OCHUYHHM XUMIYECKAM aHaiu30M ¥ 4YacTEl Hg
BIEKTPOEHOM MEKposoHme (amamuTuk T.W.JloceBa). VsMepeHus MUKPOTEEPZOCTH IPO-
BOIM/MCE Ha mpudope IMT-3, TapupoBaHHOM 1O NaCl. Sxcmosmima 10 cex, Harpys-
®a 10-20 1.

IiA OUBHKM NOCTOBEDHOCTH NAHHHX OKA3&l0ch HEOOXONMMHM BHABATH BHAYEHNE
norpemHocTel MeTOIAa, KOTOpHEe OHIK OONHOR M3 IDUYMH PACXOKIEHH! pesyabTaToB
UBMEpeRUH, BHIOMHABIIXCA DPASHHME HCCAEROBATENAME IR OFBHOPOZHOTO HO COCTABY
CAMODOZHOTO 30JI0Ta, 006pA30BABIET0CA B OIMHAKOBHX YCAOBMAX.

BJIHAHUE HNOTPEMMHOCTEX OINPEIEJEHHA MHKPOTBEPIOCTH
CAMOPOJIHOI'O 30JI0TA

" Kax U3BECTHO, OIMCKY W3MepeHnit OUaToHaN! OTHedYaTKa alIMa3HOT'O HHEIEHTOpa
IpX M3MEPEHNAX MUKPOTBEDHOCTH COCTEBAANT 3-5%; cyMMapHed BeJWdMHA NOTpElHO—
CTH ompemeneHuli 6mmsxa k 10% (lecemera, 1963). 1A MATKOTO ¥ IACTEYHOTO
MAHEDAaNa, KAKIM ABIAETCA CaMOpOMHOE 30J0TO, YKa3aHHHE BENMYKHH MOTYT 3HAYM-—
TeNILHO BO3DACTaTE: U3-34 H3MEHEHNA COCTOAHIS NOBEDPXHOCTHOTO CJIOA 00pasloB
Ipl UX MexXaHWYecKol odpadoTxe. Y®e HaBHO ycraHoBneHo (Jakos, 1940), uTo Ha
NOJEPYEMOlt MOBEPXHOCTY MATKUX KPHCTALIMYECKIX BeleCTB BCAeNCTBUE UX MeXaHu-
YeCcKOTo IWCIeprupoBannd odpasyerca "amopiuad" wieHKa, cocToAmad W3 YyIbTpa-
MenknX (GIM3EUX K KOJTOMKHHM) YacTHI. lCHIOoNB30BgHNE BIEKTpOoHOTpaduy MO3BOMM—
JIO IOKa3aTh, 4TO NOX aMopfHOM Hamo/mpoBaHHON IMIEHKO! HeXOOMTCA "HaKlenaHHHHA"
caolf, o6pazoBaHHHE parMeHTaME KDECTALIOB, B pasHOM Mepe NesopueHTHDOBaH-
HaM. C DoryOuHo#t pasmepH @parMeHTOB yBEJMUMBAWTCA, & CTENEeHBP UX NEe30PUEHTH—
DOBKE yMerwmaeTcH (puc.l).

Tommea mefopMIDOBAHHOTQ CIOA Y PasAMYHHX BemecTB BaphRupyeT, LocTUTad,
Hampmvep, 0,008 mm y Al (Bousap, XamaeBa, 1947). TBepHOCTH €r0 CPEIHEX Yac-
Telt sHaIMTENBHO GONbNle, YeM BEpXHMX, W NPeBNWAeT TBepAOCTh IIYCHe Dacmoyo-
BEeHHOTO HeRedOopMIDOBEHHOTO BemecTBa. [IONOCHHE DasJMuAA MAKPOTBEPHOCTH MOTYT
npndmzaTsea ¥ 30-40% (Boysap, 1951). O9eBHIHO, |TO NpPW WBTOTOBIEHNMY WIMPOB
BaKHO YCTpaHATE YCAOBKAA, BeIymye XK YBEJHYEHMD TONIMHH NefopMUPOBAHHOTO CJOA:
TaBleHNe Ha TOAUPYeMy® HOBEPXHOCTE, BHSHBalNee ABNEHUA HAKNeNna, U Peskuit
Tepexon OT KPYIHHX adpasuBOB K TOHKAM, IPUBONAIME K NeSHHTerpalMH BellecTBa
7 3aloJMpPOBKE HEpPoBHOCTER mepoxoBaTolt MOBEPXHOCTH.
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Pu c. 1, Cxemarwueckue paspes mefopMurpoBaHHON CGNECTH Y HOBEPXHOCTH IOJN-
POBAHHOT'O B30JI0Ta

a — BHyTpeHHee cTpoesme HedopvupoBagsoif odmacry (JaHxos, 1940): 1 ~ amo pi-
Hult ¢itolt; 2 - ymopaAmoyeHHHWH; 3 ~ HapymeErHH{#; 4 - HeHapyWleHHH}; O - H3MEHe-
HYe TOJHMEHEH mefopMupoBaHHO! 0CnAacTH Ha I'PEHUIE C KBapleMm (xB)

Havz 0oGpasyy TOTOBMIMCE CJAENyOUMM OCpa3cM: NOCHEe DE3KM OHM TOCTYIaid Ha
wPoBKy € rpycuM adpasupoMm K3-6, 3aTeM IeMEHTHDOBATHCE KaHEPONED B CMECH
¢ KCHJIOJIOM, Ianee mwinfoBamick ¢ aldpasueoMm M-14, cHOBa IEMEHTADOBAINCEL U 38~
YImAaINch OT BEWEeCTBa LIEMEHTa Ha CTEKIAHHOH NOCKE C TOHKUMK adpasuBamu M-5,
a sareM M-3 r M—2, NpemBapUTENBHO OTMYyYEHHHMU. SaBepUanmasd TONKPOBKA [DPOBO—
IWIach Ha YYTYHHOM OUCKE ¢ HaKNeeHHHM Ha Hero MATKM derpom (Beawpom).

C menep usydeHMd RIMAHNA clocofa WmoBkM TpM 06paGOTKE OTHENBHHX 00~
pPasnoB HaMepeHHC HapyualaChk NOCHeNOBATENLHOCTE IlepeXxolia OT I'PYyCHX K doJee
TOHKHM afpasyuBaM, ¥T0 IPEBONWIO K 00pa30BaHuid OTHOCUTENBHO TOJCTOI'C HAaloJmi-~
poBaHHOTO CnofA. [UIA onpemesneHMA €T0 TOJUMHH HCIOIb30BANMCE MBMEDEHUA IUaTO-~
Hauli OTHevaTHa MHEEeHTopa Opu Harpyskax oT 5 mo 200 T; WmHa IuarcHaIn BO3—
pacTaia IO HEKOTOpOIO TpefeNa Harpysku (B HameM ciydae — Zo 100 T) u 3arTem
‘yMeHpllasnack, Touka nepernda Ha KpUBo# 3aBUCHMOCTH HM3MEPAEMOd BeJMUMEH OT Ha-
rpysxu(puc.2)CooTBETCTEYeT I'paunie NedopMUPOBAHHOTO CJOA U HUREIEXAlyX dYac—
relt MuHepana.ToauMHE CNOA NpUGIMKEHHO BHYMCIAZIACH MCXOOA M3 TOT0,4TO TIIyGuHA
TIPOHEKHOBEHNA MHLEHTOpA COCTaBAAeT 1/7 BenmuiHH DHMATCHS/AM oTHEedYarHa.) dYeTH-
pex o6pasueB HUBKONpoGHOTo 30J0Ta (m3 Hukgero llpuavypsd) oHa cocraemia 10-15Mk

llomyyeHsHe XaHHHE MONTBEPIIM 3a2BUCUMOCTE: TONUMHH IedopMIPOBAHHOIO CIOS
OT CTeleH! WEePOXOBaTOCTH NOBEPXHOCTH [nda, NOABEpranmelicd NOJUPOBKE
(TaGn.l); yMeHBlWeHNE CJIOA TOCTUIANOCH MHOTOCTENEGHHHM IEPEXONOM OT TPYOHX K
TOHKMM alpasdBaM 1 K OKOHYATENLHON NOAMPOBKe; NPUMEHEHUEe NDPK &€ 3aBeplleHny
IBYyX PasJMYHHX IO COCTaBy, HO CIM3KMX N0 TOHKOCTH aCRa3uBOB NpPAKTHYECKN He
CKa3HBANOCh Ha KavyeCTBe MOJLDOBKN.

llpr mHETepOpeTarMu pERYALTATOR M3MEpEeHNH CHAENyeT MMET: B BHLY, YTO MOl—
HOCTH HaNOJMPOBAHHOTO GNOA BaMETHO YBEJVUYMBAETCH ¥ TDAHEIH CaAMOPOZHOTO 30J0-
Ta ¢ Gojee TBEpEHMYA MuHepalamy (puc. 1,0). B pAlle CIyYaeB 8TO YBEJINUYEHES
domee 4¥eM IBYKpaTHOe, YT0, HO-BUIUMOMY, CBS3QHC C OYEDTAHNAMY TDAHNI] 36peH
(ManHe YTJH HAKIOHA CPAHUIH CHOCOGCTBYOT yTOMMEHNO KPaeBHX B0H).

Bemrunia MEKPOTBEPHOCTH CaMOPORHOTO 3070Ta USMEHAETCA C YBeNMueHWeM
TOMIWHE TeopMIpOBAHHOTO CHOA:
TonmupHa CJXOS, MK 10,3 10,6 12,0 14,0 25,4
MuKpoTBepROCTS, Krc/wmtc 70,7 2,4 82,4 86,0 110,7
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Tadairna 1

ToNupHa HAaNOMMPOBAHHOTO CJNOS B 3aBUCUMOCTM OT cmocola oGpaGoTHK
NOMUPOBaHHON! TOBEDXHOCTY B CaMOPOTHOM 30J0TE

Harpyska P, r TomumHa

Ha6op npumenseMuX adpasu~| AGpasmeu EaROgA—
BOB g quuecce'mnn@oan nxg IO M~ 5 l 1OAJ4204175021100 [200 ggaggggj

PR PasMep IMATOHATA OTIEYaTHA ,MK| MK
K3-6, M-14, M-5, M~3, M-2' Posoman 11,5'16,2'22,1'46,6 72,9 1,5 10,3

Al-TlacTa
K3-6, M-14 To xe 12,0 15,0 23,5 50,0 82,0 85,0 12,0
K3-6, M-14, M-5 " . 15,0 14,7 25,0 51,0 93,6 99,7 14,0
K3-6, M-14, M-5, M~3, M-2 Bemesas 12,2 16,0 22,9 50,0 74,8 74,0 10,6

OKICEH XpoMa

lloryuerHHe NaHHWEe NOKA3HBAWT, 4TO YBEIMYEHME TOMIMEH NeopMEDOBAHHOTO
CNOS 30JI0TA Ha HECKOJBKO MIKDOH BNSNBAET BO3PACTAHEE MB3MEDAEMHX BeJNunH
MIKPOTBEPHOCTH 10 OTHONEHWN K MCTHHHHM Ha 12-16 ch/Mmz; OpE TOJUMHE Hopam-—
kKa 20-30 MK H3MepfAevHe BeMNUYMEH B [Ba pas’e IPEBHNANT MCTHHHYW MIKPOTBEDHOCTE
MuHepana. Tak, B ONHOM U3 OCpasloB M3 MeCTOpOoXNeHns drpiopamo (Exmceitcumit
xpsok) B 3omoTuHax pasmepom 300-400 Mk yke Ha paccerofsmt 50 MK OT Kpad HaMe-
pPAEMHE BeJWYMHH ITocTuranTt 127 nrc/mmz, TOTHa Kayk NCTUHHAA MUKDPOTBEPHOCTE
(B EemedopvMpoBaHENX Upy WIX$OBKE yyacTKax TeX ®e 3epeH) pasHa 65-80 RIC/MMz.
Pesxoe BospacraHve "Kaxyme#cda" MUKPOTBEDPIOCTH CONPOBOXTASTCA UCKaxeHmeM Gop-
MH OTIEYATHA HpU CMEleHNy eTo IEHTPa K Kpaw 36pHa. llomoGEHe ncraxkeHHEHEe fop-
MH yOeOUTEeNBHO CBANETENILCTEYDT O BOSpacTaHmy LNefopMIPOBAHHOTO CJI0A B 30J0-
THHE N0 HaNUpaBIEHID K €€ Kpam.

BruAHue Hawrnena clefyeT HMET: B BULY PN HHTEPHpPETAIl PEsyNbTaTOB H3ME—
peHuit. BOBMOKHO, 4YTO EM 0GBACHANTCH CBeOeHNA O HeOOHYHC BHCOKOH MUIKpPOTBED-—
mocts sozoTa (MaTkoBekml m mp., 1972).

HexoTopHEe aBTOPH CUMTalT, YTO W3MeHeHue Harpysxu ot 25 mo 300 r He upu-
BOMUT K CHCTEMATHYECKNM MOTDElHOCTAM m3MepeHudl TBepHocTH 30j0Ta (Nakhla,
1956; Young, Millman, 1964). 3ToMy NpoTMBODEYAT DESYILTATH HAIIX BSKCIEpH—

I, mx
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P u c. 2. GaBucuMOCT: IJIHHH /]

IMATOHATH OTIEYATHS aJMas3—

HOTO MHIEHTOp& = Ha pPA3HHX

ofpasnax soxora (1-3) or Be- L . . .

JMYAHH OPMMEeHSeMod HarpysKu R a0 200
Hazpyina , 2
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MeHTOB. [Ipr yBexmueHuy Harpysku ¢ 10 mo 20 T 3HAYEHNA TBEPIOCTE B30JO0TA Npak-—
THYECK: He MeHAMmCH (70 I 76 Kre/MMS COOTBETCTBEHHO), HO IpU HATDY3Ke

50-100 r omm yMmeHsuwamchk mo 43-35 KPG/MMZ; IpE BTOM BOKDYT OTIEYaTKAa BOSHHA—
Kaly JIMHMM CKOMbEEHMA. [IONMoGHAR 3aBHCHMOCTE CBONCTBEHHA BHCOKOILIACTHYHHM
MaTepranaM ¥ OOBACHASTCA YCWISHNEM IUIACTMYeCKuX IefopMalmit Ipd yBesmdeHAw
Tpysa mHReHTOpa (Dousap, 1940). IprMeHeHue Harpy30k <10 I OpUBOIAT K MCKa-
XEHHHM DE3yJBTaTaM, NOCKONBKY UHISHTOD amMa3HOW MEpaMUAH IpH UCIHTAHUAX He
BHXOIUT 3& NpelesyH NefopMUIPOBAHHOTO CJIOA.

~ CpaBHeHNe MUKDOTBEPHOCTH TPABRIEHON I CBEXeOTHONMPOBAHHON MOBEPXHOCTH 30=-
JOTHE NOKa3alo CJeLywlee: BHCOKOUpOoSHoe (mpoda cBHme 800) 30J0TO NOCTE TpaB—
nernd marde (H = 43-46 xrc/mv),” Wem mo Tpammemms (H = 50-65 kre/Mv®); Hums-
KONPOGHOE BOJOTO MOCHE TPaBNeHUA HECHOJBKO YIPOYHANOCh (H = 71-82 mo cpas-
HeHno ¢ (H= 66-73 ®rc/um”).9T0T PaKT, BepoATHO, S&BMCHT OT DPASTMYHOTO COCTa-
Ba IUIEHOK, OCpasyRUMXCA [Py TPaBIEHUN 30JI0Ta peareHTaMi, COMepXalliMd XJIopUC—
THe CoeNUHeHNA (uapCkad Bomka U Ip.).

[lpuBeTeHEHE NaHHEHE MOKaSHBAWT, 9T0 HOCTOBEPHOCTH OIPENeNeHmd MAKDOTBED—
IOCTH 30JI0Ta B Coablleit Mepe, YeM ¥ MHOTMX OPYTUX MUHEPAanNoB, 3aBUCHT OT CIO-
cofa M3roToBMeHMA WIndoB I “yoJIoBM# m3MepeHuil. 9TO HEOOXOMUMO YYUTHBATE NPU
HCHOJNB30BAHUN MIKPOTBEDIOCTE KaK IOKABATeNAd CONepRaHMA cepelpa M ero pac—
OpeleneHnad B camMopolHOM 30JI0TE.,

@.A.RTOPB_I, OCIIOKHAKIIHE 3ABHCAMOCTh MHKPOTBEPIOCTH
OT COCTABA CAMOPOJIHOT'O 30JIOTA

BHBOL O 3aBUCHMOCTY INPOYHOCTHHX CBOWCTB CaMOPOZHOTQ 80JI0Ta OT CTENEHHM €I
nedopvamm GHn BrepBHe Bickasad C.O.Kemuyxmam (1922), ycTaHOBEBIMM, 4YT0 OT=~
JUYNA TBEPIOCTH CaMODOIKOB OT TBEPNOCTH CIIABOB TOT'O X& COCTaBa HCYe3am
NocNe HeNPOIOARUTENEHOTO OTANTE NPR TeMIepaTypeé KpacHOTo KaleHuds X BHOBB
BOBHAKANY [P MEXaHNYeCKNX BOBHeMCTBMAX Ha 3070T0. MociemoBaHme Au-Ag-CIna-
BOB MOKA3aM0, Y4TO BIMAHUE Iedopmalmili MoXeT OHTEH SKBABANEHTHO BIMAHMD IpHME—~
cell cepeCpa WM NaXe IpesHWaT: ero. Tak, TBEpPNOCTE CIUIaBa C 25% Ag HOCHE
o6%aTEA 0o6paslorR Bo3pacTana ¢ 32 mo 93 I{I‘G/M]\ﬂz, T.e. IOYTH BTpoe (Addicks,
1940). OmHaxo B HPUPONHHX 0OpA30BaHMAX 3Ta 38BHCHMOCTH HECKOJNBKO 3aTylleBaHa
BCIENCTBUME CKIOHHOCTH 30J0Ta K DEKDNCTALINSAIME, YCTaHOBIEHHOW IIpH M3ydeHMM
ero cmraBoB (Tavvasm, 1931; boftmoB u mp., 1946) ¥ NOATBEPELEHHO! IpM HCcIe—
MoBaHMM 30J0THH, NedopvupoBasHHX B poccumsax (IleTpoBckas, PacTamommd, 1955).

Bemmumbe MEKpOTBEpPROCTH LefopMIDOBaHHOTO M NEPeKPHCTaIN30BAHHOTO 30J0TAa
IMPOKO BapBUPYWT Ha¥e B NpelesaX ONHOTO 3epHa; yYacTHu medopmarmift Hepemxo
COXPaHANTCA B KpaeBHX YacTAX 3epeH, TAe U 0TMevYaeTcA IOBHIEeHWEe TBEPLOCTH
vugepana. OCTaTOYHHE YUPYTHE HaupAKeHAA B CaMOPOIHOM 30J0Te FMKCHPYOTCH I0-
CTATOUHO OTYeTINBO. JccHelmoBakuA ¢ HOMOWBo MEpoaaysTpavm (lleTposckas u Ip.,
1971) moKasam, YTO OHE BaphUpPYRT OT HUYTOXHO MaJHX IO 8 Kre,/ . Hanmpmmep,
¥ TOHKNX NPOKUIKOBUNHWX BHEENeHM# B010Ta U3 MecTopoxmesmit CoseTckoro u My-
PYHTay 9Tu BENUUMHH paBHH 1; 5; 6 1 8 Krc/mmz, 8 ¥ KPYUOHHX KpHCTaMYecKUX
BepeH, BOSHUKIMX IIpY NEPeKPHCTaIIN3alii 30J10Ta, HPHOIMRANTCA K HYJa0. 3HAYN-
TenbHHe HampaxeEua (mo 10 Erc/Mmz I BHIle) OTMEYEHH ¥ OTHEJbHHX 3epeH HMBKO-
IpOGHOTO 30J0Ta u3 MecTopokmernii Bemas [opa u Bamefickoe. Ocrarodse yopyTHe
HalIpAKeHHA — 3TO CAENCTEUe JUCo HedopMIpOBAHHOCTHE 3010Ta, JMGO HepaBHOMED-
HOTO. pacnpefienenud npumecu Ag. CrencTeueM LedopMIDOBAHHOCTH ABIAEBTCA yHpod-
HeHI'e BHCOKONPOGHOTO 30J0Ta B HEKOTODHX oOpasnaX 13 MECTOPOXmeHm# (opmarni
Gomblmx Tuyous (MypyHTay B Y3GexmcraHe, paf PYyLOOposBAeHui B EHHCENCKOM
KpAXe 1 Ap.), u3 poccHnedt CeBepHoTo KaBrasa M U3 KOMYENaHHHX saﬂemeﬁ_(meCTo-
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poxnexue l'afickoe Ha KmEoM Ypdne). TpammeHneM OCHaDYRNBANTCH JMHIM CHONbKE—
HMA, 9aCTO IUIABHO M3OTHYTHE, paclojaranifjecs B KPAaeBHX YacTAX 3epeH camopom-—
HOT'0 30J0Ta, THE OHO 0GMaTaeT NOBHueHHOR TBepHocTsn. Hampmvep, KefopmizpoBad-
HHE y4YaCTHKY 30J0TUH 13 T'alicKOT0 MeCTOpPOXTEeHHA XapaxTepUsyRTCA MIKPOTBEpPHO-
CTBI 76-82 KTO/MMz, a HeledopMupoBaHHHe - 55-70 KTC/M°

OTMedaeTcd 3aBHCHMOCTS MIKXDPOTEEPIOCTH CAMOPOTHOTO 30JI0Ta 0T\ DA3MEpPOB Er0
sepex: GoJlee MENKME U3 HEX OGNaZa0T EeCKONBKO NOBHMEHHOH TBepmocTED (Tadm.2).
Yrasauuuii ofperT He OGHApPYXNBaeTCA B 3epHaX, pa3SMEepH KOTODHX IpEeBHuanT _
100 MK; B NOCHEOHMX OTMEYaTCA OCJiee LMpoKMe, YeM B MENKOBEDHMCTHX BHIeNe-
HUAX, UHTepBalH M3MEHYMBOCTH BEJNYUHE MIKPOTBEPNOCTH.

Tadaunma 2

BaBUCEMOCTS BEJUYMH MUKPOTBEPIOCTH CaMOPONHOTO
somora (npoda 780) oT pasmepoB ero 3epeH (Bamei-
CKOE pymHoe Toue)

Odpa- Pasmep 3ep- Mmcpo:mep_mwz Unono

3en Ha, MK IOCTS , KI'C/] 3aMEPOB
1 15-30 62-63 23
30-60 51-57 45
2 15-30 ; 65-70 10
30-60 61-67 20

lpy cpaBHEeHNN MEKPOTBEDNOCTH DasHHX B€PEH camdpONHOTO 30J0Ta CIefyeT
YYMTHBATE BOBMOKHOE BINIFHNE @HUB30TPONIMU 3TOTO cBoficTBa. [lo manmum B.fldira u
A.Munmvada (Young, Millman, 1964), Hamdonslelt TBEPEOCTHO OGISNANT HOBEPXHO-
CTH, DapamnenbhHe Tpamu (111) (66-81 Krc/MMZ), a HavMeHBUe# (44-53 KPO/MMZ)—
napasensHie Tpasn (110); mig rpasx (001) XapakTepHH IPOMeXyTOUHHE SHAUEHWMA
rBepmocTi {60-83 KPC/MMz}.

3HaueHNE CYOCTPYKTYD CaMOpOIHOTO B0J0Ta OTMEedYaochk PANOM HeCHIemoBaTenci
(Bamanoma ¥ Ip., 1968; Ilerposckas, 1973). Mo HaM NaHHHEM, 3aMeTHOe BIRAHKE
Ha BeJNYVMHY MUKDOTEEDPLNOCTE OXaSHBaeT GroKoBad (MosamdHad) CyGCTPYKTYpa ero
BHIENEeHU}: YeM MeHElle pasMeps GNOKOB, TeM Jolee TBEPHOCTE 30JOTHH, B Tex
yYacTHaX, I'Re TPaBNEeHMEM BHABIEHO T'DYCOMOSaUYHOE CTPOeHHE ¢ pasMepamMil OIOKOB
10-20 MK, MWKDOTBEPHOCTD YBENWUBAETCHA TpuUMepHo Ha 10-15%; B odpasnax ms Co-
BETCKOTO pynumka (EHuceffcKuif XpAX) B TaxuX yYaCTHAX MUKDPOTBEPIOCTE: HOCTHTa—
eT '75-80 RPC/MME, HO HamGoJiee 9acTO OHA COCTABIAeT 65-70 Kre/mMv®. BSoMOTHHH
TOHKOMOBaudHoTo cTpoerna (Bamelickoe MeCTODOXNEHNE), B KOTOPHX, IO TaHHHM
QIEKTPOHHO# MUKDOCKONINN, DpasMepH GJOKOB COCTABIANT 5-10 MK, yUpPOYHANTCA Ha
20-30%. Kax msBecTHO (Bousap, 1940), yBenMdyeHVe MUKPOTEBEDEOCTH B TOTOCHHX
CayvanX oCYCIORIeH0 YUPCUHAOIMM IefAcTBHEM HOBEpXHOCTER pasfena GIOKOB, CBA-
BAHHHM C HEM3CERHHM U3MEHEHUeM HalpaBieHHN CKONBKEHWA; CKASHBASTCH TaK®e
sfbexT saKpemneHnda RUCHOKAIME [0 TpaHunaM GIOKOB.

XAPAKTEP PACIIPEJEJIEHUSA W ®OPMbl HAXOKIEHHA CEPEGPA
B CAMOPOJHOM 30JIOTE TIO JAHHBIM M3MEPEHHH MHKPOTBEPJOCTH

Heomm#axopad MUKDOTEEPIOCTE CAMOPOJHOIO B0J0T4 B DASHHX yYacTKAX €ro 3e-—
peH ¥ BepHUCTHX arperaroB, MUIEHHHX OpM3HaKoB IedopMarmy ¥ IepeKpucTalLIn3a-
MK, MORET pAacCMATpuBATHCA KAk NoKasaTelb HEPABHOMEDHOTO paCIpeleNeHHd Ce-
pepa B MUHepale, B 8TOM ILIaHE MeTOR W3MepEHuH MUKPOTBEPROCTH IPK M3YIEHEH
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caMoponHoro'sonoma IO TocJeINHero BPeMeHM, HACKOJBKO HaMm H3BECTHO, He IIpHMe-
Hancsa. BvecTe ¢ TeM yXe mepBHe NPelNpHHATHE aBTOpPAMM NONHTKM MOZOGHOTO pola
neccenefoBaknit nmonTRepmuny sddexTEBHOCTE MeToma (IlerpoBckas, 1969).

OcoGeHrocT pacnpelesneHnda cepefpa ¥ erd cerperaimy BHARIAINCEH NYTEM CpaB—
HeHNs BeJNWUMHH ¥ POpMH OTIEUYATKOB HHIEHTOpPA B pPasHHX YacTAX BHIENeHN! 30JI0-
Ta B TeX CAydYadx, HOTIa OTCYTCTBOBaIEM cAelH Hedopmammn MuHepana. PesyaeraTH
U3MEpPEHHH MOKa3HBAWT, 4TO NeprpepryecKne YacTW OTDaHEHHHX MHIMBHMLOB U HE—
NpABANBHHX BHEEJNCHNH 30g0Ta B NONaBIADMEM GOJABUMHCTBE oaydaer (70-80% mccie-
IOBEHHHX OGPS3LOB) OTAMYANTCA N0 TBEPLOCTH OT NEHTPANBHHX 4YacTeld. STH pasmi-
UAA CHASHBAWTCA ¥ NPH ONHOTUNHOCTHM CTPYKTYPH X CYOCTPYETYPH CpPABHEBAEMHX
YYaCTKOB 30J0THH. ONpeIeseHWe COCTaBa MUHEpaNa B TaKUX yYaCTKaX, BHIIOJNHEHHOE
IpN [OMOIM JIOK&ABHOTO JasepHoro aHamusa (I'.A.Bacuibesa) U SIEKTPOHHOTO MAK—~
posoema (T.U.Jlocesa, A.W.lemn#), 0GHaPYRABALO HEOZMHAKOBHE COIEpRaHud B HUX
cepedpa.

/lsMEHYRBOCTE MUKPOTBEDLOCTH BO3DACTAET ¢ OOUMM yBEINYEHHUEM KOJW4IecTBa
cepedpa U ¢ YCUJNEHUEM CTeleHM HEONHOPOTHOCTHM ero paclpelelIeHuA B 30JOTE.
[lpuMepaMit BeckEMa KOHTPACTHO! HEOMHODPONHOCTH COCTaBa, BHABJEHHOH! M3MepeHMsMI
MMEDPOTBEPRNOCTY ¥ NONTBEpRIEHHON Ipyrumm MeTomaMil, CJyXaT BOJOTHHH M3 y4YacT-
ka bByxrAHka Humuero Ilpmamypes. OIHa u3 HuX, u300pakeHHad Ha puc., 3 1 4
(pEc.4 - cM. TPIIOKEHNE), 00NaNAET aACHMMETPUYHO-B30HANBHEM CTDOEHNEM, OXapaK—
TEPU30BAHKEM 110 JAHHHM 3JeKTDOHHOTO MUKDPO3OHIZ . AHATOTUYHHE 0COGEHHOCTH
paciipeneneHna cepedpa yCTaHABRINBAWTCA N0 HEONHOPONHOCTM TPOYHOCTHHX CBOACTB
nepnfeprnYecKuX 4YacTell 30JOTHH.

B npepenax DEHNPUTOB K KPUCTALIOB CAMOPONHOTO B30J0TE CONEE TBEPIMMI HE-
DeZKO OKaBHBoRTCA BepXymedHHe 30HH pOCTa, YTO YHASHBAET Ha IOBHIIEHME CONep-—
RaHUA cepedpa B NOCHEIHHE CTAIMM KPHCTALIN3AIMK CaMOpPOZHOTO 30J0Ta. JTa 0Co-
GeHHOCTE He ARIAETCA YHUBEDCANPHOH: B pANE CIyyaeB, HalpuMep B o0pasliaX W3
BameitlcROTO pymHOTO MOJA, KOHIEBHE YacTy BeTOYeK NeHAPUTOB 30J0Ta CHIM OTHO-
CHATENBHO YHCTHMA ¥ COOTBETCTBEHHO CGojiee MATKIMU.

Tax Xe Kax U JOKANbHH] CIEeKTDATbHHA gHamM3, WSMEHEeHHA MUKDOTBEPHOCTH BH-
ABIADT B Npefesaax SOJOTHH MBOIMPOBAHHHE NATHOOOpaSHHE Cerperamyuy mpuMecei
cepedpa (oGpasuy m3 ByxTAHCKOTO ydacTka). IUIA MX OKOHTYpMBaHMA TPedyeTCH
MHORECTBO M3MepeHH#l mo Bcelf IIOMaIM cpesa SO0JOTHHH, YTO BOSMORHO JMNE TIDU
ZOCTATOYHO GONBIMX pasMepax M3y4YaeMHX 9aCTUIl CaMopONHOT0 30/0Ta. Tpm-veTHpe
Y3MEpEHNA JalT JMIE NDEeNBapUTeNbHHE NaHHHE IJIA JIOKSJMbHHX CHEKTPalbHHX U
BIEKTDOHHO~30ETOBHX AHAIMSO0B. MBMEpeHNA MEKPOTBEPIOCTH ABIANTCA IPOCTHM X
IOCTATOYHO HEJeRHHM IIyTeM KCCHefoBaHmii HEONHODOINHOTO pacupelenerud cepedpa .
B MEKDPOyYacTKax 30J0THH,

SHAYHTENBHO G0Jee CIORHHM IIPENCTABAAETCA BOIDPOC O ‘BOSMORHOCTH MCHOJMB30—
BaHAA DACCMaTPUBAEMOTO METOHAa JJIA ycTaHOBAeH:A (fopm HaXoXmeHus cepedpa B ca-
MODOJHOM 2070T€, [IPHIMEHJTENBHO K B0JOTHM CILUIBEM BTOT BONPOC pemaicd NOJ0-
RATENIBHO: IaBHasd fopMa KpUBO# 3aBUCEMOCTH COCTaB-TBEDUOCTE: pPacCMaTpUBalach
KaK OHO M3 NOXASaTETbCTB HENPEpHBHOK cMmecmMocTy MeTamnoB (KypHaxoB 1 Ap.,
1915).

MaKxcEMasEHHE BHAYEHUA TBEPHNOCTY XapaKTepHs0Balll CIUVIABH C DABHHMI COOTHO-
[eHEAME ATOMHHX KOJMYecTB Au I Ag, 4T0 coorBercrsyer 35,41% Ag, mmi mpole
sosoTa 650. PesyneTaTH Gosee MOSIHVX MCCAELOBaHW! ApyruxX (WauvYecKMX CBOKCTE
Au - Ag-CIIaBOB (BJIEKTPONPOBOIHOCTH, TEILIONPOBONHOCTH, MATHETHON BOCHIPHAM-

1 HB.lerposckaa T.J.IooceBsa. PeHTTEHOCHEKTDATBHOE MCCAE—
IOBaHNE paclpeleneHts cepelps B SHEOTEHHHX BHIEJSHHAX CaMopDOZHOTO 30J0Ta.
HacT. ©G., cTp.34.
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P u ¢, 3. KpuBasd comepwanua Ag IO NAHHHM SJEKTDOHHOI'O MEKDOSOHIA CO CXeMa—
TUYECKUM M300PaKeHNEM yUACTKOB 3OJOTHHH, DA3IMYANINXCA 110 MEKDOTBEDROCTH
(ch/mmz). ByxTaxka, Husxaee Ipuamypne

1 - 60-55; 2 ~ 65-60; 3 — 70-65; 4 - 70, KpecTHKOM yKa3aHH MecTa, B KOTO-
PHX NDOUBBENEHH U3MEPEHUA

4YEBOCTY, JUHEHHOTO pacumpeHud # Ip.) ydemary GONBIMHCTBO HCCAeNoBATENell B
BepHOCTH IPENNOJOREHNA O CYUeCTBOBAHMN HENPEepHBHOI'O DANa TBEPOHX pacTBOROB
Ges ymopamovyereo# cTpyrTypH (Hemmmo® u mIp., 1947; Cmpeprced, HuEKomBCOH,
1964; = np.).

XapaKTepUCTHKY COCTaBA CAMODOIHOTO S0J0TA, NPUBOZMMHE B DASIMYHHX Kypcax
1 CIHPaBOYHUKAX [0 MUHEpaNOTWUN, GasupyoTCA Ha NpefcTaBleHUsAX o HOJHOW cMmecu—
MOCTH Au ¥ Ag, aH&IOTWYHHX OTMeYeHHHM BHWe, (OThenbHue yueHHe (BepHamcwuii,
1922) oGpamamy BHEMaHNE Ha IEePepHBH B DALY pasHOBUOHOCTel 3010Ta, BRIeafe-
MHX 10 COIEepRgHED cepedpa. /3BecTHH NpPelIONOXEHUA O CYMecTBOBAHUN HHTepMe-—
TeJUmMYeckuX Au-Ag~coemuuesuit (padors X.Bycesro XIX B.), HO OHM HE NOJYYMIN
monmepxxn (Hemuymunit, 1922).

MeToImH mccaemoBaH# NPOYHOCTHHX CBOXCTE CaMOPONHOTO 30J0Ta HOKA ele He
OpUBIEKaICE K PelleHNl paccMaTpUBaeMore BONPOC&. YIOMMHABNAACA BHIIE KDPHBaA
3aBMCIMOCTYE MUKPOTBEPUNOCTH OT COLEepRaHWA Cepefpa B CaMOpONHOM 30J0Te, MO-
crpoensad C.l.Jledemeroit (1963), nomHocTHW moBTOpATA EKpuByR H.C.KypHarosa,
XapaKTepusyniyw Au-Ag~CIUIaBH, X, Kasalock OH, HNONTBepXlaja BHBOL O HEINPEeDHB-
HOH CMECHMOCTH 30J0Ta ¥ cepedpa ¥ B NPUPOTNHHX YCHIOBMAX. O@HAKO STOMY CTalu
NPOTHBOPEYATE DESYJABTATH IO CIeIyomux pacdoT. .

AHayMs MaTepnanoB, NOJNYYEHHHX aBTOPaM HACTOAlel cTaTbil, ¥ JHUTEPATYDHHX
RCTOYHUKOB [IPHBEJ K BaKIVYEHHN o caoxHolt fopume XpuBol 3aBHCUMOCTZ TBEpIOCTH
OT CoCTaBa CaMopomHoTo sojora (IerpoBckad, 1973). HoBHe NaHHHE MTO3BOJLANT
JTOUHETE XapaxTep sToff Kpusoit (prme.5). YeTKO BHIENANTCA TPH €e MaXCuUMyMa,
COOTRETC TEyOIUE MHTEpBalaM colepxammii cepedpa 15-20, 35-40 u 63-65%. llom-
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P u c. 5. Jnarpamva coCTap-MMKPOTBEDPIOCTE CaMOPOIHOT'O 30JO0TA

1,2 — COOTBETCTBEHHO NPOGUPHHA M PEHTTEHOCIEKTPAIBHHE AHAMMSH [0 IAHHHM
aBToOpoB; 3 — mamHue P.Jl.Bamamomok u mp. (1968); 4 - mammme B.fmra u A, M-
maHa (Young, Millman, 1964); 5 - 3aBHCHMOCTH MIKDOTBEDHOCTE CaMOPONHOI'O
30I0TA OT ero cocrapa; 6 — mucmepcus H, xrc/MMC; 7 — MSMEHEHHe MUKDOTBED-
IOCTH MCKYCCTBEHHOT® CIUIaBa 30JI0TA C H3MEHEHHWEM er'0 COCTaBa

TBepATaA NpefCTaRIeHUdA O NPepHBUCTOCTA pANa NMPUPOTHHX Au-Ag-CMecell, 39Ta Kpu-
Bafd CBYNETENRCTEYET O CYNECTBOBAHUM ICCTATOYHO MHIMBUINYAIN3MPOBAHHHX WISHOB
paga.

Pa3HOBUTHOCTH 30J0TA, pa3IMYaoIMEcH IO COCTaBy, MUKDOTBEDPHOCTH U yIelb—
HOMy Becy, BHEEWIM B nocaenHee Bpemd P.II.LGamamoma, C.M.JleGensBa n uX co-
apropd (1973); onHaKO HaMeueHHHI MMM DAL HECKOJBKO HHO# (30M0TO IpoGH
950-850, 850-700, 700-450), u, B YACTHOCTH,HE OTMEYAETCH €r0 MMCKpeT—
HOCTB. , ‘

MHOTOMOZaNBHHI XapaKTep PaccMaTprBaeMo# KpumBO# MO3BoJAET MPEmIoJOXUTH
He TONBKO 0COCOCNEHHOCTH IPUPONHHX PA3HOBUNHOCTEH 30J0Ta C PasHHM COLepXa-—
HiueM cepedpa, HO U ONpeleNeHHYD CTeleH: YHOpPANOYEHHOCTH CTPYKTYPH MuHepaia,
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BOSMOXHO, C 0Cpa3CBaHMEM HETEDMETALINYECKX COESTUHEHHH CTeXHOMeTpHIecKOIqQ
cocTaBa. Taxoe NPeINOJMOREHHNE ONEpaeTCA Ha CAeNyDIje IaHHHE.

Ha mpmmepe cILIaBOB, B YACTHOCTHA 30J0TO-MemHHX, H.C.KypHaxoBuM m ero co-
aBTOpaMl YCTAHOBJEHO, YTO IPH MEIJIEHHOM OXTamOeHN!, COSTanlieM BOBMOEHOCTD
LA JUOPANOYEHWA CTPYKTYPH, Ha KPUBOM BaBACHMOCTY TBEDIOCTE OT COCTABA (WK-
CHPYLTCA DEe3Kde CKa¥KW; Tak, NoGammerme 10% Cu (90% Au) yBemIwumBaeT TBEp-
IocTh cIUlaBa ¢ 18,64 mo 69,95 xre/mv®, T.e. Gonee dem Brpoe (KypHaxoB # Hp.,
1915). IomoGHHe cKauxy OCYCJOBIEHH BOSHNKHOBEHNEM HOBHX $as cocTaBa AuCu, I
AuCu, B HACTOAmee BpeMA XOpomo WsydeHHEX (XamceH, Ammepro, 1962). B
30JI0TO-CEPECPAHHEX CONABaX NOARIEHME NONOCHHX ($a3 GCoJBIMHCTBOM MCCAENO—
BaTesJet He MOmycKaloCh, HO MMERTCA CBENEHUA, NOSBONANNME [PeIIOJaTaThH
IX HaJmdHe.

H.B.I'pym-Tpamvaitio (1956) yoTaHOBWI, UTC KpUBAf SaBECUMOCTH KOHGTAHTH 8f~ -
fexra Xomma OT cocraBa CILIGBOB Au-Ag MMEeT M3JOMH; NOJNOMEHNE TOCAENHIX pac-
CMaTpUBaJOCE KaK BOSMOXHHI NpPUSHAK 00pasoBaHUA HHTEDPMETAMYECKEX COeTuHe—
Huft cocTaBa Aujhg, AupAgs U AuAgs. [lpn meTaibHHX DEHTTEHOMETDPUYECKHX HCCJIe—
AOBaHUAX MCKYCCTBEHHNX MOHOXDUCTANIOB 30JI0TA COCTaBA Audg X Audgy YCTAHOB-
JMeHo, YTO pacCefHNe OTJINYASTCA OT MOHOTOHHOTO Jay9BCKOI'O; BONMBHE Y3JOB
mpocTolf KyOouveckoll pelleTHM BHARIEHH cladHe MaKCUMyMH, 3alpelleHHHe IIA Tpa—
HEIleHTPUPOBaHHO! fueiiky (Norman, Warren, 1951). VHNODANOYEHHOCTE GJMRHETO IO~
pAfKa HONyCKalach Takke MO HANNYMD XADAKTEDHOTO IMPIYSMOHHOTO MMKA HA MOpOl-~
KoTpaMMax Au-Ag—ciiaBoB (TmHpe, 1962). Ha uacTWuHOE YHOpAZOYeHMe TBEPIHX
pPacTBOPOB YKa3HWBART I HEKOTODHE aHOMaIn¥ TEPMOITMHaMIYECKIX GBORCTB
Au-Ag-cnaBOB (XauceH, Anmepro, 1962).

BepoATHOCTE yHOPANOYEHHOCTH CTPYKTYDPH CaMOPOTHOTO S0JCTa SHaIMTENBHO
Gonblle, 4eM CTPYKTYPH CIUIABOB, BPEMA CYUWECTBOBAHMA RKOTODHX HEM3MEpUMO MeHb—
e TeoJOTMYECKO! EM3HU 30J0TA. YUMTHBAA 5TO NOJNOXEHME, MH CHJIOHHH paccMmaT—
PUBATE PA3HOBUTHOCTH B30J0TA, BHIENAeMHe IO COCTABY ¥ MIKDOTBepIOCTH, Kak
CIENCTBIE BOSHUKHOBEHMA B IPUPOMHHX YCJAOBAAX (a3 OIPENEeNeHHOrO CTEXHOMETpH—
YECKOT'0 CcoCTaBa. HamGosee BepoATHO CYMECTBOBAHME COESIMHEHUA AusjAg
(15%Ag). 0C 9TOM CBHOETENBCTEBYET NOJOKEHWE MEDBOTO MaKCuMyMa H  BHI
KpUBO# B ®TOM ydYacTHE. K BHBOLY O TAKOM COCT4Be yCTOWIMBHX a3 mpusenm Tak-
®e HaOMOIOEeHNT Hall YacToTod BCTPEYaeMOCTH 3O0JOTMH pasdHOW TPOCH ¥ pPasBUTHUEM B
HIX CTPYKTYP pacuafa (IlerpoBckas, 1973). Hammume BTOPOTO M TPETHET'O. MIKCHMY~
MOB ¥ paccMaTpuBaeMOi KpuBOM IIOKA elle He MOXeT CHT: OOBACHEHO HOCTAaTOYHO
yéemTeasH0. 3070T0, comepXamee Goxele 35% cepedpa, Kak IpaBmio, HEOIHOPOZ~
HO, I CYMMepHHEe XapaKTepuCTHKM ero COCTaBa. I IPOYHOCTHHX CBOACTE He MOTYT
CHyXUTE OCHOBaHMEM LA BHBOIOB O NPUHALIERHOCTH eT0 K KaKIM—ymoo HHTEepMeTal-
JUYECHNM coelMHeHMAM. MORHO JMWE Ipemnosararh, YTO B HEM B BHIe MeRGJOKOBHX
oGocoGneHuit MOIyT IPUCYTCTBOBATE fasH cocTaBa Aulg K Audgs, JCTOAUMBOCTE KO~
TOpHX B TOHKMX ILIEEKAX BHIIE, YeM B KDYIHHX 3EpHaX.

JlHTepPeCHH DESYIBTATH 38MEPOB MEKDOTBEDPLNOCTH B TeX yYaCTKaX BOJOTHH, THE
OLpPEeNeNANoCk COLEPRAHVE Ag METOIQM BJIEKTDPOHHOI'O MUKPO30HTA. YCTAHORBIEHO,

YT0 B 00JECTH COCTABOB, GMMBKMX K YyKAS4HHHM LIA BHIGIEHHHX DasHOBMTHOCTEH
30JI0Ta, HaOMOIaeTCA HENPOIOPUMOHANBHO BHCOKOE BO3DACTaHWE MUKPOTBEpIOCTH
IpH OTHOCHTENBHO HeGOBIOM YBEJUYEHNH COINepXaHus Ag. Hampmmep, Iif oCpasmoB
30JI0Ta U3 MecTopoxmeHult EFicelicKoTo KpsARa NP MBMEHEeHMN CONEDXKAHUA Ag  OT
20,0 mo 15,3% TEepmOCT: COOTBETCTBEHHO Bo3pacTana oT 60 mo 110 ch/MMz, a
B HEKOTOPHX 0Gpaslax HI3KOIPOGHOTO 3070Ta K3 3aKaBKashd NPU CpeNHEeM conlep—
Rammy Ag 57-55% 1 muxpoTBepmocT: 70-80 ch/mmz BHABLAMICE JOKaNbHHE y4aCTKU
¢ comepxaHmeM Ag 65-63% ¥ DPE3KO NOBHWEHHO! MUKLOTEEPROCTBN, paBHOR 100-

110 xro/Mmd. :
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OTKIOHEHUA OT NpABATa AATATUBHOCTH NDUpPAMEHNA MEKPOTBEpPHOCTH IO Mepe yBe-
JUYEHHA COZCDXaHIT Ag B CAMOPOIHOM 30J0T€ OTMEYamNch IpH H3YYEHHN 00pasuoB
des NpuBHAKOB NefopMallu, KOoTopad MoTJia OH RINATH HA MPOYHOCTHHE CBOHCTBa
MiHepanta. ECTecTBeHHO JONYCTUTH, YTO NPUYXHON OTHKIOHEHNH ARIANOCE CYWECTBO-
Baume $a3 CTEeXHOMETDPMUYECKOTO COCTAaBA, BOBHHKHOBEHME KOTODHX,KakK M3BECT-
Ho (Hemmmos ® mp., 1947), Bieder 3a coGoll yUOpodHeHmE MeTAJUMYECKEX
CILTABOB.

0 NpMHATHX NOSWIMHA OTHOCHTENBHO IIABHHe (POPMH MaxkCIMyMOB KDUBOH 3aBHCH~
MOCTA COCTaE — TBepHOCTh LNA camopofHoro sonoTa (oM. pue.5) MOTYT GHTE o6BfAc~
HEeHH cylecTBOBaHMeM H30HTKa Ag, o0pasynmerc TBEpIHA DACTBOD B MUHEpane CTe-
XIQMETPHYECKOI'0 COCTaBa. B 9ToM, NC-BHZ¥MOMY, KPOGTCH IPHYMHE 7 SHOMAILHO
BHCOKO# INACTUYHOCTH CEMOPONHOIG 30x0Ta. Kasamock CH, 4ro BO3pacTaHue ero
TBepHOCTH, OCYCIOBNEHHOE YBEMUHYEHNEM COTEDEAHEA cepelpa, IOJEHO CONPOBOXIG—
ThCA NOBHIEHMEM Ipeleng YUPYTUOCTH M YMeHBUEHHWEM ILIACTHYHOCTH: IpeleNH yIpy-
rocT Ag (86) mourz B IBa pala Bume, 4eM Au (46). OIHAKO COOTHOWEHMA OKABH-
BapTCA O0paTHHMI: Haudomes "TEepmoe" BOJOTO ABIAETCA HAMGOJNEe ILIACTHYHHM
(puc.6 m 7); y HusKOmpoOHOTo 30x0Ta (mpoda 550-650) BTa 3aKOHOMEPHOCTE BHpa-
®ega doee OTYETIMBO, YeM ¥ BHCOKolpodsoro (mpoda 800-950). HomodHas aHoma—
JuA ¥ Au-Cu-CILTaBOB (Opemes yopyTrocT# Cu B IATH pa3 OPEBOCXONUT Ipemed yOpy-
TOCTR Au) pacCcMaTpMBaeTcH Kak CAeNCTEBHUE CYMEecTBOBaHMA TBEDHOTO pPacTBOpPAa HU3-
GHTOYEOTO KOMIOHEHTS B mHTepMeTammune (HypHakos u mp., 1915). KoxnenTpamma
TEKOT'0 KOMIIOHEHT& BIOJL IUIOCKAX MefexToR yNaKoBKM,yCTaHOBIEHHad, B 4aCTHO-
cTm, AT UmMMecedl Mg B ciulaBax sonoTa (Byprxapar, Bam-lyk, 1966), momzza
Heu3(eXHO OCNErYaT: DASBUTHE TDAHCIAIMORHOTO CHOMNLEECHIT, B HameM Caydae
mo (111).

0 xapaxrepe yupyrux Iedopmamuii caMopONHOTO 30M0T& CEMEETENBCTEYRT CBOE—
O0pa3HHe WeKaXeHus GopMH OTHeYATKOB MEIeHTOopa (puc.8). Taxme fopvH mMenT
oxoM0 40% MONYYEHHHX HaMM OTHedYaTKOB: m3 HuX 20% — ¢ BHOYKIHMZA CTOpOHAaMH,
14% ~ c BOTHYTHMH, ¥ 6% BOJOTEH OIHN CTODOHH OTHEYATKa BHIYKAH WIX BOTHYTH,

§  eesee & weses ss 5 s
F * ssesas 5 wes s * . .
1{ ® ese oo ({ . . ses o
T teepe o o sess J eessse s o2 e
Z * @ 2 . “ese o
J e e saseganges o o 7 . .
20 40 60 B0 Hwag/mm? 20 40 60 80 100 Hnec/m?

P 7 c. 6. COOTHONEHME YNPYTOMIACTHYECKUX CBOMCTE HUSKONPOOHOTO (mpoda 550-

650) szosOoTAa M €r0 MEKPOTEEDNOCTH, [I0 BEepTHKANHA OTJOXEHO KOMMYecTBO OTIEYaT—

KOB

1 ~ C UeTHPSMA BOTHYTHMM CTODOHEMH; 2 — C HIBYMA BOTHYTHMM CTODOHaMH; 3 —

npaBWIEHOK GopMH; 4 - C GByMA BHIYKJIEME CTOPOHeMH; 5 — C YETHPEMA BHIYKIH~
" wm cTopoHaMu (C NpH3HAKaMd XpyUKuX mefopuaust wrd ¢ JMHEAME CKONBREHHR)

P u c., 7. CooTHOWEHNe YUPYTOMIACTHYECKAX CBOMCTB BHCOKONMPOGHOTO 30y0Ta (mpo-
6a 800-950) M ero MMKPOTBEPIOCTH,

VeqoBHuE 0G03HAUEHHS TE€ Xe, YTO ¥ Ha DHC., 6
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IpyTue UpAMHEe, YTC O4YEeBMIHO, OTpakaeT aHWB0TPOIMK YUPYTUX CROMCTE 3010Ta:
KOHCTEHTH JUPYTOCTH E(q47) | E(q00) = 1 2,2 (Bypsxapmr, 1941).

B mecTax npefuolaraeMHX CerperalMii OpEMecH Ag OTIEYaTHN OTIMYalTCA CIe—
mudugecko gopMot: CUABHAA BOTHYTOGTH CTOPOH NPUZAST HM KPeCTOOCpasHuil BUN;
BOMHSH HepeIKO B3aMETHH TOYEYHHE CJENH CHATHX HalpAKeHul. [loBHmeHHAA yUpY=-
TOCTH CAMOPOIHOTO B0J0Ta COYETABTCA B HAX C Haudolee HUSKOK MUKPOTBEDPIOCTEHD

O D

P u ¢, 8, PopuH OTIEYATKOB AJMASHOTO MHIEHTOpA Ha Camo-
POTHOM 30J0TE

1 — UpaBWIRHAA; 2 — C BHIYKJIHMA CTODOHAME M CKOJOBHMH
TpellMHaMd; 3 — C BOIHYTHMH CTOpOHaMM; 4 — KpecToolpas-—
Has ¢ TOYEeUHHMHM CJENaMM CHATHX HAIDIREHWH

vuHepana (21,7-31,5 Krc/mmz), ONuBKO# X MEKDOTBEPNOCTE UHCTOTO cepedpa

(26 ¥re/m®). B raxux y4YacTEax OCNYHO pacHONATaNMCE LEHTPH KPYIHHX mecTu-
yromesux uryp Tpamnesmda, furcupyoumx, kax mspecTHo (lledrams, 1947), meder—
TH KPUCTAIINYECKOTO CTDOSHWA BeljeCTEa.

BBIBOJIBI

1. Kex moxasany npoBeNeHHEHE UCCAENOBaHNA, METON MUKPOTBEDHOCTH MORET CIy-—
KITE 3afiavyaM BHACHEHNA XApPAKTEepa paclpefescHud IpuMecd Ag u opM HaXoXmeHHA
9TOT'O BJIEeMEeHTA B CaMODPOTHOM 30JI0TE.

2. llpy HTepOpeTAIMy pPEe3yAbTaTOB M3MEPeHH! MIKPOTBEPHOCTH HeoOXONUMO yuu—
THBATE BOBMOXHOE BIWAHNE S3EDHNCTOCTH U MOSSUMYHOCTY 3€peH 30JI0Ta, & TaKke
Tefopmarmiit, BH3HBAOUMIX OTHIOHSHWA OCHOBHON 3aBHCHMOCTH IDOYHOCTHHX CBOH#CTB
MEHEDaTa OT ero cocTaBa.

3. lmporad mucmepcrsa BEJWYNH MIKDPOTEEPTOCTH CaMOPONHOTO 30J0T8, IO-EImu-
MOMY, B CoJaplioff Mepe OCyCHOBIEHA CYNeCTBOBAHMEM HECKONBKNX NPUPONHHX
Au-Ag-COEIUHEHN, a TaKkke HEONHODOHHM paclpeleseHneM B HUX M3CHTOYHOHA mpu—
MeCH Ag; YYaCTEM KOHUEeHTpalmit Ag SBIANTCA NOJAMH JUPYIuX Nedopmaimi.

4, MrOoroMomanbHad fopMa KpWBOHA 38BUCHMOCTM TBEpPLOCTH 30J0Ta OT €ro Co-
CTEBA NOITBEPKIAET BOBMOXHOCTE YHODANOYEHNA NPHPONHHX cMecelt Au-Ag X COTVIa~
CyeTCcA ¢ NMpEemNoNOREeHNEM O CYWECTBOBAHMM HHTEDMET&/UIMYECKUIX COeNUHEeHME 3THX
MeTanncs.

5., HamGozIee BEpOATHO CYWECTEOBaHME MHTEDPMETAIMYECKUX COENUHEHH{t ¢ Ipoc-
THMI CTEXMOMETPUYECKIMI COOTHOMEHMAMY KOMIOHEHTOB AujAg, Audg, Audg,, O 9eM
CBENETENBCTBYET NOJNOKEHNE MAKCUMYMOB Ha KDUEON COCTAE-MIKDOTBEPHOCTH. AHO-
MATBHO BHCOKAA ILIACTMYHOCTE 30M0Ta B OGIACTH YKaBaHHHX COCTABOB IPENIONOXM~
TENBHO OCBACHAETCA HANWYMEM TBepIOT'0 pacTBODa cepedpa B YKaSaHHHX HHTepMe—
TaJIILaxX .
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E. H. Joromanoea, A. M. IlIodoavckudt, H. B. Jo0posoascran,
T. |, Jocesa, H. J]. Casuncruil, C. I'. Patunosuy

K BOMPOCY OB U30MOP®U3ME B KACCUTEPUTE

BBEJJEHME

B xaccuTepuTe M3 MeCTOPORLEHNV DasHHX fopMammit oCHapy®eHO 48 BsIeMeHTOEB,
KOTOpHE MOXHO DasfeNuTh Ha Tpr IpymmH: I — SIEMeHTH ¢ OIMHaKOBHM WM OYeHb
CIMBKMM N0 BeJIWYEHE DallyCoM MOHa ¥ ONHOM ¥ TO# e BaleHTHOCTH ¢ MOHOM Sn4+;
IT - anmeMeHTH C GIMBKEM paIBycoM MOHa, HO OTIHYSRUMECS BATSHTHOCTED OT Sn‘“‘;
ITT - ajeMeHTH C DE3KO DaB3JMuHHME pasMepaMdl pafuyca MOoHa U BaJIeHTHOCTHIO
(rabm.1). '

llocTOAHHEMM TIPEMECAMH E KACCHTepUTAaX ABIANTCA KEJe30, THUTaH, HUOGH,
ypaH; dYacTHMM — TaHTaX, MapraHell, Boaxb(paM, BaHamui, XpoM, Topuil, HHIUHA,
CKaHmuit, IMPKOHWH.

YeTeHOBNEHO, YTO ONHY M3 BJIEMEHTOB KaCCUTEPUTA BXONAT B COCTAB MUHEpa—
JOB-~TIpUMECel, PacloNaralupXCA [0 30HaM pocTa eT0 KPHMCTaLIOB, OpYyIHe — B CO~
CTaB I'a30BO—~XKUNKMX BRINYEHUY, NpelcTaBIADIMY COG0J KOHCepBATH ITUIDPOTEepMalb-
HOTO pacTBOpa, W3 KOTOPOTO KPHCTALIM30BANCA KACCHTEDUT; TPETHM — M3oMOpdHO
3aMemanT oJ0BO. HanGosee XapaKTepHH IIA KaCcCUTEepUTa NepBHe IBe fopMH HaX0B~
IeHUA SIeMeHTOB~IpUMeceit.

BEmu30cTh MOHHHX DaNUycoB OJIOBa, TUTaHa, TaHTaka, HAOCUA CKAa3HBAeTCA BO
BpeMA MAarMaTHdecKoll cTamuu, KoTha fopMupyRTCA OJOBOHOCHHE DTpablTH H IerMa—

Tadaznoga 1

PaIycH HOHOB SIEMEHTOB, BCTPEYalIXCH B KaCCHTEDUTaX
(o I'.B.Boxmo, 1971)

I 1L il

BJIEMEHT U | paguyc JEeMeHT M | pajuyc 3JIEMEHT ¥ | pamuyc
ero Ba- uOHa, A |ero Ba— 3 | ero Ba- 9

o

REHTHOCTS meHTHOCTH | LOH&s qerTHoCTH | MOHA, A
sn** 0,67 Fet 0,67 Be®t 0,34
pi4+ 0,64 pi 3+ 0,69 se 3t 0,83
v 0,61 vt 0,67 ytt 0,89
w4 0,67 wpot 0,66 TRt 0,95
wht 0,68 wet 0,65 aett 0,82
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Tadaurna 1 (oxoHuaHze)

I II 111
BJIEMggT n ﬁg,angy [+] K SJI‘IgMgg_'I: ' pa.:mycu SJIEgMgf | pamuy Co
;ggTHOETL * *| remrHoors | BOHAs A | jeprmocrs| MOHEs 4

Mot 0,68  mo®t 0,65 ph4t 0,76
Pttt 0,64 ra’t 0,66 P2+ 1,26
cr 3t 0,64 zr* 0,82

ca>t 0,62 La¥t 0,90

ge?t 0,65 cet 0,88

spt 0,62 syt 0,39

Lit 0,68 Bio* 0,74

co>t 0,64 m>* 0,92

P 0,69 0,97

un3* 0,70 an>* 0,57

ca®* 0,80

Znet 0,38

NiZt 0,74

ca®t 1,04

Mg2+ 0,74

’ o 0,99
sret 1,20

Nat 0,98

K 1,33

Agt 1,13

BaZt 1,38

TUTH. Ee CHASNCTEMEeM ARIAETCA NPUCYTCTBME NPUMECH OJIOBa B CANEaX, pPYTUTE,
cdeHe, TaHTaTOHWMOGATAX U OpP., 4 TAKKe HaMMuMe IepedMCIeHHHX 3JEeMEeHTOB B ak-
LIECCOPHOM KACCHTEpPUTE, KOTOPHI# 00pasyeT MIKPOBKINYEHHA B CIDLSX. B mermaTi-
TaX OM0OBO KaK BIEMEHT-IDPUMECH BCTPeYaeTCA B TaHT&NoHrodaTax; HOGIeIHIe
TaKke 00pasyWT TECHHE CpAaCcTaHMA C KaCCHTEPUTOM.

PA3JIEJJEHAE KACCHTEPATOB [0 XAMHAYECKOMY COCTABY

XoTa X¥MUYECHEN COCTaB KACCUTEDHTOB MIYYSETCA MHOTO JET, HOCTOBEPHHX HoH-
HHX 0G MBOMODJHHX SaMemeHIAX B HEM OYEHB MalO.

llocnemEre TOOH TeopeTwdyeckr odocHoBaHo (Bemos, JuTsuHcKad, 1966) 7 sxcre-
PYMEHTANBHO OoKasaHo merTomoM 3P m3oMopdHoe BXOXIEHNEe B DEMETKY KaCCHTEpUTa
! EBOCTPYKTYDHOTO ¢ HEM pyTmMa Feo", cr>t, cr’t, V¥ (Bumoxypos, 1964; Jan-
TeB, [lypeusckui, 1965; CovaBa ¥ mp., 1971).

Jnd BHABJNEHHA O0COGEHHOCTE! XMMMYECKOT'O COCTaB& KACCUTEDUTOR M3 MECTODOX—
OeHnit pasHHX fopMarmit apTopaMy oCOCWEHH pe3yabTaTH 180 MOMHNX XUMAYECHHX
aHam30B U3 89 Mecropommesuit CCCP. Jnd pasfeneHuA KACCUTEPUTOB Ha I'DYIIH
BHIENICHH CeMb IVIABHHX NpuUsHaros (pue. 1, 2), NOMYYeHHHe NAHHHE NepeCYNTAHH
¢ momompk anropuTMa "lorerman".

PesyapraTH 00padOTHA NAHHHX XUMUYECKUX SHAMMS0B KACCUTEDHTOB C IPMMEHE—
HIfEM YKGB8HHOTO &IIOPETMA CBHEETENLCTEYNT O TOM, YT0: 1) KACCHTEDHTH nerMa-
TUTOB OTMMYANTCA OT KACCHTEPUTOB APYTEX fopMaimit Kak mo cymve Nb,Og I ‘Ta,Oc
TaK ¥ 0 COBOKYNHOCTAM BCEX NPYTHX NPU3HAKOB, YKASQHHHX B Taliamuax Ha puc.l;
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1* Tio,
2 Fe,0,
3 MnO
4 Vo sec
5 WO,
6 SnO,

[40]

Nb,O,
T ==
Ta, 0

2 Fe,0,
5 WO,
1 TiO,
4 ¥Yn sec
6 SnO,
3 MnO

Nb,O,
<+
Ta,0,

1-11

3,0 n, =19
34 30 =
33 40 20

40 33,27 49

50 33 30 20 10

40 30 40 20 10 10
130 13,0 13,7 110 140 120
E 1-111

0 n, =19
0 0 n, =28
0 0 0

0 0o 0 ©

i SR TR T I

0o 0 o0 & "0 0
60 60 60 50 90 70
0] I-1v

0 n, =19
0, .0 Dy =
0 0 0

0 40 0 0

0 0 0 0 0

@ o8 0 .0 0 0
30 30 20 70 10,0 80

*Homep npmsnaxa

5. WO,
3 MnO
2 Fe,0,
4 ¥Yp sec
1 TiO,
6 Sn0,

117
1,7
12,0
14,7
12,7

14,3

11,0
143
14,7
133
1277

177 193

10,3
140
12,0
12,7
203

I - 111
oy =34
ny; =28
10,0
11,0 14,0
180 140 14,0

130 150 20,0

[53]

53
51 43
1,3 11,3
60 57
70 50
57 63

63 77

5,3
63
80
6,0
70

In-1v
n, =3
n, = 8
9,0
17,0 11,0

12,0 150 180
220 183 230

977
107 80
127 143
143 160
143 130
17,7 11,7

130 12,7

I -1v
ny,; =28
ny=8
93
13,7 127
123 130 10,0
130 140 130
110 140 123

P # ¢, I, TpynoH KacCHTEDHTOB, BHIUESJEHHHE IO MHPODMATHEHEM COBOKYIHOCTAM
IPU3HAKOB C MOMOIEBK &ITOPUTME "orerman"
I - RaccurTepur-nerMaTuToBas PopMamma; 11 - KACCHTEPUT-KBAPLEBA dopmanna;
IIT -~ KacoHUTepUT-CHIMKATHas fopmaumsa; IV - KaccuTepuT—CyIsuIHas gopumamna
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2) KaCCHTEPNTH MeCTOPOXLEHR! RACCHTEepUT-KBApUeBoli fopMarmm oTIMYanTcd OT
KaCCUTEPUTOB MECTODORNEHNA KaCCHTepUT-CIMKATHON GopMalnm [0 CofepXaHun
Nby05 m Tas0; U MO COBOKYNHOCTH CEMU NPU3HAKOR; COBOKYNHOCT: CONEPHAHUA
(Wb,Ta) 05 u SnO, pasnmyHa B KACCUTELHTAX MECTODPORNeHMA YKasaHHHX fopMmarmi;
3) KaccuTepuTH Mecwopoxxeﬂﬂﬁ'KachTepﬁT-KBapueBoﬂ dopmalm OTIUYalTGH OT Kac-
CHUTEepUTCE MECTOPORNEeHN!l KacCHTepuT-cyasfumnsol fopMarmy mo COBOKYNHOCTH CEMA
IpU3HAKOE,a TaKKe IO COUETaHUAM IBYX UpUBHAKOB - conepmaamﬁ Ti0p U YHEIBHOMY
BeCcy; OIpemeNeHHOe 3HaUYEHNE ANA pa3feleHUA KaCCHTEeDUTOB U3 MeCTOpOXRIEHUR
aTuX fopMammMil EMeeT COBOKYIHOCTE NPUHAKOB ~ COTep¥aHma Tilp, Fep03, Snlp I
yOelrbHOTo Beca; 4) KaCCHTEPUTH MECTODORLEHNE KaCCUTEpUT-CIIMKATHOR M Kaccu~
TepUT-CYALEUIEON fopMamyl CHas0 PasANYalTCA IO COBOKYNHOCTAM HCIONB3CBaHHHX
UPMBHAKOB,

ONPEJEJEHHE CONEP/RAHHUA W30MOP®HbLIX ITAPAMATHHTHBLIX MPEMECEHR
B KACCHTEPHTE MATHHTOCTATHYECKEM METOXOM

K rraBEEM MATHOTEHM XapaKTeprOTHKaM [Ma- ¥ NapaMarHnTHHX MAHEDaloB,olpe-
DeIsSeMEM TIDE MATHUTOCTATHYECHUX HCCHeJOBaHUAX, OTHOCHTCHA MATBHTHAA BOCHDHAM~
YUBOCTE X-

QopMyZla KacCUTEpHTa CBUNETEABCTBYET O €T0 AHaMaTHEeTH3ME, HOCKOIBKY HOHH
st 1 0%~ muamamiTEH ¥ MMenT OTPHNATENPHYD MATHETHYD BOCIPMIMYHMBOCT:. lIo
TaneuM I, Ceneyma (1958), muaMarHMTHaA BOCHPHMMYMBOCTE IPaMM-MOHOB sntt g
o%" p&BHA CGOOTBETCTBEHHO 16,0-10“6 " 12,0-10‘6 cma/r; CIEN0BaTeNbH0, YIeIb—
Hasi MarHUTHas BOCIPHEMYEBOCTE KACCHTEpuTa X = *0,265-10‘6 eM®/r. Benmansa X
WA UASNbHO YACTOTO KACCUTEDHTA NOMRHA CHTH HURHUM UDENENoM NIA NPUDOJHOTO
kacounrepura.llpy ugcTHHHOM BaMEemeHH ! IHaMaTHUTHODC WOHA NAPaMATHATHHME HOHS~
vz Fe, Mn, Cr, VoTpunaTelbHad BOCHDMUMYUBOCTE X YMEHBNAETCH NG MEpe JEEIA-
YEHUA KOHUEHTDAIMK IPUMECHHX MOHOB 1, UpOMAA Yepes HyJNb, BO3pacTaeT B TOJO—

- ¥nTeNpHON 0OMAcTH. B CBASH ¢ STUM IPADOIHNE KACCUTEPUTH BCASACTEHE COXEpRa-
HAf B HEX Npumecelt Fe, Mn, Cr ¥ V HepelKO CTAHOBATCA NapaMarRuTHEME (BmHO-
KypoB, 1964) ¢ sameTHOf asmsoTpommel MATHUTHON BOCUPUMMYUBOCTH, YTO OGBAC—
HAETCA NPHCYTCTBUEM M3oMOpRHON mpmmecu Fer KaccurepnTe. A.C.MapdyHusnM u
J.B.bepuoBuM B KaccuTepure ¢ momompk OllP YCTAHOBNEHH M30MOpfHHE NapaMarHmT-
gye womw Fe', cp3t, vit,

MaTHITHaR BOCHPHHMYHBOCTE KACCHTEDHUTOB ONIpeAeRAnachk MeTomoMm Papafied Ha
HaBeckax To 30 Mr. UyBCTBETENIBHOCTH METONA - 10~ cosw. 3mMepeHus NPOBOIM~
JICE IpM KOMHATHOJ TemIepaType 1 IpM PASIUYHHX HaNPAREHHOCTAX MATHUTHOTO
mons — or 5500 mo 15 000 o (loGpomoasckad, 1972), YTC NOBBONANO DEWNITE BO~

- mpoc o fopme BXORNEHNS MATHWTHON IpUMech B KacCUTEepuT. EoAu oHa UpUCyTCTIEY-
eT B BHLE CaMOCTOATENbHON (a3, To HAGMWAAETCA 3aBACIMOCTE X OT H (HampaA-
HEHHOCTY MATHMTHOTO HOJAA), 6CAN Xe HpUMech u3oMop(Has, TC BEAMYMHE MSTHAT-
HOl BOCTIPMMIMMIIBOCTE X He 3aBHCHT 0T H.

JKCHEPUMEHTANRHO ONpEeNeNASMas BeJNUiHa MaTHITHOR BOCHPHUMYNBOGTH ¥ Aua—
¥ NapaMAaTHWTHHX MIHEDAJIOR - BEIWYNHA NOCTOAHHAS, He BaBUCAmAd 0T HaupaxeH-
HOCTY MaTHMTHOTO HoJf. MCXONA M3 TOr0 YTO B OGNaCTY HACHUWEHUA Yy CUNBHC Mar-
auTEix (feppo- 1 deppUMATHNTHNX) BEWECTE C YBETUUEHHEM HANDAREHHOCTH MATHHT~
HOTO TOJIA MaTHNTHAA BOCIDMEMUMBOCTL YMEHBUAETCH, Ha NPMCYTCTRHME CIWIBHO Mar-
HUTHHX TprMeceldt BBOTUTCA TONPABKA.CIeNoBATENBHO ,B GBCKOHEYMHQ GONBIMX INOJAX H
dymer UONYYEHO MCTHHHOE 3HAYEHWE MATHNTHOR BOCHDUEMYIIBOCTH, KOTOpOE GIpE-—
IeJdeTcsa TONBKO Iua- WA NapaMATHeTHSMOM MCCIeIyeMoro BemecTBa. IoCKOMEKY
U3MEepeHUA TIPOBOMATACL B 0GMacTw cpemuux moxe# (ot 5500 mo 14 800 8), mis
ONpereneHlA WCTHHHOTO 3HAQYEHWA MaUHATHON BOCHDIMMYMBOCTH CTPOMMICEH Ipafmuu
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3aBucHMOCT X OT H. [lyrem 8xcTpamonAipm OpaMolt X = £(1/H) Ha oCch X ompenme-
JANOCH UCTUHHOE 3HaUYeHUEe MarHuTHO! BOCHPHEMYMBOCTH. CpefHAs OTHOCUTENLHAA
NOTPelHoCTE I'pafWyecKOrc onpeneneHuA X pabHa + 10 orH. %. MEEMMalIbHOE KOJM—
YeCTBO H3oMODdHOW IprMecm, KOTOpPOEe MOKHO ONpENesJUTh, MCHOAL3YA MArHUTHYD
BOCIIPUMMYIBOCTE, cocrarmser 0,1-0,2%.

MaTHMTHAR BOCOpPUUMYMBOCTE uccaemoBaHa H.B.JlloOpomoseckoit B 120 odpasiax
raccuTepuTa u3 80 mecTopommeHui CCCP m 3apydemHHX cTpadH; 49 ofpasuor (Tadn.2)
UMEnT OTpUNATENBHHE 3HAYEHUA X, He 3aBUCANME OT HAUDAKEHHOCTM MATHUTHOTO
IonsA, YTO CBULETENBCTBYET 00 KX NPHHaMIEKHOCTH K INaMaTHMTHHM MuHepansaMm.OT-
punarenbHEe BHAYEHNA MATHATHOR BOCHIDUMMIMBOCTH BTHX OCPasSLOB KOJECMOTCA OT
-0,27.107° mo --0,08-10'6 eM>/T. D70 OOBACHAETCA MANHM KOMMYECTEOM n3omopd—
HoOlt TpMMecH NapaMaTHWTHHX MOHOB Xejesa, MapraHiia, XpoMa @I Ip. (HiXe YyBCTBU-
TENBHOCTH METONA), KOTOpaA MOXET GNTH OGRaPYReHA TONBKO C INOMONBW GoMee TOH-
KX METOIOB HMCCHIeNOBaRmA, HampmMep SIIP.

MarHuTHad BOCHPUMMYMBOCTE 12 0CpasioB KACCHTEPUTOB (n3 mMecTopoRTeHu
Bexncroe, Ipumopoxtaoe, Temexalickoe, llepnoBas Iropa, Barexymel#t ¥ Ip.) mMeer
moroxuTenbHNe SHAaveHns ot (0,35 mo 0,06)-10"6 CMS/I‘,HB 38BUCHT OT HalpAXeHHO-~
CTY MaTHATHOTO NOJA ¥, CJIefoBaTeNrHo, Oo0ycIoBIeHa uW3oMopdHoli Ipumecsb mapa—
MATEMTHHX MOHOB, CONEpEANXCH B KoumuecTse Gomee 0,1-0,2% Jna 21 msyueHHOTO
KaccHTepuTa (MecTopoXIeHMs AmmaHra, ATOHNO, DymwMKaHCKoe, DyxykmHCcKoe, Ka-
7aM60 T Fp.) NOMORRTENLHHE 3HAYEHWUS MSTHMTHON BOCIPHMMYEEBOCTH OCYCAOBIEHH
TOJMBKO MEXaHHYECKUMH LDEMECAMHM MarHMTHHX MUHEDaaoB, Ha 4TO. YKASHBAET 34BH—
cuMOCTE X OT H y @mX 00pasioB; IpM 3KCTDSNCJAIMA Ha OCh X IpAMHe x=f(&}
YXOBAT B IMaMaIrHMTHYR o6nacTs (puc.2). B 12 ofpasnax xaccuTepuTa X ompene-
JATE ORAO TPYAHO M3-3a HamUWUA BHINYEHMH COJBHOTO KO/MYECTBa NapaMaTHUTHHX
¥ MaTHHTHHX MEHEpanoB. 26 xaccureprroB (Mecropommenua Hupewsro, Kapa-Cy,
r.Jykosaf, Marnaf Kyamema, Yearypcaitckoe X Zp.) COZEDRAT MaPHUTHHE MUHEDATH
(orMeuaeTca 3aBUCHMOCTE X OT H) @ #SOMODHHY® OpMMECh NEDAMATHHTHHX HOHOB
(npu srcTpamonAIAX Ha 0CH X OpAMHE X = f(ﬁ) paclonaranTcd B NapaMalHUTHOR
olracTH) . DA HEX BHYACHANNCE 3HAYEHEA MATHUTHOMN BOCIPEMMYABOCTH, 0OYCAOB~
JIEHHHE TOJNBKO NapaMarHeTH3MOM, T.€, ONPENENeH0 Takoe ColepKaHue Xejesa, OpH
KOTOPOM 3aBUCHMOCTE X OT H He HadnogaeTcA. O9TH MCTHHHHE 3HadYeHnA X HAXOMATCA
00 BeJWYHHE OpIMHATH NP 1/H = 0, {3 BCEX DapaMarHMTHHX MOHOB, KakK HOKa3a-
JIi CHeKTDalbHNe aHann3H KaCCETepuTa, Kele30 CONepEETCA B HamCoJABmEM KOJIU-
d9ecTBe, [[o-BHIMMOMY, OHO I OGYCHCRIMBAET B OCHOBHOM BEJUUUHY MarHMTHO® BOC—
IpHIMYMBOCTY MUHepana. [pemen u3oMOpfHOI'O BXORNEHWA XeJe3a B KacCHTepuT
YCTAHABMMBAJICA N0 METONWKEe, I0sBojavmel uxcupoBaTE BHEENEHNE OKMCIOB Xeje—
3a B Bulle CaMoCTOATeNbHOM fasH ¢ BHCOKOH TOYHOCTEN, HaIpuMep MarHeTuTa ¢
TougocTsl 0,001% (loSporomscrat, 1972). :

Ilpr m30MOPPHOM BXOKUEHHN IAPaMATHITHHX MOHOB B KACCHTEDUT IO BEJVUMHE
MaTUHETHOU BOCHPUUMUMBOCTY MORHO pECCYATAThH BOBMORHOe CONepXaHUe B HeM Xeje-
3a (Cip 3+) Mo ypaBHeHMD '

Gig 3+ = 0,38X + 10° + 0,10, . 1)
uexons u3 fopmyns (Mopdmam, 1955)
i B ' '
Ci-P ’
X = 423,6-106E-—E@—, TIe : - (2)

Psqxp ~ 3(QEeKTHBHHY MATHUTHHI MOMEHT NApeMaTHNTHOTO HOHA, ML Fet  OH paBe&H
5,92 MB;
Mi - aTOMHHE Bec IapaMATHUTHOTO MOHA.
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Taoaegira. 2

ColepKaime 3OMODHHOM TpEMecH Fe>' B KacCHTEpHTE MO ONDENSJEHAIM €ro
MATHUTHO# BOCIPMMMYHMBOCTH X

66

%+106 IpY pasJWYHHX H, 3 I Pac-
—— YeTHOe
MecTopoxmerne X mT.wG comep- llprMeyarye
5500 | 8800 [13000|14800 v
Fe™', %
1 2 3 4 B 6 7 8
Kaccurepur-nermaTuToBas Hopmams
Anys-YomoH - =0,20 -0,20 -0,21 - -
Ax-Kezens - =0,05 -0,05 -0,06" - -
" 3 ‘52 3,48 3,44 3,55 C napaMarHu THEMZ
MUAHEpaIaMi—~
TIPAMECINIA
Bexncroe 0,20 0,24 0,23 0,22 0,22(aep.) 0,18
Bapy H~YTRETEE 2,86 2,84 2,58 2,66 - - To ®me
baitg-Mox - =0,27 -0,26 -0,27 - -
MosToMmIS)
‘ Eaccgf[px - =0,26 =0,27 -0,25 ' - =
SHTDaIbHAA
Adpuxa
3aBETHHCKOE 0.33., 0,37 . 0,35 0,34  0,35(6p.) 0,28
Kupersro 1,650 13.28 1,315,140 0,85 0,42 JleHnpuT Sn0,
(lesrpansHas
Adpuxa - 3
Kapa-Cy . 0,82 0,67 0,58 0,56 (),40 0,25
I.JIyxoBas 0,81 0,69 0,55 0,53 0,35 0,23
Manana KymiHna 1,43 veaRr 3 091,06 © 086 0,42
Huxxe~Er10BCKOE 0,22 110:32 * 0,12 @180 0 a2(epy ) 016
Yuarypcaiickoe 1,25 0,89 0,76 0,72 0,40 0,25
KaccurepuT-NoseBolnar-keapnesad fopmamma
ITHKAHCKOE 1,82 1,48 1,30 1,25 0,90 0,44 UYepHui
" ' 1,18 0,16 0,15 0,14 0,16 0,16 HKopuwuzenuit
MMenxuHCHOE - -0,25 -0,24 -0,25 - - Posopuit
n - =0,26 -0,25 -0,25 - - KopruseBH#t .
AnaHma 0,45 0,19 0,05 0,00 -0,25 -
KocTpeuwnxmHCKOE - -0,27 -0,27 -0,26 - - CeeTyo-
KODUYHEBHH
" - =0,24 -0,23 -0,23 - - Yepuuit
Kaccurepur-kBaplesad @opMamis
AnnexauaHcKoe - =0,27 -0,26 -0,27 =~ - BuyTpeHraa 30Ha
" - =0,20 -0,21 -0,21 - - BHewHAA 30Ha
" - 0,260,879 0,27 -~ -
ABugaHTa 1,35 0,72 0,48 0,40 -0,15 -
lleaTpanbHad :
Adpuxa
AroHpo - 0,78 0,41 0,18 0,13 -0,25 -
(Lent Had _
Adpuxa
AKcaKaHCcKoe - =0,21 -0,22 -0,21 - -



Tadmua 2 (mpomoskerue )

1 2 3 4 5 6 7 8
AcaxaHCKoe - =0,19'-0,18'-0,19 ° - -

" - =0,22 -0,22 -0,21 - -

" - CmabHO MaTHWTHHHA - - i
AHTartyicroe - =0,07 -0,08 -0,08 =~ -
BamxupaeBcroe - =0,09 -0,09 -0,10 - -

" - =0,27 -0,26 -0,27 - -

ByTyrudar - =0,12 -0,11 -0,12 - -
BymoMKaHCKOE - =0,24 -0,23 -0,23 =~ -
gl 3,15 1,88 1,20 1,00 -0,25 -
BYKYKEHCKOE 7,92 4,88 3,19 2,78 (-0,2+0,3) - C MarHETHHME
MIHEparaMi—~
, NpEMECAMK
BepxHe-Vnma—~ - =0,27 -0,26 -0,27 - -
THHCKOE
ByHE-YHIYD - -0,16 -0,16 -0,16. - -
liynrpTHHCKOE - =0,25 -0,R7 -0,26 -~ -
" - -0,11 -0,10 -0,10 - -
" 3,60 2,20 1,42 1,17 -0,10 -
Kanamdo 0,40 0,19 0,07 0,04 -0,18 -
(IlesrTp
Agpuka
Kanurc eHT—AMOEEH - -0,26 -0,27 -0,25 - -
Ad:pmg?ﬂ
8,22 5,00 3,29 2,68(-0,240,3) - To xme
Mono'ro - =0,26 =0,27 -0,27 =~ -
(MorToMMA)
Mycasm - -0,15 -0,16 -0,15 - -
(LleHTD
Appuxa 7
MenmzernHcKoe - =0,18 -0,19 -0,19 =~ -
Monozexuoe 0,40 0,14 0,00 -0,02 -0,26 -

" - =0,2¢4 -0,23 -0,23 =~ -

OHOHCKO® - =-0,12 -0,13 -0,13 - -
HOpusanoBexoe - -0,19 -0,20 -0,20 -~ -
Ceperexra 0,112 0,09 0,11 0,14 0,11(ep.) 0,14
Cpexae-Vnna- - =0,26 -0,26 -0,27 =~ -

TUHCKOE

d?ﬁeHTp?JEbHaH - =0,11 -0,12 -0,12 =~ -
TanoBCcKoe 11,70 7,22 4,46 4,12 - - To =e

. - -0,14 -0,15 -0,14 =~ -
YumyHCKOE - =0,24 -0,23 -0,23 - -
YBanbHO® - =0,27 -0,26 -0,26 =~ -
[lonsipHO® 0,35 0,15 0,00 -0,03 -0,26 -
YgHTamm - -0,26 -0,27 -0,26 =~ -
Yansua - =-0,27 -0,26 -0,26 = -

- UMuEKaHCKOE - «0,25 -0,26 -0,26 - -

" - =0,27 -0,26 -0,27 - -
llyMnoBcKoe 0,10 0,00 -0,05 -0,07 -0,16 -

Bpeu m,gceﬁcnop@ - =0,15-0,16 -0,16 =~ - Ua rpeilsesa
IO TpaHUTY
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Tadmina 2 (nmnMane)

1 2 3 4 5 6 : J 8
Speugpunepcmopd =~ -0,17'-0,18'-0,18" - - - '¥s xmapuesoit
‘ RLTH B POTO~
BHKAX
06ym 0,25 0,23 0,05 0,03 =0,10 -
(U.eHTp?erHBﬂ '
Adpura
1. Kaccurepur—crapHoBad $opmarma
[mTKapaHTa 3,16 2,Is 1,53 1,39 10,36 0,24
Maltxypa 3,16 1,86 1,18 ¢0,99 -0,26 -

KaccmTe puT-KBapU~CyIb{nIHART X KACCHTEPUT-CHIMKATHAS o pMalm

AftnaBeTxa - =0,26 -0,25 -0,256 =~ -
" - =0,19 -0,19 -~0,18 - -
AMTeHBCKQE 1.53 1.67 0,87 0,79 0,35 0,23
ApreHTRHA 5,98 5,9 5,88 b, + - C mapamaTH7 THHMA
(Bonmuena) MIHEpanaMt~
TIPUMECAMH
Tammmit - 0,4 0,2 0,12 0,20 -0,10 -

b 6,55 4,46 3,15 2,85 0,55 0,3
JHeIPOBCKOE 2.8 1,37 0,99 0,87 0,16 0,16

“ 85,50 52,6 31,5 27,40 - - C MarHITHNNMG

g ' MEHEDaJIAMI~
TpUMECHVH
HHromuECcKOE 4,82 3,02 1,94 1,60 -0,27 -

" 14,50 9,00 6,15 5,40 - - To ®e
WEnycrpramssoe 17,0 10,5 7,10 6,00 =~ - "
KanmuuascKoe 18,60 11,60 7,81 6,92 - - To xe

“ 0,53 0,34 0,25 0,23 0,05 0,12
KomcoMoaecroe - =0,26 -0,27 -0,27 = -

(Badaitranse) :

. Judynsur 8.55 8,69 8,56 8,70 .=~ - C mapaMaTHATHHMY
MEHEPATaMA~
[IPEMECAMI

" - =0,26 -0,27 -0,26 - -

[IpRAOPORHOE 0,08 0,07 0,09 0,07 0,08(cp.) 0,13 535 ropuU3oHT

e 1,45 0,99 0,73 0,66 0,20 0,18

5 - =0,19 -0,12 -0,18 =~ - 495 TOpPUBOHT

by 0,62 0,40 -0,29 0,25 0,05(cp.) 0,12 415 TopmsoHT
CoxoHmo . - =0,13 -0,13 -0,12 =~ -

Tenexafickoe 4,73 '2,B3 1,77 1,44 0,26 -

" 0,12 0,11 0,10 0,10 0,11(ep.) 0,14

) 1,18 0,68 0,34 0,26 -0,24 -

E - -0,19 -0,18 -0,20 -~ -

TapGanpnxei 0,13 0,13 0,14 0,12 0,13(ep.) 0,15

b 0,05 0,05 0,07 0,08 0,06(cp.) 0,12
llepnosas ropa 0,28 0,30 0,26 0,27 0,28(cp.) 0,20

" 5,25 3,9 2,50 2,30 0,50 0,29 BUHHO-KODHYHEBHI

IV cTamud
) MIHEepaaIu3almn

o 0,70 0,41 0,24 0,19 -0,10 - MenoBo—-RenTHH,

V cTammA
MUHEpaINS armn

OpyTTUHCKOE 3,65 2,60 2,00 1,87 0,60 0,33
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Tatmma 2 (oxoxdaxue)

. 2 3 4 B 6 7 8
XpycTansHoe 0,59" 0,41" 0,30" 0,29° 0,11 0,14
(Kapsaxus)
= 0,72 0,54 0,47 0,44 0,28 0,20
i ; 0,39 0,36 0,39 0,38 0,38(cp.) 0,24
Hercroe 3,25 2,48 1,67 1,54 0,38 0,24
= ' 2:80- 21,95 1,45 1,33 0,50 0,29
Banexymeit 0,14 0,12 0,14 0,13 0,130ep:) 0,15
Yoxdypcxoe 0,19 0,02 -0,08 -0,10 -0,26 -
AsomanbHOe 0,8 0,45 0,23 0,19 -0,20 -
Ceemnoe 70,5 44,8 29,4 25,70 - ~ G mpumechb Dapa~
MaT'HU THHX
MIHEPAJIOB
Kaccurepnr-cynedannad §opmammsa
TpyIHEHCKOS 2,60 1,80 1,271,158 0,32 0,22
2,50 1,71 1,26 1,16 0,410 0,25
Xamyepasra 0,40 0,20 0,08 0,05 -0,16 - . Kopuunesuit
XeTa 1,60 9,87 0.72- 0,80 0,40 0,25
I®HO-XapaTyickoe %)05 0,84 0,70 0,65 0,40 0,25 TOHKOBOHANBHHIM
PA3HOOKpa~
meHHH}
Ixamisna 6,88 4.44 R.57 245 0,60 0,33 HKosuromo pdHHit
KACCHTEpRT
HepuyTas 0,97 0,73 0,61 0,58 0,3b 0,23 To xe
[lemuHE-BeeMckoe - ~0,08 -0,09 -0,08 =~ - "
L 3,56 2,42 1,85 1,70 -0,60 0,33 - "
YxpanHa 50,5 32,00 22,8 12,2 - - C MarHuTHHM]
(13 poccum) MITHE DasIaME—
IPUMECAMM

P un c, 2, Tpafuky mcrumpolt mar—
HATHO} BOCHDEMMYHBOCTH K2CCHTE—
PATOB U3 MECTOPORIEHWHA pasiui—
HEX (opmarmait

1,2 - lleproBana ropa; 3 - KmHO-
Xepatyilckoe; 4 - ABmaHra; 5 -

Manas Kymuena; 6 — AMIeHBCKoOe;
7 - OruKa; 8 — XaTapeH

x-wlemis
20}

s
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: Pacuer Bemerca Ha Fe”", NOCKOABEY conepxaHre IPYTUX IDapaMalHUTHHX MOHOB
(HampuMep, MapraHNa, XpoMa) B KACCHTEDUTE HUKEe UYBCTBUTENBHOCTH METONd.

o pacyeTHHM KaHHsM (cM, Tadn.2) comepxaxue H3oMopdHOR mpHMecH Fe? B
KACCHTEepuTe MOREeT COCTaBIATE Ho 0,5%, 4TO COOTBETCTBYeT pe3yaAbTaTaM MarHKMT-—
HHX W3MepeHM] IIA npupomEux (CmendHcKas, JoGpoBOABCKAH, 1971) W CHHTETHYE-
CKUX HKaCcCHUTEDHTOB, HOngBHHHx C.A.Topxescxoit, J. A.Tpexynosoit u np.

Bucokoe (x= 63.10 cM®/T) 3HaueHMe MaTHUTHON BOCIDUMMYMBOCTH TEMHOOKpA—
WEHHOTO KaccuTepura (Grub, Hahnoford, 1966), MO HalleMy MHEHUD, CKOpee O0y—
CJIOBJIEHO NPUCYTCTBEEM B MUHEpasie TOHKOIVCIIEDCHHX (eppocTaHHATOB, a HE UB-
MEHYNBOCTRO COCTAaBa MUHepasa.

Hamdosmee BHCOKOe CofepRaHMe MapaMarswTHON r3omMopdHO# IpmMeck Fe-r B xac-
CHTEpPNTAX M3 MeCTopoXNeHuil mermaTuToBoi fopmaimy # HamdoJee HASKOE — B Kac—
CHTepuTaX K3 MEeCTopOXNeHul KacCHTepuT-KBapmesoit gopmarmm.

H30MOPOH3M B KACCATEPHTE IO JAHHBIM PEHTTEHOCHEKTPAJIBHOTO MHKPOAHAJIHSA

OmmmM u3 NpU3HAKOB M30MOPHHX 3aMemeHMit B KacCUTEpUTe IpPU BHCOKUX Temie—
paTypax AEIANTCHA CTPYKTYPH paclala TBepIHX PacTBOPOE. [IpuMepoM MOXET CAYKATE
IeHIPUT KACCUTEDKTA M3 MECTODOXNeHus Hupexsro B leHTpameHo#t Afpmxe (pue.3,
4 - cm. mpunoxmerwe). Ipn mayuerym T.U.JloceBo# pPEHTTEHOCHEKTDANBHEM MUKDPO—
aHaMM30M OTHENBHHX CBeTJHX 3€peH TakuX o0pa3oBaHnit BHABMIACE KX HEOZHOpPOH-
HocTh (pmc.5 - oM. mpumoxemme). Ha murpoasamsaTope "Kamexa" mposemes xoumi-
YeCTBEHHH] aHAIM3 XUMMUYECKOT'O COCTaBg YeTHpeX MIHepalbHHX das B ORHOM U3
YrasaHEHX 3epeH (radn.3).

Ha pacTpoBoM M30oCpaXeRm: B NOIVIOMGHHHX 8IeKTpoHax (cM. prc.5) dasa I
TemHO-cepad, gask II m III cepHe, HECKOJALKO OTIMYERIMECH IO TOHY. Cymg mo
PacTPOBHM KaPTHHEM B XapaKTepUCTHYeCcKOM DeHTTeHOBCKOM usjydeHmr, (asu I u
11 mpuHamnexar K ofHo#t rpymme. OTMedaeTcs B HUX oCpaTHad KOPDENAIMA MeRLy
COfiepRaHieM TaHTaNa M HHOOHA, YTO CBURETENbCTBYeT 00 usoMopdusve MERLy HiMMA.
®aza ITI 6mrska K fase I1 kak 0O CONEpRAHUD Xele3a X TUTaHa, Tak X IO CyMMe
Conepxamuit TaxTAnA ¥ HMOOUS, HO OTHOWEHNE Ta,0g:Nb,Og y HEX DasIN¥aeTcd B
IBa pasa. lo-pummmoMmy, $asy 1-I1] nDpefcTamiqabT TanMOMHT C DE3HHM COZepXa—
HAEM KOMIOHEeHTOB. llpemmosaraemad ofmad fopmyna $as I-IIT

(Fe, Mn), (Nb, Ta, Ti, Sn).0,.

Pa3a IV Ha TOM Xe M30CpaXexuu cBerno-cepad. OHa comepmu? 2,4% Sn y Ham-
Gonblee xoumyecTso Ti0, (48,5%); coorHomenue TayOg : Nb,0p = 1:1,40, T.8.
Gausko K TaxoBoMy B (ase II. MapraHenm He oOHapyXeH.

Kpome mmHepanoB, o6pasyvuMX B KaCCHUTEpUTe CTDYKTYDPH paclala TBEPLOTO
pacTBOpA, HA pPACTPOBHX KApTHHAX B XAPAKTEPUCTHYECKOM DEHTTEHOBCKOM WSIyde-

Tadmuma 3
Xvvmuecknil cocTaB MPOLYKTOB pacliafa TEEPHOTO DPACTEOPA B KACCHTEpnTe, %

daza Fe0 Mno Tio, Ta205 Nby0g | Sno, Cyvmva Taao5/Nb205
I 21,3 2,9 2;8 19,4 63,0 0.3 99,20 a3 2k
II 18,5 0,3 15,0 22,1 38,7 4,6 995205 01 500558
% 1TV 12.8 - 48,5 15,3 21,3 2,4 :99: 80 ,uln s 240
v XIT 22,0 0,6 13,4 12,5 46,5 4,9 99,90 £r3 e
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P u ¢, 6, KOHIEHTpAIMOHHHE KDUBHE paCHpelelieHWA BoXbfpama W OJOBA B pASHO-
OKpalleHHOM KacCHTepuTe W3 MecTopommeHud lleprosas ropa (3adaltkamse)

HUIM BUAHO, 4TO CPemu 8TuX (a3 NpUCYTCTBYDT elle ¥ YAbTPAMIKPOBRMoWeHus (He-
CKOJIBKO MEKDOH) IMpPKOHA, KOpYHZA ¥ KBapla; TOYeUYHHe BHIEJNEHHA 9TUX MUHEpa—
JIOB B NOTVIOWEHHHX BJIEKTPOHAX KaXyTcA OesHMM TOYKaMil, & Defikie BKINYEHNA
KaccuTepuTa 4epHuMu. [lo-BROMMOMY, NP BHCOKMX TemMuepaTypax TaHTal, Huoowmit,
TATaH, XEJ€30 U MapraHeln u3omopfHo 3ameljamy 0J0Bo. [Ipnm OHCTpOX KpHCTaLIM3a-
IMX pacTBOpa COXPAHMNACh €U0 TeTepOoTeHHOCTE ¥ OTIENbHHE yYaCTHM KaCCHTEepuTa
OKa3auCEk HepaBHOMEPHO 06OTaleHHEMI TeDeuNCIeHHEM BIEMEHTaM:, LpK Dachafe
TBEPROTO DACTBOPA OHE OGPASOBAIN COGCTBEHHHE MUHEpaNH NepeMeHHOTO COCTaBa.
B HEKOTODHX M3 HUX COIEDEATCA OJIOBO.

PeHTreHOrpaMMH HauGoJee KDYIHHX BHOeaeHu# (CM. puc.4) MOSBOJANT BHAENUTEH
KOJMYMOUT - TAHTANNT, MAHTAHOTAHTAINT ¥ CTPOBEPUT. YKasaHueM Ha m3oMmopjHHe
3aMelleHNna B KACCHTEDHTE MOTYT CJAYRATE M KOHIEHTPAIMOHHHE KDHBHE, NOJydYeHHHE
CKaHMpOBaHNEeM NepNeHINKYIAPHO K B0HAM DOCTa KPUCTALIOB. B KACCHTEpUTE I3
KamamGo OHNO MCCAENOBAHO YEPENOBAHNWE CBETJIOOKPAllGHHHX 30H ¢ GECIBETHHMN X
TEMHOOKDAIIHHHX €O CBETIOOKpalleHHHMA ¥ GecHBETHHMI. B 30HaX HepBo# I'DYIIH
B OpemesaX YyBCTBATENBHOCTH aHammsa (~ 0,06%) He OCHADYReHN HE THTAH, HE
Xereso. B soHax BTOpo#t IDYNINH cOZepEAHMe STEX BJIEMEHTOB NpeBumiaeT GOHOBOE.
9roT PaxT MORET CEHIETENLCTBOBATE Kak 00 M3OMOPEHOM BXORTEHUM YHOMSHYTHX
SMIEMEHTOB B pEMETKy KaCCHTepuTa, Tak X O HAMYUM B 30HAX ero pocTa YIbTpa-
MUKDOBHIENSHI MUHepaloB, CONepXauMX STH SJIEMEHTH, €CJM MUKDOBKINYEHHA M-
HepasnoB pasMepoM MeHswe 1 MK pacnpeResieHH OTHOCHTENBHO pasHOMepHo. llpE Jo-
KaJBHOCTH MAKDOSHAJN3a 2 MK OHE OyIyT IaBaTh KapTUHY T'OMOT'EHHOTO pacHpemene—
HuA 9MeMeHTa. PelleHme Bompoca o fopme HAXOKNEHNA BIEMEHTa MOXeT GHTEH OCy-—
ljecTRIEHO Ha IpuCope c pasmepoM 3ouza 0,1-0,2 MK,

KoHIeHTpalMoHEHEe KDUBHE TaHTala, HUOOMA ¥ MapraHIla B TeX Ke 30HaX OKasa-
JUCE Ha ypoBHe (0Ha, TaKk Kak CONEpRaHWE HASBAHHHX METaIOB HUXE YYBCTBUTENb—
BocT® MeToma (0,2%).

B xaccurepnre u3 lleprosoit rop A.M.lemMHHEM HCCHENOBANH CKAHEDOBAHAEM IO
mpofmuro IBE SOHH: TEMHO— M CBeTJIO-KopwdHeBad. Ha pme.6 npencrTaBaeHH KOHIEHT—
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Tadnzunua 4

llaHHNE DEHTTEHOCIEKTPAIbHOTO MIKPOAHANE3A DA3HOOKPAlleHHHX S0H B KacCuTe-
puTe M3 MecTopoxmexud llepmosad Tropa

M : Spermas, Tpmveyasze
ECTOHAXORIEHNE .
A Oxpacka Tig, | Pego | Moo

Keapuesu#t mpoxmiaoK @ BumHeBo-Cypas 0,07 '0,06 ' He oCH. He cOHADYReHH

B TPaHETHOM Maccuse KopuuHeBad 0,06 0,02 by Ta, Nb, V, Cr,
Ceerno-Kopwuserad 0,07 0,05 " In, Cu, Pb, Zn,
CBeTno—-kesaTas 04,03 He ocH. e Ag, Sb, As, Se,
Tlourn Gecisersas 0,05 0,05 " Zr, Mo, Hf, Mn

liroxsepk B Tyfoopex—- Temuo-kopuunerats 0,12 0,20 0,62 To =me

uyy KBapmeBOTO Nop- (moKoJalHad)

.@upa; comxka bomemad CBETIO-KOPUYHEBAA 0,08 0,55 0,03
JImMoHHO—XenTasd 0,02 0,27 He oCH.

PalMOHHHE KprBHe Boabpama X oJoBa LIA dTuUX 30H. Hax BuIHO, MeXLy conepra—
HIEeM oJoBa X Boabfpama HaGmoZaeTcHd IpAMad 34BHCHEMOCTL, KOTOpad MOXET YHasH-—
BaTh Ha u30MOpdHOE 3aMelleHue O0JIoBa BOJXBPPaMOM. B TEeMHO-KODHMYHEBO# 30HE ycTa-
HaBRMMBAETCA IOBHIEHHOE COfepkaHue Bonb@pama, KoTopoe npuMmepHc B 20 pas mpe-
BHIIZET €TI0 COMepXaHWe B CBETJNO-KOPUYHEBO# 30He, B Tadi.4 NpuBeeHH CONEpPRAHNA
Xejesa, THTaHa ¥ BONBpaMa B OKpalleHHHX 30HaX KACCUTEpPUTOB pasHOTO T'eHEe3HCs
U3 TOTO ®e MeCTOpPOXNeHuA. B Gojyee HUBKOTEMIEpPATYPHOM KACCUTEpUTe U3 MTOKBEp—
Xa OPACYTCTBYEeT BOAbfpaM, & COXEpXaHNE Xejles3a BHUE, YeM B KACCHTEDHTE W3
IpOXHUNKa KBaplla. ComepkaHue TUTaHa B CPelHEM B 0COMX KaccUTepuTax Oamskoe,

a ero pacupefeseHre B COJMBIMHCTBE 30H OZMHAKOBOE ¥ GOJEE WM MEHEee DaBHOMEp-
Hoe. MapraHen He OCHapyXeH.

H30MOP®H3M B KACCHTEPHTE N0 JAHHBIM PEHTIEHOCTPYKTYPHOT'O AHAJHM3A

Onpemenesve NapaMeTpOB BIEMEHTADHON AYEHKy Da3HOOKDANEHHHX KaCCHTEDHTOB
13 MecTOpORIeHm! pasHuX (opmaimit, npoBemexsoe padee (JosomaHoBa ¥ Op., 1969,
1975; Tonuapor, Twiaros, 1971), u DonoMHMTENbHHe NaHHWe (Tadm.5) moxasann,
9TO NapaMeTPH al c KOJMEGINTCA B GOJBIMX Ipemenax, 4Yem norpemHocrg MeToma.

[lapameTpu KaCCHTEpUTa BaDEMPYRT B HpElenax: a = 4,7340-4,7399 A;

= 3,1804-3,1880 A. MaxcumalbHHE BapuallMil IapaMeTpa & XapaKTEepHH L1Id Kac—
CHTEPUTOB M3 MECTODOENEeHu#l KacCuTepuT-KBapl-cyabfunHoi ¢opMaHHH (0,0032 A)
napaMeTpa ¢ - X3 MeCTOpoENeHult mermaTmToBoR dopmarmm (0,0076 A) Cpemuee
aprfMeTH4ecKoe IapaMeTpa & KaCCHTEPHTa U3 MBCTOPOKnEHHﬁ dopmarm#t KaccuTepuT—
KBapu-cyabdunHolt ¥ KaccuTepurT-cyasdunsolt (4,7383 A) 3aMeTHO GOoJble TOTO XKe
napaMeTpa KacCHTepuTa M3 MECTOPORNEEME IDYIIN Gopmarm## mermMaTHTOBOM, MOJEBO-
umaT-KeaprneBoi u KBapuerol (4,7362 A) To ®e camoe, HO B HECKOJNBKO MeHBmel
OTeNeH! OTMEYaeTCA M A napaMerpa c RacchepnTa ¢ cooTBeTcTBeHHO 3,1852 1
3,1841 1.

[lapameTpH 2JeMeHTapHO! Aueiku CHHTETHYECKOTO KaccuTepuTa, NOJY4YEHHOTO B
cpefie ¢ DAsAMYHHMI NPUMECAMA IIp¥ HODMAaTIbHOM IaBNEHHH, KOJNECHINTCA MeHee, 4YeM
TNapaMeTpH IPEPOTHOTO KACCUTEpuTa, odpasonaﬂnoro P! BHEUUTEIIBHO GoJrsmeM
LaBnesnn. llpefenn xojedauuii a = 0,0017 Rue= 0,0011 A (ra6n.6). 1 B sroM:
cIydyae y napamMeTpa a BapHalmy CoJblle, 4YeM ¥ IapaMeTpa c. 0 BIMAHEM OTHENBHHX
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Tadaxwya

5

TlapaMeTpH aJeMeHTapHON Auellkn NPUPORHHX KACCHTEPUTOB

TlapameTpH BSeMeHTapHOH

Comepxaine 3IeMeHTOB-NPHUMECEH IO MaHHHM IQIYHOJIM~

o

MecTopoxTeHnE Oxpacka KaCCHTEpHTa AUCHKI, & v, ﬁB ?eCTBeHHOPO cn;gz ?JLHOTO aHanm3a
aTOMH . HOJIAY, * ‘
” e o/a T4 Pe Mo Kb _Ta W Cr V In_ Sc
1. Kaccurepur-nermarurorad @opmalmd
Manaa Ky/meza UepHAd 4,7365 3,1804 0,6746 71,368 413 3580 1820 2150 5520 g 0 0 3F; 0
HupersTO M 4,7380 3,1880 0,67285 71,571- 4170 3580 1820 8500 1105 0 49 306 1%
Buccepn TeMHO-KOPUYHEBAA 4,7360 3,1850 O0,67241 71,440 1040 143 18 530 1106 b B 2 O O
¢ CypHM OTTEHKOM
24 KacchepnT—noneBommaT—nﬁapueEaﬁ do pmaimsa
JTHHUHCKOE YepHad 4,7347° 3,1805 0,67174 71,296 4170 8950 3640 8500 550 2710 0300 17 111
VmanKuHCKOS Kopuueesad 4,7355 13,1846 0,67249 71,440 4170 | 143 18 210 110 0 19300 0 @
3. KaccuTepur-KBapluebas éopmaunﬂ
Cpepre-lnnaTuHckoe  bemad 4,7359 3,1850 0,67243 71,440 2080 350 18 50 55 0 010 0 O
OHOHCROE PosoBaro-kopmusesad 4,7359 3,1851 0,674z 71,440 4170 80 18 530 270 o 0 18 O ©
o KopmuHeraTO-CEpad 4,7358 3,1850 0,67244 71,440 2080 80 18 1070 270 0.8 2 0 0
BamsvpaeBcKoe TeMHO-KOpUYHERAA 4,7341 3,1815 0,67206 1,297 4170 890 18 1070 40 430 0980 0 O
o BypoBaTo-KopudHeBaA 4,7340 3,181 0,687215 71,311 4170 890 18 80 40 10 090 0 0
llpuBamoBCHOE TeMHO-KOpUUHEeBast 4,7341  3,1832 0,6723% 71,336 4170 350 18 50 55 540 0 30 0 O
06ym i 4,7350 3,1840 0,67244 71,385 4170 80 48 210 150 540 19 9% 0 O
o CBeTIO=KOPUYHEBAA 4,7340 3,1850 0,672B1 71,376 4170 80 14 2 110 o A998 D 0
TyGapaxa TeMHO-KOoprYHeBasd 4,7360  3,1850 0,67241 M ,440 1670 1780 140 3220 5520 g 0 ¢ @ ©
4 KopruHepad 4,7360 3,1850 0,67241 71,440 1040 350 18 210 5850 0 0 9 0 O
Mycanu TeMHO-KOpUYEeBad 4,7360 13,1840 0,67229 71,417 4170 350 36 3220 550 0 0-80 —0° 0
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Tatmuua 5 (oxcHvanme)

[lapameTpy SISMeHTApHOKE ComepEanle WIEMBETOE-IDEMECER OO0 OAHEHM TOYHOITHN-
MecTopoRTesne (RpacKa XACORTEDHTA | suehtim, | ‘T.ia YEeCTESEAOTD CHER HOTO aHATHZS
: : = V; { aroMH. KoIW . »107) .
5 SO Ti Fe Bqa HEh  Ta § . Or ¥ In BSa
Mycann . Hoprapesan 4,730 3,4B40 0O,67244 T.,385 4170 a0 1B 210 55 5 Y (O S -
HaMmCyEI-AMCHT Temro-ROpUINHEBAR 4,7370 3,1B60 0,87257 1,494 1670 143 18 Sx0 AdE, 20 0B B W
" Foraxprufs Ropmame- 47350  3,1850 O,07264 TLA08 13 4143 44 AU B 8.8 2 0 9

ENE, TEMHO-KODEYHE-
EHE E CecOBeTHHE
S0HY

Hamambo HepHad 4,7360 3,840 0,67220 71,417 1040 1730 90 2220 Eh2] g & A8 G 8
ABMARTA o 4,7380 33,1830 O0,87222 71,363 4170 350 182160 2M0 s G 30 Q0 R
Ipeafpunepcropd " 4,7370 3,1850 0,67257 "i,471 2080 350 26100 Atg 208D 0: 30 BY O
" Cepan 4,7360 3,1B50 0,67241 71,440 He onpemeasnces
. Posopar 4,7380 3,1B50 0;87241 71,440 le CUpenemsNCCcE
(]

X; Do Jopmamuns 1-3 4,7362  3,1841 0,67236 71,411

4. HaccuTepuT-RBAPU-CYNEIMOHAR GopManms

InfiEryHCROe HDﬁE‘I‘EE‘BBE 4.7387 3,1861 0,67214 7,537 100 1W80 360 EB&O f5 10B0 38D & 0 0
llepreBas Topa Opauxero-Hopruneead 4,73687 §,1856 0,67253 71,485 413 3580 36 80 40 2080 O 10 B O
Tanexafcroe TeMEO-KOpEIHEDAd 47380 39,1864 0,67252 1,687 1040 B950C  1BO 210 g 1cep 0 15 & 4
JpFTTRHCEOS Temno-moprdHenas ¢ - 4,7383  3,1847 0,67212 71,497 1670 8950 180 5O b5 60 1% 3¢ 1% ¢
OVDEM OTTEHEOM
llHenpoBCRoE YepEad . 47374 3,1854 0,67239 71,493 2080 3580 90 20 20 1080 19 30 17 0
" Temso-wopeyEeEss ¢ 4,7382 3,1881 0,621 ™, E2 He cupememinoce
O0ypoBETHM OTTEHROM
Hesoxoe Hopmusesas 4,7395 13,1848 0,67196 71,547 200 8950 360 &3 20 1080120 9C 8 O
3 Opesxeno-mopeyHerss 4,738l 3,1853 0,67213 ™,542 He oOpemefamocs
i CBeTmo-ROpm4YHesai o 4,7376 35,1868 0,676 71,528 2000 35680 910 210 BE 4300 36980 B 0
MELOBO-EETTHME
S0 HaM
AMTeHECEOs Hoge eRag
umf'&g;'mmm“’“m 4,7373  3,1869 0,67272 71,527 1040 17800 18200 50 0 1080 350 50 40 O
BOHEMIE
Kapmuuanomnoe Ko s
{ o orneaeo OVPoBa-4,7389°" 3,1853 0,67218 71,542 413 8950 180 50 S5 1080 O S50 17 O
Creraoe cHoe) Ko o
S. Kaccmrepnr—cymsdunnas $opusms
HamweDakra
P Hopwuiesas ¥ wezomo- 4,7364 3,1852 0,67248 7,457 4170 3580 180 50 55 1080 19300 B 0
BHORCA
Toym ?ﬁﬁ’nmiﬁ: 4,739 3,1840 0,6782 71,519 1040 1780 36 53 20 12080 0 30 17 0
TAA :
HenEr~BaeMcxoe
(nepesmmopmt Emmamﬂm: xofeltao- 4,7360 3,184 0,67231 71,509 200 14320 540 20 40 10 19 10 § o
HACOHTEPET CTO=-XBNTAR, CDETHO-
cepad
To xe IpemymecrbemHe 4,7386 3,184 0,67292 1,502 413 1780 180 50 20 540 19 30 B0 O

CBETAO=-CEpad ¢ ¥o-—
DERHO-ROpEIHEENY &
S0MOTHOTC-XEATHM OT=

TEHKOM
:_Ié = Do formammaM  4,7383 3,1852 0,67224 1,517

Anamusd mpoussemesy B TV O.KE.Dwratorsw ¢ TowHocten +0,0000 L: © MTEBM AN CCCP M.T, oo
i = T, murpwesclt o 1o ;
H.C.lleTpoBoR ¢ TousoeTsd + 0,0001-0,0005 {. ' { = gt Ry i‘. P

JIti ;IGPIEI.E;EE apufMeTiriecKoe NADSMETDOR BEeMesTapHOH Aueinm KACCHTEpRTA N0 TPymmaM $opmamm; i - NopANKORMA HoMED BHGOpHN

£ L]
Orpesennme (501) pasmuTo - CTDYRTYpA HECOBEpWEHHSA.




Ta6aunnpna 6

-
[lapameTpH snemeHTapHO# AYedKN CHHTETHYECKOTO KACCHTEepHUTa

TlapsMeTpH AIeMeETapHOM

Comepxanue saeMeHTOB-IpuUMecei, %
I P P ) quﬁm, K V! Es

Fe Mn Ca i Al Si a c c/a

0o, '<0,00 '0,07 '<0,00 '0,05 '0,004'4,7526 '3,1968 '0,6726 ' 72,216
0,06 <0,01 0,001 <0,07 0,06 0,001 4,7526 3,1968 0,6726 72,216
0,01 0,00 0,001 <0,00 0,006 0,001 4,7535 3,1965 0,675 72,240
0,02 <0,01 1,65 <0,04 0,06 0,02 4,7518 3,1957 0,6725 72,159
0,038 ' <0,00 0,08 0,27 0,05 0,00 4,7526 3,1959 0,5725 72,195
0,02 <0, 0,20 <0,00 0,05 0,1 4,7526 3,1963 0,6725 72,204
0,00 <0,01 0,03 <0,01 0,13 0,001 4,7526 3,1963 0,6725 72,204

Cpenkee apnMeTUYECKOE inI 0 CHHTETHYE—
CKOMY KacCHTepuTy 4.7526 3,1963 0,6725 72,204

* Mo maummm X.Tpysepa (Gruner, 1968).

BIEMEHTOB-TIPHMECel Ha IapaMeTpH PelleTHU NOKa CYNHTH HENb3A, Tak Kak HET T0U~-
HHX NaHHHX. O KOJMYEeCTBe YKa3aHHHX B Taluule IpAMEeced, BXONANUX B KACCUTEPHT
m3oMopdHo. B amrepaType umenTcd cBelleHrs 00 YBEJUMYEHHN DapaMeTpa a B yMEeHB—
lleHUY IapaMeTpa ¢ ¢ yBeJuvyeHMeM KoJUYecTBa KeJe3a B KacCUTEepuTe ¥ pyTWwIe
(Henriques, 1963; Walia, 1971).

Ogpem V sneMeHTapHOH# Avellky KACCHTEpHTa K3 MECTOPOXISHHHE KacCHTepHT-HBADH—
cynsdumHo#t ¥ KaccuTepuT-cynasdunHoi opmarmit yBesmdes: (71,517 ﬂa) 0 cpaBHEe-
HIO C KaCCHTEpUTOM U3 MECTOPORIERuf#t KacCHTEepUT-IeIMaTHUTOBOlH, RaccnmepMT—
NoJIeBONgT~KBAPIIEBON ¥ KaccuTepur-KBapueBoit dopmawuit (71,411 A3 ). CpaBHRBaA
9TH IaHHHE ¢ 00HEeMoM snemeﬁmapnoﬂ AYefKN CHHTETHYECKOT'0 KACCHTEDHUTA C DA3HH-—
vz npmvecaM (72,204 By, BHPAEHHOTO IDH HOPMAIBHOM LARIEHNE H TEeMIepaType
1250-1300° u moGesHo mpefocramtensoro Hem X.[pyHepom (ITIP), MM NpUXomm X
BHEBONY O BJUAHNY IABIEHUA Ha o0beM BIeMeHTapHO! AYelKyw HPMPORHOTO KACCHTE—~
pura, Padee 3To G0 yrasaHo B.B.llepGuuoit (1967) Ha mpmMvepe m3oMopdHHX 3a-
MelmeHU# B MUHepalax M0J BMAHMEM BHCOKUX IaBIEHNi.

Pasmuna B comepxamny uaomMopdHol nNpuMmecy NapPaMATHATHHX MOHOB, IDEXIe BCce—
ro Fe3+, CYmEeCTBEHHO OTpasuiack Ha O0BEMEe BIEMEHTapHOM# AYelKn KaccuTepuTra
3 MECTODORNEeHMH KacCHTepuT-NerMaTUTOBOH fopMaly IO CPaBHEHND C KacCHTepu-—
TaMll KacCHTepuT-KBapiesol fopmammi. (CrepoBaTelBHO, JaBIEHMe ABIIBTCH Oonee
CUNBEHO HelicTBybmpM daxkTopoM W3MEHeHuA o0peMa BIeMeHTapHo! Advelirut mo cpaBHe~
HEHNO C KOJWMYECTBOM K Ipupomo#t msomopdHOlt mpuMec: B KaccUTepuTe. I9TO 00CTOS—
TENBCTBO YHASHBaeT Ha YMeHBIEeHuEe o0beMa SJeMeHTapHOH AYeliK# XKacCHTEpHTa
BCAEACTBYE YBeIMYEHNA NABRMEHUMA 7 M3MeHeHud KojudecTBa M3omop(Ho# mpumecn, a
HE TONBKO NOJ HeficTBUeM HocNeIHell NIpUYMHH, Kak monaranT I',H.ToEwapos u -
C.K.Pumaror {1971).

H30MOPOH3M B KACCHTEPHTE [0 JAHHBIM OCKOJKOBOMA PATTHOTPA®HH

06HYHO BO BCEX KACCHTEpUTaX B HeGOJBIMX KOIMYECTBAX HPUCYTCTRYeT ypaH.
Kax ycramommeHo pamee (Bepsuma, JolomanoBa, 1967; JomomaxoBa m Ip., 1969) =
NOILTBEPRIEHO HO3IHEE DPEHTTEHOCHEKTPANbHHM MHKDOQHANN30M, YDaH HaXomuTcH B
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KACCUTEpNTe He TONBKO B BUMNe BHNeneH:d UO,, JIETKO OCHADYMIBAEMHX NOJ ONTH-
YeCKIM MEIKDOCKONOM, HO ¥ B BHNe HepaBHOMEDHO paccefHHol TOHKOHK HpuMecH
(puc.7 - cM. mpuwioXeHme). B TeMHOOXpDAlleHHHX 30HaX ypaHa Gojsle, uem B CBeT-
JOOKpalleHHHX U OeclpeTHHX. "HKonsueBoe" u "3Be3smuaToe" pacHoNOXeHNEe TPEKOB
ykasuBaeT Ha BRIDYEHUA UO, B KACCHTEPHTE. YOTAHORIEHO Takke, uTO CONEpRaHme
ypaHa B KACCHUTEpHTaX HaXONUTCA B.MpAMOll 3aBHCUMOCTE OT COLEDEAHUS B HUX
TaHTang I HHOOUA.

ComepraHye ypaHa B BUEE paCCesdHHOM IpUMECH B pasHOOKpalleHHHX KacCUTepd—
TaX U3 MecTOpoXNeHull pasHuX Qopwarmli KomedieTcd B mpemenax 5,010 -
0,3-10"6%. OCmee comepkaHne ypaHa B KACCHTEPHTaX, YIMTHBAA W YPaHUHUT, IO
DAHHHM DaTMOXMMUYECKOTO METofa, — OT 2.1,0-10‘4 o 1107 %,

Vor V¥ mo paswmepy smawmrensho oTnmuaercs of mosos Sn*, Wbt gz ma
Tem He MeHee IO gHAJOTUM C NPYTMMM MIHEDalaMi, HalpUMep C DYTHIOM, MORHO
NPeNNoNOKATE, YT0 B KOJAMYecTBaX NopAmKa n+107°% ypaH MOReT HaXONUTHCHA B
KacCUTepUTe B Bume m3oMopdHO¥ mmm mucriepcHo# mpmMecn. Ilo-Bumumomy, B sTOM
cAyYae EMEeT MecTo "SHEOoKpUnTHHR" msomopdmsMm (Kyxaperwo, 1970).

5+

H30CTPYKTYPHBIH H30MOP®H3M KACCHTEPHTA
C MUHEPAJIAMHA-IIPAMECAMHA

Padee GWIM yCTAHOBJEHH C NOMOmBO ONTUYECKOTO M BNEKTPOHHOTO MUKDOCKONOB
OPUEHTHPOBAHHHE HADACTAHUA MEHEpanoB I'DYNNH HOJIYMCUT-TaHTAIHNTa Ha OnpeleneH—
HHe TpaHU KpucTaioB KaccuTepuTa (JomoMaxoBa # Xp., 1969) u cpacTaHus Tammo-
JUTE C BOJBpaMITOM, ODUEHTHPOBEHHO PACHONOREHHHE B KaccuTepuTe. (4YeH: dac—
TO B KACCHTEpUTaX OCHADYXMEBANTCA MUKPOBKINYEHNA DYTHIa. BCE BTO CBULETENb—
CTByeT O NMoNOoCMM CTPOEHKMA OTHENBHHX T'paHell y NMepedncHeHHHX MuHepanoB, 4To
TNOBBOJAET MM OODASOBHBATE SMMTAKCHYECKUE CPAcTaud. OT0 ARIEHWe, NOo—BIIMMO-
My, OGYCJHOBIEHO Takke CIM3KUME KPUCTALMOXUMUYECKAMM CBOMCTBaMM MOHOB (mIu
aTOMOB), COCTEBIANIMX YKA3AHHHE MUHEDPATH, YTO Takke HoITBepKIaeT BOBMOKHOCTE
n3oMopduaMa MERMLY OJOBOM, TaHTANIOM, HMOCMEM, THTaHOM. .

BBIBORBI

1. TpoBemeHHHE paHee W M3JOXEHHHE BHIE DPe3yAbTaTH KHCCIeNOBaHMA KACCHTe-
pUTa NO3BOJANT NPERNONaraTh, MCXOIA M3 TeopeTHYeCKAX OCHOB H3OMOpIM3Ma,dTo
HauGoJNee PacHpoCTpaHEeHHHE B KaCCHTEpPUTE BSJIeMeHTH-Tpumecy - Ti,V,Nb,Ta,

W, Fe, Cr, In, Mn, U-BXONAT K30MOPPHO B ero pemeTky. UG 8TOM CBUIETENbCT-
ByoT: m3oMopdHad IpmMech B KACCUTEpUTaX NapamMaTHMTHHX MOHOB; CTPYKTYpPH pac-—
nafa TBePOHX PacTBOpPOB; H3MEHEeHHe NapaMeTpOB PEemeTK: DPasHOOKpalleHHOTO Kac-—
CHTEpHTa B ONHOM ¥ TOM X€ MECTODOXIEHNR M MeCTODORNEeHMIX pasHHX dopmarmit,
M3MeHeHne o0beMa 8yeMeHTapHol sueilky, KOTOPHN 3aMETHO MEeHbBIe ¥ KaCCHTEPUTOB
U3 MECTOPOXNEHmii, odpasoBaBuMXcA Ha Coabme# rryduHe, 4To yKasHBaeT eMe K Ha
BIMAHNE TNABJIEHNMA; HaJMuNe KOPPeNAIMy MEXNY CONEpRaHUEeM 0JI0Ba M HEeKOTODHX
3NEMEHTOB~IpUMecell B 30HaX pocTa KPHCTAWIOB KACCHTEDHTA.

B pasHHX TeoJOTMYECKHX YCIOBAAX COCTaB TPYNIH 3IeMEHTOB-TpuMecell . comep-—
®aHIE X B KACCHUTEpUTe MeHAOTCH B NPOLECCEe pocTa KPUCTAJIOB KACCHTEpPHUTA.
MpuguHo# COYXRT pasHoodpasme TeoMoTHYeCKIX YeloBd# GopMipoBaHUA MECTODORIE—
Hu#t, U3MEHEHe BO BpeEMeHN (MB3MKO-XUMIYECKHX U TepMOIUHAMIYECHKUX XapaxTe-
PUCTHK DacTBODOB, M3 KOTOPHX 00pasyRTCA MECTODORLEHM.

ONeMeHTH-IPIMECH He TOMBKO BXOIAT M30MOPYHO B KACCUTEpPHUT, HO HEPEIKO CO-
IepRaTca B IDYTWX MIHEpaiax, KOTOpDHE SNMTaKCUYECKM CPacTanTcd € KacCHTepu-—
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TOM. Hepemxo 8T0 OGHapYRMBEETCA TONBKO IPH YIbTPaMAKPOCKONMYECKHX HCCIEN0—
BAHMAX . :

2. B KaccuTepuTax TeTEpPOBANCHTHHN, BHNOKPUIOTHHE ¥ H30CTPYKTYDHHE M30MOp-
fusm pacmpocTpaHeH WMpE, YeM M30BaleHTHH#A. MsoMopjHe BjeMEHTH-IDUMECH B pe—
meTKe KACCHTEepHTa M3 MeCTOpORNeHW# pasHHX fopmamuit pacmpeleleHH HepaBHOMEDHO;
conepRakue B HeM OTHENbHHX BAEMEHTOB HEOMIHAKOBO ¥ 3aBHCAT 0T (WMBHKO-XIMZ—
YECKHEX ¥ TepMOJMHAMUYEeCKIX YCJOBHUR 00pasoBaHUA MuHepana. '

3. Pas/munA KPHCTALTOXMMAYECKUX CBONCTB 0J0BA U BJAEMEHTOB, NEePeUMCIEHHHX
B I.l, o6ycromImMBanT OorpaHWYeHHH{ M3oMopdusM MEXLy HUMM B DemeTKe KacCHTe—
pUTA, TPUYeM HAUMEHBIMME SRIAOTCA OTpAHWYEHAR HAA Fe 1 Ti.

4. o anamormz ¢ pyrwiom (Kymapenwo, 1970) InA KacCUTEpUTa MOXHO HaMe-
THTE CAELyomEe M3oMopfHHE 3aMeleHWd:

sn # o« ptt 28ntt « ma¥t 4 pedt;
2sndt « i3t 4wt 3sntt o 2(V3t 4 Fe3ty,
osnt « 33t 4 pedt 3satt « 2(cr2t + Fedt);
3sntt « 2(1i3t 4 pe3ty; sott «~ wh

sntt £ ot st « owbt

2sn?t o« m2t + Fes+;

5. MeroZomM MaTHHTOCTATHEE YCTAHOBIEHO, Yr0 NOpPeXet nsomopcpxoﬂ eM—
KOCTM KaCCHTepuTa IJf NapaMATHWTHHX MOHOB (TJaBHEM o0pasoM Fe +)He
npesrmaer 0,5 %. ‘

6. AHa/IN3 XUMUYECKOTO COCTABA G NOMOWBKY ANTOPHTMA paclosHaBaHms "loTeH-
ImvMan" NoKa3ak, YTO KACCHTEPUTH NerMaTuToBOR ¥ KBapueBolt dopmammit pesko or—
JrdapTed BPYT OT OPyTa M OT KACCHTEDUTOB CWIMKATHON ¥ cymbfumuodt dopmammit.
KaccuTepnTH NocselHuxX AByX fopMamill mouTH HE DasIuuuMu. [[o-BEOMMOMY, MECTO-
DOATEHUA CIMKATHOH m cynbdumHoit gopMaimil NpefcTaBiAbT coloff pasHWe T
onHo#t gopmarmm.
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Jgd. B. laatin, B. M, Cendeposa, E. C. Pyonuuxas

0 KAJIBIUEBOM APCEHOCTUBHUTE KAK M30MOPOHOM YJIEHE
" rPYNObl CTOBHKOHUTA

B OKUCISHHHX CYPEMAHHX pyImaX MeCTOpORIeHms 3agdus (Nrocnasma) Havm GuI
OCHapy®eH odYeHb pemkuit TunepreHHuil CypEMsHHE MuMHepas - apceHocTuOUT (apcer-
cruour)t, dror MEHEepaJ BOepEHEe OWn ommMcaH B 1869 r.

B 1952 1, K.Buraimano # B.Meficom (Vitaliano, Mason, 1952) Ha OCHOBSHMM
PEHTT'EHOBCKOT'0 M3YUSHHA IPEIJIOXWIN PACCMATPHUBATE €TI0 KaK MHUBAKOBYH DABHO—
BITHOCTE CTHOHMKOHWUTA syt Sbg"' 0g0H. Tozke X 9TOMYy BHBOLY NPUCOEIUHUICH
II.Keencexn (Quensel, 1957).

Masepasy IPYHNH CTACHKOHUTA, K KOTOpofl OTHECEeH apceHOCTWOHMT, 006I8manT
nupoxiopoBot  cTpyRTypoft m xapawrepmsywrca ododmeHHok dHopMymoi A;B,0.X, Toe
BJEeMeNT A UpefcTamieH Sbot Ca, Pb, Ag,dMEMeHT B ~ SboT I X - 0, OH. OCHOB-
HOft MOTHB CTDYKTYDH COCTABIAETCA BABLD W3 OKTA’OpOB, B LEHTDE KOTODHX Ha-
XOJIATCA MEHHIWE IO DasMepy KaTHOHH T'DYNIH B, KaTMOHH Ipymmu A paCHONaTalTCH
B CoJiee KDYTHHX OKTasfpax (Branderberger, 1931), B BepuUHaX KOTODHX HAXO-—
IDATCA AHUOHH TPYNnH X. JNMA CTPYKTYPH XaparTepHa BOSMOXHOCTE HEIIONHOTO 3ace~
JeHmA nojocTefl oKTARNpHYecKOr0 KapKaca aTOMaMHM A M X, B CEABKM C YEM HACTO
HadmopaeTcd nedumumT aToMoB A M X W COCTAB MUHepala OTBedaeT QopMmyne A,_, B,
X,_, (Kymrerckas, 1967).

K rpymne CcTMOMKOHWTA OTHOCATCA SHTUMOHATH PABINYHOTO COCTaBA CO CTDYRTY-
poit mupoxJopa, BHYTpPY TPYIIH HAMEVANTCH M3OMODPHHE pAmH, (OUHUM #3 HUX SRIAST-~
CcA DPSAN CTUOHKOHUT — TUIPODOMEMT, TIEe CTUOUKOHWT - KpaliHwil cypemaHmt wien, a
THIPOPOMENT — KAaJblUeBH#A, B Ipupome OCHIHO BCTPEYANTCH MUHEDPANH IPOMEXyTOod-—
HOTO COET&BA, COLEDRANME NepPeMEeHHHEe KONMYeCTBa Ca, KOTODHA 3aMemaeT spt,
Cpefu H;IX YCJIOBHO DPA3MMYANT: CTHOMKOHUTH (Ca0 or 0,0 no 5%), KaiAblUeBHe CTH—
‘OuxoHNTH (5~10 % Ca0), ruipopoMenTH (Buue 10% Ca0). TopMyna CTUOMKOHMTOB B

1 Mu, mOJB3YHCE Cay4aeM, BepaxaeM OIarofapHOCT: awanemuxy @,.B,T9yxposy, ne-
penamneMy Ham I M3yYeHMs ofpasnd #2 {rocaasuy, a Tarxe IVIABHOMY I'eoJ0-—
Ty mecropoxneHus CpereHy XmexoBydy, MOpM CoIeflCTBHM XOTOPOI0 OHI
OHIM coCpaHH.
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ofmeM BWie MOkeT OWT® Hamdcasa (Sb ', Ca),_ 8b°7(0,0H)g g+ nHy0, THE x
oprémRaeTcA K 1, I'pynna OH ykasupaeTcsd B (Ilopmy.ne Ha OGHOBEHEE NPUCYTCTBUA
PWIPOKCINA B MOKYGCTBEHHOM AHAJIOTE CTHGUKOHHTS Sb>'SbyTOL0H (Dinlstrom,
Westgren, 1937); OmHEXKO B IpUPOIHHX O6pasmax Hajudue rnnporccm:ma YCTaHOBUTDH
meTomoMm VKC He ymamock (mamHue E.C.PymEmmxoil), BOSMOKHO, H3~3& HENOCTATOYHOM
YyBCTBRTEJLHOCTR METONA. PACCMATPUBAEMHN B HACTOAlled cTATHE 4pPCEHOCTHOHT
ARIASTCA WIEHOM TDYIIH CTUOHMKOHNMTA C M30MOpdMsMOM HE TOJBKO B Tpylne A
(sb3*—ca),Ho u B Tpymme B (Sb°t——ag’t),

MecropoxmeHue 3aa4a, B KOTOPOM ORI BCTpEYEH &4PCEHOCTHOUT, OTHOGUTCA K MO~
HOMETAJEHEM CYDPEMSHEM MECTOpOXIeHWAM, IVapHull DyIHH] MuHepas — aHTUMOHMT,
PymHas sanexs OpeJCTARIEHA CIIBHO OKBADIOBAHHHMY W3BECTHAKAMM C TOHKOUTOIH—
YaTHMM KpUCTALIaMA aHTHMOHWTA. B &e JexadeM OOKY 3alleranT BepXHeKapGOHOBHE
OKpeMHeJIHe H3BECTHAKH, B BUCAYEM ~ HmkHemepumcKue cyaruy (lmccapu, 1958; Jan~
covie, 1958),

IlnA MecTOpOXIEHNA XapaxTepHO BHAYMTEJBbHOe NDeolialaHie COKUCIEHHHX DYL HaX
CyIB{UIHEMA, B OKHCJIGHHHX pPyIax B GOJNBIOM KOIWMYIECTBE HAOMONAeTCs IMIDPOCED-
BaHTHUT, B RNONYUMHEHHHX — BANSHUHUT U TUIPOPOMEHT, &PCEHOCTHOMT BCTPEYaETCA
Coopamiyeck! B HEOONBINOM KOJuYecTBe.()OHYHO OH He o0pasyeT OTYET/MBO BHPAXEeH-
HHX WHZWBHMIYANASNPOBEHHLX BHISNEHHWH; passmBaeTcA IO TpelyHaM CuafHOCTH aHTH-
MOHNT& ,HaCNoNaeTcs B BENe HeOomsmux(0,5~1 CM)CHODIYIOBATHX CKOmIEHME B Tec—
HOHl ‘acConmaIn ¢ BANeHTUHATOM, & WHOTHA TaKkXe ¢ THEPOCEDBAHTHTOM,

CromieHns, B KOTOPHX IPUCYTCTBYeT ApPCEHOCTUGUT, Ha OOWEM TYCKIOM XeJTo—
Barom (oHe npeoliapammell MACCH OKHCIEHHHX DPYZX, B KOTQPHX NOMUHEDYST IMIDOCEp—
BaHTNT, MEKDPOCKONUYECKM BHUENANTCA SPKO~¥elITOod oxpackoil. BeTpeyamwrTcsa CBETJIO-
KeJITHE DasHOCTH &pCEeHOCTHOHTA.,

Ilor, MIKPOCKONOM MEHED&J NPENCTARIEH KOJIOMOPIHHMM OCpa30BEHEAME C IPHYYI-
JUBHEMI MSBWIACTHMA KOHTypaM#. QGHYHO OH HACHWIAeTCA B OYCTOTKAX B BUNE V3KIX
xaemouex (mo 0,01 - 0,05 MM) C TOHKOCJIOMCTHM CTPOEHUEM (pmc. 1 - cm, mpu—
JIOKEHRE); B LEHTDANBHHX YACTAX OYCTOT BCTpPEYaETCA BANeHTHHRT, Hspemka HOL
MUKDOCKOIIOM OCHEDYAMBANTCA MENKO3EPHUCTHE ATPETAaTH apCeHoCTHOnTa, o6pasyn—
upe HeCompmme (mmHOR mo 2 MM 7 Tosmmuo# me 0,1-0,4 M) 0GOCOGNEHHHE MPOXAI—
¥00UpasHuE BHIENSHUR B KpEeMHHCTOW macce, Oxpacka MUHepaJa 0T, MUKDOCKOIOM
KeaTad, PasNHYHHX OTTEHKOB, WM3oTpomed, n =1,757 + 1,764 (Gonee Bucoxmit mo~
Ka34TeNb NPeJOMICHAR X8paKTepeH NIA APKO-XEeNTHX DasHocTell muHepana). JHarHoc-
THKS APCEROCTHOHTA IpOBELEHA HA OCHOBAHMM XUMUYECKNX aHa/mM30B (Tadm, 1) =
NOPOWKOTPaMM, MONYYSHHHX MUKpomeTomoM A.C.AHHCHMOBOR,

Pe3ynsTaTH XUMUYSCKUAX SHATH30B aDCEeHOCTHOHTA M3 MeCTODOXNeHHA 3aAda U
IBYX IpyTWX MecTopoxnemuil mpuseleHH B Tack, 1,

CpaBHEHNE XMMUYECKHMX SHANM30B APCEHOCTHOUTA U3 MECTOPOXIeHuA 3adda, Bop—
Heo(?) ¥ BapyTpecka yKasHBAawT HA NPUCYTCTEHE B IEDEOM RaJILnnﬂ' 4YTO ITO3BOJLA-
eT HA3BATL eT0 KaJELUEeBHM apCEeHOCTHGUTOM,

Ha OCHOBEHMM DEHTTEHOBCKWX NAHHHX (Ta6l, 2,) yCTAHARIMBAETCH M30CTPYE—
TYPHOCTE KaJBIMEBOTO ApCEHOCTHOHTA CO CTMOMKOHHTOM.

Anayman 1 ¥ 2 KaJeOUeBOI'0 APCEHOCTHOMTA [EPeCUNTHBAMMCE C yYETOM MBOCTDYK-
TYDHOCTH MUHEp&J 4 CO CTHOMKOHWTOM, [OSTOMY CYyMMa ATOMHHX KOJMYECTB I'DYIIH
B npn mepecdere HpMHATA paBHO# 2, IlepecueTH NPHBONAT X CIemymmuM (opymam:

Anamus 1 - (Cay g55bg g7)q 50(Sby 7480 o4Feq 09)n,00%, 91 %22 24H,05
Angyma 2 - (030’54Sb0.98)1'52(5b1'671\30’24Feo’09)2,0006'91-2,2’2}{20.

Anayms 3, OpuBefeHHH! B pacoTe KpeHcesa, HaMl He NepPECHUNTHBAJICH, TaK Kax
aHANNBNPOBAHHHI MaTepuas CWILHO 3aTpd3HeH, HAasBaHHHM 2BTOPOM IPUBOTMUTCS CJe-
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Tadaonunoa 1
Xuvmyeckuit cocraB apCeHOCTUOUTOR

1 2 3

Hommo~ | Comep— | AromHoe kosmuecrso | Comep— | ATomHoe RosmuecTso | Comepra—

SR Jﬁa;me' KATUOHOB | KUCIOPOTA xa.;me, KaTHOOB| KuCKOpona | F1Es B
Ca0 5,9 0,106 0,108 5,93 0,105 0,105 = -
Sb203 27,63 0,188 0,282 27,74 0,190 0,285 4,3 64
F8203 1,54 0,018 0,07 1,56 0,018 0,027 6,2 =
A8203 = = i = = = 5,6 -
31203 = = = o = - 0,3 =
Sby05 52,17 0,322 0,805 32,17 0,322 0,805 45,4 -~
As;0; 5,40 0,048 0,115 5,40 0,046 0,115 5,8 13
Hy0 3,98 - - 3,50 - - 6,6 =~
Hzo‘ 3,88 - - 4,24 - - 8,1 23
HepacT~
BOpPYMHI
0CTaTOoK - - - - - - 18,1 -
Cymvma 100,56 1,335 100,54 - 1,33% 100,4 100

1, KamsumeBwit apceHocTuOWT (%enTHil) W3 MECTOPOXNEHMs 3agdya, o6p. 1, aHANUTHK
B.M.Cennepozra, ‘ '

2, KanmpmveBwit apceHooTHOMT (cBeTso-kenaTHA) W3 MecTOpoXmeHHs 3asya, o6p. 2,
aHaymTHE B,M.CeHmeposa.,

3. ApceHocTuCHT #3 BapyTpecKa, AHAMUTHK T Beprrped (Quensel, 1957).

4, ApceHocTHOUT ¢ Bopreo (7),aHaiymrux [M3aHl (Des Cloizeaux, 1893).

Tadaonurunona 2

MeXIIOCKOCTHHE DACCTOSHNA CTUOMKOHWTE, KAJBIUEBOTO apCEHOCTUGNTA M3 MECTO-
POXJeHWA 3adua ¥ MPOIYKTOB NPOIDEBAHWA DY PABIMYHHX TeMIEepaTypax

CruéuxoEuT no | Kambimeswit KampimeBuit Keneime it Kameumesu#t ap-
BuranuaHo u apceHOCTHOUT, | apCEeHOCTUCHT , | ADCEHOCTUGHUT , ceHoCTUGHUT , Ipo—
Meitcory (Cu- MECTODPOKNEHUs |mporpeTHil IpH|mporpeTHi TpeTHl npn
RaIydenye) Baqua; 350°** mu 500° . | 1000°™
I d T a it d as a 3 i d
- - - - 4 ! 6,69 - - - -
90 5,93 3 5,93 8 6,04 8 6,04 2 5,49
- - - - - - - - 9 4,98
- - - - - - - - 2 4,54
- - - - - - - - 2 3,69
- - 1 3,44 2 3,47 - - - -
- - 2 8,27 8 ;3¢ 3,34 9 3,36
70 3,09 5 3,10 2 3,14 - - 3 3,25
100 2,9 10 2,98 10 2,99 10 3,01 4 8,0
- - - - 1 2,87 3 2,87 3 2,87
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Tadaoumoma 2

(oxoHYaHme)

CruouxoruT mo | KampuueBult ap-| Kanrbomeri Kansimesuit Kaxsmvesuit ap—~

BuTamiaHo u CEeHOCTHOUT M3 | aPCEHOCTHUOHUT,| apCeHoCTHORT,| CEHOCTHOHUT,IpO—

Me#cory (Cu- Mecrogomem IpPOrpeTH mpH nporpe'ruat“ TpeTH, IpH

n3IydeHme) Bafgda 350°°" mpr 550° 1000°
I d I 4 i d i b d I d

- 40 2,57 ' 3 2,59 8 ' 2,59 7 2,60 7 2,61
= ~ = - - - ~ - 2 2456
- - = - - - - - 2 2,50
10 2,36 1 2,38 1 2,38 - - 2 2,40
- - = - - - - - 8 2,31
~ - = - - - - - 2 2,19
~ - 2 2,01 3 2,01 4 2,03 6 2,06
30 1,98 3 1,985 3 1,985 4 1,998 4 1,998
80 1,81 10 1,827 9 1,830 1 1,835 4 1,859
- - = - - - - - 10 1,809
30 1,74 3 1,747 4 1,745 4 1,745 3 1,785
- - 1 1,718 2 1,716 4 1,720 1 1,720
- - = - - - - -~ 1 1,687
- - - - - - - ~ 7 1,618
20 1,57 10 1,562 1 1,57 = -~ - ~
60 1,55 = - 9 1,558 8 1,560 4 1,564
30 1,48 4 1,492 4 1,494 4 1,495 7 1,512
30 1,44 4 1,448 5 1,448 4 1,451 4 1,449
- - s - - - - ~ 5 1,410
30 1,34 6 1,347 5 1,345 4 1,345 5 1,347
- - 1 1,306 2 1,305 2 1,307 8 1,309
20 1,28 2 1,293 4 1,29 4 1,292 5 1,295
- ~ 1 1,276 1 1,278 2 1,275 3 1,268
= - - - - = = - 3 1,250
- - = - - - - - 5 1,220
- - 2 1,19 2 1,19 2 1,192 6 1,14
- - - - - - - - 3 1,250
40 1,18 9 “gas o 8" ALES R U] 5 1,220
40 1,35 8 1,154 9 1,150 7 1,154 8 1,158
10 1,13 3 1,132 ] 1,130 3 1,182 7 1,129
- - L 1,093 2 1,093 2 1,094 1 1,120
10 1,08 4 1,081 5 1,078 3 1,081 = -
= - 10 1,051 9 1,049 1 1,051 1 1,058
- - 6 1,034 5 1,034 1 1,034 7 1,028
- - - - - - - - 6 1,018
- - - - - - - - 6 1,013
- - - - - - - - 6 1,003

Yesobus cheMku: Fe-MsiydeHume; 2R = 57,3 mM; d = 0,6 mv (cronémea); "

= 0,6 v (mapmxa); """ @ = 0,5 v (uapuxa).

d =
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P U c. 2., M{-cHEKTDH KAJLIMEBHX APCEHOCTHOUTOB (&, §) ¥ IPOMYKTOR MX IpPOr-
pesarma mpr 180 (B) u 300° (1)

P 7 c. 3. VK-CIEKTDH MUHEDAIOB TPYUNH CTHOUKOHUTE-TAIDODOMEUTA

’
a, 6 — runpopoMenTH (Cal~ 15%); B ~ Ca—cTuOMKOHET (Cal ~ 7%); T - Ca~gpce-
gHoctudur (Cald ~ 6%)

Iyauaa GopMyna MUHEpANs, OMMCAHHOIO KBEHCEIOM (Sb3+J0 125677, 4877, Fe3), -
(0,0H,H,0)5 gq i

BTaﬂn. ﬁ yxasaﬂﬂ MEXIJIOCKOCTHHE DACCTOAHUA IJIA NPUPOTHOTO KaJBIMeBOTO
2pCEeHOCTUCNTA M3 MECTODORIEHUA 3adya, NPOUPEeTOr'o NP PasJUdYHHX TeMIeparTypax,
LA CpPaBHeHWd NDPUBEIEHH NeHHHe IIA CTUCHKOHMTa, Hak cmemyeT ®3 Tadm. 2, MeX-—
NIOCKOCTHHE DACCTORHHA KAABLUEBOIC &PCEHOCTHOUTE U CTHOMKOHUTE OYeHb OAU3KU.
OTH IaHHHe NONTBepxmanT MHeHue B.MelicoHa 06 MBOCTPYKTYPHOCTH SpPCEHOCTHOUTA
I CTHOMKOHWTA,. (paBHeHHMe DEeHTTEHOBCKUX naHHux HOXOIHOTO KANBIMEBOTO apCeHO-
CTHOUTE U NPONYKTa ero NpoTpeBaHMA IpH 550° (mpm aToit Temnepamype 3aKaHYnBa-
eTCA BHEOGNSHHE BONH) JKA3HBAET Ha MX GOJHUYD OIM30CTEH, DEMETKA MAHEDaJs Mpu
0Ce3BONEBAHAY He HapymaeTCA.

llapaMeTp saeMeHTapHo#! AYEHKM KaJbIueBOI0 apCEHOCTHONTA, PaCCYUMTaHHHY IO
nopouxorpamve 0,B.Kyssmmioft, a = 10,34%0,02, IlrorHOcTs (BHuMCIeHHas) 6,02,

MK~CIEKTDH CBeTJIO-XeJTHX pasHocTeil muHepasa moeHT¥IHH (puc, 2, &, G),

OHI XapaKTepUsyoTCH CWILHHEMKA IoJocaMu — oKojo 730 # 465 CMhl, KOTODHE, N0~
BULUMOMY, BH3BAHH KOJeOaHUEM CBA3ER B OKTasipax Kapraca. (xalue MaxkCUMyMH —
OKoJ0o 610 ®m 570 GM_l. BTopoll ¥3 Hux, BepOATHO, CBABAH C KOJeOaHWeM CBAZU
0a-0, TaK K&K C yBeJWYeHNeM KO/MYecTB2 HKANBLUNAA B CYDPEMAHHX MUHepasax Halmoma~
eTcsa ero yseamuedme (puc, 3,).

dopma M IOJNOKEHNE MONOC MOIVIOWEHWS pPAacCMaTDUBAEMEX MMHEDANOB XapaXKTepHH
g MH-coexTpoB MUHEPAJOB TDPYUMH CTUCHKOHHTS, B YACTHOCTH HAA THEDOPOMEUTZ
(pne. 3, a, 6).

B Goaee BucoxoqacTOTHoﬁ ofnacTi @nncnpymTca 2 MaKCuMyma cpegHed MHTEHCUB—
HocTH (955 m 1100 oM™ ) BEJMYHHA ¥ YeTKOCThE KOTOPHX MEHAETCHA ¥ pPasjMYHHX
MUEEDaJIOB 9Tofl TpymIH,

0 Ham4uy MOJNEXYJIApHOR BGEH CBUZETeNBEOTEYRT HoJIocH 1650 oM™t (zmedopma—
IMOHEHe KOZeGaEnA) 1 3400 oM © (BafeHTHHe KoNeGaHmA), CTDYKTYDHEE THIPOKCH-
nu B VK~COeKTPaX pPACCMATDPHBAEMHX MUHEDaJOB He OCHADYREHH.
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HarpepaHne xalbIUeBOTO 8DCEHOCTHOUTA HMPOBOLWIOCH B CIELMANBHON medke des
NOCTYya BO3NyXda, TaKk Kaxk HATDeTHe Ha BO3IyXe o0pasii IPH OXJNAXIEHWM EBHOBE
IOIVIONAaKT BOLY, OTO YCTAHORIEHO NPM cparHeHmy MK-CIEXTDPOB B 06IaCTH
3000-3700 cm‘l, CHATEX C NPOTPeTOTO, elle He OXMaNWMBIETocA ofpasua ¥ odpasla,
IPONIEXABIETO HEKOTODOE BpEeMA HE BOBIYXE.

Harpesatue npu Temmeparype 170-180° mpumsommro X SaMETHOMY YMeHEUEHMO -~
TEHCHBHOCTE NONOC BOMH; mpz 300° momocH Bomd B VK=cmexTpe wucYesann
(em.pre. 3,B,r). OmHako 300° Henrss cumTaTh TemmepaTypoll HOMHOTO 0GE3BOXE—
BaHIA, Tak KaK, CYNA MO KpUBOft NOTepu Beca, BHIEJNEHWNE BONH 3AKQHUMBAETCH
B uHTepBaNe 550-600°, Merom MK-CnexTpoCKOmM HENOCTATOYHO YYBCTBUFENEH LA
fuxrcalmy MalHX KOJMYECTE BONH # IWIPOKCIJIOB.

Ha mudpdepeHImanbHHX KPUBHX HaU'DeBaHUA XeATON I CBeTJIO-RENTOll pasHocTel
KAJBINEBOT0 apCeHOCTHONTa OTMeuaeTeA SHEOTepMUYecKnit sPPexT ¢ MakcHMymoMm IpH
110-130° (pue. 4.). 3roT adberT cBAzaH ¢ ymameHMeM Bomu; no 180° Brmenmercs

P n c. 4. llndeperimamsaan Kpm

___,__r__r__._-..._._+_..._____~ o HarpeBaHns (1) u KpHMBag NOTEPH Be—
ca (2) KeUEIMEROTO apceHOCTHOMUTA
rl. 13 MeCTOPOXIEeHMA 3afva, Hasecka
2 74,4 Mr

1 | [ ) [R LS
i ’
20 200 400 600 00 1000

Goyes NMOJMOBMHH Bcell BOmH MMHepana; ee [OJHOE yIaleHWe 3aKAHIABAETCA B WH-
Tepeane 500-600°, Besmdmma IIOTEPM, BHUYMCJEHHAA [0 KpuBO#l moTepwm Beca, pabB~
Ha 8,64 %. MuHepas mocle 0G@3BOKMBAHMA OCTASTCA M3OTPONHHM, NMOKA3ATENE Npe~
JIOMIEHNA yBeaudneaeTca 0o 1,800,

CpasHeHue VK-CrIeXTDPOB OCRBBOMEHHHX M HMCXOINHHX OGpAasLOB KAJBUMEBOI'O 2pCe-—
HOCTHMOMTA (CM. pHC, 2) IOKA3HBAET, UTO B OCJIACTH OCHOBHHX nonoc(730-4650m"1)
usMeHeHN!! He HalmwmaeTcA, T.€. KAPKAC CTPYKTYDH OpH yIaleHHH BOXH He Hapy-
waercda, CuemoBaTesJBHO, BOIA, KOTOpas yOAmAeTCH IO 180°, He ABIAETCA KpHCTAI-

. JIOXUMUYeCKoll ! ¢ pemeTHo#t MuHepasls He CBA3aHa. JTOT BHBOX.COIMIACYeTCA C DPEHT-
TeHOBCKUMHA JSHHHMM, BO3MOXHO, HEKOTODAA 4HACTE MOJEKYJAPHOR BOOH = pasMmelaeT-—
cA B NOJOCTAX, KOTOPHE OOpas3yWTCA B CTPYKTYpe 34 CuYeT NefeKTHOCTM B KaTMOH-
Ho#t rpymme A, ¥ ymansgeTcs npm Gofllee BHCOKO@ TemmepaType.

dxs0TEpMEueCKUi MMk Ha IupbepeHImanEHO# kpuBol Harpesamma mpm 950°(cM.
pHC, 4), DO-BUIWMOMY, CBH38H ¢ $a30BHM npesBpameHNeM, Brume 1000° BemecTBO Ha-
UMHAET YJAeTYINBATHCH.

[lopomxorpaMva IPOIYKTa, IOJYyUYEeHHOTO HarpeBaHHWEM NCXONHOT'O MHHEpaya Mo
10000, OTINYAeTCH M3MEHEHHEM BEJMUMHH MEXILIOCKOCTHHX DACCTOAHHN ¥ IOABISHM—
eM HOBHX JuHui, Ilof MUKDOCKOIOM NPOLYKT HATDEBAHWA OCHADYRMBAET  OTHETIUBYI
aHMB0TPONND, MHTepfepeHIMOHHASA OKpacKa fpKad, yracaHue arperaTHoe.

Texmm o6pa3oM, M3YUEHHHH aBTOpPaMU apCeHOCTHOHMT — 5TO KasiblueBas DAasSHOBHI-
HOCTH MEHEpansa, KoTopad OOHapyMeHa BHepBHe. Hax M COOCTEeHHO ApCEHOCTHOMT,
er0 KalblueBasd DASHOBUNHOCTH: HSOCTPYKTYpPHA CO CTHOAKOHUTOM M ABIAETCHA Wie-
HOM u3omopdHO#t cepmm. CymecTBOBaHWE B IpHpone Ca-apceHOCTHMOMTA IOKA3HBAET,
YTO B DALY CTMOUKOHAT-TIUIPOPOMENT KpOMe M30MOpdWsMa B Ipymnme A, IpoABJIANMe-—
TOCA B 3aMelleHUM TpeXBaJieHTHO# CYpLMH KaJbLMeM, HMeeT MecTo HM3oMopdusM B
-Tpynme B — OATHBANEHTHAA CYPBMA 3aMEULaeTCA MHIBAKOM,
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III. 'BOMOPON3M B CYJIBOMIAX

H, H. Mogzosa
OB N3OMOP®V3ME B CYJIb®UIAX M UX AHAJIONAX

B mociepmHKMe T'OITH MEDOKC OCCYKIATUCE DAB3IUYHHE CTCPOHH NpOGIEMH M30MOD— '
fmsMa, OMHAKO MCCHENOBAHMI 3TOTO ABJNIEHNA B CYAsdMmax CHIO yIEeJeHO CPABHUTEJE-
HO MaJlo BHHMEHWA, B TO Xe Bpems MsyYeHNe M30MOPPHHX 3aMelleHwit B maHHO! TDymI-
Ile MMHepaJOB MHTEDEeCHO KaK B IDaxTUYecKoM, Taxk U B TeOoPeTUYeCKOM OTHOMEHMH,

BOMBUMHOTRO CYJNBPUIOB SBJIASTCA HOCHTENAMA NPOMHIJIEHHO BaXHHX METAIIOB,
YaCTh W3 KOTOPHX HAXOIUTCH B Buie OpmMecell, HexoTophe M3 HMX OCIOXHAWT Hepe-—
padoTKy Dy, /I B TOM ¥ B JPyTOM CJIy4YasdX BaxHO 3HAThH {OPMY ¥X BXOXIEHHS. ITO
HE BCETTa yuaeTcd CHelaTh, B CBA3M C UeM LeHHHE KOMIOHEHTH HepeIko TepSnTCH.
Tax, mo 9To}t mpwuWHe HpHM nepepaCoTKe DYIH JEHMHOTOPCKOTO KOMOMHATA B WNEM
IoNajano OKOJNO YeTBEepTH CeJeHa ¥ mosioBumHa Telrypa (Temupdynarosa, 1971).

Cyme@UIH OTHOCATCA K NOJYNPOBOLHMKOBHM COENVHEHMAM, U BECEMA He3HAYRTEJb—
HHE M3oMOpdHNEe npHMecH MOTYT CYWeCTBEHHO HSMEHATE: MX csolicrBa, IloaToMy may—
deHne usomopdusma B cyasdmmax ¥ saBmcumocTedt "cocrap - cBojicTBA" NPUBIEKAET
B HacTodAllee BpeMs NPUCTANEHOS BHUMAHUE (L3UKOEB,

HaroHen, B cymedmmax ¥ mX aHamorax NpeoClafaeT KOBaNeHTHAR COCTABJIANMAS
xmmdeckolt cpAsM, KOTOpAd, KaK M3BECTHO, XAPaxKTepHayeTcda ¢soeft HanmpanIeH-
HOCTBED, B Tarom Tuie coemmHeHuit u3 gaxTopor MzomopdusMa HE OEDBHE OJaH BH~
CTYyTAeT KOOPTUMHAIMOHHOE YHUCI0, KOTOpPOE B CBON OYEDENE ONDENesAeTCs CTPO-—
6HNEM SJIEKTPOHHHX OCOJOYeK arTomoB (Muemep, 1964; [lopapenHux, 1966; Bejos,
1966), B CcBASH ¢ 9TEM H3OMOPPHSM B XAABKOTOHMIAX OCAaTaeT DANOM OCOGEHHOC~
reft, OGYCHORIEHHHX HEKOTODHMA OCHEMA 38KOHOMEPHOCTAMH MeHIeJeeBCKoll Tadimuu,
Fe mueroHaymm, OCBEIMHSNNMEe MPUOJIMSUTENLHO DABHOBEJMKHE ATOMH M Hrpaoiie Gojb-
myo poxk B m3omopdusMe coepmmHeHuit Ipyrux Tpyun, B cym@max ! X aHaNIoT'ax
BO MHOI'OM yTpaumBapT cBoe sHavenme (Bemom, 1966).

B muHepasloTnueckofl HpaxTmKe npoCaema msoMopfusMa B cyisdumax HamGolee
Y4CTO 3aTDAaIMBAETCA B CBASW ¢ MsydyeHueM dopMu BxoxueHma npuMecelt, Yrolu om-—
PEIeNUTE MX XapaKTep, MHOTIA OI'PAHWYMBAKTCA DPACCMOTPEHMEM IPMHIIAIMAIBHHX
BOzMoxHOCTE! HaoMopdusma, OJiA Yero NpMBIEKANT KPECTAIIOXMMAZeCKUE HaKTODH,
U3 HEX, DOMEMO KOODAVHAIMOHHOTO YHCJE B CTPOEHHA 3JEKTDOHHHX OCOJNOYEK aTo-
Ma, MMeNT 3HaUYeHWe DPasMepH STOMHHX DAmuMycoB M COCTOAHNE XMMHYecKo# cBAsH.
[lpn omeHKe cTeneHH COBEPWEHCTBA M30MOPHHU3MA CONOCTABIINT CTPYKTYDH KOHEUHHX
4EHOB NpelosaraeMore DANA: CMGCHMOCTE MOXET ONTH HOJHOH TONBKC ¥ H30CTDYH—
TYPHHX CoefuHeHuit, a y coemuHeHuit c pasnoﬁ CTPYKTypO# BO3MONEH JMIE OTPAHU-
ueHHE] H30MOpPuUaM.

Kpucrammoxmmyieckre (axTopH ONPemesanT npmnmnma.nb}rym BOSMOKHOCTE MBOMOD-
fusma, faxTHYecKoe Xe MPOARIEHWe €ro B MPHPOINHKX YCMOBHAX PeTyJMpyeTcA fu—
3UKO~XUMIYECKIEMEA IapaMeTpaMi: Temieparypoit, IaBleHMeM U KoHLEHTpauweid, Bima-
HEe JTUX [apaMeTDOB Ha M3oMopdusM KOIMYeCTBEHHO MOXHO OXapaKTeDH30BATH JIMIEL
IOpH BKCHEPUMEHTANBHHEX MCCIENOBAHUAX CHCTEM, KOTIma TepMonuHavmueckue axro-—
PH MONNANTCH y49eTy, B npmpomHoi#t oGcTaHoBke BHelHHEe faxTOpH BO MHODOM OCTERT—

86 %



CA HEWSBECTHHMH, H HCCAETOBATENH HHOTLE NHTAKTCA pelaTh odpaTHyw 38084y -
BOCCO3IATh yCJIOBUA OODP&30BaHUA IO OIpeles]eHHD M30MOPPHHX npuMece# B MmEHepa~
nax. Tak, pPasHHMM &BTOpaM# HeoNHOKPATHO NOMYEPKMBAJIOCE, 4TO HM3oMopdHHE IpH~
MECH B CYJBQUIaX MOTYT CJIYRATE HANEKHHMA I'e0JOTMYeCKHMA TepMOMETPaMH, eCJH
BapaHee ONPEeNeJeHH TepPMOIMHAMUYECKNE YCJIOBUA MX BXOxIeHHA, OFHAKO LA BTUX
neseif HeoOXonuMa yBEpEHHOCTEH B M30MOpPHOM XapaxTepe npumeceil HPUPOTHEX MU-
HEPATOB.

METO/IbI MCCJIEJJOBAHHA ®OPMbI BXOKJEHHA NPHMECEH B CYJIb®HIAX

/l3BeCTHO, UTO He BCe NPUMECH B MEHEpaJNaX, ONpeleJfeMHe C TIOMOIBI  CHEKT-
DPaTbHEX ¥ XUMHYECKHNX METOIOB, MOTYT OHTH M30MOpPHEME, YacTo OHM BXOIAT B
COCTAB pPA3HOOCPaSHHY MUKDOBKIIYEEMHE KA Ias0BO-METKEMX, Tax ¥ TBepIHX, Heper—
KO KDMITOBIMTAKCUUECKHX, [ocaenHne oCoOEHHO XapaKTEepHH INA CYJNBEQUIOB M HHOI-

. Ia MOTYT YHKa3HBATH HA M30MOPJHY®D CMECHMOCTE IpHM Gojlee BHCOKMX TeMIeparypax,
Bussnenve fopMH BXOXTEHNA npmvecell Hepemko NpemcTaBigeT GONBNUE TPYIHOCTH,
XOTA IJIA DEEHWA STOTO BOIPOCa MMeeTcd LeJHi apceHal pasHooGpasHHX METONOB.
HexoTopwe U3 HUX SBIAOTCA OOMEME LI BCEX MHHEpPATOB, ODYTHE e CHeNNPUIHH
g cyIsdruoB,

Mukpockomuueckne ¥ MUKDOSHAJIUTHYECKME METONH, BO BCeX ciyvyasxX Npexne BCe—
To Heo0XomuMo yOemHTECS B T'OMOTEHHQCTH MATepHana, IJIA UeTo HNCIOJBE3YHT ONTH-
YECKMe U SJEKTPOHHHE MUKDOCKONH. ECIM BHABIAETCA TETEePOTEHHOCTS: OGDABIIOB,
ONpenesAalT (asH ¥ yOTaHARIMBAKWT, C Kakoll M3 HUX CBAZaHA OpuMech, JIA CyJIb-
fumos 5TO He BCeIfa NPeNCTARIAET HPOCTYL 3alady, TAK KAk MHOTME M3 HUX HMMe-—
KT CXONHHE CBOMCTBA B OTPAKEHHOM CBETe, B HACTOAUEE BPEMA A €€ pelieHHd
JCIENHO OPUMEHANT JOKAIBHHE METOLH CIEKTPAIbHOTO M DEHTTEHOCHEKTPANIbHOT'O
MEKDPOaHamm3oB, VsomopdHoe BxoxmeHWe mpuMecH B OONEM IofpasymMeBaeT ee CTa—
THCTHYECKOE paclpelelieHre B KDUCTALIAYECKOd CTDYKType MuMHepana, A ompene-
JIEHWSI 9TOT'0 BCE MHpEe NPUBIEKAETCA SJEKTDOHHHE MEKpPOZ0HL, OH MO3BOJAET IPO~
USBOIWUTE JuHellHOe U MiomaIHOe CKAHWpOBAHWE B SIEKTDOHHHX M DEHTTEeHOBCKUX Jy-—
4YaxX ¥ TeM CaMEM YCTEHARIUBATE CTEIEHs I'OMOT'€HHOCTH MCCJENyeMor'o yYacTHa, &
TaKKe BHABIATE KOPPENALMOHHNE B3aBUCHMOCTH MERIY CONepRAHUAME JIEMEHTOB,

PeHTTEHOBCKIE METOIH. BXOMIEHNEe OpUMEecH B CTPYKTYDY MuHepala-X03AMHA B TOf
W VHO! Mepe BIMAET HA €TO DEUWETKY, STC MOKET CKASHBATHCA HA DEHTTEHOBCKEX
X8paKTEepPUCTHMKAX; HA IOPOWKOIPAMMAX MOTYT UBMEHATHCA MEXILIOCKOCTHHE pPaCCTOS-
HIA ¥ MHTEHCHBHOCTH JMEHWA, Hepemxo OWyTUMO MEHANTCH M NapaMeTpPH SJeMeHTap-
HHX f49eeX, [[0BTOMy pPEeHTTEeHOBCKME METOIH ONpeleleHm M3oMopfHOT'o XaparTepa
npuvecell cumranTca Hauconee abpexrTumarMy(Muxeen,1957; Ppank-Kavexemrmit,1964).
T D MeTaLIHYECHEX KPUCTANIAX ¢ HONDEePHBHOM CMECHMOCTHL HBMEHEHHe IapaMerT—
POB C MBMEHEHHEM COCTaBa OOHYHO NONYMHAETCH NpAMOJMHeHo# saBumcmMocTy (sa-
KOH Berapfia), B cynmeumax ¥ mx sHasorax, T.e., B MOHHO-KOBAJEHTHHX COEIMHE~
HUAX, 9Ta 38BUCHMOCTE (oJiee CJOKHAA M MEXIy COCTABOM M [ADAMETDAME pEmeTHH
BOSMOXHH pasymiHHe Popme CBA3M (Brandenberger, 1945; TopwHOBa  Ip., 1955;
OpaHx-Kamenenxuit, 1964), Tem He MeHee CBA3h COCTABA CYIBPUIOB ¢ MX MeTpUKoi
MOXET OHTE Taxke BHpakeHa KOJMYECTBeHHO, K HepBEM B 9TO# oGNacTH NpUHALIERAT
padory B,J.Mrxeepa, KoTopull moxasan, 4To B IDyNNE IHADCEHMEOB Co, Ni M Pe
IO NapaMeTpy SJeMeHTapHo#! suefim MOKHO ONpPENENATE: COLEDPKAHHE Co B JIEJUIEHIW-
T€ C TOYHOCTED Ko I% (Muxeem, 1951). J/IA MUPPOTHHA (Fe?’:x Fe32§ )5 M
owra BuBemeHa fopmyna ¢ = 9,665 ~ 2,50r, THe r - CpemHM MOHHHM pamuyc IBYX—
I TPeXBaJEHTHOTO keJeza (Muxeer, 1957). B HOocIemHme TOOH NONOCHHE 3aBUCH—
MOCTH YCTAHOBJIEHH IJIA LEJHOTO DANA CHHTE3HPOBAHHEX Cyiedumos (cM, HmMe o 3a—
MENeHNAX B KATHOHHOR mompemeTxe).
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PeHTTeHOBCKHE METOMNH MOTYT OKasarhCA MasoafdeKTHBHHME IpH npnormoxmﬁ-
yeckod GumM30CTH B3aUMOBaMemanmUXCA aTOMOB. Kpome TOTo, B TBepIHX pacTBOpax
BHEIpeHHd, IIe NpUMECH SAllOJHANT BaKaHTHHE MecTa B DelleTKe, pasMepH SJeMeH—
TapHo#l AYEdKN MOTYT OKAa3aThCA NPAKTWYECKN NOCTOAHHHME. B Takux ciydadx GoJee
UYBCTBHTEJEHHMY MHOI'NA CTAHOBATCA KOJWYSCTBEHHHE METOLH UCCJIeIOBAHUA Pusm—
YECKUX CEOHCTB KPUCTAJLIOB.

MeToIn ucclenmoBaHnsa @usnuecKux cpoiicTB, [[pMMEHEHWe STHX METOIOB K Cyabdu-
IaM mMeeT cBok crmermduky. [pexme Bcero C MOMONBR PYNHOIO MEKPOCKONA OIpemesid—~
eTcA TOopaslo MEeHEBIE KOJWYEeCTBEHHHX XapaKTepHCTHK, YeM OpH M3yYeHWW Ipospad—

HHX MMHEDAJIOB B NPOXONANEM cBeTe. ][0 CHX NOp [JA BHABICHNA BIMAAHUA H30MOpH-
HHX TIpMMecelf Ha onTHUeCKMe CBOMCTBA WCIONB3YHT JHILF NOKasaTelNb OTPaXeHHA,
Ho moxa 8Ty XapakTepUCTHKY HeJB3A CDABHWUTH ¢ KOHCTAHTAMH NOPOXONAMEro CBeTa,
TaX KaK OHa BO MHOTOM OGyCHlOB/CeHA BHemHuMA gexTopamu (TumoM mopadopa, 8Tamo-
HaMM, KA49eCTBOM IOJHMDOEKE M Ip.) . LI09TOMYy YCTQHOBISHHHE IJIA DASHHX CYJIb-
dumor 3aBmcmMOCTH "cocTaB ~ Ko3(dmumeHT oTpaxeHMA" He MOTYT HMMETH A0COJNT—
HOT'O BHAYEHWA, XOTA C JOCTATOYHO! CTEIeHBD ONIPENEJEHHOCTH T'OBOPAT 00 W30—
MoppHOM XapaKTepe mpuMecei,

CrenymumM METOIOM, KOTODHE WHPOXO HOIOMB3YETCH LI HCCISIOBAHMA DYIHHX
MUHEDAJIOB, ABIAETCA ONpeleJeHWe MUKPOTBEpIOCTH,. METON WHPOKO NPEMEHAETCHA B
MeTaworpaiul ¥ OLEHMBAETCH METALIOBENSMA KaK CTPYKTYPHO-IyBCTBHTEJBHHHE.K

+HaCTOMNEMy BpPEMEHHI C er0 NOMOMBN IJIA LEJOTO pANa CYJIRHIOB yCTAHORIEH M30—
MopiHEA xapaxTep npuMeceil, McciemoBaHMEe MEUKDPOTBEDIOCTH yIpomaeTcsd,ecid fop-
Ma OTIeYATKA KBAUpaTHAs, ECHM Xe MuHepas mveeT ADKO BHPARSHHYD SHU30TPOIMD
TBEPIOCTH, TO 3TO, C OUHO# CTODOHH, YCNOXKHAET 3amadyy, HO C Apyroff — MoxeT
IaTh NONOJHUTENBHYDL MHfopMammp O BMAHWM M30MODPHEX npmMeceR Ha XapaxTep H
dopMy oOTmEUaTRA,

Haxonen, ® cyms@upam Xax HDONYIPOBOSHEUKOBHM COSIHMHEHHAM NPUMEHUMH TaKue
METONH, KaK ONpelmesieHHe TEepMO—3.1[,C,, SEKTPAYECKOT'Q CONPOTUBIEHHT, XapaKkTe-—
pa MpPOBONMMOCTH M Ip, IONYIPOBOIHMKOBHE XApPaKTEPUCTHKHA dpesBHYaNHO YyBCTBU-
TeJbHH K CTPYKTYDHHEM IpEMEcsM. Jlake COTHE WIM THCAYHHE NOJM HPOLEHTA IpuMe—
ceit MOTYT BH3BATEH 3aMETHHE M3MEHGHWUA 3JEKTDUIECKHX cBoitcTs (AGDHKOCOB H Ip.,
1967). Jlo CEX Hop 9Ta OGA2CTH METOLOB OCTAeTCH B BejeHMA (usukoB, UM# BHIOJN-
HEHO OYeHb MHOT'O MCCIeHnoBaHmMi pasHoOCpA3HHX CYJBQUIOB, B QCHOBHOM CHHTETH-—
YeCKUX, JIETHPOBAHHHX ONpeleseHHHVH mpuMecsMd, CpeI¥ OCBeKTOB KCCJELOBAHUA —
Zns, Cds, PbS, HgS, szsa, 131253 ¥ Ip. B MuHepaJoTMH W2 JaHHO# I'DYyIOH Me-
TOTOB ITVIABHEM 0Cpa30M HCHOMB3OBANOCEH OIpeNeNeHHe TepMo—39.K.C. OmHaxo ycmem-—
HOe WCCJEeNOBEHHE NONYNDOBONHMKOBHX CBOMcTBE @U3MKaM¥ [O3BOJIAET HAUEATECHA HA
GoJiee MHEPOKOE NMPHUMEHEeHNe BCEX YKasaHHHX METOIOB IDHM M3yYeHmH m3oMopdusma B
NpUpoIHuX cynbdumax. Ilpasia, B OPHPOIHHX YCJIOBHAX B ONHOM MEHepaje OGKNIHO
CONEpEATCA HECKOJBKO IpuMeceil, BUMAHME KOTODHX MOXET OHTH ¥ CXOUHHM B pas-
JUYHEM, IIOSTOMY PeSyJbTATH He BCeTHa MHTEpIPeTHPYKRTCA ONHOSHAYHO, OmyTmMoe
BospmelicTBMEe MOXET TaKKe OKASHBATH OTKJIOHEHHME COCTaRa MUHEpass OT CTeXHoMeT-
pmtt,

AlmepHHEe DPE30OHAHCHO-CIEKTPOCKONMYECKNe MeTonH, [IpMMecHH# aToM B KpHACTAN-
JMUECKOM TIoJNle HandoJiee BHAUMTENBHO BIUAST HA camoe Oimkalimee OKpyXeHHe I B
CBPYROHEPENs MCIHTHBAET Bo3mellcTBHE 5TOrO OKpYXESHHA Ha cede, B cBASH C 9THM
M3MEHAKTCA HEKOTODHE FIEeDHHE XAPaKTeDMCTHKHE. [locjelHee ylaBimMBaeTcA HoBe#—
MMM Pe30HAHCHO—-CIEKTPOCKOMMYECKUMA MEeTONaME, KOTODHE NO3BOJAKNT CYIHTE O

1w Hosropoxosa, EB.P o3 03B a, K Bompocy o 3aBHCEMOCTH
BIIEKTPUYECKIX CBOHCTB XaJpKONWPUTA OT €T0 XUMHIYeCKOI'o cocTasa,Hact.cl.,
cTp.132.



OuRHeM OOpANKE B KpUcTalle. B mexax onpeleieHUA PopMH HaXOXISHHMA npumecedt
B cynpdumax y%e HCIOJIE30BRJINCE METON KBaIDYHONEHOTO pesoHaHca (FKP) m meTox
MeccOayspa (ramma-pesonaHcauy, wm AIP).

Meron AKP mpmMeHUM IJIA MCCAENOBAHWUS MUHEDANOB, COIEeDRAUMX aTOMH, ANpa
KOTOPHX OGJHaIalT SJIEKTPHISCKMM KBAADYHIONBHEM MOMEHTOM(T,e. pDacupemefeHme 38—
pAfa ANpa OTKICHAETCA OT CuMMeTpHuHO-clepudeckoil opMH ¥ IpPEHCTARIEHO BJLIAI~
comziom)., Taxue supa HAGIOEADTCA ¥ pAZe XAIBKOPWIBHHX DIEMeHTOB: As'2, Sbl2T,
su123 31209, oub3, 5 y mp. (MexskoB, 1970), MeTon UyBCTBHTEJEH K OYEHD
He3HaYNTeJBHEM KoamdecTBaM npmvecei (0,00n%). llpMMecH BIMANT Ha IDANNEHTH
" JIOKAJBHHX DJIEKTPUYECKEX ToJell KBAIDYIONBHHX ATOMOB, UTO CKA3HBAETCA HA DKCIE-
DUMEHTAJBHEX BOJWYMHAX W B NepBYD,04epefb HA WUPEHE DE3OHAHCHOH JMHME, &
TAKREe BPEMEHU CHMH-DemeTouHo#f ¥ CHuMH-COWMHOBO# penaxcamm#. MeTorn sddexTmeHO
HCHOMB30BANCA ILIA HCCAeNOBaHnA H3oMOpdAsMa B XalbKOTEHHNAX CYDPBEMH, MHIEBAKE
7 BucMyTa (lleHskoB u Zp., 1969; IleHpkos, 1970).

Meron MeccOayspa DpUMEHAM X HCCIEHOBSHEED MEHEDAJIOB, B CTDYETYDS KOTODHX
HaXONATCA TAK HasHBaeMHe MeccOayspoOBCKHE aToMy, MeTonm JaeT MHPODMAIMD O
XMMMIECKOM COCTOAHUM TEKMX ATOMOB M WX HONOKEHNHM B CTDPYKTYPE KpHcTawia,. Oc—
HOBHHE IAPAMETDH — W30MeDHuR (xmmdeckuil) CHBAT, CBASGHHWHA ¢ IUIOTHOCTBN BJEK-
TPOHOE Ha fAIpe, U KBANDYNOJEHOE paclelieHne, KOTOpoe OOYCJOBIEHO I'pDalHeH—
TOM BHYTPHHPHCTAILIMUECKOTO BJIEKTPHIECKOTO @OJNA W cocTosameM cBAsE (Mapdy-
umH, Mpramd, 1967), OGHMM #3 MecCOAyPDOBCKEX ATOMOB. SBIZeTCA Fe’!, W yXe B
pAje padoT ¢ nomouwsn MeToma AIP ompelelAlack BAIeHTHOCTE M3OMOPJHOTO Xesesa
B8 chanepure (ToH4YApPOB ¥ Ip., 1970; Benoseperuit ® Op., 1966; BopmaroBckmit n
Ip., 1968). '

MeTol M30MpaTeJBHOIO PACTBODEHHMA, JTOT METON OTHOGHTCH K XMMAYECKHM H
OCHOBSH Ha pasyigHoit pacTBopmMOCTH coeXmHeHult, IopGupaercA cHenMaibHHI pac—
TBODHTENE, HOTOPHI NEpeBOIMT B DACTBOD MUHEDAN-XO3HAEH, Eoimm OpuMechk R30MOD--
fHa, oHA DEpeXOomuT B PACTBOD B TeX %€ IPONOPLMAX, 9T0 X OCHOBHHE KOMIIOHEHTH,
Eou %e IPUMECE HEXOINUTCA B COGCTBeHHON MuHepambHOW fopMe, TO OHA MORET OKa-
3aTECA HEPACTBOPMMOR WM DACTBODPATLCA B MHHX COOTHOWNEHMAX. Taxuy cmocobom
JCIEeWHO Onpemesiaiachk QopMe HaXOXIeHHA Teswrypa B rajeHute (Temmpdynarosa,
1971), kemvmsa ¥ repveHus B canepure (3opwe # mp., 1967) u T.4, lpasga,

KaK yke COpaBelymBo oTMedasoch (JurBrHOBMU, 1970), IaHuull MeTonm He BCEINA
MOBBOJNAET NOJYUYATE ONHOSHAUYHHE DE3yJBTATH, .

Kax IOKasHBAET NPUBENEHHOE OIMCAHWE, DasHHe MEeTONH, OpPMMEHAEMHE IJIA MC—
cremoBausa maoMopdHux npuMecefl, MMeNT ONpENENEHHHE OrPaHWYEHNUd,.B cBA3: ¢
STUM IJIA pelleHHs. KOHKDETHHX BOIPOCOB HEOOXOZMMO HONCHMpaTE: IONXONMNME CIOCO-
OH HCCaenOBaHUA, Hax OpaBmwiro, HaudoJee ONpeHe/eHHHNE pPesyIbTAaTH TONydYanT IpH
KOMIVIEKCHOM MCHOJE3CBaHMN HECKOIBKUX METOTOB,

INPUMEPHI H30OMOP®H3IMA B CYJBOHIAX

PaccMOTPEM M30MOP{HHE ‘3aMelleHNs B HEKOTOPHX TVIABHHX DYNOOODASYWMX CYJIb—
@unax, cHaYANe B SHWOHHON, 3aTeM B KATMOHHON mompemeTke.

Hsomopdinsm B aHWOHHOK MOIpEmETHE

VzoBaneHTHER H30Mopdnam

Nzomopdmam S-Se-Te. Cepa,CeleH M TeLTyp B Cyabdumax # mX anamorax(cene—
HANAX M TeJypPUIAX)BHOTYNAWT B KAYeCTBE AHMOHOOODASOBATENH.JTH SJIEMeHTH OT-
HOCATCA K MOATDYTINE KUCAOpoja VI TDYINH NepHOAWYecKodl CHCTEMH M MMENT CXOn-
HOE CTDOEHHME BHEWHNX SJEKTPOHHHX 0GONCHEK,KOTOPHE XapaxTePHSYRTCA WeCTHH SJIeK-~
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TpoHaMM € HoEuryparmei 82p4. ATOMHHE HOMepa STHX SJIEMEeHTOB BO3DPacTanT OT
CepH K CEeJIEHY M TeJIypy ¥ B TOM Xe HanpaBIeHNM YBEeJMYMBAETCHA KOJMYECTBO BJEK—
TPOHHHX OCOJIOYEK, & CJIeNOBATEJEHO, DASMEDH ATOMOB M UX CIOCOGHOCTE K IOJNADU-
3alMi; 9T0, Kak OyIeT IOKa38HO HUKE, CKAB3HBAETCA ¥ HA HX CIOCOCHOCTH K HM30-
MOpPDHEM 32MemeHH’AM,

C amemeHTamm 1T rpymH (Zn, Cd 1 Hg) pACCMATDUBAEMHE XAaJIBKOT'€HH 00DpAByHT
MOHHO-KOBAJIEHTHHE CBA3HM, OJIEMEHTH HNONTPYNUIH IMHKA MMElT Ha BHemHe# oCosouxe
IO IBa DJEKTPOoHA ¢ KoHPurypaumei 2 un, ofnafeA OOCTATOYHC BHCOKHAMM IOTEHIM—
anaMil MOHM3alld, He OTIalT CBOHM DJIEKTPOHH, 4 JMIL pasmeldlT X C aToMavi He-
MeTasma, B CBABM C 9THM BOKDYT KAXIOTO aToMa MeTallla BOSHUKANT YeTHPE BHTAHy-
THX 3JIEKTPOHHHX 00JNaKa, KOTOpHe 0o0pasywrcs sa cdyerT TUCPUOM3AIAN s M p-OPOUT
¥ MMENT KOHJUIYpanmun sp~. OTH BJIEKTPOHHHE oCIaxa IpeNcTaBIANT coGoft deTHpe
CBABH, HalpaBleHHHEe K BEpOHMHAM IPaBWIFHOT'O TETpadipa, M ONpelesAlT KOOpIHMHa—
LIVOHHOE YMCHO 4 I aTOMOB MeTasId, B OBAZM C 3aMeTHO .CoXbmelt  BJIEKTDPOOTDH-
LIATEJBHOCTEI CEPH M €€ aHAJOTOB II0 CPABHEHNWK C DJIEMEHTaMA IONTDYIIH IMHKA
00JlaKa CMEWanTCd B CTOPOHY BJIEMEHTOB VI TPYINH,ITO X OCYCIOBIMBAET HMOHHYD
COCTaBIAKNYD NaHHO! cBAay .( AGDMKOCOBX mIp,, 1967).

C aromav® IV I'DyIIH, HEIDHMED CO CBMHIIOM, BCE XANBKOTEHH TaKke 00pasynT
MPEMMYlIECTBEHHO MOHHO-KOBAJEHTHHE COeNUHeHWd, HOODIMHAIMOHHOE YHCJIO B STOM
TUIIE COENMHEHMH Kay IJA aToMa MeTasa, Tak U LA BCeX HeMeTas OB PaBHO 6,

C aroMam# V TPYNIH, HAIPUMED C CYDPEMOX M BHCMYTOM, XANEKOTEHH 06pAsynT
Gojlee CIOKHEE KDUCTAIOXUMAYECKHE CTDYKTYDH C CYLeCTBEHHO-KOBAJEHTHOA CRASEN.
OmHaxo M 37eCk B Opemesnax CeCKOHEYHHX JIEHT, BHEEJAEMHX B 9THX CTDYKTypax,
XaJbKOTEHH 3a8HUMANT SHAJOTHMYHHE ITOJOKEEMA H ONWHAKOBO YYACTBYDNT B CO3TAHNN
KOBAJNEHTHHX CBAze#t, (CumMTanT, 4YTO B JEHTaX NefiCTBYNT Takke MeTaJUIMYeCKUe o
pe3CHaHCHO-BpallgTeIbHEe CBABH; Oojiee mompodHo cm. y H.X.AGpmrocoma ¥ mp.,
1967.) :

Taxymm oCpasoM, B KaxNOM THIE COENMHEHW: cepa, CeJEH B TeIyp HMEeNT OIuHa—
KOBHE KOODIMHAIMOHHHE HACJA ¥ UTPakT CXOIHYW pPOJE B CO3HaHMM XUMUIecKoll cBA-
3K, CnemoBaTesNpHO, UX B3aUMEHE W30oMOpPHHE B3aMelleHUA NPUHIMIMATIEHO BO3MOXHH,
uTO OHIO HEOTHOKPATHO IOKA38HO SKCHEpPUMEHTANIPHHEMU HCCIeTOBaHUAMHE, HeXoTopue
OpUMEpPH NPUBETEeHH B Tadn, 1 # 2, /3 UX DPacCMOTDSHWA MORHO CIEJAaTh BHBOIH OT-—
HOCHUTENEHO $arToOpoB, ONpemesIANMMX XapakTep naomopdusma.

Tax, NeRCTBUTENBHO, LIA 00pa30BaHMA HenpepHBHHX u3oMopdHuX cepuit Heolxo-
IVM [IpeXne BCero ONUHAXOBHA THI CTPYKTYpH., Ecim ke KpallHWe WieHH OTHOCATCH
K DASHHM CTDPYKTYDPHHM TumaMm (HampuMmep, KMHOBEDE ¥ THUMAHHAT WIX KMHOBADE I KO-
JIOPANONT), TO M30MOPIMEM MEXNy HIME OTpaHWYEH,

IIp¥ BHIOJHEHWY YCJOEBHMA M30CTDPYKTYDPHOCTH CYWECTBEHHHM OKA3HBAETCA pasid-
upe B pasMepax ¥ NOJAPU3YEeMOCTH M3IOMOPIHHX ATOMOB, ITO HAIVIANHO BHABRIASTCH
P COMOCTARIEHWN SHKCIEPEMEHTANBHHX HccaemoBaumit maomopdusma cynsdumor ¢ ce-
JIeHUIaMA ¥ CYJEQUIOB ¢ Tesrypunamd, ECJm B IepBOM ciydae msomopdusm B npene—
Jlax OFHOT'O TUIa CTPYKTYDPH OOHYHO HempepHBHHA, TO MeXny cymedumevu ¥ Tesurypu—
IEMA CMECHMOCTE OTU'DaHMYeHa, X HMHOT'IA BeChMa 3aMeTHO, ONpeleseHHOe BINAHNE
MMEET ¥ TUN CBA3M, Tak, MERLy CyasdmmoM X CeJeHUmoM CypsMH usomopdusm Hempe-—
PHEEH, & MEeRIY -aHaNIOTMYHHMYI COeINMHEHWMAMM BUCMYTa OrpaHuMYeH, Kak M3BeCTHO,
CBASH MEXIy METalIOM ¥ XaJIbKOTEHOM B XaJIBKOTEHIIAX BUCMyTa ‘G0Nee MeTaLIHYeCc—
KafA CPaBHUTENBHO CO CBABBN B NONOCHHX COEINVHEHWUAX CYDEMH, ¥

B npupomHEX yCAOBMAX H30OMOPIU3M B WHMPOKMX NpemeiaX IpPOABIAETCHA JMIL B
cucreme MeS-MeSe. Tak, C [OMOWBH DPEHTT'EHOBCKOTO MUKDOAHAIN3ATOPA B Oepueiua—
HUATE YCTAHOBIEHO mMo 5,7% S (Harris et al,, 1970) ;ommcaHa CeleHUCTaT pasHOBMI-
HOCTE MeTaluHHAGapuTa — OHOGpMT ¢ comepxaHuem Se 4,58 u 8,40 (MueparH,
1960); B IPUPOIHOM KAIMOCEJATE II0 M3MEHEHHD pPa3MEDOB dJeMeHTapHoll Aveliku om-
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Tadaumna 1

[lpuvMeps mzoMopdusMa MeS-MeSe IO SKCHEPUMEHTAIBHHEM TAHHHM -4
T P MuHepaIsHEe THI CTPYE- Xapaxrep liswangnie: aRoRoTs "
TAHEHAA ARG TypH soMopduavEa ¢ yBeJIMYeHMEM COTepRa— CTOYHEE
HHA MeSe
AlsVT Cu,_ oS- IureHUT - Gep— | GmoopmToBHit Hccemopan HEmoN- = YBeJWYeHNe PAasMepoB Harris et al.,
Cu,_,Se NeJUaHAT HOCTED, Jlo 50ar.% areMeHTapHO! Ageiiku 1970
) SeB Cu,_,Se
MOXET 3aMelaThbCa
cepolt
AIIgVI ZnS-ZnSe CpanmepuT — mrun-  ChamepmTa HenpepusHuit YMeHbIEHNE MHUPHHH Larach et al.,
JEHnT : sampemneHHo! 30HH 1957*
CdsS-CdSe TpEHOKNT - Kal- Bopriura 5 To xe Burpmxosckui,
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lzmeneruze ceofters

MuEeparEHHe Tuo cTpym- XapaxTep
Tun coemmmermsz | CmcTema aHAIOTH TYpH A30MOpEE3Ma C yBeJWUYEHNEM COmep- Herourmx
EaHUg MeSe
HgSe; mpu 600° mo ! Yeesmaenme pasMepoB ManeBcruit, Uxyn
9% HeSe B HgS m BJeMeHTapHo# muehtkm m  lza-%yH, 1965
To 79 mom. %HgS B INOKasaTesell OTDaXeHUS
HgSe B [peneax T'OMOTeHHHX
JUACTKOB
ATV PbS-PbSe Taneunr - TarennTa Henpepusmwit YBeJMYeHNe pasMepoB Early, 19503
K8y CTaInT sJieMeHTapHo# saeitkn Cunmeera, T'omo-
BHKOB, 1959; Sim-
pson, 1964;
YMeHENEHNE MEDUEH Apuxrocor u mp.,
sampemeHHO# 30HH 1967
Sb,84-5b,Se 4 AHTHAMOHHT - AHTUMOHNTE, = YBeJmueHHE pasMepos AGpurocos 2 mp.,
HE H3BECTEH aJieMeHTapHo#l sueitrm 1967
Pl A Bi,S;-BiSe, Bucwyrm ~ A¥TEMOEHTE - OrpammaerHsdt: BeKOHOMEDHHe U3MeHe-  AGDMKOCOB X Ip.,
naparyaHaxy- TeTpammMuITa mpu 600° eroo HUA TepMO—-9.X.C:, 2JeK- 1967; IBauxoBa,
aTur i ’ ' 674 Bi Sey B TPC- ! TEIONpOBOAHOC— 1960

JlaEHHe mpUBeNeHM O AGDEKOCOBY X mp., 1967.
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Tadainnoa

liprvepH u3oMopdusma MeS-MeTe 110 SKCIEDHMEHTANBHHM TAHHEM

2

i IsmeHeHMe cBo#CTB
Tan coenUHEHRsA CpcTemMa NM-IepaJIBHHe Tun SupyR- Xapaf:'l‘ep ; C yBeIWYEeHHEM conepxa— Herounmk
SHANOTH TYDH u3oMOpPUSMA 7| Lo yeme
: .
Allp"T 2nS-ZnTe Chamepur - CdanepuTa, Becima orpanuued: He yrasaHH Larach et al.,
He u3BecTeH 0 8 MOX, % ZnTe B 1957 %
Zns W 10 5 MOX.%
ZnS B ZnTe
CdS-CaTe Tpuuoxnr ~ ' YMeHEIEHNe YIEeJBHOTO Burpuxosckuit, ,
HE M3BECTEH BopTiuTa BecpMa Or'paHWYeH:  CONPOTHUBIECHUA Musenxas, 1981
IO 2 MOJX, %CdTe B CdS
Hgs -HgTe MeramHEHaGa~ (Cdanepura HempepuBHuE mpu He ykaszaHu Huxonbokas, .
DET - KoJopa- BHCOKEX TeMIepary— Peress, 1959
ITour pax :
HgS—Ht}Te Kuosaps- Kunomapu- Orpaxmuen: mpy 300°C B romoreHHmx ydacteex —Mamesckmit, UkyH
L KOJIODAHOHT carepura o 3,5 MON.% HgTe YBeJWYEHHe pasMepoB [l3A-®yH, 1965
i B HdS # OKOJIO 9JIeMeHTapHOR AYeMKH
MoJ,% HgS B HATe ¥ nmokasaTeselt oTpa-
- : REHUA i
AT PbS-PbTe Tanesnr— T'aneHRTE 0) €H: IIpH B romMoreHHHX y49aCTKaX  Bacuises, 1955+
anrranT 800° C mo 20 Mox.% YBeJWYeHHe DasMEpOoB Cuxnmeesa, T'omo-
PbTe B PbS 7 10 BJeMeHTapHOH e BUKOB, 1959
i 20 moX.% PbS B PbTe.
A'B 8b,S4- AHTHMOHHT — AxTHMOHUTE — Orpaxmuen: mo 48 BospacTanue NONEMXHOC- Epomonolt, JameH—
sb,Te, He H3BECTEH TeTpalIMATa MOJI% SboTes B TH HOocHMTejell Tora mo X0, 1961

JlaHHHe OpHBefleHH N0 AGDHKOCOBY W Ip., 1967,

SbpS1; COXpaHAETCA  MEpe YBENWYEeHMA comep-
c'rpy?cmypa AHTHMOHN~- XaHmd Te, & Takke M3-—
T MEHEeHHe IDYIUX SJIeKT-
pHYEeCKUX CROHCTE




peneneHo 15% Cas (Bypesuopa, 1960); HalineHa cepBsa DPOMEXYTOYHHX WIEHOB DALA

TaJleHNT-KASyCTaliT ¢ ColepkanueM PbsSe or 6,5 mo 93,7 mox. % (mo 18% se) (Co-
leman,1959). Ho OGHUHO cOmepxaHKe NpUMeCK ceJieHa B Cyaedumax He BHIE MIeCATHX
a TeJrypa - COTHX JoJdell nmpoueHTa. OmHAXKO B TEKHE MX HOJMYSCTBA MOTYT CYmECT-
BEHHO BIMATH Ha fmsudveckue cpoiicTBa MuHepanoB. Ha HCHYCTBEHHHX OCpasnax Ku-
HOBapM, JETHMPOBAHHO! CEJEHOM M TEJIypOM, MOKA3aHO, YTO yXe IpHM CONepKAHMM
0,1% OpuMecu YBENWYHBASTCA HE IBA~TPH MOPANKA TDOBOLRMOCTE, MOABIAETCA HO-
DOJHUTENEHHA Maxcumym forToToka B o6nacT® 750-1100 HM M IPOMCXONUT CMEleHHE
Kpad noryomermna TrPPysHOrO OTpaxeHWA B JIIMHHOBOJHOBYR YacTh cmextpa. (Cayxos
% Op., 1972).

'~ Kax Owio mOKassHO BHIE, peHHME (aXTOpH He NPENATCTEYRT IpPOARICHUD
usomopdusmMa S-Se ® S~Te, IOSTOMYy,IDHUMHA YSKEX IPENEJNOB €TI0 NPOSABIEHUAA B
OpUpone, OYEBMUHO, 38KJANYEHA BO BHENHEX YCJIOBAAX. Tak Kax CeJieH W TeJIyp OT-
HOCATCH K paCcCefHHHM SJeMeHTaM, KJIAPK KOTODHX 3HAYMTEJBHO MEHBNe KJapKa Ce—
PH, BULUMO, IVIABHY® OTDEHMUABANIYKH DOJNE MIDaeT KOHIEHTpalid STHX 3JeMEHTOB
B pyrooCpasynijix pacTBopax.

Wsomopdmsm S-0. Kucnopon HaxommTcda B To# Xe DOmTpynne VI TPYINH, YTO M
cepa, M, GIeNOBATENBHO, MMEET CXONHOE CTpoeHMe BHemHe# sjexTpoHHO# oG0MOU~
¥#, C HEKOTODHMHA U3 XAJEKOJWIBHHX DJEMEHTOB, HANPUMED C LEHKOM, OH 0Opasy-—
eT COEINUMHEHWT, HMEepliMe CTPYXTYDH, SHAICOI'MUHHE CTDYKTYpE COOTEETCTBYKIETO
cyneduma (Zn0 oGiamaeT CTPYKTypoi#l Tuma BmthmTa). ! XapaxTepusyerca Toll xe
KoopAMEaImel#t, 4TO W cepa, TeM He MeHee DACTBOPUMOCTE Zn0 B TEKCATOHAIEHOM
ZnS, CymA MO SKCHePUMEHTATBHHM paloTaMm,YpesBHYaiiHO OTrpaHMYeHHA: HO 1,2 MOXM.%
ZnQ B ZnS IpR 115(}0; C IIOHMKEHHEM TEMIEDATYpPH OHa elle Oojee CHUKAETCA — IO
0,85 mMoM.% NIpH 1100° (Skinner, Barton, 1960). B CONOCTEBMMHX KOJHMYECTBEX ZnO
BXORMT I B Kyouwdeckui cgarepur: mpw 800° - 0,4 morm.%, mpm 900° - 0,8 mox.%
Zn0. DTo CONPOBOXIaeTCA YMEHBIleHMEeM unapaMeTpa pemeTkn cHamepura - C
5,4093 3 go 5,4065 i mpu 0,7 Mox.% Zn0O. Ha OCHOBEHWHN DEHTTEHOBCKUX H3MEpe-—
HUA IOKa3aHO, UTO KUCJIOPOI OPUCYTCTBYET X B IpMpomHOM cdamepmre, HO B KO-
JMYECTEEX HMKE YyBCTENTEJHHOCTH SHANMTHIEeCKMX omnpeneneHu#t (Skinner, Barton,
1960). ]

TexuMm 06pasoM, B JNAHHOM CIyYae HA KOODMMHAIMOHHOE UHCJIO, HE pasMepH Ho-—
HOB, HE THI CTDYKTYDH He UrpanT onpefessmmel poam B mzomopdmsme, KoTophi
34BUCUT IVIABHEM O6pasoM OT pasJduMAd B COCTOSHME Xuvmueckoll cBAsH. locaemHAs
B CBON OYepend O6YCIOBIeHA pasHmIeH aJeKTpOOTpPHIATENBHOCTER CEPH M KHCJIODO-
ma: OnaromapA OoJblieil SAeKTPOOTPHUATENBHOCTH KECJIODOIA CBA3E Zn -0 ABIAET—
cfi Topasno Gojee MOHHOR, UeM CBASE Zn-S.

TeTepoBadeRTHE H30MOPPUEM

Wzomopdmam S-As(Sb). Ha npuMepe ONpUTa HEKOTOPHMEM MCCIENOBATEJAMA IPENIo-—
JaTanachk BOBMOXHOCTD BaMEllEHHA CEePH MHUBAKOM (Neuhaus, 1942; Burkart-Bau-
mann, Ottemann, 1971; 30T0B ¥ Op., 1972). IpOBEIEHHOE C IOMOWGBK SJIEKTPOHHO-~
PO S0HEA OOpeleJeHHe COCTaBa S0H As- ¥ Sh-COZEDEaeTo ImMpuTa (MecTopoxie-
Hie Muxafimonckoe, BocTouHoe 3adaitxamse) pmelfcTBUTENBHO ITOK&3a/M0 OGpaTHYD
KOPPEJIAIND MEXLY CONSPRAHMEM CeDH M CYMMApHEM KOJUYecTBOM mpuMecell As 1
Sb. B mpaAvolt SABUCHMOCTHE OT CONEPXKAHWA OpuMecell M3MeHAeTCA H HApaMeTD 3je-
MeHTapHOlt syeitkn mupmra (Bopomaes, Mosrosa, 1974). B crarse 'I‘.H.]]Jz;q.m::‘rﬂ:L n
Ip.” TaKke OTMEeUeHo MBOMODHHOE BXORNEHNE MHIBAKA B MMPUT OLHOTC U3 MECTODOR-
IeHU# Bosrapuy B XKOJUUYECTBEX IO 5,2%,

l7H.Wagaysd =®gp., MaBAXOBMCTHG NMEDAT ¥ ODABOUT U3 MeCTOPOXIEHNA -
Cemmoumcnenmny. Hace, c6., crp.113.
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B maHHOM TANE SHWOHHOTO n3oMopduame As?™ n (wm) su’~ 3amemant Tl
NpeBpaNAlT HeKoTOpHe TaHTemt [:§ : §:|°” B ramvesm [:4s:§:] wm [:$b:§:], mme-
DWECA B CTPYKTYpax KOCambTHMHA M YAEMaHHATA. I[IOCKONBKY HUKAKOI'O COIPOBOXIE—
KIero KATHOHHOT'O 3aMelleHud He IIPOMCXONMUT, TO SJIeKTPOHeHTpaNBHOCTE CTPYKTYPH,
BUINMO, COXDAHAETCA 34 CUST MOABJIEHWSA aHWOHHHX BakaHCHil (rBepmuii pacTBOp BH-
YUTEHNA) . [[DOYHOCTE ¥ COBEPUEHCTBO CTPYKTYDH TAKOTO IUPHTE YMEHBUAKTCH, O
YeM CBHIETEJNECTBYNT MOHWKEHME MHKDOTBEDLOCTY ¥ ypeamdyeHMe MUHPysHOCTH IOpOm-
KoT'pamM.

OTcyTcTBEE KOMIEHCHDYOUMX KaTHOHHHX BaMemleHumt NMOKA3HBAET, YTO BTOT THI
aHUOHHOTO M30MOpfM3Ma MOXET OHTH JIUNEL OFPAaHWYEHHHM. B NPUPORHOM NMPHTE Ha -
MUKPOBOHNIE YCTAHOBMEHH MaKCHUMATbHHE CONEPKAHNA MHIBAKA — 7,8% B CypBMH —
3,1% (Bopomaes, Mosrosa, 1974); mo usMedeHN® NapamMeTpa suelikM BosMORHOE
coIepRaHle MHIEAKE, COIVIACHO pacueTaM Heffxayca (Neuhaus, 1942), cocTamng-

er B%. .
JHTEepecHO, YTO 9TOT TUI M30MOpHW3Ma NPOABIASTCA JIMUE B HUSKOTEMISPATYpD-

HEx (me smme 100°) O0paBOBaHAY (TebnupiTe U3 cTPaTHdOPMHEX MecTopommenuik
Bepxueit Cmmesmi, OOMMTEX U3 TEPMANBHHEX HCTOUHMKOE O,KyHammp, CaMHX HDO3THNX
DYIHEX BHUEJIEHUAX CEMHLIOBO-IMHKOBHX MecTOpoxmeHm#l BocrounHoTe 3Badaitkanss).
HecmoTpsl HA OCHYHOE yBEJNMYeHMe M30OMOPJHOR eMKOCTH C NOBHIEHHEM TEMIEDATYDH,
B 0oJIee BHCOKOTEMIEPATYPHHX YCIOBHAX STOT U30MOPPHU3M CTAHOBHTCHA BECEMA OI'-
PAEMYEHHHM: IO SKCHepMMEHTANEHEM mamHmM J,Kiapka (Clark, 1960), mpe 600-700°
B nppUTe pacTBOpAeTcA He Coaee 0,5% MuubAKa.llo-BAIMMOMY , DA3HOBUNHOCTH MADPH-—
Ta,KOTOPHE OIMCAHH BHIE,IPENCTABIANT codoft MeTacTaCMAbHHE TBEpIHE DPacTBODH.

Y As- § Sb—COIEpXallX NHPHTOB BeChMa OOHUHH 30HAPHHE, OpaBOMTONONOCHHE
CTPYKTYPH., 30HH TOBOJEHO OTYETJMBO DA3JMUYANTCA IO KOJUUECTBY PaCCMATpPHBaE—
MHX Opmvecelk, He McHAOYEHO, UTO 5TO OCYCHOBIEHO DPACHANOM METACTACWIBHHX
TREDAHX DPACTBODOBR BCACHCTBEE WX yhopsajouemws, [locnepHee, KaX W3BECTHO, Xa-
PaKTEPHO IJIA HUSKUX TeMIepaTyp.

UsomopdusM cepa — T'aloTeHH. Fme oIMH THI 3aMemeHMA aHMOHHOTO T'eTepOBa—
JIEHTHOTO M30MOp{maMa MOXHO IpeinoJaraTe Ha OCHOBGHUE paGOT IO CHHTETHYECKOi
KNHOBapH, JEeIUPOBaHHO# He3HauYMTeNbHEMM KoamdecTBamu moma (Kaeww m mp.,1965).
Bamemerue S°~ Ha I'~ KOMIGHCHPYEeTCA KATHOHHHMIZ BaKaHoumaMi (TBEpAMM DacTBOD
BHUNTOHNA) I Takke HOJRHO OHTH OTDAHWYEHHHM. K TOMy Xe IaloTeHH I XalbKore-
HH BECEMA CIJIBHO pasanvalTCA MeXLy codoff B XUMHYECKOM OTHOWEHMH. Kak moxa-
say ONHTH J.B.KaBuda ¢ coaBTOpaMu, HECMOTDA Ha BAPHAIMM NPUMECH HOT& OT
0,0001 mo 1%, pasmepH BIEMEHTapHOW AYelKN KMHOBapW OLyTHMO MEHANTCA JIIL IO
KoHneHTpamm moma 0,3%, KoTopad, BAOMMO, ABAAETCA BEpXHNM IpPefenoM €0 BXOX-—
IeHUA B CTPYKTYPY cynbduma pryTu. OmHaxo ¥ Takue KOMMYECTBA [PUMECH BH3HBAKOT
3aMeTHHE HBMEHEHHUA DANa CBOHCTB BTOT0 MuHepana (8JIeKTPONpoBOTHOCTH, oTo-
NpPOBONMMOCTY, BEJUYMHH OTDAXEHUA ¥ HP.). B IPUPONHHX YCJOBUAX B cyabfumax
oTMevYaeTCA Topasho MeHEBlee colepxaHue NpuMecell TaloTeHOB; B KHMHOBap#, Ha-
npuvep, o maHHEM H.A.03epoBoit (CaykoB m Zp., 1972), MakcHMaabHOe COLEpEa-

HAE MoTa HOCTUI'aeT Jullb n - 10° - n . 107 %,
Takum o6pasoM, B SHHOHHOR IOmpemeTke OTCYTCTBME KaKMX—TH00 KOMIESHCHDYDIMX

KATHOHHHX 3aMENeHuit CTAHOBUTCA OCHOBHEM PeTyIMpyHIMM faxTopoM MacmTaCOB IIpo-
ABJIEHNA TeTepOBANEHTHOTO M3oMopinsMa, BHAUMTENBHYD DOJIb HIDAET TaKke pas-—
JMuMe B XUMEYECKMX CBOHCTBAX B3aMMO3AMENAKIMXCA BJIEMEHTOB,

lsomopduaM B KaTMOHHOH monpemeTke

B cympdEmax B KauecTBe KaTHOHooGpaszomaTelNell MOTYT BHCTYIATE 3JEMEHTH pas-
JIMYHHX TDYII DepHommYecKoit cmecrTemu. PaccMOTpMM HEKOTODHE OCOGEHHOCTH H30MOD-
fusma Ha OTHeJBHHX IpHAMEpax.
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= . CoenmmeHus Tuna AzBe'

VzonopdEsm B cOEZEHEHHAX 3TOrC THIA(ZnS, CdS H HgS) H3YYeH JNANEKO He
OI¥MHaKOBO, HamGoiemee KOJMYECTBO padoT NOCBAUEHO calepUTy, dYTO BHIBAHO, C
omHO#t cTOpPOHH, GONEUNMM pasHooOpasdeM eTo cBoficTB M cocrara, a ¢ mpyrof, -
QUEeBHIHO, TEM, YTO 2TOT WMPOKO DACHPOCTPaHEHHH! MIHepal OHJ OpeljioXeH B Ka~

94eCTBE I'€0TEpPMOMETDa. B OTHONEHHMM T'PMHOKMTa CdS, OTHOCHTEJLHO MalOopacIpo—
, CTDSHEHHOT'O MEHepaJa, HMEJIICHL JMIE OTHEJbHHe IaHHHe. HAaTHOHHHe 3aMemeHUA B
HgS elle CPaBHUTENBHO HemapHo (Mmpepaix, 1960) cUNTAIMCE HENOKABAHHHMA,

BaamvozaveleHus  BIEMEHTOB [OLTDYNNH IMHKA. Zn, Cd ¥ Hg MMENT OZMHAKOBOE
CTPOEHNE BJIEKTPOHHHX OCOJOYEeK, A IX COeNUHEHNA XapakTepU3yWTCH ONHUM M3 IEYX
THNOB CTPYKTYDP — BOPTIMTOBEM Wi cHanepuToBEM (MCHINYEHNE COCTABIAST KMHOBADE,
ofnanamnmas COCCTBEHHHM THIOM CTPYKTYDH). B CBASH ¢ DTHM B3aMMO3AMENEHHMA Zn,
Cd ¥ Hg BIOJHe BOSMOXHH, JleficTBUTENBHO, KAk BUNHO 13 Tabl., 3, CYUECTBOBAHUE
BBAMMHHX TBEDIHX DPACTBOPOB CYILOMIOB pACCMATDPMBAEMHX BJEMEHTOR SKCISpHMEH~
TANEHO JOKA38HO ¥ HONTBEDKIEETCHA UCCJIENOPaHUEeM IPUPONHHX OGBEKTOB, OIHAKO
ofpaliaeT Ha ceGf BHUMAHME GOMEBWAR CJACKHOCTH M30MODEHHX COOTHOWeHml mo cpas-
HEHMD C 3aMemeHMAMM B aHuoHHO# mompemeTxe, Tak, HeCMOTDPA HA INOJHYK CMECHMOCTH
TexcarcHaneHtK Mozubuxanmit ZnS u CdS, xydudeckue MONUPHMHAIIMN DTHX Xe COelu—
Henwit (canepur B XOYMHMUT), KAK MOKA3EIM BKCISDUMEHTH, CMENMBAWTCA JMUH B
OTpaHNYEHHHX Ipemetax, Bummmo, KyoudecKed pelleTKa OKa3HBaeTcs Oojee XecTHol
LR OpHCOOCOCHEHUA K pasiuuyll B pasMepaX pafHyCoB HOHOB Zn K Cd.

MHTepecHEe COOTHOUEHMA HAGNOIAWTCA ¥ B CHcTeMe CdS-HgS (XOyJMHT-MeTaIuH-
Hadapur), I'ie npn cHasepUTOBOM THUINE CTPYKTYD ¥ KpalHux uieHOB DAKA COemuHe—
HUA, OTBevYamiue LEHTpaJLHOK er'0 4acTi, UMENT CTDYKTYpPY THIA BODPTIHATa. 5TO,
BOSMOXHO, OCYCJIOBJIEHO 3&8METHHM IOHUKEHWEM TEMIepaTypH IepeXola « - B -MOmHAfn-
Hanuit DOpM 3HAUATENEHOM KOJMYECTBe IpmEMeceit,

CeemeHnA O ($a30BHX DABHOBECHAX HgS-CdS W HgS-ZnS HA OCHOBE CTDPYRTYDH Ku-—
HOBap¥ B JUTEPATYDE OTCYTCTBYHT., OIHAKO Ha HCKYCCTBeHHHX o0pasuax KUHOBADH
¢ He3HAYMTEJBHHVMA NpUMecAMM Cd (BupameHH U3 razoBofl $asH) yCTAHOBIEHO 3aKO—
HOMEDHOe yMeHENleHMe apamerpa c (Opm 1%Cdc - 9,452 &, mun 3% - 9,447 R;
¢ unerTolt HgsS - 9,494 1) IDE TOCTOAHCTBE Imapamerpa a = 4,152 R (Tmurep, Karma-
cxag, 1962 - no CayxoBYy M Op., 1972). 9TO NMOSBOMWIO CIENATH BHEOL O CYLECT-
BOBAHWE OTDAHWYEHHOT'O 3aMEeUeHUs DTYTH KagMueM B CTPYKTYDe KUHOBapH,KOTOpHi
OONTBEPRIAETCS HOABIEHMEM NOMONHUTENBHOI'0 MakcUMyMa GOTOYYyBCTBHTENLHOCTH B
GmaxaeM uHbpaxpacHom cBeTe ([lamkoBCkuit @ Op., 1962 — mo CaykoBy ® Ip.,
1972), B npupomHNX o0paslaX KMHOBAPM KaIMml OCHADYXKMBAESTCH pDexe, 4YeM B MeTa~
OvHHAGapuTe, ¥ el'0 COTepKaHud mopsmka 107 yxe CUMTawTCH HOBHUGHHEMM (Caykos
M Op., 1972), KoiMduecTRO HMHKA B KMHOBapk OCHUHO He NpeBHuaeT 1%, mpHyeM
PHOTTE B TAKEX 00pasnaX OTMEeUaeTCd BKDAIMIEHHOCTH CYMBOUNOB.

3aMelleHWsa  Zn, CAM HeSJMeMEHTAMM ODYTHMX Tpynn, Ha sTuUX saMemeHHMAX Haubogee
CIWIBHO CKa3HBAETCA OCOGEHHOCTH KOBaNeHTHOHR CBASM, onpemesdanas MOJAPHOCTD
mzomopdusma. Tax, HECMOTPA HE MUPOKYH PACTBODUMOCTE KAQTHOHOB IDYTEX T'pDyIn B
XaJEKOTEeHUNAX MONTPYINH IMHKA, OofparHOff pacTBOPMMOCTH Zn, Cd ¥ Hg B COOTBET-
CTBYHIMX CyJefuIax He HadmomaeTcd, [IpAYMHOR MOZOGHOTO SRIEHWA CIAYRUT CTPO—
eHHWE BJEeRTPOHHHX ofoxouex,TpH pacCMAaTPHBAEMHX KaTHOHa 20-IONTPYyNNH (Zn, Cd
u Hg), KoK NOKA3HBAET UBYUEHMEe [IOJYIPOBOTHEKOBHX CBOHCTB, CHOCOGHH 06—
Pa30BHBATE MOHHO-KOBAJEHTHYN CBfA3h JUNEL 3a CYET T'MOPHINSalMd s- B p-3JEK—
TPOHOB BaleHTHOR oGoyoux: (ASpPMKOCOB M Ip., 1967). 9Ta CBASE, KaK T'OBOPMIOCH
BHIE, MMEET TeTpasOpUYecKyn KOHPUIypaiun sp3 K OCyCJOBIMBAET KOOPMUHAIIMOHHOE
gucHo 4 IJA JaHHHX KaTHOHOB, JJEMEHTH %€ Fe, Co, Mn ¥ Ni, BCTpevYanuecs B BH-
ne usomopfHHX mpmMeceil B paccMATPEBASMEX XaJBEKOTEHUIAX, MOTYT OOpDa30BHBATE
CBASH He TONBKO 34 CYST s-U p-BJIEKTPOHOB BHENHMX OCOJOYEK, HO W IPH TUCDHLA—
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3aIUA BASKTPOHOE d-0POUT GoJiee TIyGoKo# 0GONOUYKM N,KOTODAH Yy HEX OCTAEeTCA He
LEeJUKOM 3anoJHeHHO#, [loaToMy KpoMme CBAZM C KOHPUrypammei Sp3 (TeTpasmpuyec—
Ked KOODIMHAIAS) OHE YYACTEYWT B CBASAX d25p3, OCNIaIaKiX OKTasIpudecKof
rxoHfurypaumet (aymuar, 1947). lociaenHsas NPOABIEHA B COOCTBEHHHX XAJBEKOTeHH—
Iax STHX METaIOE € MX KOODTMHAITMOHHEM HYHCHIOM 6. IIOCKONBKY IJIA SJIEMEHTOB IOT—
TPYIIH UMHKE 00pasoBaHUe TakUX cBaszell HeXaparTepHO, OHU He MOTYT BXOIUTE B
KAYECTBE CYUEeCTBEeHHHX M30MODPHHHX mpmveceidl B XATBKOTEHUIH BIEMEHTOB nepexon—
HHEX MEeTaJlIOB,

Uzomopduam B chanepure., llupoxoe BXCKIGHUE Xeje3a B pelleTKy charepura u
BOPTIMTE ¥ OTCYTCTBHE Zn B CyJpumax xesesa NOCTATOYHO U3BECTHO M HEOTHOKDAT-—
HO 0GCyXmasock B JmrTeparype (Mummnmep,1964; IoBaperwx,1964; Benos,lloGemmm-
cKad,1966; lloGemmmekan, Benos,1966). H.B.Ebnoé u E.A.locemuMcKkad oGBACHANT
00pasoBaHre KOOPAMHAIMOHHOTO Yucia 4 y MeTalloB HepBoT0 COJBILOrC Neprola HX
CTpeMIEHNIeM CO3JaTh BOKPYT ceGf ycTofiumBHe 0COJOYKM TUNA WHEDPTHHX rasoB (Ha-
TpUMED , KPUNITOHA d° ~s“p~ ). Wiy IpYTUX YCTOWYMBHX KOHEUTYparmi (Hanpnmep,dsszp )
IyTeM 3aloNHeHUA d—OpCUT 34 CYET NOHODHO-aKIIENTODHOTO MEeXaHusMa.

HamGosiee nmoJsHO H30MOpPHHE 3aMeleHUA IONOCHOTC poja M3Yy4YEHH B 00EMX MOINA-
@mxaunﬂx'Zns % ocoGeHHO B cfanepure, Tax, BCECTOPOHHE HCCIENOBEHH CHCTEMH
ZnS-FeS, ZnS-MnS, ZnS-CoS M TpoiiHHE CHCTEMH Ha 0ase 9TUX KOMIOHEHTOB (Kam—
npn, 1959, 1966; Kroger, 1939 a,b),a Takke CHCTEMH ZnS-Ga 253 U ZnS-In, S,
(MazeBckmit, 1967),

B oTEx cucTeMax OOCHYHO YCTAHABIMBAWTCA WHPOKHE OCNACTH TBEPIHX PaCTBODOB

Ha OCHOBe ZnS. HKax [OpaBuwno, OHH OGIANalT BHPTIUTOBHM THIOM CTPYKTYDH BHIE
TOUKN moJMMOpdEOTO mpempamermd (1020°) ¥ cHasepHTOBEM — HmKe BTOR TOUKH..
IHOTTma B 3aBHOHNMOCTH OT XOJMYecTBa IpmMeceil mosmmopfHoe IpeBpameHMe Hpomc—
Xomur npu Gojee HUSKMX Temneparypax. Tax, IpU CONEDPKAHMM OKOJIO 7% Ga €ro
TeMIepaTypa OIycKaeTcs IO 850° (Maxencxnﬂ 1967). Co CTODPOHH BTOPOTO KOM—
IIOHEHTA CHCTEMH, KaK I CJeN0BAJO OXUNATEH, DPACTBODPUMOCTE OTCYTCTByeT, ITH HMC—
| CNIEJOBAHMA BEJUCH B OCHOBHOM IIPH BHCOKMX TEMIEpaTypax (600-13000); opH CHU-—
HEHNN TeMIepaTypH OONACTE CMECHMOCTH yMeHBIANACcH, Ha OCHOBAHWE MONOCHEX MC—
caenmoBaHuit (cucrema ZnS-FeS) KyswiepynoM OHIO NPEIIOXEHO MCIONB30BATE KEJE30—
comepkanuil cHalepHT B KaYeCTBE I'eOJOTHYECKOTO TepMCMETDA. '

IeTanlBHO MCCIENOBAHO W3MEHEHHEe IapaMeTpa pPemeTHR calepuTa B 3aBUCHAMOCTH
OT COMIEPXEHUA ONHOI'O WIN HEeCKOJBKUX BJEeMeHTOB npumecelf, OmHaKo N0 CHX HOP
HET ONHOBHAYHOCTHM B HNAHHHEX DasHHX &BTOPOB, M BOOPOC O CBASH IapameTpa a cda—
JepuTa C ero XIMUYeCKHM COCTABOM IO CYLECTBY ocTaeTcd OTEPHTEM (COpOKMH X
Ip., 1968).

B pesyuarTare NpoBeleHHHX nccaenoBaEnit GHI0 yoTaHoBIeHO u3oMOpdiHOEe BXOXIE—
He B cHosepuT pANa SJIEMEHTOB M3 pasHHX IPYNN IepHonumdeckolt cmeremu (Tadi,
4), B mocnemHne TOAH NOJYYEHH HOBHE MHTEpPECHHE IaHHHe, Tak, Ha OCHOBE BDKCIe-
DPYMEHTANLHEX MCCJAeIOBaHU! CHCTEMH Zn-Cu-S paHee CYMTAJOCh, 4YTO BXOKIEHHE Cu
B CTPYKTYDY chanepuTa O4YeHE OTpaHUYEHHO, TaK Kay Iaxe IIpHu 800° B ZnS (cpa-
JIEpATE) pPACcTBOPATIOCH MeHee 1% Memu, & C HOHWKEHUEM TeMIepaTypH ee pPacTBOPE-—
MOCTE eme Gojee mamana, OmHAKO B ONHOM M3 MecTOpoxmeHmit Ywiu HejaBHO ycTa-
HOBNEH THUNepreHHHA MeIUCTHE caNepHT 30HAPHOTO CTDOEHWS, B DABHHX 30HAX KO-
TOPOTO, N0 NAHHHM SJAEKTDOHHOT'O MUKDO3OHIMPOBAHUA, COLEpXaHWe MeOu KoJaediaeT-
cqd oT 2-4 mo 15 M CBASQHO 00paTHO! 38BUCHMOCTRN C COTEpXaHmeM IMHKA (Clark,
Sillitoe, 1970). ConocramieHue ¢ sxcuebnmeHTaﬂmeMn'naHHHMn [IOKA3HBAET, YTO
3TH IPUPOIHHE TBEPIHE DACTBOPH B CHCTEME Zn-Cu-S ARIANTCA MeTacTaCWIBHEMA.

BHABNEHN Tak®e HEKOTOpHe MHTEPeCHHE OeTaml BXOXIeHHA B clalepuT a/ieMeHTOB
pasHEHX TDyul; Opakla,HeKOTOpHE U3 HUX B ONpellefleHHOH Mepe OCTAlnTCHA CIOpHHMA,
OCHYHO NIPUHUMAJNOCH,UYTO NpPUMECH BXOLAT B CTDYKTYpYy cdanmepuTa TONBKO Ha MeCTO
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Tadanunngad

VsomopdHHE DpEMECH SJIEMEHTOB DasHHX Tpymn B cdanepure

T'pyuma
Iepuo- Uro Koopnu—
miaec— | FATHOH= | pope | ganmon— " I
ol mpmeecs | poor fros eTON MIYYSHMA CTOYHUE
CHCTE~ cA TUACTIO
My
1 cu?t IHpra 6 AHANM3 CHEKTPOR HOoIvome-—  Manning, 1966
: HHUA ACKyCeTBeHHOTO Ccha-
JIepUTa C IpPUMECEH MeIu
III Ga Zn 4 JKCIepPHMEHTAIEHOE HC—~ MameBckuit, 1967
CJIENOBaHME CUCTEMH
Ga283—Zn5
vII Mn?t  zn 4 OKCIepUMEHTANEHOE U3Y— Skinner, 1961,
YEeHME CHCTEMH ZnS-MnS Kynnepym, 1966
(IO Mepe BOSDACTAHEA
KOJIMYeCTBa MnS JMHERHO
YBeJMYHBAETCA NapaMeTp
pemeTkn a)
Fet  zn 4 JKCIEePUMEHTANRHOE M3Y— Kasurponm, 1959;
YEeHWE CHUCTEMH FeS-ZnS§
OmpeleJeHUe mapa-— COpoKMH ¥ Ip.,
MEeTpa BJeMeHTapHO 1968
sueitkn (a JHHE#HO
VBEJIUYUBAETCA C BO3-—
pacTaHUeM CONEpKAHUA
FeS)
YIIT AHaJmU3 CIEKTPOR IIO— Slack et al.,
TJIOmMEHMA B BIIWMOE 1 1966, 1967; EBop-
B pameHell ME-oGracTax WaroBCKUt ¥ Ip.,
CIEKTpa M MeccOayspoB— 1968; Scott,
CKHX CHEKTDOB; ONpemese— 19713 Cabri,
HHe ILIOTHOCTH 1969
Pet IHpra 6 AHaJM3 CIEKTPOB MOIVIO— Manning, 1966
WEHNA IPUPOTHOTO Fe-
comepxamero chamepura
Co Zn 4 OnpepnesieHne napameTpa Hall, 1961

sJeMeHTapHoll Aueitkn (a
MCKYCCTBEHHHX Co-Co~
aepxkanmx charzepuToB
yMeHBlaeTcAa 1o dgopmyne
a = 5,4093-0,00700 y,
roe y - Mon.% Co)
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nyEKa, OmHAXO IO CIIEKTpaM NOIVIONEHWA YCTAHORIEHO HAanndne cu®t (B UCKYCCTBEH-
HHX odpasuax) # Fe >t (B mprpogHOM cfiaepMTe ) B OKTasIpHYECKHX IYCTOTaX (Man-
ning, 1966). [IpH4em BIEpPEHE duno noﬂasaHo npucyTcTENe B chanepure He TOXBKO
Fe2+, 3aMeliaoero IHHK, HO o Fe ", (BoamMoRHOCTE BXORTEHHA Fe3 B CTDYKTYRY
chanepnTa TeopeTHYECKH paccMaTpusanack paHee H.B,BeJoBHM H E.A.Hodennmcnoﬁ,
HO HOPEINoJaroJioCh eIrC BXOXKNEHHE HA MEeCTO UMHKS,) B USyUeHHHHX o0pasnax co-—
IepRaHue Fe ™ cocranmano okoso 106 OT BCETO KOIMYECTBA Kegesa, Ilocaemyouuvm
HUCCHENOBaHAAME CHHTETHISCKUX 00pasLoB mqgesocoxépxamero caneprTa MeTOZOM
MeccOayoapa - GHIO OmpeNeseHo, WTO KOJMYecTBO Fe” B HeM He mpeBHuaeT 5% (Scott,
1971) u gaxe (NDEUHSEOHHHE M3MEDEHHS IVIOTHOCTH) 2% (Cabri.1969) of obmero
CONEepRIHUA KeJe3a B KaXOOoM U3 M3yUYeHHHX o0paslioB, He MCKINYEHO, YTO OPUDOI-
HHiE chaTepHT MOXET COIeD®aTs Coabllee HOJIMYeCTBO Fe3+,z‘omnomenne FE37Fe2+
OymeT KoleCaTbCA B SaBHCUMOCTY OT BHemHuX ycaoBmit (B YacTHOCTH, OT OKHCIM-
TeJIBHO-BOCCTAHOBATENBHOIO HOTEHInANa), KpyIHHe MOHH Fe3+, BXONA B IYyCTOTH
cfamepuToBofl CTPYKTYDH,DASIBATANT €€, BHOCS TEKMM OCpasom CBO#l BKIan B Cym-
MapHoe BosNelicTBue npmMecell Ha mapameTp DEmeTHEM (Mamning, 1966),.dYTo Taxxe,.
BIEMO, MOKeT OHTH ONHOR M3 NpUYMH pasHODEUMBOCTH CBeleHmE O XaparTepe BI-
AHUA Opuvecell ®esesa HA KOHCTEHTH CTDYKTYDH.

C mpoGaemoil- #somopdusma B cdanepdTe TECHO CBA3EH BONPOC O €TI0  OKpAacKe.
BoJsIMHCTBC MeclenoraTesel cumranT, uro KopwuHepasd (mo wepHoft)orpacka cda-
JepuTa oOychorIeHa M3oMOpdHEM EXOXIEHHeM keles3a. [loaToMy mpu mpocTelmem pac—
CMOTDEHNH CuuWTaloch, UTO, 4YeM Gosiee TeMHAA KODHMUHeBad Ookpacka y chanepnra,
TeMm OOJIBIIE COINEDKAHWE B HEM Xesesa W TeMm CoJee oH'BHDOKOTemnepamypeH (ncxo-
IA 3 npencramteHnit Kyarepyma o cfanepure Kak reoNormdecKoM Tepmomerpe), Op~
HaKO HeJlaBHHWe MCCJENOBAHUA C IIOMOWEH 2JIeKTPOHHOT'O MHUKpPO30HIa canepuTor c
SOHAJEHHM DaclpenesieHreM KOPHYHeBO#R OKpacKM HOKa3all HEeCOBNANEHWe STHX 30H
C 3OHAMHI MEKCUMAJNBHOTO HACHNEHWA XeJe3oM (Roedder, Dwornik, 1968). MaHHMHT,

. HampuMep, YCTaHOBUB Feot B mycroTax chamepura, CUMTAET UMEHHO 3TO XeJe30
OTBETCTBEHHEM 38 TEMHHE KOPUYHEBHE OKDACKH 00pasinoB, Takad TPAKTOBKA Ipel-—
CTERIAETCH OYeHL MHTEDPECHOR; CTAHOBHTCA IIOHATHHM, IIOYEMYy, HaIpmMeD, WHDPOKO
M3BECTHHE IPY3H YeDHOI'O MapMaTUTa M3 IyCTOT TeTKXMHCKUX CKapHOB, 00pasoBaB-
IIMeCA B CWIBHO OKMCIUTEJEHHX YCIOBHUAX, COIESPKAT MEHBIEE KOJWYSCTBO ¥ejesa,
4eM GoJlee BHCOKOTEMIEDATYDHHH CHamepuT, pasBEBAMEACT MO CKADHOBHM MMHEpaJIaM
Ge3 BMIUMOT'O UX DASIOKEHWS,

Taxnm -0GpasoM, HECMOTDHA Ha GOJBLOE RounqeéTBo pador, B BOHPOCE O HeTaNAX
nsomopéﬂux samemenuil B camepure ocrTaercd elle MHOT'O HeACHOTO, B CBA3H ¢ BTHM
MCIONB30BaKNe CHATepATa B KAYECTBE TeONOTMYeCKOTO TepmomeTpa KaK y®e copa-
BEIUIMBO yKasHBaJOCh B JuTeparype (llamryH, 1967), He MOEET CUMTATHCA HANEK—
HHM. -

MzoMopdusM B KMHOBapH, BO3MOKHOCTE U30MOPPHOIO BXORIEHMA SJIEMEHTOB IDYTUX
TPYII B KMHOBaDE (HOSMyIPOBOMHUK ¢ OYeHE HECONBWOR WHpUHOE 3ampelleHHO# 3OHH)
B NOCJENHWe TOGH NeTaJBHO M3ydasach (fusmkami. lcclemoBaHWA NPOBOLWIACH HA
MCKYCCTBEHHHX 00pasiiax, B COCTAB KOTODHX B KauecTre Ipuveceff BBOEWIUCE B
pasHux KoimgecTpax (oT 0,00n %o O,n%) Cu, Ag, Te, Ga, Ge, Sn, As, Se, V, P,
Mn ¥ Ni. [oJydYeHHHe pesSyIBTATH TOCTATOYHO IONHO OCBENEHH B MOHOI'Daduu
A.A.CayroBa, H.X.AfmmessH m H.A.Ozeposoit (1972), OmHaxo He Bce OHM B -paBHoilt
CTENEH! XapaKTepHsylT IpelesH m3oMopfnsMa, Tax Kak colepkaHme IDPHMECH Me-
TEUIOB B UMXTE eme He YKABHBAET HA DABHO3HAYHOE BXOKLEHWE MX B CTDYKTYDY KH-
HOBapu, HamGosee ompeneNeHHHE NEHHHE IONMYy4YeHH B OTHOWNEHMH Npmmeck memiu, Cy~
- A [0 BHAYNTEJBHOMY WM3MEHEeHUD IapameTporR dieMeHTapHOR fueiixn, HaGinmanmemy-

cA o xoHunexHtpamm# O,1% Cu, ¥ XOpOmO OUBACHAEMOMY TEOPETHYECKHM H3MEHEHUK Ka—
TanNTUIecKol aKTMBHOCTH, a Takke NANeHNN MDOBOZMMOCTH HNpHU KOHLSHTpalWIX He
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Bame 0,1%, Cu MOET DacCMATDPUBATHECH KaK M30MODDHAA NPUMECE B KMHOBEPA. B
NPUPOIHHX YCNOBUAX CONEPRAHNE MEIM B KMHOBADY Takke He IpeBHIAeT 3Tofl Besm—
ymas (Caykos n Zp., 1972). TipM HeckoAbKo GOJNEe BHCOKMX €8 KOMMYECTRAX B Ki-
HOBAPN OCHYHO HAGIKKAKTCA BRIOUSHIUS MeIbCONePRAK MAHEDANOB,

JlaiHHe 00 OCTANBHHX OPUMECAX MOXKHO pACCMATDUBATH IMIABHHM 00CpasoM KaK Ka—
YecTBEHHHE. HO M OHM CBUIETEIBCTBYNT, YTO He3HAYATENBHHE KOJMYECTBa HNDUME—
" celt (He Gossile mecaThX mosell NpoleHTA) BXONAT B PENETKY MCKYCCTBEHHOH HuHO-

Bapn, BUOUMO, 3aMelas Hg.W3yYeHRe CHeXTpOB HOTJONEHWA NpPUPOTHHX 0CpaslioB
KHHOBEpH, COIEpRamUX Hacop mpuMecei, Ka4eCTBEHHO HMonTBepkuaeT aTo (JeMumoma

n mp., 1972).
lHTepecHo, YTO M3MeHeHWe comepxaxuit HeGouUMX KOJMIeCTB mpmMecel Momer

CyWeGTEEHHO CKASHBATHCA Ha OOJNMKe KpAcTalios,Tax, Owio mokasaHo (Mosrosa,
Jevmmora, 1963), YTO KPHCTANNH KWHOBADY C IpUMEcsME Sb, Mn, Fb u Ag ‘obname-
OT HTONMBYATHM IIMHHOCTONGYATHM OGJIMKOM,TOITNA KAk YMEHBIEHHE KOJMYecTBa TeX
X¥e mpuMeceil Ha NODPANOK IPUBOANUT K IIOABJIEHMAD H30METPHUYECHKEX POMOOSIpUYe CKEX
KPUCTAILIOR,

Coepmenms Tuna A%8°

K aTmM coeIMHEHNAM OTHOCHTCA OIWMH ¥3 pACHPOCTDaHEHHHX M IPOMHIJIEHHO BaK-—
HHX MUHepasjoB — TajleHHT. OHE o0iamanT MHTepeCHEMM QOTOSIEKTPUIECKEMH ¥ Bh-
ApmvTeabHiMA cRoficTRaMK, XBDaXTEDUCTHKE KOTODHX, & Ta¥ke MeTOmaM NOAyYeHus
coenpHerAl ¥ HcciaemoBaHM® PAZOBHX paBHOBeCH IOCBAIEHC OYEHH MHOTO pador,
3a mocyiefHMe TONH T4 JUTEpaTypa dacTHuHo obodusHa H,X,ACPUKOCOBEM C CO&B--
Topavu (1967).

Wzomopdmam Pb~Sn. B XavecTBe mpmMmepa MBOBAJIEHTHOTO H30MOpH3Ma paccMoT-
UM CHCTEMy PbS-SnS(MiHepasbHHE aHaJOTH — TaleHuT W TepueHcepruT, ), HecmoT—
PA HA NPHHAIIERHOCTH Pb ¥ Sn X OfNHON TI'pymnme nepuofWdecKoif CHCTEMH, MX CYIb—
$uIN KPUCTALTMBYWTCA B DAasHHX CHHTOHMAX: PbS ~ B KyOmdeckoft (Tmm NaCl), a
SnS B poMOmueckoift (Tun mMcKakeHHOR CTDYKTYDH NaCl). YCTaHORTEHO, WO TPH BH-
COKMX TeMmepaTypaX CYyWecTBYeT WMpOoKas OGJACTH TBepPHHX DACTBOPOB HA OCHOBE
cymedmna onosa (mo 55 Moi.% PbS; saxaseno npx 640°) ¥ Goree yskas — Ha ocHO-
Be cyabduma cBuama (mo 10 Mox.% SnsS; saxaneso npm 720°).Ilpm MeZIeHHOM OXIaX-
memm mpr 540° odpasyeTca coefmHenme PbSnSp. [lpu KOMHATHO! TemmepaType Ha
OCHOBE BTOT0 COEIUHEHNA YCTaHOBIEHA WMPOKAA 00NacTs TOMOTeHHocTH - oT 30 mo
5% PbS M ysxas o6JacTh HA OCHOBE PbS ~ oxono 10 mox,% Sns (AGpuKOGOB  Xp.,
1967). 9T0 JaeT OCHOBAHWE NOJATATEH, 4TO OTMEYAMECH, B IPUDPOIHHX O0pasiax
TaJEHUTa HE3HEYWTENBHHE NPUMECH OJI0BA ABIAKNTCA MSOMODIHHMH.

Msomopdusm Fb ¥ SJIEMEHTOB NPYTHX T'pynn, Boiemo# TeopeTUYECKHME HHTepec
NPeNCcTaBIANT TEeTEePOBANEHTHHE 3aMEMeHMA B TaleHWTe, X B YaCTHOCTHM CMECHMOCTE
PbS ¢ cynsdmmaMM MONyMETAJIOB, IOCKOJNPKY MMEHHO 9Ta CMeCHMOCTE JEeRHUT B OC—
HOBe OOpA30BaHWA POMOJOTWHECKIX DANOB OOmMpHOE TpyImH CaokHHX CyasdRIoB
(cymedoconeit) ceurma, UsydeHme momoOHHX W3MOpfHHX 3amelexuil MOXET IOMOYL Bh-
FCHEHMO COOTHOWEHM! MEXNy CJOKHHME Cy/JBdumeMy CBUHLE B IpelesaX NS0XMMHIec—
KUX TpyII. :

B ravecTBe IpMMEpa DACCMOTDHM CHCTEMy AgSbS,-FbS. Ilpn ee mccaemoBanmy B
IiemasoHe 1o 50 mox,% PbS W TeMIEpaTypeX 250-650" YCTEHORIEH BHCOKOTEMIEDE—
TYPHEA DS TBEPEHX PAcTBOPOB C HEYIOpPANOYeHHO# CTPYRTYypo#t Tuma NaCl (Bep-
ank, 1964).Buto mokasaHo,yTo NPUPOXHHE CIORHHe CyrbIuMIN CBEHLA U cepedpa —
mmagopuT ¥ QpeifecaeCeHUT ~ OpefCTaBAANT cobof ymopAmoweHHue §asH 3TOTO DA-
a4 ¥ HaXomATCSA MERLYy coCo#l B TECHOM CTDYKTYDHOM DOICTBE, CXOINHHE NAHHHE IIO—
mydeHH Jx. BepHuroM, a moske u C.H,HeHamesolt (1972) zum cmcremn AgBiS, -
PbS.
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Wz BceX TETEDOBAJEHTHHX saMelleHW# caMoe 3HAaYMTENLHOE BHUMAHUE MUHEDAJIO—
TaMp yIeJAalochk M30MODPM3MY CBEHLE C cepefpom B BHCMyTOM, OTO, BEDOATHO, OCy-
CJIOBJIEHO TEM, 4YTO TAJEHNT BO MHOTMX MECTODORIEHHAX FBJIASTCH  OCHOBHHM MPOMEHI-
JIGHHHEM HOCHTEJeM cepedpa M (opMa HaXOXRIEHMA 5TOTO BJEMEHTa MMeeT He TOJEBKO
TEOpeTHIeCKoe, HO 1 IPakTWMYecKOe B3HaYeHMWEe, OJTOMY BOHNpOCY, OGCYRIaeMOMy Ha
IpoTAREHNN NEeCATANeTH, NOCBAmeH0 COJblioe KOJMIeCTBO padoT, KOTOpHE NOBOJIBHO
noymo oGodmeHH A.A,TomoBrkoBeM (1965, 1972), IIOCKOMBEY PbS Ka-AgBiS, H30CT-
DYETYPHH ¥ OPY BHCOKHX TEMIEPaTYpaX WX CMECHMOCTE IOKa3aHd, €CTeCTBeHHO
CTpeMIeHle MccaenoBaTesell MCKATE B IpHPOIHHX 0o0pasuax TaleHWTa KOoppesdaildoH—-
HHE 3aBUCHUMOCTHE MeXLy COLEpEaHIAMI Ag X Bi, COOTBETCTBYDIME UX COOTHOMEHIAM
B mandaxuTe. ONHaKO, KaK YKasHBANOCE B cBomkax A.A.TomOBMKOBA, Takad KOppe-
nAImA HaGIDRaeTcA He Bcerha. Ee OTCYTCTBUe MOKA3AHO B B OXHOMX m3 pador, mo-
CEBAmMeHHOH TaneHuTy us llpefiuapcxux Amen (Graeser, 1971). B 8roM TaneHuTe
JCTAHOBJNEHO BHCOKOe comep®amme Ag (mo 3,9%) m Bi (mo 3%) n HaGTOEAeTCH Npe-
BHIleHNE - CONEepXaHuWA TO OQRHOTO, TO JpPyroro KOMIOHEHTa NpoTuB Qopmynau
AgBiS,; TOMOT'@HHOCTE TaleHNTa NOLTBEPXNEHA anenmpomo—ao;mom Hcoae—
IOBaHWEM,

TaxuM 06pasoM, BONDPOC O COOTHOMEHMAX M3OMODIHHHX npmwecen Ag 1 Bi B mpu-
POTHOM TaJleHuTe, 0CTAeTCA OTKPHTHM, HECMOTpA Ha COJNBIOE KOMMYECTBO SKCIEDPH—
MEHTaJbHHX DadoT, B TOM YMCJIE ¥ NO CUCTEMam Ag S-PbS I 13125 -PbS.

Topasmo Gonee YeTHO B TaleHUTe BHABJIANTCA Roppemmomme 3aBUCHMOCTHI
I TpuMeceR Ag ¥ Sb, OTBedYablpe TBepHOMy pacTBODY PbS-.AngSE (TomosuxoB,
1972; IoGpoBoabckad # Ip., 1973). OnHako OHY XaPaKTeDHH JUWE NI4 oIpelefeH-
HOTO THNa MECTOPOXNEeHull - molmMeTa/UMYecKuX CO CHOXHHME CYJRbfumaMy CBUHIA,
u3BeCTHHX B BocTouHoM Balalixarse # Pymusum.

HomruecTso m3omopdroit npumecm Bi B TaleHUTE MOXET CJIYRATH KOCBEHHHM YXa-
3aTeNIeM OTHOCHTENBHHX TeMiepaTyp erc odpasoeaHuA. TaX, yXe KaBHO H3BecTHa
IPUYPOYEHHOCTE BUCMYTCOMEDRAIKX TaleHNTOB B CKAPHaX TeTHXe K DAHHEM acco-
mIammAM, a Ge3BECMyTOBHX ~ K Ho3geuM (XerTumxoB, 1958; Mosrosa, 1966). OTho-
LeHe Bi:Sb UCHOJL30BANOCH B KaUeCTBe UHIMKATOpa TUNA CYABIUIHHX MECTOpOR-
Dexuit B BocTouHoM 3aCaifkanbe, NpUHYEM Takke YKaSHBaIOCh, YTO TA&JEHUT MOSIHUX
reHeparmit CONEPRAT GOBNE CYpPEMH X MeHbule Bucmyra (Ilangmmos, 1972). 3ro co-
IJlacyeTcd C NaHHHME. O 3aBHCUMOCTH OC/MKa KPUCTAIOB T'alleHHTa I3 MEeCTOpORIe-
it passux TunoB ClA oT cocTaBa mpumeceli: Hamolee HUBKOTEMIEDATYDHHE KDUC—
TaJUlH KyOonuecKOTo TaduTyca COLEpRAT M Haumdoabllee KOMMYECTBO IprMecell CypeMH
(Marshall et al., 1961).

_ HemaBHO omyO/IMKOBAHH JgHHHE II0 CHCTeMe PbS-Cds (Bethke, Barton, 1971).
YeTaHOBIEHO, YTO NPM TeMIepaTypax 500-900° B PbS pacTBOpAETCH o 23,46 %
CdS; ¢ BO3pacTaHMEM COLEepXaHuA CdS usMeHdeTcA 00HeM BJIeMeHTapHo#t fdeltxm, a
TPEUMHH CIalHOCTY NO KyOy IOCTEeNeHHO 3aMeHARTCH "paxkoBucTHME" TpelHaMM.

aydeHne cuUCTeMH MnS-PbS MOK&3aj0, 4TO IPH 870° pacTBODMIMOCTE MnS B PbS
JocTUTaeT 6 MoX.%, & IpH 930° oma yMeHBmRETCH N0 2 MOJ.% (BaHdApxo ¥ mp.,

1973). 9ro omuH U3 DeINKUX NpPUMepOB OOparHO# BaBACHMOCTH KOMMIECTBA n3oMopiH-
HOJf IIpUMECH OT TemmeparTypH. Ilpmmeck Cd ¥ Mn B TaleHnNTe M cfarepuTe CBHHLO-
BO-IMHKOBOTO pyZHEMKA "llapeue" B Kamfopsmmi #CHONBBOBAHH AR ONpERSIeHnd
TeMneparypH obpasomaund pyr (Hall et al., 1971).

HecronrKo HeoXnMOaHHHE NAaHHHE [OJYYEHH B NOCAENHME T'OIOH OTHOCHTENIBHO H30-
.MopdHOTO BXORIEHMA MeOy B rameHuT. CUMTANOCE, YTO €€ COLepEaHile B IaleHATE
HE TPEBHMAST JeCATHX monelf mporeHTa (Mumepant, 1960). 3TOMy COOTBETCTBOBA-
JII PesSyNbTaTH HCCJAENOBaHNA CHCTEMH Cu-Pb-S (Craig, Kullerud, 1968), KoTopHe
NOKa3aml OTCYTCTBHME 3HAUMTENBHONM pacTBOpMMOCTH CuS B PbS NpM TeMIepaTypax
okomo 200°. 3MeKTPOHHO-BOHIOBOE W3YYeHWMe OOpaSIOB TMIEPTEHHHX DYA M3 DYMNHH-
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Ka "Apko Ze Opo" B Ymma (Clark, Sillitoe, 1971) NOBBOMLIO yCTAHOBHTH Tale-
HUTH ¢ cofiepxaHueM Cu oT 4,5 mo 11,5%, npuuem C BOSpACTAHWEM KOJUYECTBa Cu
JMEHBIACTCA IapaMeTp BIeMEeHTapHO! AYeifiky M OTPaXATeNbHAA CIHOCOGHOCTH, a
TBEPTOCT: BO3pacTaeT (CBUNETENBCTBO CYWECTBOBAHMS METACTAGKIBHHX TBEDIHX
pacTBOPOB — MEIMCTOTO TATEHATa).

CoemuHeHNA THlg A586

Vsomopdusm As-Sc-Bi. CoemyHeHVs B3TOTO THNA B TDUPORE UPENCTaRNeHH aHTU~
MOHMTOM Sb283, BHUCMYTHHOM 31233 7 gy PUIUTMEHTOM AEQSB. JIlBa mEPBHX OTHOGATCA

K POMOMYECKON CHHTOHMM, a HOoGHel Ml — K MOHOKMMHHOA. Sb_S_ ¥ Bi_S. mMenT
OMME M TOT X& (@HTMMOHWTOBHH) THN CTPYKTYpPH, ¥ pasmiine EOgLeMOBEHX BJIeMeH—
TAPHHX A4YEEK COCTaBmAeT Jume 3,5% OT0 NO3BOJNAET IPENIONaTaTh CYLEeCTEOBaHHA
MeXNy &HTIMOHMTOM H. BHCMYTHHOM TBEDIHX PACTBOPOB 3aMeleHusd. '

JellcTBATENMBHO, SKCHEPHMEHTANBHEE HCCAENOBAHNA CHCTEMH szs -BipS_ moxa-
3a/1 HaJmM49Me IOJHOY cMecHMOCTE B olnacTy TemmepaTyp oT 200 mo “800° Kax B
TBEPOOM, Tak W B XUAKOM cocrosmmm (Vogel, Massanhausen, 1950 - 1o AGpUKOCO-
By ¥ np., 1967; HoBocemoBa m Zp., 1971; Springer, Laflamme, 1971). CymecT-
BOBaHME TBEPIHX DPacTBOPOE BaMeleHUs NONTBEDKNEHO ¢ IOMOWEN DEHTTEHOBCKOIO I
TEPMIYECKOTO aHa/M30B, WUSMEpeHNEM IMIOTHocTH 1 MeTomoM AKP, T.llnpuuarep nu
Iix.Jladuramy TOKasaym, 4TC, HECMOTPA Ha GOMBNOE CXOACTEO MODOMKOTDAMM Sb253 i
31283, HE3HAUNTEIBHOE DaBIudie B BENIYMHAX X BMEMEHTAPHHX A4eex 00y CIOBIT-
BaeT NoABNEHNe DedIeKCOB OT OIMHAKOBHX ILIOCKOGTEH B HECKONBKO MHHX NOSHIMAX.
CooTBeTcTByOuMe pefieKCH CHHTEBMPOBAHHHX WIEHOB DANG 38HIMANT IPOMEXyTOUYHOe
nomoxeHue., TaxuM oOpasom, CHia yETaHOBJNEHa JuHeHHad 3aBUCHMOCTE M3MEHEHNA
MeATTOCKOCTHHX DECCTOAHEE 0T cocTaBa Iad JuHuH mopomkoTpamm —~ (231), (R21),
(S0L). w (311).

B pANy MCKYCCTBEHHHX COENMHEeHWY BTOTO TuNa B CBASK ¢ BapUAIMAMI COCTaBa
W3MeHANUCEk ¥ uamyeckue CBolicTBa. BBemeHwe, HaupuMep, HECOMBIMX KOMMYECTB
SbpS3 B pemeTky BipoSy BHBHWBANC PE3KOe YMeHBIIEHME SIeKTPONDOBONHOCTH ¥ YBe—
JpvdeHre goTomporommocTr (AGpPMKOCOB Z mp., 1967).

CymecTBOBaKNE NDUPORHHX TBEPHHX DACTBODOB SbpS3-BipSy GHIO MONTBEDRTEHO
orxpuTuem K.Xaftace B 1955 r. xopoGercymTa (Bi, SbJQSyB KOTOPOM OTHOWEHNE
Bi,S,:8b,5; BappupyeT of 9 : 11 mo 13,: 7 (MuHepami, 1960). HocaemoBanue
C TIOMOWEN MIKPC30HNA GOJBUOTO HKXCHa 00pasloB gHTHMOHMTA ¥ BHCMYTHHA U3 Das—
HHX MECTOpPOXTEHN#! MApa MoKasanc, 49TO IPMMEeChk CYPEMH B BHUCMyTMHAEX TOBOJBHO
o6wuda (mo 42 mMom%SbpSy, a ¢ yYeToM HaHHHX Xaftace IO XOpOOETCYUTY - MO
55 MoXn.%). B aHTHMOHNTAaX Xe, Hak NIPABMIO, BUCMYT OTCYTCTBYET. 9T0 IOATBEDPK-
IaeTCA U JaHHHMYA CIEKTPOCEKONNYECKOTO KccaemoBaiud 200 Hammx o06pa3uoB aHTH-
MOHNTE 13 pas3JNYHHX MecTOpoxNeHuil. Bo BceX caydadX KOMMYECTBO Bi B SbyS4
He TIPEBHIANO THCAYHHX M COTHX mose#t mnpomenra (Mosroma, lymuKuHa,
1968).

OrcyTcTEME B IPUpPONE IPOMEXYTOUHHX MIHEDANoB MEeXLy XOpoOeTCYUTOM M aHTH-
MOHHTOM, & TaKXe 3HAUMTENBHHX I30MopdmMx mpmMeceff BHCMyTa B aHTUMOEMTE, IO
veesno I.lnpusrepa (Springer, 1969), oCbACHAETCA DA3MYIAMI B [eONOTUYECKNX
JCAOBUAX 00pa30BaHUA MIHEPANOB: BUCMYyTOBHE MIHEpan KpUCTaLmmM3ynTcAd Ha 0o-
nee PAHENX CTAmXAX, I B TEDUON BHMANEHNA aHTUMOHLTA B DYLOOGDASYDUEX DacT-
BOpAX BUCMYT yXe He COTEpXuTCH, T.€. NPOARTeHMe M3oMopdusma peTry/mpyercd
BHenHnME faxTopamy. ONHaKo, Ha Hall BSIVIAL, BOBMORHO I KPHCTALIOXIMIYIECKOE
ofnAcHerue, V8BeCTHO, 4TO B Sb,S, CBASEL GONee KOBAJNEHTHAA, UeM B BiESB.
Fosm MCXOIMTE W3 HONYyMeHuA 06 yMeHBEeHM: r3omopdHo# eMKOCTN COEeNMHEHMK IO
Mepe YBeqrdeHUA KOBaleHTHOM COCTABNANNER CBA3U (TopwHoBa u Ip., 1955), To
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MOXHO ToMarars, uTo mmge 200° co CTODOHH QHTHMOHATE Kak §0jee KOBE&JIEHTHOTO
COEINUHEHNT BOBHWKAET pASpHB CMECHMOCTH, 4 8TC OCYyCHOBIMBAET OTCYTCTEHUE COOT—
BETCTEYOUMX TBEPOHX DacTBOPOB B IDUPOTE.

Wsomopdwam mMexIy Sb,yS, I AsyS, OTDAHUYEH, NOCKOISKY BTOpPOH M3 HUX IpU-—
HalleXT K KHOMY CTPYKTYpHOMY THIIYy. (Q4YeBHMIHO, 4YTO, HECMOTDA Ha CXOIHOE
SJIEKTpPOHEHOE CTPOEHNe aTOMOB, IpeBalupyollee BHAYEHNE NPHOCPETaeT DasiIune
aToMHHX pamuycoB(sb> * - 0,90 &, as®" - 0,69 ). B To %e Bpemd B mpEpOZHOM
AHTIMOHUTE NOYTH HNOGTOSHHO OTMEYanTCH HEe3HAUATEeNbHHe KOJU4YecTBa Ag (Hepemd-
Ko mo 0,n%). NsoMopdHH XapakTep 3Toi mpuMecu NokasaH ¢ momoupn SKP - Ha-
GINTaIOCEk 3HAUUTENLHOE pacllipeHne peBOHchHoH JuHEE B odpasiax, GoraTHX
Mumbsxom (IleHBKOB H Xp., 1969).

M3omopduam DOMyMeTaINOB ¥ METaWIoB. Kax yXe YIQMUHANOCEH NDPY OMMCAHMN
COENMHEHNA THUla A4B6: CMECHMOCTE CYMBULOB NOJYMETAWIOB ¢ cyiabfuiavm meTar-
JIOB NPENCTAaBNAST 3HaUATENBHHE WHTEpec, NOCKOABKY IaeT HaYaIo pPas/YHHM M30-
XIMIYECKNM TPyHlaM CIOKHHX cyaAsfumor (cyrsfocomeii). IIOEXON K HIM ¢ yYETOM
OKCIEPUMEHTANEHHX INaHEHX IIO° MCCIAENOBAHMI 3TOH CMECHMOCTH MOXET OKas3aThCA
BeChMa IVIONOTBOPHHM IIA NOHVMAHUA NPUPONH ¥ HIACCHAMKAIM YKa3aHHHX CyIbdu-
I0oB. Tax, cpefu NPUPOOHHX CIOXHHX CYJNEQUIOB BHIENANTCA TQMOJOTMYECKUE PANH
CTPYKTYDHO-DONCTBEHHHX COeIMHeHVI, KOTOpHE XapaXTepusywTCA OIUHAKOBHM Hado—
DOM BIEMEHTOB U DasIUYaiTCA UX KOINYECTBEHHHME COOTHOWEHUAMZA. CONoCTaBIeHne
C BKCHEPVMEHTANBHEMI TaHHHMI [0 COOTBETCTBYWUMM CHCTeMaM IOKa3HBAeT, YTO Io-
IDOCHHE pAfH OTBEYANT MHTepBAlaM COCTaBa, B IpefenaX KOTOPHX IpM HOBHMEHHHX
TeMIepaTypaxX CYlUeCTBYNT TBEDIHE DacTBOPH. IIOCKOMBKY Takie DADH 00IafanT Xa—
DarTepEHMI NIPM3HaKaMI yIopamodYeHHHX (a3 (3axoHOMepHOe IMCHDETHOE W3MeHeHHe
COCTaBa ¥ CTPOEHWA, HalWuue CTPYKTYD pacmala I HpP.), UX MOXHO DaccMaTpMBaTh
KaK pAOH CoefuHEeHNN, BOBHUKAOIMX B IpoIecce pacnafa TBEPIHX DPAcTBODOB IIpH
X YUOPANCYEHUN.

HanGosmee HeTalbHO us3ydYeH DAN BUCMYyTUHa-allKUHUTA BiESB-PbCuBiSB, JHuopAmO=-
YEHHOCT® B KOTODOM HOKas3aHa HaNWYMEM CBEPXCTDYKTYD, a MNOJHad CMeCHMOCTE IPH
BHCOKVX TEMIEpATYDPaX YCTaHORIEHA DKCIepuMeHTanbHo (Moore, 1967; Welin, 1988;
Bopomaes 7 mp., 1970; Springer, 1971; Bopomaes, Mosroma, 1972).

BxomIeHne 2/eMEHTOB APYTUX TPYyIN B CTPYKTYPY COeluMHEeHu#d THma A ogb yxe
HEOMHOKPATHO OGCYRIANOCE B JUTePAType Ha HpuMepe Sb,S 3¢ Tax, Ouio nonasaﬂo
(Mozroma, JymuemHa, 1968), 4YTO B OPEPONHOM AHTEMOHUTE HADALY C As *moumn
NOCTOAHHO NPUCYTCTBYWT IpUMecH Ag, Cu, Zn, Pb, Hg ¥ Fe, KOJMYECTBa HOTODHX
HE IpeBHNANT LEeCATHX mojeit NpONEHTA M HECKOJBKO BapbUpyWT B 38BHCHUMOCTH OT
TUIa MECTOPOXTEHNH . HepBoHaanEHo'Hannqne HONOGHHX SJIEMEHTOB CBABHBAIOCE C
Mexaumveckmt npmvecsvu (MuHepasns, 1960). Ha ocHOBaHME M3MEDEHMHA MAKDOTBED-—
IOCTU OHJIO CIENaHO IpelioloxeHre o6 ux u3oMopfHOM XapaxTepe (Mosrosa, lymi—
rxuHEa, 1968). Taxolf BHBOL CHJ 3aTeM NOATBEPHKIEH IPM UCIOJB30BaHII MeTona
SKP (TleHskoB ¥ Ip., 1969) 7 nyTem nccaeXoBaHUA NUBIEKTPHYECKUX CBOHCTB aHTH-
vornTa (I'purac u Ip., 1973). B ordomenun nsomopdHoll HpyMecH PTYTH, BIMAHUE
KOTOpO# Ha BEJWYIEY OTpaeHnA aHTUMOHUTA CHElUaTbHO MCCAeZOBaloCh, GCHIIO
HalifleHo, 9TO €€ NOBNmeHHHe xouudecTsa (0,1%) ONyTHMO CKaSHBAWTCH Ha Koadiw-
IMEHTE OTpaXeHNd 3TOTO MUHepana, HO HUCHepcud oTpaxeHud He MeHAeTca (CaykoB
u mp., 1972).

CoemnHeHna THIA ASB6

MsomopduaM BJIEMEHTOB NOLTPYNIH Xesaesa. PacCMOTpUM OIMH M3 CaMHX pacIpo-
CTPaHEHEHX ¥ YCTOMUYBHX DYOHHX MUHEDEJOB — IMPUT, KOTOPOMYy NOCBAWEHO OI'DOM—
HOe um;cJo padoT ¥ Bce Xe u30MOopQHHE 3ameleHus B HEM elle HELOCTATOYHO XOpOoUio
us3ydesH. Jake B IO0CHeNHEX MOHOTpaduax, B KOTODHX K3JaralTCA DesyabTarTH CIe-—
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IMaJbHHX MCCIEeNoBaHuit 8T0T0 MEHEDama, BONPOC O fopMax BXOXIEHUA B Hero GOXb-
IMHCTBa XapaKTEepHHX SJIeMeHToB-IpuMecelf ocTaeTcd OTKPHTHM. B.llambenm m U,Ap-
KoBckuft (Cambel, Jarkovsky, 1967), Hanpumep, CUMTEOT, YTO B USYYSHHHX HMHA
IMprTax U3OMODPHHMY HpyMecAME SBIARTCA Co ¥ OTYACTM Ni. MBomopdHoe BXoXme-—
HUe JaHHWX BJAEMEHTOB B CTDYHTYDY LIHDUTE B JUTEpaType OOCYRNaeTcA Ha HpoTa—
XeHym yxe Gonee cTa JeT, ¢ TeX IOp ¥ak B KaHale BIepBHE Ohm OGHapYReHH
KOOQNBT— ¥ HUKEAbCOTepRamyu# mupuTH (Klemm, 1962). K HacToAmeMy BpeMeH:
BXOXTeHne Co ¥ Ni B mMpUT MeTalbHO M3Y4eHO KAK Ha IPUPONHHX, Tak K Ha HC—
KyCCTBEHHHX 0C0BbeKTax. OfHaxo NaHHHE Da3JUYHHX aBTOPOE DA3HODEYMBH,

Hax y®e ykasuBajmock, B BTOM THIle COENUHEHW CBASEL Xejesa C Cepoi TIpenMy—
MeCTBEHHO KOBANEHTHad C OKTasupudeckoll KoHPUTyparmei 3d24s 4p3(3a cueT yyac-
THA d-OPOMT C TJIABHKM KBRHTOBHM UMCJIOM, HA SNUMEWIY MEHEINMM, YeM ¥ BaleHTHOH
odomourn). 06pasoBaHme HMOTOCHON CBASK ¥ #enesa XOPOWO OGHLACHAETCR TeHIeHImel
K NproCpeTEHNt UM SJIEKTPOHHOTO CTPOEHNMA THIA MHEDTHOTO rasa: ¥ MoHa Pe’t ma
BHEMHe} 0CONOYKe MMeeTCH 6 COOCTEEHHHX BJIEKTDOHOB, ¥ IVIA MOJYVIEHUA BIEKT—
DPOHHOT'O CTPOEHMA Tmhna KpumnToHa (18 8meKTpPOHOB) eMy He XBaTaeT 6 map BMeKT-
POHOB; TU BWEKTPOHW ¥ IPEOCTARITOTCS €My TAHTELD CepH (:§ : §:1 npm 06—
DPa3oBaHIM OKTadIpUYecKol T'MOpMEHOHM cBA3M 3d 4s 4p~ (raHTens mMeeT HeoGolme-
CTRIEHHEMEZ 6 Iap smexTpoHoB) (Bemos, IoGemmickad, 1966). TaxyD Xe CBASH Mo—
TyT 0OpasoBHBAThH C ¢epoft ¥ ApYyTHUe NMepeXoXHHE MeTaLNH, B 49aCTHOCTH Co 1 Ni,
YTO N OCYCIORVMBAET BOSMORHOCTE IMPHTOBOTO THIlA CTDYKTYD ¥ MX CYyabdumos.
llomoGHasA cBA3E B MuCYIbfEIaX KoOaneTa M HUKENS MeHee ycTofiumBa, Tax Kax
NOCTe UCNONEB30BAHUA 3d-0pOHUT LIA 0O6pasoBAHUA 3d%4s 4p-3—OBHBH ¥y 9TUX MeTal-
JIOB Ha 3d-0pOETaX 0CTaNTCA JUMHNE BTEeKTPOHH (OmMH ¥ Co ¥ IBa ¥ Ni), KOTOpHE
MOTYT BHT&IKMBATBCA HA BHENHON HECTaGUIBHYD 4d-ODOHTY (WM 3aHMMarh OZHY M3
3d-0p0uT ¢ MCHONB30BAHUEM UX CBASeH). Jmmene BIEKTPOHH YBENIUYMBAlT pasMep
KOBAIEHTHOTO PalUyca NaHHHWX MOHOB O CPABHEHND ¢ Fe” ' NpUGIMSHTENEHO Ha
0,1 3y co® u ma 0,18 & y ¥i®* (Haymar, 1947). 570, BUNMMO, K OOBACHAET
GOnMEmYD yOTOMYMBOCTE IWPETE M MEHBIYD - TECYBIRNOB KOGAlsTa ¥ HE-
KeJqd,

Hcxoma ®3 BNEKTPOHHOTO CTDOEHMA Fe, Co M Ni, MOXHO OXMIATH MHPOKOT'C MB0—
MopfmaMe MeENYy HMMy B CTPYKTypax omHoro Tuna. OfHako He MCKINYEHO, 9YTO yKa-
3aHHHe BHIE DaBJM4is MOTYT NOPOXIATE CoJee CIOXHHE COOTHOWEHWUA IpU H30MOpP-
fusme, dem Te, KOTOpHe XapaKTepHH IJIA XalbKOTE€HHNOB MOLTDYNIH IMHKA.

lposBnenre w3oMopimsMe Fe, Co ¥ Ni B NPHPOIHHX DUCYABIWIAX C MIPATOBHM
THNOM CTPYKTYPH WLINCTPEPYETCA CYWecTBOBAHMEM IeNoff IDYIH MEHEDaToB C 00—
M HasBaEmeM GpaBomT (Fe, Co, Ni)S_. Kpaitmmvm udneHavu 8ToM msomopdHo#t ce-
DUR ABIADTCA IMPHT, KATBEEPUT rzos2 ¥ BaBCHT NiS o° BruepeHe HasBaHWe GpaBOMT
OHIO TPUMEHEHO K DALY OUPUT — BA3CHT, T.e. K HIKEMMCTHM IMPUTaM (Klemm,
1962), B HacToAmee BpeMd TDaHUIA MeXLy GPaBOMTOM ¥ KDaWHUMI WISHaMI X3OMODd-
HOlt cepu OPOBOIMTCHA YCJAOBHO. BHIIO BHCKA3aHO NDeJIOXEeHNe OTHOCHTE K KpaltamM
wieHRaM usoMopdHo¥ cepru coemuHeHus, colepxamue oT 100 mo 80 mox.% cOOTBET—
cTBybmero MuHana (Vaughann, 1969).

Imcxyccus 0 IpemenaX CMECHMOCTM B OpaBouTe Hamdonee IOJHO OCBeleHa
I.Kremvom (Klemm, 1962). MHeHve 0G oTpaEMYeHHON CMECHMOCTH B GDABOMTAX, ;
0COGEHHO MeXAY MEpMTOM ¥ BascuToM (Hagemann, 1941; Kalb, 1952; u Ip.), Tom-
TBEDROEHO BSKCINEpPVMEHTATBEHHMY MCCAeNOBaHEAMI. CHCTEMH METOZOM CYXO# IIaBKH,
TpR KOTOPOM YCTaHOKMEHH CoJbIme HonA HecmecumocT: (Kymwrepyxm, 1966; Klemm,
1962 » mp.). Io KrewmMy, mOZESS CMECEMOCTE FeS, 1 CoS, HACTyNAeT b NpH
'?OO""; MeELy FeS, 1 NiS, npy TexX Xe YONOBAAX CCTaeTCA PasphB — OT 20 mo
50 mon% WiS,. C NoHmMEeHMeM TeMIepaTypH CMEeCHMOCT: IafaeT, U TpH 400° oHa
noYTH OTCYTCTByeT. Ha 9TOM OCHOBaHm Kremm BHCKasan cooCpaReHrue, 4TO HaGimo-
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Tapuaeca NPEPOTHHE CpaBOMTH, COCTAB KOTOPHX OTBEYAET OGNaCcTH HECMECHMOCTH
ZTuarpamMvi, TNPeNCTEBIALT MAKpocMec. Omnaxo GoNee MOSTHME UCCAETOBAHAA C. [pU~
MEeHEeHNEeM SJIeKTPOHHOTO 30HNa NONTBEDPNANY CYNECTBOBAHME B GPABOMTAX I'OMOTEHHHX
30H, OTBEYalIMX N0 COCTaBy o0NacTH HecMecuMOCTH (PasoBHX Ouarpavm (Springer
et al., 1964). Bomslie TOro, COSNUHEHMA aHANOTHYHOTO COCTABA OHIE MOJYYERH

I3 BOXHHX PacTBOPOB CHavana Hrapxom m Kymnepymom (Clark, Barens, 1965), a
sarem llnpmarepom ¢ coaBropame (Springer et al., 1964). 9Tm coemuHEHWA
PaccMaTPUBanTCA YKaSAHHHME MCCAEeNoBATENAMM Kak MeTacTatulnbHHE, NOCKOABKY
Bume Temmeparypw 137° omm paszarapTcs Ha IMPAT ¥ BaBCUT.

B nocnepime rofH MOABMJIMCE HOBHe ONMCAHWA UPEPONHHX IPOMEXYTOUYHHX WISHOB
rpymm (Bartolomé et al., 1971; Pymamesckn#i, Cumopos, 1971, 1972). B wact-
HOCTH, MSYYEHH C NOMOmBI MIKDOBOHIA GPaBOUTH ¢ comepxaHueM Co Io 42,5% us
Uncyryms (Mememit modc ImHo# Pomesma). Kaxk w mis NCKYCCTBEHHHX OpaBOUTOB,
Iy HEX XapakTepHo JUHelHOe Bo3pacTaHne NapamMeTpPOB DeeTKY Ipy YBeandeHun
comepraHna Co (Riley, 1965, 1968); mokasaHO 3aKOHOMEDHOE N3MeHEHHE BeJINuHH
OTpaxeHd ¥ MUKDOTBEDHOCTH B 3@BHCHMOCTH OT COCTABA SOHAPHHX HDUCTAIIOB
(Vaughan, 1969).

BonpmMECTBO aBTOPOE, OMKCHBad GpaBOAT, HE DPAcCMATPUBANT NPUIKH 30HAPHOTO
cTpoeHnA ero BuueneHwit. CorwacHo H.C.Pymamescromy z A.®.Cumoposy (1971),

QHO 0oOBACHAETCA DpasyMuHo¥f amcoplmded MOHOB Ni ¥ Co Ha NOBEDPXHOCTH DPACTYWETO
KpucTaita. Ha Ham B3DMIAN, Gojee BepoATHOH! ﬁpnqnnoﬁ ABNAETCA METacTatHWIBHOCTH
TBEPAHX pacTBOPOE B 2T0# cucTeMe M WX pacnall BeJaeNCTBHE YNOpPALOYeHWd. Bumu-
Mo, HeymopAmodeHHoe cocToAHme (meRcTBUTEnbHHA m3oMOpdMaM) CYMECTByeT B Y3KOM
UHTEpBalte YGJAOBMA, NpU MBMeHeHm KOTOpHX (HanpuMep, NIpH TOHMKEHIM Temiepa—
TYpH) NPOMCXOMAT pacmal BellecTBa Ha DAL JUIODPANOYEHHHX (fas, MHOTNA O¥eH:
GIA3KNX, DASJIYaniiiXCA [0 COCTABY M, OYEBHAHO, OO CTENeHH HOpHIKE B CTPYK-
Type. : v '
zomopduaM ®esxesa H SIEMEHTOB JNPYTUX NOITDyNn, /3 sneMeHTOB IPYTUX HOI-
rpynn HOYTE HOCTOAHHON HNpMMECHR B IMIDUTE ABIASTCH MeXE. Fle CPaBHETENBHO
HemlaBHo M.Oxeftmep (Fleischer, 1955), paccmoTpeB 785 oHalMsoB IMpuTa, OTME—
TIWI, 49TO 75% 00pasioB COLEepRaT GoJbie 1-10"5% Cu, g 10% - Gogjsue 1% Cu (Mak-
CUMaIbHaA KOHUEHTpamms Cu okono 6%), ¥ BHCKa3al MHeHye, 9YTC 5Ta IDHMEC: B
GONBIMHCTBE ciayuaeB (eciam He BceTha) OoCyCHORIEHA BRIDYEHUAMY MEILCOIEpRAIMX
MEHEpANOB. Takad TOYKa SpeHNA MOXYuYMIa PACHpPOCTDaHEeH:ne.

Tem He MeHee MMEDTCA JoHHHE, yKasHBaOIMEe Ha CMECHMOCTh FeS, ¥ Cus_. Tax,
B Megbcomepxamem mapuTe u3 lleppo me [lacko B Ilepy, 1m0 MaHHEM BJIEKTPOHHOTO
MEKDO3OHIMPOBAHNA, KOJINYECTEO m3omopdHo# mpmmecH MeXu mocTuraeT 1,4% (Einau-
di, 1968), a B Hyxymamy Ha o-Bax Jumse - 10% (Prenzel, Ottemann, 1967). Bpa-
BONTONONOGHHE GTPYKTYDPH TAKMX MUPUTOB OGYCHOBIEHH 30HADHHM paclpeleneHneMm
Mefr. OTKDHT HOBHY MUHepal — QyKyummmT - DUCYIBQuN MeIM ¥ Xelesa C IMPUTO-
BHM THIOM CTPYKTYDE M cooTHOmeHMeM Memm K xenesy 3 : 1 (Kajiwara, 1969) u
okono 1 : 1 (Shimasuki, Clark, 1970). C mOMOWS® SJIEKTPOHHOTO MEKDOR0OHTA NO-
‘KasaHO, UTO BIUUIAMAHWHAT, MalovsydeHHHH Iucyneduny Cu, Ni, Co¥ Fe, HEOUHO-
poIeH ¥ COCTORT 3. a3, KOTOPHe MOIYT pacCMaTpUBaThCA KAK MeIMCTHe CpaBonT
n nnpnTi (Ypma et al., 1968). U, HaxOHel, SKCIEPUMEHTANbHHM UCCJIELOBAHUEM

1 Ha sroM ocHOBaHWE mpemaranoch X BELIAMAHMHMTAM OTHOCHT: BCE Cu-CONEpRalye
MEHEDaIH €O CTPYKTYpo# mmpuTa ¢ 25-75 Moa.%CuS_ (¥Ypma et al., 1968). Om=
Haxo lbvasyxy m Knapk (Shimasuki, Clark, 1970) cuuTalnT HEOOXOIVMHM COXpa-
HUTH 9TO HE3BaHWE I YeTHPEXKOMIOHEHTHHX MuHepa€oB (Fe, Co, Ni, Cu), a
BaA pAja PeS,-CuS, YyIOTpetnaTs HaspoyMe (YRYDLIHT.
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CHCTEeMH FeS,-CuS, BHABIEHH TBepAHE DacTBOPH, colepXauge mo 82 MOT.% CuSs
npy remmeparype 100° (Shimasuki, Clark, 1970); ¢ HoBNmEHEZEM TeMIepaTyDH
PacTBOPEMOCTE CuS,, CHuEaercd No 67 moa.% npm 250° u npudiumsuTessHO HO
10 mox.% - mpm 2’753‘J (mswe 250° pacTBOPH CTAHOBATCH HeCTACWIHEHWM). s cun-
TETHYECKUX NPOIYKTOB YCTAHOBNEHO JMHelHOe M3MeHeHVe IapaMeTpa S4eiym:

a ='5,417+0,00403 x(A), Tme x= cus_(mox.%) B mmpuTe. HecKOMBKO BapHUPYOT
H OOTHYECKWE CBOMCTBA. %

Taxum cGpasoMm, u30MOPJHOE BXOKEEHME MEIH B CTDYKTYDY IpUTa HECOMHEHHO,
OHO TONTBEpPXMAETCA W TEM, UTC NpH BHCOKMX TaBaeHuAx (20-65 KGap) ymamocs
CHHTEBUPOBATD AUCYABYUE MeAN CO CTPYKTYpol MEpUTa (Munson, 1966, w mp. -
00 Shimasuki, Clark, 1970). B mipiTe, Kak U3BECTHO, KATHOHH KOODIMHUDOBAHN
WECTHD aHMOHAMZE. VOH ®e Cu® Momer HaXOIMUTBECA B OKTadAPUYECKOM OKDPYREHUH,
JIIWE BHSWBad ero uckameHne — sfdexr flaa — Temnepa (Oprem, 1964). OuemumHo,
8TO I OCYCMOBMMBaEeT HeoOXOHUMOCTE BHGOKMX NaBieHnit IIA cuHTesa. 1.Panxmd u
X.Max-Cyur (Radcliffe, McSween,1969) BHCKABAIN MHEHZE, YTO HNOJOKEHNE MeM
B CTPYKType NMEPHTa MORET CTACIIMBMPOBATECH 34 CYET YaCTHYHOTO 3aMemeHns
CepH MHWBAKOM: B NEPyaHCHUX MECTOPORNEHNAX MeIBCOTEepXalii IMpAT IpuypoueH
K JONOHNTOBHM y4acTKaM, & HE K XalbKOIMDHTOBHM. Te ke &BTODPH NojaranT, 4TO
cu®* gerve BXOEMT B DUPHT IPY 3aMeTHOM CONEPKAHNN B HeM KOOalbTa M HUKeNd,
HOTIa KOODTMHAIMOHHHE OKTa3IpH yRe B BHaUMTeNbHOX Mepe uCKaXeHH (8To, B
H9aCcTHOCTH, NPOABIAETCA B ONTMYECKOM aHM30TDOIMN MIHepanta).

bme ompH npuMep - u3oMopfiHoe BXOKTEHWE DTYTH B [MPUT, CAATANIMA OOJHTH
u3 JIByXwpPTOYHHX MCTOYHHKOB Ha Hamuarxe (0Oseposa m mp., 1970). Sror TUPAT
XapaKTepusyeTCH VHUKATBHO BHCOKMM COTEDEaHNeM DPTYTH (2%) Ipm paBHOMEDHOM ee
pacupeieseHml 00 BCHaM OOJHTOB. 00 maoMopdHOM BXOXZEHW DTYTH B IUPUT CBULE-
TETBCTEYET YBeIMYeHUe TapaMeTpa ero aMeMeHTapHoOR Aueitxu (5,427 1) IpOTUB
eranmoHa (5,416 ﬁ); Tapa/ielbHO TPOUCXOMAT yMeHBIeHNe BeJUYMHE OTDaXeHEA I
Beell 00gacTy BHIMMOFC CHEKTpa. [oCKOMBKY PTYTE SHAYHTENBHO OTIHYAETCA OT Xe—
Jle3a N0 CBOEMY BJIeKTDOHHOMY CTDOEEWN U B CYIBIMNAX OCHYHO HAXOIMTCH B 4eT—
BepHO# - (MeTammEHAGapNT) WA OBOMHON (KMHOBAPL) KOOPHMHAINA, CHIO GH HHTE-
DPECHO YTOYHMTH HOBMIMK PTYTH B CTPYKType IMpHTA.

3AKITIOYEHUE

B mocnenaue IomH NOSBWIOCE 3HAYMTENBHOE HOJMYECTBO HOBHX JAHHHX 00 M30-
Mopduame B Cyapduzax. STOMYy BO MHOTOM CHOCOGCTBOBANO NPUBAEHEHHE HOBHX ME-
TOLOB HCCIEHOBAHNA, OCOGEHHO JIOKANBHHX METOIOB MUKDOSHan3a. Kax ciemyer us
OpEBENEHHOTO 0030pa, HpK BHOODE METONa M3YYeHUA M3oMopfHHX mnpuMeceit, a Tax-
Xe MHTepIpeTalyil pesyNbTaTOB HEeoOXOmUMO YYMTHBARTE cnemmdury cyasfunoB, Kax
MUAHED&JIO0B~-INOJYIPOBOTHIKOE, O0MalalliX IpEUMyWeCTBEHHO KOBATEHTHHM THUIOM
CBA3K. ITa cnemzdwka, ¢ ODHOM CTOpPOHH, OOCYCAOBIMBAET OCOCHH THI B3aBHCHMMOCTH
XapaKTepucTHX MEHepaJla OT WAMEHeHHs cocTaBa (HanpuMep, OTHIOHEHHE OT 38H0-
Ha, Berapma IIA mapamMeTpoB SneMeHTapHo# fAuelikn), a ¢ ODYyTod - I03BOALET G-
NONB30BATS HEKOTODHE CHelyanbHHEe MEeTONH MCCaefioBaHud (Hanpumep, W3yYeHme
HCAYIpOBOIEMKOBHX CBONCTB). He Bce MeToIH C ONMHAKOBOA OZHOSHQUHOCTED MOTYT
CBULETENBCTROBATE 00 m3omopdHOM XaparTepe IpuMecH, ¥ Heaulojee ONpelefeHHHE
pesyabTaTH IOJyYanTcHd JUWb OpY COBMECTHOM HCIOQIB30BAHMM HECKONBKAX METOLOB.

Jaumne mo msoMopdusMy B aHHMOHHOH HoZpeleTHe CYILIUNOB NONTBEPRNANT MHe—
HIte, 4TO u3 ancmaﬁﬂoxnmmqecnnx farTopoB, ONPENENIANIMX W30MODHU3M 3aMemleHns
B MIHepalax, W CYALIMNOB NEPBOCTENeHHOE SHAYEHHE NPUOCPETART KOODIMHAIMOH-
HOe 4YHQJC ¥ XMMZYecKasd CRBABEL, KOTODHE TECHO CBASAHH C SJIEKTPOHHHM CTROEHUEM
aTomMoB. XapakTep m30MOpHHX 3aMemeHnit B KaTHOHHOA mofpemeTe Golee CHOXEH.
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Hamprvep, oGHapY®MBASTCH 3aBHCHMOCTE CTENeHM COBEpueHCcTBa u3oMopfumsma me—
TaAnoB OFHOH HOZTPYNIH OT HpHcTannorpafmyeckoli cmaderpun {coeRMHEHHA THUA
A?BB). [lpn. cMecuMOCTH CYJRIMIOB MeTALIOB PASHHX TPYyNO HepHofuyecKofl CHCTeMu
HaTJIANHO NPOARIAETCH 0COOEHHOCTE KOBANEHTHOHN CBASM, BH3HBaWmAf NOJADPHOCTH
n3oMopdusma.

I3 reTepoBaIeHTHNX SaMemeHult B KaTHoHHOW HOZpemeTHe Goabuolft MHTEpec Ipen--
CTARIAST RIOMOPEM3M MET&/IOB ¢ HNOIYMETA/LISMA, TOCKOABKY OH NOBBOJAET HNOHATH
NPUPOLY TOMOJNOINYECKEX PANOB CTOXHHX CyABOUIOB (cynsgoconedt) u TpaKTOBATH
HX ®aK DPAIH yropAfodeHHHX fa3, BOBHUKaOIMX OPM Dacnale BHCOKOTEMIEePATYDHHX
TBEDPOHX DacTBOPOB.

ConocTamIeHne DE3SYIBLTATOR SKCHEPUMEHTATBHOIO -MCCAENOBAHNA CHCTEM X H30-
. Mopdu3Ma B IpPMPOLHHX OCBEKTAX BHABIAET HEKOTODHE HeoXunakHHe garrH. Tak, B
PAlE CHCTEM MeTONOM CYXoil IUIaBKK yCTaHOBNEHA HESHAUUTENBLHAA CMECUMOCTDH HKOM-—
IOHEHTOB NP BHCOKOH TemImepaType M €e yMeHBUNIGHUME NpH oXnaxteHnz. B To Xe
BpPeMA B NPUPONHHX CYAbuiax, IO COCTABY OTBEYSDUUX 3THM CHCTEMaM B o0pasco-
BaBUNXCA B HUSKOTEMIOEPATYDHHX YCHOBUAX, ONDENENESHO BHAYATENBHOE KOJMYECTEO
npuMecedt. Taxme npupomxue dasH paccMaTpUBaRTCA Kak METacTalCWiIbHHe TBepIoHe
PacTBOPH, OpUYeM HEKOTODHE W3- HUX IOJMYYeHH MEeTONOM TMIPOTEDMATBHOI'O CHHTE-
3a. llomoGHHEe COOTHOWEHNA O0COGEHHO XapakTepHH LI mpmMecw Cu (B raresnTe o
B OHpATE), & Takke LIA As ¥ Sb B aHMOHHO# U Hg — B KATHOHHOW mOJpeleTKe M-
puta (BoHapHOTO). B IpDYyTEX CIydYadX, CYIOS IO DesyabTaTaM KCCAENOBAHWA CHC—
TeM, MORHO GHJO O OXUNATH IIPOKOTO M3oMopdWsMa B Tpupome (cucTema 5b,S 4=
Bi_S.), HO B €CTeCTBEHHHX 00bEKTaX UIOMOPEE3M OKa3NBLETCA JHMlE JOBOJABHO OT-
paHrieHHNEM. BHCKasHBaIOCh: MHEHXEe, YTO NprYMHaA 9TOT0 3aKINYeHa B Teojornde-
CRUX YCHOBAAX 0GPAS0BaHUA MAHeDanoB. (NHAKO HE MCKINYEHO, YTO B NEPBOM ¥
BTODOM CJIYUYaAX UPPaeT pPONE DJISKTDPOHHOE CTPOEHNE aTOMOB.

Hecomuerso, 4TO y3cMopiusM B cyanduzax oGralaeT pANoM cCOGeHHocTel, Ie-
TaIpHOE U3YUeHNe KOTOPHX IPeICTaBAAET KaK HayuHul, Tax ¥ NPakTUYeCKul MH~
Tepec.
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MbIIIBAKOBUCTLIE NUPAT U BPABOUT N3 MECTOPOKIEHNA
CEAMOYNCJIEHALIIBI

B nmuTepaType NOBOJBHO WMPOKO M HEONHOKPATHO OCCYRNANCA BOIPOC 0C M30MOp—
¢uame B cucreme FeS,-CoS,-NiS,. OmHuM ¥3 PaCHPOCTPAHEHHHX NPHPOMNHHX COemy—
HeHm#® B 2To#f cUCTeMe ABNALTCA HUKENh— U KOOGANbLTCOTEPKauMi MUPAT ¥ GPaBOMT
(Fe,Co,NiJSE. Jo mocnemHEro BpEMEHHM OTCYTCTBOBAIM HaHHHE O CONEpKaHMM B
GpaBoMTe U MMPKTE MHIEBAKA HADALY ¢ KOGANbTOM U HMKEJNeM, XOTHA MHUEAKCOIEpXa—
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Me OMPUTH 0e3 HUKeJNd U KoCaJbTa YCTAHOBJEHH B pANE 30JOTOPYIHHX M CBHUHIIOBO-
IMHKOBHX MecTopoxkuewuf (Saager, Mihalik, 1967; Burkart-Baumann, Ottemann,
1971 ; Bopomaer, Moarosa, 1974; Wells, Mullens, 1973). B MecTopoxmeHnax Kop-
Te3 n Hapmue (Hemama), Lleppo me Hacko (Iepy), Ixedems Xamyd (Tymuc), Muxai-
nosBckoe (Bocr.B3adafikanse), BurBarepcpann (Afpura) COZEpEaHNE MHUBAKA B M-
puTe B BuLe usoMopdHol mpuMecu KoneCnIeTCA B BechMa BHAYATENBHHX Ipelelax U
mocTuraeT 7%. IMenock ykasauue II.Pammopa (1962) Ha OGHUYHOCTH COIEDRAHVA HE-
GONMBINX KOJMMYEeCTB MHUBAKA B I'eJEBHX NUCYJAbULaX Kejesa, B YaCTHOCTH H3 Bepx-—
Hell Cumesumy (Mossma) u Buenoxa (Bamed, TPT), ofHako KOJMUECTBEHHHE NAHHHE
He TpMBEJIeHH. '

B GBUHIOBO-IMHKOBOM MecTopoxneHuy Ileppo e Ilacko, NpUYpPOUYEHHOM XK ByJIKa—
HIYECKOMY Xepiy (Burkart-Baumann, Ottemann, 1971), MHNBAKCOZEpRAIMA IEDHT
OCHEpYXeH B BHUIE CTalaKTATOB B Ielepe B acCOIMAIMM C TOHKONUCIEDPCHHM CBHH-
HOBO-MHIIBAKOBHM CyJb@mmoM. [id cTparu@opMHHX CBHHIOBO-IMHKOBHX MECTODOXTEHIH
B KapOOHATHHX Iopojax — Brueaox, Mexepsmx m Maydax (@PI), Opex u MapXmeBero-
ro B Bepxueit Cunesmu (llomswa), Ixedems Xemyd (Tymmc) - odeHs XapakTepHa
accoImalys KOLIOMOPIHOTO MHNBAKCONEDXANETo IMDUTE ¢ MAPKASHTOM I CJIORHEMI
cynbdumeMy CEEHIG ¥ MHILAKS — MODLEHUTOM X TpeffTOHMTOM, OCDasyvulpMi 3Ha4YA—
TeNbHHE . CKOIEHUA B aCCoLpamum co cfalepuToM ¥ TaleHUTOM. A BCeX yHasaH-
HHX BHIOE MecTODORTeHMA XapaKTepHH KOJUIOMODPHO-3OHANLHHE arperaTH MHILAKCO—
Iepxamero IMpHUTAa, AHAJNOTUYHHE CpaBOMTOBHM.

B son0TopyZHEX MecTopoxmeHuAx Hemamw (Kopres u Kapmue), Ime pymolf ARIA-
DTCA MMPUTHSKPOBAHHHE TVIMHUCTO-YIVIMCTHE IOJOMUTOBHE UBBECTHAKHN, NPUCYTCTBYET
BOJIOTOHOCHH! MHWBAKCOXepRamuit mupur (Wells, Mullens, 1973). MHTepecHo, 4TO
Hamdonee BHCOKOE COmepKaHWe Maubaxa (mo 4,8-7,1%) ocﬂapy:seno P TOHHONUCIEDC—
HOM NUpATEe, pasMepH 3epeH KOTOpOT'0 He NpeBHmapT 5 MK I YacTo MeHee 1 MXK.

B Gonee xpynHHX 3epHax cofepmurcd b 0,8% As. HommuecTBo IUDHUTa B CPENHEM
B pymax cocraBisger 1,5-2%, a somora 20 I/T.B eme Gonee HESHEUUTENBHOM KOJM—
YecTBE B 3TUX pymax NpUCYTCTBYRT (B OYeHb MEJKMX 3epHax) cfamepmT, apceHo-
IMPMT, MMPPOTHH. MEKDOSOHIOM B MHIBAKCOZEDEANEM IHDUTE YCTAHOBIEHO IO

2500 /T somora, mo 0,56% cypemu, mo 0,28% pTyTE. K comameHmo, HEfCHO, IPO-
BEpANOCH JM NPUCYTCTBME B 3TOM IMpPATE KOOAIBETA ¥ HUKENR, B TOHKOpaccedHHOM
oupuTe pyIHNKa Kapime oo 8 onpefeneHuAM colepXaHue As KonedmeTcda oT 1,2
o 14,5% (BOSMOKHO, 4ACTHYHO 38 CYET HPUMECH BPCEHOIMDUTA).

VByueHne MHIBAKCOTEDEANETO MIPHTE M3 MIXaiIOBCKOTO MECTODOXIEeHMA B Boc—
TouHOM 3adeiirarne (Bopomaes, Mosrosa, 1974) moxasano, 4TO H30MOPIMSM MHUEI-
Ka I CepH MOXeT GHTE OTHECEH K NpPepHBHCTO-HENPEPHBHOMY TUIy X S@BHCUT OT
TNPOABRNEHAA JUOPALOYEHAA B CTDPYKType HUPUTa.

Msomopduuit XapaxTep NpUMEcH MHILAKS B MUPUTE NOATBEDENEH M3MEDEHHEM Be—
JUYIHH TapaMeTpa KpUCTaLmM4ecKolt pemleTr, B YaCTHOCTH DEeHTTeHOMEeTpHYeCKIAMI
nepamvu A.Heltxaysa (Neuhaus, 1942). U.Bypkapr-Baymex n U.0rreman (Burkart-
Baumann, Ottemann, 1971) yCTaHOEWIM OTYeTJIMBOE YBEJIMYEHNE IApaMeTpa a C yBe-
JMYEEAEM CONEDRAHNA MHIBAKA B MMPHTE M3 MECTOPORNEHHST Ixedens Xamyd(a =
= 5,4369A IpE As = 3% B oTymuMe oT a = 5,417 1 mna wmeroro mmpmra).Kax moka-
3an A, Hellxays,npr BospacTaHWu As [0 6-7% NapaMeTp a YBEJHIUBASTCA IO 5,4534.

. B 1971 r. BuepBHe NOABATUCH B JHUTEpaType CBENEHUA O COoNepEaHUM MHIpAKA
B OpaBOoMTe. B EAMBHHX CepeCpAHO-gPCEHMEHHX MEeCTOPORLeHUAX CumrsBepdunn u Jlas-
mc B OsrapEo (Petruk et al., 1971) Wi BCTpeYeHH DYOH C NOYKOBAIHO-KOJLIO-
MopfHEMI 00pasoBaHWAME [MDUTA-MAPKASNTA, B ALpaX U NepudepuyecKuX HKaeMmKax
KOTOPHX HaXomuicA GoTaTHif X0GalbToM GPaBOUT ¢ COLEpEKaHMEM MHIBAKa (Io TaH—
HHM MUKDOSOHNOBOTO aHaym3a) Lo 8,5%. B cpacTaHMAX NUpHTa ¢ MapKasHTOM yCTa—
HOBJIEHO oT 0,2 Mo 3% MHIBAKAE.
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Bce usydeHHHe MHUBAKCOLEpRamye NIDUTH ¥ GPaBOWTH M30TPONHH, HE3ABHCHMO
OT KoJUYeCcTBa B HUX MHUBAKA, KOOalbTa U HUKEN]. BesmuuHa oTpageHnd R mamaer
[0 MEpe NOBHUWEHUWA CONEPRAHNA YKA3aHHHX BIEMEHTOB. Hax Hokasamy nsMepeHud,
npr A= 546 HM R NoHIKaeTcA ¢ 54% LA 4HCTOT'O IEPUTa IO 46% IpU MAKCHMATE—
HOM conepm MHIUBAKA 7% ¥ HOJHOM OTCYTCTBMM KoGambTa ¥ Hukend (Burkart-
Baumann, Ottemann, 1971).

* MIaBeCTHO, UYTO TBEPAOCTE MUIKPOBLARMMBAHUA OCHYHHX GpaBouTOB 063 MHIBAKA
YMEeHBIUAETCH ‘IO CPABHEHMD C YHCTHM IMPUTOM Ha 35-40%(Vaughan, 1969). MoxsHo
NPEeNNONORATE, YTO IPUCYTCTBUE MHIBAKS B MMpUTaX ¥ OpaBouTax CyIeT eme GoJb—
e yMEHBWATH TBepHOCTh. CIMUKOM Majihe pa3MepH BHIeNeHU) MuHepala B GONBIMH—
CTBe CIy4aeB, Kak U B H3YYEHHOM HaAM® IpHUMEpE, He NO3BONANT HPOH3BECTH H3ME—
PeHnA.

Heavy GHII MCCaemoBaH TUCYJNBIWUI Renesa U3 CBUHIOBO-IMHKOBOTO MECTOPOXRLEHWA
CemmovucIeHUIH B Bolrapui, B KOTOPOM IpH aHalM3€ Ha MUKDOSOHNE OHJIO yCTaHOE—
JIEHO BHCOKOE COIepXaHWe KoOalbTa, HUKEJNR U MHIBAKA. PYIH BTOT0 MECTOPOXTEHUA
G meTalreHo MaydeHH J.Mumuepo#t-CredamoBoit (Min¥eva-Stefanova, 1962,1967).

MecTopormerre CemMOYMCIEHNIH NpefcTanideT coColt pan crparTudopMeEnX Same-
et ramemnT-carepuTOBNX pPYN B M3BECTHAKAX M NOJOMHATaX CDEfHEero Tpuaca.
Pynuue Tesma uMenT mWIacTo- U JAH3000pasHyw fopMy ¥ CJIOREHH IIpenMylleCTBEHHO
TYCTOBKPAIUIEHHHM 9aCTHYHO CIIOWHEMY pymaMi ¢ KoJmoMopdHumm # GpeKdMeBHIHH-
My TekcTypamu. Iis BEpXHMX TOPMBOHTOB MECTODOXISHVA XAPAKTEDHO NpeoliajaHne
canepuTa, ¥ UMEHHO B TAKMX DPynax oCHapy®eH OpaBouT. Ha dosee IV[yGORUX I'opu-
BOHTaX SaleranT pyIOHHE Tela, oCOTalleHHHE XalbKOMMpUTOM, GODHMTOM, C SHAYM-
TEeJBHEM KOJMYECTBOM TEHHAHTATS U CAOKHHMY CyIbfuiaMu Melu, cepedpa, CBHHIA,
pTyTH. . s

. Munuena-Credastora (1971) meramsHo OTUCHBAET B3AUMOOTHOWEHUS DasdNYHHX
10 cocTaBy 30H B TOHKO3OHANBHHX KpPUGTaLUMMYECKNX arperarax NUCyanfumos Fe,
Co, Nipms cxofHoro ¢ CemMOYMCIEHNIH MECTOPOXNEHNMA PakoB HOJ M NPUBOTUT Iat-
HHE OINHOT'O aHalu3a Ha MUKDOSOHMNE NIA DasHOBUIHOCTH, HasBaHHOR en OpaBOMTOM
(cM.radn.1, asemus 5). lHTepecHo, WTO B 9TOM MUHEpANe YCTaHOBMEHO Jumb O,9%
MHIIBAKA UpM OYEHH BHCOKNX CONEpRaHITX KoOGalbTa M HuKeNA (CcOOTBETCTBEHHO
20,7 m 13,3%). PaccMaTpuBaf cocTaB (paBouTa E3 CEIMOUMCIEHWIH I OTHONEHNE
B HeM Fe : Co : Ni,aBTop, ONHEKO, HuUYero He TOBODUT O IPUCYTCTEMM B HEM As.
Cyma mo ommcammo u MukpodoTorpafmam muputa ¢ OpaBOUTOM, IPHBELEHHHM 1 Mumue—
Boft-Credadoroil, HaMi OHJ MCCNeNOBaH TOT K& CaMHll MuHepal.

Havm GHJI E3y4eH HNONUPOBAHHHNA mwmd, B KOTOPOM DaHee OHuR odﬂapyxemi MeJb—
ugiiie 8epHa KOGANBTCONepRAllero POBOEBOTO MIHepana, NPEeINoJORMTENIBHO OTHECEeH-
HOTO K BWTEeHNTY WiE JuHHenTy (Bemues, 1965). PyZa B wmde npelcTamieHs
chanepuT-TaleHRT~HapCoOHATHEM aT'pEraroM ¢ MEJKEME KOJLIOMODEHEME BHIEJIEHILAMI
Iucynsiuna menesa. [ocaemHEE COCTOAT JHMOO K3 CHOIIEHWH ITVIOCYJIADHHX 9aCTHIl
pasMepom 7-10 Mk, /méc u3 romoMopdHO-30HANTBHHX O6pa3’OBaHUMl, UMeOIUX B M-
puHy He Goaee 80-100 MK, JmG0 W3 HPOXATKOBMIOHHX BHIeNeHH# (9aCTHYHO pasi—
poGMeHHHX) B Macce TaneHuTa ¥ chanepura (puc.l, oM. IpuiomeHue).

[lpn GosepmoM yBENIMYEHME B HEHTpe u Ha nepudepmn moYKOBHAHHX 00pasoBaHmit
Iucynbiuma menesa oCHapyARuMBaeTCA MIHepaa, OTMYalImicA OT MMpPHTa PO30BATO-
CepoBaTHM IBeTOM I Gojee HUBXMM OTpageHmeM. Kax BUNHO, MUHEpal cjaraeT Ampa
7 TOHKME KallMi 1o KpaaM MOYKOBHIHHX BHIeneHn# Gosxee cBeTnoro mucyabdmma.lm-
puEa nepmpepwdeckoit Kaitvu efpa mocTuraeT 10 MK, y9acTKA poSOBOrO MIHepana
B ANpE COCTABIAWT B MuaMeTpe Mo 60 mx. CHROMIEHUA IJIOGYJNADHHX BHAEJIEHH]! BTOT0
XKe MUHeDala MOXHO BHIEeTh Takye cpelln xKaploHaTa I calepuTa B JeBOM BEpXHEM
yray sa puc. 2,a (oM. mpmroxemme). Bolee CBeTMHe yuacTiu, Kagymuecs oCnu-
HHM OEPUTOM, Jake NpM CGOJBIOM YBEIWYEHAW.IION MIKDOCKONOM B OTPaXeHHOM CBETe
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He 0CHADYAUBaLT Kaxo#-ymoo HeoNHOPONHOCTH. OZHAKO IpM MCCHAeNOBAHMN Ha MUKpO—
30HIEe METOICM CKAHMPOBAHMA HA CHUMKE B MOIVIONMEHHHX aaeKTpoHax (pmec. 2,0)
B yKaSAHHHX BHIle CBETJIHX yYacTKaX BHABIAETCA TOHYallad 30HQIBHOCTE C.depe—
IOBarmeM GoJMee TEeMHHX SO0HOK IMpUHO# MeHee 1 MK ¥ GoJee CBETJHX, IMPUHAE KO-
TOPHX eXBa HOCTHTaeT 2 MK. ClelyeT YYATHBATE, YTO Ha CHEMKE B IOTVIOMEHHHX

' WIEXTpOHaX CaMHe CBETIHe yYaCTKM OTBEYalT CaMEM JIETKUM SJeMEeHTaM, a caMue
TeMHHE — OTHOCHTENBHO HamfoJee TAXENHM, B ZanHOM cayvae CejHe y49acTHKH -
KBapl ¥ KapGoHAT, uYepHHe — calepuT I TaleHUT, & TEeMHO~CEepHe — MUCYIbdum
Fe, Co, Wi, As.

HlsyueHre cocTaBa CPaBOMTOB U NMPUTOB IPOM3BONWIOCE: HAa MUKDOAHANWM3ATOpE
MS-46 dupvu "Hamexa". Onpegernenne Fe, Co, Ni, S BHNOJHAIOCH [0 M3JIYYEHHD
Ka,8 As - 0o KB. STaloHaMu CIAyXWw Meraumyeckue Co m Ni, a Takke FeS, n
NiAs cTeXuOMETPUYECKUX COCTaBOB,

PacyeT KOHUEHTPAIME IO M3MEPEHHHM OTHOCHTEJNBHHM MHTEHCHBHOCTAM IIPOM3BO-—
Owics ¢ Iomomel Iporpamvu IaA 9BM BOCM-6 Ha sswxe "Anron", cOCTaRINEHHON
ONHMM H3 aBTOPOB COBMECTHO C COTPYIHMKAMI DEHTTeHOCHEeKTPaNbHO# jadopaTopuu
WTEM AH CCCP (Tposmema z mp., 1972). Banuch XpBHX pACUDENENEHNA KHTOHCKB—
HOCTH 1O IpofATo IpOMSBONMIACE NpH CHOPOCTH IepeMeleHus odpasua 7,8 Mx/MuH
¥ CKODOCTH ZmarpammHOf JeHTH 12,2 MM/MuH, KpuBHe OWJIM CKOPDeJNMpOBaHH IO As
# mo S (omHOBpEMEHHO BaNMCHBANOCH paCIpeneneHne Fe-As, Co-As, Ni-As I T.H.).

+ PacTporHe m300pameHus CHIM NOJy4YeHH B DEHTT'E@HOBCKOM WB3JY4YEHUM Has3BaHHHX
9NEeMEHTOB, & Tak®ke Pb, Ca, Zn ¥ B TOKE INOLJONEHHHX 3JIEKTPOHOB.

Ha puc. 2,B-e NmoOKA3aHO pacupegeneHue Fe, S, As, Co. PacnpemeneHye Kaxno-
TO U3 yKa3AHHHX BJIEMEHTOB, & Takke Ni mo Jmumz LmHo# okomo 150 mx (puc.3,a)
OTPaReHO Ha KPUBHX KOHUeHTpamm® (CM. puc. S,a.-n). CremyeT oTMETUTH, 4YTQ HpH
CKaHIpPOBEHIN VI YBEPEHHOCTH B NPABUIBHOCTH ONpElEeNeHdA MHUBAKA IPOBEPANOCH
IpUCYTCTBME CEUHIE (B yYacTHaX ¢ MHIEAKOM eT0 HET).

ComoCTABNEHNE KPUEHX KOHLEHTparml (MuHeliHoTo CRaHUPOBaHUA) NOKSSHBAET
4YeTKoe pasanuie 3 OCHOBHHX 30H (Ha pAC. 3,a~L OHE OTMEYEHH BEDTHKAJELHHMI
IYHKTHDHEMA JIAHMAMM ) . POBOBATHY MIHEDAN ¢ GoJiee HUSKMM OTpPaXeHHEeM, pacIloja-
repupiics B mepudepwueckolt xaemke | BumesermA mmcyabduma (soma 1)] m B Ampe
(s0Ha 3), B OCHOBHOM COCTOHMT M3 Co, Ni, S, As IpM pE3KO IOHMEXEHHOM COLEpEA-
Hm Fe (em. pme. 3,B). B cmemroit 9acT (30Ha 2) OCHOBHHME KOMIOHEHTEME SB—
amorca Fe, S, As; 3Ieck B HIYTORHOM KOJMYECTBe HOPUCYTCTBYWT Co M Ni, KDUBHE
KOHIIEHTPAIMH NOKaBHBalT- NOoYTH (POHOBOE CONepXaHye BTUX SAeMeHTOB. COBEpMEHHO
OTUETIMBO BUAHA {YHRIMOHANLHAA 34BNCUMOCTL MEXNY COILEPRaHWAMM BCEX HKOMIOHEH-
TOB - TOBHIEHNO coZepXanmd Co ¥ Ni COOTBETCTEYeT DE3KOE CHEREHNE COIepEaHNA
Fe, MNOBHUleHVEe KOHIEHTpAIMN As CONPOBOXEIAETCHA NMOHUKEHMEM HojamdvecTBa S. laH-
HHE MUKPOBOHIOBOTO CKAHWDOBAHUA MOXHO CUYATATH HPAMHM AOKA3aTEIBCTBOM H30MOD-
fusMa KaK B KaTHOHHON dYacTm — MeRIYy XeJe3oM, KoOamlbToM ¥ HUKeJNeM, Tak ¥ B
aHVOHHO! - MexXTy cepolf ¥ MHIBIKOM. .

B radn. 1,2 nperncTaBieHH XMMAYECKHME COCTABH M3YUEHHHX HAMH MHIBAKOBHX
pasHoBHAHOCTed Imcynpduma ®eresa M3 MecTopommeHuit CemmModmcieHWMUH (Boxrapumd),
Open (Bepxuas Cunesud) u Mexuna (Krocnaema), moXyuessHe Ha MUKposoHme "Ka~
Mexa" B JadopaTopuy¥ MEKDPOBOHIOBOTO aHamm3a WIEM AH CCCP, a Takke NaHHHE
. MusgeBot-Credanoroit mua mecropoxnermt CemMoumenaeHmH ¥ PaxoB mox (aHammsH
nadoparopmy "BRGM" Bo ®paHmmm) m B.IeTDYyE ¢ COTDYRHMKaMH (Petruk et al.,
1971) mid MHmBAKCOXEpRAUMX OpaBomTa ¥ IMpATa u3 CmiBepduiza.

MlockoanbKy mon Ha3BaHMeM CPaBOUT B JAUTepaType NOZpasyMeBaeTCA OCHYHO MuHE-
pan cocraBa (Fe, Co,Ni)S, M OTCyTCTByeT HasBaHMe AIA DASHOBINHOCTH, CONEp-
Ealell MHIBAK, M IOjaraeM, 4TO IMCYIbIuN Reyesa cocrapa (Fe, Co, Ni)(s, Ae),
MOXHO HA3WBATE MHWBAKOBACTHM, WM MHULAKCONEpRAMM, GpaBOMTOM [0 aHATQTHH
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C cofliepmalpM MHUBAK mipuToM. llocmeXHuit mosydua B JUTEpaType B OIHUX CIydadx
HasBaHue "MHNBAKOBMCTHE mupur" (B0TOB # Ip., 1972; Wells, Mullens, 1973),

B IpyTHX - "MHUbBAKCOMepXauui mipur" (Burkert-Baumann, Ottemenn,1971). Ham
KaXeTCs, UTO CJAENOBamo OH ¥ A IMpUTa, ¥ LA GPEBOUTa HUCHOAB30BATH 063 NpH-—
JaraTeNbHEHX B 3aBUCHMOCTH QT IPEHENOB COTEPEaHNA MHWEAHA: NDE COLEDRSHII

Io 1% "wmHubAKcomepkamui", a cBHume 1% -~ "MHUBAKOBUCTHIL".

1. Munuepa~Credanopa (1971) Ha OCHOBE MBYUEHNA HEKENIb- M KOGAIBTCOLEDEA-
UMX CPABOMTOB ¥ NUPATA M3 MecTOpoxNeHuit PaxoB Hox u CeIMOUMCHEHMIH B CACTE~
Me FeS,-CoS,~NiS, NpemIaraeT BHIENAT: HaDAMY ¢ Tpymmo# OpaBOUTOR CEpHE COe— -
InHeHul ¢ pasHEMVi Npemernamy colepXaMuill xoOaneTa, HUKENA I Aeaeda. B rpymmy
OpaBONTOB INPEIIaTacTesd BHINYATE NUCYILEMIH ®enesa, B KOTODHX Cofepkaime
CoS, m NiS, cocraBiageT Gosee 10 mox.%. . &

Kar BmpHO M3 Tadn.l, oTHowemme Fe : Co : Ni U3BMEHAETCA B MHUBAKOBUCTHX
GpaBouTax B mpemexax 1 : (1-3) : (1-2), a B MHWBAKOBHCTHX IADKTAX -

1 : (0,00-0,03) : (0,00-0,01). B cBASW CO CKABAHHHM NpUBeNeHHHE Ji.Mumyemoi-
CredasoBoit (1971) maHEHe 1O, NBMEpEHWN OTHOCHTEJNBHHX MHTEHCHBHOCTE! Fe, Co,
Ni B muHepane u3 pPyA CemMOYMCIEHAUM, HaS8BaHHOM €0 GPaBOUTOM, 'HO-BATUMOMY ,
CKopee cJaelyeT OTHOCUTE K NUPUTY, HOCKOJBKY OTHOWMEHMA Fe : Co : Ni IOJy4anT-
ca B mpegmesex 1 : (0,06-0,07) : (0,003-0,35). OrHOomerme Co : (Fe + Ni) B
6paBoMTAX, COEEpEANMX MHIBAK, MSMEHAeTCA B pyhaX CeIMOUMCIeHMIN B Ipemesax
1: (1,5-2,0), a B MecTopoxmeHnsX PaxoB mox ¥ CuiBepduwin - B Opemessx

1 3 (1—0,6). B 7o Xe BpeMa InA STHX Xe MECTODORIEHm#A B IMpHUTaX, COLEepRaliX
MHIIBAK , CyMM& KOCansT + HWKeNb,He mpeBumaeT 0,5-1,6%. OrTHOmeHME S :AécoCTaB—
aeT B MHUBAKOBACTHX OpaBoumrax (7-14) : 1, B MEIBAKOBICTOM mipure (22-39):1,
B MHUBAKCOLEDRAIMX GpaBOMTEe W IMpHUTE 8TO OTHOmeHWe ~ 130:1, [lo maHHEM BCex
YKa3gHEHX B Tadn.l aHamIB0B Ha MIKDO3OHNEe, B OpaBOUTAX OTHOWEHWE Co : Ni M3-
mensgeTcz or 1 : 0,4 mo 1 : 1,56,

Inda ompcHBaeMoro ofpasug n3 CemMOYMCACHUIN HNOMIMC NPMBEIEHHNX B Tabx. 1
KOJMYECTBEHHNX INOJHHX 8HaM30B OHJIO NPOM3BENEHO elle IPHOMMAEHHO KOJMYeCTBEeH-
HOe oIpefieNeHne OTHENBHHX KOMIOHEHTOB B DasHHX TOYKAX BHUENeHHA mucynbfuna.
B y4YacTKe IMPMTOBOM 30HH 2 comepgaTcA: As - oT 2,5 mo 5%, Co ~ 0,15%; Ni ~
~ 0,%. Ha pao posoBoll Kaéme:m (30EH 1), T.e. Co-Ni-soHH GpaBouta (cM.puc.3),
oTHomemme (Co + Ni) : As papHo 3 : 1 mpw cojepRammi As 14%, Co 17,5%, Ni '
18,0%, Fe 5%, S 30%, a B mpyro#t Toure Takxe U3 Co-Ni- 30HH IPXA CONEPEAHUM
Fe ~ 1% # S < 5% orTHomesue (Co + Ni) : As GmuSKO K 1 : 2, TaxuMm oGpasom,
QueHb DPE3KOE TaleHne CORepRaHuA Fe ® S K nepudepun mMeeT MeCTO Iaxe B Npe-—
OenaX 30HH IpuHO# oxone 10 MK. YYuTHBAZ, YTO HEBOSMORHO NOJYYHATE IOPOIKO-
TpaMMy ¥3 TAKUX TOHKUX BOH, MH He MOEeM IOK&3ATH MX IOPMHANLIERHOCTE K OOpeNe-—
JIEHHOMY MHUHEpalbHOMy BULY. Hu3Koe colepmanue S U Fe COMmMEaeT KpaeByl dacTh
80HH 1 mo cocTaRy ¢ apceHmEaMA Co ¥ Ni. OEHEKO HA3KOE OTpakeHMe ¥ CEpOBaTO~
POBOBATHIl OTTEHOK XapaKTepHH IUIA 6paBouTa. :

Benmy ouedHr MaiHX pasMepoB CKOILIEHHE ¥ KaeMOK HeBOSMOXHO GOHJIO BHIOJNHUTH
PEHTTEHOMETPUYECKOe HCCAENOBAHNE DASTENbHO MHIBAKCONEDEAIMX ¥ MHIBAKOBUCTHX
pasHoCTell mIpuTa M GpaBomMTa. [lopomKOoTpamMva OTHOTO U3 BHIEJEHN! pasMepoMm
100 mx (B mOpomWOK, ECTECTBEHHO, IONaml 06a MAHepala) NOoKasala CTPYXTYpY I~
puTa.

XapakTepHoit 0COGEHHOCTEN BCEX MHUBAKOBHCTHX IMPUTOB X GpPABOMTOB, Kak OT~
JacT! yXe OHJIO NOKg34HO BHmE, ARIAETCA TOHKOBOHANLHOE CTPOSHNE HX BHIEJeHH,
Ilpm 9TOM IPOABIANTCA JUCO KOLIOMOpPJEHEe MAKDOTEKCTYpH, JIO0 MX NEepEKpHCTal-
JN30BAHHHE 30HANBHHEe arperaTH. Bojee GoraTHE MHIBIKOM, HOGAABTOM M HUKEJIEM
30HH TATOTENT Kak K [EHTPaTbHHM ydacTkav (Ampam) KoJUIOMOpPOHHX IH KpucTam—
JMYeCKH-30HANBHEX arperaToB, Tak M K mepudepudeckuM (KpaeBHe Kaemxm). lmpum-
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Tadauroa 1 _
Xmvdeckuit cocTaB MHIBAKOBHCTHX GPaBOMTOR IO NAHHHM MIKDOSOHNMPOBAHUA

61T

1* 2 3 4 5 6
AmeMeHT TlpuBe~ | AToM— llpuBe- AToM= IpuBe-| AToM- Arom= IlpuBe-| ATom- lpree- | ATom-
Bec. % nggme HOE Bec.% ngme HOE Bec.% ngﬁns;ue HOE Bec.%|uoe Bec.% | meHHne |HOe Bec. % ngmme HOE
K CyM— | KoM~ X CyM=-) KO- . K CYyM=-| KoMz~ KOMA- K CyM-|KOmm- K €yM- |romm-
Me YeCTBO Me 9eCTEO Me 9eCTEO |4ecTBO Me 9ECTBO Me YECTEO
100% ’ 100% 100% 100% 100%
Fe - 10 ' 10,6-' 190! 16,41' 16,6 ' 297 '10,97 11,07 19771 13 1 233 70" waol 138! gs5'. 7' 186
‘Co 15 16,0 272" 24,58 44,7 250 15,9 26,1 278 15 295 20,7 22,8 385 27,9 28,4 483
Ni 13 13,9 237 11,96 12,1 206 15,6 15,8 269 15 256 13,2 14,4 245 8,4 8,6 146
As - 13 13,8 184 9,49 9,6 128 82 859 MW o« .= 09 1,0 . 13 8,5 87 116
S 43 45,7 1425 46,30 47,0 465 48,2 48,8 1525 - - 49,3 54,1 1688 44,9 45,6 1420
Cyvma 94 100,0 2308 98,68 100 2346 98,8 100 2375 - - 91,1 100 2469 98,2 100 2321
PFe:Co:Ni 41,8 :1.3 1 30,9 50,7 Tiel 4 s34 1:1-10%110 14837 ¢ 1,8 1.5:3,2.% 0,98
S:As ?,7 5 13 28 23,7 2 1 - 130 ¢ 1 s e
Co: (Fe+Ni) 1 a4 2.5 1 5250 B s« B T 5 b | 130,86

+(Asy 14519302, 073 4 = (Feg,170%, 47M%0, 300,94 ¢4%0,0152,0572,06} > - (Peg, 2000, 62%),19°1,01(4%0,1551,84)1, 99"

9 MHUBAKOBMCTHE OpaBouT, CemMovumcyeHuiH; 4 - GpaBonT, CemMoumcasHumH (MumueBa-Credamosa, 1971), 9aCTHYHHN aHaJmé;
5 - Opasont, Pako® mox .(Muiuesa-CrefanoBa, 1971); 6 - MHUBAKOBHCTHH OpaBomT, CuaBepfunm, OHTapuo (Petruk a.staff, 1971).




Tadarznona 2
Ximvuryecknli cocTaB MHIBAKOBACTHX M MHIBAKCOLEPEAIMY OUPUTOB IO NEHHHM MUKPOSOHINIPOBAHUA

8 8 9 10 11 12
[IpnBe- | ATOM- llpuse~| ATom— + | llpuBe-| ATom- ATom- llpree~| ATom— lpuBe-| ATOM-
Bec. |BerHHe [Hoe TeHHHE [Hoe lIeHHHe| Hoe |, HOe IleHHHe| Hoe IEHHHE | HOE
SMEMOHT ;c K CyM~—|®osm- Bgc. K CYM~ | KoM~ _B%o. X Cym—| Komm- B;C' KO~ B;"' K cym—| xomt- | B€C+ |% cym~|xomi-
Me ge- Me 9eCTEO me ge- YeCTBO me gectBo| % Me ye-
100 % |cTBO 100% 100% |cTBO 1004 1004 |crEO
Fe 43,8 ° 45,2 ' 811 44,79 ' 45,12' 808 '45,5 46,3 = 827 %5 P y 821 45,20 ' 45,80' 828 46,30 ° 47,75' 855
BHY.
Co _ 1.6 1,6 30 Q,03 0,03 0,5 - - - 0,23 4,5 He ocH. - - He ocH. - -
Ni - - - 0,50 0,50 8,5 - - - 0,46 78 .02 0,02 0,3 He ocH. - -
As 3,0 3,1 40 4,06 4,08 54 0,2 0,2 3 0,88 1,6 5,24 5,20 69 1,51 188 21
5 48,5 50,0 1561 40,90 50,27 1567 52,4 53,5 1670 ?2,5 1640 48,35 48,98 1530 49,21 50,70 1584
: BHY,
Cyvma 96,9 99,9 2442 99,28 100 2438 98,1 100 2500 99,97 - 2484,6 98,71 100 2427,3 97,02 100 2460
Fe:Co:Ni 1 : 0,08 10,00 5 0,00 - 1:0,00:0,01 . - -
S :As 38 e 2921 - 136 : 1 22 £ T
Co: (FetNi) i 1 3 152 - w - =

dopymi: 7 - (Feg 99000, 041,03 (A%0,0551,92)1,575 8 - (Peo,99%0,0171,0004%,0751,93)2,00% 9-PeS,311-Fey 4,(Asy 4651 ag)y. g
12 ~ Feq 04(485 9351, 93)1,96
* 7 % 9 - MumBAKOBHCTHE 7 MHIBAKCOTepRammit miputr, Janruc u CurBep@mrisfd, OHETapmo (Petruk a.staff, 1971); 8 — MHUSAKOBHCTHI mpnT,

Cemvowcsermi; 10 — MuWBAKCOXepRaupi mIpET, BaTmarepcpasy (Saager, Mihalik, 1967); 11 - MHUBAKOBMCTH} INpHT, Open, Bepxmm
Cumesnsa; 12 - MMNBAKOBHCTHI IMpHT, Memana, Hrocnasms. :

-



Ha OTHENBHHX 30H OCHYHO He mpeswmaeT 10 MK, 49acTo 1-5 MK. XapaKTepHo, YTO
AHAJOTUYHHE COOTHOWEHWA OHJIM NOJYyYeHH OpH TUIPOTepMaTbHOM CHHTE3€ S0HANb-
HHX KDHCTaLIOB pasmepoM 10 MK cocraBa (Fe,Ni)S, u (Fe,Co)S,, B KOTODHX :
HauGoJjee oCoTalleHH HUKENeM M KoGalbToMm Afpa U NepufepuyecKne SOHH, IPUHA
KOTOPHX — HOMY MIKPOH (Springer et al., 1964). Kak B MecropoxmeHus CemMo-
YJCHEHNIH, Tak X B BepXHeit Cinesuy ¥ B MeXWIle MHUBAKOBUCTHI IMPUT Takke oG-
pasyeT oTHEeNbHHE 30HH IMPHUHON B HECKOJBKC MUKPOH, OHM MOTYT He OCHapymuI-
BaThCA B OTPAKEHHOM CBeTe BCACACTBUE C/AMMKOM MaIoll pasHUIN B BeNUYHHE oTpa-
XeHnd, HO OTYETVHMBO BHABJIANTCA NPM CHAHNDOBAHNM Ha MUKDPOSOHIE.

MaTepumesl MHIKDPOSOHIOBHX aHanmu30B (B YaCTHOCTH, KOHIEHTPAIWMOHHNE KDHEBHE)
HaCTONBKO YETKO NOKasHBaeT mdoMmopdusm muubaka ¢ cepolt (o6paTHad KOppesIAIms)
KoK B NUpUTE, TAaKk M B GpaBONTE, UYTO HET HEOOXOMUMOCTH CIIELMAaNbHO OCTaHaRIA-—
BaThCA Ha BToM. HexaBHO BTOT BOIPOC OcBelleH OHJI Takxe B cTarke A.B.30ToBa
¢ coaBTopamu (1972). ‘

CneRyer, ORHAKO, KOCHYTBCH yomoBui 00pasSOB&HUA MHRBAKOBHX DASHOBUAHOCTEH
OpaBONTa ¥ IMpUTA. B 3TOM OTHONEHMM OYeHb IOKasaTeJbHa OTMEYEHHAA BHIE UX
IPUYPOYEHHOCT: K MECTODORNLEHWAM ONPEReNeHHOTO Tula, a UMEHHO K CTpaTudopMHEM
CBUHLOBO~IMHKOBHM ¥ 30J0TODYAHHEM, QopMUpyRIMMCA Ha HeCONBHOR TIyGMHE M IIpH
HEBHCOKUX TemmepaTypaxXx B KapGOHATHHX mopomaX. BosMmoRHO, MHUIBAKOBUCTHE DasHO~
BEOHOCTY OJIMBKM TI0 TeMmmepaTypaMm o0pasoBaHMA K MHHIBAKOBHCTHM IMPUTaM BYJIKa-
Hpueckmx odjgcTelf, B YaCTHOCTM K NUPNUTaM OTJIOXEHUHA COBPEMEHHHX TepMalbHHX
HCTOUHNKOB Ha o-Be Hymammp (3ortoB m mp., 1972); remmeparypa pacTsopa, U3
KOTOPOTO OTMaralcs MHNBAKOBMCTHHA MupuT, He mpeBmmata 30-50°C. BechMa Xapax—
TepHO, YTO B MECTODPOXRTEHHAX CoJiee BHCOKOTEMIEPaTypEHX m CoJlee IVIyOHMHHHX,

K KaKUM MOXHO OTHecTE XOBY8KCHHCKOE ¢ KoOalbT-HUKeIb~apCEHUIHHME pyLamu,
OpaBOMT He CONEpRHT MumEAKa (Pymamescxmit, Cumopos, 1972).

Kax momarawt A.B.30moB ¥ ero coasropd (1972), I 00pasoBaHEA MHUBAKC-
BUCTOTO NMPATa HYRHH YCAOBHA GoJIee BOCCTAHOBUTENLHHE, 4YeM 1A 00pa3oBaHud
YMCTO MHUBAKOBHX CYIbMIOB; MNNEAK NOJXEH HaXOMUTHCA B PACTBOPE B aHMOHHOR
dopme. i

BvecTe ¢ TeM NIpUCYTCTBUE MHIBAKA WNM €r'0 OTCYTCTBUE B MUPNTE MOXHO CUM-
TaTh EHIMKATOPOM IV[yOHHHOCTM 0GPA30BaHUA MIHEDATBHHX accoramyii. B Gmmsmo-
BEpXHOCTHHX YCJAOBHAAX WIN Ha Hedoablioff IuyOuHe OymeT 06pasoBHBATECA MHIBAKO-
BHYf TUpUT, Ha ConbBuelf TyOuHE OH HOJNXEH CMEHNTECA apCEeHOIMpPHTOM, a B Caydae
OPUCYTCTBHA MEIN - SHADPTATOM M TEeHHaHTUTOM.Ilo-BHIuMOMY, CHAeXyeT IpoaHaIN3H-
DOBATh HA MHWBAK IHPHTH MECTOPORNEHH} DAs/MUHHX Tpyll, YTOCH NONTBEPIUTH
810 noJsoxeH¥e., KoCBeHHHM NMOATBEpDRUIEHUEM COMNEDRAHWNA MHUBAKA B IMPUTE MORET
CIyXUTH HalmplaeMas B PANE KONYeNaHHHX MeCTOPOXNEHU NepeKprcTallIns3alfa Dn-
pUTa C 00pa30BAHMEM METAKPUCTALICB apCEeHONMDPNTA; BHCBOCORIEHNE MHUBAKS U3
OEPATA TPOWCXONAT IpY BOsZeicTerm Cojee NO3THMX pacTBOpoB. (4EBMOHO, HE CIy-
YaitHo B HemMeTaMopiu3OBaHHHX BYJKAHOTGHHHX KOJYENaHHHX MECTODORIEHMAX, Npe-
IMyWECTBEHHO ABIANIMXCA OMSMOBEPXHOCTHHMI, APCEHOMMPUT OCHYHO OTCYTCTBYeT,
a B MeTaMopfM30BAHHHX KX INPENCTABATENAX OCHYHH METAKPHCTALIH STOTO MA=-
Hepana. '

B mMecropoxmesnn CeIMOUMCAEHUIH MHNBAKOBMCTHE CPaBOUT X IMPHT HAXOLATCHA
B cTpamurpafuuecku Gojee BHCOKMX T'OPM30HTAX M IPENCTABAANT Gojiee MOSIHUE
MUHepaiH, o0pasyd NOYKM U KaeMky Ha canepuTe ¥ TajleHUTE. I9TO NONTBEPRIAET
Bce CKasaHHOe BHIE 0 BOSMOKHHEX YCHOBHAX 00pasOBaHUA DACCMATPUBASMEX TUCYIb-
fumos.

Taxum o6pa3oM, mIA 0CpA30BaHNA MHIBAKOBHX pasHoCTel OpaBomTa U IMPATA
HeoOXOMUM KOMILIEKC YCHAOBmiA: 1) IOBHmEHHOe COTEDRAHME As B PacTBOpaX, 4TO
NONTBEPRNIASTCA ACCOIMAIMeEN ¢ IpeliTOMMTOM M MODRAHATOM; <) BOSMORHOCTH o0pa-
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30BaHuA renaeif, 0 9YeM CBHLETEMECTBYRT KOMLIOMODEHHE TEKCTYDH I'@IEBHX I TOHKO=-
IMCTIEPCHEX MUCYNBEUIOB, DE3KOe NEepEecHUEHNe pPACTBODOB BCJAENCTBHE DPE3KOTO
HafeHud NaBIeHNA I TeMIepPATypH B GIMSNOBEPXHOCTHHX YCAOBHAX WIN BCJAENCTEHE
cMeleHtd WBERIIBHHX ¥ BEOOSHHX BOL; 3) KoseGaHud OKHCIHTENEHO-BOCCTAHOBH~
TENBHOT'O NOTEHIMaNa ¥ pH, O YeM CBALETENBCTBYEeT acColpallisi OUpATa C MapKa-
3UTOM.
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H. A. Oseposa, B. C. I'pysoes
OB MSOMOP®U3ME B NPHPOJHBIX COEJUHEHHAX PANA ZnS—HgS

lo HemaBHero BPEMEHM M3BECTHHE CONEDEAHWA DTYTN B NPUPONHMX OGpasmax
canspura He npeBwmayy 1% (Muzeparu, 1960). Jaxe B cdarepure DTYTHHX MECTO-
POXTeHn? COMepRaHUA DTYTH, ONPEAENASMHE XUMAYECKUMM METONEME, OLESHUBATACEH
Kak IecATHE NOMM NPONeHTa. JCNOMB30BaHNE DEHTTEHOCHEKTPANBHOTO MUKpOaHATnsa
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C TIOMOIED s.neichoHHoro 30HIA pacUmpEI0 CyLecTByDIMe npefcTabnerud. B.ll.Ba-
cuneed 1 10.T.JlaBperTres B 1969 I'. oGHapy®wIM MIKpOBHAenemms cdafepura, co-
mepxamero B cpemaem 15,6% Hg (MaxcHMATBHO 19,(_)%). B bBes00CHIOBCKOM MECTODOR—
memm (KysHemmu# Anaray); TeMm caMuM GHN HOKasaH (akT saMeTHOTO m3oMopdmama
Zn-Hg B UDUPOIHEHX Cianepnrax. MsoMopdHoe 3amemeHue -Hg— Zn (mo 4,23% Zn)

B KyOunuecxol mommfuxamym HgS GHao oTmedexo palee (MuHepam, 1960); @Ta pas-
HOBHEHOCTE HgS U3BECTHa IIoL Ha3BaHNeM IBalalkanalnTa. Kpome Toro, B.M.Ba~
cuwrreeHM (1966) oOHapy®eHa HOBad Xamvmli- ¥ IMEKCONEPRaNaA PasHOCTH Hgs -
cayxoBuT (3;10% Zn). YTo KacaeTCs CUHTE3MPOBAHHHX 00pasuoB, TO Graromapd
ECCHIeN0BaHMAM BaxTend (Wachtel, 1960) m Kpemxemwrepa ¢ coaBTopams (Kremhel-
ler et al., 1960) B HacTosmee BpeMd U3BeCTEH HENPEPHBHHY DAN TBEPUHX pacT-
BOpOB ZnS-HgS ¢ KyomdecKoil cTpykTypoif. B ©SToM pALY JCTEHORIEHO, JUHER-
HOE WBMeHEeHm;e ., pasMepoB oJemenTapHo#t sueiixm, coIvacymmeecsi ¢ IDaBAIOM
Berapza.

HaMu TpemuprHATA NMONHTEA YTOUHEHuA NpelesoB M30MOPPHO! CMECHMOCTH mpHpOZ-
HHX coemuHerm#t pAfa ZnS-HgS. C 9TON HeJbl HCCIEeNOBAMMCEH COCTAB I HEKOTODHE
CBOHCTBa PTYTECOTEDPRAIMX CPANepHTOR U IMHKCOTEpPRAIMX METaIMHHAGAPUTOB U HUC—
NONMB30BaMICE BKCIEDUMEHTANbHHE NaHHHE., COCTAB MUHEpAToB M3ydalcd ¢ IOMOWBR
PEHTIeHOCIEKTPANEHOTO MIKpoaHamsa (NpudopH MS-46 HJXA-5) ¥ XUMIYECKUMA
veTomamu (Cayxor © mp., 1972). Y

Pryrecofeprampe chaneputi. PryTh ARIAETCA XaPaxTepHO# mpumece® cdamepura,
KOHIIEHTDPAIMA KOTOpPO! 3aBUCHT OT TeHeTHYECKHX OCOOeHHocTelt MecTopoxmexuit.
Ecnr B xuMOepimTOBHX TPYQHAX, MeNHO-HUKENEBHX, IeIMATUTOBHX U CHa) aonmx
MECTOPORIEHIAX CONepRaHNe DTYTH B cdalepuTaX HEBHAWMTENBHO (@ +107°-n.10 %)
TO B KONYENaHHNX I CBMHIOBO~IMHKOBHY MECTOPOXNEHUAX OHO BO3PACTaEeT Io
A+20™%5410 % (pemeo mo n-lO_z%). a B CBUHIOBO-IMHKOBHX DYIOIpPOABIEHAAX,
TeHeTHYECKN CBASAHHHX C DTYTHHME, NOBHIAETCH MO n-10'3-n-10" (mrOTHE HO

0,n%). HauGonsliad KORUEHTpaIMA pryTit B cdarepurax HepTYTHHX MECTOPORKEHWH
00HYHO He npesHmaeT 0,n%.

B codcTBeHHO PTYTHHX MECTODOXIEHMAX COmepRaHue p'l'ym B canepnTax KoneG-~
JeTCA OT COTHX Xoxe#t mpoueHTa Mo 35%, Kakx 9TO YCTaHOBJIEHO aBTOpaMi. PTyTE—
cozepxaupit camepuT ABAASTCA BECHMa DACIPOCTPSHEHHHM MIHEDaJOM K BCTpeYaeT-
CA B DTYTHHX MECTODORNEHUAX pPASHHX TunoB. OH OTMEYaeTcs B PylaX MOHOMETaIb—
mux pryTHHX (CaxamHcroe, Jormo, HupuHckoe), MHUBAKOBO-CYPBMAHO~PTYTHHX
(Tan-Xas, Xallmapkad) ¥ DTYTHO-CYDPEMAHHX (JRIEAKDYT) MECTODOREEHMH.

B DTYTHHX MeCTODORNEHMAX JCTAHORIEHH TPE OCHOBHHE DasHOBHIHOCTH Chanepura

K neppoit oTHOocuTCA chanmepu? CBMHIOBO-IMHKOBOTO 3Talla MUHEDaTX3almyu, 00—
DasoBaBIMICA paHée DTYTHHX MUHEpPANOB 1M, KaK NDABIIO, TPOCTPAHCTBEHHO HE CBA-
SaHHH! ¢ PTYTHHMA pyZavi. OH COIPOBORNAETCA TalSHUTOM, XaNbKONMPUTOM, IWPU-~
TOM, MapKa3WTOM, NHPpoTHHOM. COIepEaHMe DPTYTE B TakoM cdaiepnre UsMEpPAETCH
mepBHMA COTHMI ZOmAMM npoueHTa, Ilpummep - canepuT XalTapKSHCKOLO MECTODOX-—
Ieeud B Cpemseit Asmu (yuactox lop-Bymax), comepxammii 0,09 pTyTH. Pacnpeme-
JIEHQ OHa B 9TOM CcQarepure, NO-BUIUMOMY, ZOBOJBHO PABHOMEPHO, HNOCKOMBKY KOH-
neHTpammit pTyTE ¢ cbmepxarmeM 0,2-0,3% u BHme B ofkeMme 1 MES (J9yBCTBHT €TB—
HOCTB DPEeHTIeHO~CIEeKTPalbHOTO mpoana.rmaa) JCTaHORIEHO He GHMO.

Bropad m TpeTkA pasHOBUOHOCTH cdanepnTa HAGMOIANTCA.B COGCTBEHHO pry:vfmx
pyhax. Bropasd pasHOBERHOCTE canepmTa o6pasyeT COBMECTHO C KHMHOBADRY IDOXMLI-
KNI, CKOILIEHMA ¥ ZApYy3oBHE clocodnenusa. TawoB, Hanpumep, carepuT mecTopoxme-—
it Xalimapxas, Jxusuxpyr (Cpemuad Asusa). Comepmasme pPTYTH B IBYX Ipodax us
JRIRUKpyTa, ONpemeNeHHOe XUMUYECKEM MeTomoMm, cocramnder 0,55 m 0,67%. C mo-
MONED MUKPO3OHTA HOKAa3aHa 4pe3BHUYaliHaa HeONHOPOTHOCTE: €€ paclupeleNeHnd -
or 0,22 mo 12,3%, a B pAfe 3epeH PTYTh He OGHADYEEeHa NpU YyBCTBUTENBHOCTH
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Hg, % - Pmuc, 1, Pacnpenesnenne Zn 1

2 a Hg B Tpex sepHax cdamepura us
MECTOPOXIEHRA JIRUKUKDYT ;
7 chpen e 0.6%
a
Zn, %[
wk ompemenerua 0,2% (rada. 1.)

XapaxTep paclnpeleseHus pTyTH

50 B 8TOoM cfesiepuTe MOKa3aH Ha
Ho, % puc.1, B HEKOTODHX 3epHax ee
CONEPKAHNE HU3KOE ¥ IOBOJILHO
w DABHOMEDHOE; CDENHEE IJIA ONHO-
ro u3 3epeH - 0,22% (cm.puc,
§ 1,a). OmHako Goiee XapaKTEpHO
2 KOHTPACTHOE DAaCIpEeleJeHns pTy-

TH; HHOI'ZA el OGOoTalleHH IIEHT—
Zn% paibHHEe YacTd 3epeH (oM.pHec.
1,6), HO dame ee pacupemele-—
HHE BeckMa He3aKOHOMepHO (cM.
pHc, 1,B W pHC. 2 — HOPUIOKE-—
Ene). ComepkaHue PTYTH KOp-
PEJIAPYETCA C CONEpRAHWEeM IMHKA.,
[lomoOHOE pacHpeleseHue pTy-
TH B 3epHax cdanepura mpu Gims-
xoft cpemHe#l KOHIEHTpaImK
(0,24%) HaGmomanoCch paHeé Ha
CHHTE3MpOBaHHOM oOpasne (0sze-
poBa u mp., 1972). IpemenH ee

zn,% comepmaHuit cocramram 0,1-5,9%
7k (cm. Tadi. 1, puc, 3 - mpunoxe-
HUE), IpH BTOM 3ePHA C HU3KUM
60 comepxanneM pryTa(0,1%) Tarke
1 e | , XapaKTepU30BATICE TOBOJEHO DaB-
0 30 mx HOMEDHHM € DaclpeleJeHneM,

Tperbs, Haucojee CoraTas
DPTYTHO DPAsBHOBUIHOCTE cdanepura

BCTpEYAeTCA B BUOE OYeHb TOHKOM(pasmepoM B 0,00n-0,n MM ¥ MeHee)HepaBHOMEPHOH
BKPAIMIEHHOCTY CPENM BHIeNeHWA KUHOBApM WIXM [0 KOHTAKTY ee 3epeH(MecTopoXmeHms
Tan-Xas,Kupa n Jlormo B. fAxyTmm,Xafifapkad @ Kp.).B pemxux caydadx oHA o0pasyeT
U30NUPOBaHHHE 30HANbHHE KpUCTALIUKY pasmepoM B O,n MMjHa CaXaJMHCKOM MECTOPOR-
neunn (CepepHHA KaBkas) oHM HaGMOLanTCA B OUKKKTOBHX IPOKIKAX B aCCOLMALNN
C KNHOBapEW, WBAIMTOM, MeTAIMHHAGAPUTOM, AHTUMOHHTOM, IMHKEHUTOM, IMDUTOM,
XaIBKOIMPUTOM ¥ ADPYyIMMI MEHEpaiaMi., Panee Taxoit cfarepnT CHI 0CHapyXeH
B.U.BacwrreBsM B BeqoocumoBckoM MecTopoxmeHuy (KysHermxmit Amaray),

lina sTOlt pasHOBMmHOCTE canepuTa XapaKTepHa dUpe3BHYaliHad HSMEHUYMBOCTH CO-—
IepRaHuit pPTYyTE TaXe Ha yYaCTHE B HECKOJBKO MEKPOH. (QUeHE MOKA3aTeJeH B BTOM
OTHOmeHM cdanrepuT u3 MecTopoxmeHMH I'an-Xad, B KOTODOM COREpPXaHUEe DTYTH HU3—
MeHAeTCA B mpefenax §,86-35% (cM. Tadm.l, puc.4) ¥ HaxomuTcsa B odpaTHoll 3a-
BACHMOCTH OT COIEpRaHWUA IMHKA. B cdanepure M3 8TOT0 MECTODPORIEHMA yCTAHOB—
JIeHH caMHe BHCOKME W3 M3BECTHHX KOHIeHTparmit pryTm - mo 35,0% (21 wmox.%).
3epHa camepuTa oveHs menxme (5-10 mx, pemxo 20 MK) X BCTPEYalTCH B KBapll-
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Tadnunona 1

Comepxadne Hg ® Zn B cfarepurax Ho NaHHNM DEHTTEHOCHEKTPalbHOTO

MIKDOaHAMASa
?gcpen JEMeHT, %
XIMIY€~ | yyacToK MIKPO3OH-
(Ocpasen nge gE- nngonaﬂﬁﬁ o g - PHCYHOK
e, %

i i 3 4 5 6
CunTesupoBas— 0,24 Hecronrpro zepeH 0,1-0,2 He omp. Puc.3
HH} (pemxo mo 1)

3epHo 1,2-5,9 65,5-62,2
3 .
gggzgggyg, O,?SEQ‘GT EPHO 2:8 E:; g;:g Prc.1,0
6,2 55,7
9,3 54,6
10,7 55,4
BepHo 2 1,8 (2) 60,8
4,2 (2) 60,0
6,6 56,05
8,7 U3) 57,6
8,8 (2) 57,4
3epHo 3 B £3) 60,1
4,8 (2) 601
3epHO 4 3,58 62,5
' ) .9 62 60,8
3,6-(3) 59,8
7.7 03) 57,5
3epHo 5 0,25 63,0
2ir- {5} 61,3
4,4 (3) 59,7
5,87(5) 59,0
9,3 (2) 55,9
JEARAKDYT , To ®me 3epro 1 0,22(12) 62,4 Puc.1,a
odpasen 2 BepHo 2 3.9 61,6
3,4 63,2
4,9 58,3
6,7 58,8
3epHo 3 35l 62,2 Puc.1,s
3,4 60,2
5,6 59,5
8,9 58,2
BepHo 4 6,7 59,3
3epHO 5 5,6-12,3 59,3-55,6
3epao 6 2,2-12,3 60,8-556,0 Puc.2
llecaTsu 3epeH He oGH. He omp.
JEMRIRDYT , He omp. 3epHo 1 19,85 "
odpasen 3 To me 22,04 "
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Tadmina 1 (npomonxerme)

i Z 3 4 5 6
Caxaymuckoe  He omp. 3epHo 1 Puc.6
: Kpait 25,4 42,4
cepenrHa 8,1 54,9
Kpait 25,4 42,4
3epHO 2
Kpaif 18,0 46,2
cepemHa 8,6 54,4
kpait 19,8 46,0
3epHO 3
Kpait - 26,5 He omp.
ceperusa 9,0 i
Xalimapranckoe He omp. 3epHo 32,28 42,80
Kupuscroe He omp. 3epHo 16,44 55,92
Hormuscroe He omp. 3epHo 22,03 49,68
22,18 48,97
24,29 47,65
27,70 44,73
Tan-Xan He omp. 3epHo 1 (5) 20,69-29,58 49,31-43,54
BepHo 2 20,04-35,04 48,68-40,64
3epHO 3 ol Al 44,80
SepHO 4 17 . 49,42
BepHo 5 (4) 19,00-32,07 52,25-42,05
3epHo 6 (2) 18,64 48,15
BepHo 7 (2) 14,83-20,21  52,3-48,67
3epHo 8 (2) 18,14-31,55 49,63-39,49
3epuo 9 (2) 20,81 48,70
3epro 10 (2) 17,35 47,01
BepHo 11 i i He omp.
17,80 "
18,95 "
Sepro 12 31,09 41,63
31,44 40,03
3epHO 13 8,86 He omp.
19,10 "
SepHo 14
CBETJIHIt y4acTOK 13,48 n
TEMHHY y4YacTOK 10,49 "
3epHo 15
CBETJIH] y9acTOK o 50,49
TO Xe 22499 48,63
TEMHH! y4acToK 15,13 53,34
3eprHo 16
CBETJHI yYacTok 23,18 He omp.
TEMHH]! ydJacTox 16,25 n
3epro 17
CBETJIHIl yUaCTOR 16,43 "
TeMEHY JIACTOK 9,78 "
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Tadmina 1 (oxoHdaHme)

i 2 3 4 5 6
SepHo 18
CBETIHI yIacToX 21,87 He omp.
TO Xe | 27,75 "
TeMHN Y9aCTOK 14,00 "
BemoocunoB-  He omp. 3epHO
L CBETMHI yUACTOX 14,29 "
TeMHH YyYaCTOK 9,44 "

",

*Pacnpenegesve Hg I Zn E3y4aloCk Ha MEKpoaHamnsaropax JXA-5 u "Hamexa";
aHanM3 BHMOJHEH [0 XAPAKTEPHCTHYECKOMY DEHTTEHOBCKOMY MH3JyYEeHND HgLa1 n
ZnK .

“*B cKOOKaX MOKA3AHO UMCAO ONpefeseHwi.

KalBIUTOBHX TpORUTKAX B aCCOIMAINN C KAHOBApHD; XapakTep HX BHIENEHNH B mpo-
KITHAX NOKa3aH Ha pue.5 (oM. npmiaoxerne).

B sonanpHHX KpucTasnax cdamepura 9TOH PE3HOBUNHOCTH 3 CaXaJMHCKOTO MEC—
TOPORTEHNA NEHTPAIbHHE YaCTH XapaxkTepnsyRTcd NOHMKEHHHM U NOBOJBHO DaBHOMEpD—
HHM pacnpeneneHuem pryTa (8-9%), a KpaeBHe De3K0 0COTameHH 3THM BIeMEeHTOM
(mo 26,5%) n cooTBETCTBEHHO OCeIHeHH mmHxoM (oM. Tadr.l, puc.6).

somopdroe BXORHEHNE PTYTH B canepuT NONTBEDPKNASTCA U H3MeHEHHeM mapa-
METPOE er0 KpuCTamindeckol pemeTku (Tadn.2) Iaxe NpH €€ CpelHeM CONEpPEAHNE
B NecATHE JOMM IPOIEHTa. IT0 0TMEYEHO A CHHTe3upoRaHRoTO cdanepuTta ¥ LA
omHoro m3 ofpasuos u3 lmmmrpyra. Lina GoTaTHX pryTib chanepnror (8-35% Hg)
napamMeTpH pelleTHy H3MEHANTCA B OYeH: IMPOKUX IpefellaX B CBASH C ee HeonHO-
PORHHM pacrpelielleHien Naxe B OTHeNBHHX BePHaX. SHAUCHNA & HaXOHATCA B Npe-
Ienax 5,418-5,492 A, Ha penTresorpavmmax Taxux c@anepuToB oTIenbHHe pediekcH
npefCcTaBIeHN MIPDOKIMI JUHUAME, HCKINYanUlMI BOSMOKHOCT: paspemleHufA o —Iydre-
Ta. JMUb LA 30HANBHHX KPUCTALIOB M2 CaXaMuHCHOTO MecTOPOXNeHNS Ha IOPOmKO—
rpavMMe B OGIacT! GONBIMX YIVIOB OTYeT/MBO (MKCHDPYWTCA pefuiercH, oTBevanime
ABYM PasHOBMIHOCTAM clenepnra C Das/MUIHEM CONESDRAHWEM PTYTU: a, = 5,431 K

Hg,% . » ZJ’I,X
i 60
20
57
7 i ,0 |
- G0t ' i

P u c. 4. Pacumpegesenne Zn  Hg B 3epHe c@aﬂepnTa U3 MeCTOPOXLEHHA I'an-Xas
(no memHEM 32 amHaM30B)
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gal

Tadnnia

2

[lapaMeTpH DeleTXN coefuHeHuH DANA ZnS-HgS (kyOmueckas CHHTOHMA) B BABMCHMOCTH OT COREPEANMA B HEX DTYTE, A

HcKycCTBEHHHE COeTUHEHNA

TpnponHHe 0GpasIi

Hg, % a JmrepaTypHHH MCTOUHME | Hg, % a JMTepaTypHEH KCTOYHMK, MecTODOXIEHHE
0 5,406 !Wachtel, 1960 0 5,407 Berry, Thompson, 1962 (cameput)
0 5,4075 llaprys,lMzTpuesa,1966
0 5,410+0,001 CayxoB ¥ mIp., 1972
Cpexn. 0,24 5,416+0,001 To xe {289,1:. 0,6 5
(or 0,1 mo 5,9) (or<D,2 mo 12,3) 5,418+0,002  ImummxpyT (charepur)
9,8 5,429  Wachtel, 1960 11,1-19,0 5,455 Bacuntes, llaBpentien, 1969 (Hg~-canepur)
8,1-26,5 aq = 5,431+0,002 Caxamckoe ® (Hg-cHaneput)
ay= 5,465¢0,004
8,86-35, 04 (5,442-5,463)40,00¢  Tan-Xas"~ (Hg-cparepur)
(5,444-5,462)+0,003
(5,452-5,474)+0,002
8 open = 5,463+0,003 -
16,44 (5,468-5,492)+0,003 Kupuuckoe  (Hg-cHamepur)
26,78 5,469 Wachtel, 1960 2 gpen = 5+472£0,003 "
32,26 5,486 To xe 22,03-27,70 8 open = 5,477+0,007 lormo ~ (Hg-cdamepur)
38,24 5,516 "
43,63 5,532 "
52,98 5,569 Y
67,4 5,665 L
73,62 5,79  Muxees, 1957 He omp. 5,7 +0,01 Xatinapkas®  (rBajajixanaput, Zn - 8,56%)
78,08 5,745 Wachtel, 1960 67,45 5,799+0,001 Bacunses, 1966 (caywomuT, Ccd - 11,72; zn - 3,10%)
81,46 5,83 +0,008 Bacunres, 1963 (reagarkauaput, Zn - 2,69%)
He omp. 5,84 +0,01 BaqrEKaxuad - (MeTampHHAaGapuT, Zn - 1,81%)
He omp. 5,84 +0,01 Tar-Yas' " (merammenadapnr, Zn - 0,25%)
86,21 5,8517 Swanson et al., 1955 86,21 5,847 Berry, Thompson, 1962 (MerarmHHaGapuT)

* Inpparromerp JPOH, Cu -M3JIydyeHUe; B Ka4eCTBe CTAHMEDTA WMCHNOMB3OBANCH Kpemuui,

**Kamepa PHY-114, Fe -uanyuenze;

**“Kamepa PKI-57, Fe ~uamyvesue;
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P u ¢, 6. Pacnpezenenne Hg, Zn # S B sepHe clanepura u3 CaxayMHCKOTO MECTO-—
DPOXIEHIA ‘

n a, = 5,465 k. PeHTreHoMeTpuueCKe ITaHHHE LIA NPUPONHHX cdHanepuToB HaXOIAT
CA B COTVISCHE C ZaHHNMY ILIA CHHTE3MpOBaHHNX 00pasuoB (oM. Tadm.2).

[mHEKCONEDRAMEe MEeTAIMHHAGADUTH. MeTalmHHEACapuT B HeGONBIMX KOAMYEeCTBaX
YCTaHORTEH B COJBUMHCTBE DPTYTHHX MecTOpoXRNeHn#. OCHYEO OH COZEPENT TeCATHE
oMM NpOLSHTA IMHKA, DeXe TNepBHe mpomeHTH (do 4,23%).

HaMu m3ydancsa MeTaIMHHAOApUT U3 DPTYTHHX MecTopoxmeHuit I'anr-Xas, banrukax-
wai, 3pespoura, lormo (Awyrtud), laiinmapkax, Yaysalt, Jmumexpyr (Cpezeas Asua),
Caxasmackoe (Cemepuuft Kamkas), Foxsmoit llaau (3amapmarse), Tepsexen (UyxoT-
ka), Tepmur—Xas (Tysa), Momamn m Temma (Anxup). B 9TEX MBCTODOXLEHNAX OH
BCTpPEYaeTCA B aCCOIMalyiy C KMHOBAPED, MHOTHA ¢ PTyThcomepxaupvy cdarepuramu
(Tan-Xaa, lormo, XaliSapkas, CaXamuckoe). B MeTalmHHaGapuTe CONBIMHCTEBA
MecTOpORIeHnit, Kpome Xaﬁnapxaﬂa COTEpEAHIE [MHKa He NpeBHWaeT 3%. HapameTp
pemerrn (a = 5,8345,85 &) aHanormuen TAROBOMY METAIMHHAGADRTOB I TBafalka-
napuroB (Munepams, 1960; Berry, Thompson, 1962; Swanson et al., 1955).

TBagankanapnT u3 XafifapkaHa BHEEIASTCA Ype3BHYAWHO BHCOKMMM KOHLEHTpa-
IAME IpHEE - Zo 8,56% (26 mon.% ZnS). MuHepanrHad accolMamyd, B KOTOpOH oH
BCTpEYAETCA, OTIMYHA OT THIMYHOM A METAIMHHAGApUTOB I XapaxkTepusyeTCH pas-
BUTMEM CIOKHHX CYIBIUMNOB: axTammiTa, TATXAUTA, JUBMHICTOHUTA, PTYTHCOLEDRa—~
X GIeKIHX py::, reTyenuTa, BaradasmwiiTe I Ip. IlapavMeTp pemeTKY TBalaiKa~
naprra (5,71 + 0,00 I4) HI%E, 4eM ¥ MeTAIMHHAGapUTOB.

Crepyer omemfm, 9T0 B OTIMYME OT DACHPENENeHUA DPTYTE B ZnS IMHK B Ky~
OUUECKUX DasHOBAUHOCTAX HgS paclpemesied B3HEUUTENBHO G0Jee DPSBHOMEPHO. 3TO
OTHOCHTCA KaK X COOCTBEHHO I'BaUaJKallapPUTaM, Tax ¥ H IMHKCOZepxXaumeMy olofpu-
Ty ¥ CayKOBUTY. Tax, HaupuMep, DO JaHHHM penmeno-cnempamnorb MIKDPOAHAT~
Ba, COZepXaHie IMHKA B oHOfpuTe u8 MecTopoxNerusa Kynbmimyx (Cpemuss Asust)
w3MeHAeTCA B npefenax 0,2-2% Opr cpeRHeM comepkammn 1,3%, a B odpasue cay-
KOBATA U3 MECTOpORNeHuA Yiasny (TopHH# AnTait) pasmmdue B CONEDRAHIN IMHKA
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Tadxuna 3
KoajfurmeaTs oTpaxaTelBHOX CNOCOGHOCTH CYABIWMIOB B CHOTeMe Zns-ﬁgs"

-MuEepanu, ux |MecTopoE- IUmHa BOMEH A, HM
P&3HOBUNHOCTH | HeHue

440 (460 |480 | 500 | 520 |540 560 |580 [ 600 |620 |640 |660
Kneltofan CoxonpHoe 18,0°17,9'17,8 17,7 17,6 17,3,17,2'17,1'17,0 16,9 16,8 16,7

Hg —clanepur  Jormo 22,9 22,0 21,0 20,3 19,9 19,5 19,1 18,8 18,6 18,5 18,2 18,1
Teanankanapur Xamapkan 24,9 24,6 24,2 23,9 23,6 23,4 23,3 23,0 23,0 23,2 23,4 23,6
Meramauradaput Memamn 26,9 26,2 25,7 25,4 25,1 24,8 24,6 24,4 24,3 24,2 24,0 24,1

‘Mapem npomseopmwmAcy: T.H.HYpmnésofi Aa ycraHoske [00C-1.

He npeBwmlaeT 1% npu cpemHeM cofeprasuy 2,7%. COOTBETCTBEHHO HA PEHTTEeHOTDaM—
Max Bce pefuieKCH OTYeTJHBHE.

Wsomopdroe Bxoxmenre Hg B cfanepET ¥ Zn B METAIMHHAO2DUT CKABHBASTCA HA
cpoficTBaX 9TOTO MUHEpala ~ OTpaXaTeNbHOM CIOCOGHOCTE, MUKDPOTBEPLOCTH, YHEeNb-—
HOM Bece, XaMIYecKo# ycroftumBocTH.

SHaUNTENbHHE KOELEHTDPAIMY DTYTH B canepuTe 3aMeTHO YBEAMUMBaiT Ko addu-~
IMEHT OTpaxaTeNbHO# CHOCOGSHOCTH, & IpUCYTCTBHE IMHKA B MeTalMHHaCapuTe CHU-
XgeT 9Ty BeqwuuHy (Tadam.3, puc.7). liAa pryTRCOmepRamerc cdamepuTa BCIENCT—
BHE KOHTDACTHOT'O DacupefllelleHnd B HEM DTYTH pasiWdie B OTpagaTelbHO# cmocoG-
HOCTW {mKcmpyeTcd Jaxe NpM HaGNOIEHMy B oTpaxeHHOM cBeTe (cM.Tadm.2), HoO
OCOGEHHO XOPOWO S8METHO B TOKE MOTJIOWEHHHX SJMEeRTpoHOB (pué.8, oM. mpuroxe~
mve). I rBafaqkalapuTa BCAEACTEAE IOBOJNBHO DABHOMEDHOTO DACHPENEeNeHNA B
HEM IMHKa Taxad 3aBHCUMOCTE: B UpelefaX OTHOTO 00pasla BH3YaNlbHO He OTMeda~
eTcd, HO QTYeT/MBC BHABIASTCA NpA CONOCTaBIEHN KooBfuIMEHTOB OTpaRaTeNBHOH
CIIOCOGHOCTY IMHKCOZEepRANX PasHOBMIHOCTEH! M YMCTOTO MeTaluHEalapuTa (cM.
Tadn.3).

HcenemoBasus CHHTETHYECKUX CoeNuHeHm#t B cucTeMe ZnS-HgS (Kremheller et
al., 1960) moxasamm, YTO NPUCYTCTBEE SHAYATENBHWX KOJMYECTB DTYTH B KpHCTaI-
audeckoft pemeTke ZnS IPUBOMKT K YMEHBUEHUD UMPHHH 3anpemexHoil 8oHH (pmc.9).

WsmeHenre BeJmUMHH MUKDPOTBEPIOCTH ZnS B B&BMCHMOCTE OT COLEDPRAHUA PTYTH
GHIO OTMEYEHO paHee IJNIA CUHTe3MpoBaHHOTO odpasua (Cayko® m mp., 1972). loxa-
3gHO, 9TO B CHHTesHpoBaHHOM chanepuTe Ge3 PTYTH 3HaUeHAA MIKDOTBEDPHOCTH CO-—
crarngor 169,4~193,8 ch/nmz, a B‘ncxyccwneﬂﬂo TOJNYYEHHOM 0o0paslle C HepaB-—
HOMEDHHM pacnpemenermeM pryta (0,1-5,9%) BeJuuuHH MAKDOTBEPHOCTH BapREDYRT
B MADOKMX mpefenax - oT 139,2 mo 341,5 Kre/Mad,

YoenrHuft Be¢ M3YYaBIMXCA DTYThCOAepXamEX cPameprToB TOUHO ONPENENUTh: He
YE&TOoCH, OXHAKO YCTAHOBJEHO, YTO OHX TOHyT B XumkocTy Kmepmum (ym.sec 4,25),

K%
21 ¢
J
8 P u c. 7, COBKTPH OTpaxeHUA
20 2 CYMBERIOR CHCTEMH ZnS-HgS
r_q’_‘m'“’""*r-nrdqp.q>.,,_,,__o 1 - nueitofan; 2 — pryTHCOTED-
L A i | L / xamuit chamepar; 3 - rBajaIKaua-—
/. &00 A, 1M DAT; 4 - MeTauMHHAGEDHT
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B TO BpEMfT Kax GespTyTHHe ciamepuTH mmenT yheabHHl mec 3,9-4,1 (MuHepams,
1960). PeHTTEHOBCKAA IJIOTHOCTE DTyThComepxamero cdamepura mnpu 20 MOX.ZHgS

7 a = 5,495 & mocTuraer 4,98. PeHTTeHOBCKafA IMOTHOCTE I'BaflajiKanapuTa, COREp—
xamero 25 Mon.%ZnS, © a = 5,73 A paBHa 7,02, a MM WmCTOTO HgS IpH
a = 5,85 1 OHa cocraBndAer 7,72.

YacTh pTyTHCOLEpXAIMX cfalepuToB JMOMIHECIMpPYeT B yABTPafuoNeTOBHX JydaxX.
0cOoGeHEO HpKy® JHMUHECIeHIMO oCHapykusanT charepuTH us lar-Xad (opauxesHe,
ApKO-KeITHe W SeNeHHe IBeTa JOMAHeCHeHmu: B OfHoM olpasue). HccremoBarma
BIIEKTPOJOMAHECLIEHIMY CHHTE3MDOBAHHHX 06pasloB NOXKasami, 9TO OBeT CBevYeHUd
onpefendeTcAd OTHOCHTENHHHM KOMMYECTBOM HgS B ZnS (Wachtel, 1963). Ipu oTHO-
wedmy ZnS : HgS, paBHom 100 : 1, IBeT cBeveHHMA 3eJeHHM, IpY YBEJIUYEHIN KOH-
LeHTPaIMY HgS OH CEBATAETCH B IVIMHHOBOJHOBY® 0GNAcTh ¥ IPH 7ns : Hgs, DPaBHOM
3 : 1, CTAHOBUTCA TEMHO-KDACHHM. -

a8

5 -
P um c. 9, [marpamma 3aBHCEMOCTH WMDAHH
sanpemerHofl 30HH (8B) OT comepkaHud Hg
IJIA CHHTE3HPOBaHHHX COEINMHEHH# ZnS-HgS
(no Kremheller et al., 1960) ir

1 ) L, | 1 L
a 20 40 Hgs, mon. %

llory4yexnHHe NaHHHE SHAYATENBHO DACIMDADT M3BECTHHe NpefetH msomopfmsma B
OPUPONHHX COEMMHEHWAX pANa cdarepuT - MeTalMHHaCapuT. MakcumanbHOE comepma—
HMe PTYTE B ZnS cocramnger 35% (21 mon.%),a IMHKE B HgS — 8,56 % (25 mon.%).
OmHaKo NOAHHE DAL TBEDIWX pPACTBODOB ZnS-HgS, NOJNYYEHHHX BECHEDPHMEHTRJEHHM
oyTeM, B NPHPOIHHX 00pa3OBaHUAX HEM3BECTEH.

Vsomop@HOe BXORIEHNEe DTYTE B calepuT ¥ IMHKA B METAIMHHAGADHT yEeTaHOB—
JIEHO TIO UeTKOW OCpaTHON KoppeNAImM CONEpEaHM! DTYTH X IMHKA ¥ 1O M3MEHEHUD
NapaMeTPOE KPUCTAMIAYECKON pemeTxm. Boxmerue Hg B ZnS B Zn B HgS RJMAET Ha
ONTHYECKUE XapaKTepUCTUKM, YIeNbHW! Bec, MAKDOTBEPHOCTE, SIIEKTPONOMUIHECHEH-
M0 3TUX COeNUHEHWH.

PryTBcoXepRammit cParepuT I MeTAIMHHACAPWT ABJAOTCA BECHMA DACHPOCTPAHEH-
HHMY MUHepanaMi DTYTHHX ‘MeCTOPORIEeHu#, HO BCTPEYANTCA B HEBHAUMTENBHHX KO-
yecTBax. HawCosee GoraTHe IMHKOM MeTalMHHAOAPUTH OTMEYADTCH B KOMILIEKCHHX
PTYTHO—CYDPEMAHHX MECTOPORTEHNAX B accoIMalli CO CHIORHHMZ Cynbdumamz pryTH,
MeIm, CYDEMH ¥ MHIBSAKAE. -

ABTOpH TpMBHATENBHH 34 IOMOWE 4 comeicTeme B padote: U.B.I'ydanoBy, B.K.Boa-
ruHy, B.J/.Bacunkesy,B.ll.CrenaHoBy — sa IpefcTaBleHre o0pasnoB cdarepura,
T'.H.Mypasunxoit, U.Il.Jaxyrusoit, A.K.Taneesy u O.M.CoupuIOHOBY — 3a HcoaremoBa—
HIe Ha DeHTTEeHOBCKOM MIKpoaHaymsarTope, I'.A.CHTOpEHKC - 3a DAN pacueToB Hapa-
meTpoB pewerku ¥ T.H,UBMnesolt — 3a usMepeHud KoafuimeHTOB oTpaxaTerbHOH
CHOCOOHOCTH.
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M. H. Hoszopodosea, E. B. Pososa

K BOIIPOCY O 3ABUCHMOCTH JJIEKTPMYECKHUX CBOMCTB
XAJIBKOMMAPHTA OT Er0 XMMHUYECKOTO COCTABA

l3BECTHO, YTO WIEKTPHYECKHME XAPAKTEePUCTUKM MIHEDATOB-ICJyIpPOBONHAKOB

3aBHCAT OT IpuMecell, M3MeHANIMX CTPYKTYpy KpUcTalla. LnaromapA BHCOKOR 4yB-—
CTBUTENBHOCTH JMEKTPHYECKHX CBOACTB K M3MEHEHWUAM XUMIYEeCKOT'0 COCTAaBa MUHEpa—
Jla yhaeTCA YNOBKTEL BJmAHME IpuMecell, cofepRalIXCAi B HWYTORHHX KoJmdecTBax,

a TaK®e TOBHCHUTE TOYHOCTDH OLIEHKM CTEXUOMETPUYECKEX COOTHOMEHU! OCHOBHHX BJe-—
MeHTOE. Tak, HampuMep, B APCEHONMPATe M3CHTOK MBIBAKE OCYCIOBIMBAET ITHDOYHHI
TUN NPOBOTMMOCTH ¥ IOJORUTENBHHE 3HaK TepMo—3.h.C., U3CHTOK CEPH — BIEKTPOH—
HHi THI IPOBOIMMOCTZ 1 OTPHIATENBHHH 3HaK TepMo-d.X.c. (3apembo, Posoma,
.1971), YcTaHORNEHO, UTO JMEKTPMYECKZEe CBONCTBA NEPUTA ¥ T'SIEHATA CBASAHH

Ka¥ C HaIMIieM B HYX nprmecedt [ As, Co m Ni B mupuTe (Pososa, 1969), Ag u

Bi B ranemure (IopGaros, 1957)1, Tar u ¢ XoJleSeHAAMY B IX COCTABE OTHOMEHNH
meTawna ¥ cep (Kymems, Kaases, 1969). B mIppoTMHE OCHOBHHM HOCTABIMIKOM HO-
cuTenelt TOKa ABAADTCA BakaHcmu ("IHpEM"), OCYCHAOBJIEHHHE NePUIMTOM Xexe3a,
YTO ONpefendeT ero NOJOKATENBHHE SHaK I HEBKYD BEJMYMHY TepMo-2.X.c. (Kacha-.
HOB ¥ Ip., 1970).
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B mauHOK cTaThe NeNaeTcd IONHTKa CBA3ATh Baphally SJIEKTPHYECKHX CBOACTB
XaIBEONMPATA (TepMo-2.K.C. ¥ YHEIBHOTO SJIEKTPHYECKOTO CONDOTHRIGHHA) C H3—-
MEHEHUAMY er0 XUMIYEeCKOTO CcOCTaBa. IloJyueHHHe pe3yNBbTATH NO3BOJANT BHCKA3aTh
HEKOTOpHE CyENeHnA o0 m3oMoPQHHX IpEMecAX M XapaxkTepe CTEeXHMOMEeTDHIECKHAX CO-—
OTHOWEHM! OCHOBHHX KOMIOHEHTOB.

XanpKOMAPUT IO CBOMM BJIEKTPHYECKUM XapaKTepHCTHKaM OTHOCHTCA K MOJYIpo-—
BOIHIKOBHM COeNUHEHnAM. Ero BaleHTHasd 30HA COCTARIEHA sp3-cBESHmn (Frueh,
1959; Teranishe, 1961), mupUHa 3anpemexnOl 30HH, N0 BKCTCPUMEHTANHHHM NaH—-
HuM, O6m3ska K 0,5 8B (Goodman, Douglas, 1954; Bomraxc, TapanoBckmit, 1955;
Teranishe, 1961). EcTh CBeNeHUT O TOM, YTO HERHMA Kpaji 30HH IPOBOIUMOCTE B
XaJIBKOIMPUTE HAXOUOUTCA B ILEHTDE B0HH BpWLIDSHa ¥ He Bupoxmed (TaumMsane,
1963).. TemuepaTypHad BaBHCUMOCTE SJIEKTPOCONPOTHBISHAA B XalpKOIMDUTE NOKa—
BHBAET OYEHb HECOJBUYH SHEpPTWK aKTUBAIMM er'0 NOHODHHX IpuMeceif X OYeHb BH-
COKYyD SHEPIUN aKTUBAaIAHN npnmeceﬁ—axueﬁwopOB (Boxrarc, TapanoBckmit, 1955;
Frueh, 1959). (nemoBaTembHO, MOKHO B@KIOYATE, YTO YDOBEHb NOHODHHX HpuMeceil
B XalBKONMDUTE JEeRAT OMU3 HHA SO0HH mpoBofuMocTd. C 5TEMHM faxTaMi XopOuo
YBA3HBAKNTCA pe3yabTarH msmepeHul adderra Xoama ¥ Tepmo-3.4.C., yKa3HBanIpe
HA Haypule B XANBKOIMPHUTE n —THNA OPOBOMMOCTH {Frueh, 1959; Telkes, 1950;
7 Ip.). lio B.M.Boaraxcy u H.H.Taparosckomy (1955), TemmepaTypHas 3aBHCH-
MOCT: TEpMO-8.M.C. W YHOBIBHOTO BIEKTPOCONPOTHRIEHNA XalBKOIMPUTE 0GYCIOBIE
Ha BHCOKOH KommeHTpammell mpumeceil (HamGosee BepoATeH K3CHTOK KaTMOHOB).

U3 cepmn omHTOB (Frueh, 1959) ciemyer, YTO KPWBHE CONDOTHUBJIEHNA XAIBKO-
IAPUTA BOCIPOMSBOLATCA IPK HATDEBE ¥ OCTHBAHUN IO ONpeleNeHHO! TemmeparypH
(300°). [lpr GoJsiee BHCOKEX TEMIEpaTypax OPOUCXONAT YacTHVYHaA AUCCOIpAaImA,
NOTEpA CEpH ¥ COOTBETCTEYDUWEES OTKIOHEHHEe OT CTeXMOMeTDHMH COcTaBa MEHepaia.
llsBecTHO, UTO HECTEXWOMETPWYECKOE COeIMHeHNe ¢ MOGaBOYHHME NOHOpaME B EHIE
73CHTHA KATHOHOB OoJee YCTOfUMBO ¥ SHEPTETWYeCHM BHTOZHO IpM HUSKOM JaBie-—
HAY NapoB CepH I CpefHMX Temmeparypax (OpmorT, 1968). Ix.®py (Frueh, 1959)
yKasan Taxke, 4TO B aTMocfepe CBOOOZHOH! cepH MuCCOIMarysa MNPOMCXOIMHUT Ipu Go-
Jee HM3KOM YDOBHE TEIUICBOY BHEDPTMM, UYeM 9TO CBOACTBEHHO NOJXYIPOBONHMKAM,
o0JI8TaIM OTHOCHTENBHO COJBIMM DHEPTEeTHYECKNM PA3PHBOM MEXLY BaleHTHOHX 30-
HOM ¥ 30HO IPOBOIMMOCTH.

OTHICOHEHNA OT CTEXVOMETDUMHM B CTOPOHY HefuimTa cepH BIepBHe CHIM OCHapy-
®eHH I'.MepemHoM 7 P.JlomGapmoM ‘(Mervin, Lombard, 1937) ¥ XambKOIMDUTA, CHHTE—
SMPOBAHHOTO TP TeMIepaTypax BHmE 550°, Tosmaee P.fum m Jx.Kymiepyn (Yund,
Kullerud, 1966) norasamm, 49T0 HefWIMT cepH NPOABIAETCA B ofpasuaXx XATbKOIK-—
pHTa, CHHTE3UDPOBAHHHX B IMPOKOM MHTepBane Temueparyp (or 200 mo 77003, I
IpeIOXIUIA BHpaRaTh COCTAB MuIHepana (opmynoft CuFeS_ . OJKCIEDMMEHTAMBHO
(Piekoszewski et al., 1967) IOoKasaHo, 4TO M3CHTOK céfu B CTPYKType XalbKO-—
OMpHUTa HEBOSMOKEH: I[PU MaKCHMaJBHOM. HACHISHHM cepoit oTHomeHme Me : S
B (opmysre He DNONHAMAJOCE BHUE 1 : 2 ¥ JIIb BOSHUKANA IONOJIHATENE-
HaA (asa ImpuTa. '

B nccnemoBaHuAX, MOCBAUESHHHX K3YUYEHUN SJIEKTPUYECKUX CBOWCTB MUHEDANTOB-
NMOAYTIPOBOTHIKOB, XANBKOIMPHTY YHEXAIOCEH HENOCTATOYHOE BHUMaHWE. B paHHUX
padoTax BapydexHHX ucciefoBaTenell (Telkes, 1950; Eisenmann, 1952) HpuUBemeHH
PEBYALTATH WBMEPEHNA TepMO-23.1.C. 7 BIeKTPONPOBONHOCTH A EINHITYHHX O0pas-—
noB. bonee NonHHEe CBEXEHUA 0 TepMO-9.H.C. XaIbKONMPHTOR COZepXaTcA B padore
B.K.Kymean u T.J.Huasepa (1969), ysyuyasumx XafeKOMADUTH U3 pAfia 30J0TO-CBUH-
HOBO-IMHKOBHX M MEIHO-KONYENAaHHHX MecTOpoRIeHui. Ilo uX maHHHM, NONaBIADIEee
GONBIMHCTBO M3YYEHHHX XATBKOMIPUTOR XapaKTepH3yeTCA NTeKTPOEHHM TUIIOM IIpO-
BomIMOCT! (OTpUHATENEHEM SHEKOM TEpMO-3.[T.C.). BeluunHa TepMo-3.L4.C. U3Me-
HAETCA B Ipefenax or -GU mo ~800 mms/Tpam, I.U.Kaases (1967) B 0Cca@OdHHX
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Pymax YIOKaHCKOTO0 MeCTOPORNEHNA OCHapyXl XaAbKOIMPUT C HOJOKXATENBHHM 3HA-
HOM TepMO-9.1L.C. :

[IpnynHEH 3HEYUTENBHHX KonedaHul BIeKTDUUYECKMX CBOACTB XaNBKONMPUTA paHee
HE OGCYRIANNCE.

Havy OHum mccaeNnoBakH XaIbKOIMPUTH U3 DA3HHX MUHEDANBHHX accoimmammit Gomb-—
1007 TPYNIH MeCTOPOXNeHUE pPASMUYHHX reHeTUYECHKUY. THUIIOB C PasHHM COCTABOM pyL:
30JI0TOPYAHHX, 30JI0TO-CBHHIOBO-IMHKOBHX M 3010TO-cepedpanux (Kourapcxoe, la-
pacyHckoe, BepesoBckoe, OTaHYMHCKOE, ADXap/MHCKOE), METHOKONYEeNAaHHHX M KOJ-
4YefaHC-CBIHIOBO-IMHEKOBHX (lafickoe, uM, 50-merma OxTadpa, l6mnelinoe, llexapa-
Oynax, Maxancxad rpymma, Oaeproe, Hammarcroe), memHo-zmrenesux (Uaftcxoe,
OTIenbHNEe OCpasIH w8 TalHaXCKOTO MecTopoxmexud ¥ u3 Morwe-TyHmpu). Beero
maydeHo 160 ol6pasuoe, npouasemeHo Gosnee 15 000 3aMepoB TepMO-5.I.C. ¥ OKOJO
200 usMepeEuit yOeNbHOTO BISKTPUYECKOTO CONpoTHRIeHMA, [lodTH Bo BCeX 0G6pas-
nax OWiM ONpeneNeHH IPUMECH C IOMOUPK XMMIYECKOT'O, CHeKTDATBHOTO KOJMYeCT—
BEHHOT'O 1 NOJYKOJHYECTBEHHOTO aHAMI30B., XalbKONMPUTH MENHOKOJYEeNaHHHX MecTO-—
poxmeruit (Tafickoro, mM. 50~merTus ORTAGPA ¥ MaKaHCKOR TDYINH) M3yYaIMCh GO-
nee meranseo {(HoBropomosa, 1972).

OnpeneseHre BeJUUMHH TepMo-2.XL.C. IPOMBBOINUIOCE Ha YCTAHOBKE, U3TOTORIEH-
HoYt B UIHATPY mo mpuamunuansxol cxeme I.A.TopoaroBa (1955); B KauecTBe m3Me-
PRTENBHOT'O Ipndopa MCMNOAL30BAH CTPEJIOYHHI JaMIOBHE MEKPOBOJBTMETD HOCTOAHHO-
To ToKa TEma H373-1. ' ;

Ilpy ¥3MEepeHUAX y OXHOT'O M3 KOHTAKTOB 00pasla NONNepEMBANACE NOCTOSHHAA
(xomEATHAR) TeMmepaTypa, IDYTOM KOHTAKT HarpeBalcd, BHIEDPAMBAIACE DasSHOCTE
remaepaTyp (4 T) HopAnxa 7% 'KoadfuimeHT TepMO-8.L.C. (o) BHUMCIANCH IO
Gopmyme aU/AT MKB/Tpal, THE AU — DErUCTPUPYEMAT BEJIUMHA DasHOCTH MOTEHIMa-
JIOB MEXIY XOJONHHM } I'OpAYMM KOHTaxramu odpasna,.B Kaxmo# MOHOMEIHEpaTbHOM
Ipode TepMmo-2.4.C. H3Mepdlack B 100 mim dosee 3epHaX, BHUNCAAMICE KO dfdm—
IMEHTH TEpMO-8.X.C., o (MEB/Tpan). Ilo NMOJYYEeHHHM OSHHHM CTPOMJIMCE KDHBHE
pacnpeneNesusa, ¥ LIAd CONOCTABISHUA HCICABB0BAMACE MOIANBHHE BEJNUYVHH O«

B Tom ciydae, eciyM XaTBKOIMpPUT OXHO# NPOGH N0 3HAYEHMAM TEPMO-9.X.C. OHJI
CymecTBEHHO HEONHOPOIEeH, 3€pHa, OT/MYanmMecd N0 o, IMDYNIMPOBANNCE ¥ B Jalb—
HejlmeM HCCJIefoBaMICh DPaslenpHO, KaK yKasaHo B TaliuIe.

YoenbHoe BIeKTPOCONPOTHRIEHNE P XATBKONUPATA MSMEpANOCH B IOJEPOBAHHHX
mwifax Ha YeTHPEXSMeKTPOIHOM YCTAHOBHE IePEMEHHOTO TOKA HMSKOM d9acToTH (mo-
panka 250 rm), codpanroit B IHIIPY II.C.BepHmrelinom u E.B.Posoroii (1970). Ipz-
HATad METONMKa I[I03BOJANA HCCAENOBAaTE 3epHa pasmMepoM He meHee 0,5 mM. lamepe-
HIA p NPOBelNeHH B IOMMPOBAHHHX Winfax — He MeHee 4em B 10 3epHax B KamIoM.

PesyneTaTH usMepeHUll o U p XaMBKOIMPUTOB, & TaKEe BJIEMEHTH-IPUMECH B HUX
NpUBETEHE B Tad/IuIe. ;

llomamnsAnmee GOJMBINMHCTBO MBYYESHHHX OCDASIOB XalIbKOMMPUTA XapaKTepusyeTcd
OTpHUATEIBHEM 3HAKOM TEpMO~3.X.C. OOmuit MHTepBal MSMEeHIMBOCTH Kos{dmmeHTa
TepMO—B.5.¢. & — oT =10 Jo -1000 MKB/Tpall, MOTATBHHX BeINUUH o — OT ~60 IO
-940 MEB/Tpal, YHENBHOTO BNEKTPUUECKOTO COTDOTHBIEHUS — OT 10~3 o 10 om.cM.
Lng  XanpbHOIMPETOB M3 DaSJHMYHHX MEeCTODOXTEHH! XaparTepHs 4YeTHad CBASE
TEpPMO-8.%.C. W YIOENBHOTO BJIEKTPUYECKOTC CONPOTMBIEHHA: € YBEnMueHUeM alco-
JOTHOTO 3HayeHUA KoodimimenTa TepMO-3.H.c. OT =200 Zo -940 MkB/Tpal ¢ yBeIu-
YMBaeTeda OT 3-10"3 mo 4 omscMm (puc.l1), 4UTO CBOACTBEHHO THIMYHHM MNOJYIPOBOI—
HUKaM.

[lomoxuTensHHl 3HAK TEpMO-3.4.C. OTMEYalCA TONBKO y HEKOTOPHX 00pasuoB
XanpKONNpHTA paHHell TeHepaipm ¥3 OraHIMHCKOTO ,30M0TO-CEPECPAHHOTO MECTODOXE-
HeHuA; TOCKOJNBKY HBydeHHHE o0pasui BBATH U3 [NOBEPXHOCTHHX BHPaGOTOK B Ipe-
OenaxX B0HH OKHCJEHuA, OpUYMHON NOABIEHNA aHOMANBEHX BJIEKTPHYECKHX XapakTe-
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JNMeKTpEYEeCKUe CBORCTBA XaNbKOIMPUTOB
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PUCTUX MOXeT ABHTHCA NOBEPXHOCTHAA 8NCOPOIMA KUCAOPONa, BHCTYIabUEero, Be—
POSAITHO, B DONE AKUEeNTOpHOW IpuMect. STO IpemNoJoXeHNEe XKaXeTcAd TeM GoJee
BEepPHHM, UTO CIydYall, KOTHa OTHeNTbHHE SepHa XANbKONMPUTA LEJUKOM MMeJH NHPoY-—
HYR HpOBOIMMOCTS,Kpaftie pelkm:dYame yskue OCNACTE C HOJOKHTENIEHHM 3SHAKOM Tep—
MO-8,I.C. DAcHOJAralTCA IO KpasM 3epPeH XalbKONUpHTa WIM BIOJE TPemuH B HUX,
[lpn aHa/m3e MSMEHYMBOCTHU SJIESKTPUYECKUX CBOHCTB XalNbKOIMPUTE HANO MMETD

B BUILY,49TO OO MUPOKOMY CHEKTpy npmMmecell erq cielyeT OTHECTH K CIOXRHOJETHDPO-
BaHHHM MOJYIPOBONHUKEM,& B NOCIEIHEX,Kaxk usBecTHO (Uodde, 1957),snexTpuaec—
kne cpoficTBa onpelexapTes TO¥ npmMecs®, KOTODaA HOJUYECTBEHHO IPECOIamaeT.
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[lpexme Bcerc dpocaeTcA B IViasa ABHAA B8BUCHMOCTE ANEKTPUYECKUX XapaKTe—
PUCTUK XalbKOMUPHTE OT THUIA NapaTeHeTMYECKUX accolmammit MuHepana. BenmauHb
Ko o@uIMeHTOB TepMO-3.X.C. I SIEeKTPOCONPOTURIEHMA B XATBKONUDHTE W3 Iapare-
HE3NCOB C IMPPOTHHOM BCETNA 3aMeTHC HUXE, 4eM ¥ XalbKOIMPUTA, ACCOIMMpyD-~
mero ¢ mmpuToM, cdamepurom, TaNeHMTOM, CASKIHME DyLaMu, KBapueM U KaploHaToMm
(em. Tadmiuy m pumc.l).

Patee OHNO yCTaHOBNEHO, 4TO CTEXMOMETPHA NPUPONHOTO XANBKOIMPUTA HAXOTUT—
¢ B NPAMOR 3aBUCHEMOCTA OT XapaxTepa MIHEDaNBHHX napareHesucoB (HoBropomosma,
1972). Tax, XarsxomipuT I'aficKOTO MEIHOKOMMENAHHOTO MECTOPORNEHAR, NOJHOCTHD
HACHMEHHHA Ccepo#f, AcCOoIMUpYyeTCHA ¢ HKOMMYECTBEHHO IpeodmafaniiM IUpuToM. IiA
3TOI'0 XalABKONHDPUTa YCTAHOBAEHH HouOogee BHCOKHE HOB(pUIMeHTH TEPMO-8. K. C.
¢ MOJATHHHWE 3HaYeHmAMA 0T -820 Ho -960 MKB/Tpaf. OTHOCHTENBHO HUSKUE BEU-
YUHH TEpMO~3.X.C. U YOEJBHOTO CONPOTHRIEHNA YCTaHOBJEHH LA XaJbKOIMPATOB,
acCOIMMPYRUEXCH ¢ NMPPOTHHOM B MeTaMOpEM30BaHHEX MENHOKOIYENaHHHX DYmax
MecTopoxTeHnd uM. 50-netma OrrAGps., MofjanbHHE Be/MUMHH KoSfdmmesToB
TepMO-3. 1. C. (~340-660 MKB/Tpan) COOTBETCIBYNT ~8~9 ar.% HEeIOCTATKA CepH B
9TUX XaTBKOMUPUTaX, YMECTHO NPENNOJORNTE, YTO elle 00Nee HUSKIE BeJNYVHH
koofPRIMEHTOB TEPMO-8.M.C. U aneRTpoconpoTaneHnﬁ(OT-200-450 1no-650 MKB/Tpaj
Z or 1-5.1073 Io 1-10- 107 omecm GOOTBETGTBEHHO) CEOUCTREHHHE XalbKONEpI—
TaMm 13 MeNHO-HUKENEeBHX DyI B TRNepCasHTOBHX MHTpy3uBax Yaitckoro, TalHaXCKO-—
T0 X ORHOTO 3 MecTopoxmexumit Morue-TympH (eMm. Tadmiy), OTpamkaNT KomeCaHnd
B CTEXMOMETDHI! XalbKONUpUTa, CRA3aHHHE C HedmITOM CepH B €I0 CcocTame.

OTMeyeHHHE 3aBICHMOCTY OTYETVIIBO IPOCHAERMBANTCA Ha TNPUMEPE X&IBKONUPHTOB
JapacyHECKOT0 MeCcTOpoXmeHnd. Tak, XaTbKOIMPUT U3 30J0TO-XalbKOMMpUT-CypHOHHN-
TOBO# MEHEpambHOH accolalyy B ydYacTEaX DPYLHHX XAT ¢ MHTEHCHBHON MMPPOTHHO-
BO# muHepanusaimel olnamgaer MOHMKSHHERMY BENIMYMHEMH TepMo-2.X.C. # YAeIBHOT'O
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conpornererna ( «=~55(0 MmrB/Ipal, p = 1072 omecm) mo CPaBHEHID C XaJbKOTMPH—
TOM M3 GeCcIMPPOTHHOBHX yyacToB (o =-700 mxB/Tpan, p = 5-.‘10'2 om-cm). o man-
HHM CHIEKTPaNbHHX aHAMMB0B, COCTAB U KOJMYECTBO NpUMecell B STUX XalbKOIMPHU-—
TaxX OIMHEKOBH (oM. Tadmeuy).

Taxum 00pasoM, XeMbKONMPUTH B NapareHe3lCe ¢ NEPPOTUHOM OTIAYaNTCH MIOHM—
KeHHHME KOS(IMIMeHTaMM TepMo-3.4.c.-(200-700 MKE/Tpam) ¥ HUSKMM YLeTBHHM
anexTpoconpoTHBIeHeM (107 - 107t OM+CM), YTO CBHLETENLCTBYET 0 3HAIUTENE~
HOl KOHNEHTpaIMy NOHOpHON mpmMecy, IpennmosaraeTcs, UTO CYLECTBEHHOE RIMAHEE
Ha UX 9JIeKTpuYecKue CBOHCTBa OKASHBAET HapYleHUE CTEXHOMETPUUYECKHX COOTHOmE—
HIt OCHOBHHX KOMIIOHEHTOB B COCTABE XaNbKOMMPATA. (OTHIOHEHWA COZEepRaHMA Cu I
Fe B XaNBbKOIMPUTAX KOJYENAHHHX MECTODORIEHNE COCTaBIANT +2-3%, & CONepRaHue
8 Boera MeHbme, npmdem meduimt XocTuraer 1,3%, 4TO cooTBETCTEYeT 3-9 ar.%
(Hopropomosa, 1972).

TopMiIpOBaHNE HOHODHHX YPOBHE! B CTPYKTYPE XalXbKONMPUTA C HeduIMTOM CEepH
BOBMOXHO B CBASW C HaIMYMEM OTDUIATENIBHO 3apPAXKEHHHX BaKaHCHH, BOSHIKIMX
BCIENCTBUE yUaleHud YaCTH CepH B BHUIe HefiTpPANbHHX aToMOB, IIoMOCHHE MexaHmaMm,
IIPOKC WMSBECTHH B NpaKTUKe CHHTE3a NOJYIPOBONHEKOB, B IDPOIECCE MIHEpPalToos-
pasoBadnA, BEPOATHO, ONpeleNAeTcA H3MeHeHHAMH TABTEHNA MapoB CEpH H KOHIEHT—
paimy CyIBPUmHON CepPH B pacTBOpax.

llccnemopanme BIMAHUA NPEMECeil Ha BISKTPUYSCKME XaPaKTEPUCTUKY XATbHOIM—
pATa B COJBUMHCTBE CAYyU8EB HE MOBEBOMAAET CLENaTh ONHO3HAYHHE BHBOIH. [0 maH-
HEM XUMZUECKMX 7 CHEKTDATbHHX SHAJWSOB yYecTh HOMO M3OMODHHX IpMMecell mpax—
THYSCKU HEeBOBMOXHO, T4K KAk Te Xe BJeMEHTH BXOJAT B COCTaB aCCOIMUDYRUMXCH
¢ XalbKONUPUTOM CYABIUICB, NpPUCYTCTBYOUMX B HpodaX B BHLE MeXbyYailllX BHINYE-
Hait, OCBOGOTMTECA OT KOTOPHX BeckMa 3aTpYIHUTENHHO .

ComocTaBneHne MMENUMXCA NaHHHX IO CofepRaHmw mpumece#ft Pb, Zn, Co, Ni,
Ag, As'C MOTANBHHMI BeJnUMHaME KOSHEMIMEHTOB TEpMO=-B.L.C., NONYYEHHHX I
Tex ®e mpod (cM. TalmEmy, puc.2), NPEBOZMT K 3awIOYeHV0, 4To cladad Koppe-
NAIMA HaMedYaeTCdA TOJBKO B CIyYae Zn I Ag M JUNE ODY CpaBHEeHMH HauGojee HH3-
KIX MOLSNBHHX BEJHUHH Kos@fuimeHToB TepMo-3.X.c. (cM. puc.2). Tax, npm
yMeHBIEeHMM TprMecw Zn oT 1,0 mo 0,01% muxHEE NpPeNejH Bapualmit MOLANEHHX
KO ®PIUIMEHETOB TepMo—-2.4.C. BoapacTanT ¢ —200 mo —450 MEB/Tpal, & IpW yMeHE:-
meHM KoJmdecTBa hpMec: Ag or 0,03 mo 0,0005% - ¢ —200 mo -600 MxB/Tpam.
OTMedeHHHE 32BUCHMOCTH IOBEBOJAONT NPEeNHCJIOXUTH, YTO Zn B Ag BHCTYHNawT B Ka~
4eCTBe MOHODHOM mpuMecu, usoMopdHO BXOmAmed B CTPYKTYPY XalBKOINPMTE, OYe~
BUZHO, C 3aMelieHNeM Cu .

KoppeJAlMoHHHe B3aBACUMOCTH MERLY SWISKTPUYeCHIMI XapakTepuCTUKaMi XanbKo-
mIpuTa M conepXaHmeM npmmecell Pb, Co, Ni He ycTaHammmeapTca (cM. prc.2).
llpuMect As OPHCYTCTBYET JMWE B HEKOTODHX UPo0aX XalbKONUMPHUTa, B YaCTHOCTH
U3 MeNHOKONYEeNaHHHX MecTopommeHnit WmHoro Ypana ¥ S0JOTOPYIHOTO MECTOPORIE-
ang Odnreftgoro (cM. Tadmuny). LA XamlbKONUPHTE STHX MECTODOETEHIR Xapaxrep-

' HH BHCOKOE YABNBHOE CONPOTHRIEHNE ¥ MAKCHMAIBHHE BeJUUHHH KOSPIMIMeHTOB
TepMo-3.XI.C. [OCKOMBKY B COCTaBE XalbKOMMPHTA €CTh NpUMECH Zn B Ag, MOXHO
IpPeNIoMOKATE, YTO CHeimwka WX SIEKTPMYECKAX CBOMCTB OCBACHAETCH B3auMHOH
KoMIeHcammelf NpuCaManTelbHo DABHHX N0 KOHIEHTDamiu MOHOpHHX (Zn, Ag) n ax-
IENTOpHEX (As) mpuMecei.

BruArue npiuMecell Ha BASKTPHYSCKUE CBOMCTBA XaTBKOIADUTA yEAETCH. JIOBUTH
JMIE B TeX er0 PasHOBUUHOCTAX, KOTODPHEe HE YYACTBYOT B IlapareHesucax C. Imp-—
DOTUHOM ¥, OYEBUNHO, OGAENA0T CTPOr0 CTEXUMOMETPUYECKMM COCTABOM. B XalbKo-—
OUpHUTax C HapYWNeHHHMI CTeXUOMeTPHYeCKIME COOTHOMEHHAMNM MERLY MeTalaMiA I
cepoit meduimT cepH (¥ COOTBETCTBEHHO KOJWYECTEO OTPUIATENBHO 3apiAReHHHX
BaKaHCH#) ABIASTCA OCHOBHHM (PaxTopOoM, ONpeNeldnifiM H3MEeHEHHE BIEKTPUYECKIK
CcBolfcTB MEHEDATIA.
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K. K. BopoGvesa
BIINAHUE U30MOP®HON NMPUMECH ZnS HA TEMIIEPATYPY
DA30BOro NPEBPAIEHNA B XAJIbLKOIINPUTE

[Ipefnomokenne 0 BOSMOEHOM CYMECTBOBAHWM B IPUPOLE BHCOKOTEMIEPATYPHOM MO-
Infuxaimy xarbKomupuTa OHJIO BIEpBHEe BHcKasaHo B 1934 r. H. n M.Boprepavu
(N.Buerger, M.Buerger, 1934), C Tex mop ¢asoBoe NpeBpalleHne B XalbKOMIPUTE
MHOTOKpPATHO OTMeYaNoch M0 KpuBHM ITA pasjmysEuMy HcciaeXoBarexau (Merwin,
Lombard, 1937; Hiller, Probethain, 1956; Donnay, Kullerud, 1958; Yund, Kul-
lerud, 1966). SHaUeHNA TeMIEepPaTyDH IpeBpalleHuA XOpONo COBNANAT B pasHHX
padorax W KOJMeOmouTCA OKOJO 5500, HECKOJNEKO §oJiee BHCOKafA TeMIepaTypa (857%)
IaeTcd 0 pesylIbTaTaM KalopuMeTprYecKUX maMepernit (Pankratz, King, 1970).
BucoxoTemneparypHad fasa co BpemeHr MeprmHa ¥ JlomGapha, H3BECTHad B JUTEpa—
TYpe NOJN HaoBaHMeM MpOMEXyTOYHOTO TBepHoTo pacTBoHa (iss-dasa), Xapaxrepu-
syeTca cdanepuTononoCHO! I'paHEeIeHTPUPOBAHHOR KyOudueckoit auelinolt u HeymopdA-
IOYeHHHM pacupefenedueM Cu # Fe (Frueh, 1958; Donnay, Kullerud, 1958; Cabri,
1973). Ecym caM $axT npeBpaljeHusa ¥ XapakTep BHCOKOTeMmepaTypHo#t fasH ycra-
HOBJIEHH JNOCTATOYHO ONpEeNeJeHHO, TO O IPUPOINe BTOTO IpeBpameHus CYRIeHHA Ipo-
THBODEYVEBH. PaHee CoCTaB XalbKOIMPHTA ¥ BHCOKOTEMIepaTypHod ¢asH mOpemmota-—
Talcad ONUHaKOBHM, & CaMO IpeBpaljeHNe MHCAWIOCEH Kak IepeXol IOpANoK — Geclmo-
pAgok (Frueh, 1958; Donnay, Kullerud, 1958). (OpHako B HacToAmee BPEMA yCTa—
HOBJIEHO, 4TO COCTAB XalbKOIUDUTE U iss—fasH Ha JUHUN Cu=Fe HE COBIaZanT
(Yund, Kullerud, 1966; Cabri, 19%3). Maxms u #p. (MecLean et al., 1972)
NpVIIE K 3aKI0YeHND, YTO XaTbKOIMPHT HHKOHT'DYSHTHO pasfiaraeTCA BHIE 557° Ha
ise-asy, MIPHUT ¥ Tas30ByD $a3y. OTOT BHBOXL,0CHOBaHHHA, MO-BUNVMOMY, Ha He—
BEpHOH MHTepIperTaimy SKCIePUMEHTANBLHHX NAHHHX, IPOTHBODEYHT pPE3yIbTaTaM
SKCNEPUMEHTOB, YaCTUYHO W3JNOXEHHHM B Ipyro# padore amropa (Bopodmes, 1974).
He pasGupas 3[eCh 9THX DE3YALTATOB, CyHEM CUMTAThL, UTO IpeBpamedne, fuxcu—
pyemoe B XalbxomupuTe mufdepeHIMarbHHM TEpMUUECKNM aHalM30M, ONUCHBAeTCA

peaximei E50°
CuFeSp @ CuFeSo_yx + x85)
TeTp. Ky0.
ynopﬁ.nqqemmn pasynopAnoYeHHH R

[lp mocTATOYHOM IapIMaJbHOM IaBISHMM S I OYeH: MeIJIeHHOM OXJIaXIeHNn 27a
DearIya ARIAETCA 06paTHMOft ¥ MOKET GHTH KiaccniulmpoBaHa Kok IEPeXom mopd-
IOK - OecIopfANoK C USMEHEHMEM COCTaBa.

B Hacroamel#l padoTe pacCMOTpeHO BIMAHME M30MOPQHONR IpuMecw ZnS Ha TeMIe—
paTypy 5TorO mepexofa. /3ydeHye NpeNNpMHATO ¢ YYETOM TOTO OGCTOATENBCTEA,
49T0 3TOT NePexoX, fuKCHpyeMH# B pyIax IO IOBolHuKaM IpeBpamedud (Bopodmes,
1969), MoXeT HpeACTABLATH MHTEpEC LIA TeoX0oTMYecKoll TepMoMeTpud. B BHCOKO—
TEMIEPATYDHHX XalbHOMIPATAX 3BE3NOYKM canepnra — OCHYHOE ABJIEHUE. MoXHO
Impefnonararsk, 4YTo u3oMopfHad mpuMec: ZnS, 0GOCOCHALIASCHA NpPY OXIARTEHUN B
BUNle TakWX 3BE3J0YEK, CNOCOOHA IO HEKOTOpo# cTelleHM CTadIM3MpOBaTh BHCOKO-

| TeMIepaTYDHYD MOXMPUKAID XAIbKOMIPATA I CHISHTH TEMIepaTypy NpeBpameHud.
Taxoe IpemmoNOXkeHNe OO BHCKasaHo W.Bymexo u 9.Kymaroewm (1963), Xord oT—

HOCWIOCE OHO, IO-BHNUMOMY, XK TaIHaXuTy, a He k iss-(fase. y
Huxe M3naralTCA pesynbTATH SKCIEDPHMEHTANLHOTO ONpeleleHnd PacTBOPEMOCTH

ZnS B Xampromupmre mpu 500°(HecKoNBKO HEXe TeMIEpDATYpH NpeBpalleRui) u pe-
3yJBTATH TPOBEPKX RINAHUA MBOMODPHO! IpUMecH ZnS Ha TeMIepaTypy NpeBpalieHud
B XaJIbKONUPUTE .
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METONHKA S5KCHEPHAMEHTOB

XanbRomupUTH ¢ cogepxanmeM ZnS oT 0 zmo 80 Mos. % OHIM CHHTESHDOBaHH U3
BHCOKOYHCTHX Cu,- Fe,S M Zn. CmecH KapCGOHWILHOTO XeJnesa, CBEXEIDUTOTORIEH-
HHX MEIHHX I IMHKOBHX OIWIOK ¥ CEpH CpMKeTDOBATHChH, SANAWBANNCH B BaKyyMi-
pOBasHNE aMIyJH I OOMEemanuch B MyPeNBHYD Tevys. (6pasiH HarpeBammch Io ~600°
1 BHEEDRABANACE TpKM Takod TemmepaType OINHM CYTKH, IOCIe Yero TeMuepaTypa
noBsmanack Ko 1100° u o6pasiy BHIepAMBAIMCE NpPW BTOK TeMmeparype (HaMHOTO
npepsmanmedt 875° —~ TeMmeparypy mIaBleHums XalpKomupuTa) B TeusHme 12 Wac ©
TeM, YTOCH NEpeMEemBaHNE B DACII&BE OPOWVIO NOCTATOYHO NoJHO (06 8TOM CEUEE-
TeJBCTEYDT COBEDNEHHO pPaBHOMEDHHE B KaXuoll OyJe CTPYKTYpH paclalia TBEpHOTO
pacTBOpa). 3areM Temmeparypa Guna MemrenHo (~10° B 1 uac) mommmena mo 800°.
Ocodo MemneHHo (3a 12 Yac) NPOXONWICA MHTEPBAX BOMMBY TOUKM HKDHUCTAJLINS ALV
(900-850°).

IinAd ToTo 4YTOoGH K30eXaTk 00pa3OBaHMA NMHPUTA B DPEsynIbTaTe HepaBHOBECHOH
cynpdypusaimy IOpy OXnakIeHud Oyau, o6pasii EMECTO HalbHeWmero MELIeHHOT'O OX—
naxzesus mo 500° saxamramics ¢ 800° B XOMONHOH BOme. BHYTPEHHHWE CTEHKW
BCEX amiyX OHIM NOKPHTH OGWIBHHM HaeleTOM CEpH, KOMMYECTBO KOTODPO# OHAO0 TOY-
HO omnpefieseH0 N0 pasHWLEe BecOB MCXOOHO# TalleTky X HOJyYeHHOH cyandumHo#
6yy cocTara (cu,Fe.anzsg'_x. Kaxmas Oyna CHCTPO pacTHpalack B IOPOMOK, KO-
TOpHE mocxe NoGapnesud MOTeDAHHOTO KOJMYECTBa CEepH Xo cocTrasa(Cu,Fe,Zn)_S
BHOBEL 3aNanBajcAd B BaKyyMUDOBAHHYD aMiysy. IIpUTOTOBNEHHHE TAKMM IyTeM o0pas
IH noMellack B NedYs ¥ BHIeDKUBAINCE 8 CYTOK IpH 5000‘;100. nocJye 4ero O
3aKkanesEl B JeNAHON Bome. Kak moxasaHo B Upemumyme#l padoTe (Bopodszes, 1974),
Takad Opouenypa - CyIbfypusamma NopollKa, 8 HE MOHOMMTHO! Cynu - HNEEe Temue-—
PaTypH TpeBpalleHnA NOSBOJAAET NONYYATE CTEXWOMETpHYeCKul XalbKOIUPUT, NpakTi-
YECKH HE COZepRaujil MIpUTA. '

UnenTnfuxanus (as npomssommaachk B mwmdax mom muxpocxomoM. Hpome Toro,
LA BCeX COCTABOB OHMIM MOMyYEeHH MOPOmMKOTPaMMH B Kamepe ¢ D = 143,3 mM.

TeMmepaTypH OpeBpaleHud ONpele/AInch MO TOJORSHND BHLOTEPMIYECKEX NIKOB
Ha KpuBHX ITA. Samuchk KPUBHX NPOM3BONMIACh B. TepMudeckofl maCGoparopmu UIEM
AH CCCP B.A.Jysaescrmv u H.T./BasoBoit Ha BeHrepckoM ZepusaTorpade MOM mpn
CKOPOCTH HaTpeBaHNA 10° B 1 mus. TOYHOCTB -QNPENENCHRA TEeMIepaTypH SHEOTEep-
mirgeckrx adpextor +10°, A TOTO 9YTOGH M3GEXATH BIMAHWA OKUCNERUA ¥ HECYilb—
dypusamm Ha Tpormecc OpeBpameHud, o0pasii IOMemalick B CHEIMaTbHO U3TOTOB—
JIeHHHE 3anafAHHHE BAKyYMIPOBAHHHE THIVIA U3 KBApIEBOTO CTEKNIa, B KOTODHX HA
TpOTAXEHAN BCETQ ONHTa odpasel] HaXoNwiCcA B PaBHOBECHHM CO .cBoell rasosoll fasol.

PE3YJILTATE] H HX OBCYHIEHHME

PesyabTaTH SKCIEPAMEHTOB CyMMIpPOBaHH B Tadn.l. Museparpajmueckoe mayde—
HMe TIOK&3al0, YTO TOJBKO TpPH 00pasua — WICTHHE CuFeS_, I CuFeS c ~1H
~ 2 MOX.% ZnS - NpPENCTaBIeHH (IpM YBeTWYEHUN IO 2008) romoreﬁamn XaIbKOI—
puToM, AHWMEPH BCEX OCTANBHHX 00pasloB OCHADYREBADT ONHOOOpasHHE CpacTaHus
xanprommprTa ¥ cdanepura. Cremyer samMeTHTE, ¥TO, HECMOTDA Ha NPUHATHE Opel-
OCTODPOXHOCTY, INPHT BCe Xe oQpasyeTcA B XOfe Gyabfypusampuu. B odpasmax C co-
mepRammeM ZnS 5 m 10% ero kojmuecTBo cocTamnder 0,5-1%, B OCTANBHHX
0,1-0,001%. B manecueffieM Bce oGpasiM GYLYyT pacCMATpPMBATLCS Kak IByXQasHue.

PesyapTaTs MIKPOCKOOUYECKOTO M3Y4YSHUA NOKASHBAWT, KaK cremyeT u3 Tadn.l,
YTO.TOJBKO COCTABH ¢ ~ 1 u ~ 2 Mon.% ZnS ABRIANTCA TOMOTeHHEMU. [Ipnm comepxa-—
HIm B m1xTe 3 MoJX.% ZnS NOSRIADTCA OTYETHNBHE CTPYKTYDH pacmafa TBEpHOIO
pacrBopa (puc. 1 — cM. mpwioxesue). CdarepuT oGpasyeT CaMOCTOATENLHHE Teja,
ABLANIMECT OCTATHAME Zn-COoRepRamel iss-MATDHIH. XaNbBXOIMPUT, KOJMYEeCTBEHHO
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Tadamrna 1

PesyneTaTH SKCIEDMMEHTOB

ComepxraHune TeMueparypa
B MCXOIHOM llpomyxTH cuHTE3a IpeBpaleHnT
IXXTE ZnS, XaJbKOIAPA—
MOJI. % Ta, 9C
0 TomorenHul X&TBKONAPHT 565
0,99 To xe 555
1,97 n 552
2,9 XampxomuprT + canepur (B _CTPYKType -
pacrama TBEPEOrO pacTBOpa)
3,85 To ®e 550
4,76 " 547
5 n 550
10 XanpKommpuT + cameput (B CTPyKTypE 545
pacnafia TBEpAOTO pacTBOpa I B KpyI-
HHX BHIENEHIAX)
15 To xe 547
20 o 540
30 " 545
40 C . B0
60 Cdanepur (B KpyUHHX 3epHAX ¥ B_CTDYK- 548
Type pPachala TBepUOTO PacTBOpa) +
XaTBHOIUPHT
70 To ®e 550

80 " 540

npeoGiamaompit B GoNBIMHCTBE 00pasloB, BO BCEX CAydYadX NpPelcTaBjeH JMH30BHI~
HHEMY BHEEJEHUANY M3 TBEDAOTC pacTBopa. Bo BeeX ONHTAX OTYETVMBO YCTaHABIN-
BalTCA XANBKONUPUTOBHE BHIENEHMA NBYX pomoB: 1) dosee KpymEHe, OPUCYTCTEYI~
uMe y®e B TMpomykTax saxanks ¢ 800° m OKOHTYpUBAKIME KpYTHHE KIeTHN ofoTa-
WEHHO LMHKOM MATPUIE; <) MHOTOUNC/]EHHHE MEJKNE BNAEJNeHWd, ARIADIUECH pe-
syasraTomM pacnage npy 500° BHyTDE KDYNHHX KAETOR OGOTAllEHHOM IMHKOM MATPUIN;
MeXIy 9TMMY BHIENeHMAME 0CTaeTCA Jucro carepuToBad MaTpuna, MopdorormyecKu
BeCkMa CXoJHasd cO calepuTOBHMM 3BE3IOYKAMA B IPUPOTHOM XaJAbKONMDUTE .

locTuxeHne paBHOBECHA B YCAOBHAX SKcHepuMeHTa (8 CYTOK mpm 500°) Guro
IPOKOHTPOINPOBAHO NOTNOMHUTENBHEMA onHTamu. [yGaueaTH cocTaBoB ¢ 5 # 30 Mox.%
ZnS BHIEpPEIBaJIUCE IIpH 500°¢;O° B TevueHue Mecfilla, NOCHEe Yero CHIM 3aKaleHH.
CpaBHEHNE NOPOWKOTpAMM MOJYYEeHHHX HNPOONYKTOB C IOPONKOIpavMMaMii TeX Xe cocTa-
BOB Nocje B-CcyToYHO! BHIEDHEKYM NOKA3aNo UX NOJHY® UNeHTMYHOCTh. (OTHOWeHHE
naTeHcuBHOCTel JmHuE (111) cdanepura n (112) xaﬂBRonanTaz 0CTanoch Ge3 mu3-
MEHEHHs - 9T0 03HAYaeT, 4YTO MONOJHUTENBHOTO KOJMMYecTBa canepuTra OpH Ipo-—
TONRATENBHOM HarpPeBe U3 XalbKONMPUTA HE BHAEIMWIOCh. B Imax NMOX MIKDOCKONOM
1 B pame cayuaeB, ocoCeHHo B cocraBax ¢ 5 w 10 Mom.%ZnS, Habaoianmuck cha-
JIEPUTOBHE BBESJOYKN, COBEDNEHHO HIEHTWYHHE OPUPONHHM. 3TO OGCTOATENBCTEO,
a Tarxe 00ASaTeNpHOE Halilyleé BOKDYT OPHDPOTHHX 3Be3H0YeR XalbKOMEPATOBHX
BHIENEeHN! B OBOMHNKOBO# OPHEHTHPOBKE MOSBOJANT NPENIOIOXUTE, uTo chamepu-
TOBHE 3BE3JOYKN B NPUPOJHOM XalbKONEDATE TAKKE SRIADTCA OCTATKAME MaTDHIN
HOCJNe BHIOENEHNA XalbKOmApuTa.

VHTEHCUBHOCTH U3MEPANNCH: HA MAKPOPOTOMETpE.
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Tatdaaga 2
MeXIIOCKOCTHHE PaACCTOAHUA CHHTETHYECKOTO XalbHONNPUTA CuFeS2 oes
npimvecy ZnS (1) u oSpastia ¢ 70% CuFes, 1 30% zns (2)

il 2 1 2
GE
hkl dg/n da/n & hkl de/n dg./n

10 112 3,05 3,05 H 224 1,523 1,522
4 200 2,65 2,65 3 400 1,323 1,324
Al 004 2,62 - 2 008 1,501 1,304
3) 220 1,876 1,875 & 332 1,215 1.,4158
8 204 1,859 1,860 2] 316 1,206 1,207
6 132 1,596 1,596 3} 424 .07 1,078
4 i s 1,870 1,578 7 i3 228 1,069 1,069

-

Kamepa BPC-3, D = 143,3 vmm; d.= 0,3 M3 FeK, ~U3IyYeHNe .

BUNHO HESHAYUTENBHOS YKDYNHEHNe XalbKONMPUTOBHX BHEedeHmi (pumc.2 - oM. mnpm—
JOXeHNE) ,

B cocTaBax ¢ GOMBLM comepxannem ZnS (zaumHas ¢ 40 mox.%,)cdanrepnt He ToME-
KO IPUCYTCTEYeT B CIDYKTYpaxX pacnafa, HO ¥ o0pa3yeT CaMOCTOATENbHHE OKDPYIJIHE
MOHOMUHEpaTEHEE 3€pHa, 060COCUBUMecH Npu TemiepaTypax Bume 500°, 3rm 3epHa
HACHIEEN OCKJIBHHMA SMyJBCHOHHHM BHOENEHUAMI XaTbHOIMPATA.

llockonmexy ofpasen ¢ ~ 2 MOX.% ZnS COBEPUEHHO TOMOTEHHHY, g B ofpasle ¢
~ 3 MOX.% ZnS TMoABIAeTeA calepuT, Upemes PAcTBOPMMOCTH ZnS B CuFeS_ mpm
500° maxomuTcA MeXIy 2 n 3 Mo.n.%l. 9TOT pesyaALTAT COLIACYETCA C JIQHEMM
I'.Jousedt n I'.Kymnepyna (Donnay, Kullerud, 1958), KOTopue Hammi, 4TO B pasy-
NOPAROYEHHON BHCOKOTEMIEPATYPHO# iss-ase CuFeS pacTBOpMMOCTE ZnS mpm
600° mesee 10%. B XOpoWeM COTMACHE ¢ TOYYEHHHM SHEYGHIEM HAXONATCA U AHATE-
3H HPIPONHHX XaNBKONMDPHTOB, B KOTOPHX CYMMAPHOE COZEDEAHNE ZnS C yYeTOM
canepnTOBHX 3BE3NOYEK He BHXOINT 3a Ipemesu 1 mox.% (Munepamw, T.I, 1960).

[lopomkorpanmy , NOMYYeHHHE IJIA BCEX CHHTE3MPOBAHHHX 00pasIoB B KaMepe
143,3 MM, OCHAPYXIBEOT TOJBKO JMHIN XaJbHOMMpHTa ¥ cdamepura. NHTEHCHBHOCTSH
carepuTOBHX JHEMY YRETMUNBASTCA, a4 XaTBKOMMPUTOBHX YMEHBUAETCH 10 Mepe
YBEINYEHIA COTEDXaHNA B IMXTe ZnS. UHAKO BEJWYNMHH MERILIOCKOCTHHX DacCTof-
HEl y 0GpasuoP XalbKOMMpUTa OFMHAKOBH M COBNAZabT ¢ TAKOBHMM FIA YUCTOTO
xanbkonupnra (Tadm.2).

Tpocreiumii pacueT, cHelaHHHll B NPeATONOXESHMY JIMHENHOTO YBelWyeHnd Iapa-
METpOB JJIeMEeHTapHO! fdyeliky XalbKOIMPUTa 0 Mepe BO3PACTaHUA COTEpXaHud Zns,
TMOKa3HBaeT, YTO JIAUL IpH COmepkaHunm 5-7 % n30MOpPPHOTO ZnS'Da3/mMuud B MeX—
IIOCKOCTHHX DACCTOAHMAX GYMyT 3aMerHH (mpH ommOKe B OmpeleneHdy d B 061acTH
-3amHMx yraos +0,003 f&). OTCYTCTENE KaKMX~M00 pasmMyuiif B MEeXILIOCKOCTHHX
PACCTOSHEAX 03HAYAeT, uTo m3oMopdHas IpEMech ZnS BO BCEX CUHTESHPOBAHHHX
XaIBKONNPNTAX HE BHXOIUT 3& IpeNejH DACTBOPUMOCTH, HalfeHHOH MpM MEKPOCKO—
mrueckoM nayyeHus (<3%).

1 Crapuum HayYHHM COTDYIHMKOM JadopaTOpMll PEeHTTEHOCIEKTPANBHOTO aHaln3g
JTEM AH CCCP H,B.TponeBolt GHJII IPeNUPMHATH TONHTHA KOJMYECTBEHHOI'O Olpe-
TejgeHuA ZnS B XalBbKONMDUTE HETOMOTEHHHX cocTaBOB, (IHAKO BCAENCTEME TOH-
KOCTH OINCAHHHX XalbKonupuT-cHanepuTOBHX cpacTaHHii 9TH IONHTKY OKasaluCh

HEYIaYHHNI .
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Temmeparypa NpeBpalleEMdA I BCEX CUHTESHPOBAHHHX COCTABOB NPUBENEHA B
Tadn.l. 3a NCKINYEHHEM UYMCTOTO CuPeS,, NIA KOTOPOTO OHA OKA3alach SHOMATBEHO
- BHCOKO#, OTKIOHEHHNA HAXONATCA B npe,neaxax aHAIUTHYEeCKO! ommeKuT (+10°) [lo-
Jy4YeHHHE NaHHHE MO3BOJANT 3aKI09ITh, 49TO M30MODHHAA NpUMEChH ZnS He BIMAET
Ha TeMIepaTypy NpeBpalleHisa B XalbKONUpUTE, NO-BUNUMOMY, BCAENCTBHE Maloit
PaCTBOPEUMOCTH ZnS B XaJBKONMPUTE BOMM3Y TOUKM IIPEBpAlEHUA.
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H. II. Janymuna, A. J. I'enkun
O MHHEPAJIAX PANIA BP3ITUT-BBICONKAT

Bperrur - pemxuit cynedum IIATHHH, DaLIaliuf U HUKeNd — BOepBHe OHI oGHa-

" pyxer O,Baxmmcrepom (Bannister, Hey, 1932) B IIQTMHOBOM KOHIEHTpaTe u3 pyf
puda Meperckoro (KmHo-AdpumraHckas PecnyGimka). IlpoBend peHTTEHOBCKOE HCCIAe—
IoBaHNE OTHENBHHX KDUCTALIAYECKMX 3eDed ocTaTKa Nocse o6paCoTHM ILIATHHOBOTO
KOHIIeHTpaTa LapcKoif Bomxol, BaHHMCTep ycTaHOBWI, 4YTO GOJEBLAA 4YACTH MX OTHO-
cuTcA K KymepuTy (PtS), a 9acTh — BHAUHTENBHO OTIMYAeTCA OT Hero. KoHTpoIm-
PyA PEHTTEHOBCKUM METOIOM KaXIHii KPMCTaLIMK, EBHHEGTeplOTQOPEH 10 v MuHE-
pana, COCTaAB KOTODOTO, 0 NaHHHM XUMUYECKOTO aHaam3a, COOTBETCTBOBAN (opMyIe
(Pt,Pd,Ni)S ¢ oTHomeHMeM Pt : Pd : Ni = 4,53 : 2,23 : 1. 3roT HOBuE MEHEepas,
BIEpBHe ONpeleNeHHHN ¢ DOMOWBH DEHTTeHOBCKOI'O MeToa, CHI Ha3BaH GpPSTTHTOM
B 4ecTh EparroB (oTwa u cHHA) - co3faTenell PEHTTEHOBCKOTO MeToLa MCCIeloBa-
HUA KPUCTALIMYECKOTO BellecTBa. -
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BpsIrTuT 0TIM¥aeTcd Mo COCTaBY M CTPYKTYPE OT KYNepuTa, CHATETHIECKAM
CTDYKTYDHHEM 2HaJIOTOM er'o ARJIAeTCA CYyAbIuI Nalgamisa PdS.

SHAUHTENEHO M03%e B MeIHO-HUKENEeBHX pyfaX HOpMIBCKOIO MEeCTODOXIEHUA GHJ
yCTaHOBMEH CyAB(UT NallaIud W EUKeNAd (Pd,Ni)S — BucouxmT (TemkuH, SBATHHIES,
1962), U30CTPYKTYPHHE ¢ GDITTUTOM.

locre oTxpeTHA Oparrura B 1932 r. ¥ BHCOORMTA B 1962 I. IaHHHe
0 cocTaBe OperruTa u3 WAP, ompemeNeHHOM Ha BIEKTPOHHOM MHUKDO3OHLE -
(Pto,4Pdo, 27810, 14)81,00 ~ yHovuHapTesa B padore Jl.Kadpa (cabri, 1972).

llpr mayvYeHHy MeIHO-HUKENEBHX DYL TATHAXCKOI'0 MeCTOPOXIEHWA HaMm BIIepBHe
yoanock OCHapyXITE ¥ IMATHOCTUDOBAT: METONOM JIOKANBHOT'O DEHTTEHOCIEKTpaTb—
HOT'O aHaIM3a MUHEepanH pAfa OPSITHT — BHCOIKAT ¢ INepeMeHHHM COOTHOMEHIEM .
WIaTHHE, DaJIaZud I HUKkend, IlpH ONucaHEH 9THX MIHEDANOB MH OTHOCHM K BHCOI~
KUTY KOHEUHH 4YjieH pANla, NOYTH JUNEHHHH UIATHHH.

EpsrruT BeTpedeH B IPOXMIKOBO~BKPAIUIEHHHX OOpDHMT-MILIEDET-XaNbKOIMPATO—~
BHX ¥ MIIEDET-XQILKONNPHTOBHX DYyAaX B BepXHEM BSK3CKOHTanrTe TalRaxXcKoro HHT-
pysuBa. Bo BKpaIEHHHX DyAaxXx OpsTTUT 0CpasyeT OTHeNbHHE 3epHa ¥ cpacTaHus
C KYIEePUTOM, BHIOJNHAA COBMECTHO C XalbKOMAPUTOM M MIULIEPUTOM IPOMEXYTKH
MexIy 3epHaMM IppoKceHa (puc.l — CM, HIpUJIOKEHHE) B SHTHADHT-OMDOKCEHOBHX
nopomax. B GopHUT-MULIEPUT-XATbKONUPUTOEHX HIDOXMAKAX XOPOWO OGpas0BaHHHE
KPUCTE/NMKA GpBrruTa pasmepoM mo 0,2-1,0 mm (puc.2 - cM. mpmioxesyme) oGHa-
Dy®eHH RBIOJL 3arbladfa. B BTUX OpoxMaKaXx OpaITHT aCCOIMEpYeTCd € BHCOIKETOM
U pasnuYHHMY Tejarypulavy Nawrtaiud, cepedpa, CBUHIA M BUCMYTA.

B oTpaxeHHOM cBeTe GpSITUT cepoBaTo-Cenuit. [ByoTpakeHme OTCYTCTBYyeT.

B cHpemeHHHX HUKOJAX cIa00 AHM30TPONHN}. PeHITEHOTpaMMAa OXHODOIHOTO 3epHa
Grm3ka DeHETTeHOTpamMe GparruTa us AP (radm.l).

KomuyecTeeHHEN! aHamm3 OporTuTa, BHCOIKKATA, Kylnepura ¥ pacupeleseHue aie~
MEHTOB B 3TUX MIHEpanaX M3y4YeHH Ha BISKTDOHHOM 30HNe MS-46 "Kamexa". Ilpen-
BapUTeJbHO IPOBeNleH XKaueCcTBeHHHI aHamus. ColepRaiye ILIATHHH, HUKEJA U MeIn
ONpPeNeNIoCh IO JIMHIAM PtLu1, NiK, , cuKOL B NepBOM NOPAIKE OTpakeHud Ha

KpUcTalIaX—aHalnsaTopax LiF ¥ KBapre (1011) B perume 25 1 20 kB, 2107 8
Namnamuii, cepedpo M Cepa AHAIMBUPOBAMACE NpPH yCKOpANMEM HampAxexun 20 n
10 B TO JWHMK PdLaq’ AgIB1, SKa1c KpucTaLloM-anamm3aTopoM PET, JlerexTop -

TNPOTOYHHT NpPONOpIMOHATBHHN cUeTu!X. B KauyecTBe BSTANI0OHOB HUCIOJB30BANINCEH YHC-
THE METaLTH M HOPUPOIHHY HHpHT. Pacv¥eT HONpaBOYHHX HKOSPEMIMEHTOB BHIONHEH Ha
5BV (Kosanerrep # mp., 1972).

lsy4yerne KayeCTBEHHHX KAPTHH DaclpeleNeHAs SJEeMEHTOB NDH CKaHMPOBAHWMHA
BIEKTPOEHOTO JydYa IO NOBEDPXHOCTH 3epeH (pdITUTa NO3BOJANO BHABUTHL 30HAJNLHOE
CTDOBHNE HEKOTOPHX ONTWYECKM OFHOPOTHHX 3epeH MuHepana (puc.3 — oM. HpUIo-
®eHue). UeTxue TpaHUIB 30H 0COGEHHO XOpOmO BUIHH Ha JoTorpafumy CKaHMpOBAHUA

B NOTJIOHEHHHX BJAEKTPOHaX ¥ B PEHTTEHOBCKOM M3JIyYeHNN PdLu n P‘GLa
1 1

KOHUEHTpAIMA SJeMEHTOB GpPIITHTA(Kaxmoil 30HH) ,KYNEPATa ¥ BHCOIKHATA DPACCUM-
THBAJNACE KAK CpefHee 3HAUGHWE COfepRaHuil, U3MepEeHHHX B 15-20 TodYxax.
B Tadn,? OpuBemeHH COCTABH H3YYEHHNX MUHEPAToB: 000COCNEHHHX HE3OHATBHHX
seper Operrura (aHamma 5), omEopomHOTo OparruTa (aHamus 4), GpSrTHTAa B cpac-
TaHuK ¢ KynepurToM (aHayms 3), a Taxke S0HANBHOTO ODSITHTA(aHATM3H 6 1 7),
accoIIpynmeroca ¢ BHcomkuroM (aHamus 8), ¥ BHcomxuTa (aHamms 9).

COCTaR TalHAaXCKMX ! JPYTMX OperrmrTos (CM. Tadm.2) WM3MEHAETCA B NMDOKWX
npemenax. ComepkaHwe IuaTups (%) BapsupyeT oT 31,5 mo 58,2, nawmamus -
or 18,1 mo 38,5, muxend — or 4,7 o 8,3. OTHomeH#e Pt : Pd : Ni B DasHHX 00—
pasnax MuHepaia mameHsercs oT 4,53 : 2,23 ¢+ 1 mo 1,14 : 2,6 : 1. Murepecko
OTMETHTE, YTO BO BCeX NPOAHANN3MPOBAHHHX OPSITHTAX OTHOWEHME Pd : Ni Ipu-—
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Tadtrnunua 1

MeXIIOCKOCTHHE PACCTORHMA OpPerruTa U3 TaTHAXCHOTO MECTODPOXIEHUS

ggﬁg?{cggoe MecTo— AR ggﬁgﬁgoe MecTo— oAp""
L ) d, I dg I 1. 2 i j d,
= I I 4,58 1 1,541 0,5 1,547
- - 0,5 3.5 - - 0,5 1,508
1 317 0,5 3,21 - - 0,5 1,463
6 2,92 g 2,93 3 1,422 v 3 1,423
10 2,85 10 2,85 3 1,397 2 1,391
- - 0.b 2,66 i | 1,380 Q,5 1,375
7 2,63 3 2,64 - - 0,5 1,207
1 2,44 i 2,16 - - 0,5 1,202
- B 1 2,01 1 1.;191 2 1,187
5 1,857 3 1,852 - - 0,5 1,166
2 1,805 1 1,807 1 1,135 2 1,139
2 1,77 1 1,70 i 4 1,127 1 1,128
- - 1 1,731 1 ..00% 1 1,005
3 1,712 2 1,73 3 1,036 2 1.03%7
1 1,640 1 1,642 - - (41 0,982
1 1,592 2 1,585 - - 1 0,961
llaHxHe aBTODOB.
** Berry, Thompson, 1962.
Tad6anua 2
Xumryeckult cocTaB OparruTa, BHCOLKUTA U Kymepura
OnmeMeHTH, %
gg ggga R Pt Pd Ni |Cu |Fe [Ag| S Cnaea dapga
1 - BpBI‘I'HT. 58,2.- 18,1 4.7 - L - 19,0 = (Pto‘sgPdO’29Nio,13)1,013
(Banni-
ster,Hey,
1932)
2 =~  Kymepur 85,6 - 01 - - - 14,83 - Pty gg8
(Banni-
ster,Hey
1932)
3 9114 Kymepur 80,3 2:;% 1,5 - - 0,415,0 99,7 (Pto BSPdO 05 0 05)0 98
4 914 Bperrzr 31,5 38,5 830,3 - 0,2 21,5100,3 (Pdo 54F o PYLE 0, 21)0 995
5 9114 " 56,0 19,5 6,0 - - 0,3.18,52100;3 (Pto 50Fd 0, 321‘1 0,181, 005
6 9037 < B4 @1,5 8,3 - ~ -~ 18;8101,3 (Pto 43Pd0 35 15,181 013
7 9037 i 45,8 - 26,8 .5 = = = 20,2 89,2 (I—'dO 39”0 37l 0,20)0,965
8 9037 Bucomkur 0,3 63,110,60,7 - - 25,2 99,9 (PdO 758 0,230 0,010,995
9 9629 # 0,4 62,511,6 - 0,3 - 25,4 100,2 (Pd0’74N10_25 0'995

PesynbTaTH NOJAYYeHH XMMIYECKIM BECOBHM AHATUB0M.
llangHe B GpBITUTE BHUICASHH MO pasHocTy oT 100%
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MEDEO NOCTOAHHC M CGIN3KO K 2, 38 UCKINUEHNEM aHaim3a 4 ¢ HauGOJMBIIM KOJMyYe-
cTBoM masutamaA (2,55 i 1), a B BHCOUKATE OHO cocTaBmdeT 3 : 1.

Ha marpavme PtS-PdS-NiS (pmc.4) HaHeceHH COCTaBH M3YYEHHHX MUHEDAIOB.
Touxyt COCTABOE OT KYUEPHTA K BHCOUKUTY 00pasylT 3aKOHOMepHHU DAN, B KOTOPOM
OCTaWTCSA HEe3alOJHEeHHHME OCJACTH HOHIEHTpaimi, NpUMHKabimue K cOCTaBaM Kylne-—
DuTa ¥ BHCOIKHTA. JBOCTDYKTYDHOCTE BHCOLKNTA I OpSITUTa M UMDOKME Bapualmn
COCTaBOB OPSITUTA LalT OCHOBaHUE NpeAnoJaraTh HeoI'DAHWUYeHHYD CMECHMOCTE B
cucreme (Pt,Pd,Ni)S-(Pd,Ni)S. OTcyTcTBUE GPAITUTOB C OUEHb BHCOKMM COLEpEE—
HueMm ILTaTUHH W HABKOE CollepXaHne Na/llafud XM HUKeNd B NpUPOTHHX Kymepurax,
TO-BAMAMOMY, OCBACHANTCA OCOGEHHOCTAME KPUCTAINYECKHX CTDPYKTYP KymepuTa U

NiS

P 7 ¢, 4. CocTaB GPATTUTOB, BHCOIKH-
TOB U KYIEDHTOB B cUcreme PtS - PdS—
NiS(mon.%)

1 - Operrur u3 0AP; 2 - XymepuT #3
0AP (Bannister, Hey, 1932); 3 - Ky-
nepuT. B3 TarHaXCKoTO MeCTODORIEHHUA;
4 - 7 - OpoTTUTH M3 TArHaXCKOTO Mec—
TOPORIEHNA; 8, 9 — BHCOUKHTH H3 Tani-
HAXCKOT'O MECTOPOXNEHMAS

Pts Pds

Oparrurta. ToyHHe JaHHHe O Tpemeaax usomopfHod cmecumocTH B pAIY
PtS-(Pt,Pd,Ni)8S MOTYT GHTEL NOJYdYeHH IpM M3YYEHIM CHHTeTnYeckumX das cucTevH
Pd-Pt-Ni-8 B 007acT! paspHBa. Bapuarmm cooTHomeHum# Pt/pd (oT 0,44 mo 2,0) u
Pt/Ni (or 1,14 mo 4,4) 1 DOGTOAHCTBO OTHOMEHMA Pd/Ni B pANY GPSITHT - BHCOI-
KAT, OYEBHNHO, OGYCIOWIEHH UACTHYHO JIOPALOYEHHHM DaClOoJOREHAEM KATMOHOB B
CTPYKTYpe GparruTa (Childs et al., 1973). KaTwoHH HaXONATCA B PA3JNYHO KCKa-
KeHHHX IVIOCKIX KBafpaTax U3 aTOMOB CepH I paclolaravTcda OO TPEM KpUCTaLIO-
TpafYecKn He3aBHCHMHEM NOJOXEHWAM 2d, 2e B 4j. [lomokemna Tuma2d BaHATH
TOJMBKO aToMaMyl Nallalud, aTOMH IJIATUHH M HUKENd HEYIODPANOYeHHO pacmoJaranTcd
B NOSHMIMAX 2e¢ I 4j. B 3TOM 3aK/0YaeTCA OCHOBHOE OTJIMYME CTPYKTYDH GparIuTa
0T CTPYKTYPH KYHNEpuTa, XapaxTepusywomeficd BIBOe MeHBNIER MOIpemeTHOl.
[lpoBelleHHHEe KCCHAENOBaHUA TIOSBOAWINA NOJYYATE CIeNylHMe pesyABTaTH. Buep-

'BHe OCHADYHEHH I IpO&HaNM3YPOBaHH MUHEDANH pAna OPBITUT — BHCOIKUT. YCTAHOB-
JIeHO, UTO GPBTTUT ABIAETCA MUHEDATOM IIEDEMEHHOTO COCTaBa C IMPOKMM M30MODH-
HHM 3aMemenmeM Pt,Pd u Ni. CocTaR MuHepaslOB U3MeHAETCA oT Operrura, Gora-
Toro TWIaTHHOR (Pt/Pd = 2,0) Ho OparruTa C NpeodialabipM NawlalieM (Pt/Pd =

= 0,44). Comepxarve Hukend B MUHepaJaX 3aKOHOMEDHO BO3pacTaeT IO Mepe yBeu-
YeHMA B HUX KOJMYECTB NaLnaius. HauCoJbBUUX 3HAUeHU# OHO NOCTUTEeT B BHCOLKA-
Teé. DparTuTH ¢ BHCOKNM COIEpRaHMeM Nalaiid ¥ BHCOLKUT XapakTepHH IIA DyX
HopunbCKEX MecTOpoXEesmi. 0COGEHHOCTHD COCTaBa TalHAXCKMX OpSTTHUTOB, BHCON-
KHTa U KylepuTa ABIAETCA COIEpRaHMe HeGOJNHINX KOJMYECTB cepedpa ¥ Memu.

30HAJIBHOE CTPOEHNME KpUCTANLIMYECKHX 3epeH GPSITUTa C CYNEeCTBEHHHM H3MEeHe- .

HHEM CONEpXaHWs IJATHHH W DaJ/afuA B OTHEJBHHX 30HAX U HapacTaHme OparTHTa
Ha KynepuT o6ycJoBJIeHH Jonee paxHe#t xpmcrawmmsanueldl pasHoBmmHOCTe#, odora-
WeHHHX IaTuHo#, ¥ mociemywmei#l xpucrawmsanueil fas ¢ yperudmBANMUMCA COLED-
KOHUEM MaLIaiud W HUKeJA,
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H. H. Opzanoea, A. J. I'enxun, A. J. Inumpu,
T. J. Escmuzneesa, H. Il. Janymuna

0 CTPYKTYPHbIX OCOBEHHOCTAX H H30MOPOPHU3ME MHHEPAIIOB i
TPYINbI BAJNIEPHWMTA ‘

B mocnenHee BpemA NOABIICA DAL padoT, IOCBAMEHHHX M3YYEHHK MUHEDAJIOB
TPYUIH BamiepunTa. (BoeoGpasnme cocTaBa, KPECTaLMYECKad CTDYKTypa, ycao-
BUfl HaXOXNEHUA B NIpPUPOZE, 4 TaKKe UX IMPOKOEe Da3BUTHE B HEKOTODHX THIAX
MeIHO-HNKeJEBHX DyA LIPUBIEKANT BHUMaHUe uccaenoBaTeleit. HeTopus msydeHuA
BautepuuTa NpUBOmMIach paHee (DexuH, BArbCoB, 1967). 3mech xe MH 0CTAHO-
BIMCA JIMIL Ha GoJiee MO3THMX NyOIMKalmMAX, MMEDUMX OTHOWEeHNE K PACCMATpUBAE—
MHM HamMyl BOIIpOcam. )

Havamom uaydeHusa ma3omopusma B BainepHuTe CJaeXyeT CYnTATh padoTy X.JBaH-
ca u P.AnemaHa (Evans, Allmann, 1968), moCBANEHHYyD pacuMpoBKE €r0 CTDYKTY-
pu Ha odpasue u3 Jlyrexona (KHas Afpuxa). ABTOpaM YCTaHOBJIEHO, YTO B MAHE—
Dane 3aKOHOMEDHO YepeNylTCA B HaNpaBRNEHUY OCH ¢ CJIOM CYJbuIa MEmy 1 Xejesa
(puc.1) ¢ OpycuromomoOHHME cioamu (puc.2).

I1s HarnAmHOCTH Ha puc.l M306paXeHH TONBKO TeTpadipH, olpaleHHHe BeplH-
HaMil K YMTATeN, X TOJNBKO ONUH 3a4YepHeHHH{ TeTpasmp, oCpalleHEH! B IpyTyD
CTOpOHY. BHIeNeHa 3neMeHTapHad Adelika. [IOCKOJNBKY aHMOHH B KaROOM H3 CIOEB
06pasywT IWIOTHeMIyn yUIAKOBKY, & UX MOHHHe DANMyCH BHAUMTENHEHO OTIMYalnTCH,
pasnnyapTcA ABe MOXpemeTKN: TUAPOOKucHAs (OpycuToBad) U CyabdmmHad, T.e.

B Ipenenax ONHOT'O KPHCTaLIa COCYWECTBYNT DasHOMMEHHHE ¥ NDPOHM3HBalmue Ipyr
BPyTa pemeT®# ¢ paszol Mefrpmoﬁ Ins cynbcbmnnoﬁ TOTPENeTHy PO CTPAaHCTBeH-
Has Tpynna R3m, a = 3,792 A, c = 34,10 .A, LnA GpycuToBo#t — P3m, a = 3,07 A
e=11.3% i Dopmya : :

Fe, 07%9,9352 -‘1,526[Mgo’68A10,32(OH)2}.

JIpoGHoe sHaveHme KoofdmimeHTa mpm "GpycuToBO#f MOJEKyZMe" OTpaEaeT Hecopas-
MEDHOCTE MOHHHX paIiyCOB CEpH ¥ THIDPOKCHIA.

B mpupofe BawlepuuT BCTPEYAETCA, KaK NPABWIO, B IWUCIEPCHOM COCTOSHNM,
4YacTO B MEJKUX BHIeJeHUAX. BeaedcTBUE 8TOI'0 OCHOBHHME METORAMM €I'0 KCCaelo-
BaHNd ARIAOTCA MIKDPOPEHTTEHOCHEeKTPANsHN'T ¥ peHTrexofasomuit (meTon lledas)
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anamnsH. B padore I.lnpuurepa (Springer, 1968) comep®aTcs TAHHHE O COCTABE
Ba/UIEDMIATOB U3 DasHHX MeCTOpOXNeHWd, MoiydeHHHE METONOM 3EKTPOHHOTO MIKPO-—
30mma. llepecyer aHATM30B HA KPRCTALIOXMMAYECKYR GopMysry mOrasan, 4TO: 1) ot~
HomweHme Cu : Fe B CYJbIUIHOR 4acTH Malo OT/IIYaeTCd OT CTEXMOMETPUYECKOTO

1 : 1 (uame Fe NpedGialaeT Hal Cu); 2) B IUIOPOOKHUCHOX YacTd HPUCYTCTBYDT

Mg ¥ Al3Mg U Fe WII Mg,Al ¥ Fe; 3) xosffummenT npu "GpycmToBO# MOXEKyXIE”

roxedaerca or 1,56 mo 1,7.
I.Xeppuc u L.Boras (Harris, Vaughan, 1972) omiceim BawrepmiT, CORepxa-

U@t TONBKO Releso B OPYCUTOBOW KOMNOHEHTE, U NPHBENN MPOMHIMIMPOBAHHYD IO-
DOLEOTDaMMY MuHEepala.

P 7 c. 1. HopvansHag nDpoeKuMa CyJEOUIHOTO CJOA BALISDHATA B NOJMANpaX. Bh~
IeJeHa AJeMEHTapHaR AYeiKa

P ¥ c. 2, HopmarpEas Npoekums GDYCHTOBOTO CJIOf BAJUIEpHHTA, BumeJeHa SJleMeH-
Tapraa sueitxa

K HEoRMIAHHOMY BHBOLY O HelpABWIHHOCTH CTPYKTYpHOH# MOmens BallepuiTa,
IpennoXeHHOt JBgHCOM ¥ ANEMAHOM, NpPUIVIM ANOHCKME aBTOPH (Iiishi et al.,
1970; Takeno, 1970-1971), CHHTe3HpOBSBIME MAHEpan C Mg, Al ¥ Cr B I'UIpO-
OHHCHOM 4aCTH. ITOT BHBOZ CBA3AH ¢ HEyZauell NONHTOK NOJYYeRHA BAJLTEDHATE C
ko affuimenToM Npu "OpycuToBod Mostexyne", GmskmM K 1,5, — BCerla ero 3HaUe-
HHE MONYy4aloCck GONee BHCOKHM, OKOJO 2. '

B crarse O.lora ¢ coasrTopamu (Shot et al., 1972) czenan 0630p onySmuxo-
BaHHHX padoT o BAIEDMATE X Ha MX OCHOBe LIA Hero IpemroxeHa (opmyna

CuPes, - n[Mg,Ca,Fe,Ni,Co,Mn(OH)Q] e m Al(OH)B,

rme n KRomedrerca ot 1,14 mo 2,33, a m - ot 0 mo 0,5.
Hemaeso omicad (Huhma et al., 1973) HOBHE BalIepMMTONONOGHH! MEHepan Xaa-
nanantT ¢ opMyrolt '

Feq,26M0,7452 - 1,61 [Mey gyPeq ;¢(0R),]

1 riapaMeTpaMi IeKCaTOHANBHON aneMeHTapHO! Adelikn a = 3,64+0,02 i, c= 34,02+
+0,02 A,

CymecTByeT TanXe BALAEGDEHT, B KOTODOM CYIR(UIHAA IOIpemeTHa He Tpexciuol-
HAf, & OoJHOCKO#HAA ¢ mpocTpamcTBeHHo#t Ipymmo# P3m (Opramosa u  gp.,
1973 6).

0o3op paGoT mo Ba/IepuuTaM OHI OH HeDOJHHM 0e3 YUOMUHAHRA O TOYLIMHATE -
TaKkxe colepxalleM B IpefelaX ONHOT'O KpuCTaLla CYNBIMIHYD X IMAPOOKHCHYD KOM—
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_modedTH (OpraHoBa @ Hp., 1971). CocraB cyandumHOR uacTy — Fe. S (X BCcerma
>0), TUIPOOKHCHOR - (Mg, Fe) (OH),. OmHako crTPyKTypa cfns@uﬁﬁbro caog
OTMHMYAETCH OT BALISPUATOBORITETPASKPH W3 ATOMOR CEpPH DACTONOKEHH NO KBaj-
paTHOMy MOTUBY I JEXaT HE Ha OCHOBaHMAX (cM, pue.l), Kak B BallepuuTe, a Ha
GoxoBHX pedpax (puc. 3),"lpapomuTemenm” TAKOTO DACIOJNCKSHHA aTOMOB B CYIBIUI-
HHY CJOAX ABIACTCH MAKMHABNAT FeS. BakaHCcum B CynpdumHoM cioe DacHoNarapnTcs
YUOOPANOYEHHO ¥ HEOMMHAaKOBO B DasHHX ToumnmEnTaX (OpraHoBa u Ip., 1971; Or-
ganova et al., 1974). [pyTuM OTIMYEEM TOYMIMHATA OT BaLIEDUATA ARIAGTCH
B3AWMHOS NPUCTOCOCNeHKe CYABLIMIHHY U TUIDOCKWCHHYX CJOER, B pE3yALTaTe 4ero

N N WZZINN
NN RNZAN

NN NV R

NN | e zommmme e

NZNEN N

/ RN NN

OH! UMENT OCWYy® BIEMEHTaDHYD AYEHKYy. [JiA HamGonee paclpoCTDaHEHHHX TOYLIN—
mTa~I ¥ TOWATMHUTA-II KpHCTaLIoXuMUYeckad GopMysa-3allCHBAEeTCA Kak

6P, S- -5[(Mg,Fe)(OH) ]| wm, @A yHo6CTBa CpABHEHEA C BALIEDHATOM,
2Fe,_, 5+1,67{(lig,Fe) (OH), |.

3 KpaTHOTO HBMOREHWA onydanOBaHHﬂx IaHEHX 10 BaANepuuITy BHIHO, 4TO B
HEM YJCTaHARIUBAWTCA BHAUATEJNLHHE KoJNelaHud; a) B comepXammn "GpycHTOBO# Mo-
Jexyau", UTO BHpaRseTCS B BapualuAX KoadduimenTa mpy Hel; 6) B COCTABE THUI-
DOOKHCHOJ COCTaBfMUEl; B) B COOTHOWEHNM Xeqesa I MeIu B "cyabdummoil Moxe—

nyJIB" .

METO/bI MCCIEIOBAHHA CYJIbOH]-THIPOOKHCHBIX MAHEPAJIOB

Mu®popeBETTeHOCHeRTPanb Nl aHam3 . KonudecTeeHHHY adan®s BANEPUUTOR BH-
TOoJiHEH Ha BJIeKTPOHHOM MUKDO3OHTE MS-46D Ipy yCKOpAOmeM HanpageHun 15 KB,
TOKE 30HIA i.-20nA 110 K-CEpPHM DEeHTTeHOBCKOTO M3NYyJYeHHA. B KadyecTBe 5Talo-
HOP WCHOJAL30BANUCE CuFeSz,FeSE, METRUINYECKUR Ni ¥ TOMOTSHHBY IIpOm Cie-
Iyomero cocraBa(%) : Mgo - 19,96, Al - 23,41, sio, - 42,69, cao - 4,17,
7i0, = 0,12, Mn0 - 0,16, FeO - 9,75 %cymﬂa 100,26%) .

Beemenve MONpaBOYHWX X0 3fIUIMEHTOR BHIONHEHO Ha 9BM mo momuguimpoBaHHOK
nporpamve T.llmpuarepa(Springer, 1967) ¢ MCIOMB30BAHMEM 3HAYEHWA MacCOBHX
KoaffrrmenToB moTsomesEns M3 Tadmul K.XekHpmxe (Heinrich, 1966), TONpaBKY
Ha aTomuui Homep mo I.JaHremdy # C.Pumy (Duncumb, Reed, 1968) u Ha XapanTe-
prcTHYecky® @umopecneHmuw — mno C.Puny (Reed, 1965). Ilpy pacueTe pesylbTa—
TOB MEZKDOBOHIOBOTO &HANN3& BaIEPHUTOE (Springer, 1968) CBASHEAWT cepy- GO
Bcell Mempp ¥ HegjocTaniuymM ZO CTEXMOMETPMYECKOT( COCTaBa CuFeS, XemesoM, B
"GpyCUTOBYN MOJEKYTy" BEANYANT OCTABIMECH MeTallH IJIA IOIy4eHuA QopmyrH
Me(OH)p, DACYSTHEM IYTEM ONDETEJIAA xosdduimenT npu "GpyCcHTOBON MoNekyaC".

IIpaBUABHOCTE NpPOUELyPH NPOBEPAETCA [0 CYyMME COLEPHSHWUA BJIEMEHETOE BMEcTe
C pACCYMTQHHHM COIepXaHumeM Bomu,. Eemm cymma omymdaercda oT 100% Ha BeJHUnHY,
He NPEBHNANIYD OMICKY SKCIEPUMEHTa, pPacYeT CYMTAaeTCs NPaBUIBHHM.

Penrresorpadnyeckuli MeTon. PeHTresorpajmueckuil aHamus, XOTA U ABIAETCA
HeoOGXOMUMHEM ¥ pellablimv MeTOIOM IMATHOCTUKY Ba/IepHUTOB, IPE KCCAEINOBAHNN
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gTolfl TPYOIN CYABQUI-IHAPOOKNCHHX MUHEDATIOR odIamaeT OTPaHMYESHIAMEA. BoJbmasd
pacceBabijas CIOCOGHOCTS aTOMOB CYABIUNHON YaCTW CTOYKTYDH IDUBOMAT K TOMY,
UTO IPaKTIYeCcK:d BCE JHHUN NMOPONKOIpaMy Ba/UIEDNMHTa NpUHALIeRaT K CcyabfumHoif
nofpeweTke, a OPyCHTOBaAfA COCTABIANNEA GTPYKTYPH B HMX HE MDOABIAETCA. JTO
XOpollo BUNHC Ha NOpOWKOTpamve BamepmiTa u3 Jymexoma (Tadm.l), KpuCTaLIH KO-
TOPOT'0 JBaHC % ATEMAH MCTIONBIOBAIN LA pacumpoBKN CTPYKTYDPH MuHepana. Io
IOPONKOTPaMME ONPeNelAlTCA TONBKO NapameTpd CynbduAzol mompemeTxy, pasmep
fueitix GPyCUTOBO# KOMIIOHEHTH OCTEETCA HEW3BECTHHM.

JIpyroit TPYAHOCTEW DEHTTEHOBCKOTO M3yYeHUA BaLTEPUUTOR ABIAETCA BOBMOX—
HOCTH OWAGOUHOTO MHEAIMPOBAHKA IODOWKOTpaMME TOUNIMHETA B BaIEPUHTOBOH
muelie (M HaoGOpOT) BeCAencTEME GIMB0CTY PACCTORHUN MEKLY COCERHUME CYIbdui-
HEME CJOAME B 3THX MuHepansX (Organova et als, 1974).

PacueTHHl MeTON KpMCTALIOXMMAYeckux dopmys. Tlo X.9Baucy u P.ATEMaHy
(Evans, Allmann, 1968), kosd@dmumeHnT npm "GpycHToBOH Moﬂexgne" MOXHO DaCCHU-—
THBATE, BHAA 2 cyanp ® Popycyy 1O OTHOSHID (acyﬂL@/ 6oy )% COOTHOmEHUE ILo-
manei sJIeMEHTADHHX pOMOOB, JeXKAIUX B OCHOBAHUM CYJBEUNHOR ¥ GpycHTOBOHR MOIEB—
AYeer, [OKASHBAET, KaK OTHOCUTCHA UYHCAO TUIPOKCIWIOB K YUCKY aHWOHOB CEpPH,
OPEXOTANNXCA HE ONMHAKOBY® IIOBEDXHOCTE B miockocTy (001), OmHaxo TOMBHO MC—

. CIETNOBAHUA MOHOKDHUCTAJNIOB LAlT DPa3MEDH BJIEMEHTApHHX AYeeK 00edX COCTaRIAI~
mux. TIOpOWKOTDAMMH, KaK TOKS38HO BHIE, HOBBOJADT ONPENENHTH B GOJLUHHCTBE
CIy4aeB TOJBKO a W ¢ cyabuumHoll mompemeTHH.

MyrxpogudpakimoHsHE MeToR. MuxpomudpakiyA SHAYMTENBHO PACHMPAET BO3BMOXHO—
CTH MAYYEHRA CYIbnI-TUApoOXMcHHX MubepanoB (Oprasopa u mp., 1971, 1973 a,6;
Organova et al., 1974). JIX caomcTad CTPYKTypa NO3BOJNAET OPHTOTOBHTE Ipela—
paTH, TONHHE I TOJYYEHAA CHUMKOE OT MIKPOMOHOKDUCTAIUIOB B SJIEKTDOHHOM
MEKPOCKOTe. [[pr 9TOM 1O DAcUOMOKEHWD I MHTEHCHBHOCTH DefVIeXCOB Ha TOUeUHOM
MEKTPOEOTDaMME MORHO (Organova et al., 1974): 1) OTMMMTS BA/UIEPUAT C TeH-
CarToHANBHON CHMMETpUell CLBOSHHHX TOYEK OT TOWENMENTA C DOMGUUECKOH CIMMET-
piedt; 2) OTIMWATE ODYT OT APYyTa DASHOBHIHOCTY TOMWMENTA; 3) ONPEIeNMThH
pasMepH BIEMEHTAPHHX AYeeK B IUIOCKOCTH C0A (NpE 5ToM IIA BalleDHnTa OIpe-
BENTOTCH 8pymyp B EOPYOHT)’ 4) B pANe CIydYaeB NPOBECTH IMATHOCTHKY Iprmecef.
C MCHOMB30BaHNEM MIKDOIMPpakipm TOAEINAeTCA DEaNbHAA BOSMOXHOCTB DacCUMTarh
rkooffuumerr mpm "OpycuToBo# Monexyne" A BaJISDUUTOB (1 ToYmLIHHN~
TOB).

TloITBEDRIESHMEM BTOTO MOXeT CIyRUTH: padora H.Opraszomoit m mp. (1971), B Ko-
Topo#t MOKa2aHO, YTO BCE HU3ydaBlecHd TOYWIMHHUTH COLEDHaNd NIPHMEech DEeHTI'eHO-—
amopdHoro rUGCHTA Al(DH) . B Eprcrammoxmvmueckolt dopmyne (mepecueT xuvmde-—
CKHX aHaJm30B JIBYX paBHOBHHHOCTeH TOUMTAHUTA) KooPfuImenTH npr "GpycuToBoH
mozexyne" papmw 1,82 m 2,11, 49TC 3HaUMTENBHO CONBUE TEOPETHZeCKOre SHAYEHNA
(1,67). AHamMs OHI mepecunTaH € ydeTom npmMeck A1(OH),, safmxcupoBarHOH
MuKpozugparmes .

B pesyneTare KPACTEJUIOXAMAIECKAA GopMyla OKa3a/laCh B IIONHOM COOTBETCTBHE
CO CTPYKTYpoll, IpM comepRAHMM NpUMECH B OFHOM ciay4ae 2,5, B ApyroM — 8 Bec,%.

HarGosee CymeCTBEHHHM HETOCTATHOM MIKPOIUMPPEKIMOHHOTO METOIA B IPHMEHE:
HUY K TOMUIMHATY ¥ BUIEPUATY TBIAETCHA HEBOSMOKHOCTE YCTAHOBATH HCTHHHOE
HOJNYECTEEHHEOE COOTHOWEHVE MeXIy (UKCHDYeMHMH kKpUcTalmmyeckuvu §azavu, Tar
KAk cocTaB MecnemyemMoTo ofbeKTa He Bcerfia TOYHO OTpaXeH B Ipenapare. Cuocol
OpUroToBRTeHUd ofpa3lia LA IpOCMOTDa TOH BIEKTPOHHHM MAKPOCKONOM HE 0fc. .€ul-—
BaeT NONHOTO COOTBETCTEMA 0GBEKTa I IpenapaTa.




Taéauuuya

1

JeGaerpaMvy BaJIEPUHTOB

liBenckuii Bammepm~
uT, KaBeJrTopn

BanepuuT M3 CIVIOWHHX TalHa-
XUTOBHX PyL, OKTACPLCKOE

BajurepuuT u3 NPOXIIKOBO—
BEpAaILIEHHHX XalbKOIMPUTOBHX

MECTOpOXTEHIE pyn, TanHax
I| aeh |hkl [ I | a,A Bkl | bkl T doh hkl | hilg
10" 3.3 oo’ 9'11,38 003 10 11,8 003
- - 2 7,24a - =
10 5,62 002 10 5,69 006 10 5,65 006
& 3,76 008 8 3,79 009 8 3,88 009
8 (3,27 100 9 ‘8,26 101 9 328 [0
4m ‘3.13 100. 2 3,15 102
- - 8, 3,08 0 4 3,06 104
= - 1 2,9 105 3 2,98 106
6 2,84 [004 2 2,845 00.12 7 2,86 00.12
102 2 2,7708" 00 1 2.78 100
- - 2 2,674a 01 - - ]
- - 1 2,592 108 3 2,62 108
3 2,58 403 - - - -
- = 4 2.486a 102 =~ -
1- 2,3 1 2,359 10.10 4 ' 2.5 10.10
5 2,29 008 €& 2,269 00.15 5 2,29 00.15
10.43
- - 5 2,142a - =
4w (2,09 5 2,049 10.13 4 2,068 .10.13
{2,06 B & - -
= = 1 1,958 170.42 104 1 1,974 . 10.1%
8 1,894 (006 7 1,897 00.18 9 1,903 00.18
7 1,867 105 7 1,86%m [113 8 1,870 113
' ; 116
2 4,79 ~142 1 1,790 10.16a 105 4 1,792 116
2 1,69 113 - - 1 1,706 118
3w (1,645 106 - - 201 - -
007 202
1,622 200 4 1,630 00.21 4 1,636 . ,00.2
- - 5 1,600 204 . 410 3 . 1,602,205
205
R R R 10.19 i 1,577 1807
$1.12
207
4 71,536 - - 3 1,549 208
1 *1,483 203 1 1,476 20.10 - -

i O oTpaxexne oT OPYCHTOBOW KOMIOHEHTH.
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Odgasen us3 TouRAIHHATH
Skpamnegiy | BYUJSRAT W3 Iyaexo-
MIPPO THHOBHX N30METPHIHH] UTONBYATHHA
pyZh TanHaxa -
I] dagh T} |k hk1l I | ek I | dgh bkl
10 ' 11,34 '100'112,40 ' 003 9 '10,68 & '16,7 Vem
10 5,70 100 5,71 Q06 >10 5,34 >10 5,35 002
4 3,79 50 3,80 009 4 3,57 2m 3,58 131
8 3,21 60 3,27 101 - im 3,27
- - 50 3,23 102 - " - -
- - 20 3,07 104 I - -
8 2,95 10 2,958 . 105 - - - -
6 2,87 50 2,846  00.12 - - -
- - - - 3 2,68 2u 2,67 201, 133
= it 10 2,604 108 4 2,60 2p 2,56 151
1 2,58 - - wh, | = - - ;
1 247 - - 2 - - =
1 2,36 20 2,346  10.10 2m 2,30 2 2,33 208
2 2,30 20 2,259 [00.15 - - - -
- 10.17
1 2,4 - - ém. 2,20 9 2,24 203, 132
B 243 = = , 2 2,14 ip 2,13 153, 063
5 2,06 20 2,042 10.13 5m 2,04 6m 2,03 203
4 1,91 - = - - - -
4 1,925 - = - - - -
= - 50 1,885  00.18 - - -
7o (1,870 50 1,860 113 Tm 1,845 7uw 1,864 204,261,064
1,838
- = 10 1,780 | 10.16 3 1,788 3 1,801 006
116
8 1,769 - - - - - -
- - - = e 5 1,759 262, 372
N i ™ 4 1,722 -
& - 10 1,629  00.22 3w 1,619 4 1,623 205
2 1,806 =" = N o .
B 4 g o 4 1,562 0.10.0
2 1,542 10 1,526 208 5m 1,537 2 1,544 0.10.1
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PE3YJIbTATBI

OdeerTaMy HACTOAWETO MCCAETNOBAHUA NOCHYKIIM MUHEPATH TPYNNH BaJleDHATa
U3 HOPWIBCHUX MeNHO-HUKENEBHX PyI ¥ Ba/UIeDHUT M3 MECTOPORLEHMA Kapeasropn B
mBeumml.MsyquHe MEHED&JIOB [POBOLWIOCE IO CASIyMueil cxeme:l)Ha BJIEKTDOHHOM
30HIE ONpelelsics WX coctan{Tati.2); 2)metomom Jedas - llepepa CHUMAIMCE [O-
DONKOTPAMME 06pasloB-"cTolouBoB" (CM,Tatn, 1); 3)B KaMepe PKV-114 ¢ MeTawmMde—
CKIM KDEMHEEM B XAyeCTBe BHYTDEHHETO CTaHIApTA NOJYYATACH TOPOMKOTDAMMH VIR
QUpefieneHya DasMepoB SJIeMeHTApHHX fAdeer cyisdumHol# cocraendpmei; 4) moe To-
YSYHHM BIEKTPOHOTPAMMAM BALJIEDUMTOB DACCUYNTHBAMMCE DPasMEpH SJIeMeHTapPHHX
fAYeeX OpyCHTOBOM KOMIOHEHTH, IpK 3TOM a ¥ c cyab@uiHoA cocTaBiaAbULEN! HCIONB—
30BamMCch B KauecTBe 8TanoHa (Tadn.3); 5) mo peaynbTaTam MEKDODEHTIEHOCISKT-
PANBHOTO aHaIN3a MPONSBONMICA pacUeT KDPHCTALMOXUMHIECHUX $ODMYyJ BaLIEPUHUTOB

¢ yueTom: &) kosdPmImeHTa IpU

I 2
Ladanoa "Gpycurosoll MoJexyne" u ) da-

CoCTaB BLISDUMTOR (MO HaHHHM 30BOTO cocTaBa (cM..Tadm.3).
QIEKTPOHHOTO MIKPOBOHIMPOBAHI) Bastepmat w3 KapersTopna
- NpefcTaBneH BKDAIIEHHHME BH—
; lOHTHOpB— P TiﬁgaﬁTMHoBHe LelleHusMM B CEPIEHTHHE B Ipy-
greo(nE pomes  (BR | TUX MEHEDSZaX B CPACTAHUH C
MERT|popn” | porge~ | prro- f— = XaJIBKOILPUTOM, KyGaHITOM,
Hme E;;H é;gnna i charepnToM ¥ MarHeTHTOM,
T % ToueuHas SIEKTPOHOIDAMMA
15, . ) , , IBENICKOTO BALIEpUATa HOKA3a~
Fe 29,5 43,8 22,0 33,5 35,5 Ha Ha puc.4 (CM. TpmIOReHMe).
% 28.3 20,8 22,8 26,3 23,3 OHA TIpENCTABIAET cOGOf cedye—
Mg 11,5 - 11,15 11,15 10,4 me (hko) o6paTHoll pemeTH.
&L = = 0,86 0,52 0,52 PediexcH 06pasynT CIBOSHHHI

TeKcaroHalnbHHI y30p. Dumeai-
urf K NepBAYHOMY OYYKYy BJIeKT—
POHOB 1 CoJiee HHTEHCHBHHY 13
HUX COOTBETCTBYyeT OTpPaReHsM
0T CYyNBQUAHON KOMIOHEHTH MHUHepana, OoJee OTHANEHHHA OT IEHTpa CHUMHEA ¥ Me-
HEe UHTEeHCUBHHA - OTpaeHMAM OT GpycuToBo#l cocramidmmed,

Ha puc.5 (cm. nmpmroxerme) msoOpaXeH IpyToll THI IMbpaKIWMOHHON KapTWHH:
pedileKcH pacnoraranTcA Mo uceBﬁoreRcarOHaﬂLHomy MOTUBY. CHUMOK NOYTH TOX—
TeCTBeH KapTuHe, 4YacTo Hallomawmelicd B ToummmanTax. JokasaHo (OpraHoBa n
Ip., 1971), 4T0 OHA NIpHHALNERMT TEOCCHTY A1(0H)3 (ceeMEa aTaloOHHOTO TUGGCH-
Ta ¥ IepecueT XIMUYECKOTO aHann3a He OCTABNAMI COMHEHNS B IIPABUIBHOCTH Ta-
KOT0 BHBOXA). ONHAKC WBENCKWH BALIEDUAT He CONEepRHT amoMuHEA (CcM. Tad;.2).
Bmusyyn ® Al(OH)3 CTPYKTYpPY MOTMO CH MMETH coefmHeHme ¢ dopmyrnoft FE(OH)B,
XOTH NO C;X NOP OHO HEe W3BECTHC B NPMPONE U He TOJYUYeHO B JdadopaTopmi®,

[lepecuer aHammsa Ha 3MEKTPOHHOM MUKDOSQHIE C HMCHOJB30BaHWEM XosfdHMImeHTa
1,51 npm "OpycuToBoit Mosekyze" (cM.Tadm.3) NPUBOMUT K CAEAYOUEMy COCTaBy 06—
pasiia: Cu F= 5,¢1,51[ Mg Fe (OH), + 0,099Fe(0H)

Uonepégﬁié Féiéﬁ)i, HoxoﬂﬁPQESBQ%%w&meyiH, cocrasnder 4,%. I.lmpnarep
(Springer, 1968), IO MaHHHM MIKDO3OHNOBOTO aHAMM3A, OONy4nsI I 8TOT0 Bajl—
Jepuuta GopMyIy Cuo,équ1,1982-1,56[MgO,B3FeO,17(OH)2]. Pasmiuusa B Qopmyue

i GOOTBeTCTByeT MIHepany, omucaHeoMy Jl.Xap-
pucoM ¢ coaBTopaMyt (Harris et al., 1970).

1 (JCpasel noJyyex u3 Mnuepanornqecﬁoro Mysesa AH CCCP.
Bo3MOXHO, 4TO 8TO CBA3EHO C PEHTIEHOAMOPHHM COCTOSHEEM Fe(OH)B.
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TEoXwma 8
KpHCTaﬂHOXHMquCRﬂe fopMysIH 7 pasMepH ajeMeHTAPHHX AYeek BallepuuTOB

]
a,d
cyms—|Gpy- y
OGpasern Eﬁﬁ sl B Gopmyna
KOM- |KOM~
mo- |mo-
HEHTa |HeHTa

Bammepunr us 3,792°3,07 34,10 " Fe Cu 5,+1,526([Ng Al (oH),!
Tynexona ] il 1.,07770, 932 0,687 70,32 "/2
(Evans, All-

mann, 1968)

Bamnepmar w3 3,787 3,08 34,11 Fé Cu 8,541,517 ([Mg Fe (oH),)
KaBexsToOpna i 1,19°°0,8172 0,89 0,11 2
(Springer,

1968)

Bauepuur 3 3,778 3,20 34,147 Fe Cu; S,+1,37 [Fe(0H) ]
CILIOWHHX Tal- - 15005~ 0,99572 )
HaXHTOBHX DYI

(Harris et

al., 1970)"

Bamnepwur m3 3,785 3,08 34,13 Fe Cu S,°1,51[Mg Fe (OH) I
I POXNTKEOBO - ' 0,953 71,0472 0,885 0,145 2
BEpAIIEeHHHX

XaJBKOMUPUTO-

BHX DYL

Bannepmar w3 3,73 3,12 34,4 (Fe,cu)32-1,43E(Mg,Pe)(OH)QJ
TIPOKIIKOBO—
BEDAILIEHHHX
IEPPOTHHOBHX

pyn®

%gggggggg %EH_ 3,641 - 34,02 Fe1’26Ni0’7482-1,61[Mg0'84Feo,16(0H)2]

JUAHIV

(Huhma et al.,

1973)

3 HeMcHOMMHEpANBHOCTE OCpaslia, a TaKKe pasMHTOCTE JMHUE Ha ero IopolKorpaM—
Me He TO3BOJWIY M3MepITh IapaMeTpH SJIeMEHTapHOM AYeidKM ¢ TOX ®e TOYHOCTEM,

KaK IIA OpyITrX o6pasIoB.

KacanTcA ee OPYCUTOBON HacTH ¥ CBA34HH, KoK YKa3aHO BHIIE, C IPHCYTCTBUEM
IpAMECH Fe(OH)B.

Ipyrolt pemxuli TUI TOYEUHHX 3JEKTPCHOTDaMM NOKa3aH Ha puc.6 (cM. mpuwioxe-
mie) . JudpakimoHHAA KapTHHA COJepXUT BHYTDU IEPBOTO IeKcaroHa, XapaKTepHOTO
ona cynb@uueEod KOMIOHEHTH OGCHUYHOTO Ba/lepuuTa, I'EKCAToH MEHBIEro pasMepa.
Kpome TOTO, MOABIANTGA NOMOJHATENbHHE Gonee cladHe DefTeXcH Hecyasdumeol
KOMIIOHEHTH, 4YTO CBABAHO C YBEJIMYeHHEM pasMepoB AYelKM GPYyCATOBO# COCTABIAN-
mei# B V'3 pa3. B STOM caydae MOXHO IpENIONaTaTh YUOPANOUEHHOE pasMeleHde
aTOMOB IIO OKTasSHpaM, UTO NOINTBEDXTAeTCA He TOJNBKO MCYE3HOBEHHMEM BHYTPEHHHX
pefirexcoB non mellcTBMeM BJEKTPOHHOTO MyYKa Ha OFHOM M3 KDHCTALIOB, HO K W3-
MepeHneM MHTeHCHBHoCTe# peduiexcos (OpraHoBa, 1972). llorasaHo, 4TO IpH mapa-
MeTpe GpYCHTOBON COCTABIANMEH OMMCHBAeMON Da3HOBHRHOCTH (aop = 5,34 ) arowu
Fe BCeTTa pacmoJaTalTcA B ONHOM K3 TpeX CTPYKTYDHHX NOJOReHHH MeTanna.

BannepmuT M3 CIUICIHHX TalHSXUTOBHX pyn (ORTAGPECKOE MECTOPORIEHUE, 06pa-
sen 2088) o6pasyeT HpOXWIKE B TaJHaXHTe ¥ KyGaruTe (puc.7 — CM.UpHIOXeHEE)
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¥ BaMemaeT XyOaHHT M MATHEeTHT, OCOOEHHOCTER BTOI'0 BAIEDUNTAE -ABIAET—
CAi OTCYTCTEME B HeM MarHEA (cM. Tadn.2). Kex MH yHe yHasHBaNW, BAJIIE-
DENT TAKOT'O COCTaBa BIEDBHE CHJI OCHADYKeH KaHaICKUMI HCCAENoBATeNAMN (Har-
ris et al., 1970) B o6pasue TaNHAXHTOBHX DYL 13 HOpMIBCKOTO MECTODOXIEHMA,
NOMy4YeHHOTO u3 JIeHMHIpaNCKOTO TOPHOTO My3ed. TodeuHHe BJIeKTPOHOTDAMMH OGpas—
Ila BaleprmTa 2088 mpemcramnerd Ha puc.8 (cM. npwIioxeHme). CpaBHEHHE C COOT-
BETCTBYDIIM CHEMKOM WBENCKOTO BalIEDHATa NOKASHBAET, YTO NPH COXPaHEHNH
oluelt cxemu B pacnoJoxeHM: pefIeKCOB MEXIYy HUMY CYWECTBYET M pasHuIla: Ha
BTOPOM CHIMKE CHCTeMa GpyCHTOBHX OTpaXeHWit OKa3HBaeTCA MHTEHCHBHEH! u Colee
YIaneHHON OT LEHTpa CHEMKA. JTO CBA3AHO C WCTo Fe -"OpycuToBO#" KOMIOHEHTOHR
HaHHOT'O odpasua. Wsmepesus npueesn K a = 3,20 A TOTIa Kak a LIA Fe(OH)2
paBHAeTCA 3,28 A (Feitknecht et al., 1950). BOSMOXHHMY.TIDHYMHAMA MOTYT GHTB
WIM CKATHE CETHKM OKTA®INPOB B ILUIOCKOCTH CJOA C OBYXBAIEHTHHM XKEI€30M WIH
TpeXBaleHTHOE COCTOAHHE 4YaCTiél Xenesa B OPyCHTOBOH KOMIOHEHTe MuIHepana. SHa—
yexHue roafdurmenTta npu "OpycmroBoit mosexyae" - 1,37. Eme omHO# 0COGEHHOCTED
BaJUIEpUETA B 0Cpaslie MS CIUIONHHX TANHAXMTOBHX DYH ABIAeTCA 3aMeTHHI Ha Bcex
MUKPOIUPPEKIMOHHEX CHUMEAX OT DA3HHX MUKPOMOHOKDUCTALIOB IMOBODOT CyabdumHOM!
[OJpEeleTKN OTHOCHTENBHO CPYCUTOBOM Ha yrox 2—30, YTO OCHYHO He HalInIaeTcA
y GOMBNMHCTBa OpyTUX 06pasioB. BCTpevyawTCA KPUCTALTH-TIPUMECH C NCEBROTEKCa-
ToHarbHON Cmmmerpueit (cm. puc.5).

llepecyeT OaHHHX MUKDOSOHNOBOTO aHalNW3a C M3BECTHHM Koo(duimuenToMm mpe Opy—
CUTOBOH MOJIEKyJNe UPUBOIUT K Qopmyie

Cu0,995Fe1,00532°1"37[Fe(0ﬂ)2] + O,1Fe(OH)3,

COflepXaHne NoGaBOYHOTO KoMmoHeHTa - 4,2%. B padore Xappuca ¢ coas-
Topamy (Harris et al., 1970) (opMvyna @Toro ®e BallepuuTa UMEET BUA:
Cug, gg5Fe1, 00552 [Fe(OH) 1 -

OT HEKOTOPHX KPUCTAJIOB IOJ SIeKTPOHHHM MUKPOCKOIOM HOJy4YaeTCH MpencTaB-
neHHaA Ha puc.9 (cm. Ilpmroxeme) IupparkIMOHHAA KapTuHA (HASOBEM BTY
fazy oasot I.). PeduexcH pacmonaraoTCA M0 I'eKCATOHATBHOMYy MOTUBY. Ipem—
NOJOXKMB, 4YTO IellcTBUTeNbHad comvMeTpus (QasH pomGosmpuyeckas, [OAYYaEM
Gnoxa = 4,28 f. O6pamesne X mopouxorpavve (cM. Tadn.2, OKTAGPECKOE MECTODOX~
IeHne) OCHADYXRABAET HaIune NOTNOJHWTENBHHX JUHAA., YacTh M3 HUX MORHO IPOMH-
IMIPOBaT: B OpycHTOBOW HONbAYeiixe BannepnnTa;. OmHaKo HEKOTOpHEe JIUHIY OC—
TapnTeAd "CBOGOZHHME", CPeRM HUX BHIeJAeTCA JAHHUA ¢ d = 2,14 R (1=05).

JUHIKD MOXHO OTORIECTRIATHL ¢ OiuealmnM K NEepBHYHOMY NYYKY SIEKTDOHOB OTpaxe-—
mem (110) Ha prc.9. AHATOTWUHYD KapTHHY IaeT INPpaxijd SIEeKTPOHOB B Kalb—
IuTe, HO y HETO a,.. = 4,99 £ (y cumepura PeCOy Apgyo = 4,68 B). mourn ra-
Kie Xe CHUMKNM IpuBeleHH u B padoTe H.OpraHomoit (Organeva et al., 1974) mia

" BaLIEPEATONONOGHOTO MAHepana" Tuna I, M3yYeHHOTo paHee (Harris, Vaughan,
1972). TpymHO CHENaTh CKOJNLKO-HECYAE 0GOCHOBaHHHE BHBOIH O cocTase 3Toit da-
3H, ONHAKO BHAYNTENBHOE CXONCTBO €€ TOYEUHHX SIEKTPOHOTPAMM C KalbLMTOBHMMA
B COBOKYIHOCTH C XUMIYECKUM COCTABOM 00paslia MO3BoJAAET AymMaTh, YTO OHA HMeeT
THOPUOHYD CTPYKTYPY, B KoTopo#t ciaom cynsduma Fe um Cu (a MORET CHTEH, TOJNBKO
Fe mwm Cu) YepEXyNTCHA CO CJIOAMH FeCO5. .

Ecay mpenmosoXeHye O NPUHANMERHOCTH JMHNM IIOPOWKOTPaMMH ¢ d = 2,14 A fa-
3¢ I BEpHO, KOJMYECTBO NOcaemHedl HNOJMRHO CHTH NOCTATOYHHM, YTOCH IOBMMATE Ha
nepecyeT NaHHHX MIKPOSOHTOBHX aHaIN30B Ha KpUCTaLIOXuMUYecKyD GopMmyry.OnmHa-
KO XOpomo COTJIACYWuMiicA €O BCEMH JAHHHEMM BHEOX, YYNTHBaOWMA TONBKO BasLie-

o LDaHHOM CIyYae HOARIEHHE OTpaXeHn# 0T GPYCHTOBOH NombAdeliku, 0G03HAYEHHHX

B Taén.l OyxBo#t a, CBABAHO C COCTABOM GOPYCHTOBON KOMIOHEHTH (VMOHH Xejesa
DacCenBalT DEHTTEHOBCKAE JyYX BHAYATENBHO CWIbHEl, YeM MOHH MarlHud).
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PHETOBYO U HCEBIOTEKCATOHATBHYD KOMIOHEHTH, MOXeT HalTy oCBACHeHMEe I IpM co-
mepxaxun cyasdunsol n HecyapdumHoR cocraRaspmUX B fase I IPUMEpHO B TeX Xe
COOTHOWEHUAX, WTO I B BaJLIEPUHTE. :

BaurepuuT 13 NPOXKLIKOBO-BKPAIUIEHHHX XQIBKONMDUTOBHX DyX TalHaXCKOTo Mec—
TOPOKAEHNA 00pasoBaICH IyTeM 3aMemerud Xarskomzpura (puc.10 - oM.IpaIOXerHue)
I IpencTanied Gosibllell YaCTEH MEJKOBEPHUCTHMA arperaTaMi. bolee KpynHHE 3ep-
Ha Ba/UIepUMTa PasSMEpPOM B JecATHe NOMM MULIIMETpa HalAoZawTcA mMecTaMi B ce-
KyIMX TDPOXATKAX XATLKONEDATA. DTOT BaLIEPUAT MO coCTaBy (CM. Tadn.2) GIM3OK
K mBemcKoMmy. OmHAXO elo medaerpaMMa MHTMIMpyeTcs B PoMGOSApHuecKOd fuelike
(em.7aén.1). CpaBHeHme ¢ poMGO®IPHYECKAM BaepuuToMm #3 Jlymexoma moKasHBa—
eT HEeHOTOpY® Da3HMILY E pacupeleleHuy MHTEHCHBHoCTel, YTO CHenyeT, NO—-BHIN—
MOMYy, CBA3aThH C M3MEHEHNMEM coCTaBa GpyCHTOROI'O CJIOA ¥ ero BINAHMEM HA CYIb-
fUOHyD cocTaRIADNyD. llepecueT MaHHHX MUKDOBOHLOBOTO aHaNM3a C y4eToM COXEep-
XaHIA IPUMeCH ICeBIOTEeKcaroHaNbHOM @asH u IapaMeTDOB J4eeK MPUBOIUT K Clé-
Iyoumelt gopmyze:

Oug, 047720, 95352 151 Mg, 570, 15(OM)p1 + 0,0941(0H) 5.

B ommmuye oT WBEICKOTO TaNHaXCKUMi BaJIEpMAT B CBoe#t cyaedupmHOR 4dacTu
meeT N3CHTOK Cu NO OTHOWEHUD K Fe. "EpycuToBHe" cocTamnAwife MUHEPANOB
Onusku. [lpnvecHas NceBNoTeKcaTrOHalbHad (asa MMeeT CYLECTBEHHO asioMIHIEBHH
COETaB.

MuHEepasmH TpyIIH cynbgmn-rngggggncnos B IPOXIIKOBO-BKPAILUICHHHX IMPPOTHHO—
BHX pynax TamHeXCKOTO MEeCTODOXNEHUA 3aMeliaiT mIppoTuH (pmc.ll - oM. Ipmiome—
gye). HaGmomanTes CTPYKTYDH pa3/IMYHHX CTaNuif 3aMelleHMA BILIOTEH QO IOJHOTQ
HNCYE3HOBEHUA NMIPPOTHHA U BOSHUKHOBEHMA Ha eI0 MecTe BaLIEPUNTOBHX, Bale-—
PUAT-MATHeTHTOBHX | Be/UIepMUT-IMDUTOBHX arperaToB. Ha ©Tom oGpasne
noJy9eHo Haubonsllee pasHoodpasue AudparUploHHNX KapTuH. Kpome Bamrepuura
(puc.12 - oM. npnnoerHE), B KOTODOM OpYCHTOBHit GJIO# COLEPRMT Xelneso ¥ Mar—
HUi (ad = 3,12 A, K = 1,43), B oGpasie oCHapyXeHH: 1) ICEeBROTeKcaTOHATbHAR
dasa (cM. pme.5); 2) TowmmmEMT-I, W -M30METDHUEHA ToummHEET (pmc.l13 - oM.
NpUIOREHNe), Ha CHUMKE BULHA DPOMGMYECKas CHMMETPHA DACHONOXSHMA pefiexcos
(Opranoma u mp., 1972, 1973a); 3) rowwmsnT-II ¢ NONOAHATEALHON IO CDABHE-
HIO ¢ ToummHEuTOM-1 “"lceBIoxsaIpaTHO#" cucremolt pefmexcos (pume.l4 - cM.Ipu-
noxerne); 4) asa-I, aHanoruuHad maoCpameHEo#f Ha puc.9; 5) Gpycur Mg(OH),
(pzc.15 - cm.IpunoxeHve); 6) BIepBHe BCTpeYeHHad Jasa-II ¢ ToveuHod axeRTpo-
HoT'pamMolt, mpemcTamneHHO# Ha puc.16 (oM. npnnoxeane)

Cnemyer mom4epKHYTH, YTO B OCHOBHOM OGpasell COCTOMUT K3 BaulepuuTa X To-—
yEnTa - (B Tadn.l ooMemeHa NOPOMKOTpaMva BaUIEepEUTa C HeCoJBmoil IpAMECEHD
TOUMIMHATA) . BCE OCTATbHHE KOMIOHEHTH, KDOME Fe(OH)B, comepxaTcAd B HUUTOX—
HHX KOJMMYeCcTBaX, He BIXADIMX HA COCTAB o6pasla.

CamMoX (asu-II (cM.pmc.16) MORHO MHTEpIPETMDOBATE KaK Desynbrar Iudpar—
IE OT NepecIaWBaHUs CYABBUIHEX CIOEB TEeKCATOHANBHON CHMMETDIM ¢ THAPO-
OKMCHHMM CJOSMI, CHMMETDUA KOTODHX Takke OInSKa K IeKcaroHanlpHOR. CIORHHME
fasoBuil cocraB o0paslla He NOBBOJAET HaNeRHO MCTONKOBATE DESYABTATH MIAKDO-
30HLOBOTO MCCJemoBaHus (cM.Tadn.2)., OmHako Majoe IO CPABHEHWN ¢ OOHYHHM Bas—
JIepUATOM comepkaHue Cu OCBACHAETCA He TOJBKO HAJNYMEM HE CONepXaliX Memu
TOYHINHATOB, HO ¥, NO-BHIMMOMY, CYMECTBEHHO REJNE3HMCTHM COCTaBOM CYJIbQUIHON
KOMIOHEHTH MEHEpana, IJIf KOTopolfl MsmepeHHOe 3HaYeHNEe &y MEHBLE OGHYHOTO.

1 9T0 NONTBEPXNEHO MOpPOWKOTPaMMAMEA BellecTBa, B3ATOTO M3 pPA3HHX MECT ORHOT'O
wmda 1 u8 pasHHX WINHOB.
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OECYIK[IEHUE PE3YJIbTATOB

Pacuern KpKCTaEﬂOXHMquCRMX‘@OpMYﬂ ¥ TapaMeTpH BIeMeHTapHHX AUYeer Balle—
pHHTOBi (cM.Tadn.3) MOKA3HBAWT, YTO W3MEHEHNE DA3MEDOB SIEMEHTApPHOH dueiixn
ux cynedunHEoll cocTaBIALmEl, KaK IPaBANI0, HEBENNKO. VCKIWUeHMeM ABIASTCH ‘00—
paseln 13 IPOXWIKOBO—BKDAILIEHHHX IMPPOTMHOBHX DYZ TalHaXCKOTO MECTOPOXIEeHMA,
B C}}'JIB!I}HIU-IOﬁ JacTH KOTOpPOT'O MHOTO H.EJIGEal.(acym@ USMeHAeTcAd He GoJee 4YeM Ha
0,06 &, T.e. ma 1,6%). :

KoneGaxusa ccyxb cocramnapT 0,3 K, T.e. HopAnka 1%. YToCGH OpocaemuTe Go-—
Jee THWATENBHO KonedaHmA B COCTABE CYyABMOHO! KOMIOHEHTH BaJIepMATA, MOXHO
NpPABIEYs JUTEpaTypHHEe HaHHHEe, TaX Kak MMEeHHO Ha 9Ty 4acTh KpPUCTaLIoXuMuIde-—
crot GopMyJH He BIWAET MeTON Ge pacueTa. PesynbTaTH HacTodmel padoTH (Ge3
yuYeTa YUOMAHYTOT'O BHIE BajIepuuTa), & TaKke NaHHEHE I'.lnprarepa (Springer,
1968) mOKasSHBAWT, YTO CONEPRSHNE Kene3a B CYABAMIHON MONSKyIe M3MEHAEeTCH OT
0,95 mo 1,19, a memy - ot 0,81 mo 1,047, mpudem dame HaGToaeTcs H3CHTOK
Fe, uem Cu.

OGracT: KoJMeGaHUN DasMepoB BIEMeHTapHoll gueifikm OpyCHTOBOM cocTaBIALNEH
BRJIEPUATA B PACCMOTDEHHHX HamM oGpasuax agp = ar ‘3,07 X (oGpaser SeaHca
AreMana) mo 3,20 A (oGpaser 3 CILTOMHHX TanHaxHTcBHx pym), T.e. b5 =0,13 £,
4T0 OTBedaeT 4%. 3 Tasm.3 BUTHO, 4YTO UpefeNH 3aMeleHId MarHUA He ApYyTHUEe Ka-
THOHH B GDYCHTOBOM CJOE UsMeHAwTes or 1 (Harris et al., 1970) mo 1/3 oT oG-

mero xoamdectsa (Evans, Allmann; 1968).

smernersne xos@fvimeHTa IpH CPYCHTOBOY MOJEKyJEe IPONCXONAT B NMHTEpBale OT
1,37 (ranaxcrmit Bamrepmut) mo 1,52 (adpuxaHcwull BalTepEET a* s opycuTo—
BOM cioe). He MCKINYEHO, YTO ‘B CIy4ae OCHApPYREHUS B npmponé T TIOJTY 9 HIS
CHHTE THYECKNX BaﬂnepHMTdB ¢ OpYyTUM COCT&BOM TUIDPQOKUCHOTO CJOA HpemesH KoJe—
Gaunit xoddfuimenTa Ipy CpPYCUTOBO! MOJEKYNE DacUMpPATCH, HAIpUMED ¥ Bajllepun-—
Ta ¢ Ca(OH), B KaY6CTBE HECYMBEINHON KOMIOHEHTH.

B ymTeparype oTMedanock (Evans,, Allmann, 1968), uro B cTpyKType Opycura
TpeXBaJEHTHHI amoMuHNIV He 3aMmellgeT OBYXBaJIeHTHHY MarHult. (OHaKO U3BECTEH
3aMeleHus IBYXBANGHTHOTO MATHUA X IBYXBANGHTHOTO Kejle3a allMUHIEM B GpycuTe
N aMaK;mHnTe C Jopmynoil Fe M, Mn (oH), (Kosmos, JleBmom, 1962).

BaMeleHne ﬁiﬁﬁnﬂ.anmmngﬁgﬁ ioéggnggﬁg§6cnox§ HaGmoIaeTes ¥ B IpYTEX TUG-
PUIHHX MEHEpaTax, B YacTHOCTH B KEeHEHUTe

I\TaD'65Mg0’35033 .1 78[Mgo 64Alo G(OH) 1.

IlpncyTeTBREAL-T B prcnroaom cnoe BH3HBAeT M3CHTOK NOJOXITENBLHOTO 3apana,
KOTOpH TpedyeT KoMIeHcamy B HeGpYyCUTOBOI KOMIOHEHTe. B KEHEHNTE C ABHO
MOHHHM XapakKTepoM cBAseil B o0enmx NoZpemeTHaX H3CHTOUHHE OTPULATENBHHE 3apan
B OH-CJOAX OCECIEUYMBAETCHA ONHOBANEHTHHM HATPUEM B XIOPHOW mopemeTHe.

CnoxHee OOBACHUTE GalaHC BaleHTHOCTe! B cyIb@UI-TUIPOOKMCHHX CTPYKTypaxX.
IeficTBuTensHO, MmIA o0pasua us Jlylexona c¢. cocTaBoM CpPYCHTOBOT'O CJIOA
Mg0'68A10!32(OH)2 TIOJIOKITENbHHI 3apAN B GpPYCHUTOROH cocTamnAnmell HecoMHEHEH;
IONPOCHO BOIPOC O KOMIEHCAINM 3apAlla B 9TOM CIydYae paccMOTpeH P.ArsMaHoM
(Allmenn, 1971). Oma Tpedyer TAKOT'O Xe MO BENMNYMHS U 06paTHOTO II0 3HAKY 3a-
pAfa B cyabdumHOM WacTy. OmEaKO MeXaHWSM 0o0pasoBaHWA M3CHTKA OTPULATeNBHOTO
3apAla He NOLNAeTCH ONHOSHAYHOMY TOJNKOBAHUN BCAENCTBME CMENaHHOI'O XapaKTepa
cBA3E) MeXOy aToMaMM METaIoB 7 S. 3aMelieHne MalHUA Ha Xee30 HalIniaeTcA
B MHUHEpale CheTDEeHnTe 8[Mgo’75Feo,25(0H)2][003(H20)4], B KOTOpoM Fe HaXOomUT-
CA B TPEXBAJIEHTHOM COCTOSHHUHU.

lna cyns@uO-TETPOOKMCHHX CTPYKTYP B Cjaydae, KoITa OPyCUTOBHE CJIOH, KpOMe
MarHEg, colepXaT ®eleso, BONpoc o0 X 3apAfe HeoNHo3HadeH (Shot et al.,

& llaEHHe aBTOPOB X JUTepaTypHHE NaHHHE.
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1972): [0 CTPYKTYDHEM LaHHNM ¥ XMMAYECKOMY COCTABY ero DelNTh HeBOBMORHO .

B roummanTax (OpreHoBa u mp., 1971) comepkaHne Xeiesa B GDYCUTOBOM CJOE
cocTaBIAeT oKomo 1/3 (wif.rouwwmsmTa-I, ToumnmEMTa-I1). BvecTe ¢ TeM BaKaH-
CHY B CYJBIMIOHOM CTO€ MuHEpana TORHH COSIATE B HeM OTPHIATEIbHER 34pAx.
CnefyeT NpeImoNOXUTE, YTO B CPYCHTOBOM CJO& COLEPRUTCA Kak Fe', Tax m Fe3
w3 HEX Fe ' B ToummsmTe-I pacnpenendeTca YNOPANOYEHHO II0- OKTABNpaM Gpycu—
TOBOT'O CJIOA.

Kax pachpermeseHs 3apiiy B CONBUMHCTBE BALIEPUITOB, CKasaTk TPyAHO. Kax
npaBwio (cM.Tadn.3), Fe B HeCONBIMX KOJWYECTBAX 3aMENSET Mg, a KOppeJdimy
MEXIY J3MeHEeHHEeM ero COIEeDEaHNT I CYMMADHHM COCTSBOM GJIOEB OCHSPYEUTE He
yhanock. CpaBHeHHME GMMSKMX [0 COCTABY WBEACKOr'o BALIEPMATa ¥ 00pasua M3 Ipo-~
FUNMKOBO-EXPAIUIGHHHX XATbKOMUPUTOBHX DYX NOKA3HBAeT, UTO IPH pasimiHOM co-
Iepranuy Fe B OpycuToBom cjoe (aFe. = 0,03) cozepkanme Pe B CyMndulHOM 0I0E
“3MeHAeTCA C®nble (aFe =@, 24? Ecy B ‘mepBOM ciiydae HaGIONaeTcAd uadH—
TOE Xellesa 10 cpaJaHemm c MBII;HD TO BO BTOPOM - MeIu Gosibme. Bompoc o Ba-
JEHTHOCTE Fe B BalTepunTe, CYEBHUHO, MOXHO DEImMT: C NOMONED MeToZa Mecc~

Gayapa.

BBIBO/IBL

0COGEHHOCTH COCTaBa HSYNABIUXCA BaLIEDMATOB CRASGNN C YCJOBUAME UX Ha-
XORNEHUA ¥ TNPEXNe BCEI'0 C COCTABOM TeX MUHEDANOB, ¢ KOTODHMA CHE &CCOIMK~
pywred. "HenesueTui" BamnepruT OGHaDY®EH B CIVIONHHX TaJHAXMTOBHX pymax, He
ComepHaIyX MATHUA; "MaTHESHUANbHHE" ~ B IPOMLTKOBO-BKDAIIGHHHX DYRaX Cpemu
doraTHX MaTHMEM MeTacoMaTMTOB; CMECh BALIEpPHATa X TOMAMMHRTA 00pasoBanack
IyTeM 3aMeleHnd MUPPOTHHA.

B pannepmnTaX NpOSABNEH M30oMODE3M KAk B cyabfumuod, Tak u B OpyCHTOBO}
YaCcTAX CTPYKTYDH. IIpH 9TOM HM3MeHeHme COoCTaBa IUAPOOKUCHON *9aCTH REIMAET Ha
sHaverme xooffurmenTa upu GpycHTOBOY MOZEKyJE. IIpH .TPROKTAdIPUYECKOM XapaK—
Tepe OPYCUTOBOTO CJIoA, HpefnoJaraiilieM NONHOEe BalofNHEHMEe OKTaslpoB B HeM,
TPYAHO OXUEATE GOJNBHOTO OTKNOHEHWUA BeJu-me Koadfuimesnra oT 1,3-1,55. Ilosro-
My Gopmyna BamnepunTa LOJNRHS UMETH BULN, (Fe,Cu)Sz'n[Mg,Fe,Al(OH)El npn
n=1,3-1,55. InA 3aKI0YeHNS 0 COOTHOWEHUAX MEXLY 3aMmeljaogumy IPYT ApyTa
aTomavil HeoOXOmuMO SHATE, Kakue NpMMeCH NPUCYTCTBYNT B oopasue. IHarHOCTH—
Ka upuMecelt 3aTpymHUTENBHA BCAENCTREE WX Maiol'0 KOJMYecTRa, TECHOTO cpacTa—
HIA ¢ COGCTBEHHO BalLIeDMUTOM, A Takke UX DeHTreHoaMop@HoTo XapaHrepa. [lpeo-
HOJIeTs BCe 3TH TPYEHOCTA DK H3BECTHOM XUMIYECKOM COCTABE I HAMMYAN NOPOM~
KOT'pamMM MoMorae? NpuUMeHeHue MuKpOIuPPAKIMOHHOTO MeToZa.

Tipr CONMOCTARMEHMN JUTEPATYPHHX NAHHHX C PesyapTaTaMil HaCTOANEro ¥Ceaemo-
BaHIA MOKHO CHenaTh BHBOX O HENpaBulbHON RHTepUperTalyy B pATE CAy4YaeB JgH-
HHX XUMIMECKMX SHANW30B Bawntepuuta. A RanbHeluwel KOHKpeTusalyy IpoABIeHuf
nsoMopduaMa B 9TO# Ipynne MEHEpaNOB HEOGXONMMO NPOBECTH NEeTaNbHOE KCCIENo-
BaHne GOJBHOTO KOJUYEcTBa 00pasios. Y
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M. I'. Jo6poeoavcran, A. H. Mlenun, J. H. Baavcos,
H. II. Haynun, H. B. Mypasvesa, I'. B. Bacosa, I'. Il. Beasescran

OB M30MOPOM3ME JKEJE3A, HUKEIA, MENA B UKEPOUIIEPUTE

ImepdmmepnT, OCHApYKEHHH! CPABHETENBHO HeIABHO U OTHOCANMACA X rasmitco—
IepKau¥M CyIpduuam xejesa ¥ Mefu, SBIASTCA MUHEDAJIOM IePEeMEHHOI'0 COCTaBa.
OH BOTpedYeH Kaxk B MeTeopurax (Fuchs, 1966, E1 Goresy et al., 1971), Tak H B
seMHHX o6pazoBanusx (TeHxud u 1p,, 1969; Coxonosa # Xp., 1971; lemw u 1p.,
1972, JloGpoBoXBCKAR ¥ Hp., 1975; Kowes u mp., 1972).

13 KaMeHHHX MeTeOpHTOB mxepfumepuT HaliieH B SHCTATHTOBHX XOHIPHTaX, 8XOH-—
IpAT2X ¥ OKTA®IPHUTAX, B KOTOPHX OH ACCONUWUPYETCs C TPOMIUTOM, KAMACUTOM H
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rpagurom, OdYeHB HeGOJBNKE 3epHA IXeplMuepUTa Takke OCHAPYXEHH B MACCHUBHHX
BHEGJNEHHAX T'pafura, MexZy sepHaMy Ixep@uuepuTa M TPOWINTS YCTAHOBACHH MEJKHUE
BEPHA XAJIBKONUPPOTHHA C BRINYEHMAMN MAKMHABUTA.

B nermeTutax WeJoYHHX NOpoX, XUCUHCKOTO MacCHba IXep@MIEDHT BCTpEYaeTCH
cpeI IHMpOKCeHa, HedeJmHa, KalWeBOrQ MOJEBOTO WNAT&, ANATHTA W ACCONMMDYeTCH
C OMPPOTHMHOM, XaJBLKOHUDHTOM, KyOaHWTOM, MAKMHABATOM, pEIKO co clanepuToM.
IlnA 2TOf accouMaldy¥ XapaKTepHO MPUCYTCTBHE DPACBYMHATA - KaJmiicomepxamero Cyib-
funa xenesa, a TAKKE IBYX KaAMeBHX CYJBQWIOB cJoxHOTO cocraBa (Coxososa H
Ip., 1971). '

B xmmOepimTax fKyTUd DxepdruepuT pacupoCTpaHeH WHpe [0 CPABHEHHN C JpyIu-
M cympdumaME ¥ OCHApY®eH DOUYTH BO BeeX M3BECTHxX Tpycxax (JoGpoBoibcras M
Iop,, 1975). OH ofpasyeT HeGojBmNuUe [0 pasMepaM BHEEeJEHHs (pemko mo 2 mm)
B I'paHaT-IHPOKCEHOBHX IOPOJAX, KPYNHHX XeJBaKkaX WIBMEHNTa ¥ B KIMGEDJIHTE
(puc, 1 - cm, mpwiokemme), JxepdmuepdT BCTpedYaeTCAd B CPACTEHWAX C MEHTJAH-
IATOM, XaJbKONUPHUTOM, KyOCaHWTOM, OMDPPOTHHOM, B HEKOTODHX CJaydadX ¢ HIAM acco-
LUMADYOTCHA TOYWIMHMT, T'pefirur, MaxMHABHT, BAJUIEDMHATONONOCHHA MUHEDAJ, CAMOPOI—
Had MeIh H CaMODOINHOE HUKeJNbCOIepRaumee ReJes0,

A.AKonerny (KoHes u mp., 1972) mepdmuepuT Haiiied B BOMLIACTOHET-T'DAHAT—
MEJWIMTOBHX cKapHaX Taxepana (3anamsas CHOMpB) ¥ KANbUEPUpEX WEJOUHHX CHEHU—
TOB, TH& OH aCCOIMUUPYETCA C MUPPOTHHOM, TPOWIHTOM, TpadHToM, KEJS3UCTHM MOH—
THYE/UMTOM, KYCOUNUHOM, MHOI'IE C HEepPOBCHUTOM.

[lpuBEeIEHHEE [OAHHHE CBHIETEJNBCTBYRT 00 OCpa30BaHUMA MMHEpDANs B PABIHMYHEX
JCIOBUAX U NlapareHesucax, 49TO, HECOMHEHHO, OKA3aN0 CYWECTBEHHOE RIMAHWE HA
ero xmvudeckuit cocras, Kax BumHO #3 Taldm. 1, DxeplrumepnT M3 METEODHTOB M
CHRapHOB TamepaHa XaparTepnM3yeTCA HUSKUM CONEepXaHMEM MeIM ¥ HuKeJda, TajlHaX—
CKRil ¥ XMCMHCKMN - BHCOKHM COTepXaHueM MeIu, HO HUSKHAM ~ HIKeNnd, a IJid AKYT-
CKOT'O IxepPmuepHUTa TUNMYHH 3HAYMTEIRHHE KOJNMYECTBA HUKEJd U «~apbUDYXIMEe — Me-
A, 9T0 DOSBOJAET OTHOCHTE €0 K MMHEpANaM NEepeMeHHOTO COCTaBa M CUMTATH Ka-
Jmmitcomepxamim cyasdAnoM He TOMBKO XeJe3a W Meid, HO ¥ HHUKEIA,.

PaccMaTpuBad XuUMAMecKne aHaymsH (Tadi. 1, 2), MOXHO BALETH, YTO IPH CDaB—
HATEJBHO NOCTOAHHOM CONEPXAHWM CepH U KalWd 3aMeTHO BAPELUPYET COLGpKaHUe
®ejesa, MeNy W HUKeld, OCOGEHHO B OCpasliaX W3 DasiWYHHX MecTopoxmeHu#t CCCP,
B YSCTHOCTE #3 KumGepmuTos fxyrmu (radm, 2). XapaxTepHo# OCOGEHHOCTBI IXEp-
drmepuTa SBRISETCHS NPECYTCTBHE XJopa, X0 1,8% — B ofpasiaX U3 KaMeHHHX MeTe-
OpUTOB.

B IxepdumepHTe B3 METEODHTOB CyMMa KATHOHOB BCETWA HEXE,9eM B eTre ofpas-—
OaX pasyiyYHHX MecTopommeHuit CCCP,a OCHOBHHM MET&JIOM B HEM SBIASTCA XeJEs0
(B cpemmem 50%). ComepkaHme %ejesa B XHOMHCKOM, TaNHAXCKOM M AKYTCKOM IKED—
dmuepnre sameTHo Hmke (oT 36 mO 46%, B CpemHeM 40%). HemocTaTok Xesnesa KOM-
[EHCHPYETCA B ONHMX ciaydasx (XmOmHcEmE Maccms ¥ TAMHAXCKOE MeCTOpOXTEHHE)
[OBHIEHHHM cofepxaHmeM Memu (mo 15,5%), B Opyrmx (Hampumep, KuMOepiuTH AKy—
rup) - HuEkeas (or 11 go 20%). Kak IpaBwio, BHCOKME CONEDXEHWS YKA3aHHHX BJe—
MEHTOB B3aWMONCKJINYAKT IpYyT IpyTd, BCJIELCTBUE YeTo INA XHOMHCKOTO MACCHBA
TUINYHA MEeILCOIEepXanas pasHOCTh Imkepduuepura, a MIA AKYyTHM — HUKEJIBCOIEDEa—
mag. ToMBKC B OmHoM onydae (sHamms 8§, Tadr. 2) B ofpasue H3 TPYOxE "(0CHa-
XeHHaA" OTMeueHO HADANY C BHCOKMM COXEpXaHmeM Hukeys (mo 12%) ¥ OTHOCHTENE—
HO BHCOKOE cofepxaHue memm (mo 8%); 24 aHamsa mrep@HUepUTA M3 KAMOEDJIHTOB
MIOKA38JA 3HAYATeJbHHE BADHMAIMA B CONEPKAHWMM Hukend — or 10,8 mo 19,8% (cpenm-
Hee — ~13,5%) mpm oTHOmEHWH Ni:Fe='1:2, pemxo 1:4,

MIKDPOCKONMIECKOE B DPEHTTEHOCIEKTPANBHOe HCCNeNoBaHWA DRepIMuepATa MOKa—
38JI1,YTO B COJNEBNMHCTBE CJIYY8EB HUKEJNH,MENs ¥ XJIOD DPaBHOMEDHO DaCIpele/ARTCHA
o Imromamn sepeH(pHc.2 ~ CM.ODATOXKEHME) M CONepXAHMe MX, KAK IIPABMIo, NOCTO-
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Taocxrmna 1

Yuvmdeckuii cocras IxepdmuepuTa H3 KaMEHHHX METEODPHTOR M pasiIMYHHX MeCTo-
poxnenuit CCCP, %

MeTeopuTn MeCTOPORTIEHUN
CanT~ [Bumon-{lleHa [CopuHTc{CanT— Tomy- | Tamax| XuouHckui Mac—ixyTus| Take—
dne~ |Mapxc BRI - pKC| Ka (Ten— | cue (Coxoaosa |(Ile- BEH'
vemy [(Fuchs{  [ka KNH ¥ | ¥ Ip., 19?1 THH ¥ (ﬁgﬂgg
L%y E1 Goresy ot al., 1971 |1968) | . o 9% |nm.,)
1972
K 8,7 19,0 110,6] 10,9 '10,1' 9,9 ' 8,25 8,65 | 9,27 Ig,93 ! 9,0
Na 0,3 - - 0,3 0,8 - - 0,55 0,44 - 0
Fe 50,7 49,3 ©H,9 9,4 50,0 50,1 43,5 42,056 40,60 37,44 47,24
Ni O 280 4 0T B %27 B - - 19,8 3,4
Cu 42 .08 s e i gue TR LR R 110800 105620 .20 3568
Co - - - - - - - - - 0,22 03
Mg = - - - e 572 - 1,56 1,08 = -
Mn - - - - - - - 0,09 - - -
s 33,8 35,2 32,6 R 32,2 33,6 33,5 33,66 33,7 31,95 33,53
c1 Lo 1380 18 1 v R N R 1,4 - 1,28 0,93
CMgM— 99,56 97,36 99,6 97,9 99,7 100,6 102,25 99,66 97,39 99,86 98,78
a,f 10,3 10,46 10,41 10,26 10,35

Axamu3u Tadn. 1 # 2, 3a ACKIKYEHUEM o6pasioB M3 XMOUH, BHIOJHEHH C HDOMOWEBN

MEKPO3OHIA,

Tadazma 2

Xmvmuecknit cocTaB mRepuuepuTa U3 KUMOEDIMTOB AKYTHE, %

Homep aHasmsa

e—
MORE 1 Ty 2 3 4 5 6 8 9 10
¥i 19,80 ' 19,14 ' 15,63' 12,82 '16,5 ' 12,2 14,7 '11,8 ' 10,95 11,99
Fe 37,44 36,67 40,16 41,58 38,2 43,2 41,5 37,3 45,31 37,53
s 31,9 33,39 32,32 32,81 30,3 34,8 32,1 29,8 33,37 29,75
c1 1,28 1,28 1,28 1, 28 1,30 0,84 1,30 0,73 He 0,97
OIIp.
K 8,93 9,19 8,89 9,07 8,20 8,9 8,9 8,3 7,66 6,8
Cu Tk s [ T o B S oW o Rl S 1,7 %8 0,08 %,08
ge 7 G000 B B,080 Fe - - - -
Ma 99,86 100,08 98,83 98,02 95,73 97,51 94,27

98,1 101,94 100,2

1 - 4 - Tpyora "Ypauxas-BocrowHas"; 5, 6, 9 - WIEMEHHTOBHE HKEJBAKU, TPYC—
¥a "VpauHaa-Bocrounas"; 7 — Tpycwka "Mup";

Ycanosuasa

aHadaiusa:

8, 10 - 7pydra "(OCHakennaa".
MEKpOgHaJm3aTop MS-46 "Kamexa", padouee Ha-

IpSREHNE Uo=20 KB, TOK odpasna I~20 HA, pasmep 30HAa 1-2 MK, AHATUTHYECKHUMM

JuHMAMY CIyXwm: KK, NiK,, FeK ,

SK

o

» CuK,, CoK,, CaK,, MgK_.

SramoHN:K - DaCcBYMAT, SHOPTOKJA3, mEepdumuepur (xumoumckm#k, 1), Wi, Fe, Co,

Cu - YMCTHE MeTaslH, S — IHPAT, PacByMUT, mxepdmuepur, Ca-CaF,,

Mg-MgzO0.
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AHHOE, B TaKMX y4YacTKaX yCTAHABIMBAETCHA KOPPEJANNOHHASA 3aBHCHMOCTE MEXLY
colepxaHueM, ¢ OfHO! CTOpOHH, XeJye3a U HUKeNd, a ¢ Apyro#t — ®esjesa m Meln,
CePH ¥ XJopa. 3T0 IO3BOJIAET BHCKA3ATh IpemInoJioOReHne, 4YTO HHKeJNb, MeNh, KO-
GanpT W XJ0P ABJIANTCA W30MOpPHEMYM mpEMecsaMM (MeTaJUlH 3aMemakT Xejes0, a cepa
3EMENEeTCa XI0POM)

OmHaxo MHOIVA HA DACTPOBHX M30CpaXeHWMAX (pHC. 3 - CM, NDWIOKEHHE) OTYeT-
NUBO BEIHO HEDABHOMEPDHOE pacHpeleJieHHe HHEKEJNA I MeIH o IJOHSIE 3epHa Ixep-
dmuepura. XUMUYEeCKMe SHANMSH CBUNETEIBCTEYHNT 00 OTHOCHTEJBHOM yBeJWdeHHH
KOJMYeCTBa MEIM B Kpaesoil 4acTu OTHENEHHX 3eDeH mxepdumepura mo cpaBHeHMN

A%

)

P c, 4. CuexkTpH OTpameHmA
mxepdumepnTa ¢ pasNWYHEM CONEDRA— 4l
HHWEM HUKeJA U MeNd; HOMepa KDUBHX
IaHH B COOTBETCTBMI C HOMEDAMH
o6pasuoR B Ta0x. 4.

ZFL

\

L Va0 L) 27 720 A, um

¢ LeHTparsHO#,HO B TOM M  IDPYTOM CJiydasx oCHapyxusaeTcs xajull, Hadmomawor-
cA Tawme y4YacTKM B IxepfmuepuTe, B KOTODHX BHCOKOE COIEDREHNE HUKEJNA B Me-
I¥ OCYCNOBJISHO MEJKUMY BEJNYEHWAMA IEHTJAHIUTE W XaJbKONWPHUTA, OCpA3yHild-—
M CIOKHHE ZSPACTAHWA ¢ mRepMUISPUTOM,HHOTTA ILIOXO DABIWIAMHE IIOT MUKPOCKO-
noM, Takue Y9acTKA JETKO DACIOSHAWTCA HA HOBEDXHOCTH 3epeH mxepfrmmepura
CKAHMPOBEHMEM, TEK KaK B HEX HET KaJmd,

Vsomopdusm meses30 — HMREJ: ¥ XeJesc — MeXb B mxepdmuepmre moZTBEepRI2ETCA
H3MeHeHMeM (UBMYecKMX M ONTHYEeCKHMX CBOHCTB MHHEpana B BaBHCHMOCTH OT €TI0
cocTasa,. [[pAMHM NOKa3aTeJBCTBOM M3OMOPJHOI'O 3aMeleHUA XeJesa HUReJeM WIn
MEIBH CIYKHT M3MEHeHHe IapaMeTpa dJeMeHTapHol syeitknm. PeHTreHOMETpEYECKHE
JaHHHE IIOKa3HBANT, 4YTO INIA PasHHX OOpA3LOB IVIABHHE MERIIOCKOCTHHE pACCTOMHUA
38METHO pas/MYalTCA. A AKYTCKMX HEKeIbCONepXamux ofpasuos (Tadn. 3) xa-
DPEKTEpHO 38KOHOMEPHOEe yMeHElleHHe MEXIUIOCKOCTHHX paccTofHuil, NosToMy a IXep—
Guepura #3 TPydor "Ymaunag-BocrouHaa" u "Mup" - 10,263 (cM. Talm, 1 ® 3) &
HECKOJBKO MeHEIle [0 CPaBHEeHWMb ¢ a meepdumepura u3 meTeopura - 10,34 i

" (Fuchs, 1966), ckapHOB TaxepaHa - 10,35 A (KoHeB @ mp., 1972), TaIHAXCEOTO
MECTOpORTEHUA U XMOMHCKOTO MACCHBA — COOTBeTCTBeHHO 10,46 1 10,41 A (Tenxmn
! IP., 1969'; CoxoJioBa M Ip., 1971). DTO ZaeT OCHOBAHWE HNOJATATH, YTO HEKEJH
YMEHBIIAET, & Menb YBeNMuMBAET pAsMepH bJieMeHTapHo# aveitkn, Taxum oGpasoM,
BeJMUMHA NapameTpa 4 Dxepdumuepura sapideTcd GyHKume#l comepkaHus He TOJBKO
X¥enesa, HO IVIABHEM O0pasoM M3OMODEHHX mpuMeced — HUKeNA M MeIM. KMsomopdiHoe
BXOXIEGHME STUX 3JIEMEHTOB TAKKE CKA3HBAETCH Ha N3MeHEHMM HEKOTODKRX (M3MYSCHEX
cBoiicTB mrepduuepnTa, HAIPUMED OTDPAXEHNE M MAKDOTBEDIOCTH,

B pesyarTaTe NpOBENEHHHX MH3MepeHMH BeJWINH OTpaxeHus mrepdumepnra #3 KuM—
GepinTOBR AKYTUM YCTaHORJIEHO, UYTO KPUBHE NUCIEDCHM R ONHOTHIHH C IJIEBHHM
MONSEMOM B CTOPOHY MIMHHOBOJHOBO# o6nacTu cmekTpa (puc. 4).

CnexTpH OTpakeHMd Oxepmuepura ¢ pasJMIHEM CONEPKAHWEM HUKEJIA X MeIH, MpH-
BefleHHHe HA puc, 4, ¥ BesMuMHH R (Tadu, 4) NOKAa3HBART, YTO ONTHYSCKUE CBOM-
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*
PesynpraTH pacdera medasrpamv mxepdumepnra

Anamas 7 Tpyoka "Mup" égﬁ-’%;égé;pyﬁ- gg?rﬁg §5’xaq- ‘é";ﬁﬁ‘l EITJKC
hkl Hag"** Hag-BocTouHan"| (Puchs,1966)
1 a/n a/npiy T d/n I d/n i a/n
100 - 10 " 10,20 10,26 - - 9 10,20 5 '10,34
110 g e 7,26 = — 2 7,28 3 Tyl
111 8 5,90 5,92 4 5,90 .5 5,93 5 5,97
300,221 2 3,40 3,42 - - 2 3,41 1 3,45
310 7' BRa 3,24 2 3,23 o 3,24 4 . 3,269
311 8 3,10 3,09 8 3,11 8 3,09 5 3,118
222 9 2,9 2,9% 9 2,95 10 2,9 7 2,985
320 1 2,87 2,85 - =S 1 2,83 1 2,868
321 1 B 2, = = 1 2,73 1 2,764
410,322 1 2,48 2,49 - - 2 2,49 2 2,508
411,330 1 2,42 2,42 - - 1 2,42 1 TOghag?
331 6 2,35 2,35 3 2,35 9 2,35 6 237
420 = -~ 2,29 - = 1 2,30 1 2,322
421 = - 2,24 = = 1 2,24. - -
332 i.. 2.18 2,19 - - 1 2.1% 1 2,204
500,430 1 2,055 2,052 - - 3 2,056 - s
510,431 2 2,011 2,012 -~ — 3 2,004 1 2,028
511,333 2 1,973 1,99 - - 3 1,973 2 1,99
520,432 -1 1,308 1,905 - - - - -
440 10 1,815 1,814 10 1,823 10 1,810 10 1,828
530,433 1 1,760 1,760 - = 1 1,76 1 1,778
622 2 1,546 1,547 - - - - i 1,559
630,542 1 1,531 1,530 -~ - - - - -
710,550 =~ - 1,451 -~ - - - 1 1,448
731,553 1 1,338 1,3%  ~ - 1 1,33 1 1,346
800 1 1,28 1,282~ - 2 1,281 1 V1293
733 1 1,250 1,253 - - 2 1,248 - -
844 -6 1,046 1,047 - - 4 1,043 - -
933,771 =~ - 1,031 - - 1 1,029 -~ -
a, 4 10,26%0,01 © 10,26 0,01

* Cremxa neGaerpavm mEepdmmepnra us AxyTud mpoBeneHa I.B.Bacomo#t (kamepa

PKJI-57,3; HeomdurbrpopanHoe Fe-maiydeHme). PacuerH BumosHeHH 1.B.Myparn-
evoit,

Homepa aHaim30B COOTBETCTBYNT Tall. 2.

BeJleICTEME MCHONMB30BAHNA HeCOMBNOro KOJHYECTBA BelieCTBA HE Nedaerpamme
HOJMYYWMCE TOJEBKO OCHOBHHE JIMHUH,

* ¥

* %k

‘CTBA MUHEpAJA CYWECTReHHO MEHFOTCHA B BaBHCMMOCTH OT KOIMUECTBA mpuMeced Hu-
KeJii ¥ MeIH, NpHYEM MOBHIEHHOE COZEepXaHMe HHUKENA NPUBONUT K DEeSKOMY BO3pac—
TaHUK R, 0COGEHHO B IMIMHHOBOJHOBO# acTH cmexkTpa. Tak, y o6pasloB C COLED—
KaHUEM HUKeNAA no 16,5% peyuwumHa oTpaxeHWs OpH A =740 EHM cocTaBager 41%. ¥
MeIMCTUX Xe ofpasuoB R mpu Toll Xe IIMHe BOJHH CHMEaeTCs JO 26%. Comepxamue
HUKeJA 10 2% MpaKTHYecK: He CKA3HWBAGTCH HA BEJMYMHe R, HO DasHMIA MeXIy
Ryq0 B Rggg BO3pacTaer.
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Bapuanum COTepXanusg HUKENA X MEIW COOTBETCTBEHHO B Ipemesax 12-14% u 2-
7% OCYCJHOBNMMBANT 3HAUSHMA R mig A=740 HM B mpemesax 27-30,5% u Combuyn Beau-
YUHY Fi, KOTOpasg mocTuraeT 9-13%. OmHaro HeoOXONMMO OTMETHUTH, YTO NpPH yHAZaH-
HOM COIEDKaHNN HUKeJd W MeI¥ UsMeHEeHue ONTHYeCKMX CROfiCTE HOCHT Gojee CIOX—
Huil XapaxTep, K coxaneHun, oTcyTcTBME o0pasioB Ixepmuiepura ¢ CoNepRAHNEM
Huxens 3-10% He no3BOAAeT CoJee YETKO NPOCJAeIUT:L M3MeReHue HopMH CHEKTpOB
OTDaXEeHHA ¥ S0CONMOTHHX 3HadYeHMi R. HapymeHme 3aKOHOMEPHOCTEH B H3MEHEHHH
BeJIMURHH OTDAaXeHUA IxepdumepuTa OTMEWAETCA TOUA, KOTDa B 00pasnaX MpPHCYTCT-
ByeT B 3aMeTHHX KOJWYeCTBaX HUKENE W Melh., BOBMOXHO, YTO B TAKUX CJIyYaax
M3MEHEHRe R CBASAHO C CYOMMKDOCKONMYECKUMA BHINYEHWAMM NEHTJISHIUTA WA Xaldb~
HOIMPUTA, KOTODHE HE MOSBONANT CYNUTE 00 MCTMHHOM KosdhdmiveHTe OTpaxeHUR
Ixepdumepura,

JlanHye MmO MUKPOTBEPNOCTH IXepdmuepmTa MNOJYyYeHH TOJBKO NJIA aHATWIWDOBAHHHX
XHOMHCKMX I YACTHIHO AKYTCHKMX o0pasioB, HeKOTODHe B3epHA AKYTCKOTO Ixepdmme—

Tadamnoa 4
Increpcus Kosfdunuenta orpaxeHus mxepduuepara R*,'%

Amaums™ Comepxaxue, % Jimnia, BOJHH , HM

Ni Cu 440 | 460 | 480 | 500 | 520 | 540 | 560 580
8 158 7.8 V15,01650°16,8 CIB 090" v2g,1521,2 22,0
3 15,68 0,48 15,5 “16,5" 17,5 '18,8:.19,9 21,582,5 43,8
6 122 2,0 15,8 17,0 16,2 19,8 20,8 22,1 23,5 24,5
7 14,7 1.7 ° 1,0 18,2 ¥18;9° A% 21,1 "21,8 22,7 23,8
10 1,99 7,03 18,5 20,0 20,8 21,7 22,5 23,6 24,2 25,2
5 16,5 3.6 20,6721,5 28,0 24,0 25,5 27,028,0 29,6

Xudmrcxrnlt

(1) - 11,8 18,6 20,3 21,6 22,7 23,4 23,924,2 24,6

Tamaxcxke#t 1,5 15,5 17,8 18,3 19,7 20,8 21,5 22,523,0 23,8

Tadauna 4 (oxoHyarue)

"
PR Comepxaxue ,% [ _ JLmHa BOMHH, HM
Ni Cu | 600 620 640 | 660 | 680 | 700 | 720 740
8 1,8 7,8'23,0'23,8"24,5'25,5'26,0'26,8'27,2 27,5
3 15,63 0,44 25,0 26,0 27,5 28,9 29,8 30,8 31,7 32,5
6 12,2 2,0 25,7 26,5 27,5 28,7 29,3 30,0 30,2 30,5
7 14,7 1,7 24,2 26,1 26,1 27,0 27,6 28,0 29,0 29,1
10 11,99 7,03 26,0 26,8 27,5 28,0 28,5 29,0 29,2 29,3
5 16,5 3,6 31,0 3,5 34,0 35,8 37,0 38,3 40,0 41,0

Xuluue :
(1@l ~ 11,8 24,9 25,2 253 25,5 25,7 25,8 25,9 26,0
Tarnaxckmt 1,5 15,5 24,0 24,5 25,0 26,5 25,8 26,0 26,0 28,0

* Spaverns R IoJyYeHH Ha murpocnexrpoforomeTpe "IIMop" ¢ amTomarmuecxolt pe-
THCTpaunelt; o0reKTE 38 fupmu Jejiry (OFPT) ;addexrusnan anmeprypa 0,1;crexr—
panipHad wucToTa manydeHus 30 K; ONOPDHNE 3T&NOHH ~ KpeMHWid X KapGopyHI.

* ok
Homepa aHANMM30B JAaHH B COOTBETCTBMM C Tadn, 2.
lp - KDYTHSHA CIEKTDa OTPAXeHWA; F = Ryg, - Rggi.
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Tadauuma 5
MIKpOTBEpIOCTE mrepdumepura H*, KT/ MM

=x | HOMmgecT- Comepmanue., % %
- O6pasen EgBaame— Hoes Hoax Hcpem = . = a,
XuOurCcKmi
(1) 45 136,6 152,8 144,7 42,1 - 11,8 -10,46
7 18 138,9. ..168,8.~.149,5 41,5 14,7 A has 1005
6 18 133,83 - 162,8.:+154,5 4358 12,2 2,0 -
3 12 148,8 160,8 156,3 40,2 15,63 0,4 -
b 15 143,2 179,4 166,9 38,2 16,5 3,6 -
10 18 172,12 189,2 . 18149+ «87:;86: 012,99 7,0 -
8 18 198,4 268,0:  220,6 v 8%:3 118 7,8 -

* Yenosusa nsmepeHud: npmbop I[IMT-3, TapuposaH mo NaCl, P =5 T, H T
~21 m'c/mz, Harpyska 20 T', BPEMA ONYCKAHMA U BIABIMBAHUA amaéﬂgﬁ ITADaMAT—~
¥m 10 c. :
g Homepa o0pasmoB COOTBETCTEYHT Tatl, 2.

DHTa HACTONBKO MANH, YTO HM aHAIM3MPOBATH MX, HH M3MEDATEH HX MUKDPOTBEPIOCTE
HEBO3MOKHO, ONHaxoC IpOBeNeHHHEe HCCIEeNOBAHNS NMO3BOJWIM BHABUTL OIpeleeHHYD
SaBUCUMOCTE BEJMYMHH MAKPOTBEDIOCTH OT cocTand mrepdumepura, .
HavveHEmas BeJuMvMHA MUKpOTBepmocT: H (144,7 I{rc/mr?) onpenejieHa IJIA XH-
Ouscroro meepdmmepmra (Tadn, 5), comepxamero 11,8% Cu. fxyrcrmii mrepdmuepur
¢ 16,5% Ni # 3,6% Cu mMeer MERPOTBEDIOCTE 166,9 KI‘C/MMz. OTHOCHUTEJHLHO BHCO—
Kaf MEKDOTBEPUOCTH - 181,9 ¥ 220,6 Kro/MM“~ yCTaHOBIEHa WA 0CpasLOB C IOBH-
WEHHEM COZepRAHHMeM Hukesad # Meru (oM, Tadn. 5). IIpAumHa DESKOTO yBEIHYSHHA
H nxepdrmepura, comepkamero HUKEN: M MeIb, HeACHA, BOBMOKHO, UTO CKABHBAET—
CA BUMAHME MEXaHWYEeCKUX NMpuMecelt, HampmMep NEHTJIAHINTA, HE WUCKINYEHA TAKKE
Gonemad ommMOKa MSMEDEHHA B CBA3M C MAJNHME pasMepamy 3epeH. Tem He MeHee ma—
Xe OTpaHWYEHHKe JaHHHE IO MEUKDOTBepmoCTH IxepdumepuTa MO3BOJANT TOBOPHTE O
TOM, YTO BEJMYMHS MEKDPOTBEDPIOCTH IPAMO IPONOPIMOHANBHA CONEDEAHHI XeJesa n
HUKEJA X 0CpaTHO MpONOPLMOHAJNEHA COTepRaHmo Meny (puc. 5). DTH pesyaBTaTH
XOpOmO COTVIACYWTCA C pasMepaMu diemeHTapHO# fdeitrm, lefcTBUTENEHO, MEIBCO-
Iepxamas pasHOCTEH e pdMIepATa~XapaKTepusyeTCs MeHEBme! BeJMIUHOR MAKDPOTBEp-
moct (cM, Ta6m, 5) 7 GOMHIMM IAPAMETPOM a; HUKENbCONEDKAAS PASHOCTE, Ha-
060pOT , MIMEET GOJBIYN BETHIMEY MUKDPOTBEPIOCTH M MEeHBUHA mapameTp a.

1, wac/mum*

240

by

2201
2001

80

IM-{

40 fd

i

P # c, 5. 3aBHCHMOCTE MHKDOTBED-
NOCTH IxepfmmepdaTa M3 KEMOEDJIH—
TOB SIKyTHH OT COLEDEaHUA B HeM

Xenesa (1), muxend (2) u mexm(3)
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Taxum odpasom, mEepdmuepmT OTHOCUTCS K MUHEpaJlaM IEpEeMEHHOTO COCTABA
C pasypuHHM COIEDKAHWEM IVIABHHX KOMIOHEHTOB: Resesa, MeIW ! HEKeJd, [lpn Ma-
JIOM CONEPEaHMY MEIM KeJe30 ¥ HIUKEJb KOPPeJUPYDT Tax Xe OTYETIMBO,KAX OTYET—
JIUBS, KOPDEJIANNA XeJie3a ¥ Mel¥ NpM MAJHX KOJMYECTBaX HUKeNd., M3omopdusm mex—
Iy #eJe30M, HUKeJEeM ¥ MelAbh EOBMOXEH M B TeX CiydasX, KOI'IA COINEeDRAaHRE HM-
KeJd ¥ MeIM BapeupyeT - B npelenax 3~4%. ECou ke HUKEJP W Men® IPUCYTCTBYRT
B GOJBIIX XOMMIECTRaX, KaK B 00pasuax AKYTCKoTo Axepbmmepnra (Ni -~ 12%,

Cu - 8%), TO M3OMOPPH3M MEeXILy Xeje30M ¥ STUMM SJEMeHTaMi, NO-BUIUMOMY, OTpa-
HUYeH, BHCOKOE CONEpRAHME HUKeJNA W MeNH, OYEBUTHO, OCYCIOBIEHO MPHCYTCTBUEM
B IxepiMuepHTe TaKUX MuHepalbHHX npuvecell, Kax MEHTIAHTWT M XAIBKONMDPHT .

Bce sTo ykasuBaeT Ha TO, UTO B IpHpONE, BEPOATHO, OTCYTCTBYyeT HeIpepHB—
Huit msoMopdHull pAN MemR-HMKeJLComepramero Ixkepdmmepura. CymecTByeT METEODHT—
Hull pxepumepnT ¢ orpaHUYeHHHM N30MOPPUSMOM MEXLY XeJesom, MEIBl ¥ HUKEJeM
M IOBE €r'0 PAsSHOCTH: MeIbcomepxamas (mo 3-4% Ni) W HuUKeJbcomepkamas (He Go-
Jee 3% Cu).

DM3MUECKYe ¥ ONTMUecKMe cmoftcrpa mrepdmuepmra (mapaMerp aieMeHTapHOR
Aueltkn, KORGPUUMEHT OTpEXeHHA W MUKDOTESDIOCTE) ABIANTCH (PyHKIMe# comepraHms
MeI¥ B HEKeJd,

Ilpa ofpasue m3 fAxyrma (o6p. 8 u 10, Tadr, 2, 4, 5) ABIANTCA MCKIOMEHHEM
KaK [0 CHeKTPaM OTpaXeHWs, TaK W [0 BeJUYMHE MUKDOTBEpZOCTH. BO3MOXHO,
BHQOKOE COTEpRaHMe B HUX HEKeaa {(go 12%) # mezm (mo 7-8%) ofycnomneso of-
Das30BaHMEM TOHKHUX cpacTadmit mxepdiuepHTa C XAMBKONMDUTOM WIN CPACTAHUAMA
mMembconepkameit m Hukembcomepxkameit pasHocTedl mxkepdmueprTa, 9TO BHIHBAET OT-
MEYEHHHS OTHJIOHEHMS,

B nesoM pia prepdmmepnra THIEYHE HONAPHHE KODPEJAIHOHHHE CBASH (Fe-Cuj
Fe-Ni), msomopimsm Fe-Ni-Cu orpaHwWvueH, B M3YYEHHHX 00paslaX MeXLy MembD I
HEKEJEeM OH MOJHOCTBE OTCYTCTBYeT. [Io-BHAIUMOMY,. STEM M OCBACHAETCH OYWECTBO-
PaHMe B NpEpofle Tpex pasHocTed mEepdmmepHTa: MeTeopuTHOR (MeTeopHTH, CKap-
uH TaxepaHa),B KoTopo#t TVIABHHM KOMIOHEHTOM ABIAETCA XeJae30; MeXbcomepmamel
(XuGuHCKkHl Maccws ¥ TaIHAXCKOe MECTODOXIEHUe); Hukeabcouepxameft (aAxyTcHue
KEMGEDINTH) .
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H. H. Moazosa

TPYNNA CYPEMAHO-BUCMYTOBLIX CIIOHKHBIX CYIIhOUI0B
(CYJIb@OCOJIEH) CBUHIIA

Fme cpaBHUTEJHRHO HENABHO CUMTANOCE, 4TO cyibdocosd, comepramyme II€peMeH—
HHE KOJWYeC’ 33 DasHHX NOJYMETaLIOB, OPENCTABIANT codoff MCHIWYeHHE, ITO IOJIO-
KEHUe CIYKAIO 0GOCHOBSHWMEM BHEQMA 06 OIPaHMYEHHOCTH WIK QTCYTCTBAN K30MOpdH-
HHX 3amemeHull MeRLy MoJyMeTaiaMéd B CJIONHHX cyisdmmax (Kocrom, 1957), BRID-
yas CyJbOUOH CUCTEMH Pb-Sb-Bi-S. EIMHCTBEHHHM NOCTOBEPHHM MMHEDATEHHM BUIOM
B 3Tofl Tpylme NpUsHaBANCA KOGRJUMMT, KOTODHA NpPYHUMANCA 38 MUHEDAJ NOCTOSHHO-
ro cocrasa, Xora fopMyna ero pasHHMHM HCeNeloBaTeNAMA [IMCANSCH II0-pasHOMY.
Iza mpyrux MmHepajda C TeM Xe Ha0OpOM 3JIEMEHTOB — BHCMYTOBHE IXEMCOHMT (ca-
X2pOREWT) ¥ DEUGaHMUT — CUNTANUCE HENOCTATOUHO USYUEHHEME W MANC TOCTOBSDHH-
v (Murepans, 1960), HO NOCTOAHCTBO MX COCTaBa Takke nompasymesanocs (Koo
T0B, 1957). Ha OCHOBAHNN XUMHYECKUX SHAJM30B OTMEYANMCH BHCMYTCOIEpRAINe
DaRHOBMIHOCTY CynsfOaHTMMORWTOR CBMHIA (Hanpumep, CyNaHEEPUT C CONEpRAHMEM
BucMyra mo 5,3%, UBWIeBa, HoBopoccoBa, 1965) mwiH CyABfOBECMYTHTOB C IOBHIEH-
aam. (10 5,3%) wosmuecTsoM cypiMy (TomoBEmkom, 1965, 1971). OmHaxo m3oMopdHoe
BXOKIEHUES NONUMHEHHOTO mOJyMeTasla He MOIJIO CUATATHCH NOKAZSHHHM, OCOGEHHO
OpH y4YeTe CKJIOHHOCTH CJIOKHEX CYIBIMIOB K MUKDPOCDACTAHMAM,

A.A.TOMOBUKOB HA OCHOBSHMM KPUTHYECKOI'O DACCMOTDEHHA ONyCNUKOBAHHHX NaH—
HEX XUMWYIEeCKUX aHAJM30BR KoOesummrTa OpHWies K BHBOLY, 4TO HOX STEM Ha3BAHHEM
OMUCaH HeJuil pAn OMMBKEX MUHEDAJOB,KOTODHE MpPEIJOXHAI DACCMATDMBATE KAK Ce—
Me#icTBO KoOesumToB. OH OTHEC K 9TOMY ceMeillCTBY M BHCMyTOBHE IREMCOHHMT HA
TOM OCHOB&HWHA, uYTO HOBHE oOpasiy MUHepasia #3 MecTa mepBoll HaxOZKM (MeCcTopoX-
neune Yerapceait) maBaiM NOPOMKOTDAMMH KOGE/UTUTOBOTO THHA.

B mocyiefHne TOLH HCIOJNb30BAHUE 3JIEKTDOHHOTO MHKDO3OHIE He#CTBATENBHO IO—
KaBal0, 4YT¢ B paccMaTpuBacmoll cucTeMe CymecTEyeT IOCTATOYHO Gonbmo#t Hadop
IPHPOTHEX COENWHEHH! ¢ BapBUPYLNEM COOTHOWEHWEM CYDHMH M BHCMyTa (PHC. 1),
Tax, Xappucom ¢ coasropami (Harris et al., 1968) IpH IOBTODHOM M3YYEHHHA KO-
GeJUmMTOB M3 MecTopoxmeHmi liBenun W Ha¥any ¢ mOMOWBY JIOKANBHOTO DEHTTEHOCHEKT—
paJIPHOTO aHAMU3aTOopa YCTAHOBIEHH YeTHDPEe NPUPOIHEX COENUHEHWA, LNA KOTOPHX
npefJioxeHa obmasa gopMmyna 5PbS-4(Sb,Bi)pS3, Xord, CYAA DO pesyibTaTaM aHa-
JW30B, OTHOmeHWe Pb:(Bi,Sb) y OTIEJBHHEX WIEHOB TDYINH MEHAETCA OoT 1:1,61
o 1:1,24 ., KoymyecTBa CYpBMH # BHCMyTa B BTHX COEAMHEHWMAX MUPOKO BApLUPYWT:
0T YHCTO CYPEMAHOT'C WIeHA, KOTODPOMY NaHO HASBaHME THUHTMHAWT, A0 KOOEJLIHTa
¢ OTHOWLEHMEM Bi:Sb=2:1 (IBa NPOMEXYTOUHHX WieHa MMENT COOTHOmMEHHS Bi:Sb 1:1
n 0,8:1). Bce MuHepasiH pANS KPUCTALIMSYOTCA, O NAHHEM YKaSaHHHX ABTOPOB, B
povduieckol CHMHTOHMM (Ip,TPYIIH Pnnm WM Pnmm) ¥ XapaxTepH3yRTCA ONMHAKOBHM
TUNOM IOPONKOTPaMM,XOPOo COOTBETCTEBYRIMX MopomkorpavMe KOCELMTa (Nuffigld,
1948). Mm-:apa.nnomem NOUTH NOCTOAHHHE mapameTps fueitru b (33,97-34,08 A
e (4,02-4,04 A), a napameTp a [0 MEpPe BO3PACTAHMA CONEPRAHNA BHCMyTa
HECKONBKO yrResmumsaeTca (oT 22,30 2 Yy THHTHHauTa OO 22,623 ¥ KoGesHuTa).
llapasulesiBHO pacTeT M INIOTHOCTH MUHEepanoB(or 5,45 mo 6,51). Xappuc ¢ coaBTo-
pav# CYMTanT, 4TO STH COefNHEHMA Oo0pasywT Cepmp TBEPIHX DACTBOPOB X YCJOBHO
MOT'YT GHTH pas3ieseHH [0 COOTHOWEHWK BHCMyT& K CYPEME HA THHTUHAUTH — CYPEMA-
HHCTHE WieHH (OTHONEHHE Bi:Sb 10 1:1) ¥ KOGEJUMTH — BUCMYTOBHE WIEHH; BCH
CEpEN OHM HA3HBapT KodesmToBoi#t, Hemeso JOKATEHHMH aHa M3aMA B KOGELINTax He
yCTAHOBNEHO (MCHINYEHUE COCTABIAET KOOemMT M3 XBeHH ¢ 0,6% Fe). Ha srom
OCHOBaHMM B JKasaHHYW BHIe (HOPMYyJIy HKOGENIWTOBO# cepum Meaes3o He BBe—~
LEHO.
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Cemb CoeIVHeHRA TOTO Xe Ka4YeCTBEHHOT'O COCTaBa OCHAPYKEHH C IOMOWBH BJIEK-
TDOHHOTO 30HEA B.Kymumkom ¢ coapropamy (KupCik et al.,1969) mpm mccremosa~
HNY XHUVMU3MA BACMYTOBHX cyipfocosnelt ms MecTopoxmeEmit (ImmcKO-I'eMEDCKUX DYIHEX
rop (YexocsnoBakua). Ilo OTHomeHmO Pb:Bi:Sb OHM OJMBKM K KOCEJIMTAM, ONMCAH~
HEM YappicoM C coaBTopams, OOHAKO YeTHpe M3 STHX COSINUHEHHA CONEDEAT KEJNes0
B KONMYECTBAX, GJIMSKMX K COIEDEAHWD ero B IXemcoHmTe (oKoyNo 2,5%); OHN Has-
BaHH BUCMYTOBHMU IXEMCOHHTEMA, B OCTaJNBHHX TpeX MUHEpaiaX HMMewrCs JIMIL CJHEeHH
®ejesa, OHM yCIOBHO OTHECEHH ¥ "pengaHmuTam”. K COXaJNeH!O, 8BTOPH HE COMNO-~
CTARJIANT CBOW JAHHHE C pPesyasTaTaMy HaHAICKNX UcelefoBaTel]ell m He NPHBONAT

PYS (700 man. % )

P/Bi: sh)

20

25

ik
485
460
472
4,67
062

gs5L

\\ , lanenoduemymum
2:7

§bySy (40mon.%) 7:6  1:3  1:2 J:7 8:7 BigSy(40mon. %)

P 7 ¢. 1. JlwarpaMvMa COCTABOB CHCTEMH PbS—Sb253-31233

1 - TEOpPeTMYECKME COCTABH; 2 — mo BopomaeBy ® Mosromo#t (1975); 3 - mo Harris
et al. (1968); 4 — mo Kuplik et al. (1969); 5 - mo Caxapomoit, Kpusmuko#(1970);
6 — mo Miehe {1971) 7 - mo EpeMmEy # Ip. {1973) Iufpy OKOZO TOYEK ~ HOMEDA
aHaJmM30B 1o Tadm. 1

PEHTT'EHOBCKAX XADaXTEPUCTHK W3YYEHHHX BEMECTE, [[09TOMY ONpefeleHMe yKaszaH—
HHX XeJe30COJepXalliX MIHEepPAJOB K8k BUCMYyTOBHX IXEMCOHKTOB He NPelCTaRIAeTCSH
JIOCTATOYHO OCOCHOBAHHHM,

JlecATs coepmmHeHW#t BHABJIEHH OPM MCIOJB30BAHMHA 3JEKTPOHHOT'O MHKDO3OHTA
M.C.Caxaporoii(Caxaposa,Kpusuikasn, 1970) B pymax lapacyHa u Cpemxero oaroras.
[lo OTHOMEHWD CBYHNA K CyMME MOJYMeTaJlIoB M Io Tumy mDopomxorpamm M.C,Caxapo-
Ba BHOEAAET CpPeNd HUX KOGEJUIETH,CyPBMAHUCTHE JIULIMAHWTH ¥ CyPEMAHMCTHI xoza-
JuT.ONHO coenvHeHMe ,HauGonee GoraToe CYPHMOi,O0 MOPOMKOTDaMME 3aMETHO OTJM-
gaeTcAa OT CyIBPoBHCMyTHTOB cBuHOa. M.C.CaxapoBa YCJIOBHO OTHECHa ero K BACMy-
TORHM COyJaHMEepHTaM, XOTA yKasana, 4YTO IO MOpOWNKOIpamMve MUHEpask OTJMUeH Kax
OT COyJnamxepuTa, TAK M OT THUHTHHAMTA.
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CocTap CHOKHEX CYIBIMmOB Sb,Bi ¥ Pb 0 MaHHHM 3JEKTDOHHO-3CHIOBOTO aHATM3A

Anaomz| Muepan | MecTopoxmenme Pb Sb Bi Fe |Cu Ag s |Cymma
1 2 3 4 B 6 7 8 9 10 1
1  Bi -comep- llouexyeBcKoe

seumit me— (Bopomaem, Mos- 60,2 20,2 2,8 - 1.0 - 17,4 101,6

sormmr  TOB2,» 1975)

(Pasa I)

Bi —coge

x.amm‘&6g:

JIEHKE AT ;
2 Qasa II To xe 5,0 26,4 0,8 - o - 18,2 101,4
3 dasa III " 54,6 25,0 2,6 - - - 18,3 100,5
4 Paza IV " 55,6 24;8 3,9 - - - 18,1 101,9
5 Qasa V " 54,9 22,2 5,7 = - - 17,7 100,5
6 Sb-smume- Jlapacyn (Caxapo- 51,0 10,8 21,4 - 1,3 - 17,0 101,3

QHAT Ba 5{pnnmmaﬂ,

1950

7 " To ®e 50,2 11,8( 23,0 - - - 15,8 100,8
8 Bi-Oynan-— 49,7 11,8 18,0 - 1,9 = 17,2 88,0

KEPHAT "
9 Sb-Gypca— IlodekyeBcKoe 48,0 125 222 0,4 1,7 1,6 17,4 103,8

nT-K038- (Bopomaes, Mos-—

JmT Tora, 1975)

(Pasa VI)
10  Sb-gosa- Japacym (Caxapo- 39,5 3,3 38,5 - - - 18,0 99,3

JHAT Ba }){pnnmma.q,

19%0 _ -
11  KoGemwmar Crmmmcko-Temepc—- 40,6 12,3 26,8 0,8 1,2 - 18,3 100,0
KHe pyIHHe TO-
PH ehe, 1971) :
12 " Harris 42,3 7 23,0 - - - 20,0 102,9
RS e 0 1 i
13 Bi-mKeM— Cromucko-Temepc- 43,05 33,39 0,80 2,64 0,04 - 20,08100,0
COHHT zme( y,n:gr_:tﬁ rc:;- :
BT :13-) B
14 TuHTEHaUT THHTMHA (Harris 42,3 34,5 - - - = 2313 98,1
" et al,, 1968)
15 Bi-mxem— Cmmmoko-T'emepc- 41,56 - 32,556 3,85 2,77 - - 19,28 100,01
COHHUT KWe pyIgHe T'o-— d
PH (Kupcik et
al,, 1969)
16 Bi-mrem~ Cmmmcko-Iemepc— 40,78 29,8 6,98 2,60 0,03 - 19,67 99,9
COHHT Kue DPyTHHE r'o-
PH (Kupcik et
ale, 1969)

17 L To xe 40,12 ‘25,94 12,03 2,51 — 10,12 19,38 100,1

18 n " 39,38 25,86 12,51 2,51 0,01 0,14 19,59 100,0

19 KoGesmr Panelt (Harris 38,0 15,0 28,5 - - .18,0. 99,5

et al., 1968)
20 CaxapoBa—- [JouekyeBCKOE 38,6 15,9 26,4 1,1 1,7 0,6 18,4 102,7
nw(gsa, ?Bopggaen Mos- ! i ; :
XIIT) Tosa, 1975)
21  Kodewmr Japacyn (Caxapo- 38,0 13,0 30,0 - - - 18,2 99,2
Ba, Kpuemikadn,
19%0,"
22 n To e 3%,7 96 3,8 1,0 1,2 - 18,5998
23 Bi- IXeM— " 37,3 9,5 38,56 - - - 11,8 97,1
COHHT

¥ Cepa - 10 NaHHHM DACYETd. !

*k
SHaveHNA pacCIATaHH M3 fopmysn 12PbS- (Sb0.44310.56)233'2(‘}“0,56- Feo,44)‘
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Pb Bi * OGodueHHaa fopMmyna ¥ KojJe—
-— Topmyna
Gosn)| S P - GaHuA OTHOmEHM MeTaLIoB
12 13 14 15

1,62:¢1 10,0831 Pby 40y 7(Sb,Bi) 5 25,7

1,22:1 0,02:1 Pog(Sb,Bi),5,,

1,21:1 0,06:1 Po, q(sb, Bl)4 1511,1 Pbe (Sb,Bi),5, 4,

1,23:1 0,09:1 PbstSb 31)4811 ( Pb: (Sb,Bi) = 1,21+1,26,

1,26:1 0,15:1 Pbg(8b,Bi),5,, ' Bi:Sb = 0,0240,15
.1,29:1 1,15:1 Pb, oCuy ,(Sb,Bi).S .

' ' 3,97°0,2 378241 Pby 5(Sb,B1) 5,

1,17:1 1,14:1 Pbg o(Sb,Bi)cs, E P?rISb.Bi) = 1,29+1,17,

< 1:1%:1 0,388 PbT DCuO 6(sb, 31)6516 6 Bi:Sb = 1,1540,38
: B S

-1,31:1 1,03:1 PbE.EAgO'1FeO’1CuO,3(Sb, 1),55 ¢ Phy(55,35),5,,

Pb:(Sb,Bi) = 1,11+0,9,
Bi:spb = 1,0346,8
0,90:1 6.80:1‘Pb1’5(3b.Ei)2S4'5

0,85:1 1,27:1 Pbg(CuFe)(Sb, 31)7 17,5
0,80:1 0,76:1 Pb4(Sb,Bi)55

1155
0,75:1 0,01:1 Pbg ,Pe, ,(8b,81):,6 4 b

0,74:1 0,00:1 Pbg ,8b8;5 4

0,70:1 0,07:1 Pb4'9Fe1’2(Sb,Bi)7S16’5

Pb (Sb 31)7 15 5!

0,71:1 0,14:1 Pbg o (Fe,Cu)y ,(Sb,Bi);S:4 ; PRs Rl T o BEnn ds,

 Bi:Sb = 0,0142,36

0,71:1 0,27:1 (Bb, Ag)5 oFeq 2(Sb Bi) 516 7
0,70:1 0,28:1 (Pb, Ag)4 9Fe1 2(Sb 31)7 16,5
0 s T s L | Pbg (Sb, 31)7 15,5

]

0,73:1 0,97:1(Pb,Ag)5,2(Fe,Cu)1’B(Sb,Bi)7S16,9
0573351 1,851 Pb5’1(Sb.Bi)7S15’6

i1 1,99:1Pbg ,(Cu, Fe)1 o(5Y, 31) 7516,8
1

2,36: 1Pp, B(Sb 31)7 15,3
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Tadmuna (oxoHvyaxue)

1 2 3 4 5 6 Hanl—8 9 10 11
24 ®aza VIIT [JouekyeBcKoe 43,2 38,2 6,9 0,2 - - 20,0102,5
Bopo,t:a.en Mos—
roBa, 1975)
25 ~dasa VIIITo xe 40,7° 31,8 W5 25 -~ - 20,2 102,5
26  dasa IX " 40,4 30,9 8,6 2,4 - - 20,3 102,6
27 daza X " 39,7 28,7 10,6 2,6 - - 20,0 101,5
28  dasa XI m 89,5 7.4 12,0 253 W= - 19,7 100,9
29  dasa XII " 39,0 23,0 17,7 2,5 0,8 - 19,5 102,5
30 "Penﬁaﬂn~ e Temeped 36,22 18,49 24,71 0,07 2,70 - 17,77 99,9

(Kupcik et al.,

1969)
31 Kodewmr Cp.Tomrorait(Ca- 34,6 10,9 34,7 - 1,5 - 19,0 100,7
Xapopa, Hpupui-—
%as, 1970 .
32 "Pendaﬂn-— Crmcko-Temepe- 34,66 10,18 34,% 1,06 0,93 - 17,82 99,61
" - KUe pyIHHE I'O-
P (Kupcik et al.,
1969)
33 KoGemr JlapacyH (Caxapo- 36,8 9,7 31,8 « - 1,3 - 18,6 98,2
Kpuenixas,
1540
34 "Pgudaﬂn— Cmcxo-remepc— 34,16 7,74 38,73 0,59 1,79 - 17,19 100,2
U nne&
upcik et al.,
35 KoGesmr Cp.I‘om'o'raﬂ (Ca- 34,0 14,9 28,6 - 1,2 - 20,6 99,3
xaponal% L~
®as, 19
36 L XBeHa (Harris et 33,2 9.8 37,6 (i0,6: 1,0 0,6 18,6  10L;1
al., 1968)
37 "Mugepan CTpemaHCKOE 31,2 2,6 48,7 1,8. 2,0 0,6 14,1 1b1,1
rina pen~ (EpevmH u 1p., :
Gammmra" 1971

HaxoHen, 13 HTOJIRYATHX CYJBEQUIOB, COIEpPKAIMX B CBOEM cocTaBe IVIABHEM 00—
pasom Pb,Bi,Sb ® S, yCTAHOBJIEGHH DM MCCIENOBEHUM CBUHIOBO-LIMHKOBHX DYI
[logekyeBCKOTO MeCTOpOXIeHuA KimukmHckoft rpymmu (BocTouHoe Badaiikanse) (Bo-
ponaes, MosroBa, 1975). Ilo COOTHOWEHMW Pb:(Sb,Bi) ¥ [10 HAJIMYAD BTOPOCTENeH—
HHX . 3JEMSHTOB CDeIl STHX CYJILIUIOB, C OMHON CTODOHH, DASIMYAKTCA BUCMYTOBHE
DPasHOBHIHOCTM MeHeruHuTa (Bi - 2,8%), Cynammepura (Bi - ot 0,9 1o 5,7%) n
mkemcoHnrTa(Bi -~ oT 0,9 mo 17,7%), a ¢ Opyro#t — CYPEMAHHCTHA KO3AIUT -
gypcant (Sb -12.5%).BulesicH¥e HA3BSHHHX CJAOKHHX CyNBQUIOB MONTBEDROEHO TIO-
pomkorpamvenm#, Kpome Toro, POICTBEHHHH IKEMCQHUTY MHUHEDAJ, XapaKkTepHsywumi-
ca GonpimM comepxanueM Bi (26,4%) ¥ HECKOJBKO MHHMA COOTHOMNEHAAMA KOMIOHEH- '
TOB, JCJOBHO OTHECEH K CaXAPOBAUTEM HA OCHOBAHMM CXOMCTBE MX MOPOWKOIDAMM,

TaxmM 00pasoM, BOIDPEKH CYLeCTBOBABIEMY paHee MHEHHD O uUpessuyaiiHo#t pem-—
xocrn cynedocosedf ¢ ImBymMa NOJyMeTANIAMEA IAHHHE JIOKAJNBHHX METONOB aHaimsa Io-
BOPAT O HAJMYMA B CHCTEME Pb-Bi-Sb-S 3HAYNTEJBHOI'O YHMCJA COENUHEHHA ¢ Cypb-
molff # BucMyToM, CONOCTSBIGHWE WX XUMWYESCKOTO cocTapa (Talmmia ¥ puc., 1) #

' DEHTT€HOBCKUX XAparTepucTmk (puc. 2-4) moxasaio, uTO B BTOf CHCTEME CymecT—
ByeT mo KpaitHefl Mepe TpPHM pANA OPUPOTHHX COENWHEHMH#, CTPYKTYPHO-POICTBEHHHX
cynbPOAHTEMOHMTAM = CBEHIA, KAXIHA H3 KOTODHX XapakTepHsyeTcs ONpemes]eHHHM
TUNOM NOPOWKOTDAMM, 3T0 DANH BHCMYyTOBHX OyJaHXEDUTOB, BHCMYTOBHX IEEMCOHHA—
TOB X KOGE/MTOB, MOXHO IpeInosaraTs CYMEeCTBOBAHMEe W YeTBEPTOTO pANE - BHC-
MyTOBHX MEHETMHATOE, ONHAKO IONTBEPIATE €TI0 IOKE HEé YHAIOCEH M3-3a HeIOCTaTKa
MaTepHaa IJIA HOPOWKOIDEMM,.

PAn BHCMyTOBOTO IXKEMCOHHTA IO COCTABY OYEHb OJIM30K DALY KOGELINTOB-THH=-
TYHAUTOB, HanmumWe ¥ejesa, OYeBUNHO, HE MORST CIAYXATE OTJIMIUTESHHHM MPUZHAKOM
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12 13 1 ' 15

0,66:1 0,01:1 Pb4'oFeo’1(Sb,Bi)6515

0,66:1 0,01:1 by oFeq, 9(Sb, 51)5313 9
0,66:1 0,16:1 Pb, oFe0,9 (sb, 3136513 9
0;6731 00,2122 Pb4 oFeo 9(Sb 31)65 9
0,67:1 0,25:1 Pb, ,Fe, o(Sb,Bi).S oy
Lt 4,1"70,9 6-13,9

69:
e 0t o sC i | maonang,
20 T b R B 116513, 9 Pb:(Sb,Bi) = 0,65+0,69
5
0,65:1 1,85:1 Pby o0uy ((Sb,Bi)cS, 4 o Bi:Sb = 0,0142,9

0,67:1 2,00:1 Pb4,o(Cu,Fe)0’a(Sb,Bi)6813,8
0,66:1 2,39:1 Pb4’oCuo.6(Sb,Bi)6513'6

0,66:1 2,%R:1 ?54,0(Cu,Fe)o’9(Sb,Bi)GS13'9

0,63:1 - 1,12:1 Py, .Ou, .(8b,Bi).S .
? 197505202 SRE e -
. l(Pb,J\,g)(_C\,\,Fe)].‘E(Sb,B:L)B'SG'5

0,62:1 2,28:1 (Pb,Ag)1’Q(Cu,Fe)OB(Sb,Bi)BSG’B Pb:(Sb,Bi) = 0,5940,63; Bi :

0,59:1 10,88:1 (Pb,4g)y g(Cu,Pe)y g(Sb,Bi),5, 4| 5P = 1,1+10,9

-

BACMyTOBHX IXEMCOHUTOB, TAK KaK B KOOEJIMTAX, OXapaKTePU30BAHHHX CTPYKTYDHO
{ xodesmuT m3 XBeHH, mO Xappuecy H Ip., KOCENIATH 3 JapacyHa, mo M,C.Caxapo-~
BO#t, M KOGSMT M3 YeXOCNOBAKMM, CTPYKTypa KOTOpoTo pacumppoBana Muite

(Miehe, 1971)], raxme oTmeuaeTcsA comepxaHme ¥ejdesa (HECKONBKO MPOLEHTOB),
OmHEKO MO XapaxTepy HOPOUKOTpaMM CYJABOUIH IBYX DANOB OTYETNMBO — pasadvalnTcs,

U ¥X o0benvHeHme, hpennoxeHHoe A,A.TomoBrroBEM (1971), BpAI JIM ONPABIAHHO.
BimsocTs m0 cocrary cyabuUnOB MBYX pALOB — KOGEIATA-TUHTUHAWTE U BHC-

MyTOBHX IHEMCOHHUTOR — [IOKASHBAET, UTO IJIA MIEHTHPUKAIWN DPAPONHHX COeXMHeHui
B CHCTeME Pb-Bi-Sb-5 HEJOCTATOYHO 3HAHUA OJHOI'0 XMMUYECKOI'O COCTaBa, & Heol-
XOIMMH MOPOIKOIPaMMH, CJeNOBaTeNHHO, MPOBCNATE MHATHOCTHKY W paspadaTHBaTh
HOMEHKJIATYPY STUX MUHEDaJoB, OCHOBHBAACE TOJBKO Ha mepecueTe PopMmyrn, Hedb3d.
Teax, BpAN JM OPABOMOYHO CPENM NMPOAHANMBKPOBAHHHX pDaHee KOGEJUMTOR BHISIATE
00 KUCTIOTHOMY OCTATKY BHUCMYyTOBHE IMHKEHWTH, OCOCEHHO BHCMyTOBHE IeTepomopdu—
TH (TOHOBEKOB,‘1971). Bce aHaimaupoBaHHHE KOGEJUIATH IPENCTARIATIA UTOJEYATHE
MHHEDaNH, #, CIENOBATENEBHO, MX SHAJOTM ¥ DASHOBATHOCTH NOJKHH IPUHANTIEKATH
k Toit ®e mopfosormueckolt moxrpymme., Ierepomopdur %e, Kax H3BeCTHO, OTHOCHT-
CA X IJACTHHYATHM CYJIhPOaHTMMOHMTaM CBHMHLE W BXOXMT B DAX cemceinra-furénmura
(Mosrosa, Fopomaes, 1973).

NanmoxenHull MaTepnas DOKAZHWBAET, YTO OGOCHOBAHUA OTCYTCTBUA M3OMODPHEHX
BaMemeHu MOMYMETAIIOB B COCTABE CJIOKHEX CYAE(unoB (cymsdoconeit), BHIBHHYTHE
B cBoe Bpema M,Kocrosmm (1957), oxasamcs HENOCTATOUHHMH,

B mocaemHee BpeMma BOmpoC of W3oMopduaMe BHUCMyTa ¥ CYPEMH B MHUHEpasjax Dac—
cMaTpUBaEMOil CHCTEeMH NONHUMAJNCA ¥ OPYTHMA HCCIemoBaTeaAMH. A.A.[Om0BHKOB
(1971), ucxoma ®3 oOmux coofpaxeHmil 06 SHWM3OTPONUM CUIH CBASK B KPHCTALIH~

175



1 1] |

6&/5:/24|' |{. I.|.||I||I o 1
- ' al Ll bl b
0:,‘7[4_1 1 I P T | B T

400 572

Bi/Sb Plyfsh8i)

300 381

200185 150 4 A

BiL - dwcemconumst

l.II

11 I Ll ode 1

P u c. 2. lpmxmuarpavvu
BHCMyTOBHX OyJIAHEEDUTOB
C PasHHM OTHOmEHUeM Bi:Sb

1 - aHam3 8 mo Tadsue;
2 — agaymms 5; 3 - Bi-Oy-

‘naxkepur (Ysurena,Homo-

poccoea,1965) ;4-0yrameeput
(Berry, Thompson,1962)

108:1 455:1 1
445,’ m_, 3 ll i lIll 11 III ll 11 1 1l
8t1 457t 4 Lo |l| 1].|I Lo 1
0'./ 057:/ 5— I lll 1 II 1 llll;lllnll‘l-l
2 Aobennamss
ﬂ:, a”.,l illlll"ll I ll'nlL_._Lu__"_._.,LJ_.__
) P m c. 3. llTpuxmuarpam—
) ’ i T LT MH BHCMyTOBHX IHKEMCOHH-
L TOB M KOOEJUIMTOB C pas-—
HHM OTHOWEHUEM Bi:Sb 1
I I it ol Pb: (Sb,Bi)
e ~ A AL i il AAL Lhas A 7
P SR 1 - caxaposaur (Caxapo-
| Ba, 1955); 2 - aHamms
| | 20 nmo radimue; 3 - aHa-
3 . T i 1.l e R 2 4
SHTART. 8 . ot . aus 29; 4 -~ axHamms 28;
5 - mkemcorur (Berry,
‘ Bt | 1 I 1. 1 | i Thompson, 1962); 6 - aHa-
[99:1 g75:1 10 - Ju3 14 po Tadnnue;
7 - aHanu3 12; 8 - aHa-
J P | l | I auz 19; 9 ~ axamus 36;
L85:1 485y l R X - = 10 - amamms 22; 11 -
40 3% 30387 20 g A weme Sl
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P uo, 4, wwpmpamar )
CYpEMyCOnepXalliX Cynbfio— Pb/(Bish) | l I
BHCMYTHTOB C DASHHME OT— 5y 7 Mot '

HOmeHueM Pb: (Bi,Sb)

1 - mawmannr (Koo, | I_I “
Inmrpuesa, 1968);2 — ama- 297 2 11 B TR i ] .l

qus 6 mo radmmme; 3 -

anamas 7; 4 - Oypcamt ' ) I

(Klominsky et al.,1971); Iy e oo (N IJ faf 4
5 - muumannT (Manaxor M !
Ip., 1968); 6 - agams 9

0 Tadimney 7 - KOSAIMT - 1 4
(Berry, Thompson, 1962); 17%:7

8 - amamms 10 mo Tadmme : Hl | I[J_ILl
l o 1 5 e
4 Sebictbadd o gt bk e

990:7 JL| N H.l“ A0 TR AR

40 z«e 292 zw ;77 /ﬁd

YeCKEX pelleTKax, BHCKAS3aX MHEHHWe O OTCYTCTBMM HeNPePHBHOI'O M3omopdusma MeX—
Iy momymeTasnam# B cyaefoBUCMyTHTEX ¥ CYJbHOSHTHMOHMTAX CBUMHIE,. Xappuc ¢
coaBropamy (Harris et al., 1968), YCTAHOBUB He3HAYUTEJLHHE HBMEHEHHA ONHO-
TO 73 IapaMeTpPOB bieMeHTapHoR muelky RayYeHHHX KOGEJIMTOB IpPA GONELOM CXON—
CTBE MOPOWKOT'DaMM, CHeJiajl BHBOL 00 HaoMoOpdusMe BHCMyTa M CYPEMH, HO €I'0
XapaxrTep He AeTaJMBMpOBaJM, BrmoneHeHHas Mufte (Miehe, 1971) pacuufpoBKa
CTPYKTYP 'OBHOT'C M3 WICHOB pAfa KOCSNIHTCB BHABWIA HAJHWIHE B HEM CBepX~-
CTPYRTYPH 10 .¢ (c = 2¢), o0ycaonneHHof yIOpANOYEHHOCTED B PACHPENENeHAA CYyDh—
MH M BHCMyTa; IJIA 9TOT'0 BelMeCTBa XapaKTepHO HEKOTOpOoe IOHMEEHWE - CEMMETDUR
(mp. Tpymma M3MEHAETOS OT Punm KoGeJIMTA JO Pnmm).JIMHWMM, COOTBETCTEYRNME
CBEDXCTPYKTYype, HA MNOPCIKOTpaMME NOJYdYeHH IOPM 3HAUYMTENEBHO# Hmepelnep®ue mpH
CBhEMEKE .

Hamune CBepXCTPYKTYPH (yOBOEHWe mapameTpa IO c¢), colyiacHo Mute, cBAsaHo
C TeéM, YTO B IBYX NOJOREHUAX CHCTEMH TOYEK, 3aHUMacMol IOJyMeTaLiaMM, OTHO~
lleHUe CYPEMH K BUCMYTY pPaBHO 1:1, TOTIa KeK B OCTANBHHX INOSHMINAX 9TO OTHOWE-—
HUME MeHEpme, [IOCKONBKY, CYIA [0 GIMS0CTH NOpOKOTDaMM, CTPYKTYpa COXpaHAeT-
CA ONVHaKOBOR 1A BCETO KOCEJMTOBOTO pAlla, 4 OTHOMEHHE Sh:Bi BapepupyeT, B
IpYTUX UleHaX MOXHO OXMNATE NOABIEHHS CBEpXCTPYKTYD MHOTO mopAmka, Orcyr-—
cTBUE JuHKA, COOTBETCTBYNIMX BTEM CBEDXCTPYKTYDaM, Ha IODONKOTDAMMAX KOGes-~
JATOB, U3YUEeHHHX XappMCOM C CO&BTOpaMWA, BHUIMMO, CBA3EHO C TeM, YTO OHH CHH~
MAJUCP B OOHYHHX YCJNOBWAX, 4, KaK MOKasan omuT Mufle, ANA MX BHABIGHHA Tpe-
OyOTCH 3HAYUTEJIBHHE IePeIepXKH,

Texum 00pasoM, HOCKOJNBKY pacHpenesNeHWe CYPEMH M BACMyT& B CTPYKTYpe

KOOEJUIMTOB YACTHYHO YIOPANOYEHHOE , OTporo TOBOPS, NONOCHHE SAMElleHMA Helb-
12 547 biivd



3 XapaxTepH30BaTh Kak M3oMopfHue (IoHATHMe uzoMopdusMa IOXPas3yMeBaeT cTa-
TUCTUYECKOE paCIpeneseHiis pasHHX SJIEMEeHTOB B HpeNeJieX ONHON CHCTEMH TOYEK);
MOXHO T'OBOPMTEL O IPEPHBACTHX B3aMENSHUAX MOAYMETANIOB ¢ YHOPANLOYEHHEM, KO-
TopHe A.A.KyxapeHro (1970) OpeJOXWI PACCMATPUBATE KaX NPUMHKANMHEE K M30MOD-
dHEM, B 9TOM OTHOWEHEMM DAL KOCEJUIMTOB CXONEH C M3YYEHHHEMA M ONKCAHHHMM
paHee IpyTUMHA DANAMM JIODANOYEHHHX COSNUHEHWA M3 YHMCia CHIOMHEX CYJIBORIOB:
pAnOM BUCMYTHHE-allKMHUTEZ, psafoMm cemceimra-foménmura # Ip. (Welin, 19683
Moore, 1967; Fopomee® m mp., 1970; Mosrosa, Bopomaes, 1973), Pam BHCMyTHHA-
aftkuHNTa, HaIpHMep, TaKKe XapakTepUsyeTcsa o0pas30BaHMEM CBEPXCTDPYKTYD [pH
VIOPANOYEeHUN TOJOKEHMA BHCMYyTA W CBMHIE B ONHOM ¥ Tolt %e CHCTEME TOYEK I
OYeHb CXOZHHMI MOPONKOTpaMMaMi. B yKAaSaHHHX pAfaX yCTEHOBIEHO 3HAYNTENBHOE
KOJIMYECTBO NPOMEXYTOMHHX COeNMHEeHN#, B CBA3M C YeM OHM ABIANTCA NDEPHBHCTO-
HEIPePHBHEMA, JICXOIA M3 5TOTO MOKHO OKUIATH ¥ B DALY KOGEJTATOB GOJEBIETO
YHUCJE NIPOMEXYTOUHHX UNEHOB, YeM BHARIEHO K HACTOSINEMY BpEMEHH,

HauGonee BEepOATHO, 4TO HMEHHO CXONHHE YUIOPANOYEHHHE COENUHEHWUS COCTaBIA—
0T M OCTaJbHHE DANH B CHCTEME Pb-Sb-Bi-S, Tem GoJee dWTO 3aKOHOMEDHHE Cpac-—
TaHWH, NOXOKMe HE CTDYRTYDH DaCHEje, OUEHb X&paKTeDHHE [J1A TOMOJOTHIESCKHX
pANOB BHCMyTHHa-allkunmTa # cemceitmra—furénnura, ycraHomieHn M.C.Caxapo-
BO#t mnA CypPEMAHMCTHX JIALMHAHHTOR M3 JlapacyHa.

OcoGoro BHUMASHUA 34CIyXMBAET DaspaldoTHa HOMEHKJAATYDH T'OMOJNIOTHYECKHX Ds-
IoB, B pAme BUCMYTHH — ailKMHNT Openiaraloch pasjudaTh OTHENBHHE WIeHH IO
CBEDPXCTPYKTYPE (Moore, 1967; Welin, 1968), OmHEKO MX pas3rpaHNYeHNe IOBOJBHO
CJIOKHO, MOCKONBKY OINpeleJieHNe CBEPXCTPYKIYD A MUHEDANOB HUBIMMX CHHTOHMA
TPYLOEMKO. . B HacTosmlee BpeMA OONee IPOCTO OTPaHMYMBATECA YCJIOBHHM IOIpA3Le-
JIeHEEM pANoB mo cocrasy (Bopomees m mp., 1970; Mosrosa, Bopojaes, 1973). B
paLy KOGEJLITOR , HalpAMEpP, B COIVIACHA ¢ XappmcoM B gmp. (Harris et al., 1968)
MOXHO Das/M4YaTh THHTHHAWTH, OCETHEHHHE BHCMYTOM, X COOCTBEHHO KOOGEJIUTH —
ofoTrameHH e BUCMYTOM, PAN BECMyTOBHX IKEMCOHMTOB MOXHO IOIpasmeNuTE: Ha coC-
CTBEHHO BUCMYTOBHE IKEMCOHETH C COLEDRAHMEM BHCMyTa IO 17% U OTHOMEHMeM Bi:
Sb = 1:2 # Jonee BHCMYTHCTHE WISHH, 34 KOTODHMA MOKHQ 38KDENNT: Ha3BaHWe
caxapoBamTH., JTO Ha3BaHWe OWIO mpemtoxeHo M,Kocrosmm (1959) mA mepBOro mpu-
PONHOTO COENMHEHWA M3 DANa BUCMYyTOBHX IXEMCOHHMTOB, oOHapykeHHoro M.C.Caxa-
poBoit 1 cofiepXKalero 3HAYMTENBHHE KOJMYecTBa Bi. HOMEHRIATYPY OCTANBHHX DA-
I0B, BUIMMO, MOXHO YTOUHHTE IIOCTE MX IIONOJHEHMS HOBEMM UNEHAME C GOJBINM
COIEDKAHUEM BTOPOTO HNOJyMeTalra, IIoKa WIEHH 3TUX DANOB MMEHYKT IPOCTO Kax
PA3SHOBATHOCTH CYJIBH0aHTUMOHRTOR WM CYJIBHOBUCMYTHUTOR,

B 3aKM0YEHHE XOTeJOCH OH MONIEPKHYTH, YTO, KAKOBH OH HA OHIM NPUHIANH HO-
MEHKJATYPH, BHIEJNATE B KAUECTBE CAMOCTOATENBHHX MUHEDAJHHHX BUNOB KaXmwi
WieH TaKUX DANOB HE cJemyeT, Camoe IVIABHOE IIpH HEXOIKe HOBHX coeXuHeHuit sToif
CHCTEMH — YCTAHOBHUTEL WX NPUHANIERHOCTE K ONpENeNeHHOMY I'OMOJIOTHYECKOMY DS-
Iy, NOCKOJNEKY 5TO IaeT BOSMOXHOCTE [IDOKOPPEKTMPOBATE, & B HEKOTODHX CJIydYa-—
AX ¥ NpercKazarTh OTIeJbHHE WX CBodcTBa,
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IV. H30MOP®H3M B CHIIMKATAX M ®OCDATAX

B. A. Apuw, B. B. 3eéazun, C. B. Coboaesa
0 BAPHAIIMAX CTENEHH M NOPAINKA M30MOP®HBIX 3AMELEAMA
B TETPAJIPAX CJIONCTbIX CHJIMKATOB

CyoMCTHE CWIMKATH XAPaKTEePU3YWTCH 3HAUATENBHHM pasHooGpasueM U30MopdHEX
3amemeHni#i, 3TO CBASAHO IpEXIe BCETO C TeM, YTO MX CJOM O6pa30BaHH U3 B Kakroi-
TO MEPE HE3aBHCUMHX IBYMEDHHX OTPYKTYDHHX SJEMEHTOB (OKTASIpPUYECKEAX M TeT—
PaBIpUIECKAX CETOK), CTENEHE I'eOMETPHYECKOTO COOTBETCTBHA KOTOPHX BApLHPYET
B HEKOTODHX mpenesax, MsoMmopdHHE 3amemenud, ¢ OZHO# CTODOHH, PACHEDAKNT BO3—
MOXHOCTH IOCTHREHNA JyUmIer'o I'eOMETPHYECKOI'O COOTBETCTBHA STUX BSJEMEHTOB, &
¢ Ipyroll — oOyCROBIEHHHE MMA PeOMETPUYECKMEe U BJIEKTDUUYECKUe 5PPEeRTH B OTHUX
CeTHaX MOTYT KOMIEHCHUPOBATECH 3aMEUEHNAMA B IPYTHUX CETKAX WM B IPOMEXYTKAX
Merny cJosmu, KoHkpernse fopmu n3oMop@HEX zamemeHult 3aBUCAT KAk OT KPUCTAILNA—
ueckoft CTPYKTYpH BemecTBa, TAK B OT XWMASMA I TEPMOIUHAMUYESCKUX IapamMeTDOB
cpenmH, a Taxke OT POpMH CYLEeCTBOBAHMA M MATDALMM MOHOB, YYACTEYWIMX B IIPO—
neccax 3aMelleHnd,

K HacTosmeMy BpeMeEH HakOIIEH 3HaYMTeNBHH! daxTHuecKmil MaTepuant O Ipe-
Ierax M THIaX N30OMOPPHHX 3amemeHuMlt B OKTasmpax, TeTpasmpax U MeXCJIOEBHX IpO-—
MEXYTKE&X Da3HHX CJOMCTHX CAIMKATOB, [[OCTDOEEN MHOTOYNCJIEGHHHEe Tpafukm n IH-—
arpaMvH, BHpaxdallie XUMWYECKHMe NpPEeNeNH CYUWeCTBOBAHUA ONDEINEJEHHHX CTDYKTYDP—
HHX THUIIOB, & TaKXe BABHCHMOCTH CTPYKTYDHO-XMMHYECKMX (Qopmys oT ycaoBumit o6-
DPasOBaHUA MMHEDANOB, CBA3L PASMEPOB BJEMEHTADHHX AYeeK M pANa IPYTHX cBolicTs
¢ nzomopfHEME BameneHMAME (Cipriani et al., 1971; Deer et al., 1962; Foster,
1956, 1962; Alvee, 1962; Koccowokas, Jpw, 1971; Kemeswncxac, 1965). Cme-
JIGHHHE BHBOILH OCHOBSHH IPEMMyWECTBEHHO H& pesyIbTaTax XMMAYECKHX aHAIK30B,
7 NO3TOMY TeKMe XapaKTeDUCTHKH M30MopPH3MAa, Ka¥ 38KOHOMEDHOCTH DacIpelneleHnd
n30MOPPHEX &TOMOB MO BOBMOMHHM HOJOXEHUAM B CTPYKTYDE ¥ BH3HBAEMHE WUMU UCH&—
XEHNA, He ocBemeHH, [onoMHUTensHyn MHfopMmanmn of M3omopfusMe CJIOMCTHX CHIH-
KATOB CTAJNO BOSMOKHHM IIOJNYYATE JMIUB B IOCHENHWE TONH IOCJE BHIOJHEHMA IOJ—
HHX OIpenejeHn#i KPHACTANINYECKMX CTPYKTYP pANa CACHCTHX CWIMKATOB,

B pmanHO# cTaThe NeNaeTCs MONHTKA, BO— IEPBHX, OCMHCIMTE CO CTDYKTYDHHX
nosmumit MacmTadH u3oMopPHEX sameleHmRt IJA pasHHX CIOHCTHX CIIMKATOB, a BO-
BTODHX, IPOaHaJIU3MpOBATh MMEMUMECA CTPYKTYPHHE NaHHHEe O XapakTepe paclpene-
JieHnsa ¥30MOpIHHX aTOMOB, JTa 3alada MHOTOIUIAHOBAA W OOWMPHAA, DOSTOMY LeJe—
C0O00pasHO IIOKa OT'DAHMYKTHECA ONHEM M3 HamboJee MHTEPECHHX YACTHHX CJyYaeB
u3oMopfHEX 3amelleHu#t B TeTpasmgpax, KOTOpHA MoxeT OHTE pACCMOTDEH C HaMGOJB—
me# ONpPEReNeHHOCTER,

Kak mM3BeCTHO, 3aMelleHMA B TETpasipax CIOUCTHX CWIMKATOB He OYeHb Da3HO-
o0pasHy, B OCHOBHOM IDOMCXONAT BaMeleHWd Si Ha Al, SHAYUTENEBHO Dexe oTMeda—
DTCA 3aMeleHus Si Ha Fe3+ . YKa3aHHHe 3aMelieHnd OCYCJORIMBANT YBEJIMIEGHHE CpEen-
Hero pasMepa TeTPadsApoB ¥ BOSHUKHOBEHME OTPHNATEJEBHOT'O 3apAfa CJIoeB, YBeJan-
YeHHne paccTosHEi OT TeTpASIDPHUECKIX KATHOHOB N0 aHMOHOB T-0 MOXET OHTE COr'-
JIACOBAHO C COZEpPEaHMEM OCHOBHHX CTDYKTYPHHX ocoOeHHOCTef CIOHCTOTO CIIMKATE
6naromaps LBym Sbdexram: yBesruueHUD yIVia AUTPUTOHANIBHOI'O pPa3BOPOTA OCHOBa—
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HUj TeTpasipoB ¥ BHTATMBAHUD TETDasIpoB IO HOPMAIM K CJIOAM. IIpW orpanmye—
HIFIX B Deaia3alni STUX IBYX 3PDHeKToB OHO BHBHBAET YBEJWYEHME HNEPUOIOB a Mh.
JUIf KOMIIEHCAITMW 38DAN0B ¥ PASHHX CTPYKTYD CYUeCTEYWT pasHHE BOBMOXRHOCTH

I OPpaHMYeHUd, JleTde BCEI'C OHA MOXET OCYUECTBIATHCA B CTPYKTYpax, NOIYCKa—
OIMX BXOKIEHHE MEKCJIOEBHX aTOMOB, ¥ CTPYTYD M3 TpexoraxuuX (2:1) 1 IByx—
srasuEx(1:1) cloeB, HENOCDENCTBEHHO CBASAHHEX OPYT C IpYTOM, MMEWNTCH pasim-—
YA B DTOM OTHOWEHWM A LUOKTASNPUUECKUX X TPHOKTASODHYECKHX CHIMKATOB. B
TPHOKTASIPAUECRIX CJI0AX OTpHUATEJIBHLIT 38pAN TeTPasHpUYSCKUX CETOXK MOXET KOM-
NeHCHUPOBATHCA 3EMEleHMAME B OKTasIpudeckoil ceTke IByXBaleHTHHX ATOMOE R

Ha TpeXBasienTHHeRZT , B IMOKTESIDUYECKEX CJIOAX IIA BTOTO NOTpeGOBAMMChH Ou
samemerma R ma R** wm pmempenwe B mycTse oxrasipu ', [lepBas BOBMORHOCTS
PEKTHYECKH HEDEeaJbHa W3-34 OTCYTCTBAS NOIXONAIMK BJIeMEeHTOR (38 MCKINYEHUEM,
MoxeT Ours, Ti%", BxommeHue KOTODPOTO B CTPYKTYDY CJIOMCTHX CWIMKATOB ONHOS-
HSUHO ellé He NOKAB3HO), BTOPad BOSMOKHOCTE MOXET YIORIETBOPATHECA Li, HO IpPA
9TOM CJIOW MEpecTapT OHTE CTDOTO IMOKTAadIPUYECKHMHA, a,KpoMe Toro, Li B OOmol-
HEX CTDYKTypaxX HE BCTPEYaAeTCH,

[paxTRUecK® N30MOpEHHE BamemeHud B TETPasApaX pPealdsylNTCA B TPUOKTASHPH—
YECKHX CIOHCTHX CHIMKATaX TOJBKO M3 ABYXSTaXHHX CJoeB(CepHeHTHEH, OepTheDUHN,
aMesHTH, KPOHUTENTATH), TOTLA KaK B TANBKAX OHM MOTYT OHTH TOJNEKO OYEHE He—
3HAUNTETLHHMA . ]

JIMOKTaAApAYECKIe MIHEDATH U3 ABYXOTAXKHHX CJIOSB (KAONMHUT, NUKKAT, HAKDHT,
TAJULYBsHT) OTIMYARTCA APKO BHPAXEHHEME MOCTOAHCTEOM ¥ ONHOPONHOCTED XUMA-

4ECKOT'O COCTAaBAa, MPMYEM 3TO KACAETCA HE TONBKO TETPASIPUYECKMX CETOK, 4YTO
BIOJHE ONpaBNAHO IPUBENEHHHMM BHIle COOCpaxeHWAMH, HO ¥ OKTADIpOR, XOTA 38—
vemerme 41°7 Ha Pe', xasamoch OH, MOIVIO OHTH BIOJHE JOMYCTHEMEM, TaK Kak

970 ‘He HapymaeT sJeKTpudeckoit He#trpambHocTH cloeB, lomolHOe Xe HONOREHHE
COpaBeZINBC BJA nupofwmros, Xora coBceM Hemapso $,B,YyXpoB ¢ coapTopams
(1972) ycTaHOBWI CymMECTBOBAHHME €0 YHCTO KEJEeSMCTOTO aHAJOME C aTOMAMHA
‘Fe3" mMecTo Al B OKTasmpax, ARIANIETOCH Fe-AHAJIOTOM Al-IMpodwumra, He me-
KJOQUEHC, YTO OJHOPONHOCTE COCTABA MUOKTASHPUYECKUX CJOMCTHX CIIMKATOB MMEET
Gomee ofmylo DpmumHy, OHa MoxeT Ourhk OCYCHIOBJIeHa TeHeTwdeckmv: feaxTopamu, Ha-
IpUMED HEMSMEHHHM OTCYTCTBUEM NOCTYIHEX A7 HOpMUDOBAHUA CJIOEB KATHOHOR.Fe -
B YCJAOBHAX KPHCTA/UIMBAINY KAOJMHUTOR WM 5HepTeTHYecKolfl HeycTONUMBOCTER THOK~
TAOEPUISCKAX IBYXOTAKHHX CJOEB,B KOTODHX Fe”" YACTHNHO WIN MOMHOCTHE 3aMelja—
eT Al. He omyyailno coemmienue AL(OH)4 (vumepanu Tucdeur , Galtepur , HOPLCTpaH—
INT) He #MeeT anajora Fe(OH) 3¢ V ZpYTHX OKHCIOB -~ THIDOOKHGIOB Al €0TH Fel'
anaJoTHU ( Tuacnop~TeTuT, OBNMT—JIBHMOEPORHT KOPYHI-TEMaTHT), ONHEKO CYUjeCTBO-
BAHHE NPOMeXyTOUHHX fopM, B KOTOpHX M3OMODPHO codYeTamuck GH Al ¥ Fe, ARIA-
€eTcA BechkMa IpoGreMaTUdHHM,

Taxum o6pasoM, Te B38ROHOMEDHOCTM, KOTODHE B IOJMHOR Mepe IpPOABIANTCA B
COENMHEHHAX, TTE eNUHCTBEHHHMY KaTHOHAME ARIANTCA Al wm Fe3', xax Gymro
COXPaHAKT B Kakol-To Mepe CBOD CWIYy ¥ IPH BXOXIEHNM B CTPYKTYDY &TOMOB Si,
opudeM B TeM CoJsllell cTenenu, dem MeHBIAA NOJA CTPYKTYPH CBA38HA C ATOMaME
Si. Tax, B KaAOAWHATAX CETKE OKTAsIpOB Al-(0,0H) COYETaeTCA TONBKO ¢ OTHOR
ceTxolt TeTpasnpoB Si-O (onmEA ee MOBEPXHOCTE OCDA3OBAHA IEJHKOM I'HEPOKCWIA—
Mu), & B IMpofWLIHTE BTE CETKA B3&KINYEHA MEXIy IEYMS TeTDasnpWIecKuMu I
00e ee IOBEPXHOCTM COCTEBJIEHH ATOMAME O M IMIDOKCHANAME OH B OTHOmEHENHA 2:1,
Taxmm o6pasoM, ciaoeBoil CTPYKTYpHER BjeMeHT TMOGcHMTa B GoJiee ABHOK W MeHee
usMeHeHHOR Jopme mpencTaBNEH B CTPYKTYPAX KAOMMHUTOBHX MUHEDAJOB, 9YTO MOXET
OHTE HOCTABJIEHO B COOTBETCTBHE C OTMEUEHHHMM OCCTOSTEIHECTBAMH,

B TeX cayYasx, KOTNA KOMISHCALMS OTPMIATENBHOTO 3apfAla CIOEB MOXET 0Cy—
MEeCTBIATECA W 34 CUET MEeXCJAOSBOT'0 BElecTBa (MEeXCIOSBHX KATHOHOB, OIHO3TAX-
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HHX TUIPOKCUIHHX CNOEB), BOSMOXEH MUDOKUA ITHANA30H 3HaueHuil cTemeHM H3OMOpH-
HOT'O 3aMelleHUs B TeTpasipaX,fpxuv IpUMepoM 8TOTO MOTYT CJIYXUTE CJWNH, B KOTO—
DHX CTENEHP 3aMENEHWA WSMEHSeTCHA OT HyJi B NONWMTHOHETE KLipAl [Siz0q0](OH) 5
1o 3/4 B KcaHTODWLIMTE CaMg,Al [A131301 ol(OH)z' Il B pTOM cIydae TPUHOKTABIDU—
YeCKHEe Da3HOBUIHOCTH MOTYT OTJMYaTHCA BHCOKHMI 3HAYEHHAMH CTEleHH 3aMeleHHA
B TeTpaszpax 3a Cc4YeT M3CHTOYHOT'O IOJOXUTENIBHOI'O 3apfAlia B OKTadIpudecKol
ceTKe, KOTODH! BOBHWEAET IpM 3aMeHe aToMOB R°T Ha R, ¥ TUOKTasIpUde CKIX
pasHOBUIHOCTeH M3oMOpHHe 3aMelleHHs B TeTpasIpaxX OTPaHWYeHH MEHBUIMMY IIpele-—
Javi: TPHOJMSUTENBHO OT HysiA (B CeJamoOHNTE, OTPMIATENBHHE B8pSI CIOeB KOTO-
DPOTO KOMIEHCHDYETCS IVISBHEM o6pasoM 3aMemenusmu R-T ma RT B omrasmpax) mo
1/2 (B maprapure), Uame BCETO pealMsyeTCA CTENEHb 3aMEleHWs oxono 1/4 (B Tu-
OMYHHX MyCKOEHTAX).

B MOHTMODWLTOHHTAX IpH c.::acim: cwnax B3avMonmefcTENA MeXIy CJIOAMA CTENEeHB
3aMeleHNA B TeTPasipax 0 HeoOXOTUMOCTH IOJKHA OHTEH HeGONBmO#; B OGHIHHX
THOKTa3PUUECKAX MOHTMOPWIOHATAX OHa NPaKTHYECKHW paBHAa - HyJMW, 3aMemeHnd Io-
pamka 1/12 XapakTepHH WA GeifNesuIdTa M BOSMOKHH TaKke VIS HOHTDOHWTA W TpH-
OKTaBIPUIECKUX MOHTMOPWLIOHHTOB,

B xiropnrax, KeX NpaBWIO, CTENeHb 3aMelleHWA B TeTpasnpax HECKOJBKO IPEeBH-
waeT 1/4, OGYyCJHOBIMBAS OTPUIATENBHHA 3apAl TDEX3TaXHHX CJOEB, KOMIEHCUDYEe-—
Mu B OCHOBHOM IOJIOXUTEJBHHM, 34pANOM ONHODTARHHX cIoeB, Kmaccwusckmit mpu-—
MeIS IpenCcTaBIAET KIMHOXJIOD MgoAl(OH) 3lg3SiAl0 ] O(OH)Q’ B KOTOpPOM H3GHTOYHHE
3apAfH OFNHOSTAaXHHX M TPEXSTARHHX CJI0eB, OCYCJIOBIEHHHE COOTBETCTBEHHO 3aMe-—
WeHWAMA Mg Ha Al ¥ Si Ha Al, UMENT 3&8pAmH +1 # -1,

Kax oTMEYasoch, yCHeXM CTPYKTYDHOTO aHAIN3a IPUHECHM NONOJHATENBHYHD BO3—
MOXHOCTE XapaKTepUCTUKY M3oMOpOHEX saMeleHuil 3aKOHOMEPHOCTAMH paclpeleJeHud
PasSHOMMEHHHX &TOMOB. B Taln, 1 NpUBENEHH NOJNYUYEHHHE B DE3YJIBTATE CTPYKTYDPHHX
WCCIeIOBaHN! IaHHHE O DACHDEIeNeHRN DAsJMYHHX KaTmoHoB (T) mo TeTpasmpam,
KpucTaworpajudecras He3aBACHMOCTE KOTODHX B OOmEM CJIyvYae OTDaHMYHBAETCH
JIAIE HEMSMEHHO COGJIDIAEMHM YCJIOBHEM GA30LeHTPUPOBAHHOCTH CJIOUCTHX CHIMKATOB.

Pasmuna B 3aceseHUH TeTPasIpoB OCHADYRMBANTCA O BEJMMMHE MERATOMHEX
paccrogunit T-0, Kax ycranoBwin A,CvzT u C,Beitmm (Smith, Bailey, 1963), IJIA
CJIOMCTHX CIMKATOB CPeJEME DACCTOSHEA YMCTHX Si-, Al- I Fe '—TeTpasmipoB co-
OTBETCTBEHHO paBHH 1,62; 1,77 1 1,86.3, & Ip¥ IIepeMeHHOM COCTaEBe
Si1_x_yklxli‘e§"' codmonaeTca JuHeliHoe mpaBmwio ammuTHBHEOCTH(T-0)=1,62 (1-x=y )+
+ 1,77x + 1,86y. lloamHee Owio morasaHo (llpmm, 1974), 49TO IIA IUOKTASIDPUYEC-
KUX CJIOMCTHX CWIMKATOB CREMyeT MCHONB30BATH B KAYECTBE MCXONHEX sHaYeHn!
1,61 # 1,754. DTO IOJIOXEHMEe WLINCTPUpPyeTCA Tadk, 2, B KoTopofft comocTamleHH
BHYHMCJEHHHE ¥ BSKCIEDHMEHTaIbHHEe 3Ha49eHma T-0 A DasHHX CJIORCTHX CHIMKATOB.

Kax BumHO u3 Tadn. 1, B CoNBNMHCTBE CJlN Momuuramwy 1M TeTpasIpH DaBHO-
LEeHHH X B3acCeJANTCA CTaTHCTHIeCKH ONMHAKOBO, JTO EIOJNHE ECTEeCTBEHHO IPH IPOC—
TpPaHCTBEHHO! CcHMMETpHHM C2/m, KOTODAA BOBMOXHA, €CJM OTHEJBHHE CJIOH IMEeKT
IJIOCKOCTE CHMMETDHM m, HAEJaKiyl BCEe TEeTpasipH IPH X CTATHCTMIECKOM paclpe-
IeJeHNM B CpeIHEeM JKBUBAJEHTHHMH IDYT IPYyTYy. B mellcTBUTENEHOCTH Haumdme y
OTHEJBHHX CJOeB IMOCKOCTEd m HamexHO OHIC YCTEHOBJIEHQ JMIELE B Fe-fVIOTONATE M
Fe-aHHUTE, B KOTOPHX Fe-TEeTPasIpH [0 CBOMM pasMepaMm ¥ pacceuBawmedl cmocol-
HOCTH COJIge 3aMeTHO OTVIMYalTCHA OT Si-TeTDasIpoB, 4eM NPHCYTCTEYWIME B NDYTHX
CTPYKTypax Al-TeTpasipH, Kax MOKa3alo yTOUHEHME CTDYKRTYDH HUOKTadIpudecKolt
caons 1M (CumopeHko # Ip.; 1975), yHODAmOUEHHOE pachpeleseHye M3OMOpHHHX 3a-
melleHuit Si Ha Al. B TeTpasgpax BO3MOXHO M IaA Momupmmarm#t 1M, OHo mocTuraerca
LeHQ#t MCUe3HOBEHWMA IUIOCKOCTER m ¥ HEHTPOR 1. B CJOSAX ¥ MOHUKEHWS CHMMETDHA
Ioc2.
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Tadoaurma 1

CocTar ® pasMepH Kp]dCTaJIJIGI‘pS@H‘-IEGRH HA38BHUCHMEX TETPasIpOB CJOHCTHX CH-

JIMKaTOB
TloymTHn ¥ Ipo— . Pac-
CTpPaHCTBEHHAA OCTaB TET— CTO—
Munepas % ero Qopmya Tpymma pasgmpos (T) %F%F°
~0,A
i 2 3 4
Fe-furoromut (Steinfink, 1962) 8ig 75Fe0, 25 1,68
” 3+ i
KMig [ 51 ,Fe 0,40 1C0H),
drop-furoronur (Takeda, Donnay, 1966) Sig gAly 5 1,65
] ’
Ko, 95182, golt0, 20513, 25410, 7501012
Fe-8HHUT (Donnay et al., 1964) M Sig 75Feq o5 1,69
7 2+[ 2 3+ ] ? %
e3 SlBFe 0, 1(0H), c2/m
[TosmmTNOEAT (Takeda, Burnham, 1969) 8% 1,62
KAlLiz[Si4O10]F2 :
Heneamcguﬁ OROTHT (Tepikin et al., 1969) Sig 7Aly 3 1,665
+ L L] t]
Ko, 9(Pe5 39Ny oghly ogTig 11ig g4)°
I812 7A11 3 10] (om),
Imoxrasmprueckas cions (CHIOPEHKO M Hp.,
1975) - 1 Sig ggAly g4 14615
Xo,68l411 53723, 05 e5* oMo, 1)1 i c2 51y g3Alg, 17 1,643
(815 514G 450100 13+ (0H) 1 g
MyCKOBHT (Guven, 1971) Sig 'TBM'O 25 1,643
2+ ) ’ .
Ko, 86¥80, 1414 9(M%'Fe )o,1"
-{513 02A10 980 0 (UH)
BeHTUT (Giiven, 1967) Sig,ghlg, 1 1,622
K, 57190, 10411, 43%80, 5F%0, 1"
" 1Si5 441y 040 J(OH); &
Maprapur (Takeuchi, 1966) Sig gdly 5 1,633
CaAl, [51,41,0, 41 (OH), . c2/c Sig s4ly,5 1,69
InorTasgpuuecKas canma (Zhoukhlistov et al., Si 1,619
wrey
KO,7A11’94[813'5A10,5010](OH)2 Sig, 754l 05 14653
JIEHHJIOJHJIT (Takeda et al., 1971) M, Sip gAlg 4 1,622
P2t -0, .
87 3, 12A1 0 g7li ,05° c2/c SlO,BAlo’z 1,633
513 4A10 6010](F OH)
JI@HHJIOJIHT (Sartorl et &l-, 1973) SiD,84AlO,16 11628
Ko, 8880, 12(A0, 6300, 37) (Lig, 95410 05) "
([815 56kl 64 0101 (OH} ),
MyckoBET (Given, Burnham, 1967) 3% Si 1,603
Ko, 90880, 06(08:B8)0, 0p411 83480 09 e Slg.e5M0,45. 1,67
« (e, Tl)O 1[313 1A10 9 10]( OH),
Cr-XJIOan (Brown, Bailey, 1963) Io',; |1:+ IO:II Big gAly 4 1,636
2+ ¢ : = -0, ,
ligs oFe, 1070, ALy, 2 [515410,01(0H)g il g, 570,43, 14685
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Tadaniuma 1 (oKoHuaHue)

1 2 3 4
ImoxTasmpudeckuil xropuT (AnexcaHmpoma U
Ip., 1972) |CI 5+ 1 ,cﬂ 5i 1,61
Aly,1%e0,05M80, 08110, 26
*[8i3 14410, 86010](0H)g c2 Sig gAlg,4 1,67
TpoxXnIopuT (Steinfink,1961) 9T6% Sig ghlg o 1,633
Mg, cFes, 2Fe,I L5AL 2[312 oAly 5040 1(0H) g c2 Sig 4Alg 7 1,726
Mg-BepMUKYJIHT (Shirozu, Bailey, 1966) log] T Fé|T+|U|SiO’86A10'14 1,641
Mgy 5 (Hy0)ghigy g3hlg 16515 g6Aly, 140101 BT e e g 1013
« (0H),
JImpnomaa,qpmecmﬂ XIOPUT (AJI&KC&H.IIDOB& 03747505 Si 1,61
n 1p,., 1973)
K1y, 9gMEq, g95Fe0, 20 [S12, 56411, 140101 (OH)g Gfe.  Big gshlp gg 1,88
Tadanunma 2
JKCIepUMEHTaJbHHe ¥ BHUNMCJIeHHHe. cpenHue sHaveHma T-0
7-0, A
Muzepasan BHHYUCT .
8KCI. -
)
IvorTasmpudecrue
MyckoBHT 2M, (Rothbauer, 1971) 1,644 1,647 1,657
Myckopur 2M, (Guven, 1967) 1,643 1,646 1,656
MycropuT 3T (Guven, Burnham, 1967) 1,635 1,640 1,653
Iwoxrasmpmieckult xmopur (ANeKCEHIDPOBA U
Ip., 1972) 1,643 1,641 1,654
InTprokTasmprueckult xIopur (AseKCaHIpOBa .
n 1p., 1973) 1,654 1,660 1,663
[laparoHUT (Burnham, Radoslovich, 1964) © 1,647 1,647 1,657
Maprapur (Takeuchi, 1966) 1,694 1,680 1,695
@enTuT (Cliven, 1967) R 1,631 1,641
TpuoxTasmpriecKue
Fe-6uoTuT (Tepikin et al., 1969) 1,665 1,656 1,667
Keanrofwumr (Takeuchi, 1966) 1,730 1718 1,732
Li-ciona (Tekeda, Donnay, 1966) 1,650 1,636 1,650
Mg-BepMEKYJHUT (Shirozu, Bailey, 1966) 1,658 1,650 1,662
Fe-Xs0pUT (Shirozu, Bailey, 1965) 1,670 1,655 1,669
Cr-XJOpuT (Brown, Bailey, 1963) 1,660 1,645 1,659
TipoxnopuT (Steinfink, 1961) 1,680 1,673 1,887
HonnnnTnonnT (Takeda, Burnham, 1969) 1,618 1,610 1,620

,lIJm WCXOMHHX 3HaveHuit 31—0 U Al-0, paBHHX 1,61 @ 1,75 2.
Tome,mmlezni'?'?ll-
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B IMOKTA®IPUYECKHAX CJIHIaX C IePHOIOM IOBTOPAEMOCTH Oojiee UeM B OmyuH cjoft
cymecTByeT IO KpailHe#t Mepe xpmcTastorpajudeckans HEBaBHCHMOCTD HaKIHX . IBYX
CMEXHHX TeTpasipoB, OmHako, Kaxk BAEHO U3 Tali. 1, B NefCTBATENEHOCTH OHA He
BceI'a peaymsyercd, OCBACHEHWE STOMY MOXHO HallTH ¢ HOMOIBN KPMCTAIUIOXMMAYEC-
KX coolpaxeHuit ¢ y4ueToM orpaHUYeHml, HaxIagHBaeMHX CuvMeTpHeil, Heam npoc-—
TPaHCTBEHHAA CUMMETpHA C2/c, TO OTHeJbHHE CJOM IOJKHH 0CA34TeJEHO OHTH IeH-
TPOCHMMETPHYHEME, Kok mokasan T'vBeH (Given, 1971), €CJM CHMMETpUYECKN Hesa—
BUCHMHE TeTpaslpH (usvdYecKH pasiWyHH (OTIMYARTCA CTENeHBN 3aMeleHus Si Ha
Fe* wm Al), TO HEKOTOpHe pedpa, oOm@e IJIA CMEXHHX OKTasIpOoB, MMENT Bepmn—
HH, K KOTODHM OIHOBDEMEHHO IDHUMHKSKNT TeTpasipH ¢ Cojbllell CTENEHBN 3aMelleHUs
Si Ha Al wm Pe>", 9rm BEpHUHN, OYOyYl BANEHTHO HETOCHMEHHHMM 10 CPaBHEHUD
¢ IPYyruMM BepuuHamy, CTpeMATCA paszoiiTuck Ha GoJbllee paCCTOAHME M HE MOTYT B*
TOCTAaTOUHON CTENeHN SKPEHMpPOBATE 3JIEKTPOCTATHYSCKOS OTTAJIKMBAHNE CIVIBHHX Ka-
THOHOB (Al) CMEXHHX OKTa®IpoB., Takoe IOJIOKEHUE MOXET OHTH TepnuMo, SCHH XO—
TA OH B ONHOM M3 OKTasIpPOB BCJENCTBHE HM30MOPJHOI'O 3aMelleHEA HAaXomuTcsa dofee
craluit XaTuoH ¢ GOJBUEM pamuycoM (Hampumep, Mg) WM OIMH OKT&3ID [0 3&KOHY
Clydas #BJIAETCH BaKAHTHHM, ToTma BAJEHTHO HENOCHINEHHHE aTOMH KHCJIODPOIE MO-—
IYyT pas3oiiTHCE Ha GOJENKEe DPACcCTOAHUA, B HPOTMBHOM CIy4Yae CMEXHHE CJIOH IOJIK—
HH OHTH DABHOLIEHHEHMM ¥ BCE BEPWMHH (-OKTA3[IDOB SKBUBAJEHTHHMA.

C a1ux nmosHIME CTAHOBHTCH MOHATHEM OTCYTCTEHE YJUODANOYEHHOCTH DACIDENENe-—
HUA MsoMOpdHEX sameweHu#t B rerpasmpex B 2M; MyckoBuTe X Maprapure. B dexru-
Te HaOJOIaeTCAd HEeKOTOpas TeHIOEHIWH K YIOPANOYEHHOCTH DACHpeNeNieHHA 3THX 3a-
MemeHn#, O9eBHIHO, Onaromdpd BXORIEHHD B OKTadLpH Mg. CIeLyeT OTMETHTE Cy-
meCTBOBaHWEe HEKOTODHX BSa4KOHOMepHocTed B pacopefeseHdr samemeHmit Si Ha
Al B TeTpasipax CTDPYKTYDH MycKoBMTa, OHM BHpakawrcd B IHODAKIMOHHHX
sfdexrax mupfysHoro paccesHmA, oCYCAOBIEHHHX CYLECTBOBAHWEM. NOMEHOB U3
Si- Wm Al-TEeTpasmpoB, ODHEHTHUDPOBAHHHX X YepeIymIUXcA [0 olpeleJeHHO—
My 3axoHy. OmHaxo 3To yxe sfdexTn wmHOoro wMacuTada u mopsmka (Gati-
neau, Mering, 1966).. .

B ciopmex momuduxanmm 2M2 HAOJIWTAETCA pas3Had CTEleHh HepPaBHOLEHHOCTH IBYX
TETPASIPOB — OT NOJHON HESKBUBANEHTHOCTH (BEDOATHO, CBABAHHON ¢ BAKAHTHOCTHD
HEKOTOPHX OKTABIPOR) IO NOJNHON SKBUBAIEHTHOCTH. YBENMYEHHE GECHOPANKA B TeT-
DPadIpUIECKUX M3oMOPDHHEX 3aMemeHMAX MOXHO INOCTAaBUTH E COOTBETCTBHE C BO3pAC-
TaHUEM comepxaHma Li. J

HemGonee ecTecTBeHHEM 0Gpa3oM HepaBHOIEHHOCTH TETPasipOB BHDaXEHA B CTDYK-
Type 3T MyCKOBUTE, TaK Kax NpW €€ CHMMEeTPMM P3,12 CIOM MOTYT W He MMETE
IEHTPOB CHMMETDMM ¥ BEpPNUHH OOIMX peldep OKTA3LPOB MOTYT GHTH HEOLUWHAKOBH IO
CTeNEeHN BaACHTHOTC HachueHHA, ! mellcTBHTENBHO, LJIA CJOEB 5TOR CIHNOH yCTa-
HOBJIEHa cHvMeTpnsa C2.

[IpaxTVYeCKN § BCEX XJOPUTOB, HACKONBKO MOKXHO CYIUTE IQ BHIOJHEHHHM CTDYK-—
TYPHHEM KCCAENOBAHWAM,MMEeTCsA BHDAaKEHHAA B Oosbleidl mim meHmme#! cTemeHM TeH-
IEHIMA K YUOPANOYEHUN HM30MOpPHHEX 3ameumeHURt B TeTpasipax. Kax mpasmio, ymo-
DANOYEHVE CONPOBOKNAESTCH B38KOHOMEDHHM pacHpelefieHueM M3oMOplHHX samemeHuit
B OKTasIpeax OTHOSTARHHX CJIOEB; [DM 5TOM MCTOYHNKE OTDHUIATENBHHX W IOJMOKM-—
TEeJEHHX 2apAf0B HaXONATCA HA ONHUX K TeX Xe HODMANAX K CJOAM M, TakuMm oCpa-—
30M, OCeclnevnBapT CajlaHC 3apAfoB B CTPYKTypaX. [[pHMEYaTeNBHO, 4TO 3T& OCO-
GEHHOCTD HAGNNIZeTCA W B Mg-BepMUKyJmTe, OCDPA30BABIEMCA B PE3YILTATE BhH—
BeTpUBaHUA {uoromMTa, B KOTOPOM [EepBOHAYANEHO OHIA [OJHAA HEYHODANOYEHHOCTH
B pacnpeneseHnnM U30MOPPHHX aTOMOB B TeTpasipax. BO3HUKWYH B Mg—BeDMUKYJIHTE
HePaBHOMEPHOCTE 3aMeleHnt MOXHO DacCMATDUBATE M Kak TpeGoBaHMe HOBO# GTDYKTY-
PH, ¥ OINHOBpPEMEHHO KaK DesyaeTaT crneummfuuecroro npollecca TBepmofazHolt mud-
@y3Un KaTHOHOB B OCOOHX (M3MKO-XMMHMYECKHX YCJOBHAX.
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" ClemyeT OTMETHTE, UTO M30MODIMSM B TETDASIDAX CONPOBOKIASTCA Cremuimdyec—
KUMH CTDYKTYpPHEMM >PdexrTamu, Tax, MOKHO CYMUTATE, YTO CPABHHTEJHEHO HEOOIB—
masd cTeneH: 3aMelleHmda Si Ha Al B TeTpasmpaX cuesala BOSMOXHEM GopMMpoBaHmE
oL 2My, B KOTOPHX 0,0H BHYTDH CJIOEB YIAKOBAHH I10 KyCHYECKOMJ 3aKOHY, HO
IOBEPXHOCTHHE aTOMH KHACIOPONA CMEXHHX CJIOEB HEINOCPEeICTBEHHO HaJaranTci IpyT
Ha IpyTa. YeenmuuBawmeecd MODH BTOM OTTANKABAHWE TAKHX ATOMOB KOMISHCHDY-
ercA ux Ooxmmglh BaneHTHOR HACHNEHHOCTEN, ‘

B caydae ymopAnodYeHHOT'O 3aMemeHnA Si Ha Al B TaKmx dprRTypax, Kax 3T,
2Ny (EmorTasnpudeckas CINIA U ONHONAKETHHI NMOKTASIPMYECHU XJIOpUT), Habmmo—
IASTCA DA3MYHOS HANDABIEHME CMeleHWd KATHOHOB y OM3MYECKM DasIMYHHX TeTpa-
9IpOB [0 OTHOWLEHMD K ANMKATBHHM (0,) ® CasansHHEM (05&3) 8HMOHaM, KaTmoHH
Si- TeTpasupoB COMMKEHH C Oy, ., TOrJa Kak KaTHOHH (Si,Al)-TETPasupos Ha—
OpoTHB, CMemeHH K O, .COOTBETCTBEHHO B Si-TeTpasipax CcBA3M Si-Og, . KOpodYe,
4eM 5i-0,, & B (S5i,Al)-TeTpasgpax HaOMOEAETCS OODATHOE COOTHOLEHWE MEXLY
COOTBETCTBYNIUMA DACCTOAHMAMA KATHOH — 8HMOH,

YropaumBaHmMe CBA3efl KaTHoHA ¢ 0, B Al-coneprammx TeTpasupax, IO-BATAMOMY,
CBHBEHO C TEM, YTO TPEXBANEHTHHE KATHOHH TOJKHH B NEDBYD OUEpens OCECHETMTDH
BJIEKTPOHEHTPAIEHOCTE STUX GHUOHOE, IOCKOJIBKY OTpUIATENbHH! 3apam Ogqz MOKET
OHTE CHOMIEGHCHDOBAH MEXCIOEBHMHM KaTHOHAMM WIH KaTHOHAMA OTHOSTARHHX CJIOEB.

B cTpyrTypax TPHOKTABIDUYECKNX MUHEDaJoB COOTHOWEHHe IJmH cBAselt T-Oy. .

1 T-0, OMDPeNeJIAeTCA HE TONBKO CTENeHBO 1 MODPATKOM 3aMelleHma Si Ha Al B TeT-
paslpax, HO TakKe M DACHNpENeNeHneM KOMISHCHDPYIIMX MCTOYHUKOB MOJIOKHTEJIEHHX

3apAnoB, KOTOPHE MOTYT DPACHOJAraThCA KAK B MEXCIOAX, TAK ¥ B OKTasgpax TpeX-—
BTAXHHX cJoeB., Hampumep, B XeJe3MCTOM OMOTHTE MBONTOUHHE mosOXATensHER 3a-
DAL OKTa3EPOR TPEXPTaXHHX CJOER, KOMISHCHPYHR OTPHUATENLHHE BAEHTHOCTH amm-

KaJbHHX 8HMOHOB, OCJa0IAeT CBA3M IOCHAEIHMX C KaTHoHamu (Si,Al)-TeTpasIpoB,
llpn sTOM OKA3HBABTCA, YTO T-0, > T-Ogg5
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H. J]. Gopreman-Cmapuinresuy
IBIVAJIUT

Hac MHTepecOBANM DACCEAHHHE B TYHIpE KAy caaMcKoi#f KpOBH,
TOTO 3aMEYaTENBHOT'O KamHsa XuOuMHCKNX M JIOBOSEPCKHX TVHID, MMA
KOTODPOMY SEEWANWT, X HeT eMy DABHOTC BO BCEM MHUDE ...

A E.OFPCMAH. BocnOMEHAHWE O KaMHE.

Boeprue mOMHu# aHATMS DBIUANTUTA BumoiHeH [ITpomefiepom B 1818 T'.; TOTZA GHWIO
OIpemeseHO BCETO 6 KATHMOHOB, M BBIMAJMTY IIpUMHCaHa HopMmysa Na, (Ca Fe)2
+(81,2r)0;.Tlo Mepe HaromneHWs aHAM30B (Tall, 1) pocio u qnc.no fopmyn, mpen-
JIOKEHHHX ;um SEIMATNTE pasMYHEMA apTopamyt (Hampmwep, y Pexumyesa (1965) mpu-
BelieEo 19 fopvyn mo maHEEM 18 aBTopos ¢ 1870 mo 1960 r.).
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Taddnama. 1

‘KoneGeHnA cOCTaBa SBOMANNATOB, Bec, %

HeysMeHEHHHE IsMeHeHUE
pPasHOCTH
Kowmmo-
HEHTH 1929 1. 1938 ©, 1993 v 1973 T,

(12 apamson) | (23 amamsa) | (88 aHayimaos) | (8 aHamM30B)

510, 45,7-51,8 45,2-51,8 43,4-52,2 25,8-53,0
110, 0,3- 1,5 B =15 0 -4,0 0,2- 3,0
(Nb,Ta),05 0,0~ 2,4 0 =-3,5 o =38,7 0,3~ 1,7
Fe203 0 -0,6 0 -1,0 Q= B, 0 -5,7
A1,04 0 -0 0 -0,7 0 -2,9 0,2- 2,5
FeO 1,8~ 7,3 1,8~ 1,3 0 ~9.3 0 -5,6
MgO 0 -1,6 0 -1,6 0 -1,8 0 -0,7
Zro2 11,6-15,% 10,5-15,7 9,1-16,4 8,6-28,4
MnO 0,3~ 8;0 0,8111 0,2-11,1 0,5~ 8,5
(Ca,sr)0 9,0-12,3 3,5-14,3 3,5-15,9 3,3-14,3
Na,0 8,8-15,9 8,8-15,9 7,5-15,9 1,1- 8,5
X,0 D« 1,7 0 =1,7 o =3,8 0,4- 6,4
P3 0 -5,2 0 -85,2 0 -8,2 0,3- 6,5
C1 0,2- 0,9 0,2- 2,4 0 -2,4 0 -2,0
H,0 0,3- 3,1 0,3- 3,1 0 =381 4,1- 9,0

Fume B 1929 r. E.E.KoCcTHIeBa KOHCTATHMpOBaja, 4To Bce dopmyaw (B TO Bpems —
CeMb) He ABIANTCA OCNUMI LA SBINAINTOROTO DATA B LEJNOM, & CIPABEIJNBH JHIE
B KaXIOM OTIEJEHOM ciydae IJIA OTIEJEHHX MeCTOpOXmeHu.

K.ToccHep # ®.MyccrHYT (Gossner, Mussgnug, 1930) ¥ B.3axapuaceH (Zacharia-
sen, 1930) onpeNesWwIy¥ apaMeTpH SJeMeHTapHO! AduelKM SBIMANMTA W AN ONMHA—
KOBYO QOPMYﬁy‘Na4CaFle316i018(0H,c1)119 . B 1938-1945 rr. no copen-

HAM COOTHOWEHHWAM BJEMEHTOB B 23 aHamM3aX, ONYOIMKOBaHHHX Mo 1937 T. (Damour1,
18573 Lorenzen1, 18823 Rammelsberg1, 18863 Brc'igger1, 18903 Genth1, 1891; Ku-
nitz1, 1936; MuHepasn XHOWHCKEMX ¥ JOBOBEpCRMX TYHAD, 1937) cO BHAUMTENLHEM
xoJeCaHWeM COTEpKaHM: KOMIOHEHTOB (oM, Tadm, 1), MHOD OHIa paccyuTaza Hopmy-
ﬂaz [(Na,Ca,Ce)B(Zr,Fe)4Si12(O,OH)361'N351, COmoCTaBmMMad, OO Hexoropodt cre—
EHH, C YIBOEHHOM @gpmwmoﬁ ToccHepa; B 1958-1960 rT'. 0 mapameTpaM sJeMeHTap-
HoOlt suelixn (v=1793 A°) u JIeIBHOMY Becy Kakmoro odpasua GHIM pacCYNTaHH
fopMyny Ha OCHOBaHUM CONBUOTO YUCIA &HATN30B (~50), B KOTOPHX NpelesH Koje—
Gaxmit cocTaBa BHAYWTENLHO pacumpmiuchk (cm, Tadnm. 1). PesynerTaTH NepecyeToB
BH3BaJM HemoyMmeHue: xoodduument mpm Si (B pacdueTe Ha ONHY POMGOSIPHYECKYD
fyefiKy) 00 GOJNBUMHCTEY aHANM30B oKa3aicHd Hamdojee CIAMBKMM K 25, IO HEKOTODHM —
K 26 I B EIMHAYHHX CIy4YasX - K 24, KoaddmumeHTw mp¥ rpynmax A (Na,K,Ca,Sr,

TR, Mn) 1 B(Zr,Fe ", Fe® ', Mg,Mn,Ti,A1l,Nb,Ta) He GHIM NOCTOSHHHEMA, M CJIOKHYD
Gopmysry Hexs3g Gwro "YHIPOCTUTH", COKpATHE Ha "umcsao QopMyMEHHX efuHmI",

K dopmyne spoMaymTa A BepHyJack depes 10 JeT, IHTAACE YJIOBUTE DASHUIY MeX—
Iy XUMHYECKAM COCTABOM ONTHYECKM MOJOKMTEJLHHX 9BIUATMTOB (+) ¥ ONTHYECKH
OTPHIIATENEHEX 3BKOJIMTOB (—). O NpHHIMTAX XAMHAYECKOTO DASIAYAA SBIMAIMTOB(+),

! o B,E.KocTmresoit (1929).
lloxr, mmcc. IU.I,BopHemaH-CrapHHKeBMY (1945),
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9BKO/MTOE (~) B mezomuammroR (1) mmenms asTopoB pacxomwmichk: Hocrmresa (1929,
1936, 1937), Adamson (1944), Zachariasen (1930) cumrTeun sEmmamutT (+) HaTpue-
BHM, 9BKOMUT (-) KaibIHEeBHEM WIEHOM eIMHOT'C pAld. HexoTopwe apropw (Bopomm,
Hasapenko, 1957; bBerexrwH, 1951) cumramu 5BKOJMT (-) xeJesucToll pasHOCTEL
@BIMANTHTE; LpyTHe (Pexsmues, 1965; Bopyuwui, 1968) yKasHBaIW Ha OTCYTCTBHE
4eTHON! BEBHCHMOCTH MEXLY XMMHZECKHM COCTABOM M ONTHYECKUM 3HAKOM,
ComoCTaRNEHNE NARHHX MHOTOYMCJIEHHHX aHAJIM30B [OKa3al0, UTO COIepXAHNe
Na,0 B 8BKOMETAX (=) Koiedmercs ot 7,5 mo 13,9% (cpemuee 11,6%), a B 9BAH-
amrax (+) - or 8,7 me 15,9% (cpemuee 12,2%). KoMmdueCcTBO Ca0d B 9BKOJUTAX
MeHfeTeda or 7,2 mo 13,6% (cpemmee 10,8%), a B sBEmamrax or 7,0 mo 15,9%

(cpemiee 11,8%). ColepxaHne Xemesa Tadaunga 2
(FeO) B sBROMATEX - OT 3,2 ;O 7,4% CONOCTABIEHNE ONTUYECKOTO ZHAKA
(cpemuee 4,9%), B 9BIMAIMTAX — OT 9BIASJATOB C COTepRaHmeM P33

4,3 mo 7,3% (cpemuee 5,4%). Yerxoi
B3BUCUMOCTH ONTHYECKOTO BHAKA OT CO- $P33,%
IepxaHms Na,0,Ca0 ¥ FeO He Hadmoma~ - P * | Beero
ercd. A 7 I'.Bunuesns (1953) yrasamm

ucyo 00paslos

Ha GOJEUOE COTEPKAHUE B DBROIMTAX 0-1 5 15 1 2
(~) UEpUEBHX DEIKEX BeMeNs, g Ipo- 1-2,5 10 12 4 26
BEDKN DTOTO BCE H3BECTHHE MHE 96 2,5-8,0 <0 6 2 i
HAJM30B OHIM DACIOJOXEHH B DAL IO 35 33 8.« 8

YOHBaHMK COmepXaHua cymvu P33, Us
HIX IJIA 76 GwI M3BeCTeH OnTHYecKWi! sHakr, CONOCTABIAA ONTHYEeCKME 3HAK ¢ Co-
IepEaHueM Defxmx semens (mo 1%, or 1 mo 2,5%u >2,5%), Mu BHmmM (radm.2),
9T0 ¢ yBeJUYEHWEM CONepXaHmA P33 yBeanumpacTCA IMCIO 00pasumoB ¢ ONTHYECKEM
3HaxKoM (-),T,e. DBKOJUTOB,! MOXHO TOBODUTE O HEKOTOPO# 3aBMCEMOCTH ONTHYEC—
KOT'0 3Haxa OT KoJudecTBa P33,

[To-pumuMomMy, yKasaHre BHHYEIUIOB DONTBEpKIAETCH, TeM 6ojiee UTO C yBelude-
HIM CcoIepkammA P33 MeHAeTCA M WX MIUBANYaSbHHA COCTAB: BO3DACTAET KOJU~
YECTBO NEPHA ¥ YMEHBWAETCA UTTDHAA, KaK 5T0 OHIO IOKA34HO IJIA 3BLUANATOR U3
XuouHckoro maccupa (Bapmanm @ xp., 1967).% ;

UToGH OPOCHeNNUTE, MMEETCH JI DABHULA MERLY KpHUCTaIoXUMUIeCKuMYU dopMy-—
Javu, GWIM B3ATH CPEeNHMe COCTaBH M3 12 aHa/m30B opmuammta (+) 7 u3 20 aHa-
Ju30E sBKosmTa (-)~. DOpMyNH, BHBENEHHNe IS STWX CPENHIX COCTaBOB, HCXONA
73 06BeMa BieMeHTapHOR suedku ¢ v=1793 4> ¥ COOTBETCTBYMMEX YNEJIEHHX BECOB,
TOMYYWICE cnenyxmmmng: InA spnwanmra (cpemEuit ymeamHHRE Bec 2,85) -
(Na,Ca,K,TR,Mn)19-(Zr,Fe,Mg,Ti,Nb,Al)63125-(0,0H,Cl)75, Ind 3BKOJHTA (Cpem-
Hilt ymexeHud#t Bec 3,00) -(Na, Ca, K, TR, Mn)yge (Zr; Fe, Mg, Ti, Nb, Al),Siyg-
(0,08, C1),q(7adx. 3). Ogmaxo xonedamms B CONEPRAHMN MHOTEX OKECIOB (cM.
Ta6l. 1) BO BCEX 9BIMANMTAX HACTONBKO BEJMKM, 4TO MH He MMeeM Ipasa 6paThb
CpemHMe SHAUEHMA M3 MAJOTO UHcHa aHaum30B [12 opmmamuToB (+) u 20 9BKO-
JuroB (-)1. TlodToMy NpUBeNeHHHE CDeIHNe COCTEBH M QODMyJIH He MOTYT CUMTATH—
CA DOCTOBEDHHMH, M BONPOC O XAMUYECKOM DASTUYUE SBIUATIUTOB M SBKOIUTOE OCT&~
eTcAd OTKPHTHM,

BepHeMcH K MHOTOKpATHHM [ONHTHAM DA3JHYHHX ABTOPOB YCTAHOBUTE ENVHYN, KO-
CTATOYHO IpPOCTYH (OpMyNIy LA SENAANMTOB., OOBACHEHWE (aKTa BXOXKIEHWA B KpHC—
TAIAYECKY} PElleTKy NepeMEHHHX KOJMYECTB M3GHTOYHHX KATHOHOB MOXET OHTE NIpel-

R paccMaTDEBANNCE YyCTapeBune aHaNH3H, BHIONHeHHHE mo 1937 r., U aHaansH
9BIUAJMTOB, SarPASHEHHHX NPUMECAMHM DOCTODOHHUX MUHEpPAJIOB.
Jng Mn - B rpymre A; Ec Mn B rpynme B, dopMmyna SemmamTa

A1B75155(0,0H,C1) 7, g7 7 BBKOMUTA A, gB.S1,5(0,0H,C1) ¢ oo.

2
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Tedgruna 3

Cpenuuil coCTaB SBOUANUTE K DBKOJATE

opmnasmT (+) (M3 12 aHamms0B) SeromuT (-) (m3 20 aHaym30B)

]I;ggo- OPOLIEHT gﬁgepna- B. . ggg e [IPOLIEHT gggemaa By Hy
Sio, 49,65 ' 8i 25,0 5102 47,06 Si 24,90
A1,04 0,72 - A 0,4 A1,04 0,75 Al 0,4
Ti0, 0,60 -Ti 0,2 Ti0, 0,31 i 0,2
Nb, 05 0,91 ©Xb 0,2 Nb, 0 1,99 Nb 0,5
FeO* 95,37 Pe 2,3 FeO 4,94 Fe e
Mg0 0,27 Mg 0,2 Mg0 0,31 Mg 0,2
MnO 1,70 Mn 0,7  MnO 3,56  Mn 1,6
Zr0 . 11,95 2r 2,9  2Zro, 12,78 2r 8,3
I'p.B 6,9 Tp.B 8,4
Ca0 11,81 Ca 6,4 Ca0 10,06 Ca 5,7
Sro 0,64 sSr 0 Sr0 0,95 Sr 0.3
23] - 0,49 . P3 0, P3 3421 TR 0,6
Naéo 11,30 Na 11,0 N320 11,19 Na 11,5
K0 1,50 KX 1,0 K,0 0,70 K 0,5
i Tp.A 18,7 T'p.A 18,6
I gam, 50,6 T kam. 52,0
c1 1,41 1 1,2 (o] 1,01 c1 0,9
Hy0 1,70 oH 6,0 H,0 1,38 OH 4,9
z 99,92 OH,Cl i T 100,20 OH,C1 5,8
-0~C1- 0,35 -0~C1 -0,25
§§3§§§§ﬁ 2,85 ® 3,00
BEC

Tadm, 5-8 ¥ 1, 3, 6, 9, 25, 26, 35,
37, 46, 54, 55

Bee xeye30 NMepecYHTaHO Ha FeO.

Tadr, 5-8 % 10-14, 17-24, 41-43, 48,
53, 56, 58

JIOXEHO TOJNBKO MOCNe DacHMDOBKE KDHCTAIMIECKOR CTDYKTYDH SBIWAIMTA, CYHA-
raor JI.C,Boporue = I1,II.Hasapenko (1957).B.T.Pexsmues (1965) yxaswBal,dro K
COMaJIeHUD, CTPYKTypa SBIMAJNNATa [0 CHX [Op He pacmufpoBaHa, M MH MOXEM
TOJBKO HOTAINHBATHECA, DYKOBOLCTBYACEH OCWUME [TOJIOXeHWAMHA, Kakoe MecTO B Heill
sanMvMaeT TOT WIX uHolt siement. B padore B.E.Bopyuxoro ¢ coamropamm(1968)ro-
BOPATCA, UTO CTPYKTYDHOE OTJMYME OAPCAHOBHTA & OT MPOYMX WIEHOB SEAUATAT—
DBKOJMTOBOTO PANlA CTAHEeT ACHHM HOockde pacunPpoBKM cTpyxTyp o KpaitHed mepe
OCHOBHHX €T0 IpencrasaTefelt, :

B 1971 1. cTpyxTypa sBmmaymra Owia pacumppopaxe (Tommmes m mp., 1971,
1972; Giuseppetti, 1971), HO HalexIa Ha Noiyderue eNuHoMf npocroll xpuUcTasIO-
YIMUYecKoR QOpMYJIH LA 9BNUAMATA OKOHYATENBHO MCYelNa, PacumppoBaHHAA CTPYH—
Typa yKasaja HA HpPUHANJIEKHOCTH JBIUAINTA K MOHOOOMEHHNKaM, IJA KOTODHX Xa-
PaKTEPHO HaJMINe LEeONUTOBOTC THHa moJocTelfl pasmmuHOTO 00%eMa; MOJOCTH MOTYT
OHTE myCcTHMA(KADKAC)WIH 3aNOJHEHHHEMA(BCE WIM YacThk U3 HUX)pDAsIUYHEMH KaTHo-
Hamu. [IpnBoxy faHHHe no TojymmeBy u Ip.(1971,1972),.0cHOBOR CTDYKTYDH SBIUMATATA

1
ABTOpH CUMTaBT, YTO G4PCAHOBHT WUOEHTWYEH SBKOJHATY .
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P u c. 1, ImpisHmg nojocTreil BIOME TpoitHo E;Q

OCH B CTDYKTYpE 9BIUATUTOBOTO KAPKACa

1 - Si-TeTpasupH; < — Zr-oKTasmph; 3 — Ca =
OKTasIpH B Fej; 4 — Na i

A7 Bz NDAF o4

(k&x ¥ CTPYKTYD IDYTHX Zr- CWIMKATOB) MORHO CUMTATE CJOH M3 He CBABGHHHX JIpYyT
C ZpyTOM OKTa3ZpOB ZrOg; STOT CJOH C XBYX CTOPOH NPUKPHBANT KPEMHEKHCJIODOK—
EHE KOMBUyTH (pmc. 1), BpoHuposauHse TpexciofiHue narerw (Si-Zr-Si) mposo-
RXeHH KarTHoHamy (IecTepHHe KoJsla Ca-OKTASHPOB M OIWHOYHHE YeTHDeXBEDIHHHA-
K# Fe). Ha mepnop c- 301 [NPUXONUTCA TpHW Takux Zr-Si-nawreTa, loHw Na pacmpe-—
IEJeHH 10 WECTH B CIOAX Zr-oKTABIpPOB # CTOJBEKO XB B CHOAX KPEMHEKUCIODONHHX
TeTpasipoB., OTEM IOCTUIAETCA IONHAH He#lTpaliWselnd M, MOEHO IyMaTh, ycroitum-—
BOCTH SRIUATUNTOBOYO KapKaca,

0CcOoGEHHOCTEN KPEMHEKMCIOPOTHOR KONBYYTH CIENyeT CUUTAT: BIEDBHE QOHADY—
XeHHHe B SBIUAJNTE NSBATEPHHE KOMBLA [5iq0,,], IePEAYOUMECA C OCHIHEMA TPOMHE-
A [ 31309] .Qopmysia Kapraca Na, 203621'33‘93[351309] 2[319024(01{)3]2. Hannupe B
CTDYKTYPe HEOOHYHHX NEBATEPHHX KoJell [SigO,,], NO-BANUMOMY, ARIAETCH NPAYE-
HOR IeOMUTONONOGHA SBIMANNTA: KEAKNOE M3 IEBATEPHHX KPEMHEKWCIODONHHX KOJell
MOGTPOSHO M3 TPYNm (S1,0,17 TpeX OOBENUHMNIEX EX B KOMBLO "opToTeTpasapos”
[810,1 (pme. 2); mociepHVe, NOBODAYMBAACH BOKDYT ONHOTO M3 CBOMX pedep, 06—
PasyRT TPEYTOJBHYD IIONENKY - OCHOBAHME NJIA NONOJHUTENBHHX (B "GOKOBHX Le-
uenax") KaTHMOHOB, BHAYATENEHAA MONBHXHOCT: ¥ MEHAOUWMECH HAKIOHH "QpTOTeT-
pasnpor" NOBBOJIANT NPHCHOCOGIATEH STOT GparMEeHT K Da3MelleHM KaTMOHOB DasHHX
pasMepoB (mo ~ 1 &,7.6, Na,Ca ¥ P33); a MBKCUMANBHOEe COMUXEHMEe TDEX ATOMOB
Z2 "OpTOTETPasIPOR" MOZBOJAET NPMHATE B CEPENUHHYD YACThH INEeBATEPHOTO KOJEBLA
00 JONOIHUTENBHOMy (mecaTomy) aromy Si (pme. 3). Ilpm aTOM KOIBUA [8150,,]
TpaHcopMupyRTcs B mIAoCKul pamukaln [ 8i,,0,0] (prec. 3).

rd
=

c. 2. JIepATepHOE KOJBLO 131902_7]

OPTOTETPaRIp; 2 — IHOpTOTpyIma Sig0g

[
|

P u c. 3. Mockult paguxkan [Siqg0pg]
1 - oproTeTpasmp; 2 - mEoprorpymua Sis0-; 3 - NONONMHUTENBHHA Si-TeTpasmp
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000

000

P u c. 4, Twpnanga mosocreit (Bmoss Tpoituoft oc) ¢ mofaBouHEME HoHaM¥ 2Na T
1K. YcioBHHE 0603HaYeHWA Te e, 4TO Ha pHC. 5

P m c. 5. Tupnaama noxoctell (Bmosms Tpoltwo#t ocm) ¢ HOCABOUHEMEM MOHAME 2Na
1K, 25i g 4(C1,0H) :

1 - Naj; 2 = Ca(Fe); 3 - poCaBounnit Na; 4 — Zr; 5 - 5i; 6 - moGamoEEMlt Si;
7 - DoGasounuit K; 8 - moGaBouHue C1,0H '

P u c. 6. Tpoltune xombua [Siz0q |, OpUKpHBaxmme CBEPXY ¥ CHUSY KOJBIO 43 Ca -
OKTa?pOB
1 - Si-TeTpa’npH; 2 - Ca-OKTad’IpH

P m c,7, TlonocTs BHYTPW KONMBNA M3 Ca-OKTA9NDOB, IPHKDPHTAA CBEDXYy W CHU3Y
TPOHHHME KJIBIAMHA [31309]; B IONIOCTH MOXET IIOMECTHETECA N0OaBOYHHHA HMOH K
1 - 8i -TeTpasipH; 2 —Ca —OKTAdIDH

Brosns TpoftHo# OCH MERIY IBYMA KOJBIAMA 18190271, KOTOpDHE HaXONATCA B CO-—
CEJJHIX KPeMHEKHUCJODOIHHX KOJBYYyTaX, NPEKPHBAKNMAX CJO# TUCKPETHHX OKTA3IPOB
ZrOg, MMeeTCA CoNlBlAf MONOCTE, B Hee NodaBouHo MOTYT BoitTw mo 4 RaTnononl;
U3 HMX 2 MOTIYT OHTE Si B IBYX pafuxasiax 18110028]. MexIy IBYyMA KOJBIAMA
(81501 3 COCENHMX KDEMHEKWCHODONHEX KOJNBYYT, NPUKDHBANIMX CBEPXY M CHUBY
KOJIBIIO M3 WECTH Ca-OKTadIpOB, HMMEETCA eme OIHA ITOJOCTE; B HEe MOXeT BoiTH
OmMH kpynHu#t karmox K (pmc. 4-7).

Taxum o0pasom, B CTDYKTYpE OBIMANNTA BIONH Kaxmo# 3-# ocH mMeeTCA THDIAH-
I mojocTeldf pasHHX paswepos W xoRfurypammit (cM, prc. 1) IiA BRINYEHHA PO
YMX KOMIOHEHTOE; XWMHYeCKW#l COCTAB OCHOBHOTO KapKaca 9BIMATMTOBOIO IEOJNTA

1 Jm owa m 201,
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Tadazna 4

Bosmoxune fopMysH SBIMANMTA IO GaHHHEM CTDYKTYPHOI'O AHANHSA

Jlo0aBOYHHE HATHOHH

=

*
Dopmyaa CymMMa. KaTHOHOR
A,B si BCETO

S () O B)24 Si,,(0gg0HE )0 0 0 0 48 (wapxac)
24 (A, B)zs To xe ; 0 1 49

Buald, B)26 =" 2 0 2 50

4. (4, Bl h - 0. 3 51

Biavally B)ZB Y 4 0 4 52

6. (A, Blgg il 5 0 5 53

Te (K, B)24 Sigg(0,0H)p, o 0 1 1 2

Be (A, 5)25 O Xe 2L 1 2 50

9. (A, Blyg "— 2 1 3 51

10. (4, B)oy " 3 1 4 52"

11. (4, Blgg ="e 4 1 5 53

12.(A, B )24 8i,6(0,0H) 5, 4 0 2 2 50

13. (&, B)25 To xe 1 2 3 51

e {8, B)26 =M= 2 2 4 52

15. (A, Bgy ~in 3 2 5 53

*B Tpymry A BXOZAT Na, Ca M m3oMopfHO 3amemammue ux K, Sr, Ba, TR, Mn;
.y B TPYIIY B ~ Zn, Fe u msomopHo samemawmme uX Mg, Mn, Ti, Nb, Ta, Al.
CTpykTypa SBIMaMMTS pacumppopaHa Ha ofpasmax Taxolo cocrapa (Tosumes n

Op., 1971; Giuseppetti et al., 1971).

(noHOOOMEHHMKS) B- DE3YABETATE HCHOML30BAHUA TEDAAHEH IYCTOT BHOJNE TpOiHON

OCH MOXET CYWLEeCTBEHHO YCAORHATHCA "GoroBsMz Ipynnamu” . (B,.J.BepHamckmit), Bapsm-
DYIIEMEA BIMIOTE MO A5x101 , NIpUYeM U3 OATH JOOABOUHHX KaTHOHOB NG HBYX MOTYT
Ourh aromasit Si (Toamues ® mp., 1971  1972) (oM. pume, 4 u 5),

C yuerom aTux ocofeHHOCTell CTDYKRTYPH HaMM GHIM OPENJIOKEHH BOSMOXHHE Bapi-
anTH QopMys sBIMaiWTa: HauCosee mpocras Qopmyna Kapkaca
Na;,CagZraPeqy 151,001, 181905715 (ynpomeHHO AqgBgSi,,(0,0H),,) » dopMyan, yo-
JIOKHEHHHe HOOaBOUHHMA KaTwoHam: (MaxcEMyM 5, M3 KOTODHX 2 MOTYT GHTE Si).

B radn, 4 Boe QopMynH paséuTH Ha 3 TPYNNH: 083 AOCABOYHOTO 31(5124); c
ONHMM JOGaBOYHEM Si(Sizs) B ¢ mByMA ZOCABOUHEMM Si(Sisg). B xaxyolt rpymme
ITOCTIeIOBATENEHO (O ONHOMY) NPHMOARNAIACH KATHOHH IO UX MaxcEMantHOR cymmu
5, Brmouad Si. B radmine maHd gk Kos@uumenrw npm (A+B) m mpum Si, HO He
OKasaHH BapMalMd RoddMIMeHTOB Opu TPYMIe A 1 mpM Tpymme B B OTHETBHOCTH.

U3 CKa3@aHHOTO BHIE BATHO, YTO CTPYKTYPHAA pacmufpOBKA HMCKINYEET BOBMOX—
HOCTE: BHDASUTE: COCTAB dBIUaNTa exnuHoi Qopmymnoi, [TodToMy GHIM CTONE OeCIION—
HEME [OIHTKY MUHEDAJOTOB DACCYUTATEH:e€, UCXONA M3 DEesyJETATOB MHOTOUMCIEHHHX
XUMAYECKIX aHAIA30B,

Kaxue %e AIPEODHO YOTAHOBJIEHHHE DASHOBATHOCTH SBIMamuTa (CcM. Tadn., 4)
MMENTCH B HpPUPONE M eCTH JM 3aKOHOMEPHOCTH B MX paclpemefeHum? (TBET HA BTOT
BOIIPOC IOMOXET ONEHNTE CIPABeIMBOCTS MMDOKEX BHBOIOB, OCHOBAHHHX He H3y4Ye-
HHM CTPYKTYDH JUMIE ONHOTO o6pasia, Ha OCHOBE HOBHX NapaMeTpOB BJeMeHTapHoR
saediEu (V =17604°) (ToNHIER % Xp., 1971) M YHENBHOTO Beca Kaxmoro odpasia M

1 T'me X 270 O, OH, Cl.

13 547
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NONNTENACE JaTh HopMyJH IIA UMEOUMXCH B JUTEparlype aHalN30E U CPABHUTH UX C
IaHHHEME O CTDPYKTYDE BBINaJMTA, B JHUTepaType HMENTCH DEe3yIRTATH 96 TOJNHHX
SHANMN30B BBIMANHTOB, B TOM 4Hcjae 80 ¢ ompefeJeHHEM yIEJpHOTO Beca, M3 aTux
80 aHaM30B HE paccMaTpUBanTCA: 4 aHamM3a BONHHX SBIUAINTOB, KOTOpPHE YaCTO
CHJPHO UBMEHEHH U HEW3BECTHO, CONEpXaT J OHU H30+, OH™ wm H,0;3 aHammsa
C mpmMecsaMd, Kyma BXONAT GO, 1 P,0c3 10 aHa/mM30B U3 22 "ycrapemmux" (Pam-
meabcOepr, 1884-1886 Tr., — 3 adammsa; I'emt, 1891 T.) - amams; Kyswmm, Bro-
naven, BopHemMat, 1936 T. — 6 4HAJIMBOE), IOCKONBKY B NEPMON MX BHEIOIHEHHA eme
He OWm paspadoTaHH METOINH pas3fefieHud Nb,Ta ¥ Ti, [ON0X0 ONPENeNATNCE Zr I
P39, ¥ B 9THX COYETEHWAX TPYIHO CNPENEJUT: B Al. OOymeHO Tarke 6 aHAIMBOB

C COIEpKAHUEM Al504 > 2,%: IpU TAKOM COLEDXAHIH A1203 roo®duUIKeHT mpA Al
B _(QOpMyJe NOIYyY8eTCA > 1 ¥ HEACHO, KYN& 9TOT BJEMEHT EBKINUATE — B TETPAsI A-
YEeCKyD KOODIMHEIMK BMECTEe ¢ Si Wi B Ipymny B, VckiwdeHH IBa aHamu3a C Bh—
COKUM comepxaHmeM K,0 (3,30 u 2,8%).

3HaYHUTeJPHAA YaCTh DaCcCMaTpPUBAEMHX @HAIM30B BHIOJHEHA ONHTHHMI aHaJIUTHKa—
ME — CHeIMaJUCTaMHA IO aHANK3Y XUCMHCKMX MuHepanoB - T.A.Bypomoit, 3.U.To-
pomerxc, H,W.3adapumkosoit, M.E.Kasaxosoit, B.A.Monmemolt, E.U.Yenexckolt u ap.
BmecTe ¢ TeMm HeT HIOJNHON yBepeHHOCTH B TOM, YTO KakIHi aHalW3 OTHOCHTCA K
BIOJMHE MHIMBULYAIN3NPOBEHHOMY NDEICTABMTEND DBINAIATOB, TEK Kak: 1) mid Boe-
TO MX DANE XAPaxXTEpHO B30HANEHOe CTpoeHWe (KocTwresa, 1929; KysHemos # Ip.,
1966), 4 aHAIM30B OTIEJBHHX 30H HE UMSeTCH, XOTA BOAMOKEH MX DABIMIHHE COC—
TaB; 2) A SBIMAJUTCE XUOMH OYEHb XapAaKTEDHH MATOBHE I IOJYIPO3DEYHHE BHLE—
JIEHIA, B KOTODPHX COINEPXATCH NHISBUIHHE UYACTHIIH, ¥ HET YBEepPeHHOCTH, YTO OHU
HEe OpUHajfexaT BRINYEHUAM MHEX a3, JIpUsHaBad HEKOTODYD LOMN HEYBEPEHHOCTH
B UMCTOTE MaTepuaesa, UCCIeTOBAHHOTO DAa3JUYHHMK aBTOpaMi, BCE Xe, [OoCJIe BH-
e YXa38HHHX HCKINYEHMA, MH paccumTany 55 aHajMs0B Ha OCHOBe OO0beMa SJeMeH—
TapHO# sYeRKE v=1760 P n YISJIBHOTO BeCa KakmoTo ofpasla ! 5 aHaiusos,

IJIA KOTODHX He OHWI ONIpemesyieH yIeJBHHA Bec, IO npexnonaraeMoﬁ CyMMe KaTHO-
Hop (Bopueman-CrapsHKeBHY, 1964).

ATOMHHE OTHOWEHUA DACCUNTHBAMUCE IEJEHUEM IPOUEHTHOT'O CONEPKAHUA HA MoJe-—
KyJApHEA BeC OKHCIA C NOCIHSLYWIMM YMHOXEHHEM Ha UMCIO 4TOMOB KaTHOHa B OKHUC—
Je, PesyneTaTH MHOXWIACE Ha KoaddwmmeHT K = v.d.0,006023 (BopHemaH-(TapHH—
xeBmu, 1964, 1971), Tme v - odteM aJeMeHTapHOM quﬁxn d -ymeneHH#l Bec
aHAMI3MPOBaHHOTO oOpasua. [lo HOBHM HaHHHM, v — 1760 A3 (Tomumes n gp., 1971),
K = a+1760+0,006023 = d+10,60, B HeKOTOPHX CIyvYadX aHaJUSH PaCCIATHBAJINACE
no napamerpam ToccHepa 1(Gossner, Mussgnug, 1930): v=1790 33, K = d4-10,8.

He Bce xoadfwrments npn (A+B) ® (Si,Al) OJMSKM X NEJCUUCJEHHHM; B Ta-
KIX CIyYesx pacueT HODMYIH mpoMaBOIWICA MO CYyMME KATHOHOB,KaK pacuer aHa-
JU30B, IJIA KOTOPHX HEM3BECTEH YIeJbHHA BeC; cyMMa ATOMHHX OTHOWEHHMA KaTmo-
HOB ywmHoxanachk Ha rosffmment K = 10,6+-d,W 3a cyMMy KATHOHOB NPHHUMAIOCH
Cimuxaimes nesoe 4MCao, YACTHOE OT NEJEHMA CYMMH aTOMHHX OTHOWEHMHA Ha 3To
[eJI0E UHCIO CAYRWIO "mesmTeseM" IJIA ATOMHOTO KOMMYECTBA KAXJOTO KOMIOHEHTA,
Jlpm Taxoit "nompaske" CIVIAXMBANNCE HELEJNOYNCHAESHHHE SHAYEHNT KOSQIMIMEHTOB.

JlaHHye aHATM30B W PACYETH COCTaBa SIeMeHTapHO# sueltkm NaHw B Tadxd. 5-8¢
B ra6n. 9 NpUBENEHH HEKOTODHE DE3YJIbTATH [EPecyYeToB ¢ ofocolneHmeM Qopmy-
JIH Kapkaca, [IpMHAMAA BO BHEMaHZE "CTDYKTYPHYD" NPENNOCHIKY O He3HOIEeMOCTH
xoa(fmmenTor B fopmyne "Kapkaca", MH BHIENAEM €I'0 C COOTEETCTBYRUUME (BO3-

1 ToumocTs ompeneseHus mapaMeTpoB aJeMeHTapHOll sueiikm B 1971 T,, HECOMHEH-
HO, BHue, ueM B 1930 I'.; OZHAKO HE MCKINYEHZ BOBMOKHOCTL M HEHOTOPOTO
MEMEHEHUA TapaMeTpOB IJIA OBIUAJMTOB C B3alOJHeHHEMA WX HES&NOJHEeHHHMU
IycTOTaMH Kapkaca.

Tadnuis 5-9 moMelmeHH B KOHIE KHUI'H
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MOXHHMH) N30MoDpOHHMI 3amemeHnavm. Kpome Toro, B Tadn, 9 mid Xaxmoit GopMysn
DBIMA/NTE BHISJEHH "No0aBOUHHE KaTHoHH" (MaXcHMyM 5): ONME KDPYIHHA KaTHOH

K ¢ cooTBeTCTBYRUMMY BOSMOXHEMM HaoMopdHmMy 3amemeHuAMHE K — Sr — Ba — TR—
— (Na)s;maxcumyMm 2 IDOCaBOYHHX KATHOHS Si; MAXCHMyM 4 IOCSBOYHHX KATHOHA K

rpmne(A18B6)24 OpH Si,, W COOTBETCTBEHHO MAKCHMYM 3 1 2 1oCaABOYHHX HATH—

ona ¥ rpymme (AygBglo, mpH Siys B Sisg (oM. Tadm, 4).

PesyieraTH [IepecYETOB aHAMNZ0B TACN, 5-8 NOKASHBAKWT, YTO BRIUAIAT Oe3 Io—
0aBOYHHX KATUOHOE, "Kapkrac" (Na120a62r3Fe3)24512 4(0,01{).(2 IO CHUX IOp B IOpH—
pome He HaiineH. lmeeTcsa ONMH aHaim3, HamooJee OTBEYamUMi cocTaBy YUCTOI'O
Kapxaca, C -3arnojHeHueM Jyws "opHo# mycToll noJoeTH INA KPYIHOTO KATHOHA K
(anggms 10 B Tadm, 5, dopmysa 2 B Tadm, 4), HO B 3TOM QHAJNSE HE XBATEET
HaTpUA Oo 12.

B HemasHe nogsMBuelica padore OTpomeHKo ¥ Ip.,(1973) moKaszaHO HA CHHTETH—
9eCKOM CWIMKATE, YTO Na M30MOPJHO BaMemaeTCd Mn*, B amamse 10 mveeTCH Kak
pa3 TpefyeMmuil "usmmrex" Mn, KoTophil, OYeBUIHO, MOXET UONOJNHATE Na X0 12, B
KapracHoll yacTy OCHapy#eHH cJaenymumme m3omMopdHHe 3aMemeHUs B KATUOHaX ,
[(Na,Mn,Ga)12(Ca,TR,Mn,Na)6l1B[Zr3(Fe3+,FeE+,Mg,Mh,Ti,Nb,Ta,Al)B]6(Si,Al§4;
Mn, ecym HeT HemocTaTka Fe (M OH He NOIOJHAET IPYIIY [erFeBJG),OTHeceH K
rpymme A, B KoTopoll oH msomopmo samemaeT Jmlo Na B rpymne (Na),,, /G0 Ca
B rpymne (Ca)g.

Tlo mamHHM pacuM@POBKM CTPYKTYPH, B SBIUAMMTE HMEeTCA IOJOCTH WIA "moda-
BoUHOTO" K WIM M20MOpJHO 3aMemgwumxX ero Sr X Ba. 3 Bcex 60 pacCYMTaHHEX
8HAJIMZ0R TOJNEKO B NEYX HE IMEETCH HM ONHOTO M3 BTHX SJEeMEHTOR (aHamms 44 u3
Bypnamu n 55 u3a I'pern ); "YacTo KoAmYecTBa MOHOB K(Sr,Ba) He XBaTaeT IO
eOUHUITH; BT0 MOXHO OCBACHETE ¥ TeM, UTO BO MHOTEX oOpasuex "KpyIHHe" MOHH
Sr ¥ Ba He ONpPEIEJANHCE. [I0 XOOy aHaimWsa OHE MOIVIM OHTH COUTEHH 3a Ca mwim
B KaYeCTBe HEPACTBOPMMOTO CyIbfaTa MOmacTh B OCTATOK MOCTe yHaleHHA SiF, u
"3arpA3HNTE" NUPKOHWE WX HuoOwit, IIpM pacyeTax HENOCTATOK L0 SNMHMIIH IIONOJ—
HAJNCA HamGoJNee KDPYIHHEMEA MOHaMU: P39 mwmM, B KpaitHem ciydae, Na (msomopdrue
3aMemesEd K — Sr — Ba —»P33 — Na). y

OOHapyxeHHAA PACHUPPOBKON CTPYKTYPH CoJbUAH [OJOCTH MEXIY IBYMA KOTBIAMH
[ Sig0>7] MOKET MEHATH pasl‘\"xepu X EMENATH KaTHOHH pasHOll BesmuwHE (OT Si -
0,34 § mo Na,Ca, P33 -1 4).

Pacueranm oCHapyXeHH NOGABOUYHHE KATUOHH He TOJBKO B TDYINE A18 (K 1 Na),
HO ¥ B rpymre B (Zr, Fe), He YUOMAHYTHE IIPW ONHCAHMA CTPYKTYPH: KoadPuiueHT
IpU T'pymmie erBFeBJE, 9aCTO OKABHBAJICH => B,

Bes nmoGaBOYHEX KaTHCHOB (K, Na ¥ Fe) K Ipylie (A18B6)24 IMEETCH 2 aHaI!—
sa (256 ® 11); ¢ ommm npGasounnM KaTmoHoM (A,B) o ~11 aHANHS0B; C NBYMA MNO-

GaBOYHHEMHA K&TMOH&M(A,B)%-B aHaIM30B; C TPEMA TOGABOYHHMHA KaTHOHam(A,B)m—
22 agaymMsa; C YETHPBMA R&THOHM(A,B)‘EB-IO aHATIUZOB;C IATHD NOCABOYHHEME Ka—
taokaMn (A,B)og- 2 anamsa,

OCpasnu 2BIMAINTOB, IJIA KOTOPHX OHia pacmmppoBaHa CTpyKTypa (Tommues
# Op., 1971; Giuseppetti et al.,1971), OTHOCATCA ¥ HamGolee paCIPOCTPAHEH—
HOMy THOY ¢ 4 "modaBouHmMM" karuoHavu (#s HUX ofuE Si) - (AB)gy-Siys. "llo-

S Anayms 55 KpucreHcena (1905) mocaysua [/ ONpeIeNeHUs [HSDaMETDOB BJIeMeH—

TapHolt m4eftkn (Gossner, Mussgnug, 1930). Ilo pacy¥eTy STOT SBIMAMT IpEl-
cTaBiAeT Co0ofl Kaprac C IONHOCTRN 34CENEHHHMHA IIOJOCTAMMA (A,B)27
Sigs(o,oﬂ,cl).?a; OCTaeTCA NpPeluCJOXHUTE, 4YTO "HOJOCTE OTHOI'O KPYIHOI'O
KaTuoHa" 38HATA HATPMEM BMecTo K. Kpome Toro, HeT moJHOl yBEDEHHOCTH B
TOM, YTO B aHabusax M 44 m 55 Boolume ompemenseTcd xeaauit (cymma XIOPHAOE
meJsodeit paccuuTaHa TONBKC Ha Na).
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GaBOYHHE" KATHOHH: B XUOMHCKOM — Na (aHamms 6), B IpeHnagmckom Fe (anams
60) (cm, Tadm. 9). Kpome TOro, B 9THX SBIUNAJATAX IOUTH IOJIHOCTED OTCYTCTBY-
eT mapraren (0,6 m 0,4%Mn0), TOTNA KaK B GOJXBIMHCTBE NDYTEX MMEETCH > 2%
MnO.

B Hamdonee ONMBKOM K 4YMCTOMY "Kapxacy"spmmasmre (aHasms 10) (ToXpko ¢
OIHMM "I0GaBOYHHM" KPyOHEM KaTHOHOM K) ¥ B aHayqmsax 7, 9, 11, 28, 35, 41,
53, 59 (roxe ¢ "moGaBouHHM" KDYNHEHM KaTHOHOM K ¥ C Sigg B Si,g) 9aCTh MOHOB
Na SaMelleHs IBYXBANGHTHHVY MOHAME Ca® wm Ma2 (oM., TAGT. 5-8).

IIpx ‘msomopdHOM 3aMemeHMU (ln!f.n,Ca)21 Ha Na CTaHOBUTCA BO3MoxHO#l Ge3s mame-—
HEHUR CTPYKTYPH Kapkaca SBIMaNNTa OOMEHHAR DeaKIdd SBIUANHETE C PACTBOPHMHMI
B Bome MuHepanawmu, comolt, Harpodocharom M BWLITHOMHTOM, KOTODHME HM300WIyHT
XuOmHcKkMe M JIOBOSEpCKUE TYHIPH. IIpM BTOM OIMH aTOM Mn® " (mim 032+) 3aMeHAeT-
ca Ha mBa aroma Na® = B CTDYKType oNuME M2 ATOMOB HATDHA M30MODPHO BamMemaeT
Mn(Ca), BTOpO#l mOTUIOmMAeTCA SBIMANKTOBHM HMOHOOOMEHHMKOM H BAIOJHAET NONOCTH
KapKaca NOIXONAmETo IJIA Her'o pasMepa.

Taxo#t npupoxHuil mpouecce Mor 6H OCBACHNTE MHOT'OOGpaszme dopMmys sBImammTa
C YBeJMYMBAKUMMCH 9HUCJIOM KaTuoHOB (cM, Tadm, 4), MoxHO cefe ImpefcTSBATH N
"oGpaTHu" nponecc - Nepexon SBIMANNTA C 3aloJHEHHHEMN NOJOCTAMH B Kaprac
C MyCTHMHM MOJOCTAMM; BOIS BHMHBAET MOIVIONMEHHH! MOHOOOMeHHUKOM "XOoGaBOYHHR"
Harpuit, HescHo, KaKk MOXHO cele NIpeNCTABUTH NPONECC BXOXHEHMA "ToGaBOYHHX"
HOHOB Fe B Kapkac oBmuaymTa, M3 60 pacCUMTAHHEX AHANMM30B B 24 y4aCTBYET
"noGeBouHOE" Fe. TONBEKO 3 oTBevanT spmuaimTam (+) (mecTopoxmeHms Bypnana,
Tysa). Iig mecTH HemspecTeH onTmyeckmit sHax, OcTambHHe 15 - SBROMMTH (-).

He aABnmoTCA JH ®BROJMTH (-) ¢ "moOaBouHEM" Fe W ofaamammme mbesoafdexTom
0apcaHOBHTOM, O KOTODOM BelJeTCs Crmop: HoBulf /m 5TO MUHEpasn WX OCHIHHA B5B-
roxmr? (Jopfman u mp., 1963, 1965; Gopymmmit m mp., 1968). CTDYKTYDH SBKOJIH-
Ta (-) m OGapcaHosuTa eme He pacumppoBanH, & "moGaBouHmil" KaTMOH Fe K TDYI-
e [Zr3F63]6 B ONMCEHMA CTDPYKTYDH 3BIMANNTA HE YUIOMMHAETCHA., MoXeT OHTEH, MOC—
Je¢ pacmEfpOBKH CTDYKTYPH CapcaHOBHTE "HoGaBouHHA" B DBIMANATE HATHOH Fe CTa—
HOT OCHOBHHM "KapKacHEM" ¥ GapCcaHOBAT BHOBE OKAKETCA CEMOCTOATENBHHM MHHE-—
pa.uoml, a "9BKOJMTOM" OCTEHETCA ONTHYECKN OTDHIATENEHHE SBIMAIMT Ges ToGa-—
BOYHOTO XeJesa., Bce GapcaHOBUTH, T.e, SBKONMTH C "NOGABOYHEM Fe", MMeNT 53
KaTHOHa, a 3HAYAT, BCe OYyCTOTH SBOMANHTOBOTO KApKAca B HUX 3AIOJHEHH,

W3 60 gHaym30B Jomupk B 8 HET MOGaBOYHOTO Si; B 34 aHaImsax — ONMH moda-—
BOYHHIA 31(8125); B 18 aHa/m3ax OBa MOGEBOYHHX 81(8126). VsoMopdHHE 3ameme—
mma Al — Si yoramomieHH B 19 spmmasmrax (Al1V-a1, |- a1, o). "JodaBouHse"
aToMH Si, MO¥ET OHTE, ABIANTCA DeBYJILTATOM a,ucopéﬁnn HOHOOGMEHHUKOM PacTBo-
PEMEX B BOLNE CHIMKATOB mesyoueli, CTDYKTYDHO MOH 514" saimer MOJIOXEHHYD eMy
NOBHIMK, o6pasyd "copopammkain"” [Si100251, a aromd Na (mwm K)safimyT cBom mMec—
Ta "Mo0aBouHHX" KATHOHOB IDYINH A, BOSMOXHO MX IOCJHEIyHilee BHMHBAHHE BOmoOH,

Mvenrca JM xaxue-mMOO XapaKTepHHe OCOGEHHOCTH B COCTABE BBIUANHTA IJIA
OIpeneNeHHHX MeCTOpOXmeHmiA? 3To BHEEO m3 Tadm, 5,9.

Iina- XuOMHCKUX SBOMaxmTOB (radi. 5) mveeTcA 24 aHaimsa, B ToM UHMcae ¢ T Ky-
kuceymaopp (3), r.0xcmop (4) m r.llerpemuyca (7). Bee ofpasus ¢ I'.KyrucsyMHODpD
7 r.0xcnop” oxasasmcek sBmmaymTaMu (+) Oes JTOGSBOYHHX KATHMOHOB B rpynmne B ¢
PasJIMYHEM IMCJIOM KATHOHOB B Ipymme A M Si,g_,.. OCoCmeHHAA @opwna IJIA HUX
[hy9-21B6) 25275812526 [0: 08, 011 45 g+ : :

Odpasuu ¢ T,lleTpenuyca OKA3aMMCH IBKOIHTAMA (-) ¢ MOGABOYHEME KaTHOHAME
B rpymnax B m A M Siyg og. 7 4 oOpasuos Hadmomancs neesosfdexr, mia 2 ycra-

1 Hanpumep, amammsu 17-23, 49, 56, 57 (cm. Tadm. 5, 7-8).
2 CrpykTypa pacumppopaHa Ha odpasue 6 (Tonmues # mp., 1971).
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HOBJIEHO ero OoTcyTcTeBRe, OCoCmeHHas dopmysa U‘19—2137-8126-285125_25'
+10,0H,Cllg,_oq 78

Iina Becex xndannnx 06pasinos, KpoMe opHoro (aHamms 14), XapakTepHH M30MODH—
HHE 3aMelleHUs Mn ~ Na WM Ca — Na B I'pyIme (Na)12.

Us 16 aHayiM30B JOBO3EDCKMX 9BHMayMTOB (cM, Tadr, 6 m 9), B ToM umcue 7
¢ T.KapHacypT, onTWYeCKEH 3HAK M3BECTEH TOJBKO MIA 4: ommH — (+), ONWH —

(%) u nBa - (-), 3aKOHOMEDHOCTH B. pacupeleNeHME AOCABOYHHX KATHOHOB He yC—
TAHOBJIEHH; o6oCmeHHas fopmymna [.A19_2136_71'25_2581_25_267[0,0H,Cl]76_78. lzomop-
fHHX 3aMelleHmil B T'pymme (Na)12 moYTH HeT (3a HCKJINYEeHMEM ONHOTO ofpasua ¢
r.KapHacypr, amamms 28) n opHoro ¢ r . Humuypr (anams 35).

Tlo mpyrmM Mecropoxnexuam CCCP (cM, Tada, 7 m 9 — 13 aHaIMSOB)MMERTCS AHa—
JU3H SBIMAMATOB; H3 CepepHolt fAxyruu m Kopmopa, B KOTODHX HeT W30MOPIHHX
samelieHult B rpymme (Na),,; ¢ Typsero Msca, us KpacHosapekoro xpasd (p.Kma) o
Tanacckoro Xpedra ¢ msomepfHnM samemermeM Ca+Na B rpynme (Na),, M HOYTH
[OJHHM OTCYTCTBHeM Mn; ¢ EHmceiickoro xpsaxa ¢ m3oMODOHEMM 3amemeHMAMH
Ne*Mn B rpyme (Na),,, Ca—Nn B rpymmre (Ca)gm moYTH HOMHEM OTCYTCTBHEM
XJI0Da.,

Anasmus nomoCGpaHHOTO MaTepmana yKasuBaeT Ha crneimduuxocTs cocTasa B fopmy-
JIH 9BOMAJNTa IJIA KaXIOT'O MeCTOpPORNEHNA,

BBIBOIEI

s radn, 5-9 BETHO, YTO BHBOIH O 38KOHOMEDHHX H3MEHEHHWAX XWMHYECKOT'0 COC—
TaBa ¥ Kpucramtoxmmyeckolt dopmynn oBmmasmTa, OCHOBAHHHE HA pacmuPpoBKe
CTDPYKTYPH JWUE OTHOT'O o0pasla SBIMANMTOBOTO "HMOHOOGMEHHWKA'", MHO-BHIUMOMY,
MONTBEPRIANTCA,

OmHake ciemyeT HMEThH B BUIY cJefynime OGCTOATENBCTEA, OIDAHWYMBAKNEE 3Ha—
YAMOCTE DTOTO BHBOIA.

1, Samemenne Na — Mn — JIIE [OpefnoJoXeHne, MapraHen MoXeT OHThH OTHECEH
KaKk K I'pymne A, Tak ¥ X Ipynne B; CIPYKTypa SBIMANNTA, COIEpEamero Mn, He
pacnndpoOBHBANACE,

2. 30HaJNBHAA CTPYKTYpa SBIMANUTE HEJaeT COMHUTENBHO! NHIMBALYATBHOCTE KaX-
IOT0 aHAIW3UpYyeMoTo ofpasna, DOKa HeT aHAJIHM30B OTHEJBHHX 30H,

3. He W3yYeH cOCTAB NHISBHX BRINNEHMN, XapaxTeDHHX IIA MATOBHX .DBIHATHTOB.

4, TlpucyTcTBHe Al MOXeT MEHATE KoodduumeHTH NpM Ipynmax IZr3re316 b
[ 9%, 41l

5. He pacumfpoBaHH CTPYKTYpH GapCaHOBHTA M SEKOMHTA (-).

6. Hameuaercs crnemmduxa dopMysr m m3oMopdHHX samemermﬁ B 9BIHAIATAX K3
pasymMYHHX MecTOpoXneHnH,
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H. H. 3atasnuxosa

0 XUMHUYECKOM COCTABE ACTPO®HJUINTA M M30MOP®HLIX
3AMEINEHNAX B HEM '

THTaHOCHINKSTH NPENCTARIANT MHOTOVYHCASHHYD I'DYIIY MIHEDAJIOB CHIORHOTO CO-
CTaBa C UMPOKMM IpOABIEHNEeM H3oMOpPHHX 3amemexuii. HecMoTpA Ha GOBIOE YHCHO
padoT, NOCBAWEHHHX UX U8yYeHHo, "mpoGfieMa IWPKOHO-, THTaHO—, HHO0G0—, TaHTa—
nocumkaros” (Bakakme, BemoB, 1964) ocraeTcA HepemexHo#: IIA CONBUMHCTBA MA—
HepalloB TpYNIH He BHACHEHH DONb THUTaHs, ero IOJOKEHNE B DemeTXe, KOOpTMHa-
A, ESOMopQHHE 3aMelleHndA; He yCTaHORIEeHH TOYHHE XymudecKue QOpPMysH MUHepa-
JIOB,HET TOJHOTO COTVIACOBAHUA MX XUMUYECKOTO COCTABA CO CTDYKTYDHHMM NANHHMH.

9T0,B YaCTHOCTM, OTHOCUTCA ¥ K acTpofwilIuTy - TUTQHOCHIMKATY K,Na, Fe &
ln, pacUpoCTPaHEHHOMY B HOpOfax ¥ HeTMATHTAX WEeJIOYHOTO KOMIUIEKCA — Hedemn-
HOBHX CHEHMTAX I WEJOUHHX IpaknTax. K HacTosmeMy BpeMeHM M3BeCTHO Goxee 60
XUMAYECKUX aHamn30B acTpofwumira, pacumdpoBaHa eT0 KpUCTALINYECKAd CTPYKTY-—
pa,yCTaHOBIEHO HECKONBKO WIEHOB U3oMopdHOR cepuu:KyIIeTCRUT(Mn-pa3HOCTE) ,HA—
OGOPWLITAT , IEPKOGUILIAT , lIe sMAKYILIE T CKAT , OHAKO MHOT'OYKCJCHHEEe AHANMAH HE NAKT
TOCTOAHHON CTEXMOMeTDUY BJEMEHTOB W He NPUBONAT K enuHo#t dopmyte acrpodmurara.

He nepeuncaAd BeeX NpeLIOXESHHHX paxHee POpMyN ¥ COCJABUACE Ha aBTOPOB He-
KoTopux us Hmx (Machatschky, 1930; Gossner, Reindl, 1934; CrapHHKeBHY-BOp-
Heman, 1936; CemenoB, 1956, 1959, 1972; Ilox Usu-uxys, Ma Uks—msH, 1963,1964;
Iymxve w gp., 1964; Mepuyx, SupaHos, 1965; Woodrow, 1967; Tansees u mp.,
1969; 3alaBuuKoBa U Op., 1973), yKagewm JUmb, Y9TO B HACTOANEE BPEMS NPUHATA
$opMyTa, BHBENEHHad aHIVIIICKMM uMcclemoBaTelaeM YyIpoy (Woodrow, 1967) Ha oc-
HOBaHUN W3YYEHUA HPUCTALIMYECKON CTDPYKTYpPH aﬁTpO@HﬂﬂﬁTa;(K,Na)3(Fe.Mn)7-
T1,515(0,0H) 39, 2 = 2.

OmHaxo pealbHHEe gHaAWM3H HE BCETIA OTBEYAWT B8TCH dopMmyne, 4YacTo 3HAYMTENb—
HO OT Hee OTKIOHAACH WM BOBCe elf He cooTBeTCcTBYA. llpmumH BTOTO MORET OHTH
HECKOJNEKO. [IpeRlle BCET'0 eCTECTBEHHO, UTO pa3HHE aHaMM3H BHUOJHEHH C pasmi-
HOlf CTEIeHB TOYHOCTU W Ha MarTepmale pasHofl CBeXeCTH U YUCTOTH. [IOCKOMBKY
acTpodWLTAT OGNAMAeT MOUTH CTONE Xe COBeplieHHOR CHallHOCTEN, HAK U CJnIa,
MERIY CJIOAME €TI0 MORET coIepXaTncsd COoNBIoe KOJUYEeCTBO IOCTODPOHHMX NpUMecei.
OcoCeHHO YaCTH N3 HUX (IEHKE OHUCJAOB Xejae38 W MaplaHnag, & Tan#e MeJHEe Kpuc—
TAIIXY BTUPHHA, THTAHOMATHETHTA ¥ IpyruX MuHepanoB, Kpome Tor'o, aHamnms
acTpofuInTa HOBombHO cnemuuMuer u3-3a 3HAUMTENLHOT'O CONEDRaHUS B HEM TUTa-
Ha 1 MapraHia, NHOLMA HUOCHA U LWPKOHUA, a Takke NOuYTH NOCTOAHHOTO IPUCyT-—
CTBUA DPeNXUX Wenoveil., OmpeleseHye MaToro KOMMYECTEBa AMHMUHUA NpU COJBILOM
CONEepEaH THTAHA TaKXe 3aTPYyAHUTENBbHO. Hax ¥ BO BceX CINOONONOCHHX MIHepa—

199



00e

Tadnxunma

Jasme aHATHSOB MAHEDANO® I'PYNIH acTpofwumTa

1

Mg —acTpoduIuTH KymwieTckuTH _

onemeHT <

1 2 8 4 5 6 7 8 9 10
5104 38,94 37,54 39,01 35,41 35,10 35,47 35,27 33,53 34,66 35,42
41,0 0,30 1,2 0,42 2,05 2,02 2.28 1,% Z,59 2,28 1,39
Ti0, 12450 13,51 12,42 12.22 10,67 11,61 12,05 9,05 9,23 10,58
Nb,0g 0,88 0,40 1,15 = 0,64 0,58 0,62 1,33 2,89 4,55
T3205 = o 0,08 - 0,10 - = = - =
Zr0, 0,11 He oGH. He o0H. He odH. 2,22 077 0,29 3,94 2,00 1,28
Fe 04 He oGH. 1.4 " 1,4 He oGH. He oGH. He oGH. He oGH. 1:% 0,93
FeO 22,46 17,60 18,89 27,41 28,24 st e | 26,36 20,81 12,74 10,14
Mg0 5,81 6,04 6,03 2,31 1,50 1,89 1,73 0,18 0,87 0,68
Li, 0%+ 0,0041 0,0048 0,0044 0,0128 0,0199 0,0276 0,0229 0,0151 0,027 0,0637
MnO 2,86 3,00 5:87 4,13 5,56 5,88 6,93 13,60 19,90 23,61
Na,O%* 4,74 4,84 5,04 2,47 2,33 s i 2,26 2,12 2,74 2,81
ca0 0,70 3,89 0,30 1,62 1,58 1,36 1,51 1,60 0,67 1,14
SrO*** - - 0,003 0,045 0,05 0,075 0,098 - - -
K,0%* 7,64 6,85 7,69 6,47 6,07 6,51 6,40 5,98 6,40 5,76
Rb,0%* Q,17 0,0918 0,1240 0,294 0,2226 0,206 0,207 0,82 0,59 0,63
Ca,0%* 0,012 0,0027 0,0053 0,0613 0,0426 0,0254 0,0345 0,116 0,099 0,131
H,07 He oGH. 0,38 He oGH. He ocH. He oGCH. He oGH. He o0H. He odH. 0,30 He oGH.
H,0+ 2,81 3,70 2,53 2,54 3,12 2.3 2,62 3,00 3,09 < [ 0
Phxkx 0,45 1,30 ‘1,36 1,24 1,28 1,35 b 0,% 1,21

0,34
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0,57

-0=F, 0,14 0,20 0,55 0,52 0,54 0,57 0,49 0,39 0,51
Cynmva 100,14 100,62 100,32 100,01 100,21 99,93 99,10 99,36 100,35 99,91
Yo.Bec 3,26 3,21 3,171 3,314 3,341 3,356 3,362 3,367 3,362 - 3,360
MaTeprad M. L. Dopdmarsa 0.B.Iynxuga B.B.MHDkoéoﬁ E.B.CBemHRKOBOH
MecTo- XuGnHCKUA MacCHB Eancefticxuit xpax, TaTapckuit -
poxme- MacCHEB
HUE r.KyrueByMI0pP T.0xcmop T.39Becaor- |[MppPOTHHOBOE T'.3BeCAOTI0Pp

Yopp ymeabe
KpaTkas |3e/eHOBATO-REATHA UTOAB- |30I0THCTO- KpacHo-Gy- Eypuit wiacTHHIATHE TeMHEO-GypHi IIaCcTHHYATHH
Xapak- [4aTO-BOJOKHUCTHIE OpOH30BHIH pHi Tp#sMa-—
TEepuc— MeJKOYemyli—- | TU4YeCKuHR
THKa qaTHi
ofpaszua

1-10 - Homepa aHaym30B. O0pasern 2 CONEPRAT NLWMECh BTUD

** Amamwrvxn C.U.IysmzenkoBa 2 E.J.Bopomusa; *** anammmux T.E.KareHuyk;

UH-gBIWTE U OPYTUX MIHEPalCE.
auamrtur T.A.llparymKad.
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Tadaniiag -2

Pacuer aHamu30B Ha $opMysIH

AHa~ I'pynna A Tpynna B

e | g Rb Cs | Ca | Sr| Na z Fe |Mn | Mg | Ii | =

i1 3,95 0,05 0,30 = 3,73 8,02 7661 0,98 '3,580 0,01 12,1
3 3,95 0,03 0,00 0,13 - 3,94 8,08 &,87 2,00"3,62 0,01 12,00
4 3.45 0,08 0,01 0,72 0,01 1,89 6,26 10,03 1,46 1,44 0,02 12,95
5 3,29 0,08 6,0 @72 0,0 1,92 6,00 10,04 2,00 0,95 0,03 13,02
6 3,50 0,06 0,00 0,61 0,021,944 6,14 9,76 2,10 1,00 0,05 12,91
7 3,46 0,06 0,68 0,021.86 6,08 9,36 2,49 1,08 0,04 12,97
8 3,3 0,23 0,02 0,75 - 1,80 6,13 7,60 5,08 0,12.0,03 12,78
9 3,49 0,16 0,02 0,31 - 2,27 6,26 4,98 7,21 0,56 0,05 12,80

10 3,14 0,27 0,02 8

52 - 2,33 6,18 3,92 8,55 0,43 0,11 13,01

AHamu3 2 HaMI He pacCUMTHBAJNCA, TAK Kak MaTepuan CONEDXAN IOCTODOHHNE

Jax, OpPY pacTUpaHul acTpofWiMITe IPOWCXOINAT OKNMCAEHNE SHAUMTENbHON wacTu
3QHUCHOTO Xesnesa U ajcoplmua Bomd (SBadasmukosa, 1970)., 9T ocoGeHHOCTH, BA~
IuMo, He BCerfa YYATHBAMICE. HakoHeNl, Kax BHACHMNIOCE HPU CTPYKTYDHOM I3y4e—
HUM acTpo nTa, Ero 9JEMEeHTapHad Adelixa Upe3BHUYaliHO BeimKa: B 00bemMe Go-—
aee 1000 A° pasvemaercs cBHme 100 aToMoB. 3TO Takke OCHAOKHAET BHBOJL NpPABHIb—
HHY COOTHOMEHER MERLY OTHENBHHMA SieMedTaMit. LIS MUHEDANOB ¢ Taxivm Sonbum-
M BMEMEHTApHHMU Adeftkamy PopMysy - caeyeT pACCUMTHBATE Ha Beh AvElKy, Ipu—
HuMasa z = 1, wHaue JETHO JONYCTUTE OmmCKy + 1 aToM.

Ha oCHOBaHMN IECATH HOBHX aHafM30B MH IONHTANMCH YTOUHUTH POPMYIY acTpo-
fuwimTa, a Takke BHACHUTE, HACKONBKO 5TO BOSMOXHO K3 TAHHHX XUMUH, K30MOpH-
HHE 38MEmEeHnA B HEM C YYETOM CTDYKTYpPH MUHEpATA.

Hamuv asanusaM npemuecTBOBAIM OYeHb THMATeNLHHR 0TGOp MaTeprara ¥ ompele-
JieHe YIeJbHHX BecoB. JIA Kagmoro aHanwsd oTOupanock He MeHee 1 TI' oGpasna,
YTo 0CECHedYrBan0 BOBMOXHOCTE HOBTODHHX OIpeleseHUl SIeMeHTOR pasJUYHHMU Me-—
TOZaMI ¥ IOJMydYeHne Gonee HaOexHHX Imdp. Cxema aHanuss B olleMm Bule oxapaR¥
TepU30BaHa Hamu pasee (3adaBHMKOBa ¥ Op., 1973). JlaHHHE aHAMB0B ComepRaTCA
B Tadn.l; B Tabn.2 npuwseleH IepecyeT uX Ha (OPMyJH. .

[lpexme 4YeMm CONOCTABAATE DPE3YNBTATH XUMIUECKHX AHaNN30B, NIPUBENEM KpPATKOE
CNECAaHUE CTPYHKTYPH acTpofwimmra mo maHsEM YyZpoy (Woodrow, 1967), a Tanxe
Mor Usu-uxysa # Ma Ugs-llaxa (1963,1964).

CTpyKTypa MuHepana CJOUCTaf, MMebllad CXOICTBO CO CTPYKTYpO#l TpHOKTasIpu-
YecKuX caon (pwc.l). CIOY COENVHEHH B TpexcijolHHe MaxeT. OKTasIpH IEHTpalb—
HOT'O CJIOfA, 3alONHEHHHE NOHaMA Fe, Mg, Mn, o0pasynT, Ho TepvmuHojJoTEm H.B.bBe-
JoBa, "cepmeuHux" WM CIUIONHY® CTEHKY, CECKOHEUHYW B IBYX HalpaBleHuAX.

C ofeux cTOPOH K 23TOMy CHON NPAMHKANT "KOMBUyIu" WM CETHKH, 00pa30oBaHHHE
HoJMBIpaM1 Si ¥ Ti, NpUYeM Si-TeTpashpH MOBEPHYTH BepIMHAMI B CTOPOHY LIEHT-
PaTBHOTO CJIOR W COSNMHEHH B UPNOUKM cocTaBa (51,0,.), Uepemyumiecs ¢ pamamm
Ti-0KTadmpoR (puc.2).

O™y TpexciofiHHe NaxeTH COYWIEHANTCA Mexmy coloif Tak, YTO Ti-OKTa3IpH CO-
cegHIX TaKeToB, HAXONACH LPYyT' Ham IpyroM, MMeNT olumif ATOM KHMCJopolla X 00—
pasynT TPYIOH Ti,04, B KOTODHX 9YacTh KHMCIOpONA, HO-BUIEMOMY, 3aMelleHa Ha F
win OH. Ha omEOM ypoBHe C ®TIMM OOWMMEI 4TOMAMY KMCIOpOfa pacloJaranrcd i lje-—
JIOUHHE MOHH — Na 1 K. [oBMINK XX DasnMyHH: Na IMeeT koopmuHammn 10, K - 13.
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I'pynna Ti I'pymma si Tpynma 0

Ti | Wb Zr z 5i a1 | = OH | F Opacy.| 2
3,80' 0,6 ' 0,02 ' 3,98 15,77 ' 0,14 ' 15,91 ' 7,59 ' 0,43 '52,09 '60,11
3,8 0,22 0,00 4,03 157 0,20 .15,92 6,80 1,65 51,79 60,23
3,84 0,156 0,00 3,99 14,8 1,00 15,82 7,08 1,80 51,41 50,29
3,4 0,14 0,46 4,00 24,94 1,02 15,9 8,8 1,67 50,60 61,13
3,68 0,41 “0,15 3,94 1495 ‘1,43 16,08 7,67 ‘1,90 51,41 80,48
3,85 0,12 0,06 4,03 14,98 0,96 15,94 7,38 1,80 51,27 60,45
2,97 0,26 0,84 3,97 14,65 1,33 15,98 8,74 1,62 50,59 60,95
2,97 0,56 0,42 3,95 14,83 1,15 15,98 8,82 ‘1,27 50,79 60,88
3,40 0,30 0,5 3,95 1515 0,70 15,85 9,04 1,64 50,51 61,19

BRINYEHNA.

AToMH Ti B pemeTke acTpofWLIETE 3aHUMANT NOJOREHWS, OTJMYHHE OT TAKOBHX
Fe (Mn), C KOTODHMZ KX HepeNKo OCLeIMHANT B ONHY M30MOPIHYO TpYNIY IIpH Dac-
uere $opMysN OpyrUX MUHEpanoB. Ti HIrpaeT pONb, OO0 HEKOTODPO# CTeNeHM CXOIHYK
C DOJNIED Si, XOTA U He TORLECTEBeHHyWL eif.

Taxum o0pasoM, Kapkat MUEHEpala coCTaBIANT KDPEMHeKUCJAODOLHHE ¥ TUTaHKMCIO—
PONHHE TOJMBIPH, COeTUHEHHHE BeplMHaMHI. JT0, HO-BUIUMOMY, M €CTH CJIOKHHH
KOMILIEKCHHI aHUOH cOefuMHeEHdA. KpoMe KUCIOpOLA B HEI'C BXOOAT Taxke IPYIIn OH
n F. KaTHoHHy®L 9acTh COCTABRNADT CUnmbHHE (K ¥ Na) ¥ Gonee cradHe(Fe, Mn n
Mg) OCHOBaHUA,

CTPYKTypHHE NaHHHEe O Doy Ti KaK gHUOHA MONTBEPENAKNTCS XUMIYECKUME aHald-
sammn. 3 UX pacyeTos cﬂenyem, yTo Ti 3aMemaeTed JUIE HHOOMEeM M IHMPHOHUEM.
Koppendimm MexKy TUTEHOM M SneMeHTaMy Tpyumnd B (Fe, Mn, Mg) Ee HaCaomaeTcd.
OTcyTcTByeT M u30MopdU3M Si-Ti, KOTOpHI HpemnosiaraeTcd HEeXKOTOPHME HCCIefoBa—
TenAMI. B HelmX oOpa3uaX COTEepEATCA 0T YeTHPEex JOo TpeX aroMoB Ti Ha Adelxy.

B npupole BCTpeueHH DeNKUE I UHTepeCHHe DasHOBUNHOCTHM acTpofmimiTa - Kyo-—
JETCKUTE — UX HUOOWeBHY I IMpxoHWEBH#t aHamorw: HuoGofwummT (Nickel et al.,
1964) u mprofwunr (Kemycrur, 1972). Mexny acTpofuwomuToM X HAOGOQMLIITOM,
Tayk Xe Kaxk MERLY KYyIUIETCKATOM ¥ IMpKOFWIINTOM, BEPOATHO, CYMECTBYET IOJHad
m3oMopdHaa CMEeCHMOCTE, TaXK Kak collepRaHue Nb,0g I Zr0, BO BCEX M3BECTHHX
adammsax mMeHAeTcd oT O mo 14-15%. (OmHako MaKCHMAaTbHHE ROJMYECTBa TOT'Q U Opy-
TOT'0 BASMEHTOB COOTBETCTEYNT JHIE TpEM aToMaM Ha S4YeiiKy npM Hamluvim B Hei
yeTHpeX BaxaHcuit mma Ti. y

Si B acTpofwuIMTEe ¥ KYIUIETCKATE B HedoABNOY CTEmeHV 3aMemaeTcd Ha Al (He
Gosee ONHOTO aToMa Ha AYElKY).

OrHomeHue Wa:K B COJBIMHCTBE 00pasLoB acTpPOPWLIMTa - KyILIETCENTa GIm3-
KO K 4 : 2, 9TO COOTBETCTBYET CTPYKTYDHO-DasJMYHHM HOJOXEHUAM, 3aHIMAEMHM
STYMU BJEMEHTaM!I B pelleTKe MUEepana. Hoauv¥ecTBO aToMOB Na B CBeXuX oCpasiax
acTpofmTa BCeTNs ONMU3KO XK OBYM, NPUYEM BOSMORHO YaCTHYHOE 3aMeleHue ero
Ga. VzoMopduam K ¥ Na, €CJVM ¥ UMEeT MecTo, TO B OuYeHb chaadolt crememm. Usy-
dJeHne MOHOOOMeHHHX cBolteTs acrpojmwumra (Yemimes, 1972) momrTBepmuno, dTO
Cnalu#t oOMeH Na 1 K 3aMeTeH Jumb Ipy BHCOKUX TeMIepaTypax. Pemwxme wexoum

B lUCCIeNoBaHHHX HaMy oGpasliaX colepkarTcd B CPABHUTENBHO HECOJBIMX KOMue—
CTBax. HeckoNeko odoraifeH MM, OCOGEEHO pyduiuem, KymwrerckuT. OfHaxo ommca-
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HH pasHOCTH acTpPodWwLINTa I C GOMBIMM COTEpRAHNEM Rb,0 1 cszo(IbﬁaeeB X Zp.,
1969; Efumor Z mp., 1971). Rb u Cs 3amMemanT K; B NesHil-KyIIeTCKUTEe Cs 3ame-—
maeT Tpu aroma K M3 YeTHpEX.

Hamdosee mHTEpeceH W NOJHee TPENCTABASH WsoMopimsm B Ipymme B. B mpoTmeo-
HOJOKHOCTE CHOTUTY, B KOTOpoM usoMopfHH Fe u Mg, B acTpofWIIATE CTONEL XKe
HEOTpaHWYeHHO 3aMemanT IpyT Opyra Fe u Mn. [IpaKTHYECKH MSBECTHH acTpodumi-
TH TmouTH Ges Mn (¢ 0,9% MnO, BenbkoB, 1962), B To Bpemd Kak Ge3XeJeSHCTHX
KJILIETCKUTOB HE OCHADYXEHO, M MIHMMATBHOE -COLEpKaHUEe B HUX Fe BCE Xe BHAWH-
rempHo (5-7% Pe0, CemeHoB, 1956).

Fe’t B cBesux acTpofmmTax, Kak IpaBmio, OTCYTCTBYeT, M €r'0 IOABJIEHNE,
NO-BAJUMOMY, CBHIETEJBECTEYET 0 Gojiee NMOSHHUX MSMEHEHMAX, TaK KaK OHO 9acTo

P # c. 1. CTpYyRTypa acTpodWLmMT4 B IPOEKIMM BIOJAE OCH a B yCTaHOBKE YyIpoy
(mo Ilag Umn-uxysy n Ma Uxs-mssy)

1 - Si-TeTpasfpH; 2 - Ti-okTasmpH; 3 - (Fe,Mn,Mg)-OKTasIpH; 4 — K; 5 = Na

P # c. 2. PacmpeneseHne cnoeB Si0y-TeTPasHpoB M TiOg-OKT&3IpPOB B acTpPodmm—
re (mo Yympoy)

CONpPOBORINEETCA HOBHIEHNEM COTEpRaHud B MUHepane BOOH M yMEHBUESHNEM COIepXa—
anA menoded (Ilepuyk, 1968; CemenoB, 19726). Feot yame MOARIAETCA B KyILIET—
CKUTOBHX DA3HOCTAX.

Mg, BXOAA B Tpymmy B, BeleT celA mHade. BP0 MaxCHMalbHO BOSMORHOE KOJM—
YeCTBO - £ arToMa Ha ByIeMeHTapHyw adeitky (~ 3% Mgo). Ilpm Gosbuem ero comep-
gammy (5-6%) pelleTka YaCTHYHO NEepPecTpalBaeTCHd, UTO CKASHBAETCA HA DPEHTTEHO-
rpamvax, MK-CHeKTpax U 8SIeKTPOHHO-TUPPARIMOHHHX KapTHHaX Mg-acTpofmiinTa.
OcBoGoXmanTca MecTa LA IBYX H0CABOYHHX 8TOMOE Na, YMEHBUNAKNTCA KO o@dMImeHTH
HE. eOUHNLY ¥ T'pyond B ¥ Ha OBe efuHMIE ¥ OH. Ilourm oTcyrcTByeT Al. U XoTa
ofBem sneMeHTaPHON AYedKE 0CTaeTCA TaKUM %€, KaK I Y COGCTBEHHO acTpoduuin-
Ta, 4TO CBASAHO, NO-BUIVMOMY, C COXPaHEHHMEM THTaH-KDEMHEKHCIOPOTHOTO KapKa-
ca, KOJINYeCTBO I paclOJOREHUE aTOMOB B Heil HECKOMBKO MEHANTCH.

Kax yxe ormevanock: (BadaBEmkoRa ¥ Ip., 1973), ymenbHuit Bec Mg-acTpodui-
IUTe BHEUNTEABHC HIXEe, PacTROPUMOCTE €TI0 B KUCAoTaX ciadee, onTuYeckye crofi-
cTBa uHEe. Mopfororideck: OH XapaKTepU3yeTCs MeJNKOYellyidaTHM WIM TOHKOBO-
JOKHHCTHM CTDOEHNEM KPUCTALINYECKUX arperaros. [lo-BuiumoMmy, Mg-~acTpo@HLmIMT
ABIAETCS MOHOKIMHHHM B OTNIMYKE OT TPHEIMHHOTO COGCTBEHHO &CTDPOQULIATA.

B Ta6n.3 mpuBemeHH MEXIIOCKOCTHHE pAacCTOAHuMA Mg-acTpofmumiTa, acTpodmi-
MiTa B KyIWIeTCKuTa. Memny acTpofMimiTOM U KYIAETCKUTOM CYMEeCTBEeHHOTO pasik-
ujpAd HI B PaCCTOAHUAX, HU B MHTEHCUBHOCTAX JIMHUA NPDaKTHYECKH HeT. Mg-acTpofmi-
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Tadnine

3

MeXIOCKOCTHHE DACCTOAHMA ACTPOfMILIMTOR
Mg-acTpo T Actpodun- | HymwreTcHuT Mg—-acTpo-, ACTpocpm- Kymner-
(anamz 1) ant (aua- | (aHamms 9) T §Ha— CKUT
a3 5 ams JIIZ[B 5 (anamms
15" of"
z d I d i d 7 d I a T d
3 13,03 - - - - 6 1,704 '~ - - -
9{pacm. 11,54 - - 19 11,900 18n 1,657 ik 647 5 1,669
10 10,37 10 10,26 10,45 - - - - 5 1,631
3 7,68 - - - 6 1,590 3 1,609 5m1,583
1 5.4 - - - - - 3 1,57 2 1,564
1 4,23 - = 1 pam 4,40 3 2,547 2 1,845 .= =
- - I A | 4,08 6 M 623 Ve lias &
7 EEe e 3,818,778 0 1388 el 3,90 6 1,462 - - - -
2 3,56 1 3,88 - 1 2,482 = = 5 1,447
20 [ 3,41 10 B4 220 3,54 - - & Ade6 5 1,413
- - 1 3,28 3 327 9 1,400 4 1,402 1 1,390
4 3,10 2 B 2m 3,05 & 1,875 11878, V11,351
4 2,90 2 2,8 2 2,85 4 '1,3%0 1..1,3846 3 1,828
4 1B 2,8-2,79 2 2,73 4 279 21,3003 1,307 21,295
- - i T 7 2,67 & 41,297 4 1,282 0,531,273
9 2,56 4 2,55 i 2,58 22500 103,859 - -
2 2,45 2 2,45 3 2,50 2 4.233 ~ite - -
2 2,36 Arngas 3 2,40 8 2,985 2 1am 42206
5 Bt 3 B.2r 4 2,30 i 1,168 - - = =
4 2,19 3 2,2 3 2,25 1 1,158 2 1.149° 1- 1.1%0
L 2,08 6 2,08 6 2,42 4 1,136 - - - -
9 2,04 1 2,04 1 2405 23,097 24,409 1 ~17139
i 2,01 - - g,5 = 2.08 5 1,088 - - - -
1 1,982 - - - - 2 1,088 - - 1 1,079
2 1,908 1-1,894. 1 1,925 3 1,00 - = - -
- - - - 7 1,768 3 1,061 - - - -
- - 7 41,754 4 1,764 2 1,044 - - - -
| 1,745 2 1,743 - - 9 1,022 1 1,027 - -
8 1,731 - - - 9" 1,013 271,018 1 1,013
- 3 1,008 - -

YenoBusA CHEMKHA: Fe-némeime, 2R = 57,3 mm, d = 0,6.

JUT CYWECTBEHHO OTJIMYAETCA OT OTHX MUHEpanoB, YTO NOMYEDKMBAET €I'0 MHIMBU~
IyanbHOCTBE. B CcBASM ¢ 9TWM Mg-acTpofuimiT caemnyeT paccMaTpMBATE He Kak WIEH
nsoMopdrot cepmr acTpofumiTa, a Kak caMOCTOATENBHHA MuHepas.

OrHOmeHne Fe

: Mn : Mg XapaKTepHO IiA KaXmoTo OTHENbLHOT'O MECTODPORIEHNA

Wi THoa mopoX. llo HalUM ¥ TMpUBELEHHHM B JHTepaType IAHHEM MORHO YKasaTh
XapakTepHH# COCTaB I'DyInH B pacCMATDMBAEMHX MAHEDAIOB:

TPaHNTHHE II0POIM
XUOUHCKIE AacTpofuLImTH
xymreTcxuTH EHncelCHOTO Hpaxa
xymrerckuTH JoBosepa
Mg-aCT PO TH

Fe,p,5M00, 53

Peq 5 gMns_g, sMeg 53
Fe,lingle;
Feg_ghnq_oMgq_4-
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T'pafuyecxn KonedaHnA cocTaBa B Tpymne B oTpaxeHsH Ha pHC.J: Ha Tpeyrolb—
Holt muarpamme ¢ KoopmuHaTamy Fe-Mn-Mg HaHeceHH cocTaBH Ipynns B BcexX HSBecT-
HHX aCTPO(I}mnTOB-RynJIeTOKMTGB B pacueTe Ha Fe + Mn + Mg = 13, Cyns mo oTmM
TAHHHM, OYEBHIEH NOXHHA m3oMOopdusM Fe-Mn u uactuumii (Fe,Mn)-Mg. AcTpodmi-
JUTH Y3 HNEJOYHHX I'DAHNTOB .GTHOCATCA K KpallHuM XeNe3WCTHM pasHOCTAM, NOYTH
He COIepXaluM Mn I Mg (MEeHBIE ONHOTO aToMa Ha AUYelKy). KymwreTcruTH Educeli-
CKOT'0 KpAXa TaxXe HUSKOMaTHesuaNbHHe. ACTpofmumiTH XMOMH COZEepRaT OT ONHOTO
IO ABYX aTomoB Mg ¥ OT ABYX IO TpeX aTOMOB Mn Ha fveiiky. CoCTaBH uX CTalWIb-
HH. Bce Mg-acTpofuinuTH KOHUEHTPHDYNTCA B OZHO! 0GIACTH IMarpaMvi, 000C00-
JEHHO OT IPYTMX MUIHEpaNoB TDYIIH.

Mg (Li)
P » c. 3. Tpafur comepxamma Fe, Mn
M Mg B MUHepalaX TPYINH acTpofmLinTa

1 - ¥3 Hede MHOBHX cHeHUTOBR XUOHMH;

2 — U3 HefesMHOBHX CHEHHTOB EHHCcel-
CKOT'O XKpaka; 3 — U3 EJOYHHX I'DaHd-—
TOB Kasaxcrada ¥ OpyTrEX paitoHOB; 4 -
13 IPOYMX [OPOX ¥ MecTopoxmenuit; 5 —
Mg-acTpod LT H

X o mbp o
Sy Syt

Fe 2 8 § 4 z Mn

llepecueT MMEOUMXCH B JUTEPATYDE SHATN30B SCTPOQUILIITA X €r0 M30MOPHHHX
aHANOTOB Ma] BO3MOXHOCTE YCTAHOBUTE, YTO CPEIy MHUHEDANIOB I'DYUIH DeanbHO Cy—
IECTEYyOT CoeMuHEHAsA, Hamdosiee OMWAKVE K KpAitHmM dieHaM H30MOPQHOA cepum:

acTpofuIAT K Na, Fe13Ti4(Si15A1)050(0H,F)11;

KyIIE TCKAT K4N32(Mn9Feng)Ti4(Si15A1)050(OH,F)11;
He3UAKYILIETCKAT (CSBK)Naz(MnBFeS)(Ti3Nb)Si16052(OH,F)9;
I pROQUILIAT K4N32(Mn7Fe6)(Zr3Ti)Si16051(GH,F)1O;
HEOoGofumA T K4Na2(Fe9Mn4)(Nb3mi)5116054(0H,F)7.

O6maa gopMmysa MIHEPATOB IDYNIH acTpofuuinTa ¢ y9€TOM CTDPYKTYDH ¥ H3C—
MopdHHX 3amemerii mMeeT Bup (K,Cs,Rb),(Na,Ca,Sr),(Fe,Mn,Ng,1i), 5* '
'(Ti,Nb,Ta,Zr)4(Si,A1)16(0,OH,F)61.

dopvyas Mg-acTpodmmnuTa K4Na4(Fe,Mg,Mn)12Ti4Si16052(0H,F)8.

Pan aHamI30B acTpofuimnTa U3 WENTOYHHX IpaHuTOBR "He ywiamusaerca" B dop-
MyJy, OPWYeM OTKICHEHHA CTONE BHAYUTENBHH, 4TO K0SPPUIMeEeHTH NIpm ONHMX U Tex
e W3oMOpPHHX TpyIIax pasimyanTcd Ha 2, a MHOTHa Ha 3 emuHmm, lexomd us
9TOT0 HEKOTOpHE HCCJeNOBATENM CHMTANT acTpofWLINT U3 TPAHMNTHHX IOPON 0COG0i
DPa3HOBMIOHOCTED STOTO MuHepana, a J.I.lepuyk u B.H.3upsazos (1965), ocHOBHBa-
ACh Ha DAZe aHaMI30B acTpofuimnTe U3 MEJI0YHOTO PpaHHTa, IpennaranT HeoOHY-
HYD cxemy u3omopdusma ¢ Kpaﬂnmmn yresamy (K Na)4(Fe Nn,Mg) o (T, Zr) e
[(OH,F)404]{SiBO12}2 n (?e yAL)g(T1,27),[0] o {51 012}
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K comanenmo, &BTOPaMy He YHasaHH HXA CHOCO( aHalnsa, HA CTENeHb YMCTOTH I
CBEXECTH SHAIMSNPYEMOTO MaTeprana. MekNy TeM aHamW3H HEMNOJHHE, HE oIpemene—
HH Nb, Zr, RHOTZA Mg, 3a BONLY [pPUHATA NOTEPS NPH NPOKAJIMBAHIN, YTO HELOIyC—
TYMO IpW CONBLOM €0LEpPRaHIN Fe?t, B pALde aHaIU30B ABHO 34BHIIEHO KOJUYECTERO
8i0,. Ecmt cumTarh, 9TO M3CGHTOK KDEMHEKMCHAOTH OTHOCUTCE K KBApLy, C HKOTOPHM
OCHYHO TECHO CPacTaeTCd acTpoPUIIMT B TPaHMTHHX IopolaX, W BHYECTE er0 U3
TNaHHHX aHAIM30B, COOTHOMEHMA OCTANbHHX KOMIOHEHTOB CTaHYT GMEe K (opMyIb—
HHM ¥ COCT&BH IPHCIMBATCA K KpaiHum Fe—wireHaMm USOMODPQHON cepuyt acTpoduiLmiTa.
BHBHBEGT COMHEHME OYEHL BHCOKOE COIEDKaHVE A1,04 (mo 6%), Fe,04 (mo 17%) n
HeoCHYHO Malioe KOJWYECTBO Mexodel, 7

B opmsom us TaxuX oG6pasuoB, NepemaHHoM HaM B.H.3HpAHOBHM, MOBTODHO OHpe-
TieJleHH WEJIOYHHEe BIeMeHTH. BuvecTo Na,0 - 2,72%, K,0 - 3,65% (3upasos, 1969)
ME noayumn Naj,0 — 3,00%, K;0 — 5,47. K coxaleHnn, HeJOCTATOK Marepuana He
NO3BONWI NPOBEDATH COZepkanme Ti (cummkoM EEskoe) M Al (BHCOKOE), OTHOWEHIE
H20+ : H;O07 m mp. BuecTe ¢ TeM aHaIMsH ACTPOJWLMITA W3 WEJOYHHX TDaHETOR,
npuBeNeHHHe ApyImME aBTopamy (Demprom, 1962; Mapaxywes, 1966), Xopomo yxia-
IuBawTcA B opMyny, Tak 4TC, NO-BENUMOMY, HET OCHOBAHNE CUATATL €0 OTJIIdY-
HHM OT NPOYMX aCTPOfWLIMTOB, & C IpeLIoXeHHHMV CcXeMaM: usoMopdusma BpAX J
MOXHO COIVIACUTHCH.

BuBenmenHaa Havu fopMyna acTpPOfWMTE HECKOJIBKO OTINYaeTed OT GopmyuH
Yynpoy, a mMeHHO: Ko®@duimeHT npu rpyune B paBed 13 BmecTo 14 ¥ COOTBETCT-—
BeHHO oCmee umciao (O, OH, F) cHMReHo ¢ 62 mo 61. KpHCTALIOXMMEKN CYHTANT,
4yTo ©N0# Fe~Mn-Mg-OKTadLpoB, Comepxammit Maxcmvym 14 KaTwoHOB Ha Aveffry, Mo-
XeT CHTEH HedMIMTHHEM, T.e. comepxars 13 m gaxe 12 KaTMOHOB; MUHWMANLHO BOS—
MOXHOE UX CORepXaHue Heu3BeCTHO. OnyGnuKOBaHHHE SHANUSH HelCTBUTENBHO AMENT
npemen Kodedammit Kosddminerta mpr rpymme B or 14 mo 12. I1A 0KOHYATENBHOTO
pelledna BTOTO BOIpOCA, NO—BUMMMOMY, HeoOXOIMM pacueT BHepIMy KPUCTaLImde- .
CKoif pemeTrn acTpofuiinTa.

BBIBOJ(BI

1. Ha ocHoBamvyM 10 OpUTMHANBHHX gHAMN30B MIHEPAIOB I'pPyHIH acTpofmmTa
upemnoxeHa fopMmyla MIHepana, HECKOJEBKO OTJMYHAS OT OOMENpUHATOM.

2. BuABnesH u3oMopdHHE 3aMemeHNs B MIHEpAlaxX 9Tojl TPYNNH Ha OCHOBE H3-—
BECTHOJ CTPYHTYPH aCTPOWIINTE C yYETOM BCEX ONYCINKOBSHHHX SHANH30B.

3. Fue omHuM aHaIN30M NOATBEDKIEHO CYLecTBOBaHAE Mg-aCTpodWinTa Kax
CaMOCTOATENPHOTO MUHEpass TDPYIIH.
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" E. C. Pyonuunasn, E. B. Baacosea
BJIMAHNE CTPYKTYPbl 1 H30OMOP®HbLIX 3AME[|1EI_'IHH
HA HK-COHEKTPHI THTAHOCHJIMKATOB

TUTaHOCWINKATH - TpYINa OPEPOGHHX COeNMHeHMH, UMCA0 KOTOPHX 3a NOCHERHEe
Bpemd SHAYHTENBEHO BO3POCIO (oxomo 40) Gaaromapd OTKDHTHK LENOTO DARA HOBHX
MIHEDaIOB; NpWYEM CTENeHb UX MBYYEHHOCTY Das/muHA M 3849aCTy0 HEe.ocTaTOuHa.

B cymecTBYDIEX KIacOMiMKAIMAX TATAHOCWMKATH, Kak NpaBWo, HaXOUATCA B
DAsMMYHEX TOLTPYINax CWIMKATOB, XOTA N0 CBOHCTBAaM, COCTABY I CTPOEHMND OHU
SACIYRKIBADT BHIEJEHNA B 0coCyw rpynny. CTPYKTypHHE padoTH HOCHeNHero NecATH—
JeTHA CBMEETENBCTEBYDT O TOM, UTO THTAHOCWIMKATH ABIANTCA TUIMMHHMI OCBEKTa-
vz "Bropo# raBH" KPUCT&UIOXMMIM CIIIKATOB (BemoB, 1967), Tax Kax B MX CTpOe-
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HII [OCTOAHHO ODUHAMAOT yyacTe CABOGHHHE KPEeMHEKVCNOPORHHME IDYNIH Si0;
OKTa®ApH Ti0g - OMMHOYEHE WIN CKOHNEHCUPOBAHHHE B LENOUKM WM KONOHKZ. Tu-
TaH MOXeT MI'DaTk NBONCTBEHHY® DOJNEB, BXONA B COCTAB Kak KATHOHHON 4YacTH, Tax
1 aHIOHHOTO KapKaca. KaTHOHHHI COCTaB TWTAHOCWIMKATOB B GONBIMHCTEE CIyYAEB
DOBOMIBHO CJIOXEH, MOTOMY YTO MOMMMO KATHOHOB C HeCoJABMIME pasmepamu (Mg, Fe,
Mn, Li) B HUX JOBOJBHO 4YaCTO IPUCYTCTBYWT CpPeNENe W KDYIHHE KATHOHH (Na,Ca,
TR, Ba, Sr, Nb, Zr).

CTPYKTYpH DAA TUTAHOCIWIMKGTOB yXe pacumdpoBakH, NOSTOMY NPENCTABIANOCH
HHTEDECHHM DacCMOTPeTh RIMAHNE CTDYKTYDHHX OCOCEHHOCTSH M KaTHOHHOTO GOCT&—
Ba OTWX MUHEDAIOB Ha uX MK-CHEeKTpH.

ABTopamut Omim CHATH WH-cHeKTpH 30 MUHEDANoB — NpaKTHYECKH BCeX TUTaHO-
CIWIMKATOB ¥3 MecTopoxmermit Comerckoro Cowsa. JlapiHe mo WK-CmekTpaM X OCHOB-
EHM BleMeHTaM CTPYKTYDH MSYYEHHNX MUHEDANOB HIPUBOZATCH B Tadmaue. Lig 16
THTAHOCWINKATOB /K~CIeXTpH NpEBOBATCHE B padore W.M.Ilmocmmeo#t m J.A.3afimeBoit
(1971), omHaxo 2TH aBTODH HE HeNabT MX CONOCTABISHHT GO CTPYHETypaMi ¥ pac—
CMaTpUBakT B OCHOBHOM BOIPOC O KOODHMHAIMY THTaHa ¥ BIMAHNM Ha YaCTOTYy KO-
Jefam? cpaselr Ti-0. >

Axamia VMK-CIEeXTDOB MOKASHEAET, YTO OCHOBHASA IOJIOCA BANEHTHHX KOJeGaHmi
Si-0 GOJBIMHCTBA TUTAHOCHIMKATOB JeXuT B obracT 1150-800 CM—irn npexcTaB-
adeT codoff coveTaEne IBYX MaKCHIMyMOB — BHCOKOYACTOTHOTO, OTINYEIETOCA
MeHBUE! IMpMHOZ M METEHCUBHOCTHEN ¥ GoJee IPOCTHM CTDOSHUEM,H HUBKOYACTOTHO-
ro, GoJiee IMMPOKOTO ¥ MHTEHCHMBHOTO, OOMamapmero 4acTo TOHKO# CTPYKTYypo# B BH-
Ie NOTNOJHUTEeNBHHX MaKCUMYyMOB ¥ CTyneHel. Hamuume TOHKON CTPYKTYpH H& OCHOB—
Holl moJioce TUTAHOCWIMKATOB CEUNETENEBCTBYEeT O HU3KOH JORATBHOR CUMMETpum
KPEMHEKUCIOPONHHX pallKaloB, 4TO COTVIACyeTCA C CHMMETpHell aJIeMEHTAPHHX AdYe—
8K B CTDYKTypaX, KOTOPHE OTHOCATCH K TPHKIMHHON WM MOHOKMHHOW CHHTOHNM.
Ha cuvMeTpEn XPeMHEKHCIOPOTHOTO pamukana Si,0, WM pamurata Gojee CHOEHOTO
BUMa U COCTABJIAOIMX €ro TeTPasApoB Si0, OXa3HWBaeT TaKke BIIAHNE KaTHOHHOS
OKDYXEHEE, KOTOPOE MOKET MSMeHATBCH MPE XSOMODIHHX 3aMemerufX.

Maomopfmsm B KaTWOHHOW 4YacTHm ABRNIAETCA NPEMMyNMECTBEHHO I'eTepPOBaleHTHHM.
llpx 3amemeHuy OJHOT'O aToMa Ha Ipyrolt MeHAeTCA CIJIOBad NOCTOAHHAZ ¥ IpUBE-
IeHHad M@Cca, YTO BHSHBaeT USMEHEHNe 4YaCTOTH KoJelaHuit mid NaHHO# mapu
aTOMOE.

YBeMIYeHNe KOODIMHAIMOHHOTO 4YHCJa aTOMOB HPUBONUT K YBEANYEHWD MERaTOM-
HHX pACCTOAHMH ¥ YMEHBUEHND NIpPOYHOCTH CBASM, a CIEeNoBaTeNbHO, K CHUXEHMND
YacTOTH KojelGaruit COOTBETCTEBYWIE! CBABH.

Paccmorpenne MK~CHeXTpoB THTEHOCWIMKATOB LeNecoo0pasHO HavaTs co cheHa
CaTi[SiO4]O (pmc.1,a), XOTA OH, CTPOTO TOBOPH, ARIAETCA CWIMKATOM THTaHA,
TaX Kak B ero CTPYKTYyPe MMEOTCHA WSOJMPOBAHEHE TETPadlpH Si0, M LENovK: H3
Ti0,~OKTa3[POB, COEMMHEHHHX BEpUNHAMI. llemoyr# 00pasywT yTrona 60° ¢ ocwl0 C,
NapaLIelbio KOTOPO DACHONaTanTcA KOJOHKM W3 CEME BEDIMHHUKOB Ca (Bemom,
1951). B llK~-cuexTpe ceHa OCHOBHAA MON0Ca NOTVIOWEHHA, NMEHWAas Ha BEDIMHE IBa
HEUeTKO BHpaXeHHHX makcumyma 930 u 870 cm’l, JIeRIT B 0GNACTH BANEHTHHX KOJe-—
GaHE#f opTOIpyUI 3104. Pasgsoenne o6ycaoBieHo HeGojpmojdi pasHuledl B paccTof-
HUAX S1-0 B TeTpasipe Si0,. JlefopMarmonsHe KolelaHnd 9TOT0 pafuxala mpef-
CTABTEHH ToJM0col 465-435 cM . CormacHo maHauM A.H.Jlg3apeBa (1968), BameHT-
HHE KoneCamui CBASHM Ti-O B OXTasfipaX TiO, NPOABLANTCA B olmactn 600-480 oM.
(QcHoBHBasACh Ha BTOM, MaxcumMmym 565 cM'1 cIenyeT OTHECTH K KojeCammaM Ti-0
B OKTaslpaX, CBASAHHHX B IENOYKHA.

Hpz uepexole K CTPYKTYypaM, KOTOpDHE BKINYIANT HNMOPTOTPYmmH Si,0q,

B UK-cnexTpe Halmo0meeTCA pacIMpeHne OCHOBHOM IOJOCH ¥ CHBUAT' €€ IEeHTDa TAXe-
CTH K 0OJlee BHCOKUM YacTOTaM.
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llomoGHHEe u3MeHeHnd oCGHapyxuBawTcA B [H-CIEeKTpax pUHKUTA NaECa(Ca,Ce)4-

- (21,Nb) [81,0,],(0,F),F,, KoBeHuTa NaCa(Mg,Fe)(2r,11)[si,0.]10,F, Béneprra
Ca,Na(Zr,Nb) [51207] (0,F),,celtnosepura Na,MaTi(Zr,Ti),e rSi207] o(F,0H), (oM.
pu¢, 1,6-1), CTPYHTypa KOTODHX XapaKTepusyeTcA HaJMuue.f W30JMPOBAHHHX Py
81207, 3aKNOYSHAHX MEXLY CIUIOMHHMM CTEeHKaMi N3 OKTa®mpoB Ca,Mn,Ti,Na, il
JNeHT U3 4YepeINyOIMXCHA OKTasmpoB Zr, Ti, Na B celtmosepure (CumoHOB, Benol,
1959), Na, Ca, Ti, Nb B puukuTe (CmmMoHOB, Bemos, 1967) n moBerure (CHUMOHOB,
Benos, 1960) wiu Zr, Nb, Na B Béuepure (lmGaema, BemoB, 1962).

OcHOBHaf moscca B CHEKTpe STHX MEHEPATIOB JeRAT B MHTepBane 1150-800 cm?l,
BHJ ee ONIPENeNAeTCHA KOoJeCaHUAME aHUOHA 81,07+ MoxHO BHEEMTE OBE OCHOBHHX
MaxcuMyMa: NepBHi - Gojlee BHCOKOYACTOTHHM, y3kuMii 1 BTopolt — ¢ MeHBmEH
4gcToTO!, OCHYHO MMebmE# TOHKY® CTDYKTYPY B BAJE NONOMHNTENBHHX IHMKOB, KOTO-
paf XOpoumo NpOABIASTCA B CHeKTpax BémepuTa ¥ celljosepuTa m cnado — y JoBe-
HATa ¥ pPHHKNTA. Dolee HMSKOYACTOTHHY MaKCUMyM COBRATaeT Y BCeX MUHepa—
JIOB, OIHAKC y JOBEHHTA ¥ BENepUTa HASKOYACTOTHOE ILIEYO NOJOCH BHEYUTENBHO
pacumpeHo MO CpaBHEHM C TaKOBHM B CHEeKTpe ceifmosepura. [o-BEIMMOMYy, B BTOM
CKaBHBAETCH BIMAHME Cojlee TARENHX aTOMOB Zr, Nb, BXOIAOMX B COCTAB BEJIEDHTA.
JlocraTouno Gombmas wacToTs (Gombme 1100 cM‘l) NIepBOT0 MaKCUMyMa, COOTBETCT-
ByOmero aHTHCHMMETDHYHHM KOJeGaHmAM Si-0-Si, CBANETENBCTBYET O 3HAYATENBHOH
BeJUuNHe yIua Si-0-Si mexny TeTpasmpav (JlasapeB, 1968). MakcuMym B oGnacTn
700-650 cm‘i, XapakTepHHl A IMOpTOTDYNI, TPOABNEH OYeR: ciado (mepernd y
celfimosepuTa n JOBEHNTA, CTYIEHbKA y BémepuTa), 9T0, NO-BANUMOMY, CBA3EHO
TaKRE C CHNTBHHM pacHpAMIEHVeM IHopTOorpynm. [IoKka He yCTaHOBJIEHO, C YeM CBA3a-
Ha mosoca 760 cm‘l, MHTEHCUBHAA ¥ BEJEpHTa ¥ cJaadad ¥ JOBEHHTA.

CTPyXTypa MUHEDanoB TpymnH OaTucuTa — MeplakoBUTa NaEBaT1202[313+2012]-
(K,Na,Ba){Ti,Nb)202 [312+2012]°° XapaxTepusyeTcA Gobliel monumepusaimel ox-
TaeNpOB THTaHA ¥ AMODTOTPYnn Kpemuma (Huxmtuma, BemoB, 1962). llepBHe CBABAHH
IpyT ¢ ApyroM 4Yepes BepumHH B nenodru (T1i0g), mapaanrenbHo ocu z. Brope 06—
pasynT nemr ¢ dopMysodt ISiE_+2012}ao 3 TDYmn S5i0;, CMENSHHNX APYT OTHOCH-
TEeNIBHO IpPyla Ha pPedpo TeTpasmipa. MsomMopdHHe 3aMemeHud 3aTpaldBapT KaTHOHH X
OTpaRawTCA CXeMmoit NaBaTi = KNb (Coxonoma ¥ Op., 1964).

MudparpacHEe CHEKTPH HMEpOarOBHTa M OaTHCHTA GIMBKN IO ofmel KoH(UIYDarpm
(puc. 2,a,0). BumemnseTcs TpynIa MHTEHCHBHEX NOJOC B o6nacTy 1115-940 cm™
C HECKOJBHO JyullMM paspemeHueM y GartucuTa. CoriacHo A.H.llasapesy (1968), omm
OTBEYAHT BAJNEHTHHM aHTHCHMMETDHYHHM HoJedaHnAM caAsell Si-0-85i ¥ 0-Si-0 B Ie-
noyxax. llosjoca moryomeHna 640 GM-i CHKOpee BCETO OIpemesieTcd CHMMETPHIHHMA
KONeCaHuAME CBA3H Si-0-5i. YIMpeErHe HMBKOYACTOTHOTO IIEeYa Ha mojoce 980-
940 cM_l B CIOEKTpe mepOaKoBHTA MOXHO CBA34TE C SaMemMeHNeM 49acTé Ti Ha Nb.

B o6macTu, xoropad yxasHBaeTcA NIA KojedaHu# cBAsell Ti-0 B .OKTasmpax, ¥ o6o-
X MUHEPAIOB HMEeTCH Maxcumym 573-530 GM_i, pPa3fBOEHUE KOTOPOTO, BO3MOXHO,
CBAI3@HO C HUCKaKeHNeM OKTasmpa. YacToTa, COOTBETCTBYBUAA KoJjeGaHuAM Nb-0,
"BUMMMO, MONKHA OHTH Humxe 400 cm‘l, Tak Kak ¥y Nb agrommuit Bec (93) mouTu B
IBa pasa Goxble, ¥eM y Ti (48). VMurTeHcEBHas moJoca B oGracTu 800-700 om™
(760-710 cm‘i) B oGomx MK-cmexTpax XapakTepHa LA MUHEDAJOB C KOJBIAMH U3
KPEMHEKNCAOPONHHX TeTpasipoB. Kpome Toro, B CHOEKTpe IBYX MUHEDATOB YETKO
IPOABIANTCH OOIEEe MaKCHMyMH, COOTBeTCcTByOIHE NedopMarMOHHEM KONeGaHHAM CBA-
31 Si-O B Terpasmpex (430 CM_i). TaxuM o0pasoMm, n3oMopfioe W3MEHeHME COCTa—
Ba KATHOHOB NOCTATOYHO 4YeTKo oTpagaeTcA B [K-cmexTpax.

Bospacrapijas ToyuMEpH3aIya CTPYKTYPHHX ENUHNI IPUBORUT K YCROXHEHNO KpeM—
HERUCIOPONHHX LeNouer U 00pasoBaHWD KOJOHOK U3 OKTa®IpOB Til..

B caelybuy®w DONTDpYIIY THTAHOCUINKATOB Ha OCHOBaHNMM CXONCTBa MK-CIekTpoB
U HEKOTOPHX OOUMX 4YepT OCHOBHHX CTDYKTYDHHX ' BJIEMEHTOB Haw OTHe-
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CeHH pamsaWT, BHHOTDANOBHT, Jeikochermr, TEHaKCHT, JaGYHIOBAT ¥ He-
Hamkesmuur (pme,3).

B pamsaute N32T12[8i205]03 (prc.3,a) nmpexmcTaBneH mpocTedmmi crydali moam-
Mepusalil TeTPasmpoB S10, B NENOYKN MIPOKCEHOBOTO THNA X OKTasupoB TiOg B
KOMOHKK CpYyRHTOBOTG THUNA, B KOTOPHX OKTaSEpH COSNMHAWNTCH TNO pedpam (Bemom,
Benres, 1949). VK-cnexTp pamsauTa OT/HMYAETCA OT CHEKTPa POMOMYECKEX IUPOK-—
CeHOB Gojiee pacWIeHEHHHM XapaKTepoM MaKCUMyMOB Ha KpuEOH, a oT HK-CcHexTpoB
IpyIUX WIEHOB DACCMATPHBAaeMOM NONTPYINH HEJOCTATOYHO YeTKMM pABIeJeHHeM IEYX
OCHOBHHX MaKCHMYMOB IVIABHO# MOJOCH. 9T0 HalmofaeTCA ¥ BCeX TUTAHOCWIKATOB
¢ LEeNoYKaMy, COENUHEHHEMJ B JEHTH (JIeHTH MOXHO NPENCTaBATH Kai IOJMMEpA30-
BafHHHE IHOPTOTDYNNH 51207).

K-cnexTp pam3amTa COLEpEAT PAN maxcmmymoB: 1100 CM_.l — BaJeHTHHE KoJeda—
HMA Si-0-Si, 1030, 1005 et - 0-5i-0, 990, 940 m 910 cM— - BaleHTHHE KOJe—
GaHnA Si-0 B mefopvMIpoRaHHHX TeTpasupaX sio,, T4k Kak OKTAsNpH TiOg B pam-
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3aTe COUNIEHEHH IO pelpy, YacToTa KoJelaHull CBA3H Ti-OIOHMEAETCHA M COOTBET-
CTBYOUMY MaKCUMyM JexuT y 547 om~L,
B cTpyEType BHHOT'paIOBATA Na4Ti4[5120612[314010104-nH20 HMENTCHA KOJOHKU
n3 TiO—~0KTa®mpoB, JNEHTH, 00pa30BaHHHE CHBOEHHHMI MMPOKCEHOBHMM NENOYXaMH,
I H30MUpOBaHHHE NHPOKCeHOBMe nenowrw (PaciserTaesa ¥ ZAp., 1967). Taxum odpa-
30M, CTPYKTYPa BHHOTDAIOBUTA OTANYEGETCA COBMECTHHM CYNECTBOBAHUEM OIMHOYHHX
miporceroBHX nenouek ' [Si,0q)e u menr [51,00l.. Omaxo cremyer saweruts, U0
TAKO€ CJOKHOE MOCTPOEHWUE CTDYKTYPH He BeleT K SHAUUTENLHOMY YCIORHEHNR
IK-cnexrpa (cm. puc.3,6), BeckMa GIM3KOTO IO oCumed KOHUTYpaIMM ¥ MOJOXKEHI0
MaKCHMyMOE K CHEKTPYy pamsauTa. (4eBUOHO, 9TO CXOXCTBO OCYCJOBAEHO TeM, YTO
B 00oMX MUHEpanaX KDPeMHEXUCHODPONHHE MOTHB CHJIANHBAETCA NENOYKAMM OZHOTO TH—
Ila - NUPOXCEHOBHMZ, a Ind MK-cHeKTpoB pelanliee 3HaYeHWe MMEET CHMMETpHS
GruEHEro HopaAnKa. Hax u B JMpyruX THTAHOCHIMKATAX, MaxcmvyMm 1100 evL momer
OHTE OTHECEH K KoleGaHUAM cBAse#ft Si-0-Si, Maxcmmyms 1000, 970 z 940 cM— -
K KOJIeGaHuAM Si-O-CeA3ell B TeTpadhpaX C HUSKOW JIOKaNBHOW chMMeTpuel. Makcu—
mym 538 ent caelyeT OpMIACATE: KOJAelaHMAM CBA3EHR Ti-0 B OKTasipex. AMOMMHEIN,
BYomAmui B JopMysTy MMHepala, CHOPee BCErO HAXOMUTCA B TeTpasupuiecKoi Koop-
IyHamy, u3oMopdHO 3amemad Si (ZOBOMBHO WMpOKUR MaxcuMym — 740-710 vt 4
K lH-cnexTpy BHHOTD&ZOBHTA OYeHb GVI30K o dopme M XapaxTepy HOIVIOmMEHHA
UK-cniexTp JefixocheEnTta Na4BaTi-[B2811O 28]0 (puc.3,B). Ero cTpyKTypa Xapak-
TEPUSYeTCA B IIOCKOCTU XY CECKOHEUHHM CJI0eM (B,8i,,0g¢ y29= . xoropuit cocTonT
u3 #Byx cerok (liymAurad # mp., 1971). OmHa ceTRa CONEDAHT TONBKO KDEMHEKUC—
JOPOIHHE TeTPadNpH,Bo BTOPo# 1/3 TeTpasmpoB 3aHATa GOpoM. B HanpaBaeHun
OCK z MEYT 4 KOJNOHKN 3 COBOEHHHX IENOYeX OMPOKCEHOBOTO Tuma. OKTasupH Ti
coeIMHeHH pedpaMil NONEpHO B M30JMPOBAHHHE TDYNIH, KOTOpHE COWISHANTCH ¢ KpeM—
HEKUCTOPONHHMY TETPASKPaM 1 BXOLAT B COCTAB CNOA. Bofee KpYIHHE KATHMOHH Ba
u Na pasMemeHH MERLY CJIOAMH .,
Pam oOuMX 4epT COMUEAeT CHEKTP THHAKCUTA NaK20a2Ti-[Si701910H (puec.3,T)
CO CIEKTpaMyl BUHOTPANOBUATA ¥ paMsauTa. OCHOBHOMYy IOIVIOWEHUI B OGIACTH
1100-900 oM~ oTEEYanT IPa HEYETKO pasIeleHHNX Maxcimyma: 1000-1060 CM'i u
970-910 oM™, Pa3/myumA B CIEKTPaX BHHOTPATOBUTA K THHAKCHTA B 001aCTH
700-400 oM~ 3arINYSNTCA B COJNEBLEM KOJMYECTBE MENKMX, HO XOPOWO paspelleHHHX
HOMOC ¥ THHAKCHTA, CBASAHHNX, NO-BHIEMOMY, C HHHM OOTOREHMEM Ti (B KaTHOHHHX
CTEHKaX M3 OKTa®HPOB) 7 CHAOKHHM BUIOM KPEMHEXMCIODONHOTO paluKaia, IpefcTaB—
JIEHHOTO KCOHOTJUTOBOH JIEHTON C AOTIONHMTEJBHHMA TETPasApaMi SiO, (Merpyuunaa
n Ap., 1971). MeHbllad pa3pPeNEHHOCTH IBYX MAKCHMYMOB Ha ocaoauon mojoce o
ofliee ee pacuupeHWe, BEpPOATHO, Tanke CBASAHH C YCJIORHEHNEM aHmoHa. [HApo-
KCWIbHHE TPYNNH CTPYKTYPH OPOABIARTCH Hojoco#t ¢ meymA maxcuMymamu (3450 n
3340 cm‘l) B 06MacTy BaleHTHHX KojedaHuii OH. [Ba MaxkcuMyma TOBOPAT O TOM,
9T0 TUIPOKCHJIH B CTDYKTYPe OTINYANTCA [0 IOJOXEHNO ¥ CHIe BOJODOIHHX CBA3el,
Tonymepusatmsa IMOPTOTPYNN, NPUBOAAWAs K 00pasoBaHmb kojel Si,0,, (Perrault
. et al., 1973; TomoBacTuroB, 1973), HaGioZaeTcA B MEHepalaX H30MOPHHOTO pANa
nadyrnoBAT-HenankeBTMT (K, Na, Ba(H;0)]5(Ti, Nb, Fe) o181,0 7] *nH,0 -
(Na, Ca)(Nb, Ti)[Sl 0 l *2H,0, TI3me xadyauonmr - CYWEecTBeHHO THUTAQHOBH}, a He-
HaTKeBIUAT — cymBCTBeHHo HvoOuennit wiedn (Ibmokosa ¥ Ip., 1965; OpraHoba,
1967). B cuexTpax 8TMX MuHepamoB (cm.puc. 3,0,6) COXDaHAETCA NOTJIONMeHUe B
odrmact 1000~900 cm‘l, & BTOpO#f OCHOBHOR MAKCHMyM ¢ OQJie€ MHTEHCHBHHM IIOIVIO-
IeHneM -Haxomurea oxoso 930 cm'l. [lpucyTCTBHE HMOOHA B TOM ¥ IPyTOM MIHEpa-
JaX CKasHBaeTCA Ha YUMpEeHNY N0 CPaBHEHWO C BHHOTPaNOBMTOM Ha3K0OYACTOTHOTO
IIeda BTODPOTO (OCHOBHOTO )MaxcmMyMma.llonocu B clekTpe JadyHLUOBUTA paspemeHH Hec-
KOJIBKO Jydme ,0u9eBUIHO,W3-32 HAJWUYAA B HEM TUTAHA,8 YBeJWIeHNEe COLePEAHNMA
HUOOWS. B HEeHANKEeBWUNTe IPHBONAT K Hexoropolt mupdysHOCTE mONOC B €r'0 CIHEKTDE.
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MuHepaigy TpyUnH MypMaHUTE NaZMnTi[Tiz(OH) 4] [81207] *4H,0, 0eTa~IoMOHEOCOBH~
T8 NaMaliTi Ne 0(0H)] [s1,0 ]2-[NBP20 (on),]-28,0, nomoocoEMTA '
NaMnTi [T‘izNa204(OH)2] [31207]2[Na4P203(0H) 4] *4H,0 XapaKTepusynTes Gomee
CHIORHO! CTPYKTYpO! WO CPaBHEHNH ¢ IpemHIyWell Tpymmoit i mpexme BCETO TeM,
4TO TUTAH B OKTadAPUYECKOM OKDYXEHMM BXOIWT KaK B KaTHOHHHE CTEHKN (momoG-
HHEe CTEHKaM B THHaKCKTe), Tk ¥ B CETKU-KOMBYYTY BMECTE C NHOPTOTPYIIEME
kpemins (XammnoB m Ap., 1965). MockomsKy cBA3: Ti-0 ARAAETCA IOCTATOYHO HE-
npaBieHHoN , ORT&?IpPH TiO, MOMHO DacCMaTPUBATE HAK yYacTByoie B IOCTDOEHIN
CIORHHX -aHMOHOB (JlasapeB, 1968). Taxmm o6pasom, NOJOREHNE THTAHA IEDECTAET
OHTE WMCTO "KaTHOHHHM". JOMOHOCOBUT I GeTa-IOMOHOCOBHT, COXDAHSA OCHOBHOM
MOTHB CTPYKTYDPH MypPMaHHTa, COLEepXaT TaKxe q)obrpop B BHIe ITUOPTOTDYII P207
MexIy TpexchaoiHuMm NakeTamu. HK-cumexTpn mmHepanoB sTolf rpynm (pmc.4,a-B)
NpeACTaBIANT COGO)t MOMOCY C MAKCHMAJNBHHM TOIVIOWEHEEM B ofiacts 960-930 emL,
PAR OCHORHADLIMX 8TY HOJOCY MAKCHMYMOB HOIVIOWEHMA B CIEKTPE JOMOHOCOBHTA
(1070, 1035, 870, 760 cM ) u Gera-~nomoHocoBMTa (1080, 1055 cm’l) MOXET OHTE
oTHeceH K focdaTHOH cocTarRIALLER, a MOJNOCH OKOJMO 550 CM_:_I' — K BaIEHTHHM KO-
JebaHuAM Ti-0 B oxradipax (Cokosoma u ap., 1973).

o' CXOMCTBY CTPYKTYPH I MK~CIEKTpOB K 9TON ®e TPYINe OTHECEH I WHHAJIAT
Naa(Ca,'Na_)Ti(TiDzjz[51207] E-Ba4(so4)2. OH comepXuT B CTPYKTYypE TOT XK€ TpEX-—
CIOMHEK DaKeT, COCTOAMA M3 IEHTPATBHOT'O KATHOHHOTO CJIOA U IBYX aHHOHHHX
KOMBYYT, HO B NOCHENHMX IMCHKPETHHe IDYNIH CouYeTANTCA HE ¢ OKTAasIpamMu, a
¢ HoXyoxTasmpavu TrTaHa (BemoB, 1971). TpexcioisHbe NakeTH pas3fefeHH Ba —oJn-
afpaMii ¥ TpyImamu SO, (GapuroBas mpociuoiika). lK-cmexrp meEsmuTa (puc. 4,T)
3a BHYETOM [0JIOC CyIbdaT-MoHa OKASHBAETCA BECEMA GIM30K CIEKTPY MEHEDAIOB
MypMaHUTa — JIOMOHOCOBUTS. lloZocH ®e mormomesws 1180, 1120, 1080, 635,

615 cM'l B CHEKTpe MHHBINTAa XOpomo COoBIaNawT ¢ mosocamu 1179, 1120, 1094,
637, 614 om™ Gapura. '

Cremywuas Ipynie MAHEPAIOB — KYIIETCKUT (K,Na),(Mn,Fe),Ti,[51,0,.],+
+(0,0H,F),, acTDOtI)EJUIHT'(K,Na)B(Fe,M.n)T'I'iE[Si4012]2(0,0H,F)7, Mg-acTpofm-
mir (K,Na),(Mg,Fe),T1,[51,0,,1,(0,08,F),, Gapepruour BaPe,Ti0[si,0,](0H),
H, BO3MOXHO, WKCIODUT (Ca,Sr,Na,K)(TLNb,Mg)[Sijogl (OH,F,C1),.  CTDYKTYDHO
OHM GJIM3KM K MHUHEpalaM IpefHAymedl TpynmH, HO OT/MYalTCsa OT Hee, BO-TIEPBHX,
HAYEHAapmecA KOHIeHCalme# IMOPTOTPYNN B CJHOAX-KOJBYYTaX U, BO=~BTOPHX, IpH-
CYTCTBUEM THTAHA TOJABKO B 3THX cloAX (Woodrow, 1963; [yawsr f-cAH® Z Ip.,
1963). TaxuMm o0pasoM,TUTaH BHCTYNAET yXe B pPOIN AHMOHA; MMEA KOODIMHA—
IMOHHOE WMCI0 6, OH BCe Xe CMelleH M3 NeHTpa OKTa’fpa. [lo CTpoeHMD Tpexcioft—
HHX IIaKeTOB 5THU MUHEPaNH BECEMa 'HANOMIHAIT CIONH, ¥ ofmad KOHJUTypalmsa nX
WK~cneXTpoB OYeHP OMUBKa XK KOHQUIypalmm B CIOMCTHX cmumrarax (pme. 5,a-I).
OcHOBHaA NOJOCa MOIVIOMEHHS IMeeT MakcuMmym oxoso 950 cMm™ . Ha Hell mmewnrcsa
CTyIeHM KakK B KYILIETCKHTE U acTpofuiinTe, WIX Xe OHa OCIOKHAETCHA IIEJIHM pA-—
IOM IMKOB Pa3JW4HO# CTeNeHN DaspemeHHOCTH, Kak B Mg-acTpodwumTe, OadepTn-
CHTe ¥ DKCIOpMTe. BOSMORHO, MOABNEHHE DANA FMCKPETHHX MAKCHMyMOB, Takix,
rar 1053, 950, 903 vl g Mg-acTpodmumTe mwiu 1055, 1022, 930, 875 ev L
CGafepTHCUTE, CBABAHO C UBBECTHON yNODANOYEHHOCTHW CTPYKTYPH M B IEPBYW OdYe-
pems B ee- KATHOHHOH! 4YacTu. MsomopdHoe BXoxmeHme Gosiee NOJAPHSYBUETO MOHA
MarHEA B aCTPOPWINETE NPHBOMIT K OCOCOGNEHEND .B CTPYETYPE OUPOKCEHONMOZOOHHX
TPyNIMPoBOK (Lenodsy ¥3 JHOPTOTPYII 81,0, + KaTuoH), 4TO HaXONAT OTpaXeHHe
B GoJsllell paspemeHHOCTH CHeKkTpa. MsoMopfusM K-Cs B acTpofWLINTE TaKKe OKa-
3HBaeT BauAHMe Ha JH-CIeKTp: Npy coxpaHeHmm erc oCme#dl KOoHEUTypamymy B olla-—
ctu 700-400 et 7 1000-900 et mosoca 1060 cM™ pacmemnAeTcA Ha JBE CO—
crapnAome (1080 m 1045 OM_l), YTO MOXET CBULETENILCTBOBATE O HESKBUBAIEHT-

HOCTH CBASell Si-0 B IMOopTOTpyOIax.
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P 7 c. 4, VK-CHeXTPH MypMaumra .a), GeTa~lTomoHocoBmTa (G), JoMoHOCOBMTA (B),
meEsymra (1)

P u c. 5, MK-cnexTpu kymnerckura (a),. acrpopwwmmra (6),Mg-acrpodwumra (B),
Gadeprucura (r), mcmopura (x), Tymmpura (e) :

Cnexrp ©EcmopumTa (cM. puc.5,n) mo odmeit HOHQUIYpaIWM BeckMa GIUBOK K
cunexTpy Gafeprucura, HO oTMMugercs Gosblel paspemeHHOCTHO mojoc (1102, 1065,
940, 883 oeM1l), Hamume BHCOKOYACTOTHO! COCTAMIANNEN B BATEHTHHX KOJIEGAHMIX
5i-0-Si CBNIETEeJBCTBYET O PacupAMIeHuy IpyId 51207 o cpaBHeHub ¢ Gafepru-
CHTOM, B KOTOPOM YyTON Si-0-Si SHaUUTENLHO MEHbIE 180°.

llo xaparkrepy WK-cmexTpa K ©Toft Tpymne MIHEDATOB GCJM30K TYHODAT
(Na,K)5(TR, Ca) , (T1,Nb), [slo 1,(c0q) 5040H+2H,0, X014 B ero crpykrype (liywau-
Kad, BopoHHOE, 1969) He oGHapymeHu rpymm 51,04 (enuECTBEHHH! TOKA caydal
B THTaHOCWIMKarax) (cn. pmc.5,e).

B lK-cuexTpe TYHOPUTE YETKO BHIENAETCH i}fm oJIOC, OTHOCAUMXCA K Ro.ueo:?-
‘HUAM HOHA 0052: 1530, 1435, 1380, 850 oM a noxocH 1060, 950, 905 cm
OTHOCATCA XK BaleHTHHM KOJelfaHusAM CBASK Si-O [oyoxeHNe 3TUX IOJOC O0YeHE
GmI3K0 X TAKOBOMy B Mg-acTpofwwmiTe, YTO NOSBOJAET NPENNONOXKUTE B TYHIPHTE
HaJMaMe TMOPTOTPYNI. i

Ecmu B rpynne acTpofmamura-GadepTucuTa Ti TOJABKO CMENEH W3 I@HTPa OKTa~
3npa, TO B JaMIpodmTETe (Na,K)g(Sr,Ba)eTiFeTi202[814 121 (0,08, F),, cmou-
KOJBYYTH COCTOAT M3 JWMOPTOTPYymn Si,0. M NMONYOKTARNPOB Ti, MNOHMRADNETO Ta~
KM 00pa3oM CBON KOOPIEHAINKN ¢ 6 o 5 (Woodrow, 1963, 1964). Hosoe mojoxe~
HEe Ti OpMBONMT K YCIWIEHMND CJIOHCTOTO XapakTepa CTDYKTYPH, YTO HAXOIUT OTpa~
. Eexme B MK-cmexTpe. :

Cnextp nemmpodwumTa (puc.6,a) GIMB0K K CIHEKTPY CHIOMCTHX CUIMKATOB: OCHOB-
Haa mosoca Hormomerus (955 oM i) uMeeT HEGOJII:IIIOB mredo (1035 cM 1) 1 MeHee
HHTEHCHBHYD HU3KOYACTOTHYD CocTamagoumyn (875 oM™ 1). ¢ YBEIMYEHNEM COLEepRaHuA
Ba B n3oMopHOM pARY JamupodmwLmiT — Gapuronampog]mm'r KOHfUIYpaIma OCHOB-
HO# MHOJIOCH CYmMEecTBEHHO MSMEeHAeTCA: moJoca 875 ¢M — paclpieTcH C yBeJUYeHUeMm
KHTEHCHBHOCTH M cIBuraeTca K 890 cm - (cM. prc.6,6).JapalielsHo 0CIaGIAeTCA
moIviomesue Ipm 960 cm’i U BMecTO cJaforo ILIeYa HoABNAETCA mogoca 1060 em”l.
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P n ¢, 6. Wi~cnexkTpu navmpodwumra (a), Ba-mavmpodmwrmra (8), dpecromra (B)

P u c. 7. WK-cnekTpn HenryHmra (a), sHurMarHTa (6), IeHKBWcHTa (B),Hapcap—
cyruTa (T)

Bce 8To CBEmEeTenbCTBYeT o0 MBMEHEHWNM JOKATBHON CUMMETDHMH IHOPTOTPYIN ¢ BHEN-
peHnemM B CTDYKTYpPy OoJiee KDYNHOTO MoHa Gapud. llo cmBury mosoc 420-4077
(65i-0) m 560-~550 end (vTi-0) MOXHO ODHEHTHDOBOYHO ONPENENATE: OTHOWEeHHE

Sr : Ba B savnpofurmuTe.

CoerTp GapuepoTo JaMunpofWINTa COIMXAET 9TOT MUHEDak C fpecHOUTOM
BaTiSi,0g, B KOTOPOM DONP Ba Kak KPYMHOTO KATHOHA, IefopMIpynIEro OCHOBHOM
KapKrac CTPYKTYpH, eme Coxblie BospacTaeT (Moore, Louisnathan, 1967). Mommke—
HIEe JOKATBHON CHAMMETDHMN IMOPTOTPYNN B (pEcHOUTE BHpaXaeTCA B CWIBHOM pacliel—
JIEHMH HOJNOC B OGJMACTH BaNEHTHHX KoseCaHmit:1045,974,914,765 cM"l(CM.pHc.S,B).

HamGonee CHORHHA MOTMB CTPYKTYPH — Tpexmepﬂun KDEMHEKNCIOPONHHYE KapKac —
OoCHapyXeH y HenTyHuTa (K,NapLi)(Mn, Fe) [SlB 22] Kaprac o6pasoBaH nepe-—
KpemuBapmMicH 0% yriom 80Y nemouxamm HB TeTpaenpOB §i0, MMPOKCEHOBOTO TH-
na. lenovr# cBASaHH JIPYr ¢ HDYTOM Tak, 4TO BIEOJB Hanpaxnennﬁ ¢ MOXHO BHIE-
JUTE TOYTH NOJHOCTEN BHIPAMIEGHHHE IENOYKH H3 510, . Taram oGpa3oM, KDEMHEKNC-
JIOPONHHA pammKan Kapkaca GyIer 2[31 0 1]mm,,(fbpncos 1 Ip., 1966). OxTadnpH
TiOg ¥ MnOg, YePeNyACE, odpasymw'nononxn KOTODHE TakXe UNYT B IBYX HalpabB-
JIBHIAX, NapaIeNbHHX NHDOKCEHOBHM IIENOYKaM, ¥ COWIEHANTCA B HUX C TeTpasapa-
Mz 5104. HepeRpemnBammnecz'ueuoqmz, coemnHAACE MEeXLy coGolt, odpasywT BHTA-
HYTHE KOJblla HenpaBWIbBHO# gopvu. Ilo-BHOMMOMY, HalnuueM BTHX KOJEell MOXHO
OGBACHITE BHCOKOYACTOTHOE MOJOREHHe MoJocH Si-0-Si (1118, 1090 cM ) B Hem-
Tymure (puc. 7,a). PacumerneHre sToff MONOCH MOXET OHTE CBABAHO C HaIMYMeM
IByX THNOB Das3HHX [10 pasmepaM KoJiell WX BHBHBAETCA MOJAPU3YDmMM IelcTBUEM
HOHa Li. PasfeneHue OCHOBHOM NOJOCH Ha MiBe HEUETKOe, OHE upaKTﬁqecKn clIuBa—
0TCA, LUEHTP TAXESCTH NOIVIOMEEHA JeXuT B oGnacT: 1000-920 cM . XapaKTepHo
IpoARIeEne B mHETepBane 870-810 cM"1 TIOCTATOYHO UETKOTO MAKCHMyM& C TOHKOH
CTpyKTypoit. B odmactz 600-500 oL HaGmomanTes Tpu MakKcumyma (Ha BHCOKOYAC—
TOTHOM ILIeYe IOJOCH 450 GM_i); KOTOpPHE MOXHO OTHECTH K KoJeOaHmAM cBAsel
Ti-0 B OKTa’mpax.

AEaNOTVYHOTO XapaKTepa CIEeKTD UMEeT SHUTMATUT Na, (Fe,Mn Mg)1OT12
[ (581, Al)12 40] (cM. puc. 7,06), ¥ KOTOpOTO TaKxe owcchTByeT pasfBoeHne 0C—
HOBHOW moJIocH B 0GMACTH ,XaPaKTepHO! IJIA [eNoYevuHHX CHIMKATOB,HO HalmomaeTcs
IOCTATOYHO YeTKad OBOMHAA MHTEHCHBHaA IoJoca 860-830 cM"l, aHgJIOTWYHAaA Mo-
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Joce B CHEKTpe HenTymuTa. Maxcmvym y 1040 cm“l BHpagkeH caaco (IpaxTHyYeckK:,

KaK CTyIeHb). UYETKy® MHTEHCHBHYW molocy 540 ¢M — MORHO OTHECTH K KoXeCaHmaM
Ti-0 B OKTad3Opax, COWIGHEHHHX B KOJIOHKM. KprcTa/mrueckasd CTPYKTYypa SHMIMa-
TUTa NBYCIO#HasA: NepBHi ciaolt o6pasoBad Ti-oKTasmpamu, Ti-OKTasmpaMili ¥ MC-
KaXEHHEMYM KBaIpaTHHMM Npr3MaMi ¢ Na, BTOpolft — LENAMM ¢ paIdKajoM [516018],
KOTOpHE COemMHANTCA Fe-oKTadmpaMi. B IIOCKOCTH, NEPHEHNUKYJIADHOX ocH c, Ie-
I, COWIEHAACH, 00pasybDT KOJblA HeNpaBMWIBHOK QopmH, MONOGHHE TeM, KOTOpHE
IMEDTCA B CTPYKTYype HENTyHHUTa. Al #M3oMopdHo 3amemaeT Si (Cannillo, Mazzi,
1971). Cxomerso VK-CIEKTPOB HENTYHUTA U SHUTMATHTA IOSBOLAET CUUTATH KOHGU—
Cypalid CIEeKTDPOB XapaKTepHo# A KapKacHHX CTPYKTYDP, NOCTPOEHHHX M3 KpeMHe-
KUCJOPOTHHX IEeNOoYeX THUIa MMPOKCEHOBHX, KOTODHE, COWIEeHAACH, OOpasynT KOJb-
LeBHe TpYIIH.

HoBH#i MuHEepas NEeHKBIWIKCHT HMeeT GopMysay Na (T1O 83270, 160, 02)[514011]
*Hy0 (Byccern n mp., 1974). Tlo cBOEMy XapaKTepy MK—cneRTp IEHKBIIKCHTS, (Ma-
rTepuan A.[.XOMAKOBa) HANOMMHAET CHEKTD KCOHOTMMTA U HOBOJBHO OIMS0K TaKke K
cnexTpy acTpodwumTa. OcHOBHad mojoca (cM. puc. 7,B) Kak y HENTYHUTS M SHUT-
MaTuTa, HE pasiBOoeHa, WMEET TpH LONOJHMTENBHHX MakcuMmyma 990, 968, 940 cm™
10 TIOIOREHND GIM3Ka K OCHOBHOMW NOJOCE CJOUCTHX THTAHOCWIKATOB. Maxcmaym
590 cm'i XapaKTepusyeT KoneSaHnA Ti-0 B KOHISHCEDOBAHHHX OKTadlpax, BO3MOX-—
HO, CBABAHHHX C KDPEMHEKWCHACPORHHEME Ienodkamu. Ha ocHoBaHum NaHHEX VUK-cmexT-
POB MOXHO TPENNOJORATE,4TQ CTPYKTYypa BTOTO MUHEpaia IpefCcTaBnfeT codoit xap-
Kac 13 CJ0eB,00pas0BaHHHX ILENOYKamM: IPOKCEHOBOTO THIa,MOXeT OHTH,00bemu-
HEHHHMY B KCOHOTIMTOBHE JEHTH, ¥ KOJNOHKM M3 OKTA3NPOB Tilg. B mojocrsax Kap-
Kaca WIN KaHalaX PacloNaralTCsa MOASKYNH LEeoNMTHOR BOIH, KoJeCGaHusA KOTOPOH
XapakTepnsynTcAd Maxcumymamu 3550-3420 OM_l B 06NacTH BaleHTHHX KojeCarmi
OH 1 1620 - 1575 cm’l B 0GacTy TedopMAIMOHHNX KoseSaHui.

MK~cIexTp HApCApPCYKHATA Na2(Ti,Fe)[Si401o](0,0H), pasee paccMoTpeHHHH Ja-—
sapesHv (1968), BHAUMTENBHC Npolle O KOHQUIyparpmi, HEXeNN CIEKTPH HENTYHHTA
U SHNTMATHTA, HO NO MOJOKEHMI OCHOBHHX TOJIOC NOIVIONEHUA GIM30K K HIM (oM.
puc. 7,T').. 970 TOBOPUT O BOSpacTaniell NO/MMEepu3all KPEMHEHMCAODONHHX TeT—
pasnpoB B HENTYHUTE, BHHTMBTHTE I HapcapCykmTe. PacmemieHre "KoNBIEBOH#" mo-
JocH norsomerus (762-798 oM™ ) CBULETENECTBYET O HSCUMMETPHYHOCTH YETBEDPHO-
TO KOJBIg, a 3HAUATENbHad BEIUYMHA DacUeIIeHNd IyJIbCAIMOHHOI'O KoJMeCaHms
TeTpasmpa 8104—-00 U30THYyTOCTH MOHa Si 07(yrcn 5i-0-Si oroJo 1300, 0 JaH-
HHM DEHTTEeHOCTPYKTYDHOTO aHam3a — OKOJO 140°). TonmoxeHue MOJOCH BANEHTHHX
KoJebaHu#t Ti-0 (535 cm‘i) GMMBKO K TAKOBOMYy B CIEKTpaXx IPYyTUX THTaHOCHIHMKa—
TOB, KOTOPHE COZEpRaT OKTa®uph TiOg, 0ObENUHEHHHE B IENOYKH. '

BBIBOJIBI

1. VUK-CIEeKTp THTAHOCHIMKATOB ONpelelAeTCA He CTOJBKO OCIMM MOTHBOM Kpem-—
HEKUCIOPOIHHX TEeTDadNPOB, CKOJABKO CTDYKTYDHHMA 3J€MeHTam#, U3 KOTOPHX 3TOT
MOTHB CHJIaNHBaeTCA (MB0JMpPOBAEHHE TETPAsipH, MSOJNPOBaHHHE WM DasSIMIHHM
06pasoM CKOHIEECHpOBaHHHE MMOPTOTPYIIH).

2. -Anamms JK-CHeKTPOR MOKASHBAET,YTO OCHOBHAA IIOJOCA NDAKTUYECKE BCEX IpH-
DPONHHX THTAHOCWIMKATOB JE#HUT B o0xacTy 1150-800 ot n npencrarnAeT codoit co-
geTaHWe IBYX MAaKCHMyMOB:BHCOKOYACTOTHOTO,C MeHEBmE# MHTeHCHBHOCTED W MMPHHOH,
¥ HUSKOY2CTOTHOI'C,G0Jee MHPOKOT'O ¥ MHTEHCMBHOTO,9aCTO ¢ TOHKOH CTpykTypoil.

3. THTaHOCIIMKATH C CETKaMl 3 Si 1 Ti OG/M3KE [0 XapakTepy NOTVIOMEeHMA K
CJONCTHM TPUOKTASIPMYECKUM CHJIMKATaM, HC B HAX 3HQUATENBHO COJNBNE BIMAHNE
coCTaBa W YUOPALOYEHHOCTY KATHOHOB, KOTODHE "OCYCJOBINBANT HANPABIEHHOCTE U
CUNy CBA3ed KaTHOH - aHWMOH.
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4. TuTaH B CTPYKTYpe THTAHOCWINKATOB HIpaeT LBOACTBEHHYD pOJE, BXORA B
COCTaB Kak KaTUOHHON d4aCTH, Tak M aHMOHHOTO Kapxaca. KoseGaHua cBsAzeft Ti-0
B OKTa3fpax XapakTepusyoTcd B TUTaHOCWIKATaX IoJoco#t B olracty 600-500 ot
Maomopdroe 3amemerue THTaHa HMOOWEM IPHEBOINT K YUUDPeHHD HM3KOYACTOTHOTO Ie—
4Ya OCHOBHCH IOJIOCH.

5. i KaTHMOHHOTO cocTaBa COABUMHCTBA TUTAHOCIIMKATOB XGDAKTEPHH NeIod-
HHe 7 WeNOYHO3EMEeNbHHe aIeMeHTH, ocofesHo Na, X, Ba, Sr. BXoxmeHue
KDYTHHX KaTUOHOB NPMBONMT K YBEIWYEHNO YTJIa ANOPTOTDYII 81,0,, CHBUTY HOJO-
CH 5i-0-5i B 00JacTh JoJee BHCOKMX YaCTOT, & TaKKe K IOABIEHNO DANa HOBHX
4acTOT, CBABAHHHX C WUBMEHEeHMeM JOKANIBHO! CHMMETDUM TeTpasmpoB Si0,.

6. Ha OCHOBaHNE JAHHHX CTDYKTYpHOTO aHamza ¥ VE-CHEKTDOCKONMM Npenyia-—
Ta€TCA pasIeNuTh THTAHOCIWIMKATH HA CeMb NOATPYNN B IpPANKE YCAOKHEHUS NX
CTDYKTYPHOTO MOTHBA.

7. Bce TUTAHOCHWIMKATH MO HANIUYMO OEOpPTOIPYII 51507, ONMHOUHHX M CKOH-
AEHCUPOBAHHHX B IENOYiM, & Takme OKTadNpoB Tilg, OMMHOUHHX W 0CbeTUHEHHHX
B LENOYKM WM KOJOHKM, CIENyeT BHIEINTH B 0COCYyR I'PYyIIy MIHEpANOB.
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B. E. Bopyuwuii, I M. Bapwaa, B. H. IIasayuyraa,
M. H. Coxoaosa, 3. B. lll.vorosa

PE[IKME 3EMJIH B MUHEPAJIAX XUBMHCKOI'O MACCHBA

MuHepam, comepRalmye pefKO3eMeNbHHe aiaeMeHTH (P33), IerecoolpasHO DOT-
pasfenAT: HA JBe TPYNIH: peXKO3EMeNbHHE MUHEpaJH, B CTPYKTYpe KOoTopux P33
3gHUMANT CBOX COGCTBEHHYD NO3UIMD, H.MUHEDatH, B KOTOPHX P33 NpUCYTCTBYRT B
KavecTBe msomopdHO# mpumMecy, 3amelad DPasHHE KaTHOHEH. /IMeHHO HOCHeINHEE MIHe-
pPasH IpencTaBIANT HauCoMBIUMH WHTEepec, Tak Hak OCHapyRNBaNT [MDOKMEe Bapuallm
B COTEpRAHNM ¥ COCTaBE IDYNIH P39 B 3aBHCHMOCTH OT KPUCTALIOXUMUYECKUX 0CO-—
GeHHOCTER CTDYXTYDH X yCJIOBHMH MIHEDPaso0oOpasOBaHKA.

B mocaemsMe TONH IMPOKO IMCKYTHPYETCA BONPOC, Kako# u3 (akTopoB pasiene—
HuA P33 AmAeTcA pemanuyM - KpUCTauroxuMideckmit wm xuvmveckult (CeMeHOB,
1957; BopommH, 1961; CemeHoB, 1963; XomakoB, 1967; Muzees, 1968; u mp.).
‘DTOT BOIpDOC, KaK HaMm KaxeTCA, NOJKeH pelaThCA KOHKPEeTHO LAA HAXNOTO MIHe-
pPaibHOTO BHAA, B CBASK C YeM HEOOXOMVMH NETANBHHE CTDYKTYDHHE HCCIENOBaHHA,
YTOUHADIMEe NOJNOREeHAe P339 B CTDYKType, ¥ CHCTEMATHYECHMEe I'e0XMMUYECKNe Hceie-
IOBAHWA, NO3BOJADIME CONOCTABMTE COCTAB I'pynnu P35 B MuMHepalax, 00pa3oBaB-—
IIXCA B DasMuHHX TeoJOTMYECKUX YCIOBHAX.

HacTosamesa paGoTa CONEPRUT PE3YABTATH CUCTEMATHYECHKOI'0 H3YUeHUA paclpele-
JeHra P39 B MuHepasaX XMGHECKOTO Macczna;. OcoGoé BHUMaHIE gBTOpaMl YAeNIAd-
JOCEk HCCAeHoBaHmn P33 B "CKBOZHHX" aKIECCODHHX MUHepanax - c@eHe, anaTure,
9BIMamiTe I QUNOpATe, NPECYTCTEYOIMX B NOPOZaX BCceX IVIaBHHX THHOB (Hedemu-
HOBHX CHEHNTaxX, NOMKATMTOBHX -HeDeNMHOBHX CHEHHTAX ¥ MAOMMT-yPTHTAEX), HeIMa-
TUTAX U TEOPOTEPMATBHHX 00pas30oBAHMAX.

1 Peomormu ¥#OMHECKOTO MacCHBa NOCBANEHO MHOTO padoT. CM., Hampumep, padoTy
C.M.Bax m np. (1972). . ‘
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AnanmuTuvecKas 49acTh padoTH BHnonHeHa I'.M.Bapmwan u B.U.[laBmrymxoi. CdeH,
oBmUaMUT, QTHOPMT M HEKOTOpHe APYyTHUe MAHEDPaTH Dasaalaluch KOHIEHTPHpPOBaHHH—
MI IVIABAKOBOY M XJIODHOR KUCNOTAMA; LMPKOH, JIONAPHT W APYTUEe TPYLHOpPa3JIoKA-
MHEe MUHEDaJH - CIUIARJIEHAEM C NEePeKUCHD HATpUA. BONBNAd 4aCcTh CONYTCTBYDIMX
snemerToB (Fe, Ti, Nb, Zr ¥ Ip.) OTHENATAch IO cmocody lopmaHoBa — llamema
(1962) XIOpEPOBEHMEM YETHPEXXIOPHCTHM YIAEPOAOM, TOCHE YeTo peNKue 3EMIn
OCaXIamiChk B BIJle yPOTPONHMH-OKcanaToB (Bapwan, 1962; Bapuwan, Paduuxos,1964).
AmaTuTH pasmaramich a30THOW KUCIOTON B NPUCYTCTEMA IEepEKHCH BOZOpPOZa; OTHe-
nepme P39 0T KaibIMA W CTDOHIMA NPOWSBOINUIOCH B LEHTDHHYXHHX IpPOCHDKaX MHO—
TOKPATHHM ‘IePeoCaXieHneM TuIpookuceil P39 maduTroM amvmaka (Iexeman, 1960).

CocTaB IpyImH pemKuX 3eMeNk ONpeNenAeTcs MEeTONOM pasmelHTeNbHON XpoMaTo-—
rpafun Ha Oymare ¢ pacTeopuTeaavu: 0,11 M pacTBOPOM DOTLAHHCTO—-BOLOPOLHOI
KICHOTH B MeTmnaTwikeroHe (Texbmad m mp., 1963) wm 0,11 M pacTBOopoM TpH—
XJIOPYKCYCHOM HUCIOTH B MeTmISTWIKeToHe (Bapwan, CeHsasue, 1964). Cxema Xofa
aHaym3a onyGmuKoBaHa pasee (Bapman u mp., 1967a,6). TOouYHOCTH ONpENeNEHHA
cocTaBa Ipymnd P39 3aBUCUT OT COTEDRAHUA BIEMEHTOB B CMECH W COCTABIAET B
cpefmHeM 2-7, 5-15, 10-30 1 20-50 OTHOCHTENIBHHX NPOLEHTOB OT ompenendeMoll Be—
JUYMHH TIpM comlepmaHuy P33 coorBercTBeHHo 50-20, 20-10, 10-5 m Huxe 5%. Jo-
CTOMHCTBa MeTOoJla 3aKJnYalTCA B TOM, 4YTO OH ofecmeunmBaeT HamGoJNee IOJHOE
ocaxneHne P33, yCcTpaHAET BIMAHNE CONYyTCTBYNIMX SJEMEHTOB U IOSBOJIAET ONpele—
JATE colepkaHye HTTpuA. K HeTocTaTKaM OTHOCHTCA HEBOBMOKHOCTH YBEDEHHOTO
paspjeneHua UTTPUSA W TepOud, a Takke TaloJVHUA ¥ eBpOonuMd, IO9TOMYy B Tadm.l-5
NpUBEZEHH CYMMADHHE CONEDRAHUA BTUX BIEMEHTOB. PeSyrbTaTH AHATM30B P2RD B
UCCHEZOBAHHNX MIHEPATaX IaHH B BECOBHX MPOLEHTaX TR,04 + Y,04, & MX COCTEB -
B ATOMHHX IpOIEHTaX OT CyMMH TR Ge3 UTTDUA; COIEepXaHue UTTPUA (B aTOMHHX
IpOLEHTaX MeTalla) OLEHMBAETCA 1O OTHONEHWD ¥ Ccymve TR, NpuHATOR 3a 100%. .
llepecyeT NaHHHX Ha ATOMHHE NPOLEHTH NMO3BOJAST M30eXaTh UCKaXeHUA COOTHOIe—
HEft MeXIy ompelesdeMHMN 3jieMeHTamy, OCYGIORIEHHOTO Da3IMuMAMY B 4TOMHHX Be—
cax BIEMEHTOB DEeNKOSEMENILHOT'O DANa U UTTpud. lcHinueHne WTTpUA HOBBOJAET
CONOCTABNATE cocTaBH P33 B "dmcToMm Bume", 4TO OCOGEHHO CYWECTBEHHO NP BHCO—
KOM ero cozepxamumu. JlaqHHe o cocTase P39 B 158 olpasiax XUCOMHCKIX MUHEDATOB
COMOCTaRNeHH Tpafuyeckn Ha Tpolisoit mmarpamve (pwc.l,2), BOEPEHE IPEIICKEH—-
go#t JI.A.Muueesum (1969).

Cher. XuOuHckuit ceH ABIAETCA KIACCHYECKNM IPEMEpoM "CKBOSHOTO" aKleccop-
HOT'O MHHepaJa, TaKk Kak IPUCYTCTBYeT B IEOJIOTMYECKHIX 00paSOBaHUAX DasHOTO
XUMHYECKOTO COCTaBa ¥ BOSDACTA, BOBEMKUMX B IMPOKOM MHTEDBATE TEMIEpaTyD.

CymvapHOE coLepxaHue TR203 u 1203 B cienax (radm.l) Bapsupyer ot 0,007
o 2,5%, npmuem P39 samerHo IpeoGnamanT Han mrrpmem (or 2,1 mo 29,0% K TR).
CocTaR P39 cymecTBeHHO ILIepueBHit (I:TRCe = 85,6 + 98,0%); comepxaHme Iepus
oCHYHO B 2-3 pasa IpeBHNAeT ColepkaHne JaHTaHa. CTaTucTHYecKad o00padoTKa
IaHHHX O cocTaBe ceHa M3 TeOJOTWYECKNX OO0PA30BAHUN DASJMYHHX THUIOB IPUBO-—

IIT K CAELYDIMM pesyIbTaraM:

TR203 ITR, Y KITR Ce:La
0T-I0 cpemHee O0T-[0 CpefHee OT-N0  CpelHee cpelHee
X CHHUTH 0,04-2,52 1,57' 88,0-94,4 91,5.972,1-8,6 5,3 3,8
DotANTH 0,65-2,04 1,63 94,4-96,0 95,1 2,0-4,1 3,5 3.1
DHIO- ¥ BK30- - 0,44 - o 1 s S L = 9,8 (4,0)
KOHTaKTOBHE
00pasoBaHud

% =k

PrCYOppUTH 0,50-1,10 0,77 88,5-95,1 90,9 4,3-7,8 . 6,1 2,8
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TR203 ETRoe Y K IZTR Ce:La

OT=-10 cpenHee 0T==I0 cpemHee OT-H00 CpenHee CpenHee

Wromur~ypruTat 0,36-0,72 0,50 85,6-98,0 90,5 6,2-16,5 11,5 2,3

TerMaTnTs 0,007-0,72 0,35 86,4-93,4 89,6 3,9-16,4 10,1"*% 2,5
nHOMm T~y pTi—

TOB B anartu-—

To-HefemmHa0~

Boif mopome

llopomy paitko- - 1,14 - 96,1 - 5,8 242
BOTO KOMILIEK—
ca
Bea o6p. ¥ 346 (7 B radn. 1), B KoTopom 0,04 % TR0+
Pes odp. ¥ 186 (17 u 18 B Tadn.l) ¢ aHOMATBEHO BHCOKMM CoIepXaHmeM UTT—
pug - 26,9-28,4%
EE
Bes o6p. ¥ 540/M (37 B Tadn.l) ¢ comepxammeM nTTpudA 29,0%

Camoe BHCOKOE CONEepRaHue TR203 yCTaHOBIEHO B ceHax w3 Hede MHOBHX cume-—
HuToB (HamOoasllee B o0pasuax W3 fofiauTos). B cfeHax u3 merMaTWTOB B XUOUMHA-
Tax OHO HECKOJBKO BHIE, 4eM B ceHaX M3 BMemallMX IOOpoX, a B cfeHe 3 T'Hi-
POTEPMANBHO! HUIH, ceKymell mafkoBHE NOpOTH WeENO0YHO-TaCCpOHIHOTO COCTaBa,
colepxuTcA HauMeHbllee KOJMMYECTBO pelkux 3ement - 0,85%. ComepmaHue TR,04 BO
BTOPKYHOM cfeHe (mceBNoMOopdoBSH M0 IVIACTHHAM WIBMEEMTA) DPESKO DasiMUHO: OT
0,04 mo 2,52% (mamGombuee B cheHax XMOMHCKOTO MACCHBA).

Cozepxasme P33 B chere M3 NOMKWMTOBHX He@eIMHOBHX CHeHUTOB (pucyoppu-
TOB) MeHbme, dem B ceHe U3 HedeNMHOBHX CHEHMTOB; OHO MaI0 OMIMYAETCA B €ro
odpasuax 3 MOPoN K 3aleraniX B HUX DerMaTHTOB, HO 3aMeTHO Huke B cdeHe H3
STUPUH~HATPOMUTOBO! TUNPOTEPMATEHONR XILIH .,

Comepxanne TR,05 B cQeHe U3 MAONUT~YPTUTOB CEMOE HU3KOE; B nerMaTHTax
(B TOM uymCme ¥ B TeX, KOTOpHE NPUCYTCTBYWT B BUIE DEMMKTOB B auaTHTo-Hede-
JIMHOBO! TOPOTE) OHO HECKOJBKO HuEe, UeM B NopoTax.

Taxum ofpasom, CyMMapHOe comepkaHue P32 B cfeHax NOHUEAETCA OT HedeamHo-
BHX CHEHUTOB K NOMKUIUTOBHM HeGenuHOBNM CHEHHTEM H Janee K HAOJAT-YDTHTAaM;
ONHOBPEMEHHO HAGNDNAeTCA yMEeHbIeHWe cofepkamms TR0, B cfeHax oT HOpON XK
nerMataTaM u Jamee (Oonee pesKo) K TUIPOTEPMATBHEM 0GpAB0BAHKAM.

Cern w3 pasmmuHHX KOMILIEKCOB IOpPOX CXONHH IO cocrasy P33, cpenHee 3Ha-
4emne LTR,, DOYTH ONMHAKOBO. BHIENTOTCA TONBKO chern n3 foltauTor (pesxo
o6oTraless HepUeBHM 3eMIAMA) ¥ U3 UAOXMT-YyPTUTOB (B 3aMETHOM KOJNYECTRE
HOpHCYTCTBYDT HTTEpCHEBHEe SEMIN).

ComepkaHme UTTPHA 3HAYUTENBHO BapbupyeT B cPeHaX U3 DasMMYHHX TEONoImde-
CKEX 00pasoBaHHif MacCUBa. B oGpasnax us HedeJMHOBHX CHEHMTOR OHO camoe HM3-
Koe: HauMeHBNEEe - B (oiiAnTax, HamGoJbliee — BO BTOPUYHOM ceHe IO WILMEHATY
(o6p. ¥ 346). B ofpasiiaX W3 PECYOPPUTOR COINEDRAHEE UTTDUA BHIE, a B cfeHax
13 KOMILIeKCa MROJUT-YDTATOB, B TOM UMCje I B KCEHONUTAX MAOMT-YyPTATOB B
anaTuTo-HefennroBo# mopome, - HamGosee BHCOoKoe. TakuM o6pa3oM, COIEpRaHWE
UTTPHA B ceHax KoppeaupyeTcA ¢ cymMoll P33 mrTepOmeBo#ft MOITDYNOH:CAMOE HU3—
Koe I Camoe BHIEpXaHHOE cOnepRaHme UTTpUA K ITRy, YCTaHARINBaeTCA B cdeHax
u3 foliauToB, camMoe BHCOHOE M CaMOoe HEBHIEepXaHHOe — B ofpasiax m3 nitoanmr-
YPTUTOB,

laTepecHo, 4YTO CONEpXaHME WUTTPUA pasiaWd9Ho B cHeHaX IBYX MecTo-
POXTEeHU} anaTUTOBHX DYH - Kyrmesymdyoppa ¥ PacBymyoppa. Ha KykmcBymuoppe B
ceHe U3 UAOMUT-YPTUTOR comepxurcs 6,2-13,8% mrrpud (B cpemmem 10,0%), a m3
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LPS 51

Fed

Ha

ledamgga 1

Cocrae ¥ copepxamme P35 B ofeHax M3 DAsINYERX TecloTHVYeckuX cOpssceasaf KrdmHemoTo MaccEma

&

aw

TRy, = Le+ Ca + Pr + Nd.

Incnposel #e yOamock OTHEMETE OT MTTDHA E TepOiA

Ho= TR, : = .
455| Ocpas Eeiﬂjs; te | ce | r| m | sn|oa [oy [ m| o] mn [n ?;}i;} —

: ar.% F33 oT ETR

! ' " HomiuteRo HedeTHOBHX CHEHATOR | : e e

T'pydosecHUCTHE XNSNHATH
$ 2882 1,66 17,9 42,9 &8 25T O& 23003 GF ox. - & s f2a) 83,8 2,4
R L o 109 18,3 48,6 5,2 2.0 A8 28 04 - 0.1 - - - {g,3) 94,1 ot

ThaxuToWIHEE XOHENTY :

3 87e 1,653 15.9 46,3 5.5 237 4.7 4.1 0.3 - - - - - (3.2} gL.5 By g
4 357 1,80 1 48,3 O R T - 5 SR R - EE = & (6,2 @,2 3,3
5° 31 1,50 11,6 45,6 L3 SN T W L R T - R + 5 ([ {5,3) 90,4 3,9
6 395 z,52 9,6 47,9 £33 P S Mmooy o 0 0410 04 - {6,2) 88,0 5,0
T 346 0,04 25,6 45,0 $43 =g el 23008 0268 - - - (8,6) 93,7 1,8
8 437 (3,85 T 0 44,0 6,6 26,0 5.4 86 gl 08 IS - - - {5,3) 83,1 3,2

. TpaxnTonnHES follamTH
g I 2R ‘14,3 52,6 46 LS B 23 03 - - - - = (2,0) 94,9 3,7
10 1124(2) 0,65 18,4 50,8 £E9 3 28 1.8 03 = 01 - .y (3,9) 85,2 <, B
11 1393 2,04 14,9 48,6 88 Mo 28 1.6 b1 82 = - 31 - (4,00 54,4 3,3
12T 15 1,70 20,4 51,6 54 18.% 1,7 13 6.8 o1 02 - - - (4,1) 95,0 2,0

SHI0MOHTRKTOREE 00DE30BARNA MacCHES
13 B2/ 0,44 12.2 430 e G e o U AR R S TG SR e e rec LI o RO 5 {2.8) a,3 4,0
- Hommuens pMCHYOpDETOE '

14 979 0,93 17,4 45,8 e MAY s PaaT " - = i - =% 'k (7.8) 92,5 2,6
16 1378 g,78 = iy 4.5 B 178 5.8 o9 31 0 &2 - - - (4,3) B9.,7 2,8
16 1388 1,18 18,0 53,2 3.8 281 18 231 086 031 0E2 . -~ BA - {8,3) 95,1 4,0
17  186(1) 0,52 27,3 42,4 G0 SO SN A8 38 45 = - - = (26,9} 55:5 I:é
A S 1 0,50 29,9 45, 4.6 14.9 ;3 4,0 13,8 0.1 08 081F 01 = i) BB,5 1.9

Hommmers n#oIET-ypTiaTos
13 1354 0,50 18,9 456 500 2 3. ST LA LE S NEs S = = (165} 91 .6 2.4
20 1380 1,45 23.4 450 445 2S48 48 67 = - - o e (330R) aa:r.—: 1'9
o aigoe . DR Ned . BN ool dre i o et t ai TRt CLH T ReEl e, o
22 1405 0,72 17,2 48,2 ES A0 C1d 3E a3 4 - - = = {10,0) 93:1] E:EI
23 575/ 0,43 <1 o2 T T B Bips 212 55 GO T S 0 T 1 - - - - (13,1) BG, 6 2,3
24 gEMm 0,48 20,7 4.3 Bp2 - 184 4 EBER LEY & = - B e (10,3} B6, 6 2:0
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29 ?ﬂfﬁ-ﬂm 0,28 18,1 46,0 fls & SER 4B f0a MY 52 - - = (E5) 20,7 2,0
30 392 8,007 15,0 85,0 - - - - - - - - - - - - -
3 832N 0,49 18,3 442 48" 286 48588 'G4 - 61 = = = (14,4) 89,9 2.4
32 B33 o, a1 16,5 45,9 Bl 259 Bad e o 150 - - - - - (5.1) 83,4 2.8
a3 B2aM 0,33 18,2 43,0 6,6 21.0 T X1 8.9 - & § - - - (5,9) 88,8 2.4
34 BOZ2AM 0,39 16,4 45,3 G0l 15T 6BR 3% a¥rZ oot BT - - - (9,3} 88,8 2,8
35 956/M 0,29 16,8 38,8 £33 228 &2 9§ Y - g = = wen CEaSE) 6,4 2.3
36  9BL/M 0,70 152 ¢ 419 6.7 246 500 4,00 86 T = - - - - (14.7) - B804 2.4
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_ Nopopy malEoporo KOMIARKCA
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(Ipmvevarre ¥ Tadm.l1)

TeonorM9ecKoe TOJOREHNE MCCAENOBAHHEX 06pasLoB

Hommmexc HedesMHOBWX CHeHMTOB. 1 - I'.Banenaxx; 2 - Buwc. 1186 M B Gacceii-
He p. JllyTHemammitox, HedesmHOBHA cumeHnT-nopdup (MurHas amma IpyGO3epEMCTHX
xu6uEmToB (7); 3-8 — r.llerpenuyca: 3- MamMHBMT-mopdup (XunbHad farma Tpaxu—
TOMIHHX XUOHHHTOB (7), 4 - apiBelCOHMT-IONEBOUNATOBH! HNOCTHOHKMHMTOBHR Mer-
MATAT, 5-6 - apBefCOHUT-NONEBONIATOBHI ATLOUTUSMPOBAHHNYE MI0CTUOHKKENTOBHIM
nerMaTuT (cded us ceH-srupMHOBON KOHTAKTOBOW MOPOIH 1O WOHKUHETY M cded u3
ncesnoMopdos Mo WIbMEeHuTy), 7 ~ ap@BeNCOHMT-TIOJNEBOUNATOBHA MNOCTWOHKAHATOBHMH
mermaTuT (mceBmomopdiosu cdeHa mo WIBMEHUTY), 8 - IOJeBOUNAT-HATDOMUTOBAA
KANa C IMPKOHOM, CeKyllad BHXONHM MENoYHHX radopoumoB; 9-10 - YmGosepciuit
mepeBas, KpacHo-Oypaf (1) u wmemoso-zenTad (2) passoctu cesa; 11 -
BHC. 912,6 M B mMaccuBe OBecmoruoppa; 12 - r.llopramuopp; 13 - r.Banenaxx,
aNbOUTH3NPOBAREAR MANa B (eHMTMSMPOBAHHHX THefcax.

Kommnexc pucyoppuTos. 14 - r.llerpenuyca; 15-16 - r.Kyxumceymdopp: 15 - cieH
¥3 OHOTUT-SIMPHHOBHX HIPOXIIKOE, 16 — GMOTUT-SIMPUH-IOJNEBONNATOBHE MerMaTuT
(cHomopumsu# comomexHO-gmenTHi cfex); 17,18 - nepesan OOMaHHHA, BIUPHH-HATDPO—
MUTOBAA TUApOTepManbHaa xwia (cfeH OyTHIOUHO-3eMeHOTO UBeTa (1) ¢ YepHHMu
roxoBkamn (2)),

Komiuexc miomsT-ypTuToB. 19 - r.Pucyopp (TpaxuTommuuy uMoanT 1 cycdass);
20-22 - r.Kyxucsymuopp: 20 - myaepur, 21 — MenbTeHTHT BepXHell KOHTaKTHOH!
S0HH anaTuTo-HedeNMHOBOTO DYRHOTO Tena, 22 — cfeHoBadA MOpola BEpXHell KOHTAKT-
Holt soHu; 23,24 - PacBymuopp, NeTMATHTH B MACCHBHOM ypTuTe; 25 ~ mepesan 06—
MaHHH}, STUPMH-TOJEBOWNATHHE mermaTuT B .oBUTE; 26 - r.PacEywmdopp, cdex B
PeJMKTaX MACCHBHOTO YPTHTA B anaTHT-HefesmHOBOR mopome; 27-32 — r.KyxucBym-—
J0pp, NETMATATH YPTETOBOTO THIa B amnaTHT-HedesnmHopo#t mopogme; 33-36 - r.Pac-
ByMY0pp, ODErMATHTH YPTHTOBOIO THma B anaruT-HedemurosBod nopome; 37 - r.Pac-
Bymdopp, cfed B anaTuT-HedesmHOBO# GNOKOBOR MOpone.

Topomn pmafkoBoro Kommwiekca. 38 - T'.lleTpenmyca, MOHKMHMT-TODEMpD.

. MAOMUT-yPTUTOBHX KCEHOMMTOR B anarnT-HedenwHoBo# mopome - 3,9-14,4% (8,0%);
Ha MecTopoxIeHur PacBym4yopp B cfeHe U3 aHaJOTMYHHX 0OpasOBaHUR MTTPUA Co-
IepmaTcA cooTBercTBexHo 10,3-16,5% (13,3%) u 5,9-16,4% (12,3%).

AHOMANBEHO BHCOKOE COIlepRaHFe WTTpUA O0CHapYReHO B CeHaX M3 THLDOTEDMATb—
HO#l BTMpMH~HATPOJUTOBOA ®AJIH B pUCHYOppUTax mepeBama O¢maHHOTO (06p. M 186),
comepxramei CTPOHIMEBHE MUHEDPaH: CTPOHIMAHWUT, CTDOHIMEBHA anaTuT, aHKuIUT
(Bopymmit, 1965; Bopymkm# u mp., 1965), m u3 anaTuT-HedeauHOBo#t pyIH anaTn-
TOBOTO MECTOPOXLeHHA Paceymuopp (oGp. % 540/M).

-~ lepuit~nanTaHoBoe OTHoWeHMe B ceHax BapeupyeT oT 1,6 mo 5,0, Ho B 68% u3
HIX HeXONUTCA B MHTepBaie 2-3.. /I3 umcia MByd9eHHHX 00pasuoB Toabko 20% oka-
sanuchk Gosee oCOTaAlleHHHMA IepUeM ¥ TOMBKO 12% — JaHTAHOM. 3aBUCHMOCTL Ce/La
B ceHaX oT THNA NOpOX NpOSABRIEHa ciado: o06pasiH n3 HeelMHOBHX CHEHHNTOR He-
"CKOJIBKO OGOTalleHH LepreM, M3 PRCYOPPUTOB U MHOMMT-YPTUTOB — JaHTaHOM. AHO-
MaJTbHO BHCOKOE COLepRaHue JaHTaHa oCHapyXeHO B cfeHe us THUAPOTepMalbHOi
HaTpOMUT-3TUPHHOBOY KN IepeBana (O6MaHHoTo (0Gp. % 186).

Penxue seMIi B aKmeccopHOM ceHe M3 pasaU9HHX NIOPON, XMOMHCKOTO MaccuBa
pasee onpenenesn 0.B.JIymxuaum » H.T.[Momepasneso#f (1965). o maHHEM B9THX
ncenenosaTene#t, comepxanue TR203 B aKleccopHoM cfeHe M3 I'pyGo3epHMCTOTO Xi-
GuHEuTa - 1,61%, u3 TpyGo3epHECTOT0 TpaxuTommHoro (foliaura - 1,10%, u3 prCYOp-
pura - 0,70%, a u3 MOPOJ KOMILIEKCA MACMT-YPTUTOB, OTHOCAUMXCA K DASHHM
cyodasam, BappupyeT B ysKux mpemensx - 0,45-0,60%, 3a UCKINYEHHEM akneccop-
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Horo ceHa U3 MENKOBEpHMCTOTo mitonmTa BTOpOH CyGdasw (mo WeanoBo#, 1983),

B KOTOpoM Halimeno Bcero 0,14% TR203. OTN ITaHHHE HaXOIATCA B COIVIACHM C Ha-
mavi. OZHAKo BHSHBAET ONpelesleHHHe COMHEeHUA YCTaHOBIEHHOE B ONHOM H3 o6pas—
OB HeOOHYHO BHCOKOE A XuOuHCcKoro cheHa comepxamme mrrepoud (14,6% oT
TREDB) (lymeme u mp., 1964).

AnamiT. AnaTMT B XuGMHCKOM MACCHBE Takke ABAAETCA "CKBOSHHM" aKIeCCOpHHM
MEHEpanoM, OPHCYTCTBYDIMM IIOYTH BO BCEX DasHOCTAX IopoX, NermaTuTaX I HO3h-
HNX TUAPOTEpPMANTBHHX 00pasoBaHMAX. ONHAKO colepXaHye ero HEBeJUKO, U paclpo-
CTpaHeH OH XpajlHe HepaeHOMEDHO, YacTo CJaraeT Melkue IUIMPH 1 JIMH30YKH.
BmecTe ¢ Tem B XHMOMHCKOM MacCcuBe paspadaTHBabTCA anaTuT-Hedemm—
Hosue pymH. (Mecropommemns Kyxuesymuopp, Oxcmop, Pacsymdopp u Ip.); anatuT
u3 mmx meramsHo omucad O.B.Jymxuesm (Iymxud u Op., 1964). Hamm wmccaemosa-—
JNCH TIaBHHEM 00pa30M aKIeCCOPHHE anaTHTH U8 HeelIuHOBHX CHEHHMTOB ¥ DPECYOpP—
PHTOB.

Comepxadwe P33 B amaTHTax Bume,deM B cdegax, ~ or 0,39 mo 5,54 (radr.2),
cofepXaHue UTTPUA - gmke.B rpynme P33 B amaTdTax GoNblEe LEDHEBHX 3EMeJE,deM
B cpenax (EIRy, oT 90,1 mo 99,3%), HO amaTUTH OCOTalleHH JAHTAHOM (Ce/La =
=1,8+1,1). CymecTBeHHO peIKOSeMENbHHEe ANATUTH, MONCOHHE omicaHHoMy u3 JoBo-
36PCKUX TYHED amaTHTy ¢ 12% TR203 (CemenoB, 1963), B XuOuHaX moka He oOHa-
PyreHH. CTaTHCTHYECKad o0paGoTHA INaHHHX O COCTaBe alaTWTOB U3 pasHHX T'eoNo-
THYeCKUX 00pasoBaHmit NPUBOIUT K CUAELYOUEM DPEsyabTaTam:

TR203 ZTRce 5 Y K TR Ce:La

OT-I0 .CpelHee OT-N0 CpelHee OT-N0 CpelHee cpefHee
XUOMHATH 1,23-4,76 3,10 90,1-99,3 95,0 0,4-3,7* 2,0° 1,8
CoRAUTH - 4,54 = 98,3 ol 1,8 1,5

OHmo- ¥ 8#Kso- 2,57-5,55 4,09 91,4-98,6 95,8 0,6-7,4 3,4 1.8%
KOHTAKTOBHE
0o0pas3oBaHuA

PRCYODPRTH 0,39-2,78 1,28 96,8-99,1 97,4 1,4-3,0 2,1 454
Whomar-ypmTy 2,21-2,63 2,42 93,5-95,0 94,2 4,4-6,4 5,4 1,6
Anamuro-gede- - - ‘91,1-97,8 94,2 1,9-7,9 5,4 1.6 .
JMMHOBHE TODOMH

llopomu maitko~ - 1,28 - 95,8 - 5,6 158

BOT'O KOMILIEXCAa

Bes o6p. ¥ 437 (8 B Taém.2) ¢ 17,9 uTTPHA.
* Bes o6p. ¥ 186 (19 B Tadmn.2) c¢ 11,1% UTTPUA X aHOMANBHO BHCOKMM COLEDE&—
-HUEM JaHTaHa.

Camoe BHCOKoe comepraHue P33 oTMmevaeTcd B anaTUTaX U3 HedeNMHOBHX CHEHU—
roB: 1,94-4,10% (B cpemuem 3,30%) - B anaTuTe U3 XUCMHKUTOB, 4,54% - B ana-
THTE W3 TPaxuToOuNHOTO (foitauTa. AnaTWTH U3 NEeIMaTUTOB COJepxarT Ooxblle TR 03,
YeM auaTUTH BMENanlyX DOpoL; B anaTHTe U3 TUIpoTepManbHol mumH (T.lleTpesimy—
ca, o6p. ® 437) P33 mexsme. CaMoe BHCOKOE COZepXamue P35 yCTaHOBIEHO B ana—
TUTAX U3 DasJMYHHX 0CpasoBaHWit 30HH KOHTaKTa MacCuBa C BMEManIMA IODORaMi;
B onHoM o6pasue u3 ymmrexuTa ( ees/m) OHO JocTuraer 5,55% TR,04e

AnaTHTH 3 PUCYODM TOB xapaRTepuaynTcH GoJiee LMPOKMMY BapMalAMi B COZEp-
¥aHmy P39 m, Tak Xe Kak W anaTuTH B nioJMT-ypTHTaxX, COILEpXAT NPMMEDPHO BIBOE
MEHBIE TREOB, uyeM nxX oOpasiH 13 HedeJVHOBHX CHEHNTOB.

AHanorwyHHe maHHHe moayuesH O.B.Jymxuaum n H.T.IllomepaHnesoft (1965) B ana-
THTE W3 JABOYOPDUTA MME GHJIO HaltIeHo 4.85%TR203, B auaTuTe U3 puUcYoppuTa -
2,46%, a B anaTHTax U3 NOpoXL KoMmILIekca HioamT-ypTUTOB - OoT 0,85 mo 1,55%
(camoe HU3Koe coIepRaHue).
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14 303/m 5,58 a2 Bpd 39 A3 Bs. s ™ - - - - = (0,6) 98,6 1,6 -
15 &2 2t 25T 432 68, 17D A5 004 01 067 = - - (.4) 9.4 1.7 -

! Romimresxc DUGRODpUTOR

16 999 2,40 3.4 42,4 4.3, 183 18 o8 *° - - = - - o e S -
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(Ilpmevanre ¥ TaGm.2)

Teonoruyeckoe NOJNOXEHNES NCCIENOBAHHHX OGpasSIoB

Kovmnexc HedemmuoBux cueHuToB, 1 - T.llyrremmyopp; 2 = BHcCOoTA ¢ 0TM.1186 M,

HedemuHoBul cneruT-nopiup (mutbHad QarMA TpaXuTOMEHOTC XHOMHMTA); 3 — I'.Tax-
TapByM4Yopp, STUpPHH-apBeNCOHMT~N0JeBOINATOB ) NermaTuT; 4 - r,TaxTapBymdopp,
Cupmmf MoiumOpmerwmToBH{ DyAHMK, anibCUTUSKDOBAHHAR NEIMATUTORadA Xwia; 5 -
r.JleTpennyca, ATECUTHIUPOBAHHHR apfBEICOHMT-NONEBOMIATOBHH II0CTIWOHKAHNTORHA
nermaTur; 6, 7 - r.UYACHOYODY, BIMPUH-CANUT-TONEBOUMATOBHE nervarut (pami-
aTBHO~TYUNCTHY M MeJKOSEPHUCTHN anaTHT); 8 - sanamswii nepesan [leTpemuyca,
MONEBOIMAT-HATPOJIMTOBAA XAa ¢ LMPKOHOM B MOHKMHUTAX; 9 - r.lleTpemmyca,o0o-
colNieHne MeJIKO3EpHUCTOI'0 anaTuTa B WOHKMHUTE; 10 - YMGosepckuii nepesarn,
cpeHoBut doitanT; 11,12 - ORHENK KOHTAKT MaccuBa BO/mM3M 03.[ImmaHOTO: 11 - yMm-
TernT, 12 - apdBemCcOHMT-IONEBOUNIATOBHA NpOXWIOK B yMnTexuTe; 13, 14 - 3anan-
HHff KOHTAKT MacCuBa BOJMSH X.-I. cTaHImy "Xuoumuu": 13 - apfBenCOHAT-3IMpPUH-
TNOJEeBOUMATORBHY IErMATAT B ClaHuax, 14 - ansCUTOBHA NMPOXWIOK, CEKymmid SToT
nervatuT; 15 - r.Banenaxx, ansCuTHSHPOBAHHHE (PEHWTH,

Kommyexc pmcuoppuroB. 16, 17 - r.letpemsyca; 18 - r.Kyxuceymdopp, anati—
TOBAA JMH3A B ampnﬂ—-aptirsencorm'r-noueno’mna'roaom nermatuTe; 19 - nepesan 06—
MeHHHYE, STHDEH~HATDOMMTOBAA XANA CO CTROHIMAMUTOM (alaTWT ¢ BHCOKMM COTED~
EaHMeM Sr0); 20, 21 - r,39Becjaoryopp, NMErMaTHTH B pasTHei#coBaHHHX DUCYODDH~
Tax; 22 - ymexbe depcmaHa, anaTHT-BOJIACTOHMTOBAA TOPOHA.

Kommeke mitoimT-ypTuToB. 23 - . PacBymMyopp, HerMaTUT B TPAXWTOMAHOM HitOJM-
Te I cydfasw; 24 - r.lerpemryca, JMHSa alaTHTA B ELUIBHOM M10JIEBOIMIATOBOM
uHOJAT-YyPTHTE ,. CEKYMEM DUCHODPHTH.

AnaTuT-HedeSMHOBHE MOpoIH. 25-27 - I . Kyxucsywmuopp: 25 - GecuBeTHuM ana-
TAT, 26 — TeMHHE amaTHT, 27 - JUH3A KDPYIHOKDHCTALIIYECKOTO anariTa B anaTuT-—
HedesmuoBo#t mopome; 28 - r.PaceBymdopp; 29, 30 - r.lxcmop: 29 - TeMHOOKpa-
meHHasd pasHOCT: anaTéTa, 30 - cBeTmOOKpameHHad pasHocTh; 31, 32 - r.Kyame-
nop; 33 - r.Kyxuceywmuopp, NPOXWIOK C THI'@HTOSEPHUCTHM ANATHTOM B anaTUT-He-
desmHoBOR TOpOKE.

llopomn Ze#koBOr0 KoMmmaekca. 34 - r.lleTpenuyca, anaTuT B MOHKMHMT-TIOp§mpe.

Taxum ofpas3oMm, B XUOMHCKMX alaTuTaX HaGnwmaeTcsa Ta Xe caMmad TeHIeHI|d B
noBefenny P39, uro-u B cleHax, — yMeHBIIeHVEe CYMMApHOTO COLEepRaHus TR,04 OT
He(eNuHOBHX CHEHUTOB X PUCUOPDHTaM I MHOINT-ypTUTEM.

syyeHHHe anamITH OIUSKMA IO COCTaBY aieMeHTOB rpymnmd P33, Tem He Mmenee
TNPOCHEXRABACTCA Ta Xe TEHEEHIMA,dT0 B B cfeHax: NepUeBHM) 3eMiAME saudonee
oforamed anamT u8 QoAANTOB,3eMEHTaM! UTTepCMEBoi NOATPYNINH ¥ KTTPUEM -
anaTUT U3 MHOMT-ypTUTOB.(OfHAKO B OTMMUME OT cHeHOE BHCOKOE conepRaHue STR
XapaKTepHO TaKke M IJIA anaTHTOB M3 PUCYOPPUTOB,IVMIABHHM 00pasoM 3a CUET yBe-
JMdeHns CORepRaHna B HUX JaHTaHda.Hax y¥e oTMeuanoch pasee (Bapwan ¥ Ip.,
1967a) ,HEKOTODHE ANATHTH U3 DUCUYOPPUTOB DE3KO OGOTalleHH JAHTAHOM,NO Ipeosia~
‘TaHud eTo Haf uephem (oOp. % 186,2001,3211); oTHomemwe Ce:La B STUX anaTi-
Tax - oT 1,3 mo 0,35.ComepxaHue JaHTaHa B anaTdTax A3 IPYTUX I'€0JOTO-TIeTpo-
TpafuecKnX KOMIUIEKCOB 3HQUUTENBLHO BHIE,96M B COCYNECTBYyRIMX C HAMM cieHax,
HO MEeHAeTCHA NPUGANSHTENBHO B ONHUX W TeX Xe mpelenaX (Ce:La = 1,4-2,5),.

K uncay HavmeHee OGOTAlSHHHX JaHTaHOM .OTHOCATCA KPYIHOKDPHCTALIMYecKul cas—
MAT, BHIOOJHAOUMA NOBZHUE NMPOXMIKKA B alaTHTOo-HedelAmHOBHX HopomaX KyKucByM-
yoppa (o6p. ¥ ¥2/M), u amaTmT u3 anLOUT-HATPOANTOBO! ¥WMH B XUCMHMTaX T.ler-
penuyca (oGp. ¥ 437).

Gdnepmanne UTTPUA B anaTATax #3 IHOJUT-YPTUTOB I anaTuTo-HedenmmHOBHX To-—
PO BHmE, YeM B alaTUTaX u3 APYTHX I'e0Joro-NeTporpafiyecKHX KOMILIEKCOB. AHO-
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ManBHO BHCOKa KOHIEHTparmsa HTTpuA (cooTmBercTsBeHHo 17,9 u 11,1%0T ETR) B ana~
TUTE N3 albOuT-~-HATDOJUTOBON XutH B xucuauTax T.llerpemryca (o6p. ¥ 437) u B
anaTHTe U3 SIUpPUH-HATPONMTOBON MWIH B pucdoppuTax nepesana OomaHzoro (00p.

% 186).

Bngamxwl. JBIMa/mMTH B XWOMHCHOM MaCCHBE NPUCYTCTBYWT B GOJNBUMHCTBE Das3—
RrocTelt HeeMIHOBHX CHEHNTOB, B DHCYOPPUTAX, HEKOTOPHX HOpOZaX MHOMUT-ypTUTO~
Bore psma (JyABpUTAX) X NPUYPOYEHHHX K 9THX NOPOXaM NEerMaruTax; AId THEpo—
TepMATbHHX KUl SBIUATMT He XapaKTeped. OTHENBHHe CBeleHUA O cocTaBe P30 B
XMGHHCKUX SBIMATATAX mMenTcA B pame pador (Iporomomon, 1941; Jopdman, 1962;
Banamor n mp., 1965; Bapwan # np., 19676; Baramos, 1969), oIHAKO CHCTEMATH-
YeCKUX MCCJIENOBaHM He NPOBOIMIOCH. BHBOIH HacToAmel paGoTH OCHOBAHH Ha
48 aHaumzax 9BIMANATA, 00pPA30BABUETOCA B pasJuuHol IeojorwyecKod oGCTaHOBKE,

CoZepraHue TR203 B XnOHHCKMX 3BEuatuTax — ot 0,04 7o 6,95% (radn.3). Io
CpeBHEHNO C anaTUTOM ¥ CHeHOM OoHM HamMmeHee OCOT'alleHH pefKkUMi 3eMIAMM Hepre-—
Boft momrpymmu (EIR,, = 70,0498,7%) u B HaMGONBUEM KOJIMYECTBE COAEDEAT MTTPUll
(7,5-110,8% ¥ TTR) ¥ SJEMEHTH KTTepOMEBON NOITDYINH. Tax e Kaxk ;M amaTuTH,
oHE OCOTalleHH JaHTaHOM (Ce:La = 1,141,9).

CraTucTuYeckad o0padoTKA HaHHHX O COCTABE DENKMX 3EMeJh B SBIMalUTax #3
pPasHHX TeOJOIMYecKuX o0pasoBaHuit NPUBOIUT K CGAELYRIMM De3yJIbTaTaM:

TR203 ETRCe Y K ETR Ce:La
OT~IC  cpeZHee. OT=I0 - CpeXHee OT-I0 cpenHee cpelHee

XuORHATH 0,31-4,52 1,32 84,3-95,0 89,6 10,1-37,9 25,3 1,6
DoRANTH 1,56-2,05 1,84 - 85,1-98,7 94,2 7,5-25,9 16,4 1,1
Sumo- m @x~ 1,50-6,95 2,46° 85,5-96,7 91,6 11,7-21,9 18,0 1,5
B0KOHTEKTO-

BHE 0o0paso- j

BaHIA

Pucuoppurs  0,13-0,60 0,40 77,0-90,0 83,4 21,3-68,0 44,3
tomr-yp- 0,18-0,45 0,28 70,4-89,9 79,5 30,7-88,7 83,4
TUTH .

[ermaTaTH 0,04-0,29 0,18 73,4-92,1 80,0 28,4-110,8 59,2 1.n
ARoMAT~yp-

TUTOB B ala-

TTO-Hedemn-

HOBO# mOpome

=
W

Bea o6p. % 670/l (27 B TAGT.3) ¢ QHOMANBHO BHCOKMM COLEDEAHUEM TR,,0
* Bes o6p. ¥ 1387/M (42 B Tadm:. 3), XKOTOpHH WO cocTaBy TpymmH P33 pesko oT~
JMYEeTCA OT SBIMAMTOB KOMILIEKCA HAOMNT-YPTUTOB.

SBIMaTMTH #3 He(eMHOBHX CHEHMTOB Hau@oaee 0COTAlleHH TR,04, B COCTaBE
KOTOPHX GoJibime Bcero P39 uepmeBoit MOITPYNIH X MeHBIIE BCET'O SAEMEHTOB HTTEp—~
CueBOoft MONTpPyNNH ¥ MTTpuA. ComepxaHue P39 BHAUMTENBHO BApPLUPYET. JBIMATATH
u3 foliAMTOB B cpemHeM coZepxar Coxbue P33, WeM SBIUATATH U3 XMCUHUTOB, H
Hambonee OCGOTameHH IepPHeBHMH 3eMIAVME, B OCOOEHHOCTH JaHTaHoM. OmHAKO B He—
KOTOPHX NEeTrMATHTAX XUOMHUTOB X SK30KOHTAKTOBHX 0Cpa3cBaHWAX MaccuBa SBIMA—
JUTH CONepRaT eme Goablle pelkuX 3emend (mo 4-6% TR203). OGpamanT Ha celA
BHUMAHVUE TaKEe Das3/MudA B colepXaHuy P30 B 8BIuaNNTaX XMCMHUTOB M3 DasHHX
palfOHOB: OBIMAINTH W3 NODOA X IeIMATHTOB ¢ TaxTapBymdoppa comepxar 0,31-1,37%

1 Haspamme "oBmIaIMT" B HacTosmel padoTe WCIONS3YeTCA B HEUECTBE BUNOBOTO U
0GBEIMHAST KaK ONTHYECKH TOJORUTENBHHE, TAK U ONTHYECKM OTDUNATENbHHE pas-—
HOCTH. ¥
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CocTa® ¥ comepXaHde PO B SEOMATHTAX M8 PABIMYHEX TeciorHueciyy odpascBasmll IROMECHODG MACCHBE

E}E (dpagen TR, D4, La II e { e W || S i G _II_ by J_ Ho Ex Ty -!_'n} H T ¥ 4 Ty ok ol
E £TR C& e:La
b Bec.% ar.% P33 or £TR
1 2 3 4 5 & 7 a G 20 |2 ) 12 faz |4 | 35 16 17 18
Yoyvmmene Sefemmorak CHAERTOR
I'pytosepencTie XEOHEETH
o 180 S3ns AL A IS SHNG A WY 1B 6.3.1,0 0. =02 % ()T e i
2 450/ .08 y1h.e 48,5 8.5 20,5 2,8 34 54 0,3 28 0023503 02" MDA 82 42
Tpaxwronmsne YEOHEETH
38 JAERLD) 1 oo S0, SS6,8 e 14,0 B4 ag Wb G 1 5,0 0,8 Hail L (27,76 a0y C1a
& e ST NEhe TR 48 Rea dd 4 e g 6.3 8h il Dd e {37 9) a7 1.6
e 0,48 32,2 44,6 831 104 1,5 14 1,0 02 05 - 04 - (259 850 1.4
B 25 j-larl: 24.1‘-‘ '#2.& 3.-& 1"!“'.!‘ "i,:'!' E.E.i 3.3‘- ﬂ.ﬂ 1.5 - 1'3 e {E-EI,'T} EA,E 1,EI
% B860(1) J:44p a8 29,3 9.8 11,0 3.3 5% LR B4 L7 0T B8 - (31,0) asB 1.2
8 960(2) 818 =805 b8 B 817 18 N GS 0.2 0% & R A= (28 B0 (o4 1.5
s 0;63 30,8 42,0 3,3 150 3,3 8% 09 03 04 - - 0,3 (:H Gl 14
10 914 grR donin teEm) 5 A5 4 1.9 C 3B 09 8.2 05 % Ll e (22,2) 943 1.7
11 LRt 0B 24,4 359 65 1B B2 4,4 gl g A8 gl e 0,2 {1%,3) 2.5 1.5
12 1038 O @0 _BMe B2 15,7 44 43 J2n p2 08 = o8 = (2B JaEne 14
12 47 1,24 253 45,2 55 167 2,3 33 0,6 02 06 0 - 02 (BN W7 1,8
14 498 1,45 23,0 43,7 46 164 4,3 441 41,5 04 1,2 0,2 06 - (fe.3) . fagr 4.5
15 = 3i) 1,0 22,0 40,8 5,7 W0 2.3 . 4,5. 58 2.2 1.8 . - e AEA TR It Wias g 82,5 1,9
i — 2%e{2) 163 =053 ‘yvg Spon  BEE AN - Hg- i3 02 OB L = cBE 0 = (24,00 90,7 1,7
. i : 25,4) o,6 2,2
1% 3225 a2 A 458 68 18 22 34 16 04 0,5 g,{ o D,-»% {[22 e 2..&
18 638 2.40 19,0 46,1 4,3 14,9 4,0 38 2,6 0,8 =23 ; i 2 :u’g} e MR
19  Bag/Ul 2,22 256 471 4,3 14,0 1,8 2,6 3.0 0,4 GB b; - 0y g,
Toasmrougade DoRARTH
- - = b T PR
20— 1124 1,85 39,5 47,8 “3,6 %8 05 040201 s 4 Liahs} 9&3‘4 1:&5
bl GO - v 165 4297 452 885 0 0,56 06 9,3 04 Oy2: = - . +B) 55‘1 o=
5 A N N G N S (18,4} y A
i B ol Sl R ' ' ' s 0, 86,3 - {¢5,99 54,6 1,3
23 1008 1,90 - 353 452 3,8 10,2 1,5 1.8 1,0 g4 S0 e ! ;
BHEo- E SESOHOHTEKTORNe CODA30EAHAA MACCIEA
24 644/ 334 286 44,2 43 1.2 385 4.2 0,7 04 i e e R A S IEIE.D} E!.Q,: i';
2 ! 454 295 136 24 04 53 01 0,6 0Od {19,8) Bd, !
25  e2¢/1 2,83 23,6 4504 4.6 : : : 7 o A
g8 9 245 2o.0 B0 5,7 2 45 4.6 51 04 23 "o, " = OB Eialal éﬁ.? 1.4
B 8,9 331 48,0 B5E60130 231 &2 - - - - . - s .
28 szﬁ 1,50 za:u::- 62,3 57 10,4 1,0 10 08 01 0,3 01 00 0,2 (a7 e 1.9
TUMIIERD PROUMUPTATOR
29 979 0,43 o % 450 56 4A%,0 34 8.6 4% 63 21 01 03 04 {30,7) 84,3 21
58 B3 A4 &S 8F BE = &5 - LR - {67,8) 7,0 1,8
30 12 0,13 20,5 : A ' : s 5
141 -1 9.5 3.4 08 0G5 O Bl G (24,3} 90, 1,6
a1 150 0,50 28,0 43,7 4,2 i 9 . i ; s - RB 2
AR5 dad SmY A9 (174 67 7,2 (80 04 50 201 o 1.3 43, J, .
32 REM 3 ' . . .
a3 1468/M 0,80 20,2 36,7 653 18,0 4,0 B0 50 043 £.0 D2 - 3 (68,07 sEe ~1B
Hopmmexo mfolRT-yRTHTCH
- g 1,8
34 1380 0,8 25,7 39,9 64 18,0 24 < 31 9,4 141 - UL (33,8} 89 : 1,
: 190 43 5% &7 0,6 2,0 04 G QA {gs8,7) &l.4 B
35 :LEWM Djz? 21|E' 38,4 4|E" [ ’ w ! ' ' ) *
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Tadmna 3 (oronuaHne)

i 2 3 4 5 6 7 8 9 10 1112 { 13 | 14 | 15 16 17
36 1007/ 02%r 247 38,5 5,6 144, 44 54  &d, 04,14 03, - 14 @3 w1
37 1006/M 0,37 19,8 39,8 3,7y 14,9 5,8 &7 46 0,6. 3,608 0,8 02 - (39,5 . 78,0
38 986/M 0,28 15,3.8L8 4,8 258, 48, 5,6 68 0,6. 8385 '~ 1,7 (54,2) 77,2
39 96/ 049 . 4P, 999 24 188 B4, 92, BS. 03 20 OF. 0 G, (3. ‘704
40  988/M ;2% 252, 398 3.8 158 98 96 T 09, - = - - (54,8) 79,9
4 12799/ 0,28 17,6 36,5 3,7 18,0 4,7 7,5 53 0,4 53 0,3 06 0,1 (8, 75,8
42 1387/M 0,45 49,8 4,6 19 50 03 03 03 01 0,2 0,1 0,3 021 (18,00 98,3

llermaTuTH B anaTHTO-~He(eNMEOBOH HOPOZE

43° 1001/M(2) 0,26 19,0 38,8 4,2 45,2 5,8 Pa- B8 96 347 G 1,6 GE. (58,6) 85,3
4  1000/M(2) 0,15 27,3 8831 50 A94" 3.4 6,0 - 2,0 0,87 4,6 04 - 0,4 (28,4) 86,8
4 119/A-M 0,24 2441 350 1,9 12,4 78 6,9 6,8.0,9 2,3° Cz. 1,9 OCx. (36,0) 73,4
46.  9ISANL)- 047 A8,3. B5F 3,8 0L B89 4By 0 e 6D B2 14 (59,3) 74,6
47  975/M(2) 0,29 15,2 30,4 5,7 16,7 4,8 13,0 9,8 0,9 2,4 0,2 - 0,9 (110,8) 68,0
48  887/M 0,04 24,6 50,0 4,5 13,0 2,9 2.6 2,6 = - - - - (62,1) 92,1

ETR,, = La + Ce + Pr + Nd.




(Ilpmvedasue K Tadn.3)

Teomormieckoe NOMOREHHE MCCAETOBAHHHX 00pasmoB

Hommnexc He(e/MHOBHX cmeENTOB., 1 — T.{Mpeuopp, SIMPUH-TIONEBOUMATOBHE mer-—
MaTUT C JIONAPUTOM M HENTYHATOM; 2 — I.lMbedopp, KCEHOMMUTH apdBelCOHUT-IOJIE-
BOULMATOBOI'O MEIMATHTA B Halike MeJN0YHOTO IMpoKceHuTa; 3, 4 - r.TaxTapBymyopp,
nepeBan I'eorpafoB; 5 - BHC. 1186 M, HedemH-cHeHMTOEHH mopdwp (®wrbHad da—
IMA TPAXUTOMBHOTC XUOHMHETA?); 6 — I'.TaXxTapBymMyopp, MOPOda €O IUIMPOBMIHKNMI
o6ocobnesnavy 89pAuaanTa; 7-12 - r.Taxrapsymdopp: 7,8 — "BepXHAA JOBYODPHTO-
Bad" nervaruToBad Xuna, 9-11 - OuBmmi#t MomOmeHMTOEBHE DYIHWK, STUPUH-TONEBO-
wnatoBuit mermatn? (9,10), mMecTamy CHNBHO anBGUTHANpOBaHEMA (11), 12 - merma-
THT ap@BeNCOHMTOBOTC COCTABA C BTMPHHOM, DPHHKMTOM U amaTHToM; 13 - CHIOHH
r.TaxTapeyMdopp B HOMMHY p.JyTHemaHuilok, SIUpMH-NOJEBOUNATOBHY HETMATHT;
1417 - om=ud cruoH T.lleTpeamyca: 14 - STUDHH-TIONEBOUNATOBHA TIETMATAT C 9B—
IMeJMTOM ¥ SHMIMATHTOM, 15,16 - ap@BefcoHMT-NOJIEBOMNATOBHA IOCTHOHKMHUTORHA
nermaruT, 17 - DOCTMOHKMHUTOBHA ATbOMTHSMPOBaHHH! ap@BelCcoHMT-NONEBONNATO~
BHif mermaTuT; 18 - r.YacHouopp, OTHpHH-CANNT-NOJIEBONNATORHE NerMATHT C ala—
TUTOM ¥ wibMeHnTOM; 19 - r.Koamkap, ambOMTOBHe NPORUIKM C acTpOWLIMTOM;

20 - Ymdosepcxuft mepesan; 21 — r.lloauBymuopp; 22 - r.Kykucsywmuopp, MO Opa-
BOMY OPUTOKY p.TymmuiloK, arbCHTUSMPOBAHHAA NMETMATHTOBAA RANa ¢ acTpofuumiToM;
23 - r.Heopnaxk, aIEOMTHSHPOBAHHAA STUPHH-IIONEBOMNIATOBAA KLIa € DaM3auToM U
JOTIApUTOM; 24 — PRHHI KOHTaKT MaccuBa B paiioHe 03.JUIMHHOT'O, NOJEEOLNATOEBAA
mAla ¢ anaTTOM B yMOTeK:TaxX; 25,26 — "IluppoTMHOBOE yueare", anbCGHTUSEPOBAH-
HAA XuIa ¢ acTpofuianToM; 27 — OEHHHE KOHTAKT MacCuBa BOMMBM X.-I. CTaHIMHI
"XuluHe" , aNEOUTH3NPOBAHHHE STUPUH-IONEBOUNIATOBHA METMATHT ¢ OPUTOJMTOM,
YeBKIHATOM I JOBEHUTOM; 28 — NIo-3amafHuil KOHTEKT MacCHBa, NOJEeBOLIIaToBad
mina B PeHuTax.

HKomiurexc pucyoppuToB. 29 — BoeT. nepepan T.llerpemuyca; 30-33 - AmaTuTo-
Bu#t mpK I'.Paceymuopp: 30 - IDORAIKA anma.m;ra B pucdoppure, 31 -~ apfBenco-
HAT-TIOJMEBOUNATOBHE nermMaTuT, 32 - apiBelCcORMT-NONEBOUNATORHN NerMaTuT C mep-
GAKOBUTOM, BameuTOM, JOMOHOCOBMTOM M JesabXajiemuToMm, 33 - apfBencOHUT-IOJE-
BOUMATOBHA MerMaTiT ¢ JOBP3EPUTOM.

Hommnexe ufomuT-ypTUTOB. 34 - r.KyxucBymuopp, Jayaspur; 35 - r.Hyxucsym-
uopp, MmensTedirur; 36, 37 - T.Pucvopp, "T'pososoit pydeit": 36 - TpaXuTOMIHHHA
uftosuT, ¢ rHesmoM SBIMammTa, 37 - STUPMH-TIONEBOWITATOBHA NerMaruT B HOJEBO=-
miatoeoM utomure; 38-40 - I.PacByMuopp, NETMATUTH SIUPUH-TMONCHI~TIONEBONIg—
TOBOT'C cOCTaBa B MACCHBHOM yprure; 41,42 - r,Kyxuceymuopp: 41 - STEPUH-IUON-
CHO-NONeBouUNaToBRR NerMaTMT ¢ SBIMATUTOM M SHMUTMATUTOM B MACCHBHOM yDTUTE,
42 - moneBOUNAaT-TaKMaHUT-HATDOMUTOBAA Xiwia B MerbTeldruTe, SBOMAMIT U3 8IM-—
PUHOBOT'O garperara ¢ fepcmasuToM ¥ JoBYCcppuToMm; 43,44 - r.Kysmenop, STUpPUH-
IHMONCHI~TIONEBOIMATOBHA NermMaTuT co ceHom 1 pamsauTom; 45 - . KyKucBymuopp,
STUPHH-~TNONCUA~NIONEBOINATOBH! nermatur; 46-48 - r.Pacsymdopp: 46,47 — 8ru-—
PUH-TIMONCKI-TIONEeBOLIaTORHA NeIMATUT C JOMOHOCOBNTOM, 48 - "ryaspuTonoZoCHad"
Wina, cexywad amaTuT-Hehe/MHOBYD NOPOLY.

TR,04 (B cpensem 0,69%), B To Bpemd Kak PBIMAIATH U3 IeTMaTHToB T.IlleTpemty-
ca 1 TI'.YacHoduopp - 1,24-4,52% TR,04 (B cpemuem 2,36%), a SBIVANIUTH N3 IeTMa-
THTOB B IPyG0SEpHUCTHX TPAXHTOMKHHX XMOMHHTax T.Mmeewopp - 1,78-1,82% '1'R20:3
(B cpemsem 1,80%).

CocraB rpyund P39 B 9Bmua/mTax ¥3 HedequHOBHX CHEHNTOB XuOMHCKOTO Maccu-
Ba TAINYEH LIA aHaNOTWYHHX NODPON HPYTHX paitcHoB Mupa. Hampumep, 9BAMANUATH
n3 HedeNMHOBHX CMeHHTOB TyeH u Euxmcelickoro xpams (CemenoB, 1963) Taxkke cy-
mecTBEHHO Hepuemde (STR,, mo 9R-97%).
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; IBIMAMATH U8 LOPON ¥ HeIMaTUTOR KOMIIEKCE HHOJMT-YPTHTOB, B TOM UMCHE H
Saneranux B BALE DPEJUKTOB B anaTuT-HeQeJnHOBO! MOpolle, cOXEepXaT PEeIKNX 3e-—
Mene B 5-10 pas MeHmblle, 4YeM BBIUATHTH KOMILUIEKCA He(emMHOBHX CHEHNTOR, U
3aMeTHO oCorameHH P33 uTTeplueBoy NONTDYNIH X MTTpHeM. HamGolee HHM3KOE CO—
IepKaHue '1‘R203 1 HamOoJee BHCOKOE CONEpEAHNE UTTpUA yCTaHABIMBANTCH B SEINA-
JITaX X3 NerMaTuToB B anaTuT-HefeqnHOBOM MOpOme, B KOTOPHX KOJMYECTBO UT-
TpUA B CpelHEM PaBHO NOJOBMHE BCET'0 KOJMYECTBa P335,a B OTHEMBHHX 0O6pasuax
urTpn#t faxe mpeodiamaeT. B cocraBe BIeMEHTOB IIEPUEBOH TONTPYINH B 9THX BB—
IneymTax JaHTaHa MeHblle, YeM B 9BIMATNTAX U3 HedieMMHOBHX CHEHHTOE.

llo cocraBy P39 SBNUATHTH U3 MOPON KOMILIEKCA HAOIMT-YPTUTOB GIMSKE XK 5B—
IaJATaM M3 CYWEeCTBEHHO aIlauTOBHX He(eJMHOBHX CHEeHUTOB HATPHEBOTO pANA
JloBcsepckoro maccusa Ha KombCKOM IOJMyoCTpoBe M MaccubBa llmmaycak B I'penngH—
mm (Bamamos, Typascxad, 19606; Bamamor, 1969), HO OTMYAHTCH OT HUX MEHB—
MM CYMMADHEM COLEepRaHMEM TR203 I Gojiee BHCOKMM COTEepXaHHeM HTTPHsd.

JBIME/MTH DHCHYODPUTOB IO COCTABY TPYNIH P3D 3aHNMANT -IpOMEXyTOUHOE MOJ0—
XeHUe MeXLy SBINaITaMy IBYX PacCMOTDEHHHX BHIE I-pymx, HO CoJee GIU3KM K 8B-
INanuTaM IopoJ KoMILIeKca HoMnT-YDPTATOB.

QuoopuT. IToT MMHEpaN B XMOMHCKOM MacCHBe MMeeT OTDaHMYEHHOE DacIpoCTpa-~
HeHUMe ¥ BCTDEYaETCA IJIABHHM 00pasoM B NOBJHUX IMIDPOTEpPMalbHHX 00pa3oBaHUAX
B BUIE CEKyUMX DPOMUIKOB, HEHDaBUNBHHX CKOIUIEHMH B IOpome, B NyCTOTax Ier—
MaTHTOB; acCOIMUPYETCA ¢ IEOJNTaMi, aHaNBIMMOM, ANOQUIINTOM, AHKIINTOM U
IpyTUM MEHEDAIaMi . =

Comepxanue P35 B mccaeloBaHHHX o0pasiaxX, KK TPABWIO, OYEHb HU3KOE
(0,004-0,080%) ; e B ONHOM OGpaslie 13 IeTMaTHTa HedemMH-CHeHNTOBOTO CO—

Tadbaxuuyga 4

Conepxazme P33 Bo {VINODHTAX M3 DASINYHHX TEOJOTHUECKUX OOpa30BaHmil
XuONHCKOTO MaccuBa

53_ O6paser |"re¥3|-La |Ce lPr l Ni—[ Sm l Gd 'Dv |Ho I Er | Yb | ¥ +(Tb)|2TREe
H/ﬁ Bec. % ar. %PBB oT TR k ZTR

1 '320/6-1'0,004 '27,3'51,6'5,2'15,9" Gr.' Cr. Cx.' - -1 - ' (7,9) 100,0
2 331/0 0,005 34,8 55,6 Gr., 9 6 - - = = = = (30,4) 100,0
3 m3/m  o,79 5,7 23,2 4,1 34,4 15,5 16, 6" 0,1. 0.3 0.1 _(31.7% 7.4
4 520/01 0,08 10,7 32,7 6,7 10,7 10,2 26,3 1,6.1,5 =. (388,3) 60,4
5 333 0,01 32;4:40,8 4,917,628 2,3 = =i mmoem (87,3)..95,2
6 43%(1)+.0:03 12,5 35,0.4.5 3,0 #.8.'8,86 | AT S (55,6) 83,0
7 437(2) 0,037 16,2 28,7 4,9 25,7 6,4 11,6 5,2 0,3 0,7 0,3 (189,0) 75,4

N . 3R, = La + Ce + -Pr + Nd.

* Imcmposnit He yHaIOCh OTHENNTH OT WTTPUA M TEpOuA.

_TeoNoruvecKoe NOJOREHEE MCCAENOBaHHHX 00pasuoB

1,2 - 3anamsHe KOHTAKTH XMOMHCKOTO MAcCHBa, BOMMSH X.-I. craHmm "Xuon-

HY", ATEOMTH3KPOBAHHHE HeQeIUH-CHEHNTOBHE NETMATHTH (®xwiH ¥ 1 = 2);

3 - ram xe, HeemmH-cueruToBHE mermaruT (xuta % 3); 4 - r.iMbedopp, SrEpHH-

TOJeBOMIATOBHY IeIMATUT C NOJMMTHEOHATOM B IDyCO3EpHMCTHX XuOMHEMTaX (B myc-

TOTKAX B ACCOIMAIME C aHKWmMTOM); 5 - I'.Bajrenaxx, arTsOHTHSEDPOBaHHHE (DeHMmTH~

3HpoBaHHHEe THeflcH; 6,7 — mepeman lleTpejmyca, 3TWpPUH-HATPOJAT-NOJEBONNATOBAA
| Kia, Cexymad MeJouHHe IadCpoMmH B TpPAXMTOWMENX XudneuTax (dmoseroBad m Gec—

OpeTHaA pasHocT! quvopuTa, B ACCOIMAIMK CO -CHEHOM, auaTHTOM X IMPKOHOM).
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cTaBa B SK30KOHTaKTe MaccubBa (o6p. M 713/Il) GHIO YCTaHOBIEHO AHOMATLHO BH~
cokoe comepmasne P33 (0,79%). Cocras P33 Bo dumwopnmrax (Tadm.4) B LemoM Cy-—
WECTBEHHO LiepueBHl (ITR,, OT 100 mo 60,4%), HO B HEKOTOPHX quoopuTax B 3HA~
YNTENBHOM KOJWYeCTBe NpUCYTCTRYNT Cojiee TAKENHE SJIEMEHTH pPeNK03eMEeILHOTC
pABa. Maxcumymd B cuexrpe P32 HpuXoZATCA JAu60 Ha Hepuit, Jubo Ha Hepui u
HEomuM; XapaKTepHO TakXe (oJiee BHCOKOe coliepXaHue TaNoJuHUA IO CDaBHEHND C
camaprem. ComepgaHne HTTPHA MEHAETCA B OYeHb UWMPOKHX npefenax — oT 7,9% no
OTHOWEH:D X cymve TR Zo Bemwdmuu, novyry B 400 pas mpesocxoBaue# cymuy codcT-—
BEHI0 DPEIKOSEMENBHHX 9JIeMeHTOB, HyXHO MMeT: B BHUIY, 4YTO IIPH TAKOM BHCOKOM
CONEPKAHNN HTTDUA TOYHOCTH ONDENENEHNA OCTATBHHX P3D CWIBHO TOHMEAETCH, IO~
BTOMY HENb3f, HANpUMep, HaCTaMBaTh HA JOCTOBEPHOCTH HeoOHWYHO BHCOKOTO CO—
DepKaHUA TaloJuHuA B ofpasue % 520/10. Mexmy colepXaHueM NTTepCHEBHX 3eMelb
I COTNEPKaHVEM NTTPHA CYMeCTBYeT IpfMad 3aBUCHMOCTE, Hapyuaemad TOJBKO BO
fUmopUTe ¢ CaMHM BHCOMMM coepxammem P33 (o6p. B 713/11), B koTopoM cymMe
Sm...Yb, paBHO# 32,6%, COOTEETCTBYyeT BCEI'O Jullb 31,7% UTTPUA,

[IMpKOHO— ¥ TUTaHOCUNMKATH UM Ipyrve vmHepasd. HaGmomaoTcd onpeleleHHHE
DasauunA MeXIy pacnpeleneHueM P33 B MUHepanaxX TATaHa U IMPKOHWA.

I3 TMTAHOBHX MIHEDATOB HAMGONEE PACTIPOCTDAHEHH COGCTBEHHO DENKO3EMETbHHE
MUHEepalH, OTHOCAUMEcHT K KIACCY TUTAHOCWIMKATOB U CHOXHHX OKMcnoB; P39 B Humx
IPEeUMyIeCTBEHHO 3aHNMAWT COCCTBEHHHE NOBWIME B CTPYyKType. OCHUHO 2TO MuHE-
pajH, B KOTOPHX KpPOME HATPUA IpPUCYTCTBYWT KamnbImi, cTpoHimi mwmm Oapuit. K ux
YUCHY OTHOCATCH: JIONEPUT, DUHKNAT, YEBKNHAT, TYHIPUT, WIKMEYCHT u Jpyrume. Co-
crTaB TpynnH P39 9TUX MUHEDAnoB CYLECTBEeHHO nepueBH#t (radm.5, puc.l m 2).
OcHoBHEA ®e Macca TUTAHOCHMKATOB NPAKTHYECKHE HE CONepXuT P3D. JTO IDOBOMBHO
OCHYHHE XMOMHCHNE MUHEDaNH: SHUTMATUT, JaMipo@mmiT, acTpofimmuT-KyIIeTcKUT,
JIOMOHOCOBUT, MypMaHuT, NACYHIOBUT, HEHANKEBUUAT, DAMBANT, MAHTaH-HEITYHAT,
depcmasmT  Ip. Orcyrersme P33 B oTuX MEHepanax, NO~BINUMOMY, CEASAHO C CYy-
WeCTBEHHO HATPUEBHM UX COCTABOM; IOpuMeck P30 HaG/mmIaeTCA TOJNLKO B TeX U3
HPX, KOTOpDHE B 3aMETHHX KOMVYECTBAX CONepXaT Hambluit, CTpoHImHA u Oapull. Ha-
mpuMep, P39 yCTaHOBIEHH B comepXaleM Kalblif SHHTMATHTE (o6p. k 653), HO He
oCHapykeHH B pamsanTax. CocTap P30 B 9TuX MEHEpalaX TaxXe CYWECTBEHHO Iie—
pueBHit, OmHako B JUTEPATYPE OTMEYANOCh, YTO B pAfle CIydYaeB cocTaB P33 Bapbu—
pyeT B 3aBUCHUMOCTH OT pasmepa 3aMellaemMoro KaTHoHa; Tak, HalpuMmep, DeXkue
3eMIN B CTDOHIMEBOM THTAHOCWINKATE JaMnpofiinTe 0TYeTMBO oGoTalleHH JaHTa-
goM (Banamos # mp., 1960a).

Cpelnm IMPKOHMERHX MIHEPANOB MacCUBa HEU3BECTHH COGCTBEHHO DERKO3eMeNbHHE
MEHEpaiH, OfHaxo P39 NOCTOAHHO NPUCYTCTBYHT Kak B KaJblMEBO-HATDPUEBHX IMPHO-—
HocmmMKaTax (SBOMaNUTE, JOBEHUTE, JOBO3EPUTE), TAK ¥ B HATPUEBHX IMPKOHOCH—
JmKarax (xaTalienTe), a Takke B COGCTBEHHO LMPEOHWEBOM MUHEpane — IMpKOHE
(cM. Ta6m.5, puc.l). IprMevaTenbHO, YTO IMPKOHMEEHE MMHEDalH BCeTNa B Tolt
wiy nHo# cTemesy oGoTalleHH 3JeMEHTaMM WTTepOumeBoil NMONTPYINH ¥ UTTPMEeM; CO-
rnacHo E.M.CemesoBy (1963), 5T0 MOKET OWTH OGYCJIOBIEHO TEM, 4YTO KpoME Kalb—
WA, 3aMelaeMoro LEepUeBHMY 3eMIAMH, B 9THX MUHepajaX HTTpUll 1 uTTepCHeBHE
3eMIX MOTYT 3aMellaTh IUpKOHWA. [0 COOTHOWEHMD JETKUX X TAREJHX JAHTaHOHIOB
IMPKOHVEeBHe MuHepanH XmOUHCKOTO MacclBa MOLYT CHTE pacHONOXEHH B DAN: JOBE—
HUT - SBIMAMNT — JOBOBEPHT — KATAIIEWT - IMpKOH (B MuHepaiax mpaBoy 4acTu
pAfia npeoGnamanT P39 urrepduesolt MONrpymIH).

OpaligeT BEUMAHNE CYWMECTBEHHO MAHTAHOBHH COCTaB TPyIIK P39 B CTpOHIMEHI-
re (06p. #® 186) ¥ CymecTBeHHO WTTepOueBH# (PN BHCOKOM COMEDHAHMN UTTPUA) -

B mexrTomure (o6p. ¥ 1385/M) m omdom ofpasue anofuwumira (oGp. ¥ 155/1).
Bce aTu MEIHEepalH OTHOCATCA K HO3IHe) HeomuToBO# accomraimm, fopwiipyomel

THe3Ja B INerMaTuTax U camMOCTOATEJbHHE XILIH.
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Tadanga b
CocTar U comepkannte P39 B IMPKOHO- K TUTAHOCHWMKATAX ¥ IDPYI'HX MUHEparax

Ho- ‘ TR0 La TCe I Pr [ Nd TSm

MED VmBepan OCpasen g

/o Bec.% , ar.% P33 oT LTR

1 | Bpwrommr - gr,00 1296 Ta9,8 14,3 Taz,2" 1,4
2  YeBRMHNT 312/1 48,12 A4 & NG R 0T B4 AGr.
3 Agamut - 42,25 ga-2  FRLG “tan 139" 0.8
4 Jomaput 01/2-11 33,37 S 1651545 <1503 8.7 10,3
5 o 354/l 32,49 o =R s A 0,8
6 " 850/11 27,65 28,0 "L FY 308 Y1600 104
i ! a1/m(e) 26,67 34,0 BB -5 8" 0,9 02
8 i =tk 306(HI1) 26,12 24,8 - B9,6 4,0 Bao O3
9 ¢ 1254/M LT <y 5 RN 7 b ol {6 il 14
10 " 569/M 3,14 49,8 5428 80 08,8 Laaaieting 8
11 JlopesnT 306/10(1) 11,64 28,5 50,0 12,8 3,0
12 L 306/11( ) 8,97 28,5 449 Lighg i q4. g 53 6
13 1y 306/11(3) 7,02 29,4 23 gl WiTda gl igeg
14 " 308/M(4) 2,50 30,8 A4 479 ER,E 0 LY
15  WmmaycuT 1251/M 10,90 35,0 (TU4BL0 W 9 - 10,4
16  JloBoseput 1455/M 1,15 Bugns. gRige " g ae o ingnugL W98
1% J 1456/M (o5 11, 8-TwE50 4.9 206~ 5,8
18 " 41/70-M 0,05 SF N TG ERS Qe Gk g
19  IllzproH 437(1) 0,94 a ] N B i oI
20 m ©437(2) 0,143 ke MR £ il 21,97 “48
21 K-2 0,49 0,3 6.8 10,3 RN s L.
22  Tunmposemmamut  203/M 0,3 ey SRR 1o Jh IR - R i R
23  Karammemr K-I 0,045 kR P R 5,86 32
24  Kymrercxur 306/11 0,50 - G R T s o SR g s I
25  depcMaHUT 1381/M 0,05 39,37 48,4 4T GLEEN S
26 SHUTMATHT 653 0,002 1%7.3 36,5 6,4 Bos0" 450
27  AnofwwmT 155(1) 0,34 S R o1 SR 8.8 4,0
28 g 155(2) 0,13 .3 88 4.5 E Y 14
29 " 404 0,36 BO,0  @RAT 8,8 T 1885 2,0
30 MexTomT 1385/M 0,17 15.1 20,5 MPs 2,45 s
31 CTpoHIMAHNT 186 0,0053 55 A0 - Cu. 5 -
*STR. = ILa + Ce + Pr + Nd.

Ce
**1v HE YNaI0Ch OTHENUTE OT Y ¥ Th.

Teomorpdecroe NOJOKEHNE MCCAENOBaHHHX 00pasloB

1,2 - sanagsHe KOHTAKTH Maccupa, BOMMSH X.-L. cTaHuay "XuCuHH", aqbOHTH-
SHpOBaHHNA NMerMaTHT HedeanH-CHeHNTOBOTO cocraBa (mana % 1) (llmxoma u Zp.,
1963, 1966); 3 - r.lvmsevopp, STUPHH-TIONEBOUNATOBHY MEIMATHT C MOMMIMTHOHU-
ToM; 4 - 3eNANHHE KOHTAKTH MAcCHBa, BOMMSH X.-N. CTaHmmy "Xuoueu", anxbCuTH-
3UpoBaHHER mermaTUT HedeMmH-CHEeHNTOBOT'O COCTABAa (#na % 2), HROOOMOIEDHT;

5 - TaMm ®e, NErMaTHT He(eNH-CHEHMTOBOTO cocTaBa (xmwra ¥ 3); 6 - r.PecTu-
Hb0H, PUUPUH-TONSBOUNATORMA METMATUT, Huodononapur; 7,8 — 3amafHHe KOHTAKTH
MacouBa, suia ¥ 1; 9-10 - r.PacBymYopp, merMaTMT B pucdoppurax; 11-14 - sa-
NamsEHe KOoHTAKTH Maccuba, xuwia ¥ 1; 15 - r.l0kemop, nermarur B MACCHBHHX
udomr-yprerax (CoxonoBa ¥ Xp., 1968); 16-18 - r.PacBywmdopp, METMaTUTH B PUC-
yoppuTax (CokonoBa ¥ Hp., 1969): 16 - usmesesHuit joBosepuT, 17-18 - mceBmo-
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XOMHCKOTO MacCuBa

mopfoss no sEmMamuTy; 19,20 - r.lleTpemuyca, aneOUT~HATPOJUTOBaA TUIPOTEp-
MajEHad EAJla B XMOMHENTAX, COOTBETCTBEHHO KODWYHERaR M PO30Bafd DPASHOCTH Mp-
®oHa} 21 ~ r.Kyxucsywdopp, "lMproHoBad" TNepeMHuKa; 22 - I',PacBymuopp, moje-
BOWNATOBHA HPOXWIOK C JMamipofumuTom B pucHoppuTax; 23 -~ "HunpHad" HonnHa
Kyrxuceymuoppa, HarpomaToBas muna (Muxepamt Xutuscxux u JloBo3epckux TYHIpP,
1937); 24 - sanafHHe KOHTAKTH MacCEBa, Xuna % 1; 25 - MecTopomieHne Kyxumc~
ByMYOpP, HATPOJUT-CONAMAT-IIOJNEBOUNATORad Xuja B MeabTelituTax (Coromoma,

. 1965); 26 - r.lerpeinyca, apBeNcOHRT-TIONEBOMATOBHA METMATUT B XHOUHUTAX;
27,28 ~ r,Xu6nHnaxxyopp, apiBemcoHUT-3TUpHH-TIONEBOUNATOBHA MerMaTuT B Xuou-
Hgurax; 29'- r.lleTpesuyca, SIMPUH-HATPOJUTOBOE THE3NO B apiBeNCOHMT-TIONEBO-
ENaTOBOM mermarTiTe B XuOuHuTax; 30 - aHamoruudo 25; 31 - nepesan OOMaHHHH,
STUPMH~-HATPOJMTORAA XAJa B PUCYOppUTax (Eopyg;mﬁ 1 Ip., 1965).

Cd r Dy ] L Fr L T i L Lu } ¥ + (M) ETRY, | Ce:ls
. ar. % P33 or zTP .

T, 61709 -1 p I Tge Eaas g 2,4y ¥ 9591 1
Ca. - - - - - - (=) 108,86 <=4
0,3 = = = - - - (0,1) 98,9 1,8
0,1 - - - - - - (=) 99,6 1,8

- - - - - - - (=) 99,7 1,9
0,1 T & - L = = (=) 99,5 el

2 " k' L & i - (=) 99,8 1,5
Oe, e - ¢ - Z - (0,3) 99,3 2,0
0,1 - - 2 - - - (0.1 99,3 1,7
gl - - - - - - e 99,1 0,53
2.3 9.8 Gr. 9 - Ca. - (6,8) a,4 1,5
9.9 2.8 W Cr. - - Cx. (6,7 9,0 1,6
2.0 0;72°.°2,0 " Gr.~ 4,5 " (8,7) 91,9 1,5
o 28 Cr. 36 " Cm. " (28) 90,2 1.5
0,1 =~ - - - - - (=) 99,5 1,4
o S Tl e W 34 04 0,7 (75) 65,0 4,7
2 o W i SR ok R | 0,4 (55) 72,0 3,0
3,6 - - - - - - -(40) 92,8 1,8
1.6 7.8 M, 23,1 10,2 a4 165 (152) 10,3 el
oy s e AR« U S [ S < 7 SR (3 R (228) 16,7 6,4
8,3 20,8 B,2 34,8 5,2 10,2 (226) 16,7 22,7
6,8 8.7 - - - - (26) 88,5 0,%
2,3 49 588 3,6 3,1 30,9 3,0 (373) 33,3 2
1.4 0,8 - 0,1 - - S - (6,1) 97,4 2,0

- - - ~ - - - (16) 100,0 4,1
2.8 ~ - - - - - (6,4) 92,7 24
a ¥ P17 56 NIiLo - 5,3 - (13978) 43,8 1,4
2.8 0,8 N3 2;7 - - - (2043) 9,8 3,6
1,9 - - - - - - {1.8) 96,1 1,6
S Q5 4287, .5 55,58 0,5 ' (238} 45,5 1,4

- - - - - - - (=) 100,0 0,7
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100% Zgy4=(Sm...Hs)

7 294,
7, 670,
34-72831 0% 20 40 60 80 100 %
Zoo=(La... Na) Zy =(Er...1u)

Pz c., 1. CocraBu P32 B mmHepanaX XHOMHCKOTC MaccusBa Ha TpoilHoll mmarpamve
TRy, - ﬁ:TRGd - TRyy

1 - gamHNe Tadn. 5 (umdpH ¥ XpyAKOB — HODAEZKOBHE HOMEpa B radmmne); 2 - JaH-
HHe Ta6n, 1-4, Kmapx P39 - mo A.Il.BmmorpamoBy (Mumeer, 1969)

FAVAVAVAY)
TaVaVAVAY)

5 b
100% Z(La... NZ) 100%E(a...Nd) 100% S(ta.. Nd)  Z(Er...Lu)

P uc. 2. PparmMeHTH Ouarpammu, Ioxazgiuoll Ha pHuc. 1

a - anaTurH; 6 - ofeHH; B - oBmuanuTH (1) ¥ QUIROPHTH (2). CBeTIHE KDYyXKH —
IaHHHE IJIA MUHEDAJNOB W3 Hefe MHOBHX CHEHHTOB, KDYXKH G TOukoil - #3 moltkmm-
TOBHX HE(PEIMHOBHX CHEHHTOR, YEeDHHE KDYRKE - X3 HAOIUT-YPTHUTOB
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OBCYIKJIEHUE PE3YJILTATOB

llonyuyeHHHe NaHHHE NO3BOJANT pPACCMOTDPETH pacnpeliejexne P33 MeXIy KpucTal-
JU3YOUFMACA MAHEDaIaMi.

EcrecTBeHHo, 4TO INA mcHonb3oBaHusa P39 B KauecTBe MHIMKATOPOB YCAOBUi
MEHEPaTo00pasoBaHna HamGojlee NONXONAT MAHEpaNd, B KOTOPHE pPeNKue 3emIn EXo-
IAT B HeGOJBUIOM KOJIMYECTBE B BUNe usoMopdHOM mpimecu. Cornacuo U.Jl.PadumxoBy
(1965), xosPfUIMeHTH aKTHBECCTeN WMMKDOKOMICHEHTOB HEe 3aBUCAT 0T UX COGCT~-
BeHHHX KOHIEHTpamuil; HOSTOMy IpM IpOYMX PABHHX YCJOBMAX MSMEHEHWe KOHIeHTpa-
I MUEPOKOMIIOHEHTA B MUHEDalooGpasyblieM DacliaBe WM PacTBOpe MOJKHO BH3H-
BaTh NOpAVMO [pONCPUUOHANLHOE K3MeHeHne ero KOHIEeHTpally BO BCeX KpHCTaLIM3yo-
IMXCA MAHepanaX. OfHaxko Iake LA MUKDOKOMIOHEHTOB KOSPIMIMEHTH DaclpeleleHHd
MeXIy pacTBOPOM ¥ pPasHHMI MUHeDalavy 3aBHCAT KakK OT CBOWCTB BIeMeHTa-IpuMe—
CH ¥ 3aMemaemMoro aIeMeETa-Xo3AMHA (MOHHHX WIH aTOMHHX pDalifycoB, 3apANoB
MOHOB, NOTEHIMANCB MOHMBAIMM, SJIEKTPOOTPULATENBHOCTER M T.A.), Tak U OT
CTPYKTYDH KPECTALIOB, OT COCTaBa MuHepala ¥ pacTBopa, OT TEMIEpaTypH U Ipy-
THX UHTEHCHEHHX TepMOMEHaMIYeCKuX napamerpoB (Padumxos, 1965). EcrecrBeH#zo
IOBTOMY, 9YTO BMIMpMYECKNe 3AKOHOMEDHOCTH, NOJNYYeHHHE K3 gHAM38 NPUPOTHOTO
mMaTepuana, Ralexo He OMHOBHAYHH, Tak Kak He YYNTHBAOT MHOTMX BOSMORHHX (ax-—
TOpPOB, OKA3WBANUEX BMIAHNE Ha pacupeXeneHume P33. BoSMoXHO, B CBASH C BTUM
MHOIVIE MCCJIeNOBaTeNN OTBOLAT pemaliy® POoJXb B pacnpelneneHud P39 KpHCTALIOXV-
MIYECKIM OCQGEHHOCTAM MUHEpana, NMOCKOJNBKY OHM GOJNee M3BECTHH.

OcxoBHMME KOHOEHTpATOpANM DelKUX 3eMelb B NOopoZax # HerMarTHTax XuGHHCHO-
TO MACCHBA MBIAWTCA amaTur, comepkamm#t or 0,39 mo 5,55 TR,04, clen
(0,007-2,52%) u opmmammt (0,04-6,95%). Cpemame cocraBd Ipynns P39 B aTUX
MEHEepanax CleXylpe:

La31’50e45,3Pr4,4Nd14’38m2’26d1’BDyO'B...(Y4J0)_
B anaTthTe;

La18‘00e45,9Pr5!6Nd21’BSma"BGdB’sDy."1.--(1’9,6) -
B ceHe;

Lap5,8%¢41,07%4, 6%415,09m3,568y 3P73,0H%, 4571,4¥00,9(¥34,9) -
B 3BIMAINTE, .

Kax BmmHO, COCTAB pemiuX 3eMeJb BO BCEX MUHEpajaX, HeCMOTDA Ha M3BECT-—
HHE Bapualiy, CeJeKTUBHO DepueBHif, MuHepanh STH, KaK IPAaBAIO, COCYMECTEYRT
B nopogfe. IIo®TOMy BOCTATOYHO OYEBMIHO, UTO ONHOBpeMEeHHasd oGoTalleHHOCTH CO-
CYULeCTBYNIMX MIHEDaIOB IEPMeBEME 3emisaMi o0y CJoBJIeHa, 0CQOEHHOCTAMY XAMUSMA
MuIHepanooCpasylme# cpefH, Tak Kak B NOPofaX IPYyIMX THIOB 3TH K€ MIHEepaH
IMEDT COBEpmeHHo MHOR cocram rpynnu P39. Tak, Hampumep, B TpaHUTaX anaTdT
7 cfeH MMEDT KOMILIEKCHHH, a B pANe CAy4YaeB U CENEeKTHBHO uTTepOueBHit cocTar
rpymmd P33 1 pesko NOBHMEHHOEe CcOoNepXaHme WTTpUA, a aﬁnmanur U3 WENOTHHX
TDaHATOB CYWECTBEHHO OCOTalleH TAREJHMA BJIeMEHTaMU PeIKO3EMEJBHOI'0 DAfa
(CemeHoB, 1963).

B To ®e Bpewmd CymMMapHOe Coflepkarme P33 IepueBol) MOXTDYNNN B HAX pasmiy-~
HO: 95,6% B amature, 91,3% B cpene m TOXBKO 86,4% B spmuanuTe (B CpENHEM,
B IpONEHTAX OT CymMH TR Oes urrTpma). TaKoe CooTHomeHme LTR,, (amaTut >
> ceH > SBIUANT) XaPaKTepHO LI NAHHHX MEHEDAToB M COOTBETCTEYET NOMOKESHIH
UX B DALY CPaBHATENBHOM "MaHTaHOfmIbHOCTH" (Cemenor, 1963; XommxoB, 1968,
1970, 197). OueBEAHO, YTO OHO OLPERENASTCH KPUCTAJLIOXUMIYECKIMI daxTopaMi
I OGBACHASTCA OCHYHO pasiuydcll KoopIuHalmell KaabImd, BaMelaeMoro Ha DEIKHE
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semmn: 9 m 7 — B anature, 7 — B cede ¥ 6 - B SBEHATNTE. HM30MpaTennHOCTH
CTPYKTYP TaHHHX MUHEpPaJIOB MO OTHOWEHHO K P39 NpOARIAETCA TaKKE B DA3MIMYHOM
CONSpKaH/ OTHENBHHX SIEMEHTOR BHYTDHM LepWeBclt MOETpymn. Tak, JamTad Goxes
BCETO HaKaMBAETCA B aunaTHTe, MeHee Bcero — B ceHe; B To ke Bpema cfeH B
OTJHMYNE OT alaTuTa ¥ 9BIHaIITa 3aMETHO 00oTAalieH HEOIVMOM.

BosmomHHe NpUYMEH OGOTalleHUA AnaTiTa JaHTAHOM YEE OGCYRUAMMCE B JMTEepa—
rype (lymsus u mp., 1964; lymmus, Homeparuesa, 1965; Bopyuxuit, 1965; Bapmanr
¥ Ep., 1967a; Dymsum, 1970).

CormacHo mpemcrasnernaM O,DB.JlyoruHa, B anaTuTax ¢ HeGOJBIIM CONEDPXAHNEM
CTDOHIMA HAKaIMIEBEWTCA IPENMylWecTBeHHo Te P33, KoTOopHe HauGodee CIAUSKNI K
Kanpluo 10 MOHHOMY paIuycy. 3aBHCEMOCTL DTS CTAHOBHTCA Bce Cosee y CoJee
OTUETMUBON HPY YBEIUYEHMM CyMMapHOTO comepkaHnf TR,0,° B MuHepane. B pesyab-
TaTe NP YBOJWYEHNM NPUMECH peNKUX 3eMeNt B anaTUTe B UX COCTABe IOCTENeHHO
YMEHBMAETCH IOJNA TAXENIHX BJIEMEHTOB PENKOBeMENBbHOTO pANa W UTTPUA, MOHHHE
pamIyCcH KOTOPHX MEHplle, YeM ¥ KaiplA, & TakXe JaHTaHa, HOHHHWI pamryc KOoTo-
poro foneme, 4YEM ¥ KaIbIMA.

Bucoroe comepxanue jgaHTasa, no 0.5,Jlymxuey, XapakKTepHO TOABKO IJIA TEX
anaTuToB, KOTOPHE oCoTelleHH CTpOHIMEM, ITd NPEfCTABIEHNS OCHOBAHH Ha U3BeCT-
X QaxTax (Cemesos, 1957; Baamos, Typanckad, 1960a) 0 mOBHWEHHO#! M30MOPE-
HOJt eMKOCTN K IIEDMEeBHM 3EMIAM, B YACTHOCTH K JaHTaHy, OapueBHX ¥ CTDOHIME-
BHX MUHEpaIoB. BXOXOeHue B auamuT CcTpoHims, no MHeHmo 0,B,JyIoxuHa, TOJIRHO
CIOCO6CTBOBAT HAKOIVIEHWP B HEM TakKe I JaHTada. [IPUBONWMCH NPUMEpH yBesH-
YeHUA CONEPRAHUA LEepHA [IpPX BO3pacTaHMy cyMvE P33 B XNOMHCKNX alaTuTax NOpH
TNOCTOAHHOM COZEepRaHUM CTPOHIMA ¥, HacCOpoT, CIyYad YBEIUYEHNA CONepRaHnd
JaHTaHa NpH OfOTaleHiy CTPOHIMEM anaTuToB C NOCTOAHHEM CoZepXaHiem TR,04
(Iymeme, 1970). B DpOTMBONONORHOCTE BTOMY MH CUMTAEM, YTO HENB3A DAcCMATDH-
BaTh "HOCpeNHMYEcKyn" DOMh CTDOHIMA B CTPYKTYpe amaTuTa Kax pemaomuit daxTop,
onpemesdonyi odoramesue dTOTO MEHeDala MaHTAHOM. Bo-TIepBHX, anaTuT He ABIA-
eTCA COGCTBEHHO CTPOHIMEBHM MUHEDANOM — TJABHHM KATHOHOM B €U0 CTDYKTYDE
ARNAETCA Kalblmil; cTpoHim#, Kaxk @ P33, BXOIAT B CTPYKTYDHYD MOSUIMD KalbIINA.
Bo-BTOpHX, IpPH KPACTALM3AIHE aNATATA KPYUHH{ HOH CTPOHIMA CJIYHHT CKOpee
"KOHKYDPEeHTOM" KDYLHOMY MOHY JgHTaHa, ueM "IOCpemHEKOM", Tak Kak, COTMIACcHO
naHauMm C.B.Bopucosa u P.@.KneBﬁOBoﬁ (1963), Ipm HeGOMBNOM KOAMYECTBE MPMME-
cu P33 U CTPOHIMA OHM 38MEWaNT B CTPYKTYPE anaTuTa Cap, HaXONAuAicsa B sep-
KaTBHOM IWIOCKOCTE cumveTpyy (¢ RoopmiHammed 7), B TO Bpemd Kax Gomee "mpo-
cTopHHe" mosmpm Ca;; Ha TpoftHO! ocu (c xoopmuHammen 9) oCTANTCA UMCTO Kalb-
IWAEBHMI . ,

Ilpr Coxee BHCOEKOM coZepXgHyy M3oMOpdHHX mpumeceil, HO-BHIMMOMY, CIOelyer
OXUIATE pasIeNeHUs CTPOHIMA 1 P33 mo pasHHM HOBMIMAM, Tak KaK B CTDPYKTYDE
OeqOBATA — COGCTBEHHO CTPOHIMEBO-PENKO3eMENBHOTO MIHEpala cO CTPYKTypoi
anarura SrgCe,Na,Pg0,,(OH), - CTPOHIMI 3aHEMaeT MOSMIMD Cap, a P39 n Harpuit
HaXoNATCA B JBYX HEIKBUBANEGHTHHX IO3MIMAX, 3amemad Cargp (mamme C.B,Bopuco-
Ba 1 P.®.KneBmoBo#t - cM. CemeHoB, 1963). B 8ToM cayYae TPYHHO ORMTIATE KaKOH-—
JG0 KPHCTALIOXVMIYECKO! 3aBMCHMOCTE Mexny P39 u CTpOHIMEM, ¥, IeiCTBATENb-
HO, cOCT@B I'pyunmd P33 B GelosuTe Lag,CegoProld, gSmg gees (CemeHoB, Bapnn—
cxuff, 1958) ¢ Ce:La = 2,4 Majo YeM OTaMYaETCA OT OOHYHOTO MX COCTaBa B ama-

TATAX.
JluTepaTypHHe NaHHHE NOKaSHBalT, UTO BHCOKOE CONepXaHne CTDOHIMA BOBCE HE

00A3aTeNbHO BIeYeT 3a Ccofoft yBenwdeHme COTEpHAHWA JaHTAHa Take B CYIECTBEHHO
CTPOHIMEEBHX alaTuTax.Hanpnvep,CTPOHIMA-anaTiT 18 MeJOYHHX IeTMaTHToB [Ha-
TIMHCKOTO. MaccuBa, comepramy® 46,06% sro (5,9 Ha QOPMYABHYO ENMHUAIY amaTHTa)
¥ BCceTro Jmuwb 3,73% TR,04, MMEeT COCTaB IPYTIH P32 LaygCeg, ProSmy ceves
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P u c. 3. ComocTaBieHNe CONEpPEAHNA H
cocrama P33 u urTpusa B chenax, amaTu-—
TAX A 9BOMAJMATAX B DA3JMUYHHX T'E0JNOr0-—
neTporpafnIecKUX KoMIIEKCaX XHOMHCKOTO
MaCcCHEa

1 - HefeqUHOBHE CHEHWTH: 1 — SK30KOHTaK-
TOBHE OCPa30BaHMA; 2 — XUCMHHTH; 3 -
doitauru; 11 - moftkWIMTOBHE He@EIMHOBHE
creEnTH (pmeuoppurw); IIT - mitomuT-yp-
TuTH; IV — anaTmrTo-Hefe mMHOBHE IOPOIH

(EqumoB u mp., 1962). CornacHo HpemcTaB-
neguaM 0.B.JymxuHa, B TakoM amaTUTe Clae-
IoBaJo. OH OXEEATE GoJiee BHCOKOT'O COLEp—
KQHWA JQHTaHa, 4Yero, ONHaKo, HeT. Be-
pOATHaT HpUYMHA BTOTO — NPUCYTCTEHE B
merMaTHTax MHarmi B- aCCOoLMalyi COo CTPOH-
IUA-anaTuToM COOGCTBEHHO GapueBOoT0 TH—
TaHOCWIMKATA MHHBIATA, B COCTaBe KOTO-
poro JiaHTaHa BEBOe CoJblle, YeM LepHA
(La640335Nd5...), % COOCTBEHHO CTPOH—
IEEeBOr0 MUHEepala — JaMupofuimiTa, Cy-
NECTBEHHO 060TalleHHOT'O JaHTAHOM (Ce:La =
=1,1) n Heommom (BanamoB, TypaHCKad,
1960a).

Ipencrarnemma 0.B.JlyIxuHEa MOTYT CHTB
CIIPABELIMEH TOXBKO LA M30MODHHHEX 3aMe~
meHn# mo cxeme Ca-—Sr==lLa, HO Bepo-
ATHOCTR: €€ MOXET OHTEL BHCOKOH JHNE B
cayyae, ecaIn paHee o0pa3oBaBUuiCA CTPOH-
mitcomepramit anaTuT mMeeT BO3MOXHOCTDH
IINTENBHOE BpeMA OCMEHMBATHCA CTDPOHIMEM
I pPemKuMA SeMIAMI ¢ MEIHepamooGpasywomei
cpemoit. Cropee BCEro BTO MOXET WMETE
MeCTO Ip¥ LIUTeJBHOM BO3IedcTBMM Ha IIO-
DPOLY, COIEpXAMyl amaTWT, TUIPOTEepMATb—
HHX PacTBODOB ¥ JNOJRHO NPUBECTH K Ipe-—
AMYMECTBEHHOMY OCOTaleHnl JaHTaHOM Ie-
pudepriecrux dacTell 3epeH.
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XuOnNHCKME anaTUTH [0 CPABHEHND C alaTTaMy U3 IPYTUX HOpoX WmeJOYHOTO pAfa
BCEr'Za OTHOCHTENEBHO OCOTalleHH JaHTaHOM M CTDOHIMEM, a B IBYX odpasmax Comep-
XgHie Sr0 mpesHmaeT 20%: 1) amaTuT #S NeIMaTETa B JABOYODpUTaX I'.Hepopmaxk
(Iyzxur, Tomepasnesa, 1965) comepmur 23,65% Sr0 u 4,85% TR,05 €O CIIERyRIM
cocTaBoM: Lag, (Ceye oPry  Ndyq ,8my £Gd; oDy sEry s¥bg 4(¥s 4) (mepecwm-
TAHO HaM# Ha ATOMHHE NPOIEHTH); 2) amaTUT ¥S SIUPHH-HATPOIMTOBOR THIpoTEep—
MalbHO# MMTH B PECHYOPPATAX IepeBana OCMAHHOTO (Bopymmmit, 1965) comepuT
23,66% Sro u 1,79% TR0 (cocTar Tpymmu P33 mpuBeneH B Tadm.2, olp. k 186),
JlaHTaH NpeodnamaeT Hal Iepuem ., IIOCKONMBKY B 5TOH %e TMADOTEpPMANEHON Xune

1 ‘
Ompemesnesnd cocTaBa TpynmH P33 B ofpasmax amaTiTa #3 TO#f Xe WIH (BHION-
HEHHHE B IPYTUX JadopaTopuAx) He NOLTBEpPMAIM JAaHTAHOBOTO MAKCUMyMa, HO OHM

BCE CHJII CYMECTBEHHO OGOTalleHH JaHTaHOM.
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NPUCYTCTEYOT CTPOHIMAHUT, B KOTOPOM JaHTaH TakEe IPeoGnafaeT Hall nepumem
(eM. Ta6n.5), u cieH ¢ HamGosaee BHCOKMM COIEpXaHieM JaHTaHA B XNGHHCKOM Mac—
cuBe (Tadm.l, o6p. % 186/1 m 186/2), T.e. Bce coCymecTByRIMe MuHepamn (1 He
TOMBKO CTPOHIMEBHE) OGoTraleHH B 3HAUNTENBHON CTENEHN JaHTaHoM, MH IpONOMNRa~
€M HacTauBaTh Ha BHBOJE O NOBHNEHHOM COLEDRAHNM BTOTO djeMeHTa (Tak xe Kax
I UTTPHA) B MAHeparooOpasywiem pacTBope (Bopymmit, 1965). llmpoxoe pasemTue
CTPOHIMEBHX MUHEPANIOB CBUNETENBCTBYET TaKKe O BHCOKOM COLEDXSHNN B TeX XKe
pacTBOpax ¥ CTpoHIMA, O(Tcoma cIelaHo OpefNOoNOXeHMe O Oimsko#t reoxwMu~
49eCKoll cynbde CTpOHIMA I NaHTaHa, NOBHIEHHYW aKTUBHOCTE KOTODHX MH, BCIEX
3a JI.C.Bopommeum (1961), paccmaTpEBaeM Kax MHEMKATOD BHCOKON memouHoCTH
pacTBODOB.

ConocTamNeHe TaHHHX O cofepkammy P33 u uTTpna B cdeHax, amaTuTax X 5B-
IaJuTax U3 PalaudHHX TeoNoTo-NeTporpafuryecKUX KOMIIEKCOB XUGUMHCKOT'O MaCcCH-—
Ba (puc.3) moKasuBaeT, 4TO, HECMOTPA Ha HEKOTOPHE DasJUuii B DACTIPE]eeHnn
P39 Mexmy cocyllecTByRIMI MUHEDATaMll, 3gBUCAMME OT KPHCTALIOXIMAYECKAX
cBofcTB P39, mMeNTCH obmme 3aKOHOMEDHOCTH B UX NOBENEHNMN: B TpPeX MUHEpa-
nax comepxasme TR,0; M KOHUEHTPAIMA SJEMEHTOB HepHeBodl MOATpymmH (STR, =
= La + Ce + Pr + Nd) HalabT OT HeDeNMHOBHX CHEHNTOB (MaKCUMaJbHHE 3HaYeHHuA
B Komnexce oiAMTOB) K MORKWIMTOBHM Hede/MHOBHM CHEHHTAM, UAOMMT-ypTHTaM U
anaTuTo-Hee/MHOBHM [OpOJaM, B TO BpeMd K4k CONepKaHne MTTEpOHeBHX 3EMeIb I
UTTPUA, HaoG0pOT, BO3pAcTaeT. AHANOTWYHAA TeHNEHIMA USMEHEHUA COCTaBa I'pyl-
OH pefllKknX 3eMens B cfeHax ¥ anmaTuTax HadmomaeTcd IPH Iepexone oT MOpon K
merMaTATaM # Jalee X TUADOTEPMATbHEM miiaM (IpuMepH — oOp. % 186 m 437
Ha puc.3). VBenmueHMe KOHUEHTDAIMY UTTepCHEBHX 3EMeNs ¥ WTTPHA Ha NOBIEEX
CTaJAX MIHEPanooOpas3oBaHnd MoNYepKIBAeTCA TaKKe NOARISHNEM DAL MUIHEpPaloB,
DPesko oforameHHHX WTTDUEM ¥ TAXSIHMI JaHTaHonOamy: GumoopuTa, IMpPKOHa, KaTa-
WienTa, NeKToMuTa, anouiimTa.

.

BBIROJIBI

1. JlarHHe 0 cocTaBe P33 B 158 olfpasnax MUHepajoB XMOMHCKOTO MacCuBa, IO-
JyueHHHe METONOM Dasie/mTenbHoll Xpomarorpafum Ha Cymare, XOpomlo COOTBETCT-
BYOT PEHTTEHOCIEeKTDPalbHHM aHanu3aM, ONyCAMKOBAHHHM B JIMTEPATYDE, & B HEKO-
TOpOM OTHOWEHMN (mpAMOe ONpefielleHde MTTPHA) WMENT Iepell HUMM NpPEUMymecTBO.

2. Cocra® P33 B momaendnmeM COJNBIMHCTBE MEEepaloB XmOMHCKOTO MaccuBa Cy-—
mecTBeHHO mepuenHit. CooTHomeHue MexNy P39 mepmeBodt ¥ MTTPHEBOR MOATPYNI I
UTTPUEM B MUHEpanaX BapbpUpyeT B 38BUCHMOCTH OT MX KPHCTALIOXMMIYECKHIX 0CO-
genHocTet. B 9acTHOCTM, P30 B IMpKOHOCWmMIKATAX BCEINa B TOH MM MHO¥ CTeNeHM
oforalesH TAREJIHMI JBHTAHOUZEM! ¥ UTTPHEM IO CDaBHEHI® C MUHepalaMy THTaHa.

3. CooTHOLeHNEe MEXILy LePUeBHMII ¥ HTTEeDONEBHMI 3EMIAMA B COCYMECTBYOIMX
"CKBOSHHX" MuHepanax XmOmHCKOTO Maccupa (amaTuTe, ceHe  SBINa/mTe) BCETfa
BIOJMHE ONpeleNeHHOe X COOTBETCTBYET NOJOXESHND BTHX MUHEPaJoB B DANY OTHOCH-
TeNBHON JaHTaROQUIBHOCTH: ANaTUTH OCoTalleHH LIepHeBHMM 3eMIAMM, B 0COOGEHHOCTH
JnaHTaHoM, COEHH comepXaT MOBHMEHHOE KOJMYEeCcTBO HeomiMa, B 9BIMAMMTAX Halo—
IaeTCA 3aMeTHad KOHNEHTpaIMA TARENHX JaHTaHOHNOB I HTTPUA.

4, AnmaTuTH, ceHH ¥ SBINATUTH 13 Hede/UHOBHX CUEHMTOB (B OCOGEHHOCTH W3
doiauTOR) comepxaT COnblle PENKMX 3eMeNb UM XapaKTepusywrcA Cosee BHCOKHM, CO-—
Iepxamuem P32 pepweBold NOOTPYMIH, B TO Bpemd Kak MUHEDaNi W3 DHCYOPPHUTOE,
HAOJAT=YPTUTOB ¥ anaTHTo-He(feJmHOBHX IOpoX, HaoGopoT, oCoTrameHH UTTPUEM U
TAKENHMZ JaHTAHOKLaMI. AHaIOTWYHAA TeHIeHIMSA HaolIoiaeTcA IPM Nepexone oT
aKIEeCCOpHNX MIIHEPAJIOB MOpPoX ¥ HerMaTHToB K MIHEepaasM I'HEpOTepMaIbHHX L.
YCcTaHOBNEHHHE BaKOHOMEDHOCTH JEMOHCTpUDYRT BIAAHUE OCOGEHHOCTE! CpelH MuHe-
panooGpa3oBaHuA Ha cocTaB P33 B MuHepanax.
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B. E. Bopyunuit, B. JI. Bopyyxas, JI. IT. Hexpacosa

INEJOYHBIE TOJIEBBIE TIIATHI NOWKAJIATOBBIX
HE®EJVHOBLIX CHEHUTOB
" XHBMHCKOT'0 MACCHBA

lleouHNe MOJNEBHE MIOATH OPEICTARIART CoCof M3oMopfHLE CMECH KAIMeBOTO U Ha—
TPUEBOTO KOMIOHEHTOB, CMECHMOCTE KOTODHX DM BHCOKHX TEMIEpaTypax Heor'paHW—
4eHHa., Kpome TOTO, WENOYHHE NOJEBHE LIIATH CONEPKAT M3OMOpJHHEe IPUMEeCH Kaib-—
A, Oapud, CTPOHIMA, XeJe3a, DYOHIWA M IPYTEX SJIEMEETOE, [IpM CHUXEHWUN TEM-—
nepaTypH DepBOHAYANIBHO TOMOTEHHHE IIOJERONIIATOBHE TBEPIHE PACTEODH DACIaNanT—
cA Ha mee PasH, IPUCIMKSKIMECH II0 COCTAEY K YHCTHM KpalHmv wieHam pana (Ka-
JMITATY WIH ATB0UTY), MEXIY KOTODHMA DACIDPENEJSTCA W MPUMECH.

BesnencTere coOupaTedsHOR NepeKpUCTAILIN3AIUNA IPOLYKTOR DACHANa BO3HUKAET
IepTATOBaA CTPYETypa. M XoTd fasoBHe NpeoCpasOoBEHNA B IEPTUTAX UIYT, IO—BH—
IEMOMY, Oe3 CyUecTBeHHOTO IIPUBHOCS WIM BHHOCA BeWECcTBa, TOJBHO 38 CUeT Ie-—
pepaclpefieleHud mejgodell B mpemesiaX GIOK-KPHCTAJIOB, HE MCKINYEHO, YTO Ha GO-
Jlee BHCOKOTeMmepaTypHoll cramuu Ipouecca (0COGEHHO IPHM JIUTEJBHOM OXJIAXTEHUN
[IOPOTH) MOT MMETH MECTO OCMEH MEeJodaMit ¥ IPUMEeCHHMI BJICMEHTAMM MEKLY IOJIEeBHM
NIaTOM ¥ COCYMeCTEYyNIMMA MuHepanamy (Hampmvep, ¢ He@eJuHOM WM IUDPOKCEHOM) .
[losToMy coBpeMeHHER coCTaB MMHEDass MORET CYIIECTBEHHO OTIIMYATECA OT IEPBO—
Ha4YaJBHOTO, :
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llapaIeEHO € pacnamoM TBEDNOT'C PacTBOpa B MOJEBOUIATOBOR CTDYKTYpe  Opo-—
UCXOIAT TepepacupenelleHWe KPEMHUA M allMUHES B TeTpasipax (KpeMHeaTlMIHUEeBOe
VUOpATOUYeHNe ), OPMBOLALEE X MIMEHEHMD CHMMETPHE ¥ (Pusuyeckmx cpolicrs mome—
BOTO WMIaTa ¥ CKA3HBANNEECA HA IOpeledax ero u3oMopdHOR EMHOCTE Io OTHOWEHND
K OIpeleJIeHHHM SJEeMEeHTaM,

[ToCKONERY BTH NpEBPallEEWA B MOJEBHX WIATEX OPOUCXONAT B TEEDIOM COCTOA-
HUM, H& MX MHTEHCUBHOCTL ! HAIDPABIEHHOCT®: OKABHBANT BIUAHNE MHOTHE (HarTo—
DH: CHOPOCTE OCTHBaHWUS OOPONH, HACHWEHHOCTEH ee HATDPETHME BOIHEMMA DPacTBODaMH,
COTEPXAHNE B PACTBODPE WMEJOYHHX ¥ IPYTHUX SJEeMEHTOB, BXONANMX B COCTAB MOJEBHX
mIaToB, PasMepH 3epeH NOPORH, €e HOPUCTOCTH, TPENMHOBATOCTE M Ip. C OpHOM
CTOPOHH, 9T0 BaTPYIOHAET MHTEPIpPeTallo HaHHHX O COCTaBe M CTPYKTYPE MOJEeBHX
IIaToB, HO, C Opyroff CTOpOHH, NeTanBHOE HMCCJeNOBAHUE NpeBpameHmit B MOJEBHX
mnaTex, pecraBpalluA M3MEHEeHW! B UX XUMHYECKOM COCTABE M CTDYKTYPHOM COCTOA-
HUA C MOMEHTa KDPUCTa/M3AINMY U IO HACTOAWEI'0 BpEMEHH MOTYT HATh BeCEMa LeH—
HyDH MHPODMAIAO O TeHe3Hce BMEWamiiX IOpoN, B YaCTHOCTA o poJm MeTaMopdudeckux
ABneHuit mpn HXx HOpMAPOBAHMU,

B Hacrosme# padoTe naHHHE O COTEDEAHMM ¥ QopMax BXOXIEHWA HATDUA, Capud,
Kaspluud, CTPOHIMA W Xejesa B leJoYHHe NOJEBHE WHATH NOMKWMTOBHX HedeamHo-
BHX CHEHHTOB COBMECTHO C JAHHHEMK O CTPYKTYDHOM COCTOHHMY [TOJNEBHX MIATOB M
0COGEHHOCTAX MX mopfOJOIUN MCTOMBBYWTCA A OOBACHEHUA IPOUCXOXRIEEUA 3TUX
CBOEOOPasHNX HOpOn XHOMHCKOIO MACCHBE, )

MoltkwmToRse HeeJMHOBHE CHEHHWTH (pUCYOppUTH) 3aHMManT Beero 10,5 % mioma-
I¥ XMOMHCKOIO MacCHpa. B BANE TOTKOBOOGPASHOTO TeJd, IOBTOPAKUETO OOCUYD KOJb—
LIEByO CTPYKTYPY Maccusa, OHM OCHa®awTcs B cpemHell ero gacTi mexny Hedenam—
HOBHMJI CHEHMTaM: XMOMHHTAMM - C 3algma # JAeodoppuTavy y dolisuramm - ¢ Boc—
TOK&, PAN NeTpOXUMMYECKEX, CTDYKTYDHO-TEKCTYDHHX M MUHEDAIOIWYEeCKEX OCOOEH—
HoCTe#l pesko OTJMYEeT DPUCYOPPUTH OT OCTANBHHX He(eJMHOBHX CHMEHHTOB MACCHEA,
THMUYHEE NX PasHOCTH — TUTEHTO3EDHNCTHE, ¢ KPYIHHMH KDHCTaLIaMM [OJIEBOTO
mnara, NOMKWINTHYECKN BKINYAKUMMA 2epHa HefenmHa ¥ TEeMHOUBETHHX MHHEDAJOB.
PHCYODPPATH BHUEJNANTCA HeOOHYHO BHCOKUMM CONEDXAHWEM Kajms, NMPOKUM Da3BHTUEM
xaaniicomepxaluy MEHEDANOB, DEIHHMA THTaHO-~ ¥ LIMDHKOHOCHINKATOB, MHHEDATOB, B
COCTAR KOTODHX BXONUT BOIE, & TaKKe CHeIUfuYecKEX UI'OJBYATHX ¥ BOJOKHMCTHX
pasHocTelt MEHEpasoB.

YcnoBusa o6pas’oBaHWA PUCYODPPUTOB ele He COBCEM fACHH, LOMBUMHCTBOM HCCIe-—
Losaresell OHN paccMATPMBAKTCH KaK MHTDY3HWBHHE 00PA30BaHUA, XOTA CYUECTBYHT
PpasHOIVIacHA O BPeMeHHM MX BHenpeHUs, COIVIACHO COBPEMEHHHM NPEICTaBISHUAM
(VBanoBa, 1963; Bax ¥ np., 1972; Tanaxos, 1972), DUCUODDUTH BORHUKIM HOBKE
XWOMHUTOB, HO DaHee JABOYOPPUTOB M PoilAMTOB, ONHAKO He MeHee yOeIMTesIBHHMA
ABIALTCA NOBOLH, BHEBAraBmvecs B.M.Kymrerckmm (1932, 1937), o6 o6pasoBaH@u
DPHCYOPPHUTOB IIO3ke BCeX He@eIMHOBHX CHEHWTOB MaccHBa. [UIS 0ObACHEHMS HEOOHY—
HOT'0 XWMMYECKOT'C COCTaBa STHX IIOPON NPeLIaTaimek IMIOTEe3H 00 aCCHMAIAIAR
marmoit, HachueHHON BOmOE M JETYUYMME KOMIOHEHTAMH, KAKMX—JHJ0 COTaTHX Ka-
smem orioxermit (Kymmerckmit, 1932, 1937) wm o cioxuolt mubdepermmanmn raxod
MATMH "B CIOKHEX (QH3HKO-XMMHYeCKNX ycaoBuax” (Bopodpesa, 1932; Tanaxos,1959).
[IpMHIMNIMANEHO MHAA IUnoTes3a o6 YCJAOBAAX OOCDa3OBEHNA PUCYOPPHTOR GHIA Mpem—
snoxeHs, JIJI, ComonoBErkoroft (1959), lonarapmefi, 4TO OHU BOBHUKIN B DesylbTaTe
BaammoneloTBHA CoraTHX Kasimem n KpeMHEe3eMoM [OpAYNX MOCTMATMATHWYECKHX pacTBO-—
POB C NEPBUYHO-MATMATHYECKUM) HAOMMT-ypTUTaMM. DB TalbHelmem aTa IunorTesa
Orna passara U0, ToxoneHroBEM{1963), KOTOpHH mpumues K BHBOLY, YT0 HCXOLHEMH
[OPOTaMI IIPY TaKOM BaMemeHMd OHINM He MAOMWT-YPTUTH, & pasimyHHe He(eamHoBHE
CHUEHNTH,
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Bonpoc 0 I'eHesHCe PUCUOPPUTOR ABIASTCHA yRJIOBHM LA XUOMHCKOTO MACCUBA,
NOCKOJNBKY C HUM TecHelumM oGpasoM CBABaHH NPENCTABISHHA O IOCIEIOBATENbHOGC—
TH I YCHIOBUAX 0CpasOBaHWA M He@eJMHOBHX CHEHMTOB, W MiOJUT-YDTHUTOB, & BMECTe
C HUMM ¥ YHUKSJBHHX XUOMHCKUX alaTUTOBHX MECTOpPOXIEHHI,

METOJIMKA

llonepne mmarh PUCYOPPUTOB UCCAENOBAMACE IO CTAHIADTHON MeTomuKeE,paspado-
ranHo#t A.C,Mapdyumarm (1962) u mpemycmarpusanmumei codeTaHue KpHCTAIIOONTH—
YeCKMX M DEeHTTEeHOMEeTDPUYECKMX METOIOB. 4

llsmepeHus Ha pPEHTTEHOBCKOM HufpaxrToMeTpe BHIOMHEHH B JMIPS B.J.Bopyukoil
(YPC-501, mamyuerme Fep,, BpaueHue ronoexu ToHMOMeTpa 0,5 I'bal/MuE, mpema-
paT Bpamalicd, 'DEHHUIt CcTaHyap? KBr031).COJIepJKaHEe ane0uToBoft da3u He Me~
mano M3MepeHWAM; [IPM NOBHUIEHHOM ee KOJMYeCTBe NPUMEHANCA MeTon oTxura (Bo-
pyusm#t, 1971a), Meixme BrINYeHUA HedesuHa B IOJEBOM WIaTE, MELSOUUE W3MeDEHH—
AM, YIAJAANNCE ODPOTPaBIMBAHNEM Mpelapara B pastamieHHo#l asoTHoR Kucaore(l:20).

Xmvueckne aHasm3H BenoJHeHH B LIXJI MI'EM AH CCCP II.II.Hexpacoroit, llexoun
¥ MEJOYHOBEMEJbHHE SJEMEHTH onpeneseHu MeTomoMm dorTomerpmm mimamenu I'.E,Kanen-
uyk, A.U.Kpuroroit, C.U,TyEmmesxoBoit, MuxponpuMecH Fe,Ba,Ca ¥ ST OImpemese—
HH CHEKTPOCKOIMYECKMM MeTomom A,C.JymuxmHoRt (mxana c HpaTHOCTLm%U odec—
NeuMBAET pa3peleHNe KOHIEeHTpaumui, pasmudamumxes B 1,5 pasa), PeHTTeHOXMMA-
YeCKne ompeneyieHusA npoeeneHH B VI'EM AH CCCP B,C.ManoBsM Ha MEKpOaHAIH3ATOpDE
MS-46 "Kamexa" . '

B mporecce padoTH BHIOJHEHO 17 MOJHHX XUMMYECKHUX aHAIN30B MOJEBOTO WIoaTa
U3 HEONHOPONHHX MOHOKDUCTAILIOB, DA3JWYAKMAXCA Mo’ UBETY, CTENeHU IPe3padvHOC—
TH ¥ CTPYKTYDHOMY COCTOSHND.90 0G6pasioB NOMEBOT0 UNATE MCCISNOBAHO DEHTTEeHO—
METPHYECKUMH, KDPUCTAJUIOONTHYECKMMA # CIEKTPOCKONMUIECKMMN MET.HaMu, IpHIEM
oco60e BHUMaHWe GWIO OOpameHO HA MOJEBHE WIATH M3 OGJaCTH KOHTAKTOB PUCUYODDH-
TOB ¢ HefesMHOBHMM CHEHWTAMH,

MOP®OJIOTHA BBIJIEJEHAA TOJEBOTO IMIIATA

Comepxarue NOJEBOTO MIATA B pUcYoppurax XuOMHCKOro Maccmea, oo A,B,Tama—
xoBy (1959), cocramuseT oT 27,5 mo 72%. JIA 9THX [OPON XapaKTepHH IToRKWIm-
TOBHE CpacTaHWd MOJeBoTo mmaTa ¢ HedesmHom ® TeMHOIBETHHMM MuHepaniamu, B
BaBACEMOCTH OT CONEDXaHHA moseBoi mmarT Jmbo ofpasyeT HenpaBWIBbHO#R HopMH CRe-
JIETHHE KPUCTALIH B MHTEDCTHIMAX MEXNY EIUOMODIHEME 3epHaM# HeeimHa, JHGO

1 Kax n B padoTe, NOCBANEGHHON MCCIETOBAHMD IONEBHX MIATOB U3 HefeIMHOBHX
CHMEHUTOR XMOMHCKOTO MaccuBa (Bopyummit, 19716), 26 (101) KBrO; mpmemMaloch
paBHiM 20,2050 Ine MemyveHus Cug, (Orville, 1958), uTo coormercrByeT
25,460° s Fe-msayderms. B Gomee nosmHedt padore &,0pemwra (Orville,
1967) mna 26 ("101)K-13r03 NpUBONUTCH Ipyroe sHauemme - 20,212° mrq Cugy »
9TO COOTBETCTBYET 20,2290 g Cug, X 25,4970 Lna Fey .. Eciu NpUHATEH HoL
Boe SHAWeHNe [UIA BHYTDEHHEIO CTAHAApTa KBr0,, TO HYKHO yMEHBIHTS 3HAYE-
HIA d 54,y HE 0,006 A mis KAIUEBHX [OJEBHX WIaToB ¥ COCTaBOB, CONEpPRAUNLX
mo 40% NaAlSijOg, u ma 0,005A - Zna Golee HATPMEBHX COCTABOB, YTO HOME-
HO NIpPUBECTH K YBENMYEHND NDHMECH HaTpui B KalIHeBO# (ase M COOTBETCTBEHHO
yMEHBIEHID NPHMECH Kaid B HATpUEBo# fase Ha 3-4 mol. % arpuTa W Kalui- -
nara.Beenerne Takoil MONPABKM,0NHAKO,TACT XyIUNe Pe3yAbTATH,TaK Kax NPUBO-
IOUT K OTPHUATENLHEN 3HAUYEHHMAM WIA CPEIHEB3BENEHHHX COIepxaHml K -KOMIOHEHTa
B aysduroBoft pase nepruros (cM.Tadn.4 B padore B.E.Bopyukoro, 19716).
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BHIIOJIHAET Bechk OCbeM IOPOIH B BULE IUTAHTCKHX TaCIuTYaTHX KpucTawmoe (10-
15 cM),B KOTOpHE BRIDUEHH MeJKue BHEenesus HedenwHa ¥ IDPYyTUX MIHepamoB.Paz—
JIMUANTCA BRJINYEHNA HedelMHs IBYX THIOB: HoHoMopdHHe BepHA C [PABWIRHHMEA IDA-—
MOYTOJNGHEMA WIN TeKCATOHATLHHEMEA OWYEPTAHWAMA W OCOCOCNEHUd C HelpaBUIBHHMI
H3%ETEHNEMA TPaHEIaMMA, K&K [DABWIO, TPYINAMA ONMHAKOBO yracaliie B IJIHpax,
[locnenEee, OYEBUIHO, CBENETENHCTEYET O UACTHYHOM DacTBOpeHHM HefdesmHa 7 3a-
MENEHNA ero NMOJNEeBHM NI&TOM B pucyoppmrax (puc. 1 — CM,. IpATOKEHNe),

B rHelicoBMIHEO-IOPOUPOBATHEX PHCYOPPUTAX KDYIHHE TORKATNTOBHE KDUCTAJLIH
‘TNOJIEBOI0 MIATA BRINYEHH B MEJKOSEDHUCTYD MACCY, HMEKUYX IHellCOBHOHY® TEKCTy-
py. CoruacHo A.B.T'anaxoBy, nopiupoBumunil XapaxkTep NOPONH ABIAETCH NOKas3a—
TEJBCTBOM e MAarMaTHYeCKOT's mpomcXommeHus ¢ fopvmpoBaHueM B IBa aTana (xpuc—
TEIIK3AIMA BKDPAIVIEHHUKOB U oCHOBHO# maccH). OmHaxo, mo 1,1, TxoHeHKoBy (1963),
TPaXUTORTHO-IOPIMPOBUIHHE OGMMK MOPONH BOSHMK B pesy/brare nosiHeilmero pas-—
THeHCOBAHNA MOPONH B TEKTOHMYECKM AKTHBHO! 30HEe, IOCKOJBKY TaKWe ofpa3oBa-—
HIA HAGMOIAKTCA TOJNBKO B OTHOCHTENBHO Y3KOH IIOJI0CE BIONE KOHTEKTa PHCIOPPH—
T0B ¢ GoltmmTanm,

B pucuoppmrax BCTpedalwTCs TaKKe CHMIJIEKTUTOBHE CPACTaHMA IOJNeBOT'O MIa—
Ta ¢ HefeJmHOM — uyepBeoOpasHHe, HANOMMHAMUNE PUCYHOK KOXM Ha Hakslax, IJI&c—
TEEYaTHE, OHE Maywaamc: 0.A.BopoSnesmo#(1937), A.B.Tamaxommm (1959), U.IL.Tu-
XOoHeHKOBEM (1961), T.H.MBaxomoft ¢ coasropaym (1970), Ilo momcyeram A,B.Tama-
X0Ba, CONEPKAHNE HefeJMHa B CHMIVIEKTHTAX BECBEMA NOCTOAHHO B NUPOKCEHOBHX
pucUoppuTax kombuesolft mETpysmm (19,0-21,4%), HO BapBHPyeT B PHCYOPDUTAX He -
MOMHOKOJIBIEBOI METDYSME — CARNOAHHX ¥ IHeffcoBMmHO-TpaxaToumHsx (15,1-36,6%),
K. M.Kyszenosum (1972) B DO#XWIMTOBHX He(eJMHOBHX CHEHMTAX MECTODOXISHUS
Oxcmop kpoMe NepeuURCTIEHHHX BHIE YCTAHOBIEHH TAKKE DaANUNATIBHO-JIYYNCTHE CPOCT-
KI IOJEeBOTO WnaTa ¢ HedequHoM, B pAle MECT HaMM YCTAHOBIEHO YHPYHHEHWUE MIac-—
THHOK HefesqMHa B CUMILIEKTUTOBHX ATDETATAX BCJEICTENE codupaTesbHoff Mx me-
DPEKPUCTALASAIMA C NEePeXOmoM B NOMKWINTOBYD CTPYKTYDY.

CremyeT OTMETMTB, 4YTO KpOME WIH BMECTO HejeJmHa B HEKOTODHX CHEMILIEKTHTO-

 BHX arperarax Cpemd NORKWMTOBHX HefeJMHOBHX CHEHUTOB MACCHEE HAMM yCTAaHOB-
JIeH 4YMCeTO KasmeBHit aHamor HefesmHa - xamscwinT (Bopyummit M mp., 1973).

[lokasaTeJEHO,¥TO B PHCYOPPUTAX HepemKO BCTPEYAnTCA NOJOCTH C peTeHeDpHpO-—
BEHHHMY WA HAPACTAWNVMEA Ha APYTHEe MUHEeDaNH MEeJKHME KPHCTaJIaMd IIOJeBOTO
uIaTa pazsHoo6pasHoro ofiuka, (pmc, 2 — CM, IPWIOKEHME), YTO C HECOMHEHHOCTEN
VEASHBAET Ha ABICHUA IEPEOTJOKEHWA IOJEBOMTATOBOTO BEMecTBa B NO3MHUE CTa-
mn HOpMEPOBAHUA OPOI, '

XHEMWYECKHN COCTAB TOJEBBIX HINIATOB

JleHHHe XUMAYECKUX SHAMMZ0E NOJEBHX NNATOB K3 HOMKUIMTOBHX He(e MHOBHX
CWEeHNTOB XMOMHCKOTO MACCHBa MMenTcA B padorax B.M.Kymrercroro (1931), 0.A,Bo-
podsesoit (1937), J.J.ComomosamkoBoit (1937, 1959), B.I.Maxmaema (1946),
A.B.Tanaxosa (1959), 0.B.Iymkusa ¢ coapropamm (1964). OHE CBHLETENHCTBYDT
0 DE3KOM IpeolJauaHuy Kaswa Han HaTpueM, ComepxaHume Na20 He IpesmmaeT 1,87 %
(15 % anpCuToBO#l cocTaBNANNel) . Haudosee BHCOKOE CoIepXaHue HATDUS — B MONEBHX
MOATEX W3 MePEKPUCTAIM30OBAHHHX ¥ THelCOBUIHO-TPaXUTOMIHHX LasHocTell pmcdop—
PUTOB, DasBUTHX BIOJEL KOHTarTa.c foiiAuTamm, W U3 NMPOKCEHOBHX DUCUCPPHTOB,
KOHTEKTUDYOIMX C TPAXUTOWNHHMM XMOUMEATAMI.B TaknX NPUKOHTAKTOBHX DaSHOCTAX
PUCYOPPUTOB IIPUCYTCTBYHT NEPTUTOBHE IIOJEBHE MIATH, B TO BPEMA KaK BIAJH OT
KOHTEKTOB BHNUMHE B IOJEBHX WTATAX DPUCUOPPUTOB NEPTUTOBHE BPOCTKM ANLCHUTA
OTCYTCTEYWT, 8 COIEPKaHNE Na,0 He npesuuaer 0,6-0,8% (oxom0 5% NaAlSi0q).

CormacHo A.B.TanaxoBy (1959), NIDUKOHTAKTOBHE YACTH WHTDYSHA DUCUYODPUTOBR
XapaKTepU3yNTCA NOBHIUEHHHM CONEDKaHNeM HaTpud. [[03TOMYy NEePBOCTENEHHHN MH~
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47  1413/mr. Orcyrersyor 4,239 0,0  0,00-0,23 1,00 70 0,0-2,0 0,00-0,12  49-55 O,n- 0,3 0,0n- 0,0n
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*
s Kaxnooro IOpALKa conepxaﬂmﬁ YCICBHLE 0603HaYEHNA COOTBETCTBYNT CJEIYKHHAM HMHTEDBaaMm KOEIBHTD&TIHK

(B cpemmem 0,1);
CMm. Tadn. 3.

0,n-=0,14-0,22 (0,2); 0,3 = 0,22-0,35 (0,3);

O,= 0,35-0,55 (0,5); Ot

: 0,1 = 0,087-0,14
= 0,55-0,87 (0,7).

i JIlanHo#t BeaMYMHE d(501) COOTBETCTEYNT OTPHUUATENLHHE BSHEUEHMA cOfepxaHmit (Ab + An) o KpuBEM &,OpBHLIA.




(Mpumevarre x Taon.l)

Teonormueckoe MOJIOKEHNE MCCIeNOBAHHHEX OOpaB3loR

[IMPOKCEHOBHE PMCHYODDUTH. 1 - ypoumie JlecTHpapa; 2 — nepeBal MexIy T'.PecTr-
HbKH M HboABpOAXX; 3 — I'.PeCTMHBNH; 4 — JeBult npuTox p.CepepHudt Jiapoitox;

5, 6 — "spmuaymToBad" nepemeuxa Kyxmcsymuoppa (aMascHUTONONOCHER DAasHOCTE
HmONEeBOTO mrara); 7, 8 — socrTounult mepesan Ierpesmyca; 9, 10 — CeBEPO-BOCTOU-
Hut mupk TaxTapnopa y BOCTOYHOTO BHXONA U3 YWeXbd PaMsad,KOHTAKT C XUCHHATA—
MH; 11 - wro-pocroudee TaXTapmop, KOHTAKT C XUOMHATaMH; 12 - CeBepo-3alajHee
TaxTapnop, KOHTAKT ¢ xmimauramm; 13 — "Amarmropsit" impk Pacsymdoppa (cepas
pasHOCTH HOJNEBOre mmaTa); 14 — Tam #e (amyxap); 15, 16 - pro-BocTouHHE oTpor
T,9BECHOTYODD HaN 03, [lopoxeaBp, oM, 912,6 m; 17 - JeBuil IpuTOK p.ByoHHe-
vmitox; 18 - sanafywil UMpK p.HBODHAEXK, YWEJBE MO JEBOMY npﬁ'ror-:y . ByoHHe MR~
ox; 19, 20 - moumua Ky®UMCEyM K ceBepy oT Bomsmoro llepeBampHOTO Ozepa, CKE,

¥ 569, 130 M ("amasoHuT" ¥ agynAp - uufpaMm B CKOOKax 3Uechk ¥ Jaree BHEele-
HH: (1) - maHHHEe 1A HENPOSPAYHHX MATOBHX YYACTHOB B KPHCTaIaX INOJEBOTO
mnara, (2) - JeHHWe IIA HENpO3pauHHX alyJAApOBRIHEX YYECTKOB); 21, 22 — Tam
ke, ¢ yomuu 300 M ("amasomur" ® amynasp); 23, 24 - Tam xe, C IVy6mHH 730 M
("amasoruT" m amymap);-25-27 - wkHuA cruoH T.lleTpemuyca; 28, 29 - ram Xe,
NerMATOUTHAA DAas3HOCTE IOPOLH B KOHTAKTE ¢ XuOuHMTaMM; 30 — BOCTOUHHA OTpor
r.YacHOY0pp, KOHTSKT C -XUOMHMTAMH ; 31-35 — CeBepHHil LypK népesara 0GMaHHO-
T0, T.Banenaxx (32 — "amasomur"); 36, 37 - Cpemsuit Nloausymuopp; 38 - Tam xe,
MEJKO3EPHICTAA [OpONs BOKDYT WAMDOBMIHHX BHUeJeHMA ypTUTa B PHUCHODDUTE ;
39-41 - wkHull ckIoH r.lleTpesmyca, ampmz—nuoncvmo—nonenomna'rom opona BOK-
PYT' KCEHOMUTOB WOHKMHMT-NIOpdUpa B PUCHOPPUTE.

C/nonAHEe PUCUYOPPUTH. 42 — yuexse Pucuoppa; 43, 44 — BOCTOYHHH BHXOL U3
yueJasa Pucdoppa (44 — HemOcpeACTBeHHO B KoHTakTe ¢ doltsuramu); 45 - "Lupro-
HOBaA" NepeMiduka KyxucBymdoppa; 46 ~ mHudt oTpor T'.KyKuCBYMUODD.

THellcoBumHO-NOPIUPOBUIHEE PUCYOPPUTH, 47, 48 — T'.OBecnoT4Yopp, JeBHA OpH-
7oK p.ByoHHeMIEOK, CIMEAHO-TONEBOLNaToBad IHelcoBUIHO-TODPHPOBUIHAA DasHOCTE
C XpynHEMM TopdWpOBEMM BKpamJeHHMKaMu rmojeBoTo mmata (1413/Br); 49 - mepe-
Bal Mexny r'.PecTHHBOHE M HEoABpMaXk, MEeJKO3EDHUCTAA THeHfcOBUIHAA pas3HOCTE

" nopomu; 50 - TaMm %€, KPYMHOSEPHMCTHE yYACTKM MOPOIH, OGTEKAEMHe MEJKOBEPHUC-
roif maccoft; 51 — r.HeWABPNEXK, MEJKO3epHUCTaR THelCOBHNHAA nopora.

Tepec LA PelleHHA IpOCIeMH IPOMCXOXNeHHS IORKWINTOBHY HePeJMHOBHX CHEHHTOB
XHOMHCKOTO MacCHBa npuolpeTaeT BHACHEHME IPUPOIH HEPTUTOB IDPMKOHTEKTOBHX
PUCHYOPPUTOB: BOBHUKALT JI OHU NPM Dpacnafe oGoTaNeHHHX HATPHEM NOJEBHX MIa-
TOB, KPHCTALIMSOBABIMXCHA U3 GOTATHX HATDHEM IOPUMA DUCYOPPUTOB paciiasa,
WM AMERNT MHOE IDOHCXOXIEHHe, B CBA3W ¢ 9THM HeOOXOMUMO CONOCTABMTE MX C
OEPTATOBHMM ITOIEBEME LIATaME K3 HEDeNMHOBHX CHEHRTOB Macoupa (Xu-
GuanroB, QoftamToB), ImeranrHo M3yYeHHEX paxee (Bopyuwmit, 1971a,0).

PeHTTeHOMETPUYECKHE TaHHHE O CONSDKaHUM HATPHEBOT'O KOMIOHEHTA B UCCIENO-
BaHHHX HaMM MEJOUHHX IIOJEBHX mMIaTaX U3 IOpoL ¥ MerMATUTOB KOMIIeKca NoRKmIn—
TOBHX He(PEeJMHOBHX CHEHMTOB HpENCTABIEHH B Tadx, 1-3,

Copepsanne usoMopdHOR npuMecu HaTPUA ONPENENANOCH IO BEJIWYNHE d5pq IO
TpafukaMm 3aBECEMOCTY IAHHOT'O MEXIIOCKOCTHOTO DACCTOAHUA OT COCTaBA HOJEBO—
TO mmara, nocTpoeHHEM ®.0pBmimem (Orville, 1967) mis cepuil CAHUINH — BHCO-
KUl anBCAT M MUKDORJIVH — HU3KEH ars0uT, IO KOTOPHM MOXHO BHOCHUTE 1'n:>11pza.131*:‘3r
Ha CTEeNeHb Si/fAl- yUOPANOYEHHOCTH B IoJeBomnaToBOd CTDYKTyDE.

TlpucyTeTere anslurToBoll Pasw yeTaHaBIMBANOCH N0 HANMYMD HA muparTOrpamMMax
ee oTpakeHuit, B TeX cayyasx, KoTrNa Ha IuPPAKTOTDAMMAX MMEJHCH TONEKO Hambo—
. Jiee CIIBHHE OTpaxeHmd ampdura (002) m (040), a ocTalbHee He NpeBHUATHA foHa,
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Ymrdecrmit cocTas m CTDYRTFLHOS COCTOAEME NEJCYHHK TONSENX DOATOE S NeIMaTHIOB B nofixmwmropsx Hefeimmommn CEEEHTAX
IMOUHACHOTD MACCHBES:

Cocras (7e6H: DERTIEHOECRCH eponpmecn’ ¥
@Rg.geauﬂ élémmncmn Haane sl
(pentens DoMo- BH ap
TEHAOUTHE TonB-—
Homep BOTO [HaTe ComepEa- | Mo = | TPMRINH-| CONEp—
amanwas| (dpasen | HAVIMIES 0 WH-— d,=. . .6 |HBe Har— | HoM mom#— | HOH Mo- | madme
TEHCAEHOCTE (201)4 |pReBoro | fwmarms Iafuxa~ | MOHO-—
ek e SR AT el b T e
: Mo~
HETHA
[leTMETNTH B OEpORCEHCEEX PHOYODDRETAY
1 (264 OrcyToTsyn 4,229 2,5 0,007 0,88 15 0,  0O,n- 0,03 G,01
2 1807 Caadue 4,219 | 8,0 0,00-7 0,73 20 0,00+ 0,03 0,00n 0,0m+
3 1608 Opemme 4,23  1,0- 0,00-7 0,82 20 0,0me 0,08 0,00n 0,00+
4 0751(1) OToyTCTE T 4,230 5.0 a,00-7 0,86 20 0,3 0,1 0.0r- 0,3
5 0781(2) " 4,225 1,0 0,00-0,36 - - dyue 0,1 0J0R~ Q,Gn+
8 0752 . 4,234 0,0 0,00-7 0,85 20 0,3 0,08 0,01 0,0n
7 0753 (nadue 4,232 1,0 0,00-7 0,83 15 0,1 0,1 0,0m 0,0n
8 1125 OTCYTOTEYRT 4,225 6,5*“ Q,00=071 - QL Byt 0,0m=  {,00n
9 1126 " 4,238 0,0 = 1,00 i 0,1 0,08 - 0,00n
10 166741} U 4,231 1,0 = 0,98 - o,n 0,0n 0,08~ 0,0n
11 1887(2) " 4,231 35 0,00-0.28 - - 0,3 Q.02 0.0%  D.0%n
12 1764 " 4,232 1,0 0,00-7 0,82 25 0,1 0,1  0,0n- 0,0n+
13 1767(1) Caadue 4,228 8,0 0,00-7 0,78 45 0,1 On= 0,008 0,0
14 1767(2)  OroyTorEymT 4,226 7,0 0,00-0,23 0,75 B5 0,1 0,0 0,00n 0,01
112 g@ggg} {madjaa 4,226 2.0 0,000,189 0,71 &80 3 Oyn-  0,0n- 0,Cn=
5 D;Chl ) 4,232 2,5 0,00-0,20 0,75 70 0,3 Cyn=  0,0m= 0,0n-
18 L5 horaa o 0,000,22 0,71 60 Cn- 0,3 0,0m- 0,0me
ALTEELIY MOzeracTay 4,231 2,5 0,000,383 0,88 40 0,3 0,4 0,08  0,0n-
19 1176(2) " 4,232 2,5 0,00-0,22 0,80 95 i | (S CRAR | S
20 1179(1)  Casdus 4,235 0,5 0,00-0,22 0,78 55 Oun- . Oym= 0,1 s
21 1179(2)  ODrcyTTEyIOT 4,751 [ 35 0,00-0,22 - % 0,1 L e
22 119071} Qeeyrersyor 4,226 4,0 = 0,99 s Dile 3 S LR E b0l
23 1190(2)  Cmrsaue 4,21 1,5 - 0,% - 0,08 -Gl Rve 0,01
24 0850/ Oreyrermyme 4,232 1,0 - 0,90 ~ 0,8 O 00 - 608
25 059/ M n 4,280 0,0 0,00-0,23 0,83 60 0,3 0,n= 0,01 0,0n+
26 1409 i 4,239 G0 = 0,85 - 0,1 g,0m+ 0,003 0,0n
TEMIATETY B CINUAEIE DECIODDNTEX
27 1378 Oncyremsyme 4,229 5,0 0,00-0,19 = = Ovnm & EOHE 8 h0n, 5 Dybny
28 1643 CRABHES 4,226 4,0 0,00-7 0,79 - 0,1 0,04 0,0n- 0,0n-
29 1381(1)  Orcyrorsymr 4,22 1,0 - 0,89 = G~ £ pIRE Glmes D
30 1381(2) : 4,235 1,0 0,00-0,26 0,80 8d ioe 8 PO S HURa, P
2 713 " 4,229 2,5 0,00-7 0,83 25 Byne 5 S0LE S GUAGE Uy
[ervaTeTy B THeficoBEIHO-NODfMpOBIIHEL PROYOppHTEX
. 1611 CrrsHEe - 4,230 3,0 0,00-7 0,75 50 0,0n+¢ 0,03 0,00p~ 0,00n
33 1482(1)  Cumsawe”” 4,226 4,0 - 0,92 - O | IGO0 S BIDEIE 9y
% Ue2(2)  OmwrsHus 4,222 6,6 = 0,% - Oyn~ 002 0,003 0,00
a5 UB4(1)  Casdue 4,230 2,0 - 0,88 t Qg3 oo Ll Bl
36 1484(2) i 4,226 4,0 4 0,86 - 0,1 0,0n+ 0,00  0,00m
a7 1485 OTeyTCTEYHT 4,235 0,5 0,00-0,18 - - 0,0n 0,1 0,00 = 0,00n—
28 1485(1) " 4,230 2,0 0,007 0,86 30 0,06+ 0,2 0,00 0,2
a9 1485(2) i 4,230 4,0 0,00-0,25 - - 0,0 0,1 G,00n | 0,C0n
Amamuro-—EafemREOESA TODONS B DUCYODLHETAX
a0 0758 CaGue 4,228 9,0 0,000,281 0,80 85 O,u= _ Oune 0,00 0,03
W Eww

| — BHAJIOTHIHE TUMMEHAHRAM B TAGL. 1.




‘Tpumeyanne ¥ Ta6x.2)

TeonorudecKoe NONOKEHNE MCCIAENOBAHHHX OOPa3LoB

[lerMaTUTH B MMPOKCEHOBHX DUCYOPPHTAX. 1 — ceBepHHll LMpK mepepasa O6ManHO—
ro, r,Bamemaxx; 2, 3 - I,PecTUHBNH: 2 — AIBCUTUSUDOEAHHASA STHUPHH- ITOJIEBOUIE—
TOBas KWIa, 3 - ITUPHH-TIONEBOUNATOBAA XWI& C LUUPKOHOM; 4-9 — "DBmmamuToBaA"
nepemMuuka Kykucsymdoppa; 4, 5 — SIUDHH-IOJEBONNATORHA NETMATAT ¢ SBIASIATOM
("amMasoHUTONCTOOHAA" ¥ ANyAAPOBUNHAA DASHOCTH [OJEBOTO NIATA - 3NECh W Ha-
Jee Imfpamu B crOORax BumendeHH: (1) — HaHHHEe IVIA HENPOSDAYHHX MATOBHX y4YaCT—
KOB B KpUCTALNEX IONEBOTo muara, (2) — maHEwe A MpO3PAYHHX ANyIADOBHIHEX
Yy49acTKOB), 6, 7 — "auasoHNT" #3 DASHHX yYACTKOB XWIH, 8, 9 — mozesoft mmar
U3 TAKMaGHWTOBOT'O THesna; 10-12 - "OpmuamuToBad" HepeMudka KyKHMCBymMYOppa,
nerMaTuT, ommcaHHhR J,II.TuxoHeHKOBHM (1963): 10 — "amasomur", 11 - amyasp,
12 - moJeBOf WIaT M3 TaKMAHMTOBOTO THeszme; 13, 14 - "lluproHOBEA" MEDEMHUKE
Kyrucsymdioppa, OETMATHT C OBLUMAIMTOM; 15-17 - wkHu# crioH I.lleTpesumyca,apq—
BEeJCOHNT-NOJIeBOUNATOBL MeTMaTuT; 18-21 — ceBepo-BOCTOYHHA IMpK T, Taxrapmop
Yy BOCTOYHOT'O BHXOJA M3 yueabs Pamsas, 30HATBHOE HJIaCTOBoe Tesqo: 18, 19 -
KDYTIHO3EPHUCTHI NMOJEBO} WIaT M3 3BIUATHT-3HUIMaTUTOBON 30HH, 20, 21 — KpymHO-
3EeDHUCTHIA IoJeBodt WIaT W3 OMPOKCEeH-IoJeBouNaToBol 30HH; 22, 23 - Tam Xe,
9TMPUH~IOJNEBOINATORBAA XWia ¢ He(esmHOM, SBIMAIMTOM ¥ JamupodwimaTom; 24,

25 ~ "AnaruToBmit" 1Mpk T.PacBymuopp, apiBeZCOHMT-MOJEBONIATOBHR MEeTMATHT C
3BOMa/MTOM: 24 ~ "amazoHUT", 25 - MeJXHe Xopomo 00pas0OBaHHHE KPHCTAJUIMKH 10—
JIEBOT'O WIaTa M3 NOJOCTH ¢ I'M3MHTEDHTOM, JOMOHOCOBATOM, BBIHANATOM, JOBOSEpHE—
TOM W Weplakosmrom (cM. pue. 2); 26 - r,DBeciordopp,2-it zesuit mpmrox p.Byow-
Hewmm#ox, acrpofmwimT-moseBoNmaToBas XKuwia ("amasoHmT").

TerMaTuT B CIAMOAHHX PUCYOPPUTAX,27 — mHHE oTpor I'.KyKUCBYMYODD,STHDHH-
JIeMUIOMEJIaH-TOJEBOMMATOBAA Kiia; <8 — ymease Pucdoppa, STUPKH-NIONEBOMIATOBAA
RWTa C aHaTBIMMOM ¥ mma3oymroMm; 29, 30 — mkHuRt oTpor Kykuceywmdoppa, JEmUIo-—
MeJaH-IONEeBONNATOR Y NerMaTHT C SBOMAJIATOM, DUHENTOM ¥ JyuYMCTHM ceHom;31l —
nomvea Kykuceym B paftoHe [lepeBasBHHEX 036p, apdBe N CORNT-II0Ie BONMATOBL! TeTMa-
THT C anaThToM, omicaxHud. 0,B,llyIxmHiM ¢ coamTopamm (1964).

TlerMaTuTs B THelCOBUTHO~TOPPUPOBKIHEX DHCIOpPPUTAX, 32 — I',HERABPIAXEK,
STHPMH-TIONEBOMNATOBHE NeIMATHT C HeQesamHOM; 33-36 — MNETMATHTH B ymease Pepe-
mara (marepman M.J.Jopfmara); 37-39 — r. DBeciordopp apdBemCOHUT—IIOJEBONIE~
TOBAA KWIA C ACTPOJWLIATOM M JIOBYOPPUTOM.

. Anmaruro-HedesmHoBas mopoma. 40 — BocTouHEE nepesan IleTpeimiyca, ANaTHTO-
BOoe 000COCNEHNE B MMPOKCEHOBHX DUCYOPPUTaX.

comepxanne arsCuroBoll asH ONEHMBANOCE MPUO/M3UTENEHC B 5-T% NaA151308 (B
Tadx, 1 1 2 TakWe QTpPAKEHMA BHIOEJEHH KaK "oyadue" ), IlpH CTONH HHU3KOM COIEp—
RaHUN arpCuToBOf $asH CTDYKTYPY pacnaga oCHYHO HE yIOaeTcd HaGMOIATE IIOL MAK—
DOCKOIOM, B TeX CIydYasX, KOTHA HA NMPPAKTOrpaMMAX IPUCYTCTEBOBANN OTYETJIMBHE
pefuekcH (201) ansdmra (Texue oTpaxeHMsT anpOUTOBOR dasH 0COBHAYEHH Kak "CWIE-
Hue"), ero COIepEaHWe OLEHMBANOCH NECATKAMM IPONEHTOB. UM TOYHOTO ONpene]e-—
HIA COTEeDKAHMA SIBCUTA HCIONB30BANCHA METOR TOMOTEHH3alM IEpTHTa ITyTeM LIH-
| TEJBHODO CYXOTC OTKHIa, Mocje Yero Ha IufpaxTorpavMax MBMEPANOCH CMEmeHue
peduexca (201) Orville, 1958).

TlosyYeHHHE NaHHHE OKASHBANT, YTO IOJEEBHE MIATH B THIMYHHX DASHOCTAX
PUCUOPPUTOR ABIANTCA CYMECTBEHHO Kaaueswvit, Harpuesnit KOMIOHEHT B HEX [pH-
CYTCTEYeT IpaKkTHYeCKy TONBKO B H3oMcpdHO# opMe # B Mcuesamue MaJHX KOJIU-—
YeQTBAX — B OGOJBUMHCTBE 0Opa3lOB MeHee 3% NaAlsi,Oq (upfa TOYHOCTH ~ OIpe-—

IeJeHnd I3 MOM, % NaAlSiBOS)- O6pamaeT BHWMaHWE, UYTO OHM ABIAKTCA JoIee UHC—
THMA, YeM Kalnepad asa IPaKTHYeCKN [OJHOCTEN PACHABNMXCA MUKDOKIMH-IEDTHTOB
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Tadxzrga 3

Bamomolt cocraB M cocraR HaTpmesoit asu MEKDONEPTUTOR M3 DHOOKOHTAKTOBHX
pasHocTel pmcYoppmTOB

CpejHee comepxanme
n3omMopdHOR mpmMecn

BanoBo#t cocTan Comepxande MSOMOPHOrO (B (asax mepruTa [0

IepTHTA : KaTHeBoro KOMIOHEHTA B | paccTOAHID M
. anmsdurosoil faze pedmexcamm (201) .,
3611 arp0uTa M XalumnaTa

8301) (&) | oo epraxme | ¢(201 (4)
moCag . 0T~ NaﬁlSiBOB, a.fmdn%onoﬁ ﬁﬁ%ﬂ?&ge AEBF&KG.' gﬁﬁgﬁﬁme
8 0. % dasu MO % rpal. MOJI. %
PucuoppiTH
1605 4,195 25,5 4,030 0,0 1,33 1,5
1184 4,185 81,0 4,038 320 1,28 5,0
0649 4,183 32,0 4,036 2,0 1,25 70
1651 4,167 39,0 4,030 0,0 1,31 3,0
1653 - - 4,033 150 1,33 15
1602 4,171 b 4,038 3.0 1,7 6,0
1604 4,189 28,5 4,045 6,0 1,25 70
1610 4,183 - 3240 4,033 1,5 s 0 4,0
1601 4,195 25,5 - - - -
0973 4,185 31,0 - - - -
0974 4,201 22,0 - - - =
0589(1) 4,1%0 28,0 - - - -
[lerMaTHUTH B DPUCUODDUTAX

1643 4,192 23,5 4,033 1,0 1,29 4,0
1611 4,181 81,0 4,029 0,0 1,3 1,0
1482/1(1) - - 4,033 1,0 1,27 6,0
1482/1(2) 4,151 46,0 4,085 2,0 1,28 5,0

o 70 % mpu 1050°C,
Ilo mMerommre A.C.Mapdymmia (1962).

U3 He(e/MHOBEX CHEHHTOB MaCCHBa, COTEpXKamUX mo 5~7% usomopfHoro amsGmroBO-
To KommoHeHTa (Bopynxmit, 19714¢),

B TO ®e BpEMA NOJNEBHE MNATH W3 SHIOKOHTAKTOBHX DasHOCTE#} PHCYOPPUTOB
BECEMA YACTO ABIANTOA NEPTHTAME C Topasfc Golee BHCOKEM COISDKAHWEeM ansim—
roso#t Gasm (mo 40% u Gosee), o uem coolmanocs pamee (cm, Tada, 3), 9TO CooT-
BETCTBYET COCT&BY MNOJEBOTO NNATa B KORTEKTUPYHUUX ¢ PHCYOPPUTaMH HedermHo-
BHX CHeHMTaX, XapawrepHo, uro B KayMepoll fase MEpTUTOBHX MOJeBHX MEHATOB Ha-
GronaeTcs ITOBHUEHHOP CoRepxanse u30oMODIHOIO HaTpHEeBOro KOMIOHeHTa (B cpel-

HeM 1o 6% Na.AlSiSOB Ja

CTPYKTYPHAA H MOP®OJOIHYECKAA HEOXHOPOXHOCTH
MOJEBBIX MIIATOB =

HecMmoTpA HA BHESpXaHHH! Xipmrzeckuft COCTAB, HONEBHe NNATH B THOMYHHEX Das—
HOCTAX DHCUYOPPUTOB YOUBUTENEHO HEONHOPOGHH [0 OKDACKe, CTEHEHM IpO3pauHOC—~
TR X IpyTud (U3uYeCKEM X ONTHYEeCKHMM CBOHCTBaM, MEHAMUIMMCA YaCTO HE TOJBHQ
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Tadaunpa 4

XAviuecrre aHaJIMBH IPOBpavHHX M HENpPO3PadYHHX YYACTKCB B MOHOKPHCTAJLISEX

Xu6ueuTH Pucuoppuru
KommoreHT Ocpasern 1064 | Odpaser 1045 OGpazen 1134 gggaseu OGpazen
M

" o 1 2 1 2 1
SiO2 65,301 85,00%85,13 ' 85,60 ' 84,33.7163,55 " 62,16 64,13
Ti0, 0,06 0,12 0,02 0,06 Cr. Cur, Car, 0,03
A1,04 18,29 18,17 18,67 18,56 18,45 18,19 17,68 18,24
Fe203 0,81 0,81 0,54 0,54 0,68 0,61 0,9 0,46
MgO 0,08 0,03 0,05 0,01 0,07 0,05 0,10 0,08
Ca0 0,011 0,016 0,009, 0,001 0,025 0,08 0,025 0,008
Sr0 0,055 0,071 0,093 0,121 0,07 0,16 0,026 0,000
Ba0 0,17 0,17 0,17 0,24 0,28 0,32 0,72 0,04
Na,0 5,00 . 4,65 5,82' | 5,38 ' 4,62 4,568 - 0,22 0,45
K,0 9,23 9,90 8,44 8,60 9,8 9,9% 15,65 15,54
Rb,0 . 0,025 0,022 0,024 0,024 0,028 0,024 0,044 0,11
Cs,0 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,001
L120 0,000 0,000 0,000 0,;000 0,000 0,000 0,000 0,001
H,0+ 0,11 0,31 0,23 0,20 0,09 0,1 0,11 0,07
1108, 18 - - 0,57 - 0,22 - 0,32 0,48
Cymma 99,14 99,27 99,57 99,29 98,62 98,16 98,01 99,64
YnensHui
BEC 2,57 o S 2,58 2,97 2,58 2406 2,596
KALSi,0p 55 58 49 51 58 58 % 9%
NaAlSi308 44 41 50 48 40 41 2 4

RbAlSi 0 0,07 0,07 0,07 0,07 0,08 0,07 0,14 0,38
BaAl,Si,05 0,3 0,3 0,3 0,4 0,5 0,6 1,4 0,07
Cadl, 81,0, 0,05.° 0,08 0,04 0,01 0,128 . 0,16 0,18 0,04
SrAl,8i0s 0,15 0,19 0,25 0,3 0,19 0,43 0,07 0,00

*
1 - HeNmpospauHHe, 2 — MPO3PAYHHE YYACTKM KDPHUCTAJLIOB [OJIEBOTO WIara,

TeosoruyecKoe MONOREHNE UCCHAENOBAHHHX odpasuon

Odpasen 1064 - wro~samamerdf CrJIOH T,IMBedopp, KceHOMUTH apdBenCOHMT-NIONe—
BOIIATOBOI'O MEIrMATHTa B MenasoxpaTopoft maftkomolt mopome cpemu I'pyGO3epHUCTHX
TPEXUTOMITHEX XWMOMHHTOB; oGpasen 1045 - mkHHM CKIOH T, A#fkyaitBeHTYODp, mEIMa-
THT appBeACOHUT-IIONEBONIATOROTO COCTABA B MACCHMBHHX XMOMHUTaxX; odpasen 1134-
nepepan Yopprop, KCEHOMMTH apfelncOHMT-IONEeBONNATOBOTO NETMATUTA B NOHKUHAT-
nopduporo#t maftke cpelm cpemHESEPHUCTHX TPAXUTOMTHHX XMOMHUTOB;00pasen 848/M —
CaHuIuH NONKWIMTOBOM CTDYKTYDPH U3 NHMPOKCEHOBOTO pHCUOPDHTA ANGTUTO—
BOr'o uMpKa r'.PacBymdopp; odpasen 1667 - HeIMATHT JBIMAMUTOBOR IEDEMHIKE

B COCENHMX yJacTKaX IIOPCOIH, HO Jaxe B IpelesaX ONHOI'O M TOI'0 Xe MOHOKPHACTAI-
Jla IOJNEBOTC WmaTa,. J3—-3a HeNOCTOAHCTBA ONTHYECKMX KOHCTAHT [IOJNEBHE WINATL
PUCYOPPATOB ONUCHBATACE IOZ CaMHMM DASIFYHHMY HASBAHUAMU: OPTOKIA3H, HOPTO-
wrasH (TouHee, KaMMeBHE aHOPTOKJIASH) WM aIyJIfPH; COOOMANOCE Takke O MPUCYT-
CTBHH B STHUX HOPOIEX MAKDOKJIVHOE., BOXAHO-IDPOSPAYHHE WIK GECIBETHHE IIOJYIIPO3-
PEMHHE DAa3sHOCTH MOJEeBOT0 MnaTa, OTIWYaKNMecs HecoBepueHHOR cmaitHocTebD I
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NoneBoro WNaTa M3 Pa3HHX NeTporpafuyecKuX KOMILIGKCOB XMOMHCKOT'O MaCCHBa, %

Tlopony nito/mT— ypTATOBOTO PALA

1667 [ O6pasern 817/M | OOpasen 1470 | Ocpasen 961/M OGpasern 1760

2 1 2 1 2 1 2 3 2
64,06 ° 63,43 64,06 63,30 63,40 63,20 63,36 63,33 63,83
0,04 0,03 . 0,05 Cx. 0,00 (67 0,07 0,06 0,04

18,20 18,00 18,13 17,85 17,77 18,10 17,64 18,11 18,58
0,42 0,87 0,8 0,9 1,09 0,% 0,95 0,66 0,68
0,19 0,07 0,05 0,07 04 T 07T 10,08 70518 03
0,021 0,003 0,003 0,026 0,030 0,001 0,002 0,001 0,005
0,007 0,009 0,010 0,003 0,022 0,002 0,003 0,006 0,120
0,11 0,63 0,88 0,20 0,63 0,42 0,48 ' 10,17 1,20
0,68 1,03 1,11 0,48 0,86 0,69 0,74 " 0,m - 1,28

14,99 14,80 14,42 15,% 15,13 15,29 15,72 15,24 14,02
0,102 0,035 0,033 0,098 0,032 0,030 0,030 0,049 0,020
0,001 0,000 0,000 0,000 0,000 0,001 0,000 0,000 0,000
0,000 0,000 0,000 0,000 0,000 0,001 0,000 0,000 0,000
0,27 0,12 0,00 0,44 0,03 6,07 0,20 0,20 0,09
0,38 0,65 - 0,21 0,52 i it " ~

99,32 99,68 99,60 99,53 99,61 98,% 99,23 99,67 100,00

2,56 2,57 2,57 2,56 2,57 2,56 2,57 2,57 2,59

93 89 88 9% 91 93 R . 93 85

6 9 10 4 8 6 7 6 12
0,88 - 0311, 10510+ 1110590 0,10 0,09 0,09 0,15 0,06
0,2 $59 ar 86 | 0k 1,2 0,8 0,9 0,3 2.2
0;10° 0,0t 001 Q.13 0,15 0,01 0,00 0,00 0,02
0,62 .1 ~0;02::0,03: - 0,01 0,03 0,01 0,00 0,01 0,32

r.Kyxucsymdopp (TMxoHEHKOB, 1963) ¢ aMA3CHATONONOCHEM MUXDOKIMHOM M anyid—
‘DOBUIHEM ODTOKNAE30M; ofpasern 817/M - mecTopoxueEne PaCBYMIOPD, NEeTMATHT B3TH-
PHH-THONCHA~TIONEBOUNATOBOTO COCTABa C DasiHYHEM [0 CTENeHH OPOSPAYHOCTH
oproxyasoM; odpasern 1470 - r,llkcmop, WTOMEHA MaTepHMaNbHAR, OEIMATUT STUpHH-
IUONCHI-IOJNEBOMNATOBOTO COCTABA C aMAa30HUTONONOCHHM MMKDOKJIMHOM # CaHMIMHOM;
ofpasen 961/M - Mecropoxuenue PacBywmdopp, NETMATHT SIUPKH-NUONCHI-IONEBOUTATO
BOTO COCTAB& C DASJMYHEM IO CTRNEHHM NPO3pavHOCTH MUMKDOKIMHOM; OOpasen 1760 -
INeTMATHT 3aNafHOTO CKNIOHA T',Kyssaemop (THXoHEHKOB, 1963) ¢ aMa3OHATONONOGHHM
MUKDOKJIMHOM ¥ CaHWIHHOM,

HaImyleM DAKOBHCTOID MBIOMa, OCHYHO OCHAapYAMBADT MOHOKMMHHYD CHMMETDHI; He-
NpospadkHe, S3aMyTHEHHHE, 3eJeHoBaTHe (aMaBOHMTONONOGHHE) DASHOCTH, KAK Ipa-
BIIO, OHASHBANTCA MUKPORIMHAMI,

HeOIHOpONHHE MONEBHE WNATH B DHCYOPPHTAX HAGTONADTCA Kak Hemoc—
PENCTBEHHO B [OPONE, Tak ¥ B NeIMATHTOBHX OCDABOBAHMAX M B 030
HUX IHIPOTEPMATBHHX XWIaX. OTO CBUNETeNABCTBYET O MMDOKOM DASBUTHH
NpOUECCOB, B PE3YNbTATE KOTODHX MONOGHAA HEOBHODONHOCTH BOSHUKAET.
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Hcenenya xapaxTep HEONHOPONHOCTH MOJEBHX MIATOE PACYOPPUTOB, MH IIONHT&-
JUCE BHABUTE DABJMYMA B XMMWIECKOM COCTABE NMPO3PAYHHX M HENPO3PAYHHX yU&CT—
KOB B MOHOKDHCTa/IaX MMHepasia. HeoOXomuMue IJIA NOJHOTO XAMWYECKOI'O AHAJNM3A
XKoau4ecTBa TEKOTO MaTepuasa CHIM OToGpaHH mom OHHOKYJIAPOM B MMMEDCHOHHOM
cpeme., VA ChaBHEHUA NPOAHAMSUDOBSHH TaKKe SHANOTWUYHHE HEONHODOIHHE BHEE—
JIeHHA IOJEBOTO mIaTa U3 MAGMT-YyPTHTOB. N HedeJMHOBHX CHEHHTOB.

[lony4eHHHe maHHHe (Tada, 4) DOKa3HBawT, YTO IPO3padHie U HEIPOBPAUHHS
YVYSCTKU, 3€DEH [OJIeBOTO NMIATa M3 KOMILIeKca XMOMHMTOB (oCpasmu 1045, 1064,
1134) cofepXaT NPaKTHYECKN ONUMHAKOBOE KOJMMYECTBO HATDHS ¥ MaJO DasIMdanTCs
N0 COLEPXAHWN Xesjesa, Kalplud W IPYTUX Mukponpmvecedt, BHemse omHOpOIHEE,
Ipn HaGIONeHM¥ [0J MAKPOCKOIOM IIPO3padvHHe 000COGJAeHWA B 3€DHAX MOJNEROTO Wma-
Ta U3 XUOHHATOB OKa34JCEH CYyOMUKPOCKONMYECKHMMM IEDPTHTaMHM, COIEDRAUME IO
40-60% amsOuroBoit Pas3H, YTO OHIO NMONTBEPKIEHO X PEHTTEHOMETPUYECKUMH NaHHH-
vy (Bopyuxumit, 1971a,6).

B NpOTHMBOIOJOXHOCTE STOMY B HEONHODOLHHX KPHCTAJIEX CYWECTBEHHO KalMeBHX
MONEBHX WIATOB M3 pucdoppuroB (ofpasen 1667) u mitommur-ypruros (oOpasun
817/M, 961/M, 1470 m 1760) yCTAHORNEHO K&K CXONCTBO, Tak ¥ DASNHYNE B XUMA-
YeCKOM COCTaBe mpospavHoil u HempospauHoit gpaxumit, conpopoxmamieecs H3MEeHe—
HHEM CTDYKTYDHOT'O COCTOAHWA HOJEBHX mmaroB., Tak, ecJl B olpasle 81'?/ M, B
KOTOPOM IPO3pavHAS M HenpospavuHad (Qpaxumy ofe OpeXCTARIeHH OpPTOKIAzOM, H
B ofpasne 961/M,B KoTopoM o0e (QpaKive ARIADTCA MAKDOKAMHOM, HE BHABJIESHO HU-
KaxpX pasimumit B cocTake mOJEBOT'O mmara, To B ofpasmax 1667, 1470 n 1760,
TNe mpospavHas (paKImA NpelcTaBleHa MOHOKIMHHON, a HempospauHas — TPUKIMHHOM
MOIMPMKAIMAMY, YCTAHORNEHO OTUETIMBOE OCOTAllEHMe OPTOKJIA3a HATDHEM, GapueM,
CTPOHIMEM ¥ (B ONHOM CJydYse) KANBIMEM, & MAKDOKJMHA — DyCHINeM.

OoTameHne OPTOKNS3a HATpEEM (¥, BEDOATHO, IDYTMMI 3JIEMEHTAMM) MOKET
OuTE OOBACHEHO Gombmei# msoMopdmo#l emxocTeh HeymopanmodeHHo#t fopmu RamueBoT'O
[ONEBOTO MOATa, YTO COIVIACYETCHA C ONHTAMHA II0 MOHHOMY OOMEHYy B THIDOTEpMAJE—
HHX YOQIOBMAX MIA CEDUH CAHUIRH-MUKDOKJMH, IpoBemeHHmMz H.Q.YeinmesrM H
B.lI.Bopyuxoit (1972). C sTUMM IpeNCTABIEHNAMMA, OTHAKO, He COINIACYETCHA HAKO-
IIeENe pyOumms B GoJiee ymopamodeHHo#l dopme HaIMeBOI'O IOJEBOTO WIaTa pHUCYOp—
PUTOB W HAOIMT-YPTHTOB, BOSMOXHO, UTO NPUYHHY BTOTO CAeIyeT HCKaTh B Majoit
KOHIIEHTpaIM! pPyCHIHA B MCCIENOBAHHHX [OJNEBHX mIaTax, He NpeBHuawime# mpemess-

HOT'O er'0 CONEpKAHMA B MUKDOKIUHE NOpH COOTBETCTEBYDNMX TePMOINMHAMAYECKUX Napa-—
MeTpax.

MHKPOIIPAMECH B IOJEBBIX IMIATAX PHCYOPPHTOB

Pacmpenenenre ®3cMopdHEX Mukpoupmvecell xesesa, Oapud ¥ CTPOHIMA MEXLY ta-
3aM) KpMNTOMEPTHTa B mpomecce $a30BOTO pacmajia B NOJEBOM mnaTe GHNO MCCIEmO-
BaHO C NOMOWBH BJAEKTDOHHOTO MUKpOsoHmA"Kamexa" MS-46 mia odpasua 3 Ipydo-
BEPHUCTHX TPAXATOMIHEX XuOMHUTOB (pmc, 3 — CM. IpmIoKeHne ), YOTAHOBAEHO,
yro Gapuil KOHNEHTPHDYETCH HCKINYMTEJBHO B KeymmnaroBof fase meprura, B TO
BpeMd KaKk CTpoHIm#A ¥ Xejes0 BXONAT W B KalmIIaToByo, ! B ars0UTOBYL BaszH,
XOTA B IepBoil XX CONEDXAHWE HECKONEKO BHIE . JUIA KalblWA TAKHX NAHHHX, K CO-
RAJEHUD, NOMYyYATE HE YUAloCh, Tak KAk eTo CONepKaHue B XUOMHCKI MOJEBHX
MmaTax HWKE JYYBCTBHUTEIBHOCTH NpHAGopa.

JcxXoma 3 IpMBENEHHEX NAHHHX MOKHO OXHMIATh, 4YTO cymecTBemxo KaJmeBHe NO-
JIeBHE IMATH PUCUOPPUTOB X MAOIUT-yPTHTOB OYyIYT Pe3KO OCOTalleHH Gapuem 1 B
REKOH-TO CTBHNEHU CTDOHIMEM W XEJE30M II0 CPABHEHMD C KaJn-HATPUEBEMU IIOJIC—
BEMEA UnaTavy He(eJMHOBHX CHEHWTOB MACCHBA, €CJM OHA KPUCTAHMB0BAIMCE 13
Gosee WIH MeHee ONHODOIHHX DPAaCIIEBOB.
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Tadaxnma 5

ConmepxaHne muxpompuvecelt Fe, Ba, Sr ¥ Ca B IOJEBHX IIATAX W3 IOPON M IET-
MaTuTOB XMOMHCKOTO MaccHea, %

Fe Ba Sr Ca
Yuc-

TaaBHHE o
TUIH I0— {CDem~— open— cpen— cpen- as
Fonsan: ﬁgiep Bapua-| Hee | mapma- | Hee | mapma-| Hee  |Bapma- | poc

; - | 1 cozmep mmm comep— conep- | mmu
XSHTE Remme | xamme | 0 KaH#e Hos

- [loneBHe WIATH DOPOXL

Hedem— )
HOBHE
CHEHUTH 0,23 0,07-0,5 0,22 0,01-0,5 0,12 0,003-0,5 0,13 0,02-1,0 117

Hofxwn-

TOBHE

HedesmHo—

BHE CHe—

HUTH 0,24 0,1-0,5 0,27 0,02-0,7 0,08 0,002-0,30,06 0,005-0,3 52

Witommar—
YPTHTH 0,27 0,1-6,3 0,66 0,2- 2,0 0,13 0,0t1-0,5 0,14 0,01~0,7 29

OrHOCH~
TeJIEHOE
comepxra—
HHe MAK-
pompume—

ceit 121,00 5 1.2 Asi-2 2 3;0 1207 & T4 12064 ¢ 1

ToyeRue mnaTH IeTMaTHTOB

Hegemmuo-

BHE CHEe-

HATH 0,23 0,02~-0,7 0,17 0,01~0,5 0,06 0,002-0,3 0,07 0,002-0,5 119
Holtrmnm—

TOBHE HE—

GeJnHOBHS

cwenzrs . 0,20 0,05~0,% 0,15 0,03-0,3 0,02 0,003-0,1 0,05 0,005-0,3 39
Witoqur—

YPTHTH 0,36 0,05~1,0 0,42 0,05~2,0 0,03 0,002-0,2 0,13 0,002-2,0 85
OTHOCH~-

TEJBEHOE

conepxa—

HUE MIK—

pOHEHMe—

cei 1:6,9 £1.,6 1:0,9 32,5 120,3 +70,6 13057 %1.8

*
Comep#arme MUEpompmMece#l B He(esMHOBHX CHEHHTAX ¥ COOTBETCTBEHHO B IIeIMa-
THTEX HeeJMHOBHX CMEHWTOB NPUMHATO 32 eNUHULY.

IeficTBuTEIEHOE COMepRaHme Muxponpumeceit Fe, Ba, Sr M Ca B NOJEBHX MOaTax
u3 Hede MHOBHX CUEHUTOB, NONKWIMTOBMX He(e MHOBHX CHEHHTOB ¥ mitoqMT-ypTHUTOB,
8 TaKxe NerMATUTOBHX oOpasoBaHu#t B BTWX MOPONEX CONOCTARNIEHO B Tada, 5,JlaH-
HHE CTATUCTHYECHON OCpaCOTKH MOKA3HBaWT, UTO TOMBKO B KANMEBHX MOJEBHX mma-
Tax 3 AAOMMT-YPTUTOB ¥ BaleraiiX B HEX HeIMATUTOB HaGIWNSeTCHA CYHeCTBEHHOE
odorameHue GapveM M xejesoM. ComepkaHue STUX SJIEMEHTOB B KAJMEBHX NOJEBHX
NaTax KOMIJIEKCE DUCUODPHTOB IPAKTHYECKH HE OTJMYAETCA OT TaKOBOTO B Kaill-
HATDUeBHX [OJEBHX WNarax He@eimHOBHX CMEHHTOB., B To Xe BpeMi BMECTO OXMZa—
£MOTO YBENMUYeHHA CONepRAHMA CTPOHLMA B NONEBHX Wnarax NORKWIMTOBEX Hedesm-
HOBHX CHEHHTOB HAGIDI2ETCA De3KOe ero yMeHBUEHMEe, TEK Xe KaKk H yMeHLLEeHHe
CONEPXaHNA KaJbBINA, i
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Tadaznopa 6

Comepranue wvuKponpumecelt Fe, Ba, Sr W Ca B NOJEBHX WNaTax PasHHEX CTPYK-
" TYDHHX W MOPHOJOTHYECKHX THIOB, %

Fe Ba Sr Ca
- - - Unc—
Trns 1o- | opeg— cpesi- cpeg- cpem- 10
JIEBEX Hee BapHa- |Hee Bapra-| Hee Bapha— |Hee Bapua- [0oG-
mIaToR | comep- |UMH conep-| mu conep—-| nun comep mm pas—
HAHWE HIHMES KOHUS EaHue 0B

Bucoxue
QPTOKJA3H
(kpunro-
# MIKDO-
NEePTHTH)
13 BSHIO—
KOHTaKTO—-
BUK DAIHOC-

HACYOD—-
DaronP"0,24  0,1-0,5 0,290,06-0,5 0,12 0,01-0,1 0,08 0,02-0,2 17

BecnepTn-—

TOBHE I'0-

MOT'€HHHE

MAaKCHMAIE—

HHE MHKDO-

RJZHH 73

THIAYHEX

pasHOCTEH!
cH9oppH-—

%B i 0,23 0,1-0,3 0,17 0,02-0,3 0,018 0,002-0,05 0,036 0,01-0,1 9

BecnepTu—

TOBHE aIy-

JAPOBUTHEE

HUSKUEE ca-

HEIUHH #

BHCOKHE Op-—

TOKJIA3H M3

THITAYHHX

pazHocTel

PUCSODPE= .24 0,1-0,3 0,31 0,07-0,5 0,033 0,005-0,1 0,023 0,006-0,058

Je@mimar CTPOHITAA I KANBIAA B IOJEBHX NMATaX PHCYOPDHTOB, HO-BHIMMOMY,
OGyCHOBIEH TEOXUMUAYECKMMA, & He KPUCTAINOXMMUYIECKMMH npddMHamz. [Ipn
CONOCTARNEHNN CONEDRAHWA MAKpompmMece® B mONeBHX wmmaTaX, OTHOCHIMX—
cA K DpasHHM CTPYKTYPHEM H Mopdosormueckmm Tumam (rada. 6), HCHO
BHJHO, YTO INEPTATOBHE IIOJEBHE [MATH H3 DHIOKOHTAKTHHX pasHocTelt pmcuop-
DHTOB IO COINEPRAHM MUKDO3JEMEHTOB IPAKTHYECKH He OTJIMYanTCHA OT NEepTHTOB M3
XHOMEMTOB % $ORAMTOB, B TO BpEMA KaK CYWECTBEHHO KajueBHe [OJNEBHE WNATH M3
THINYHHEX pasHocTell PUCYODDHTOB (MOHOKIMHEHS ¥ TPUKIMHHHE) DESKO OCETHEHH
CTPOHITMEM W KajeUMeM .B CBASHM ¢ 5TUM OpefCcTaBIALT MHTepec naHHHe JI,B.Kozn-
peBoit (1966) o6 oGorameHMy MOJNEBHX muaTos (M HeeamHa) DHCIODPPUTOB pPYCHIE~
eM IO CDPSBHEHWN ¢ STUMH MUHepasavi B He(leMHOBHX CHEHHUTAX W MAQIMT-YDTHTAX.

McxomA ®M3 NPUHATHX B HACTOANEE BPeMA' IpeICTABICHMA O MATMATHYECKOM IpO-
HCXORNEHNM DUCYOPPHTOB B NMEPUON MERIy KpHACTaLIM3anue## CXOTHHX IO COCTABY
pasHocTe#t HedesmMHOBHX CHeHHTOB (XmOmHUTOB M (OMAUTOB), TPYHHO OOHACHUTE
BOSHMKHOBEHHE CTOJE Deskolt TeoxmMudeckoil creruannsamyid B NOKWIMTOBHX Hepe—
MYHOBHX CHeHWTaX, KOTOpad NPHBOIAT X CYUeCTBEHHOMY oforameHan Ioponoodpa—

1 us Tadi., 6 clefyer, 4YTo (Kak yEe OTMEYaNoCh BHIE) MOHOKIMHHAA MOIupmka—
A7 KaJieBoTo IOJEBOTO INATA B PHCYOPPATAX COTEPEAT HECHOMBKO 60JEIE
0apHa ¥ CTPOHIMA, YeM TPHRIMHHAA,
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SYOIUX MUHEDaJOB PHUCYOPPUTOB KasdeM ¥ DYOUmuWeM M OoGeIHEHW NX HATDHEM,
CTDOHIMMEM 1 KaiblmeM, TeM Goxee TpymHO IPENCTABUT: cele KPUCTALIM3AUMN B’
BHIOKOHTEKTOBHX 9YaCTHX DHCUOPPUTORO! MHTDYSHM MOJEeBHX MIATOB, HE OTJIMYAKINX—
CA MO XMMMYECKOMY COCTaBY OT MOJEBHX MIATOB CKPyXawmmux He@e/MHOBHX CHEHHTOB,

CTPYKTYPHOE COCTOAHHME IIOJIEBRIX IMATOB PHCYOPPATOB

CTeneH: DeHTIEHOBCKOR TPHRIMHHOCTH (Ap) U3MEPANIACcE N0 BEJMYUHE paclelie—
HnA peduiexcoB (131) # (131) (Goldsmith, Laves, 1954), a B ciyuyae WX Hepac—
NENJIEHHOCTH — IT0 WEpHMHe muka (131) Ha BHcOTe 2/3 or ocHopaHma (MapdyHmH,
1962). OSpasus ¢ pacle/eHHHEME OTDSXSHIAME OTHeCEHH K TpuxuHEol dase, 06—
pasiH C HepacllelVIeHHHMA OTDaXeHWAMY He3aBHCUMO OT WMpHHN muka (131) - K Mo-
HOKJmHHOR (ycaoBHO). Opasus ¢ BummMoft HeCTHOPONHOCTHR DAsNE/ATACh HA IpO3—

+ padHy® I HeIpospauHy® @parimnm, OMHAKO NOCTUYE [OJHOTO pPA3ICIEHNHd yIaBaslochk
HE BCeI'Ia X Ha IMPpaxTorpaMvax MMENNCh OTDPaXeHMA KaX MOHOKJIMHHOK, Tax H
TpuxsmHEOR Pas. [X COOTHOWEHHME OTpemesalochk o Tpafmey, cocTaBIeHHOMY HaMu
IJIA ACKYCCTBEHHHX cMecell MaKCHMANBHOTO MUKDOKIMHA M BHCOKOTO OPTORJIA3E
(Bopymme#t, 19716).

llonryueHHne JaHHEe (cM, Tadk, 1 ¥ 2) CBANETENECTBYT O WMHMDOKOM PACIPOCT—
paHeHW!! B PUCUOPPUTEX ¥ DABBATHX B HUX METMATUTAX KAK MOHOKIMHHHX, TakK U
TPUKJIVHHHX KaJNEeBHX NOJIEBHX WIATOB, [IpHIeM o0e CTPYKTYpHHe Momubukanmmm dac—
TO OPUCYTCTBYRT B OTHOM ¥ TOM X€ ITyPe IOPOIZH ¥ Taxe B OXNHOM X TOM X& MOHO-
KpPHCTAJLIE MOJEeBOTO IaTa.,

CTaTHCTIIEeCKM 00padoTaHHHE NAHHHEe O CTElEHW DEHTIEHOBCKON TPUKIMHHOCTH
IOJeBHX WIATOR DHCYORPHTOB (Talx,7) NOKARHBADT, YTO B OTINYAE OT IOJEBHX
MnaToB HOPMAJIbHHX He(e MHOBHX CHeHMTOR (Bopymkmit, 19716) miIA MCCIENOBAHHHX
00pasnoB XapaKTeDHH B OCHOBHOM JHIL Kpeiliye 3HAYEHMA CTeNeHM TDHKIMHHOCTH:
0,00-0,40 pna moHoKIMHHOR $asw 7 0,70-1,00 LIA TPUKIMHHOA pM IpaKTHIECKHA
HOJHOM OTCYTCTBME IDPOMEXYTOUYHHX sHauYeEWH. 9T0 COPaBemMBO KaK JJA IIOJEBHX
MIaToB MOpPOXK, Tak ¥ A HOJEeBHX MIATOB NeIMATHTOB, XOTA COOTHOWEHNE MERLYy
MOHOKJIMHHOA ¥ TPUKIMHHOA MomupuralmaAvMi B 3THX TEOJIOTHYECKHX 06pa30BaHUAX
DpasJmYHO: B HOpOXme IpeoGiamanT oproknasu (Gomee 70%), B NeTMATHTAEX — MUKDO-

kmmEy (ceume 60%).
Kok msBecTHO, BEJWUUHY yIJIa ONTHYECKEX OCefl 2V MOKHO HCHNOJB30BATH Kax

KOHCTAHTY, HENOCPEICTBEHHO OTDAXANMYD U3MEHEHWS B CTPYKTYDHOM COCTOAHUM Ka-
AMeBHX NMOJEBHX WIATOB (T.6, B CTENSHM KPEMHEANOMEHMEBOTO JUODSANOYEHHA B
CTDYKTyDE), DOCKONBKY 2V MAJo 33BHCHT K2K OT COJEpXaHIT HM3oMopdHOTC arsin-
TOBOTO KOMIOHEHTa B KasmnaroBoll gaze, Tak ¥ OT CYCMUKDOCKONWYECKHX BHIUEJIE—
unit anrpourToBoit PasH B KDUNTONEPTHTAX, & Takke OT CYCMAKPOCKOIMYECKOTO NBO#-
HUKOBAHNA B IOJEBONIATOBHX GloK-Kpmeramnax (Mapdymmm, 1962). ¥
Hamy ¥sMepeHUd MOKASHBAKWT, YTO JTON ONTHYECKEX ocell B KaiueBHX MOJEBHX
II&TEX WS TUINYHHEX DECYOPDETOB - oT 33,5 mo 83°, ommaro Mexmy 55 m 74° HaGmo-
IaeTCH paspHB. CXONHHE Nakuue moxydenH J.B.Kosspesolt (1967), moxasazmelf,
yTo 2V B DOJEBHX WIDATAX DUCYOPPATOR MeHAeTCA oT 47 mo 85° ¢ maxcmMymamm npn
95 1 850, KOTOpPHM COOTBETCTBYWT IBA MEKCHMyMa B M3MEHEHUM DEHTTEHOBCKOM
TPUKIMHHOCTH C A, = 0,27 na, = 1,00, To xe camoe yxasanx 7 A.B,Tanaxon(1959)
OTMeuaBmuit, WTo IJiA PHCYODPHTOB XAPaKTEDHH IIATHUCTHE [IOJEeBHE WIATH ¢ 2V
52-57° B omEWX UACTSX 3eped  81-87° — B ADYTEXT,
CotviacHo kraccufurammu A,C.Mapfymsmea (1962), kaiueBHe IOZEBHE WIATH C
ov menee 44° B miockocrm, nmepmemmmKyJApHOK (010), NOMKHE OHTE OTHECEHH X

o &

Bojlee BHCOKME 3HAueHmA 2V (mo 85-87°), npmeomumue A.B.TaiaxoBM, HO-BHE-
MOMY, OGVCJOBIEHH HETOUHOCTHL MsMepeHHH.
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Taguwnga V7

CraTHCTHIECKNE FaHHHE O DPEHTTEHOBCKOM TDMKIMHHOCTH KAUMEBHX IIOJEBHX INa-
TOB M3 KOMILIEKCA PHCYODPUTOB

YacToTa BCTPEYSEMOCTH OCDasIOB
Tnero CO CTENEHBN TPUKJMHHOCTH A_ B
Teomorudeckye 0Gpa30OBAHAA oggaa— mHTEepBANaX (B %) P
i 0,0-0,4 0,5-0,6 0,7-1,0
PHCYODPPUTH 49 73,0 1.5 2058
W3 Hmx:
NHUPOKCEHOBHE 39 69,0 0,0 31,0
CIIAHHE 5. 72,0 5,5 22,5
rHeficoBAOE LE 5 4,0 0,0 6,0
[lerMaTUTH B PHCYOPPUTAX 39 S, 0,0 63,0
Uz Hmx:
B IMPOKCEHOBHX - 26 39,0 0,0 61,0
B CIIONAHHEX 5 47,0 0,0 53,0

B THeilcoBMIHEX 8 35,0 0,0 65,0

HU3KOMY CAHHIUHY, C 2V 44-60° - ¥ BHCOKOMY OpPTORNA3Y U G2V OKOJO 80° — max-
CHMATBEHOMY MUKDOKIEHY,.TaxkmM 00pasoM,B TUINYHHX DACYOPPUTaX IPUCYTCTBYRT U
YacTO COCYUECTBYOT B OfHo# W Toft ke mopome ¥ Haxe B ONHOM B TOM X& MOHOKDHUC—
TANEHOM BHOEJEHHM IOJEBOTO WIaTa OBe eTo QOpMH C COBEpINeHHO DasSHEM CTDPYK-
TYPHEM COCTOSHMEM: MOHOKIMHHAA, C BECHMa HEYIOPAMOYEHHHM DacCIpemeseHmeM Si

u A1 (HEuskui caEmmmH — BHCOKME OPTOKNA3) M TPHKIMHHAHA, C YUODATNOYEHHHM Dac-
IpemeNeHreM Si ¥ Al (MUKpOXINMH, OIESKEl X MAKCHMAJIBHOMY) .

B mepTHTOBHX MOJEBHX WIATAX U3 SHEOKOHTAKTOBHX DasHOCTEe# pHCUODPUTOB
yTON ONTHYECKEX ocelt Bapeupyer or 53 mo 69°, pewe mo 78-81°, T.e. kammesan
fasa aTMX 00pa30BaHUA COOTBETCTBYET BHCOKOMY WIM ITDOMEXYTOYHOMY ODPTORJIA3Y
(WM MIXDOKIMHY) X peXe MAKCHMAJIEHOMY MUKDOKIMHY - $opmam, MpeuMymeCTBEHHO
C IPOMEXYTOUHHM CTPYKTYDHHM COCTOAHMEM, XapakTEDPHHM IJIA NEePTHTOB U3 Hede-
JMHOBHX CHUEHHUTOB Maccusa,

Ha pmc. 4 moxasaHa OpPMEHTHPOBKA ONTHYECKOR MHOMKATDHCH B KaJMeBHX NIOJe—
BHX WIaTaxX THNIMYHHX pasHooTelt pucwoppuros (a) m B KeummmaTosolt fase mepTu—
TOB U3 SHOOKOHTAKTOBHX pasHOCTEH pucYoppuToB (G) B DPOEKIMM HE ILIOCKOCTE,
nepneHIUKYIApHY®H (100]. T'pamydpoBKa cTepeorpadMiecKoll CETKM JIaHa B JIVIax
Bexre ¢ # A (Mapdysmm, 1962). Ba HauaNo KOOPAMHAT NPHEHATH IOJDCH coaiHOCTH
(010) ¢ 9=90m A =0°m (001) ¢ 9=0m A= 90°,

IlaHHHE KPUCTAJUIOONTHYECKHMX M3MEPEHMA B OCHOBHOM COIVIACYRTCH C OINpelejeH!-
AMA CHMMETDHMHM [IOJIEBHX MIATOB PEHTIEHOMETPHYECKHEM METOIOM: oCpasnu ¢ 2V Me--
Hee 55° mmenr MOHOKJHHHYN WM GIMSKYD K MOHOKJWMHHOA ODHEHTHDOBKY ONTHYeCKOH
MHIUKATDPHUCH,* ofpasuH ¢ 2V dojee 759 - TPAKIMHHYP OPMEHTEPOBKY. COOTBETCTBHUE
MeXIy onTudecxoit IAO pasia 0,06 yrya moracaHWs HA ILTOCKOCTH (001)1 n penTre-
HOBCKO# TDHKJIMHHOCTHK CBHLETENHCTBYET 00 OTCYTCTBHM B NOJEBHX WNATAX DPACYOD—
PHTOB CYCMMKPOCKONMYECKOTO IBONHUKOBAHUA WIM CYCMMKDOCKOIMYECKHX HEpPTUTOB,
KOTOpHEe HadMoUaNtuck B He(eJUMHOBHX CHeHWTax maccusa (Bopyumkmit, 19716),

OmHaKO A HEKOTODHX CAHMIMHOB M ODTOKJIA30B OmpeleneHa "aHoMansHadA'OpHeH-
THPOBKA ONTMYESCKON MHOMKATDMCH, OTVIMYaNMaAcH OT TaxkoBO# IUIA MOHOKINHHHX U
TPHKIMAHHX ITOJIEBHX Imaros, JOCTaTodHo CKa3aTh, 9TO B 9THX o6pasiax yIJH
Ng : L (010) u Nm: L (001) mocrmramm 28° BMecTO MpeNeJBHOTO 3HaveHuA 18,5°
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P 1 . 4. OpEEHTUDOBKS ONTAYECKO! UHIUKATDECH B KaTMEBHX NOJEBHX UNaTaX ¥ TUILIIHHX DUCHOPPETOS (&) ¥ B KammmaTopol gase mep-
THTOR U3 SHIOKOHTAKTOBHX pHCUOppuTOB (0); |

1 - HOpwaTBHEe JaHHNe, COOTBETCTEYWIje BEMIUUHE PEHTTEHOBCKOM TPUKMHHOCTH B 00pasie; 2 - JaHHNe "EHOMATHHNX" SaMepoB B AXyIA-
pax. "Ca" - cesmmms, "Op" - OpTOK1as, "Mp" - uKpormmH. TpEyrOTBHAKaMZ OTPAHEICHN NDEMISNBHNE NONORXSHEA AMEMEHTOB ONTHYECKOR

% pammxarpacs 1o A.C.Mapdysuay (1962)



B MaKCHMATBEHOM MHKDOKJIRHE.

[lonoGHHE pPesyILTATH NPMBOIWINCE Hamu W paubme (Bopyuwuii, Kosupema, 1968;
Bopyukmit, 1969). AHamoTMYHHE ONTHUECKNE XAPAKTEPACTUXN OTMEUANVCh WA aly-
JIAPOB PANA MecTopokieHuii mmpa (Chaisson, 1950; Bambauer, Laves, 1960;
Ansilewski, 1958; Nowakowski, 1959)q

[locKoJBKY MOHOKNMHHES CHMMETPHA XHOEHCKUX CaHNTUHOB H ODPTOKJIA30B C "aHo-
MaJBHOM" onTuKo# MONTBEEepKIEHE DPEHTIeHOMETPHISCKIMY H3MEDEHUMAME, B HACTOAlEE
BPEMA yxe He BHSHBAET COMHEHM#, 4TO mONOCHHE ONTHYECKHE CBOECTBa MOJKHH
paccMaTpuBaThCA Kak nceBHO3@deKT,He oTpaxanmpmi Kaxux-nuco ccodeHHocTeR CTPYH—
TYPHOI'O COCTOSHUA MOJeBOTO mrara, [[pwuuHoll nofBleHMA nceBmospdexrTa ABIAETCH
KPUCTALINIeCKOE HECOBEPUEHCTEO MUHEDANFHHX BHUEJSHH! MOHOKIMHHOTO MIOJEBOIO
mraTa, NPOARIANNEECH B HANIUYMM DEKOBACTOT'O M3JOMA, WCKDPHUBJIEHHHX TDENMHOK
criaitHoCTH, HEeONHOPONHOTO YTACAHEA BOKDYT NONKWIMTOBHX BRMoueHwm# Hedesmua u
IPYTYX MEHEpaJOB.

E srom ciyuae puA yBEPEHHOCTH B IPABWIBHOCTH IOJTYyYaeMHEX pPe3yiIb—
TATOB HEOOXONUMO IIONB30BATHECA Iwmdamy YMeHBUEHHOR Iomany (HEeCKOJBKO
MIJUIAMETDOB) , TAK KaX IpPH padore ¢ oGHUHEMM mimfaMy BO3DACTEST BepOATHOCTE
U3MepeHm#t B y9acTKaxX, pasOpUEeHTMDPOBAHHHX OTHOCHTENBHO ONPENENeHHHX Ha IOHH-
OMeTpe KpueTamnorpafindeckux HanpawneHE# B MOHOKDHCTAJIBHOM 36pHE,

HamGossuuff moBOpOT IIOCKOCTH onTudeckux oce#f B odpasnax ¢ "aHoMaNbHOR"
OpUeHTMpoBKoil Hadomancs B cedeHmu L[100]. llo sTolt mpwdmHe cTeNeH: ONTHYEC—
KOt TPUKIMHHOCTM DaCCYRTHBATIACE HaMy MCXOIA M3 YIVIE HOTACAHWA HA IUIOCKOCTH
-(001), a He mo BesmdmEe yruia Ng : L (010), kak 87O IeNAcTCA OGHUHO,.

OnTmdeckrad OpUMEHTHPOBKA Kaymero#t fa3Hn IepTUTOB U3 SHEOKOHTAKTOBHX Daz-
HOCTe# DHCYOPPHTOB COOTBETCTBYET MX MPOMEXYTOUHOMY CTPYKTYPHOMY COCTOSHHD M
OnyKe Bcero HAIOMIHZET ONTHYECKYD OpMeHTHDOBKY KaameBoil dasu B MuxpomepTHTax
13 anbCATMAMPOBAHHHX pasHocTel TpaxmrommHux xucuuuToB (Bopyummit, 19716,
fur, 9-IV).

CTPYKTYPHO-ONTHYECKHE THIHEI IHOJEBBIX IIATOB

Ha pme, 5, yTOM ONTWYECKMX ocCell GONOCTARIEH C DEHTIEHOBCKOR M OnTHYeCcKOi
TPUKINHHOCTEN, YTO MOBBOJNAET IJIA IIOJEBHX WNATOB OCHYHHX M SHEOKOHTAKTOBHX
pasHoCTell PUCUOPPUTOB ONPEfe]uTh TDEHHUIH SCTECTBEHHHX CTDYKTYDPHO—-ONTHYECKMX
THUIOE, -

MoxHO BHEE/WTE TpPE TAKWX THANA, KCUYEDIHBAKNMX BCE MHOT00Cpasme MOJEBHX Ima-
TOB B KOMIJIEKCE DPUCUOPPUTOB.

Anmynapu, CymecTBeHHO KalWeBHe MOJEEBHe IMIATH C COTepKaHMeM He Colee 5-

i M&E@fﬁgilsiBOB,ncnnmanansﬁo B BUZE naomop@Hoﬂ NpHMECH; YacTo COTEpRaHUe
HATDHA elle MEHBIE, BIMOTH JO €TI0 oTcyTcTEBHA. ComepXaT B cpemHeM okoJo 0,3%
Gapua, 0,03% crpoHmua u 0,02% wxexeuud. JI0 CPABHEHHEN C COCYWECTEYKUMMA MHKDO—
‘KJIMHAaMKM HEeCKOJBKC oCorameHH HaTpmeMm M OapreM, HauGojlee HeymopANOYeHH Cpemm
IIOJIEBEX MIaToB XHMOMHCKOI'O MACCHBA B OTHONEHHMH paclpeleseHuds Si M Al B CTPYE—

" Type; no naccrfuxamm A.C.MapdyHuHa COOTBETCTBYNT HMSKOMY CAHUIUHY — BHCOKO-
My OpTORIasy. 2V= 33,5 % 550, PEeHTTSHOBCEM M ONTMYECKN MOHOKJMHHHE, BHemHe
GeclBeTHHE, BOLAHONPOBPAYHHE, YaCTO C DAKOBHCTHM MSJOMOM H HECOBEpmEHHoM
cnaffHocTen, IIpemcTaBIANT OCHOBHO# mopomocoGpasywumit moreBol mmar modxmwmrosodt
CTDYETYDH B THIHYHHX DHCYOPPHTEX, Kpome TOTo, HaGJOEAOTCA B NEIMATHTAX B BH-
Iie HelNpaBWIbHHX 0C0COGJTEHM# B MUKDOKJMHE M B NOJOCTAX B BUIE MEJKMX XOpOImO
00pa30BaHHHEX KPUCTAJLIOB.

MEEDOKINEH, CYUECTBEHHO KAMMEBHE MOJEBHE WIATH (BIJCTE IO UMCTO KANMEBO-
rO NOJEBOTO WNaTa) C ComepxammeMm He Goxee 5-7 Mon.% NaAlSi.Op B BuAe m3o-

266



5 W 5 0 g4 48 A 2 48
Szan nozacarnus Yzan nozacanun 4
na (001), 4, P wafoor), 4, £

P z ¢. . CooTHOWleHNe yIyIa ONTHYECKUX OCe# 2V C DeHTTeHOBCKOH Ap X ONTH-
YeCKOR A CTENeHBN TPUKIMHHOCTY B NOAEBHX NIgTax U3 TUONYHHX (&) Z SHOO-
KOHTaXTOBHX (G) DPUCYODDUTOR

1 - MacCHBHHE MMPOKCEHOBHE DHCYOPDUTH; 2 — MACCUBHHE CANIAHHE DECYOPDPHTH;
3 - THelcOBUIHO-TPaXUTONAHHE DPUCYOPPUTH. TpeyrombHuKeMy OTpPaHUYEeHH Ipele-—
JIH VBMEHEHNA KOHCTAHT LA KalmeBHX [OJNEBHX mmaTos no A,C.Mapdymusy (1962)

mopfuoll mpmvecu. Comepxar B cpemHem oxoxo 0,17% Gapmsa, 0,02% cTponuuA u 0,03%
¥anbnnd, 110 CPABHEHED C COCYWeCTBYHIMMYA ANyJISTpami HECKONBKO OGOTameH: pyGn-
oueM ¥ oO0elHEeHH HaTpueM H Oapuem, FABIANTCA DA3HOCTAMH, HamWOoJee YIOPALOYEH-
HHEMH B OTHONEEMM pachpeleseHus Si m Al B CTPYKTYDPE, COOTBETCTBYNIAMA MaKCH-—
MaJIEHOMY WIN OIMBKOMY K MAKCHMAJBHOMY MUKDORIHHY, 2V = 75-83, PeHTTEHOBCKM
U ONTHYECKM MAKCHMANEHO TPUKIMEHHE, OCHYHO HEIpO3paYHHE (3aMyTHEHHHE), UHOT-
Ia 3eJEHOBATHE, aMasOHMTONONOCHHe, HamCosee pacmpoCTpaHEHH B HeTMATHTaX, HO
BCTPEUYaNTCHA TAKKE .B lIOPONAX KaK B BUAe CAMOCTOATENEHHX 3€peH, Tak X B OT-
IENMBHHX yUYSCTRAX MOHOKDUCTANBHHX MUHEDaNRHHX BHUEeJeHH#, IDYTHE YUYACTKH KO—
TOPHX CJIOKESHH aIyJsapoM.

MMKDOKJME— ¥ OpPTOKIA3-IepTUTH,amm-HaTpoBHe NOJEBHE WNATH, B KOTODHX HAT-
preBHll KOMIOHEHT NPMCYTCTBYST K&K B BUIE CAMOCTOATENLHONM amscurosoll fasu
(15-45 moa,% NaAlSiBOB), Tax ¥ B Eume n3omopfroR nmpmmvecm B kammeroll fase mep-
rura (mo 10-14 mon.% NaAlSiBOE). ComepxaTr B cpemdem 0,3% Oapma, 0,12% cTpOH-
mad # 0,08% wamenua, [lpucyTcreue ams6uToBoil dasw QuxcHpyercs Ha peHTTEHO-
TpaMMax # IMON MUKDOCKONOM, [I0 BeJHMYHHE BuOeJAeHU! OpOXyxRTOoB (&30BOTC pacnafa
COOTBETCTEYNT MUKpPONEPTHTAM WM KDHITOIEPTHTaM, OO CTENeHH Si/Al-yUoOpANodYeH-
HOCTH B CTDYKTYPE — BHCOKOMY WM IPOMEXYTOYHOMY OPTOKNA3Y WIM MUKDOKIKHY .
2V = 53-69%, pexe 78-81°, OmTmuecky MOHOKTMHHHE WIM TDUKIVHEHKE C yMepeHHOR
CTENeHEY peHTIeHOBCKON TDURIMHHOCTH,

lloJeBHe WMOATH 2TOT'0 TUINA HAGHOTANTCA TOJBKO B SHIOKOHTAKTOBHX Da3HOCTAX
PUCYOPPUTOB, [0 XUMAYECKOMYy COCTAaBy, CONEDPKAHWMN MEKDOSJNEMEHTOB, CTPYKTYDHO-
My COCTOAHMK ¥ MUKEDPOCTDYKTYpE QHAJIOTWYHH MOJEeBHM MIaTaM KOHTAKTHDPYOIMX C
PHUCIOPPHTAMMA XHOUHMTOB ¥ Pofamros.
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OBCYIK/JIEHWE TIOJYYEHHBIX TAHHBIX B CBA3H C BOIPOCOM
0 MPOMCXOMJEHAH NOAKHIUTOBBIX HEGEIWHOBBIX CHEHHTOB
XHBHHCKOTO MACCHBA

[lepTUTH B SHOOKOHTAKTAX BOHH DASBHTHA DPUCYOPDUTOB, OYEBUIHO, ABJIANTCH DE—
JMKTAMY KAJM-HATPHEBHX NOJEBHX NIATOB OKPYRAWMEX XUOMHUTOB U (foilsmroB., Ko-
AMYECTBO TEKUX MOJEBHX UNATOB CJAMIKOM BEJUKO, YTOCH DACCMATDMBATE MX Kak
coydaliiue KCeHO/MTH HefeJMHOBHX CHEHMTOB, 3aXBAYeHHHE B OCNACTH KOHTAKTA
KpucTaLIMyyeiica pucdoppuToBolt Marmoit, ®ax sTo mosaraer A.B.Tanaxos (1959),
[lepTuTH HaGmMOmAKNTCA Ha yIAJeHUH IO HECKOJNBKUX NECATKOB METPOB OT KOHTaKTa M,
[0 HAWMM HaGIooeHWAM, UMEDT BUI He OTHENBHHX "OCTDOYTONBHHX OCNOMKOB", Kak

nmmeT A.B.TanaxoB, a HenpaBwibHO# fopMmu oGocolmermit co caemavm pes3opOLuyd X
NepeKpUCTALIN3AINY, TepenoJHANNKX BCH TOJLY IOPOLH B OGJNACTY SHIOKOHTEKTA.

HamGomee oTUYETNMBO npeoCpaseBaEWA B TAKAX NEPTUTAX MPOCJASKUBATCA IO M3—
MEHEHMD MEKPOCTDYKTYDHHX ocobeHHocTeit Harpuesoill fasw. Ha puc. 6 (cm. mpmiao-
¥eHme) npHpezeHa MuxpodoTorpaduA miuda MOHOKDHCTANE NOJNEBOTO WLNaTa, B KO-
TOPOM CPEN KPUNTOIEPTUTA HAOGINIAETCA yYACTOK MUKPONEDTHTORO! CTDYHTYDH
(BBEepXy cmpapa). XOpomo BHUNHO, YTO BHIUEJEHHA ansouTa KpymHwe (0,4-0,5 mm),
TOJIMCHHTETUYECEA COBOMHUKOBAHEHE II0 aMb0UTOBOMY BaKOHY, BHTAHYTHE BIOJE Ha-—
npapneHmit coaitHocT® mo (010) B MHMKDONEPTUTOBOM YYSCTKE, KOPPOLMDOBAHH H
"pacTameHN" Ha TOHKME RWIKHM BIOJEL TPENMHOK cmaliHocTs mo (001) B KpMITODEPTH-
Te, [lepeoprenTanna oGocolneHut HaTpreBoj $asH He HApYmaeT SIRTAKCHYECKUX
COOTHOWEHNE MeXmy KalmumaToM X aIbCHTOM B OJOK-KDHUCTaIe, YTO BUTHO XOTA OH
[I0 COBIANEHHM myockocrell cpacTaHmsa aXbGUTOBHX NBONHUKOB B OGOMX THIAX BH-
TeneHm#t Harpmepoit dazm (pHc. 7 - cM. DpatoxeHue). UEMepeHuA HA eTotmke Pe—
LOpoBa NOKa3HBANT, YTO RKWIKH albOUTA B KPHNTONEDPTHUTE IPeACTABIANT coGoit ToH-
KHe IJACTWHRE, ymromenHwe mo (001), Texme KPANTONEPTHUTH He HAGTHNAIHCE B
He(esMHOBHX cueHMTaX XMOMHCKOT'O MACCHEA; IJIA HMX XapaKTepHH IIACTHHYATHE
060COCNEENA ans0uToRo# fasH, OPMEHTHROBAHHHE [0 IMIOCKOCTH, G6masxoit & (100),

KproTonepTuTH ¢ Harpuesol (asolt, opmeHTmpoBaHHOR mo (001), ommcexu ©,Jla-
BecoM 1 K.ConmarocoM (Laves, Soldatos, 1962) B MHTEDIDETHUPOBAJACH MMHA Kax
pesyabTaT NepeKpUCTalIM3aIlid IPONyKTOR (asoBoro pacnama, TaxuM o0pasom, ONN—
CHBAEMH! THUI KPMITONEPTUTOB U3 SHNOKOHTAKTOBHX pasHOCTell pMCYOPPUTOB MOXHO
PaceMaTpUBATE KAK DPEe3yIBTAT NpeoCpa30BaHisd MUKDPONEPTUTOBOTO HOJEBOTO MIATE
xuonHuTeB wm foltauros, XapaxTepHo, YTO B XONe STOTO IpeoCpasOBAHNA MPOHCXO-
IWIa He TONBKO NEDEKPHCTALIM3AINA NEePTHTOE, HO ¥ MOCIENOBATENBHHE BHHOC
HaTpueBo#l Pasn 3 GIOK-KDPUCTAJIOB,

TlapaanessHo ¢ IpecOpasoBaHWsMy HaTpueBoil asy NMpoMcxonmmn MBMeHEHHd ¥ B
xanmepolt fase mepruroB, B TummuEoM ofpasme (cM. pHC, 6) YTOJ ONTHYECKEX
ocell yveHBgeTcH ¢ 68° B MEKPOIEPTUTOBOM y4acTKe IO 61-63° B KpMOTONEepTHUTE,
Ilpy yoaneHuM OT KOHTAKTOE C He(e/MHOBHMA CHEHATAMA KOJMYeCTBO aisdmroBoit da-
3H B [HEPTUTOBHX PABHOCTAX [OJEBHX WIATOB yMEHBIAETCHA, a 0C0COCJEeHHA ee NpH-
ofpeTanT BUI ToHdYaime# mayTuEH (pEc. 8 — CM. TpWIOKeHue), VaMepeHmA TOKAZH-
BAOT, YTO 3HAYEHNEe 2V B KPUITONEDTATAX BHIOKOHTAKTOBHX pasHocTeil prcuoppHTOB
TOCJNENOBATEBHO NANAeT HapallelbHO C YMeHEIeHHeM KOJNYecTBa NEPTUTOBOTO
ans6uTa BLIoTh mo 49-52° B odpasmax, B KOTODHX €lle yCTaHABIMBAKTCA 000CO6—
JieH#A HaTpuesoll @asH. OTHE NaHHHE YKa3HBAWT Ha IHOCAEROBATEJBHOE Si/Al-pasyno-
pAmovueHNe Kaymenolt fasy mepTUTOBR B XOe X IpeolpasoBaHmi,

[IMpokoe pachnpoCTpaHeHHEe ITpPeoGpasOBAHHHX IOJEBHX MIaToB HefeamHossx cue-
HATOB B SHNOKOHTAKTAX 30HH DA3BUTHA DUCYOPPUTOB HE COIVIACYSTCA C IpelcTaBle—
HEAME 00 OGpas3OBAHUN PHCYOPPHUTOR HENOCPEICTEBEHHO IYTeM KPACTALIN3AIUN Mar-—
MaTHYeCKOT'o pacIllaBa, TaKk KaK yKAa3WBaeT Ha WMHTEHCHMBHOe NPOABIEHHEe TBEpLO—
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fpasoBHX peaximit B Xome mx opMmpoBaHms, Ilo HAmeMy MHEHHD, GOJEe BepOATHO,
4T0 DHUCYODDUTH — B COBDEMEHHOM X BHme — cHopMMpoBaNChH IYTEM IIEDEKPUCTAN~
JUBEUMMA [HeDBUYHO- MATMATHYE CKIX He(eMHOBHX CHEHWTOB IIPH N0 CTATOYHO BHCOKOH
renmeparypel (He memee 500°), mo-BUTEMOMYy, B TMIDOTEDMANHHHX YCAOBHAX,

[I[pHCYyTCTBAE PEJUKTOBHX MUKDOIEDTHTOR KaXk Ha KOHTEKTE ¢ XUOMHATAMH, TaK.
Ha KOHTaKTe ¢ (olimyramMu ¥ JABOYCPPUTAMMA CBUIETEJHCTEBYET O TOM, 49To HopMHpo-
BaHNe NOfKWMTOBHX He@eJMHOBHX CHEHUTOB MMEJO MECTO IIOCNe KDUCTAJLIASALIAN
BCEX pasHocTell HeesMHOBHX CHEHMTOB., OTO MPOTHBOPEYMT IDHHATO! B HacTosmee
BpeMA CXeMe IOCHENOBATENEHOCTH OGpAR0BEHNUA IOPON MACCUBA, XOTA MCXONHHE Oep-
BRYHO-MaTMaTH4IeCKUE NIOPONH, HA MECTE KOTOPHX BOBHUKJIN DUCYODPHTH, MOIVIM, KO-
HEWHO, KDUCTSJLIM30BATHCA X paHee (ofANTOB M JIABOYYOPPHTOB,

OImHOBpEMEHHOE IDPUCYTCTBHE B ONHOR m Tolt ke mopome M TeMm OoJXee B ONHOM H
TOM X€ MOHOKDMCTaJEe HEeYIOpAMOYEHHOT'O ANyJAAPCBANHOTO CAHUANHA N MaKCHMAIBHO
VIOPANOYEHHOTO MUKDOKJIMHA NP OTCYTCTBHMM pasHocTeil ¢ IPOMEXYTOYHHM CTPYKTYp-—
HHM COCTOSHHEM HEBOBMOKHO OCLACHATH HU NOCJIENOBATENBHHM (BOHATIBHHM) DOCTOM
MHAKDOKJVHa HA CaHHUIUHE, HM YUOPANOYEHMEM CaHUIMHE MO MMEDOKJMHA B TBEDLOM
cocTosHMM, Ha Ham B3TIAN, TPYHHO OOLACHATE BOBHUKHOBEHWE TAKVX MUHEDAJIBHHX
006pazoBaHmii ¥ NPOCTPAHCTBEHHHEM COBMENeHMEM IBYX DasHOBDEMEHHHX TeHeparmit
noJeBOTD mMIara C pasJiuHEM CTDYKTYPHEHM COCTOAHHEM, TaK Kak B CJIy4ae Da3pHbBa
BO BPEMEHE KPUCTAJUIMSAIIMA IIOJEBOT'O MIgTa MH BIpaBe OHIM OH OXANATE IpEemMy—
mecTBeHHOR CBASH Karo#-nnbo M3 CTPYKTYPHHX ero Momufukanmit ¢ TeKTOHHYEC-
KUMI HapymeHWAMH B IOpofe. [lpeoGnamaHue MUKDOKJINHA B IIEIMATHTAX DHUCUYODPPATOER,
& amyJnApa B OOpPORe, OYEBUNHO, He CHUM&ST STOT0 BOOpPOCRa, XOTA M JKASHBAET Ha
onpeleseHHHE DasIUuMA B YCJIOBMAX 0Cpa30BaHMA MEKDOKIVWHAE ¥ CAEWINHA,

Ilo HameMy MHEHHUN, COBMECTHOE HAXOXKIEHWEe CAHMIMHA W MUKDOKINMHa B DHCHUOD—
DUTEX MOKHO OOUBACHATEH MCXONA M3 I'MNOTE3H O0pa30BaHWA BTEX IIOPOL IyTeM Iepe-
KPACTAJM3AIMY HefeJrHOBHX CHEHMTOB, MH HOmyckaeMm, YTO DasJWIHHE IO CTPYKTyp—
HOMy COCTOSHHM MOTMQMKAITAM [OJEBOTO IIATa BOSHUKIA B TBepmoft mopome Golee
WX MeHee ONHOBDEMEHHO, HO pasMYHHM CIOCOOCM: MUKDOKNUH - BCIEINCTBHE MOHO—
OOMEHHOR peakIVl MexIy Kaju— HATPOBHM IOJEBHM MIATOM He(fe MHOBHX CHEHUTOB #
TOPAYMAM BOIHHM DAcTBODOM, OCOTAlIEHHHEM KaJMeM, & CaHUINH.— BCJEINCTBUE Iepe-—
KPACTALIM3aIAN [IOJeBONNATOBOTO BENECTBA B THMAPOTEDPMAJIBPHHX YCJOBHUAX B METa—
CcTaCWIbHOR KpUCTaIM3allM} IIOJEeBOT0 WIaTe M3 PacTBOpa B NOJOCTAX PACTBODEHWA.
JKCIepUMEHTANEHEE MCCHaeNoBaEnA (Orville, 1963; Uemmmes, Bopymwad, 1972) mo-
K&3HBaT, YTO IPH 500° mOHOOGMEHHOE paBHOBECHE YCTAHAKIMBASTCA C LOCTATOYHO
BHCOKO# CHOpOCTBM, IPUYEM B ONHTEX C MHUKDOKIMHOM HE HAGINOANOCH 3aMETHOTO
eT0 pasymopAmoveNus, [lo ApyrmM maHHEM (Goldsmith, Laves, 1954), npu srolt
TeMIepaTrype MMEeeT MeCTO THIpPOTEDPMANLHOE NEepeoTJOREHNE NONeBOT'O limaTra B BHNE
CaHWIVHa, JHEMH CJOBaMH, B IPUPONE, IPUHUMES BO BHUMAHEE I'eOJIOTMYECKHE MaC—

1 Ha ocHORe He(eaMH-TONERONNATOBOTO T'eOTEDMOMETDA, C WUCIOJBE30BAHMEM XHMA-
HYECKUX aHAJM30B COCYMECTBYRIMX HoyeBoro mmaTa ® Hefesmra m3 padoTH
A.B.Tanaxosa(1959) J.J.Iepayrom(1970,ra6r. 76) Temmeparypa PopvupoBasEmA
DHCYOPPUTOB OLEHMBAETCS NTPHOIMBUTENsHO Kax 530°, Hoxols M3 IaHHEX O cpern-
HeM cocrase HefenuHa, npmBommMex JI.B.Kosupemo#t (1967), § Hamux IaHHEX o
CpenHeM COCTaBe MEJOYHOT'O IONeBOTO WHaTa B HOponaX XuGHHCKOTO MACCHBA,
no Toit ke muarpamve U3 padoTw J.J,llepuyka HaxomuM, 9YTO CDENHAA TeMIepa-—
Typa HOPMAPOBAHMA DUCUOPPHTOER COCTABIAET 500° ( mna xuGwmmroB M Goftamron
480-490°), 9 mmPpH, €CTEeCTBEHHO, COOTBETCTBYNT HE TeMIepaType KpUCTAT-
Jmaanmy HedeMHA W HONEBOrQ lmaTa, 4 Toit MuHMMATBHOR Temmeparype, HHXe
KOTOpo#l paBHOBECHOE COOTHONEHHE mesgodelt B COCYmECTBYRIUX MUHEpasaX IIpaK-—
THYECKA yke He MEHANOCH -IIpPHM NaslbHeieM OXJaXIEHWH IODOIH. i L
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uTadH BPEMEHM, B OpefmosalacMoM TEMIEpPaTypHOM HHTEpBasle MOIVIA IPOTERaTEs Oa
9TH Ipoluecca,

B momssy TOrO, UTO CaHWAMH B PHCYOPPUTAX KPHCTAJTH3OBAJICH M3 IHEPOTEp-
MaTEHHX PACTEOPOB, CEMIETENLCTBYNT CYLECTBEHHO KajmMeBHt ero cocras (B oT-
Jue OT ofoTaleHHEX HATPMEM MAIMATHYECKNX CEHWNWHOB, HampmMmep, u3 afdysue—
Hiux ofpasopammit), amymsaporumEu} oGmmk, MopdoMOTHIECKOE U KPUCTAILMYECKOE
HECOBEDIIEHCTBO er'0 BHueJeHHM#, CBoeoOpasHaa NOHKAINTOBaA CTPYKTYPA ¥ aCCOIM—
amma ¢ BONOCOISDHAIEMA ¥ BOJOKHMCTHMM DASHOCTAMEA MUHEDAJOB,

Kax ¥M3BEeCTHO, B DK3BOKOHTAKTaX SOHH DASBUTUA DUCUYODPPUTOB He(e MHOBHE CH—
eHUTH XMOMHCKOT'O MACCHBA MHTEHCUBHO ANLCUTUSHPOBAHH, X CYLECTBYET. IPeNIoJo-
xeume (TUXOHEEKOB, 1963), 9T0 ANBGHTHSAIMA MX OOCYCAOBISHA HEePEOTIOXEHUEM
HaTPHA, BHCBOOOOMBIIETOCA B Ipomécce (POpMMpOBaHWA PUCYOPPHUTOB, COIVIACHO Ha-
iy maHHEM (Bopyurmit, 1970), MEKDOKIHH-IEDTHTH H3 aIbCHTHBUPOBAHHEX DESHOC—
meft HeMeMMHOBHX CHEHWTOB 3aMeTHO oGeNHeHH GapmeM, KEJBIMEM X OCOGEHHO CTDOH-
mem (mourw B 20 pas) M0 CPABHEHM® C MEKDONEDTHTAMA B HeM3MeHEeHHHX Hedesm—
HOBHX CHeHUTAX, Hak GHIO MOKa3aHO BHIE, KANWEBHE IOJeBHE WLNATH PUCUOPPHTOB
TeK¥e OOENHEHH CTPOHIIMEM ¥ HKaJNBIUEeM.

Taxum o6pasoM, B HeHTpampHO} YacTH XUOMHCKOTO MACCHBS HDOABWICA MOUMNE
IpOUecC NOCTMATMATHIECKOTO NpeolpasoBaHUd HOJEBHX MINATOR HefeNMHOBHX CHEHU—
TOB C IX Kasmamaruzaimel (B 30HE pasSBUTHA DUCYOPPUTOB) WM aysCuTmsanmed(mo
00e CTOPOHH OT 30HH DaSBATHS DUCUYOPPUTOB), COMPOBOXARMUMECSH MHTEHCHBHEM BH-
HOCOM KaJbliiA, CTPOHIMA M OTYaCTH CapHfa., BHHECEHHHE #3 MOJEeBOTO WnaTa MUKDPO-—
SleMeHTH, DO-BUIMMOMY, KOHIIEHTDHDOBANHCE B MMHepalaX mosmHell cragum, B uacT-—
HOCTH B aKIeCcCcopuax, TaxuM IyTeM MOXHO OCBACHUTE, IO HameMy MHEHWO, IOBCE-
MECTHOE DasBHTUE B &NbOMTU3MpOBaHHEX (oftamrax cPeHa, HOABNEHHME B arsCUTH3H-
POBaHHHX NOpONaX amarura, (WmwophTa, Kalenura, C 9THX HOSHIME MOXHO HOHATD
BOBHUKHOBEHWE B DPHUCYODPHUTAX HATPOJMTOBHX XWI C YHUKANRHOR CTpOHIMEBOHR Mu—
Hepasmaanneit, oCHapyReHEKX HaME Ha nepeBane (O6maxzoMm (Bopyumuit, 1965; Bopyu-—
xmit M Op., 1965), B KOTOPHX cO cfieHOM 8CCONMMpPYRTCA chonnneBuﬁ amataT (mo
23% Sr0), CTDOHIMEHWT W SHKWIHT.

KasmeBHe TOJIEBHE WHATH C NOMKWImMTOBOR CTpyKTypo# XapakTepHH He TONBKO IJIA
PUCYOPPHTOB, HO ¥ IJIA HEKOTODHX MAoyMT-ypTUTOBR XMOMHCKOT'O MaCCHBA, B YaCT—
HOCTY INA OBUTOB, [I0 BHEMHEMy BHLY KWBHTH IOYTH HE OTIMYANTCA OT DPECYOPPHTOB,
HO COTEpXaHMe B HUX He(esJWHa HECKOJLKO Buue, [JoleBHe mIaTH KBATOB mo Mopdo-
JIOTHMH, XUMAYECKOMY COCTEBY W CTDYKTYPHOMY COCTOAHUD AHAJOTWIHH IIOJEBHM MII&—
Tam predopprToB (Bopyuxmit, 1970), HHTepecHo, YTO OHH TaK Ke, K&K # [OJEBHE
WTaTH PUCYODPUTOB, CYWECTBEHHO OGENHEHH CTDOHIMEM, IJTO IO3BOJAET BHCKA3ATH
OpPeNNuoNCKEHNe © TOM, YTO NePBHYHO-MATMATHYECKHE MAOIMT-YPTUTH, HaXONAuue-
ca B TecHot npocTpaHcTBeHHOft CBABM ¢ PHCYODPPUATEMM, TAKKE NOIBEDPIANMCE HH-
TEHCUBHOMY IOCTMATMATHYECKOMY IIpeoCpas’OBaHml, B Pe3yIsTaTe KOTOpPOro, No-Bh-
TUMOMY, C OIHO# CTODOHH, BOSHUKJIM CBOEOGpasHHE ITOPONH CYNECTBeHHO HedemmHO-
BOT'0 COCTABA — MACCHBHHE YPTUTH, a ¢ Apyroft — mozeBomaTcomepranme IOPOLH
¢ DOMKWmMTOBOM CTPYKTypoi# - WBUTH, ABIAKNUECA AHAJOTAMA PHCYOPPUTOB.

Taxnv o6pasoM, NodKwmTOBHe He@esuMHOBHE CUEHMTH ABIANTCHA KOHBEPTEHTHHMA
06pa30BEHUAMI, BOSHUKWMME B DE3YNLTATE NpeoOpasOBaHNA Pa3JMYHHX WCXOMHHX
Iopox: ¢ opHOl CTOpOHH, HePeJMHOBHX CHEHNTOB, & ¢ Ipyroit — mitoomr-ypruromR.

BBIBO]TBI

1. InA Tunvussx pasHocTeit moflgmmmroBmx He®eNMHOBEX CHEHUTOB (DHCYODDHUTOB)
XapaKTepHH IPSKTUYSCKN YHCTQ KajWeBHE IIOJIEBHE WNATH C HUYTOKHO HHASKMM CO-
IepXanreM 130MOPHHOTO HATPMEBOTO KOMIOHEHTa, OTHOCAWEEcCA K IBYM Mopdoiorm-
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YECKMM M CTPYKTYPHEM Tumam: 1) &nyJAPOBEIHOMY HEYIODANOYEHHOMY HUSKOMY ca-
HUIVHY — BHCOKOMY ODPTOKIAsZYy X 2) aMa3CHETONONOCHOMY MAKCHMANEHO YIOPANO—
YeHHOMY MUKpOKIMHY, 00a moNeBHX WnaTa OPUCYTCTEYWT B PHCUODPUTEX pasIwdHOR
CTPYKTYDH K&K B MOpoje, Tak X B NeTMATHTAX M THAPOTEDMATEHEX XWIaX, IpHYeM
COCYWECTBYRT YacTo He TOMBKO B Ipemesiax ONHOTO M TOTO Xe MTyPa NOpONH, HO

¥ B npelesax ONHOT'O M TOTO %8 MOHOKpMCTa/Lna [IoJMeBOr'e mmara, 00a Tuma moJae—
BOT'O MIaTa XapakTepUsyRTCA NOHWKeHHHM CONSDHAHMEM CTDOHIUA U KAaJbInd.,

2. B SHIOOKOHTAKTOBHX DaB3HOCTAX DUCUOPPUTOR NPUCYTCTEBYHT IHEDTUTOBHE IOJE-
BHE [NATH, MO XUMHYECKOMY COCTaBy M CTDYKTYDHOMY COCTOAHMN 2HAJNOTWYHHE MIKPO-—
IEPTUTAM M3 KOHTEKTUPYHUMX C PUCIOPPUTAMH He(eJMHOBHX CHEHUTOB, B IepTuTO-
BHX Da3sHOCTAX IONEBOTO WIaTa HAGMONAWTCA IPHSHAKM DE30PCIME ¥ IepeoTIoXe—
HNA ansCuToBOfl dasH, & ¢ ymaaeHHWeM OT KOHTaxTa C He(eJmHOBHMA CHEHKTaMU
JCTEHARIMBAETCA NOJHHE BHHOC albOUTa M3 GIOK-KDHUCTALIOB NOJEBOTC MIATa; B
KaJmeroll fase mepTUTOB NpOSBWIOCH IOCIENOBATENLHOE PA3YIOPANCUNBAHME BIIOTE
OO 0CpaBoBaHUA 8TYNAPOBUNHOTO CAHUIHHE-OPTOKIA3E.

3. Hamiune COJBIOTO KOMMYECTBE DENUKTOBHX ISPTHTOB B SHIOKOHTEKTAX 30HH
DE3BUTUA DUCUYOPPUTOB C IpU3HAKAMM WHTEHCUBHHX TBepIOPa30BHX mpeBpameHut B
IONEBOM WIATE B COBOKYIHOCTW C M3BECTHHMM paHee cnenuinmdecKVME CTDYKTYDHEH-
MH, TEOXUMUYECKHMYA ¥ MUHEPANOTMIECKUMA OCOCSHHOCTAMA DHCYCPPHUTOB MO3BOJNAET
HaM IOPUCOEIMHUTECA K IUNOTe3e MOCTMAIMATHYIEeCKOr'o JopMpOBEHUA HORKIIMTOBHX
He(e/MHOBHX CHEHNTOB BCJENCTBHE NpeoGpasOBaHMA IEePBHYHO-MATMATHMYECKMX Hefe-
JIMHOBHX CHEHNTOB IOJ, BIMAHHMEM HATpeTHX KayuiicomepkamuX DaCTBOPOB IpH TeM-
neparype He Huwke 500°,

4, OUBMKO-XMMMYECKNE SKCIEDUMEHTH [CKABHBANT, UTO IPH TAKUX YCJIOBUSX MOT- '
JII COBMECTHO 00pasoBaThCA pasiWYHHE CTPYKTYpHHe MOTUfnxamuy KaiweBOT'O Io-

. JIEBOTO INATa-MIKPOKJMHE BCIENCTBHMEe MOHOOOMEHHHX pearuuil Kalm-HaTpUeBOro Io-
JIEBOTO ImaTe He(eJMHOBLX CHEHUTOB C Kaiuiicomepxammy DACTBODaMM U CAHWIWHE —
OpPTORJIA3a BCJIEINCTBUE METACTACIWIEHON KPUCTALIMEAIMY TOJEBOT0 WIIaTa M3 STUX
PacTBOPOB B MOyCTOTAX DACTBOPEHNA; 5TH OSKCIEPMMEHTH OOBACHANT OTHOCHTEJIEBHOE
o6oTaleHre MIKDOIPUMECSMA HEYTIODANOUeHHOH (fopMy IOJEBOTO WOaTa.

5, AHaNOTHA MeXLy MODHOJOTMYECHMMA OCOGEHHOCTAMM, XHMMMYECKHEM COCTaBOM
W CTPYKTYDHHM COCTOSHWEM [IOJOBHX MIATOB DUCYOPPATOB ¥ HEKOTODHX pasHOCTed
uitosmur-yprEToB ¢ nofkwmrorolt crpyrTypoll moseBoro wmarTa (KBUTOB) HOBBOJIAET
BHCK23aTE [IPEANONCKeHNAe o GoJee WUPOKOM IpPOSBISHWH Ipollecca "pHCUYOPPUTH3A—
urn" B XNOMHCKOM MACCHUBe, 3aXBATUEBIEM HE TONEKO HedesMHOBHE CHEHHTH, HO M
BHENDUBUMECH B HUX MEONAT-yPTUTH, M paccmaTpiBaem Bce NOIKWIMTOBHE Hede—
JXHOBHE CUEHWTH (B YACTHOCTH, DPUCYOPPMTH W KBHTH) KaK INOCTMATMATHYECKUE
oOpasopanus, Sonee MOJomHe, YeM Bce HeleNmioBwe CHEHHTH B MioumT- ypTHTH
XuOMHCKOTO MacCHBa, W CBASHBAEM UX BOSHMKHOBEHUE C aKTHMBM3aluMell TVIyOUHHHX
WEeJOUYHHEX DPACTBOPCB, MONHUMABINXCA B CpelHel 9acTW KOJBLIEBOI'O DpasioMa.
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T. A. Aroeaesckan, P. X. Baxmees
K BOIIPOCY OF M30MOP®H3ME B KOPJMEPHTE

Cpezm npHpCHHHX MUHEDAIOB NOBOJNBRC UMPOKO DACOPOCTDAHEHH BEWECTBs Iepe~
MEHHOTO cocTaBa, B TOM 4YMCJe HelpepHBHHe M30MOpHHe pAmH. CBOJACTBA UNIEHOB
TaKUX PANQB OCHYHO MEHANTCH B 3aBUCHMOCTH OT COCTaBa. HeoIHOKpATHO. NeNalnch
HNONHTKA YCTEHOBUTE KAYECTBEHHHE M KOJMYECTBEHHHE COOTHOWEHNMA MeRny fuande~
CKMME CBOJ/CTBaMil-¥ COCTABOM, IVIABHHM 0Cpa3soM SMIMPUYECKMUM IyTEM, MCXONA 3
npencrarnemd 0 fyHKIMOHATLHON 3&BHCHMOCTH MeXIy HIIMI.

K HacToAmeMy BpeMeHr LIS MHOTEX. MEHEDAJOB-HAKOIIEHO SHAUMTENBHOE KOIMYe-
CTBO 9KCHEPMMEHT&IBHHX NAHHHX, YTO MOSBOJWIQ HCIOJB30BATH METOIH MaTeMaTH-
YeCKoll CTATHCTUKE WA BHABIEHNA SaKOHOMEDHHX CBA3ell MeXmy cocTaBoM ¥ CBO#CT-
Bamu. Kax NpPaBUNIO, OTHAENbHHE OmpeleleHHA COCTaBa ¥ CBOACTB He DaBHOLIEHHH II0
Ka9eCcTBy ¥ 3HAYNMMOCTH; DOBTOMYy K HNOAGODPY MaTepHais LA CTATHCTHYECKo#! olpa-
GOTKM ClelyeT NMOLXORUTE OCTOPOXHO: HM3IKAA TOYHOCTDL ONpEfeNeHUR He MOReT
OHTH CKOMIEHCHDOBaHA Jaxe GONBIMM KOJIMYeCTBOM MSMEpeHuit, M CTAaTHCTHYECKEe
TIpUEeMH He MOTYT NpeBpATUTE TpyCHEe MSMepeHHA B TOYHHE.

CratucTnyeckn odpadaTHBaeMHit MaTepman MOMIMO OTHOCKTENBHOM OIHODOIHOCTH
ToNXEH 0TBeYaTh TpeCoBAHUN HE3aBUCUMOCTH H3MEpeHuii, KoTopad JOCTUTaeTCA BH-
NOJIHEHNEM OnpefiefieHuit pasMMYHHME aBTOpaMii, B pasHOe BpEeMA ¥ PasiMuYHHMI Me~
TOLEMIA; 9TO JaeT oCHOBaHME ¢ GONEBNO} cTeneHbl BEPOATHOCTH NPEANoJoXUTH, YTO
OMXCKA U3MepeHM? HOCAT He cucTeMaTudeckull, a ciryvyalHHli XapakTep; Kpome Toro,
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HEOGXOMHMO UMeTh NOCTATOUHOE YICIO M3MepeHnid ¢ ompemeseHHol 'cTeNesbn HoCTo—
BepHocTH (TouHOCTH).

i lipn HampcaHMy CTATHM LA CHpaBovHuKa "MuHepasu" HaMu OHJIV IPOCMOTPEHH
MHOT'OYMCACHHHE MATEepHaltH N0 KOpIMepuTy U codpaHo okxono 100 XuMUYECKMX aHa-
JM30B 3TOT0 MHHepana. K cogameHmp, He Bce MOKHO OHIO MCIONB30BATE IIA 06pa—
OOTEM WM3-3g HENOJHOTH JaHHHX; MHOTHE XMMUYECKHNE aHaM3H HE COIpPOBOXIAINCH
onpereneHNAMA fU3MYECKHX CBOjicTB. Kpome Toro, OTGPAXKOBHBANUCE SHANUZH MUHE—
panoB ¢ NpuMEecAMY, a TaKke Te aHaiU3H, KOTOpHe NMEeJN HeYLOBIeTBOPUTENbHYR
cymvy: >101% nsj-99%. B pesyarrare mas o6padoTy OHIO OCTaBneHO 53 aHamuza
KopIuepuTa pasnﬁiaux ngpareHeTHYecKyX TUNOB. [JaHHHe aHamB30B (B NIpOIEHTAaX)
Bo y30eXaHne JOKHOW KOoppemndAlmy COHJM mepecuynmTadHH Ha 11 KaTHOHOB, COLEpRAUMX—
cA B MAHEpare (Mg,Fe)2IA14Si5018J-nHZO, U A BHYXCJAEHHA CBA3EH IpUMeHAIHNCH
NOJMyueHHHE IpU pacyeTaX aHam30B KOSPPMIMEeHTH KpUCTalloXuMIHYECKuX GopMyr.
YuuTHBAMNCE menoum, Ca, Ti ¥ Be. BOMa NMepecuYMTHEANACE OTIeNbHO (Tadm.l).

OcHOBHOE BHUMaHWE YUEAANOCH KOTUYECTBEHHOH OUEHKE 3aBUCHMOCTH MERIEY OT—
OeqbHHMY KRaTWOHAaMU, BXOUANMME B CTDPYKTYDPY, & Takke MEeRLy cocTasBoM 1 fusnye-
crmvi cBofcTBaMi. B 3amavy aBTOPOB BXOMUJIA NPOBEPKA MHOT'OYMCIEHHHX, HYacTo
HIPOTHBOPEYMBHX SMIEPUUYECKNX CBENeHn#i 0 MOKOCHHX 3aBHCUMOCTAX, & TaKkKe KOJu-
4YeCTBEHHAA OLEHKa BOBMORHOTO m3omopdmsma. IIpm pacyeTax CBASE OLEHNBANACE
OpH IOMOUM INapHHX KOSHPEIMEeHTOB HOPDEeNdIn .r, KOTOPHE XapakTepusynT CTEleH:
GIM30CTU CBA3K MeXNy CONOCTABMAEMHME CTATHCTHYECKUME BeJUUMHaMY K (PyHKIMO-

Tadanrpoga 1

PesynbTarH HepecueTa NAHHHX aHAMM30E KOPHUEPHUTa B ATOMHHX KOMMYECTEAX
Ha 11 KatuoHOB, uX (usnyYeckue cBoiicTBa

COGTaBI ; ) :

7 cBod=| 1 2 3 4 5 6 7 8 9
cTBa i
Na 0,06 ' 0,08 ' 045" 6,09 "0,08 ' 0,08 @08 0,02 " 0,05
K - 0,01 - 0,04 0,02 - - 0,02 0,07
Mg 1,87 1,7 1,78. 1,66 1,56 1,71 1,61 1,65 1,58
Ca 0,06 0,05 - - " - - B, ——
Mn2+ 3 5 o - 0,01 --0.08.v 0,01, 00 -. 0,08
Fe?t 0,13 0,13 . 0,22 0,25 0,23 0,34 0,37 0,38 0,42
Al 3,99 3,79 4,12 4,04 4,18 4,09 3,95 3,85 4,04
Pt (100 RN TR N R 0,03 0,20 0,09 0,04 0,08
si 4,88+ 5,08  B:78 onhy Wrnced BB (478 4,985 5,08 4,78
T4 3 0,01 - i = - = 0,000 =
H,0 0,44 0,79 0,64 0,8 0,63 0,36 0,61 0,48 0,72
¥m.sec 2,57 2,546 2,572 2,592 2,584 - 2,681 2,627 2,620
ng 1,542 1,542 1,543 1,548 1,545 - 1,545 - 1,561
gy 1,587 4,588 12,589: 1;843, 1,589, 1,587 164k, = 1,548
n, %,58352%:608 11, B84 48T 5538 4588 o~ 1,542
2Vﬁp 99002 14R | aplifiner BBtos 88 w88 ¥R niw 68°

a 17,06 17,36 17,095 17,083 17,099 17,124 17,100 17,27 17,109
b 9,722 9,84 9,728 9,725 9,733 9,735 9,730 9,831 9,748
¢ 9,359 9,49 9,346 9,344 9,336 9,338 9,331 9,349 9,329
A G, 26" 10,29 P gy i e Mg ey NURIBe g g T 0,24
F 650 MeE 81 0GR R 1R g VN 19 TR

e 0,929 0,906 0,886 0,867 0,87 0,788 0,771 3,797 0,760



Cocras

7 cpoil-| 10 11 12 18 14 15 16 17 18
CTBRa

Ii - - - - - - = = 0,01
Na 0,2 0,22 0,03 0,06 0,17 0,43 0,39 0,02 0,39
K L 0,04 0,00 0,03 0,03 0,20 0,08 - 0,68
Mg 1,48 1,54 1,52 1,43 1,29 0,49 0,83 0,95 1,54
Be - - 2 - o = e L 0,44
Ca - v = o 0,01 = = = 0,02
Zn 5 - % > o = Ol =~ -
Mn?* 0,04 0,02 " o,of 6,03 0,17 0,086 0,03 ' 0,02
Fe2t 0,42 0,42 0,44 0,54 0,62 0,9 1,00 1,00 0,36
Al 4,03 3,94 3,93 3,9% 3,9 3,80 3,73 3,80 3,36
Fe 0,06 - 0,08 &= 0,06 0,22 0,09 0,09 0,12
si 4,87 4,88 5,03 4,96 4,8 4,80 4,76 4,94 4,68
Ti - - - - 0,01 - 0,02 0,16 =
H,0 0,8 ,0,68 0,73 0,56 0,84 0,95 0,25 0,02 0,60
yn.sec 2,586 2,586 2,55 2,618 2,655 2,732 2,64 - 2,63
ng 1,554 1,547 1,549 1,551 1,562 1,578 1,565 1,545 1,559
n, 1,548 1,544 1,542 1,546 1,560 1,574 1,563 1,542 1,557
a, 1,538 1,539 1,537 1,541 1,551 1,560 1,554 1,537 1,549
avg, %% ea® 98%30" m° 2 42® 0 55° & 98® - 380

a 17,115 17,110 17,174 17,130 17,023 17,147 17,186 17,186 17,054
b 9,738 9,740 9,647 9,740 9,762 9,830 9,769 9,769 9,790
e 9,333 9,329 9,309 9,331 9,329 9,301 9,315 9,315 9,316
A 0,27 0,26 o 0,28 0,12 0,125 0,15 0,265 0,06
F 22,5 22,2 22,6 27,8 33,2 70,3 56,1 52,0 19,8
mg 0,753 0,778 0,758 0,715 0,660 0,263 0,418 0,457 0,754
Cocras ; !

n ceoit-| 19 20 21 22 23 24 25 26 27
CTBa .

Na 0,2¢ 10,058 T 0,06 0,06 "o0,05 '0,15 '0,08 10,03 'o0,02
K 0,03 0,02 0,02 0,03 0,02 0,00 - 0,03 0,01
Mg 1,6 1,44 1,43 1,26 1,46 0,25 1,86 1,80 1,65
Be 0,45 . - - . - - - - =

ca 0,05 - - 0,01 - 0,06 - - 0,03
Mn2* 0,02 0,038 0,07 0,02 0,03 0,08 - 0,00 0,0
Fe2t o4 0,66 0,37 0,61 0,57 1,59 0,25 0,18 0,20
Al 3,64 3,78 3,79 3,97 . 388 38 24 3.9 a9
Pelt W 0,04 0,07 0,02 0,07 0,02 0,00 0,11
8i 4,8 5,08 5,23 8547 4,95 4,87 4,97 4,9 5,03
Ti - - - = - - - 0,03
P o, 0,00 0,01 - 0,01 - - - -
H,0 0,86 0,70 0,83 0,5 0,87 0,62 0,58 0,5 0,46
Yo.eec 2,71 2,66 0,70 2,66 2,70 - 2,541 2,583 2,588
n, 1,564 1,552 1,549 1,551 1,55 1,573 1,640 1,538 1,538
n 1,561 1,548 1,546 1,547 1,547 1,569 1,537 1,535 1,532
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CocTas :
u cBoit-| 19 20 21 22 23 24 25 26 217
CcTBa
n, 1,554 1,543 1,540 1,542 1,142 1,559 1,534 1,530 1,527
2w,  68°30° 82° 7% 85  82° w0 o4 ga%3d 91050’
a 17,004 17,29 17,16 17.26. 17,39 17,20 - - -
b 9,772 9,752 9,772 9,704 9,748 9,83 - e o
c 9,342 9,364 9,364 9,336 9,352 9,30 - & -
A 0 0,28 0,27 0,3 0,24 0,14 0,288 - &
F 3,3 30,5 23,5 333 29,1 87,0 11,8. 9,5 11,3
m, 0,621 0,690 0,759 p,641 0,700 0,126 0,873 0,910 0,835
Cocras . f t
# coil- | 28 29 30 31 32 33 34 35 36
CcTBa
In = 0,03 < 4 - - g =
Na 0,92 0,08 0,06 0,06 0,04 0,08 0,02 0,02 =
K 0,06 0,02 = 0,06 0,00 0,02 - 0,01 =
Mg 0,48 1,80 2,69 1/e8 1,70 - 1,81 1,66 1,68 1,46
Ca o890 G o 0| e 0,02 = - = 0,08
Mn?+ - - 0,00 - - - o0 - 0,02
Fe2+ 0,5 0,29 0,3 0,38 " 0,35 0,3 0,37 0,38 0,40
a1 3,63 4,00 3,94 -3,99 3,7 3,97 3,95 3,92 3,89
Fe* 0,26 0,04 0,00 O, 0,00 - 0,06 0,09 0,10
si 5,20 5,00 4,9 4,88 5,00 4,95 4,95 4,9% 5,04
H,0 0,57 0,83 0,44 0,93 0,79 0,8 0,55 0,39 1,15
Vo.sec 2,581 2,585 2,59 2,581 2,508 2,579 2,593 2,581 2,632
ng 1,648 1,548 1,5462 1,543 1,547 1,547 1,5479 1,5406 1,546
n_ 1,541 1,544 11,5438 1,541 1,545 1,545 1,5446 1,5372 1,543
n 1,537 1,538 = 1,5392 1,536 1,541 - 1,541 1,53%4°1,5330 1,536
2Vy, 103°  75° . e6% 65930" 7812’ w0  7%37 79%4’ 68030
P 34,2 16,1 15,9 16,8 17,0 18,3 18,7 19,1 22,3
mg 0,490 0,814 0,83 0,829 0,794 0,813 0,792 0,776 0,734
g°3§2§_ 37 38 39 | 40 41 42 43 44 45
cTBa
Wa 0,02 0,07 - - 0,06 = 0,04 " 0,21 " 0,02 ' 0,13
K e = . - 0,066 0,00 0,06 - 0,01
Mg 1,85 1,688 1,21 1,48 1,37 1,32 1,6 1,00 0,88
Ca b - 4 _ 0,01 0,06 0,02
Mn 2 « - o 0,00 0,0 . 7 - 0,02
Fe?t 0,414 0,42 0,45 0,56 0,56 0,62 0,69 0,70 0,74
A 3,9 3,79 3,59 3,90 3,9% 3,94 3,9% 4,06 3,74
Feit 0,3 0,14 0,09 0,02 - = 0,06 0,04 0,21
si 4,97 4,95 5,67 5,05 4,97 5,07 4,92 5,09 5,24
i g - B 5 0,01 = - b 0,01
H,0 0,82 0,61 0,8 0,3 0,42 0,45 0,64 0,77 0,57
yx.sec 2,614 2,603 - 2,588 - - 2,64 2,647 -



Cocras

u cBof-{ 37 38 39 40 41 42 43 44 45
CTBa

ng 1,550 1,549 1,552 1,548 1,548 1,547 1,547 1,560 1,557
n_ 1,547 1,546 1,545 1,543 1,540 1,544 1,542 1,555 1,552
n 1,541 1,540 1,540 1,537 1,534 1,538 1,538 1,549 1,545
ovm, . 60%4 e5°36' 97° @0  w® we®  98® 74%e"  a®

A o - - - - 028 " - -

P gi1' 20,8 274 284 . %94 @19 973 891 45,3
mg 0,739 0,746 0,692 0,714 0,703 0,680 0,609 0,594 0,475
CocraB

I CBOM= 46 47 48 49 50 51 52 5%
cTBa

Na 0,04 - - 0,09 - 0,08 0,12 0,36
K = 0,06 0,0 0,05 3 0,01 0,49 0,07
Mg L Rt 1,08 ‘tiee 1,00 1,12 0,24 1,46
Ca 0,02 0,01 = 0,06" = - 0,01 0,09
Mn2+ 0,02 0,005 = 0,01 0,00 0,02 0,11 -
Fe2t 0,72 0,74 0,76 0,76 0,80 0,85 1,37 0,25
Al 4,03 3,9 3,91 3,9 4,11 3,92 3,95 3,45
Fe 0,04 0,01 0,06 0,03 0,02 B 0,08 0,11
si 4,92 4,92 5,23 5,06 4,9 5,00 4,63 5,20
P = 0,005 . " - o - -
H,0 0;32 081 0,50 0,21 0,46 0,54 1,03 0,62
yx.ec 2,631 2,63 2,650 2,622 2,623 2,66 2,750 -
ng 1,866 1,855 < 1,858 1,857 1,849 ° 1,866 © 1,573 1,547
n, 1,550 1,549 1,548 1,550 1,539 1,553 1,568 1,545
n, 1,544 1,543 1,543 1,543 1,536 1,543 1,558 1,543
2Vy 89° 100° 91%g9’ @0 200° 71%0° e8%s5’ 97930
F 37,9 3,5 42,2 43,0 42,6 43,7 86,0 14,6
mg 0,610 0,624 0,559 0,561 0,666 0,564 0,131 0,802

IpumedaHdnd 1 -us KOPHEDYIMHCOLEPRANNX THENCOB Hnanaxafu, Ma-
marackap, a#€al. KoxbXoHaH (Knorring et al., 1969); 2 - ms dqmoromur-asTofmn-

- JTOBOW TmOpofH, Ganka Bepesnesmaras, Kpmeopoxse, YCCF, auan. lladep (Topomdm=

‘KoB, lpses, 1966); 3 - ms meramopfmyeckux mopon, Jlapammitckwe rops, ur.Baito-

vusr, ClIA, asan. Karcypa u Xapamypa (Iiyama, 1956); 4 - us raefica, Kparepg,
Hopeerns, aman. Uiama(liyama, 1960); 5 - m3 aHTPOfMLIMTOBHX NMOpOX, OpmAp-
Bu, CUHAAHEIMA, aHak.Witsama (Iiysma, 1956); 6 - us aHgesura, Kacmoro, o-B Tall-
BaKb, aHai. MiaMa (Iiyama, 1960); 7 - ¥3 mermaTaTOBOR# XMIH, Mamarackap,
aHan. WiaMa (Iiyama, 1960); 8 - u3 meTamopiwuyecKuX ciaHImeB, KaveHHHWE T'ODH,
Konecxu#t n-oB, asan. YemeHckaa (Bomwoma, llomepasmesa, 1970); 9 - us Kpapme-
Boit mume, Xurarm, nped. Wdap&rm, AnoHuA, aHan. Xapamypa (Iiyama, 1956);

10 - u3 mermarura, Heo~Xeisex, wr. Komsexruxyr, ClIIA, asan. Wiava (Iiyama,

-1956); 11 - n3 KBapueBo# xwm, Butm, Mamarackap, adan. Xapemypa (Iiyama,

1956); 12 - us rueica, ¢.HoToxann, [pmmEecrpoBke, YCCP, adanm. IEmk (Cmmo-
peHro, 1961); 13 - ¥3 GEOTHTOBOTO I'Heltca, AHkamurasw, Mamarackap, asal.
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Wiiama (Iiyama, 1960); 14 - z3 mermaTura, Xammiam, wr. Kosnerrmkyr, ClA,
aHan. Xapavypa (Miyashiro, 1957); 15 - us nermarura, Cyrama, nped. dyxymm-

' HKa, fAnmosmaA, aHam. Camascyru (Miyashiro, 1957); 16 - u3 nermarurta, BexHa,
BanamHan Mopesua, YexocnmoBaxms, asan. Hopougpa (ferny, Povondra, 1967);

17 - u3 KCeHomuTa B aHmesuTe, Acama, nped. Haraso, fAnomus, anan. Hima
(Iiyama, 1960); 18 - u3 mermaTuTa, Bemda, SananHad MopaBud, YeXOCHIOBAKUA,
anan. Towoumpa (8erny, Povondra, 1966); 19 - u3 MeTamopMIECKUX TOKEMODEH- -
CKUX Topon Yxpamsd (ImAp u mp., 1968); 20-23 - U3 KBapO-INarvoKIa3-CHOTHT—
TPaHAT~CIIMMAHNTOBOTO THelica, TopaHi Anrait, aman. Eykosa (Jlemesma, 1972):
20 - p. Humani Mipmyrem, 21 — OeHTpanbHad dacTh TOHTYJAKCHOTO XpeoTa,
22 - BepXOEbe p.Kenecweny, 23 - p. HumHuit WnpIyTeH; 24 — CEKaHMHNT, M3 NEr-
vartata, Jomem Bope, Sanamsas Mopaeums, Yexocnomazus, aHal. Mumkoscuil (Sta-
nek, MiSkoveky, 1964); 25 - u3 asTO@M/UMIT-KOPAMEPUTOBOM NOpONH, Gamka Bepes-
HepaTas, KpuBopoxbe, YCOCP, asan. llagep (Topousukos, Ipses, 1966); 26 - m3
KUAHAT~aRTary 3 T-CLTIMAHNT-CHOTHTOBNX THeffcoB, Cvur Puox, wr. Afmaxo, ClA,
aHan. TapadT (Hietanen, 1956); 27 - us KopmuepuT-aHTOQUITMTOBOTC IHelica,
ArTy, DHANAHDAA, aHaf. [lepMas (Pehrman, 1932); 28 - ns murmaruTos, lodymee,
YCCF, axan. CusxoBa (KocTor, 1953); 29 - m3 ReNPUT-RODIIEPHTOBHX THEMCOB,
Puamosn, wr. Heo Xewmmmzp, CUA, asan. Kymesomumo (Robinson, Jaffe, 1969);
30 - 13 KOPYHI~CHWLIMMaHNT-CHOTHTOBOR moponu, Catem, WT. Mampac, WHmMA,
aHan. Ocayum (Subramanian, 1956); 31 - us rHefica, Teemecrpadn, Hopmerud
(Thiele, 1940); 32 - ua meramopdmdeckux nopol, OpuApsr, Iudnaamus (Thiele,
1940); 33 - us raefica, TeBemecTpaHl, Hopeernd, aHan. Wiama (Iiyama, 1960);
34 - w3 mermaTura, MouTH, Memarackap, asen. Jlomapk (Thiele, 1940); 35 - us
METaMOpJUuecKuX Topol, OpMApEE, OMHENAHAMS, aHai. Jurpux (Oppenheimer, 1915);
36 - ¥3 aHNATY3UT-MyCKOBHT~CHOTHT-KBapUeBod MMH cpemn MeTamopfuueckux mo-
pom, cpeldee u3 LBYX aHanusos, Xurarwm, mped. HOaparu, Amomus (Takeuchi,
1935); 37 - Bogetvailc, Bapapus, IPT, anan. Tune (Thiele, 1940); 38 - TaM =e,
aHan. JIuTpux (Oppenheimer, 1915); 39 - 8 KBapl-rpaHarT-IIaTNOKN&3-OROTHT—
OpTOKNA3-CIUUIMMAHITOBOTO TpaHyimra, CorTadwu, Jlamnasmua, dusnagmes (Eskola,
1952); 40 - u2 aHTofWwLmTOROH mopomu, TpackGone, umnaHmuaA (Eskola, 1914);
41 - Accam, Wamua, amar. llapymoremv (Sastri, 1963); 42 - 43 TMISPCTEH-KBapI-
OMOTUT—OPTOKIA30BHX DOTOBUKOB, Inmex Kioma, WoTnasmus, axan. Unaep (Leake,
1960); 43 - U3 poroBMKOB, Cmepkpeirc, AdepmuHmp, Asryms, adan. CToapT (Ste-
wart, 1942); 44 - Bpoxes, Tapu, TP, agan. Twie (Thiele, 1940); 45 ~ us po-
ToBukos, Cneppa Hemaza, wr. Kamifopsms, ClIA (Best, Weiss, 1964); 46 - ma
rueiica, Bomsmoce Megsexse 03., HaHama (Folinsbee, 1941); 47 - u3 KBapneBOTO

- moruosuTa, T.loBeysmwr, mr. Heo-Xewvmmp, ClUA, adan. Iex (Healgq, 1950);

48 - ns ruefica, mvaBm, GuunAumma, asan. [epvad (Pehrman, 1932); 49 - Kos-
Iec, wro-samanHad Afprxa (Thiele, 1940); 50 - Jarepé, OusnAwmA, adan. Iep-
MaH (Pehrman, 1932); 51 - us MeramopiuBoBasHHHX NeMMTOB, YmMerrToH, Kanckad
npopuHImA, AP, asan. ge-Py (Mathias, 1952); 52 - m3 mermaTura, Cacaro, flmo-
HiA, asan. Takaka (Shibata, 1936); 53 ~ IoGyxee, YOCP (Ibopousmxos, 1971).

HanbHOM cBABU. Ilpemmonaraliock, 4YTO SKCIEPUMMEHTATbHHE BEJIWUNHH [I0TUYNHANTCSH
HopMaZnBHOMY 3aKOHY pacnpeleneHnd. KosdfuimeHT KOppendiy n3MeHAeTcA B Ipe-
Denax oT -1 mo +1. PaBeHeTBo r = +1 03HAYAET, YTO UCCAELyeMad 38BHCHMOCTE
nepecTaeT CHTE CTATMCTHYECKOH X mpeBpamaeTcA B (YHKIMOHATBHYH. BucoKme
roa(dunmenTy Koppemamy (Gnuskme XK 1) yKasHBalT Ha TECHYR 3aBHCHMOCTD MEXLY
CONOCTABIAEMEMY BEJMUUMHAMA ¥ COTMIACYNTCA ¢ TUNOTE30# o NpAMOJMHEHRHOM Xapak-
Tepe cBASU. BHGopodUHHZ napHHi KosPPmImMeHT KOppeNAmMy MeRILy IBYMA NpH3HaKaMK
x Wy BUGMGIANCA TO GOPMyTEM T = m /s .S ¥ m = %(Ei) (x; = By; - 5

Toe m - MOMEHT CRBRA3HN, a Sx n Sy - CpelHNE KBaJpaTHYHHE OTKIOHEHNA, OIpe-

xy
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:I/z(xi - ©)° = (y5-5) _ ™
TeadeMHe N3 COOTHOmeHNH 8¢ Gy n Sya (i)_;_nh__,rne n - o0BeM BH
Gopr#, a X ¥ y — cpenmme 3Hguermd x ¥ y (CvmpeoB, Jlyaun-Bapxosckmit, 1965).
Ind npoBepKM BHAYMMOCTH K03PWIMEHTOB KOpPPeNAIMy NPUMEHANCH XpuTepuit
MY IpH uMcNe cTeneHedl ¢BOGOMM v = n - 2. BHUMCIeHHHe KOB(fmMIEeHTH -

vice2
KOPPeJAIN CHYATANTCS SHAUMMHME, ecll HalfleHHHe t oKaxXyTcA MeHblle TaGIumiHHX
BeJUYMH t Opn umesae creneHelt ¢BoGOmH v = n - 2 ¥ YypoBHe 3HaUuMocTE q (MuT—
pomosgbekuit, 1961). Buupcredde KOOQEMIMEHTH KOPPEJNAIME [pPUBENEHH B
LS S

B cTpyKType KopmuepliTa, COLMACcHO NpefcTablemamM Jlxmodca (Gibbe et al.,
1963; Gibbs; 1966), paé:xmamca IBa Bufia KUCJIOPONHHX TeTpa3sfApoB; MEHBIME 3a-
HATH Si, ConbmMe Al. Ka®muil TeTpasmp aToMaMy KHICJIOPOLE CBABAH C YETHDPHEMA
OrmseRalMy TeTpasipaMit, 00pasyd KapKacHYD CTPYKTYpy. Juus nBg 510,~re1-
pasmpa, mMenipe olmue aToMH KACIOpORa, YyY4CTBYNT B CTPOSHUH WMECTUWISHHHX
¥omenl. B CTPYKType MOEHO BHIENMTE LENOYKM, IApALTeNbHHe OCH c U3 YeTHpeX—
YNEHHHX KOJel, COemuHEeHHHX GOKOBOW CBABEN ¢ WEeCTUUIEHHHMM KONBLAMA. Lemouxu,
CBA3AHHHE BMecTe, 00pasyWT KaHald, B KOTODHX DACHONATANTCA KaTWOHH (menod-
HHe, MEeTOYHOSEMeNbHHE) I MOJEKYJH BOTH. '

[lpupomsHe KOpIMEpPUTH MORHO pacecMaTpUBATE Kak CIORHHA TBepIHN pACTBOD,
HOHEUHHMH WJIeHaMyl KOTODOI'O ABIAANTCA Mg-KODIMEDHT, Fe-KODMHEDHT B Mn-KODIHE—
PUT. Mg-KOopOuepuT HandoNee pacupocTpaHed M XapakTepeH NN MeTamopfudeckux
IOPOZ,. Fe —KOpIMepUT (CEKAHWHUT) U KOpHMEpHT, O0COTAleHHH MApraHueM, OTMe-
YeHH B NErMaTHTaxX; Mn-KOpIMEpUT B OpUpoLe He oOHapyReH. IUIA pellesuA BONpoca
0 BOSMOXHOCTH M30MOPHHEHX 3ameneHuit, uX NPOABIEHNM ¥ KOJINYECTBEHHOW OUEHKE
IPOBEPANNCE CYMECTByOIMEe IMNOoTesH 0§ m3oMopfusMe Ha OCHOBE KODpeNAIMOHHOTO
8HaMM3a.

3ABHCHMOCTh MERE]IY KATHOHAMH

PaccmoTpuM npexme BCETO KPpUBHEe pacupeReseHud IJAA OCHOBENX BJIEMEHTOB KOp-—
InepuTa, TOKa3aHHNE HA DHCYHKe. [0 ®TIM KDPMBHM pacupefnejeHne Mg,Fe2+,Si,
Al Gim3KQ K HOpManbHOMY. Comepmamme Mg koxeSmeTcs oT 0,2 mo 1,9 dopmymsrOR
EMUHIIN , TpUYeM HAnOOoNbllee KOJMWYECTEO aHam30B COLEpEMT ¥X 1,5; B INalasoH
or 0,5 mo 1,9 yriaamusaercAd 95% aHamsoB. I3 8TOTO CIENyEeT, UTO Mg MOKET 3a~
MemaThECA HeOTDAHMYeHHO. Ha KpUBON pacHpelfeNesus Fe2 ', CONepRadye KOTOPOro
xoxedxercs or 0,1 o 1,6 dopMyarHolt eFUENIH, BEIEC, YTO HamCOXBIee KOIMYE~
CTBO aHaMmMB0B 0TBedaeT comepxaxmp 0,4 GopMynbHOR emmeuMIM, OpuyeM 95% aHami-
30B YKa3uBawT Ha cofepramme oT 0,1 mo 1,0 Taxolt emwHWUIM, YT0 T'OBOPHT 06 OI-
pagyYeHHOM U30MOpIHsMe FeZ*t, BeposAiTHee BCETRO, YTO Fe ™ MoXeT 3aMEUaTh Mg
s Ha 50%. Comepxamme Si Kojedmercsa oT 4,6 mo 5,2 GopmyabHOW eImHMIH, dame
oKoso 5; 80% ananmns3oB nOKUTCA B npemend ar 4,8 mo 5,1 @ TomepKO 7,5 % X 0TBE-
980T CcOTepEaHMD Si < 4,8 fopMmyabHO! ezmEmIH, UTO TaKke IOBODUT o0 OI'paHn-
YeHHOM B3aMemeHm: Kpemuus. KoamdecTBo AL - 0T 3,4 Xo 4,2 dopMyabHOR emMHMIMN;
HamGonpllee YICJIO aHaIM30B O0TBedaeT 4 (QOPMYABHEM eIUHMIEM, YTO COIVMIacyeTcd
C TEOpeTHYECKAM: NpENcTaBIeHMAMI; A 80 % aHaTR30B MOAyYaeTcA 3,8-4 emuHMIM-
1 pag 13% - mesee 3,8 eOMHMIM, YTO TaKXe CBUIETENLCTBYET OF OTpamiIdeHHOM
nsoMopduanme.

Cpemn OBYXBATEHTHHX BIEMEHTOB B KODPIWEpATe Ipennonaramyck M30MopfHHe 3a-
MemeruA: Mg = Fe 2t Mg 2 Mn 2t Pe? 2 Mn 2*, B 7aGn.2 TpUBENEHH BHUMCIEH- -
HHE BHAYEHRS NADHHX KOSDIUIMEHTOB KOPPEAINM MexLy Mg u Feot ¢ TygFelt =

= -0,85, Mexmy Mg u Mn ¢ Ty a2t = -0,75 n mMeRmy Pest 1 Mn ¢ TFe2tyn2t =
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T2

ne2

Tadazgosa

‘HoppeamipoHEas Tadims

Cocran 1
gT ;‘:"““ Mz rev’-’] AL pe| 81 H,0 (Fm.pec| =, | 2V(-) _E‘-'{+J & b l & l A [ F ) ng
T T : T e b T i b 3

Na 0,07 0,88 0,70 -0,01 0,07 0,15 0,42 0,20 0,56 -0,24 0,48 -0,28 0,78 0,27 0,38
(47) (47) (39) (47) (47) (40) (B) (38) (1) (24) (4} (24) (23) (am (&™)
Ng -0,78 —0,85 0,85 =0,44 -0,62 0,00 0,63 0,8 0,17 0,50 04O, 048 . 051 078 .97
{3y “(53) (53) (53) (53} (63) (45) (B1) (38) (1) (24) (24) (24) (23) (B3) (53)
un2+ 0,64 0,18 0,47 ~0,25 0,42 0,67 0,889 0,40 -- 0,16 0,81 ~0,43 0,36 0,7 0,88
3 (3)  [28) (33) (33 (29 (31 (27) (19) (139 (9) (18) (33 (33)
Pel+ 0,02 0,11 ~0,18 -0,03 0,68 0,83 -0,05 0,02 0,20 0,47 0,56 0,43 0,78 -0,%
(B3)  (45) (53) (53) -(a5) (B1) (38) (1) {=4) (24) (24) (23) (53] ({53
Al 0,3 0,33 0,02 -0,26 -0,24 0,37 0,04 0,12 0,46 -0,20 -0,62 -0,08 0,17
45) (63) (53) (45 (51) (38} (14}  (24) (=4} (24) «(23) (83} (63)
Ped* 0,15 0,05 0,13 0,55 -0,34 0,81 0,06 0,40 -0,33 0,03 0,1 0,42
(45) (45) (39). (ad] (33} {1z} (20} (&t} (200 (180 (45} (4§)
si -0,18 -0,14 -0,29 0,37 -0,20 0,61 ~0,11 Q.44 0,45 -0,10 0,09
(63) (45) (51) (38) (14) T=A) (24} &) (23) (83) (53)
o0 0,27 0,09 -0,36 -0,12 .-0,08 0,24 0,2¢ 0,19 -0,08" 0,11
(45) (51) ~{@8) (1) (24) (=2a) (a4) (2 (83} (53
0,m =0,02 -0,04 -0,06 0,33 =0,29 0,42 0,87 0,71
g T4 (33 (1) (21 (2 (2) (19) (4E) (48)
g -0,06 0,083 -0,12 0,54 -0,50 -0,%9 0,70 -0.%0
(37 (14)  (22) @D (2 (@ 6D (60

2v(-) 0,62 -0,76 0,24 0,83 -0
0,62 -0, ; -0,16 0,18
8 (8 (8 a9 () (38)
2v(+) - = = - 0,20 <0,29
{14}  (14)
3 0,3 0,43 0,47 0,31 -0,20
24) (249 03 () (20
h ij’ﬁ "'::IISE DlﬁE' -CIIEB
[ (243  22) () (2a)
8,37 012 6,57
(22) (2a)  (24)
A -0,27 =0,61
(23) (23)
F 0,77
(53)

Ipnmessadne, Depxees THCAC — XOSHIMINEETH ROppelmmN; NONYepPKEYTE SHATNMEe BeIWYNHy ODH g = (0,05 ¥ OOOTRATOTEY MY
oTENeHAX CEOOOAN; HEMHes “IGT0 ¥ GHoOREX- odbewm BHOODEN.
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KpuBie pacnpefefieHuf OCHOBHHX XaTUMOHOB I BOTH B KODIUEDPLTE

JnemeHTH JaHH B KoaddumimeHnTax xmmudeckoi dopmyse; N - adCcoMnTHad da-
cToTa

= 0,64, Hamuve cBASK COJXbmO# MO ACCOMNTHON BeAWYMHE W OTDUHATENBHON MO 3Ha—
Ky nonTBepxmaeT usomopdusm mexnmy Mg, Pe?t u Mg, Mn2+, a TakXe YKasHBaeT,

49T0 8TOT M30MOPEMSM HOCHT OIpeleldAnmiy XapakTep ¥ BINAET Ha CBOHCTBa MUIEE-
pana. Kax m3BeCTHO, OTpUHATENBHHA KooffuImeHT KOPpeNAIMY TOBODET 06 yMEHb-
LeHMM CQUOEepXaHnAd ONHOT'O KaTHOHA IPH YBeJWYeH! COJAEpXaHud IPYyroro, a IoJo-
EATENBbHERA KOBPIUIMEHT KOPDENAIMN CBULETEJLCTBYET O IPAMO IPOIOPIMOHANEHOM

X 38BUCHEMOCTH.

SHauMMH KOB@IUIMEeHT Koppeidimy MeXNy Mg u Pt o1 = -0,47 momTEEpXIAET
usoMopdmam Mg — Fe>*. Pamuum mo cure CBASE I IPOTUEONONORHEM II0 3HAKY ABJIA-
eTcA KodPduIpIeHT KOPPEeNAIME MeRLy Mn2t g Fe3t ¢ Tymtpe3+ =.0,47. HesHaum-
MHA KOBQIMIMEHT MeXNy Mg u Si, a TakKe NOJOXATENLHHHA MEXIYy Mg ¥ Al 3acTaB-
JANT COMHEBATBCA B BOSMORHOCTH MBOMODPHOTO samemeHus Mg + Si — 2A1, mnped-
TONATAEMOTO HEKOTODHMU aBTopamu (Schreyer, 1964).

W3 TpexBaleHTHHX 8JI€MEHTOB NDPUCYTCTBYNT Al, Fe . Brawmnmit OTpUIATENbHH ]
kooffumeHT cBASK uMeeT Al ¢ Si(ryiq5 = -0,33) = mouTm paBHEER C Pet
( rp1pe3t= =0,36). OmHaxo sTa CBASH BHpaXeHa ciadee CBASK Mg-Fe2', Bumo mu-
CKa3aHO NpEANoJOKEHIe O BOZMORHOCGTE YacTUYHOTO BaMemMeHnd Si Ha Mg + Al B
KapKacHoll CTPYKType (Schreyer, 1964). IomoxuTeNBHHE KOSPIMIMEHT KOppENAINN
MERDY Mg u Al, a Takke HaJuuue OTPELATENBHON CBASH MEKLY Si M Al ¥ MEXLy
Si ¥ Mg mONTBEDPENANT 9T0. M3 KOPpeJAIMOHHOR TaGuuiE ¢ HOCTATOYHOH IoCTo-
BEPHOCTEO BUAHO, 4To Fe’t moxer samemars Xax Mg, Tak I Al. B mociezsue TomH
B KOpImepuTe OCHapyXeH Be, U BHCKAB3aHH NDENIONOREHMA O 3aMeleHHAX: AlAl —
— BeSi, MgAl — BeSi, MgSi — BeAl (Newton, 1966; Schreyer, 1964). (mHaxo
NpPOBEDUTE 9TH THNOTESH HaM He JIaloch U3-3a8 Majoro uicja aHall30B.
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ComepEaHue BOMH B KOPAMEPUTE 3EBUCHT OT IEOJOTMYECKUX yCAoBA# ero ofpa-
30BaHuA, HauMmesbmiee coXepRaHwe BOIN HalllEHO B KOPIUEPHTAX K3 BYIKAHKYECKAX
nopox. Ilo ZaHHEM CONBIMAECTBA SHANN30B OH comepxu? 0,6 MOnmexysH BOZM Ha fop-
Myny (cM. pEcysok). O DpUpoXe BONH MMEETCI HECKONBKO MHeHw#. Tax, P.domme-
cou (Folinsbee, 1941) cBA3HBAET ee HamAuMe C W3MEHeHWeM Kopmuepura. [l
Ix. n T.Miama (Iiyewa, 1960; Iiyama, 1958) u K.Cyrmypa (Sugiura, 1959), B
KOpIMEDPUTE CYMECTBYRT ABe QOpMH BOIH: KOHCTUTYIMOHHAA WM MONEKyAApHad. HoH-
CTUTYIMOHHaA BoZa B Bume (OH), 3amMemaeT HEGONBNYD YaCTh KPEMHEKUCIODOIHHX
TeTpasupoB. A.BucTpém (Bystrom, 1942), COTVIACHO CTPYKTYDHHM NAaHHHM, YKasH-
Ball Ha IPUCYTCTEHE B KODPIMEDHTE JOMib MOJEKYASPHOHR BOIH, HAXOBAWEHCA B RDPyI-
HHX KaHalaX CTPYKTYpH. OTa TOYKA 3peHud MOLTBEDPKNAETCA padoTamMd OOCHeIHUX
Jer. CornacHO HalliM pacyeTaM, BOIa He MMEET 3HaUMMOX CBASH ¢ KaTUOHAMH,
OHAKO MOJNOXEHNE ee B CTPYKType, kak NOKa3HBAET KpHBAA paclpeneseHud (cM.
DUCYHOK), 3aKOHOMEpHO. CBABE H,y0 ¢ Mn?+ (mpm rggomh?‘r = 0,42) moxa He scHa.

3ABACHMOCTD ®OH3AYECKHX CBONCTB OT COCTABA

[lapaMeTpu BeMeHTEPHOR AYeNKM ¥ YUODPAKOYEHHOCTH CTPYHETYDH. fANOHCKuE ydue—
HHE (Miyashiro et al., 1955; TIiyama, 1956; Miyashiro, 1957) BHepeHe HmoXasa—
J, 49TO IJIA KOPTUEePUTOR XapaKTepHO DA3JNYHOE CTDPYKTYPHOE COCTOAHHE, CymecT-
BYyDT DasHOCTH, OTAWYANIMECA CTENeHBD YIOPAKOYEHHOCTH DENEeTKH WIX OTKIOHEHH—
eM OT TeKCATOHAJLHOM CHMMETDUH,3To OTKJIOHEHMWE A,Miammpo ¢ coaBTopaMy (Miya-
shiro et ale., 12%55; Miyashiro, 1957) Ha3Bam! MHIEKCOM HCKAXEHET A =

T

= 20 ~ HauGomee 4yBCTBATENBHA K MCKaXeHMAM oOnacTs mudpaxTo-

D
rpamm ¢ yTJIIoM 28 = 29-30°, rme mnA MBAYISHMA Cug, HMEETCA TDH OHKA OTpa-
memmit - (511) (4), (421) (B) m (131) (D). flo Hamum MaHHHEM, WHISKC NCKAXeHWA
A MeHAeTCH HPONODIMOHANBHO CONSPKAHWD B KODIMEpHTEX Mg (rpyg = 0,51),
Al(r,,, =0 62), S8i(rasi = 0,45) ® 06pATHO HPOUNOPLMOHATEHO COLEPRAHUD _

Felt (T =-0,43), CleloBaTEIbHO, FHIEKC A UYBCTBATENSH K XUMUIECKHM H3-
Menenmaﬁ cpe.nu MuHepanooSpasoBaHua, (COIVIACHO NAHHHM HEKOTODHX ABTODOB (Miy-
ashiro et al., 1955; Iiyama, 1956; Iiyama. 1960), pasmepH g9eiixz BO3DaCTaDT
C yBeJMYECHUEM WHIESKCA HCKEKEHWUA, OpudeM a B Joismell cTeNeHM 3&BHCUT OT BE—
JMYFHH A,9eM b @ c. PACYETH MOKa3HBANT, 49TO BHAYEHNA a HAXONATCA B IpaMmoi
BABUCEMOCTH OT A, & b — B ofparHolt, mp¥YeM CBA3E a ¢ A Oonee CHMBHAA (rg, =
= 0,47). Ha BeJwumHy a GoJsle BCeTo BIMACT colepxamme Si(r,gi = 0,61). Be-
JUWYUHE b ROPPeJMpYyeTCcH CWIBHOM CBABED C Mn2* (rppme+ = 0, 81), Ng (rpug =-0,52),

Pe?*(rype2+ = 0,47), Fe3t(ryped+ = 0,40) ¥ Al(rpay = -0,46), Bemwamsa c mie-
eT Haudogee BHAYAMYD CBA3E Fe2+(rcF32+ = -0,56), Mg(r y,= 0,48) 7 Si(res; =

= 0,44), MHOeKC UCKaKEHNA CBA3AH BHATMMHME ms@@mmenram KOppeJIAIMR ¢ CO-
nepmarmeM Al(rpa; = 0,62), Si(rygy = 0,45), Mg (r \yg = 0,51) u Fe2+(rAF62+ =
= -0,43),

YneneHuE Bec. Ilo A.Bmavesury (Winchell, 1937), yuenpHH! Bec KOPIHMEDHTA
JrHefiHO yBeJmMUMBAETCHA C IOBHISEMEM CONEDRAHNA Xejesa, (TMedanack OpaMas 3a—
BHCHMOCTE OT OTHOMSHEA Mg0 / MgO+Pe0+2Fe;Cs:  (HasBaHHOTO HEITVM mg)H OT
noxasareyedt mpexomreHEus (Leake, 1960; Winchell, 1937). VCTAHOBIEHS SaBHCH~
MOCTE MEXTY yHeJbHHM BECOM H XeNesUCTOCTED. (F) IPOKAJIEHHOTO (LA MCKImYe—
HuA Hy0 7 CO,) wopmumepura: F = 3,51 (d = 2,49) (Kuuyx = mp., 1971). Cormac-
HO HalliM pacdeTaM, YIeJbHH! BeC KOpPHUeDUTa YBeJIMYWBacTCA ONHOBPEMEHHO C
BO3DACTAHNEM BeJWdYpH moxasaresnelt mpelomrerms (¢ cmioft cmAsy r- =

Y&.B 151g

1 [Tom XeJe3MCTOCTED IOHAMAETCH OTHONEHME Fe/Fe oy + Mg.
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=0,81) u xexesucroctu (ryy pp= 0,47) ¥ c yveHSIeHUeM mg HUrTImM (Tyg,pmg =
= ~ 0,71) ¥ MHOeKca HCKameHHA (TS’".H:-B = =0,42). YnemsHull BeC PABNMUHHX IO
COCTaBy KOPIMEPUTOB ONpemesiAeTCA CONepkaHWeM Mg ¢ cmipHO# oTpuuarersHON
CBA3EN (rm BMg© 0 63) Fe2t 3 unt c noqm DaBHO#l, HO IPOTMBONOJIOKHOM
cmwiolt cBASE (ryg g peot= 0,68 ¥ Tyy.pun = 0,67).
OnTUdecKne cBoiicTBa. MHOIME aBTODH, U3YY4BINWE KODIWEPUT, NHTAINACE BHBEC-
TH 34BHCEMOCTH ONTHYECKHMX cBo#icTs oT cocrapa. Tax, X.lmbara (Shibata, 1936)
7 A.Bumgesn (Winchell, 1937) OTUETVINBO NMOKA3&JM IPAMYD SABHCHMOCTE 3HAYeHMHA
Dgs Ty B, T JEEJNBHOTO BECA OT CONEDKAHMA KeJese. gra sasncmvzocws NOITBEPE—
mena padotamm A,Mmammpo, B.Jumka ¥ mp. (Miyashiro, 1957; Leake, 1960). Taxas
He BEaKOHOMEDHOCTE: NPOCHeXeHA U Y OCE3BOKEHHHX B TEUYeHNE 1 daca IpH 1000°
KOpMMepHTOB (Iiyama, 1960). BwIO OTMeHeHO, 4TO CpenHuil OKABETEeN: IPEeJoMIe-
HIST BOSPAcTaeT C yBEJIMUeHMEM CONEPXAHmA BoXH (Miyashiro, 1957; Leake, 1960;
Schreyer, Yoder, 1964; Schreyer, 1964). B.Kuuyn c¢ coasropamz (1971) oTpu-—
UanT CyLeCTBOBaHUE YIORIESTBODPUTEJNBHOR KODPEJAIMN MexIy 3HaUYeHUAMH IOKa3a—
Teneil MpeOMIEHAA M o0me#t XeNesMCTOCTED, YTO CBASHBAETCA C BIMAHZEM H,0 : '
COps VMM nprmBeleHO ypPABHEHWE CBASH XEJEBUCTOCTH C NOKABATENAMH IPeJOMISHNA
IJI7 KOPOWMEeDHTOB, HATPEeTHX Ip® 900 m 1000° B Tevenme 10 mmE: F = 2142-(1-1g =
= -1,523), F = 2631 (n, = -1,518), Tme ng ¥ n, - NOKASATEJH NPENOMTSHUT
IPOKaNEHHHX 00pasLoB. MexIy moxasaTesAvy IPeJOMIEHUA ¥ MHIEKCOM MCKaXEHUA
YKa38HH CCpaTHO 'HpolOpIMOHaNbHNEe OTHOWEHRA UpY HOCTOAHHOM coZepiammy Fe m
Mg (Miyashiro, 1957). Uro kacaeTcd yria 2V, To, Oo maHauM X.lmGara (Shi-
bata, 1936) , OH yMEHBNAETCA C YBeIMYeHWEM COTEeDRAHUA Kelesa N0 MIHIMyME
IpE erc CpejHEX 3HaueHmAX (oxono 40% comepkaHus. Fe-KOMIOHEHTa), 3aTeM CHO-
Ba yBeIMYMEBaeTCA.  OTMEYEHO YBeluYeHNMe yIya 2V C YBeJNYeHNEeM A IIPH IOCTOAH-
Hom comepxanny Fe m Mg (Miyashciro,1957). OCHuHO yroa 2V B KOpIMEpHTaX OT-
prugTenbHElt ¥ 3HgueHMA ero Xoxeodnources oT -40 o —BUO, HO BCTPeYanTCd U HOp-
IHMEepUTH C TONOXKATENbHHM yIVIOM 2V I sHadeHMAME 2Vyg IO 82°. 0 NPUPOTLE OUTH—
YECKH TOJOXUTENEHHX KODIMEPUTOB He CYWecTByeT eIuHoro MHeHmA. llo P.Domiacon
(Folinsbee, 1941), WLIA HUX XapaKTepHO NOHMREHHOE CONEpXARVE meNouelt TpPY BH-
COKOM COTEepXaHmY Ca; OTMEYAETCHA, YTO OHX MMENT Colee HUSKNE TOKas3aTeadl Ipe-
JOMIEHUA ¥ IBYUDEJIOMIEHNA 1O CPaBHEHNO ¢ ONTUYECKR OTPUUATENbAHMY KOPIVepH-—
TaMy NPU OFMHAKOBOM OTHOWEHNN Mg:Fe. [pyrme mocielosarenn (Leake, 1960;
lpzes, 1970) oTpHUIABLT 38BHCHMOCTE ONTHYECKOTO 3HaKa OT CoTepRaHuA menxodel
B xopmeepure.llo A.A.Mapaxywesy(1965),00THYECKE HNOJOKMTENEHENE KODEHEGDUTH Xa-
PaKTepHH LAA IIyCOHHHHX MArMATHYEeCKNX KOMILIEKCOB. VMmenTCA yKasaHud, 4YTO ¥
ONTHYECKN TOJMORUTENBHHX KODIUEPHTOB MHEEHKC MCKaXeHud A ogomo 0,25, a ¥y omTu—
YECKN OTDHIATENLENX SHaueHuA A Makcumanbs (Topomsurom, 1971). Io J.J0presy
(1970), ®Renme3UCTOCT: He BAMAET Ha ONTHYECKHMA 3HAK; ¥ ONTHYECKN IOIOKHUTEIBHHX
(+) KODIMEpHTOB ReJE3UCTOCTE MEHAETCE oT 5 M0 44%. CorsmacHo BHBomam Vitamu
(Iiyama, 1960), oNTMYECKE OTpUIATeNbHNE (-) KODHMEpHT [P HATDEBAHEE IO
750° u TaBleHUN BOIAHOIrO mapa 600 Gap mepeXoIWT B ONTHYECHN IOJOXITEJBHHHA
(+). OmpemeseHHO! SaBMCUMOCTH yIyla 2V OT mg HATTVIM He OoOHapykeHo (Leake,1960).
BuBeneHHHE Hamy XKOR0PUIMEHTH KOPpendAlyy MOATBEeDANaNT CUIBHYD CBABDL MO-
KapaTenell NPENOMIEHA C KEJIESUCTOCTED (rngF = 0,70) # mg Hurrm (r, gng =
= ~0,90), T.e. SHavedHs moxasaTeteil IPETOMIEHHS HAXONATCA B IpAMOH sam:cpx-
MOGTH OT COIEpPRAHUA Fe2+ F83+, Mn®* U ofpaTHO# - OT comepraHuA Mg. COOTBETCT-
BEHHO KOB(PIMIMEeHTH KOppesAaIun Tng Felt = 0,83; rngFe3 =" (). 85, rngMn2+ =0,89,
Tnghg = -0,82. IlpmmepHo paBHyp CWIYy CBASHE HMEeT ng C JASHABHEM BECOM
(ry g¥E.B= 0, 81). HomuecTBO H,0 HE3HAUMTENBHO BIMAST Ha BeNUYMHY ng
(rn gH20= 0,19). IonTREpRIADTCE oCpaTHHe ¥ MNOBOJEHO BHAYMTEJEHHE CBASH MeX-—
JJ;Vn u ﬁ(rngn = =0,79). B Tadn., 2 UpMBeNeHH SHaYeHMA KO3PIMIMEHTOB KOppeJis-
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LMK TONBKO LA ng, TK KaK BHAYEHUT n, X nNp USMEHANTCSH IPONOPLMOHATNEHO ng H,
CIeNOBATENEHO, IX Kob®PMumMeHTH Koppesanmy GYOyT CXOTHEMHM. YTOJX OITHYECKNX
oceil, KaK TONOXWTEJBHHE, Tak U OTpPHIATEeXRHHA, MMEeT HeBHAYUMY® CBASH, C Xe—
JIeB3UCTOCTED, 4 -2V W3MeHAeTCA IPAMO IPONOPLUOHAJNEHO COepRammp Al ¥ Si (¢
OMMHAKOBHMM 3HaueHMAMZ r = 0,37) M 00paTHO NPONOPIMOHANEHO COXEDPKAHMD M2t

H HyO (Takke ¢ G/uSKOR CWIOf CBASH, ry, 2+ oy = =0,40,Ty ooy = =0,36). Be-
JWYUHE +2V UMeeT BHAYEMYH OTDHUATENBHYD CBASE C Mg (ng;*'zv = -0,50), MAHE—
pan GyfeT MOJOXETEJEHEM IPH NOHWKEHHOM COZBEeDKAHUA Mg.DB IPOTHBONOIOXHOCTE
naHHuM P.OoimHCOM (Folinsbee, 1941) +2V yBEJMYMBAETCA IPY NOBHISHHOM COZEp—
XeHun Na, CATa CBASE UX NOBOJNLHO BHAYMTENEHA (rya+py = 0,56). 13-3a MAIOTO
KOJMYECTBA NaHHHX HaM He YNaJoCh BHUYMCJMTE SHAYEHHA r + 2V C Mn2+, 8; b,

¢ W A} B TaGl. 2 B COOTBETCTEYKIMX MECTaX CHEJAHH IDPOYEpKH,. JICXOns M3 BHUMC—
JIEHHHX KO9Q@MIMEeHTOB, ONTHYeCKHil 3HAK KOpDHUEDUTA CKOpee MOXHO CBA3ATE C COC—
TOSHMEM KDUCTAJLIMYECKCH pelleTHd, 9eM ¢ XUMUIECKUM cOCTABOM MuHeparna.0dYeHb
BHCOK KOSPIMIMEHT KODPPEJAIMH CBASM MHIEKCca HCKAXeHHA DENSeTKH A ¥ OTPHIATE]B—
HOT'0 3HAYEHMA yria 2V (r,_oy = 0,93), 9TH sHAYEHHA OdYEHH OJMSKM K QyHKIMO-
HagsHO! 3aBUcHMOCTH . Tak¥e BHCOKKM KOBQIMIUNEHTH -2V ¢ a — IPAMO NPONOPIUOHANE—
e (ra - 2v = 0,62) ¥ ¢ b — ofpaTHO ImpomopmMoHambHEe (rh - 2v = 0,76). BHa-
geHWA yIVIA ONTHYECKHX ocell ¢ BeJMYEHAMY Iokasarejell MpesOMISHES SHATUMEX CBA—
sell He UMENT.

BBIBOJIBI

1, [lpUMeHeHMe MeTONa KODPENAIMOHHOTO SHAJA38 IO3BOJAIO IPOBEPUTE MHOT'O—
YNCJSHHHE, YACTBHN IPOTHBODEYMBHE NAHHHE O 3aBHCHMOCTH OT COCTaBa KOPIMEDHTA
ero ONTWYECKMX X NPYTHX CBORCTB: yOENBHOTO Beca; IapaMeTpPOB aJeMeHTApHoR saefi-
KH, CTPYKTYPHOTO COCTOAHMA, Ha OCHOBaHMM pACYETOB KOJMMYECTBEHHO OLEHEHH IpO-—
ABNTeHne M3OMOpfHHX samemeHnil ¥ B3aWMHOE BIMAHNE OTHEJBHHX KATHOHOE.

2. Kpusue pacnpelefieHHA OTIENBHHX KATHOHOB IOKA3aJH, YTO B COIEIMHCTBE
KODPZMEPHUTOR Fe2+sa.men1ae1' Mg mmy #Ha 50%; oTpaHWYEeHHOE B3aMelleHEe OTMEYeHO
Takke IIA Si u Al. '

3e HBOMOP@HOG 3aMelneHne Mg Ha Fe ABIAETCA ONDEeIeJANIIM IJIA CBOHACTB
xopnuepura, OTHoweHMe Mg:Fe B KOpIMEpHTe BAMAET Ha 3HAUEHHE YAEJBHOI'0 Beca,
mokasareseil OpelowIeHHA, IapaMeTpPOB JEMEHTAPHO# gdeifri.

4, XapakTep HEeYUOPAMOYEHHOCTH CTPYKTYDH KOPIUEDPHTa B OCHOBHOM B3aBICHUT
OT OTHOUEHMT Si:Al. BeJmuuHa yIvIa ONTHYECKHX ocedf W onTHYecKmit 3HAK QTpaxa-
KT CTPYKTYPHOE COCTOSHME MHHepasa, B YaCTHOCTH CTEIeH: HCKAaXEHHA er0 CTPYKTY-
DH.

ABTODPH CYMTART CBOHEM IOJI'OM BHPA3UTH OJATONADHOCTE HOKTODY Te0IOTO-MIHE~
pamoruuecknx Hayk P.M.KoHcTaHTMHOBY 3a comeilcTBHe Ipm CTaTHCTHIECKO# ofpa—
GoTHe MATepMaNa, 4 Takke 38 IeHHHE COBETH,
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J. H. Beaosa, B. H. TumeHrosa

K BOIIPOCY OB HM30MOP®HU3ME B I'PYIIOE
YPAHOBBIX CIIIOJ10K

B mocsenH#e TONH ¥ OTEUECTECHHHX MEHEDAJIOTOB IOBHCIICA HHTEpEC K HpOSBIe-—
HPD M30MOpIM3ME B I'DYNIE YPAHOBHX CHNNOK, IpeXNe BCeTo MEXIY KalbIMEeBHM I
GapreBuM WieHavm X ocfaTHOTO pAna.

BosmoxHo, 4TO OmHOR M3 NpPUYMH yCWIEHWA BHUMAHWUA K nsomop@naw KaJslusa 1
GapnA MOCTYXATM TEHHHE [0 CHUHTE3Y CJIONHHX YPAHOBHX CHNIOK, IONTYyYEHHHX &BTO-
pam B 1965-1968 rT, B Te TomH, U3ydYasd BEMECTBEHHHN COCTAB 30HH OKHCIEHNA
HECKOJBKAX YPEHOBHX MeCTOPOXOEHU! ¢ METEHCHEHO paseuToff kapdoHarmsammed Buve—
WangMy I0poN, MH OCpaTWi BEMMAHWE HE. GONBIYY ATHEHOCTE OapHA IpH o0pasoBa—
HAY BTOPMYHHX MMHEDAJOB, HECMOTDSA Ha DE3KOe NpeoliamaHue KalblMA B BOIEX,

B YacTHOCTH, CpeOd YPAHOBHX CJKNNOK IOMHOCTER OTCYTCTBOBAMN UHUCTHE KaJBLIUEBHE
OPENCTEBATEN — OTEHHTH, HO IHMPOKOE DASBATHE IOJNYYWIA YHCTO CapmeBHE CJINI—
KM — YDaHOIMPIMATH 7 CMEUaHHHE CJINKH, B KATHOHEYW YaCTh KOTODHX BXONAT KATb-
uuit, Gapuil ¥ IpyTHe KaTHGHH,. IIOCKONEKY NPUPONHOTO MaTepHassa He XBaTajo LJId
IeTAThHHX AHAJU30B, MH IOCTABWIM OIHTH IO CHHTESY cMemaHHux Ca-Ba-CJNOIOK.

Bo BCEX ONHTaX KOJMYeCTBO conelt ypaumna # docfopHoll KHMCIOTH OCTABANICCE IO—
CTOSHHEM, & COOTHOUEHHe coselt XJIOpHCTOrO Gapifd M XJOPMCTOI'0 HAJBIHWA MEHA-
JOCE., B CEpUM ONHTOB KOMMYECTBO KANBUUA GHIO HEUSMEHHHM M INOCTATOYHHM L&
3aloJHEHNA KaTHOHHOR 4acTH, a KOoNUdYecTBO OGapusa UBMEHANOCH ¥ OHIO COOTBETCT—
BEHHO JOCTATOUHHM WA s3amoyHerma 100, 50, 25 u, HaroHen, 12-15% xarunoHHON
YacTH,

B pesynBTaTE ONHTOB OKASAN0CE, YTO B DACTBOPe BaauMomelcTBynT He 1Ba BBE-
IeHHHX B HEr'0 XaTHoHa, a4 4YeTHpe: Ba, Ca, (U02)2+, (H30)+. B onurax ¢ mocra-
TOYHHM KOIHYECTEOM GapHA IJIA IOJHOTO B3aIoIHeHHA KaTHoHHO# JacTm o6pasosa—
JIACE YACTHE YPAHOUMPUMATH, [[p¥ MEHBIMX KOJUYECTBAX 0apiud OCAXITANUCE CMElaHHHE
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Tadanua

Xmmaeckuit cocras # fopmynn

1

*
CHHTE3UPOBaHHEX Ca-Ba-ypaHOBHX! CJINOK

Ca : B 1:1 1:0,5 130,25 1:0,125 0,5:0,25 0,5:0,125

Ormeam | 1 2 3 4 5 6 7 " 8 9 10 11 12
Bao 14,99 14,91 8,11 8,57 ' 3,80 3,R 2,42 2,67 4,37 4,12 1,9 2,99
et - - 2,81 2,68 2,36 2,14 - 1,22 1,3, 0,9 0,97 0,87 0,93
Uo, 56,78 57, %K. 58,16 58,62 67,38 67,90 69,00 67,27 68,20 68,90 70,76 71,65
Py0g 13,98 14,14 14,83 ° 14,63 14,91 14,96 13,93 14,5 15,42 15,17 15,03 15,80
H,0 14,38 13,60 15,04 14,40 10,47 10,7 11,54 12,0 10,00 10,70 9,71 10,15
Cymma 100,08 100,57 98,9 98,90 98,92 99,62 98,11 98,48 98,89 99,86 9,29 100,82
1. Ba[UO,], [P0, ], 8H,0. T {Ba0’150a0’25(U02)O,32(H30)0,56][UOE]E[PO4]2*6H20.

2. [Bao,ga(UOE)O'OE][UOZ]E[PO4]2-7,6H20.
3+ [Bag,50Cag, 50] [U05]5 [P0y 15 8EL0.
4+ [Bag goCag, 45][U0,]15[P0, ], 8H,0.

5. [Bag o5Cay 40(U0,)g o5(H30)g o0] [U0s]5 [P0, ]5*5,5H,0. 11,
6. [Bao,25030’35(U02)0’25(H30)O!30][UOZ]E[PO4]2°5,5H20. 12.

* Angmrrur B, J.JIRTEeHKOBE.,

8. [Bag, 13080, 95(U0,)g 45(H30), 34] [U0; ][0, ], 6H 0+
9+ [Bag p50ap, 15(U05)g »5(H;0)q 701 [U0,]5 [P0, 154 5H,0.
10, [Ba0’250a0’15(U02)D,25(H3030’7D][UOE]E[FD4]2'5H20.
[Bag, 1202, 15(U0p)g, 37 (H30)g, 72 [U0, ] [PO4) 5+ 5H 0
[Bag, 12080, 15(U0)g, 24 (H30)4 0] [U0; 15 [P0 15 *5H,0-




ypaHoBHe ciKOIKE (Tadx, 1), oTaudamnuecs mo BeawdumHe N, (orewmr 1,595-1,598,
- Ypasormpimr 1,620, IpOMEXyTOUHHE DASHOCTH — OT 1,604 IO 1,615) 1, 4ro oco-
OeHHO MHTepecHO, 0 (opMe INIACTHHOYEK, KOTOpas TEM CWIBHEE OTJIHYAJIACE OT
KBampaTHo#, xapamepnoﬂ LA OTEHHUTa U ypazzomap:mma 9eM BHIE CWIO COIEepKa-
HneEHeﬁ(Uo)+m(Ho)

/I3MEHEHNE ONTHYE CKUX osoﬂcma B c'rporoﬁ BABHCHMOCTH OT COCTABA YKASHBAJIO
Ha 06pas30BaHmE CIORHOKATHMOHHEX CJNIOK;B MATEpHANs KaXIOTO OTIeJHHOTO OIHTA
ONTUYECKMEe CBOMCTBA BCEX YaCTHI CHIM ONMHAKOBHME. JTOT BHBON HUIET Bpaspes
¢ sawmdexneM W.X.Mopos u T',A.CHIOPEHKO, MCCIEIOBABIVX ‘CUHTETUYECKHEe YDAHO—
BHE CJINIKHM, BRJIOYAA HEKOTOpDHE HalM o0pasuw, [lo JaHHHM HA3BAHHHX 4BTODOB,
YaCTUUHO onyGuKoBaHHEM (Mopos, 1971), CTDYKTYDHHE Das/MUNA OTEHHTa H YpaHO—
LUPOATE HACTOJNEKO BEJUKHW, UTO MCKJNYAKNT BO3MOKHOCTE HM30MOpJHOTO 3amelleHUA
B HIX Ca = Ba. HaMm mpencTaBmiIochk LeJecoOCpasHEM IONOATH K YyTOUHEHMD 3TOTO
Bompoca ¢ IOMOWBK OINTA II0 KATHOHHOMY BHTECHEHWN KaJBIMA GapmeM.

Eme B 1929 T, Pefipuaitmy (Fairchild, 1929) ofpaTwn BHEMAHUE HA JETKOCTE,
C KOTOpO#l U3 IPUPOJTHOTO U CHHTETMYECKOT'O OTEHUTA KIBUU! IOJHOCTBEN BHTECHM-
erca Gapuem, [ 8TOrO JOCTATOYHO CHIO MCXOUHHE OCpasIH B TedeHHE 6 YacoB
‘TIDOKAINATATE B KOHIEHTDHUDOBAHHOM DACTBOPE BaCl...

B 1953 1. C.Hafdmrn m W, Mwm (Nuffield, Milne, 1953) IOBTODWIM ONHTH
Peftpuailina ¥ OPMLIY K BHBOLY O BOSMOKHOCTH KaTWOHHOTO H3OMODIMSMA B yDaHO-
BHX CJOOEKEX. HpoMe TOTG, OHM IPOBEJH HCCJEHOBIHEE MaaraCKapCcKEX o0pasnos
OTEHHUTA C DAB3JIMUIHHM COTEepXaHHEeM Gapusa ¥ IOKa3aJll 38BUCHMOCTH OT HETC ONTH—
YeCKNX CBOMCTB ypaHOBO# CINIKM, -

Havm Omla IOCTABISHS CEDPMA ONHTOB [0 3aMENeHUN KalblUA CapueM B IPUPOIHHX
¥ CHHTETHWYECKEX OTeHuTax "ropsumM" ¥ "XodomHeM" meTomam#., "Topsumit" meTon
IpencTaBIal codolf KMmsueHMe MCXONHHX o0pasnoB B TeueHMe 6 dac B 250 Mn
pacTsopa, comepramero 5 r BaCl,. Ilpu MCIosBBOBAHUM "XoJxomHoTo" METOmA UC—
XOIOHHE OCpasilH BHOEDKMBAIMCE B PACTEBOpPEX Tolt Xe KOHIEHTDAIMM IpY KOMHATHOR
TEMIEPATYPE B TeUeHHe pas/MYHHX CPOKOB, B KaYecTBe HCXONHOI'0 MaTepHasid HC—
IOMBE30BANCE MPUPOTHHE W cuHTeTHYeckuil orTernTH, "TopaAumM" MeToIOM [OJHOE 3a-
MelleHMe KaJXbLMA OapmeM NOCTUTaN0CE dYepes 6 4ac, "XomomeEmMm" - gepes 15 mael
(radm. 2.).

TadxTADTE 2

XuMIdecRull COCTAB MCXONHOTO OTEHHTA W NPONYKTOB, NCIyUYEHHHX MOCHAe odpa—
COTKH DacTBOpaMi Bac1'

2
"Topsunit meTom" "Xomomuu# mMeToxn"
Oxme— CocTa® HCXON— ]
JIH HOT'O OTEHHT& |aHaIH3 aHaJmm3 |4epes qeges 4Jepes |depe3 15 muelt
1 2 2 IHS 10.
mHel - | mHel
Ba0 - 16,24 14,66 4,20 9,04 11,89 14,90
Ca0 6,28 - - 4,00 3,06 2,07 -
uo 65,41 57,64 60,00 - - - 59,00
P205 15,30 15,08 13,98 - = - - 13,63
H,0 12,80 10,46 10,83 - - - 12,36
Cynma 99,79 99,43 99,47 99,89
?;gpw— Ca(U0,),(P0,),» Ba(U0,),(P0,), Ba(U0,),(P0,),*
-6H 0 -6H20 -THZO

" Anaymmrux B,J,JuTeHKOBE.
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Texmm ofpasoM, pesyJbTATH BKCIepMMEHTOR NONTBepINumd Buponw Peitpuaitina,
Haddurma n Mwma. Kpome TOTO, CHU IOSBOMAMM YOEHHTECA B TOM, UTO 3aMemeHne
Ba — Ca He OTpaxaeTcs Ha fopMe KPUCTAJIOB KAk CHHTETHYECKOTO, Tax ¥ IPUPOX-
HOI'0 OTEHWUTa; OCOCEHHO HATVIANHO STO NIPOCHEXMBAETCHA Ha CHHTETHYECKHX o0pas-—
nax (pme. 1, 2 - oM, IPWIOREHHE),

MyxporudpaxiMoHHEe KapTAHN HCXOEHOTO MATepHana M HONYHeHHHX U3 HeTO Ipo-—
IYKTOB YyKA3SHBAWT Ha NOJNHYNW KX WESHTWYHOCTE ¥ HE MOBBOJANT CHEJAaTh BHBOL O
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YIK 548,32

TpaHulE IpMMSHEeHWUA 1_TOHATAA "msoMopdmsm” . BOKMA T'.B. B cd. "Msomopfusm B MmHepamax",
Usp-Bo "Haywa", 1975, 7-14. ‘

TloHATHL M30MCpdU3MA(TBEPIHX DPACTBOPOB)OGHIHO MPOTHBONOCTABIADTCA MOHATHA XUMHYEC-
KOI'0 COEIMHRHHMA M MexaHuueckoit cmecu.B padoTe moxasaHO,4TO MEXLY STHMM TPEMA COCTOA-
HUFMA OCYWECTRIANTCA MOCTENEeHHHe ¥ HEeNDeDHBHHE NepeXofH.B DeaNtHHX BemecTBAX ATOMH
aJieMEHTa-TpIMeCH MOTYT YaCTUYHO SaMelaTh aTOMH NPYTOTO SJEMeHTA M ONHOBDEMEHHO dac-
THYHO NPOHMKATE B NYCTOTH. [[09TOMYy OTpDAHWYMBATE NOHATHE U3OMODHUSMA KEKUMU-TO OT—
NEeNBHEMA CJydYesiMM (HampuMeD, TOJEKO 3aMemeHMeM aTOMa Ha aToM) HemedecoodpasHo, Ilo-
MUMO XVMMYECKHX COeNMHeHWH! ¥ TBEPINHX PACTBOPOB CYyWEeCTBYRT "TBepZue DacTBODH ¢ Cik-
HIM nopAmkoM" ,, IlponeccH YUOPANOYEHNA MOSBOJADT Nepe#iTM OT TBEPIHX PACTBOPOB K XUMH-
YECKOMY COENMJIMHMD, MeXIy TBepIHEM DACTBOPOM ¥ MexaHudeckoll CMecE CymecTEBYeT IO
xpaltHe#t Mepe TpM ODPOMEXYTOUHHX COCTOAHWA: SIUTAKCHA, IMeltTreTc (BKINYEHWEe NpHMECH
IBYMEPHHMM CJIOAMH) N KOJUIOMIHHE TBepANe pacTBopH (OGmounn#t Maomopdusm), Pacnam Teep-
IHX PacTBOPOY WIM COEMECTHAA KPUCTaLTH3almA ABYX (W HECHONBKUX) BEMECTB MORET
IPUBECTH K JTHGOMY W3 STHX NPOMEXYTOUHHX COCTOSHMII WIM Xe K MEeXaHMYeckod cmecn.

WumocTpalpait 4, 6udmorp, 7 Hass,

YIK 549, 1:548:32

OBHE MUHEDaJH — WICHH W30MOPPHHEX DANOB, CTDYKTYpHHE 8HAJOI'M M3BECTHHX MUHEDAJIOB.

BOHUTENT-KVTIIETCKAA 3.M.] B cd. "Visomopdusm B mumepanax", Mzm-so "Hayka", 1975, 14-25,
PaccmoTpelin OTKPHTHE 38 mocaemuue 20 JieT MMHepaaH, MSOCTPYKTYPHHE C paHee U3BeCT-

HiMH; COMOCTEIBTeHH GopMyNH ¥ 3HAYEHME NMApamMeTPOB 3JeMEeHTADHHX AYeeK HOBHX ' H3BECT-

HEX MMHepaloE, OTMEYeHH M3oMOpfHHe saMeleHMA.
TatGman 3, Sudmuorp. 93 HasB,

YIK 549.1

Pacyer xpucTasLtoXmmuyeckol PopMyJsH KaX ONMH M3 METONOB MCCJIENOBEHMA MuHepats.BOPHE-
MAl-CTAPBEIHKEBIM M,I. B c6. "Maomopfusm B muHepanax". Msp-po "Haywa", 1975,25-33.

[lpMBemeHU pUMEDH pacuyeTo® GOPMYN MUHEpANOB, NOZBOJLANUMX CYAUTE 06 Ha3oMopdHOM
BXOKIEHMM B MX CTDYKTYDH Da3IMYHEX MOHOB, O KOHCTHTYIME MUHEpana M ero gusudecKux
cpoftcreax.

TaGmuu 3, OuG.MMOrp. 31 HasB.

YIK 549,283:549,02

PeHTTEHOCOEKTDANEHCE NCCASNOBAHNE pACHpeneseHus cepeCpa B SHIOPEHHHX BHEENEHWAX Ca—
MOpOIHOTO B0JoTa. ILETPOBCKAA H.B., JOCERA T.M. B c6. "Mzomopfusm B mmHepanax". Uam-
B0 "Hayka", 1975, 34.-48.

IIPueHEHNE BJIEKTP OHHOTO MUKPOSOHIA MOSBOMATO KCCAENCOBATh pacupeleNeHMe cepedpa B
9acTHLEX CaMopONH,0T0 3070T4 pasMeépoM He MeHee 8 mx, [IONTBEDKNEHA HEONHODOTHOCTH pac—
WPeNeNeHUA Cepedpa B SHNOTEHHOM CaMOPOINHOM 30J0Te. BHABNEHA 30HATBEHOCTE B30JIOTHH C
ACHUMMETPUYHEY DAC TOJIOKEHMEM B HUX Y4ECTKOB, OCOTAlleHHHX WIH OTHOCHTENEHO OCeNHEHHHX
cepedpoM: €€ BO3H UKHOBEHME MOKET OUTH CJIENCTBMEM KaK NOpacTaHMA T'OJIOBOK KDUCTAILIOB
1 BeTeell meHnpuTo B, TéX X mocleKpucTaltusauMoHuodt muddysum cepepa. IpUSHAKK acHM—
METPHYHOY 3OHANBH 0CTH B30JOTHH DACCMATDUBAKNTCA KaX BO3MOXHHA mokasaTesb HaNpaBlIeHUA
NMOTOKOB IVIYOUMHHOT © TEIUIE Ha NMO3MHMX CTANMAX pymoodpasoBaHmdA,

Tadmu 1, wum crpauuit 38, oudamorp. 12 HasB.
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VI 549, 2471:539.533

MMKDPOTBEDIOCTE KAK NOKasaTesJb 0COGeHHocTel pacnpeleleRns W HOpM HEXOKIEHWUA cepedpa
B camoponHom sogore. IIETPOBCKAA H,B., HOBTOPONOBA M.J.B cd. "Vsomopdmam B MmHepaiax".
Uzn—po "Haywa", 1975, 48-61.

Mayuena wmmxpoTBepmocTs 60 o6pa3LOB CaMOpPOTHOT'O 30JNO0TE& W3 pasmuyHux paitoHoB CCCP.
llox&asano, 4T0 MEKDOTBEDNOCT: 3EBUCHT OT DacHpelefieHHs NpuMecH cepebpa; YYACTEY ero
KOHUEGHTDAIMY SBIANTCH JOKAILHEMMA NOJAMA YUpyTux medopmanmit, MHoromomansHasa fopma Kpu—
BOil 3@BMCHMOCTH TBEPINOCTH 30J0T4 OT €r'0 COCTaBa MONTBEPKNAET BOSMOKHOCTE YIOPAZOYE~
HUA OPEPOIHEX Au-Ag-cMecell ¢ BOSHUKHOBeHMem (a3 CTeXMOMETDUYECKOTO cocrana, [Ipy MH-
TEPUpeTalut PesyIsTaToB U3MEDEHUA MUKDOTBEPIOCTH HeoOXOmMMO YHUUTHBATE BIMAHUE 36p-
HUCTOCTH ¥ MO3aWYHOCTH 30JOTHH ¥ X IedopMypoBaHHOCTH B IPUDONHHX YCIOBWAX,

Tatm 2, wimpcTpaiwid 8, OnéamMorp. 32 HasB.

YIK 549.514,71; 548.32
K Bompocy o6 msomopdusme B raccurepure. NOJOMAHOBA E.M., TONONRCKMA A.M., IOEPOBONE-

CKAZl H,B., JICCEBA T.M., CABMHCKYH W.I., PARVHOBWY C.T. B cG. "Msomopdusm B MHHEpa-
nax", WUag-Bo "Haywa", 1975, 61-79.

C nomoms® JBM oneHeHO TumomopfHos 3HAYEHHE OTHENBHHX XMMUYECKUX. 5JSMEHTOE B 180
00p&a3LAN KACCHTEPUTOR M3 89 mecTopommenmit CCCP M 3apyOeMHMX CTpaH, MaTrHETOCTATHIEC-
KHM METOIOM OLEHSHO COIEepXaHue HaoMOpPHHX MapaMaTHATHHX SJEeMEHTCB B KACCHTePHTaX pat
HOTO T'eHesuca, [la OCHOBSHNM NAHHHX PEHTIEHOCIEKTDAIBHOTO MAKDOZHAJNNSE, DEHITEHOCTDYK-—
TYPHOI'O @aHa;Msa 3 ocKoJouHo#l pammorpaduum IeJaeTCA BHBOL, 4YTO B KACCUTEpUTax
BBUIE U20MOPHHON IPHMECH MDEMUMYLECTBEHHO MPUCYTCTBYNT BJEMEHTH C DPaNUycoM HMOHA,CIMIKUM
¥ TaxoBomy Snt*.

Tadmun 6, wumocrpaunit 7, oudimorp. 19 Hass,

YIK 549,355,4:548,32

0 KaJBLMeBOM aDCeHOCTHOMTE Kak M3oMOpdHOM WwieHe TpyINH cruouxormra, WIAMH I.B., CEH-
[IEPOBA B.M,, PYIHIKAS E.C. B 6, "Hsomopfusm B Mumepanex”. Hsg-Bo "Hayxa®, 1975,79-85
B xanelmeBo#f DasSHOBATHOCTM APCEHOCTHOWTA, BIEDBHE OCHADPYREHHOIO B MecTO-
poxgeHun Basda (Krociasus), oTMeueHH H3oMopPHHe BaMemeHmAa B Ipymoe A -
Ca-Sb 1 B Tpymme B - As — SbO+. Jlamnue JK-CHEKTDOCKONEH, TEPMUYECKOTO B DEHTTEHOB—
CKOr'O &HANM30B [IONTBEPXIANT NPHHATIEXHOCTE MHUHEDaJNa K TDYIme CTHOMKOHWTA — TUNPOpo-
MeHTa ¥ CBUIETEIBCTEYNT O HECBABAHHOM XapakTepe colepxalleficAa B HeM BOTH.

Tadman 2, wumocTpauuit 4, 6uéamorp. 9 Hass,

YIK 548.32:549.3

06 msomopimsme B cynrdupex m mx agamorax, MO3TOBA H.H, C6. "Uscmopfuam B MuHepanax".
Usz-eo "Hayxa", 1975, 86-113.

PaccMOTpEHO NPOABNIEHME U30MODPM3ME B SHUOHHOM M KaTUOHHOR mompemeTKax pANa Xeiep—
KOTEeHWIOB IJIA JJIeMEHTOB DASHHX TPYIn mepromudeckoll cucremy., (QGoCweHMe NaHHHX 00 H30—
MOLPHI OpUMECAX B NDRPOTHEX CYMBYUNAX # pesyibTaToB SKCHEPHMEHTABHHK nconegoBannt
CONTEETCTBYIONMX CHCTEM M COoeIWHeHM: moxasano, 9TO BaxHelmmM xpucTawioxuMuadeckmM fax-
TOpOM, CIPSNENAKEM BOIMOKHOCTH M3oMmop@maMa B Cyasdumax, ABIAETCA 3JIeKTPOHHOE CTPO-
€HWe arToMoB, lloKasaHo, YTO B OPAPONE CYWECTBYNT MeTACTAOWIEHHE TBEpNHE DPacTBODH
(MemucTLt TameHuT, As- M Sb-comepkammii mMPHT ¥ T.O.). B pAme ciydaes (Hampmmep, B
cucreMe Sb,S,~Bi,S,), HCXONA U3 SKCIEPUMEHTAIDHMX Heccmenopakmit, MOXEO ORMZaTh MHMpO-
KOO NposABNIeHnd u3oMopdusma B cynbfumex, He YCTaHOBISHHOT'O IJA NPUPOIHHX MAHEDAJORE,
4T0 OGBACHAETCA PETYIMpyHuMM JelcTEMeM reomorrdeckux axTopos.

Tadmu 4, OuGauorp. 111 HasB,
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YIK 549.3

MHIBAROBACTHE IHPUT ¥ OPABOUT W3 MecTopoxnmeHus Cepmouncraenuuu. MANIVH T.H., TPOHE-
BA H.B., BEIYEB B, B c6. "Msomopfusm B MuHepamax". Hsp—Bo "Hayka", 1975, 113-122.

ConocTarNeHH HOBHE JAHHHE O XMMUYECKOM cOCTaBe ITHCYABEWIOB Releza(c NPUMECAMM KO-
fanbTa M TUKENA)U3 ONHOTO cepedpo-apCeHUNHOTO M DANE CBUHIOBO-UMHKOBHX MECTODOXIEHMH,
& TaKKe OTJNOKEHH# TepMATbHHX MKCTOUHMKOB B paiffoHe BYJIKaHMYeCKOHR NEeATENEHOCTH, BHCO-
KOe CONEpKaHME MHUBAKA C IOMOHBI MUKDO3OHIA YCTEHOBIEHO B ODABOUTE U3 MECTODOKIEHUA
CenmodncieHuH B Bosrapum (ot 8,2 mo 13,8% ) ¥ u3 MecTopoxmexus Curpepdunen B Kana-
ge (8,7%). BHaUMTENHHOE ColepXaHWe muusAKa (or 0,77 B0 5,2%) yCTAHORIEHO TaKKe B
OUPATE 3TUX Xe W pANA IPYTHX MecTopoxzeHuit, [lom MUKDOCKOIOM OCHADYKMBAWTCA MOYKOBUL—
Has fopma M TOHKOe 30HAJNLHOE CTPOEHNE ITUCYJNLOUNOB KENé38, COLEDKALMX TOJNBKO As WM
As,Co ¥ Ni. BorarThe STHMU BJIEMEHTAMMA SOHH BHISJANTCA KEATOBATO-DOBOBATHM OTTEHKOM I
yame BCETO NPUYPOUYEHH K fAfpaM WM nepufepuvyeckuM 4YacTAM 3epeH, CKaHUpOBaHME Ha MHKDPO-
30HNE U KPUBHE DACIpPeleNEHAA SIEMEHTOR IO NpofmsiAM MOKA3HBRADT YETKy®n CoOpaTHy®D Koppe-
JIAIAD MEXLY MHUBAKOM ¥ cepoft m Mexny koGajgbToM, HUKEJeM W XeJe30M, Kax IMpaBuio, As—
DAa3HOBUTHOCTY IUCYIEIUINOB Xeses4 NPHCYTCTEYNT B BeDXHHMX TOPH30HTAX MecTopoxueHult B
BUIE KOJUIOMODOHBX BuueseHm#t, COBMECTHO C MADKABWTOM, MHOIME CO CJICKHHME CYyJIB@umamm
CBHEIZ ¥ MHUBAKS (MOPTAHUTOM W TpefTOHHTOM), YTO NO3BOJAET NPENIONATATE OIUSIOBEDX—
HOCTHHE HUSKOTEMIepaTyPHHE YCIOBMA 0CPASOBaHMA As-PasHOBWEHOCTE! TmMpmra W GpaBomTa.

Tatma 2, wimoctparuit 3, dudimorp. 16 Hass,

YIK 553,25/1; 550.42

06 msomopusmMe B NpHpPOIHHX COeNUHeHMAX DAfa ZnS-HgS. 03EPOBA H.A., TPYSIEB B.C.
B c6. "Msomopusm B muHepanax". sg-po "Hayka", 1975, 122-132.

[lpnBemerH peayNBTATH HIyUEHNA DTYThCONepRaumx cHarepuToB. YCTAHOBIEHO, YTO CONED-
XaHMe Hg B OTHENBHHX YYACTKAX U3 3eDeH MOKeT INOCTUIaTh BHCOKMX sHaweHnlt: 26,5% B Ca-—
XaJmMHCKOM MecTopoxTeHH” Ha Kaerasze u 35% B mecropoxmeruy l'an-Xaa B fxyrud., 06 uso-
MODJHOM BXOROESHUM 3aMETHHX KOIMYECTB Hg B pelleTKY 2ZnS MOXKHQ CYIUTE IO ee napame’rp'am
7 mo o6paTHOR KOppesAIMH MEeXTYy COLeDRAHMEM Hg ¥ Zn YCTAHORJIEHHO#  C NMOMOWBD DEHTTE—
HOCIEKTPaNBHOTO MUKpOAHANHM3a.[[0Ka3aH0,9T0 DTYTH IIDH HAZKOM COLEDKAHWW paclpereseHa
0 [IOMany 3€pPeH INOBOJEHC DABHOMEDHO; C NOBHUEHMEM KOHIIEHTpAIM €€ pacopeleseHre CTa—
HOBHTCH BCE 00JN&e KOHTPACTHHM — yXe IPH BaloBOM CONSpXaHuy B O,n% KOHUEHTDAIMA Hg U3-
mengercs or < 0,1-0,2 mo 6-12%

Tabum 3, WimocTpauu#t 9, cuGiawmorp, 14,

YIK 549,35:548,537

K BoOpocy O 3aBHCHMOCTH BJEKTDUYECKEX CBOACTB XalXbKONMPUTA OT €0 XNMHIECKOT'O COC—
Taga, HOBTOPOIOBA M.M., -PO30BA E.B. B c6. "Wsomopdusm B muHepasax". Msg-so "Hayka",
1975, 132-141,

PaccMOTpeHH TepMo—3,I.C.  YIEABHOE JJEKTPHYECKOe CONDOTHUBJIEHNE XalBKONMHPUTOB MeC—
TOPOXIeHU! DPa3MYHHX I'eHeTMYECKHMX THIOB C PasHHM COCTaBoM DyL. OCum#t MHTepBan #SMeH—
YHBOCTHM TEpMO~8.H.C. — 0T —-10 mo -100 MKB/Tpam, MOIANBHHX BEJUYKE o — OT - 60 Io
-940 MKB/Tpam, YIENBHOTO SJAEKTPUYECKOTO CONMPOTMBIEHHA — OT 10'3 mo 10 om-cm. [oJe-
KUTEJALHHA 3HAX TepMo-3.J.C. HEKOTODHX KOMIOHEHTOB OOBACHAETCHA MOBEPXHOCTHOH amcopl-
muell kucjaopogia. YcTaHORIeHa NpAMAA 3aBACHMOCTD BJIEKTDUYECKHUX CBOHCTB XaibKOMMpUTA
oT nefuuMTA CepH B €U0 COCTABE U COIEDKAHNA Ag M Zn.

Tadmuy 1, wumocTpanut 2, GmdmMorp. 21 Hass.
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YIK 549.321,13+549,351,12+549,u¢

Bmusmue usomopduolt mpmMecu ZnS Ha TemmepaTypy $a30BOTO NMpeBpalleHMA B XaJBKOIMpUTE.
BOPOEBEB K.K. B c6. "Vsomopdusm B MmHepanax". M3n-Bo "Haywa", 1970, 142-146,

OKCMEPUMEHTAIBHO W3yUeHa DACTBOPMMOCTE ZnS B TETPArOHAJNBHOM Xaikkomupure mph 5009,
YanrpKOMUPUTH C DPasJUYHEM comepxaHMeM Zn CMHTE3MDOBAHH M3 paCIJIaBa U 3aTeM HacHIEHH
cepoit mpu 500° . [IpONYXTH CHHTE3a U3yYeHH IOJ MAKDOCKONOM M B JedacBCRoll KaMepe ¢ D =
=143,6mv, TomoTeHHu!t (Ipu yBeiwdenu# Ko 2000) XATBKONMPHT MOJYYeH TOJLKO TIPU COmep-
KaHuh ZnS oT 0 mo 1,97%. Ilpy GoxbleM comepKaHER ZnS (HaumuHad ¢ 2,91%) NPOUCXOLWI
pacnam TBEPAOI'O PacTBOpa Ha Xaurkomupur u cParepur, a mpd comepxaHuu IZnS B wuxTe Go-
nee 10% MoABIATMCE KDYUHHE H3OMETpDHYHNe BrEeacHuA cfanepdra. [opowkorpaMMu CHHTES3HpO-
BAHHOT'O XANBKOIMDHTA HE [IOKA3HBAKT KaKOI'O—~INO0 MBMEHEHHUA €r0 MEeXIMOCKOCTHEX pacCTof-
Hult, YTO TOBOPUT 00 OTCYTCTBUM COJBWOrO KOJWYECTBA Zn B peweTke, llesHaumrTersHoe KO-
JHYECTBO ZnS, KOTOpH Mo¥eT OWTH pacTBOpPEH B XAJNBKONMDHTE, KaK NOKa3xBawT Kpusue ITA,
He BJOIAET HA TEMIEepaTypy NpeBpauleHUA XAJBKOTUPUTA.

TaGman 2, WumcTpaim#t 2, GuemMorp. 13 Hass.

YIK 553.491:553.48

0 mmHepanaX pAma OpSTTUT-BHCOIkKHT, JAIVTVHA W.I., TEHKWH A Q. B cd. "MzomopdusM B Mm—
Hepasax", Wsg-so "Hayxka", 1975, 146-150.

B MeZHO-HEKENEeBHX DyZSX HODWIBCKEX MeCTODOXIEeHHA BIepBue YCTaHOBTEHH MMHEDATH Di—
na Operrmr-pucoumkur (Pt, Pd, Ni)S - (Pd, Ni)S. Ha SIeKTDOHHOM MUKDOSOHNE YCTAHOBIEH
mepeMeHHH! cocTap SpSITHTA C SHAYMTEILHHM IMANA30HOM M3oMOpPHOTO samemeHms Pd — Pt -
or Goraroro miarzHolt wrema pama (Pt/Pd = 1,75) Io ODPSITHTA ¢ NpeoCTaZamIyM TaLlamueM
(Pt/Pd = 0,44). ComepXanme HWKeJA B MMHEDATaX DANA ODSTTUT — BHCOINKHT BO3pacTaeT
NapasieNbHO ¢ yBeJMYEeHUeM CONEpPEKAHAA B HEMX Nawianud. BHABNEHH B0HANLHOE CTPOEHHE 36—
peH OpsrrmTa (HamCoJee BHCOKO cojepXakme Pt B WX LEHTpaNbHOM! 4acTd) m HapacTanme
OperTHTa Ha KyNepuT. B mapareHesmce ¢ GpSTTHT—BHCOLKHMTEMH HAXONATCA XNbKOOWDRT, MII-
JIEPAT ¥ TEJYPRIH DaIammd,

Tatmm 2, wumcTtpammit 4, Ou6imorp. 6 Hass,

YIK 549.331.52; 548.734.32

0 CTDYKTYDHHX OCOCEHHOCTAX ¥ M3omopfusme MuHepaloB Ipynny Baurepmura, OPTAHOBA H.H.,
TEHKIH A.J., JIMATPUK A.Jl., EBCTUTHEEBA T.JI., JAIVTVHA W.II. B cd. "Msomopdusm B MuHe-
panax". Wsp-Bo "Haywa", 1975, 150-162.

IlpmBeneH XpaTkuit o030p HAHHHX IO COCTABY M CTDYKTYpPe MHMHEpANOB I'DYINH BaJTeDUHTa,
C mOMOWED MEKDODEHTTEHOCIEKTPAJBHOTO, DEHTreHOJa30BOTO M MUKDONAPDEKIMOHHOTO AHANMSOB
M3y4eHH 00pasiH BAJUIEDMATOE M3 HOPWIBCKMX MEINHO-HEKEJeBHX DYI ¥ MBEJNCKOIO MeCTODOX-~
meHnA KepensTOpn, PacCMOTPEHH BOSMOXHOCTM M OTDaHMYEHNA NCHONB30BAHHHX METOHNOB. Iof-—
POGHO DPacCMOTDEH CIOCOJ pacuerTa KPUCTAIVIOXMMAYECKEX GOpMyJ BaJUIEPHATOB HA OCHOBAHMM
IaHHHX O COCTaBe MUHepasJa M DasMepoB cyJasdumHOE M OpycuToBo# MomEAveeX. YCTAHOBIEHH
OpeNesH SaMelleHua B cyasguuHOlt M OpyCmTOBO# KOMIOHEHTaX CTDYKTYDH. lIpemioxeHa odmas
opMya miA MEHEDAJIOB IPYINH: (Fe,Cu)s, n-(Mg,Pe,A1(0H),), rme n -~ 1,37-1,53.

Tadmay 3, WumocTpamwit 16, Cmdmmorp, 22 HEsSB.

YIK 549,1:548.32

06 msoMopimMaMe xesjesa, HuKeNd, Memd B mxepdmmepmre. JOBEPOBONBCKAA M.T., LEMMH A.M.,
BAILCOB J1.H., WIVIMH W,II., MYPABEEBA U.B., FACOBA I'.B,, BEEIAEBCKAA T.I. B c6. "Wso-
mopdmsm B MmHepanax" . Msg-Bo "Hayra", 1975, 162-169.

Paccemorpen Xmvmueckmit cocras mxepdrmepnTa W3 KAMEHHHX METEODUTOB B uec'ropomem
CCCP. AHaims JMTepaTyDHHX NAHHHEX ¥ PesyJAbTATH MCCAESNOBAHUA MMHepaia M3 KuMOepIUTOR
flkyTEM B XMOMHCKOI'O MACCHBA NMOSBOJANT DPOBOPATE O CYWECTBOEAHMM B IIPMpOme Tpex pas-—

" HocTelt gmepdummuepWTa: MEeTEODUTHOH, B KOTOpoll IVIABHEM KOMIOHEHTOM SBISETCA XeJe-
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30 (meTeopuTH, ckapHu TaxepaHa), Membcolepxamei (XmoumHckuit maccus, TalHAXCKOE Mec—
TOpPOXIEHNE ), HUKeNbcOmepXamell (xmMoepauTH fixyTun). CUSHYECKHMe W ONTHYECKHE CBOHCTBA
Ioxepduuie puTa 38KOHOMEDHO M3MEHANTCA B 3aBUCHMOCTY OT M30MODPPHOT'C BXOKASHWA MENH W HHl-—
kKeJfa. YcTaHOBNIEHO HENOCTOAHCTBO CONEDPRAHMA B MMHEDAJe OCHOBHHX KOMIOHEHTOB
(Fe,Cu m Ni); B CBA3M C 9TUM BHUENANTCA MeTeOpMTHaA (GoraTas xeJesom), Cu-Co-
Depxaman W Ni-comepkamasd pasHocTd. I[lokasaHo, 9T0 Cu M Ni wu3omopfHo sa~-
MemawT XeJneso, & XJop - Cepy, 4YTO CxasuBaeTcAd Ha BeJuumHe aneMeHTapHoR
fAYedKN, MUKDOTBEDHOCTH U OTPaXeHMs muHepala. JYcTaHOBJIeHo, YT0 B pAfe CciAydaes
BHCOKOE cofepXaxme Cu ¥ Ni B mxepfmuepure oGycJOBIEHO BRJNYCHWAMH NEHTJAHTATE WM
'anmxormpnTa, & TaKKe TOHKUMM CpacTaHUAMM Cu-cofepxamero mxepfmmepura ¢ Ni-cogep-
Kalmm,

Tatmuay 5, wumcrpammit 5, Ouimorp. 7 HasB.

YIK 548,32:549.3
Tpymma cypsMAHO-BACMYTOBHX CJIOXHHX cyibdumor (cyaspoconeit) cemmma, MOSTOBA H.H.B c6.
"Haomopduam B mEepanax”. Mag-Bo "Hayka", 1975, 170-179.

AHamM3 COGCTBEHHHX, a TaKKe ONYCIMKOBANHHX B MOCJEIHEE BDEMA MATEDUANOB IIOKASHBA-
€T, YTO B IDPyIme CYPEMAHO-BHCMyTOBHX cyJibfoconelt cpyHua cymecTByeT COJBWOE KOJMYECT-
BO OPUPORHEX CoemuHenm#t, Ha oCHOBaHmMHM XMMMYECKOT'O COCTABa M NeCaerpamd B HHX BHIe-
JNADTCA aHANOTH CYTbHOaHTUMOHRTOR (BHCMyTOBHE MEHETHHWT, BHCMyTOBHE CYJIAHREDHTH X
BACMyTOBHE [REMCOHHTH- CAXADOBAWTH), CYMHHOBMCMYyTHTOR CBUMHNA (CYDEMAHUCTHE JIALTH-
aHWTH ~ GYPCAMTH ¥ CYPEMAHHCTHE KO3aymMTH), Kpome TOT'O, CYmMeCTBYyeT DAL KoGestura -
TUHTMHANTA, KOTOpH! GIM30K X pPANY BHCMYTOBHX IREMCOHRTOB-CAXADOBAUTOB, HO OT/MYaeT-
CA OT HETO CTDYKTYDHO.

Tadmmu 1, wumcrpamuit 4, oudiuorp., 23 Hass,

YIK 549.623.7

( BapHAIMAX CTeNEeHM ¥ IOpAuKe M3oMopfHHX seamemeHmit B TeTpasipax CJIOMCTHX CHIMKATOR.
Pl B.A., 3BATVH B.B., COBOIEBA C.B. B cd. "Hsomopimsm B mumepanax", Usm~Bo "Hay-
xa", 1975, 180-187. 5

CO CTPYKTYPHHX nosmumit paccMOTpeHH MacmTadH MsoMopdHix samemeHu#t Si Ha Al m Felt
B TETPASIpAX CJHOHUCTHX CWIMKATOBR M IPOAHANHSMPOBAHH BONPOCH HOPATKa-GECIOPANKA B pac—
IpeTeNeHnE HSOMODPHEX ATOMOB IO CTPYKTYyDHO-HEOKBABANCHTHEM HOSHIMAM TeTDA3NDOB,.

TaGmy 2, Oudmiorp, 32 Hass,

YIK 549.657.7
9smuasmt, BOPHEMAH-CTAPEIHKEBMY M.JI. B ¢6, "Msomopdusm B muHepanax". Wan-Bo "Hayka",
1975, 187-199.

Ha ocHOBe oO0BEMA ajeMeHTapHON syedtxm V = 1760 iu YIeJIBHOT'O BECA DACCUYMTAHH KDPHC—
TaJIOXEMEYE CKHe POPMYNIH MO mAHHEM 60 SHANMM30R SBIMATATOR M3 DASJMYHHX MeCTODOXIEHMHH,
TloJiyYeHHHE DESYABTATH COTMACYOTCA C NPENCTARTEHMAMA O KDHCTALMYECKOR CTDYKTYpe SB—
IHMATUTE KeX MOHOOOMEHHHKE, CHOCOCHOM K SANOJHEHMD DA3JMYHHME HMOHAMH nosocTel B 9BEHA-
JmToBOM "Rapkace" ([NaqoCaglqg [Zr3Fe316|24 [si309] 2 [Sig027]2 Zo mpemesom
[[Na y 0, ¢ H3oMopPHEMM 3aMe—
e The-1ag szl intesrglenalan-sglota 0o ol Blo 190en2ele ol oraios (o
—0H—C1).HanuGosee pacnpocTpaHeHH SBEMATMTH ¢ GopMyravm [%0_2136_7127 Siz5_06"

(0,0H,01)7¢_7g, THe A = Na,K,Ca,Sr,Ba,TR,Mn; B = Zr,Fedt, Fel+ Mg, (Mn),Ti,Nb,Ta, Al.
TaGmay 9, wumcTpamuht 7, Guémmorp. 39 HasB.

YIK 549.634.2

0 xmvmyeckoM cocrase acTpodmimuTa ¥ M3oMOpPHEX SamelleHMAX B Hem, SABABHVKOBA H.H.,
B c¢0. "Hsomopdmam B mmHepanax”. Wam-Bo "Hayka", 1975, 199-208.

Ha ocHoBaHuE 10 HOBHX XWMMYECKMX AHATM30B MUHEPANOB IPYIIH acTpofwumra W B CO-
OTBETCTBMA C M3BECTHOR CTPYyRTypo#t MuHepaya NOATBEDKNEHH NMPELIOXEHHHE DaHee XUMHEYEC-
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Kre opMysu LA acTpolWLMTa-KYIIETCKUTE K4_Na2(Fe,Mg,Mn)13Ti45116-(0.0H,F)61 u LA
Mg- acrpofwumTa K4Na4(Fe,Mg,Mn)12'1.‘:148116'(0,0H,F)60. Ha ocHOBaHWE TNepecyeTOB aHANM30B
oTmeueHH nzomopdHue samelleHMd B acTpodmuraTax,

Tadmar 3, Wimerpauuit 3, 6uémuorp. 25 HasB.

YIK 549.656:548.32

Bimsmne CTPYKTYPH ¥ u3oMopfHeX samemeHui#l Ha VK-CHEKTDH TUTAHOCWIMKATOEB, PYIHMI-
KAl E.C., BIACOBA E.B. B c¢6. "Mzomopiusm B mmuepanax". Mam-Bo "Hayka", 1975,208-221.
CTPYKTYDHEE - paCGOTH HOCHeTHETO NEeCATWIETUA NOKA3HBANT, YTO THTAHOCWINKATH ABIISINT-—
CH TUNMYHEMM NDENCTEBUTEJIAME CTPYKTYD, B NOCTPORKE KOTODHX IDMHUMANT y4YacTHe THop-
TOIPYIIH Si207 ¥ OKTa®mpH Ti0; ~ OEVHOYHHE WM CKOHIEHCHDOBAHHHE B LENHM, THTEH BXO-
IMT B COCTAB KaK KAaTHOHHOR 4YacTH, TAK U aHMOHHOTO KapKaca. M3omopfmsm B xaTuommHoh
YaCcTH THTEHOCWIMKATOB IPEUMYLECTBEHHO I'eTepOBANEHTHHR; B [H-CMeXTpaxX oH IpOARIASTCH
B CMelleHHM [OJOC, COOTBETCTBYNIMX KoJeOaHMAM Si-O-Me mwm O-Me. PaccMorpeHs JMK-coerT-—
pH 30 DPHPOFHHX THUTaHOCWIMKATOB,
Ha oCHOBSHMM HRHHHX VH—-CHEKTDOCKODMR M DEHTTEHOCTDYXTYPHOD'O aHaJM3a IpeliaracT—
CA pasmeymTh TUTRHOCWIMHATH HE CEMB IONTPYIN IO YCIOKHEHMO MX CTPYKTYDHOTO MOTHUBA.
Ta6may 1, wumocrpanuht 7, 6nGmuorp. 30 HasE.

YIK 54€.65/66:550,42:549,1

PegKie SemiM B MUMHepaJaX XMOMHCROTO Maccusa, GOPYI B.E., BAPUWAN T.M., TABIYII-
Kafl B.M., COKONOBA M.H., WIKKOBA 3.B. B c¢d. "Wsomopdusm B muHepanax". WMsg-Bo "Hayxa",
1975, 221~246.

MomedyeHH JAHHHE O COJEpXalUM M COCTaBeé TDYINH PENKO3EMeNBHHX 3JeMeHTOB (P33)
B 158 ofpasuax MuHepasloB XUSMHCKOTO Maccusa, P30 OTHENIANMCE OT CONYTCTBYOUMX 3JEMEeH—
TOB U MX COCTEB ONpeles]aIcs MeTONOM pasmemurertHoll Xpomarorpadum Ha Oymare. Mecaemo—
BaHH COOCTBEHHO DENKOBEMEJEHLE MUHEDANH ¥ MUHEDANH, CONepxauue P33 B KauecTBE N30—
Mopdroll mpumecH. COMOCTARNAWTCA HaHHHE O COCTaBE M CoNepxaHud P33 B cenax, amarurax,
IBIUASUTAX ¥ (VINOpUTEX W3 pasMYHIX IeoJoro-NeTporpadiyecKuy KOMIIEKCOB Maccupa, Ilo-
JIyYeHHHE OaHHHE MCIHOJb3CBaHH IJIA BHBONOB O B3aBUCHMOCTH cocTaBa P39 OT KPUCTALIOXW-
MUHEeCKEX ocoOeHHOCTEH KDPHCTAaMMYECKUX CTPYKTYD MMHEDAJOB M yCNoBMi MHHepanooOpaso-
BaHnA,

Tadman 5, wimocTpanuit 3, OMGmMorp. 40 HasB.

YIK 549.651:562.33:548.32

lleounHe noJeBHE WHATH HOMKWMTOBMX Heel MHOBHX CHEHUTOB XuOMHCKOTO Maccupa. BOPYI-
Kl B.E., BOPYLKAA B.I., HEKPACOBA I.II, B cd. "Usomopdusm B Mumepanex", Msm-so "Ha-
yxa", 1975, 246-273.

llo comepxamnly HaATpUA U U3omMOpdHiX npuveceR Ba, Sr, Ca n Fe ueJodHHE NOJEBHE WIATH
U3 THIMYHLX pasHocrTell MORKWIATOBHX HedesmHOBHX CHMeHHTOB (PHCYODPPHMTOB) YMGMECKOTO Mac—
CHBa DPE3KO OTJIHYanTCA OT HOJEBHX WNATOB, DPA3BUTHX B Hefe MHOBHX CHEHMTaX Maccmea. Coc-
TAR NOJEBLX WIATOE U3 IHTOKOHTEKTOBHX pasHOCTE! DUCYODDUTOB aHANOTWYEH COCTaBy IoJe—
BHX LNATOR He(eNMHOBHX CHEHUTOR, lMenTcAa ONpemeseHHHE DasJUiud B CONEDKAHUU BIEMEH~
TOB-NpEMecell MEXIY IOJNEBMMM WNATaMW C pasJMuHLEM CTDYKTYDHEM cocTOfHUMeM, Buecre
TaHHWHM O MMKDOCTPYKTYDE M CTENEHM Si/aA]-JTEOPANOYEHHOCTH [JaHHHE C MUKDOIDHMECSX B [O-
JIEBLX IMaTaX HCHONL3YRTCA IIA O0BACHEHNA TeHesuca MOMKMWIMTOBHX HedeMMHOBHX CHEHHTOB
XMOMHCHOTO MacCHBa.

Tadmmy 7, WinpcTpauui#t 5, oudmmorp. 40 HasB.

YIIE £45.632:543.32

K Bompa-y of usomopdusme B xophmepure. FKOBIEBCKAA T.A,, BAXTEEB P.X. B c6. "Mso-
mopdusw 5 muHepamax". Wsg-po "Hayxa", 1975, 273-287.
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InA xo/mYecTBeHHOR OHEeHKM MSOMOpHEX 3aMemeHM# B KODAWEDHTE NpPUMEHEH METOX KOppe—
JAMUOHHOT'O aHaymsa. [[ONTBepKIEHO HeOUDaAHWYESHHOE SAMEMeHWe MaTHWA XeJIe30M ¥ MapraH-
meM, OpHyeM Ha JOJH Fe2* OPEXONMTCH ORoJO 50%, a OCTaNEHAA YaCTh MAIHHA MOKET 3ame—
marhca Mn # Fe*, Orpanndensuit msomopdmsm mveeTcA MeXNy Sim Al. Ousudeckue cpoiicr—
Ba KODAMEDHTa ONPENBNARTCA M3oMopfmsMoM MEXNy Mg 7 Fe?", EX COOTHOMEHWE BIMAET HA
BEJIMIMHH JIEJNBHOTO Beca, noxasarenelt DpeJOMISHHA, IapamMeTpoB BJIeMEeHTApPHOR Aveinm,
Comepmerme Si m Al ompeZesAeT XapaxkTeD HEYOODANOYEHHOCTH B pelNeTKe KOPTUEpPHTE, OT
KoTopolt B CBOD OYEDENH BABHCAT BeIWUMHA yruia 2V ¥ onTuyeckul SHAK KODIUEDHTa,

Tatmm 2, wumeTparmit 1, 6uémorp. 45 HasB.

YIK 548.3
K mompocy o0 wsomopduame B IDyIHe YPAHOBHX CMIONOK. BENOBA II.H., JUTEHKOBA B.U. B cG.
"Msomopfusm B muHepanax". Wsp-Bo "Haywka", 1975, 287-290

syganack BOBMOKHOCTE 3&MENEHWA KANBIOUA GapWeM B OPHUPONHHEX U CUHTETHYECKUX OTEHH-
T4X B KOHIEHTPHDOBSHHNX pacTsopax BaCl, "ropaumm" M "XoxomHmM" MeToXamm. IomHoe 3a~
MemeHle Kaibiua CapueM "TopAYuM" MeTONOM IOCTHTaeTcd depes 6 4, XONONHHM — depes 15
CYTOKa .

TaGm 2, wumcrpamuf#t 2, OuGmorp. 3 HasB,




H3OMOP®H3M B MHHEPAJIAX

Yreepxneno x mewarn
HuCTUTYTOM reonorum pymELX MecTopomaennsi,
TeTporpapRH, MEHeDATOTHH H r'eOXEMMH
Axanemun wayx CCCP

Pepaxrop E.W. Anexcaunpoea
Xynowuwx H.T. leopunxon
Xynoxecreewnnit penaxrop A.H, Xnauos
Texuwgeckuft penaxrop B.H. lnaxouosa

Nonmacano x newaru 1/XIl= 75 r. T - 19527
Yenmewn, 28,4 + 0,6 mn, Yu.-pap.n, 29,1
Popmar 70 x 108 Y; o Bymara ojcernas M 1
Tupax 1800 ska. Tun, sax, 547
Uena 2p, 40k,

Kuura wanasa ojceTHsM crniocoSom

Haparenscreo “Hayka®, 103717 ICII,

Mockpa, K~62, lNogcocencknst mep., 21

l-g runorpapus manarenscrsa "Hayxa®,
199034, Jlenwurpag, B=34, 9-g numns, 12



Hcnpapnenus u onewarku

Crpannna Crpoxa Hanewarawo Honxwo 6uirs
82 Tabn. 2, 1,745 1,754
3= rp., cnpasa,
11 ce.
142 3aronoBoK CTaThH Bopotwesa Bopoftres
S )
279 4 cs. yn-2 rya-2
1-r 1 —1r=
283 1 om. + Mg. + Mg » 100
283 4 cu. (d = 2,49) (d= 2,49)
284 2 cB. TyaB TyasA
284 18-19 ce, (ng = -1,523) (ng - 1,523)
284 19 cs, (np = =1,518) (np- 1,518)
285 18 cs. fg.2v = 0,76 s - 2v= =0,76

sak. 547 Maomoppusm B MHHepanax
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