
MHHHCTepCTBO BLICIHIeTO M Ce[IHeIO CIIeIMasHOro O6paJOaa 
PC@CP 

Jleurpancxuil opreua Jleuna u oppeua TpyIoBoro Kp:;oro 3HaMe•• roc',;~c7•"'• ,-uaepcuTeT HM.A. A.)l(aauoaa 

? t '% cf' 7 y} «--« 
~ ~.;;) -" /'~OB. MapaT 3aAHYTAHHOBHS 

,. \j\~) YllK 549,3+553.481(470.21) A[! MMHEPA.JIOFHA 9HIIOTEHHIX OPEOIIOB 
% "\'ME[IHO- HHKEJIEBIX MECTOPOXKIIEHHl TIEIEHIM 

o'o , 0 Gy 
fl},·' } CneuaaJibHDCTb 04.00.20 - MHHepanorHSI 

A B T 0 p e be p a T 

MccepTari Ha cocKaHMe yHeHoit CTeneH 
KaiHllH[aTa Te0nor-MMHepanIOMHeCKHX HayK 

Jleunurpan 
1987 



Pa6oTa BHIIOJIHeH&. B ['eOJOrM48CROM MHCTMTyTe KoJscxoro qJe1a 
AH CCCP u. C.M.KupoBa. 

Ha yuHw# pyKO BOMTeJIb : 

OdIIManBHEIe OIIIIOHeHTI: 

Benya.s oprau3a.Ma: 

OK TOD 1 e0J1OTO-MMHepaorMueCMX 
Hayx I. B. EBenKOB 

0KTOD IeOJ1OTO -MMHepJOTM4eCKMX 
Hayx H.3.BBSMKOBa 
KaH[MIaT 1eooro-MMHepaJ1orMueCKHx 
Hay I.A,MTeKoB 

MHCTMTyT Te0JoMM M 1eOxOHoJor 
oewdpua AH CCCP 

anwa ccepra coco+ca -SlgePrA _roes +. %-H 
HA 38ceaHMM Cre1MaMsMpOB&aHHoro CoBera I] 063,57.27 no sanTe 
JMCCepTaM# Ha COCK&HMe yUeHoll CeneHM [OTopa IeoJoro-MMHepan1o 
rHuecMx Hay npM JleuHrpapcoM opera JleHa opjeHa 'IpyoBoro 
KpacHor0 3HaMeHM 1OCyapCTBeHou yHMBepcMTere ueH A.A.l\naHoBa 
no apecy: 199034, JleMirpan, /HMBepcreTcxas Ha6. '7/9, reo.nor 
uecM# daynrer, y. 52. 

uac. 

C JJMCCeprael MOHO O3HaKOMMT»Ca HayuHo# 6161M0Tee JII'Y. 

ABTopedepar pasoc1aH " "_ I98 rope 

YueHsit ceperaps creMaJMsuposaHHoro CoBera 
KAHIIMII&T Ie0J1Oro-MMHepaOrMNeCKMX H8yK 

11o14eHT 



OBIAT XAPART'EPM CTMKA PABO 'TH 

Aryan±Ho CT _pa6OTg. IlepcreTMBN pasBTM CH»eBol 6as Ile- 
JeHCKOrO pyIHOIO pa#OHa CB4SAHM, TJIABHEM 06p830M, C MSyueHMeM 11y6O 
KMX TOpMSOHTOB pyIOBMeae# TOIpM. [lo9ToMy BaxHOe sHaqeHMe npMope 
Teer IIOBIIIIeHHe 9deTMBHOCTM ITpOTHO3a CKDNTOTO MeIIHO-HMKeJIeEOTO 
Opy1IeHeHia IO nepBMuHIM (3HIOreHHuM) opeomaw, cpopMMpOBaHHmM pyTH 
MM 9.J10MCHTAMM M MX CTy/THMK&MM, ITO, B CBO Oepe1, Tpefyer MMHepaTo 
TMUeCKOTO MCCIIeOBaHMa Ope0JHoro IIpOCTaHCTBa. MMHepaJorMuecra. 
MHpOpM&I[MT O COCTaBe M CTOeHMM ope0mos Heoixorua mp± pas6paosre 
TIOJIMOJIeMeHTHHX TOOXMMMUeCKMX &HOM&th CyTeCTBeHHa ITT IIOHMMaHM= 

yCTOBH# KOHLI8HTDHDOB&HMS M p9CCeHMT 3J1eMeHTOB B OKOIODyIIHOM TTpOCT 
paHCTBe, 0CO6eHHO 9JeMeHTOB xa±Ko@MJsHo# TpyIIIIN, KOTODNe SBJT#OTC? 
OCHOBHMMM MHIIMKaTOpaMM Me[IHO-HHKeeBOrO OpyIeHeHMR. Caias MMHepa 
TOrMqeCKaT M3yueHHoCTs IepBMuH Ope0JOB OIpeneer aTyaHoCT 
HaCTOmero CCIeOBaHMs. 

Len pefTg. M3yueHMe MMHepa1OrM xasKodMIsHHX 9J1eMeHTOB B 
9HIIOTeHHN Opeoax, pasBMBaMxCs IO MeTa0ca[ouHM noponaM Ionyx 
TMBHO# TOJIIIIM, I TIOJIVUeHMe IOIIOJIHHTeJIBHNX, Dea.TM3OBaHHI Ha MMHep&T 
HOM yVDOBHe ITDMSHAKOB CKDEITOIO OpyTIeHeHMA. 

QcHogHe ganau ccnenogaHg: I) TIM3aria OpeosHo# cymdM 
HO -OKMCHO# MMHepamMaarpMM no cocrasy; 2) syuerre TunoMop@Htx oco6eH 
HOCTe MMHepaJOB M MMHeDAIBHHX 8CCOIIM&LIM!, pa3BMBAIIMXCT B 3HIOIeH 
HIX OpeOIax, B cpABHeHMM C pOHosoA xOueraHHo# uMHepawsarpue# uera 
0 canouH IOpOI; 3) MSyueHMe CTyKTypH 3HIIOTeHHHX OpeOJ1OB Me TOI;aMM 
TO IIOMMHepa1OrMM; ±) aHaIMJ CBFSM IIOpOIIHHx cOepaHM# Ope0IO06pa3y 
IIIX 3JeMeHTOB C COCTaBOM OpeoJsHo# MMHep&Ms&MM; 5) syuere ps 
KO-XMMMJeCKMX yCJIOBH OpeOJTBHOIO MMHep&I1OO6p830B&HHA. 

@arygecga ocoa ueronua ecnenoal. B oCHOBy pa6oTu 
IIOJTOeHI M&TepH&II, COO&HHN€ ABTODOM B XOJI€ IIOIIeBHX Ce3OHoB I983 

1986 rr. 
[IO CMOTpeH M 38OKyMeHTMDOBAH KepH 6011ee 20 CKBAKMH, B JIO1IO 

HeHMe K KOTODOMy OT6MD&ICS MATepM& IO K8pep&aM pyIHMKOB H HeROTO 
pHM O6HA€HMAM. B O6Jell CJOHOCTM MSyU€HO OKOJIO 5O00 aHnM@OB M 200 
IITMdoB, BNIIeJTeHO CBIIIe 200 MOHOMMHepAJHDX dpaLM# M MMHep&.THX 
KOHLI&HTDATOB. COCTAB IIOpOII M MMHep&IOB MSyqACR KOJIMUeCTBeHHHM H 

ITH6 IIHeHHO -KO.ITH4e CT BeHHHM CIIeKTDAJTHMM MeTO&MM (60nee 300 HAM 
30B), a-Tee IOJTOrpaqMqeCHM Cr1OCO6OM (OKOTO I50 AHA1H3OB), Me 
TOT,8MM TLTaMeHHO# poTouerpH M peHrreoqmoopecreirriu. lHa 3errpos- 
HO3OHIO BOM MMKpOaH&TM3Tope qHpMu "KaMea" BHIIOJIHeHO 601ee I30 
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KOIIMUeCTBeHHDX AHaM3OB MMHepaIOB. PeTreHocTpyTypHHe MccTepoBa 
HMa BenMcs Ha nMqpaToMerpax [IPOH-2, [IPOH-3 Kauepe PK[I-57.3 MM. 
[IpOBeIIeHH TepMOdapOoreOxMMMqeCKMe CCne[OB&HM# MJTBHOIO KBapLIa, 
BKJTDOU&.4 M3yJeHMe I1eperMTaLMoHHoik aTMBHOCTM, aHam3 BaoBono coc 
Tasa rasoso# pass BKToueHMi# M enMHMuHe 3aMepst Teureparyp roMore 
HM3&IIMM T8SOBO-KMIIKMX BKIIOUeHM!. 

CaTCTM4eCKas 06pa6oTKa 4Mc1eHHIX II&HHx Benac Ha 3BN 
EC- I045 Io CTaHapTHM MeTOnMKaM C MCI1oJs3OBaHMeM O1Ty6JMKOBAHHsX 

M papa6oTaHHux aTopoM ITpMKIaIHsx nTpOIpaMM. 
alttaeMue oOeHMg. OCHOBHe IIOJOeHMf pa60Tu, BMHO CMMe 

asTopoM Ha samMry, cnenyoe. 
I. 0peons+Has MMHepasaris Meer credMqeCMil COCTas M OT 

JaeTCr OT KOT4e[aHHoil doHoBO# IIMCyTCTBMeM HeTMIMqHHX IJIR nIoCIen 
Hei MMHepa±HNX BMIOB (IIeHTJI&HI[MT, apreHTOmeHT&HnMT, reccr, ara 
MT, HMKeJIMCTHl KOOaJTETMH) M TMIIOXMMMIeCKMMM O CO6eHHOCTAMM OTIIe.JI5HIX 
MMHepaOB. Tax, OpeOJBHOMy IIMpOTMHy CBO#CTBeHHH IIOBIIIeHHe CO1ep 
KAHMA HHKeJIT M TeCHe TIOJIOKMTeJTBHEI€ CBRSM Me[IM C HMKeJTeM, KO6ab 

TOM M CepedpOM. 
2. OHIOIeHHHe OpeOnH Me[HO--HMKeJTeBOrO OpyIeHeHMT 3OHaJbH! 

MMeT JIByUJTeHHOe CTpoeHMe. BIMHaf 30Ha XapaTepMsyeTCa pa3Breu 
IIeHTIaHIMT--IIMDOTMHOBOTO IIaparee3ca, C a1eCCOpHM KO6aTMHoM, 
apreHTOneHTJaHTOM, aTaMTou. B a/Hell 30He reHTJaHT oTcyTer 
Byer, HHep&TM3&La IIpeMMyeCTBeHHo nMpporMHoBOrO cOcTasa c auec 
COpHHMM KOOAJIETMHOM M &pCeHOIIMDMTOM. 

3. B OHIOeHHHX Op&OJI&X 3JTeMeHTH-MHIIMKaTOpE! M CITyTHMKM MOIIHO 
HHKeJeBOO OpyIIeHOHME CBAS&HN TJI&BHMM O6pa3OM C 9JeMeHTAMM IDyIIII 
Ce pH ,popMMpya CaMoCToaTenHe MMHepambHse pa3u, JIM6o ITpMCyTCTByr 
B BHIe MaoMOpp+ix npMMece# rpeuMyecrBemo nMppoTMHe. Tax, reo 
XMMMIeCKHe IIODOJIHNe &AHOMaIMM HMKes TecHo CB!aaHI C MaMeHeHMeM enO 

KOHLIeHTD&IIMH B TIM[DOTMHe H MeHBIIIe 3aRMCT OT COIepaHMa IMppOTMHa 
nopope. 

4. OHIOreHHe opeons cdopMpOBaHsw ueraMopdoremo--rporep 
MATHEN! DACTBOpAMM, IIDM 9BOJTIIMM dM3MO-XMMMUeCKMx yCoM! MMHepa 
J1O06p&SOB&HMT OT CJ1a5OenOqHEx K KMCIIHM - IIDM He3H8UMTeJTBHOM TIOBH 

IeHIM OKHCJIHTeJTHOTO mOTeHIM&Ta Cpe!,B MHTepBae Tereparyp 300 
250°C Ha 3aBepmaIx CTAMax MMHepaJ00pa3ORaHMs BO&HMKIM napare 
He3MCH TIOJIMMeTAIMUeCOrO, CBMHIIOBO-TIMHKOBOTO OUTIeHeHMA. 

blay®Ha HoByga. BITepBue 1aHo KOJMueCTBeHHoe 060CHOBaHMe 
CBASM TIOJIMOJIeMeHTHNX TeOXMMMUeCKMX aHOMaJIHil, pa3BMB&IMXCT B OKOJTO 

pyIIHOM TTpOCTpaHCTBe C CyIspMIIHo# MHHepausare# ·TMx nopop. 
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Ha OCHOBe CTaTCTMqeCMX OLeO IOasaH TMIOxMMM3M IIMppOTHHA M B 
ABIIeHO TMIIOMOqHOe SH&qeHMe aCCOtMpyOMX C HMM pe[IKMX MMHep&1OB. 
May4eHa MMHepaOrMueCa M MMHepa1Oro-IeOxMMqeCKaf 30H&Tb±HOCTE 
Ope0nos, B&HMM MHIIMKaTOpaMM KoTOpOi#, KAK BIIepBe yCT&HOBIeHO, 
HBIIHTC CyIIEpOApCCHMII KOOL1sT&, HMKeJIH M Ke1e38. 3AKOHOMepHOCTH 
pa.c11e1eeHM MMHepa1OB M MMHepaIHIX I1ApareHe3COB B OKOJIOpyIJHOM 
ITO CTpaHCTBe O6ACHAIOTCH HSTTpABJIeHHM M3MeHeHMeM qM3MKO-XMMM4eCKHX 

ITapaMeTpOB Ope01O06pa3yIx rMIIDOTepMTHDX paCTBOpOB, UTO IOKAS&HO 
MCC1e[OB&HMeM Ta3OBO-KMIIKMX BKIOUeHMA B KHJIHOM KB&pLIe M TeDMOMH& 
MM JO CKMMM 'p8.CUeTeMM. 

[lparyecroe _gHauee pad0TH COCTOMT B BO3MOXHOCTM MCI1OJI3OB 
HMA Hal#peHHtx 3a.xoHoMepHO@Tei# TpOeHMA Ope0nos M cneppuecKMx uepr 
pa3BM BA1eMCr 311€Cb CyJIqMJHO-OKMCHO# MMHep&1M3A1[MM KA IIDMSH&KOE 
CKpNTOIO OpyTIeHeHMT ITDM IIOMCKOBX pa6oTax. BOsMOXHa O11eHKa MHpop 
MATMBHOCTM 3JI€MeHTOB IJIR eOXMMMUeCKMX 1OMCKOB IO xaparepy 3ABM 
CMMO CTI MX CO[IepKAHMT B IIOOII€ OT MHTeHCMBHOCTM M COCTAB& OpeOnbs 

Ho MMHepamMar. poMe Toro, B opeorax [leveHrcxMx MecTopoeHu 
BITB.JTeHH IIOBIDJeHHNe KOHIIeHTDAL[MM TIOIMMeT&JOB, SBJIAOIIIMXCR CITyTHM 
KAMM Me[HO-HMKeJIeBOTO Op[eHOHMS, COIIepAHMe KOTODEX B TeOxMMMueC 
KMX ITDOOAX MHOTIIa OTBeU8eT ITpOMHIIUTeHHAM KOHIIMLIMSM. 

ArToOaLr pa6oTg. PesyTaT# MCCneOB&Hu! 1OaBaMcs Ha 
KOH@eeH[Max MOJOJX yJeHMX, ITpOBO[MBIMXCA B I.AIaTHTH B OTsCKOM 
d.Mae AH CCCP I984, I986 I987 ronax, a Tame Ha BcecO3How 
COBeIaHMM "HOHKDeLIMM M KOHKpeIMOHHN# AH&Ms 1OKeMOpHR", 1. JleHMH 
rpan, I986 r., "BTopOM BCeCO03HOM COBeaHMM IIO 1eorMM Me[HO-HM 
KeJeBHX MeCTOpOgeHM!", r.AI&TT, I987 r. M "BcecO3HOM COBeAHMM 
TIO IeOJOrMM, MMHep&OrMM M JIMTOJorM± uepHux CaHes", r.uTuKap, 
I987 r, Ilo TeMe MCcepTaIM Ony6MKOBaHo 4 pa6oru. 

O6eM _M CTyKTYA DaOTg. JMCcepTaH CoCToMT HS BBepeHs, 
6 rJ1a M 3axoueHia. COpepmM II9 CTpaMI MAMHOIIMCHOrO TexcTa, 
33 a6MI: M 56 pMCyHKOB. CnHcoK MTepaTyp BKTueT 206 HAMM€HO 
BAHM#. 

ABTOD 6J1arOnapT CBOerO H&yUHOIO DyKOBOIIMTeIIE 1OKTOpA Te0noro 
MMHepanoruecxIx Hay; .B.BensKoBa, a Tame sase;yero a6oparo 
pMe 1OKTOpa 1eon0ro-MMHepaorqecxMx Hayx A,A.IpepoBcxoro 38 no 
MOIIE M IIOJIIepKKy. 38 CO[gel#CTBMe IM BTIOJIHeHMM pa6OTH, I1OJ1esHue co 
BeT M 3aMeuaHMs a=Top 6aronapur A.A.iasryposa, B.A.lMeeHxa, 
A.B.BOOH&, C,B.MKOpCKOrO, JI.M.[lone&ey M JpyTIX cOTpyIHMKOE 
TM H@AH CCCP, a ·ra.ore A.M.Ayppea (BHMMreomepy, r. Kasa) 
I.A.KpHap» (asaHcxMi# yHMBepcMTer, rape;pa uMHepa.nor). 
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CO[EPKAHME PAEOTH 

['asa I. OCHOBHHE {EPTH TEO.IIOTMHECKDOTO CTPOEHMF IIEEHTCKOTO 
PV [HOTO [IOI, KPATKAH MCTOPM! M COCTOFHME I3S {EHHOCTM 

OH[IOTEHHHX OPEO.IOB ME,IIHO-HMKEJTEBOTO OPS[IEHEHME. 

B ITepBo# rJTaBe IIo JITepaTypHM [aHHuM OmMCaH 1eonOrMueCKas 
noaMIIM.a CyIqMHx Me[HO-HMKeTeBEX MeCTOpOeHMl [leueHrM, aH KpaT 
KM}A 0630p TeHeTMqeCKMX KOHL1eIILIMA M OXapaKTepM3oaHo cocrosHMe sy 
MeHHO CTM ITeDBMIHHX OpeOJIOB Me[IHO-HMKeJIeBOIO OpyJeHeHMa. 

[leqeHrCKM# HMKeJTeHOCHNii pa#OH IIpeCTaBseT CO60l rpaeH--CMHx 
ITMHOpH, CJTOOHHNM IIOKDOB&MM MeTAByJIKAHMTOB, pa3Ie/1eHHuX TOJI1IMM 

Me Ta0 CaOMHHX IIOOII. CyITBqMIHOe Me[HO-HMKeI1eBOe OpyIeHeHMe CBHa&Ho 
C MHTDy3MB&MM 0a3MT-IMIIep6a3ToB, ITpOpHBaIpMx ueTBepTyI0, CTpaTMIpa 
qM 4e CM BepXHDO, Me1a0Ca[OqHy TOJIy, MaBeCTHyo Ka IIpOJyKTMBHas. 
OpyeHerMe 1TpeCTaBJeHo IByMs reHeTMueCKMMM THIIaMM: CMH- M 911MreHe 

TMJeCKMM. OMMDOB&HM€ CMHIeHeTM4eCKOnO OpyIeHeHMf 6OJ1slIIMHCTBO MC 
C1eOBareTe# CB3HB&eT CO CTaHOBIeHMeM MHTDy3HBHHX MACCMBOB, KOT1Ia 
Cy.IIEBqMIII KpHCTJLJIM3OB&IMC COBMeCTHO MIIM BCIeI 3a II0pOIg00Opa3yo 
MH MMHepAJTaMM MS MArMaTueCoro pacrnasa. B OTMqMe OT HHX, 3IMe 
HeTHue CEMe yTIH, TIO-BMJJMMOMy, OTHOCTTO KO BDeMeHM IIDeO6pa30aHM 
pyJIOHOCHHX MaCCMBOB. B CBR3 C pa3MTMeM 911MreHeTMUeCKMX pyTI E Me 
TaocapouHwx nopopax doppyores roIareMeHTHwe reoxwMMuecxMe opeo 
JIH B BMIIe AHOMAJTBHX IIOJIe# DFIa 31eMeHTOB. 0CHOBHHMM MHIIMKaTOpaMM 
OpyIIeHeMa ABJISOTCT HMKeI, MCI, KOOAT, xpOM, cepeipO, CBHHeI}, 
IIMHK, 6apHi#, MO1OH, On1OBO, BaHaMi#, TMTaH, 60p. TAe MaBeCTHo, 
ITO MHTeHCMBHOCTE TeOXMMMUeCKMX &HOM&JTMl! M JeTKOCTE 3OH8TsHOTO 
CTpOeHMa Ope0JOB J&BMC&T OT MHTeHCMBHOCTM OyIIeHeHMs. 

MMHepaIoIM4e CK0e M3yueHMe Ope0JOB Me[Ho-HMKeTeBOro 0pyIIeHeHMs 
npennpuHmua.no cs T.M.HnreHeHou, I.B.JIsxHM11KO#, [l. B. [lo.depOBM, 
JI, M. KpaBIOBO# M pAIIOM JIpyTIX MCCIIe[1OB&Tee#. OCHOBHOR 06eM 3TMX 
pa6OT 6HT BHTIOJIHeH B CepeHHe 70-x IOI1OB, IIOCTe 4erO OHM CepeSHO 
He BOSO6HOBJIHIIMC, ITO IIDHBeIIO K 38MeTHOMy OTCT&B&HM MMHepa1or 
IeCOro COIOBOIeHMT JHTOIeOxMMMqeCKMX MCCITenOBaHi#. BAHM MTo 
TOM yTIOMAHyTHX A6OT HIIO BHITeTeHMe CaMOCTOTeEHOIo, "OpeOIsHoro" 
THIa CyIdMIHOl HHepaJIM3&IMM, C pasBMTHeM KOTOpOl CBS3HB&IIOC 
do pMMpOBaAHHe B MeTaOCaIOuHIX TOJIMax IeOxMMMqeCKMX aHoMaMl# 3JeMeH 
TO B-MHIIHKATODOB Me[THO-HMKeITeBOTO OyIIeHeHME. OIIHaKO, COCTas uMHe 
pa43a1IM, B 0CO6eHHOCTM XapAKTepMCTHKa THIIOMOqHx II Hee penMx 
I A1eCCcODHHX MMHepaJTOB, a TaKe TMIIOKI4eCHe 0Co6eHHocT 
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OT[enTBHEX MMHCDAJIOB OCTAB&IMC HeFCHEIMM. BeCsMa HenOJHO 6HIM M3yue 
HN 3AKOHOMeDHOCTH DA&Crepe1es MMHep&JOB B OKOIIOpyIIHOM IIDOCTpDAHCT 
Be M ppyTue onIpoCL, pemeHMo KOTopix 1OCBmeHa H&.cTomIa pa6oTa. 

l 
Ta»a 2,_ TEOIOTPMHECKA! DO3MIMS OPEOIISHDOI CVII6AIIHO--OKMCHO? 

MHEPAIM3AIMM,, EE MOP&OJIOTM? M COCTAEB. 

•. 4 HaOreHHe K HaCTOmeMy BDeMeHM CBeIIeHMT O TeOMeTpHM aHOM&T 
Ht nOe# 3eMeHTOB-MHEMKaTOpOB Me1HO-HMKeTeBOrO opyTeHeHMs (lion 
nee, I969; Tpurop pp., I972, I976; Cytosc# p., I972; 
OBHHMKOB M DID., T987 M IIp.) M [AHHue aBTopa 1Ox&SHBaT, ITO 9HIo 

Tee 0peons± weor rpydoniHe#Hy dopMy, pa3MemasC HenoCpenCTseH 
HO BI1OJA» KOHTA.KTOB pVIIOHOCHIX MHTDySMBOB M TIDO CJIeKMBATCS H& COTHH 

MeTpOB TIO 3OH&M MeT1JI&.CTOBHX DA3pHBHX HSpyIIIeHM#. MOHOCT 8HOM&IIE 
HNX nOe# OT repBx MeTpOB 110 20-40 M. KpyTonananme nonepeuHsue 
TM3OHK TM BHN CTDYKTyI M JIM/TOI1OTO-I eOXMMMIeCKHe 0CO6eHHOCTM BMeIa 
IIMX CyTTDa.pyCTa.ITH IOpOn yCOHsoT MOpdoJorM Ope0nos. 

Py[HAT (CyJIqMIIHO-OKHCHAs) MMHepL/TM3&MpMs Ha yUaCTKax OKOOpy 
HAIK TeOXMMMIeCKMX &HOM&JIM DA3BMBaeTCT B BMIIe IITOKBeDKOOOpMSHHX 

30H, C xaparepHM mp onMreeruecxoM passurMM TexcTypHuM dopua 
MM. 311€C pacroCTpaHeHM MJIBHEe, IIpDOMJIKOOOpa3He, nIpOCeuxoBHe, 
ceruaTwe, BKpanneHHwe Texcrypu. IIpM pedopMaIx arperaToB pyTIHEX 
MMHepa1oB qopMMpyoTCs caiearwe, noocuarue, rotqaTue, rHe#co 
BHIIHO -I1O.I1O CU&Te TeKCTyp, a Tae pexqMeBHHe I LJeMeHTHe. 

B OTIMNMe OT Ope0J±Hoit [JI KOJTUeaHHo# qOHOBOi MMHep&nM3&MM 
TMIIOMO p]HH OC&A1OUHe TeKCTypy (Ea1a6oHMH, I984), CBMIIeTe.ncTsypie 
o ee dopMMpoBaHM B xonIe 1pes+Hero nMroreHesa.. 

CTyKTyp MMHep&THAD arperaToB MeHee MHOpMaTMBHN IJIR TeOJoro 
TeHeTqeCKMX eOHCTpyKIIMA B CMIIy KOHBepIeHTHOCTM MX IIDH3HAKOB. 
[T Ope0Holl MMHep&.TM3&IMM 06HH! CTpyKTyp KpMCT&LIM3&1IMM CyJI[MI 
HIX MMHepa1OB M3 pacTBOpOB M MeTa3epHMCTe - BO3HMKapHe nTpM MeTa 
COMATMUeCKOM pa3BMTMM cyIpMoB. XapaKTepHas 4epTa IOCnenHMx - CMTo 
o6pas±oe BHyTpeHHee cTpoeHe (BeTexTH M pp., I958; McaeHo, I983). 

COCTaB MMHepa/TM3a1MM ITpOCT B OTHOIIIeHMM TJIABHX MMHep&JOB. B 
IO[aBIoeM 6OIIMHCTBe CJ1y4&e OCHOBHO# 06±eM pUTHOH pp&KIMM coc 
TABIReT IIHppOTMH. IlHDMT TTIOTeeT K BHeIIHMM qaCTAM Ope01OB, Ie,Hap 

y C TMppOTMHOM, UACTO TBJIReTCF BeILyTIMM CyIIEdMIIOM 0peOnsHo# uMHepa 
Ma&tpMM. IlOBCeMeCTHo pacrIoCTpaHeH M Hepex B 38MeTHEx KOIMqeCT 

Bex TTaHconepanMe MMHepanT#, CpeIM KOTOpHX IIpDeO6J18,1aeT THTAHMT 
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(cqe). XaKOITHpMT Ta0e pacmpoCTpaHeHHi MMHepa OHIOreHHsmx ope 
IIOB, HO IIpMCyTCTByeT, KAK IIpABMJO, B He6OJmMX KOJIMUeCTBax, xOT 
JIOKaJI±HO MOKeT KOHLIOHTDMDOBATC£, IIDHOOD@TAT 3HaueHMe JI&BHoro pyII= 
HOrO MMHep&JTa., 3HauMTeTsHO pee B COCTa.Be opeoJTsHoil MMHepaJMaarpM 
ITe06Ta[aT CdaTepMT M/JIM aeHT, IIpMCyTCTByuMe 0duHo B KaueCT 
Be axreccopHx pas. 

byya CXOIIHAIMM C po+Hosoi# oIqejaHso# MMHepaaanet B oTHoe 

HMM TJI&BHEDX MMHep&JIOB, CyJTEpMIHsue ITosBTeHMs, qopMi±pyore anore± 
HHe OpeoJH, OTJIMUa0TCT IIpMCyTCTBMeM BTOpOCTereHHX M ax1ecCopHsu 
MMH€pa1OB, HeTMIIMuHNX IJIH OHoBoil MMHepaIM3a1MM (A63&OB M Ip., 
[987), B COCTaBe 0peon±Ho# MMHepa/Ma&a1MM yCTaHOBeHH - IeHTJaHMr, 
apreHToneTa[MT, MaKMHaBMT, KyOAHMT, MOIIMOIIeHMT, KO6asTMH, 
repCpopqMT, apCeOnMpT, aHaMT, aJTaMT, recCT, CaMOpOHoe 30JoTo 
HeussecTHui# aHMsoTpommHul HMKeresul cyimsdoapcemM. Paee omueua 
JTOC IIDMCyTCTBHe HeKOTO[EX MS ITepeUMCIeHHI MMHepAJIOB B OpOTOBMKO 
BaAHHIX IIODOI1AX 3KSOKOHT&TOB HMKeJTeHOCHAIX MHTDySMBOB (Ba1a6OHMH, 
I984). [Io4epHeu, qTO [JIA OpeOTHot MMHepa3a1MM xapaxTepHo IT 
CyTCTBHe KOHLIeHTpDATOpOB HHKeIR, KOOasTa, cepedpa, MMHepa1OB MILS 
Ka, Tenny pa. 

rasa 3. KOHCTMTSIIMOHHHE OCOEEHHOCTM I TMIIOMOP&MSM 
MMHEP AJOB OPEO.IEHOZ MMHEPAUM3ALIM 

['maBa IIOCBAIIIeHa OIIMCAHM0 CyJIEq[HIX MMHepaJOB M IX AH&Joos, 
a TAe OKHCHHX CO€JIMHeHMI!, M3BeCTHHX B OKOJIOpyJIHEX OpeOJISX Me[HO 
HMKeJTeBEX MeCTODOKIIeHMl. OCHOBHO€ BHMMaHMe yIeIIeHO BHBITeHMo CT1eLIM 
qMUeCMX JepT COCTaBa CKBOSHIX MMHep&IIOB, IIIMDOKO p&CIIpOCTpaHeHHx B 
pasnMuHHX THII&X IIODOI [le4eHrCKOrO pyJHOIO TIOJIA. 

\lMppo TH. Hadoree 1om±o TMroxMMMsM ayueH y nMppoTa. IlOsu 
IeHu# MHTepec MMeHHO K 9TOMy MMHepa1y OTIpe[eTeH ero MpOKMM pa3BM 
TMeM B ITeeax pyIIHOTO I1OJIS M BHCOKMMM, B CD&BHeHMM C IIpyTMMM 
cytdMjauM, copepaHuaMM s nopope, uro genaer ero HaMdomee yIO©Hsu 
B ILIIAHe IIDaTHqeCKOrO MCI1OJ3OBaHMs IIpI JIM&rHOCTMKe OpeJHx JOH 
M MSyqeHMM CKDTOR IeOXIMMIeCKOA 3OH&JTHOCTM. 

COr II&cHo peHTreHorpaqMJeCKMM MCCJTeqOBaHMmM no MsBecTHot MeTO 
IMKe (Arnold, I966) B 1IOpO[ax ITpOIyTMBHOA TO.JIM [leueHr mMppOT 
ITeCTaBeH rJIABHMM 06p&SOM CM€CE0 MOHOKJIMHHO# I "IeKCAIOH&JTsHop"' 

t' [fg ITpesyOHx peHTreHoCTyKTypHHX MCCJTeOBaHux (Morimoto et 
I970, I975; 3BHHyM gp., I9B3) di1a yCTaOeHa IHHAJueHo CT 
mrppoTHOE cOcTasa Fe,9, - Fe44%» Aonroe Bpeua cTaBmMxCa 
IeCarOHaT±HM, K CHHIOHMAM HMSIIINX KIT&CCOB. 
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pa.s. PeTeHorpadM4eCKM OMOreHHl MOHOKIMHHHI IIMOTMH BCTpe48eTCA 
pee. liaudonee pacnpocTpaHeHa 9Ta MOIIHdMKaLMs B MeI1II&CTOBMX TeKTO 
HMuecKMx 30Hax, MOHTpOIMpyoIpMx OpyeHeHMe. lHapany c sTMu, Is ope 
on1sHO MMHepa1M3&pMM xapaxrepes MeHee eescru# cocras "rexcaro 
Ha.nsHux" (das. 

BOJ1ee OqeBMJHH OTJMuMT OpeOJTsHX M dOHOB IIMppDOTMHOB TIO CO 
1epaHMo ITpMMeCHX JeMeTOB (A63&JOB M IIp., I986)% JIa 0peon±Hux 
IIMppOTMHOB XApAKTepHO IIOBHIIIeHHOe COIIepaHMe HMKer, ocTMr&nee no 
OITpen1eeHMaM Ha MMKpO3OHe 0.63 Mac.%, TO B CpepHeM H& IOpAOK B 
I1e qeM B dOHOBx. [lpyTas xapaTepHas ITpMMeCs - KO6&sT, COIepaHus 
KOTOpOro B 0peOJsHx 1ppoTMHax IocTMraT 0.08 Mac.. Taxe, B coc 
TABe OpeOJHX IIMDOTHHOB H& 3J1eKTDOHHOSOHIIOBOM MMKpOAH&TH&Tope 
yCTaHOBIeHN M€II, MHIII5AK M CypM. 

[IM CpaBHeHMM cocTasa dpax[IM# (KOHIeTpaTo) IIMpOTMHoB TMx 
TMIIOB BIRBY€HEH OTUeTJIMBO TIOBEMIT1eHHNe COIIeKAHMA B OpeOITBHHX IHppOTH 
HAX DR1& JIpyTMX 9J1eMeHTOB - Ce1eHa, Me[IM, BaHapis. BepoTHocTHo 
CTaTMCTIJeCKAT O1IeHKa JOCTOBepHOCTM ·TMx pasnMuM'# BMIOIHeH&a n1yTeM 
JIM CKDHMMHAH THOTO AHA1M3a. JCTaHoseHo, qTo MHOrOMepHe CpepHMe 
CpaBHMBaeMX BOODOK 3HAUMMO A3J1HUA0TCT IIDH I1OBepMTeTsHO# BepORT 
HOCTM 0.5%. KpOMe Toro, THIOXMMMSM IIMDOTHHOB BHSX&eTCR B H&JIMUMV 
3&OHOMepHX CBE3el MeIIy IIpHMeCHEIMM 9J1€MeHTAMM. [\JIM Ope0IsHNx n1Hp 
pO TMHOB TMIIOMODqH& TeCHe IIOJOMTeHa CB£3 MeKIIy Me11D, HMKeIIeM, 

KO6a1TOM M cCepedpOM, TOT1a KAK qOHOBe IMppOTMHH X&paTep1syTes 
IIOJOKMTeJTHOl KOppeJISLIMel MOM C I[MHKOM M CBHHLIOM. 

XasonMpT. [Is Hero xapaxTepe± CTa6msHu# cocTas. B xauecT 
; 

Be ITpMMeCM ITpMCyTCTByT HMKeTE, KOO&TT, Cepe6po M Te1yp, KOHLIeHT-- 
pa1pMM KOTOpIx He nTpesmaT cOTx no.Tel Mac.%. lHaudonee ycro#use 
ITMMeC HMKeIIH, KOTOpNV, TIO-BMIMMOMy, TMIIOMOppe, Ta Kar He xapa 
Tepe III! XAnKOIMpHTOB KO.JIM€JAHHOIO OpyIIeHeHMR (Ba&aOHMH, I984). 

[MDMT. MSyueH COCTa M CTpyTypHSe 0CO6eHHOCTH OpeOnHEX TIM 
pMToB. IlpM MCCJenoBaHMM Ha MMKpO3OHIIe, B KauecTBe npHMecM B nIHpMTe 

O6HapyeH KO6AT, HMK€I, M€II, MHIITK, CVpBM&, COJICp&HM.R KOTO 
pDX OOUHO COT€ J1OJ1M Mac.%. 

OLeHa CxOCTBa COCTaBoB dpaLiil IMpMT&, ITDO&AH&TMSMpOB&HHux 
KOJTHUeCTBHHNM CIIeTD&ATbHM MeTOIIOM Ha I5 3J1€MeHTOB, 0HI& BITIOITHeHa 
IyTeM KII&CTepHOrO aHa1Msa. JCT&HoBneHo, 4TO OpeOJsHul# IIMpHT 1IO cOC 
T8By 6J1M3OK I1OS[[HMM TeHep&I[MM pOHOBOrO TMpMT&, HO OTJIMuaeTCs OT 
ero paHHMx MOIIMqMK&LMih, IIpecTaBeHHx rJO6yJISpHMM pOpuaMM, KOHKpe 
IM.HMM M CJIOHK&MM, KOTOpNe OT4eTJ1MBO 060CO6J1TC! Ha aCTepHOH 

9 



1eppor paMMe. 
[lapauerp seMeHrap±o# aqeiKM a, COB11a[aeT y IIMpMTOB a3Hstx 

THI1OB M B CpepHeM 61MaoK 5.418A. Bo.ree HdopMaTMHsuM MoeT oKasaTs 
ca cceposaHve ToHxoi# KpMcTavuecxol cTpyrTypH. IlpeBapuTemsHas 
OIeHKa, CIeJaHHaa IO yIMpeHo [Mdpa.LMOHHIX MaKCMMyMOB, CBMIIeTeTsCT 
ByeT O 60Be CTpyKTypHOM HeCOBepIIIeHCTBe OpeOJIBHX IIMDITOB. 

[ya±cogepxanlMe MHepany., B 1oponax IleueHrCKoro pyIHOrO I1OJ 
CO BMeCTHO C CyJIEqMaMM MpOKo pact1oCTpaHeHt MMHepat TMTaHa, BK.Jo 

qas TMTaHT, MIIEMCHMT M DA3JMIHue IIOJIMMOpqHste MOIMdMKaLM IByOKMCM 
THTaHa (pyTir?), TOuHa? peHTreHOCTpyKTypHaa pMarHoCTMKa KOTOpEx He 
mTpoBereHa. PaCrIpoCTpaHeHHas dopMa pa3BTMs TMTaHOBx MMHepaoB  
TO1MpasHse arperaTH KDHITTOKDACT&JIM4eCKOoro CTpOeHMa, peso KCeo 
MODdHX OMepTaHM#, MaBeCTHse Ka JIe#KOCe. COCTaB JTei#KOKCeHa 6J1M3OK 
THTaHTy, COCTaBoeMy OCHOBHOA 06eM aTMx arperaTos. HecMoTps Ha 
pa3JIM4Hy paCIIOCTpaHeHHoCTs 9TMX MMHepa.JOB, OHM OIIMC&HM COBMeCTHO, 
Ka epas rpyrna., 

TwTaHwT (cher). Ha1do.Jee pa.cmIpoCTpaHeH+Huit MMHepa TO IpDyIIIIN. 
B Ka4eCTBe IIpMMeCM B COCTaBe TTaHMTa ITMCyTCTByOT amoMii#, en1eso, 
uarHM'I, XDOM, MHOTII& OJ1OBO, LMHK. 3AKOHOMepHHX OT1MuMIA B cOCTaBe 
pa3JIMIHEX MOD\pOTMIIOB 3TO1O MMHep&Ia He BHTBJIeHO. 

MISH€HMT. XApaTepeH I1A 9KGOKOHTAKTOB HMKOJIeHOCHHX MHTDy3MBOB 
M OKOIIOpyIIHIX MeTacoMaTMToB. [JIR dOHoBo# MMHepa1Ms&pM B MeTaocaou 
HIX 11OpOp1ax He TMnIMueH. [IpMCyTCTEyeT B BMIIe MaOMeTpMUHX KCeHOMOpd 
HEX 3€peH, a Tame MMKDOITDOKMIIKOB M MeTAKpMCTaIIOB, ya3NBaOIMx Ha 
9IMIeHeTM4eCKOe paSBHTMe IT±MeHMTa B IIODOIIe. IJIT Hero XapaKTepHs 
HM3KMe COpep&HMs MerHMs (COT9e-[eCTse [om Mac.) BcOKMe - IO 
3.00 ua.c.% uaprana. 

OKHCJIH TMTAHA pa3BMB&TC? B BMII€ IIDOIIUKTOB MSMeHeHMS MJIEMOHM 
ra. /lpyras pacnpocrpareas popMa Is HMx - pemeruaTsue CpaCTaHMa 
MTOTE48THX KpMCTAI1OB, HanoMMHamMe careHr. Cocras 6I1usox Teoper 
4eCKOMy, OTJIMqASCE H&ITMUMeM ITDMMeCH KDeMHMS, AJIOMMHMS, KLJTbLIMA, 

Hero Cpen CTBeHHO H&6IOI&ewe B3&MMOOTHOIeHMS TMTaHoBMX MMHepa 
I1OB I1OSBOJIAOT HAMeTHTE T&Ky IIOCJIeIIOBaTeJTsHOCTE MX OTJIOKeHHS M3 
0peon1006pa3yIx paCTBOpOB: MJIEMeHMT - pyTMn(?) = TMTAHMT. 

[leHTIaHIAT, llMoo pa.cIIpoCTpaer B 9KSOKOHTaKTax HHKeJTeHO CHHx 
MHTDySMBOB H OKOJIOyTHEDX MeTACOMaTHTOB. [lJIT @OHOBO# MMHepaJTM3&LM 
He xapaTeper, ITMCyTCTByH JIMIII B MeTATypax OCHOBHOIO M IIMKDMTOBOIO 
CO CTa.Ba. YCTaHoBJIeHH TpH MOpdoreHeTMqeCKMe pasHOBMIHOCTM ITeHTa 
Ta: ITO[yTH paCn1Apa MOHO Cy.IdMIIHOTO ·TBepIIOTO pACTBOp& - BHMIeJTeHMa 
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DB MHTepCTMLIMM KpMCT&LIOB ImMppOTMHa, MeIKMe MaoMeTpMuHe 3epHa, 
[LITA.CTHHUA.THe M II&MeHeBMIIHe AIperaTH; IeHT&H[MT, Hen1oCpejCTBeHHo 
O TJTOMBIIIM #CS MS D&CTBODOB, B BMIIe 060CO6J18HHIX 3peH B n10pOIe, 8 
Taxe KpyIIHe 3epHa, OTUeTJIMBO 38Me1are IIMppOTMH M.JIM XaTKOnIMpHT; 
IeOMeTpIeCKM ITp&Mntbite peuerqarwe cpacraMs neHrJapura s apreH 
Tone±ruapre. 

kanepr. B xauecrse ateccopHoro MMHepaa mMpoo pacnpocrpa 
HeH B IIODOIIax [leueHrCKOrO pyIHOO IIOJIE, MHOII& B COCTaBe IonMeTan 
JIM4e CKMX IIDOABIIHM# ABIIIeTCE 1JI&BHEM CyJIqM[HEM MMHepanoM. B cpasHe 
HMM C qoHOBEM, CdarepMT Ope0Holt MMHepan3AL[MM, 0CO6eHo aCCOLM 
pyOIM# C nIeHTJaHMTo, 06orare± xapMMeu (0.45-0.68 Mac.). 

[are±yr. PeMi# MMHepa. B COCT&Be Ope0JsHoi# MMHepa/TM3arpM 
nIpMcyTerByer B Me ax1eccopHo# qast, HO MHOra KOHeHTpMpyeTCa, 
qOpMMpya COBMeCTHO CO CdaJepMToM none1aruuuecxe CyJTdM[Hue ITpOaB 
JIeMa. B yIOKOHTpOnMpyMX TeTOHMueCKMx SOHax O6HapyeH raeHMT, 
conepxami# no 3.20 Mac.% ceneHa. [IT SyueHHx raeHMros xapaxrepe 
IM OKM'A CIIeKTD ITpMMeCHHX JIeMeHTOB, B IMCIe KOTODIX 81e30, IMHK, 
cepe6po, Kaput, HMKenT, KO6AT, TeJyp, BMCMyT. 

GCynIdo apCeHMIH O6an»Ta, HMKens, xenesg. Cpen uHepan1os sro# 
IpyTITH yCTaHOBIeHH e/1esMCTuil repCIOpdMT, HMKeJIMCTEl, eTesMcTo 
HM Ke7IM CT'A M CO6CTBeHHO KOOaIETMH, ApCeHOnMpHT M aHaMT. O[HO Ma 
ayuerHHx aepeH MueeT COCTaB (Mac.): HMKeIIs - I3.24, KO6&IT - 8.66, 
xeneso - 8.43, MHIIIETK - 48.63 M cepa - I8.4I, COOTBercrsyii# dop 
ye (19,y® 9,25 Pp.24P0.8% °1.06 70.94- B cpeaten±Hux HMKo.ax 
MMHepa1 OTueTJIMBO AHM3OTpOmer, qTO IOSBOISeT OTHeCTM erO K HeMSBeCT 
Ho HMKeeoil pasHosMHocTM powMOMuecxMx cyIqoapcemMnos. [lo copep 
Ka+HMO KOOasTa aToT MMHepa oTBeuaeT 1aHaMTy (BuHorpaposa M [Ip. , 
[979) M /CJOBHO OT1Tpe[en1eH HAMM KaK HMKeMCTu'# [1aHAMT. 

OCTaJHe MMHepaJT, JIM KOTOpHX B pa60Te 1aHo I1Op06Hoe OnIMCa 
HMe, MMeT OrpaHMgeHHoe pasBMTMe B Ope0Jax Me[HO-HMKeIeBoro opyIIe 
HeHMA. HeOTOpHe M3 HMX IIpeJCTaBeHH eJMHMHMM HaxOjKaMM. aHo, 
UTO OHM OOH&pUOHH HaMM He B COCT&Be qoHOBO# KOJIueaHHol MHepaM 
3aLMM MeTa0ca[OuHsx IIOpOJ, a CBHGAHH MCKJIOUMTeJIEHO C 3OHAMM OKOIIO 
pyTIHOTO paCCeHMs 91eMeToB M, TaKM 06pa3OM, ABJIAOTCT MHIIHKaTOpaMM 
Ope0JsHO# MMHepaM3aLM. 

[asa 4. MMHEPAJIOTVHECKAT M MMHEPAIOTO-I"EOX{MAHE CKAA 
3OHAI6HOCT5 B OHO.IOPVIIHOM IIPOCTPAHCTBE. 

B HaCTOmet II&Be paCCOTpeH# JIB& BOIIOCA: CBASE IeOXHMMUeCKMX 
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aH oMaMi C OpeoJsHott CymM[ Ho MMHepa3a[M e# M 3aKOHOMeHoCT 3 

MeHeHMs cOcTasa nocnepre s npocTpaHcTBe. 
[IM MSyueHMM I1epBOro BOIIDOC& &BTOp MCXOIIMJI MG IIOJIOKeHMA O JIByX 

ypOBHTX KOHIJeHTpMpOB&HM 91eMeHTa B 11opoe: 11epBsul ypOBeH - KOH 
erparia oneueHra B MMHepare--HocTene, BTOpO# - KOHLJeHTD&IM 3Toro 
MMH€pa7a B IIOpOIIe. [lOCKOJBKy 3TM paTOp He3aBMCMMs, x coueraHe 
onpepeer pesynsTpyoee conepaHe 3neMeHra B nopOpe. PaccMaTpBa.s 
B ITepBOM IIpM6JMKeHMM cynpM,Hy0 dpa.Lio nopOs Ka epMHyo pasy  
HOCMTeJIE Ope0TOO6pa3yOuMX 9eMeHToB, MOHO On1pep1enMTs cOepxHMe 
TIX 9JeMeHTOB Ha ITepBOM KOHLIeHTpALMOHHOM /pOBHe. BTopOil ypOBeH E 
3TOM CJ1yUAe - KOJIMUeCTBO CyIIEqMIHOIO BeIeCTs& B 11OpOIe, Mepo# KOTO 
poro cyMT conepxarue cymrqMpHoi# cep. 

TaMM 06pa3OM, 38,1184a TIO M3yUeHMO CBSSH 1eOXMMMUeCKMX aHOMa.Jr# 
C OpeOHo MMHepa3a[Mell CBOIMTCa K CpaBHeHM0 pOM 3TMx 1Byx pa.x 
TODOB M MOK€T OT peIIIeHa CT&TMCTMUeCKM, I1yTeM OLIeHKM TeCHOTH CB3M 
aHamMsa ee dyHKMOHaHoro xapaxTepa. J[JI# CTaHapTM3aLMM yCosuh 
BCe CBRSM &IIITOKCMMMOBAJTMC JIHHeHHMM VD&BHCHMAMM. IIOCKOJI5Ky EB Ha 
mew cn1yuae pe3ynTMpyoMi mIpMaHa aBIseTCs dyHx1Melt yX apryueH 
TOB, TpaqMKOM JMHehHOrO ypaBHeHMz, OIMCHBaeO 3Ty CB3, OypeT 

ILTIOCKOCTE, OpMeHTMDOBK& KOTODO'I B KOODJJMH&T&X MCXOJIHMX IIDMSH&KOB OT 
paxaeT pOn H8sBaHHsux paxTopos.' 

[lo COOTHOeHMo aTMX pa.TOpOB MSyUeHHHe 9JeMeHTH pa3pen1MMC 
Ha cejyope rpyIII. [lepB& BKJIOUaeT 9.1eMeHTH (Men, HMKeI, cepe 
DO, XpOM), BCe BapMaIM CO[epaHM# KOTOpI B 11OpOIIe 011peJeaTcs, 
TJaBHuM 6pasoM, MsMeHeHMeM cocTasa Cy/TqMpHo# dpaKtpM M MeHsme 38 
BMCAT OT B&pM&IM# KOJMJecTB& CyIIEqMIOB B 11OpOne. OJ1eMeHTw BT0poi 
TpyIIIIH (CBMHeL, LIMHK, BaHah) xaparrepsyoTcs rIpMMepHO pa.sHo# a& 
BM CMMO CT OT 060MX ypOBHe# KOHLIeHTpMpOB&HMR. IlocIetHaA TpyTInA 
BKJI4AeT 3J1eMCHT! (KOO&TET, MOJTMOIIeH, OJI0BO), IIOpOIIHEI€ COI€DAHM.s 
KOTODHX KOHTDOIIMpVOTCS, TJIABHIM 06pa3OM, BTOpM ypOBHeM KOHLIeHTpi 
pOB&HM - KOJTMqeCTBOM CyJIBdMIOB B nopope. 

TAMM 06pa3OM, paSBHTe &HoMasHtx none# oeueHros repsoi# , B 
MeHsIe# CTeneHM, BTOpOl# IpyTITH CBES&HO C KOHTpACTHM M3MeHeHMeM Ba 
JTOBOTO COCTaB& CyJIBpIIHO# dpAKqM M BMSB&HO nOsEIeHMeM 31eC MMHep& 
I1OB,' KOHIIeHTDIDVOIIIMX HMKeIIE, Cepe6po M CBMHeL]. 

B pacme[eeHMM 3eueHToB IO MMHepAHsM pasaM sax±oe 3HaueHe 
IOJKHH MMeT MSOMODjHIe IIpMMeCM B IIMDDOTHH€, COCTaBJteM OCHOBHyD 
1omo Bcero o6sew cympMpHoro eecrsa 1opop. B 4acTHOCTM, yCTaHos 
TeHa yCTO#MBa IIOJOMTe±Has cBaa (KO9p. Kopp, = 0.'79) CO[ep&HM 
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HMKeJIT B IIODOIIe M erO KOHLIeHTp&I[HM B IIMDDOTMHe, O11pDeIeJTeHHott He 

3J1eKTDOHHO3OHIIOBOM MMKpOaH&TM3aTope. 
CTe1OBaTeHo, CBTSE Ope01O00pa3yMx 3neMeHTOB C CyJdM[Ho 

paso# oqeMnHa, xoTa Meer ocTarouo coxHM xaparep. OJHaro, oT 
MeTMM, uTO B 00eM 6a1aHce oTIeiwx oeueHro, s nepsyo ouepe[± 
XpOMa M BAH&JMH, BaXHOe 3HaUeHMe MMeT HeCyJIqM[Hue MMHepaTH. 

[IM May4eHMM TOnOMMHepaJorMM Ope0JOB yCTaHoBreHo, qTo. COCTaB 

Ope0THO'l MMHCDaJIM3a1MM He IIOCTOHeH M 3&KOHOMepHO MeHseTCs C yIa 
JTeHMeM OT pyIIHMX Te1. MSMeHeHMT COCTa.Ba IIpOBJIATCT B peSKOM CHMxe 

HMM KOJIMUeCTB& p4II& De[KMX M BTODOCTeITeHHX MMHepaJIOB C yIIaTeHMeM 

OT yIIOHO CHDX MHTDVSMBOB. 
HeOIHOpOIHO CT» CTDOeHMT MMHepAJOIMUeCKMX Ope0JOB XOpOIIo IIpOs 

JeHa B pacnTe[eeHMM IIeHTJaH[MT&. B6JMJM MACCMBOB ITeHTJT&HI[MT 6LT 
BCTpeueH B 60% 13yUeHHIX aHUMdoB. B IIOTBOIOJOHOCT 9T0My, BO 
BHeIIHMX IA.CTHX Ope0JI±HO' KOJIOHKM KOJIMUeCTBO €IO HaxOIOK pe3Ko CHMxa 
eTCa. OTCa, B CTpOeHMM Ope0OB BMIeJOTC? [Be 30HE. BHyTpeHHss, 
TIe CO[epMTCr IeTJaH[MT M BHemHas, re oH oTcyTcTByer. [lo[qepKM 
Ba0T 3Ty 3OHaHOCT» CyIIqOapCeHM[w. ApceHonMpur He odHapye! B 
nerranurconepxamix pasHosMnHocrax opeoHoll MMHepamMsarM M BCTpe 
qeH MCKJIOUMTeBHO BO BHeIIHMX MACTAX OpeOIOB, IJIe IIeHTJT&HIIMT OTCyT 
CTByeT. KO6aTM±, HanpoTME, uane BCTpeqaeTCT BO BHyTDeHHMXx MaCTTX 
Ope0nIOB B &CCOLM@MM C IeTaHMTO, xOT# B LIeJ1OM pacnmpocrTpaieH i 
pe. 

[IpyTO IIpMSHaK HeOJHOpOJHOro CTpOeHM Ope0nos - HA1pas1eHHoe 
MSMeHeHMe COCTaBa y pa CKBOSHIX MMHepa1OB. B uaCTHOCTM ITMDpOTMH 
oTueruo 06eHaeTes HMKereM mIpH nepexope oT BHyTpeHHel 3oHH opeo 
118 K BHOIIIHet#. CKDITA IeOXMMMIeCas SOHasHOCT qMCMpyeTCs ·Taae 
IIo auMeHeHMo BaoBoro cocTasa nMppoTHosHx ppaxil#, M3yueHHx KOJIM 
UeCT BeHHEIM CIIeKTDLTHNM MeTOIIOM M IIepDeCMTaHHstx Ha 3HaueHMe JMHet 
HO! IIMCKMMMHaHTHO} qyHKLIMM. 

Y KO6&JTMHOB 0peOnsHoi MMHepaIM3a1MM c yareHMeu OT pyIoHoc 
HIX MaCCMBOB CHMKaeTCs cOjepKaHMe HMKeI! M O11HOBpeMeHHO pacTer xe 
113MCTOCTE. 

MHIMK&TO pOM' CKDITO# TeOXMMMI€CKOA SOH&IEHOCTM BIIHeTCT T&Ke 
apceonupuT. YCTasosnreHo, qTo cyMMapHoe copepaMe apceHormupire 
IIpMMe CM KOO&Ta M HMKeIIA IOI1OMTeTsHO KOppeIMpyeT C OHLIeHTparMei 

OTIX MeTaJIOB B IIMDDOTMHe, COCyIeCTByOIIIOM C ApCeHOIIMDMTOM, 38KOHO 
MepHO IIOHMK&CE C VII&eHMeM OT pyIIOHOCHHX M&CCMBOB. 
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?Traps 5. PEKOHCTPSHIIMR YCIOBM'I MMHEPAIIOOBPA3OBAHM! 
M TEHESMC OPEOIOB. 

% DMSMKO-XMMMUeCKMe yCTOBIT' MMHep&TOO6p9SOB&HMS B OpeOJIax OLIeHM 
B&IMC TIO 1a30BO-XMIIKMM BKJIJCHMAM B KMHHHX MMHepa&ax% COTTpOBOKIa 
IIMX OpeosHy Cy:qHyo MMHepAnsari. 

Mn1SH€ 00pa3OB&HMs IO CTereHM 6JM3OCTM K pyIIHM 00S€KT&M 
COrJTacHQ yCTaHOBJIeHHOl MMHepAJOrMqeCKO# 3OH&TsHOCTM B 0peon1ax pa3 
Ie1eH H& CO6CTBeHHO pyIIHEe, 6JIMKHHX M 18J1bBHMX OpeOIOB, M doHose. 
K CO6CTBeHHO pUIHLEIN OTHeCeHI XMJIN, ·pa3BMTE€ B HeIIOCDeICTBeHHOM KOH 
TaKTe C 60raTMM 31MreHeT4eCMM pyIaM JIM B 11peDe71&x M3MeHeHHHX 
MHTpySMBOB C CUJI@MIHM Me[IHO-HMKeIeBM OpyTIeHeHMeM. IKMI! SK3OKOH 
TAKTOB HHK€JeHOCHMX MHTDySMBOB M SOH TeKTOHMIeCKMx HapyTeHMi' BO 

BMCITAOIIMX CVIIDAKpyCTIBHMX 11OOI1AX, CBRS&HHx C popMMpOBaHMeM 11Mre 
HerMeCKMX pVIIHHX Te1, paCCMaTpMBaTC KaK 0peon±Hue, [lo cOCTasy 
COrTpo BO,JI,A1Ie# CyJIqM[Hott MMHepa.7TM3a1MM OHM I1esTC Ha MITH OJ1MOH#X 

M J18J1BHMX OpeOJOB. IIIpOTepMaHre IIDOABJIeHMA B MeTA0ca1OuHux nopo 
JAX, IIpOCTpaHCTBeHHO He CBT3&HHHe C pyIIOHOCHMM MHTpy3MB&MM, HeCy 
IMe ITMMMTMBHyIO, TIM[MT-IIMDOTMHOByID MMHepA./TM381IMO M CpOpMMpOBAHHNe 
TIpH MeTAMOp@or eHHo--IMIIDOTepMaTsHO# per eHeparMM ITepBMuHo 0Cg1ouHoro 
CyJIBqMIIHOIO Be1IeCTB& 3TIX IIOpOII, p&CCM&TpHB&TC HAMM Ka doHoBswe. 
MIL C 1IO.MMeTaLMqecxoII MMHep&IM381Mel, 3&KOHOMepHO IIORBJIOIIIMeCF 
B OpeO1ax 3IMIeHeTM4eCKOrO OpyIIeHeHMs, BE[DIOJTeHH HAMM B CAMOCTOSTeII 
Hy IDyTIIIy B CMJIy yHMK&JTBHOCTM COCTBB& M OTHOCHTeIEHO He3ABMCMMOTO 
CI1oc06a 06pa3OB&Hus. 

KBapI BCeX IMIIpOTepMTHHX ITOSBJTeHMiA COIIepKMT 6OJ1IIIO€ KO.JIM 
JeCTBO MeIIKMX BKIoueHM'A, O6HUH0 IIBVXqa3HHx, pa3MepoM OT HeCKOJTKMx 
110 ITepBx I1eCTKo MMKpOH. @OpMa 4AI1€ MGOMeTpMqHas, CO Cr.JaeHHtM 
yTIIaMM MITH TJTMHOHHa., B BMIe LMJIMHIIpMUeCKMX IO1OcTe#. HexoTopwe 
BIO J2HM, 0CO6eHHO KDyTIHIe, MMeOT HeTIpABsHyo yT1oBaTyo qopMy. [lo 
BMIMMOMy, OOJBIIIMHCTBO 3TMX BKIIOUeHMI OTHOCMTCS K MHVMO-BTOpMUHOMy 

THI1y no reHeruqecxoi# xaccdMx&r H.II.Epuaxosa (I950). Ilpu Harpea 
HMM 1BVXDa30Be BKIIOUeHMF TOMOIeHMSMDyOTCR B KMIIKOCTE B MHTepBaTe 
Teuneparyp 230-300°C. 

MB yueHMe 1epetMTaLMOHHoh aTMBHOCTM MJIHOIO KB&ApII& BNTIOIIHeHO 
He. TepMOBayyHO ycTaHoste, pa6oraoueii s pexue Henpepms±o# oTKaq 
M rasa (lMxopCKMhI, [978). YCTaHOBeHO, 4TO Ha60Jee aKTMBHoe raso 
BHIIOJIeHMe B MSyUeHHDX HABeCKAX KB&pLa IIpMXOIIMTCa Ha MHTepBaI TeMne 
paTyp 230-345°C M 3aoHOMepHo OT.Mu4aeTC 1Ia pa.3JMUHX .1. 
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Ma Cua.sH He TeMTepaTypt 1experMT&IM yCTaHOBIeHH 1H KB&pLJe KMJI, 

co1po BoqaIMx an1MreHeTMuecKMe pyIL. C yareHMeM OT pyIIH ux Ter Teu 

TepaTypa 1eKpera#M KB&pLIE CHMaeTCT, 11OCTMI&! MHHMM &JIDHHX 3Haue 

HMi# B MJIax C nOJIMM eTaIMuecxO MMH epamM aaMe#. 
[IOronHMTe.Ho Ha 1a3oBoM xpoMaTorpape IIBET-IO2 61 ITpOAH&nua 

pOBAH BaJOBIi! COCTaB 1asOBo# qaSH BKIIOUeHH# B KB&pLIe. OIIee:socs 
congepxaHe C0» M yTIIeBO,JOpOJHX Ta30B, T.e. COOTHOeHMe OKMCIeHHsx 
BOCCTaHOBIeHHx popM yT1epOpa. [JI KM.I, pa3BMBauMxCa Hen1ocpecT 
BeHHO C 9IIMIeHeTM4eCKMMM yJIaMM M B OKSOKOHTaKTOBX MeTacoMaTTax, 

yera=oseHo rpeodaaMe yresopoponHux rasos Han C0». Ku, orHe 
CeHHue K [Iams±et soHe opeora @oHosue, oTuMuaTcs Boapocei# rasoHa 
CIII€HHO CTI0, CBSGAHHOH C yBeIMUeHMeM BCex KOMIIOHeHTOB Ta30Boil pass 
BKJIOIHMA, HO C MSMOHMBLIIMMMCT COOTHOLIeHMMM. XIIeKMCIil Ta3, IIpM 
CyTCTByOIIIMA B CMHpyTIHOM KBApLIe B IIOJIIMHOHHOM TIO OTHO1eHM K MeTaHy 
M ero OMOITOIaM KOJMUeCTBe, 311€C» COCTaBseT uaCTO 6011ee IIonOBMHs 
Bcero 06seMa rasoso# qasu. Hadorsme corepa+Hus C0» yCTaHoBneH 
B KBapIIe M3 KM/IN CO cpaepMr--ranerwrosoii MMHepanrMsaruei#. 

[JOTO.nHMTeTsHHIM MHIIMKATODOM 9BOJIOIIMM O6CT&HOBOK IMIIOTepM&JIbHO 
IO MMH€pa1OOOpA3OB&HMS CyKMT 3aKoHOMepHOe pacnpenetee B IIpOCT 
paHCTBe MMHpa1OB, dopMpyoMx IIpoCTpaHCTBeHHo--BpeMeHHe paw n1apa 
reHemruecx accoriarpi#. B UaCTHocTM, pa3JMuHz asropaMM (Mariko et 
al ., I975; KpMBOBH4eB, I98I M p.) IIOIIHepKHBaoc Cy1eCTsosaMe 
yeToiuBix CB&Seil CyJI[MIO M OKMCIOB eJ1€38 C MMHepaIaMM TMTaHa, 
ITO 6HI1O MCI1OJI5SOB&HO ABTOp&MM 9TWX pa6OT III peKOHCTpyKLMM TepMo,nu 
HaMMueCKMx 06cT&HOOK MeTaMOppsMa M Meracouarosa. B pesymrare aHa 
JTM3a MHOT'OUMCIIeHHHX HaJOJLeHMi! CyIIEqMIHO-OKHCHIX 1I8pa!eHe3MCOB B 1IO 
DO[ax IleueHrCoro pyIIHOrO Iona asTopoM Ben1et Cepyoi# o606me±Hull 
I: IMpOTMH-MarHeTT-MITMCHMT B VIIOHOCHIX MHTDySMBHHX MacCMBaX; 
[IMO TMH--MIIMeHMT B OJIHKHMX 3OH&X Op€OJ1OB; IIMDHT-ITMDDOTMH-MMHep&IT 
TpyIIIIH pyTMIT& B JI&JIBHMx 30Hax 0peOros M qososoit xouepaHo# uuHepa 
JTMS 8.LIAM MCT&QC8OHHIX IIOpOI. HenoCpenCTBeHHo HA60paeMre B3aMMOOTHO 
eHMA OTMX MMHepaTOB IIOIUepKMBaT HAMeeHHy 1IOCIe[OBaTenHocT»: 
IMIppOTHH 38MeaeCs IO3[HMM IIpMTOM, A MJIMeHMT - OKMCJIaMM TMT&Ha. 
3 aHa11sa 1Onell CTaHOCT 9TIX MMHepa1OB Ha qM3Mo-XMMM4eCKMx 
nMarpaMax B ooppMHarax 810, - 1gf3, pli-lg±0,, IIOcTpoeHHux 
aBTOpOM Ha OCHOBe Ta6yIMDOBAHHHX TepMOIMHaMHUeCKMX XADaTepMCTMK Be- 
mecrB (Helgeson, 1969; yax M 1p., I978), cm1epyer, qro cocras opeo 
11006payIX paCTBOpOB MeH=IC! OT Cao meOHOro M BOCCTaHOBHTeJT 
HOO K KMCIIOMy IIDM OJ{HOBDeMeHHOM IIOBIIBHMM OKMCJIMTeIIBHOIO CO CTOAHMS 



Cpen#. CnTeoBaTesHO, pe3yJTaTH, IIOJyueHHue pa3HsMM MeTojaM, xo 
pOmo CoracyTc. 

rasa 6. CPABHMTEIHAS XAF AKTEPMCTMKA OKO.JIOVHTPYSMBHAX 
OFEO.IO B IIPOMIUIEHHO -PV TOHO CHHX M EE3PS ,THEIS 
MACCMBOB. 

CpaBHMTesHH! aHa1Ms MOppoorMM aHOM&TsHstx reoxiMuecxMx none 
M pacnpeneeHMe Ope0006pa3ynx 3JeMeHTos B noponax, BMeIAOIMx py 
1OHO CHE€ MHTDySMBH M M&CCMBH C HeITDOMIIIIeHHOI CyJIqMIgHOll MMHepaJI 
3a1Mei 61 n1pOBeneH paHee ([ipeOBCxM# M pp., I975). KaueCTBeHHue 
pa3us TeOXMMMJeCKMX Ope0JOB He 6LU1M BHSBIeHH, OIIH&AKO 6LIO 11OKa38 
HO, UTO MOIIHOCT OpeOJIBHEIX 3OH, KOHLI&HTDAL[MS 9I1eMeHTOB-MHIIMRaTOpOB 
Me[HO -HMKeTeBOIO 0pyTIeHeHM? M qeTKOCT» 30HaJHOrO CTpOeHMA Ope0JOE 
MeHOTC#, yCMJIMBaCE C VBeIMMeHMOM MaCIT&6OB M MHTeHCMBHOCTM 0pype 

HeHMs. IIpH 3TOM 6e3py1IHI€ CJ1A6OM3MeHeHHe MaCCMB! OKa31BAT MMHM 
ML1HOe Boe#cTBMe Ha BMeame mopOq, CpeOJt y TaKMx MaCCMBoB MO 
IyT IIe.TM4eCKM OTCyTCTBOBaT». 

B 1OnOJHeHMe K OTMeeHHsM qaKTaM aBTopOM yCTaHOBeo, To Ha 
KOHTAKTe C pyIOHOCHMM M&CCMBAMM B CpABHeHMM CO CJ1a0 OpyIeHe/TM 
TIeHTJIaHnMT BCTDeMaeTCs 4ane, &HaTorMqHo pacmepeTeHH apreHToreHTaH 
MT, a/TAT M CyIqoApCeHM# pIa KO6aTsTMH-repcpopqr. 06paTHas 
TeeH[Ms OTMezeHa JI= CpAepe M TaeHMTa, XMMMeCMe COCTasu mp 
DO TMHOB M3 9KGOKOHTAKTOB pyTIOHOCHMX M CIT&6OMMHep&JIM3OBAHHIX MaCCMBOB 

611M3KM, pa3JMqM=, TIO pe3yJTaTaM JMCKpMMMHaHTHorO aHa.Msa, Mer I5 
yDO BeH 3HAUMMOCTM. 

TaxMM 06pa3OM, OCHOBHMM KDMTCpMeM IIpH TJIyMHHOM IpO!HO3e TeppM 
TOpMHM Ha CKDEITOe Me[IHO-HMKeIeBOe OpyIeHeMe 1OJH ONT OTMeueHH€ 
pa+Hee KOJIMUeCTBeHHC I1ApaMeTp IepBMMHIX MMHepaJOrO-I eOxMMMNe CKMX 
OpeonoB. C 3TIX IOSMLMit, MMHepaOrMueCKMe MCCIenOBaHMs 11e.1ecoo6pa3Ho 
ITpOBOIIMTE I1IT pa30DAKOBKM MCTMHHNX M JIOKHNX, CBRSSHHIX C JIMTOI€OXMMM 
UeCKMMM 0CO6eHHOCTAMM BMCITAIIMX CyTIaKpyCTEJIBHIX IIOpOII, IeOXHMMMe CKMX 
aoMa.#. C pyTO# CTOpOH®, BHSBJIeHHEIe CITeLIMqMUeCMe 0 cOdeHHocT 
CyITEB[MIIHOl MMHepa1M38±MM Ope0JTHOrO TMII& MOT'yT CTVKMT H€3&.BMCMMAMM 

MHIIMK&TOD&MM CKDATOIO OpyIIeHCHHS M CJ1eIIOBAT€THO J40JKHI yMMTIB&TC? 
IIpI ITpOTHOSHO# OLeHKe TeppMTOpMM. 

3AKI{EHAE 

I. Upeon# XaKOqnHDX 9JeMeHToB, qOpMMpyoeCz B MeTa0CgJOuHo 
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TOI1Ie, BMeIJae/ pyIIOHOCHHe MHTySMBAH [leqeHIM, M KOHTpDOIIMpyOIpMeCa, 
TI1&BHEM O6pa3OM, 3OH&MM pa3pHBHMX pyIIOKOHTpOMpyOMX Hapye+HM'A, 
CBR3AH! C pa3BMTMeM Ha 9Tix yuacTrax cnerdM4ecol OpeoJsHot Cy 
qM,HO --OKM CHOI MMHea1M38LMM C XApaTepHM MOpdoOrMqeCKMMM 0code± 
HO CT SMM , 

2. B cpasew c doosoit xouepaHot MMHepanmMaar±el# Ope0Ha. 
OTIMqaeTCr Ha6OpOM BTOpOCTenTeHHX M pe[KMX MMHepaoB. lMHIME&TOpaM 

OpeOHOl MMHepaJIM3aLMM BIIEOTCS IIeHTJI&HJIMT, ApIeHTOIeHTJaHMT, KO 
6aTMH, TepCnopdMr, apCeonMpMT, apreHToneTnaMr, araT, reccr, 
aHaMT. 3ec OTMeueH Taoe yuaCTKM C IIOBIeHHMM CO[epxaHM 

CKBOSHHX IJIH VIIHOIO IIOIIR MMHepATOB - XaJIsKOnIpHTa, cdarepTa, rane 
HM Ta, 

Bax±a. 0CO6eHHOCT OpeOIHot MMHepa/M3at[MM - TMIIOxMMMGM COCTaBa 
OTIeIHIX MMHepa/OB. [lMOTMH - OCHOBHOil MMHep&I OHIOTeHHIX 0peO 
JIOB - IIO De3yJIBTaTaM M3yUeHMs Ha MMKpO3OHIe M KOJIMUeCTBeHHODO CITeKT 
aHOrO 8Ha1M3a IMppoTMHOBHX qpaI[I'd XapaKTepMSyeTCs B CpaBHeM c 
[OHO BM IIOBHIIIeHHEMM CO[I€DK&HMMM HMKeJI, ceteHa, BaHaJMT, CBMHII&, 
Me[IM M HATMIMeM TeCHt IIOTOMTeJTHX KOppeJIALIMOHHMX CBS3el MeILy 
Me11B, HMKeIeM, KOOaJsToM M cepedpoM, Tora Ka Is doHosoro yera 
HOBJTeH& IIOJIOMTeHas KOppeJI#LMT Me[IM C IIMHKOM M CBHHLIOM. OTJIMUM 

Te1BHHe 0CO6eHHOCTM COCT&Ba BHRBJIeHN TaKxe y xammsKonMpMTa, cparepu 
Ta, rMpTa. 

3. PaCrTepeneHMe MMHepaO B OKOJIOpyIHOM IIDOCTpAHCTBe M MSMeHe 
HMe COCTaBa HeKOTOpX M3 HMx 3aoHOMepHO M COOTBeTCTByeT 3OH&IHOMy 

CTOeHM0 OKOJOpVIIHEX OpeOIOB. [lo pa.cCrpejeeHMo BTOpOCTeneHx M ax 
LIeCCOpHHX MMHeLJIOB, B TIepBVO OU€pe IIeHTIaHMT& M CyI1doapCeHMJoB, 
BI1eJ1CHI JIB€ 30HN. /JI! BHyTpeHHe! X&paTepHa acCOMaIMs KO6a1TMH 
TIeHTJaHMT-IIMppOTMH, IJIS BHeIIHel# - KO6aTsTMH-IIMDDOTMH MIIM apCeHOIIM 
pMT-IIMpMT-IIMppOTMH. C IepexOnoM OT BHyTpeHHeit 3OH! 0peon1a K BHeHe 
MeHSOT CT COCT&BH CKBOSHHX MMHepIIOB, B 42CTHOCTM IIMDpOTMH M KOOAJTs 
THH OTMeTJIMBO Ode[HTOTCT HMKeJTeM. 

4, [lyTeM CTaTCTJeCKMx OLeHO KOIIHUeCTBeHHO O60CHOB&Ha CBS3 
[IOJIMOJIeMCH THEX TeOXMMMIeCKMX aHOMaIMM, pa3BMB&II[MXCT B OKOIIOpyIIHOM 

IIpOCTpaHCTBe, C COCTaBO M MHTeHCMBHOCTEID0 CyIIqM[HO# MMHepa/TM3ar[MM 
OTMX IIODOI}. B 06eM 6a1aHce 3neMeHTOB Io MMHepaTiHs pa3au BaHoe 
aHaueHe iMeorT MsoMopq±we nIpMMecM s nIMppOTMHe. 

5. MMHepaorHueCas 3OHaHOCT BEI3B&Ha IIOCIIeIIOB&TeITHNM OTJIO 
KeHMeM MMHep&IOB M3 MeT&MOD@oreHHtx IMIgpoTepuamsHux pacropoB. Ha 
pAHHMX CTAJMAX O6pas0BAHM! Ope0OB OTJIOxeHMe MMHepAOB OCyIIeCTBJIH 
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OC MG C11ado1eouHux pecTsopos mpu Teun epeTypax 61MsMx 30QC 5 
BO CCTAHOBMTeITHOll O6CTAHOBKe. B 1asHeimeM TeMnepaTypa 1OH3MJIac 
1o 250°C, BOSpOC IIOTeHT1a KMCI1OpOII&, IIOBMCMJI&C J1OJI8 yTJIIeKMCIOIO 
rasa, a pi CpeIw MMHepan1006a3OB&HMs &Me+MIC IO CJ1aOMCnux 3Ha 
ueHM#. 

[lo --BMJIIMMOMy, qOpMMpOBaHMe Ope0JOB MI[HO-HMKeTeBOIO OpyIIeHeHM 
OCyecTBIHIIOC B J[Ba Tana. BTopo 3Tan1, ITO#BITeHH JTOKLIsHO M He 
CKO7IE KO OTODBAHHN# IIO BDeMeHM OT OCHOBHOIO, IIpMB€II K pa3BMT CITe 
IIMdMue CKO# CBMHIIOBO-LIMHKOBOH MMHCp8JIM3AL[MM. 
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