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AnMA3bl 1I1AnMA30HOCHOCTb TlI1MAHO-YPAnbCKOrO PEr1l10HA: M8TepLtl8-

nbl BCepOCCLtltllCKOro cOBelLl8HLtl51. - CblKTbIBK8P: reOnpLtlHT, 2001.-242 c.
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cY)KAatOTCH o61L1Ltlenpo6neMbi anMa30HOCHOCTLtl, anMa30HOCHOCTb OTAenbHblX perLtlOHOB

(TLtlMaHa, nepMcKoro nplllypanb51, Ypana III nplIIn era to l..L\IIIXTepplllTOpllltll nnaT<:popMbl, co-

npeAenbHblx perLtlOHoB), paccM8TplllBatOTcH Bonpocbl MIIIHepanorlllV1 8nMa38, MIIIHepanbl-

cnyrHLtlKlIl, anMa30HOCHbie nopOAbllll anM83006pa30BaHLtle, 8 T810Ke nOlllCKOBble, nporH03-

HO-0l..\eHOLJHble KplllTeplllllllll HeKOTopble TeXHOnOrll1LJeCKlIle 8CneKTbL

KHlI1ra paCCLJlIlTaHa Ha WIIIPOKlI1t1lKpyr cnel..\lIlanll1CTOB B 06naCTlIl reOnOn1111 1IlCMe)/{HbIX

AlIlCl..\lIlnnIllH.
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T1ilna "naMnp0IrlTOIrlAOS" M. Kyf16aca (LJem16IrlHCKaR

06naCTb). AAMa30HOCHOCTb nepSOIrlCTOllHIrlKa He IrlC-

KnfOllaeTCR

nepBOIrlCTOYHIrlKaMIrl XpOMWnlrlHenlrlAoS 1rl3 anJlfO-

BIrl>'! peK CapbfO Irl BblMb RsnRfOTCR nopOAbl nma

M. Kyf16aca, HO co cneLjIrlcj:lW ..leCKIrlMIrl oco6eHHOCTR-

MIrl COCTasa. B annfOBlrl1rl p. BblMb yCTaHosneHbl Bbl-

COKOTIrlTaHIrlCTble XpOMWnIrlHenIrlAbl, reHeTlrlyeCKIrl CBl1-

3aHHbie C nopOAaMIrl Tlrlna M8f1MeYIrlTOB.

B WapbfOCKOM paf10He npaKTIrlLJeCKIrl Bce XpOMlLl-

nlrlHeJ1IrlAbl OTHOCRTCR K Tlrlny anbnlrlHOTlrlnHblX yJ1bT-

pa6a3lrlToB.

3. neTpOXIrlMIrlLJeCKIrlf1 aHanlrl3 nopoA LJeTJ1aCCKO-

ro KaMHR nOKa3an, YTO Bce l-13yyeHHble CnO)l(Hbie KOM-

nneKCbl nopoA MO)l(HO OTHeCTIrl K UjenOYHo-ynbTpa-

OCHOBHOH - UjenollHo-6a3anbTOIrlAH0f1 cj:lopMal.j1il1il (B

nOHIilMaHlil1il B. V1. fOHbwaKoBo(1). OTcfOAa cneAyeT,

llTO BepoRTHoCTb o6Hapy)l(eHIilR npoMblwneHHo 3Ha-

lllrlMblX KopeHHblx MeCTOp0)l(AeHl-1f1 aJ1Ma30B cpeAIil

y)l(e 1rl3BeCTHbiX nopoA AOCTaTOllHO Mana. B03MO)l(-

HaR anMa30HOCHOCTb onpeAenReTCl1 He TlilnOM no-

POA, a TepMoAIilHaMlillleCKIilMIrl ycnoBIilRMIrl IilX cj:l0PMIrl-

pOBaHIilH. B CBR31rl C 3TIrlM l.jeneco06pa3Ho npoBecTIil

nepeonp060BaHIile Ha aJ1Ma3bl nopoA C 6naronplrl5H-

HblMIrl PTfOrnapaMeTpaMV1 (B llacTHocTIil, aHOMan1il1rl

AH-114).

4. AHanV13 Bcex nplilBeAeHHblx Sblwe AaHHbix C Ylle-

TOM COBpeMeHHblX (Halrl60nee 06UjenpIrlHRTbIX) Kplil-

TeplrleB anMa30HocHOCTIil n03BonReT AOCTaTOllHO yBe-

peHHO npeAnonaraTb, LJTO BepORTHOCTb 06Hapy)l(e-

HIrlR Ha TepplrlTOplrl1il PK npOMbIWJ1eHHO 3HalllrlMbiX

KopeHHblX MeCTOp0)l(,qeHIili1 anMa30B AOCTaTOYHQ

HIrl3Ka. 5e3ycnoBHo, llTO C yyeTOM KOHKpeTHblX reono-

~ rO-3KOHOMlrlyeCKIilX ycnoBIrlH nOIrlCK TaKIrlX MeCTOpO>K-

: AeHIrli1 ,qon)l(eH 6blTb ,qOBe,qeH AO J10ililllecKoro KOH-

;: Lja; TeM He MeHee MO)l(HO yBepeHHO CYIilTaTb, LJTOOC--•••• HOBHble nepCneKTIrlBbl anMa30HOCHOCTIrl PK CBR3aHbi
C.
: C pOCCblnHblMIrl MeCTOp0)l(A6HV171MIil.-:
~
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nPHPOAA POCCblnHblX
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PECnY6AHKH KOMH
A. 6. MaKees, 6. A. MaKees

V1HCTIrlTyT reonorlillrl KOMIil HL.\ YpO PAH, CblKTblBKap

P63ynbTaTbi KOMnneKCHblX Iilccn6AoBaHIili1 60nb-

woi1 KOJ1neKl.j1rl1rlanMa30B CpeAHero TIilMaHa, nony-

lleHHble C nOMOll~bfO COBpeM6HHbiX MIilHepaJ10rIrlY6C-

KIrlX MeTOAos, aHaJ11rl3 npeAcTaBneHIrlH 06 ycnoBIrlRx

HaXO)KAeHl-1R anMa30B B npV1poAe, CBeAeHIrl71 0 co-

CTaBe MIrlHepaJ10B-cnYTHVlKofl' n03BonRfOT BblCKa3aTb

HeKoTopble cY)KAeHIrlR 0 B03MO)j(HbIX KopeHHblx IrlC-

TOllHIrlKaX cpeAHeTIrlMaHCKlrlx anMa30B Iil npeAnO>KIilTb

HanpaBneHIrlR AaJ1bHeHWlilx nOIrlCKOBblX pa6oT.

MecTop0)j(AeHlrle V1LJeTbfO HaXOAV1TC71Ha ceBepHoM

OKOHLJaHlil1ilBOJ1bCKO-BbIMCKoi1 rpRAbl, pacnonarariCb

B BIilAe YAJ1IilHeHHOH Ha ceBepo-3anaA nOJJOCbl

6x 15 KM. Ha 3ar.aAe n011e MeCTOpO)l(AeHlrlrl I!1LJeTbfO

OrpaHIrlLJVlBaeTC71 rny6V1HHb1M pVlepeHcKIilM pa3J10MOM,

aKTIrlBHO )KIrlBYUjIrlM Irl nOAHOBnrlBWIrlMCR,npeAnollo-

)j(V1TellbHO, AO n03,QHenepMcKoro BpeMeHIrl. ho AaH-

HblM nOIrlCKOBblX pa6oT, npoAYKTIilBHOCTb nllacTacpe,q-

He,QeBOHCKIrlX rpaBeJ1IrlTOB nlrl)l(8MCKOH CBIrlTblllO an-
Ma3aMnatraeT C fOra Ha ceBep Irl C 3ana,qa Ha BOCTOK.

Halrl60nee 60raTbie yLJaCTKIrl 3aner'amB slrl,Qe Tpex

"CTpyi1" ceBepO-BOCTOLJHOrO npOCTlrlpaHIrl71 WIrlPIrlHOH

300-500 M Irl ,QJ1£.1HOH1.5-4.5'KM.Tal<oe CTpOeHIrl8

MeCTOpo)KAeH£.1r1 B BIrlAe "CTPY~" np£.1HIrlMaeTCRI reo-

nOraMIrl3a pycna ApeBHVlx A8BOHCK£.1X peK. nbnO)Ke-

HV18 "naneop8K" np8AnonaraeTc8Bepo-BOCTOLJHbli1

CHOC TepplrlieHHOro MaTeplrlaJla. 0AHaKO cJla60 OKa-

TaHHble, 06nOMKV1 rnlrlHIrlCTblX CJlClHLjeB "nOllOCaTIrlKOB"

VI KBapqVlToB, n?XO)KIrlX no 06n£.1KYlilcocraBy Hcfsepx-

HenpOTepo30i1cKlrl8 1l0POAbIBbIMCKoi1 ceplrllrl, HaH"

A8HHble B 6a3anbHbiX yaCTRX cpeAHe,Ljes-bHcKIrlX rpa~

B8JJIilTOSbiX Iil'KbHrn06peKLJIrleSbiX nJlaCToB nlrl>KeMC-

Koili CBVlTbl, rOBO/)RT VIB03MO)j(HOMfO)J(HOM CHoce Tep-

plrlreHHOrb MaTeplrlana Irl none3HbiX MIrlHepanOB. Kpo-

Me TOro 060raL4SHHble anMCl3aMVI "bTPYIrl" rpaS8J1Y1c

TOB Irl KOHrJ106p'eKYIrlH, pacnOJ1araKlLl\Ii1eCR SBIrlAe ne-
ceHKVI, MO)j(HO TpaK1'OBaTb KaK JloKanbHble noHIrl>Ke"

H>1r1B penbeepe,Bbl3BaHHble C£.1CTeMbH Man08Mnll£.1-

TYAHblX nonepe<4HblX pa3nOMOB.

CpeAH6TIrlMaHCKIrle anMa3bl OTHOCHTC71 K KpVlsor-

paHHhlM KpVlCTaJlJiClM ypaJ1bCKO~6pa31rlJ1bCKOrO Tlilna

co CJleAYfOUj>1M CbOTHOWeHlrleM OCHOBHblX ra61rlTycHbiX

cj:lOpM: 79 %-TerpareKca3APo~AOB (Ky6oVlAOB)

10 %-KOM6IrlHaLj£.1ClHHbIX, rAe B COLJeTaH>11ilC TeTpareK~

ca3,Qp0IrlAaMIrl (065) pacnpocTpaHeHbl TplilrOHTpIrlOK-

Ta3Ap0IrlAbl (167), TpVlroHreKcaoKTa3AP0IrlAbl (365) Iil

oKTa3APbl (111); 8 % He AlrlarHoc'1\1pyeMblx 06JJOMKOB

KpaHHe peAKIrl nJ10CKOrpaHHble epOPMbl (3 %). non~

HOCTbfO oTcyTCTByfOT pOM60AoAeKa3AP0IrlAbl. 3aMeT-

Harl LJaCTb KplilcTannoB (,qo 12 %) C,QBOHHIrlKOBaHbl.

XOTHMHOrlrle IilccneAosaTenlrl, BIrl3yanbHo CpaBHIrlBa-

fOUjV1e KpVlcTannoMopcj:l0J10rlrlyeCKlrle oc06eHHocTIil

cpeAHeTIrlMaHCKlrlx Irl BIrlWepCKIrlX KplrlCTaJJJJOB anMa-

30B, OTMeyafOT IrlX nOIlHYfO IrlAeHTIrlYHOCTb, 60nbwaR

LJaC,b KplrlCTannOB sVlwepcKlilx MeCTOp0)l(AeHIrlf1 OWIrl-

60LJHO onpe,Q8neHbl KaK AOAeKa3APolil,Qbl, a cpeAHe-

TIilMaHCKIrlH MopepoTlrln anMa30B OTHOCVlTCR K KplilBor-



paHHblM Ky600KTa3ApaM C YCTOlilYIiI8blM npeo6naAa-

HlileM Ky60IilAOB. BcneA 3a A V1. rna30BbiM [4] Mbl

npeAnonaraeM, YTO nplil onlilcaHliI1iI Kplil80rpaHHbix

KplilcTan'nosAPyrlilxperliloH08rio MeTOAIiIKe fO. A. Op-

JlOBa (6e3flpIiIM8Heft~5'l IiIHcTpyMeHTanbHblx MeTO-

0408 - epOToroHliloMeTp08) 8Ce TeTpareKCa3APOlilAbi

eCTeCTBeHHO 6blnlil OTHeCeHbl K ,.q0AeKa3APOIiIAaM.

V13-3a 3Toro CYll\eCT8yeT HeKOTOpa5'l Hednpe,4eneH-

HOCTb nplil CpaBHeH\II1iI Ta6nlilL\ CTaTIiICfIilY8CK\IIX,[jaH-

HblX no KplilCTannOMopeponOn11i1 anMa308 1i13pa3HbiX

MeCTopmKAeHlillil. CpaBHeHlile ra6v1TycHblX oc06eHHO-

cTelil OrpaHliIyeHHblX Sbl60pOK Tpex KonneKL\liIlil aJlMa-

30S 1i13BlilwepCKIiIX, CpeAHleTIiIMaHCKIiIX iii apxaHrenbC-

KIiIX MeCTOpO>KAeHlillil nplilseAeHO B Ta6n. 1.

CpeAHlillil sec aJlMa30S 1i13rpaBeJlIiIT08 MeCTOpO>K-

,QeHIiI5'l V1yeTbiO oLjeHliIsaSTC5'l S 52.6 Mr nplil saplilaL\IiI-

51X Becos oT,QeJlbHbiX KpliICTaJlJlOS 01' Aonei1 Mr 040

446 Mr, npliIyeM pacnpSAeJ1SHlile IiIMeeT JlorHOpMaJ1b-

Hbllil xapaKTep [1]. OyeHb MenKlile KpliICTanJ1bl OTCYT-

CTByiOT. HanlilLjo 8bICOKa5'l COpTlilposKa anMa308 1-13Ae-

BOHCKIiIX rpasem1TOB, YTO MO>KeT yKa3blBaTb Ha 6JlIiI-

30CTb I-1Xnep801ilCT04HIiIKa. ,Qri5'l cpaBHSHIiIR: cpeAHlillil

Bec anMa30B 1i13KopeHHblX KIiIM6epnlilTOBbiX Tpy60K

~KYTIilIiI (HanpIilMep, Tpy6KIiI "Mlilp") npIil6nlil>KaeTC51 K

10 Mr, a B 6J1Ii1>KalilwSM poccblnHoM MecTOpO>K,QeHIiIIiI

"Bo,Qopa3AenbHble raJ1e4HIiIKIiI", nepsolilcT04HIiIKOM

KOTOporo 6blna caMa Tpy6Ka "MIilP", KpliICTanJ1bl 60nee
SblCOKoro KayeCTSa, OHIiI OTCOpTlilpOBaHbl, cpeAHl-1lil Bec

I-1XB HeCKOJ1bKo pa3 Bblwe yeM B Tpy6Ke [9J.

3HaYII1TenbHa$1 yaCTb TIiIMaHCKIiIX aJlMa30S 80,Q$1-

Ho-np03paYHble YIiICTolil BOAbl, HO SCTpeYaiOTC5'l1il 6ne,l:\-
HO->KeJ1Tble, 6neAHO-3eneHble, KOpIiIYHeBble, CTanbHO-

cepble KpliICTanJ1bl. B HeKOTopblX Bblpa60TKax B03pac-

TaeT AonR 3eneHbiX KpIilCTannOB. MHorlile KpliICTanJ1bl

IiIMeiOT TOyeYHbie 6nlil3nOBepXHOCTHbie nl-1rMeHTHble

n5'lTHa: >KenTOro, Koplil4HeBoro, a yall\e 3eJ1eHOrO L\Be-

Ta. CYIiITaeTC5'l, YTO nlilrMeHTaL\IiI51 aJlMa30B 06yCJ10B-

J1eHa 06J1yYeHlileM IiIX B rpaBeJ1Ii1TOBbIX nnaCTax, rAe OHIiI

,QJ1I-1TeJ1bHOeBpeM51 (COTHIiI MlilnnlilOHOB IleT) HaxOAIiI-

J1Ii1CbCOBMeCTHO co cna60 paAIi10aKTI-1BHbiM MOHaL\IiI-

TOM, COAep>Kall\I-1M 01' 0.104012 % Th02
50J1bWIiIHCT8oTIiIMaHcKli1x aJlMa30B iOBeJllilpHble,

no Ka4ecT8YHe yCTynaiOT anMa3aM BlilwepcKlilx Mec- ..

TopO>K,QeHlillil f7]. KOJlliIyeCTBO TaKIiIX Kpi-1CTaJlJlOB 75 %,
a no 8ecy IiIX 60Ilee 90 %. CneAyeT OTMeT!l1Tb,YT03 %
KpIiICTaJlJ108 aJlMa30B IiIMeiOT CrIla>KeHHble pe6pa 111

8epWIl1Hbl, HeCKonbKO 60Ilbwe II1MeiOT cepnoBIiI,QHble

OTMeTIiIHbl Ha rpaH>1X, KOTopble npll1HRTO IiIHTepnpe-

Tlilp08aTb KaK CIle,Qbl AJ1i-1TenbHOro npe6bl8aHIiI>1 8

BOAHOM 1-1J11i1epniOliIAHoM nOTOKax.

CneKTpOCKOnlilyeCKlile IiIccneA08aHIiI51 nOKa3anlil,

YTO OCH08Ha51 YqCTb KpIiICTanJl08 JliOMViHeCL\liIpyeT ro-

Ily6blM LjBeTOM iii TOIlbKO HeCKonbKO KpliICTanJlOB 06-

JlaAaiOT >KenTO-3eneHbIM CBeyeHlileM 1110AII1H OpaH>Ke-

BbIM. ,[lBa KpliICTanJia He JliOMIiIHeCLjlilposanlil Bo06ll\e.

OL\eHKa KOHL\eHTpaL\liI1iI a30THbiX L\eHTpOB cneKTpOCKO-

nW ..leCKII1MIiI MeT0i=\aMIiI nOKa3ana, YTO 60IlbWII1HCTSO

anMa30S 1i13MeCTOp0>KAeHlillil iii np051BneHlillil Tl>1MaHa

OTHOCIiITC>1K la Tlilny eplil31i1yeCKOlil KnaCCIiI epli1KaL\IiIiii , CO-

Aep>KaHlilea30THblX ,QeepeKTOS S OCHOSHOVi Macce Kplil-

CTannos H1iI3Koe. V1TOIlbKO He60nbWa5'l yaCTb 06pa3-

40B (5 %) o6na,QaeT nOBblWSHHblMIiI iii BblCOKIiIMIiI co-

,Qsp>KaHIiIRMIiI npll1Mecelil a30Ta.

Bbl5'lBneH cneAYiOll\liIlil BIiIAOBOlil COCTas a30THbiX

L\eHTpoB: A, B1, 82, C(P1), N2, N3(P2), N4, NV, NV2,

H3, H4, S1, S2, GR1. Cpe,Q1iI HIiIX Halil60nee pacnpoc-

TpaHsH a30THbilil L\eHTp N3(P2). npTlMaR 3aBIi1Cl-1-

MOCTbMe>K,Qy KOHL\eHTpaL\liIelil LjeHTpoB P1 iii P2 (npl-1

0L\eHKe IiIX MeTo,QoM 3np) iii KaKII1MIiI"HIiI6y,Qb KpIilC-

TannOMopepOIlOrlilyeCKIiIMIiI nplil3HaKaMIiI KoppenRLjIil-

OHHblM aHanll130M He YCTaHoBIlsHa [1]. nOKa He yCTa-

HOBneHa CB5'l3b cneKTpOCKOnl-1yeCKIiIX oc06eHHOCTeVi

anMa30B C BIiIAOM MeTaIlIll-1yeCKII1X nIleHOK [7J, nOKpbl-

BaiOll\IiIX IiIX. Heo6xoAIiIMbi CTaTIiICTliIyeCKlile IiIccneAO~

BaHII1R 60nbWIiIX Bb16opOK.

no KayeCTBeHHOMY cocTaBy i=\OnonHIiITeIlbHbIX

a30THbiX AeepeKTOB anMa3bl xapaKTeplil3yiOTC5'l 6Ii1MO~

AanbHblM pacnpeAeneHlileM. B03MO>KHa5'l npliIYIiIHa

TaKoro pacnpeAeneHIiIR KpOeTCTI S HanlilYVlIi1 He Me-

Hee ABYX reHOTlilnOB aIlMa30B B cpeAHeAeBOHCKl-1X

rpaBeIlIiITax CpeAHero TI-1MaHa, pa3nl-14aiOll.\IiIXC5'l,Ha-

nplilMep, napaMeTpaMl-1 nOCTKpIiICTannl-13aL\II10HHbIX

npOLjeCCOB TpaHcepopMaL\IiIl-1 CTpyKTypHblX ,QeepeKTOB.

B03MO>KHO, yaCTb KpliICTaIlnOB IiIcnblTana AononHIiI-

TeIlbHbllil nporpss, YTO cnoco6CTBOBanoarperaL\IiII-1

a30THbiX L\eHTpOB.

OyeHb Ba>KHble pe3ynbTaTbi nonY4eHbi nplil IiIccne-

,QOBaHl-11i1COCTaBa nOBepXHOCTHblX BKniOyeHlillil 111nplil-

Ma30K 'HaTlilMaHCKIiIX aJlMa3ax. CpeAIiI BKniOyeHlillil iii

npIiIMa30K Bbl51BIleHbl rpaepIilT,CaHII1,QIiIH, MyCKOSIiIT-

epnoronl-1T, xnopIilT-WaM03Ii1T, TIiITaHOMarHeT\IIT, PYT\IIJ1,

l-1IlbMeHIiIT, Oflll1BII1H(ropTOHOnIl1T), aHToeplilnnIilT-ac6eCT,

K03CII1T (?), nlilpon-anbMaHAIiIH, HeO,QIiIMOBbllil nepOBC-

KIiIT, CTpOHLjlileBO-CBIiIHLjOBo-peAK03eMeJ1bHbl"i aIliOMO-

cynbepaTo~epocepaT TR, Sr, P b-AI2[(P, S)O 4]x6( OHh pRAa

caepepnopIiITa-epnopeHCIiITa, ween lilT, KaonVlHIiIT, rlil,Qpo-

cniOAa, (K,Na)CI. 06pall\aeT Ha ce65'l BHIiIMaHlile TO,

YTO npl-1Ma3KIiI iii BKniOyeHIiIR Ha anMa3ax 06pa30saHbi

MIiIHepanaMII1 rny61i1HHoro 3KnOrlilTOBoro napareHS31i1-

ca, MIiIHepanaMl-1 IlaMnpoliITosoro Me30CTa3111ca 111r;1iI-

nepreHHblMIiI MIiIHepanaMII1 KOp BblBeTpliIBaHIiIRno

KIiIM6epJ1l-1TaM IiIIlIl1 IlaMnpoliITaM [3]. Cpe,Q1iI MIiIHepa-

nos-npliIMa30K Ha aIlMa3ax BenlilKa ,QOf!R BbICOKOKa-

nlileBblX MIiIHepanoB. COCTaB xnopli1Ta, caHIiIAIiIHa, 1'1-1-

TaHOMarHeTIiITa Ii1 HeKoTopblX APyrlilx MIiIHepanoB -

npIiIMa30K Ha anMa3ax cOBnai=\aeT C COCTaBOM3TIiIX >Ke

COOTHoweH~e ra6HTycHblXepOPM KpHCTanI10B anMa3a B ceBepo-BOCT04ftotl
H ceBepHotl4acTHx PycCKOtl nnaTepopMbl

npOCTble

epOPMbl
BliIwepCKoe

M-e (n=14)

9 64
5 36

TeTpareKcasApOIil,Qbl

KOM6Ii1HaL\l-10HHble
oKTa3,Qpbl

OCKonKIiI
,QBolilHII1KII1

COOTHOWSHi-1e B, %
30noToKaMeHHbl~

y-K (n=26)
20 76
2 8
2 8
2 8
5 19

CI-1,QOpOBCKIili1

y-K (n=8)
8 100



nopO,[l006pa3yfOll.lJ.1X MJ.1HepanOSJ.13,OnJ.1CaHHbIXBnpe-
,[Ienax Meotopmk,[leHV1f1 VlYeTbKll.u.e1'10'1Ho-ym"paoc-
HOBHblXnopo,t:l'.·Bce 3TOCBJ.1AeTeflbcmyeTo reHeTVlyeC-
KOWCBR3V1Cpe,[lHeTVlMaHCKVlXKpVlBOrpaHHblX anM830B
C nepBVlYHblrv13KJ10rVlTOBbiMMaHTVli'iHbIM napareHe3V1-
COM[6].

CpaBHVlTenbHbli'i aHanVl3 MVlHepanbHblx npVlMa30K
Ha anMa3ax Vl3Tpex ,[IpyrVlx MecTOpo)K,LleHVli'iconpe-
AeflbHblX o6nacTeill VI ~KYTVIVICBJ.1AeTeJlbCTByeT06 J.1H-
AJ.1BVlAyanbHocTVI TVlMaHCKVlXanMa30B, KOTOpble He
MorJlJ.16blTb npi-1HeCeHbl ApeBHJ.1MJ.1peKaMJ.1HVIC fOro-
BOCTOKa(Vl3 KpaCHOBVlwepcKVlXMeCTOp0)KAeHVliIl)HVIC
cesepO-3ana,[la Vl3 ApXaHreflbCKOill npoBVlHI..\VIVI[2, 7].
TaKVlM o6pa30M, KopeHHble VlCTOYHVlKVIVlyeTbfOCKVlX
anMa30S cneAyeT VlCKaTbHa MecTe s npeAenax CpeA-
Hero TVlMaHa.

B 1999 r. Ha cpe,[lHeTVIMaHcKVlx anMa3ax BnepBbie
6blnVl o6Hapy)KeHbl TOHKVle MeTannVlyeCKVle nneHKVI
yeTblpHaAl..\aTVI BVI,[lOB:Au, Ag, AU7Ag, AU2Pd3, Fe,
Fe7Cr, Fe7Cr2Ni, Ti, Pb, Sn, Bi, CU3Sn, Cu2Zn, Ta [1, 8].
PacwVlpeHVle VlCcne,[loBaHVli'i c npVlBneyeHVleM ,[Ipy-
rVlx anMa30B Vl3 KopeHHblx anMa30HOCHbiX KVlM6ep-
nVlTOBblXTpy60K VIM.XXIII napTCbe3Aa (~KYTCKaR npo-
BVlHI..\VlfI)VI VIM. M. B. JloMoHocoBa (ApxaHrenbcKafi
npoBVlHI..\VlR),a TaK)Ke Vl3 BVlwepcKVlx MeCTOpO)K,QeHVli'i
(nepMcKaR 06n.), npVlBeno K YBefllJ1yeHVlfOYVlcna BlJ1-
,QOBMeTannlJ1yeCKVlXnneHOK,Q0 33 [1, 6]. Bce KonneK-
I..\VlVI anMa30B nf06e3Ho npe,QocTasneHbl ,[InR Vlccne-

,[IOBaHVlRpyKoBO,QCTBOMWHVlrPIIl. TeM caMblM 6blno
,QoKa3aHo, YTO MeTannVlyeCKlJ1e nn,eHKlJ1BCrpeyafOTCR
Ha Bcex Tl1naX anMa3ax KaK POCCbJnHbIX,TaKVI KopeH-
HblX (Ta6n. 2). 0630P nVlTepaTypHblx AaHHbix CBI-1,[1e-
TenbcTByeT 0 TOM, YTOMHOrl1elJ133TV1X MeTaJlIl0B BCTpe-
yafOTCfI B anMa3ax B KaljeCTBe BKJ1fOYeHlJ1i1l[5VI ,[Ip.], a
3TO rOBOplJ1T0 TOM, ljTO MeTanm1yeCKVle nneHKVI-MeM-
6paHbi Ha anMa3ax 11CaMlJ1anMa3bl 3TO CVlHreHeTI1Y-
Hble MVlHepanbl. CaMOpO,[lHble MeTannbl 3l;oVlCTVlH-

Hble MVlHepallbl-f(}fl-yTtlJ.1K!'1,aflM63a V13(HOrO epaKTa
MO)KHOcepopMyn1.1pOBaTbHepi<onbKO o\-leHb ea)j(f:jbIX
reHeTVlyeCKVlXBbiBOj!i\0B',,':O6 bACHRfOll.lVlX,Mf:jorl1eE\o n-
POCbl reHe3V1ca anMa30B VI anMa30HOCHOCTi-1.KopeH-
HblX MeCTOp0)K.!\eHVlw.

, nneHKVI C8MOP0,QHbIXM6TannOB Ha anMa3ax pac-
KpblBaKlT MexaHVl3M npltlpO,QHoro anMa3006p<;l30Ba-
HI1R- POCT1-13paCTBopa B pacnnase MeTannOB ..Me-
Tannl-1yeCKl-1enneHKVI flBnRKlTCR MeM6paHaMVI, yepe3
KOTopble OCYll.leCTsnReTCR KaK CVlHTe3anMa3a Vl3yr-
nepOAlJ1CTbIXepa3, TaK VITpasneHVle nOBepXHOCH1KpVl-
CTannos snnOTb AononHoro VlX paCTBOpeHltIfi. COCTa-
Bbl MeTannVlyeCKVlX nneHOK Ha npl-1pO,QHblXanMa3ax
Moryr 6blTb V1cnonb30saHbl Anfl C03,QaHlJ1f1HOSblXpe-
4enTYP WVlXTbl,QnR CltIHTe3a V1CKYCCTseHHbIXanMa30B.
4aCTb caMopo,QHblX MeTannOB VI I-1HTepMeTannl-1,QOB
STVIXnneHOK (Ti, Ta, AU2Pd3, VIAP.) - 3TO HOBbie npVl-
po,QHble epa3bl.

OT pa3Mepa nepBOHayanbHblX Kanenb MeTanna
B MaHTl1113aBVlCVlTpa3Mep KpVlCTannOB anMa3a. Pac-
yeTbl nOK83bIBaKlT, YTO Anfl pOCTa caMoro KpynHoro
Vl31il3BeCTHbiXH8 3eMne Kpl-1CTannOBanMa3a "KynnVl-
HaHa" nOTpe6oBanaCb6bl Kannfl MeTanna AVlaMeT-
pOM Bcero 2-4 MM. OT pacnpe,QeneHVlR pa3MepOB
Kanenb caMopoAHblX MeTannOB B KOHKpeTHOM Mec-
Te MaHTVlVl6YAeT 3aBVlceTb pacnpeAeneHVle pa3Mep-
HOCTVlKpl1CTannOB anMa3a B AVlaTpeMaX(KVlM6epnl-1-
TOBbIX,naMnpOVlTOBblX Tpy6Kax), VlHTPYAVlpOBaHHblX1-13
STOro yyaCTKa MaHmVl, a TaK)Ke B POCCblnRX B6nVl3Vl
KopeHHblX ltICTOYHVlKOS.

ra6VlTycHbie epOPMbl anMa30B 1'1pacnp6AeneHl-1e
VlX BKOH.KpeTHOM MeCTOp0)KAeHlJ1Vl6Y,QeT 3aBVlceT.b
OT sVl,QaMeTannW-leCKlJ1Xnne\:lOK, lJ13KOTOpblXpOC an-
Ma3. MeM6paHbi XlJ1MVlyeCKVlHeYCTOillYVlBblXMeTannos
(ll.lenOYHbIX, ll.lenOYHO-3eMenbHbIX), 6blCTpO OKVlCn5'1-
fOll.llJ1XC5'1VInepeXO,QRll.lVlXB APyrVle MVlHepanbHbJe epop-
Mbl, B npo4ecce TpaHcnopTVlpOBKVl VlCye3HyT 1'1.6YAyT

Gl1Y1CKYIMeTannYl4eCKYlX nneHOK Ha anMa3ax pa3nYl4HbiX MeCTOp0.lKAeHYlj;1

VIC;lM:l..leCCOpHbIXcaMopOAHblX MYlHepanOB YJ1bTpaOCHOBHbIX nopOA YI XpOMOBbl,x PYA

MeCTOpO)K,QeHi-1f1 BVl,QblMeTannVlyeCKVlX nneHOK YVlcno
BI-1,Q.08
18I{))J(HbIViYY8CTOKMeCTOpO)K,QeHlJ1R

lIlyeTbKl (56 KpVlCT.)
30noToKaMeHHbli'i yyaCTOK
MeCT. VjyeTbfO (26 Kpl-1CT.)
CVlAoPOBCKVlVlyyaCTOK MeCT.
lIlyeTbKl (8 KpVlCT.)
KVlM6epnVlToBaR rpy6Ka VlM.
M.B.JloMoHocoBa (16 KpVlCT.)
KVlM6epnVlToBafi Tpy6Ka VlM.
XXIII nap,-cbeMa (10 KpVlCT.)
KpaCHOBlJ1WepcKVli'ipai'ioH
nepMcKoi'i o6n. (14 KpVlCT.)
5pa311nbcKI-1e Kap6oHa,Qo (10 3epeH)
(MaKees 1'1AP., 2001)
BKnf04eHVlfl B anMa3ax (rOpWKOBVI
AP·, 1998) 1'1AP.< ,',
nonflpHoypanbc~l-1e anbnlJ1HOmnHbl
ynbTpa6a3lt1Tbi (MaKees, 1992)
CVl6lJ1pCKVleKVlM6epnl1Tbi
(OneillHVlKoB, 1985,1991)
KaMyaTCKVle KOH4eHTpVlyeCKVI-
30HanbHbie ynbTpa6a3VlTbi (MaKeeB,
nonRHVlH 1'1,Qp.,1998)

Ag, Au, AU7Ag, AuCuAg, CUSAU3Ag, AUCuHgPd, AU2Pd3,
CU3Sn, CU3Zn2, Pb, Sn, Bi, Ta,Fe, Fe7Cr, Fe7Cr2Ni, Ti, W-Mo
AU2Pd3, CUsAU3Ag, Cu;.Zn,Cu-Zn, Zn-Cd(S), Pb, Sn, Pb-Sn,
Pb-Sn-Cu(Au), Fe, Ni, Ni-Fe, Ti, Ti-Fe
Ag, Pb-Sn, Fe, Ti, W(Mo)

Ag (Ag2S), Cu (CuS), CU3Zn2, Cu-Sn-Pb, Pb (PbS), Pb-Sn,
Sn-Pb, Zn, Fe, Fe-Cr, Cr, Fe-Ni, Ni, Ni-Fe, Ti
Ag (Ag2S), CusAu3Ag, Cu, Cu-Zn, Fe, Fe-Cr, Fe-Ni, Ni, Fe-
Sn, Ti, Zn, Zn-Mg, Zn-Cr-Mg, W-Ni(Mo)
Cu(CuS), CU2Zn, Sn-Cu-Pb(Au), Zn, Pb(PbS), Sn, Pb-Sn, Fe'l
Fe-Cr
Au, Au-Ag, Ag, Sn, Bi, Pb-Cr, Fe, Ni, W, FelCr,
Fe-Ni-Cri Fe"Sn '
Au, Agi Cu, Fe, Ni,Cr; Fe-Cr, Fe-Ni,. Ii, Ta

Ag, Agln2, Cu-Au, PI-Ir, Ru-Os-Ir, Os-Ir, ,Cu, Cu-Ag, CU2Zn,
Bi, Pb, Bi-Pb, AI, F.e. . . .
Au,Cu, Zn, Sn, Pb, AI, CU~Zn, Cu-Zn-Sn, Cu2Sb, CU6SbS,
SnSb, Fe, Cr, SiC ..
Ag, Au, PhFe, CU2Zn, Pb, Sn, Bi, Pb-Bi.



cnoco6CTBOBaTb COXpaHeHMfO BbICOKOTeMnepaTypHO~

OKTa3.QplillJeCKO~ ra6ItlTYCHO~ cj:lOPMbl anMa30B. bO-

nee YCTO~lJItlBble K OKItlCneHltlfO MeTannbl (B BItl.Qe }f(1tl.Q-

KItlX nneHOK) npltl CHItl}f(eHItlM P- T napaMeTpOB cpe-

Abl 6YAyT B3alilMOAe~CTBOBaTb C anMa30M, paCTBO-

P5'l11ero B KItlM6epm1TOBO~ (naMnpOlilTOBOiii) MarMe.

npltl 3TOM yaCTIiIYHOe paCTBOpeHltle anMa30B nplilBe-

AeT K HaKonneHlilfO KplilBorpaHHblX cj:lOpM - Ky60lilAoB

(reKca3APOItlAOB), KOM6lilHaLjl10HHbiX Itl OKT83APOIiIAOB.

. Pa311ItlYHa$'1 8nMa30HOCHOCTb KIiIM6epnIilTOB~X

IiInlil n8MnpOIiITOBbiX AIiI8TpeM 6YAeT 3aBMceTb He Tonb-

KO OT nepBOHayanbHOro COAep}f(aHM$'1 anM830B, HO 1.1

OT CKOpOCTI.1SHeApeHIMl l'paHcnOpTItlPYfOll.\erO cj:lnfOltl-

Aa. npl.1 6blCTpOM BHeApeHlilltl cj:lnfOl.1Aa anMa3bl 6y-

AyT COXpaH5'lTbC5'I, 8 npM MeAfleHHOM nOAbeMe MaH-

TI.1~HOrO cj:lflfOltlA8 60flbwa$'1 lJaCTb 8nM830B paCTSO-

pMTC5'I Yepe3 Te }f(e MeT8nnl1yeCKMe MeM6p8Hbi.

06HapY}f(eHltle OAHOTMnHblX MeTanJ1l.1lJeCKI1X nne-

HOK Ha anMa3ax MO}f(eT C8l1AeTenbCTBOBaTb ° CXOA-

HblX ycnoBltl$'1X lilX reHe3ltlCa. T8K, HanVllJltle Ha KpMBor-

paHHblX 8nMa38X M3 MeCTopO}f(,QeHVl5'I V1lJeTbfO (Bonb-

CKo-BbIMCK85'1 rp5'lA8) M M3 8nnfOBItl5'l p. KOCbfO (LJeT-

naCCKItl~ KaMeHb) 0AItlH8KOBbIX 30nOTo-n8nnaAlileBblX

nneHOK nOATSep}f(AaeT BblCK83aHHoe p8Hee npeA-

nOnO}f(eHltle 0 CXOACTBe reHOTl1nOB 3TIiIX np051BneHIiI~.

BbiCOKa5'l COXP8HHOCTb 8nMa30B MecropO)J(,QeHliIl1

V1yeTbfO Itl IiIHAIiIBIiIAyanbHble oco6eHHOCTIiI TlilnOMOp-

cj:lHbIX CBO~CTB, n03BOnl1fOT npOrH031i1pOBaTb 6nVl30eTb

KopeHHblX IiICTOYHVlKOB. nOIilCKIiI KopeHHblX nepBOIiIC-

TOlJHVlKOB Ha Cpe.QHeM TIiIMaHe cne.QyeT COCpe,qOTO-

YIiITb KaK Ha nn0ll.\aAI1 p83BVlTIiI5'I nopoA AeBOHCKoro

B03paCTa B npeAenax caMoro MeCTOp0}f(AeHIiI$'1

V1yeTbfO, TaK lil fO}f(Hee ero, B none pa3BVlTIiI5'I ApeBHlilX

BepXHenpOTep030iiicKlilX nopOA.
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IPOPMHP08AHHE nAnEOPOCCblnM
HQETblO H OCH08HbiE HAnPA8nEHHD

PA60T HA AnMA3bl
no 80nbCKO-DbIMCKOA rPHAE

B. A. ,QYAap
3AO "TlilMaHreonorVl51", YXTa

EAIiIHCTBeHHblM pa~OHOM B Pecny6nlilKe KOM;1, rAe

anMa3bl yCTaHoBneHbl B npOMblwneHHblX co,qep}f(8-

Hlil5'lX, $'1Bn5'leTC5'InaneopOCCblnb V1YeT'bfO, np;1ypOYeH-

Ha>'l K OCHOBaHMfO nlil}f(eMCKO~ CBIiITbl cpeAHero AeBO-

Ha. POCCblnb V1MeeT BeCbMa CnO}f(HOe BHyTpeHHee

CTpoeHlile lil 6onbwyfO rny6;1Hy 3aneraH;15'1, 4TO He AaeT

pe8nbHO~ B03MO}f(HOCT;1 An$'1 cerOAH$'1wHe~ oTpa6oT-

KI1. BMeCTe C TeM, HanlillJVle KpynHblx fOBenl1pHblX a11-

Ma30B B naneOpOCCblnlil lil BCKpblTlile KlilM6epn;1TOBbIX

Ten HeCKonbKO fO}f(Hee ee pacnpOCTpaHeHIiI51 AaeT

OCHOBaHlile npe.QnonaraTb CYll\eCTBOBaHVle anMa30-

HOCHblX Ten, 3a CyeT pa3MblBa, KOTOpblX (BepXHlilX Ya-

CTe~) Ccj:lopM;1pOBanaCb pOCCblnb. 3T;1M 06bl1CHl1eT-

C51nOCT05'lHHOe BHIiIMaHlile K naneopOCCblnlil lil ;13yye-

HlilfO ycnoBliliii ee cj:lopMlilpOBaH;15'1.

,HaKonneHHbliii MHoroneTHlil~ cj:laKT;1yeCK;1iii MaTe-

plil8n n03BOn5'l8T cerOAH$'1 c,qenaTb cneAYfOll.\liliii OC-

HOBHO~ SbIBOA, KOTOpbliii >'IBn>'leTC$'1aKCIiIOMO~: npo-

AYKTIiIBHbl~ nnaCT V1YeTbfO pacnpOCTpaHeH TonbKO B

npeAen8X nn0ll.\aAlil, rAe nOACTlilnaKlll.\IiIM;1 5'lBJ15'1KlTC$'1

TIiITaHOHOCHble OTnO>KeHlil5'l ManopyYe~CKO~ CBlilTbl.

V1HbiMlil cnOBaMlil KOHTyp pOCCbin;1 V14eTbfO KOHTpO-

nlilpyeTc$'1 nn0ll.\aAbfO pa3BIiITVl$'1Hlil}f(ene>Kall.\lilX orno-

}f(eHliliii ManopYlJe~CKO~ C6;1Tbl. 3Ta 06beKTIiIBHal1

cVlryaLjlil5'l 3aCTaBfl5'l8T paCCMaTplilBaTb ABe pa3HOB03-

paCTHble POCCbln1il (c OlJeHb CXO}f(e~ MIiIHepanorlile~ -

MlilHepanbHblM COCT8BOM wnlilxa) B KayeCTBe B3alil-

MOCB513aHHbIX He TonbKO B nn0ll.\aAHOM, HO lil B reHe-

TVlyeCKOM nnaHe 06beKTOB.

B3alilMOCB5'l3b Hlil}f(ene}f(all.\eM Tonll.\lil iii ee Bnlill1-

Hlile Ha COCTaB npO.QyKTVlBHOM BbIWene>Kall.\e~ TOnll.\1iI

. cneAyeT lil3 ycnoBIil~ epopMVlposaHIil$'1nnacTa!l1yeTbKl.

Ha OCHOBaHlilVi cj:laKTlilYeCJ~.li\Xpa3pe30Bno) 6ypeHlilfO

yepe3BCfO naneoAenpecclilfO,. oKoHryplilBafOll\lilX nno-

ll.\aAbpa3BIiITIiI$'1 npOAYKTIiIBHblX OrnO>KeHlil~, cneAyer:

1. nnoll.\a,qb pa3BlilTIil11 nnaCTa V1yefbfO (B nepe-

KpblBafOll.\lilx pa3pe3ax) lilMeeT MeHbWlile pa3Mepbl no

cpaBHeHl1fOCnn0l.L\aAbfO pa3BIiITIiI~ TI1Ta~oHocHbIX OT-

nQ}f(eH\il~, oqopeHHo Ha fOre TeppI1TOplil\il. "

.. 2,Bo BpeM>'IOca,qKoHaKOnneHIil>'l nnaCTa /IIyeTbKl,

fO>KHaJ'lyaCTbn:n0ll.\aAlil pa3BI1TI15'1TIilTaHOHOCHblX OT-

n6}f(eHVI~5'lBn5'l.r1aCb OCHOBHO~ o6.nacTbfO pa3MbiBa -

riocTaBll.\IiIKOM none3HbiX KOMnoHeHToB. V1MeHHo 3TO

:~:>npeAen$'1no 6nlil30cTb IiICTOYHIiIKOB CHoca iii r;1APO-

AIiIHaMlilKY (Pl1c. 1-3).
3TlilM cj:laKTOpOM 06bl1CHl1eTC5'I MaKCVlManbHoe

cOAep>KaHVle anMa30B ;1 IiIX 6onbwa5'l KpynHocTb Ha

fOre nn0ll.\aAIiI ;1 nOCTeneHHoe lilX YM8HbweHlile K C8-

Bepy. 3TO >K8 MO>KeT 06b5'lCHlilTb n04H1 nonHyKl aHa-

norVlfO COCTaBa TrI>KenO~ cj:lpaKLjlillil nnaCTa V1Y8TbfO lil

TlilTaHoHocHO~ Tonll.\l1.

V1cXOA5'I lil3 SToro, 6YAeT CTpOVlTC>'I 6nlil}f(a~Wal1

n0;1CKOB85'1cTpaTerVl5'l KopeHHblx IiICTOYHIiIKOB, a V1MeH-

HO 3aBepKa aHoManVl~ BAonb KOHTypoB nVl>K8MCKOr~
__rrarreo6acceHHaH_B nepB)® Oqepe)],b - IO)KWe ero
OKOHlJaHlie.


