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rAJIMHA ľEHHAflbEBHA nABJlOBA' 

MMHEPAJIOrO-rEOXMMMHECKME OCOBEHHOCTM 
CMflEPMT-CyjIbOOCOJILHOM M M H E P A J I M 3 A D ; M M IOTA CMBMPM 

(PUC. Z, TäÔJl. 2) 

P C 3 10 M C : ripHBeflCHbl pe3yjlí>TaTbI II3yMCHHSI MHHCpaJIbHOrO COCTaiia >KHJIb-

HOH ci-mepi-iT-cyjibcpocojibHoiži MMHepajiM3ai4MM, pa3BMToň B repm-iHCKHx n p o -
r n 6 a x AaTae-CaflHCKOii ciaiajrqaTOK oSjiacTM. CpeflM MWHepajiou pc3i<o n p c -
oSjiaflaioT CHAepHT M cyjibcpocojin C u n P b . Bo MHorwx cyjtecpuflax n cyjib-
cbocojisix ycTaHOBJíeHbi neoSbim-io B H C O K H C coflep>KaHMsi Bi. PaccMOTpe-
Hbi l ionpocbi n30MopcpM3Ma S b M Bi B cyjibcbuflax n cyjibcpocojiax. n p o n , e c c 
cpopMMpoBaHMH rwflpoTepMajiBHbix >KWJI pa3flejifleTca n a 4 cTaflHH MUHepa/iM-
3aU,HM. ripMBeflCHbl /jaHIIblC O 30HajIbH0CTIl CMflepHT-CyjIbCpOCOJlbHblX >KHJI, cpw-
3MK0-XMMMMeCKMX yCJIOBHax MX CpOpMMpOBaHMH, I130T0nH0M C0CT3BC Cepbl. 

A b s t r a c t : I n v e s t i g a t i o n r e s u l t s of m i n e r a l c o m p o s i t i o n of t h e v e i n 
s i d e r i t e - s u l p h o s a l t m i n e r a l i z a t i o n , o c c u r r e d i n H e r c y n i a n d e p r e s s i o n s of 
t h e A l t a i - S a y a n y f o l d i n g r e g i o n a r e p r e s e n t e d . S i d e r i t e a n d s u l p h o s a l t s 
fo C u a n d P b a r e p r e d o m i n a t e a m o n g m i n e r a l s . E x t r a o r d i n a r y h i g h 
c o n t e n t s of B i i n m a n y s u p h i d e s a n d s u l p h o s a l t s h a v e b e e n e s t a b l i s h e d . 
T h e p r o b l e m s of S b - B i i s o m o r p h i s m i n s u l p h i d e s a n d s u l p h o s a l t s h a v e 
b e e n c o n s i d e r e d . T h e p r o c e s s of h y d r o t h e r m a l v e i n f o r m a t i o n is d i v i d e d 
i n t o 4 m i n e r a l i z a t i o n s t a g e s . D a t a o n s i d e r i t e - s u l p h o s a l t v e i n z o n i n g , 
p h y s i c s - c h e m i s t r y c o n d i t i o n s of t h e i r f o r m a t i o n , s u l p h u r i s o t o p e c o m ­
p o s i t i o n a r e p r e s e n t e d . 

B CKJiaflnaTbix crpyicrypax íora CwOwpM B npe^ejiax ri03flHerepu,i'iHCKnx 
T!Doni6oB iiiiipoKO pa3BWTa HK3K0TeMnepaTypHafl rwflpOTepiviajibHaa MMHe-
pajiM3au;Ma, npeflCTaBJieHHaa >KMJiaiviM M >K M JI b H MM H 3 0 H 3 M M CMflepwrOBoro n 
CMflepi-iT-cyjibcpoconbHoro cocTaBa. Ee cpoprvmpoBaHMe CBa3aH0 c MHTCHCMBHO 
npoHBJieHHbiMM B 3T0M peri/ione npcmeccarviw Me3030iicKOM TeKTOHorvianviaTH-
MecKofi aKTMBM3anMM, conpoBO>KflaBiueMCH npoHBJieHweM rjiyÔMHHoro 6a3ajib-
TOMflHoro n mejiOHHO-ôasajibTOMflHOro MariwaTM3Ma M cpopiviMpoBaHMeivi na-

pareHeTMMecKM CBfl3aHtioro c HUM py/j,Horo KorviiuieKca anwTepMaJibHbix iviecTO-
pO>KfleHMW: HMKejIb-KOOaJIbTOBOM apCCHMflHOM, CBMHHOBO-L(MHKOBOM, CpJIKJOpM-
TOBOI/I, CMflepMT-CyjIbCpOCOJIbHOM M CypbMHHO-pTyTHOÍÍ pyflHHX (p O p M 3 U, H Ň 
(K y 3 H e u; o B M jip., 1978; O S O J I C H C K H Í I — O 6 o JI e H c K a a , 1982; 

B o p M c c H K o M jj,p., 1984). CMflcpMT-cyjibCpocojibHbie JKMJIM xapaKTepn3y-
lOTCfl CJIOKHblM MMHepaJIbHbIM COCTaBOM, B KOTOpOM npeo6jiajj,aiOT cyjibcpo-
COJIM Cu M P b . B >KiiJiax ycTaHOBJíeHo OKOJIO 60 MimepaJiOB (TaÔJi. 1). TjiaB-
HbiMM rwnoreHHbiMM MMHepajiaMM HEJIAIOTCH TeTpaaflpwT, 6ypHOHHT, xajibixo-
CTMGHT, apccHoni-ipnT M nwpMT. CpeflM jKMJibHwx MMHepajiOB npeoÔJiaflaiOT 
CMflepiiT, KBapi; M anKepMT, cpeflM rwnepreHHbix — rnflpooKMCJibi F e n Mn, 
ivianaxMT, a3ypitT M reiviaTMT. OcTanbHbie Mimepajibi OTHOCJITCH K qwcjiy BTO-
pOCTCIieHHblX H peflKMX. 

* r . r . n a B JI o B a, VÍHCTMTYT reojiorMM M reocpM3MKM CM6npci<oro oTflejiemiii 
A H CCCP, yHMBCpCMTCTCKMM n p . 3, HOBOCn6l<lpCK 90. 
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T a 6 JI n i; a 1 

MHHepajIbHblM COCTaB CMflepHT-CyjIb(J)OCOJTbHbIX >KMJI 

PyflHbie 

TeTpasflpMT 
OperiOeprMT 
XaJTbKOCT-ldWT 
(Bi-XaJIbK0CTM6MT) 
BypHOHMT 
X a J i b K o n n p u T 
n w p H T 
ApceHonwpi-rr 
LtMHKeHMT 
S b - a p c e n o n M p H T 

TyflMyHflHT 
A H T M M O H M T 

JJ»eMCOHMT 
(BÍ-3HTMM0HMT) 
X o p o S e T c y n T 
(Sb-BMCM>'THH) 
BHCMyTMH 
njiarMOHMT 
riMppOTMH 
MapKa3HT 
TaneHMT 
C c p a n e p u T 
JlejiJiMHrMT 
(Sb-jiejuiMHriiT) 
yjIbMaHHMT 
repcflopiJiMT 
B i CaMOpOflHbIM 
(Sb-BMCMyT) 
S b caiwopoflHasi 
(Bi-cypbMa) 

M M H e p a j i b i 

HepyflHbie 

KBapu; 
CMflepHT 
AHKepMT 
rwApocniofla 

KajibqMT 
BapMT 
YrjiMCToe BemecTBO 
KaOUHHMT 
XjIOpMT 
XajiqeflOH 
OjIKDOpHT 
TpacpHT 

ľMiiepreHHbie 

TeTHT, rMflporeTMT 
rMflpOOKMCJTbl M n 
MajiaxMT 
A3ypMT 
TeiviaTHT 

CaMopoflHaH C u 
CaMopoflHoe A g 
CaiviopoflHaa S 
Kynpi iT 
BaJieHTHHMT 
CeHapMOHTHT 
ÍIp03MT 
BopHMT 
XajIbK03MH 
KOBCJIJIMH 
BHHflreHMMT 
CKOpOflMT 
T u n c 
3pMTpHH 
KepMC3MT 
BucMyT 
BMCMyTMT 

H a pa3JIMHHMX npOHBJieHMHX CMflepMT-CyJIbCpOCOJIbHHC >KIIJIbI 3aMeTHO OT-
jiMiaiOTca no Mi-mepajibHOMy cocTaBy. MO>KHO BbifleJiMTb HecKOJibKO TMnoB 
MMHepaJlM3ai;MM: TeTpaSflpMTOBHM, xaJIbKOCTM6MT-TeTpa3APMTOBbIM, UMHKeHM-
TOBbiM, GypHOHHT-TcxpasApiiTOBbiM n rajieHHT-6ypHOHHTOBbiŕi. B >KWJiax Te-
TpaaflpwTOBOro rana rjiaBHbiM py^HbiM MMHepaJiOM HBJIHCTCH TeipasflpiiT, 
B KanecTBC BTopocTeneHHbix npwcyTCTByiOT, xajibKOCTii6nT, xajibKOnnpi'iT, 
a TaioKC xopo6eTcyiiT, mipiiT, apceHoniipMT, JICJUIIIHITIT, caMopo^Hbiň BMCiwyľ 
II BHCMyTMH. BMCMyT npCHMymeCTBeHHO COflep>KMTCH B xaJIbKOCTIIĎHTC, xo-
poôeTcyiiTe, B MCHbineň Mepe BxofliiT B cocraB BiiciviyTiiHa n BCTpenaeTCH 
B caMopoflHOM COCTOHHMM. XajibKocTi'i6iíT-TeTpa3flpMTOBbic >i<njibi xapaicrepn-
3V10TCH AOBOJIbHO npOCTMM HaÔOpOM TJiaBHHX MMHepaJIOB: xaJIbKOCTMÔI'IT, 
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TCTpaaflpMT, KOJIMMeCTBeHHbie COOTHOMjeHMfl KOTOpMX KOJie6jIHDTC5I B lUMpO-
KMX npe^ejiax. BTopocTeneHHwe MHHepaJibi — xajibKOnwpMT, nnpMT, apceHo-
IIMpHT, JieJlJlMHrMT, CaMOpOflHblM BMCMyT, BMCMyTMH. OneHb pe^KO BCTpc-iaeTca 
6ypHOHMT, ceiviceííMT, UMHKCHMT. TjiaBHOii ocoôeHHOCTbio 3TOro Tuna MMHe-
panM3ai(MM HBjíaeTCíi uinpoKOc pa3BMTwe Bi, OCHOBHHM HOCMTejieM KOTOporo 
CJ7y>KMT XajIbKOCTMĎMT. 

B COCTaB IiMMKCHMTOBblX >KMH, KpOMC IJMHKCHIITa, IiXOflHT TeTpa3ApMT, 
fl>i<eivicoHi'iT, 6ypHOiiMT, xajibKOCTii6i'iT, nwppoTMH, ryflMyii/í,ľiT, caMopoflHbie 
Sb M Bi, pe>i<e Mapio3ľiT, ceivicefíMT, xopoôeTcyiiT, aHTMMOiMiT M njiarMOHWT. 

BypH0iiiiT-Tepa3flpnT0Bbiíí TIIII ouiMHaeTCíi npeo6jiaaaHMeivi cyjibcpocojieň 
P b n Cu — 6ypHOHM'ra, TCTpaa^pMTa, ceMcečtiiTa, a xaioxe HajiiiqweM nwpMTa, 

apceHoniípi-iTa, JienjiwHrMTS, xaJiLKOnnpi'iTa, rajieHMTa, BMCMyTwna, ccpaJiepMTa, 
caiviopoflHbix Bi M Sb. BiiciviyT 3,nccb CBA33H rjisBHbíM o6pa30M B caMopoAHOM 
BMCiviyTC, BMCMyTMiie M OTMacTw B BMfle M30MopcpHoň npMMecit B cyjibcpMflax 
u cynbcpocojiax. 

rajieHMT-6ypHOHI1TOBHM TMfl PblfleJlHCTCH npeMMymeCTBeHHMM pa3BMTMeM 
CBHHL(OBbix MMHepajiOB — rajiei-iitTa, 6ypHOHMTa, a TaiOKe ripiicyTCTBMeivi ccpa-
ucpiiTa, cppewOepriiTa, TeTpa:)APUTa, Ni-Co-coflep>Kau;Mx MimepaJioB, xajibi<o-
niipiITa. Bi KOHI(eHTpMpyeTCH B CaMOpO^HOM BM^e M B BMCMyTMHC 

XapaKTcpnoM OCO6CHHOCTLIO MMHepaJibHoro cocTaBa CMAepwT-cyjibcboco;ib-
HblX >KMJI ÍIBJIHeTCH IJJMpOKOe pa3BMTMe BMCMyTOBblX M Bi-COflep>KaiHMX MHHe-
paJIOB. K HUM OTHOCHTCH CaMOpOflHbIM BMCMyT, BMCMyTMH, XOpOÔeTCyi'IT 
ripoMeJKyTOMHbiíí MUCH M30MopcpHoro p a ^ a aHTMMOHMT-BiicMyTMH, a TaioKe 
Bi-coflep>Kainne xajrbKOc™6nT (1—14 % ) , TeTpasflpi-rr (AO 2,6 % ) , ILMHKCHMT 
( 2 — 6 , 5 % ) , 6ypHOHMT (flO 1,3%), CeMCeMMT (flO 1,5%), A>KCMCOHI'IT (AO 
1,3%), ryAMyHfliiT (AO 2 , 3 % ) . M3yqeHne ocoôeHHOCTeií MX XI'IMMMCCKOTO 
cocTaBa MCTOAawM peHTreHOcneKTpajibHoro MMKpoaHajiMsa M03B0.nM.no nojiy-
•niTb HOBbie MHTepecHbie flaiiHbie 06 ii30Mopcbn3Me Bi n S b B cyjibCpMflax 
II CyjlbCpOCOJIflX. LLlMpOKMM M30MOpCpM3M Bi M S b yCTaHOBJICH B pHfly aHTM-
.Y.OHI.'TBIICMyTMH. B COCTaBC CMAepMT-CyJIbCpOCOJIbHblX >KMJI KpOMe 3HTMM0-
HMTa M BMCMyTMna o6Hapy>i<enbi MMHepajibi c npoivieJKyTOHHbiM COCTSBOAI — 
Bi-COflCp>KamMM 3HTMM0HMT (OT 0,13 flO 19 % Bi); XOpo6eTCyMT, B KOTOpOM 
OTHOEieHHfl Sb M Bi KOJieÔJnOTCfl OT 3:2 AO 2:3; M Sb-COAep>Kam;MM BMCMyTMH, 
B KOTopoM ycTanoBJieHO AO 18 % Sb (pwc. 1). ľ lo SKcnepMivieHTaiibHbiM A ^ H -
HbiM L L I n p M H r e p a M Jl acb n a M M a ( S p r i n g e r — L a f l a m m e , 
1971), nojiHaH civiecMMOCTb B cwcTeivie S b — B i — S HacTynacT npi<i Teivinepa-
rype Bbirue 200 °C. I43yHaeMbie H3MM rwAPOTepiviaJibHbie >KMJIM cpopMMpoBa-
jiMCb npM TeivinepaTypax HM>i<e 200 °C. MTO cBMAeTeJibCTByeT o nojmoii CMCCM-
HOCTH aHTMMOHMTa M BMCMyTMHa B npiipOAHOM o6CT3HOBKe npM HM3KMX TCM-
nepaTypax. M30MopcpM3M S b M Bi ycTaHOBJieH B xajibKOCTMÔMTe M APymx 
cyjibcbocoji^x, MTO noATBep>KA3eTcn o6p3THO nponopuwoHSJibHOfi 33BMCM-
MocTbio C0Aep>K3HMa cypbMbi OT KOHu;eHTparj;MM BMCMyTa (piic. 2). Bxo>KAe-
HMK) Bi B Kpj-icTajuiwqecKyio pemeTKy xajibKOCTMĎMTa ÔJisronpwaTCTBycT M30-
CTpyKTypHoci'b xaubKOCTMÔMTa M ero BMCMyTOBoro aHanora — aivinneKTHTS. 

/iBIieHHH M30M0pCpM3M3 CBOMCTBeHHbie W CaMOpOAHbIM Bi M Sb. CaiviopoA" 
Hbiii BMCMyT coAep>KMT AO 13 % Sb, a B caMopoAHoň cypbMe o6Hapy>KeHO 
OT 17 AO 30 % Bi (pľic. 1). HauiM pe3ynbTaTbi noATBep>i<AaiOT OKcnepwMeH-
TajibHbie AaHHbie o TOM, MTO Sb M Bi CIIOCOÔHW o6pa30BbiBaTb HenpepbiBHbiM 

http://M03B0.nM.no
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pafl H3iiMop4)Hbix CMeccw, ycTOMHMBbix H npw HM3KOM TCMnepaT.ype (B e -
T e X T H H , 1950.) 

OopMwpoBaHMe cwflepMT-cyjibcpocojibHbix >KHJI npoi-icxofliijio B xoflc p,nn-
TejibHoro MHorocTafli'iMHoro niflpOTepMajibiioro npou,ecca, B KOTOPOM OTHCT-
jiiiBO BbiflenaiOTCfl 4 CTaflMM MHHepajiMsaiíMM: KBapu,-cnflepiiTOBa5i, apceHonH-
priT-jiejiJiMi-irMTOBaa, CMflepwF-cyjibcpocojibHaH M ri03flH5i5i cyjibCpn^Haa (Ta6ji. 
2). CTaflMMHbie aCCOLÍMaiiMM MMHepaJIOB CJIOKeHbl OflHIlM M/IM HeCKOJIbKMMH 
MiiHepajibHbiMM napareHe3ncaMM. 

Bi-codepxcaiyax cyptrta §i-codep?Kaw,uú Sucnym 

PlIC. 1. CoCTaB MIlHepaJIOB M30MOpCpHOrO pHfla aHTMMOHHT-BMCMyTIIH. 

ľlcpBoŕi CTaflMM cooTBeTCTByeT o6pa30BaHiie 6e3pyflHbix cwAepnTOBbix >KIIJI, 
LuiipoKO pacnpocTpaHCHHbix Ha TeppwTopiiM no3flHenajieo30MCi<iix nponiOoB. 
B nepByio CTaflmo o6pa3yiOTCfl Fe-Kap6oHaTbi, KBapu, M HesHam-iTeJibHoe KO-
nimecTBo cynbcpiiflOB n reiviaTMTa. B ee cocTaBe BbiflenaeTCH flBa napareHe-
3IIC3: KBapq-KapÔOHaTHblM M nMpMT-xajIbKOnMpľlTOBblM. IlpOflyKTbl BTOpOH 
CTaflini ÍIBHO Hano>KeHbi Ha o6pa30BaHMH npeflbiflymew H OT^ejieHbi OT HIIX 
nepwoflOM npoHBJíeHMH TeKTOHM^ecKMx flBM>KeHMM M flpoĎJieHMH nopofl. B coc-
TP.B BTopoi'i CTafli'iii BXOAJIT TaK>Ke 2 napareHe3iica: OCHOBHOÍÍ — CJIOKCH 
KBapqcM, apceHonwpMTOM, jiejinHHniTOM, nwppoTMHOivi, M 6onee no3flHnfi, 
B cocTaBe KOToporo ryflMyHfliiT, caiviopoflHafl cypbivia n BiicMyT. BTopan CTa-
ZUIÍI no cocTaBy npeiiiviymecTBeHHO >Kejie3MCTO-Mbimb5iKOBa5i. K KOHU,y CTaflini 
noflBJunoTCH MiiHepa.nw cypbivibi — ryflMyHflHT, Sb-apceHomipiiT. C TpeTben 
CTaflMew CBM3aHO OTjio>i<ceHMe ocHOBHbix KOJiM'íecTB Cu, P b , Sb, Bi, npeMMy-
LHLCTBCHHO B Eime cyjibcpocojiefi. BnyTpii CTafliiňHoň acconiiau,iiii BbiflensieTca 
4 napareHe3i'ica: paHHMM cypbMHHbiŕi, TeTpasflpMT-xaJibKOCTMÔiiTOBbiň, cwfle-
pHT-6jieKnopyflHbiM n no3flHiiM CBMHUOBbiň. TpeTbfl CTafliiii HaniiHaeTca OTJIO-
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>KeHMeM CypbMHHbIX M CypbMHHO-CBMHqOBHX MMHCpaJlOB (aHTMMOHWTa, U,HH-
KCHiiTa, fl>KeMCOHMTa, njiarMOHHTa). no3Ai-iee o6pa3yroTC5i S b — C u cynbcpo-
COJIW — TeTpasflpwT n xajibKOCTMĎMT, MHTeHCMBHO 3aiviem,a$i wrojibqaTbie MH-
HcpaJiw panHero n a p a r c n e 3 n c a . MnnepajiooSpasoBam-ie nocJieflyromero na-
pareHC3nca SHa.MenyeTCfl noBceiviccTHbíM pa3Bnraei\i Fe-i<ap6oHaTOB, BCJieA 
3a KOTopbiMM M;I,CT cpopMwpoBaHiíe cymecTBeHHO ivieflHbix MMHcpajiOB — 
xajibKonwpMTa, TeTpasflpHTa, cppeíi6eprMTa, a Taione caiwopoflHbix Bi n Sb. 
3 cocTaB no3flnero CBHHUOBOro napareHeswca BxoflaT 6ypHOHMT n ceMcewMT. 
MeTBepTaíi — cyjibCpHAnaa CTaflMH npcACTasjíeHa O#HMM napareHe3wcoivi. Cna-
ra iomne ero MMnepanbi — npocTwe cyjibcpMflbi P b , Zn, Cu, Fe, Bi, a TaioKe 
ca.Mopofliibic Bi n Sb, pa3BHBaiOTCH 3a CHCT 6ojiee pauHnx cyjibcpocojicw, 3a-
.«emas HX BiuioTb flo o6pa30BaHJ-ifl nojiHbix ncecflOMOpcpos. CyjibCpocojin Cu 
n P b B cocTase 3Toro n a p a r e n e 3 n c a HC ycTaHOBneHM. 
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Pne. 2. Co^ep>KaHne cypbiviu w BMCMyxwHa B xaJibK0CTM6MTe. 

Msynciiiic BsaiiMOOTHomeHHM Mi-mepajiOB no3BOJinjio onpeflCJiMi;-, nopa^OK 
oqepeflHOCTM Bbi^ejieHWH P b — S b cyjibcpocojieň, KOTopbiw cooTiieTCTBycT onu-
c a n n o n B o p o }\ a e B H M (1978) o6paTiiow nocjieflOBaTCJibnocTii KpncTaji-
!'.ií3au,MM MMHepajiOB B ciiCTCMe P b — S b — S . B TOiei-ine rnflpOTepivianbHOro 
nopu,ecca nocjieflOBaTCJibHO BO BPCMCHM OTJtarajiMCb Mi-mepajibi co Bce 6ojib-
HIIÍ.M OTHOLUeHMCM P b S b : aHTMMOHMT—qMHKeHMT->fl>KeMCOHMT, IIHaľMOHHT— 
--GypHOiiiiT->ce.Mcci;mT->rajieHi'iT. 

ripoflyKTw Ka>i<noro 113 MimepanbHbix iiapareHCswcOB neoflHííaxovo IIHTCII-
ľliBIIO npOJIBJICHi)! B IipCflCJiax OTflejIbHMX npOTíDKeHHMX >KMJIbHi,IX 30H. B HC-
KOTopbix 113 mix ycTanaBjíMBacTCfl OTqeTUMBaíi JiaTepanbHan sonanbiiocTb, BM-
pa/KaiomaflCíi B nocneflOBaTenbHon CMCHC no r i p o c m p a n n i o oflinix THROB cyjib-
rbocojibiiOH MiiHcpanM3an,nw ,n;pyrMMn (c BOCTOIO na 3ana,n;): TeTpasflpwTOBMM, 
>'aJIbK0CTM6MT-TeTpa3flpMT0BbIM, n,MHKeHMTOBbIM, ÔypHOHMT-TCTpaSflpMTOBblH 
n rajiciiiiT-ôypHOHMTOBbiM. KopeHHHM o6pa30M B 3T0.M HanpaBjíeHWii Me-
iľHeicH .vľiHepajibHbiň COCT3B >KMJI. H a BOCTOHHOM cpjiaiirc 30KBI npeoÔna-
;riOT cyjibcbocojiM Cu, onenb p e AK o BCTpcqaiOTca cyjibcpocojiw cBWHua. 



40 nABUOBA 

T a 6 n M i; a 2 

Pe3yjibTaTbi peHTreHocneicrpa j ihHoro MiiKpoaHaj i ioa MMHepajiOB 
CMflCpMT-CyjIbCpOCOJlbHblX JKHJI 

Coflep>KaHHe 3JieMenTOB, Mac. % 

MMHepajibi 

TeTpasflpwT 
Bi-XajIbKOCTMĎMT 
ITllHKeHMT 
CeMceňMT 
flJKeMCOHMT 
IljiarMOHMT 
TyflMyHflMT 
XopoôeTcyMT 

Sb-BMCMyTMH 

Bi-coflep>Kamaa 
cypbivia 
Sb-coflep>KainMň 
BMCMyT 

; C u 

I 
37,1 
24,4 

0,6 
0 

0,09 
0,05 
2,8 
0,10 
0,92 
0,31 
0,48 
0,09 

0,09 
1,9 

S b 

28,1 
37,3 
39,3 
27,7 
34,6 
35,9 
54,8 
45,3 
29,3 
18,6 
13,6 
68,0 

9,4 
12,5 

S 

24,7 
22,9 
22,0 
19,2 
21,6 
20,6 
16,1 
24,9 
22,6 
21,2 
20,8 

0,07 

4,2 
0,03 

Bi 

2,6 
12,4 

6,3 
1,3 
1,2 
4,3 
2,3 

27,9 
45,9 
59,6 
64,2 
30,5 

96,3 
88,2 

F e 

6,6 
1,3 
0,01 
0,04 
2,8 
0,66 

25,9 
1,3 
— 
0,01 
0,06 
0,12 

0,03 
0,17 

P b 

0 

— 
31,2 
51,4 
38,9 
37,7 

— 
0,43 
0,28 
0,27 
0,23 

— 

— 
— 

Z n 

0,43 
0,08 

0 
0 

0,05 
0,03 
— 
0 

0,53 
0,03 

0 
— 

— 
— 

A s 

1,4 
0,23 
0,11 

0 
0,08 
0,12 
0,51 
0,17 
0,13 
0,05 
0,12 
1,79 

0,01 
0,02 

A g 

0,29 
0,41 
0,04 
0,09 
0,05 

0 

— 
0,01 
0,23 
0,57 
0,12 
0,02 

0,03 
0,02 

CyMMa 

100,9 
99,1 
99,5 
99,7 
99,4 
99,4 

100,1 
100,1 

99,9 
100,7 

99,4 
100,6 

100,0 
102,8 

P b — S b cynbcbocojiM CTaHOBHTca npeoSnaiiaioiniiMH Mi-mepanaMM B ueH-
TpajibHoii MacTii 30HM, B TO BpeMfl KaK MeflHHe cyjibcpocojiii npwoôpeTa-
K3T BTopocTeneHHoe 3Ha*ieHMe. ^aj ibiue no 30He B 3anaflHOivi HanpaBJiemiH 
rjiaBHblMM MMHepajiaMM CTaHOBflTCfl CyJIbCpOCOJIM P b ÔypHOHMT M ceMceňiiT, 
HO Hapafly c HHMH npiicyTCTByeT M TeTpaaflpiiT. 3anaflHbiň cpjiaur 3 0 H H npefl-
CTaBJíen B OCHOBHOM cyjibcbnflaMii n cyjibcpocojiflMM P b (ranemiT, 6ypHOHMT), 
a iweflHbie cyjibcpocojín (TCTpaoflpiiT, cppeňôepniT) npwcyTCTByiOT B nop,mi-
Ht'HHOM KOJlMMeCTBC 

3aivieTHO MCHHIOTCH no npocrnpaHMio 3 0 H M coflepjKai-insi OT#eJibHHX OJIC-
MCHTOB B oflHMx n Tex >Ke MMHepajiax. TaK, coflep>KaHne Bi B xajibKOCTiiôiiTe 
MCHfleTCH OT 1 4 % H3 BOCTOIHOM CDJiaHre 30HW flO 1 — 2 % H3 3anaAHOM, 
a B nwHKeHMTe OT 6,5 flo 0,36 % . Bojibniaa *-iac.Tb BiiciviyTa na BOCTOHHOM 
cpjiaHre HaxofliiTCH B BMfle H30MOpcpHOi"i npwMecn B xajibKOCTn6iiTe, KOJIM-
MecTBO BMCMyTMHa M caMopoflHoro BiiCMyra He3Ha^MTejibHO. H a npoTiiBOno-
HO>KHOM cpJiaure BMCMyT npeinviymecTBeHHO HaxoflMTCH B caiviopoAHOM COCTO-
ÍIIIMII n B cocTaBe BMCMyTima, a TaioKe B Bii^e M30MopcpHoň npMMecH B flpy-
nix Miniepajiax. B STOM >Ke HanpaBJiemin yMeHbinaeTca coflep>KaHi'ie F e 
i; veTpa3flpi-rre OT 6,6 flo 2,9 % . KOJIHHCCTBO Z n c 6JICKJIOM pyfle, iiaoôopoT, 
napacTaeT OT 0, n — 1 # o 4,2 % . B apcenonnpi iTe noBbimaeTca co#ep>Ka:inc Co 
OT 0,09 AO 3,35 " o ii Ni OT 0,03 iio 4,1 % . Coflep>KaHHe pTyTii MCHHCTCT OT 0,1 
no n . 10'" '" u (no niTycpHbiM npoôaivi). 

rjjlH II3yHCHH5I CpM3MK0-XMMMieCKMX yCHOBMM 06pa30BaHHH CMflepMT-CyHb-
cbocojibHoň MimepajiioaMMM 6 H J I O npoBefleHO nccjieflOBaHiie cpjnoiiflHbix 
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BKJiioHCHMM B >KMJibHbix MMHepajiax — KBapqe, CMflepwTe, 6apwTe, KanbUMTe. 
nepBMHHbie BKuroqeHMH B STMX MMHcpaJiax, npnyponeHHbie K nenTpajibHbíM 
qacTbííM KpMCTajiJiOB JIM6O K 30Harn nx pocTa, COCTOJTT H3 pacTBopa, ra3a, 
>KMflKOW yrjlCKMCJIOTbl M KpMCTaJIJIOB rajIMTa B Tex MJIM MHbIX COHCTaHIlHX 
(>K + r, JK -f- r -4- rajiMTi, >K + r + > K c o , , > K C O i + r). I/lccneflOBaHM nOKa-

33JIM, HTO MMHepa^bHbie napareHe3MCbi nepBOň CTa^nn MHHepajioo6pa30Ba-
in-iíi cpopMnpoBajincb B MHTepBajie TeMnepaTyp OT 180 flo 70 °C. n p n n e M 
paHHMe BKJiK)MeHM5i B iieHTpajibHbix nacTnx KpMCTajiJiOB KBapna TOMOreHM-
3iipyioTCH lípu 6ojiee HW3KOM TeivmepaType (70—90 °C), neivi BKjnoneHMH H3 
6ojiee nosflHMx 30H pocTa KBapna n ciiflepiiTa. íijnoMflHbie BKJHOHCHMH B KBap-
ue ro.MoreHii3MpoBajiMCb n p n 140—178 °C, a B cnflepnTe — řípu 110—115 °C. 
B i-cajibij;MTC 3TOM >i<e CTa,n;nn flByxcpa30Bbie EKJiroqeHMa roMoreHM3npoBajiHCb 
npn 112—100 °C, a Tpexcpa30Bbie (>i< + r + rajiMT) — řípu 130 °C. 3 T O CBM-
/(CTejibCTByex o nporpecďtBHOM HapacTaHnn TeMnepaTyp rnflpoTepMaJibHoro 
nponecca B nepByro CTa^nro. 

BKUíOHeHMH B KBapu,e apceHOnMpiiT-nejuiMHrMTOBOM cT,aflMM o6Hapy>Ki-iBaiOT 
xejvinepaTypy roMoreHnsannn OT 170 flo 150 °C, a B iviejiKMx KpucTajiJiax 
KBapna CMflepuT-cynbcpocojibHOM cTa^nn — 175—140 °C. n o ^aHHbíM roivio-
rcHM3auMii BKJiiqqeHMM B KajibUMTe no3flHew cyjibCpnflHoň CTa^nn nojiyqeHa 
TeMnepaTypa 112—100 °C, B 6apiiTe — 90—60 °C. 

TaKMM o6pa30M, o ô m n ň MHTepBaJi TeMnepaTyp roMoreHn3annn BKJUO-
qeHMň B M3yneHHbix Mwnepajiax 180—60 °C. B Teqenne n p o n e c c a MMHepajio-
o6pa30BaHM5i HaÔjnoflaeTCJi CHana.ua HapacTaHne TeMnepaTyp, a 3aTeM CHH-
>KCHHC. H a oôineM cpOHe B03MO>KHbi jiOKanbHbie BHyTpncTaflnňHbie n3MeHe~ 
lina OToro napaMeTpa rnflpoTepMajibHoro nponecca . 

B cocTaBe pacTBopoB cpjnonflHbix BiononeHnií, onpeflejieHHOM KpnoMeTpn-
MecKMM MeTOflOM (B o p n c e H K o, 1977), npeo6jiaflaiouj,nMM KOMnOHeHTaMM 
cojieBbiMn aBJíaiOTCH N a C l n CaCl 2 . B ra30Boň cpa3e MCTO^OM paManoBCKOň 
cneKTpocKomin ycTaHOBJíenbi C 0 2 , C H 4 M N 2 . PacTBopw orannaiOTCí! BHCO-
KMMM KOHneHTpaiínaMM cojieň: N a C l — OT 4 flo 24,5 " n ; CaCL> — OT 20,5 
,'(0 37,5 % . 

M3yneHne M30TonHoro cocTaBa cepbi MMHepajiOB cnflepnT-cyjibCpocojibHbix 
>KMJI noKa3binaeT, HTO BCPOHTHHM MCTO^HMKOM STOTO OJICMCHTP HBJíHJincb Biwe-
inaiomne ACBOHCKMC nopo^bi, na nTO yi<a3biBaeT CXO^CTBO H30TonHoro cocTaBa 
cepw cyjibcJDiiflOB H BMeinaronjMx yrjincTbix cJiaHiieB, a TaK>Ke JKHJibHoro 6a-
pnTa M ocaflonHbix cyjibcpaTOB fleBOHCKwx OTJiOKennň OToro paňOHa. 

M30T\onHbiň cocTaB CCDM cyjibcpiiAOB B u;ejiOM xapaKTepn3ycrcíi UIMPOKMMM 
BapnannaMM S:Vl S OT —5,4 f\o + 1 3 , 3 %0. OflHai<o 6ojibuniHCTBO 3HaqeHMň 
VKJiaflbiBaeTCH B MHTepBaji —j—4,5 — + 1 3 , 3 (!()o, HTO CBWfleTejibCTByeT o cyme-
CTBenHOM oôorameHMM cyjibcpiiflOB T5i>KejibiM M30TOnoM cepbi. XapaKTepHO, 
MTO Mnnepajibi, OTHOCínnncca K OAHOM reHepau(nn, Ha pa3Jinqnbix npOHBJíe-
HH5IX IIMeiOT 6J1II3KMC 3HaneHM5I <5:i''S, KOTOpbie OTiJII-ľ-ialOTCH OT ôy'S MMHepa-
jiOB flpyrnx r e n e p a q n ň . P a n u n e r e n e p a u n n cyjibcpnflOB Heci<ojibi<o 6ojiee 
o6orameHM 'nmejibiM M30ToriOM no cpaBHeHnio c no3flHMMn (xajibKonnpnT-1 
+ 1 1 , 0 — 11,7 %o, xaJibKonnpnT-2 + 7 , 9 — 9,5%)- IlocJieflOBaTejibHO OTJia-
raBmnecH cyjibcpiiflbí cnacpnTOBbix >KMJI fleMOHCTpnpyíOT yBejinqeHne á:1''S 
OT paiiHiix napareHe3ncOB K n03flHMM: rajiennT-1 + 4 , 9 — 5,2 °(,(r>nnHKeHiiT 
+ 5 , 8 "iKî xajibKOCTMOHT + 7 , 5 — 8,3 "oo^xaJibKonnpMT + 1 1 , 0 — 11,7 "óo-re-
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TpasflpwT -j-~6<5 — 9-0 %o—ĎypHOHMT —|—13,3 %Q. J\im MMHepajiOB 3ai<jnomi-
TenbHbix CTaflMii (xaubKornipuTa, ranem-iTa) 3HaieHM5i ä:v'S KoneÔJiiOTCfl OT 
—j—9,5 flo —3,5 %o, HTO yKa3MBaeT Ha oÔJierneHiie ii30TonHoro cocTaBa c e p u 
K KOHiiy rwflpoTepMajibHoro npouecca . 

ripaMbiMw aHajioraMM n3yneHHbix oOieKTOB HBJIJHOTCH MecTOpo»cfleHWH 
xajibKonMpiiT-cMflepMTOBOM cpopiviaiiMM, pacnpocTpaHCHHbie B npeflejiax Cnwui-
CKoTeiviepcKoro pyfloropba B HexocjiOBaKWH. K HUM OTHOCHTCH HeKOTopbie 
rwflpoTepManbHbie JKMJIM, pacnojio>KeHHbie MOK^y cejieHMHMH ripaKOBqe 
n KOMLUOB B paňoHe rejibHMiibi (3ereH r o T T , OTaKap M H x a 3 JI II , 
r JI 10 K — a y cp , A H H 3 P e JI M x o B a H flpyrne) (H á b e r , 1970; Py/jHbie 
CD O p M a UHM . . . , 1978). I4X CXOflCTBO Bbipa>KeHO He TOJlbKO B MMHCpaJIbHOM 
cocTaBe pyfl, nocne/J,OBaveJibHOCTH OTJIOKCHHH MMHepajibHbix napareHe3ncoB, 
30HajibHOCTM opyfleHeHMH, HO M B 6JIM30CTM (J)M3MKO-XMMímecKMx napaivieTpOB 
npon,ecca MPmepajiooTJio>KeHM5i, CBH3M opyfleHCHHH c npou,eccaMM TCKTOHO-
MarMaTMHeCKOM aKTMBM3ai4HM 3TMX perMOHOB. 
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