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H a flpOTRXeHMM ~ ~ C R T M ~ ~ T M ~  B POCCMM ( M  CCCP) CBOAHble p a 6 0 T b l  no 30JlO- 

TOPYaHblM ~ ~ G o H ~ M  M MeCTOpOmeHMRM H e  n y 6 n ~ ~ o e a n ~ c b .  CBeaeHlnR 06 
OTAeJlbHblX MeCTOPOmeHMRX M ~ ~ G o H ~ x  paCCpe,QOTO'-leHbl B WpHaJlbHblX CTaTbRX, 

B KOTOPblX MHOrMe H ~ O ~ X O A M M ~ I ~  AaHHble no M3BeCTHblM IlpMqMHaM YMaJl'4MBa- 

JJMCb: Ha3BaHMR M ~ C T O P O X , ~ ~ H M ~ ,  MX M e C T O H a X O ~ e H M e ,  I l apaMeTpb l  PYAHblX 30H  

M Ten, COflePXaHMR30JlOTa B PYP,aX MAP. u34aHHb le  B CCCP eaMHM'4Hble 0606ua- 
l o u M e  M O H O ~ P ~ @ M M  (UJep, 1974; He~pacoe, 1988; KOHCT~HTMHOB, 1984) KaCa- 

~ T C R  B OCHOBHOM 3 a p y 6 e x ~ b l x  0 6 b e ~ ~ o e .  A M W ~  B n o c n e a H e e  BpeMR cTanM ny6- 
nMKOBaTbCR AaHHble no POCCMM M CHr ( ~ ? H ~ B o J ~ ~ c K M G ,  1995). Ha~6onee UeHHaR 

M~@opMauMFl  fl0 30nOTOPyAHblM p a h 0 H a ~  M MeCTOpOX,4eHMRM COCpeflOTOqeHa B 

PyKOnMCHblX n ~ 6 0  B PeAKMX 3aKPblTblX M3AaHMRX 8 TePPMTOPMaJlbHblX @oH&~x, 
~ o c ~ y n  K KOTOP~IM UIMPOKOM~ ~ p y r y  c n e u ~ a n ~ c ~ o s  3 a ~ p y ~ ~ e ~ .  

UeJlb H ~ c T o R ~ ~ G  MOHOTP~@MM - B KaK0h-TO M e p e  BOCflOJlHMTb 06paaoaas- 
UJMGCR npo6en B O T ~ ' ~ ~ C T ~ ~ H H O ~  JlMTepaType, 03HaKOMMTb reOnOrOB C O C O ~ ~ H -  

HOCTRMM 30JlOTOPYAHblX ~ ~ ~ o B M H ~ M G ,  ~ ~ ~ O H O B  M M ~ C T O ~ O X , ~ ~ H M ~  BOCTOK~ POC- 
CMM: f l p M a M ~ p b R ,  ~ ~ P M M O P ~ S I ,  0 ~ 0 - B O C T O ~ H O G  ~ ~ K Y T M M ,  B MeHbUJeG M e p e  

Ceaepo-Boc~o~a, C a x a n ~ ~ a ,  K ~ M ~ ~ T K M  M K Y P M ~ ~ C K M X  OCTPOBOB - n p o a ~ a n ~ 3 ~ -  

POBaTb 3aKOHOMePHOCTM pa3MelqeHMSI 30JlOTOHOCHOCTM M CAeJlaTb BblBOAbl 06 
yCnOBMFlX O ~ ~ ~ Z I O B ~ H M R  30JlOTOPyAHblX M ~ C T O P O ~ ~ H M ~ ~  M flPMHuMnaX MX flp0- 
r ~ o 3 a .  H a y r ~ a ~  octiosa M c c n e A o s a H m  - p a 3 s ~ s a e ~ a s l  asTopaMM K o H u e n q m  o 
30JlOTOPy~HblX CMCTeMaX KaK ~ H C ~ M ~ ~ R X  B ~ ~ M M O ~ ~ ~ ~ C T B M ~ ~  @~KTOPOB reHepauMM, 

nepetioca, n o ~ a n ~ 3 a u ~ ~  M AecTpyKqMM opyAeHeHMsl ,  a T a m e  reHeTMqecKMe 

aCneKTbl, OCHOBaHHble Ha  AaHHbIX @ M ~ M K O - X M M M ' ~ ~ C K M X  M 3KCnepbfMeHTaJlbHblX 

M C C ~ ~ ~ O B ~ H M ~ .  K H M ~ ~  FlBJlReTCR MTOrOM MHOrOJleTHMX pa6o-r aBTOpOB I70 MeTaJl- 

JlOreHMM 30JlOTa ~ a J l b ~ e B 0 ~ ~ 0 ' 4 ~ 0 h  OKpaMHbl POCCMM, ee PerMOHanbHblX M no- 
Kanbtiblx acneK-roB, BKnmqaR r e ~ e 3 ~ c  caMopo,qHoro  3 0 n o ~ a  M ero noeeAeHMe n p M  

M ~ T ~ M o ~ @ M ~ M ~ .  



M ccneaosaHMg n o c n e g ~ ~ x  a e c g ~ ~ n e ~ ~ i  n o ~ a 3 a n ~ ,  L~TO OCHOBH~IW MCTOYHM- 

KOM 30nOTa PYAHblX M ~ C T O ( ~ O ~ ~ H M ~ ~  OflOCPeAOBaHHO S!BnReTCR MaHTMR, a 
TaKXe ee npOM3BOAHble: OCHOBHble nOp0.4bl M TpaHMTOMabl fl0~blLUeHH0i OCHOB- 

HOCTM. Y C T ~ H O B ~ ~ H O ,  .IT0 KOHQeHTpauMH 30nOTa YBeJlMrMBaeTCR C IlOBblLUeHMeM 

OCHOBHOCTM nOpOa 14 '-IT0 reOXMMMqeCKM OH0 npORBnReT Cp0,QCTBO Xf3ne3y (uep -  
d a ~ o e ,  1967,1974,1979; F v l o ~ c e e ~ ~ o ,  1977; u e ~ a ,  MOMC~~HKO,  1970). B ~ ~ M M o -  
AeficT~Me rpaYMT0MnOB C @ ~ M M ' ~ ~ C K M M M  M qePHOCJlaHueBblt.ALI KOMnJleKCaMM 

flOpOA llOpO,WaeT T M ~ P M A H ~ ! ~  MarMaTMLieCKMe @ O P M ~ ~ M M  ( ~ ~ M O P M T O M ~ ~ ! ,  MOH- 

~ o H M T o ~ . ~ ) J ~ ~ ) ,  060~auetitible 30nOTOM, C KOTOPb!MM TeHeTLILleCKM CBH3aHbl PYAO- 
HOCHble @JltO~cbl M 3OnOTOpyAHble MeCTOpOXAeHM;! (KOHHMKOB M AP., 1986; KO- 
~ O ~ ~ ~ ~ H M K O B ,  MMPOHOE, 1992; KOHCT~HTMHOB, 1993; K P ~ M ~ H ~ ~ ( K M ~ ,  Mmtiuep, 
1995). G n a r o ~ a p ~  ab lco~o i  no,qsMxHocTM 3ono~a BO @ntO~a~oi @me (tl(ep6a- 
KOB, 1974) npM M ~ T ~ M O ~ @ M ~ M ~  M rM~p0~ep~anbHOi  flepepa60TKe OCHOBHblX, r M 6 -  
PMAHblX M LlepHOCElHL~eBblX flOpOfl OH0 M O ~ M J ~ M ~ ~ ~ T C R  (EpMonaeB k! ap., 1994; 
Phillips, 1986; Goldinq, W-ilson, 1983; Santosh, 1986; Hu Luilchi, Qi Chanqrngo, 

1385) B BMAe Xfl0pL4flHbl>cl :i4~pOc~~b@MfiHb!>< M MeTaJlnOOpraHMCleCKMX COe,QklHS- 

t i M h  ( ~ o M c ~ ~ ~ H K ~ ,  1974; H ~ K ~ ~ C O B  M AP., 1984; Heald, 1987). C B S ~ ~  ~ O ~ O T O H O C -  

HOCTM C @~MM~€?CKMMLI  KOMnneKCaMM flOpOg nOATBep>v~aeTCR rpaBLlMeTpM'ieC- 

kMMh MaTepMaJiaMM fl0 &Ulb~eMy BOCTOKV ( ~ ~ M L U H ~ B C K M ~ ,  1968, 1974; PefiHni.16 
M Ap., 1976; 3iipk!wl 1984; ~ ~ P M L U ,  M O ~ I C ~ ~ H K O ,  1995 a, 6). 

~lpMBfleKa~eJlb~b!~M AnR O ~ ~ R C H ~ H M F I  M€!Xa!iM3MOB M O ~ M ~ M ~ ~ ~ ( M M  30nOTa M3 

n o p o ~  qenRtoTc9 ~ o 6 y l n ~ c ~ c ~ u e  npeAcTasnetim, cornacHo KGTOP~IM PYAOHOC- 

uble @nto~ f ib~  @ O P M K ~ ~ ~ O T C F I  B pe3ynb~a~e  O ~ ~ ~ B O X M B ~ H C . ~ F I  C Y ~ ~ ~ Y ~ M P Y I O L L [ M X  

6no~oe 6a3aJlbTOBO~ KOPbl fl COBMeCTHO C ~~~006pa30!3a~~b l tv l k l  MarMaMM IlOA 

rilfipocTaTfl'iectcml AasneHMeM ripocarr/rBatoTcR K nosepxHocTM, ~ ~ O M ~ B O ~ R  rMA- 
FClTephilaJlbHOe 303~eG~TBkle Ha OKPYXatO~Me nOpGAhl bl OTLEiraFi py,Qbl H C ~  ( 9 ~ 3 ~ -  
KO-XMMMWCKMX 6apbepax. 

B KatiecTse 06nac-rel;r reHepaumM Moryr paccMaTpMsaTbcR nepeurtio yrne- 
POflMCTble OCaflKM BHY.lPMKOHTMHeHTaJlbHblX ~ ~ o c M H K J ~ M H ~ ~ ~ ~ H ~ ~ x  6acceG~os, 06- 
nagatOLuMx B ~ I C O K M M  reoxMMwecKMM noTetiuManoM 30no~a M GpvrMx MeTannoB 

BCJleACTBMe MX c o p 6 ~ p o s a ~ ~ ~  Ha yrnepO@lCTblX, flenMTOBblX M ~ ~ J l b @ l / l ~ H b l ~  (36- 
pasosatimx. O~noxetiue aono~a  B ~ T M  ocaflKF npoMcxoAu-r ~3 M O ~ C K O G  B O ~ ~ I  npM 
€?e B ~ ~ M M O ~ ~ ~ ~ C T B M M  c 3 0 ~ 0 ~  C ~ P O B O ~ ~ O P O ~ H O T O  3apa~eHMR (B~rnop, 1983). f l p ~  
~ a ~ a r e ~ e 3 e  M MeTaMOpQM3tvle 3OfloTO bl flpyrMe MeTanflbl M O r F  6blTb ~ 0 6 M n ~ 3 0 -  

6aHbl r O P R Y M M M  PaCTBOpaMM ( ~ ~ h o n a e s ,  CO~MHOB, 1986; Ep~onaes  M np., 1994; 
Mc Keaq et al., 1989; Springer, 1985; Kucha, 1983). Ha paHtiMx a~anax  yrnepoflm- 
cToro M ~ T ~ C O M ~ T G ~ ~  B O ~ M O X H ~  MurpauMR 30no~a B @ o p ~ e  MeTannoopraHwiec- 

KMX C O ~ ~ M H C ~ H M ~ ,  a Ha flO3atieM (oKMcIIMT~J~~HoM) 3Tane - B @0pMe KOMnJleKCHblX 

~ M ~ H M C T ~ I X  C O ~ , ~ M H ~ H M ~ ~  (HB~HKMH M flp., 1985; ~ O ~ X ~ B C K M ~ ~  M f lp,  1994). 
UlMp0~0 M3BeCTHa CBR3b 30nOTOrO OPYAeHeHMR C '-lepHOCnaHL(eBblMM KOM- 

nneKcaMM nopon. I / l c c n e ~ o s a u ~ ~  n o ~ a s a n ~ ,   TO cynbQM~b13ono~a ( M  n n a ~ ~ ~ b ~ )  

Btiarane HaKannMsatOTcR B $?hepoa~/~c~b~x ocaaKax n o ~  ~ o a ~ e i i c ~ s u e ~  ~ J I ~ ~ M H H ~ I X  

@ntoMflOB (Kyp6a~os M flp., 1994; KOHCT~HTMHOB, 1993, 1995), a 3aTeM, yXe B 

YCnOBMRX OPOTeHe3a1 flyTeM PereHepauMM M M O ~ M ~ ~ M ~ ~ ~ ( M O H H ~ ~ X  I ~ P O ~ ~ C C O B  @OP- 



MMpYtOTCFI f lUOMblW~leHi ib lC? K O H ~ e H T l j a ~ M M ,  3S' iaCTyKlB rMr2HTCKMX M ~ C W T ~ ~ ~ X  

Y e p ~ o c n a ~ ~ l e s o e  Q p y A e H e H m e  - f i v i w b  r a c T b  npoene~vls~ C T ~ ~ T M @ G ; ) ~ ~ A \ J ~ H ~ ~ O  3om- 
T o r 0  OPYAeHeHHR, KOTOFOe UlMFOKO O(SC~X@X!TCFI B f lOCneAHMe TOAbl, B OCHOE- 

HOM B CBFi3M C OIKPbITHeM KPYflHblX M ~ C T O ~ O ~ ~ H U ~  9 Ku~ae,  3 a n a ~ H o G  A c p p M ~ e ,  

D A P ,  Ka~aae,  A s c ~ p a n ~ l 4 ,  Spamntw. K C T ~ ~ T C . I ~ $ O ~ M H ~ J P . ~  p y f l ~ b l ? ~  M e m o p o x A e -  

~ I M R M  BCe q a u e  OTHOCRT M 3 ~ 2 ~ e H M ~ b l ~  B M T B ~ - ~ ~ P c P ~ H J J  ( A O A X ~ H K O ,  1990; KPMB- 
UOB, 1990; KOKMH Lil AP., 1993; KOHCTBTMHOB. 1993). Ha Kpy f lHOM 3 0 : l O T O p y ~ H ~ M  

: d e c T o p o x A e : i u M  Ky~nrop (KMP~MBMFI )  ~ O K ~ S ~ Y  ~ e ~ a ~ o p @ o r e t - t ~ b r i i  x a p a K T e p  

P a H t i e r O  C T ~ ~ T ~ / I M O P @ H O ~ O  OPYA€HeHInH, C@OPMMPOBE~HH@TO 38 C q e T  ~ ~ . S M J l l / l 3 a -  

4MM 30JlOTa M CYI!~@MAH~IX KOMnOHeHTOt! M3 OKPYXatOuMX IlOpOJJ (Ep~onaes i4 Ap., 
1994). C gpyr0i CTOFOHbl, L4MetOTCR a a H H b l e ,  CBM,&?TeJlbCTBYDukle 06 OrpaHM-  

r e ~ ~ c G  p o n M  pyAoshiebaewm r e p H o c n a H q e s b l x  T e p p M r e H H b l x  T o n u 4  npLl sono- 
TOM P Y , Q O O ~ P ~ ~ L ~ R ~ H M M  ( 3 1 1 0 6 ~ ~ ~  1992; rypeGKMt! ,  3 ~ e p e ~ a ,  1990). 

norpy>t<aRcb H a  r J l y d M H b l 5 - 6  KM, mMHMCTblC? TOJllQM flO,QBePraK)TCR ~03oeG- 
CT6MtO 6 0 n b ~ 1 1 ~ ~ e ~ n e p a T y p  (6onee 20O0C) LI  A a ~ J l e H k l G ,  yllJlOTHRRCb, TePRtOT no- 
PMCTOCTb OT 10 A0 80% 0 6 b e ~ a  MCXO,QHOG nOpO,Qhl, s b l c s ~ 6 0 ~ f l a ~  A C  230-350 K r  

BOAbl M3 1 M' rJlMHbl ( X O J ~ O ~ O B ,  ~ M ~ P M O B M ~ ,  7992). B pe3yL IbTaTe  BblAeJlRtQTCR 

He@~€?.ra30~ble M PYAOHOCHble f.IaCTRCPbl, KOTOPble MMTPMPYtOT fl0 I l naCTaM-KOn-  

J l e K T O p a M  K TiOBePXHOCTbl. M ~ T ~ M o P @ o ~ ~ H H ~ ! ~  J Y T b  pOXF,et IMR py,4OHOCHt-lX 

PaCTBOPOB, B TOM ClMCJle M 3OJlOTOHOCHblX, npM3H23eTCR ~ O J ~ ~ L L I M H C ~ B O M  rf3OJlorOB. 

n p ~  3TOM MMeeTCR B BMqy  n p e 0 6 p a 3 0 ~ a H M e  BCerO KOMnJleKCa reOCMHKJlMHaJlbHbJX 

T o n u  ( H e  TOJlbKO OCHOBHblX M yrJlePO,4MCTblX f l 0 ~ 0 , Q ) .   TO I l O f l T B e p W a e T C R  3KCf lS-  

PMMeHTaMM. ~ P M  B ~ ~ A ~ ~ C T B M M  Boob1 C rpayBaKKaMM,  rJlMHMCTblMM CJlaHQaMM i/l 

a p r m n H T a M M  n p M  T e M n e p a T y p e  200-300°C 6 b l n ~  nonyretibi P a c T B o p b l  c XMMM'ie- 

CKMMM x a p a ~ ~ e p ~ c - ~ M K ~ M M ,  a ~ a n o r ~ ~ i ~ b i ~ ~ ~  TaKoBb lM ~ O P R ~ M X  n p M p o A t i b l x  BOO! 

~ M P K Y ~ M P Y ~ O I ~ M X  B nopo,qax T a K o r o  T w n a  (Pe~aep, 1982) B npoqecce csoero ne- 
peMeu_lC?HMR M3 OqarOB M ~ T ~ M o ~ @ L ~ I ~ M ~  K O ~ J I ~ C T B M  p a 3 r p y 3 K M  M B03MOXHOTO 

p y g o o 6 p a 3 0 a a ~ ~ ~ 1  M ~ T ~ M O ~ @ O ~ ~ I ! H H ~ I ~  BOAbl CIYleUklBatGTCFI C GOAaMM KaTa-  In 

3nMTeHeTM'ieCKOrO f l p O M C X O w e H M R ,  qaCTMqHO C MarMaTOreHHb lML l  M MeTeOpHb l -  

MM BO,4aMM, M ~ ~ , Q O O ~ P ~ ~ O B ~ H M ~  3 a  I l p e A e J l a M M  06nac~eg ~ I ~ T ~ M O P @ M ~ M ~  n p C -  

MCXOflMT yXe M3 CMel l laHHblX BOA ( C K M H H ~ P ,  1982; ~ Y M ~ H O K ,  rJltOK, 1983). 
B a x H e i L U e e  3Ha'ieHMe B reHepaL(MM 30JlOTOHOCHblX PaCTBOPOB HeCOMHeHHO 

MrpatOT rpaHMTOM,4Hble i4tiTPy3MM ( K O P O ~ ~ ~ ; ~ H M K O B ,  MMPOHOB, 1992; P ~ ~ M H O B M ~ ,  
1992). ~ / ~ C C J ~ ~ , Q O B ~ H M R M M  YCTaHOBJleHa 6 n M 3 0 ~ ~ b  M30TOnHOrO COCTaBa , 4 e i ~ e p M R  

B ~ O J ~ ~ W M H C T B ~  M3BepXeHHblX M M ~ T ~ M O P @ M ' ~ ~ C K M X  f lOpOa.   TO O ~ ~ R C H F ~ ~ T C R  TeM,  

qTO neVBMqH0-MaTMaTMqeCKMe BOAbl, KaK M M ~ T ~ M o ~ @ o ~ ~ H H ~ I ~ ,  0 6 p a 3 y t o ~ c g  3a 
c r e T  r M a p o K c M n c o A e p x a w M x  M m e p a n o s  n o p o ~ ,  n o r p y m a t O u M x c R  B r n y 6 ~ ~ ~ b l e  
06nac-r~ ~ e ~ a ~ o p @ ~ a ~ a  M n a n ~ ~ r e ~ e 3 a  (TeGnop, 1 982). l l o n y r e ~ ~ b ~ e  Aatitible 
CBMAeTeJibCTBytOT 0 TOM, qTO H a r p e T b l e  MHTPY3MFIMM M e T e O p H b l e  BOAbl n p e B p a -  

UatOTCFI B p y ~ o o 6 p a 3 y ~ w ~ e  @JltOM~bl H e  TOJlbKOJlOKaJlbHOrO, HO M PerMOHaJlbHO- 

TO 3HaqeHMFI. M H T P Y ~ M M  3a'iaCTytO MrpatOT p0nb rklraHTCKMX TeflJlOBblX MaWMH,  

FeHePMPYtOqMX 3HePrMt0 ,  ,QOCTaTOqHytO, q ~ 0 6 b l  Bb l3BaTb MTeJlbHYtO KOHBeKTMB- 

H y O  l4MPKyJlRUMtO nOA3eMHb lX  BOA B f l O p O ~ a X ,  O K p y X a t O ~ M X  MHTPY3MBHble TeJla.  

n 0 ~ 0 6 H b l e  M O A e n M  COrnaCytOTCR C MAeFIMM TepMOCTaTMpOBaHMR f l pM pynoo6pa- 
30BaHMM ( ~ ~ T H M K O B ,  Hapcees, 1971 ; ~ ~ T H M K O B ,  B~nop,  1981). 

M B C e  Xe d o n b l u e  AaHHblX, YKa3blBatOUMX H a  CBFI3M 30JlOTa C 3HAOreHHblMM 

M a r M a T M q e C K M M M  I l p O ~ e C C a M M .  O C H O B O ~ ~ O J ~ ~ ~ ~ ~ O ~ M M M  f l p M  3 T O M  RBJlRtOTCFI 



A a H H b l e  A. A. Mapa~ywesa (1 976,1978,1979) 0 TeHAeHuMMM Pa3BMTMFI M a r M a T M -  

'4eCKMX O r a r O B  OT H ~ T P O B ~ I X  cepblfi rPaHMTOMAOB K KanMeBblM,  a OPYAeHeHMFl-  OT 

c M A ~ ~ o @ M ~ ~ H o ~ o  K ~ M T O @ M J ~ ~ H O M Y ,  OT 30JlOTOrO K PeAKOMeTaJ lnbHOMy.  M A ~ M  
A. A. Mapa~ywesa n o A T s e p m A a t O T c R  M c c n e n o s a H m h n M  3. n. Msoxa (1 978) o r e H e -  

T M L I ~ C K O ~ ~  CBR3M 3 0 n O T O r 0  OPYAeHeHMR C CYlqeCTBeHHO HaTPOBblMM CePMRMkl 

rpaHMTOln,406; H. n. POM~HORCKO~O (1987) 0 npklHuMflMaJlbHblX p a 3 n M r M R X  3 0 n O -  

T o r 0  M OJlOBFlHHOrO OpyAeHeHMR no IleTpOXMMMYeCKMM M ~ ~ T ~ O @ M ~ M ~ ~ C K M M  ma- 
P a M e T p a M  n a p a r e H H b l X  OpyAeHeHMtO rpaHMTOMA0B;  \/'. g. H e ~ p a c o ~ a  (1990) 0 

Gonee ~ O ~ ~ H ~ M @ O P M M P O B ~ H M L / I  O ~ O B F ~ H H O ~ O O P Y ~ ~ ~ H ~ H M R  B c ~ ~ B H ~ H M M c ~ o J ~ o -  

Tb lM  M 0 6 p a 3 0 B a H k l M  B CBR3M C 3TMM T M ~ P M A H ~ I X  30JlOTO-PeAKOMeTannbHbIX @OP- 
M a ~ l l l r k .  Ha I l peMMy lqeCTBeHHy tO CBR3b 30nOTOrO OpyAeHeHMFl C HaTPOBblMM TMf la-  

MM rpam rouAos (VI @ n t O ~ n o s )  y ~ a 3 b l e a n ~  M. M. HUMKCOH (1960), 6. r. M O M C ~ ~ H K O  
(1974), B. r. X O M M ~  (1984), n. B. 3 f i p ~ U . J ~  B. A. A ~ ~ a ~ y f l k l H  (1984) M AP. 

H a y ~ a  o n e p e M e l q e H n u l  PYAOHOCH~IX P a c T B o p o B  elqe H e A o c T a T o w o  paspa- 
6 0 ~ a H a .  6. am. CKMHH~P (1982) yKa3b lBaeTl  l rT0  M3BeCTHble B I l p M p O A e  r e T b l p e  

T M n a  BOflbl ( ~ ~ O B ~ ~ X H O C T H ~ R ,  PeJlMKTOBaR rPYHTOBaFl, M ~ T ~ M o ~ @ o ~ ~ H H ~ R  M M a r -  

M a T M r e c K a R )  M o r y r  n e p e M e l q a T b c R  nop, ~oap ,eGc- rs~e~  p a a n ~ r ~ b ~ x  npMrMH:  1 ) npw 
H a n M r u M  r p a A M e H T a  r M n p o c T a T M r e c K o r o  H a n o p a  M e x p , y  MCTO~HMKOM M 30~oCi 
Pa3rPY3KM1 2) KOr&a JlMTOCTaTMreCKaR H a r P Y 3 K a  TOJllqM YnnOTHPtOlqMXCR I l O p O A  

o 6 y c n o s n v l s a e ~  f lOHMXeHMe IlOpMCTOCTM vl Bb lXMMaHMe f lOpOBblX @ n t O M ~ 0 B  B CO- 

cep,HMe K o n n e K T o p b l ,  3) B p e 3 y n b ~ a ~ e  o c M o T M r e c K o r o  A a s n e H m ,  ~ e C i c ~ s y t O l q e r o  

B H a f l p a B n e H V I M ,  n e p f l e H A M K y n R p H O M  I lPV IPOAHb lM M ~ M ~ P ~ H ~ M ,  KaKOBb lMM 

RBnRtOTCR rJlklHMCTble f lOpOAbl ,  4) n O A  BJlMRHvleM nOKaJlbHblX MCTOL1HMKOB T e n n a ,  

H a n p M M e p  T e n  v l3BepXeHHb lX  n O p O A .  ~ T M  MCTOrHMKM C ~ O C O ~ H ~ I  Bb l3BaTb  KOHBeK- 

uMK) B rMf lpOTepManbHblX CMCTeMaX, C KOTOPblMM MOrYT 6 b l ~ b  CBR3aHbl pa3~oo6- 
p a 3 H b i e  M e c T o p o x , q e H M ~ ,  B TOM wcne 3 r l ~ ~ e p ~ a n b ~ b l e  a o n o ~ o - c e p e 6 p ~ ~ b r e ,  M e A -  

~ ~ f l ~ p @ k l p ~ ~ b l e  C 30JlOTOM M ,![P., M 5) rlpkl BblAeJleHMM @ ~ O M ~ O B  M3 0 ~ ~ b l B a t O l q e G  

M a r M b l  ( K ~ ~ C C M ~ ~ C K M ~  npMMf3p). 

60nbwoe 3 ~ a r e ~ ~ e  m ~ l  H a K o n n e H m  M n e p e M e l q e H m  P ~ A O H O C H ~ I X  pac-rso- 
POB, B TOM rMCJ le  M 30nOTOHOCHblX, M M e O T  r n y 6 M H H b l e  p a 3 n 0 M b l l  KOHTPOJlMPYO- 

l q M e  OCeBb le  r a C T M  p a 3 ~ 0 0 6 p a 3 H b l ~  n p o r ~ 6 0 ~  M CKJlaAraTblX 3 0 H .  Ha nOBepXHOC- 

TM TaKMe pa3J lOMb l  npORBnRtOT c e 6 ~  PerMOHanbHblMM 3OHaMM r M A P O T e p M a I l b H 0  

M3MeHeHHblX f l O p O ~ ,  C I lOMOlqbtO KOTOPblX OHM M BblRBJlROTCR ( K O C ~ I ~ M H  M AP., 
1979). He M e H b l l J e e  3 H a q e H M e  MMetOT M O%3rOBble CTPYKTYPbl, @ O P M M P Y ~ O ~ ~ M ~ C R  

O ~ ~ I L I H O  B 3 0 H a x  n e p e c e r e ~ ~ ~  r J l y 6 v l H ~ b l x  p a 3 n 0 ~ 0 ~  (TOMCOH, @ ~ B O ~ C K ~ R ,  1973). 
Ha I l p v l y p O r e H H O C T b  30nOTOPY,4HblX p a f i 0 ~ 0 ~  K CKBO3HblM r J l y 6 k l H ~ b l M  CTPYKTY- 

p a M  p e r v l o H a  y ~ a a b ~ s a n ~  M. M. M ~ M K C O H ,  6. r. B e ~ n y x c ~ ~ x ,  r. n. B o n a p o ~ ~ r ,  
P. 6. Y M M T ~ ~ ~ B ,  A. B. 3 ip~u .1 .  'iepea r n y 6 ~ ~ ~ b l e  p a 3 n o ~ b 1  M orarosble CTPYKTYP~I 

npOCneXk lBaeTCR CBR3b PYAOHOCHOCTM C M ~ H T M ~ G .  3Aecb BblCTYnatOT H a  f l e p ~ b l f i  

n n a H  MAeM T ~ K T O H O - M a r M a ~ k l r e c ~ o f i  aKTMBM3auMM ( U e r J l 0 l 3 ,  1987; M O M C ~ ~ H K O  M 

~ p .  , 1994) M ~ e n ~ ~ e f i ~ o f i  M e T a n n o r e H M M  (Uernos, rosopos, 1985). 
n ~ n y r e ~ ~ b l e  B f lOCJleaHMe AeCRTMneTMR MaTepMaJlb l  CBMAeTeJlbCTBYtOT 0 TOM, 

'iTO PYAOHOCHble @ J l t O M ~ b l  M O r V  MMeTb  pa3J lMrHblG reHe3MC:  ~ e ~ e o p ~ b l f i ,  OCa- 

A0r  HblG, M ~ T ~ M O P @ M C ~ ~ C K V I ~ ~ ,  M ~ ~ M ~ T M ~ ~ C K M ~ ,  a MCTO'iHMKOM P y A H  blX KOMnOHeH- 

TOE t i aPRAY C M a r M 0 i  M O r V  CJlyXMTb O C a A O r H b l e  kl ByJ lKaHOreHHble  I lOpOAb l ,  ripe- 

T e p f l e B a O l q M e  M 3 M e H e H M R  M B ~ ~ C B O ~ O X A ~ D L L \ M ~  BOAY B 3 0 H a X  a M a r e H e 3 a ,  

K a T a r e H e s a ,  M ~ T ~ M o ~ @ M ~ M ~ .  1 ~ 0 ~ ~ a B l q k l K a M M  PYAHblX KOMnOHeHTOB MOrYT  CTaTb 



n106ble ~ O p O A b l ,  CKBO3b KOTOPble IlpOCa'iMBaeTCR r0pHqaR BOAa. f l p M  3TOM M a r -  

MaTMqeCKMe MaCCbl BJlMRIOT H a  n p O u e C C  p y ~ 0 0 6 p a 3 0 ~ a ~ M R  ABORKO - KaK r e H e p a -  

TOP @JlIOMAoB M PYAHblX KOMnOHeHTOB M KaK MCTOqHMK TenJla,  pe3KO aKTMBM3MPy- 

I O ~ M ~  3TOT n p O u e C C .  O ~ M H ~ K O B ~ ~ ~  MeCTOpOXAeHMR M O r y T  6 b l ~ b  CBR3aHbl C 

rMApoTepManbHb lMM BoAaMM paa~oro r e ~ e w c a ,  M n p o M c x o w e t i M e  B O A ~ I  H e  Mr -  

P a e T  p e t l l a I O l q e i  POJlM €3 0 6 p a 3 0 s a ~ ~ ~  rMApOTepMaJlbHblX M ~ C T O ~ O X A ~ H M ~ .  B 
I l p O u e C C e  MMrPauMM ~ M ~ P O T ~ P M ~ J I ~ H ~ I ~ ~  PbCTBOP M O X e T  M3MeHRTb C B O ~  COCTaB 

M COJleHOCTb BCJleAC'rBMe CMetl leHMR C & ~ Y ~ M M M  paCTBOpaMMl KMneHMR, I lpOCaqM- 

BaHMR q e p e 3  npMpOAHble M e M 6 p a H b 1 ,  n F e M  BblqeJlaqMBaHMR 6 o ~ o ~ b l x  n O p O n  M 

np. C O ~ e p X a ~ V l e  nOJle3HblX KOMnOHeHTOB B rMP,pOTepMaJlbHblX PaCTBOPaX H e  

o ~ R ~ ~ T ~ J ~ ~ H o ~ o J ~ X H O  6 b l ~ b  BblCOKMM. H a n p M M e p ,  COAePXaHMe 3ono~a B B o A e  reo- 
~ e p M a J l b H 0 i  CMCTeMbl ~ ~ o J I J ~ H c  ( H o s a g  3 e J l a H ~ ~ R ) ,  M3 K O T O ~ O ~  BblnaAatOT OCaA- 

KM c C o A e p x a H M e M  3 o n o ~ a ~ o  80 r / ~ ,  B c e r o  H a  OAMH n o p R A o K  6 o n b w e l  q e M  B MOP- 

C K O ~  BOAe, - 0,00004 r / ~  (BeicGepr, 1982). B TO Xe B p e M H  M ~ B ~ C T H ~ I  pe3yJlbTaTbl 

M3yLleHMR @J~IOMAH~IX B K J ~ I O ~ ~ H M ~  M3 MMHepaJlOB 30JlOTOPyAHblX M ~ C T O P O X A ~ H M ~ ~  
C M ~ M  pM, CBMAeTeJl bCTByIOlqMe 0 AOCTaTOqHO BblCOKMX COAepXaHMRX 30JlOTa B 

rMAPOTePMaJlbHHblX PaCTBOpaX IlPOAyKTMBHblX C T ~ A M G :  OT 0, n A0  1,6 r/T,  B C p e A -  

H e M  188 ~ r / n  (Pocn~~oea ,  ~ M M ~ ~ J I M C T ,  1990). 
- f l p M B e ~ e H H b l e  B b l l u e  AaHHble MOXHO nOAblTOXMTb BblBOAaMM y. @ii@a C 

COaBTOpaMM (1981 ) 06 YCJlOBMRX B03HMKHOBeHMR PYAHOT0 MeCTOPOWeHMR. &lR 
L 3 T O r 0  H ~ O ~ X O A M M O  COqeTaHMe PRAa @~KTOPOB: 1) HaJlMqMe MCTOqHMKa PYAHOT0 

B e u e c T s a ,  T. e. H ~ X H ~ I  nopop,bl c ero n o e b l w e H H b i M  C o A e p x a H M e M  M O A H o e p e -  

MeHHO C X O P O W ~ G  llPOHM4aeMOCTbIO JIJR PaCTBOpOB; 2) MCTOqHMK AOJlXeH 06- 
J laAaTb ~ ~ B H O M ~ ~ H O ~  IlpOHMuaeMOCTbIO JIJR ~ @ @ ~ K T M B H O ~ O  BblqeJlaLIMBaHMR; 

3) H y X H a  B03MOXHOCTb C O O ~ ~ ~ H M F I  MCTOq HMKa C COOTBeTCTByIOqMM PaCTBOPM- 

TeJleM ( ~ ~ c c o J ~ o M )  B AOCTaTOqH blX 0 6 b e ~ a ~ ;  4) H ~ O ~ X O A M M  K P Y ~ H  b l ~  MCTOqHMK 

3HePrMM K ~ K  @ 3 M X y u e i  CMJlbl I l pOueCCa 3KCTpaKuMM; 5) T ~ ~ ~ Y I O T C R  COOTBeTCTBY- 

I O u M e  CKOPOCTM nOTOKa M T e P M  MqeCKMe rpaAMeHTb1. ~ ~ J ~ ~ L L I M H C T B O  pyploo6pa3y- 
IOLl&lX npOueCCOB npOMCXOAMT H a  ~ J ~ M ~ ~ O B ~ ~ X H O C T H O M  YpOBHe, f l03TOMy @ ~ K T O P  

COXpaHHOCTM M ~ C T O ~ O > ~ ~ ~ H M ~  M r p a e T  H e  MeHblLlyIO POJlb, q e M  @ ~ K T O P ~ I ,  KOHTPO- 

n~py ioune o p y ~ e ~ e ~ ~ e .  C x o ~ ~ b ~ e  M A ~ M  o n y 6 n ~ ~ o e a ~ b i  A. l4. K ~ M B ~ O B ~ I M  (1 990). 
OCO~~HHOCTFIM JlOKaJlM3a~MM30JlOTOrO OPYAeHeHMR I lOCBRlqeHa O ~ L U M P H ~ R  

nmepaqpa. M H O ~ M ~  M c c n e A o s a T e n M  noAqepKMBatoT p a a n ~ r ~ ~  B ~ ~ ~ Y ~ M H H O C T M  

@OPMMPOB~HMR OpyP,eHeHMFl, er0 RPYCHOCTb ( B o ~ ~ @ c o H ,  1969; L/ IB~HKMH M AP., 
1985; ~ Y K M H ,  1973; C~@OHOB, 1978), IlOBCeMeCTHyIO nPMYPO'ieHHOCTb TMAPOTeP- 

MaJlbHblX M ~ C T O ~ O > ~ ~ ~ H M ~  30J10Tal a T a K X e  CypbMbl ,  P T V M  M nOJlMMeTaJlJlMqeCK0- 

ro o p y A e H e H m  K r e o n o r w e c K M M  aKpaHaM (~F~PMLLI,  1989; Ep~onaes M ~ p . ,  1994), 
KyflOJlOBMAHblM C T P Y K q P a M  M aHTMKJlMHaJlRM ( Y ~ I C C ~ ~ ,  1964; 3 i p M W ,  1989; 6e- 
JlO3epL(eBa M AP., 1987; 6eprep, 1978). RpKMe MAeM 0 CXOACTBe @ J l t O ~ f l ~ r e H ~ b l ~  

PYaHblX M H ~ @ T F I H ~ I X  M ~ C T O P O ~ ~ H M ~  no YCJlOBMRM JlOKaJlM3aL&lM flOJle3HOrO MC- 

KOnaeMOrO, B qaCTHOCTM B KyflOJlaX M aHTMKJlMHaJlRX, BblCKa3aJl r. n. f l 0 ~ I l e J l 0 ~  

(1 967). Ha CBR3b 30JlOTOHOCHOCTM C OqarOBblMM CTPYKlyPaMM yKa3aJlL-l L/1. H. TOM- 
COH M M. A. O a s o p c ~ a ~  (1973)) B. r. X O M M ~  (1984). 

O - r ~ e r e ~ ~ b l e  s b l w e  H a y r H b l e  p a 3 p a 6 0 ~ ~ ~ )  K a c a t o q M e c R  reonorwectcux yc- 
Jl0BMfi @ O ~ M M ~ O B ~ H M R  30JlOTOPYAHblX M~CTOPOX,Q~HM~~,  MOXHO CMHTe3MPOBaTb C 

ueJlbIO ~ ~ O C T P O ~ H M R  MoAeJlefi 3 0 J l 0 ~ 0 r 0  p y A 0 0 6 p a 3 0 ~ a ~ ~ R .  c. r. u e p 6 a ~ o ~  (1 981 ) 
flpeJIJOXMJl O ~ O ~ U ~ H H Y K I  reOXMMM.leCKyt0 MOAeJlb, B K O T O P O ~ ~  r n a B H b l e  PyAHb le  



@ O P M ~ ~ M O H H ~ I ~  rpynnbl M~CTOPOXJ@HM~ OTnM'4atOTCR CTeI leHbtO CManMqHOCTM- 

@ ~ M M ' ~ H O C T M  C Y ~ C T ~ ~ T ~ ,  YpOBHeM O K C M @ M ~ ~ H O C T M  M ~ ~ H T P O ~ ~ X H O C T M  I-IPO@M- 

.~MPYOLL(MX M e T a n n o B  M np. r. H. uep6a  (1975), x a p a ~ ~ e p ~ 3 y ~  c ~ o t o  ~onenb-KO- 

.nOHHy n p e o 6 p a 3 0 s a ~ ~ ~  3eMH06l KOPbl, T a m e  OCHOBblBaeTCR H a  nPeACTaBneHMRX 

0 M O ~ M J ~ M ~ ~ ~ M M  PYAHOT0 Bell(eCTBa M3 ' 1 6 a 3 a n b ~ o ~ o r o " ,  " ~ M O ~ M T O B O ~ O "  (crieukl- 
a n ~ 3 ~ p o ~ a ~ t i o r o  ~a sono~o) M " ~ ~ ~ H M T H O ~ O "  c.noes M npoqeccax C X ~ T M F I - ~ ~ C U M -  

PeHMR, CTMMynMPYtOU&lXTe MJlM MHble MMHepaJ lbHble  npeBpaLL(eHMR B I lOABMXHblX 

3OHaX. 0. M. 6 a K y n M H  ( 1  987), MCnOnb3YR MAeM C M ~ ~ M ' ~ H O C T M - @ ~ M M ~ H O C T M  M C X a -  

T M R - ~ ~ C L U M ~ ~ H M R ,  a T a m e  rpaBMTaqMoHHb le  n o ~ a 3 a ~ e n ~ ,  npeffnomn ( n p ~ ~ e -  
HMTenbHO K &lnb~eMy ~ O C T O K Y )  TeOJlOTMLleCKMe MOAeJlM @ O ~ M M ~ O B ~ H M R  OJlO- 

BOPYaHblX M 30JlOTOPYnH blX M ~ C T O ~ O ~ ~ H M ~ ~ ,  H a 3 B a n  MX PynHb lMM CMCTeMaMM. 

A. A. K p e M e H e q K k l i  M 3. @. M M ~ q e p  (1 995) OCHOBHblM MeXaHM3MOM @OPMMPOB~- 

HMR 30nOTOPYnHblX CMCTeM CqMTaOT C M e U e H M e  KMCJlblX M OCHOBHblX PaCnJlaBOB B 

OLlaraX M BblBOARuMX KaHaJlaX. 6a3MTb l  - 3 T 0  P e C y p C ,  a rPaHMTOMflbl TeHePMPytOT 

r M A p o T e p M a n b H y 0  CMcTeMy. B r e ~ e ~ ~ q e c ~ o i 3  M o a e n M  H. B. K O T O B ~  M A. r. no- 
p ~ u ~ o f i  (1 990) P y A o n M T a t o u a R  0 6 n a ~ T b  p a c n o n a r a e T c R  B n e p e x o A H o M  cnoe OT 

c M a n M r e c K o r o  K 6 a 3 a n b ~ o s o ~ y .  O T M ~ ~ ~ H H ~ I ~  M o A e n M  n e r K o  BnneTa toTcR B Knac- 
C w i e c K M e  M e T a n n o r e H M q e c K M e  n o c - r p o e ~ ~ ~  0. A. S M ~ M ~ M H ~  (1955), M. r. Ma- 
r a ~ b ~ ~ a  (1 969) w MX nocne~osa~enei  o ~ a n p a ~ n e ~ ~ o ~  M a T a n t i o M  P ~ ~ B M T M M  reo- 
TeKTOHMLleCKMX CTPYKTyP M COOTBeTCTBYOLL(MX MM PYAHblX ~ P O B M H ~ M ~ ~ ,  0 CBR3M 

3OnOTOrO OpyAeHeHMR C p a H H e O p O r e H H b l M M 3 T a n a M M  Pa3BMTMR nOABMXHblX 3 0 H .  



a f i O ~ k l p 0 B a ~ k l e  3OJlOTOHOCHGCTM l l P O M 3 B e ~ e H O  H a  ~ ~ O J I O ~ O - C T P Y K T ~ P H O ~ ~  kl P r e ~ ~ o ~ m r e c ~ o i  o c H o s e  (PMC. 2.1,2.2), ~ ~ n l o r a m u e i  B c e  sax~ef iwme reo- 
TeKTOHMqeCKMe 3 n e M e H T b l  BOCTOK~ POCCMM. 3 ~ 0  f lpewe BCerO OB ' lac~b C M ~ M P -  
C K O ~  n J l a T @ ~ p M b l ,  npeACTaBJleHHaR ~ ~ H H ~ A O K ~ M ~ ~ M ~ C K M M L I  KpMCTaJlnM.leCKMMM 

KOMnJleKCaMkl ~ A ~ H O - C T ~ H O B O ~ O  Iqk lTa,  n O r p e 6 e H H O r O  H a  C e B e p e  I l O A T e p p M r e H -  

H O - K ~ P ~ O H ~ T H ~ I ~ ~  B ~ H A - K ~ M ~ P M ~ ~ C K M ~ ~  qeXOJl. H a 3 B a H H b l e  CTPYKTYPbl B tOpe  M M e n y  

M ~ r l b l ~ a n M  T ~ K T O H O - M ~ ~ M ~ T M ' ~ ~ C K Y ~ ~  ~ K T M B M ~ ~ ~ M ~ c ) ,  ~ a ~ 6 o n e e  ~ ~ H T ~ H C M B H O  M perkl- 
otianbtio n p o R s n e H t i y m  B 3 o ~ e  C T ~ H O B M K ~  M 6onee n o ~ a n b ~ o  B c e s e p ~ o i  r acm 
WMTa. A K T M B M ~ ~ ~ M R  Bb lpa3MnaCb B @OPMMPOB~HMI/I TePPMreHHblX Bf laAMH kl B y n -  

K ~ H O - ~ ~ J I ~ O H L I ~ ~ C K O ~  A ~ R T ~ J ~ ~ H O C T M  H a  ~OAHRTMI -~X ,  B 3aJlOXeHMM HOBblX M OXMB- 

neHMkl  A ~ ~ B H M x  r n y 6 M ~ H b l x  p a 3 J l 0 ~ 0 ~  BDB M CC3 n p O ~ - r k l p a ~ 6 l F I ,  B M H T ~ H C M B H O ~ ~  

r M ~ p O ~ e p M a J l b H 0 f i  AeRTeflbHOC-rM M p y ~ 0 0 6 p a 3 0 B a ~ M M .  B 3 0 H e  C T ~ H O B M ~ ~  BHe-  

APMnMCb rMraHTCKMe MaCCbl ~ ~ ~ H M T O M , ~ O B  ~ O B ~ I W ~ H H O ~  OCHOBHOCTM, a H a  h ~ a H -  

CKOM U M T e  kl er0 CeBepHOM 0 6 p a M n e H M M  c @ o ~ M M P o B ~ J ~ M c ~  Mt%TpY3MM UeHTpaJ lb-  

H o r o  T M n a  u e n o q H b l x  nopoA M c M e t i M T o M A o s ,  c K O T O P ~ I M M  d a p a r e ~ e ~ ~ q e c ~ ~  

C B R ~ ~ I B ~ ~ T C R  3on0~0e o p y ~ e ~ e ~ ~ e  h ~ a ~ a .  
OCTaJlbHaR TePPMTOPMR BOCTOCIHO~~ OKPaMHbl POCCMM 3aHFITa ~ e 3 0 3 0 f i C ~ M -  

Mkl ( H a  K O H T M H ~ H T ~ )  M K ~ ~ H O ~ O ~ C K M M M  (KaM.laTKa, CaXaJIMH, KypMJIbCKMe O C T ~ O B ~ )  

reOCMHKJlMHanbHblMM KOMnJleKCaMM P ~ ~ J I M ~ H O ~  CTef leHM3penOCTM, BKJlKl'iaKllL(M- 

MM @ p a r M e H ~ b l 6 0 n e e  ApeBHblX 0 6 p a 3 0 B a ~ M f i  B BMAe C ~ ~ A M H H ~ I X  M~CCMBOB, T ~ K M X  

KaK ~ Y P ~ M H C K M ~ ,  X ~ H K ~ ~ C K M ~ ~ ,  O X o ~ C K l d f i ,  O M O J ~ O H C K M ~ ~ ,  L(YKOTCKM~,  &HTpaJlb- 

H O K ~ M ~ ~ T C K M ~ ~ .  Q ) Y H ~ ~ B M ~ H T  3TklX MaCCMBOB COCTaBJlRKlT ~ ~ H H ~ ~ O K ~ M ~ P M ~ C K M ~  

r H e f i c 0 B b l e  KOMflJleKCbl, OCJlOXHeHHble TeKTOHO-MarMaTM'ieCKMMLl CTPYKTYpaMM 

Gafi~anbc~oro, K a n e A o H c K o r o  ~1 r e p u M H c K o r o  ~ o a p a c ~ a .  B M ~ ~ O ~ O ~ C K M X  reomti- 
KJlMHaJlbHbIX CKnaAqaTblX O ~ ~ ~ C T F I X  - ~ X ~ ~ ~ M H C K O ~ ,  C M X O T ~ - ~ M H C K O ~ ,  ~ H O - K O -  
J lb lMcKof i ,  A H ~ ~ ~ ~ c K O - L ( ~ K O T C K O ~ ,  C a X a J l k l H C K ~ f i  - BblAenFItOTCR f lJ lOUaAM UJMPOKO- 

r0 pa3BMTMR f l a J l e 0 3 0 i ~ K L I ~  AMCJlOuMPOBaHHblX T O J l U  B H A p a X  aHTMKJlMHapMeB, 

M ~ T ~ M O P @ M ~ O B ~ H H ~ I X  B ~ ~ J ~ ~ H o c J I ~ H ~ ~ B o ~  @auMM, C KOTOPblMM 06bl'lH0 aCC04M- 

M p y e T  ~ O ~ O T O H O C H O C T ~  M ~ ~ O ~ ~ M C C ~ J I ~ H O ~ O  M r ~ n a 6 ~ c c a n b ~ o r o  y p o ~ ~ e f i .  C K n a A -  

r a w e  A M c n o K a u M M  K ~ ~ H O ~ O F ~ C K O ~ O  ~ o a p a c ~ a  p e r M o H a n b H o  n p o R s n e H b l  B OCT- 

POBHblX CTPYKTYPaX M P e a K O  B npor~6ax H a  KOHTMHeHTe. 

M e 3 0 3 o f i c ~ M e  reocMHKnMHanbHb le  K o M n n e K c b l  M 6 o n e e o p e s ~ ~ e  06pasosa- 
HMR n e p e c e K a t O T c R  M e n o s b l M M  M n a n e o r e H o s b l M M  BynKaHwiecKMMM noRcahnM npe- 
MMylL(eCTBeHH0 CB IlPOCTMpaHMFI, RBJlFItOU(MMLlCR 3JleMeHTaMM r~106anbHOrO BOC- 
TOqHOa3MaTCKOrO nOFICa. 3 ~ 0  OXOTCKO-L(~KOTCKM~,  C M X O T ~ - ~ M H C K M ~ ~  M A P Y r M e  

BynKaHOreHbl ,  C KOTOPblMM CBF13aHO C Y ~ B Y ~ K ~ H M ' ~ ~ C K O ~  30nOTOe M c e p e 6 p ~ ~ o e  
o p y A e H e H M e .  

P ~ ~ ~ o H M ~ o B ~ H M ~ .  M 3 B e c T H b l e  CXeMbl  ~ ~ ~ ~ O H M ~ O B ~ H L ~ R  PYAOHOCHblXTePPLITO- 

p ~ f i  ( M ~ T B ~ ~ H K o ,  1973; Uernos, 1980) c o A e p x a T  ~ a 6 o p  M e T a n n o r e H M r e c K M x  

npM3HaKOB, HeCOMHeHHO BaXHblX, HO H e  YBF13aHHblX ~e>1(4yco6ofi B A O ~ X H O ~ ~  M e p e  

r e ~ e - r L I ~ e C ~ O f i  K ~ H B O ~ ~ ,  qTO OG~FICHFI~TCFI  HeCOBePLUeHCTBOM TeOpMM M ' ipe3Bbl-  





PMC. 2.2. ~ ~ O ~ O ~ O - T ~ K T O H M ~ ~ C K ~ R  KapT2 ~ O C T O K ~  PUCCMM. nJlM~~ble KOMnneKCbl: 1 - K ~ ~ H O ~ O ~ C K U ~  TePPMreHHble (a) U ByJlKaHOreHHMe OCHOBHOrO COCTaBa (6); 2 - Me3030h~KMe 

TeppMreHHble; 3 - naneo30RcKue (a) M pM@eh-~e~6pMhc~Me (6) ~ap60Ha~Hble; 4 - pM@ehcKble TeppUreHHble. ByJlKaHOre~Hble KOMnJleKCbl B O C T O C ~ H O ~ ~ U ~ T C K O ~ O  BynKaHMCreCKOrO nORCa: 

5 - K ~ ~ H O ~ O ~ C K M ~  OCHOBHO~O (a) M cpenHero (6) coc-rasa; 6 - ~e3030Rc~ue (J - K) CpeAHero (a) M Kwnoro (6) CocTasa; 7 - naneo3ohc~ue KHcnoro cocTaea. r e o c ~ ~ u n ~ ~ a n b ~ ~ e  KoMnneKcbl: 

8 - HeoreHoeble (a) u naneoreHoBble (6) TeppureHHble; 9 - no3,q~e~e3030Rcic~e (J, - K) TeppurenHble; 10 - n o 3 ~ ~ e n e p ~ c ~ ~ e  M p a ~ ~ e ~ e 3 0 3 0 k c ~ ~ e  TeppureHHble; 11 - naneo3ohc~~e 

TeppMreHHMe U TeppMreHHO-KpeMHMCTO-BynKaHOreHHble; 12 - pM@eh-~eM6pMh~~Me Kap60Ha~Hble (a) M pM@ehcKMe TeppMreHHble (6). K~MnfleK~bl OCHOBaHUR @ ~ H ~ D O ~ O ~ C K U X  reOCUHKnM- 

HaneR: 13 - ~ O K ~ M ~ P M ~ C K M ~  M € T ~ M O P @ M ' ~ ~ C K M ~  pOPOAbl, rpaHMTOMAbl; 14 - ~ ~ H H ~ A O K ~ M ~ P M ~ C K M ~  aHOPT03MTbl. OporeHHble MHTPY3MBHble KOMnneKCbl: 15 - Me3030fi~KMe M K ~ ~ ~ H O ~ O ~ C K H ~  

TPaHUTOUAbl MarHUTHble (a), HeMarHHTHble (6); 16 - naneo30hc~Me rpaHMTOMAbl XeCTKUX MaCCMBOB. 17 - pa3nOMM 



r a i H 0 G  CJlOXHOCTbtO n p 0 6 n e M b l .  A B T O P ~ M M  M3Y'ieHbl PerMOHaJlbHble 3aKOHOMep- 

HOCTM ~ ~ O S ~ B J ~ ~ H M R ~ O J ~ O T ~ ~ O  O p y ~ e H e H M R  O ~ W M ~ H O ~  T~PPMTOPMM BOCTOK~ POC- 
CMM, B ~ J l t O ~ l a t O ~ e i  IlO'iTM BCe M3BeCTHble H a  3 e M J l e  TMnbl PerMOHarlbHblX reOTeK- 

T o t i M r e c K M x  CTPYKTYP (TTC). O u e ~ e ~ o  c o o - r ~ o u e ~ ~ e  P ~ A O H O C H O C T M  c 
PerMOHaJlbHblMM ~ ~ O @ L I ~ M ~ ~ C K M M M  n0JlRMM M I ~ ~ T ~ O @ M ~ M ~ ~ C K M M M  nOKa3aTef lRMM. 

B p e 3 y J l b T a T e  H a i ~ e H b l  HOBble n 0 ~ ~ 0 ~ b l  n p M  P ~ ~ O H M P O B ~ H M M  ~ ~ J ~ O T O H O C H ~ I X T ~ ~ -  

P M T O P M ~ ,  ~ ~ ~ M P Y K ) L L \ L / ~ ~ C R  H a  MAeRX 0 30nOTOPYAHblX CMCTeMaX ( ~ ~ P M L U ,  1991; 
3 i p M L U ,  M O M C ~ ~ H K O ,  1995 a, 6), B 'iaC-rHOCTM MCnOnb3OBaHbl r p a B M -  M MarHMTO- 

MeTpMreCKMe KaPTbl an54 OKOHTYPMBaHMR o 6 n a c ~ e i  r e H e p a u M M  3OnOTOrO O p y A e -  

HeHMR. 

n p M  COCTaBJleHMM KaPTbl P ~ ~ O H M P O B ~ H M R  (PMc. 2.3) Y'iTeHbl CJle~ytOu_lMe 

AaHHbre:  r e o r p a @ ~ r e c ~ o e  M T e K T o H M r e c K o e  n o n o x e H M e  apeanos ~ O ~ O T O H O C H O C -  

TM, TMrl reOTeKTOHMreCKMX CTPYKTYP (rco, TMA), MX MepapXkIR, p y ~ H 0 - @ 0 p M a u M -  

OHHble O C O ~ ~ H H O C T M  M ~ C T O P O ~ ~ H M ~  B CXeMe perMOHaJlbH0i ~ Y A H O ~  3OHaJlbHO- 

CTM, B 0 3 p a C T  OPYAeHeHMR. B K a r e C T B e  IlOTeHuMaJlbHblX CTPYKTYP r e H e p a u M M  

YCITeHbl: C Y ~ C T P ~ T ~ I ,  0 6 p a 3 0 B a ~ ~ b l e  KPYnHblMM 0 6 b e M a ~ k l  @ ~ M M ~ ~ C K M X  n O p O A  

( ~ 3 H a r a f l b H 0  060rau_ leHHb l~  ~ ~ J ~ o T o M ) ;  M O u H b l e  reOCMHKflMaJlbHble yrJ lepOaMCTble 

@ o p ~ a u ~ r / r ,  coAepxau_ lMe cMHreHeTM'iecKMe H a K o n n e H m  aono~a 3 a  c r e ~ a ~ c o p 6 -  
UMM M3 M O P C K O ~  BOAbl; CTPYKTYPbl C 3 0 H a n b H b l M  I lPOrPeCCMBHblM M ~ T ~ M O P @ M ~ -  

MOM, ~ O H ~ I  3 e n e ~ o c n a ~ u e ~ o r o  ~ i / l a@~opeaa ;  p e r M o t i a n b t i b l e  c ~ p y ~ q p b ~  r n y 6 ~ ~ -  
H o r o  p a 3 y n n o ~ ~ e ~ ~ ~ ,  y ~ a 3 b l ~ a t o u _ l ~ e  H a  n o n o x e t i M e  ~ H A O ~ ~ H H ~ I X  o r a r o B  

P y A O r e H e p a U M M ;  MHTPY3MM r P a H M T O M ~ O B  ~ O B ~ I W ~ H H O ~  OCHOBHOCTM HaTPOBblX 

cepkli c B ~ I C O K O ~  M ~ ~ H M T H O ~  BOCrlPMMM~MBOCTbtO M OKMCJleHHOCTbtCl XeJle3a; yra- 
CTKM ~ J I ~ ~ M H H O ~ O  B ~ ~ M M O A ~ ~ C T B M F I  rPaHMTOkIfiHblX MaCC C nPOAYKTMGHblMM ~ y 6 -  
CTpaTaMM: @ ~ M M ~ ~ c K M M M ,  YrnePOAMCTblMM, c ~ J I ~ @ M ~ o H o c H ~ ~ M M .  B Ka'ieCTBe @aK- 

~ o p o s  n e p e H o c a  y r T e H b l  n o p M c T b r e  o c a A o r t i b l e  M s y n ~ a ~ o r e ~ ~ o - o c a ~ o r ~ b l e  

JlMTOJlOrM~eCKMe KOMnneKCbl,  perMOHaJlbHble Tpeu_lMHHble CMCTeMbl, rJ ly6MHHble 

pa3J lOMbl  M O r a r O B b l e  CTPYKTYPbl, MHTPY3MM rpaHMTOMAOB, MOHUOHMTOMAOB M ~ y 6 -  
B y n K a H M r e c K M e  M a c c m b l .  

Ha BOCTOK~ POCCMM nepeCeKatOTC54 A B a  nJlaHeTapHblX 30JlOTOHOCHblX HOFICa: 

T M X O O K ~ ~ H C K L I ~  M M O H ~ O ~ O - O X O T C K M ~ ,  BKntOratOu_lMe 30nOTOHOCHble nPOBMHUMM 

(n05ICa),  30Hb l ,  nOA30Hb l  M T. A. M O H ~ O ~ O - O X O T C K M ~  nORC H a  ~ ~ c c M ~ T ~ M B ~ ~ M o ~  

TePPMTOPMM npeACTaBJ leH n M W b  CBOMM BOCTOrHblM @ ~ ~ ~ M ~ H T O M  A J ~ M H o ~  1000 M 

W M P M H O ~  6onee 700 KM. G TO 3 o ~ a  c o r n e ~ e ~ ~ n  C M ~ M P C K O ~  M K M T ~ ~ C K O ~  nna-r- 
@ 0 p M b l 1  MCnblTaBUaR B M e 3 0 3 0 e  MHTeHCMBHYtO TeKTOHO-MarMaTMreCKYtO aKTLlBM- 

3 a L 4 M t O . 1 1 0 ~ ~  ~ ~ ~ A c T ~ B J I ~ H  reTb lPbMR 30nOTOHOCHblMM IlPOBMHuMRMM ( C T ~ H O B ~ R ,  
f l x a r ~ ~ ~ c ~ a ~ ,  6 y p e ~ ~ c ~ a ~ ,  A n a a ~ c ~ a ~  j ,  n p e M M y U e c T s e H H o  c n o 3 ~ ~ e ~ e 3 0 3 0 i -  

CKMM (J3 - K) 3 0 n 0 ~ b l M  O P Y ~ ~ H ~ H M ~ M .  n 0 R C  x a p a ~ ~ e p ~ 3 y e ~ c ~  BOB ~ ~ O C T M ~ ~ H M -  

e M  C T P Y K T Y ~  - r e o n o r M r e c K M x ,  ~ ~ O @ M ~ M ~ ~ C K M X ,  M e T a n n o r e t i M r e c K M x .  X~CTKMM 
6 n O K a M  - A J ~ & ~ H o - C T ~ H O B O M ~  u_lMTY M ~ Y P ~ M H C K O M ~  MaCCMBy - COOTBeTCTBYtOT 

flOJlOXMTeflbHble MarHMTHble aHOMaJlMM, a p a 3 , 4 e J l R t O u e i  MX A X ~ ~ ~ M H C K O ~  no- 
J @ ~ M x H o ~  3 0 H e  - H e i ~ p a J l b H b l e  n ~ 6 0  OTpMUaTenbHble nOflH. ~ ~ ~ B M T ~ L [ M o H H ~ I € ?  MM- 

HMMYMbl BOB OPMeHTMPOBKM C O B n a A a D T  C 30HaMMl  HaCb lueHHb lMM TpaHMTOMA- 

H ~ M M  MHTPYJHRMM r ~ n a 6 ~ c c a n b ~ o r o  M c ~ ~ B ~ ~ K ~ H M . ~ ~ c K o ~ o  ypoetin. B npenenax 
A J ~ ~ ~ H O - C T ~ H O B O ~ O  u M T a  H a 6 f l t O ~ a t O T c R  @ p a r ~ e H T b l  6 f l M 3 ~ e p M ~ M O ~ a f l b ~ b l ~  (CCB) 
r e o @ m ~ r e c ~ ~ x  a ~ o ~ a n ~ i ,  o T p a x a t O u M x  nonometime r e o n o r M r e c K M x  c ~ p y ~ q p :  
r n y 6 M H H b l x  pa3 f lOM0Bl  rOpCTOB, rpa6e~os .  C X O A H ~ R  KapTMHa M H a  ~ Y ~ ~ M H C K O M  



Maccme. ~ T M  nonepertible K ~o~rono-OXOTCKMM c ~ p y ~ q p b ~  napannenbtibl cMxoTa- 
aJlMHCKMM HanpaBneHVIRM, M MX MOXHO C'iMTaTb pe3YJlbTaTOM O T ~ ~ X ~ H H O ~  TMA. 

T M X O O K ~ ~ H C K M ~  ~ O ~ O T O H O C H ~ I ~  nORC 8 npeAeJlaX POCCMM IlpOTRrMBaeTCR 

6onee ' i e ~  Ha 4 T ~ I C .  KM M BKJltO'iaeT HeCKOJlbKO 30nOTOHOCHblX ~ ~ P o B M H L ( M ~  (Kypu- 
no- Ka~'iaTCKyt0, Ca~aJlkl~C~ytO, CMXOT~-A~ IMHCK~~O,  O X O T C K O - ~ ~ K O T C K ~ O ,  ~ H O - K O -  
JlblMCKYtO, AH~O~CKO-~YKOTCKYK) )  C OPYfleHeHMeM, pa3~006pa3Hbl~  no MOp@OJlO- 

rMM,  BeuecTBeHHoMy cocTasy M s03pacq (OT nane30~1 AO n n e i c ~ o u e ~ a ) .  B nome 
BblAeJlFItOTCR aBa 06LUMpH blx apeaJla 30nOTOHOCHOCTM ( MJlM MeTaJlnOreHMLleCKMIX 

no~lca): 1 ) O C T ~ O B H O ~  c naneore t i -H~O~~HOB~IM opyAeHeHMeM (Kyp~nbl, K a ~ r a ~ ~ a ,  
C a x a n ~ ~  M ycnostio H M x ~ e e  n p u a ~ y p b e  M n p ~ 6 p e x ~ a ~  s o ~ a  ~ P M M O P ~ R )  M 2) 
K O H T M T ~ H T ~ J ~ ~ H ~ I ~  C OPYAeHeHMeM tOpCKO-MeJlOBOrO BO3paCTa. Ha KOHTMHeHTe B 

p a s ~ o i  ~ e p e  ~ ~ ~ B M T O  r ~ n a 6 ~ c c a n b ~ o e  aono~oe M c y 6 s y n ~ a ~ ~ r e c ~ o e  sono~oe M 

3 o n o ~ o - c e p e 6 p ~ ~ o e  opyAetieHr/re, a B OCTPOBHOM n o x e  - npeMMyuecTBeHHo cy6- 
ByJIKatiMqecKoe ~ O J I O T O ~ ,  'iacTo c CeneHoM M TennypoM. K p o ~ e  Toro, B npeAenax 
~ ~ J ~ O T O H O C H ~ I X  T ~ P P M T O P M ~  0 6 ~ 4 ~ i  YPOBeHb IlOnOXMTenbHblX MarHMTHblX aHOMa- 

nbli BblWe, reM Ha KOHTMHeHTe, a rpaBMTaL(M0HHblX MMHMMYMOB - 3Ha'iMTenbHO 

HMXe, ' iTO O ~ ~ R C H F I ~ T C R  OKeaHMreCKMM (MJlM IlepexoflHbl~) TMnOM 3 e ~ ~ 0 i  KOPbl, 

6JlM30~TbtO MaHTMM M ~ef l0pa3BM~b~~btO OPOreHMqeCKMX n p O ~ e C C O B .  

Ha~6onee XapaKTepHaR O C O ~ ~ H H O C T ~  BblAeJleHHblX 30nOTOHOCHblX 30H - MX 

KOppenRL&lfl C perM0HanbHblMM ~ J ~ Y ~ M H H ~ I M V I  CTPYKTYPaMM pa3ynnOTHeHMR. Bce 
MeCTOpOXfleHMR K ~ M ~ ~ T K M ,  0-Ba K y ~ a u l ~ p ,  C ~ X ~ J I M H ~ ,  H M x ~ e r o  flpMaM~pbR 

PaCnOnOXeHbl B npeAeJlaX n l l ~ e i ~ b l x  MMHMMYMOB CMJlbl TFIXeCTM. Y P O B ~ H ~  
~ ~ C O ~ K I T H ~ I X  3Ha'ieHlIi rpaBMTaL(MOHHOr0 n0nR B MMHMMYMaX 3aKOHOMePHO 

M3MeHReTCR OT KOHTMHeHTa K OKeaHy: Ha H H X H ~ M  A ~ y p e  M CaxanM~e- 3TO 

O... +20 Mrn, Ha Ka~raTKe O... +40 ~ r n ,  Ha o-se K y ~ a w ~ p  +loo... +I20 Mrn. B 
KOPRKCKOFI 30He C$~MKCMPY~TCR MaKCMMYM pEl3ynnOTHeHMR: - 20 ... -40 MrJl ( K ~ K  B 

OXOTCKO-~YKOTCKOM n0fICe). Bce ~ y 6 ~ y n ~ a ~ M ' i e C ~ M e  MeCTOpOX,QeHMR O C T ~ O B H O ~ O  
nORCa HaXOARTCR B npeaeJlaX PerMOHanbHblX MarHMTHblX aH0~aflMfi n ~ 6 0  B 30HaX 

nepexoaa K HMM. f lpeanonarae~c~,  r ~ o  ~ T M  ~ H O M ~ ~ M H  ( a ~ o ~ a n b ~ b ~ e  n o n ~ )  ~ P R M O  

M n M  onocpeAosaHHo @ M K C M P ~ ~ O T  r n y 6 ~ ~ ~ b r e  @ e ~ ~ r e c ~ ~ e  Maccbl, y r a c - r ~ y t o u ~ e  
B reHepauMM sono~a. 

~ ~ J ~ ~ L L I M H C T B O  30JlOTOHOCHblX ~ P O B M H ~ M ~  PaCCMaTpMBaeMOrO P e r M O H a  

C @ O ~ M M ~ O B ~ ~ O C ~  B re0CMHKJlMHaJlbHblX CKnafl'iaTbl~ 0 6 n a c ~ ~ x  (TCO), a HeKOTO- 

pble B CTpyKTypaX TMA ( A J I ~ ~ H o - C T ~ H O B O ~  U M T ,  6~peMHcKklFl MaCCVIB, OXOTCKO- 
' ~ ~ K O T C K M ~  s y n ~ a ~ o - n n y r o ~ ~ r e c ~ ~ i  n o ~ c ) .  O ~ ~ e n b ~ b ~ e  repTbl cxoAcTsa M p a 3 n ~ -  

qMR 30nOTOHOCHblX ~ P O B M H L ( L / ~ ~  M 30H OTpaXeHbl B ~ a 6 n .  2.1. 





Puc. 2.3. CxeMa ~ ~ R O H M P O B ~ H M R  ~ O J ~ O T O H O C H ~ ~ X  T ~ P P M T O P H ~  BOCTOK~ POCCMM. YCn. 0603ti.l 1 - 30nOTOHOCHble nPOBHHqHM K ~ ~ ~ H O ~ O ~ C K H X  CKJla,4'iaTblX 06nac~eh, npeblMyl4eCTBeH- 
HO c C Y ~ B Y ~ K ~ H H ~ ~ C K M M  OpyaeHenneM Heoretioeoro (a) n naneoretiosoro (6, B, r )  eospac~a: 6 - B ~ynuann~ax cpeanero n B - Kncnoro cocTasa, r - B KoMnneKcax ocHosannR; 2 - BO~OTOHOC- 

HMe nPOBHHqHM Me3030ficK~x reOCMHlUlHHanbHMX CKJla,4rlaTblX 06nac~ei4 c H ~ B C K ~ ~ ~ T M M  (a) M BCKpMTblM 3p03~eh (6) IlWle030h~K~M CKllaraTblM @ Y H ~ ~ M ~ H T O M  C 3OJlOTMM, a TaWe 30nO- 

T O - P ~ A K O M ~ T ~ ~ ~ H ~ ~ M  (6) opyaeHenneM apc~o-panne~enosoro eospac~a; 3 - ~ O ~ O T O H O C H ~ J ~  npoentiwM odnac~eh ~ e 3 0 3 0 i c ~ o f i  T ~ K T O H O - ~ a r ~ a ~ n r e c ~ o h  ~ K T M B H ~ ~ U H M  c MenOBbIM, 
npenMyuecTeeHno rnna6nccanb~b1~ ~ O ~ O T M M  (a) M c y6ayn~ann rec~n~  opyaeneHneM sono~oro (6), 3ono~o-cepe6p~noro (a) n 3ono~o-cepe6po-pea~o~e~annbtioro (r) npo@~nsl; 4 - 
apeanbl PenroMeTannbHoro opyaetieHnR Menoeoro M naneorenoeoro eospac~a (onoso, eonb@pa~); 5 - ~ O H ~ I  c n a n e 0 3 o i c ~ n ~  ~ O ~ O T ~ I M  OpyaetienneM: 6 - rpaHnqbl ~O~OTOHOCHMX CTPYK- 

VP: nnaHeTapHblx noRcoB (a), npoen~qnfi n MeTannoretinrecKnx nogcoe (6),  OH (B), noa30n (r); 7 - MecTopoweHnsl: a-rnna6nccanb~~e n Me3oa6nccanb~ble: sono~opyntib~e, 30nOTo- 
nonnMeTannnrecKne H ~ o ~ o T o - c ~ ~ ~ @ M A H ~ I ~ ,  ~ O ~ O T O - C Y P ~ M R H ~ I ~ ,  30no~o-pea~o~e~annbnb1e; 6 - c y 6 e y n ~ a ~ ~ r e c ~ n e :  s o n o ~ o p v a ~ ~ e ,  3ono~o-cepe6p~~ue,  ~eatio-nop@npoeb~e c sono- 
TOM. 

A. MOHTOJlO-OXOTCKM~ 30JlOTOHOCHbln IlOFIC. ~ P O B H H ~ H H :  I - Anaanc~ag (30nb1 (un@pb~ B ~pym~ax):  1 - Anaano-Yrypc~a~, 2 - 3 e a ~ n t i o - J l o ~ a ~ c ~ a ~ ) ;  II - C~anoeaR ( 3 0 ~ ~ :  

3 - Ceeepoc~anoeasl, 4 - Tytcypnnrpc~a~, 5 - C y r m a p c ~ a ~ ) ;  Ill - Axa ran t i c~a~    OHM: 6 - C ~ ~ ~ M P ) K M H O - K ~ ~ ~ M H C K ~ R .  7 - B e p x ~ e a ~ y p c ~ a ~ ) ;  IV - 6ypennc~a~  ( 3 0 ~ ~ :  8 - C ~ B ~ P O ~ ~ P ~ H H C K ~ R ,  
9 - B O C T O ~ H O ~ ~ ~ ~ M H C K ~ R ,  10 - TypancKaR). 6. TMXOOKEAHCKMn 30JloTOHOCHblFl nOFIC. I~POBHH~MM: V - CMXOT~-AJ~HHCK~R (30Iibl: 11 - npn6pexna~, 12 - H H X H ~ ~ M ~ ~ C K ~ R ,  13 - 
~ ~ H T ~ M ~ H O C M X O T ~ - A ~ M H C K ~ R ;  14 - AYPMHHCK~R); VI - ~ H O - K O J ~ ~ ~ M C K ~ R  (30~bl: 15 - ~ X H O B ~ P X O R H C K ~ R ,  16 - T ~ H ~ K M H C K ~ R ,  17 - ~HO-MH~MTHPCK~R,  18 - MHAH~MPO-KoJ~MMcK~R); VII - Anoh- 
C K O - ~ Y K O T C K ~ R  ( 3 0 ~ ~ :  19 - M ~ ~ o ~ H o ~ c K ~ R ,  20 - MahcKaR, 21 - K~nbcKaR, 22 - ~ ~ M K o ~ ~ ~ M c K ~ R ) ;  VIII - OXOTCKO-~~KOTCK~R ( 3 0 ~ ~ :  23 - & X ~ ~ ~ I , X Y P C K ~ R ,  24 - O M C ~ K ' ~ ~ H C K ~ R ,  25 - OMOJ'IOH- 
A H W ~ ~ P C K ~ R ,  26 - ~ Y K O T C K ~ R ) ;  IX - C ~ ~ ~ ~ M H C K ~ R  ( 3 0 ~ ~ :  27 - natirepniCKaR, 28 - WMM~TOBCK~R); X - Kypnno~Ka~ra~cKaR (30~bl: 29 - KOPRKCK~SI, 30 - ~ ~ H T P ~ J ~ ~ H o K ~ M ~ ~ ~ T c K ~ R ,  31 - Boc~or -  
HoraMrlaTcKaR, 32 - Kyp~nbCKaR).  OHM c n a n e 0 3 o G c ~ ~ ~  ~ O ~ O T M M  OpyAetienneM: 33 - ManoxnnraIicKaR, 34 - 3ana,41ionpn~opc~a~,35 - O~ononcKa~. MECTOPOWEHMFI: 1 - Jlewtioe, 
2 - C~annc~oe,  3 - ne6enntioe, 4 - Kypa~ax, 5 - 6 a ~ c ~ o e ,  6 - Ynaxan, 7 - 6epe3n~osoe, 8 - Knpoecroe, 9 - Ycne~osc~oe, 10 - 3 o n o ~ a ~  ropa, 11 - KonreaatiHbIi Y~ec, 12 - Mano~b~p,  13 - 
Bopownnoec~oe kl BepXtieMblti~~Oe, 14 - Totcypc~oe, 15 - CaIypcKoe, 16 - A @ ~ H ~ c ~ ~ B c K o ~ ,  17 - X~PTHHCKO~, 18 - Y H ~ ~ H ' ~ M K ~ H C K O ~ ,  19 - ~ ~ H H H C K O ~ ,  20 - H H M ~ H C K ~ R  rpynna, 21 - T o K o ~ ~ H -  
CKOe, 22 - Kep6nnc~oe, 23 - ~ Y P M H ~ H H C K O ~ ,  24 - ~ O ~ T ~ ~ H K ~ H C K O ~ ,  25 - nno~epc~oe ,  26 - ~ O K ~ O B C K O ~ ,  27 - 8. T ~ I T ~ M H C K O ~ ,  28 - EJ' I~HM~HO~, 29 - npOr~03~0e,  30 - HOHH, 31 - Me~Bexbe 
One~no, 32 - Mnoroeepwn~tioe, 33 - 6 e n a ~  ropa, 34 - An6asnticroe, 35 - O K T S ~ ~ P ~ C K O ~ ,  36 - ~OKPOSCKO-TPOM~KO~, 37 - A ~ H M ~ - A @ ~ H ~ c ~ ~ B c K o ~ ,  38 - Y r a ~ n ~ c ~ o e ,  39 - A~nne,  40 - 
X O ~ ~ H C K O ~ ,  41 - ~ H M O B ~ ~ ,  42 - TYMHHHCKO~ ( O ~ M K ~ ) ,  43 - AYPMMHCKO~, 44 - He3aMeltioe, 45 - BOCTOK-2, 46 - F I T o ~ H o ~ ,  47 - ~PMMOPCKO~,  48 - Cann)~, 49 - M~~HHoBCKO~ (HaMOBcKOe), 
50 - 6narona~tioe, 51 - rnyxoe, 52 - Ac~onba, 53 - nporpecc, 54 - nopoxnc~oe, 55 - C6pocoeoe (TaC-K)pdXCKOe), 56 - Ayw, 57 - K)p, 58 - 6ynap, 59 - Bocxoa, 60 - Hewanntic~oe, 61 - 
Capb~naxc~oe, 62 - Cee~noe, 63 - YTHHCKO~, 64 - Be~penc~oe,  65 - Ha~an~nt ic~oe,  66 - naenn~, 67 - Wronb~oe, 68 - Oseptioe, 69 - Kapanbeee~, 70 - Cee~noe, 71 - Mafic~oe, 72 - Cosn~oe, 
72" - A e n a ~ ~ a ~ c ~ o e ,  73 - E T ~ ~ c K O ~ ,  74 - KYJI~~KJ~MHCKO~, 75 - Opbesc~oe, 76 - qarnra, 77 - X a r a ~ ~ ) ~ n ~ c r n e ,  78 - Xaap~axc~oe, 79 - AVHP)K~, 80 - K a p a ~ ~ e n c ~ o e ,  81 - HRBne~ra, 82 - 
ronbuoeoe, 83 - A ~ K ~ T ,  84 - nytitioe, 85 - Ap~nax, 86 - ~ B ~ H C K O ~ ,  87 - KyBa~a, 88 - Cepreeec~oe, 89 - O ~ ~ U B M C T O ~ ,  90 - Becennee, 91 - q n ~ ~ c n ~ e n b c ~ o e ,  92 - Banynnc~oe, 93 - nene~se-  

eM, 94 - nesetiw~epnosc~oe, 95 - Pyrocyeac~oe, 96 - A ~ e ~ n c ~ o e o e ,  97 - Cnpy-r, 98 - Knw,  99 - Tyrxnnea~y, 100 - 3 p y e a ~ ~ ,  101 - Oaepnosc~oe, 102 - KpepyK, 103 - Atmanenb-AmnK~r- 
CKOe, 104 - A ~ H H C K O ~ ,  105 - O ~ ~ H C ~ M H C K O ~  (3ono~oe), 106 - K ~ ~ ~ K O B C K O ~ ,  107 - C ~ ~ ~ P ~ B C K H ~  rpe6nn,108 - K y ~ p o r ,  109 - ~ O ~ O X ~ C T O ~ ,  110 - K ~ P ~ ~ M U I M H C K O ~ ,  1 1 1 - POAHMKOBO~, 1 12 - 
My-r~o~cloe,  11 3 - Acarnwroe. 114 - Ilepecenenrec~oe, 11 5 - Xwnbroe, 116 - ~ ~ ~ C O ~ O B C K O ~  n Cesepnti~oscroe 

I I 
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TCO 
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R ro f l ~oe  

benag ropa,  
M H O ~ O B ~ ~ I U ~ ~ H H O ~  

A r~we-A+a~acbesc~oe ,  
Amne,  A n 6 a 3 ~ ~ c ~ o e ,  
Y ' ~ ~ M M H c K o ~  



1 2  3 

O X H ~ R  n3. 

U e ~ ~ p a n b ~ a ~  na. 

C ~ B ~ P H ~ R  n3. 
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6epe r06a~  n3. 

OM0n0H-AHa~blp- 
CKaRn3. 

KyfiAycyHcKaR n3. 
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9 - PyAHble @op~aunn,  MMtiepanbtiblt7 Tun. C o ~ p a u e ~ n ~ :  KB - KBapq, a,q - aaynnp, xanu - xanueaoti, ran - ranetiw, c@ - c@anepn~, an - anbbn~, 
nnp - nnpnT, ~ a p 6  - K ~ P ~ O H ~ T ,  apc - apcetionnpw, apr - apretiTnT, aHT - aHTMMoHnT, ween - weenwr, cyn@ - cynbOn,qu, non - n o n ~ ~ e ~ a n n ~ . t e c ~ ~ i ,  
o n  - Ontoopn~; 

10 - C Y ~ ~ @ M A H O C T ~  PYA: ~601-0- ( I ) ,  Mano- (2),  YMepeHHO (3), Cy~eCTReHHO cynb@~jJHa~ (4); 
1 1 - npo6a sono~a; 
12 - Au:Ag; 
13 - npO.Ikle nOne3Hble KOMnOHeHTbl pya; 
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TEKTOHO- 
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KOMnfleKCbl 
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I IM'-~~CKM~~ 

Q ~ H A ~ M ~ H T  
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@M,QHble XLlnbl 
(Jlem~oe, C ~ a n ~ c ~ o e )  
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( X ~ K ~ H ~ X M H C K O ~ ,  q a r ~ ~ a )  

30n0~0py,Q~ble C cepe6po~ ,  
B O ~ ~ @ ~ ~ M O M ,  BMCMYTOM; 
~ o ~ o T o - ~ o ~ M M ~ T ~ ~ ~ M ' - ~ ~ c K M ~  

XLlnbl M 30Hbl 

( ~ ~ M c K o ~ ,  KMpo~c~oe,  
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( l l o p o m ~ c ~ o e ,  
CMXOT~-A~MH b) 



6 J lMTepaType M3BeCTHbl I-IPMMePbl M c c J ~ ~ ~ o B ~ H M ~  RPYCHOCTM (BT~XHOCTM) 

3OJlOTOrO OpyAeHeHMR ( ~ Y K M H ,  1973; ~ Y K M H  M Ap., 1978). n p l n  3TOM I lOAclepKMBa- 

KITCR pa3JlMrMR OTAeJlbHblX CTPYKTYPHblX 3 T a X e h  n0 MX JlMTOJlOrMCleCKOMY COCTa- 

By, XMMM3MY M @ M ~ M K o - x M M L ~ ~ ~ c K M M  C B O ~ C T B ~ M ,  M ~ T ~ M O P @ M ~ M Y  n O p O A  M TOJllq, 

no XapaKTepy  M a r M a T M 3 M a  M TeKTOHMKM. ~ P M  O ~ C Y W ~ H M M  ~ J ~ Y ~ M H H O C T M  30JlOTO- 

ro opyaetietim ( K a 3 a ~ c ~ ~ i  M ~ p . ,  1978; Ca@o~os ,  1978) M c c n e A o s a T e n M  T a K x e  

o 6 p a ~ a ~ ~ c ~  K aHaJlM3y ~ ~ O T ~ K T O H M C ~ ~ C K M X  Y ~ O B H ~ ~ ,  K KaXAOMY M3 KOTOPblX n p M -  

YpOreH bl OnpeAeJ leHHble  TMn bl3OJlOTOpyAH blX M ~ c T o ~ o X , ~ ~ H M ~ .  3J leMeHTb l  RpyC-  

HOCTM OPYAeHeHMFl Mb l  HaXOAMM B K J ~ ~ C C M @ L / I K ~ ~ V I F ~ X  30JlOTOPYAHblX MeCTOpOX-  

A ~ H M ~  H. A. UJMJl0, 0. r. Uep6a~osa,  B CMCTeMaTMKe n. @, l/lBaHKMHa M Ap. 
6 reOCMHKJlMHaJlbHblX CKJlaAraTblX o 6 n a c ~ ~ x  ~ O C T O K ~  POCCMM BblAeJlFleTCR 

TPM YPOBHR OpYAeHeHMR: ~e30-r l / lna6M~~aJlb~bl f i ,  C Y ~ B Y J ~ K ~ H M ~ ~ C K M ~ ~  kl6JlM3110- 

B ~ ~ X H O C T H ~ I ~ ~ ,  n e p B b l 2  I l p M y p O r e H  K AMCJlOqMpOBaHHblM reOCMHKJlMHaJlbHblM 

CKflaAraTblM KOMllJleKCaM: TeppMreHHb lM  'iepHOCJlaHqeBblM, OCaAOrHO-BynKaHO- 

TeHHblM, 06bl l l~0 M ~ T ~ M O P @ M ~ O B ~ H H ~ I M  A0 3 e J l e H 0 c J l a ~ 4 e ~ 0 f i  @aqMM, qaCTO B 

aCCOqMaqMM C A ~ G K ~ M M  ~ ~ o ~ @ M ~ M T o B ,  J l a ~ ~ p ~ @ k l p ~ B  M MaCCMBOB rPaHMTOMAOB 

~ O B ~ I W ~ H H O ~  OCHOBHOCTM, MHOrAa 6 e 3  B M A M M O ~  CBR3M C MHTPY3MRMM ( A Y ~ T C K M ~  

T M ~ ) .   TO 0 6 W v l p ~ a R  rpynna BblCOKOnPOAYKTMBHblX M ~ C T O P O X , ~ ~ H M ~ ,  TaKMX KaK 

H ~ T ~ J ~ K M H c K o ~ ,  M a i c ~ o e ,  T o K y p c K o e ,  Kapanbeee~ M Ap. 
Ass BepXHMX PYAOHOCHblXypOBHR aCCO4MMPYDT C OpOreHHblMM, I l p e M M y l q e -  

CTBeHHO BYJl KaHOreHH blMM KOMllJleKCaMM CKJlaAclaTblX o6nac~e i  ( B ~ ~ X H M ~  pyA0- 
H O C H ~ I ~  3 T a X ) .  O p ~ A e H e H k l e  C Y ~ B ~ J ~ K ~ H M ~ ~ C K O ~ O  YPOBHFl OcleHb CXOAHO C TaKO- 

BblM CTPYKTYP TMA KOHCOJlMAMpOBaHHblX o6nac~eG. OHO flPMYPOCleHO K HM3aM 

ByflKaHOreHOB, 0 6 b l r ~ 0  CJlOXeHHblX aHAe3MTaMl4 ,  M a C C O ~ M M p y e T  C 0 6 M n b ~ 0  

npOFlBJleHHblM c ~ ~ B ~ J ~ K ~ H M . ~ ~ c K M M  (M r M n a 6 M C C a J l b ~ b l ~ )  Ma rMaTM3MOM (MHo~o-  
BepWMHHOe, AYPMMHCKO~).  K 0 M n J l e ~ C b l  OCHOBatiMR ByJ lKaHOreHOB H a  TaKMX 

PYAHblX nOJlRX 3aLlaCTYtO BCKPblTbl 3 ~ 0 3 M e P .  K ~ J ~ M ~ ~ O B ~ P X H O C T H O M Y  YPOBHD OT- 

HeceHo o p y A e H e t i v l e  6enoropc~oro TMna, n o ~ a n u l 3 0 ~ a ~ ~ o e  B c o x p a t i M s u J M x c g  OT 

3P03MM X e p J l a X  TPeTMrHblX llaJleOByJlKaHOI3, a T a K X e  MeCTOPOmeHMFI  K ~ M ~ ~ T K M  
M KYPMJ~~CKMX OCTPOBOB. OHM y,4aJleHbl no BepTMKaJlM OT @ Y H ) J ~ M ~ H T ~  ByJlKaHM- 

TOB M aCC04MMPYDT C C Y ~ B Y J ~ K ~ H M C ~ ~ C K M M M  MaCCMBaMM nOpOA 6a3anbT-J lMnapM-  

T O B O ~ ~  @ O P M ~ ~ M M .  

6 C T p y K T Y P a X  M ~ ~ O ~ O ~ C K O ~  T € ? K T O H O - M ~ ~ M ~ T M ~ € ? C K O ~  aKTMBM3a4MM 

BblaenReTcg r e T b l p e  YPOBHR 3 0 n o ~ o r o  ( M  3 o n o ~ o c o ~ e p x a l q e r o )  o p y A e t i e t i M 9 :  

~ e 3 0 a 6 M C C a J l b ~ b l i ,  r M ~ a 6 M C C a J l b ~ b l ~ ,  c ~ ~ B ~ J ~ K ~ H M ~ ~ c K M ~  M ~ J ~ M ~ ~ o B ~ ~ x H o c T H ~ I ~ .  

n e p ~ b l e  A B a  PaCnOJlaratOTCR B KPMCTanJlM~eCKOM @ ~ H A ~ M ~ H T ~  n O A  ByJlKaHOreH- 

HblMM M OCaAOqHblMM n p o r ~ 6 a ~ ~ .  O p y A e H e H M e  aCCOqMMpyeT C Aaf iKaMM,  MaJlbl-  

MM M CPeAHMMM no p a 3 M e p a M  MaCCMBaMM rpaHMTOklAOB, MOH40HMTOMAOBI C u e -  

HMTOklAOB ( M ~ C T O P O X ~ ~ H M R  n e f l ~ ~ o e ,  ~ ~ M C K O ~ ,  K M p o s c ~ o e ,  6 e p e 3 ~ ~ o a o e ) .  

TpeTMi  y p 0 ~ e H b  0py,4eHeHMR r I p M y p O r e H  K Hkl3aM Y ~ O M R H Y T ~ I X  npor~60s B TeC- 

H O ~  ~ P O C T P ~ H C T B ~ H H O ~  CBR3M C p a 3 ~ 0 0 6 p a 3 ~  ~ I M M  C Y ~ B Y J ~ K ~ H M ~ ~ ~ C K M M M  M HTPY- 

3MRMM ( n e 6 e ~ M H o e ,  ~ ~ O K ~ O B C K O ~ ,  n p o r H 0 3 ~ 0 e ) .  ~ J ~ M ~ ~ ~ O B ~ ~ X H O C T H ~ I ~  YpOBeHb 

3 o n o ~ o r o  opyAe t i eHMR p a c n o n a r a e T c 9  B sepxax B y n K a H o r e H o s  M o c a a o r t i b l x  KOM- 

IlneKCOB ( M ~ J ~ O I ~ P O ~ Y K T M B H ~ I ~  W T O K B ~ P K M ) ,  HO q a u e  H a  I l P O M e X Y T O ~ H b l X  YPOBHFlX 

( M ~ c T O ~ O ~ ~ H M R  K ~ J ~ ~ O K J ~ M H C K O ~ ,  X ~ K ~ H ~ X M H C K O ~ ,  K ~ ~ ~ M K ~ H c K o ~ )  M aCcOqMM- 

PyeT C c ~ ~ B ~ J ~ K ~ H M C ~ ~ C K M M M  MHTPY3MRMM M XepJlOBblMM @ ~ ~ M R M M  BYJIKaHMTOB, 

~ J ~ M ~ K M x  no o 6 n ~ ~ y  K IlOKpOBHbIM 0 6 p a 3 0 6 a ~ M R ~ .  



Ha~6onee reTKO PYAOHOCHble YPOBHM B b l p a X e H b l  B CTPyKTypaX TMA A ~ A ~ H -  
c K o r o  tqma. 3ono~oe o p y n e ~ e ~ ~ e  (~enoso ro  ~ o a p a c ~ a )  s ~ e c b  n o ~ a n ~ 3 o s a ~ o  ~a 
rpaHklL(e ~ a p 6 o ~ a r ~ o r o  K ~ M ~ P M ~ I  M T ~ P P M ~ ~ H H O ~ ~  Opbl ( K ~ ~ ~ H ~ x c K M ~  TVlfl), B HVl3aX 

K ~ ~ ~ O H ~ T H O ~ O  r e X J l a  ( J l e 6 e f l L l ~ ~ ~ V l F l  T M ~ ) .  M e ~ e e  5IpKOypOBHVl npO54BfleHbl B CTpyK- 

T y p a X  TMA 6ypeMHcK0rO  MaCCMBa, 6 C T ~ H O B O ~  M OXOTCKO-C~YKOTCKOI~ npOBMH- 

~ M F I X ,  rAe aono~oe ~3ono~o-cepe6p51~oe o p y ~ e ~ e ~ ~ e  n p M y p o r e H o  K H M ~ ~ M  HIAX- 

H e r 0  M B e p X H e r o  5 lpyCOB ByJlKaHMTOB ( ~ O K ~ O B C K O ~ ,  X ~ K ~ H A X M H C K O ~  
M ~ C T O P O > Y ~ ~ H M F I ) ,  K TePPMreHHOMY OCaAOqHOMY qeXJly (MOPMKCKM~~  T M ~ ) ,  a T a W e  

XapaKTepHO M F l  KpVlCTaflJlMqeCKMX KOMnfleKCOB @ Y H A ~ M ~ H T ~  6 CB5I3M C r ~ n a 6 ~ c -  
CanbHblMM rPaHMTOMAHblMM MHTPY3MFIMM, n O A  3KpaHaMk l  ByflKaHMTOB Vl MOJlaCC 

( E T ~ P C K O ~ ,  Kkiposc~oe, 6 e p e 3 k l T 0 ~ 0 e  M ~ C T O ~ O X , Q ~ H M ~ I ) .  

B f l p e ~ f l a r a e M 0 G  CklCTeMaTMKe 30f lOTOPYAHblX M ~ C T O P O ) Y ~ ~ H M ~ ~  BOCTOK~ 
POCCMM OTPaXeHO IlpeMMyUJeCTBeHHO M ~ ~ O ~ O ~ C K O - K ~ ~ H O ~ O ~ C K O ~  OpyAeHeHL le ,  

5IBnFltOtqeeC5I H a  ,&Inb~eM B o c T o K ~ A O C T O B ~ P H O  IlPOAYKTMBHblM. ~ O ~ O T O H O C H O C T ~  

npo~eposoFlc~oro ( C e a e p o c ~ a ~ o e a ~  s o ~ a ) ,  6 a f i K a f l b ~ K O r O  ( E S y p e ~ ~ c ~ ~ f i  M ~ C C M B )  

M TePL(MHCKOT0 BO3paCTa ( ~ x ~ ~ A M H c K ~ F ~ ,  ~ X H O B ~ P X O F I H C K ~ S I  flPOBMHL_IMM, OMO- 
J ~ O H C K M ~  MaCCMB, ~ X H O ~  ~ P M M O P ~ ~ )  B 3 ~ a q M ~ e f l b ~ 0 ~  M e p e  n p o 6 n e ~ a ~ ~ r ~ a n ~ 6 0  
cna6o ~ s y q e ~ a .  



3 OnOTOHOCHOCTb AJ" l f laHC~0f i  f lPOBllHL\MM TeCHO CBR3aHa C UeHTPaMkl  MHTPY- 

~ M B H O ~ ~  AeRTenbHOCTl l  aJlAaHCKOrO MHTPY3MBHOrO KOMflJleKCa M M M e e T  y3- 
n0~0f i  X a p a K T e p .  ~ O ~ O T O H O C H ~ I ~  y3nbl 0 6 b e ~ M H e H b l  B 3 0 H b l  BtOB IlPOCTMpaHMR. 

f l o n e p e r ~ b ~ e  K HMM CCB ~ O H ~ I  n p o m n e H b l  M e H e e  r e - r ~ o .  Ha r p a B M M e T p u r e c K u l x  

KapTaX  30JlOTOHOCHble p a f i 0 H b l  BblAenRlOTCR JlOKanbHblMkl MulHMMYMaMM Cklnbl 

TRXeCTM C p e ~ H e f i  MHTeHCMBHOCTM ( H a I l p k l M e p ,  ~ e ~ ~ p a n b ~ ~ a n ~ a ~ ~ ~ k l ~  P ~ ~ o H ) .  
f l a p a r e ~ ~ b l e  OpyAeHeHk lK l  MHTPY3MBHble nOPOAbl  ( ~ e n 0 r H b l e  kl r p a H l l ~ 0 M ~ b l )  06- 
naAa tOT  B ~ I C O K O I ~  ~ a r ~ u - r ~ o i i  BOC~~~/IMM~MBOCT~KI LI O K M C ~ ~ H H O C T ~ ~  xene3a. An- 
AaHCKaR I l P O B k l H ~ k l R  - TklIIklqHaR 0 6 J l a ~ ~ b  ~ e 3 0 3 0 f i ~ ~ 0 f i  TMA c f l pek lMyU jeCTBeH-  

HO P a H H e M e n O B b l M  3 0 f l 0 ~ 0 - ~ y f l b @ ~ ~ ~ O - ~ ~ a p ~ e ~ b l ~  O p y A e H e H k l e M  C 

OTHOCMTenbHO B ~ I C O K O ~ P O ~ H ~ I M  30nOTOM M AOCTaTOrHO KPYflHblMkl 30nOTOPYAHbl-  

MH 0 6 b e K ~ a ~ l l  c y f j ~ y n ~ a ~ 1 / 1 ~ e c ~ o r o  M r ~ l n a 6 ~ 1 c c a n b ~ o r o  y p o s ~ e i i .  O c l a r o s b ~ ~  

CTPYKTYpaM COOTBeTCTBYtOT TeKTOHMreCKble flOAHRTMR, BO3HMKLUMe H a  n 0 n 0 r O f i  

PMC. 4.1. CXt?Ma TeKTOHLrlKM M ~ e 3 0 3 0 f i C ~ o r 0  (J-K,) M a r M a T M 3 M a  K ~ T - K ~ ~ C K O ~ O  p a i 0 ~ a  (no 
E. n. M~KCMMOBY M AP., C Y ~ P O L L ( ~ H M R M M ) .  

1 - ~ a p 6 0 H a ~ I i b l e  f l O p O A b l (  c,); 2 - ~ e p p M r e ~ ~ 0 - K a p 6 0 ~ a ~ ~ b l e  n O p O A b l  (PR,.,); 3 - K p M C T a f l f l M r e -  

C K M ~  @ Y H A ~ M ~ H T ;  4-7 - B H e A P e H M R  I 3 T a f l a :  4 - L l@f lOrHb le  CMeHMTbl M WOHKLIHMTbl, 5 - LUTOKM cy6ue- 
n O r H b l X  aBrMTOBblX  CMeHMTOB, 6 - WTOKM U e J l 0 ~ 1 ~ 0 3 e M e n b ~ b l ~  C M ~ H M T O B ,  7 - WTOKM KBaplJeBblX CMeHM- 

T O - , ~ M O P M T ~ ~ O P @ L / I P O E  M T P a H O A M O P M T O B ;  8-10 - B H e A P e H M e  1 1  3 T a n a :  8 - CMJlJlbl K B a P u e B b l X  

C M ~ H M T O - ~ ~ ~ ~ O ~ M T ~ O ~ @ M P O B  M ~ P ~ H O ~ M O P M T - ~ ~ O P @ M P O B  ~ O B ~ I ~ U ~ H H O ~ ~  UeJlOL1HOCTM; 9 - T 0 f l ~ a  cy6ue-  
J lOrHb lX  TpaXMTOB, MX TY@OB M KJlaCTOJlaB; 10 - T P ~ H M T - ~ O P @ M P ~ I ;  1 1 - ~ M O P M T - ~ ~ O P @ M P ~ I ,  TpaHOAMO-  

P M T - ~ ~ O P @ M P ~ I ,  K B a p u e B b l e  AMOPMTbl  M TPaHOAMOPMTbl; 12 - p a 3 n O M b l ;  13 - KOHTYpb l  K ~ T - K ~ ~ C K O ~ O  
FlOAHFITMR; 14 - nOAHFlTMFl1 nOPFlAKa ( O r a r O B b l e  CTPYKTYPbl, ~ O ~ O T O H O C H ~ I ~ ) ;  I - ~ ~ ~ ~ H ~ L I H c K o ~ ,  1 1  - Me- 
T p o n o n b c K o e ,  Ill - Y n y x a ~ c ~ o e ,  IV - 6 y o p - C a a n ~ ~ c ~ o e  



MOHOKJlMHaJlM reXf la  CeBepHOrO CKJlOHa A J ~ ~ ~ H c K o ~ o  U M T a  (~OAHRTMR M e ~ p ~ n o J l b -  

CKOe, 6 a p a H b M H ~ K 0 e ,  T O M ~ T O K ~ H C K O ~ ,  A ~ H ~ c K o ~ ,  K ) H ~ C K O ~  M AP.) ( ~ M c .  4.1,4.2). 
B L ! , ~ H T ~ ~ J ~ ~ H o ~ J ~ ~ ~ H c K o M  p a i 0 H e  OrarOBaR CTpyKTypa B03HMKna H a  UPCKOM np0- 
r ~ 6 e  (~~KOKYTCKOM),  3anOXeHHOM BaOJlb KpynHOrO ~ ~ M ~ M ~ ~ M ~ M O H ~ J I ~ H O ~ O  rJly6MH- 

HOrO p a 3 J l O M a .  MOUHOCT~ ~ M @ ~ ~ C K O - H M X H ~ K ~ M ~ P M ~ C ~ C O ~ O  KOMnJ leKCa M3- 

MeHReTCR q IlpeAeJlaX OT 700 A 0  1700 M M JlMll lb H a  K P ~ ~ H ~ M  BOCTOKe PerMOHa 

~ o c ~ ~ r a e ~  2900 M ( p ~ c .  4.3). f l a n e o r e o r p a @ l / r r e c ~ u e  O C O ~ ~ H H O C T M  p e r M o H a  no- 
Ka3blBatoT1 r T O  B nO3AHeM ~ o K ~ M ~ ~ M M  B Me>yqyperbe Y r y p a - M a M  CylqeCTBOBaJl 

P e X M M  nOAHRTMR, 0 CleM CBM~eTeJ lbCTByeT i l e ~ C I i 3 ~ M ~ 0 ~ b l f i  COCTaB p a 3 p e 3 a  yryp- 
C K O ~  c e p M M  M y e e n M r e H v l e  ero MOUHOC-r~ K t o r y .  UMTOM 3 ~ a  CTpyKTypa 6b1na B 

t o p e ,  IlOCTaBJlRR O ~ J I O M O C I H ~ I ~  MaTepMaJl  B COCeAHMe BnaaMHbl .  

B ~ I C O K O M ~ ~ H M T H ~ ~ ~  C Y ~ B Y J ~ K ~ H M C I ~ C K M ~  M r k l n a 6 k l ~ ~ a J l b ~ b l e  MHTPY3MM M e -  

n o B o r o  ~ o s p a c ~ a  a n a a H c K o r o  K o M n n e K c a  DenRTcR H a  ase o c H o s H b l e  @OPM~LIMM: 

1 ) cna60~~cnblx  rpaHMTOMAOB (AMOPMTOB~I~  n ~ p @ M p M ~ b l ,  rpaHMTOMAbl, a M 0 ~ M ~ b l )  

M 2 )  MOHUOHMT-CMeHMTOsyH3: C M ~ H M T - ~ O P @ M P ~ I ,  CMeHMTbl, MOHuO,Jl,MOPMTbl ( M ~ K -  
CMMOB, S / ~ P ~ ~ M O B ,  1971 ). B IlOCJleAOBaTeJlbHOM PRAY MHTPY3MBHblX c e p M G  ~ a 6 n ~ -  
a a e T c 9  n o c T e n e H H o e  yBenMreHMe Lqeno rHocTM nopoa 3 a  c r e T  y B e n M r e H m  CO- 

D e p X a H M R  KaJlMR M YMeHbWeHMR ~ o J ~ ~ B o u ~ ~ ~ ~ T o B o ~  M3BeCTM. O A H O B P ~ M ~ H H O  
IlpOMCXOAMT M POCT ~ 0 ~ 4 e H ~ p a 4 M f i  B HMX 30JlOTa A 0  MaKCMMaJlbHblX 3Ha~ leHb I f i  B 

c y 6 ~ q e n o ~ 1 ~ b l x  CbleHMTaX ( K a p e J l L l ~  M Ap., 1974). Y C T ~ H O B J ~ ~ H O ,  r T 0  B M e 3 0 3 0 i -  

CKMX M ~ ~ M ~ T M ~ ~ C K M X O ~ ~ ~ ~ O B ~ H M R X C O ~ ~ ~ X ~ H M ~ ~ O J ~ O T ~  ~ o o 6 ~ q e  3HaCIMTeJlbHO 

s b l l u e ,  r e M  B nopoaax K p u c T a n n M r e c K o r o  @ y ~ , q a ~ e ~ ~ a  M ocanortioro rexna. 3 ~ ~ 4  

AaHH ble YKa3blBatOT H a  B03MOXHyto  r€?HeTMreCKyto CBR3b 30JlOTOHOCHOCTM p a i 0 H a  

C yKa3aHHblMM MHTPY3VIRMM ~ ~ 6 0  C rJly6MHHblM OCIarOM, MX T e H e P M P y t o ~ M M .  

CJleaye~ OTMeTMTb, qTO B OTJlMClMe OT ~ a b l 6 o n e e  np0,QyKTMBHOrO L!,eH~paJlb- 

HOaJlAaHCKOrO p a i o ~ a ,  rae K a p 6 0 H a ~ H b l e  nOpOnb l  U ,~OMCKO~ CBMTbl HenOCpeA-  

CTBeHHO 3aJ le ra toT  H a  KPMCTaJlJlMWCKOM @ Y H ~ ~ M ~ H T ~  L1 C O n e p X a T  PYAHble Tens 

H a  HeCKOJlbKMX rOPM30HTaJlbHblX YPOBHRX, B YCIYPCKOM, ,@H ~ C K O M ,  O ~ O J ~ M H C K O M ,  

TOM~~TOK~HCKOM ~ ~ G o H ~ x  H a  ~ H ~ G c ~ x  PaHHerO A O K ~ M ~ P M R  IlOBCeMeCTHO 3aJ le ra -  

e T  CpaBHMTeJlbHO MOLqHaR (A0 700 M)  TOJlLqa CYUeCTBeHHO KBapueBb lX  n e C r a t i M -  

KOB (PMC. 4.3, 4.4). 



VI 

100 10.0 J20oh4 

PMC. 4.3. C x e ~ a  conocTaoneHMR c ~ p a ~ ~ r p a c $ ~ q e c ~ ~ x  KonoHoK 
qeXJla B O C T O ~ H O ~  qBCTM A~A~HCKOI-0  UMTa (fl0&3HHbiM 6. A. C ~ M O ~ B ~ H -  
qesa, kt. n .  Kys~eqosa, A. r. flocesa, H. C. W n a ~ ,  kt. L1. O ~ n w e s a ,  B. 
P. Ane~ceeea, A. C. Q ~ n ~ n n o s a ) .  

1-V - ~ ~ J ~ O T O H O C H ~ ~ ~  pan0Hbl: 1, 1 1  - Y q y p c ~ ~ i ,  1 1 1  - / ~ H c K o - , & ~ H ~ -  
CKMG, IV - T O M ~ ~ T O K ~ H C K M ~ ,  V - BePXOBbR P. OMHR; VI - He30JlOTOHOC- 
H b l i  paG0H HM30BbeB P. MaiMaKaH. ~ O F ~ C H ~ H M R  ~ M T O J ~ O ~ L I ~ ~ C K M X  0603~ .  . 
CM. Ha PMC. 5.13 

no BePTMKaJlM OPYaeHeHMe A ~ ~ ~ H C K O ~ O  U k l T a  i l p k l ypOc leH0  K T p e M  CTPYKTYP- 

HblM YPOBHRM: K B ~ P X H ~ ~  'iaCTM O Y H ~ ~ M ~ H T ~ ,  HM3aM K ~ ~ ~ O H ~ T H O ~ O  cleXJla, K no- 
~ o L L I B ~ T ~ ~ ~ M ~ ~ H H o ~  O p b l .  Ha~6onee ~ P O ~ ~ Y K T M B H ~ I  aE3a ~ ~ O C ~ ~ ~ ~ H L ~ X Y P O B H F ~ ,  BKntO- 

claK3Ukle MeCTOPOXaeHklFI ~ ~ ~ ~ ~ M H C K O T O  kl KypaHaXCKOrO Tklf lOB. f l p a ~ ~ k l ' i e c ~ k l i  

MHTepec  npeAcTasn9e - r  3 o n o ~ o - n o p Q ~ p o s o e  o p y a e t i e t i k l e  P ~ 6 k l ~ o s o r o  M a c c M s a ,  

0 6 p a 3 0 ~ a ~ ~ o r o  CJlOXHblM KOMnneKCOM l l&?JlOqHblX M aPYrk lX  n O p O A ,  a T a K X e  3 0 -  

J lOTOpyaHble npORBJleHkl9 6 ~ p k l ~ T a n J l M c l e ~ ~ 0 ~  Q Y H ~ ~ M ~ H T ~ ,  B CKapHaX, CMeHTaX, 

B n e c q a H M K a x  M K o H r n o M e p a T a x  apestiero c lexna .  





Ha AJ~,Q~HcKoM U M T e  ULIPOKO PaCnpOCTPaHeHbl  K B a p u - ~ y J l b @ ~ ~ H b l e  3aJ le -  

X M  M XMJlbl C 30JlOTblM, PeXe C ~ O ~ O T O - C ~ ~ ~ ~ ~ R H ~ I M  LI ~ O J ~ O T O - C ~ ~ ~ ~ ~ O - ~ O J ~ M M ~ -  

T a n n w e c K M M  o p y A e t i e t i u e M .  Ha~6onee M ~ B ~ C T H O ~ ~ ~ ~ A M H O ~  aono~opya~oe M e -  

cTOpOX,QeHMe, M a T e p M a n b l  no ~ o ~ o p o ~ y o 6 0 6 ~ a n ~  A. ~ M ~ M ~ M H ,  A. H. K ~ ~ ~ ~ M H o B ,  
H. B. ne~posc~ag ,  C. M. Hefianep, r. M. A ~ ~ H o B ,  C. B. K y 3 H e q o s 1  B. 3. C ~ A O B ,  
A. H. Y ~ ~ ~ O M O B ,  M. 6. 6 0 p o f l a e ~ c ~ a ~ ~  1/1. C. POXKOB, B. r. B ~ T ~ ~ X C K M X  M Ap. Ap- 
xe f i cKMf i  K p V l ~ ~ a J l n M . l e ~ ~ k l f i  @ Y H ~ ~ M ~ H T  3 A e C b  npeACTaBJ leH  r H e f i c a M ~  M KpMCTaJl- 

JllAreCKMMM CJlaHuaMM M ~ H ~ ~ c K o ~  CepMM. qex0J-I U M T a  0 6 p a 3 0 B a H  K ~ ~ O M C K O ~ ~  CBM- 

~ o f i  B e t i n c K o r o  ~ o a p a c ~ a ,  H a  K O T O P O ~ ~  c r e o r p a @ ~ r e c ~ ~ ~  H e c o r n a c M e M  3anerat0~ 
H M X H ~ K ~ M ~ P M ~ ~ C K M ~  CBMTbl - I leCTpOuBeTHaR,  T 'MyJlAypCKa5l ,  YHreJlMHCKaR M Ky- 

TOPTMHOBaR. ~ ~ O M C K ~ F I  CBMTa (220-240 M)  flpeACTaBJleHa p a 3 ~ 0 0 6 p a 3 H b l ~ M  

AOJlOMMTaMM; n e C T p 0 u B e T H a R  (45-50 M)  - OKPal l leHHblMM ,QOJlOMMTaMM, M e p -  

reJlRMM, M3BeCTHRKaMM; T y M y J l ~ y P C K a R  M YHreJlMHCKaR - l lpeMMyLl@CTBeHHO C e -  

PblMM AOJlOMMTaMM. K e ~ 6 p ~ f i c ~ ~ e  O ~ ~ ~ ~ O B ~ H M R  B oXHOL;~ raCTM PYAHOT0 flOJlR 

I l epeKPb lTb l  CpeflHetOPCKMMM Pa3H03ePHMCTbIMM KBapu-flOneBOLUnaTOBblMM ne- 
CraHMKaMM ~ O X T M H C K O ~ ~  CBMTbl (60-70 M). n J l a ~ @ ~ p ~ e H H b l h  reX0J-I O r e H b  nOJ lOr0  

(1  -6,5 M/KM) HaKJlOHeH H a  C e B e p .  B ~ e H ~ p a J l b H 0 f i  r aCTM py,QHOrO n 0 n R  OH OCJlOX- 

HeH nOJl0rMM MepMAMOHaJlbHblM RKOK~TCKMM 1iporw60~ U M P M H O ~ ~  6onee 20 KM. B 
@ ~ H , Q ~ M ~ H T ~  npo r~6a  BblAeJlReTCR CepMR r p a 6 e ~ o ~ .  n p o r ~ 6  3aJ lOXeH B A O n b  RKO- 
Ky-rcKoro pasno~a ,  no KOTOPOMY B ~e3030e  n p o M c x o A M n M  n e p e M e u e H M R  6 n o ~ o ~  
H a  400-500 M. 

3ono~oe o p y A e H e H M e  n a p a r e t i e T M q e c K M  C B R ~ ~ I B ~ ~ T C R  c M ~ ~ O ~ O ~ ~ C K M M  M a r -  

MaTM3MOM ( ~ M ~ M ~ M H ,  1955; M ~ K C M M O B ,  Y ~ ~ I Q M O B ,  1971; A a H H b l e  E. n. M ~ K C M -  
M o s a ,  1974 r.), ~ o ~ o p b ~ f i  n p o m M n c R  reTb lpex ,qb l  c B e p x H e r o  M e n a  M n p e d c T a s n e H  

p a 3 ~ 0 0 6 p a 3 H b l M M  n 0 p O A a M M  ~ e J l O r H O r 0 ,  CMeHMTOBOrO M AMOpMT-rpaHOaMOpM- 

TOBOrO COCTaBa. M o ~ @ G ~ o ~ M ~ ~ c K M  3TO JlaKKOJlMTbl, CMJlJlbl, LUTOKM, ~ ~ ~ I K M ,  p e A K 0  

ByJlKaHMreCKMe IlOKpOBbl. n 0 ~ 0 ~ b l  ,Q)IHMTOBOF~ kl K M M ~ ~ ~ ~ M T o B o ~ ~  @ 0 p M a u M f i  o6blr- 
HO Pa3BMTbl 3 a  n p e A e n a M M  30nOTOHOCHblX y3JlOB. Ha~6onee MHTeHCMBHble BHe-  

APeHMR M a r M b l  IlPOM30LUJIM B B e p x H e f i  O p e - H M X H e M  MeJ ly  (3-fi 3 ~ a n ) ,  B B e p X H e M  

M e n y  M a r M a T M 3 M  PerpeCCMpOBaJl, @ o ~ M L I ~ o B ~ J ~ M c ~  n p e M M y l q e C T B e H H 0  Aaf iKk l .  

DJlR n O p O A  BCeX @ 0 p ~ a u M f i  KOMnJleKCa, He3aBMCMMO OT COCTaBa, XapaKTepHO 

n o s b r u e H H o e  c o A e p x a H M e  a~ueccop~oro  MarHeTMTa,  Bb lcoKMe s ~ a r e ~ ~ ~  ~ 0 3 @ -  

@MuMeHTa OKMCJleHHOCTM Xene3a (f = 0,3-0,7) M BblCOKaR MarHMTHaR BOCnPMMM- 

rMBOCTb ( x =  115-570 12,6 C1/1) ( M a n b l ~ e ~  M Ap., 1977). 
B H e a p e H M e  C ~ ~ B ~ J I K ~ H M ~ ~ C K M X  M H T P Y ~ M ~  C O l l P O B O ~ a J l O C b  r M A P O T e p M a n b -  

H 0 f i  f leRTenbHOCTbt0 M M ~ T ~ M O P @ M ~ M O M  nOpOA.  C I l epBb lMM 3 T a n a M M  M a r M a T M 3 M a  

CBR3blBaDTCR ~ a J l M ~ 1 f l a ~ - ~ a p 6 0 ~ a ~ ~ b l e ,  nMpMT-KaJlMUInaT-aHKepMTOBble MeTaCO- 

MaTMTbl, a C f l03AHMMM ( H M X H M ~ ~   en) B03HMKSlM KPeMHMCTble, KBaPu-I-IMPMTOBble, 

KBapu-aAyJlRp-nMpMTOBble, KBapu-CepMuMTOBble ,  a T a K X e  HM3KOTeMnepaTypHaR 

~ a n ~ u n a ~ ~ s a u ~ ~  111 a p r ~ n n ~ 3 a u ~ ~ .  M ~ T ~ C O M ~ T U T ~ I  p a 3 ~ ~ ~ a n ~ c b  no p a 3 ~ b 1 ~  no- 
POAaM,  BnJlOTb A0 AaeK.  C 3aKntOrMTenbHblMM 3 T a n a M M  M a r ~ a ~ M . l e c K o f i  AeRTeJlb-  

HOCTM C B F ~ ~ ~ I B ~ ~ T C R  0 6 p a 3 0 ~ a ~ M e  OCHOBHO~O 0 p y f l e ~ e ~ k l ~ .  

M ~ C T O ~ O X , Q ~ H M ~  npe&CTaBJleHO rOpM30I iTaJlbHblMM 3 a n e X a M M  M BePTMKaJlb- 

HblMM XMJlaMM aHKePMT-~MpMTOBOrO,  T ~ ~ M O ~ M T - C ~ ~ ~ @ M ~ H O T O ,  K B a p u - c y n b @ M ~ -  

HOrO, KBaPu-TeMaTMTOBOTO COCTaBa, 3aJleratOlqMMM n P e M M Y U e C T B e H H 0  B Aono- 



P m .  4.5. r e o n o r ~ r e c ~ a ~  K a p T a  Jle6em~o1-o p y n H o r o  nonn, T O P M ~ O H T ~ ~ ~ H ~ R  n p o e t c u m  ( n o  

C. B. K ~ ~ H ~ u o B ~  M B. 3.  C ~ O B ~ ) .  
1 - C ~ ~ T B ~ P T M ~ H ~ I G  annlo~llfi; 2 - AOnOMMTbl  D ~ ~ O M C K O ~ ~  CBMTbl (V); 3 - f ~ e o ~ b l  M rPaHMTbl  (AR); 

4 - ueflO'-lHble CMeHMTbl M C M ~ H L / I T - ~ O P @ M P ~ ~  ( K ) ;  5 - flafiK1.1 n o p @ b ? p o ~ b l ~  nOp0,Q u e n O ' I H 0 r O  M uenO'-l- 

H O - a e ~ e n b ~ o r o  c o c T a s a ,  n a ~ n p o @ ~ p o e  (K); 6 - n p o e K w M  ~ O P M ~ O H T ~ ~ ~ H ~ I X  PYAH~IX aanemeG H a  no- 
BepXHOCTb, B e p T M K a n b H b l e  P y A H b l e  XMnb l ;  7 - CKapHMpOBaHHble  nOpOAbl ;  8 - 3 0 H b l  ~ ~ ~ K C ( M P O B ~ H M R  



MulTaX K ~ A O M C K O ~  CBMTbl. PyaHble XEJlbl BCTPC'qatOTCH TaKXe B apxeflc~ulx r ~ e i c a x  
Ll B MHTPy3ulBHblX n O p O a a X .  Ha KQHTaKTaX C nOCJleAHulMul AOJlOMulTbl MPaMOPM30- 

BaHbl, OKBapuOBaHbl M CKapHulPOBaHbl. I / ~ H T P Y ~ L / ~ B H ~ I ~  L l  PyaHble Tens ulCflOJlb3ytoT 

TpeuulHHble CTPYKTYPbl B ~ P T M K ~ J ~ ~ H o ~  Ll 6Jl1/13r0~~/130~~aJlb~0f i  OPMeHTMPOBKM, 

B03HMKUMe q p e 3 y n b ~ a ~ e  M ~ ~ O ~ O ~ C K O ~  TMA. PyaHble 3aJleXM B flJlaHe ulMetOT 

JleHTOBulAHyK) @OPMY, LUMPMHa neHT 10-15 MI MOqHOCTb 0,5 - 2 M, llpOT54XeHHOCTb 

50-1000 M. Ko~@ulrypauulg sanexei aarac~yto oqeHb cnoxHa (PMC. 4.5, 4.6). B 
~ o n o ~ ~ ~ o s o i i  Tonqe BblAenReTcg 4 r o p ~ s o t i ~ a  cocpeAoToqeHm p y ~ ~ b r x  3ane- 

x e i :  Ha rpaHMue apxeg M IOAOMCKO~ C B M T ~ I ;  B 15-25 M, 40-50 ul 180-185 M OT 

3TOr0 KOHTaKTa. Py~Hble XLlJlbl qau_le aCCOuLlM[lYtOTC 3aJleXaMM. HX 06blrHaR MOu- 

HOCTb 0,5- 1 M, B pa3AyBaX A0 2-3 M, IlpOTRXeHHOCTb AeCRTKul M COTHM MeTpOB. 

O A H ~  xklfla (MM. ~ O P ~ K O ~ O )  flpOT5lrMBEleTCH H a  2 KM. O P L ~ ~ H T M P O B K ~  XMn CB M C3,  
naAeHMe BepTulKaJlbHOe. K O H T ~ K T ~ I  XMfl B AOnOMMTaX M3BMnMC-rble, npul BXOAe B 

~ P X ~ ~ C K L I ~  r ~ e h c b l  Xulnbl BeTBRTCFl M BblKJlulHLlBatOTCFI. B M ~ ~ O ~ O ~ C K M X  HHTPY- 

3MBHblX nOpOAaX OHM ulMetOT qeTKule OrpaHMCleHulFI, f l e p e x 0 ~  OT PYAbl K ~ O K O B ~ I M  

nOpOAaM pe3~u l i .  B~eua touu le  nOpOAbl6nr/i.3 PYAHblX Ten LIHflpeHbMpOBaHbl llul- 

PMTOM ( B K ~ ~ ~ J ~ ~ H H O C T ~ ,  np0xMJlKLl). r f l a ~ ~ b l e  MklHepaJlbl PYA: KBapu, aHKepMT, 

~klPulT, TeMaTVIT, XaJlbKOflMpMT, KanbuulT, nLlppOTulH, TpeMOJlMT. B T O ~ O C T ~ ~ ~ ~ H H ~ I ~  
~l npMMecul: LueenMT, raneHm, TeTpaAMMMT, ccbanep~~ ,  MarHeTm.  3ono~o  B pyAax 
TeCHO aCC0uMMpyeTC ~y,lb@M~aMLl. 6bl~enReTcR 4Tulna PYA. 1. Ha~6onee PaCnpO- 
CTpaHeHbl ~ap60~a~-nMpu l~ -KBap~eBb le  PYAbl. O6pa3yt0~ 38JleXM, 06na~ato-r no- 
nocraTblM CTpoeHMem. C o ~ e p x a t i ~ e  nMpl/r-ra 40 2%. 30~10~0 HaxoAMTcR B nMpulTe 

B Bulae M M K ~ o B K J ~ ~ O ~ ~ H M ~  (0,01 - 0,4 MM). Ero npo6a 8 5 0 - 9 5 0 . 3 n e ~ e ~ ~ b 1 - 1 l p ~ ~ e -  
CM B pyne: As, Mn, V, Bi, Cr. 2. r e ~ a ~ ~ ~ - n ~ p r / l ~ - ~ s a p u e ~ b ~ e  p y ~ b ~  06pa3y to~x~nb1 ,  

< 

pexe 3 a n e x ~ .  C o a e p x a ~ ~ e  ~ - ~ u l p ~ ~ a  ~o AecgrKos npoueti-ros. 3 o n o ~ o  B reMaTM- 

Te, pexe B KBapue, BenwMtia ~ b ~ ~ e n e ~ u l i  0, On - 0 ,  n MM. flpo6a 850-900. T ~ n o -  

M O P @ H ~ I ~  3neMeHTbl B PYAe: ran~lul i ,  r e p ~ a ~ l ~ i ,  W, Sn, Ni, V, Cr. 3, ~ M P M T - K B ~ P -  

UeBble PYAbl 06pa3yto~ XMflbl ul 3aJleXM, TRrOTetOT K KOHTaKTaM ~) /6u_ le f l0q~b l~  

klHTpy3Llfi c K ~ P ~ O H ~ T H ~ I M V I  nOpOAaMM B Opeone CKapHulpOBaHulH M MpaMOpM3a- 

UMVI AonoMvll/r'ros. C o ~ e p x a ~ ~ e  nMpM- ra  B pyga:c 10-80%. 3ono~o  B nMpM-re MenKoe 

(0,01-0,1 MM), B OKulCJleHHblX PYAaX A0 2 Mbl. flpo6a 770-800. 4. K~apu-n0nM- 

~yJlb@M,4Hble PYAbl o6pa3yt0~ XMJlbl B ~ ~ X ~ ~ I C K O M  Q Y H A ~ M ~ H T ~ ,  K ~ P ~ O H ~ T H ~ I X  

nOpOAaX ul /1eJlO'-iHblX MHTPy3klRX. C O C T ~ B  cynb@E~oI3 pa3~006pa3Hbli: flulPLlT, 

xanbKonMpMT, ranetiul-r, ~ O P H M T ,  c@anepul~. 3ono~o ~ e n ~ o e  ( 0 , O l  -O,1 MM), npo6a 
850-910. n p v l ~ e c ~  B pyAax: Cu, Pb, Aq, Mo, Zn, Bi, As, Cr. 

B YC~YPCKOM ~ O ~ O T O H O C H O M  p a i o ~ e  ( p ~ c .  4.7) reonorwrecKag O ~ C T ~ H O B K ~  

HeCKOJlbKO LlHaR. Ha ~ ~ X ~ ~ C K O M  KpMCTaJlJlM'leCKOM @ Y H A ~ M ~ H T ~ ,  K O T O P ~ I ~  0 6 ~ a -  
meti ~a o ~ p a ~ ~ a x  p a i o ~ a ,  3anerat0~ ~ e p x ~ e n p o ~ e p o 3 o i c ~ ~ e  o ~ n o x e ~ m  ~ O H ~ M -  

C K O ~ ,  O M ~ X T M H C K O ~  M ~ H H M H C K O ~ ~  CBldT, KOTOPble B CBOH3 OqepeAb nepeKpblBatoTCR 

~ O ~ ~ O M C K O ~ ~  C B M T O ~  (BeHfl) ul H M X H ~ K ~ M ~ P ~ ~ ~ C K M M M  f lec~pou~eTH0 i  M TyMyflAyp- 

C K O ~ ~  CBulTaMLl. Bce 3Tul06pa30Ba~LlR 6 reTblpf3X BynKaHO-TeKTOHMqeCKMX UeHTpaX 
( F ~ O ~ H F I T M R  6apaH ~ L ~ H c K o ~ ,  M ~ T P o I ~ o ~ ~ ~ c K o ~ ,  Y ~ ~ ~ x ~ H c K o ~  M 6y0p-Caaf lM~~K0e~ 

PMC. 4.1 . )  flpOpBaH bl JlaKKOnulTaMM, CMnJlaMM, UTOKaMM rlpeLlMyueCTBeHH0 ~ y 6 -  

ueflOClHOr0 Ll ~eJlOqH03eMenbHOrO COCTaBa. ~ I~B~CTH~I  ul n0KPOBHble @a~ulM Mar- 
MBTMTOB - JlaBbl M ~y@bl .  K)pcKMe OTflOXeHMR IlpaKTMcleCKM OTCyTCTBytOT. 

B Y J ~ ~ X ~ H C K O M  nOAHRTMM PaCnOJlOXeHO OAHOMMeHHOe MeCTOpO>yqeHule, B 

KOTOPOM ~ 3 y r e ~ a  K O M C O M O J I ~ C K ~ ~ ~  pygHag sanexb. B 1942-1 945 rr. oHa sKcnnya- 



PMC. 4.6. re on or^- 
r e c w e  pa3peab1 epea 
aanexb MIOH~CKYICI M e c -  

T O p O X A e H M R  n e 6 e f l M H o e  

(no Ap. H. Y p r a ~ o s y  LI 
An. H. Yrpro~oey) .  

1 - ~ e n a s u i ;  2 - 
A ~ ~ K M  c e n b s c 6 e p r ~ 1 ~ o e ;  3 - 
C M n n b l  O ~ T O @ M ~ O B ;  4 - 
A O n O M M T b l  D A O M C K O ~  

CEMTbl B e H A a ;  5 - P y Q H b l e  

T e n a ;  6 - K O H T Y P ~ I  ~ O A -  

3 e M H b l X  r O p H b l X  s b l p a 6 o ~ o ~  

PLIC. 4.7. K a p T a  ~ O ~ O T O ~ ~ O C H O C T M ~ ~ H T P ~ ~ ~ H O ~  W C T M  YC~YPCKO~O 30nOTOHOCHOrO p a h 0 H a  (no 
6 .  A,  C a M 0 3 ~ a H u e B y ,  H. n. K ~ ~ H ~ u o B ~ ,  C A O ~ O ~ H ~ H M R M M ) .  

1 - a n n K l B M a n b H b l e  OTnOXeHMF, (Q); 2 - a l iAe3MTb l ,  ~y@bl,  fleCclaHMKLI (K); 3 - AOJlOMMTM3MpOBaH- 

H b l e  M ~ B ~ C T H R K H ,  AO~OMLIT~ I ,  M e p r e n M  (E  ,-V); 4 - n e c c l a t i u K M  K s a p u e E b t e ,  n o n e s o ~ ~ l n a ~ - ~ ~ a p q e s b ~ e  

(Rer); 5 - AOnOMMTbl, AOnOMMTM3MpOBaHHble MSBeCTHRKM, IleCClaHMKM (Rom); 6 - neC9aHMKM, (Rgn); 7 - 
CMeHMTbl, C M ~ H M T - ~ O P @ M P ~ I  ( K , ) ;  8 -ALIOPLITbl, K B a p u e B b l e  AMOpMTbl (K,); 9 - n o p @ M p b l  (K,); 10 - 3OJlO- 

T o p y a H b l e  n p o n s n e H m  Yaiinaxc~oro (I) M Y n a x a ~ c ~ o r a  (11) PYAH~IX r ianei,  p y A H o e  nponsnewie ' lynb-  

6e (111); 11 - 3OnOTOHOCHble POCCblf lM, WnMXM C 30nOTOM; 12 - p a 3 n O M b l  



PMC. 4.8. r e o n o r ~ q e c -  

KMCI nnaH M paapea p y n ~ o h  aa- 
neXM K O M C O M O ~ ~ C K ~ ! ~ ~  Yna- 
XaHCKOrO MeCTOPOX&3HMR (no 
0. C. F1~osnesy). 

1 - tO,4OMCKaR CBMTa,  

n0nOMMTbl M M3BeCTHRKM (Vjd); 
2 - KOHTYP O T ~ ~ ~ O T K V I  3aJleXM; 

3 - ocTaeurMecR aanacb~; 4 - 
K O H T ~ P  a a n e x ~ ;  5 - ropHble 

Bblpa60TKM: KaHaBbl, ~ ~ y @ b l ,  

UITOnbHM; 6 - CpeAHRR MOW- 

H O C T ~  (~1~cnM~enb)  M conepxa- 
Hue sono~a no nepecereHmM 

(3Ha~eHaTeJlb) 



TulpOBanaCb.  3anexb I l p M y p O r e H a  K rOPul30HTY CePblX ~ I A T Y M V I H O ~ H ~ I X  00n l lTOBb lX  

A o n o M m o s  ~ u l x ~ e i 7  n a r w  t0go~c~o i7  C B M T ~ I ,  sanerae~ ~ O ~ M ~ O H T ~ ~ ~ H O ,  cornac- 
HO c H a n n a c T o B a H M e M  (PMC. 4.8). a n ~ ~ a  p a 3 s e a a ~ ~ o i 7  r a c w  3 a n e x ~  140 M,  

LlJMpMHa OT 5-7 a0 20 M ,  CPeAHFlR MOUHOCTb 1,04 M. OT OCHOBHO~O PYAHOrO Tens 

OTXOART Y3KMe (2-7 M) p y K a ~ 0 0 6 p a 3 H b l e  OTBeTBneHulR, p a 3 0 6 ~ e H H b l e  OCTaHUa- 

MM H ~ ~ ~ M ~ L L ( ~ H H ~ ~ X ~ O ~ O M M T O B ,  c ~ ~ ~ o ~ ~ ~ P M T M ~ M ~ o B ~ H H ~ I x ,  K ~ O ~ M H M ~ M P O B ~ H H ~ ~ X ,  

o K s a p U o s a H H b l x .  K p a 9  a a n e x u l  r e ~ ~ u e ,  HO ~ a s u l n u l c ~ b ~ e .  Pyab~ o ~ ~ c n e ~ ~ b ~ e ,  1-1pea- 
CTaBneHb l  K B ~ ~ ~ ~ - ~ ~ ~ M O H M T O B O  M ~ C C O ~ ~  C I l pMMeCbKI  rnulHMCTOr0 M a T e p v l a n a  OX- 

p ~ c ~ o - x e n ~ o r o  U s e T a .  L/lapea~a c p e a M  6 y p o x e n e 3 ~ ~ ~ o s o i  M a c c b l  B c T p e r  a tOTc9 

H a n e T b l  ul TOHKMe KOPOrKM ManaXMTa M a 3 y p M T a .  P y ~ b l  COCTORT M3 rMJl,POOKMCJlOB 

x e n e 3 a  - 45-75%, M ~ J ~ K O ~ ~ ~ H M C T O ~ O  KBapL@ - 30-5096, e ~ M H L l . l r H b l ~  3 e p e H  f lMpMTa, 

XanbKOnMpMTa M XanbKO3MHa. r u l ~ p 0 0 ~ M ~ J l b l  r l p e A C T a B n e H b l  nMMOHMTOM ul reTL.1- 

TOM, P e a K O  ~ e ~ k l ~ O K P O K u l T O M ,  0 6 p a 3 y t o u p 1 ~  H a T e r H b l e  ~ O n n O ~ O p @ ~ b l e  I lPOAYKTbl 

n u l 6 o  f lCeE i ,QO~Op@03b l  no I lu lpMTy. Ha M e C T O p O > y q e H M M ~ 0 6 b l ~ 0  1,9 T 3 0 n O T a  n p M  

c p e A H e M  c o g e p x a H u l u l 8 4  r / ~ .  K p o ~ e  sono~a 6 pyaax O ~ H ~ ~ Y X ~ H O  cepe6po - 100- 
300 r /T,  BMCMYT - 0,002-0,2% M CBulHeu, M e a b ,  UMHK (C0Tb le  a O n M  f l p 0 U e H T a ) .  

M e c ~ o p o x n e ~ u l e  a 0 ~ 1 3 y r a e ~ c ~ .  

B f l 0 C n e ~ ~ u l e  r 0 ~ b l  B O I ~ M C ~ I B ~ ~ M O M  p a f i 0 H e  BblRBneHO I lpOMblLUneHHOe 3 0 -  

nor-oe o p y a e H e H M e  B cMnc/lKaTHblx nopoaax, H a n p M M e p  M e c T o p o W e t i M e  y r a c T K a  

Kpy~oro,  PaCI lOnOXeHHOe B none pa3BulTMR T ~ P P M ~ ~ H H ~ I X  O T A O X ~ H M ~  T O H ~ M C K O ~  

CBMTbl, f l pOpBaHHb lX  LUTOKaMM M O H ~ O ~ O P @ V I P M T O B  ( 2 - 9  @a38 a n A a H C K O r 0  KOM- 

nne~ca) .  3ono~oe o p y a e ~ e ~ u e  npuypore~o K H M X H ~ ~  n a r ~ e  n e c r a ~ ~ ~ o s  - C B ~ T -  

n o - c e p b l x  C ~ ~ ~ H ~ - M ~ ~ K O ~ ~ P H M C T ~ I X  ~ s a p u - n o n e ~ o l u n a ~ o s b ~ x ,  MOUHOCT~~O 60 M 

- ul nOKanLl30BaHO B 3 0 H e  A ~ O ~ ~ ~ H M R ,  MHTeHCMBHO O K B ~ P ~ O B ~ H H O ~ .  M O ~ H O C T ~  
~ ~ , Q O H O C H O ~ ~  3 0 H b l  4-5 M .  B Hei7 BblAenReTCR 6 PYaHblX T e n ,  C \ J M M ~ P H O ~  a n M H 0 h  

200-250 M .  P y ~ H b l e  Tens 0 6 p a 3 0 s a ~ b l  UATOKBepKaMM TOHKZX ~ 6 n u l ~ e H t i b l ~  np0- 
3 0 n o ~ a  x M n K o s  K s a p U a  c B ~ I C O K M M  c o A e p x a H M e M  3 o n o ~ a .  Cpea~ee c o A e p x a H m n  

H a  M O ~ H O C T ~  1 M C o c T a B u l n o  27 r / ~ .  M a ~ c ~ ~ a n b ~ o e  c o A e p x a H M e  sono~a  800 r / ~  
H a  M O ~ H O C T ~  0,3 M .  30n0~0 cso60fl~oe, K p y n H O e  (a0 5 MM). B OAHOM Cny'iae H a -  

6 n t o a a e ~ c ~  @ p a r ~ e ~ ~  n p o x M n K a  3 o n o ~ a  T O ~ U M H O ~ ~  1,5 MM M g n ~ ~ o h  8 CM. 

npo6a a o n o ~ a  834-888. C o a e p x a ~ ~ e  cepe6pa B pyaax go 550 r / ~ ,  Cu - AO 011 - 
0,2%, Hg - a0 0,l-0,3%. ~ P O T H O ~ H  b l e  PeCYpCbl  3 0 n O T a  O u e H e H b l  B 700 K r  a0 my- 
6 u l ~ b 1 5 0  M (PI) M 2 T A O  r n y 6 u l ~ b l 1 0 0  M (P,) ( a a ~ ~ b ~ e  B. Jl. Kenb~aresa,  r. E. Yca- 
H o B a  M ap.). 

~ O J ~ O T O H O C H ~ I ~  CKaPHbl.  K a p 6 0 H a T H b l e  nOPOAbl  r e X n a  ~ J ~ ~ ~ H c K o ~ o  u M T a  H a  

KOHTaKTaX CCMeHkITaMul M UenOCIHblMM flOpOflaMM 0 6 b l r ~ o  C ~ a p ~ k l p O B a ~ b l .  6 P R a e  

C n y r a z B  CKaPHbl30nOTOHOCHbl.  T ~ K ,  B 7 KM K BOCTOKYOTYCI. Kpy-roro B MCTOKaX p e K  

T a p b l l i H a x  M 6y0p B b l R ~ n e ~ 0  C K ~ ~ H O B O ~  n p 0 R B n e ~ M e  ~ M H .  Ha ~ V ~ C T K ~  p a 3 ~ u l T b l  

~ e p p u l r e ~ H 0 - ~ a p 6 0 ~ a ~ ~ b l e  f lOpOabl  B ~ O M C K O ~  ul ~ ~ c T ~ o L @ ~ T H o ~  C B M T ~ I ,  r lPOPBaH- 

H b l e  KPYnHblM O P O ~ ~ H C K M M  MaCCMBOM M CMJlnaMul aMOPkIT-CMetiulTOB. ~ O ~ O T O ~  

o p y a e ~ e ~ ~ e  C B R ~ ~ H O  co c K a p H a M u l 3 n u l / l ~ o ~ - r p a ~ a ~ - ~ a r ~ e ~ ~ ~ o s o r o  coc~asa ,  06- 
pa3ytot l (MMM KOnbl(0 anklHOi7 no I l e p k l M e T p y  3 KM H a  ~ ~ C O ~ K I T H ~ I X  O T M ~ T K ~ X  1200- 
1250 M .  K ~ H ~ B ~ M M  BCKPblTbl P Y a H b l e  Tens MOuHOCTbtO 4,6 M 5,2 M C COf lepXaHul -  

e M  3OJlOTa 13,2 M 7,2 ~ / T C O O T B ~ T C T B ~ H H O .  K p o ~ e  CKaPHOBblX M M H e p a n O B  B P y A a X  

O T M e r e H b l :  ~ O ~ O T O ,  xanbKonMpU-r ,  n ~ p u l i - ,  raneHMT,  a p c e H o n M p m ,  M a n a x m ,  nu l -  

MOHMT. 3on0~0 B s u l a e  ~ e n ~ ~ x  n n a c ~ ~ ~ r a ~ b r x  a e p e ~ ~  n p o s o n o r ~ o s ~ ~ ~ o i 7  M O K T ~ ~ -  

g p ~ r e c ~ o i  @ O P M ~ I  ~ e n u l r ~ ~ o i 7  AO 5 MM. ~ P O ~ H O ~ H ~ I ~  p e c y p c b l  y r a c T K a  a ~ a r u l -  

Te r lbHb le  ( f i a ~ ~ b l e  B. n.  K e n b M a q e B a ,  r. E. Y c ~ H o B ~ ) .  



~ O ~ O T O H O C H ~ I ~  flMpMTLl3r/lpOBaHHble I leCqaHMKkl kl KOHrnOMepa- rb l  LLlMPOKO 

pa3BklTbl B Y~YPCKOM 30nOTOHOCHOM p a c o ~ e ,  rae OHM I lPMYPOqeHbl  K OTAeJlbHblM 

IlJlaCTaM ~ H H M H C K O ~  CBMTbl, 6 n ~ 3  ee KOHTaKTa C KIfiOMCKMMM AOnOMMTaMkl, n ~ 6 0  
I lpORBneHbl  B 30HaX  H~PYLL I€?HM~ CTeKTOHMqeCKMMM 6 p e ~ c l k l R ~ ~ .  ~ M P M T M ~ ~ ~ P O B ~ H -  

Hble I l naCTb l  ~ ~ ~ C ' ~ ~ H M K O B  06bl ' i~o paCI lOnOXeHbl6~1M3 K P Y ~ ~ H ~ I X  M ~ C C L I B O B  C M ~ H M T -  

flklOpLlTOB, f lpM'4eM B 3 0 H e  3K30KOHTaKTa flMPMTLl3MPOBaHbl M CaMkl CMeHMTbl, B 

KOTOP~IX c o A e p m a H m  aono~a tie npeBb1uato-r -  0,6 r / ~ .  M O ~ H O C T ~  Bepx~eynaxa~ -  
C K O ~  3 a f l e X M  IlMPMTM3MPOBElHHblX FIeC'iaHMKOB COCTaBJlReT 3-6 MI AJlMHa 4,5 KM. 

Pwc. 4.9. r e o n o r ~ r e c ~ a ~  KapTa Kypa~axc~oro pyAnoro nonn (no M. M. C ~ n ~ n y ) .  
1 - DpCKMe IleCYaHMKM; 2 - ~ a p 6 0 ~ a ~ H b l e  flOpOAbl HMXHerO K ~ M ~ P M R ;  3 - A ~ ~ K M  ~ ~ M I ~ ~ o @ M ~ o B ;  

4 - cclnnbl WenOrHblX nop0,g 



~ ~ c ' ~ ~ H M K M  r p ~ 6 0 3 e p H ~ ~ T b l e  M Pa3H03ePHMCTb le  a p K 0 3 0 B b l e  C IlPOCflORMI.1 TOH- 

KO- M MeJlK03ePHMCTblX KBaPqeBb lX  M f lOJleBOWnaT-KBapueBblX p a 3 ~ 0 c T e f i .  8 rpy6o- 
3ePHMCTblX neC'4aHMKaX r lMpMT K P Y n H e e  (A0 1-5 MM) M COCTaBnReT 5-1 0% 0 6 b e M a  

nOpOAb l .  8 MeJlK03ePHMCTblX neCqaHMKaX C O a e p X a H M e  n M p M T a  a0 25% M p a 3 M e p  

3 e p e H  M e H b W e  (a0 0,5 MM). C o ~ e p ~ a H M e  3OJlOTa B f lMPMTM3MPOBaHHblX neC'-la- 

HMKaX ,QO 10,4 T/T, 5 C ~ ~ A H ~ M  1 r / ~ .  P a ~ n ~ n ~ X e H k l e  3 0 ~  I ~ M P M T M ~ ~ ~ M M  €3 10-1 5 M 

H M X e  nOAOWBb l  T O n u M  to,QOMCKMX AOJlOMMTOB CBMAeTeJlbCTBYeT 0 C Y u e C T B O B a -  

HMM r e o x M M M r e c K o r o  Gapbepa, 0 6 y c n o ~ ~ ~ ~ e r o  o c a x A e H M e  C Y ~ ~ @ M A H ~ I X  p y ~  
B C3  raC- rM A ~ , ~ ~ H c K o ~ o  U M T a  M3BeCTHO P R ~ H H O B O ~  M o J ~ M ~ , ~ ~ H - M ~ ~ ~ H o - ~ o -  

n o ~ o - n o p @ ~ p o ~ o e  M e c T o p o w e H u e ,  n o ~ a n ~ 3 o s a ~ ~ o e  B o A H o M M e H H o M  M H o r o -  

@ ~ ~ H O M  MaCCMBe, O ~ ~ ~ ~ O B ~ H H O M  B y n K a H O - n n v O H M r e C K M M M  f l O p O A a M M  T p e X  OC- 

HOBHblX @ O P M ~ U M ~ :  @ O H O ~ M T - ~ ~ ~ O ~ H O - C M ~ H ~ / I T O B O ~ ,  WOHKMHMT-UeJlOqHO-nMK- 

P M T O B O ~  M T P ~ X M T - C M ~ H M T O B O ~  ( K O ~ ~ T K O B ,  1993). 8 p a i 0 ~ e  MeCTOpOX,QeHMR 

MaCCMB I l P O P b l B a e T  r ~ e i ~ b l  a p X e R  M B ~ H A - K ~ M ~ ~ M G C K M ~  ~ a p 6 0 ~ a l - H b l e  f l O p O a b l  

'ieXJla. Ha PaHHMX CTaAMRX nOP0,4bl MaCCMBa MCflblTaJlM H ~ T P O B ~ I ~ ~  M ~ a n M e B b l G  

MeTaCOMaTO3,  a H a  f l03AHMX - f l p e M M y U e C T B e H H 0  ~ a ~ l ~ e ~ b l f i .  
M ~ C C M B  H a C b l u e H  npORBJleHMRMM 3 0 J l 0 ~ 0 h  M C Y J ~ ~ @ M ) J H O ~  MMt i epaJ lM3aqMM 

c o p y A e H e H M e h n  Cu, Mo, Ag, Pb, Zn, Bi M ~ p .  Ha y r a c ~ ~ a x  M~CKOBMTOBOM M HOBOM 
BblAenRtoTCR f l p O M b l W n e H H 0  MHTepeCHb le  Tens C ~ ~ ~ O X M ~ K O B O - B K ~ ~ ~ ~ ~ H H O ~  30- 

J ~ O T O H O C H O ~ ~  ~ M ~ e p a J l M 3 a ~ M e ~  B KaJlMeBblX MeTaCOMaTMTaX, 0 6 p a 3 y t o u u e  3 0 H y  

WTOKBepKOBOrO OPYaeHeHMR BAOJlb pa3J lOMOB M A a e K  C 8  npOCTMpaHMR , ~ J ~ M H o ~  

1,4 KM L I  L U M P M H O ~ ~  560-600 M. BHYTPM 3 0 H b l  C P ~ B H M T ~ J ~ ~ H O  60ra~ble p y ~ ~ b l e  Tens 

npocnexetibl ~o r J l ~ 6 M H b l  200 M M 6onee n p ~  ~ O C T O R H H O ~  ~ C C O U M ~ U M M  3 0 n o ~ a  c 
M e n b t o .  H0 ~ a ~ 6 o n e e  60ra~ble ~ O P H M T O B ~ I ~  PYAbl B C K p b l T b l 3 8  n p e A e n a M M 3 0 J l O -  

TO p y ~ ~  b ~ x  T e n .  

Ha MeCTOpOXAeHMM BblaeflRtOTCR MMHepaJ lbHb le  aCCOl&laqMM (OT ~ ~ H H M X ) :  

1 ) aBTOMeTaCOMaTM'ieCKaR KBapq-reMaTMT-MYCKOBMT-OpTOKna30BaR no 3rMPMHO- 

B b l M  M H ~ @ ~ J I M H O B ~ I M  CMeHMTaM; 2) OKOJlOPYAHaFl CePMUMT-MMKPOKnMHOBaR C 

a,QyflFlpOM, p a 3 B M T a  JlOKaJlbHO BAOnbY3KMX 3 0 H ;  3) f l p O ~ y K T M B H a R  30JlOTO-IlMPMT- 

MMKpOKnMHOBaR; 4) flP0)JYKTMBHaR ~ o ~ o T o - ~ ~ o ~ ~ M c Y ~ ~ @ M , ~ H ~ R  C K B a P 4 e M l  KanbUM-  



TOM, TeMaTMTOM; 5) Il03AHePYaHble: M o J ~ M ~ ~ ~ H M T - K B ~ P ~ ~ B ~ R  M raneHMT-KBapue- 
Bag. n p o ~ b ~ u n e ~ ~ o e  opyaeHeHMe ~r lpeac~aene~o a c c o u ~ a u ~ e i  Nn 4, B K O T O P O ~  

n p e o 6 n a ~ a l o ~ x a n b ~ o n ~ p ~ ~  M ~ O P H M T ,  npMcyrcTBytOT: ~ O ~ ~ H M F I  ~ M P M T ,  c @ a n e p ~ ~ ,  
raneHMT, caMopoatioe aono~o, KanbuMT, KBapu, pyrMn. X a p a ~ ~ e p ~ a  npMypocleH- 
HOCTb C Y ~ ~ @ M ~ O B  K UeMeHTy 6peKClMp0Ba~~bl~ MeTaCOMaTMTOB, KOTOPblMM CnO- 
XeHbl PYAHble TeJla. ~ ~ M P M T  C O , ~ ~ P X M T  n0Bb lUe~~b le  K O ~ M ' - ~ ~ C T B ~  Au, CU, Zn, Ti, 
CO. BO BCeX cynb@Ll,4ax npaKTMreCKM OTCYTCTBYtOT M b l U b R K  M CYPbMa. BMar/r~oe 
30nOTO yCTaHOBneH0 B n03aHeM nMPMTe, ~ O P H M T ~  M nMMOHMTOBblX nCeBAOMOP- 
Qoaax no nMpM-ry, a Tame B xMnbHblx MMHepanax. BenLIclMHa s b ~ a e n e ~ ~ i  0,01 - 
1 MM, npe06na~atOT 0,25-0,5 MM, @ o p ~ a  ~ a n n e s ~ a ~ a ~ ,  ~ M ~ ~ O B M ~ H ~ R  M ap. Co- 
a e p m a ~ ~ e  3ono~a B nMpMTe 10-30 r / ~  (ao 80-150 r / ~ ) ,  npo6a 910-935. C p e a ~ ~ e  
npo6b1 c s o 6 0 ~ ~ o r o  3ono~a yq. M~CKOBMTO~O: 922 ( T ~ M H O - x e n ~ o e ) ,  833 (6onee 
cse~noe) M 630-750 ( c e p e 6 p ~ c ~ o e  c npMMecbtO p ~ y r ~  - 10-2696). Bblco~onpo6- 
Hoe 3ono~o  B KaCleCTBe npMMeCM COaepXMT CU, Fe, Pb (O,Ofl%), a H M ~ K O ~ P O ~ ~ ~ O ~  

6onee 6 o r a ~ o  npMMecRMM: Cu, Pb, Te, Fe, Mg, Sn, Pd. M o ~ M ~ A ~ H - K B ~ ~ ~ ~ B ~ R  
aCCO~MauMR npOCTpaHCTBeHH0 pa306ueHa C 30JlOTOPY,QHblMM TenaMM. T e ~ n e -  
paTypHbl€? ~ C ~ O B M R  0 6 p a 3 o ~ a ~ ~ ~  rJlaBHblX MMHepanOB: nMPMT - 150-1 60 M 300- 
330°C, 30nOTO M 3  nMPMTa - 200-300 ( ~ M K  240-250), XaJlbKOnMpMT - 230-240, ran€?- 
HMT M ~ O P H M T  - 3 10, KBaPu - 320-340 M 240-280, py,4OBMeuatOuMe MeTaCOMaTMTbl 
- 450-200 M 300- 100' C. 

C y J l b @ ~ ~ ~ ~ - ~ ~ a p ~ e ~ b l e  XMIlbl C 30IlOTO-peAKOMeTaIlIlbHblM OPYAeHeHMeM 
B CMeHMTOMAaX. B ~ O M ~ M C K O M  pai0He B rpaHMTaX M rpaHOCMeHMTaX S M ~ M ~ M H -  
CKOrO MaCCMBa pa3BMTbl ~ y n b @ M ~ ~ ~ - @ n t O ~ p M ~ - ~ B a p ~ e B b l e  XMnbl C 30JlOTO-Pea- 
~0MeTannbHoi ~M~epaJlM3auM€?i, npMypOCleHHble K TeKTOHMCleCKMM 30HaM CB 
nPOCTMpaHMR. mMnbl KpyrOna~atOlqMe, KOPOTKMe (10-1 5 M), 06pa3yo~  XMnbHble 
30Hbl MOuHOCTbtO OT 0,5 A0 8-10 M. H ~ C ~ I ~ ~ H H O C T ~  3 0 H  XMnaMM 1-2096. )f<Mnbl 
COCTORT ~3 pa3~006pa3~oro  Ksapua (nonynpoapar~b~i  cepb~ i ,  u e c ~ o ~ a ~ b ~ i  M 

rpe6eHClaTblh, M o J ~ o C ~ H O - ~ ~ J I ~ I ~  C ~ M B H O ~ ) ,  @ M O J I ~ T O B O ~ O  @ntO~pLlTa M ~yJlb@Lla~B 
( ~ M ~ M T ,  M O ~ M ~ ~ ~ H M T ,  a e p ~ a  r a n e ~ w ~ a ,  r ~ 6 ~ e p ~ ~ a ) .  O p y a e ~ e ~ ~ e  BKpanneHHoe, 
r~eaaosoe, npoxMnKosoe. C y ~ ~ a p ~ o e  c o a e p x a ~ ~ e  p y a ~ b ~ x  MMHepanoB OT 1-2 

Cesep~oro  K Y ~ ~ H ~ X C K O ~ ~  r p y n n b ~  (no B. A. K c e ~ a y  M 1.1. I.1. C ~ M H ~ ) .  

C BKJlK)WHMRMM 0 6 J l 0 ~ ~ 0 8  ~ O K O B ~ I X  nOPOf lM KBapUeBb lX  MeTaCOMaTMTO8 C KOHflMUMOHHblMM (3) M 6 e ~ -  
y ~ r e f l ~ ~ c ~ o f i  CBMT H M X H e r O  K ~ M ~ P M R  



A0 60-70%, M3 HMX H a  A O n O  flMpMTa flPMXOaMTCR 80-90%. B C T ~ ~ ~ I ~ ~ T C R  U e e n M T .  

O K O ~ O X M ~ ~ ~ H ~ I ~  M3MeHeHMR - 6 e p e 3 ~ ~ ~ 3 a l ( M R .  B UITY@H~IX npo6ax OTMe' iaDTCR 

BblCOKMe C o A e p X a H M R  Au, AS, W, Mo, Bi, Sb, Pb, CU, ~ ~ M C ~ T C T B Y K I T  Be, Cd, Fe 
( A a H H b l e  6. r. A M ~ P C K O ~ O ,  1974 r.). 

f l p 0 ~ B J l e H M ~  3 T O r 0  YPOBHR flPMYPOCleHbl K 3 0 H e  K O H T ~ K T ~  T ~ P P I ~ ~ ~ H H O G  D p b l  

M K ~ ~ ~ O H ~ T H O ~ O  K ~ M ~ P M R  B P R A e  p a f l 0 ~ 0 ~  ~ A ~ H C K O ~ O  U M T a .   TOT B e C b M a  flp0- 
A Y K T M B H ~ ~ ~ ~  ~ M f l  OPYAeHeHMR XOPOLUO M3Y'ieH B ~ ~ H T ~ ~ ~ ~ H o ~ ~ A ~ H c K O M  p a i 0 H e  H a  

K Y ~ ~ H ~ X C K O M  PYAHOM none, KOTOpOe ~ a y q a n ~  A. H. K y ~ c ,  n .  B. P ~ ~ L I H ,  H. C.  POX- 
KOB, 0. C. Macnos, A. H. K ~ ~ ~ ~ M H o B ,  B. A. K c ~ H ~ ,  1/1. M. C M ~ M H ,  A. t i .  Y ~ ~ D M O B  M 

AP. Py f l t i oe  none f l p e A C T a B n e H 0  rpyflfl0n O T D e n  b H  blX 30nOTOPYAH b lX M e C T O p O X -  

A ~ H M L ~  (Cesep~oe,  flop@wposoe, ~ O K O B O ~ ,  u e ~ ~ p a n b ~ o e ,  a3n63, K a ~ a s ~ o e ,  
Aopox~oe ,  Hoeoe M op., p ~ c .  4.9), p a c n o n o x e ~ ~ b ~ x  B cpeo~ei i  'iacw ~ K O K ~ T C K O -  

ro n p o r ~ 6 a  cesep~ee J l e 6 e ~ ~ ~ o r o  ~ e c ~ o p o > y q e ~ ~ ~ .  Bce OHM npeoc~asne~b~ aa- 
J l e X a M M  Pb lXnb lX  OXPMCTO-rnMHMCTbIX 0 6 p a 3 o ~ a ~ ~ R ,  3aneratouklx H a  H ~ ~ O B H O ~  

~ ~ K ~ ~ C T O B ~ H H O ~  nOBepXHOCTM K ~ P ~ O H ~ T H ~ I X  l l 0 p 0 ~  ~ H ~ ~ J ~ M H C K O G  M KyTOPrMHO- 

B 0 f i  CBMT H a  KOHTaKTe C f l e p e K F b l B a t O u M M M  HMXtletOPCKMMM f leC' iaHLIKaMM DXTMH- 

C K O ~ ~  C B M T ~ I  (PMc. 4.9-4.1 1). B ~ ~ A ~ A R ~ O T C R  6 J l M 3 ~ e p M ~ L l 0 ~ a n b ~ b l e  3 0 H b l  C O C ~ ~ ~ O -  

TO'ieHMR P Y a H b l X  T e n ,  C O B f l a A a D ~ M e  C 3 O H a M M  T P e u M H O B a T O C T M  M A a G K a M L l  

Jla~flpo@LIpo~. K 3TMM 3 0 H a M  npMypO ' i eHb l  KapCTOBb le  nOnOCTM Ll C n O X H b l e  K a p -  

CTOBble  3 0 H b l  p a 3 ~ 0 0 6 p a 3 ~ 0 f i  @ O P M ~ I  ( u e n ~ ,  BOPOHKM, KOTnOBMHbl, ~ c ~ ~ J l L l H b l , , )  

AJ~MHoG OT 100 a0 700 M ,  L U M ~ M H O ~  20-40 M M r n y 6 ~ ~ o G  1 0-30 M. KEipc~o~ble no- 
JlOCTM BblflOnHeHbl30JlOTOHOCHblMM Pb lXnb lMM OTnOXeHMRMM C BKnKYieHMRMM 06- 
JlOMKOB ~ O K O B ~ I X  f lOPOA M KBapl(eBblX MeTaCOMaTMTOB. b ! ~ p @ O n O r M F l  3 a n e X e f i  O n -  

P e A e n R e T C R  @ O P M O ~ ~  KaPCTOBb lX  nonoc~ef i .  X a p a K ~ e p H b l n  p a : 3 p e 3  P b l X n b l X  

0 6 p a 3 o ~ a ~ ~ R  cneaytou~i i  ( C B ~ ~ X Y  BHM3, 0. C. Macnos ( 1 9 6 1 ) :  1) 3nDBr / l anbHO-  

A e n O B L l a n , b H b I e  OTnOXeHMR DPCKMX neC'iaHMKOB, 2) 6ypble f leCCcat i0 - rnMHMCTble  

OTJlOXeHMR C O ~ ~ O M K ~ M M  tOPCKMX fleC'iaHMKOB, 3) n e C T P 0 4 B e T H a R  r l lMHMCTO-neC-  

q a H a R  M a C C a  C O ~ ~ O M K ~ M M  PYAHOrO M a T e p M a n a  H M X H ~ K ~ M ~ P M ~ C K M X  K ~ ~ ~ O H ~ T H ~ I X  

flOpOfl M OPCKMX f leCC(aHMKOB,4) C e P O B a T O - X e n T b l e  r n M H b l  C ~ ~ ~ M I ( : T o B o ~ ~  CJlOMC- 

TOCTbtO H M X H ~ K ~ M ~ P M ~ C K M X  K ~ P ~ O H ~ T H ~ I X  flOpOfl, n e p e X O ~ R L 4 M X  I3 H e M 3 M e H e H -  

H b l e  f lOpOQbl. B l(en0M B Pb lXnb lX PYAaX KypaHaXCKMX M ~ C T O ~ O > ~ ~ ~ H M ~  rpy6006- 
n o M o ' i t i o r o  M a T e p M a n a  c o ~ e p x ~ ~ c ~  26-63%, n e c q a ~ o - r n ~ ~ ~ c ~ o r o  30-48% 
(Kasapu~os, 1969). B n e p e ~ q ~ b ~ x  pyaax3ono~oe o p y a e ~ e ~ ~ e  6blno no~anmosa-  
HO B M e T a c o M a T m a x  K s a p u e s o r o  M ~ s a p q - ~ a n ~ u n a ~ o s o r o  c o c T a s a ,  ~ ~ ~ B M B U M X C R  

3a C W T  f l O p O A  K ~ M ~ P M R  M D p b l ,  a OTClaCTM M B A O n b  KOHTaKTOB A a e K  KepCaHTMTOB.  

C Y ~ R  f lOC0XpaHLlBWMMCR PenMKTaM,  3TO 6b ln~  He'ieTKO OCleP+2HHble r O P M 3 0 H T a n b -  

H b l e  a a n e x ~  M x~noo6pa3~b le  T e n a .  B n o c n e t O p c K o e  sperm n e p e l w i o e  aanera- 
HMe 3TMX f l O p O A  6b1no CMJlbHO H a p y U e H O  B p e 3 y n b T a T e  MHTeHCMBHOrO K ~ P C T O O ~ -  

p a 3 0 B a H M R ,  C O n p O B O X f l a B U e r O C R  0 6 p y ~ e H M e ~  30nOTOHOCHblX MeTaCOMaTMTOB 

B KaPCTOB ble flOJlOCTM. B b l f l e J l R t O ~ ~ ~  C Y q e C T B e H H O  KanMLUflaTOBble ( a ~ ~ J l R p 0 ~ b l e )  

MeTaCOMaTMTb l  P a H H e r O  Hef lpOAyKTMBHOrO 3 T a f l a  Ll MeTaCOMaTMTb l  BblCOKOnPO- 

~ ~ Y K T M B H O ~  CTaAMM C PMCOBMAHblM K B a P u e M .  C ~ f l e p ~ a H t I e  f lMpMTa B TaKMX FlOpOAaX 

A o c T M r a e T  5-10% M ,@,axe 50-60%. B accouMa lAv lM  c ~ M P M T O M  B c T p e q a t o T c R  M a p -  



PMC. 4.1 I .  f l n a ~  f l o p a m -  
p O B O r 0  MeCTOpOXAeHbIR K y p a -  
H a x c K o r o  p y A H o r o  nong (no M a -  
Tepc lanaM fl0 . R ~ y r r e o n o r M ~ ( > : ) .  

1 - D p C K M e  neC'iaHMKl4; 
2 - K ~ P ~ O H ~ T H ~ I ~  nOpOnbl  t I M X -  
H e r o  K ~ M ~ P M R ;  3 - B b l X O A b l  
p y n n b ~ x  3 a n e x e C i  Ha n o e e p x -  
HOCTb; 4 - KOHTYPbl PYAHblX T e n  
H a  r n y 6 u n e ;  5 - A ~ R K ~  n a M n p 0 -  
@MPOB 

Ka3MT, CaMOpOAHOe 3OnOT0, cepe6p0, BMCMYT, rlMPPOTLlH, XaflbKOnLlpMT, apCeH0- 
nMpMT, raneHuT, c @ a n e p ~ ~ .  

P ~ A O H O C H ~ I ~  Tens M ~ e t O ~ @ 0 p ~ y n e ~ ~ 0 0 6 p a 3 ~ b l ~ 3 a n e ~ e ~  ( ~ M c .  4.10,4.11) 
C M3BMflMCTblMM, MeCTaMM ~ P F I M O ~ ~ M H ~ ~ H ~ I M M  KOHTaKTaMM, C pa3AyBaMM M flepe- 
XMMaMM. ~ ~ O T R X ~ H H O C T ~  OTAeJlbHblX 3aJlex€?i 2-5 KM, WMPMHa 50-800 M, MOU- 
HOCTb 10-20 M. B KOHTYpaX TaKMX 3anexeh 0rlp060Ba~~eM BblAeflRtOTCFI PynHble 
Tens. 0 6 ~ a ~ 1  /JJIMHa ~Y,JJHO~O n0nR 30 KM, WMPMHa 5-10 KM. OCHOBH~R MaCCa 30- 

noTa B pyaax npeAcTasneHa arperaTaMM T O H ~ ~ G W M X  racTMu, HaxonFIuMxcsi B cpa- 
cTaHMM c rMnpooKMcnaMM xeneaa M B BMne pacnblnetiHoro sono~a  c 6 e n ~ r ~ ~ o i ; r  
r a c ~ ~ u  0,0006 MM M np060G 900-923. C p e n ~ ~ m  npo6a n e p e ~ r ~ o r o  sono~a  800- 
850, no ApyrMM AaHtiblM - 700-720. l l p u ~ e c ~  B rMnepreHtioM aono~e: Cu, Pb, As, 
Hg, Mn, Fe. k p B M r ~ b l e  OKOJlOpy,4Hble opeonl,l 06pa3ym~ Au, Ag, AS, CU, Mo, Pb, 
Zn, W. C o n e p x a ~ ~ e  aono~a yBenMrr/lBaeTcg K ueHTpanbHblM racTRM aanexek M 

csepxy B H M ~ .  C o n e p m a ~ ~ e  sono~a B pynax 5-7 r / ~ .  M e c ~ o p o x n e ~ ~ e  o ~ p a 6 a ~ b 1 -  
saeTc9 KapbepaMv. 



BOe BpeMR.   TOT K p a h  f l n a ~ @ ~ p M b l  B MeJly M K a i H 0 3 0 e  6 b l n  BblCOKO llpMflO,QHRT, B 

p e a y n b ~ a ~ e  rero 0 6 ~ a X ~ J l ~ c b  ~ a ~ 6 0 n e e  r n y 6 ~ ~ ~ b l e  @ o p ~ a u w  a p x e g  ( r p a ~ y n ~ ~ b l  

'iorapa, ~ H O P T O ~ M T ~ I  PSKyrwypa). 
3 0 J l 0 ~ 0 p y ~ ~ b l e  MeCTOPOX(QeHMR I lPMYPOWHbl  K a B y M  reOnOr0-(>TpyKTypHblM 

YPOBHRM: 1 )  KPMCTaJlnML(eCK0MY @ Y H A ~ M ~ H T Y ,  B f l a p a r e H e 3 M C e  C r v l n a 6 ~ c c a n b -  

HblMM M M ~ J ~ O ~ J ~ Y ~ W H H ~ I M M  MHTPy3MFIMM CylqeCTBeHHO HaTpOBblX rPaHMT0MaOB (KM- 

p o e c K o e ,  6epea~~osoe ,  K o n r e a a ~ ~ b i G  Y~ec,  3 o n o ~ a ~  ropa, E T ~ ~ c K O ~ )  M 2) HM- 

3 a M  B y n K a H O r e H O B  B CBR3M C C Y ~ B Y J ~ K ~ H M L ( ~ C K M M M  MHTPy3MRMM C p e a H e r O  M 

Y M e p e H H O  KMCJlOrO COCTaBa ( A B J ~ ~ R K ~ H c K o ~ ) .  n e p B a R  rpynfla M ~ ? c , T o ~ o x , Q ~ H M ~ ~  

Y a a n e H a  OT KPYnHblX MaCCMBOB TPaHMTOMAOB M f lpMypOcleHa K y raCT l<aM KpLlCTaJl- 

JlMreCKOrO @ Y H , Q ~ M ~ H T ~  C y3nOBblM PaCf lOJ lOXeHMeM r M f l a 6 M ~ ~ a J l b H b l ~  M H T P ~ ~ M ~ ~ .  

K p o B n R  M ~ ~ O ~ O ~ C K M X  rPaHMTOM0OB f lpeaCTaBJleHa RYJlKaHMTaMM M P13aKO OCaROq- 

HblMM nOPO,4aMM O P b l .  r f l y 6 k l H a  3P03MM M ~ ~ O ~ O G C K M X  CTPYKTYF) YMeHbLUaeTCR C 

a a n a ~ a  H a  BOCTOK. B ~ T O M  H a n p a s n e H M M  y B e n M w s a t O T c R  n n o l q a a M  pacnpoc-rpa- 
HeHMR BYnKaHMTOB, C KOTOPblMM aCCOL(MMPYOT MeCTOPO>Y4eHMR ~ y 6 B y J l K a H M q e ~ -  

K o r o  ~POBHR,  a H a  yracmax MX no~:~oG 3 ~ 0 3 ~ ~  ~ O R B ~ R D T C R  P y a o n p o R B n e H M ~  r M n a -  

6vrccanb~oro YPOBHR ( T ~ f l a  ETapbl ) .  

C T ~ H O B ~ R  3n 3aHMMaeT OCeByK) qaCTb MOH~O~O-OXOTCKO~O rlORCa. Ee 3 0 -  

JlOTOHOCHble 3 0 H b l  o6naaa0~ B e C b M a  XapaKTepHblMM ~ ~ o ~ o ~ o - ~ ~ o ~ > M ~ M ~ ~ c K M M M  

M MeTaJlnOreHMreCKMMM O C O ~ ~ H H O C T R M M .  

C e s e p o c ~ a ~ o s a ~ i  a o ~ a  x a p a ~ ~ e p ~ 3 y e ~ c ~  @ a ~ ~ ~ r e c ~ w  ~ e n p e p b l a ~ o f i  aono- 
TOHOCHOCTbO, 0 ~ a G ~ n g O ~ e f i  C C e B e p a  3K30KOHTaKTOBble 30Hb l  flO3aHetOPCKL4X 

rMraHTCKMX FlJlyTOHOB y a ~ K 0 - 3 e f i ~ K 0 r O  KOMnJleKCa H a  nPOTRXeHVIM 800 KM (B flpe- 
a e J l a X  ~ ~ C C M ~ T ~ M B ~ ~ M O ~  T~PPMTOPMM). Q ) O P M ~  flJlyTOHOB f l n M ~ 0 0 6 ~ 3 a 3 ~ a R  M Jl3.K- 

K O ~ M T O O ~ P ~ ~ H ~ R .  OHM CJlOXeHbl f lOPOaaMM ~ M O P ~ T - ~ ~ ~ H O ~ M O ~ M T ~ ~ B O ~  @ O P M ~ -  

4MM C B ~ ~ C O K O ~  M ~ ~ H M T H O G  BOCflPMMMqMBOCTbK) M OKMClleHHOCTbtO XeJle3Ei.    TO 
Tm-tMrHbre n p e A c T a s M T e n M  p a H H e o p o r e H H o r o  a T a n a  P ~ ~ B M T M R  ~ O ~ E ; M X H O ~  o6na- 
CTM TMA. Ha B C e M  CBOeM flpOTRXeHMM 30nOTOHOCHaR 3 0 H a  COBflaf laeT C aOCTa-  

TOqHO ~ J ~ Y ~ O K M M  n M H e f i H b 1 ~  MMHMMYMOM CMJlbl TRXeCTM, 0 ~ a G M J l e t i a  C C e E e p a  M 

K)ra  PerMOHanbHblMM MaTHMTHblMM MaKCMMYMaMM. C O ~ C T B ~ H H O  30JlOTOHOCHaR 

30ila - 3 ~ 0 c ~ p y ~ ~ y p a  C C ~ ~ ~ M ~ ~ H M ~ ~ H M R ) , :  Bb l f ienRmlqaRcn n e i ~ p a n b t - ~ b l ~ ~  nonRMM.  

~ T M  R a H H b l e  n o 3 ~ o n ~ m ~  n p e a n o n a r a - r b ,  r ~ o  C e s e p o c ~ a ~ o e a ~  a o ~ a  c @ o p ~ ~ p o -  
B a n a C b  6 pe3yJlb~a~e ~ J ~ Y ~ M H H o ~ o  E ~ ~ M M O ~ ~ ~ C T B M R  rpaHMTOMaHblX IWEICC C @MM- 

reCKMMM KOMflJleKCaMM f lOpOa.  n 0 ~ 0 6 ~ b l e  3aKOHOMePHOCTM npORBJlRK)TCR H e  

TOnbKO B PerMOHaJlbHblX, HO M B JlOKanbHblX CTpyKTYpaX M aaXe B ~ i X ~ T a 6 e  pya- 
t i o r 0  flOJlR ( ~ M c .  4.12, 4.24). I/ll\n€loLl@le~~ RaHHb le  yKa3b lBaOT H a  f l O 3 a H e M e 3 0 -  

~ O ~ C K M ~  (Jg - I() BO3PaCT 30JlOTOr0 OpyfleHeHMR C ~ B ~ ~ O C T ~ H O B O ~ ~  30Hbl ,  OaHaKO 

WR aanaa~oi i  ee r a c w  (paFio~ M e c T o p o x a e H M R  J l e a ~ ~ o r o )  tie u c u n m r a e T c R  na- 
n e o 3 o f i c ~ ~ f i  nm60  axe n p o ~ e p o 3 o f i c ~ ~ f i  B O ~ P ~ C T ,  M r e ~ e ~ ~ ~ l e c ~ a ~  c ~ m b  opyae- 
HeHMR C MHTPYBMRMM ~eJ lO' iHblX rPaHMTOMaOB C ~ ? ~ O J ~ ~ ' ~ M H C K O ~ O  MElCCMBa n M 6 0  C 

MOHL(OHMT0MaaMM T ~ C C K O ~ O  KOMf l f ieKCa C ~ ~ c o J ~ ~ O T H ~ I M  B03PaCTClM COOTEeTCT- 

BeHHO 238-309 MJlH M 1700 MJlH JleT ( ~ ~ ~ M ~ ~ M ~ - C T ~ O H ~ M ~ B ~ I G  M ~ T o ~ ) .   TO C y W e -  

CTBeHHO HaTpOBble f l 0 p O a b l  C B ~ I C O K O ~  OKMCAeHHOCTbOXeJle3a V1 ~ 1 3 r ~ M ~ t . 1 0 ~  BOC- 

flPMMMqMBOCTbO (AaHHb le  B. 6. K o u ~ ~ € ? H K o ,  1990 r.). C ~ B ~ ~ O C T ~ H C B ~ R  3 0 H a  - 3TO 

MHTeHCMBHO M r f l y60~0 TeKTOHMqeCKM f l p 0 p a 6 0 T a H H a R  CTpyKTypa  TiMP C MOlUHhiM 

OPCKO-MeJlOBblM MarMaTM3MOM,  C BblCOKOflOTeHL(MaJlbHbIMM O~J I~CTRMVI  r e H e p a -  

uMM. B ~ ~ ~ c T B ~ H H ~ ~ ~  COCTaB OpyaeHeHMR B 3 H a r M T e J l b H 0 i  M e p e  OflpeAeJlReTCR 



PUC. 4.12. COOTHOLU~HM~ ~ ~ O @ H ~ M ~ ~ C K M X  n0nefi LI PY,LlOHOCHOCTM B C T ~ H O B O ~  ~ O ~ O T O H O C H O ~ ~  
npoennqwu. 

1 - apeanbl ~onoToHocHocTM; 2 - MecTopox,neHm r u n a 6 ~ c c a n b ~ ~ e  M ~eaoaBwccanbtib~e: 30- 
noTopyAHble (a), ~ O ~ O T O - ~ O ~ L I M ~ T ~ ~ ~ M ~ ~ C K L I ~  M aono~o-cynb@~,a~ue (6); 3 - peruonanbtible (a) LI no- 
KallbHble (6)  rpaBMTaQMOHHble MHHMMYMbI; 4 - perMOHanbHble MarHHTHMe MaKCMMYMbI. MQCTOPOX- 

aenm : 1 - f l e ~ ~ n o e ,  2 - S a ~ c ~ o e ,  3 - Konre~an~blk Y~ec ,  4 - 6t?pe3~~0BOe. 5 - KMpoec~oe, 6 - 3ono~an 
ropa 

COCTaBOM C Y ~ C T ~ ~ T ~ .  B @ ~ M M ~ ~ C K M X  C Y ~ C T ~ ~ T ~ X  pa3BMTO ~ o ~ ~ o T o - c Y ~ ~ @ M ~ ~ H o ~  
o p y n e H e H M e  ( K o n r e n a ~ ~ b ~ f i  Y~ec),  B cManMrecKMx - aono~o-~sapqesoe ( S a ~ c ~ o e ) .  
Y ~ o B ~ H ~  3P03MOHHOrO C p e 3 a  Py,4OHOCHblX CTPYKTYP O ~ T M  MWI~H b l i  , n O  rny6o~oro. 

B T ~ K ~ ~ M H ~ ~ c K o ~ ~ O H ~  30JlOTOHOCHOCTb f lpORBf leHa PerMOHanbHO B KOHTYPaX 

OAHOMMeHHOrO MMHMMYMa CMJlbl TRXeCTM. Ha~Gonee flpO,4yKTMBHble 30JlOTOHOC- 

Hble p a i 0 H b l  nPOCTpaHCTBeHH0 ~ 6 n M ~ e ~ b l  C PenMKTOEMMM ~ A O K ~ M M  r n y 6 ~ H H b l x  

a e ~ ~ r e c ~ ~ x  nopoa, H e K o r a a  (B n o ~ e 3 0 3 o i c ~ o e  B ~ ~ M R )  n p M H a p C l e x a s u l M x  e a M -  

HMM Q ~ M M ~ ~ C K M M  M a c c a M .  K ~ K  M a Ceeepoc~a~oeo i  a o ~ e ,  H a  y r a c T K a x  T a K o r o  

C ~ ~ M X ~ H M R  Pa3BMTbl 30flOTO-flOflMMeTWIflMreCKMe M ~ O J I O T O - C ~ J ~ ~ @ M ~ H ~ I ~  @OP- 

M ~ ~ M M  ( 6 e p e 3 ~ ~ 0 ~ 0 e ) ,  a ~a yflaneHLIkl OT HMX - ~ O ~ O T O - K B ~ P ~ ~ B M ~  (KMPOBCKO~ M 

~ p . ) .  CXO~CTBO S T M X ' ~ B ~ X   OH B b l p a x a e T c R  T a K x e  B n a p a r e H e T M r e c K M x  C B R ~ R X  c 
UeHTpaMM TMA M C pa3BMTblMM B HMX MaCCMBaMM MarHMTHblX rPaHMTOM,4OB, B H e -  

B ~ I C O K O ~  C ~ ~ ~ ~ ~ M C T O C T M  pya (Au: Ag = 1: 3-8) M ap. C n e ~ y e T  yKi33aTb, '-IT0 HeKO- 

TOpble 30nOTOHOCHble p a i 0 ~ b t  ( ,@M~YKMHCKM~,  ~ O M H ~ K C K M ~ ~ )  COnPFlXeHbl C OT- 

HOCMTenbHblMM ~ O B ~ I ~ ~ H M R M M  rpaBMTa4MOHHOrO nOJlR, '-IT0 M O X e T  yKa3blBaTb H a  

~ e n p e c c ~ o ~ ~ b ~ i  n ~ 6 0  rpa6e~osbl i  T M ~  p y n o e M e q a t o u M x  c~pyrcryp ( t i a n p ~ ~ e p ,  

~ P F I H T M H C K M ~  rpa6e~) .  
C y r a ~ a p C K a F l  30JlOTOHOCHaR 3 0 H a  O K ~ ~ M J ~ R ~ T  B e p e H M 4 y  IlJlJTOHOB y a C K 0 -  

~ B ~ ~ C K M X  rpaHMTOMAOB C I O r a  M I l peaCTaBJ leHa  n p e M M y u e C T B e H H 0  C y 6 ~ y n K a H M r e -  

CKMMM TMnaMM OpyneHeHMR, cue cna6o M 3 v e H H b l M M .  Apean 30AOTOHOCHOCTM 

PaCflOnOXeH M ~ X ~ Y  C T ~ H O B ~ I M  ( C e B e p )  M TYKYPMH~PCKMM TPaBMTa4klOHH blMM MM- 

HMMYMaMM B 3 0 H e  ( ( B ~ ~ M M o ~ ~ ~ ~ ~ c T B M F ~ ~ ~  COOTBeTCTBYtouMX MM ~ J ~ Y ~ M H H ~ I X  CTPYK- 

~ y p  p a 3 y n n o ~ ~ e ~ ~ ~  c ~ p y n ~ o F ~  @ e ~ ~ ' - I e c ~ o i  ~ a c c o i .  O p y a e ~ e ~ ~ e  6onee nosn- 
H e e  (K,) B CpaBHeHMM C TaKOBblM C ~ B ~ P O C T ~ H O B O ~  30Hbl .  

B C T ~ H O B O ~ ~  311 BblaeflRIOTCR n E e  CMCTeMbl ~ ~ ~ Y ~ M H H ~ I X  Pa3nOMOB - BK)B M 

CCB (~LIC.  5.1 1). f l e p B a R  CMCTeMa @MKCMPY~TCFI 3OHaMM p a H ~ e f l p 0 ~ e p 0 3 0 i ~ K ~ ~  



~ M ~ @ T O P M T O B ,  aKTMBM3MPOBaHHblX B M e 3 0 3 0 e  ( C e B e p ~ ~ y ~ y p M H r p C ~ M f i  pa3n0~) ,  
M OCRMM PerMOHaflbHblX rPaBMTaLlMOHHblX CTPYKTyP ( p a 3 J l o M b l  C T ~ H O B O ~ ,  YyJlb- 

M ~ H C K M ~ ,  K)>KHOTYKYPI/IH~PCK~~~~). B T O ~ ~ R  CMCTeMa npe/JCTaBJleHEi B OCHOBHOM 

C K P ~ I T ~ I M M  p a 3 n o ~ a ~ ~  @ ~ H A ~ M ~ H T ~  M Q L I K C M P ~ ~ T C R  OCRMM n o n e p e ' i t i b l x  nporu- 
6 0 8  '4eXJla A ~ A ~ H o - C T ~ H O B O ~ O  U M T a ,  npORBJleHMRMM M ~ ~ O ~ O ~ C K O ~ C )  M a r M a T M 3 M a  

M PYAOHOCHOCTM, rpaAMeHTaMM nOnR CMJlbl TRXeCTM.  TO 6onee MoJlOAaR CMC- 

T e M a  PaaJlOMOB, B03HMKLUaR B p M @ e e  M aKTMBM3MPOBaHHaR B M 8 3 ( 3 3 0 8 .  6 y 3 n a X  

nepeC€?'ieHMR r J l y 6 M ~ H b l ~  pa3JlOMOB yKa3aHHblX CMCTeM paCnOJlOX€!Hbl ~ a ~ 6 o i r e e  
~ P O A Y K T M B H ~ ~ ~  ~ ~ J ~ O T O H O C H ~ I ~  p a i 0 H b l  C T ~ H O B O ~  3n: Y p y l U a - O n b ~ ~ i C ~ M i ,  Axa- 
J ~ M H A M H C K M ~ ,  H I O K X ~ - ~ ~ P ~ M H C K M ~ ~ ,  A~M~YKMHCKMG, CYT~MO-~PRHTMHCKMG, 6 0 ~ -  
H ~ K C K M ~ ~ .  

3ono~oe o p y n e ~ e ~ ~ e  p e r ~ o ~ a  06bl ' iHo C B R B ~ H O  c ~ O H ~ M M  P ~ ~ B M T M R  n p o n ~ -  
JlMTOB M aprMJlflM3MTOB, r M n a 6 k l C ~ a f l b ~ b l X  M C ~ ~ B ~ ~ ~ K ~ H M ' ~ ~ C K M X  M H T P Y ~ M G .  rny6o- 
KO 3POAMPOBaHHble r f l y6k lHHb le  pa3JlOMbl KOHTPOnMPYDTCR LUMPOKMMM 3 0 H a M M  

A M ~ @ T o ~ M T o B  M , ~ M ~ @ T O P M P O B ~ H H ~ ~ X  f lOpOA, pa3BMTblX n0 P ~ H H ~ A O ! < ~ M ~ P M ~ C K M M  

KpMCTanJlMreCKMM nOp0,QaM. C A M ~ @ T O ~ M T ~ M M  MHOrAa f lpOCTpaHCTBeHH0 aCC0-  

L(MMPYIOT 30nOTOHOCHble POCCblnM. 6 CBR3M C 3TMM MHOrMe reOf lOrM rOBOPRT 0 

3OflOTOHOCHOCTM AM~@TOPMTOB ( K o r e ~ ,  ~ J ~ ~ x o B c K M ~ ~ ,  1979; M~J~~>HMKoB,  1 984; 
AaHHb le  6. A. 6 y p R K a  M AP., 1985 r.), 0 H ~ O ~ X O A ~ ~ M O C T M  MX M3YCllZHMR KaK 8 0 3 -  

MOXHblX PYAHblX O ~ ~ ~ K T O B .  M C C ~ ~ A O B ~ H M H  6, r. B ~ T J ~ ~ ~ c K M x  (1  969 r.) n o ~ a 3 a n ~ ,  

qTO 30JlOTOe OPYAeHeHMe B A M ~ @ T O P L I T ~ X  3 0 H b l  C T ~ H O B M K ~  Ha6Jltof laeTcR TOnbKO 

B CBR3M C npORBneHMeM ~ e 3 0 3 0 f i C K 0 f i  TMA. 
B K a r e c T s e  p y ~ o n o ~ a n ~ 3 y t o q ~ x  K o M n n e K c o a  BblAenRtoTcR: 1 ) s y n ~ a ~ o r e ~ -  

H b l e  M OCaAOqHble 0 6 p a 3 0 s a ~ ~ ~  'ieX3la C T ~ H O B O ~ O  q M T a  ( I O p a - ~ l A ~ ~ k l f i  M e n )  M 

CBR3aHHble C HMMM c ~ ~ B ~ J ~ K ~ H M ~ ~ c K L I ~  TeJla; ~ ) ~ ~ ~ H M T O M A H ~ I C ?  MaCCMBbl, M e 3 0 -  M 

r ~ n a 6 ~ c c a n b ~ b l e  B e p x H e m p c K o r o  M M e n o s o r o  ~oapac~a ;  3) ~ K T L I E ~ M ~ M P O B ~ H H ~ I ~  

B M e 3 0 3 0 e  K P M C T ~ J I J ~ M ~ ~ C K M ~ ~  @ ~ H A ~ M ~ H T  M 4) AMCJlOuMPOBaHHbl€! n p o T e p 0 3 0 i -  

CKMe (?) CnaHUbl  TYKYPMH~PCKO~~ U O B H O ~  30Hbl .  

6 CT~HOBOG 3fl M e 3 0 3 0 f i c K M e  OCaAO'iHO-ByJlKaHOreHHble 0 6 p a . 3 0 B a ~ M R  topb l -  

M e n a  COXpaHMJlMCb OT 3P03MM B BMAe He3Ha'iMTenbHblX no nJlOUZIAM, HO AOCTa- 

TO'iHO MHOrOL1MCJleHHblX BYJlKaHO-TeKTOHMLleCKMX nOCTpOeK M r p a 6 e H 0 B b l X  C T ~ ~ K -  

T y p  (pklc. 4.13). P ~ A K O  OHM 0 6 p a 3 y t o ~ C y l q e C ~ B e ~ ~ b l e  no nJlOlL(EiAM ElyJlKaHMCleCKMe 

nOKpOBbl,  KaK, H a n p M M e p ,  B B O C T O C ~ H O ~ ~ " ~ ~ C T M  nPOBMHL(MM. P a 3 r ) e 3 b l  BynKaHO-  

reHHblX T O n q  0,QH006pa3Hble (PMC. 4.14), MX HM3bI f lpeACTaBJleHbl06bl l (H0 a H 4 e -  

3MTaMM, MaKCMManbHble MOUJHOCTM KOTOPblX ~ ~ @ M K C M P O B ~ H H ~ I  B 6 a C c e i H a x  p e K  

~ O M H ~ K ,  A x ~ H ~  M B BepXOBbRX p. flap6a. BO MHOrMX CJlyclaRX aHA(33MTbl nOACTM- 

JlatOTCR 6 a 3 a J l b H b l ~ k l  KOHrJlOMepaTaMM, rpaBe f lMTaMM n ~ 6 0  C O A e p X a T  flaClKM T y -  

@ O ~ ~ H H ~ I X  neCLlaHMKOB M TY@@MTOB. 6 ~PRHTMHCKOM rpa6e~e  MOUiHOCTb 6 a 3 a n b -  

~ 0 f i  n a r K M  T Y @ O ~ ~ H H ~ I X  KOHrnOMepaTOB M rpaBeJlMTOB AOCTMraeT  150 M ,  a B 

BepXOBbRX K y n y p ~  - 320 M .  Ha BCeM CT~HOBOM x p e 6 ~ e  aHae3MTOBaR TOnUJa fle- 
p e K p b l T a  BynKaHMTaMM KMCJlOrO COCTaBa. BkI~klM\naR MOlL(H0CTb B ~ J ~ K B H M C ~ ~ C K O ~ ~  T o n -  

lqu OnpeAeJlReTCR C T e f l e H b D  ee 3pOAMpOBaHHOCTM M K O ~ ~ ~ J I ~ T C F I  OT 0 A0 1 100 M .  

3 a n e r a ~ ~ e  BynKat iMrecKMx M o c a A o r t i b l x  K o M n n e K c o s  6 n ~ 3 r o p u 3 o n ~ a n b ~ o e  MnM 

c J ~ ~ ~ o H ~ K J ~ o H H o ~ .  C ByJlKaHMTaMM COnpRXeHb l  MHTPy3MM p a 3 ~ 0 0 6 p a 3 H b l x  TPaHM- 

T o M A o e  (OT AMOPMTOB AO n e i u o r p a ~ ~ ~ o ~ ) ,  n o p @ ~ p o ~ ,  ~OP@MPI/ITOB, aarac~yto 
O ~ U I M P H ~ I ~  f lOnRfiaeK pa3nM'iHblX no COCTaBy M CTpyKType flOpOA. O C O ~ ~ H H O  U M p O -  

KO ~ a t 7 ~ ~  P ~ ~ B M T ~ I  H a  nnolqaArrx, rAe B reonorM ' iecKM H e A a s t i e M  n p o u n o M  B y n K a -  

H M T ~ I  c p e 3 a ~ b 1 3 p o 3 ~ e G i .  





















PMC. 4.18. r e o n o r ~ q e c ~ ~ i  paapea MecTopowetiMR 3 0 n o ~ a ~  ropa (no r. K. Llmsenesy). 
1 - ~ M O T M T O B ~ ~ ~  M ABYCnIOARHble r ~ e i c b l ;  2 - a~@M60noBble rHeGcbl M aM@M60flLITbl; 3 - Mf330- 

~ O ~ C K M ~ A ~ ~ K M  MMKPOAMOPMTOB (a), @enb3MTOB kl C M ~ H M T - ~ O ~ @ M ~ O B  ( 6 ) ;  4 - 3 0 n 0 ~ 0 p y ~ ~ b l e  ~Mnb l ;  5 - 
oKsapuesaHue M MHbeKuMM ~ ~ a p u - n o n e ~ o u l n a ~ o ~ o r o  MaTepMana; 6 - ~ O H ~ I  CMRTLIR M KaTaKnaaa 

30JlOTO. B M e L 4 a t O u M e  I lOpOAbl  B KOHTayTaX CXMJlaMM CepMqMTM3Mp0BaHbl l  OKBi3P- 

UOBaH b l  M C Y J ~  b @ M ~ 1 / 1 3 1 / 1 ~ 0 ~ a ~ b l ,  MHOrAa C O A e p X a T  30JlOTO. 

B e p x H f l f l  'iaCTb M e C T O P O m e H M R  A0 r J l y 6 M ~ b l  25-40 M PaCI lOJ lOXeHa B 

3 0 H e  MHTeHCMBHOrO OKMCJleHMR. ~ ~ O A Y K T ~ I  OKMCJleHMR C 6 0 r a T b l ~  30JlOTOM (a0 
1,5 K ~ / T )  HaKaIlJlMBaJlMCb B IlOJlOCTRX, 06pa3y~ JlMH3bl M KapMaHbl .  3 T a  OXpklC-rafl 

Cb l f lyqKa RBJlRJlaCb OCHOBHblM O ~ ~ ~ K T O M  ~ 0 6 b l ' i M .  K p o ~ e  TOrO, 0 T p a 6 a T b l ~ a J l b l ~ b  

~ a ~ 6 o n e e  6 0 r a T b l e  Y'iaCTKM KBapL@BblX M KaJlb4MTOBblXXklJl C BMAMMblM 30JlOTOM, 

a MeCTaMM M B M e u a t O u M e  OKBapuOBaHHble , ~ M ~ @ T O P M T ~ I ,  n 0 B b l ~ ~ e H H b l e  COAC?p- 

XaHMR 3OJlOTa flpMypO.leHbl K YqaCTKaM XMJl H a  KOHTaKTaX C ~M@M~OJ~MTE~MLI kl 

~ P ~ @ M T M C T ~ ~ M I / I  r H e k a M M .  30Jl0~0 CBfl3aHO I lpeMMyl l \eCTBeHHO C cyJ lb@l ' l~ah~M. 

1/13 OXpLICTblX r H e 3 A  , 4 0 6 b l B a n L l ~ b  Kpy f lHb le  3 e p H a  3OJlOTa M AaXe ~ e 6 0 J l b l u M e  (a0 
1,5 r) c a M o p o A K M .  C o ~ e p m a ~ ~ e  aono~a B oKMcneHHblx  pyaax ~ o c ~ ~ r a n o  20 M Aaxe 
60 K ~ / T .  C o ~ e p m a ~ ~ e  aono~a B n e p e w H b l x  pyaax AO 4,9 r / ~  ( m ~ n a  N? 4)) MaKc:M- 

M ~ M  - 7,1 r / ~  ( m ~ n a  LUopb~). B ~sapqe 3on0~0 M e n K o e ,  BO B M e u a t O u M x  nma@ro- 
PMTaX OH0 o6pa3ye~ T O H ~ ~ ~ L U M ~  HaJleTbl M ' 4 e L U y i ~ M  BOKPyr  JlMH30qeK rMAPOTE!P- 

M a n b H o r o  K s a p u a .  npo6a aono~a 960. 
Ha ~ O J I O T O ~  rope o p y A e H e H M e  r e H e T M r e c K M  O ~ ~ I ~ H O  C B R ~ ~ I B ~ I O T  c , q p e s k ~ ~ -  

MM ~ M @ I / I ~ O J ~ M T ~ M M  (R. A. Ma~epoe, M. M. M B ~ H O B ,  H. K. R B O ~ O B C K M ~ )  n ~ 6 0  C 

M ~ ~ O ~ O ~ ~ C K M M  A M ~ C T P O @ M ~ M O M  (6. A. PYXMH, r. K. ~ M B e J l e B  kl ~ p . ) .  
Pacnonoxe~~ble B  TOM me p a i o ~ e  M e c T o p o x , q e H m  n e p e e a n b ~ o e ,  I ~ H ~ I o -  

KeHTbeBCKOe, H o s a ~  ~ R c K ~ ,  Y C ~ ~ H C K O ~ ,  KOTOPble P a H e e  qaCTMqH0 0 T p a 6 a ~ b l ~ l E l -  

JlMCb, B O ~ ~ M X  ~ ~ P T E ~ x  C X O X ~ ~  C OIlMCaHHblM. Bce OHM I l p k l y p 0 ' i e ~ b l  K 3 0 H a M  AMa@- 



6epescl~osoe 3ono~o-non~~e~annr / l rec~oe  M e c T o p o w e H M e ,  M ~ B ~ C T H O ~  c 
1935 r. (n. c. 6 e p H L U ~ e f i H ,  C. I/). HaBo~o), B KOHL&? 30-x rr. %3CTMYHO 3 K c n n y a T M -  

POBaJlOCb, B 1960-1 961 rr. AeTaJlbHO OnOMCKOBblBaJlOCb (H. I/). L U a ~ 6 y p o B )  M C 

1975 no 1985 r. pa3BeAblBaJ lOCb (B. A. B ~ H ~ H K O ,  A. K. M B ~ H M L ~ ~ H K O  M ap.). OAHO- 
B p e M e H H O  M3YqaJlMCb er0 CTPYKqPHO-BeUeCTBeHHb le  O C O ~ ~ H H O C T M  (B. r. Mo- 
MCeeHKO, 6. .n. 3 a J l M L u a ~ ,  H. 9. K~J~MHKMH,  B. A. ~YMC~HIOK,  H. A. B M c J ~ ~ B H ~ I x ,  

A. C. Bax). 
B p a i 0 H e  M e C T O p O ~ e H M R  n 0 p O A b l  KpMCTaJlJlM'ieCKOrO @ ~ H A ~ M ~ H T ~  npeA- 

CTaBJleHbl r ~ e f i ~ a ~ ~  M KPMCTaJlJlMqeCKMMM CnaHL(aMM, nPOPBaHHblMM P a H H e n p O -  

T ~ P O ~ O ~ C K M M M  TpaHMTOMAaMkl M ~ e ~ a r a 6 6 p o ~ n a ~ ~ .  B e p X H M f i  C T P Y K ~ P H ~ I ~ ~  3 T a X  

0 6 p a 3 0 ~ a ~  ~ e 3 0 3 0 f i ~ ~ M ~ M  ( ~ ~ ~ M M ~ L L @ c T B ~ H H o  M e J l o B b l M ~ )  K O H m O M e p a T a M M ,  

KMCJlblMM ~ @ @ Y ~ M B ~ M M  M p a 3 ~ 0 0 6 p a 3 H b l ~ M  rPaHMTOM,QaMM M CMeHMTOMAaMM - 
nJlYTOHMqeCKMMM M ~ M n a 6 k l ~ ~ a J l b H b l M ~ .  P Y A H O ~  none PaCnOJlOXeHO H a  )"iaCTKe, 

rne noponbr B e p x H e r o  3 ~ a x a  ~ P O A M P O B ~ H ~ I .  

PYAHE~R 3 0 H a  JlOKaJlM3yeTCR B ~ ~ O T ~ ~ O ~ O ~ ~ C K M X  TeKTOHMqeCKM nepepabo- 
TaHHblx n n a r M o r p a H M T a x  M rpaHoAv lopMTax .  3 o ~ a  0 6 p a 3 o s a ~ a  r p a ~ a ~ - K B ~ ~ U - c e -  
PkluMTOBblMM MeTaCOMaTMTaMM C ~ o J ~ o T o - ~ o J ~ M M ~ T ~ J ~ J ~ M ~ ~ c K o ~  MMHepaJlM3auM- 

efi, O K ~ ~ ~ M J ~ ~ H H O ~  rpaHaT-KBapu-CepMuMT-KeJlllurnaTOBblMM MeTaCOMaTMTaMM 

( A ~ H H H ~ I ~  B. A. ~ Y M ~ H D K ~ ,  1978, 1981 rr.). MOUHOCT~ 3 0 H b l  OT 1 10 a0 10-1 2 M ,  

npOCTMpaHMe C3 n p M  KPYTOM naAeHMM H a  K)3. 6 I l J laHe  3 0 H a  M M e e T  JlMH3OBMA- 

HYKJ @OPMY (PMC. 4.19,4.20). M ~ T ~ C O M ~ T M T ~ I  B I l p e ~ e J l a X  PyAHOrO TeJ la  CJlOXeHbl 

B OCHOBHOM KBapL(eM, CePMuMTOM, TpaHaTOM, p a 3 ~ 0 0 6 p a 3 H b l ~ ~  c y J l b @ M ~ a M M .  B 
OTAeJlbHblX eTO qaCTRX 3aMeTHYtO P O n b  MrpatOT a ~ y J l R p 0 n 0 ~ 0 6 H b l ~  KaJlMUJnaT, XnO- 

PMT, ~ M O T M T ,  LUnMHeJlb, B ~ O K O B ~ I X  30HaX - a J l b 6 M ~ ,  anaTMT, KaJlbUMT. BTOPOCT~- 
I leHHbIe MMHepaJlbl :  TypMaJlMH, npeHMT,  3nMAOTOBble MMHepaJlb l ,  nyMlleJlJlMT, n M -  

MOHMT, @J~K)OPMT, aKTMHOJlklT, n M P O K C e H .  A K ~ ~ C C O P H ~ I ~ :  M a r H e T M T ,  

TMTaHOMaTHeTMT, c @ ~ H ,  PYTMJl, aHaTa3 ,  a n a T M r ,  reMaTMT,  UMPKOH, MOHaUMT, KCe- 

HOTMM, WeeJlMT. B eAMHML1HblX 3 e p H a X  BCTpe'iaIOTCR BOJlJlaCTOHMT, M a p r a p M T ,  

r p a @ M ~ ,  aHAaJly3MT, ~ e J l e 3 M c ~ b l f i  K ~ P ~ O H ~ T ,  CepneHTMH. 

B PYAHOM Ten€? M e C T O p O ~ e H M H  n p 0 ~ b ~ L I J J l e ~ ~ b l f i  MHTepeC npeACTaBJlRIOT 

Au, Ag, Zn, Pb, Cd, BO3MOXHO CU. B nOBbllLleHHblX KOHL(eHTpaUMRX nPMCYTCTBYH3'r: 

AS, Bi, Sb, Sfl, Mo, W, B eAMHMqHblX npo6ax Ml inMf i ,  T ~ P M ~ H M ~ ,  raflJlMm M ~EiJlJ lMi i .  

P y ~ H b l e  MMHepanb l  COCTaBJlRtOT A0 10-1 2% 0 6 b e ~ a  n0p0,4. O C H O B H ~ I ~  MMHepaJlbl :  

c@aJlepMT, raJleHMT, CaMOpOnHOe 3OJlOT0, nklpMT, nMppOTMH; BTOpOCTeneHHble M 

pe,QKMe: MapKaaMT,  apreHTMT, apCeHOnMpMT, XaJlbKOnMpMT, 6Jle~nble PyAbl, BMC- 

MYTMH, C ~ M O P O A H ~ I ~  BMCMYT, XaAbK03MH, C a M O p O ~ H a R  M e A b ,  CTaHHMH, WeeJlMT, 

M O J ~ M ~ Q ~ H M T ,  TeMaTMT, naTpOHMT, aJlTaMT, KaJlaBepMT, KMHOBaPb, KaCCMTePMT. 

@ O P M ~  ~ y J l b @ k l ~ H b l ~  ~ b l ~ e f l e ~ ~ f i  BKpanJleHHaR, rHe3aOBaR M npOXMJlKOBaR. flp0- 
XMJlKM cJlarat0~ JlMHefiHblfi LUTOKBePK. B T O P M ~ H ~ I ~  MMHepaJlbl :  RP03CIT, JlMMOHMT, 



Puc. 4.19. C x e ~ a ~ ~ r e c ~ ~ f i  reo- 
n o r ~ r e c ~ ~ h  nnaH ~ O P M ~ O H T ~  676 M 

6epe3~~oeoro  MecTopometim (no 

B. A. ~ Y M ~ H ~ ~ K Y  M H. A. BMcnaB~blx). 

1 - rpaHoAnopMTb1 M nnarnorpa- 

HMTbl ~ f l a 6 0 ~ 3 ~ e H e H ~ b l e ;  2 - MeTaCO- 

MaTMTbl KBaPL(-CePML(MT-TPaHaT-KaflM- 

LlJnaTOBble; 3 - MeTaCOMaTMTbl 

KBapL(-CepML(MT-rDaHaTOBble C 3OflOTO- 

nonMMeTannMrecKMM opyAeHeHueM; 

4 - npOAOnbHble pa3nOMbl C OTHOCM- 

TenbHO 60ra~blM 3OSlOTO-flOnMMeTafl- 

nMrecKMM (a) M nonMMeTannMrec:KMM 

(6) opyAetieHMeM; 5 - A ~ ~ K M  a ~ n e a ~ ~ o e ,  
AMOPMTOB~IX ~ O ~ @ M P M T O B ,  MMKPO,~MO- 

pwoe, cneccapTMToe: nopynHble M BHY- 

TpMpYAHble (a) M flOCTpynHble (6); 6 - 
noneperHble HapyweHMs: p y n o ~ o ~ r p o -  

nnpyouMe (a), nporMe (6) 

40 8 0 ~  
O- 

rMaPOreTMT, MaflaXMT, KOBenflMH, aHrJle3MT, UePYCCMT, CMMTCOHMT, 6 a a o 6 ~ c r d y -  

TMT. 

~ O ~ O T O  B pyaax C a M O p O ~ H O e ,  PeaKO OTMeraDTCFI TennypMAb l  30nOTa,  

c p e n H m  np06a 747. C B O ~ O A H O ~ O  sono~a B pyne 10-24%, C ~ O C T K O B  c c y n b @ ~ , q a -  

MM no 80%, ~ ~ n t o r e ~ ~ i ; l  B rpaHaTe,  K s a p q e  M ~ a r ~ e ~ b i ~ e  4-1 1%. C o n e p x a ~ ~ e  30- 



PMC. 4.20. Paapes repes pyfltioe T e n o  Nn 1 6 e p e 3 1 . 1 ~ o s o r o  M e c T o p o x , q e H m  Ha npoanne VI (no 
B. A. ~YMBHK)KY). 

1 - rPaHOAMOPMTbl ~ n a 6 0 ~ 3 M e H e ~ H b l e ;  2 - MeTaCOMaTMTbl KBBPU-CePMUMT-rpaHaT-KanMWna- 

TOBble; 3 - MeTaCOMaTMTbl KBaPU-CePMUMTOBble,  KBaPU-CePMUMT-TPaHaTOBble C 3OnOTO- I lOnMMeTan-  

n l4reCKMM Opy f leHeHMeM 6 e ~ H b l M  ( I ) ,  6 0 T a ~ b l M ( 2 ) ;  4 - f l ~ i p y f l ~ b l e  f la f iKM a H f l e 3 ~ ~ 0 - 6 a 3 a n b ~ 0 ~  



n o T a  B n M p M T a x  ~o 36 r / ~ ,  B c @ a n e p ~ ~ e  00 70 r / ~  M B ranew-re no 57- 122 r-/T. 
B e n ~ r ~ ~ a  r a c T M u  3ono~a n p e M M y u l e c T s e H H o  0, l-0,2 MM. C p e n ~ ~ e  c o A e p x a t l M g  

3OJlOTa B pyaax 2-7 r/T,  cepe6pa 15-25 r/T,  UMHKa 0,97 M CBMHUa 0,92%. 3 0 J l O T 0  

K o p p e J l M p y e T ~ ~ e p e 6 p o ~  M CYMMOG CBMHL(a M L(MHKa. Cepe6po HaXOAMTCR B ap r t3H-  

TMTe, r a J l e H M T e  (OT 254 40 1610 r/T),  B 0 3 M O X H O  B n M p p O T M H e .  3 0 H a J l b H 0 ~ T b  

P a C n p e A e n e H M R  TMnOB PYA C B e p X y  BHM3 M OT OCM MeCTOPOX,4eHMR K f lepM@er)MM 

COCTOMT B n 0 ~ f l e ~ 0 B a T e f l b H 0 ~  C M e H e  f l l lpp~~l lH-~@af lepM~OBbl~  PYA c @ a J l e p l l T o -  

BblMM, ~ ~ ~ ~ H M T - C @ ~ ~ ~ P M T O B ~ I M M  M nMPPOTMHOBblMM. Ha~6onee BblCOKMe C O A e p -  

x a H m  sono~a x a p a K T e p H b 1  A n R  r a n e ~ ~ ~ - c @ a n e p ~ ~ o ~ b ~ x  M c@anep~~osblx ( ~ e ~ b -  
UJe) PYA, M HM3KMe - AJlR X ~ ~ ~ ~ K O ~ M P M T - ~ ~ M P P O ~ T I / I H - C @ ~ ~ ~ ~ P I / I T O B ~ I X .  CTWMGHOCT~ 
p y a o o 6 p a 3 o ~ a ~ ~ ~  (no B. A. ~ Y M ~ H I O K Y ) :  ~ ) C T ~ ~ M R  ~ P ~ ~ P Y A H O G  l lMPMTM3aUMMI 

C O n p R X e H a  C r p a H a T - K B a p U e B b l M  M e T a C O M a T 0 3 O M  ( ~ c J ~ o B M R  C X ~ T M R ) ;  ~ ) O C H O B -  

HaR 30flOTO-nOflMMeTaJlJll/lcleCKaR CTaAMR ( O ~ C T ~ H O B K ~  ~ ~ c T R x ~ H M R ) ;  3)30Jl0~0- 
nMpMTOBaR CTaaMR (no 30J lOTy  ~ O A ' - ~ M H ~ H H ~ R ) ;  ~ ) C T ~ ~ M R  6 e 3 p y a H b l ~  npOXMJlKOB 

K B a p U - K a J l b ~ M T O B O r O ,  KanbUMT-XJlOpMTOBOrO M UeOJlMTOBOrO COCTaBa. M M ~ e p a n b -  

H b l e  f l a p a r e H e 3 M C b l  MeCTOPOXAeHMR pa3BMBaJ lMCb B YCnOBMRX HM3KOrO nOTeHL(L1- 

ana K M c n o p o A a  M Y r n e K M c n o T b l  M B LUMPOKOM A M a n a a o H e  T e M n e p a - r y p  ( 1  80-360°). 
no CBOMM 3anaca~  M e c T o p o m e H M e  cpeatiee. 
K H ~ O B C K O ~  3OJlOTOpyaHOe MeCTOpOX,4eHMe OTKPblTO B 1884 r. B r0JlC)BKe 

6 0 r a ~ e f i ~ e G  pOCCbl f lM p. f l X a J l M H ~ a  11 0 ~ p a 6 a T b l ~ a f l O ~ b  C ~ O p e B O f l t O L ( M O H t l O r 0  

B p e M e H M  c n e p e p b l e a M M  ao 1962 r. B H a c T o g u e e  sperm K M e c T o p o r n e H M t O  st~osb 
npORBJlReTCR M H T ~ ~ ~ C  K ~ K  K K P Y ~ H O O ~ ~ ~ M H O M Y  0 6 b e K ~ ~ .  P Y ~ ~ H O ~  none M3ycraJlM 

M H O r M e  r e O n O r M .  3 a e ~ b  MCnOf lb30BaHb l  M a T e p M a n b l  n. n. r y p 0 B a  (1969), H. r. 
M o ~ c e e ~ ~ o  (1977), B. M. Cyxosa (1982 r.) M A. B. f l ~ n ~ r a  (1986 r.). 

O p y n e H e H M e  n p O C T p a H C T B e H H 0  C B R 3 a H O  C ~ X ~ ~ M H A M H C K M M  M a C C M B O M  

P a H H e M e n O B b l X  rpaHMTOMAOB,  npOpb lBa tOu lMX K p k l ~ ~ a f l f l M r e ~ K k l k  @ ~ H A ~ M ~ H T ,  06- 
p a 3 0 B a H H b l f i  p a ~ ~ e f l p 0 ~ e p 0 3 0 f i ~ ~ ~ ~ M  ~ M O T M T - ~ O ~ O B O O ~ M ~ H K O B ~ ~ M M ,  ~ M O T M T O B ~ I -  

M M  ~ H € ? ~ c ~ M M  M KPMCTaf lJ lMWCKMMM CnaHL(aMM M ~ M @ M ~ o ~ M T ~ M M  CTaHOBOrO KOM- 

n f leKCa,  B OTAeJlbHblX 3 0 H a X  MHbeL(MP0BaHHblX YCJlOBHO OPCKMMM ~MOTMTOB~~ IMM,  

~ M O T L ~ T - ~ O ~ O B O O ~ M ~ H K O B ~ ~ M M  M J ~ ~ ~ K O K P ~ T O B ~ I M M  r p a H M T a M M .  M O H ~ O ~ O - 0 x 0 ~ -  
CKMe CTPYKTYPbl, P a C n O f l O X e H H b l e  t O X H e e ,  npeACTa f3J leHb l  AMCnOL(MP0BaHHblMM 

BynKaHOreHHO-OCa~OrHblMM nOpO,QaMl/l, M ~ T ~ M O P @ M ~ O B ~ H H ~ ~ M M  B 3 e f l e H O C f l a H -  

~eE30g @aL&4M. r p a ~ k l ~ a  M e X o Y B T k l M M  KOMnJleKCaMM I lPOXOAMT n0 TYKYPMH~PCKO- 
M Y  ~I IY~MHHOMY p a 3 n O M Y  M 3 a K p b l T a  c J ~ ~ ~ o ~ M c ~ o ~ M ~ o B ~ H H ~ ~ M M  tOPCKMMM R f C c l a -  

HO-rnMHMCTblMM OTJlOXeHMRMM CTP~~~KMHCKOG Bf laAMHb l  (PMC. 4.21). 
~ x ~ ~ ~ M H A L I H c K L I ~  MaCCMB YAJlMHeH B M e p M a M O H a n b H O M  Ha f l paBJ leHMM.  Ero 

AJ lMHa 8-10 KM, UJMPMHa 5-6 KM. OH o6pa30sa~ rpaHMTOMAaMM A B y X  OCHOBHblX 

@as. I l e p e a ~  @aaa - ~ M O T M T - p o r o ~ o o 6 ~ a ~ ~ o ~ b 1 e  AMOPMT~I ,  K s a p u e s b l e  AMOPMT~I, 

cnaratouwe KJXHYIO M s a n a ~ ~ y r o  r a c m  M a c c M B a ,  M B T o p a R  Qa3a - GMOTMT-pore- 
B O O ~ M ~ H K O B ~ ~ ~  rPaHOAMOPMTbl,  CJlaratOll&le er0 BOCTOrHytO kl UeHTPanbHYtO C1ZiCTM. 

,&lR r p a H M T O M a O B  MaCCMBa X a p a K T e p H a  MOHUOHMTOMAHaR CTPYKTYPa. f l 0 1 3 0 ~ b l  

n e p B 0 Z  @ a 3 b l  B CpaBHeHMM CO B T O ~ O G  @a30G C O A e p X a T  MeHbUJe  K p e M H e 3 e M a  M 

KanMR M 6 0 n b l l ~ e  Xene3a, MarHMR M KanbL(MR, HO T e  M A P y r M e  RBnRtOTCR CyUAeCT- 

BeHHO HaTpOBblMM.  ~ P ~ H M T O M A ~ ~  ~ ~ J ~ M H A M H C K O ~ O  MaCCMBa OTflMqatOTCR BblCO- 

KMMM 3HaVeHMRMM K O ~ @ @ M U M ~ H T ~  OKMCfleHHOCTM Xene3a (fz0,32-0,43), a n O p O A b l  

nep~03  @a3bl BbIAenRtOTCR ~ O B ~ ~ W € ? H H O ~  M ~ ~ H M T H O ~ ~  BOCnPMMM~MBOCTb tO .  rpa- 
HMTOMAbl MaCCMBa C O A e p X a T  KCeHOJlMTbl M OCTaHL(bl KPOBnM BMeU@tOuMX r lOPOA 







M n e p e c e q e H b 1  a a t 7 ~ a ~ u  n o p @ ~ p o ~ b ~ x  n o p o p ,  cpeakiero M y M e p e H H o  K c l c n o r o  

COCTaBa. B ~ ~ P M K O H T ~ K T H O ~  3 0 H e  a0 2 KM OCaaOqHble f lOPOabl  C T ~ ~ ~ K ~ ~ H C K O ~  B n a -  

fl l lHbl OPOrOBMKOBaHbl (a0 K O P ~ M ~ P M T - ~ M O T M T O B ~ I X  PO~OBCIKOB). B p a i 0 H e  M e C -  

T O p O X ~ e H M R  p a 3 B M T b l  UlMPOTHble M CB P a 3 n O M b l .  

P y a ~ o e  none p a c n o n o x e H o  B r p a H M T o M a a x  A X ~ ~ M H A M H C K O ~ O  M a c c M B a ,  

'4aCTM'iHO B OCaaO'iHblX flOpOfiElX C T ~ ~ ~ K M H C K O ~  BflEi,4MHbl. Ha~6onee 60ra~ble PYA- 
Hble Tens KOHL(eHTPMPYtOTCR B MeCTaX IlepeCe'ieHMR LUMPOTHblX M CB H ~ P Y U J ~ H M ~ .  

~ ~ B ~ C T H O  donee 300 PYaHblX X M n ,  M3 KOTOPblX 55 pa3Be,4blBanMCb M elqe M e H b -  

LUee KOnM'ieCTBO 3 K C f l n y a T M p O B a n O C b .  r f l y 6 M H a  O T ~ ~ ~ O T K M  M e C T O P O X a e H M R  

f l o p ~ a ~ a  200 M. O M H ~  XMJI a0 600-700 M, MOUAHOCTb a0 1,5 M, B C p e a H e M  0,3 M ,  

f l aaeHMe KpyTOe (60-90') B p a 3 H b l e  CTOPOHbl ( ~ a  C3 M 0 3 ) .  K O H T ~ K T ~ I  X M n  06b lq -  

HO 'ieTKMe, qaCTbl  Pa3BeTBneHMR M a f l 0 @ ~ 3 b l .  PYBH b l e  X M n b l  C n O X e H b l  MOnOqHO- 

6 e n b l M  M ~ e p 0 B a ~ 0 - 6 e n b l M  K B a p q e M  C BKpaflnt3HHOCTbtO apCeHOf lMpMTa,  XaJlbKO- 

flMpMTa, BMCMyTMTa, I lMpMTa,  MarHeTMTa,  c @ Z I n e p M ~ a ,  TeTpaaMMMTa,  W e e n M T a ,  

flMppOTMHa, P e a K O  CaMOp0,QHOrO BMCMYTa, 6 n t : ~ n b l ~  Pya, 3 H a P r M T a ,  30nOTa.  Bbl- 
,QenRtOTCR X M n b l  ~ a J l o c y n b @ ~ f l H b l e  M YMepeHHO ~ y n b @ M a H b l e .  u 3  XMnbHblX MMHe- 

PaJlOB K p O M e  KBapL(a, COCTaBnRtOlL(er0 a0 98% X M ~ ~ H O ~  MaCCbl,  OTMe'iatOTCR MY- 

CKOBMT, aHKepMT, KanbuMT,  T y p M a n M t i ,  x a n q e A o H .  C o a e p x a ~ ~ e  aono~a B pyaax 
~ p a i i ~ e  H e p a s H o M e p t i o e ,  c p e a t t e e  - OT 3 ao 95,8 r / ~ .  Cpea~ee  B T e x H o n o r M r e c -  

KOFI npo6e ( a a ~ ~ b ~ e  B. @. K ~ ~ C O B C K O ~ O ,  A. @. Tac~aesa, 1962 r.): sono~o - 8,4 r / ~ ;  
cepe6po - 6 r / ~ ,  BMCMyT - 0,039%. X a p a K ~ e p H 0  I lpMCyTCTBMe K p y n H O r O  3OnOTa B 

~ 0 ~ ' i a i i t . u ~ ~  ( a o n ~  ~ ~ n n ~ ~ e ~ p a )  npoxmntcax K s a p u a ,  a T a K x e  B o K o n o p y a t i b l x  

f l O p O ~ a X .  B ~ I C O K M ~  COaePXaHMR 3OnOTa OTMe'iatOTCR B MeCTaX C B M C M ~ T O B O ~ ~  M 

~ e a ~ o f i  ~ ~ ~ e p a n ~ a a u ~ e i .  B pyaax npeo6naaae~ ~ e n ~ o e  (no 1 MM) q e w y i ' i a ~ o e  

M nnacTMHqaToe  ~ O ~ O T O ,  XOTR M H o r a a  BcTpera tOTcR B b l a e n e t i m R  ao 2 MM M 6onee. 
llpo6a 3OJlOTa 920-970, MHOrf la CHMXaeTCR a0 850. K p o ~ e  3OnOTa B pyaax CO- 

,QepXaTCR ( ~ 0 ,  %): Bi, AS - 1,63; CU - 0,9; Zn - 1,8; Pb - 2 ;  Sb - 1,5; W - 0,42; MO - 
0,009; Sn - 0 , l ;  Ni - 0,63; Co - 0,08; Fe - 0,007; Se - 0,001 ; Ag - 134 r / ~ .  

Ha MeCTOpOXAeHMM Bbl,4enRtOTCR ( ~ Y P O B ,  1969) UleCTb MMHepanbHb lX  aCCO- 

u ~ a L ( c l f i  (OT ~ ~ H H M X  K ~ o ~ ~ H M M ) :  1) TYPManMt.1-MarHeTMTOBaR, 2) C Y u e C T B e H H O  

KBapueBaR,  3) BMCMyTMH-XanbKOflMpMTOBaR, 4) f lMpMT-apCeHOflMpMTOsaR, 5) no- 
J l c l M e T a n n  M' ieCKaR,  6 )  aHTMMOHMTOBaR C X a J l u e a O H O B M A H b l M  K B a P L ( e M  M 

K C I H O B ~ P ~ ~ O .  Bce OHM ~ O ~ O T O H O C H ~ I ,  HO H a m d o n e e  ~ P O ~ Y K T M B H ~ I  B M C M ~ T M H - x a n b K 0 -  

fl l lpMTOBaR M flMpMT-apCeHOnMPMTOBaR aCCOuMa4MM. B M C M Y T M H - X ~ ~ ~ K O ~ ~ M P M T O -  
s a g  a c c o q M a u m  p a a ~ ~ ~ a  B OCHOBHOM B x m a x  CB n p o c T c l p a H m ,  a T a w e  c n a r a e T  

CaMOCTORTenbHble ( K B ~ ~ ~ - B M C M ~ T M H O B ~ ~ ~ )  f lpOXclJlKM ~ ~ M ~ M ~ ~ M ~ M O H ~ J ~ ~ H O ~ O  

flpOCTMpaHMR. O C H O B H ~ ~ ~  M M H e P a n b l  aCCOL(MaL(MM: K B a P u ,  LUeenMT, flMPPOTMH, 

nklpMT, XanbKOflMpMT, BMCMyTMH, TeTpaAMMMT, BCTPe'iatOTCR B O ~ ~ @ P ~ M M T  (@ep- 
~ ~ P M T ) ,  C ~ M O P O ~ H ~ I ~ ~  BMCMYT, TaJleHOBMCMYTMH, K03aJlMT, C Y ~ ~ @ O B M C M Y T M T ~ I  

MegM, 6ne~nb1e pyab~, 3 ~ a p r ~ ~ .  K B a p ~ c e p b l h  nonynpoapar~b~fi, o60co6ne~ B s M a e  

oTaenb t ib l x  n p o x M n K o e ,  coaepxalqmx BMCM~TCIH. 3 e p ~ a  weenma n e p e c e K a t o T c R  

npOXMJlKaMM XaJlbKOflMpMTa M BMCMYTMHa M3abAelqatOTCR B O ~ ~ @ ~ ~ M M T O M .  O,QHMM 

M 3  ~au6onee PaHHMX MMHePanOB RBnReTCR rlMPPOTMH, c o ~ e p ~ a l L ( M f i  f lpMMeCM 

HklKeJlR, ~ 0 6 a n b ~ a  M KaaMMR M BKpanneHHOCTb CaMOp0,QHOrO BMCMyTa. OCHOBH~R 
MaCCa 30JlOTa HaXOaMTCFl B T ~ C H O ~  CBR3M C BMCMYTMHOM M TeTPaaMMMTOM. Mex- 
ny c o a e p x a H M e M  aono~a M BMcMyTa B pyaax n p o c n e x c l s a e T c R  n p R M a R  3 a s ~ c ~ -  

MOCTb. 30Jl0~0 pa3BMBaeTCR no TpelL(MHaM CnaRHHOCTM M fl0 K p a R M  3 e p e H  BMCMY- 



- - 

T m a ,  a a ~ e u a ~  ero. 6enM.1M~a s b ~ a e n e ~ ~ s  aono~a 0,2-2 MM. flpo6a aono~a  920- 
' 

940. n 0 3 ~ e  30nOTa 0 6 p a 3 o ~ a n c ~  JlMUIb XaJlbKOnMpMT. 

~ ~ M ~ M T - ~ ~ C ~ H O ~ ~ M ~ M T O B ~ R  aCCOuMauMR npORBJleHa B XMJlaX ~ J ~ M ~ W ~ / ~ ~ O T H O -  

r0  flpOCTMpaHMR. O C H O B H ~ I ~  MM~epanbl: KBapu, IlklpMT, apCeHOnMpMT, ~ 0 6 a J l b ~ M ~ .  

Keapu K P Y ~ H O ~ ~ ~ H M C T ~ ~ G  L U ~ C T O B ~ T ~ I ~ ,  MHOraa M ~ C C M B H ~ I G  K P Y ~ H O ~ ~ ~ H M C ; T ~ I ~ .  

OCHOBH~R MaCCa 3OJlOTa 3aeCb HaXOaMTCR B apCeHOnMpMTe, ~ 0 ~ 0 p b l f i  BblaenReTCR 

noaxe nMpMTa. 3ono~o ToHKoaMcnepcHoe, BenMrMHa s b ~ a e n e ~ ~ i  no 0,005 MM. 

npo6a 850. 
Ha MeCTOpOweHMM npORBJleHa 30HaJlbHOCTb B OKOJlOPYaHblX MeTaCOMa- 

TMTax. Ha MOUHOCT~ no 2 M OT pyaHoro Tena BO BMeuatoqMx nopoaax omera-  : 

OTCR H O B O O ~ ~ ~ ~ O B ~ H M R  OPTOKna3a M MYCKOBMTa (cepkluvl~a), '-IT0 CBMaeTenbCT- - 

ByeT 0 C y q e C T B e H H O  KaJlMeBOM XapaKTepe PaCTBOpOB. M ~ T ~ C O M ~ T M ~ ~ C K ~ R  
KOnOHKa nnR M3MeHeHHblX n O p O a ,  BMe~aloll(MX flpOMblUJleHHble PynHble Tens, 1 
CJle~ytoU(aR (OT XMJlbl): 1) OpTOKJla3-KBapu, 2) OpTOKna3-KBapl(-KaJlbuMT-XIlOPMT ' 

( ~ ~ H H M H )  - 3nMaOT, 3) KaJlbuMT-MYCKOBMT ( C ~ P M ~ M T )  - KBaPu, 4) CePMuMT (MYCKO- . 
B M T ) - K B ~ P ~ .  

TeMflepaTypbl @OPMMPOB~HVIR MMHepanbHbl~ a~~0uMauMfi OnpeaeneHbl Me- 

TOAOM aeKpeneTaqMM TXB ( M o M c ~ ~ H K o ,  1977): aopya~brfi Ksapu - 350-3003 C, 
KBapu-TypManMH-MarHeTMT - 300-250°, KBaPu-aHTMMOHMT - 180-140' C. E T>KB 
HaTPMR 6onbue, ' ieM KaJlMR. Ha~6onee  flpOayKTMBHaR Ha 30JlOTO BMCMYTMH- 

xanbKonMpMTosaR accouMauMR OTnMraeTcR O T A O P ~ ~ H O ~ ~  Ksapuesofi donee sblco- 

KMM coaepmaHMeM H ~ T P M F ~  M xnopa. 
P y ~ b l  JlerKO 0 6 o r a u a l o ~ c ~  no ~ ~ ~ B M T ~ ~ M o H H o - @ J ~ o T ~ ~ M o H H ~ ~ M  CXeMaM. flpkl- 

pocTpecypcoB M aanacos c ~ ~ 3 b 1 ~ a e ~ c ~ c n e p e o u e ~ ~ o t i  ~ a o p a 3 s e a ~ o f i  p y ~ ~ b ~ x  

XMn, LUTOKBepKOBbIX 30H, a TaKXe PyaHblX OTBaJlOB. 

~ ~ M C K O ~ ?  B O ~ O T O P ~ A H O ~  MecTopomeHMe pacnonomeHo B Cesepoc~a~osoG 
30He. K ~ K  M C K ~ J ~ M C T O ~ ,  OH0 06tIapyxe~0 n p M  OflOMCKOBaHMM reOXMMM'ieCKMX no- 
TOKOB P ~ C C ~ R H M R  30JloTa, B b l R B n e ~ ~ b l ~  6.6. AOMC~~KOM B 1979-1983 rr. ( n a ~ ~ b l e  

A. 6. ~ O X H M K O B ~ ,  1989 r.; KYPHMK, 1992). T ~ M ~ T M C ~ ~ C K M ~  MCCneaOBaHMR npOB0- 

, Q M ~ M  H. kl. MMUIMH M B. H. 5l~osnes (1991 r.), H. B. KOTOB M A .  T. I l o p ~ u ~ a n  (1990), 
n. 6. ~ ~ P M L U  (1992 r.), 6. r. M O M C ~ ~ H K O ,  6 ,  n. f lonesa~os, B.A. C ~ e n a ~ o s  ( a a ~ ~ b ~ e  

1994, 1995 rr.). 
Pyatioe none n o ~ a n ~ 3 0 s a ~ o  B M M ~ M ~ T M T O B O ~ ~  ~ o n q e  apxefic~oro ~ o a p a c ~ a ,  

x a p a ~ ~ e p ~ 3 y t o ~ e G c ~  nepeMeHHblM cooTHoueHMeM n e i i ~ o r p a ~ ~ ~ a ,  nonocclaToro 
r ~ e i i c a  - ~ M O T M T O B O ~ O ,  ~ M O T M T - ~ O ~ O B O O ~ M ~ H K O ~ O ~ O  M a~@M60nMTa. B BMCR'ieM 

6 0 ~ ~  pyaoeMeqatoqero KoMnneKca 3anerato~ cepble r ~ e f i c o a ~ n ~ b l e  ~ M O T P I T O B ~ I ~  

rPaHMTbl C naKeTaMM ~ M ~ T ~ ~ T - P O ~ O B O ~ ~ M ~ H K O B ~ ~ X  r ~ e l k o ~ ,  C KOTOPblMM rpaHMTbl 

HaXOaRTCR B ~ J ~ ~ T ~ ~ M ~ T ~ M O P @ M C ~ ~ C K M X  B3aMMOOTHOLUeHMRX (PMC. 4.22-4.24). OT 
pya0B~euaKluef i  TOnLL(M rpaHMTbl OTaeJleHbl KpyflHblM TeKTOHMqeCKMM pa3pblBOM 

( ~ Y J ~ ~ ~ ~ H T P M H c K M ~  pa3JlOM), CMeCTMTeJlb KOTOpOrO HaKnOHeH, KaK M PyaHbleTeJla, 

K K)K)B noa yrnaMM 70-20'. l lnac~oo6pa3~b1G 6 n o ~  ceporo rpaHMTa, BOSMOXHO, 

Mrpan POJlb 3KpaHa B TM,QPOTePMOCTPYKTyPe PYaHOTO flOnR. TMn TMaPOTePMaJlbHblX 

M3MeHe~Mfi ~ M C T B ~ H M T - ~ ~ ~ ~ ~ M T O B ~ I ~  M K B ~ ~ ~ M T - ~ ~ O ~ ~ M J ~ M T O B ~ ~ ~ .  no  flepM@epMM 

py,QHOrO n0nR M3BeCTHbl Manble TeJla C ~ ~ B ~ J ~ K ~ H M ' ~ ~ C K M X  T ~ ~ H O ~ M O P M T - ~ O P @ M P O B  

M ~ P ~ H O C M ~ H L ~ T - ~ O P @ M P O B  Me3030fi~Kor0 o d n ~ ~ a ,  B er0 ueHTpanbH0G 'iaCTM 6ypo- 
BblMM CKBaXMHaMM BCKPblTbl A ~ G K M  aMOpMTOBblX ~ ~ O P @ L ~ P M T O B  M MMKPOaMOPMTOB, 

ceKyqMx OpyheHetiMe. 
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C B O ~ O ~ ~ ~ ~ H ~ I M  RBnReTCR IlOJlOXeHMe py,QHOrO n0nR B ~ ~ o @ M ~ M ~ ~ c K M x  IlOnFlX 
( p ~ c .  4.24). OHO npMMblKaeT c tora K n o ~ a n b ~ o i 7  r p a s ~ ~ a u ~ o ~ ~ o i i  aHoManMM, 
5l~nRtoue~~5-i @ ~ ~ ~ M ~ H T O M  PerMOHanbHOrO MMHMMyMa CMnbl TRXeCTM, PaCnOna- 
raeTCR B aHOManbHOM none KanMR (noKa3aTenb F) M B HenTpanbHoM MarHMTHOM 
none. A ~ o ~ a n m  n o ~ a a a ~ e n n  F npocTpaHcTseHo coeMeuaeTcR c a ~ o ~ a n ~ e i  
rpaewauMoHHoro nonn, yKaab1eae-r Ha MecTononomeHMe MaccMea rMapoTepManb- 
HO M ~ M ~ H ~ H H ~ I X  ~ O P O ~ ,  r e ~ e ~ k l r e c ~ k l  C O ~ ~ R X ~ H H O ~ O  c r n y 6 k l ~ ~ o f i  ~ ~ ~ H M T O M A H O ~  

M ~ C C O ~ .  HefiTpanbHoe MarHMTHOe none paG0Ha MeCTOpOX,QeHMR RBnReTCR aH0- 
~ a n ~ e n  Ha Q o ~ e  otcpyxatouero nonoxMTenbtioro nonn, rTo, BepoRTHo, 06ycnoe- 
neH0 pa3pyLLleHMeM MarHMTHblX MMHepanOB B reOnOrMreCKOM npOCTpaHCTBe, OX- 
BareHHOM IlpOueCCaMM p y a o o 6 p a a o ~ a ~ ~ ~ .  

PMC. 4.24. COOTHOUJ~HM~ 30nO- 

Tor0 OPYneHeHMR M ~ ~ O @ M ~ M ~ ~ C K M X  

nonei7 Ha ~ ~ M C K O M  PYAHOM none (MC- 

nOJlb30BaHbl MaTepManbl T ~ I H A M H C K O ~  
rP3 flr0 ~~A~ypreonor~sw).  

1 - ~ ~ M C K O ~  PyAHOe none: 2 - OT- 

pM&3TenbHaR rPaBMTa~MOHHaR BHOMB- 

nMR C JlOKaJbHblM MMHMMYMOM; 3 - Mar- 

HMTHble nOnR: nOnOXMTenbHble (a), 

~eA~paJlb~ble (6 ) ;  4 - aHOManMR noKa- 

P Y ~ H O ~  none - 3T0 JlMHeiHbln LLlTOKBePK BCB IlPOCTMPaHMR ~SlMHofi 3 K M  M 

UIHPMHO~ 0,5 KM, B npeaenax KoToporo BblaenneTcn p ~ a  ~kln006pa3Hbl~ napan- 
nenbHblx aanexefi cnox~oi4 QOPM~I ,  CoreTatouMx B ce6e n p o x ~ n ~ o s o - U T O K B ~ P -  
~ 0 B b l i  M K~apu -~MnbHb l~  (Kap60Ha~~0-~Bapue~ble xklnbl) TMnbl OPYaBHeHMR. ,&IS 
HMXXapaKTepHbl PeaKO M3MeHrblBaR MOuHOCTb (OT 103 a0 22,4 M), repea0BaHMe 
pasayeos M nepexmos, ~ ~ o r o r ~ c n e ~ ~ b r e  anoQMabl. P y a ~ b ~ e  Tena npeacTasnRtoT 
~ 0 6 0 h  ~ M ~ e p a f l ~ 3 0 B a ~ H b l e  30Hbl a p o 6 n e ~ ~ n  M ~ ~ ~ K ~ M ~ o B ~ H M R ,  IlepeCeKalouMe 
CTPYKTYPbl BMeLl@Oll(MX MMrMaTMTOB M CBMaeTenbCTBYlOQMe 0 XpynKMX flpea- 
P Y ~ H ~ I X ~ ~ C $ O ~ M ~ ~ M R X .  XapaK~epHofi O C O ~ ~ H H O C T ~ ~ ~  PyaHOrO n0nR RBnReTCR Ha- 
nvlrMe B paapeae oaHoro npoayKTMBHoro pyatior0 Tena ( p e a ~ o  asyx). n p o c ~ ~ p a -  
HMe pya~blx  aanemen BCB, Ha D 3  Q n a ~ r e  OHM aaeoparMsatoT K tory. n a a e ~ ~ e  
noa CpeaHMMM yrnauM (30-60°) Ha D B .  ,&IMH~ sanexefi OT 100 ao 1200 M. n o  
nweHMto OHM npocnexeHb1 ao 300 M M 6onee. M ~ ~ e p n o n n u ~ ~  p y a ~ b ~ x  Ten no na- 
AeHMto ~ P O M S B O ~ M T C R  y BepeHHo. Cpea~ee  coaepmaiiwe aonoTa B p y a ~ b ~ x  Tenax 
8,4 r / ~ ,  cepe6pa - 24,8 r / ~  Ha cpeatitoto M O ~ H O C T ~  3,1 M. C o a e p x a ~ ~ e  ~ o n b Q -  
paMa 0,01-0,8%, MeaM 0,02-3%. B aoHe oKMcneHMn ( M O ~ H O C T ~  1-20 M) coaep- 
xame  sono~a  sblue. B sanaa~on r a c w  pyatioro nonn, rae pyaosMeuatouan 
CTpyKTypa 3aBOparMBaeT K tory ( ~ M c .  4.22), Ha OTpe3Ke B 0,5 KM pa3BMTbl H ~ M ~ O -  



nee MouHble M 60ra~b1e pyaHble Tena, aTaKxe ~ a ~ 6 o n e e  a ~ a r ~ ~ e n b ~ b ~ e  sblnene- 

HMR XMJlbHOrO PYflOHOCHOrO KBapUa. HaflpMMep, MOUHOCTb PYaHOrO Tens No 3 
OocTMraeT 18,8 M n p ~  coaepxaHwM aono~a 9 , l  r / ~ ;  pyaHoro Tena No 2 - 12,s M 

npM coaepxaHMM 6,1 r / ~ .  O6blq~ble MOUHOCTM Ha ~ T O M  yqacTKe 3-9 M, conepxa- 
HMR 30no~a 6- 15 r / ~ .  

A H O M ~ ~ M R  PYAOHOCHOCTM, BePORTHO, CBR3aHa CO C ~ ~ ~ M @ M K O ~  CTpYKTYPbl 

p a 3 ~ 0 p o ~ a .  MOUIHOCTM p y a ~ b ~ x  Ten M ConepxaHMu 30no~a M cepe6pa B UIMPOT- 

HOG qaCTM ?)',@,HOT0 IlOJlR, ~ ~ P O T F I ~ M B ~ D ~ ~ ~ C R  Ha 3 KM, I3 UeJlOM XyXe fl0 aaHHblM 

6 y p e ~ ~ ~  M rOPHblX pa6o~,  3a MCKJllOqeHMeM OTAeJlbHblX nepecere~blfi (pya~b le~ena 

No 7, 5). 
P y ~ b l  MaJl~~ynb@L'laHble, COCTORT M3 KBSpua, KaJlbuMTa, aHKepMTa M CepLl- 

U M T ~  c flpkl~ecbto @Jlto~pMTa, 6 a p ~ ~ a ,  KaJlMUIflaTa, XJlOpMTa, MyCKOBMTa, UMPKOHa. , 

C o a e p x a ~ ~ e  P Y A H ~ I X  MMHepanoB 3-5%, MHoraa no 10%. 3 ~ o  w p m ,  xanbKonu- 

PMT, raneHMT, pexe ureenm, 6ne~nbre pyab~, cynb@ocon~, Tennypuabl, KMHoBapb, 

n o n ~ 6 a 3 ~ ~ ,  aKaHTMT, TeMaTMT, MaPKa3MT, MarHeTMT. Au: ACJ = 1 :3. K o ~ @ @ M ~ M ~ H T  
K O p p e n R u M M  3OJlOTa: C c e p e 6 p o ~  +0,84; MenbIO +0,53; B O ~ ~ @ ~ ~ M O M  +0,61; 
p~y-rbto +0,71 (c BepoRTHocTbto 99%). 3 0 ~ 1 0 ~ 0  B pyne OT MenKoro ao nblnesclnHo- 

r0, ' iaue 0,2-0,4 MM. npo6a OT 629 a0 961, CPenHRR 782-869. @ O P M ~  30JlOTMH 

MHTePCTMuMOHHaR HenpaBMnbHaR (KOMO~KM,  neHAPMTbl, ~ J ~ ~ C T M H K M ) .  

0~0n0py~Hb le  M3MeHeHMR BMeuaDUIMX n O p O n  (GT PaHHMX K ~ O ~ ~ H M M ) :  

1 ) XJlOPMTM3auMR ~ M O T M T ~  M aJlb6MT~3auMR nJlarMOKna30B; 2) 3aMeueHMe XJO-  

PHTa MYCKOBMTOM, YCMfleHMe aJlb6Ll~M3a~MM; 3) MHTeHCMBHOe OKBapueBaHMe, 

I lORBfleHMe arperaTOB K ~ J ~ ~ ~ M T - M ~ c K o B M T - ~ ~ ~ ~ M T - K B ~ ~ ~ ~ B o ~ o  COCTaBa; 4) MOL4- 

Hoe OKBapueBaHMe, C KOTOpblM COnpRXeHO 0 6 p a 3 0 s a ~ ~ e  KBapUeBblX XMn 

B ~ I ~ O ~ ~ H ~ H M R  M O C H O B H ~ R  PYAHEIR ~Ll~epaJlLl3a~MR (UMypae~a, 1995). n0,QaHHblM 

H. B. K Q T O B ~  M n. 6. ~ O P M ~ K O ~ ~  (1 993 r.), B03PaCT MYCKOBMTa-CePMuMTa M3 PYA 
~ ~ M C K O ~ O  MeCTOpO~eHLlR, 0llpe~eJleHHbl~ K - A ~ - M ~ T O A O M  (1 29- 1 15 MJlH JleT), 

p a ~ ~ e ~ e n o s o i .  B03pacT CMHPYAH~IX AaeK n a ~ n p o @ ~ p o s  no K - A ~ - A ~ T M ~ o B K ~ M  
Tame p a ~ ~ e ~ e n o e o i  ( C ~ p ~ x a ,  1995). 

no ~ ~ ~ B M T ~ ~ M O H H O - @ ~ O T ~ ~ M O H H O ~  CXeMe M3BJleKatOTCFl: M3 IlePBM'iHblX Pya - 
95,396 30JlOTa, 87,8% cepe6pa; M3 OKMCJleHHblX PYA - COOTBeTCTBeHHO 88,6 M 

68,8%. Pecypcb130nOTblX pya 3HaqMTenbHble. Ha~6onee 6naronpMRTeH OC- 

BoeHMR (B nepByto orepenb) toro-aanaa~b~i  Q n a ~ r .  

A XarAMHCKaR 3n C @ O ~ M M ~ O B ~ J I ~ C ~  B rCO, I l p e n ~ T a B f l e H ~ ~ f i  B COBpeMSHHOM 

3P03MOHHOM Cpe3e npeMMyl4eCTBeHHO ~ ~ J ~ ~ O ~ O ~ C K M M M  C T P ~ T M @ M ~ M P O B ~ H -  

HblMM KOMnJleKCaMM KpeMHMCTO-ByJlKaHOreHHblX M TePPMreHHblX < S ) O P M ~ ~ M ~ ~ .  OPO- 
reHe3, CKJlaaqaTOCTb M rpaHMT~M,Q~blfi MarMaTM3M nPOM30LLlnM B aBa OCHOBHblX 

maria - B n o a a ~ e ~  (?) naneoaoe M B n o 3 a ~ e ~  ~e3030e (Jg - K). f l p o a y ~ ~ m ~ b ~ e  

30JlOTOPy,4Hble @ O P M ~ ~ M M  B03HMKnM B n03,4HetoPCKYto aKTMBM3auMt0, CMJlbHO Yna- 
neHHyto BO BpeMeHM OT naneoaoic~oro nepMoaa ocanKoHaKonneHm, cwanra- 
TOCTM M M ~ T ~ M O P @ M ~ M ~ ,  C03aaBUIMX IlpeanOCblJlKM M R  6 y n y ~ e r o  pyaoo6pa30- 

BaHMR: yrJlf3pOfiMCTOCTb OCa,4KOB, KynOJlOBklaHble aHTMKflMHanM, reOJlOrMqeCKMe 

3KpaHbl, ~ e ~ a ~ ~ p @ ~ r e ~ ~ b l e @ n t o M ~ b l  M np. B Meny DpCKOe OpyaeHeHMe C BO3pa- 



CTOM 145-1 55 MJlH JleT 6b l J l 0  PereHepMpOBaHC) f lOA B O ~ A ~ ~ C T B M ~ M  6a.QXaJlbcK0- 

F l ~ a n ~ ~ c ~ o r o  orara ~ ~ ~ H M T M ~ ~ ~ L I M ,  n e p e c e K a t O u e r o  non n p R M b l M  y r n o M  &mar- 
AMHCKMe CKJ laA raTb le  CTpYKTYpbl. B pe3yJlbTaT.e c @ o ~ M M ~ o B ~ J ~ ~ c ~  PerMOHaJ lbHaR 

PyAHaR 30HaJlbHOCTb: H a  BOCTOKe ( X a p r k l H ~ ~ M ~ i  ~ ~ Z O H )  3OJlOTble M 3OJlOTO-PenKO- 

MeTanJ lbHb le  @ O P M ~ ~ M M  C KPYnHb lM  B ~ I C O K O ~ P O ~ H ~ I M  30J lOTOM, a H a  3anaAe 
(To~yp, Caryp, M a n o ~ b l p )  C O ~ C T B ~ H H O  3OJlOTble PYAb l  C 6onee MeJlKklM kl CpaBHM- 

TeJlbHO H ~ ~ ~ K O ~ P O ~ H ~ I M  30JlOTOM (PMc. 4.25). M a ~ ~ b l M a n b ~ a R  nPOflYKTMBHOCTb 

& K ~ ~ A M H C K O ~  3 0 H b l  OTMWaeTCR B ((KOPklAOPe)) M e m y  ABYMR @ ~ M M c ~ ~ c K M M M  6no- 
KaMM - ~ Y P ~ ~ ~ H C K M M  kl C T ~ H O B ~ I M ,  T. e. B 3 0 H e  r n y 6 M H H 0 r 0  B ~ ~ M M o ~ ~ ~ ~ c T B M R  0 c l a r a  

r p a ~ ~ ~ ~ 3 a q ~ ~  c @ e ~ u r e c ~ ~ ~  c y 6 c ~ p a ~ o ~ .  Lonburoe 3 H a r e H u e  B n o ~ a n ~ s a q l / r ~  

OpyaeHeHMR Cbl rpaJ lk l  aHTklKJlklHaJlM, Haf iBMrOBble p a 3 p b l B b l ,  PerMOHaJ lbHO p a 3 B M -  

Tble re0J lO rk l r eCKMe 3KpaHb l  ( ~ 0 J l 4 k l  YrJlePOflMCTblX aJleBp0-f leJlMTOBblX M sene- 
HOKaMeHHblX fl0p0,4). B TePPMreHHblX nOpOAatX pa3Bk lTb l  l lPek lMYL4eCTBeHHO 3 0 -  

JlOTO-KBapqeBble P y f l H b l e  @opMaL(ML l ,  a B r P a H M T O k l A H b l X  M a C C M B a X  - 
~ O J ~ O T O - K B ~ ~ ~ - C ~ ~ ~ ~ @ M A H ~ I ~ .  3 0 J l 0 ~ 0 - u l e e J l k l l - 0 ~ b l e  PYabl H ~ ~ J ~ J O & ~ J O T C R  B 3 0 H e  

MaKCMMaJlbHOrO r J l y 6 k l ~ H o r o  pa3ynnOTHeHMR,  K BOCTOKY OT K O T O P O ~  YXe rOCn0,Q- 

CTByeT PeAKOMeTaJlJ lbHaR M M H e p a J l M 3 a ~ L l R  (S17, W, Be). 
B A x ~ ~ ~ ~ M H c K o ~  3n 30JlOTOHOCHOCTb C O O P e A O T O ~ e H a  B C e J l e ~ ~ X M ~ 0 - K f 3 p -  

~ H H C K O ~  3 0 H e  B 3OJlOTOHOCHblX P ~ ~ O H ~ X  Y H ~ R - ~ O M C K O M ,  B ~ ~ X H ~ C ~ J ~ ~ M A X M H C K O M ,  

HMM~HCKOM kl K ~ P ~ M H C K O M  M n p e A C T a B J l e H a  B OCHOBHOM r k l n a 6 k l ~ C a J l b ~ b l ~ k l  M 

M ~ ~ o ~ ~ M c c ~ J ~ ~ H ~ I M M  MeCTOpOXAeHMRMM kl pyflOnpORBJleHklRMkl, CBR3aHHblMM 

c r e p u M H c K u M  o p o r e ~ e 3 0 ~  TCO, c o p c ~ o i  M r a c - r k l r t i o  ~ e n o ~ o i  TMA. MOH- 
r0Jl0-OXOTCKEIR r C O  - 3 T 0  BHYTPMKOHTMHeHTaJlbHaR CTPYKTYpa,  nPOTRXeHHaR 

(>lo00 KM), y3KaR (60-250 KM), p a 3 f l e J l ~ J O 4 a R  r f l 0 6 a J l b ~ b l e  ~ e ~ ~ ~ ~ k l ~ l e ~ ~ k l e  ~ ~ O K M  

- C M ~ M ~ C K ~ B  kl K M T ~ ~ c K ~ ~ O  n n a ~ @ o p M b l .  C ~ A R  no OCHOBHOMY COCTaBy c y 6 M a p k l H -  

HOrO M a r M a T M 3 M a ,  q H a l l a J l b H b l i  n e p M 0 f l  C B O ~ ~ O  B O ~ H ~ ~ K H O B ~ H M R  r e 0 ~ k l ~ ~ J l M ~ E l J l b  

nPeACTaBJlRJla co6o i  CTPYKTYPY pa3ABMXeHVIR. n p o r ~ 6  3anOJlHRJlCR 6 a 3 a J l b ~ 0 -  

BblMM, neCqaH0-rJ lMHklCTblMkl  M KPeMHMCTblMM @OPM~L&IRMM ( C a J l a p b l H ~ ~ a R ,  a@a- 
HaCbeBCKaR, MnaTklHCKaR, 3JlbrMHCKaR, CaMblpCKaR C B k l ~ b l ) .  B~PXHRR qaCTb p a 3 p e 3 a  

n p e A c T a s n R e T  co6o i  n e p e M e m a e M o c T b  T o n u  n e c r a H o r o  M r n M H u c T o r o  c o c T a B a ,  

6 e 3  BynKaHMTOB, HO C H ~ ~ H E ~ c I M T ~ J ~ ~ H o ~ ~  I lpkl lv leCbtO K p e M H e E .  Y ~ ~ ~ ~ o A ~ ~ c T o c T ~  
XapaKTepHa AJlR ~ @ ~ H ~ c ~ ~ B c K o ~ ,  C ~ M ~ ~ P C K O ~ I  kl ~ K ~ ~ M ~ ~ H C K O ~  CBMT. BO~MOXHO, 
OHa 6 b l m  C M H ~ ~ H ~ T M ~ H O ~ ,  HO B pe3yJ lbTaTe  M € ? T E ~ M o ~ @ ~ ~ ~ M E I  M rMf lpOTepMaJ lbHblX 

npoueccoe npo~aourno n e p e p a c n p e A e n e H M e  y r n e p o A M c T o r o  B e u e c T s a ,  o6ora- 
UeHMe MM BCeX 'iJleHOB C T P E ~ T M ~ P E ~ @ M ~ ~ C K O ~  KOlJlOHKM B KynOJlOBklflHblX C T p y K l y p a X ,  

B O C O ~ ~ H H O C T M  H a  Y'iaCTKaX nepMKnMHaJlbHblX 3aMb lKaHMn.  M o H ~ o J ~ o - O X O T C K ~ R  

reOCMHKJlklHaJlb 3 a n O X e H a  B A O n b  OAHOMMeHHOrO ~IY~MHHO~O p a 3 n O M a ,  K O T O P ~ I ~  

TpaCCMpyeTCR f lPOTRXeHHblMM 3 0 H a M k l  M ~ T ~ M O P @ M ~ O B ~ H H ~ I X  8 ~ ~ O ~ M T O B O ~  M 

3 e n e ~ o c n a ~ q e s o i  @aqmx nopon, ~ K ~ ~ ~ I B ~ ~ O I L ~ I X  H a  M e c T o n o n o x e H M e  B TCO T e M -  

nepaTypHblX rpaAk leHTOB M a H ~ M a J l k l i ,  a T a K X e  r M A p 0 T e p M a n b H b l X  @ ~ O H T O B .  ~ T M  

30Hbl HaCb lUeHb l  PaHHMMM Tklf iPOTepMaJl bH blklM nPOAYKTaMM, XklJ laMM M n p O X M n -  

KaMM a J l b n M ~ ~ K 0 r 0  TMna,  B ~ ~ ~ C T B ~ H H ~ I ~  COCTi3B KOTOPblX O T P ~ X ~ ~ T T ~ K O B O ~  B M e -  

UaK3UMX n O p O A  M KOTOPble no CBOeMy reHe3MCy  RBflROTCR M ~ T ~ M O ~ @ O ~ ~ H H O - ~ M A -  

POTepMaJlbHblMM ( 3 i p M u l , 1 9 8 1 ) .  B ~ n b l u l K M  3OJlOTOHOCHOCTkl COf l pRXeHb l  C y3JlaMM 

n e p e c e r e H m  Mo~rono-Oxo~c~oro  p a s n o ~ a  c n o n e p e r t i b l M M  M AMarOHaf lbHblMM 

p a 3 ~ l O M a M M .  C TpaCCaMM ~ ~ ~ Y ~ M H H ~ I x  pa3J lOMOB COBnaAatOT U l a p H k l p b l  ((PyAo- 
HOCHblX)) KYnOJlOBklAHblX ~ H T M K J ~ M H ~ J ~ ~ ~ ~  M OCM I<pynHblX n 0 n e p e r H  blX M 3 r M 6 0 ~  3TMX 





CTPYKTYP. T ~ K O B O  n O n O X e H M e  npaKTM5IeCKM BCeX np0AyKTMBHblX 30nOTOHOCHblX 

p a f i 0 ~ 0 B  A X ~ ~ A M H C K O ~  3n (PMC. 4.25). 
B M O H ~ O ~ O - O X O T C K O ~  rCO H a  repuMHCKOM 3 T a n e  ~ P ~ H M T O M A H ~ I ~  M a r M a T M 3 M  

npoRBMncR n M U b  H a  p a ~ H e 0 p 0 r e H H 0 i  CTaAMM I/r n p e A C T a B n e H  M ~ ~ O ~ ~ ~ ~ M H H ~ I M M  

M a c c m a M M ,  w T o K a M u ,  c M n n a M M  n n a r M o r p a t i M T o B  ( ~ ~ r a r n ~ ~ c ~ l / r x ) ,  M H o r A a  MMK- 

pOKnMHM3MpOBaHHblX. 3 ~ 0  HeMarHMTb le  rpaHMTOMAbl  C n e p e M e H H b l M ,  ralqe KanM- 

eBb lM TMnOM lqenOrHOCTM M BblCOKMM (>0, 4) K O ~ @ @ M ~ M ~ H T O M  OKMCneHHOCTM 

X e n e 3 a .  n 0 ~ 0 ~ b l 0 6 b l q ~ 0  KaTaKna3MpOBaHHble  A0 PaCCnaHueBaHMR,  C pa3pyLUeH-  

HblMM TeMHOL(BeTHblMM (1.1 PYAH~IMU)  M AeaHOPTMTM3MPOBaHHbIMM l l n a r M O K n a 3 a -  

MM. B M a n b l x  M H T P Y ~ M B H ~ I X  T e n a x  M H o r a a  oTMera tOTcR r p a ~ ~ ~ - n o p @ ~ p o s b ~ e  K p a -  

e s b l e  @ a u ~ ~  ( p a i o ~  M a n o ~ b ~ p a ) ,  ra lqe x e   TO n o n H o K p w c T a n n M r e c K M e  

CpeAHe3ePHMCTble  rPaHMTOMAbl.  T M n M r H b l e  MX f lpeACTaBMTenM - L / ~ H ~ ~ ~ J ~ M H c K M ~  M 

n y K a r € ? K c K M i  MaCCMBbl, n n a c ~ 0 B b l e  MHTPY3MM ~ O ~ O ~ H ~ I X  TPaHMTOB X a p a K T e p H b l  

AnR X ~ ~ ~ M H C K O ~ O ,  M ~ ~ O M ~ I ~ C K O ~ O ,  Y H ~ R - ~ O M C K O ~ O  ~ ~ ~ O H O B .  L / ~ H ~ ~ ~ ~ M H c K M ~  

TpaHMTOMabl qaCTO n e P e C e q e H b l  60J lbwMM KOnMLieCTBOM M e 3 0 3 0 o ~ K ~ ~ a a e K  pa3HO-  

r0 COCTaBa M M H O r a a  BMe lqa tOT  3OnOTOpy,QHble X M n b l  ( M ~ C T O P O ~ ~ H M R  B e p x H e -  

MblHCKOe, ~ / ~ H ~ ~ ~ J I L I H c K o ~ ) .  ~ O H L I X ~ H H ~ R  MarHMTHaR BOCnPMMMqMBOCTb n 0 p O a  

M O X e T  6 b l ~ b  O ~ ~ R C H ~ H ~  BTOPMLIHblMM n O C T M a r M a T M q e C K M M M  M3MeHeHMRMM 

rpaHMTOB - KanMeBb lM  M e T a C O M a T 0 3 0 M  ( M M K P O K ~ M H M ~ ~ ~ M R )  M 6onee llO3,QHMM 

~ a ~ a ~ n a s o ~  M XMMMrecKMM p a 3 p y w e ~ ~ e ~  a K u e c c o p H o r o  Mar t i eTMTa .  

B A X a r f i k l H ~ K ~ f i  311 OTMeraeTCR npOCTpaHCTBeHHaR CBR3b 3OnOTOHOCHOCTM 

CnOKanbHblMM MMHMMYMaMM CMnbl TRXeCTM, H a n p M M e p  B M ~ ~ O M ~ I ~ C K O M  p a i 0 H e .  

B u e n o M  xe  B e p x ~ e c e n e ~ p , x ~ ~ c ~ ~ i  paLio~ p a c n o n a r a e - r c q  BO B H Y T P ~ H H ~ ~  r a c w  
~ y r o o 6 p a 3 ~ o i i  r p a s ~ ~ a u ~ o ~ ~ o i  a H o M a n w ,  MMMTMPYR M o a e n b  B ~ ~ M M O A ~ ~ C T B L I R  

Ha r n y 6 ~ ~ e  rpaHMTOMfiOB C @ e M k l r e c K o f i  M ~ C C O ~  ( ~ M c .  4.32). ~ T M  a a H H b l e ,  8 0 3 -  

MOXHO, yKa3blBatOT H a  CBR3b 30nOTOHOCHOCTM A x ~ ~ , ~ M H c K o ~ ~  3 0 H b l  C W MPOTH blMM 

rpaBMTal(M0HHblMM aHOManMRMM, OTPaXatOlqMhAM PenMKTOBble repl(MHCKMe CTpyK-  

TYPbl rpaHMTM3auMM. C O O T H O L U ~ H M ~  Xe 30nOTOHOCHOCTM C ~ ~ , Q X ~ ~ ~ C K O - R M ~ J ~ M H -  

CKMM MMHMMYMOM n o 3 ~ o n ~ e ~  npeanonomM- rb ,   TO H e K o r a a  eaI / r t iaa P y a o H o c H a R  

cTpyKTypa  B ~ e n y  6b1na p a c r n e ~ e ~ a  ~a o ~ a e n b t i b ~ e  6 n o ~ ~  M p a i o ~ b ~  ( K ~ ~ ~ M H C K M ~ ,  
H M M ~ H c K M ~ ,  X ~ P ~ M H C K M ~ ) .  B I l p O u e C C e  ~ o , ~ H R T M ~ ,  CBR3aHHblXC rny6MHHb lM p a 3 y n -  

nOTHeHMeM, 3TM p a i 0 H b l  OKa3anMCb ,QOCTaTOrHO rny6o~o  3PO,4MPOBaHHblMM M B 

HMX 0 6 ~ a x ~ n ~ c b  ~ a ~ 6 o n e e  apesme ~ e ~ a ~ o p @ ~ r e c ~ m e  n o p o a b l .  M e ~ a M o p @ M -  

3 y l O U e e  . 4 e f i c ~ ~ M e  MOnO.4blX rpaHMTOB H a  P Y a b l  C ~ O C O ~ C T B O B ~ ~ O  YKPYnHeHMtO M 

0 6 n a r o p a x ~ s a ~ ~ t 0  sono~a B p y ~ ~ b ~ x  xwnax, a r n y 6 0 ~ a ~  3 ~ 0 3 ~ ~  M ~ C T O ~ O ~ ~ H M ~  

o 6 y c n o ~ ~ n a  ~ O ~ ~ T C T B O  p o c c b ~ n e i i .  B s a n a a ~ o ~  H a n p a s n e H M M  OT p. Xapra pya- 
Hble MeCTOpO>yqeHMR 3PO,4MPOBaHbl cna6ee (pe~k l  qenorop, n y ~ a r e ~ ,  M a n o ~ b l p ) ,  

30nOTOHOCHble POCCbll lM T a M  6 e ~ H e e ,  a npo6a 3OnOTa H M X e .  

M O H ~ O ~ O - O X O T C K H ~  r e ~ ~ k l ~ ~ n k l ~ a n b ~ b l ~  n p o r ~ 6  6bln 3 a n O n H e H  OCaaKaMM 

M H O ~ O K M ~ O M ~ T ~ O B O ~ ~  MOUHOCTM (PMc. 4.26). 'TOrHble uM@pb l  M O ~ H O C T ~ ~  HeM3-  

BeCTHbl M3-3a  ~ n 0 ~ H e i L U e f i  CKna,QraTOCTM M p a 3 p b l B H 0 i  TeKTOHMKM. r e o ~ e p ~ k l -  
'ieCKMe r p a a M e H T b l  B r n ~ 6 M H H b l ~  qaCTRX n p o r ~ 6 a  6 b l n ~  AOCTaTOrHblMM A n R  M e T a -  

M O P @ M ~ M ~  nopoa B r p a ~ a ~ o s o i  c y 6 Q a u ~ ~  c ~ e n e ~ o c n a ~ u e ~ o i  @aur/lm. E c n ~  B 

ocesoi  r acm n p o r ~ 6 a  r e o ~ e p ~ ~ r e c ~ ~ i  r p a a M e H T  o u e H M T b  B l o  C H a  30 M, TO 

3HaLleHMR B 350-400' C M b l  nOnYqMM H a  r n y 6 ~ ~ e  10-1 2 KM. ~ T M  uM@pbl ,  no-BMOM- 

MOMY, M COOTBeTCTBYOT MOUHOCTM reOCMHKnMHanbHOr0 KOMnneKCa .  

B A X ~ ~ A M H C K O ~  3n RPKO n p o R B n e H o  3 K p a H M p o e a H M e  o p y a e H e H w .  reono- 
rMCleCKMMM3KpaHaMM I 3 b l c ~ y n a t O ~  3 n b r l / l ~ ~ K M i  rOPM30HT 3eneHOKaMeHHb lX  OOpOp, 





6 X ~ ~ ~ M H C K O M  p a i o ~ e ,  aHan0rM' iHb le  n O p O A b l  M ~ ~ T M H C K O ~  C B M T ~ I  H a  H k l M a ~ e ,  C a -  

r ypcKaR csma n p e M M y u e c T s e H H o  M e T a a n e s p o n m o s b l x  nopoa, ~ K M M ~ ~ H C K ~ R  M 

&KeCKOrOHCKaR CBMTbl rJlMHMCTblX CJ laHueB M neC' iaH0-rJ lMHMCTOr0 @ n M W a  (PMC. 

5.13, 5.74). B HM3aX ~ T M X  T o n u  H a  HX r p a H M u e  c H m x e n e x a u M M H  M e T a n e c r a H m -  

K ~ M M  M M ~ T ~ M O P @ M ' ~ ~ C K M M M  C n a H u a M M  M B B e p x a x  n o c n e a ~ ~ x  n o ~ a n m o s a ~ o  30- 

n o T o e  o p y a e H e H M e .  B ~ T M X  ~ ~ ~ O ~ O K ~ ~ M ~ ~ I O ~ L I X  K o M n n e K c a x  p a 3 ~ e c ~ ~ n ~ c b  nor- 
TM B C e  M 3 B e C T H b l e  M e C T O P O X a e H M R  M P Y a O n P O R B J l e H M R  )I,X~T~MHCKO~~ 
~ O J ~ O T O H O C H O ~  30Hb l  (TOKYPCKO~, BOPO W M J ~ O B C K O ~ ,  M H H O K ~ H T ~ ~ B C K O ~ ,  X a p r M ~ -  

CKOe, A @ ~ H ~ c ~ ~ B c K o ~ ,  T O K O J ~ ~ H C K O ~  M a p . ) .  Y x ~  OTMe'iaJlOCb, 'iTO OCHOBHOe OPY- 

AeHeHMe p a i 0 ~ a  BO3HMKJlO nOCJle CKJlaaraTOCTM M J ~ H T M @ M K ~ ~ M M  f lOp0.4,  K O r A a  

npOHMuaeMOCTb neC'iaHMKOB, aJleBpOJlMTOB M ap rMJ lnMT0B 6 b l n a  H M ~ K O ~ .   TO YKa- 

3blBaeT H a  CBR3b OCHOBHOrO OPYaeHeHMR C I O ~ C K O ~  TMA, TaK KaK nOCTPYAHble  

A a f i ~ M  M KaJlMeBble MMHepaJ lb l  pya M M e O T  ~ O ~ ~ H ~ D P C K M ~ ~  B 0 3 p a C T  (747-757 MJlH 

n e ~ ) .  
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PMC. 4.27. Y c M ~ H ~ - M ~ K M T C K ~ R  (Cy f l yKcKaR)  KynOf lOBMAHaR aHTMKnMHaf lb  C I lPORBneHMRMM 3 0 -  

nOTa  B 3 a n a A H O M  f l e p M K n M H a f l b H O M  3 a M K e .  

1 - ' ieTBepTM' i~b lh  a f l f l t0BMh;  2-5 - n a n e o 3 o f i c ~ M h  KOMflf leKC (2 - KBap l lMTb l ,  3 - 3 e f l e H O K a M e H -  

Hble I l O p O A b l ,  4 - C f l aHUeBaTb le  MeTaneC'iaHMKM, 5 - @ M f l f l k l T ~ ~ k I ~ ~ b l e  r f lMHMCTble CnaHUb l ,  npOCf lOM 

MeTaIleC'iaHMKOB, 3e f l eHOKaMeHHb lX  I l O p O A  M KpeMHMCTO-rnMHMCTblX c ~ ~ H u ~ B ) ;  6 - WTOKM AMOPMTOB, 

A ~ ~ K M ~ M O P V ~ T O B ~ I X  I l 0 p @ k l p M T 0 8 ,  n n a r M ~ I l ~ p @ M p k l ~ O ~  M MI IKPOAMOPMTOB (K) ;  7 - 3 0 H b l  p a 3 f l O M O B ;  8 - 
3OnOTOHOCHble 3 0 H b l  C C ~ ~ ~ @ M A H O - K B ~ P U ~ B ~ I M  O p Y A e H e H k l e M ;  9 - 3 a f l e r a H M e  I l f laCTOB, ~ M H B ~ H O C T M  



f l 0 r T M  BCe M ~ C T O ~ O > ~ ~ ~ H M R B X ~ ~ ~ M H C K O ~  3fl nPMYPOCIeHbl K KYnOnOBMaHblM 

aHTMKJlMHanRM f l epBOrO flOpR,QKa (3f ipMLLI,  1989), a B MX I l p e a e n a X  - K YnOMRHY- 

Tb lM  PY,QOnOKaflM3YtOWMM KOMf lneKCaM (PMC. 4.25-4.27, 5.13). T ~ K ,  T O K ~ ~ C K O ~  
M e c T o p o x a e H u e  n o ~ a n ~ 3 0 s a ~ o  B ~OXHOM K p b l n e  'ienoropc~ofi ~ y n o n o e ~ a ~ o i i  
aHTMKnMHanM H a  YraCTKe,  ra€? 3 T 0  KPblnO ~ ~ @ O P M M P O B ~ H O  nOf l ePeqHb lMM .QOPYa- 

HblMM ( M  ~ ~ O C T P Y ~ H ~ I M M )  ~ 3 r ~ 6 a ~ ~  M Pa3PblBaMM. K 3 a f l a a H b l M  3 a M K a M  Kyf lOnO-  

B M ~ H ~ I X  a ~ ~ ~ ~ n ~ ~ a n e f i  ( f l p a B 0 6 y p e M ~ C K 0 f i ,  3 n b r o ~ a ~ c ~ o L 1  M Heapre~c~oG)  n p ~ -  
YpOYeHbl  H M M ~ H C K O ~ ,  X ~ ~ ~ M H C K O ~ ,  Y H ~ J ~ M ' ~ M K ~ H C K O ~  P y a H b l e  f lOnR. C a r y p C K o e  

M ~ C T O ~ O X ~ ~ H M ~ ~ ~ O K ~ ~ M ~ O B ~ H O  B CE30oe O ,~HOMM~HHOG aHTMKJlMHanM, ~ T o K o ~ ~ H -  
CKOe M P O W ~ C T B ~ H C K O ~  TRrOTetOT K P a 3 n O M a M ,  O r p a H M ' i M B a I O ~ M M  C M B ~ K C K Y ~ O  M 

~ o H ~ ~ ~ H c K ~ K I  Kyf lOJlOBMaHble aHTMKnMHanM. B MeXKyf lOJ lbHblX CTpyKTypaX  M CMHK- 

JlMHanRX, rae nOp0,fJbl CMnbHO f l epeMRTb l  M CXaTbl ,  OPYfleHeHMe f lpaKTMreCKM OT- 

C v C T B y e T .  6 Y H ~ R - ~ O M C K O M  pa f io~e  3OnOTOHOCHOCTb nOKa f lM30BaHa  B f lPOTRXeH-  

H O ~  MOHOKJlMHaJlM f l O a 3 K P a H O M  aneBPO-fleJlMTOBblX ~ ~ O ~ O ~ & K ~ C K O ~ O H C K O ~ ~  CBMTbl 

( p ~ c .  5.14). 
Yxe y n o ~ ~ ~ a n o c b  o n p o R s n e H M M  B B x a r a ~ ~ c ~ o t 7  311 sono~oro o p y a e ~ e ~ ~ ~  

B 3HAO-  M 3K30KOHTaKTaX MaCCMBOB f l 0 3 , 4 H e f l a ~ e 0 3 0 f i ~ K ~ ~  (?) rpaHMTOM,QOB (MH- 

r a r n ~ ~ c ~ u x ) ,  o a H a K o  r a u e  3 o n 0 ~ 0 e  O p y n e H e H M e  a c c o 4 ~ ~ p y e ~  c ~ O C T P Y ~ H ~ I M M  

~ E I ~ ~ K ~ M M  M WTOKaMM ~ ~ O P @ ~ P ~ T O B  M,4MOpMTOB M ~ ~ O ~ O ~ C K O ~ O  BO3paCTa.  

H e o 6 x o a ~ ~ o  y K a 3 a T b  T a K X e  H a  CBR3b 30nOTOrO OPYAeHeHMR pa f io~a C 3OHa-  

MM KPYflHblX p a 3 n O M 0 8 ,  TMna  6 3 6 ~ 0 ~ 0 ~ .  H a n p ~ ~ e p ,  T O K O ~ ~ H C K M ~ ~  M r 0 H r p a - H a -  

K M T C K M ~  pa3nOMbl,OrpaHM9MBatO~Me K ~ P ~ L I H C K M ~ ~  TOPCT. K HMM I l P M Y P O ~ e H b l  TO- 
KOnaHCKOe M P O X ~ ~ C T B ~ H C K O ~  MeCTOpO>yqeHMR, OT 3TMX p a 3 n O M O B  Ha'iMHatOTCR 

M H O r M e  30nOTOHOCHble POCCblflM. B 3 0 H e  Y H ~ ~ ~ M ~ M K B H C K O ~ O  p a 3 n O M a  JlOKaJlM30- 

BaHO OaHOMMeHHOe 30nOTO-Wee I lMTOBOe M e C T O p O X a e H M e .  3 0 H b l  ~ J ~ ~ B H o ~ o  M 

K ) x ~ o r o  p a a n o h n o s  H a  TOK~PCKOM PYOHOM none o r p a H M r m a l o T  c cesepa aono~oe 
o p y a e H e H M e .  

C n e a y e T  f l06aBMTb,  CITO B H e O r e H e  H a  AXarRMHCKMX M e C T O p O X ~ e H M R X  6 b l n ~  

pa3BMTb l  3 0 H b l  OKMCneHMR, B KOTOPblX @ o P M L ~ P o B ~ ~ ~ M c ~  r M f l e p r e H H b l e  P y o H b l e  

C T O ~ ~ ~ I  C a H O M a n b H 0  BblCOKMMM COAePXaHMRMM 3 0 n O T a  ( M O M C ~ ~ H K O ,  @ ~ T ~ R H O B ,  

1971). 
T O K ~ ~ C K O ~  3OJlOTOpy,4HOe MeCTOpOX,4eHMe OTKPblTO B 1939 r. M C 3TOrO r O A a  

no H a c T o R u e e  B p e M R  3 ~ c n n y a ~ ~ p y e ~ c ~  Ero m y r a n M  M H o r M e  r e o n o r M :  M. M. MM- 
xainos, B. 0. P o s e ~ s a n b a ,  fl. 9. Monra~oe, C.B. Uep, E. A. P a a ~ e s ~ r ,  B. r. Mo- 
MCeeHKO, B. a. M ~ ~ ~ ~ H M K o B ,  r. M. H~POHCKMG, H. C. O C T ~ ~ ~ ~ H K O ,  n. B. ~ G P M L U ,  
L/1. M. O>aTbRHoB, K). M. Hoeox~noe, B. a, ~ O C K ~ T O B ,  A. A. MJlbMH, M. B. KOTOB M 

ap. Mec~opo>yqe~~e  p a c n o n o x e H o  B C ~ ~ ~ ~ M , Q X M H O - K ~ ~ ~ L I H C K O ~ ~  BO~OTOHOCHOG 
3 0 H e  M I l p M y p O r e H O  K IOXHOMY KPb lny  ' i e n ~ r ~ p c ~ ~ f i  aHTMKnMHanM LUMPOTHOrO n p 0 -  

CTMpaHMR ( 6 ~ 7 ~ 3  ee KynOJlOBM,JJHOrO C B O , ~ ~ ) ,  C ~ O X ~ H H O ~  c J ~ ~ ~ o M ~ T ~ M o ~ @ M ~ o E ? ~ H -  

HblMM ( L ( ~ o ~ ~ M T o B ~ R  @auMR) IleC'iaHO-rflMHMCTblMM M KpeMHMCTblMM OTflOXeHMRMM, 

BepoRTHo ,  s e p x ~ e n a n e o 3 0 G i c ~ o r o  ~ o a p a c ~ a .  LUap~kIp B O ~ R ~ I M ~ ~ T C R  c sanaaa H a  

BOCTOK. K)XHO~ Kpb lnO MOHOKJlMHaJlbHO f l a a a e T  H a  H3r fl0A YrJlaMM 30-403, a C e -  

B e p H O e  OCnOXHeHO flp0,4OnbHblMM M flOflepe.IHblMM CKJlaAKaMM ( ~ M c .  4.28). CTPYK- 
T y p a  MHTeHCMBHO H a p y L u e H a  nP0,QOnbHbIMM (donee ~ ~ H H M M M )  M I l O f l e p e r H b l M M  

OOPYAH~IMM p a m o ~ a ~ ~ ,  McnblTaeluMMl/r 0 6 ~ o e n e ~ ~ e  B noc~pya~b1~7 nepuoo. flpo- 
A O n b H b l e  p a 3 n O M b l  ( p y , Q o B ~ e l ~ ( a l o l ~ ( M e )  HaKf lOHeHbl B CTOPOHY f laaeHMR I lnaCTOB, 

qaCTO COBfla,fJaR C HMMM, a f lOf lepeLIHb le  3a f l e ra tOT  6 n M 3 ~ e p ~ M K a J l b H 0  M 6 e 3 p y ~ ~ b l .  
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B flpeaenax tOXHOr0  Kpb lJ la  aHTMKJlMHaJlM BblaeJlRtOTCfl CleTblpe TOnU(M. HMXHFIR 
( M O ~ H O C T ~ O , Q O  330 M) o6pa30sa~a @ M ~ ~ M T M ~ M P O B ~ H H ~ I M M  a p r M J l n l l ~ a ~ ~  c pea- 
KMMM f lpOCnORMM TOHK03ePHMCTblX IleCClaHMKOB, B T O p a F I ( 3 8 0 - 6 0 0  M) f l p e a C T a B -  

JleHa MeJlK03ePHMCTblMM flOJlMMMKTOBblMM IleCClaHMKaMM C n a q K a M M  KJlMBaXMpO- 

BaHHblX aneBp0-f leJlMTOBblX f lOpOA M M ~ T ~ K P ~ M H ~ ~ ,  TPeTbR (320-500 M) C n O X e H a  

MaCCMBHblMM M IlOJlOCClaTblMM ( @ n M U )  aBf leBP0- I lenMTOBblMM f lOPOaaMM C r O p l l -  

3OHTaMM (20-50 M) CeAMMeHTaUMOHHblX 6 p e K q M h  M MenK03ePHMCTblX f leCqaHM- 

KOB M 'ieTBepTaR (a0 260 M)  - 3TO MOHOTOHHble MeJlKO- M CpeAHe3epHMCTb le  n 0 n M -  

MMKTOBble fleCClaHMKM C rOPM3OHTOM M ~ T ~ K ~ ~ M H ~ G  (30-40 M)  B B e p x H e f i  ClaCTM. 

3 0 n 0 ~ 0 p y ~ H b l e  XMJlbl MeCTOPO>KAeHMR nPOPBaHbl  MHOrOClMCneHHblMM a a h ~ a -  
MM Q M ~ ~ ~ ~ O B ~ I X  M AMOPMTOBblX ~OP@~IPMTOB (PMC. 4.32) M 6onee MOnOab lMM U T O -  

KaMM KBapL(eBblX aMOPMTOB M KBapUeBblX CMeHMT-flMOPMTOB. &~L?KM KOHUeHTPM- 

PYtOTCR €3 n O n O C b l  ( ~ ~ C I K M )  M n p M y p 0 q e H b l  K ~ ~ M ~ M ~ ~ M , Q M o H ~ J ~ ~ H ~ I M  M CB 
KpyTOflaRatOU(MM TeKTOHMqeCKMM HaPYLUeHMRM. M O ~ H O C T ~ A ~ ~ K ~ O  1-2 M ,  P e a K O  

6onee. UJTOKM 06pa3yt0~ BepTMKanbHb le  ~ ~ 0 n 6 0 0 6 p a 3 H b l e  Tens a M a M e T p O M  10- 
20 M,  npMyp0C leHHb le  K I l O n e p e q H b l M  TeKTOHM%CKMM TpeU(MHaM M ~ 3 r ~ 6 a ~  rlJlaC- 

TOE M KOHTPOnMPytOTCFI r J l ~ 6 b l H ~ b l M M  pa3J lOMaMM ~ J ~ M ~ M ~ ~ M ~ M o H ~ ~ ~ H o ~ o  H a r l p a B -  

netimq. &GKM M UTOKM, n e p e c e K a R  p y a t l b l e  x M n b l ,  O K ~ ~ ~ I B ~ ~ O T  H a  HMX 

~ e ~ a ~ o p @ ~ 3 y ~ u e e  aehc~sme M c o a e p x a T  MX KceHonMTbl .  UJTOKM B ~ M R O T  H a  ne- 
p e p a c n p e a e n e H M e  aono~a B x M n a x .  I3 qacTHocTM,  m n b l  0 6 0 r a u a t 0 ~ ~ ~ 1  ~ O ~ O T O M  

6 ~ 7 ~ 1 3  WTOKOB, 3on0~0 n o B b l w a e T  CBOO npo6y, yeent+wIearo-rcq p a a ~ e p b ~  ero 
B b l , Q e n e ~ M ~ ,  O ~ ~ ~ ~ Y O T C R  Pe reHepMPOBaHHb le  PYaHb le  C T O ~ ~ ~ I  ( M o M c ~ ~ H K ~ ,  1965; 
M O M C ~ ~ H K O ,  Q ) ~ T ~ R H O B ,  1 9 7 1 ) .  C y U ( e c ~ B e H H b l e  rMapOTepMaJ lbHb le  M3MeHeHMR M 

n e p e H o c  aono~a o c y u e c T s n R n M c b  aaxe B ~ O C T ~ ~ ~ K O B ~ I ~  nepMo,q. nap, ~ ~ G C T B M -  
e M  y rneKr / l cnb l x  p a c T B o p o s  a a ~ n t O . r ~ ~ e n b ~ o f i  c T a a M M  ~ ~ ~ e p a n o o 6 p a s o ~ a ~ ~ ~  
n O p O a b l  M a n b l X  M H T P Y ~ M ~ ~  MeCTaMM, O C O ~ ~ H H O  6 n ~ 3  TeKTOHMCleCKMX H a p y l u e H M h ,  

M 3 M e H e H b l -  XJlOPMTM3MPOBaHbl, K ~ ~ ~ O H ~ T M ~ L I ~ O B ~ H ~ I ,  flMPMTM3MPOBaHbl. n0 a H a -  

n ~ a a ~  ~ ~ C O J I ~ O T H O ~ O  ~ o a p a c ~ a  a a h ~ u  BepxHe tOpcKMe,  a WTOKM p a t i H e M e n o B b l e .  

u e ~ ~ p a n b ~ a ~  r a c T b  M e c T o p o m e H M R  n p M y p o q e H a  K n o n e p e r t i o M y  Qne~cy- 
p 0 0 6 p a 3 ~ 0 ~ y  M 3 r ~ 6 y  tOXHOrO K p b l n a  ~enoropc~oh  aHTMKnMHanM. Ha @ n a H r a x  M e -  

CTOPO>KAeHMR CTOnb 3HaqMTenbHblX M 3 r M 6 0 8  KpblJ la HeT, KaK HeT  M TaKOrO KOJlM- 

r e C T B a  UTOKOB KBapueBb lX  AMOPMTOB. k l 3 r ~ 6  B 3 H a C l ~ ~ e J l b H 0 h  M e p e  flOBTOpReTCR 

PYAH~IMM x M n a M L I .  6 paGo~e ~ 3 r ~ 6 a  ~ P O X O A R T  T o ~ y p c ~ ~ i i  M C e ~ e p o - 3 a n a ~ ~ b l h  

p a s n o ~ b ~ ,  no KOTOP~IM K)B 6 n 0 ~  B a o p y ~ ~ b l f i  n e p M O a  C ~ P O L U ~ H  M C A B M H ~ T  K CB H a  

400 M. 6 6 ~ 1 ~ 3 ~ 4  c o r n e H e H m  ~ T M X  paano~os p a c n o n a r a e T c R  rpynna (uenor~a)  
UTOKOB KBaPueBb lX  aMOpMTOB M OTMeqaeTCR C r y u e H M e  A a e K  ~ o ~ @ M ~ M T o B .  T ~ K M M  
0 6 p a 3 0 ~ ,  3TOT y 3 e n  RBnAeTCR TeKTOHMqeCKM ~ a M 6 0 n e e  H a n p R X e H H b l M .  ~ ~ M ~ H H O  

3 a e C b  3 a J l e r a O T  ~ a ~ 6 o n e e  6 0 r a T b l e  M M ~ C U T ~ ~ H ~ I ~  3OnOTOpyAHble  X M n b l  M pya- 
H b l e  C T O ~ ~ ~ I .  6 f l 0 ~ T p y ~ H b l f i  I lePMOQ CMeLL(eHMFI TeKTOHMCleCKMX 6 ~ 1 0 ~ 0 8  BAOJlb 

f lpOAOnbHblX M I l o n e p e C l ~ b l ~  p a 3 p b l B o B  6 b l n m  H e 3 H a r l l ~ e n b H b l ~ M  - a0 5-12 M .  

P y a ~ b l e  Tens, M M e H y e M b l e  H a  M e C T O P O m e H M M  KBaPUeBblMM XMnaMM,  o6pa- 
3OBanMCb B p e 3 y n b T a T e  ueMeHTaUMM M MeTaCOMaTMqeCKOrO 3 a M e u e H M R  PYAHblM 

K B a p u e M  MaTePMaJla  a p 0 6 J l e H ~ F I  f lPOQOnbHblX 6 n M 3 ~ 0 r J l a ~ H b l ~  TeKTOHMC(eCKMX 30H.  

 TO O P Y A e H e n b l e  TeKTOHMTbl 6 p e ~ q M e B 0 G  1/1 f l ~ n ~ ~ ~ l a ~ ~ f i  TeKCTYPbl. ~ ~ J ~ O M K H  M 

JlMH3bl BMeua tOU(MX f l O p O a  IJeMeHTMpytOTCR Cf lMBHblM CePb lM  ( 1  -9 reHepaUMFI)  

n ~ 6 o  LUeCTOBaTblM (2-FI r e H e p a u M 9 )  K B a p u e M ,  C KOl-OPblM TeHeTMCleCKM CBR3aHa 

OCHOBHaR M a C C a  3 0 n O T a .  M3 XMnbHblX MMHepanOB K p O M e  K B a p q a  B P y A a X  f lpMCyT- 



CTBYOT aAYJlRP, CePMuMT, XJlOPMT M KaJlbuMT. P y n ~ b l e  MMHepaJ lb l ,  COCTaBJlRtOLL(Me 

1-3% 0 6 b e ~ a  PYabl ,  npeaCTaBJ leHb l  nMPMTOM M aPCeHOnMPMTOM C He3Ha'iMTeJlb- 

H O ~  n p M M e c b i o  c @ a n e p ~ ~ a ,  r a n e H u T a ,  x a n b K o n H p M T a ,  weenma, nmppomtla, 
6 n e ~ n b l x  PYA; O'ieHb P e n O K  KaCCMTepMT. 3 H a ' i M ~ e J l b ~ a R  'iaCTb 3OnOTa  B B M a e  CpO-  

CTKOB M ~ M Y J ~ ~ C M O H H O ~  BKpanJleHHOCTM 3aKJ lO ' ieHa B nMpMTe ,  a p C e H 0 n M p M T e  M 

raJleHMTe. C r n y 6 ~ ~ o i  nepBM' iHb le  P Y a b l  MMHepaJlOrM'ieCKM, reOXMMMCleCKM M n0 
CO,Q3pXaHMO 3 0 n O T a  M3MeHROTCFI MaJlO, XOTR n0 OTaeJ lbHblM X M n a M  BMflHa TeH-  

4eHuMR K I l a a e H M O  COAepXaHMR n p M  COXpaHeHMM MOLL(H0CTM. npo6a 30J lOTa H a  

MeCTOPOXAeHMLl K O ~ ~ ~ J ~ ~ T C R  B n p e A e n a X  650-800. C P ~ A H R R  npo6a )l ,06bl~0~0 

3ono~a B ~ a ~ 6 o n e e  KpYnHblX X M n a x  700. Ha r n y 6 o ~ ~ x  TOpM3OHTaX npo6a 3 0 n O T a  

s b l l u e  - ao 760. 3 0 n o ~ o p y n ~ b 1 e  x u n b l  c o n p o s o m a o T c R  Y C T O ~ C I M B ~ I M M  nepmr-  
HblMM reOXMMM'ieCKMMM O p e O n a M M  ( W H ~ M H O ~  5-20 M)  PaCCeRHLlFI  3OJ lOTa,  

MblLLlbRKa, ~ o J l b @ p a M a ,  cepe6pa. o ~ ~ J l ~ p y , Q H b l e  M ~ M ~ H ~ H M F I :  OKBapueBaHMe,  nM-  

pMTM3auMFI, K ~ ~ ~ o H ~ T M ~ ~ ~ M F I ,  CepMuMTM3auMR. 

n ~ 0 ~ b l L L I J l e ~ ~ b l e  3OJlOTOPY)JHble XMJlbl3aJleTaIOT nPeMMyLL(eCTBeHH0 B 3 0 H e  

KOHTaKTa T O n u  - H M X H ~ G  ~ ~ C ' ~ ~ H M K O B O ~  M B ~ P X H ~ ~  a p r M n n M ~ 0 ~ 0 ~ .  B 0 6 u e ~  CJly- 

q a e  x m n b l  cneaym n n a c T a M ,  MecTaM1.1 n e p e c e K a 0 - r  MX non K O C ~ I M M  M donee ~ p y -  
TblMM y m a M M .  ~ P O T R X ~ H H O C T ~  ~POMblLLlJ leHHblX PYaHblX X M n  AeCRTKM M AaXe COTHM 

MeTpOB no IlPOCTMPaHMtO M naa€?HMO. 06b l ' iHb le  MOLL(H0CTM 0,2-0,7 M .  B c ~ p e c l a -  

DTCR n e p e X M M b l  M p a 3 a Y B b l  (a0 2-3 M). 60JlbLUaR 'iaCTb X M n  - ( (Cnenb le ) ) ,  T. e. H e  

,QOCTMratOT nOBePXHOCTM. P y n H b l e  XMJlbl 0 6 p a 3 y 0 ~  XMJlbHble  30Hb l ,  p a 3 0 6 u e ~ -  

Hble 6 e 3 p y a H b l ~ M  ~ J ~ o K ~ M M .  M O ~ H O C T ~  3TMX 3 0 H  OT 25 a0 90 M .  OHM COCTORT 1/13 

O ~ H O ~  MnM HecKonbKMx  xm, OT KOTOP~IX noa O C T ~ ~ I M M  y r n a M M  O T X O ~ R T  a n o Q ~ 3 b 1 .  

vaqe XMJlbl  COCTORT M3 HeCKOnbKMX KYJlMC ~ J ~ M H o ~  100-200 M .  ~ P O T F I X ~ H H O C T ~  

PYnHblX 3 0 H  COCTaBJlReT MHOrMe  KMJlOMeTpbl. 

P y a ~ b ~ e  x ~ n b ~  n p M y p o r e H b 1  K Kot iTaKTaM n n a c T o B  M na' ie~ paantw~oro  TO- 

norM ' i ecKo ro  c o c T a B a .  Ha~6onee 6 0 r a ~ a ~  x M n a  n e p ~ a ~  aanerae~  B T o n u e  aprm- 
nMTOB B KOHTaKTe C nJlaCTOM nOJlMMMKTOBOr0 neC' iaHMKa M C ~ A M M ~ H T ~ ~ M O H H O ~ ~  

6 p e ~ r ~ ~ .  He M e H e e  6 0 r a ~ b l e  no CO,4epXaHMtO 30J lOTa XLlJlbl O K T R ~ P ~ C K ~ R  1 M A M -  

opMToBag aanerato~ B n e c r a H M K a x ,  6 n ~ 3  KoHTaKTa c ~ b ~ w e n e x a u e i  ~ o n u e i  aprm- 
RMTOB. 3aMe ' i e~0 ,  '4TO ~ 6 1 ~ 3 ~  XMJl H a  MX TeKTOHM'ieCKMX KOHTaKTaX n O p O ~ b l 0 6 0 -  

r a q e H b l  YrJlMCTblM B e u e C T B O M .  

H e ~ 0 ~ 0 p b l e  npOMblLUJleHHble XMJlbl 3 a J l e r a O T  B nJlaCTaX MMKpOKBapuMTOB 

( M ~ T ~ K ~ ~ M H M )  n ~ 6 0  H a  KOHTaKTaX K B a P ~ M T O B  C aprMJlJlMTaMM. Ha PYaHOM none 
3OnOTOpyaHble  XMJlbl  BblRBJleHbl B MHTepBaJ le  a 6 ~ 0 J l t O ~ ~ b l ~  OTMeTOK 900- 100 M ,  

HO ~ a ~ 6 o n e e  6 0 r a ~ b l e  p Y A b l , Q 0 6 b l ~ a J l M ~ b  H a  OTMeTKaX 700-800 M .  ~ O J ~ ~ W M H C T B O  

PYAHbIX T e n ,  I lPeMMYueCTBeHHO yXe B ~ I P ~ ~ O T ~ H H ~ I X ,  6b1fl0 3HaClMTeJlbHO 6 o r a c l e  

B B ~ P X H ~ ~  C B O ~ ~  'iaCTM, M MMeHHO 6nm3 nOBepXHOCTM06b lC l~b l60~a~b le  060xpe~- 
Hble PYab l  C BMflMMblM 30JlOTOM. Ha MeCTOpO>yqeHMM RBJlReTCR UpaBMnOM ( n p a ~ ~ a ,  

eCTb MCKJ~IOL(~HVIR)  TO, ClTO XMJla T e p R e T C O ~ e p X a H M e  C m y 6 L l H o G .  Ha TOpM30HTaX 

t ime  700 M c p e a H e e  c o a e p x a H M e  M e T a n n a  no ~ J I O K ~ M  OT 10 no 30 r / ~ ,  a B b l w e  

700 M, O C O ~ ~ H H O  6 n ~ 3  nOBepXHOCTM, C p e A H M e  C o n e p X a H M R  no ~ J I O K ~ M  co- 
CTaBJlRJlM OT 40 a0 100, M H O r a a  00 150 M 200 r / ~ .  n p M C l e ~  C a M b l e  6 0 r a ~ b l e  PYAbl 

6 b l n ~  OXPMCTblMLl OKMCJleHHblMM. B. r. M O M C ~ ~ H K O  M M. Id. @BT~RHOB (1971) H a -  

3b lBaOT 060raLL(eHHble  30JlOTOM Y'iaCTKM XMJl B 3 0 H e  OKMCJleHLlR BTOPMClHblMM Pya- 
HblMM C T O ~ ~ ~ M M ,  GnR KOTOPblXXapaKTepHa nOBbllLleHHaR I ~ P O ~ H O C T ~ ~ O ~ ~ O T ~  (750- 
780) M 6onee K p y n H b l e  p a s ~ e p b r  ero ~ b l n e n e ~ ~ i  (no 5 MM). I4 B c e  x e  o c H o e H b l e  



P y A H b l e  C T O J I ~ ~ I  MeCTOpOX,QeHMR RBJlRtOTCR 3HAOreHHblMM. 0 6 0 r a ~ e ~ ~ e  pya B 
3K30reHHb lX  YCnOBMRX H e  MOrJlO 6b l~b  CYLqeCTBeHHblM M 3 - 3 a  MX M a n 0 i  c y J l b @ M ~ -  

HOCTM. 

AHanM3 r e o n o r ~ r e c ~ o i  KapTbl  p y A H o r o  n o n g  M H e K o T o p b l e  ~ ~ ~ e p a n o - r e o -  
XMMM'ieCKMe AaHHb le  n03BOJlMJlM npeAnOJlOXMTb, '-IT0 r f l y 6 ~ ~ a  3P03MOHHOrO C p e 3 a  

~ ~ A O H O C H O ~  CTPYKTYPbl K 3 a n a a y  OT ueHTpaJ lbHOr0  Y'iaCTKa MeCTOPOX,QeHMR y B e -  

n M r m a e T c R ,  a K BocToKyyMeHb luaeTcR.  3 ~ o  n o A T s e p m a e T c R  TeM,   TO n p M  A s M x e -  

HMM H a  3 a n a A  KOJlMreCTBO A a e K ,  WTOKOB M KBapueBb lX  XMJl, BblXOARLqMX H a  A H e -  

BHytO nOBePXHOCTb, B03paCTaeT ,  a K BOCTOKY YMeHbLLlaeTCR. B MHHOKeHTbeBCKMX 

P y A a X  ( 3 a n a ~ H b l i  @JlaHr  M~CTOPOX,Q~HMR) COAePXMTCR 3Ha'iMTeJlbHOe KOJlM'ieCT- 

BO W e e n m a ,  OCHOBHO~ c y n b @ ~ ~  - a p c e H o n c l p M T ,  npo6a aono~a BblcoKaR (785). 
Ha To~ype  x e  L u e e n m  M a p c e H o n M p M T  noRsnRtOTcR n M u b  B pyaax H a  ~ A Y ~ O K M X  

rOPM30HTaX, a npo6a 3OnOTa 3Ha'iMTenbHO H M X e  - 700-760. ~ P M B ~ A ~ H H ~ I ~ A ~ H H ~ I ~  

yKa3blBatOT H a  6onee B ~ I C O K O T ~ M ~ ~ ~ ~ T ~ ~ H ~ I ~  X a p a K T e p  MHHOKeHTbeBCKMX PYA B 

CpaBHeHMM C TOKYPCKMMM, a 3 T 0  B CBOtO O' iePeAb CBMAeTeJlbCTByeT 0 p a 3 H M u e  B 

~ P O ~ M O H H O M  cpeae. A ~ a n o r ~ r ~ b ~ e  B ~ I B O A ~ I  c A e n a H b l  H a  ocHoeaHMM a ~ a n ~ 3 a  KO- 

JlM'ieCTBeHHblX C O O T H O W ~ H M ~ ~  MMHepaJlOB M ~ J ~ ~ M ~ H T o B - ~ ~ M M ~ c ~ ~  B MMHepaJ laX 

H a  pa3Hb lX  r n y 6 ~ ~ a x  kl no n p O C T M p a H M 0  PYAHblX 3 0 H  ( M o M c ~ ~ H K o ,  ~ ~ T ~ R H O B ,  

1971). B 3 0 J l O T O - K B a p ~ e B b l X  XMJlaX H ~ ~ J ~ ~ O A ~ ~ T C F I  TeHAeHuMR YBeJlM'ieHMR C my- 
~ M H O ~  KonM'iecTBa weenma, a p c e H o n H p M T a ,  c @ a n e p ~ ~ a  M y M e H b w e H M e  - nMpMTa 

M raneHMTa.  n p ~   TOM KoHue t iTpauMR 3 0 n o ~ a  no naAeHMtO PYAH~ IX   OH y 6 b l B a e ~  

B e C b M a  He3Ha'iMTeJlbHO, a ~ P O ~ H O C T ~  er0 P ~ C T ~ T .  6 b l R ~ n e H H a R  ~ O H ~ J ~ ~ H O C T ~  n 0 ~ -  , 
Tsep>yqaeTcR p a c n p e A e n e H M e M  s n e ~ e ~ ~ o e - n p ~ ~ e c e i  B M m e p a n a x .  T a K ,  B nM-  

pmax M a p c e H o n M p m a x  c o A e p x a H M e  cewua c r J l y 6 M H o i  n a A a e T ,  a HMKenR M uMt iKa 

BO3paCTaeT.  C X O A H ~ R  KapTMHa HaMe'iaeTCR M no M3MeHeHMtO C r n y 6 ~ ~ o i  COAep-  

X ~ H M ~  CBMHua M uMHKa B CaMOPOAHOM 30nOTe .  Ha M e H e e  r f l y 6 0 ~ ~ i  3 ~ 0 3 M 0 ~ ~ b l ~  

C p e 3  K)B @J laHra  PyAHOrO nOJlR yKa3b lBaeT  M TO O ~ C T O R T ~ ~ ~ C T B O ,  'iTO BAOJlb no- . 
flepe'iHblX ~ a p y W e H M i  tOr0-BOCTO'iHble 6 ~ 7 0 ~ ~  06bl'iHo O n y U e H b l  OTHOCMTenbHO 

c e e e p o - 3 a n a ~ ~ b l x  ( o c o 6 e ~ ~ o  no T O K ~ P C K O M ~  ~Gpocy),  M C n e A o B a T e n b H o ,  -rpe- 
UMHbl ,  KOTOPble B ~ a J l b H € ! i W e ~  MCnOJlb3OBanMCb PyAHblMM XMJlaMM M ~ a f i K a h . l M ,  B 

K)B .laCTM p y A H O r 0  nOJlR 3aJ lera tOT rny6xe, r e M  H a  UeHTpaJlbHOM Y'iaCTKe. 

L/1. L/1. @ ~ T ~ F I H O B  M n. nenep (1 995) npMBOART K - A ~ - A ~ T M P O B K M  rMAPOTepManb-  

HO M3MeHeHHblX n 0 p O A  M3 OTOPO'ieK PyAblXTeJl ,  COOTBeTCTBYtOLqMX P a H H e M y  M e f l y .  

P y ~ b i  0 6 0 r a ~ a o ~ c ~  ~ ~ ~ B M T ~ ~ M o H H o - @ ~ ~ o T ~ ~ M o H H ~ ~ M M  MeTOAaMM ( M  nJlaB- 

K O ~  CYJ~~@M)JHOTO K O H ~ ~ H T ~ ~ T ~ ) .  3a BpeMR 3KCnJlyaTauMM H a  TOK~PCKOM PYAHM- 

K e ~ 0 6 b l ~ 0  6onee ~ O T ~ O J I O T ~ ,  M B HaCTORUee  BpeMR MMetOTCR B03MOXHOCTM nPM-  

p o c T a  aanacos. 
np0 ' iMe MeJ lKMe MeCTOpOXAeHMR A X ~ ~ A M H C K O ~  3 0 H b l ,  OTHOCRUMeCR K 

p a c ~ a ~ p m a e ~ o i  rpynne, n o M e l q e H b l  B ~ a 6 n .  4.1, ~3 K O T O P O ~  BMAHO,  TO 3 o n 0 -  

TOpyAHb le  TeJla,  0 6 p a 3 0 B a H H b l e  M ~ J ~ O C Y J ~ ~ @ M A H ~ I M M  MJlM YMepeHHO ~ y J l b @ M ~ H b l -  

MM KBaPueBblMM XMJlaMM, 3aJ lera tOT n p e M M y U e C T B e H H 0  B c J ~ ~ ~ o M ~ T ~ M o ~ @ M ~ o -  

BaHHblX (@MJlJlk l~bl ,  3eJ leHb le  ~ J l a H u b l )  neC'iaH0-rJlMHMCTblX nOpOAaX B 3 K 3 0 -  M 

3HAOKOHTaKTaX rpaHMTOMAHblX M H T P Y ~ M ~  TMna MHrarJlMHCKMX. A~!?KM M ~ ~ O ~ O ~ C K M X  

n ~ p @ M p ~ B b l ~  n O p O A  H a  PYoHblX nOJlRX, KaK npaBMJlO, nPMCYTCTBYtOT. BO BCeX CAY- 

'iaRX P y A H b l e  n 0 n R  TRrOTetOTK IlepMKJlMHaJlRM, KpblJlbRM n ~ 6 0  WaPHMpaM KynOJlO- 

BMAHblX ~ H T M K J ~ M H ~ J ~ ~ ~ .  

Mano~blpc~oe a o n o ~ o p y ~ ~ o e  M e c T o p o m e H M e  pacnonoxetio B a a n a ~ ~ o i  
'iaCTM C ~ ~ ~ ~ M A X M H O - K ~ ~ ~ M H C K O ~  ~ O J ~ O T O H O C H O ~  30Hb l .  Ero M3y'iaJlM B. A. ne6e- 





XMJlbH0-nblC0- 
ropc~oe,  Hn- 
MBHCKMR, 
s ~ c n n y a ~ ~ p o -  
~anocb 

n e ~ p o e c ~ o e ,  
HMM~HcKMR, 
~ K C ~ Y ~ T M -  
poeanocb 

Eiypoeoe, HM- 
MBHCKM~, WC- 
TM'iHO 3KCnflya- 
TMpOBanOCb 

~ ~ ~ @ M T M c T o -  
~sapueeo- 
CnDAUCTble 
cnanubl c 
n p o c n o s ~ ~  
3 e n e ~ o ~ a ~ e ~ .  
nopop. (PZ) 

r p a @ l . r ~ ~ c ~ b l e  
anb6MT-K~apU- 
MyCKOBMTOBble 
cnatiubl 
(pz) 

qep~ble rpa- 
@ M T M C T ~ I ~  

@ M ~ ~ M T ~ I  C 

~ P O C ~ O ~ M M  

~ e ~ a n e c r a -  

pasno~a  

3 a n ~ H a R  ne- 
pMKnnHanb 
npa~06ype~H-  
C K O ~  ~ynono- 
EMAHOR 
CTPYKTYP~I 

3 a n a ~ n a ~  ne- 
PMKnMHanb 
npaeo6ype~1-i- 
CKOR ~ynono- 
EMAHOR CTPYK- 

TYPbl 

3 a n a , q ~ a ~  ne- 
PMKnMHanb 
n p a e o 6 y p e ~ ~ -  
CKOR K Y ~ O ~ O -  

EMAHOR CTPYK- 

nO~Tpy/J,Hble A ~ ~ K M  

n a ~ n p o @ ~ p o e ,  rpa- 
HUT-~OP@MPOB (K) 

n o c ~ p y a ~ b ~ e  AaRKw 
~ ~ M ~ P O @ M P O B ,  rpa- 
HMT-~~OP@MPOB (K) 

~ ~ ~ e p a n ~ a a u ~ e R  

ManOCynb@M/J,Hble 
~ s a p ~ e e b ~ e  x ~ n b l  
M JlMHeRHble WTOK- 

BepKM c coAepxa- 
HMeM c y n b @ ~ ~ o s  
A0 5% 

ManOcynb@MaHble 
~ ~ I ~ ~ M T - K B ~ P u ~ -  

Bble XMnbl CnOX- 
H O ~  M O ~ @ O ~ O ~ M M  

M ~sapueeble 
UlTOKBepKM (Ene- 
HMHCKML? Y%Z~CTOK) 

nnac~oeb~e M ce- 
K Y U M ~  ~anocynb- 
@MAHble KBapUe- 
Bble XMnbl C3 M 

MepMAMOHanbHOrO 
nPOCTMpaHMR 

Ksapu, anb- 
~ H T .  ~0na3,  
MOHaUMT, 6e- 
pmn,  nHpwT, 
apc., xanblc., 
M O ~ M ~ ~ ~ ~ H M T ,  
nMpP. 

Kaapu, anb- 
~ H T ,  MYCKO- 
BMT, 

apc., nwp., 
ran., @an., 
30nOTO 

Keapu, apc., 
m p . ,  wee- 
nMT, XanbK., 
ran., c@an., 
M o J ~ L ~ ~ A ~ H M T  

3 0 n 0 ~ 0  B 

n ~ p . .  apc., 
B KBapUe, 
npo6a 930 

3ono~o  Men- 
K O ~ ,  rac- 
TM'iHO HM3- 
Konp06~0e 

3ono~o   en- 
K O ~ ,  n p e ~ -  
MYU. CBR3a- 
HO c cynb- 
@ M A ~ M M  

O K B ~ P U ~ B ~ H M ~ ,  
~ J I ~ ~ M T M ~ ~ ~ M F I ,  
cynb@M~M3auMg 

O~sapueeanue, 
anb6klTM3alJMR, 
C Y J I ~ @ M A M ~ ~ ~ M F I  

O ~ s a p u e e a ~ ~ e ,  
~ M P M T M ~ ~ ~ M R ,  
anb6~~113auM~, 
K ~ P ~ O H ~ T M ~ ~ -  
UMR. apceHonM- 
PMTM3aUMR 



O~sapuesa~tde, 
anb6M~M3a~MR, 
a ~ y n ~ p ~ 3 a u ~ ~  

npn~oporn~oe ,  
H M M ~ H C K M ~ ~  

T O K O ~ ~ H C K O ~ ,  
Kep6M~c~Mh 

K e p 6 ~ ~ c ~ o e  
( P o ~ ~ ~ c T B ~ H -  
C K O ~ ) ,  
K ~ ~ ~ M H C K M ~  

YH~IIH~MK~H- 
CKOe 30nOTO- 
w e e n ~ ~ o s o e ,  
B e p x ~ e c e n e ~ -  
A X M H C K M ~  

a~cnnya~vlposa- 
nocb Ha WeenHT 

Keapu, anb- 
~ H T ,  

apt., ~ M P . ,  
ran., @an. 

Keapu, X ~ O -  

PMT, CepMqMT, 
apC., IlUp., 
XanbK., 
c@an., ran., 
 ween^^ 

Keapu, 
apc., n ~ p . ,  
ran., c@an., 
3 0 ~ 1 0 ~ 0  

Keapu, anb- 
~ M T ,  a~ynRp, 
apc., nup., 
u r e e n u ~ ,  
ran.. MapK., 
@an., a ~ -  
TMMOHMT 

3 0 ~ 1 0 ~ 0  B 

Ksapge, B ~ I -  
AeneHMR A0 
2 MM 

3 o n o ~ o  B 

~ ~ a p u e ,  
B M A M M O ~  

3 o n o ~ o  r ~ e n -  
KOe, CBR3a- 
HO c apc., M 

ran., npo6a 
850-910. LUee- 
nMT - mensa- 
KM. n p o m ~ n ~ ~ ,  
nMH3bl 

Y r n ~ c ~ b ~ e  
avlnnvl~b~ (PZ) 

MeTafle~VaHbl- 
KM, @ ~ n n ~ ~ o -  
BMAHble CnaH- 
4b1 (PZ) B 

~ o ~ e  T O K O ~ ~ H -  
c ~ o r o  pa3- 
noMa 

O M ~ ~ M T ~ I ,  
cna~ueoa~b le  
neCVaHMKM, 
CnaralOUMe 
KpblnO aHTM- 
KnMHanbH~fi 
CKnaAKvl 

3 0 ~ a  OAHO- 

MMeHHOrO pas- 
n o ~ a  B rpa- 
QMTMCT~IX 
~ s a p u - c n t o 0 ~ -  
CTHX M @ ~ n -  
~ M T O B M A H ~ I X  

cna~uax  (PZ) 

Manocynb@w~nan 
~sapuesaw muna 
6pe~r~esoGl  T ~ K C -  

TYPbl 

Man~~ynb@M~Hble  
Ksapueeble mMnbl 
CeKyQMe M COr- 
nac~b le  

- 

M ~ o r o r ~ c n e ~ ~ b ~ e  
~ a n o c y n b @ ~ ~ ~ b l e  
~ ~ a p u e ~ b l e  XMnbl 
6nM3~0rnac~ble 

Mclt iepan~3oea~- 
Hble TeKTOHMreCKMe 
~ O H ~ I  c ~sapue-  
B ~ I M M  ~anocynb-  
@ M A H ~ I M M  XunaMM, 
n p o m ~ n ~ a ~ ~  vl 

a~ynwp-~sapue-  
BblMM flOPO,QaMM 

3 a n w n a ~  ne- 
pvl~ncrnanb 
flpa~06ypeMH- 
C K O ~  KyflOnO- 
B M A H O ~  C T ~ ~ K -  
TYPbl 

3 o ~ a  p a s n o ~ a  
Ha cesepHoM 
Kpblne C M B ~ K -  
c ~ o k  Kynono- 
B M A H O ~ ~  ~ H T M -  

KnMHanM 

D m ~ o e  Kpblno 
~ O H ~ ~ ~ H C K O ~  

K ~ ~ O ~ O B M A H O L ?  
aHTMKnMHanM 

3 a n a ~ ~ a ~  ne- 
pMKnMHallb 
H e s p r e ~ c ~ o h  
~ y n o n o s ~ ~ ~ o f i  
C T P ~ K T ~ P ~ I  

A ~ ~ K M  AMOPMTOB~IX 

u ~Ma6a30~blx  nop- 
@MPMTOB, MMKPO- 
A M O ~ M T O B  (J-K) 

nc jc ipya~b~e A ~ ~ K M  

nOp@Llpbl~~B, aHAe- 
3 ~ ~ 0 - 6 a 3 a n b ~ o s  



nee, H. K. ~MJI~H, K. @. Knb~m~o, C. r. napana, B. r. Hesc~pyee, H. L/1. benoaepoe, 
B. r. M O M C ~ ~ H K O ,  A. B. 3 A p ~ t ~  M Ap. P Y ~ H O ~  none 06paaosa~o ~MCflO~MpOBaH- 
H ~ I M M  M M ~ T ~ M O P + M ~ O B ~ H H ~ I P A M  B aene~ocna~uesoA + a u ~ u  n o p o n a ~ ~  s s r e o c ~ ~ -  
KnMHanbHoro mna,  sepomtio naneoaoAc~oro eospac~a, cnaralolqMMM aHTMKnil- 
Hanb LLlMPOTHOrO nPOCTMPaHMFI C OTHOCMTeflbHO nOJlOrMM DXHblM M KPYTblM 
CeBepHblM KPblnOM (PMc. 4.29). H M x ~ e k  CqMTaeTCFI naqKa MeTaneCqaHMKOB M Me- 

PMC. 4.23. r e o n o r ~ r e c ~ ~ G i  nnan M paspes paiot ia M a n o ~ b l p c ~ o r o  s o n o r o p y ~ ~ o r o  ~ e c r o p o x -  
A ~ H M R  (no C. r. f l a p a ~ a ,  A. 0. l l a p a ~ a ,  1988 r.). 

1-4 - o c a ~ o r ~ o - ~ e r a ~ o p @ ~ ~ e c ~ ~ e  nopogbl (1 - B ~ P X H H R  n a r ~ a  - sene~oea~o-cepb~e @ w n n ~ -  
TOBHfiHble cnanqbl, 2 - CpeAtinR nawa - nepecnamaHMe yrnepo~ncrblx @ ~ n n H ~ o s ~ n ~ b ~ x  cnatiqes, 
KsapuMToe, K ~ P ~ O H ~ T H ~ I X  nopoA LI ~ e r a ~ ~ a 6 a a o e ,  3 - HMXHRR nawa - yrnepoAMcTble Meranecratiu- 
KM, 4 - B H ~ M ~ C U I T ~ ~ H ~ I ~  3HaKL.I: a) M e ~ ~ M a 6 a 3 b 1 ,  6 )  Kap60HaT~ble nOpOAbl , B) KpeMHM; 5 - paCCnaH- 
uosatitible rpaHMTbl PZ,(?); 6 - no3nne~enoeb1e ~ ~ R K M  B ~ a c l l l ~ a 6 e  (a) M Brie ~ a c u r a 6 a  (6); 7 - a o ~ a  
~ . ~ H T ~ H C M B H O  ~ ~ C C ~ ~ H ~ O B ~ H H ~ I X  M ~ ~ ~ K ' ~ V I P O B ~ H H ~ I X  ~ O P O A  c c ~ ~ ~ @ M ~ H o - B K ~ ~ ~ ~ ~ H H o ~  ~Mtiepanllsa- 
u ~ e 2 ;  8 - pyAHble Tena; 9 - poccblnM; 10 - ~ a n o c y n b @ ~ ~ ~ b ~ e  Ksapuesble M ~ ~ a p u - a n b 6 n i o e ~ 1 e  xvnbl; 
11 - PasnOMbl; 12 - 3JleMeHTbl3aneraHllR nJlaCiOB; 13 - 6ypoeble CKElaXllHbl 



TaaneBpOnMTOB C llpOCJlORMM 3eIleHblX CIlaHL&?B M KBapUMTOB ( M ~ T ~ K ~ ~ M H M ) .  

C P ~ A H R R  narKa, 3 ~ p a ~ ~ p y t o ~ a ~  opyneHeHMe, npenc-raeneHa Me-raanesponwra- 

MM, ~ ~ E ~ @ M T M C T ~ I M M  aneBpO-flenMTOBblMM CIlaHUaMM, 3eIleH blMM CJlaHuaMM M KBap- 

4MTaMM ( M ~ T ~ K P ~ M H R  MU), a BePXHRR CJlOXeHa MeTaneCraHMKaM M C flpOCIlORMM 

MeTaanesponM-roe M s e n e ~ b ~ x c n a ~ u e ~ .  B c e s e p ~ o i  M K I X H O ~ ~  rac-rM pyntioro nong 

CflaHUbl npOpE3aHbl nJlaCTOBblMM MHTPY3MRMM MMKPOKnMHOBblX TPaHMTOB, MeCTa- 

MM ~ J ~ M ~ K M X  K r p a ~ M ~ - I l ~ p @ M p a ~ ,  KaTaKna3MPOBaHHblX M PaCCJlaHUOBaHHblX 00  

MMAOHMTOB. ~ T M  flOPO,L(bl COflOCTaBIlRKITCR C MHrarIlMHCKMMM M JlYKaLleKCKMM1.1 

rpaHMTOMAaMM. Ha~6onee B ~ ~ O R T H ~ I ~ ~  MX BO3PaCT n 0 3 n ~ e f l a f l e 0 3 0 ~ ~ ~ ~ ~ .  Ha yqa- 

CTKe Pa3BMTbl TeKTOHMLleCKMe pa3pblBbl LUMPOTHOrO M CB nPOCTMPaHMF(, K KOTO- 

P ~ I M  npMyporetio 3on0~0e OpyAeHeHMe M p . a i ~ ~  n o p @ ~ p o ~  M nop@~pr/l-ro~ MOU- 

H O C T ~ D  0,5-5 M. l l a p . e ~ ~ e  naeK KpyToe M nonoroe Ha C3. 
Ha~6onee ~ a y r e ~ a  pynHaR s o ~ a  f l ~ a r o ~ a n b ~ a ~ ,  HaKnoHeHHaR H a  C3 nop. 

YrnaMM 25-30' ( ~ M c .  4.29, 4.30). 3 o ~ a  0 6 p a 3 0 ~ a ~ a  C ~ ~ ~ O ~ M P M T M ~ M ~ O B ~ H H ~ I M M  

nepeMRTblMM M f l 0 ~ ~ 0 6 n e ~ ~ b l ~ 1 . 1  A0 6pe~'ikIi, MeTaaneBpO-nenMTOBblMM M KpeM- 

HMCTblMM CnaHUaMM, flPOHM3aHHblMM npOXMnKaMLl (1-10 MM) KBapUeBOrO, Cyflb- 

@ ~ n ~ o - ~ s a p u e s o r o ,  ~ a p G o ~ a ~ - ~ s a p u e e o r o  M a n y n ~ p - ~ s a p q e ~ o r o  coc-rasa. O ~ M -  
eHmposKa MX p a s ~ a ~ ,  HO r a u e  CB c ~ p y r b ~ ~  nap.eHMeM Ha C3. K e a p ~ e ~ b ~ e  munbl 

PenKM. Ben l l r l l ~a  O ~ ~ O M K O B  6 p e ~ r ~ i  0,5-30 CM. Ha 20-40% OHM npenCTaBfleHbl 

MeTaCOMaTMTaMlz KBapUeBblMM, KBapQ-anynRpOBblMM, CepM~MT-a~yflRp-KBap4e- 

BblMM, PeXe C ~ ~ M U M T - K ~ ~ ~ O H ~ T - K B ~ ~ ~ ~ B ~ I M M .  C p e ~ k l  nepeCeKaDlqMX 6pe~rMto 

npGXMflKOB BblnenReTCR nRTb B03PaCTHblX reHepa4Mi: 1 )  M~I~KO~~PHMCT~I~  MO- 

3 a ~ r ~ b 1 i  K B ~ P U ,  MHorna c npMMecbo a n b 6 ~ ~ a ,  anyngpa, cepclucl-ra, a n ~ n o ~ a ;  
2) ~ p e ~ ~ e 3 e p H k l ~ T b l ~  rpe6eH'ia~bli KBapU C a n b 6 M ~ 0 ~  M a&ynRpOM; 3) KpynHO- 

~ ~ P H M C T ~ I ~  KBaPL( C 6 y p b 1 ~  Xene3MCTblM K ~ P ~ O H ~ T O M  M cynb@LI~aMLl, 06paayto- 

PMC. 4.30. Paapea repea M a n o ~ b r p c ~ o e  p y n H o e  nssne ( c o c T a e i l n  C. T. f lapwa no M a T e p M a n a M  

M a n ~ M b l p ~ K ~ i i  TPfl). 
1 - y m e p o ~ b l c ~ b l e  @ i l n n M T b l  il K ~ ~ M H M C T O - ~ M H M C T ~ ~ ~  c n a ~ u b l ;  2 - 3 e n e H 0 K a M e ~ H b l e  nop0,Qbl; 3 

- h 4 e T a n e ~ ~ a ~ 1 . r ~ ~ ;  4 - A ~ ~ K M A M O ~ M T O B ~ I X  ~OP@CI/)MTOB; 5-7 - 3 0 n 0 ~ 0 - C y n b @ M ~ ~ a f l  ~ ~ o X M ~ K O B O - B K ~ ~ ~ -  

fleHHaSl M M H e p a n M 3 a U M f l  C OTHOCTMTenbHO BblCOKMM, C p e A H M M  M HMBKUM C O A e P X a H M e M  3 0 n O T a  



U M i  CaMOCTORTenbHble npOXMJlKM n ~ 6 0  CJlaratOUMn ueHTpanbHble 'iaCTM 6onee 

PaHHMX npOXMJlKOB. Anb6MT 3aMeUaeTCR aayflRPOM BO BCeX TpeX reHepauMRx npo- 
xMnKos; 4) npomMnKM M r ~ e 3 a a  cynb@~aos c 6ypoi xene3~c-roo cn toa~o i  II  OM- 
6 0 B l l a ~ b l M ~  BblaeneHMRMM aayJlRpa; 5) X ~ J ~ ~ ~ ~ O H O B M ~ H ~ I ~  KBaPu C 6ypo i  CJlDa- 

K O ~ ,  cyJlb@Maa~M M rMAPOOKMCJlaMM Xene3a. Cynb@~ab~ B npOXMJlKaX M UeMeHTe 

npeaCTaBJleHbl BblaeJleHMRMM ( 1  -2 MM) M npOXMJlKaMM nMpIITa M MrOJlbqaTOrO 

apceHonMpma. O ~ ~ e c l a t O ~ c ~  aepHaxanbKonMpMTa, c @ a n e p ~ ~ a ,  nMppoTMHa. Map- 

KasMTa, x a n b ~ o w ~ a ,  MHoraa ~ o n b @ p a ~ ~ ~ a .  C o ~ e p x a ~ ~ e  cynb@~aos B pynax 2- 
5%. no aaHHblM C. r. napaaa M 11.63. napaaa (19886), I IMPMT ~3 P Y ~ H ~ I X  30H CO- 

AepXMT 30JlOTO OT 30 a0  50 r /T ,  a M3 C J ~ ~ ~ O ~ O J ~ O T O H O C H ~ I X  nOpOa 3-8  r / ~ .  

XapaKTepH0, L(T0 nMPMT B PYaHblX ~ P ~ K C I M R X  M ~ I W ~ R K O B M C T ~ I ~  (a0 5% MblLLlb~Ka), 

OTHOWeHMe Ni/Co B nOJlb3y HMKeflR, B OTnMqMe OT nMpMTa M3 pe,4KOMeTaJlJlbHO- 

nonMMeTannMqecKMx n p o ~ s n e ~ ~ i ,  rae K06anbT a ~ a r  M T ~ ~ ~ H O  npeo6naaae~ HaA 
HMKeJleM. 30Jl0~0 B PYaaX KOppeJlMpyeT C MblLLlbRKOM, cepedpo~,  L(aCTML(H0 C BOJlb- 

 MOM. 06blq~ble COaepXaHMR 3OnOTa B 3OHe 1-3 r/T. M ~ C T ~ M M  Bblaen5lDTCR 

JlOKaJlbHble PYaHble Tens MOUHOCTbtO 3-8 M C C0,QepXaHMeM OT 3,8 a0 8,5 r,/T. CO 
CTOPOH~I  nexaqero 6 o ~ a  o p y a e ~ e t i ~ e  O ~ ~ ~ H M L ( M B ~ ~ T C R  ~ O C T P Y ~ H O ~ ; ~  a a i ~ o i  a ~ a e -  

3MTa. P~,4HbleTeJla OKOHTYPMB~DTCR O ~ ~ O ~ O B ~ H M ~ M .  C J ~ ~ ~ O ~ O J ~ O T O H O C H ~ ~ M M ( ~ , ~ -  

0,9 r / ~ )  RBnRDTcR nowM Bce nopoabl30~bi. 3 o ~ a  A c l a r o ~ a n b ~ a ~  npocnexetia no 
~ ~ o c T M ~ ~ H M D  Ha 4,2 KM, no na,Qe~kltO 6~~0BblM11 C K B ~ X M H ~ M M  a0 rJly6MHbl270 M 

npM MOUHOCTM 60-100 M. B npefleJlaX 30Hbl OKOHTypeHa 3aJleXb ~ J ~ M H o ~  2 KM, 

aJlMH0i no naAeHMD 280-350 M M MOUHOCTbD OT 14,s A0 49,1 M npM CpeaHeM 

COaepXaHMM ~ , ~ ~ ~ / T ( B o T ~ ~ ~ J ~ ~ H ~ I x P Y A H ~ I x T ~ J ~ ~ x o T ~ , ~ ~ ~ o  11,8 T/T). B ~ I , ~ € ? J ~ R ~ T C R  

aBa reOXMMMqeCKMX TMna pya: 1 )) CyUeCTBeHHO HM3KOMblLLlbRKOBMCTble KBapue- 
Bble (Au:Ag > 1 ) M 2) BblCOKOMblWbRKOBMCTble C nPMMeCbD CU, AS M W (Au:Ag = 
1:s). 

3 o n o ~ o  ~ a 6 n ~ a a n o c b  B Ksapue B ~ p e u i ~ ~ a x  M Ha CTblKax sepeH B accowa-  
L(MM C nMPMTOM MapCeHOnMpMTOM. BeJlM'cMHa ~ O J ~ O T M H  B 90% ~JlyclaeB (6 rpaBblKOH- 

u e ~ ~ p a ~ a x )  ~ e ~ e e  0,05 MM M B 10% - 6onee 0,05 MM, ao0,4 MM. Lonee nonosMHbl 

BCerO 30JlOTa B PYae OTHOCMTCR K KJlaCCy 0,02 MM. 30Jl0~0 nPeMMYUeCTBeHH0 

KoMKoBMaHoe, pexe nnacTmraToe, apyaosoe, amypHoe, peaKo B mae KpMcTan- 

nos c @ O ~ M ~ M M  ,40,4e~a3apoB M ~ ~ 6 0 6 .  npo6a 700-820. Xapa~TepHble 3JleMeHTbl- 

npMMecM B 30no~e - Fe, Ti, Cu, Hg. 
T ~ x H o J ~ o ~ M ~ ~ ~ c K M ~  C B O ~ C T B ~  pya M3ycleHbl no MaJlblM n p o 6 a ~  (20-25 K r ) .  

30Jl0~0 1/13 pya M3BJleKaeTCR TOJlbKO nPRMblM uMaHMPOBaHMeM. fla60paTopHbli 

OnblT KYL(HOr0 BblUeJlaVMBatlMR K Y C K O B O ~  PYabl AaJl n0JlOXIITeJlbHble pe3ynbTaTbl. 

M3sne.ceHMe aono~a cocTasMno 63-74% sa 30-40 a ~ e i  onblTa. M e c ~ o p o w e ~ ~ e  
npMro,4Ho aJlR O T K P ~ I T O ~  pa3pa60TKM. f lp0~~03Hble pecypcbl6e,4HblX pya 3HalcM- 

TenbHble. 

Carypc~oe aono~opya~oe MecTopoxaeHMe - e u e  O ~ M H  npeacTasMTenb Ce- 
n e ~ g x ~ ~ o - K e p 6 ~ ~ c ~ o i  ~ O ~ O T O H O C ~ ~ O ~  30Hbl. ~ P I / I Y P O L ( ~ H O  K nepMKJlMHaJlbHOMY 

3aMblKaHMD C a r y p ~ ~ ~ f i  K ~ ~ ~ O J ~ O B M ~ H O ~  aHTMKJlMliaJlM ( ~ M c .  4.26) M JlOKaJlM3OBaHO 

B T ~ J ~ ~ I M M H C K O ~  CBMTe KBaPueBO-CnK)aL.ICTblX ~ P ~ @ M T I / I C T ~ I X  CJlaHL(eB, CO,4epXa- 

U M X  nJlaCTbl PaCCnaHuOBaHHblX MeTaneCClaHMKOB, M H O r a a  M3BeCTKOBMCTblX, 

C ~ ~ O ~ R H O - K B ~ ~ ~ ( ~ B O - K ~ ~ ~ O H ~ T H ~ I X  CJlaHueB C JlMHSaMM MPaMOPM30BaHHblX M3- 

BeCTHRKOB, IlJlacTbl FlaaatOT Ha CCB n0a YrJlaMM 20-70'. M ~ T ~ M o ~ @ M ~ € ? c K ! ~ ~  
CJlaHubl npOpBaHbl MaJlblMM MtlTPY3MRMM ~ H ~ ~ C O B M ~ H ~ I X  rPaHMTOMaOB (PZ?) M 



PeaKMMM A ~ G K ~ M M  AMOPMTOBblX ~OP@MPMTOB, @ e J l b 3 ~ ~ 0 6 ,  @ ~ J ~ ~ ~ M T - ~ o P @ M P o B  

M ~ ~ O ~ O ~ C K O ~ O  0 6 n ~ ~ a .  
fl0 A a H H b l M  H. A. A M M T ~ M ~ B ~ ,  B. @. P 0 3 e H ~ a J l b , 4 a  (1958 r.), A, n. r p ~ 6 a -  

HOBa M ap. (1988 r.), P y A H b l e  Tens MCnOJ lb3y toT  6 n ~ 3 c o r n a c ~ b l e  C O  CJlOMCTOCTbto 

TeKTOHMqeCKMe 3 0 H b l  M n p e a C T a B J l e H b l  MHOrOr I . lCJ leHHb lM M K B a p q e B b l M M  X M J l a M M ,  

HO f l p O M b l W J l e H H O e  3 H E i r e H M e  MMeJlM JlMUJb H e K O T O p b l e  M3 HMX. A n M H a  P Y A H b l X  X M J l  

00 200 M ,  M O u H O C T b  M3MeH'iMBaR, C p e a H R R  - 0.T 0,4a0 3,2 M ,  M a K C M M a J l b H a R  - 00 
7 M (mma C a r y p c ~ a ~ ) .  Yrnb~ n a a e H m  xun 40-60° H a  CCB. B n n a H e  x ~ n b ~  B O ~ H O -  

o 6 p a 3 ~ o  M ~ ~ M ~ ~ ~ o T c R ,  M H o r A a  p a c q e n n R t o T c R  H a  ano@~3b1. B 3 a f l b 6 a H a a x  m e -  
U a I O u M e  f l O p O a b l  p a 3 a p 0 6 J l e ~ b 1 ,  n e p e T e p T b l  a0 T ~ K T O H M L ~ ~ C K O ~  rJ lMHb l ,  COf lep-  

X a T 3 e p K a J l a  CKOJlbXeHMFI. f l p M  BblKJlMHMBaHMM XMJ lb l  n e p e X O A R T  B O K B a P U O B a H H b l e  

M ~ y J l b @ M ~ M 3 M p 0 B a ~ ~ b l e  n O p O a b l ,  C M e H R D u M e C R  no n p O C T M p a H M K ,  TeKTOHMqeC-  

KMMM T p e u m H a M M .  C p e a ~ ~ e  c o a e p m a H m  aono~a B x m a x  OT 7,5 ao 46,8 r / ~ ,  M a K -  

CMMaJlbHOe 2,7 K ~ / T  ( X M J l a  A B ~ ~ C T O B C K ~ R ) .  C r J l y 6 ~ ~ 0 i  C O a e p X a H M e  3 0 J l O T a  Y M e H b -  

LUaeTCR. >KMJlbl COCTORT M 3  K B a P U a  M e T a C O M a T M L l e C K O r O  TOHKO3ePHMCTOr0 ,  MHOr 'aa  

r p e 6 e H r a T o r 0  KpyflHOKpMCTaJlflMreCKOrO, BblnOJlHRto~€!rO I lOJlOCTM, C ~ e 6 0 f l b ~ o i  
npMMeCbt0  CepMULITa,  XJlOpMTa, r p a @ L l T a .  Pyas ~ a J l ~ ~ y J l b @ t l ~ ~ a R .  O C H O B H ~ I ~  CyJlb-  

Q M ~ ~ I :  a p c e t i o n M p M T  (a0 1 %), ~ M P M T ;  M e H e e  p a c n p o c T p a H e H b 1 :  nr/lppo-rr/lH, c@a- 
nepm, raneHM-r ,  x a n b K o n M p M T ,  weenm. B o T A e n b t i b l x  cnyragx K o n M r e c - r B o  wee- 
AMTa M c @ a J l e p M T a  a O C T M r a e T  1 %. 30Jl0~0 a C C O U M M P Y e T C  r p e 6 e H ~ a T b l ~  K B a P U e M  

M ~ y J l b @ M a a ~ M .  B KBapl(e 3OJlOTO K p y n H O e .  Ero @ O P M ~ I  Onpef leJ lRKlTCR M e X 3 e p -  

HOBblMM nOJlOCTRMM. 6 cyJlb@M,E(ax 30J lOTO M e J l b r e ,  M M e e T  K a n J l e B M a H y t o  @ 0 p M y .  

npo6a 3 o n o ~ a  688-773, C P e a H R f l 7 4 2 .  

P Y A ~ I  0 6 0 r a u a t o T ~ R  no n P 0 C T b l M  ~ ~ ~ B M T ~ ~ M o H H o - @ J ~ o T ~ ~ M o H H ~ ~ M  C X e M a M  . 
M ~ C T O ~ O X ~ ~ H L ~ ~  3KCnJ lyaTMpOBaJ lOCb C 1944 no 1956 r., a06bl~0 OKOJlO 3 T 3 0 -  

AOTa. B O ~ M O X ~ H  n p M p O C T  p e C y p C O B .  

X a p r ~ ~ c ~ o e  sono~o-ween~~osoe  M e c T o p o x a e H M e  p a c n o n o x e H o  H a  ~ o c -  
TOKe C ~ J ~ ~ M ~ X M H O - K ~ ~ ~ M H C K O ~  3 0 H b l .  O H 0  k13BeCTHO C 1901 r., 3 K C n J l y a T M P O -  

B a n o c b  c n e p e p b l e a M M  go 1955 r. ( H a  3 o n o ~ o  M w e e n M ~ ) .  P y a ~ o e  none ~ 3 y r a n ~  

.fl.A. I h e p r ~ ~ ,  bl. A. I l p e o 6 p a x e ~ c ~ ~ ~ ,  B, r. M o ~ c e e ~ ~ o ,  Jl. B. 3 i 7 p ~ w ,  T. H. He- 
P O H C K M ~  M ap. M ~ C T O ~ O X A ~ H M ~  nPMYPOCleHO K3anaaHOMYnePMKflMHaJlbHOMY 3 a -  

MblKaHMD ~ J ~ ~ ~ o K ~ H c K o ~  K Y ~ O J ~ O B M ~ H O ~  aHTMKJlMHaJlM (PMC. 4.31). P ~ A H O ~  none 
o 6 p a 3 0 s a ~ o  M H O r O ~ M C J l e H H b l M M  3OJlOTOHOCHblblM M 30JlOTO-lL leeJlMTOBblMM X M J l a -  

MM M 3 a J l e X a M M  30JlOTOHOCHblX MeTaCOMaTMCleCKMX K B ~ P ~ - ~ J ~ ~ ~ M T O B ~ ~ X  n O p O A .  

Pyfl~ble X M J l b l  3 a J l e r a D T  n p e M M y ~ e C T B e H H 0  I3 3 e J l e H O K a M e H H b l X  n O p O a a X  3 J l b r M H -  

c K o r o  ~ O P M B O H T ~ ,  B r p a @ ~ ~ o ~ b ~ x  cnatluax sepxos a@a~acbesc~oG C B M T ~ I  M B T a -  

JlblMMHCKMX M e T a n e C q a H M K a X ,  a 30JlOTOHOCHble ~ B a p ~ - a f l b 6 ~ ~ 0 B b l e  MeTaCOMaTMTbl  

- B M e J l K 0 3 e P H M C T b l X  a f l b 6 M ~ - ~ f l t o ~ R ~ 0 - ~ B a p l ( e B b l ~  CJlaHUaX a @ a H a ~ b e B ~ K ~ i  

CBMTbl. T ~ K M M  0 6 p a 3 0 ~ ,  O a H O  P y A H O e  none O X B a T b I B a e T  n O p O a b I  p a 3 n ~ r ~ o i 7  C T e -  

neHM M ~ T ~ M O ~ @ M ~ M ~  - 3 e I l e H 0 ~ J l a H ~ e B O G  M ~ ~ M ~ ~ O T - ~ M @ M ~ O J ~ M T O ~  @ a ~ M i  ( ~ M C .  

5.9). I / I H T P Y ~ M B H ~ I ~  nOpO,4bl npe,L(~~aE!JleHbl MHOrOCIMCJleHHblMM A ~ ~ K ~ M M  n o p @ M -  

~ M T O B  M O ~ H O ~  aah~oi7 @ e n b s ~ ~ - n o p @ ~ p a .  Bce ~ T M  a a i ~ ~  n o c - r p y a H b l e ,  nepece- 
KBDT 30J lOTOHOCHble  K B a p q e B b l e  XMJlbl M C O a e p X a T  KCeHOJlMTbl 3OJlOTOHOCHOrO 

KflapUa ( M o M c ~ ~ H K o ,  1965). 1 1 0 3 A ~ M e  K B a p q - K a p 6 0 H a T ~ b l e  f l pOXMJlKM n e p e c e K a -  

I O T ~ ~ ~ K M ,  M e C T a M M  ~ O P @ M P M T ~ ~  CLlJlbHO K ~ P ~ O H ~ T M ~ L I P O B ~ H ~ ~ ,  

Keapuesopya~b~e x m b ~  n p o c T M p a t o T c R  B WMPOTHOM H a n p a s n e H M M  n p M  na- 
neHMM H a  tor ( p ~ c .  4.31). B n o n e p e r H o M  paspeae x m b l  0 6 b l r ~ 0  M M e t o T  r e T K O -  
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Pvrc. 4.3 1. r e o n o r w e c ~ a g  ~ a p ~ a  M paapes X a p r m ~ c ~ o r o  M ~ C T O P O ) Y ~ ~ H M R  (no 0. r. M O ~ C ~ ~ H K O  
M @. B. K P ~ T O B Y ) .  

1 - M e T a n e C q a H M K M  T ~ ~ ~ I M M H C K O ~  CBMTbl; 2 - 3 e n e H O K a M e H H b l e  n O p O . 4 b l 3 ~ l b r M H C K O r O  rOPM3OHTB; 

3 - ~ ~ ~ ~ M T - c ~ ~ ~ A R H o - K B ~ P ~ ~ B ~ I ~  M rpa@MTMCTb le  CJlaHubl ~ @ E ~ H ~ c ~ ~ B c K o ~  CBMTbl; 4 - @ f ? f l b 3 1 4 ~ - n 0 ~ -  

@Mpbl ;  5 - ~ M a 6 a 3 0 6 b l e  n ~ p @ M p M T b l ;  6 - K B a p u e B b l e  30JlOTOPY.4Hble X M n b l ;  7 - 30 I lOTOHOCHb le  h4eTaCO- 

MaTM'ieCKMe KBaPUMTbl ;  8 - p a 3 n O M b l ;  9 - JlMHMR reOnOrM%?CKOrO p a 3 p e 3 a  

I BMQH~IO @OPMY, nepexmMbl repeaym-rcg c p a 3 a y e a ~ ~ ,  racTbl p a 3 s e ~ ~ n e ~ u ~ .  Ha- , 
M60Jlee~~~0f i ' ik lBbl~kl  MOqHOCTRMkl kl 'ieTKMMkl OrpaHkl'ieHklRMM 06naaat0~ XklJlbl, I 
3aneTatOU~Me B 3eJleHOKaMeHHblX flOpOaaX. OHM Xe RBJlRtOTCR ~akl6onee 6c)ra~bl- 

Mkl. npkl BblXOQe 0 CJlaHUbl XklJlbl BeTBRTCR, TePRlOT C0,4epXaHkle 30nOTa kl:3araC- ' 
TYlO BblKJlklHMBalOTCR. MOLQHOCT~ PYQHblX XMJl kl3MeHReTCR OT 0,1 QO 1,3 M, aJlklHa 

- flepBble COTHkl MeTPOB. P y ~ ~ b l e  TPeqklHbl BOSHklKflkl 0 pe3yJlbTaTe ~ ~ P I C T B M R  
pacTRrmeatOlqclx ycclnmfi B nonepeqHblx c$ne~cyp006pa3~b1~ ~3rm6ax,  Baonb 



OCeBblX ~ O B ~ ~ X H O C T ~ ~ ~  KOTOPblX B ~ O C T P Y ~ H ~ I ~ ~  n e p M O a  BHenPMnMCb A ~ ~ K M  OC- 

HOBHblX M KMCflblX n O p O a .  

B PYnHOM none BblAeflRtOTCR TpI4 X I4 f l bHb le  30Hbl .  Ha tOre  y u e H T p a f l b H O r 0  

~ ~ M ~ L ~ M P O T H O ~ O  c6poca p a c n o n o m e H a  A n 6 b l H c ~ a R  XMf lbHaR 3OHa, BKn tOc laDUaR 

XI4flbl O ~ O ~ O , I J H ~ D ,  ,Qopox~yto, HOBYO I4 ~ ~ ~ Y ~ ~ ~ I H C K Y D ,  a T a K X e  HeCKOflbKO f lMH3 

30nOTOHOCHblX ~ ~ ~ ~ M T M T o B .  O C H O B H ~ I ~  PYAHb le  Tens MeCTOpOX,4eHMR - X k l f l b l  

W e e n ~ ~ o s a ~ ,  r nas~an ,  ~ O X H ~ F I ,  C Q a n e p ~ ~ o s a ~  M TULLIMHCK~R - T R ~ O T ~ D T  K CUC- 

T e M e  ~ J ~ M ~ L L I I ~ P O T H ~ ~ X  C ~ P O C O B .  T p e T b R  XI4nbHaR 3 0 H a  Bb lnenReTCR H a  C e B e p e :  

XMflb l  P a 3 B e n 0 r H a R ,  f lklo~ep, f l e p ~ a s l ,  T p e T b R  I4 & 3 ~ 3 0 B a R .  P y a H b l e  XI4flbl I 4 M e D T  

M a c c m H o e  M 6 p e ~ r 1 4 e s o e  c T p o e H m e  c n a p a n n e n b ~ o - n o n o c r a ~ b ~ ~ ~  M APYSOBMA- 

HblMI4 TeKCTYpaMLI. Ha 95-97% OHM CnOXeHb l  K B a p u e M .  B b l ~ e n R  DTCR TPM r e H e p a -  

UMM KBapQ3.  K B a p u - 1  - M a ~ ~ L l B H b l f i  C KCeHOflHTaMM B M e l l & 3 D ~ k l X  n O p O n ,  ~ B a p u - l l  - 
r p e 6 e H c l a T b l h  c e p b l k ,  ~ B a p u - l l l  - ~ 0 n R ~ 0 - n p 0 3 p a c l ~ b l k ,  BCTpe ' iaeTCR B 

KBapu-aHTMMOHMTOBblX npOXMf lKaX.  H a c l a n o  AeKpenMTaUMbI yKa3aHHblX r e ~ e p a u ~ i  
~ ~ a p u a  C O O T B ~ T C T B ~ H H O  360-340'; 215-235 M 120'. H a 1 4 6 o n e e  p a c n p 0 c T p a H e H -  

H b l i  M M H e p a f l  B XMJlaX - apCeHOnLlpMT.  ~ ~ M P M T  BCTpeclaeTCR pe,QKO, a nMppOTMH,  

xanbKonMpMT,  6 n e ~ n a ~  pyAa M r a n e H M T  - ewe peme, aHTMMot i uT  M weenm o m e -  
rao-rcq c n o p a a u c l e c t w .  f l o c n e a ~ ~ h  o 6 p a 3 y e ~  n p o M b l u n e t i t i b r e  c K o n n e H M R .  

3ono~o sb laen r / l nocb  B rise c T a n m ,  f l e p ~ a ~  C B R ~ ~ H ~  c patit i I / IMM c y n b @ ~ n a -  

MM I4 K B a p u e M  n e p B 0 h  reHepauL I I 4 ,  npo6a 636, a B T O P ~ R  - c ~ O ~ A H M M L I  c y n b @ M ~ a -  

MM, npo6a 850-91 0. P a ~ H e e  ~ O ~ O T O T O H K O ~ ~ ~ H M C T O ~  C X ~ ~ ~ K T ~ ~ H ~ I M M  Kan f l eBMA-  

H ~ I M M  Q O P M ~ M M ,  a n o s a ~ e e  - 6onee K p y n H o a e p H M c T o e ,  n p M 0 6 p e T a e T  @ o p ~ y  
TpelqMHOK M nYCTOT, KOTOPble O H 0  3anGf lHReT.  Y a ~ T b l  CPOCTKM 3 0 f l O T a  C a p C e H 0 -  

IlMPMTOM. B 3 0 H a X  KOHTaKTOBOrO M ~ T ~ M O ~ @ M ~ M ~  CO CTOPOHbl Ma f l b lX  M H T P Y ~ M ~  

c o A e p x a H I 4 e  3 o n o ~ a  B pyaax yBenMclMBaeTcR ( M o M c ~ ~ H K o ,  1965). f l p ~  n p ~ 6 n ~ -  
XeHI4M K a a h K € ?  t43MeHReTCFI @ 0 p M a  30 f lOTMH,  YBenbICIMBaDTCR I4X p a 3 M e p b 1 ,  

IlOFlBnRDTCR O r p a H e H H b l e  KpMCTan f l b l 30 f lOTa ,  YMeHbLUaeTCR KOJlM'ieCTBO 3 f l e M e H -  

T ~ B - n p k l M e ~ e h ,  MCcle3atOT pT)TTb, MblLLlbRK, YMeHbLLlaeTCR KOnMcleCTBO cepe6pa. 
CYRR no r n y 6 ~ ~ e  npOMblLLlneHHblX pa3pa60~0~ ,  P y A H b l e  ~ ~ 0 n 6 b l 3 a f l e r a l o T  H e r f l y -  

6 0 ~ 0 .  nMLUb x I 4 n b l  L U ~ ~ ~ M T O B ~ R  I4 rJ laBHaR 0 T p a 6 0 T a H b l  40 3HaclMTenbHblX r n y 6 1 4 ~  

- 320 M I 8 0  M COOTBeTCTBeHHO. B OCHOBHOM Xe r n y 6 ~ ~ a  3KCnnyElTa~LIOHHblX pa6o-r 
H e  npeBblLL lana 10-30 M ,  B TO BpeM5l  KaK no npOCTMpaHMIo X M f l b l  0 ~ p a 6 a ~ b l B a n M ~ b  

H a  COTHM MeTPOB,  ClTO O ~ ~ R C H R ~ T C R  BTOPklCIHblM 0 6 0 r a ~ e i i k l e ~  Pya B 3 0 H e  OKMC- 

neHMR. C ~ J I Y ~ M H O ~  n0Bb lCMnaCb  npo6a 3 0 n 0 T a  OT 833 A 0  915 M yKpynHk ln I4Cb er0 
sbr+qeneHuR ( M o ~ c e e ~ ~ o ,  O a n b ~ ~ o s ,  1971 ) .  C p e a ~ u e  c o A e p m a H M R  a o n o T a  B 

PYAH~IX  x m a x  OT 6-8,5 ao 26,9 r / ~ .  
f l o n y ~ ~ o  c ~ O ~ O T O M  143 x M n  U e e n ~ ~ o s o f i  14 r n a s ~ o i  ~ 0 6 b l ~ a n c ~  weenm, 

o G p a 3 y m l q ~ i i  B K B a p u e  BKpanneHHOCTb,  npOXI4nKM (A0  5 CM) M nMH3bl .  B X M n e  

Uleenu~osoh l u e e n M T  n p M y p o c l e H  K n e x a c l e M y  3 a n b 6 a ~ ~ y  ( B  ee a a n a a ~ o i  clac~1.r). 

U]eenMT 6 e n b l h ,  PeXe 6 n e a ~ 0 - p 0 3 0 B b l h .  C r n y 6 ~ ~ o h  C o A e p m a H M e  ero H e  YMeHb-  

LuaeTcR. Ha yc lacTKax,  6 0 r a T b l x  L u e e n m o M ,  aono~o norm OTcyTcTByeT,  coaepxa- 
H u e  LueenMTa  B pynax AO 27%. T e ~ n e p a ~ y p b ~  n a c l a n a  A e K p e n M T a u m  meenma 
CaMbIe BblCOKtle (345-360' c) M 6 n M 3 ~ M  K TaKOBblM A n R  Bb lCOKOTeMnepaTypHOrO 

apCeH0nMpMTa.  ,QnR aHTMMOHMTa 3TOT n O K a 3 a T e f l b  P a B e H  90-1 1 0' C. 
P y a b ~  0 6 0 r a U a D T ~ R  nPOCTblMM ~ P ~ B M T ~ ~ M O H H O - @ ~ O T ~ ~ H H ~ I M M  M e T O a a -  

MM. Ha MeCTOpO>yqeHkIM a06b1~0 6,8 T 3 o n o T a  M 5 , 7  T LueenMTa. 

K ~ ~ T K M ~  XapaKTepMCTMKM npOclMX M ~ C T O ~ O X ~ ~ H M ~  3 ~ 0 f i  rpynnbl n O M e l q e H b l  

~ ~ a 6 n .  4.1. 



6ypeMHCKOf i  3n O C H O B H ~ I ~  ~ ~ J ~ O T O H O C H ~ I F :  p a f i 0 H b l  C O C P ~ ~ O T O ' - ~ ~ H ~ I  B C e B e -  B po6ype~~cnof i  3 0 ~ e .  n p M y p 0 ' i e ~ ~ O R  K C e B e p ~ O f i  o n p a ~ ~ e  6 y p e M H C ~ o r O  M ~ C -  

CMBa, M C n b l ~ a B L L l e i  MHT~HCMBHYOTMA B n O 3 a H e M  M e 3 0 3 0 e .  A o M ~ ~ o ~ o ~ ~ c K M ~ ~  4 1 ~ ~ -  

A ~ M ~ H T  o 6 p a 3 0 ~ a ~  n p e M M y U e C T B e H H 0  n a n e 0 3 0 f i C ~ k l ~ M  TPaHMTOMaaMM, BKJlK)'ia- 

O u M M M  BblCTYnbl P ~ H H ~ ~ O K ~ M ~ P M ~ ~ C K M X  KPMCTanJlM'ieCKMX n O p O a ,  M npOBeCaMM 

KPOBJlM n a J l e 0 3 0 f l C K M ~  MMOreOCMHKnMHaJlbHblX KOMnneKCOB. M H O ~ O L - I M C ~ ~ H H ~ I ~  
H a n O X e H H b l e  TePPMreHHb le  M BynKaHOreHHble  n p 0 r M 6 b l  Jg - K, BO3paCTa MHBepCM- I 
POBaHb l  M n p O p B a H b l  rMna6MCCanbHb lMM M c ~ ~ B ~ J ~ K ~ H M ' - I ~ c K M M M  MHTpY3MRMM j 
rpaHMTOMaOt3 C ~ O B ~ I L L ~ ~ H H O ~  M ~ ~ H M T H O ~ ~  BOCnPMMMqMBOCTbH3. M O ~ H O C T M  0 7 n O -  1 

m e ~ ~ f i  B n p o r ~ 6 a x y e e n ~ r ~ e a 0 ~ c ~  B s a n a a ~ o ~  HanpasneHMM.  B o c ~ o r ~ o 6 y p e ~ ~ -  
CKaR 30nOTOHOCHaR 3 0 H a  0 K a f i M J l R e ~  ~ Y P ~ M H C K M ~ ~  MaCCMB C BOCTOKa. Ha 06- 
LlJMPHblX n n O l q a a R X  OHa n e p e K p b l T a  Pb lXnb lMM K E ~ ~ H O ~ O ~ C K M M M  OCaaKaMM M B 

o 6 ~ q e ~  ~ s y r e ~ a  cna6o. 
P a 3 ~ 0 0 6 p a 3 M e  r e o n o r ~ r e c ~ ~ x  O ~ C T ~ H O B O K  B 6 y p e ~ ~ c ~ o i  3n npeaonpeae- 

JlMIlO C y u e C T B e H H b l e  pa3nM'iMR B YCnOBMRX JlOKaJlM3a4MM 30JlOTOrO OPYaeHeHLlR M 

c n a r a n u M x  ero p y a ~ b ~ x  @ o p ~ a u ~ f i  B C ~ B ~ ~ O ~ ~ ~ ~ M H C K O ~  a o ~ e  p a 3 ~ ~ ~ b 1  npe- 
MMYueCTBeHHO C ~ ~ B ~ ~ K ~ H M ' - I ~ C K M ~  ~ 6 0 r 0 ~ y r l b @ M ~ ~ b l e  30nOTOPYaHblS M Mef lHO- 

n O p @ M p ~ B b l e C  30nOTOM MeCTOPOXfleHMR ( ~ O K P O B C K O ~ ,  A p G v ~ c ~ o e ,  EnbHM'iHOe), 

a B T y p a H c K O f i  M B O C T O ~ ~ H O ~ ~ ~ ~ M H C K O  H a p R a y  C C ~ ~ B ~ J ~ K ~ H M ' - I ~ C K M M M  ( 1 1 ~ 0 ~ ~ 0 3 -  

H o e )  M3BeCTH bl  M r M n a 6 M C C a n b ~ b l e  30J l0~0 -CyJ l  b@MflHble MeCT0PO)KAeHMR (HOHMH- 
C K O ~ ) .  

B r e o @ ~ . r s ~ r e c ~ ~ x  n o n R x  n o n o x e H b l e  ~ O ~ O T O H O C H ~ I X ~ O H  B n o n H e  onpeaeneti- 
H o e .  C e e e p o G y p e ~ ~ c ~ a ~  3 o ~ a  H a  B c e M  c s o e M  npoTRmeHMM c o s n a a a e T  c nM- 

H e n H b l M  PerMOHanbHb lM MMHMMYMOM CMnbl TRXeCTM H ~ B ~ I C O K O ~ ~  MHTeHCMBHOCTM 

(-20 M r f l ) .  C M e u e H M e  3 0 H b l  K O r Y O T  OCM MMHMMYMa yKa3blBaeT H a  HaKnOHHOe no- 
n O X e H M e  6 n o ~ a  p a 3 y n J l 0 ~ H e H H b l ~  n O p 0 a .  M~KCMMYM pa3ynnOTHeHMR OTMe'iaeTCR 

B sanaa~o12 racm ~ O H ~ I ,  a B BOCTO~HOM HanpasneHMM OHO n o c ~ e n e ~ ~ o  ocna6e- 
BaeT .  Bce ~ a ~ 6 o n e e  ~ P O ~ Y K T M B H ~ I ~  ~ O ~ O T O H O C H ~ I ~  p a n 0 H b l  npMyp0 ' ie~b l  K c e B e p -  

HOMY K p a O  @ e M M q e ~ K o f i  r f l y 6 ~ ~ ~ 0 i  MaCCbl, @ M K C M P Y ~ M O ~  PerMOHanbHb lM M a r -  

HMTHblM MaKCMMYMOM. C 0 0 6 p a 3 ~ 0  C er0 Pa3BOPOTOM K C e B e p y  B p a f l 0 H e  CT. T b l l - ~ a  

p a c n o n o X M n M c b  M30nOTOHOCHble  y3Jlbl: ~ O K P O B C K M ~ ,  ~ M O H ~ P C K M ~ ~ ,  A P ~ M H C K V I ~ .  
B C ~ ~ I U ~ K M  30JlOTOHOCHOCTM H ~ ~ ~ O ~ ~ O T C R  H a  Y'iaCTKaX ( ( B ~ ~ M M o ~ ~ ~ ~ ~ c T B M R ~ ~  J10- 

KanbHblX r n y 6 ~ ~ ~ b l x  CTPYKTYP Pa3ynJlOTHeHMR C @ ~ M M ' ~ ~ C K M M M  MaCCaMM ( p a f i o ~ b l  

T b l r f l a - Y n y H r M H ~ K ~ f i ,  Y M f l e ~ a H C ~ k l f i ,  O K T R ~ P ~ C K M ~ ~  M ap.). K C e B e p y  OT OCM P e r l l O -  

HaJlbHOrO MMHL4MYMa 3 a  n p e A e J l a M M  6ypeMHCK0f i  M ~ ~ H M T H O ~ ~  MaCCbl 3OnOTOHOC- 

HOCTb OTCYTCTBYeT (PMC 4.32). 
B Ka'ieCTBe Pyf lOreHePMpyOlqMX KOMnneKCOB BblpenROTCR rPaHMTOMflbl  OH- 

XMHCKOrO M M ~ M ~ I H C K O ~ O  BblCTYnOB ~ O M ~ ~ O ~ O ~ ~ C K O ~ O  @ Y H , ~ ~ M ~ H T ~ ,  roe OHM 06- 
pa3ytOT MaCCMBbl C n n O l q a f l b O  BblXOaa 500-5000 KM' M rae npOCTpaHCTBeHH0 C 

HMMM aCC04MMPYeT HaM60J lee  npOayKTMBHaR POCCblnHaR M P y a H a R  30JlOTOHOC- 

HOCTb. 3 ~ 0  n p e M M y u e C T B e H H 0  rpaHO,QMOpMTbl, TPaHMTbl M aaaMenJ lMTbl ,  MOHLLO- 

aMOPMTbl, TpaHOCMeHMTbl, qaCTO MarHMTHble,  OTHOCRuMeCR (AaHHble  A. C. B o ~ i b -  

CKOrO, 1979 r ) K BepXHeaMypCKOMy M ~ Y ~ ~ M H C K O M Y  MHTPY3MBHblM KOMnneKCaM 

p a H H e r 0  M e n a .  Ha ~OHXMHCKOM BblCTyne C ABYMR 0 6 0 ~ 0 6 f l e ~ ~ b l M M  MaCCMBaMM 

3TMX rPaHMTOMflOB CBR3aHbl 30JlOTOPYaHble MeCTOPOXaeHMR ~ O K ~ O B C K O ~  M by- 



PUC. 4.32. C O O T H O U ~ H M ~  ~ ~ o @ M ~ M ~ ~ c K M x  n0neG M pyJl,OHOCHOCTIl B C ~ B ~ ~ O ~ Y P ~ M H C K O ~  
M C ~ ~ ~ M ~ M H O - K ~ ~ ~ M H C K O ~  30nOTOHOCHblX 3 0 H a X .  

1 - a p e a n b l  ~ o n o T o t i o c t i o c T M ;  2 - M e c T o p o m , g e H M n :  r ~ n a 6 ~ c c a n b ~ b l e  3 0 n o ~ o p y ~ ~ b 1 e  ( a ) ,  

3 0 n O T O - P e a K O M e T a n n b H b l e  ( 6 ) ,  c ~ ~ B ~ ~ K ~ H M ~ ~ c K M C ?  3 O n O T O p y A H b l e  (B) ,  M ~ , J J . H O ~ ~ O ~ @ M P O B ~ ~ ~  C 

3OnOTOM ( r ) ;  3 - p e r M O H a n b H b l e  r p a B M T a U M O H H b l e  MMHMMYMbl  (a) M M a r H M T H b l e  M a K C M M M Y M b l  

( 6 ) .  M e c ~ o p o x . q e ~ ~ ~  (ULI@pbl  H a  C X ~ M B ) :  1 - ~OP~YI~MK~H,  2 - f l M O ~ e p ,  3 - ~ ~ O K ~ O B C K O ~ ,  4 - 
Mano~blp, 5 - B O P O W M ~ O B C K O ~ ,  6 - T o ~ y p ,  7 - Caryp, 8 - Y ~ r J l M ' i b l ~ a ~ ,  9 - X a p r M ~ c K o e ,  10 - 
A @ a ~ a c b e B c K o e  

PMHAMHCKOe, H a  M ~ M ~ I H C K O M  - CO CXOAHblMM rpaHMTOMAaMM aCCOL(MMPYeT 6ora- 
~e f i L l JM f i  O K T R ~ P ~ C K M ~ ~  3 0 J l 0 ~ 0 ~ 0 ~ ~ b l n ~ b l f i  p a f i 0 H  ( ~ M c .  4.33). YKa3aHHb le  r p a H M -  

TOMAHble MaCCMBbl PaCCMaTPMBatOTCR KaK L(eHTPbl ~ e J l 0 ~ 0 f i  TMA, MJlM L(eHTPbl 

OrarOBblX CTPYKTyP - ~ O H X M H C K O ~ ~  M M ~ M ~ I H C K O ~ .  B 3 a n a ~ H 0 f i  claCTM ~OHXMHCKO-  

I r0 BblCTyna 30JlOTOHOCHOCTb TRrOTeeT K nPMKOHTaKTOBblM 3 0 H a M  KPYnHblX r p a H 0 -  

nMOpMTOBblX MaCCMBOB. C X o ~ H b l e  B3aMMOOTHOUleHMR H a 6 f l t O ~ a t O ~ ~ R  M H a  M a M b l H -  

CKOM B b l C T y n e .  Ha KOHTaKTaX r p a H M T O M A O B  C K ~ P ~ O H ~ T H ~ I M M  I l O p O A a M M  

O T M e r a D T C n  3OJlOTOHOCHble CKapHbl .  X a p a K ~ e p H 0 ,  r T 0  6 n ~ 3  ~ Y ~ M H ~ M H C K O ~ O  M e -  

/ c T o p o m e H n n  3 a n a , q ~ a n  r a c r b  Marnara.rw~cnoro M a c c M s a  c n o x e H a  H a p n n y  c 
1, rpaHMTaMM MOHL(OHMT0MAaMM M rPaHOCMeHMTaML/I. 6 O ~ ~ M X  'iepTaX TMn W e J l O r -  

1 HOCTM ~ e 3 0 3 0 f i ~ ~ L I ~  rPaHMTOMAOB M3MeHReTCFI OT HaTPOBOrO H a  BOCTOKe a0 H a -  

T p o s o r o  M K a n u e s o r o  H a  a a n a ~ e .  M ~ ~ H M T H ~ R  B O C ~ P M M M ~ M B O C T ~  BTMX nopop, M KO- 

~ @ @ M L ( M ~ H T  OKMCJleHHOCTM X e J l e 3 a  MaKCMMaJlbHbl  H a  M ~ M ~ I H C K O M  B b l C T y n e  M 

CHMXBIOTCFI B 3 a n a A H O M  HanpaBJ leHMM, rne nO5lBJlRtOTCR MaCCMBbl HeMarHMTHblX 

r p a H  MTOMAOB. 

C Y ~ ~ C T B ~ H H ~ I M  3J leMeHTOM CTPYKTYPbl30nOTOHOCHblX p a f i 0 ~ 0 B  ~ ~ ~ ~ M H c K o -  

r0 MaCCMBa RBJlRtOTCR n 0 3 p , H e ~ e 3 0 3 0 i ~ K M e  a a f i K M  ~ O ~ @ L / I P O B ~ I X  n0p0fl c p e p , H e r 0  

M KMCJlOrO COCTaBa, f l e p e C e K a t O u M e  B C e  AOlreTBepTM'iHble O ~ ~ ~ ~ O B ~ H M R ,  BKJlD- 

'iaR PaCCMOTpeHHble  Bb lU le  r p a H M T O M ~ b l  M B M e H b U l e f i  M e p e  ByJlKaHMTbl, C KOTO- 

PblMM OHM, BePORTHO, napa reHeTMreCKL4  CBR3aHbl. 60flb1110e KOJlMLleCTBO A a e K O T -  

MeraeTCR B ~YPMHAMHCKOM M O C O ~ ~ H H O  B O K T R ~ P ~ C K O M  30JlOTOHOCHblX paf io~ax, 
me H ~ ~ O C ~ ~ ~ ~ C T B ~ H H O  c , Q a f i K a ~ M  CBFl3aH PRP, P Y ~ ~ o ~ ~ o R B J ~ ~ H M ~ ~  30JlOTa. ~ P O C T M -  

p a H M e  A a e K  r a u e  CB,  HO B c T p e r a t O T c R  n a f i ~ ~  M LIH~IX ~ a n p a s n e ~ ~ i .  B 
O K T F I ~ P ~ C K O M  pa f io~e  ( ~ M c .  4.33) OHM 0 6 p a 3 y t 0 ~  UIMPOKYD (1 8-22 KM) 3 0 H Y  BCB 
H a n p a s n e t i m ,  B npenenax K O T O P O ~ ~  ~ O K ~ ~ M ~ O B ~ H ~ I  B c e  s a x ~ e i i ~ u ~ e  POCCblnHble 

M PyAHb le  npORBl leHMR 30JlOTa. 

B ~ Y ~ ~ M H C K O M  npor~6e,  B ~ ~ O P M K C K O M  3OJlOTOHOCHOM p a f i 0 H e  M H a  p,pyrMx 

nnouaagx, B TOM wcne ~ 3 a  n p e n e n a M M  p a c n p o c T p a H e H m  ~ O ~ C K O - M ~ ~ O B ~ I X  o c a -  

AOqHblX nOpOA,  30JlOTOHOCHOCTb TeCHO C B 9 3 a H a  C ,JJMOPMTOMflHblM M a r M a T M 3 M O M ,  

n p e n c ~ a s n e ~ t - f b l ~  c M n n a M M  M A ~ ~ K ~ M M  AMOPMTOB~IX ~OP@L/IPMTOB M pexe N T o K a -  





MM KBapueBb lX  ,4MOPMTOB M TPaHO~MOPMTOB (PMC. 4.34). LUTOK- 

BepKOBOe O p y A e H e H M e  f l p O R B n e H 0  B MHTPY3MBHblX M B M e U a D -  

~ M X  MX nopoaax. 
Ha ~ Y ~ ~ M H C K O M  M a C C M B e  B b l a e n R e T C R  HeCKOnbKO m y -  

~ M H H ~ I X  pa3nOMOB,  O K ~ ~ ~ M ~ R D ~ M X  MaCCMB C C e B e p a  M BOCTOKa 

M PaCCeKaDWMX e r O  B nMarOHanbHb lX  Ha f l paBneHMRX (PMc. 5.1 1 ) .  
Ha~6onee ~ a x ~ b ~ f i  B M e T a n n o r e H w i e c K o M  O T H o u e H M M  - Cese- 
P O ~ Y ~ ~ M H C K M ~  p a 3 n O M  BDB npOCTMpaHMR. OH KOHTPOnMPYeT 

f lOnOXeHMe Y M ~ ~ K ~ H O - O ~ O ) J X M H C K O ~  ~ y n ~ a ~ ~ - f l n y ~ ~ ~ M c l e ~ ~ ~ f i  
3 0 H b l  M MHOrO'iMCneHHblX 30nOTOHOCHblX p a f i 0 ~ 0 ~ .  B 3 0 H e  Ce- 
~ e p o 6 y p e ~ ~ c ~ o r o  paano~a  pacnonarae~c~ ~ e c ~ o n b ~ o  o r a r o s b ~ x  

CTPYKTYP, M3 KOTOPblX r n a B H  blMM RBDRDTCR T ~ I ~ A M H C K ~ R  M Tan- 
AaHCKaR H a  ~OHXMHCKOM Bb lCTyne  M O K T R ~ P ~ C K ~ R  H a  M a ~ b l H -  

CKOM BblCTYfle. U e H ~ p b l  CTPYKTYP @MKCMPYK)TCR KPYflHblMM M a c -  

CMBaMM f l p e M M y U e C T B e H H 0  MarHMTHblX rPaHMTOMaOB. B a m ~ o e  
M e T a n n o r e H M ' i e c K o e  3 ~ a c l e ~ ~ e  M M e e T  G ~ M ~ W M P O T H ~ I ~ ~  HOPMKC- 
KMfi rJ ly6MHHbl f i  p a 3 n O M ,  @ M K C M P Y K ) ~ M ~ ~ C R  uenO'iKaMM MaJlblX 

M H T P Y ~ M ~ ~  AMOPMTOB. C e B e p 0 6 y p e M H ~ K a R  30nOTOHOCHaR 3 0 H a  

f lepeCeKaeTCR HeCKOnbKMMM ~ J ~ Y ~ M H H ~ I M M  p a 3 n O M a M M  CCB flp0- 
CTMpaHMR, H a M 6 0 f l e e  Kpy f lHb l f i  M3 KOTOPblX C Y T ~ M O - T ~ I ~ ~ M H C K M ~  

B Ka'ieCTBe p y a O n O K a f l M 3 y D U M X  KOMflneKCOB B CTpyKTypaX  

~ e 3 0 3 0 f i ~ K 0 i  TMA ~ ~ ~ ~ M H c K o ~ o  MaCCMBa Bb lCTyf la loT M e n O B b l e  

BynKaHMTbl,  rpaHMTOMAHble  MaCCMBbl M a a f i K M  M B M e U a D W M e  MX 

D p c K M e ,  a TaK>Ke naneoaof i c~~e M p ~ @ e f i c ~ ~ e  ocaaow-ible 06- 
pa30BaHMR.  6 y n K a H M ~ b 1 ,  B O C O ~ ~ H H O C T M  HMXHeMenOBaR T O n u a  

CpeaHMX ~ @ @ Y ~ M B O B ,  BKJ lD ' iaDUaR H a M 6 0 n e e  CYUeCTBeH H b l e  

3OnOTOpyaHb le  npORBneHMR,  pa3BMTb l  BO BCeX 30nOTOHOCHblX 

paf io~ax C e B e p 0 6 y p e M ~ ~ ~ M f i  ~ O H ~ I  M 3 a  ee npeaenaw. Tonlqa 
cnoxetia a ~ n e m ~ a ~ ~ ,  B ~ e ~ b u ~ e f i  c T e n e H M  a ~ n e 3 ~ ~ 0 - 6 a 3 a n b -  

TaMM, a H a e 3 M T O - ~ a Q M T a M M ,  f l a B 0 6 p e ~ ' i M R ~ M ,  T Y @ ~ M M  M T Y @ O ~ -  

PeK'iMRMM, nPOHM3aHHblMM C Y ~ B Y ~ K ~ H M ' ~ ~ C K M M M  MHTPY3MRMM 

C X O ~ H O r O  COCTaBa. B T ~ ~ , ~ ~ H c K o M  M T ~ I ~ , ~ M H C K O M  p a i 0 H a x  H a  

aHAe3MTaX 3 a n e r a D T  naQMTbl ,  nMnapMTb l ,  TpaXMaauMTbl ,  KOTO- 

p b l e  B CBOD o ' i epeab  n e p e K p b l s a m T c 9  ~onuef i  (1  00-1 50 M)  atiae- 
3 ~ ~ 0 - 6 a 3 a n b ~ o B .  B H M ~ O B ~ R X  6 y p e ~  HMXHRR aHae3MTOBaR T O n U a  

n e p e K p b l T a  CnOXHb lM KOMflneKCOM f l p e M M y l q e C T B e H H 0  KMCnblX 

:)@@Y~MBoB, f l peaCTaBneHHb lX  TpaXMnMnapMTaMM,  ~ y @ 0 6 p e K -  

'i,MRMM nMflapMTOB, M ~ H M M ~ P M T ~ M M  M T Y @ ~ M M  (PMC. 4.35,4.36). 
D p c ~ ~ e  o 6 p a 3 0 ~ a ~ ~ ~  B ~ ~ x H ~ - A M ~ ~ c K o ~ o ,  O c e r n ~ ~ c ~ o r o ,  

/ ~ ~ I ~ c K o ~ o  npor~6os  OTflM'iaDTCR IleCclaHMKOBblM COCTaBOM OT- 

n o m e ~ ~ f i .  A n e s p o - a p r ~ n n ~ ~ o s b ~ e  T o n U M  s b l a e n ~ l o ~ c ~  n M W b  B 

C 1 ~ e X k l H ~ K 0 f i  M K O B ~ ~ M H C K O ~ ~  CBMTaX ( A a H H b l e  A. C. B O ~ ~ C K O ~ O ,  
1979 r.) M AOCTMraDT MOUHOCTM 580 M B p a f i 0 H e  ~ O K P O B K M  M 

1300 M B c e B e p H 0 f i  'iaCTM ~ O H X M H C K O ~ O  BblCTyna.  C y l q e c ~ B e H -  

HO n e ~ ' i a H M K 0 B b l f i  COCTaB DPCKMX O T ~ O X ~ H M ~ ~  Ha3BaHHblX np0- 
~ ~ 6 0 8  PaCCMaTPMBaeTCR KaK ~ e r a ~ ~ ~ ~ b l f i  ~ e ~ a n n 0 r e H M ' i e c ~ ~ f i  

@ ~ K T o ~ .  OTM~TMM, 'iTO ~ O K P O B C K O ~  M e C T O p O X ~ e H M e  C@OPMU- 



PMC. 4.34. K)XH~R raCTb M O ~ M K -  
C K O ~ O  ~ O ~ O T O H O C H O ~ O  pahOHa, ~ ~ ~ C T K M  

ropa C l e p ~ a ~  M pyr. A n e ~ c a ~ n p o e c ~ ~ i  
(no P. n. O e m o ~ ~ r  M A. n .  MOBCMCRH, 
c n o n o n ~ e H 1 . 1 ~ ~ ~ ) .  

1 - anntoeuanbtible OTnOXeHMR 
(Q); 2 - necratiMKI.1 (K,); 3 - necratiMKu, 
anesponmbl (J,-K,); 4 -yecraHMKvr (J,- 
K,); 5 - apr~nnu'rbl (J,cg,); 6 - ropu- 
30HTb l  KOHrnOMePaTOB; 7 - /3,!4OPMTbl 
(K,); 8 - nMOPMTOBble nOp@MpM~bl (K,); 
9 - pasno~b~ ,  na,qeHMe nnac'ros; 10 - 30- 
nOTOHOCHble POCCblnM; 1 1  - LllnMXM C 30- 

nOTOM (a) M KMHOBaPbto (6); 12 - reoxu- 
MMreCKMe OpeOnbl PaCCeRHMR 30nOTa; 
13 - 3OnOTOPyAHble Y'laCTKM rOpa qep- 
HaR M pyr. ~ ~ K C ~ H A ~ O B C K M ~  





VII 

Pwc. 4.36. r e o n o r ~ r e c ~ n e  KonoHKM M e 3 0 3 0 h -  

CKHX 0 6 p a 3 o e a ~ ~ h  ~ O ~ O T O H O C H ~ I X  p a h o ~ o e  6 y p e H ~ -  

CKOR ~ O ~ O T O H O C H O ~  nPOBHHL(MM ( n o  A. C. 8 o n b c K o -  

M y ,  D. 8. K o u ~ o e y ,  B. A. Pbl6anK0,  B. 8. LUHX~HOBY,  

fl. B. ~ ~ P M L U Y ,  8. M. K O ~ H M ~ H K O ,  8. A. EBTYLUBHKO). 

~ ~ ~ O T O H O C H ~ I ~  paR0Hbl :  I - ~ Y P M H A M H C K M ~ ,  

M a r ~ a r a ' i ~ H C K M h ;  1 1  - T ~ ~ ~ A ~ - ~ ~ ~ H T M H c K M ~ ~ ;  1 1 1  - 
O K T F ~ ~ P ~ C K M ~ ;  IV - B ~ P X H ~ M ~ M ~ ~ H C K M ~ ;  V - I/ITMHCKM~~; 
VI - E P H K C K M ~ ;  VII - H M x H ~ ~ ~ ~ ~ H H c K H ~ .  Jln~onorwe- 
C K M ~  0 6 0 3 H a ~ e H H S I  CM. H a  PHC. 5.1 3. ~ M P H ~ I M  KOHTY- 

POM 0 6 E I e ~ e H b l  PYAOnOKanM3YIO~Me KOMnneKCbl 



PMC. 4.37. C x e ~ a ~ ~ 3 ~ p o e a ~ ~ a ~ r e o n o r ~ r e c ~ a ~ . q e ~ ~ ~  (no 
B. A. S y p ~ ~ y ) .  

1 - C O B p e M e H H b l e  aJlJlloBManbHble OTJlOXeHMR; 2, 3 - B ~ P X H M ~  BynKaHOreHHO-OCa,4OL(-  

~ b l i  R P Y C  (2  - K O H r J l O M e P a T b l ,  n e C q a H M K M ,  a n e B p O J l M T b l ,  n p O C n O M  K a M e H H b l X  y r f l e i ,  3 - 
r p a e e n w b l ,  a n e e p o n m b l ,  n e c q a ~ ~ ~ ~ ) ;  4 - ~ p ~ c ~ a n n ~ r e c ~ ~ i  Q y H A a ~ e t i T  - r ~ e h c b l ,  K p M c r a n -  

J lOCnaHUbl ,  ~M@M~OJIMT~I, ~ ~ E ~ H M T O - ~ H ~ ~ C ~ I ;  5 - A ~ ~ K M  aHAe3MTOB,  J lMnaPMTO-AaUMTOB; 6 - CO- 

XpaHMBUlMeCR nOKPOBb l  n M n a p M T 0 - A a U M T O B ;  7 - r p a H k I T b l ,  r paHOAMOPMTb l ;  8 - r a 6 6 ~ 0 ~ ~ b l ;  9 - 
AMOPMTbl; 10 - AMOPMTOBble ~ O P @ M P M T ~ I ;  11 - TeKTOHMCleCKMe HaPYUleHMR;  12 - P Y n H b l e  T e n a  

M a c c M e H b l x  (a), n p o m ~ n ~ o e o - s ~ p a n n e ~ ~ b l x  ( 6 )  pya 



CKOG CTpyKType 4eHTpanbtioro TMna Menosoro sospac~a, ce~yueR necra~o-rnu- 
HMcTble nopoab~ ypranbc~ofi C B M T ~ I  ( H M X H M ~ ~   en). n o c n e ~ ~ ~ e  aanerao~ Ha pawe-  
A O K ~ M ~ P M ~ ~ C K M X  r~e f i cax  M KPMCTaflflMCleCKMX CflaHqaX M IlpOpBaHbl ~ ~ G K ~ M M  M 

cMnnaMM ~ M O ~ M T O B ~ I X  ~ O P @ M P M T O B  M O U H O C T ~ ~  ao 200-250 M. B 2 KM ceBepHee 
OCaaOrHble flOpOJJbl M ~ M O P M T O B ~ I ~  ~ ~ O P @ M P M T ~ I  flp0pBaHbl flO3aHeMenOBblM MHO- 

r o @ a 3 ~ b 1 ~  WTOKOM necTporo cocTasa - OT ra66po ao rpaHMTa. 

PMC. 4.38. H O H M H C K O ~  MeCTO- 
poxaeHne. f lonepert ib l i  paapea 
( ~ a ~ ~ b r e  5 .  A. E j y p ~ ~ a  nap., 1989 r.). 

1 - 3n~enanb~o-~enlosnanb1ib1e 
OTnOXeHMR; 2 - ~ ~ R K M  JlvlflapclTO- 
AaUWTOB; 3 - aMOPMTOBble ~OP@MPL~T~I; 
4 - necraHnKn; 5 - ~ M @ M ~ O ~ I I T ~ I ;  6 - 
flpOCnOM Ka~eIiHbl~yrnefi ;  7 - TeKTOHM- 
'iec~cle ~ O H ~ I A P O ~ ~ ~ H M R ;  8 - 30tibl ~ p e -  
qnHoeaTocTn n paccnatiqeeaHnR; 9 - 
30Jl0~0-~ynb@~~~ble Tens MaCCMBHblX 
pya; 10 - PaCCeRHHaR flpOXMJlKOB0- 
BKpannetitiaR MnHepannaaqns; 11 - 
CKEaXMHbl KOnOHKOBOrO 6 y p e ~ 1 . 1 ~  

110 aaHHblM B. A. 6 y p ~ ~ a  M A. B. n e p e c ~ o p o ~ ~ ~ a  (1989 r.), opyaeHeHMe no- 
~ a n ~ s o e a ~ o  B ~pyronaaatouefi T ~ K T O H M ~ ~ C K O ~ ~  s o ~ e  CCB HanpasneHm WMPM- 

HOG 0,s-0,7 KM M npOCfleXeH0 no npOCTMpaHMO Ha 5 KM. B ~ I ~ ~ J ~ F I O T C R  aE3e pya0- 

HOCHble 30Hbl: ~ O X H ~ R ,  ,QnkIHOfi 750 M, COCTORUaR M3 CMCTeMbl ~6flkI~eHHblX 

cyfl ~ @ M Q M ~ M P O B ~ H H ~ I X  y'iaCTK0B ap06fleHMR 06ueL4 MOUHOCTbO OT 5-79 QO 150- 
170 M, M C e s e p ~ a ~ ,  a n ~ ~ o f i  700 M, c o6t4efi MOUHOCT~D opyaetienblx SOH OT 50 
a0 100 M. B npeaenaX 3TMX 30H 0flp060~aHMe~ BbfaeflROTCR PyAHble Tens 

MOUHOCTbO OT 0,2-0,3 00 10-1 1 M, ~ J ~ M H O ~  fl0 npOCTMpaHMt0 COTHM MeTPOB (a0 

450 M) ,  fl0 flaaeHMt0 - AeCRTKM M COTHM MeTPOB (PMC. 4.37,4.38). Ha MeCTOpOX- 

AeHMM npeo6naaalo~ MaCCMBHble M BKpaflneHHO-MaCCMBHble PYabl, B KOTOPblX 

~ynb@M/Jbl COCTaBflROT 70-95%. CpeaM PYAHblX MMHepanOB Bbl,iJeflROTCR aBe 
aCCOl(MauMM. P~HHRFI :  MaPKa3MT, MeflbHMKOBMT, nMPMT I M 1 1 ,  aPCeHOnMPMT 1 ,  
Xaflb~OflMpMT I MII, ~ O ~ A H R R :  ~ M P M T  11,  T ~ H H ~ H T M T ,  raneHMT, c@aAepMT, XanbKOflM- 

PMTII, ~ ~ c ~ H o ~ ~ M ~ M T I I ,  6yflaH~epM~, BMCMYTMH, CaMOPO/JHble Meab, MblWbRK, Cepa. 
Cynb@~ab~ nepeoi accouMauMM p e a ~ o  npeo6naaam~, B O C O ~ ~ H H O C T M  ~ M ~ M T .  



B~ICOKMX C O A ~ ~ X ~ H M ~  MHOrAa a0CTMTaK)T TeHHaHTMT kl XaJl bK0nklpMT (a0 20-30% 
M 6onee). L/l3 HePYAHblX ~ a ~ 6 0 n e e  PaCnpOCTpaHeHbl ~ap60HaTbl (a0 10-30%): 

aHKepMT, aOnOMMT, KanbuMT. C~aep~aHkle KBapUa 0,2-5%. OH o6pa3ye~ npO>r<MJlKM 

M XMJlbl B cynb@M,QHbl~ Tenax, UeMeHTMpYeT O ~ ~ O M K M  cyJlb@MaoB. 

Conepxa~kle sono~a B pynax 7-15 r / ~ ,  cepe6pa 20-50 r / ~ ,  aanee B %: Cu - 
0 , l -0 ,3~03-5 ,06b l~~oO,5-1 ,5 ;  Pb,Zn-no0,05-1,5,Sb-ao0, l ;  B i - 0 ,2 ;Co -no  

0,3. O T H O L L ~ ~ H M ~  3OJlOTa K cepe6py 1 :3-5. 3 0 ~ 1 0 ~ 0  npeMMyl4eCTBeHHO CBR3aHO C 

c y n b @ ~ n a ~ ~  II r e ~ e p a u ~  M, B KOTOP~IX ero conepxaHMe cocTasnReT 1 -50 r / ~  npo- 
TMB 0,Ol-1 r / ~  B cynb@~nax I retlepaum. 3ono~o  ToHKoaMcnepcHoe (0,OOn- 
0,On MM), peaKO go 1,7 MM. llpo6a aono~a 800-850 (OT 650 ao 900), B 3 o ~ e  OKMC- 

JleHMR OHa BblLLle Ha 50 eakl~klu. Ha~6onee T ~ C H O  30Jl0~0 aCCOuMMpyeT B pyaax C 

cepe6po~, MblLLlbRKOM, MeabK), C Y P ~ M O ~ ~ ,  BMCMYTOM. ~ P R M ~ R  3aBMCMMOCTb OT- 

MeraeTCR MeX,Qy 30JlOTOM M ~yJlb@Maa~M M 0 6 p a ~ ~ a R  - MeXay 30JlOTOM M KBap- 

UeM. 
Pynb~ MeCTOPOXAeHMR YAOBneTBOPMTeJlbHO 0 6 0 r a ~ a t O ~ ~ R  no @ J ~ o T ~ ~ M o H -  

H O - ~ M ~ H M A H O ~  TeXHOJlOrMM. H ~ P R A Y  C 30JlOTOM M3 c ~ J I ~ @ M ~ H o ~ o  KOHueHTpaTa 

M3BfleKaeTCR Ag, CU, Pb, Zn, Bi, BO3MOXHO Ni, CO, AS, S. np0rH03Hble peCYpCbl 

HesenMKM. 

K ~ M ~ ~ ~ ~ M c c ~ J I ~ H o M ~  YpOBHtO TaKXe OTHOCMTCR ~ M O H € ? ~ C K O € ?  MeCTOpO~e- 

w e ,  pacnonoxetitioe B C e s e p o 6 y p e ~ ~ c ~ o i  ~ O ~ O T O H O C H O ~ ~  3 o ~ e  B Tb~raa-Yny~-  

rMHcKoM p a i o ~ e .  Ero r e o n o r o - c ~ p y ~ ~ y p ~ a ~  ~ O ~ M ~ M F I  BecbMa xapaKTeptiaR ( p ~ c .  
4.39). C O A ~ ~ X ~ H M R  3OJlOTa B pyaax HMBKMe, HenPOMblLLlJleHHble. 

PMC. 4.39. M e c ~ o p o x ~ e ~ ~ l e  f l w o ~ e p c ~ o e .  r e o n o r u r e c ~ ~ h  n n a H  (no H. r. K O P O ~ Y U I K M H ~ ) .  

1 - ~ ~ T B ~ P T M ~ H ~ I ~  annoanh; 2 - n e c q a H M K u  c npocnomu anespon~~oe (J,); 3 - A ~ U M T ~ I ,  a H A e -  

3MTO-AaUMTbl; 4 - A ~ ~ K M  M UlTOKM AMOPMTOBblX ~OP@MPMTOB (K,); 5 - K B a p U e B b l e  AMOpMTb l  c p e ~ ~ e 3 e p -  
HHCTble (K,); 6 - ~ ~ ~ H M T - ~ O P @ M P ~ I  M e n K O 3 e p H M C T b l e ;  7 - r p a H O A M O p M T b l  ~ M O T M T - ~ O ~ O B O O ~ M ~ H K O B ~ I ~  

(K,); 8-10 - PYAOHOCHble 6 p e K ' i M ~  C U e M e H T O M  (8 - K B a p U - n O n e B O U l n a T O B b l M ,  9 - K B a p U e B b l M ,  10 - 
K B ~ ~ U - K ~ ~ ~ O H ~ T H ~ I M ) ;  1 1 - p a 3 n O M b l ;  12 - 30nOTOHOCHb le  3 0 H b l  OKBapUeBaHMR;  13 - K O H T Y P b l 0 ~ p a 6 0 -  

TaHHblX p o c c b l n e h  3OJlOTa 



~ ~ O K ~ O B C K O ~  3OnOTOpyAHOe MeCTOpOXAeHMe OTKpblTO B 1974 r. M C TeX 

flop MHTeHCMBHO M3Y'iaeTCR (C. r. ~ o ~ ~ ~ T M H c K M ~ ~ ,  0. B. KOWKOB, H. L/1. 6 a p a K O B ,  

fl. 0. C ~ X ~ F I H O B ,  C.  r. X O M M ~ ,  B. fl. HOBMKOB, M. C. M ~ x a i i n o ~ a ,  H. E. M ~ ~ R M M H ,  
B. A. ~ Y M ~ H K ) K  M ap.). OHO n o ~ a n ~ 3 0 s a ~ o  B M e n o s b l x  r p a H M T o M A a x  Cepreesc~oro 
MaCCMBa B 3 0 H e  er0 KOHTaKTa C 6onee MoJlOflOfi ( T ~ K X ~  p a H ~ e ~ e n O B 0 f i )  BynKaHO- 

CTPYKTYPO~~ ( ~ ~ O K P O B C K O ~ ~  f l a f l e ~ ~ y f l ~ a ~ ) .  r p a ~ M ~ 0 M ~ b l  M BYnKaHMTbl f lPOPblBaIOT 

T e p p M r e H H y t O  T O n U y  B e p x H e f i  IOpbl .  B Y J ~ K ~ H O - M H T P Y ~ M B H ~ R  CTPYKTYPa RBnReTCR 

r a c T b o  Y ~ n e ~ a ~ o - 0 r o p ) ~ ~ ~ c ~ o r o  B y n K a H m r e c K o r o  noma M conpgxetia c pacno- 
J lOXeHHb lM CeBepO-3a f l a f lHee  ~OHXMHCKMM BblCTYnOM ~ ~ H H ~ ~ O K ~ M ~ ~ M ~ ~ C K I / I X  

nopoA. 
B pa f io~e M e c T o p o w e H M f i  B e p x H e t o p c K a R  T o n U a  MOUHOCT~IO 6onee 500 M, 

B H M X H ~ ~  r a c m  paapeaa cnoxetla a p r ~ n n m a ~ ~  M anesponr / rTaMM, a B sepx~ef i  
pa3H03ePHMCTb lMM OflMTOMMKTOBblMM neC'iaHMKaMM.  OH^ o6pa3ye~ (no MMeIO- 

Uk lMCR CKYaHblM A ~ H H ~ I M )  aHTMKnMHaflb C3  flPOCTMPaHMR, OCJlOXHeHHYlO f lOJl0-  

TMMM (5-20') CKJlaaKaMkl ( a a ~ ~ b l e  0. B. K O ~ J K O B ~  M AP., 1978 r.). r p a H ~ ~ 0 M f l b l  

C e p r e e B ~ ~ O r O  MaCCMBa 3aHMMaIOT 30% n n O U a A M  M e C T O P O ~ e H M R .  Ha r n y 6 0 ~ ~ x  
rOPM30HTaX 6 ~ ~ 0 B b l M k l  CKBaXMHaMM OHM BCKPblBaDTCR I lOBCeMeCTHO (PMc. 4.41). 
M ~ C C M B  npeACTaBJ leH  rpaHMTaMkl ,  rpaH0,4MOpMTaMkl M K B a p u e B b l M M  MOHuOHMTa- 

MM - ~MOTMTOB~IMM kl ~ M O T M T - P O ~ O B O ~ ~ M ~ H K O B ~ I M M  MMKPOKnMHOBblMM, C p e A H e -  

MenK03ePHMCTblMM n ~ 6 0  ~ ~ O P @ L / I P O B M ~ H ~ I M L / I  A0 T P ~ H ! ~ T - ~ O P @ L / I P O B .  3 ~ 0  C Y U e C T -  

BeHHO H a T p O B b l e  rpaHk lTOMab l  C I l e p e M e H H b l M M  3HaqeHMRMM K O ~ @ @ M ~ M ~ H T ~  

O K M C J ~ ~ H H O C T M  X e J l e 3 a  I4 f l 0 B b l L U e ~ ~ 0 ~  M ~ ~ H M T H O ~  B O C ~ P M M M ~ M B O C T ~ I O  (B HeBbl -  

BeTpeHHblX 06pa3uax). M H T P Y B M B H ~ I ~ ~  KOHTaKT HaKJlOHeH K C e B e p y .  Yrnb~ HaKJlOHa 

yBenMrMBatOTcR C r n y 6 ~ ~ o f i  OT 5-10 00 60-70'. @ 0 p M a  MHTPY3MBa n n k l ~ o o 6 p a 3 -  

HaR, MOUHOCTb  I lnMTbl  fl0 rpaBMMeTpkl'ieCKMM AaHHb lM OueHMBaeTCR B 1-1,2 KM. 

A 6 ~ 0 n t O ~ ~ b l f i  B 0 3 p a C T  rpaHMTOB 117 kl 139 M n H  n e T  (K-Ar M ~ T o ~ ) .  r p a H k l ~ - n o p -  

@Llpbl  a a f i K 0 ~ 0 f i  @auk lM MaCCMBa T a K X e  OTnMWIOTCFI HaTPOBblM TMflOM WeJlOqHO- 

CTM, ~ o B ~ I L U ~ H H O ~ ~  OKMCJleHHOCTbD X e n e 3 a .  f l p e M M y ~ e ~ ~ B e H H 0 e  f lpOCTMpaHMe 

, ~ ~ ~ K O B ~ I X  T e n  C3  M 6 n k l 3 ~ e p M ~ k l 0 ~ a f l b ~ 0 e ,  y r n b l  f laAeHMR OT BepTMKanbHblX A0 
rOPM30HTanbHblX,  MOLUHOCTb A a e K  OT 5 A0 50 M. 

O p y a e ~ e ~ ~ e  C B R ~ ~ H O  c ~ ~ ~ B L / I T M ~ M  I ~ O K ~ O B C K O ~ O  n a n e o s y n K a H a .  6 n ~ 3  ero 
U e H T p a  Pa3BMTbl3KCf l f l03MBHble  M JlaBOBble f lPOayKTbl ByJlKaHM3Ma - a r n O M e p a T 0 -  

B b l e  6 p e ~ r ~ ~  M ~ y @ b l  AaqMTOB, fiaUMTbl M aHf le3MTO-~aL(MTbI MOUHOCTbtO A0 
1 25 M. ~ K C T P Y ~ M B H ~ I G  K y n o n  n a n e o s y n K a H a  M ero ~ M J l J l 0 0 6 p a 3 ~ b l e  a n o @ ~ 3 b 1 ,  MOU- 

H O C T ~ O  10-1 5 M, M H o r A a  DO 65 M,  0 6 p a 3 0 s a ~ b l  n r / r n a p ~ ~ a ~ l / r ,  a ~ a e 3 ~ ~ o - a a u ~ ~ a -  
MM, AauMTaMM M Ap. ( ~ M c .  4.40,4.41). Bce 6 J l M 3 r O p M 3 0 ~ ~ a J l b ~ b l e  3 n e M e H T b I  CTPYK- 

TYPbl PYaHOrO nOnR (I~OKPOB~I, CMJlflbl, TeKTOHMreCKMe p a 3 p b l B b l )  M r p a n M  BaXHy IO  

P O n b  B nOKaJlM3auklM 3OJlOTOrO Opy,4eHeHklR. L/l3 pa3pb lBHb lX  H a p y W e H M f l  ~ a ~ 6 o -  
nee a p e B H M e  - C3  ~ O H ~ I  p a c c n a H u e s a H m  B OPCKMX O c a A o w b i x  nopoaax. Konee 
MOLuHbIMM RBnRIOTCR 6 J l k l 3 r 0 ~ ~ 3 0 ~ ~ a J l b ~ b l e  p a 3 p b l B b l  B C ~ ~ ~ ~ ~ B C K O M  MaCCMBe,  

n p e a o n p e a e n M s L u M e  0 6 p a 3 0 s a ~ k l e  c M n n o s ,  ~ K C ~ ~ O ~ M B H ~ I X  6 p e ~ r ~ i i  M PYAH~IX Ten .  

B ~ 0 n b  C3  M CB p a 3 n O M O B  f lpOM3OWflM I l e P e M e U e H M R  6no~os  no BepTMKanM H a  

BeCRTKM MeTPOB.  B. r. XOMW I lOaqePKMBaeT  flPMYPOC(eHH0CTb M e C T O P O w e H M R  K 

rOpCT-aHTMKJlMHaflbHOMY nOaHRTMtO C ~ ~ U M P O T H O ~ ~  OPMeHTMpOBKM, C O B f l a A a D U e -  

My C ~ H T M K J ~ M H ~ J ~ ~ H O ~ ~  C K ~ ~ A K O ~ ~  I l O p O a  OCHOBaHMR, B ~ ~ M K O B O ~ ~  ClaCTM K O T O P O ~  



PMC. 4.40. r e o n o r ~ q e c ~ a ~  ~ a p ~ a  n o ~ p o e c ~ o r o  p y ~ ~ o r o  n o n ~  (no H. M. Sapa~osy, K). B. K o w ~ o -  
BY). 

1 - VeTBepTM'iHble OTnOXeHMR; 2 - a r n O M e p a T O B b l e  6peK'iMM, Ty@bl (K I ) ;  3 - Ty@bl AaUMTOB, 

AaUMTbl, aHAe3MTO-naUMTbl ( j K , ) :  4 - T y @ o r e H H b l e  KOHTnOMePaTbl, fleC'iaHMKM, r p a B e n M T b l  TanAaHCKOh 

CBMTbl (Kl t l ) ;  5 - CPeAHRR nOACBMTa OCBXMHCKO~ CBMTbl. A ' leBp~nMTb l ,  aPrMnnMTbl ,  PeXe fleC'4aHMKM ? (J,os,);~- IIMMnpMTO-AauMTbl, AaUMTbl K,); 7 - AaUMTbl, aHAe3MTO-AaUMTbl ( j K 1 ) ;  

2 8 - JIMllapMTbl, JlMflapMTO-AaUMTbl (An) - r p a ~ ~ ~ - n o p @ ~ p b l  M ~ ~ K O ~ O ~ @ W ~ O B ~ I ~  

(p,K,); 10 - rPaHOAMOPMTbl, rpaHMTbl ,  KEapUeBb le  MOHUOHMTbl ($Kt); r p a ~ M T - n o p @ M p b l  KPyf lHOBKpan- 

n e ~ ~ n ~ o e b ~ e  (p,); 1 1 - ~ s a p u e s o p y n ~ b ~ e  ~ena ;  ~ O H ~ I  n p o r n ~ n ~ o ~ o r o  o ~ s a p ~ e s a n n ~ :  12 - MHT~HCMBHO-  

r 0  M 13 - C P ~ A H ~ ~  MHT~HCMBHOCTYI; 14 - KOHTYP p a C f l p 0 c T p a H e H ~ ~  O ~ ~ A ~ H ~ H M R  H a  rny6n~e;  15 - T ~ K -  

TOHM'ieCKMe p a 3 n O M b l  AOCTOBepHble M f l p e A l l O n a r a e M b l e ;  16 - CTapaTenbCKMe O T ~ ~ ~ O T K M ;  17 - 6 y p o e b l e  

CKBWMHbI M MX HOMeDa 



p a c n o n a r a e T c R  C e p r e e s c ~ ~ i  T P ~ H M T O M ~ H ~ I ~  MaccMB.  B npeaenax p y a H o r o  norm 
O p y a e H e H M e  TRrOTeeT K CKPblTblM ~ y f l 0 J l 0 0 6 p a 3 H b l M  nOAHFlTLlRM MHbeKTbIBHO-TeK- 

TOHMLleCKOrO IlPOMCXOXAeHMR, OTKaPTMPOBaHHblM no n J l a c ~ 0 0 6 p a 3 ~ b l ~  T e n a M  

aaur/lTos, ~ ~ ~ H O A U O ~ M T - n o p @ ~ p o s .  B ~ e u a t o u M e  o p y a e ~ e ~ ~ e  r p a H u T b l  aprunnw 
3MPOBaHbl,  OKBapuOBaHbl ,  ~ a p 6 0 ~ a ~ l 4 3 M p 0 ~ a ~ b l .  B BynKaHOreHHO-OCaAOqHblX 

nopoaax LLIMPOKO p a c n p o c T p a H e H a  ~ a p ~ a a ~ ~ o s a ~  ~ ~ ~ e p a n ~ a a u ~ ~  B B u A e  cmxe- 
HMO M x e n B a K o B .  

PLTC. 4.41. r e o n o r ~ r e c ~ ~ i  paape3 no npo@~nm No4 n o ~ p o s c ~ o r o  MecTopomAetiMR (no 

H. M. f i a p a ~ o ~ y ,  D. B. KOUKOBY M AP.). 
1 - rpaHMTbl M T P ~ H O ~ ~ M O P M T ~ I  Cepree~cK0r0 MaCCMBa; 2 - rpa~bl~- f l~p@Mpbl ;  3 - CfleCCapTMTbl; 

4 - f l a~b l~b l ,  nl lnapM~0-f la~M~bl ~y6Byf lKa~~re~KMe; 5 - nMflapMT0-fla!JlTbl, nMnapMTbl flOKpOBHble; 6 - 
KBap~eBOpyflHble Tens; 7 - OKBapUOBaHHble nOpOflbl; 8 - MHTeHCMBHO OKBap~OBaHHble flOpOflbl, 9 - 
TeKTOHMVeCKMe HapyUeHMR 

n n a c ~ o o 6 p a 3 ~ b 1 e  p y A H b l e  ~ O H ~ I  pacnonarato~c~ B a n ~ ~ a n b ~ o i  r acm Cep- 
reeBCKOr0  rPaHMTHOr0 MaCCMBa M 3aJleratoT ~ J ~ M ~ ~ o P M ~ o H T ~ J ~ ~ H o ,  MCnblTblBaR B 

paapeae n n a e H b l e  M3rM6bl.  C ~ e p x y  o p y n e ~ e ~ u e  ~ K P ~ H M P Y ~ T C R  noKpoBHblMM syn- 
KaHMTaMM M MaJlOMOuHblMM CMIlI laMM AauMTOB, a CHM3YCMJlJlOM AauMTOB M JlMna- 

PMTO-AauMTOB. 0 6 b l q ~ a F l  MOLL(H0CTb PYAHblX 3 0 H  30-50 M,  MHOraa  A 0  70-80 M .  

Py,QHble 30Hb l  0 6 p a 3 0 B a ~ b l  B p a 3 J l M r H o i  CTeneHM OKBaPuOBaHHblMM nepeapo6- 
JleHblMLl TpaHMTaMM, C0aeP)KauMMM CePMM (2-5 UT.) napanJleJlbHblX KBapL(eBblX 

T e n .  P y a ~ b l e  Tens B I l peAeJ laX  PYAHblX 3 0 H  BblAeJlRtOTCR O ~ ~ O ~ O B ~ H M ~ M .  0 6 b 1 r -  

Hb le  MX M O ~ H O C T M  8-9 M, c o a e p x a H M e  a o n o T a  7-8 r / ~ ,  cepe6pa 6-1 1 r / ~ .  3ne- 
MeHTbl-CflYTHMKM30JlOTa M cepe6pa - P b ,  Zfl, CU, AS, Sb, Bi, W, Sn, Mo. B I l p O a y K -  

T M B H ~ I X  3 0 ~ a x  + o p ~ a  ~ ~ a p u e ~ b ~ x  T e n  r a u e  x ~ n o o 6 p a 3 ~ a ~ ,  M H o r a a   TO J IMH~~I  M 

r H e a A a .  T e ~ c ~ y p a  K s a p u a  G p e ~ r ~ e s a ~ ,  MaccMeHaR,  T o H K o n o n o c r a T a R ,  K o n n o -  

M O P @ H ~ R .  p a ~ b L L I e  XMJlbHOrO K B a P u a  0 6 p a 3 0 s a n c ~  M ~ T ~ C O M E ~ T M ~ ~ C K M ~  MenKO- 

~ ~ P H M C T ~ I ~  K B a P u  C aAYJlRPOM. P y a H b l e  Tens H a  97-98% COCTORT M3 KBaPua ,  B 

He3HaqMTeJl bH blX KOflMCleCTBaX IlPMCYTCTBYtOT aAYJlRP, rMAPOCnH3,Qbll ~ a p 6 0 H a ~ b l  

( ~ H K ~ ~ M T ,  AOJ~OMMT, K a f l b u M ~ ) ,  XJ~OPMT. P y ~ t i b l e  ~ M H e p a J l b l  (~00,596): nMPMT, M a p -  

Ka3MT, XaJlbKOllMPMT, aPCeHOnMPMT, PeaKO raJleHMT, c @ a n e p M ~ ,  aHTMMOHMT, TeMa-  

TMT, MarHeTMT, apreHTMT,  n o n ~ 6 a 3 ~ ~ ,  TeHaHTMT, TeTpa3ApMT,  3HaprMT,  ~ O P H M T ,  

~ O K M H M T ,  KMHOBaPb. 

B b l ~ e f l R t o ~ ~ R  nRTb C T ~ A M ~  M M H ~ ~ ~ J ~ o o ~ ~ ~ ~ o B ~ H I / ~ R ,  B K n t O q a t O ~ M X  11 MMHe- 

PaJlbHblX E ~ C C O ~ M ~ ~ M ~ .  B I lepBytO CTaflMtO 0 6 p a 3 o ~ a n ~ c b  30Hbl IlPOXMJlKOBO-BKPan- 

J ~ ~ H H o ~  MMHepaJlM3auMM MOuHOCTbO A0 AeCRTKOB MeTPOB.  TO CeTb TOHKMX (3-5 



! 
C @ O P M M ~ O B ~ J ~ M C ~  KBapu-~yJlb@M,4Hble M ~Bapu-~ap60Ha~-cynb@HoHble flpOXMn- 

KM C nMPMTOM, TaneHMTOM, c@aJlepklTo~, aHTMMOHMTOM, aPCeHOnMPMTOM, XaJlbKO- 

IlMPMTOM. Cynb@~ab~ npeMMylqeCTBeHHOTOHK03ePHMCTble (0,5-0,7 MM), ,HO BCTpe- 

.laKlTCR M CpaBHMTenbHO KpyflHble (a0 1 CM) KpMCTaJlnbl. C0,QepxaHMe 3OJlOTa B 

c @ a n e p ~ ~ e  40 0,6, ranetime 00 3,73, ~ H T M M O H M T ~  ao 1,13 r / ~ .  Cooepma- 
m e  cepe6pa B c @ a n e p ~ ~ e  oo 196,2 r / ~ ,  B raneHMTe no 3245, B aHTmMoHMTe 40 
13,5 r / ~ ,  flpouecc pyfl006pa3013a~~R 3aeepwaeT ~ a p 6 o ~ a ~ ~ a ~  CTaoMR, Koroa B 

BMCRreM 6 0 ~ y  PYaHblX 30H 06pa30BanM~b flPOXMJlKM M MaJlOMOUHble XMJlbl KBaPu- 
AOJlOMMTOBOrO M KaJlbuMTOBOrO COCTaBa. 

Py0b1 0 6 0 r a ~ a t o ~ c ~ 1  no r p a s ~ ~ a u ~ o ~ ~ o - u ~ a ~ ~ c ~ o f i  cxeMe. M3BJlere~Me 30- 

noTa 95-98%, cepe6pa 69-83%. M e c ~ o p o x o e ~ ~ e  cpeaHee no M ~ C U I T ~ ~ ~ M ,  

paseeoa~o, aanacb~ yreepmeHbl B f K3. 
n p o r ~ o 3 ~ o e  aono~opya~oe MecTopoxneHMe pacnonomeHo B Typa~c~ot7  

~ O ~ O T O H O C H O ~  30He. fl0~aHHblM B. A. EBT~LU~HKO (1972 r.), H. f. Bnacoea M 

A. B. J ~ O X H M K O B ~  (1 976 r.), o ~ o n o ~ a n ~ 3 o ~ a ~ o  B no3o~e~enoeblx  BynKaHMTax KMC- 

nor0 coc-raea, racTMrHo B no3o~enaneo3o i i c~~x  rpaHMToMaax M KotiTponMpyeTcR 
C M C T ~ M O G  c 6 n ~ x e ~ ~ b l x  ~ J ~ M ~ M ~ P M ~ M o H ~ J ~ ~ H ~ I x  pa3nOMOB B BMfle flOnOCbl W M P M -  

HOE 0,6-1,5 KM M o n ~ ~ o i i  6onee 4 KM (PMC. 4.42). 
>KMJlb~ble TeJla rpyflflMpytOTCR B XMnbHble fly'4KM no 2-5 XMn, PaCGTOFlHMe 

M e m y  fly.IKaMM 0,4-0,8 KM, OJlMHa nyclK0B 150-890 M, UlMPMHa 100-200 M. B 
IOXHOM 6 n o ~ e  AnMHa ny rKOB oOCTMraeT 1300 M npM UIMPMHe 80-250 M. PyoHble 

Tena npeocTasneHb1 mMnaMM Ksapua ( ~ a ~ 6 0 n e e  ~ ~ O ~ Y K T L I B H ~ I ~ ) ,  ~ ~ ~ e p a n ~ s o -  
BaHHblMM 3OHaMM KBapueBblX G p e K r M i ,  3OHaMM nPOXMJlKOB0-CeTWTOrO OKBap- 

UeBaHMR - 6eoHbl~M 30JlOTOM. XMJlbl M3ylleHbl nMUb C flOBePXHOCTM. MOP@O- 
n O r M R  M X  CJlOXHaFI, MOUHOCTb M3MeH'iMBaFI ( 0 , l - 9  M ) ,  '4aCTbl a f l0@~3b l .  

f l p o c ~ ~ p a ~ ~ e  mMn ~ ~ M ~ M ~ ~ M ~ M O H ~ J I ~ H O ~ ,  naoetiMe Kpyroe B o6e C T O ~ O H ~ I .  m ~ ~ a  
XMn OT 40 no 890 M. 

Cpeo~ee  cooepxaHMe aono~a B 7 ~ a ~ 6 o n e e  M ~ Y L ~ ~ H H ~ I X  xMnax 5,3 r / ~ ,  
cepe6pa 23,8 r / ~  Ha CpenHtOO MOUHOCTb 1,19 M. B eaMHMqHblX CeLleHMRX BCKPbl- 

TO eUe HeCKOnbKO fleCRTKOB XMfl MOUHOCTbK) 0, 5-3 M C COaepXaHMeM 3OJlOTa 

0,8- 15,6 r / ~  cepe6pa 3- 163,8 r / ~ .  XLInbl y60r0~ynb@M,4~bl€?, COCTORT M3 cepo- 
ro Kaapua TOHKOB~PHMCTO~O,  peme xanuenoHoBvnHoro. X a p a ~ ~ e p ~ a  nonocraTaR 



PMC. 4.42. r e o n o r n q e c -  

KaR K a p T a  ~ ~ P O T H O S H O ~ O  MZCTO- 

p o w e H M F c  (no H. T. Bnacosy c 
Y ~ ~ P O L L ( ~ H M R M M ) .  

1, 2 - pb lXnb le  OTnOXeHMR 

(Q) M (N2-Q); 3 - MrHMCflYMMTbl 

TpZIXMnMflapMTOB (T~K,); 4 - no- 
K P O B H b l e  ( S I A P M H C K ~ R  CBMTa, 

K j r )  M C Y ~ B ~ ~ ~ K ~ H M ~ ~ C K M ~  naso- 
6 p e ~ w ~  M ~ ~ @ b l ~ p a x ~ n ~ n a p ~ -  

TOE; 5 - 3KCTPY3MBHble TpaXM- 

JlMnaPMTbl, aHAe3MTb! (hK2); 6 - 
c ~ ~ B ~ J ~ K ~ H M ~ ~ c K M ~  ~ H A ~ ~ M T ~ I  M 

AOnepMTbl  (ppK,); 7 - CTaHOnMp- 

CKaR C B M T a  (a - a H A e 3 M T O -  

6 a 3 a n b ~ b 1 ,  aHAe3MTbl ,  a H A e 3 U -  

TO-AaL(MTbll6 - ~ ~ @ b l ,  TY@@MT~I, 

T y a o n e c r a ~ ~ ~ ~ ,  -ry@oanespo- 
JlMTbl, npOCflOM yrJ7MCTblX CnaH- 

ues M ~ ~ K O ~ O B ~ I X  n e c q a H M -  

KOB (K,st); 8 - n e i i ~ o ~ p a ~ o s b r e  

rPaHMTbl KPYflH03ePHMCTble (YT) 

M ~ o P @ M P o B M A H ~ I ~ ,  TpaHMT-  

f lop@Mpbl (yrrT); 9 - Kpy f lHO3ep-  

HMCTble rpaHOAMOPMTbl (y6PZ3): 
10 - K B a p u e B O p y A H b l e  XMnb l ;  

1 1 - TeKTOHMreCKMe HapyWeHMR 

TeKCTypa XMn, Ha OTneJlbHblX YclaCTKaX K P Y C T M @ M K ~ ~ M O H H ~ R ,  6pe~qMe~aR. ~ P M -  

MeCM: 6 a p ~ ~ ,  Onan, XJlOpLlT, anynRp, @nt00pMT. Py~Hble MMHepanbl ( ~ e ~ e e  1 %): 
nMpMT, aono~o,  aKaHTMT; penwe: ranew-r, c @ a n e p ~ ~ ,  ~ a p ~ a a ~ ~ ,  apceHonMpMT, 
xanbKonMpMT. O T H O W ~ H M ~  Au: Ag = 1 :3-5.3ono~o menToe, c ~ e ~ n o - x e n ~ o e ,  senM- 

qMHa er0 ~b l ,4ene~k l i  0,OOn-0, n MM. 6 PY,QaX yCTaHOBneHbl npMMeCM CBMHua, 

UMHKa, CYPbMbl (O,On), MblWbRKa A0 0,3; B ~ J l b @ p a ~  M Menb - O,OOn%. 
6 n0cnenH~e r0nbl Ha PYAHOM none ~ ~ O B O ~ M , I M C ~  0ueH0clHble pa60Tbl. Me- 

cTopo>yqetiMe MenKoe. 

Ha ~ ~ ~ ~ M H C K O M  MaCCMBe M3BeCTHO HeCKOnbKO C Y ~ B Y J ~ K ~ H M ~ ~ C K M X  MenHO- 

n ~ p @ M p ~ B b l ~  C 30nOTOM ~ ~ o R B ~ ~ H M ~ .  u3 HMX ~ a ~ 6 o n e e  M3YqeHO 60pr')fJlkl~a~- 
cKoe pynHoe none, pacnonoxeHHoe B C e s e p o 6 y p e ~ ~ c ~ o i  a o ~ e  Ha yqacTKe ee 
IlepeCe'ieHMR C Y T ~ M O - T ~ I ~ ~ M H C K M M  ~ ~ Y ~ M H H ~ I M  pa3JlOMOM. no AaHHblM H. r. KO- 

P O ~ Y W K M H ~  (1988 r.) M H. M. Sapa~oea (1987 r.), opyneHeHMe n o ~ a n ~ a o s a ~ o  B 

PaHHeMeJlOBblX B ~ J ~ K ~ H M T ~ x T ~ J ~ ~ ~ H c K o ~ ~  CBMTbl M rPSHMTOM,QaX ~ Y ~ ~ M H C K O T O  KOM- 

nneKca. K CB OT pyaHoro nonR pacnonaraeTcR A P ~ M H C K M ~  ~ P ~ H M T O M A H ~ I ~  nny- 



TOH, ~ I l ~ x e H H b l f i  nOnHOKpMCTaJlJlMYeCKMMLl MOHuO,4MOPMTaMM Ll r paHOgL lOpMTa-  

MU. Ha P Y ~ H O M  flOJle Pa3BLlTbl  B OCHOBHOM f l 0 ~ @ 1 / 1 ~ 0 B b l e  ~ ~ ~ H O C T L I  MOHuOHMTOM- 

AOB K P ~ ~ B O ~  @auLlM 3TOrO flJlyrOHa, BblaeJlRDLL&leCR f lOnOXMTeJl  bHMM MarHMTHbl -  

MMaHOMaflMRMM (PMC. 4.43). f l ~ l ( ~ ~ ~ ~ b l e @ a ~ M L l  TaJ laaHcKo f i  CBMTbl f lPeACTaBJleHbl  

AaUMTaMLl Ll aHae3L lTaMM, J ~ ~ B O ~ ~ ~ K ~ M H M M  aHae3MTOB M T Y @ ~ M M  CMelL laHHOrO 

COCTaBa. B Y J ~ K ~ H M T ~ ~  nPOPBaHbl  pa3H03epHMCTblMLl  KBaPueBb lMM MOHu0,QMOPMTa- 

MM, KOTOPble B KpaeBb lX  3 0 H a X  n e p e X O a R T  B r p a ~ ~ ~ L l ~ p L l ~ - n ~ p @ M p b l  Ll K B a p u e B b l e  

M O H U O ~ L ~ O ~ L ~ T - ~ O ~ @ M P ~ ~ .  Ha~6onee f lO3AHMe MHTpY3MM: g a h K 0 0 6 p a 3 H b l e  T e f l a  

KBapueEblX nMOpMTOBblX f l o p @ L l p M T o ~  M ~ ~ ~ H o ~ L ~ o ~ M T - ~ o ~ @ M ~ o B ,  pa3BL lTb le  fl0 

~ c e f i  n n o u a a M  p y a H o r o  nom, B c T p e r a D T c R  ~l 0 6 p a 3 0 ~ a ~ L l R  T M n a  3 p y n T M e H b l x  

6 p e ~ r ~ h .  Bce f l O p O a b l  P y A H O r O  nOJlR rLl ,4pOTepMaJlbHO M3MeHeHb l :  BYJlKaHMThl 

0 6 e n e ~ b 1 ,  0 6 0 x p e ~ b r  M npeBpa lL(eHb1 B MeTaCOMaTMTb I  KBaP4-CePM4MTOBOTO 

COCTaBa n ~ 6 0  AaXe B MOHOKBaPuMTbl, COCTORuLle  1/13 K B a p u a  (80%), CepMuL lTa  Ll 

r L IApOCnDab l  (a0 70%) C n p M M e C b D ( 1 - 5 % )  TypMaJ lMHa,  XJlOpMTa, 3 f lMaOTa .  UJM- 

PMHa 3 0 H b l  50-200 M.  Ha yaaJleH;lM OT f l ~ p @ k I p ~ B b l ~  M H T P Y ~ M ~ ~  B BynKaHMTaX 

pa3BMTa aprLlJ lJ lM3a~l . lR.  LUMpMHa 3 0 ~ b l  ~ J ~ M H M C T ~ I X  M ~ M ~ H ~ H M ~  OT 100 00 700 M .  

no ee nepM@epL lM  pa3BLlTb l  f lpOnMf lMrOBble  M3MeHeHLlR. 

M a K c ~ ~ a n b H b l e  M3MeHeHMR ~ O P @ M P O B ~ I X  M H T P Y ~ M ~ ~  M B M e u a D u M X  MX ByJl- 

KaHMTOB ~ a 6 f l D a a D ~ c R  H a  YqaCTKaX lL lTOKBepKOBOr0 OKBapueBaHMR M Pa3BMTMR 

3 o n o ~ o - ~ e g b - ~ o n ~ 6 g e ~ o ~ o r o  o p y a e H e H m .  Keapu B n p o x M n K a x  c e p b ~ h  C K P ~ I T O -  

~ p c l ~ ~ a J l J l l l 5 I e ~ ~ ~ k  Ll T O H K O ~ ~ P H L ~ C T ~ I ~ ,  MeCTaMM M ~ ~ K O ~ P Y ~ O B ~ I ~ .  C e T b  f l p O X M 3 -  

KOB CJlOXHaR, o 6 p a 3 y e ~  ~ ~ ~ K C I M ~ B Y D  TeKCTYPY f l O P 0 a b l .  MOLL!HOCT~ OTAenbHblX 

npOXLlJlKOB 1-2 00 3-5 CM. U e H ~ p a J l b H a R  qaCTb npOXMJlKOB BblflOJlHeHa I lMpLlTGM, 

PeXe MarHeTMTOM. f lL lpMT T a K X e  PaCCeRH B M a C C e  n O p O a b l  L l  o6pa3ye~ MOHOMM- 

Hepanb t i b l e  n p o x b i n K M .  B c ~ p e q a t o - r c q  r ~ e 3 ~ a  nMpMTa ~ e n ~ r ~ ~ o f i  go 5-1 0 CM. Mcp- 
@0Jl0rMR KpLlCTaJlJlOB FlMpLlTa: ~ ~ 6 b l  M MX ~ 0 ~ 6 b l H a q L l ~  C OKTa3aPOFA! HefiM'iHtia - 
flepBble MLlJlJlLlMeTpbl. T € ? K c T Y ~ ~  P\/A BKpaf l I leHHaR,  f lRTHMCT0-BKpanReHHaR, CTpyK- 

Typa  3ePHMCTaR. K p o ~ e  f lMpMTa B LuTOKBepKaX npMCyrCTBy lOT:  MarHeTMT,  reMvlr- 

TLIT, XaJlbKOllMPMT: Xal lbK03LlH, KOBenJlMH, MaJlaXMT, a3YPMT, ~ O P H M T ,  CaMOPOAt laR 

MeAb, 30JlOT0, c@aJlepLlT,  M O ~ M ~ ~ ~ H L / I T ,  aPCeHOflMPi.lT. 30Jl0~0 0 6 p a 3 ) l e ~  X e n T b l e  

M RpKO-XeJ lTb le  VflaCTMHKM Ll KOMOrKM ~ e J l M ' i M ~ 0 f i  0,05-0,2 M M .  Ha MeCTOPO>Y4e- 

HUM pa3B i l . r a  3 0 H a  OKMCfleHLlH C JILlMOHMTOBblMM OXPaMLl ,QO r f l ~ 6 ~ t i b l 5 - 2 7  M .  3 f i e c b  

LUMPOKO l7pORBJletlbl MaJlaXMT: a3YPMT, ~ O P H M T ,  KOBefiJlMH, BYJ~~@F)HMT,  JlMMOHMT. 

P y a b l  H a  MeCTOpOXaeHMM (OHO H ~ , ~ O M ~ Y ~ € ! H O )  6 e a ~ b l e .  Ha ~ O ~ ~ ~ J ~ M K ~ ~ I C K O M  

yqacTKe H a  n p o Q M n e  50 cpewee c o a e p x a H M e  sono~a 0,4 r / ~ ,  ~3 r n y 6 ~ ~ e  8 tleo- 
KMCfleHHblX pyaax 1,1-3,3 r / ~ .  C O A ~ ~ X ~ H M F I  cepe6pa 0,3-16 r / ~ ,  M e a l 4  0-I%, MO- 

n ~ 6 ~ e ~ a  fio 0,6%. B M K ~ H C K O ~  3 o ~ e  c p e n H e e  cogep>ica~!. re s o n o T a  H a  nooepxtlo- 
CTM 0,18, H a  rny6~t :e  0,3 r / ~ ,  M e A M  COOTBeTCTBeHHO 0,06 M 0,23%. n p 0 ~ ~ 0 3 H b i i :  

PeCypCbI 30J lOTa M M e a M  B 6 e a H b ! ~  M ~ ~ H O - ~ O P @ M P O B ~ I X  P Y g a X  B e C b M a  3HaYV-  

TeflbHble. f l p o B e , Q e ~ ~ b l e  3KOHOMM'ieCKMe PaCqeTb l  (gah'h 'b le fl. H. C e J l e 3 ~ € ? ~ a ,  

H. M. T Y Y M H O ~ ~  M ap., 1991 r.) n o ~ a 3 a n ~ ,  C~TO n n a r i ~ p y e ~ o e  n p e n n p ~ ~ ~ ~ e  5yae~  
p e ~ ~ a 6 e J l b H b l ~ ,  a f lpM6blJ lb  0 6 e c f l e c l ~ ~  OKynaeMOCTb ~ a f l L l ~ a J l 0 6 J l 0 X e H ~ f i  B 7-e'ie- 

w e  4,4 n e T .  

B ~ P M ~ M Y P C K O ~  qaCTL1 Manor0 X M H ~ ~ H ~  p@CCb lRHaH 30J lOTOHOCHOCTb 

COnpRXeHa C 3 0 H a M M  3 K 3 0 -  M ~ H ~ O K O H T ~ K T O B  p a ~ l i e n a J l e 0 3 0 f i ~ ~ L l ~  ( ~ M @ ~ ~ c K M x ? )  

rpaHklTOl4,QOB M r p a @ M T O t i ~ ~ ! i b l ~  K ~ ~ ~ O H ~ T H O - T ~ ~ ~ M ~ ~ H H ~ I X  f l O p O a  X M H ~ ~ H C K O ~ ~  

c e p m  (PMC. 4.44). B 6accef i~e p. Cyrapa M ~ B ~ C T H O  p y a o r ~ p o ~ ~ n e ~ ~ e  30no~a r o p b ~  



Puc. 4.43. reonorw 
~ ~ C K M R  nnati 6 o p r y n ~ ~ a ~ -  

cKoro pyntloro nonq (no 
H. r. KOPO~YWKMHY). 

1 - 'ieTBePTMrHblR 

anntos~R; 2 - neratiMKM, 

X X X X  a n e s p o n ~ ~ b r  (N,-Q,); 3 - 
panHeMenooble nauMrbl, 

~ ~ @ b r ,  ~y@onaebl; 4 - rpaHo- 

. ~ M O P M T - ~ ~ O P @ M P ~ ~  (K,); 5 - 
Ksapueeble M O H ~ O ~ M O -  

PMTbl, rpaHOAMOpMT-flop- 

@ M P ~ I  (K,); 6 - ~ ~ R K M  r p a ~ o -  
, ~MOPMT-~OP@MPOB (Btie- 

~aCIlJ~a6Hbie - a, B Mac- 

u r a 6 e  - 6);  7 - ~ ~ R K M  
AMOPMTOBblX ~ O P @ M P M T O B  

(a) M annmos (6); 8 - aprm- 

n ~ 3 a u ~ 5 1 ;  9 - cepMuMr- 
KBapueBble MeTaCOMaTMTbl; 

10 - c ~ ~ M L ( M T - K B ~ ~ L ( - ~ M o -  

TMTOBble MeTaCOMaTMTbl; 

11 - pyAonpomnetim Men- 

HO-nop@~poeoro rMna (a), 
n p o ~ s n e ~ ~ ~  aonora (6); 12 
- pa3nOMbl. PynHble 30Hbl: I 
- A P ~ M H C K ~ F I ,  Il - 6op ryn~ -  

KaHCKaFI, 111 - M K ~ H C K ~ R  

2s0 !, 2s0 ~ W M  



PMC. 4 44. I(ap~a 30nOTOHOCHOCTM ~~PM~MYPCKO-CYT~PCKOTU pa90~a.  
1 - a n n i o e M a n b H b r e  o T J i o r n e H m  (Q); 2 - necw, r n m b l ,  r a n e r t i M K M  (N); 3 - 6 i 1 3 a n b ~ b l  (N,); 

4 -nMf lapMTb l ,  K B a P U e B b l e  l ? ~ p @ L l p ~ T b l ,  @ e n b 3 M ~ b l  (Kt) ;  5 - a H A e 3 M T b l ,  J ~ ~ B D ~ P ~ K ~ M M ,  T\/@b! ( K ! s ~ ) ;  

6 - f l e C r a H M K M ,  a J l e B p O n M T b l ,  K O H r n O M e p a T b l  ( I ( , u ~ ) ;  7 - AOnOMMTb l ,  Y rJ lMCTO-KFeMHMCTb l2  

CnaHUb l ,  X e J l e 3 M C T b l e  KBapUMTbl ,  MBBeCTHRKM (Pfl,- E ,); 8 - @ M ~ ~ ~ M T O B L ~ A H ~ I ~  CnaHUb l ,  P a C C n a H -  

U O B a H H b l e  n e C r a H M K i 4 ;  9 - M3BeCTHRKM, M P a M O p b l ,  r p a @ M ~ M ~ T b l e  KBap!&lTbl, f lMPMTOt iOCHb le  

KBaPUYITbl, nMPMTOHOCHble T P ~ @ M T M C T ~ I ~  @ M n J l M ~ b l  ( P R 3 d t ) ;  10 - K p M C T a n f l M r e C K M e  C n a H U b l ,  

r p a @ M ~ ~ B b l e  C n a H U b l  M KBaPQMlb l ,  @lr lnnMTbl ,  M P a M O P b l  (PR,sZ); 11 - r~ekcbl ,  ~ M @ M ~ O ~ M T ~ I ,  

ML l rMaTMTb l  (Pfl,); 12 - n o p @ M p ~ B l l ~ ~ b l e  ~ M O T M T O B ~ I ~  r p a H M T b l  (PR,); 13 - f lByCnKJ~RHbl f? ,  M y C -  

KOBMTOBble, TypMaJlMHOBble r P a H M T b l  (PZ , ) ;  14 - A ~ ~ K M  KMCnblX I4 CPeflHMX nOpO.4 ( K ) ;  15 - 30- 

n O T O p y A H O e  flpOREneHble r O p a  n b l ~ a R ,  TO'IKM MMHepaJ lM3a4MM;  16 - 30J lOTOHOCt lb le  POCCbl f lM,  

LUJlMXM C 30JlOTOM; 17 - f l epCneKTMBHb le  n J l O w M :  C Y T ~ ~ C K ~ R  (I) M S e p X ~ e ~ a ~ b ' i ~ y p c ~ a R ( I I )  



~ M X O T ~ - ~ M H C K O ~ ~  3n nOJlOXeHMe 30JlOTOHOCHblX 3 0 H  nOA'iMHeH0 PerMOHaJlb-  B HOR P Y A H O - M ~ T M ~ T H ~ ~ C K O ~ ~  30HaJlbHOCTM, C@OPMMPOB~HHOR B U e ~ T p a J l b -  

HOM C M X O T ~ - ~ M H ~  BOKPYr O p O r e H H O r O  CBOAa,  B03HMKLLlerO Hap, r J l y 6 M ~ ~ b l ~  O W -  

TOM TpaHMTM3aIJMM (PMC. 4.45). ~ O C J ~ ~ A H M R  @MKCMPY~TCR PerMOHaJ lbHb lM MMHM- 

M Y M O M  Cf lJ lb l  TRXeCTM MHTeHCMBHOCTbD - 30 ... -40 MrJ l .  B UeHTPa f l bHb lX  qaCTFIX 

CBOAOBblX C T p y K T y p  pa3BMTO OJlOBRHHOe O p y A e H e H M e ,  AaJlee OT UeHTpOB 60Jlb@- 

PaMMTOBOe,  a no ~ e p M @ e p ~ k l 3 0 J l O T O e .  L / ~ H o ~ A ~  I l pORBf l eHb l  r M 6 p M A ~ b l e  30Jl0~0- 

PeflKOMeTaflflbHbleTMnbl PYA, 0 6 b l l l ~ 0  ~ o J ~ o T o - B o J ~ ~ @ ~ ~ M o B ~ ~ ~  ( H ~ s ~ M ~ T H o ~ ,  BOC- 
TOK-2, M ~ J ~ M H o B c K o ~ ,  ~ o ~ o X M C T O ~ ) .  B M e X K y n O J l b H b l X  C T p y K T y p a X ,  T .  e. H a  

Y raCTKaX  C HM3KMM T e M n O M  OpOreHHb lX  ~ O A H F I T M ~ ~ ,  COXpaHMJlMCb C O ~ C T B ~ H H O  30- 

JlOTOpyflHble MeCTOpOXAeHMH (rflyxoe, 6 f l a r o f l a T ~ o e ) .  H b l H e L L l ~ e e  npOCTpaHCT-  

B e H H O e  nOJ lOXeHMe pa3l lM' iHblX TMnOB OpyAeHeHMFI 3aBMCMT OT C T e n e H M  3POAM- 

POBaHHOCTM O' iarOBMX CTPYKTYP. E c n ~  H a  nOBepXHOCTM 0 6 ~ a X e ~ b l  KaJ lMeBble  

H e M a r H M T H b l e  TpaHMTOMAbl, TO 3 T 0  3 0 H a  OJlOBa M B o J l b @ p a ~ a ,  a eCJlM MarHMTHb le  

HaTpOBb le ,  TO 3 T 0  3 0 H a  30JlOTa. 

6 a p e a J l a X  PaCnpOCTpaHeHMR OJlOBRHHblX M ~ c T P o X , ~ ~ H M ~ ~  B U ~ H T ~ ~ J ~ ~ H O M  

C M X O T ~ - ~ M H ~  P e a K O  BCTpe'iaDTCR 3OJlOTOpyflHble 0 6 b e K ~ b l .  HO eCJlM OHM eCTb, 

TO ' iaue npef lCTaBJleHbl  OTHOCMTeJlbHO KPYnHblM M B ~ I C O K O ~ ~ P O ~ H ~ I M  30JlOTOM, 'iTO 

06ycnoene~o er0 M ~ T ~ M O P @ M ~ M O M  flOfl BJlMRHMeM f l03AHMX KaJlMeBblX TpaHMTO- 

MflOB. 6 IJeHTpaJlbHblX 'iaCTRX CBOflOBblX M KyflOJlbHblX CTpyKT)'p pa3BMTO M e 3 0 -  M 

r ~ n a 6 ~ c c a n b ~ o e  aono~oe M aono~ocoflepxauee o p y a e H e H M e ,  no n e p ~ @ e p ~ ~  - 
r ~ n a 6 ~ c c a n b ~ o e  M c y 6 ~ y n ~ a ~ ~ r e c ~ o e .  B T e p p M r e H H b l x  K o M n n e K c a x  P ~ ~ B M T O  30- 

nOTO-KBapL&3BOe M ~ o J ~ o T o - c Y J ~ ~ @ ~ ~ H o ~  Opyf leHeHMe CO CpaBHMTeJlbHO H M ~ K O ~  

npo6oi aono~a ( A ~ H M ~ - A Q a ~ a c b e e c ~ o e ,  Y ~ ~ M M H C K O ~  M ~ p . ) ,  a B B y n K a H o r e H H b l x  

- c ~ ~ B ~ J ~ K ~ H M ~ ~ c K o ~  ~ a J l ~ ~ y J l b @ M f l H ~ e  MHOrAa  C Te f l J l ypOM ( M H o ~ o B ~ ~ L L ~ M H H o ~ ,  

6 e n a ~  ropa). K p a i ~ ~ f i  tor ~ ~ O B M H U M M  x a p a ~ ~ e p ~ 3 y e ~ c ~  n o e b l w e H H b l M  rpam-ra- 
IJMOHHblM M MarHMTHb lM  nOJler4.   TO Bb lCTyn  ApeBHMX f lOpOA,  f l p e ~ e p n e E 3 ~ M f i  B 

f lO3f lHeM M e 3 0 3 0 e  MHTeHCMBHytO TMA, C K O T O P O ~  CBR3blBatoTCR r M n a 6 M ~ ~ a J l b ~ b l e  

C O ~ C T B ~ H H O  3OJlOTOpyf lHble MeCTOpOXAeHMR C B ~ I C O K O ~ ~ P O ~ H ~ I M  30JlOTOM (Ac- 
KOJlbfl, np0rpecc M flp.), flaBUJMe B p e 3 y J l b T a T e  3 P 0 3 M M  MHOrO'iMCJleHHble POCCbl- 

nM.  

C 3aflafla M BOCTOKa U e H ~ p a J l b H b l i  C M X O T ~ - A ~ M H ~  O K ~ ~ ~ M J ~ R ~ T C R  CTpyKT)'pa- 

MM C ~ ~ J ~ O T O - C ~ P ~ ~ P R H ~ I M  Opyf leHeHMeM,  J lOKaJlM30BaHHblM B n03f lHeMeJ lOBblX 

ByJlKaHO-IlJlYTOHM'ieCKMX KOMnJleKCaX ( ~ ~ Y P M M H C K ~ R  M n p M 6 p e X ~ a R  3 0 ~ b l ) .  K a K  M 

B OXOTCKO-L(YKOTCKOM nORCe,  3TM 3 0 H b l  Bblf leJlRDTCR KOHTpaCTHblMM MarHMTHbl -  

MM aHOMaJlMRMM M f lOBbl lL leHHblM YPOBHeM ~ P ~ B M T ~ ~ M O H H ~ I X  nonefi, 0 K a f i ~ J l R t O u M ~  

U e ~ T p a J l b ~ b l i  O p O r e H .  Apeanbl ~ o J I o T o - c ~ ~ ~ ~ ~ R H ~ I x  M ~ c T o ~ o X , ~ ~ H M ~  o 6 e t 4 x  3 0 H  

( ~ ~ ~ P M L I H C K O ~ ,  C M J ~ ~ H C K O ~ ,  ~ ~ O A H O ~ ,  ~ P M M O P C K O ~ ,  CaJ l toT)  HaXOARTCR B CTBOpe  

C UeHTpaJ lbHb lM  O r a r O M  pa3ynJ lOTHeHMR,  ' iT0 y K a 3 b l B a e T  H a  MX BO3MOXHYto  TeHe-  



PMC. 4.45. C o o ~ t i o u e ~ ~ e  r e o a ~ 3 ~ r e c ~ ~ x  nonefi M PYAOHOCHOCTM B CMXOTB-A~MHCKO~? 
M C ~ X ~ ~ M H C K O ~ ~ ~ ~ J ! O T O H O C H ~ ~ X ~ ~ P O B M H ~ M R X  

1 - apeanbl ~ ~ ~ O T O H O C H O C T M  (a), np0Fl~JleHMR ~ ~ A K M X  ~eTann0B (6); 2 - MeCTOpOXAe- 

HMR rMfla6~CCanb~ble 30nOTOPYAHble (a), 3OnOTO-PeAKOMeTaJlnbHble (6), ~ O ~ O T O - C Y ~ ~ ~ M A H ~ I ~  

(5); ~y6BynKa~M' le~~Me: 3OnOTOpyAHble (r), 30nO~O-Cepe6pR~ble (A); 3 - rpaBMTaUMOHHble 

MMHMMyMbl: MHTeHCMBHble (a), MeHee MHTeHCMBHble (6, 8); 4 - PerMOHaJlbHble MarHMTHble MaK- 

CMMyMbl. M ~ C T O P O ~ ~ H M R  (l$4@Pbl Ha C X ~ M ~ ) :  1 - M H O ~ O B ~ ~ ~ ~ M H H O ~ ,  2 - 6 e n a ~  ropa, 3 -An- 
~ ~ ~ M H C K O ~ ,  4 - O K T R ~ P ~ C K O ~ ,  5 - ~~OKPOBCKO-TPOMUKO~, 6 - A ~ H M ~ - A @ ~ H ~ C ~ ~ B C K O ~ ,  7 - h a -  
MWHCKOe, 8 - flFlllne, 9 - XOJlaH, 10 - ~ M M O B ~ ~ ,  11 - TYMHMHCKO~, 12 - ~ ~ P M O H T O B C K O ~ ,  13 - 
AYPMMHCKO~, 14 - H e s a ~ e ~ ~ o e .  15 - BOCTOK-2, 16 - ManM~oec~oe, 17 - 6 n a r o ~ a ~ ~ o e ,  18 - 
rnyxoe, 19- CanIOT, 20 - ~ P M M O P C K O ~ ,  21 - ~ ~ T O A H O ~ ,  22 - A c K o ~ ~ A , ~ ~  - npOrpeCC, 24 - n0p0- 

xMcToe, 25 - n e e e ~ w ~ e p ~ o e c ~ o e ,  26 - Py~ocyeec~oe 



5onbluoG noaeo f l ~b~ i  Ban, o ~ f l e n ~ s u ~ f i  M O P C K O ~ ~  6acce f i ~  O T O K ~ ~ H ~ .  M O ~ H O C T ~  
reocMHKnMHanbHblx ocagKoB B ~ T O M  perMoHe yeenMrMeaeTcR c tora Ha cesep ao 
10 KM M 6onee ( p ~ c .  4.46). n ~ ~ c n o r u r e c ~ ~ f i  cocTae ~ x ~ e p p r d r e ~ ~ b l i ,  Ha tore npe- 

6 a c c e i ~ e  p. TYMHMH M O ~ H O C T ~  OTflenbHblx TonU a n e ~ p o - ~ ~ ~ M T O B O ~ O  cocTasa 
AocTMraeT 1,5-2,5 KM, CtiMxaRcb Ha neso6epexbe A ~ y p a  ao 1 KM, a flanee K ce- 
sepy necratimu yxe noaaenRtOT anesponmbl. 

re0~M~KJlM~aJlb~ble MenOBble KOMnJleKCbl B COBPeMeHHOM 3P03MOHHOM Cpe- 



MOrJlM HaXOAMTbCFl H a  r J l y 6 M ~ e  B reOCMHKJlMHaJlbHblX TOJlLL@X OPbl, Tpk laCa  M na- 
ne030Fl ,  I lpeflCTaBJleHHblX p a 3 ~ 0 0 6 p a 3 ~ b l ~ M  f lMCJlO~MPOBaHHblMLl TePPMreHHb l -  

MM, KPeMHLlCTblMM, M3BeCTKOBMCTblMLl Ll BYJlKaHOreHHblMM I lOpOaaMk l ,  n p e T e p n e B -  

UlLlMM M ~ T ~ M O P @ L I ' ~ ~ C K M ~  Ll3MeHeHMFl B @ ~ U M M  @MJ~J~MTOB. C ~ ~ A M  flOpO,4flpeBHerCl 

K o M n n e K c a  M ~ B ~ C T H ~ I  Y r n e p o n M c T b l e  C n a H u b l  ~l a p r m n n M T b l  c c a n p o n e n e e b l M  TM- 



MM rPaBMTaL&lOHHblMM M MarHMTHblMM aHOMank lRMkl .  

no CTef leHM flpORBJleHHOCTM 0pOreHM.leCKMX f l pOueCCOB C M X O T ~ - A ~ M H C K ~ K I  

rCO M O X H O  pa3AeJ l k lTb  H a  TPM 'iaCTM - CeBepHy !O  ( H ~ ~ x H ~ ~ M Y ~ c K ~ o ) ,  U e H T p a n b -  

H y D  M OXHYtO.  H M X H ~ ~ M Y ~ C K M ~  6 n o ~  - 3TO f l P e M M y U e C T B e H H 0  PaHHeOpOreHHaFi  

CTpyKTypa ,  CO cna6o kl nOKaJ lbH0  npORBneHHb lM  flO3,QHMM O p O r e H e 3 0 M .  30Jl0~0- 

HOCHaR TePPMTOPMR C O B f l a a e T  C P e r M O H a n b H b l M  MaKCMMYMOM CMnbl  TRXeCTM, 

O ~ ~ C , I O B ~ ~ H H ~ I M  6 J l M 3 0 ~ ~ b O  ~ J ~ Y ~ M H H ~ I X  @ ~ M M C ~ ~ C K M X  MaCC, C a p e a n a M M  CyLqeCT- 

BeHHO HaTPOBblX MBrHMTHbIX rPaHklTOMAOB M MOHuOHklTOMAOB. Ha  OH^ WMPOKO 

n p e A C T a B n e H H O r 0  3OJlOTOrO GpyAeHeHMR flpORBneHMR PeAKMX M e T a n n O B  eAMHMCIHbl 

kl FlCCOL&lMpytOT C MHTPY3MRMM K a J l M e B o i  IqeJlO'4HOCTM. C HMMM Xe CBR3blBaeTCR 

p e r e H e p a u m  M p e t O s e H a u M R  donee p a H H e r o  aono~oro o p y A e H e H m  ( M o ~ c e e ~ ~ o ,  
O~T~FIHOB,  1978). H M m H k I i  A ~ y p  - 3 T 0  TMflMClHaFI 30JlOTOPYAHaR flPOBMH4MR C O n -  

TMMa i l bHb lM  YPOBHeM Pa3BMTMR ~OJ~OTOPYAHOG CMCTeMbl. U e ~ T p a n b ~ b l i  6 n o ~  CM-  

X O T ~ - ~ ~ ~ H R  - 3 T 0  0 6 n a ~ ~ b  aKTMBHOrO Pa3BMTMR f l03AHeOPOreHHblX npOUeCCOB, 

COBAaBWMX K p y l l H b l e  MHTpy3MBHo-Kyf lOJ lbHb le  CTPYKTYPbl (I/1 KC) C XapaKTepHb lM  

A n R  HMX KaJlMeBblM MHTPY3MBHblM M a r M a T M 3 M O M  M PeAKOMeTanSlbHb lM O p y A e H e -  

HMeM.  ~ O ~ O T O P Y A H ~ R  h lMHepaJ lM3auMR3AeCb  COXpahMnaCbJ lMWb B MeXKy f lOnbHb lX  

c e A n o e M H a x ,  B n o n e p e q H b l x  T p o r a x  M B K p a e s b l x  ~ y n ~ a ~ o - n n y ~ o ~ ~ r e c ~ ~ x  C T ~ ~ K -  

vpax.  B n o c n e A H M x ,  KaK yme y n o M M t i a n o c b ,   TO n p e b i M y U e c T s e H H o  aono~o-pea- 
K o M e T a n n  b H o e  o p y A e H e H M e .  K ) > K H ~ I ~  6n0~ ,  Kal; M c e e e p ~ b ~ i ,  x a p a ~ ~ e p ~ 3 y e ~ c ~  
I lOBb lWeHHb lM  rpaBk lTauMOHHb lM  M MarHMTHb lM  f lOJleM, HO reOJlOrMqeCKM 3 T 0  MHaR 

C T p y K T y p a .   TO Bb lCTyn  APeBHMX f lOpOA,  0 6 p a ~ f l e ~ H b l h  KpaeBb lMM T e p p M r e H H b l -  

MM n p o r ~ 6 a ~ ~ ,  n p e ~ e p n e s w ~ i  B snoxy p a H H e r o  opore~eaa M H T e H c M B H y o  (o~pa-  
X ~ H H Y O )  TMA, C K O T O P O ~  C B R ~ ~ I B ~ ~ O T C R  r k I f l a6~~~aJ lb~b le  3OJ lOTOpyAHble  MeCTO-  

po>yqeHm,  , q a m u H e  B pe3ynb~a~e  3 ~ 0 3 ~ ~  M H o r o w c n e H H b l e  P O C C ~ I ~ M  30no~a. 
M H T ~ H C M B H O ~  p a 3 ~ ~ ~ ~ e  opore~esa r/l ~ ~ ~ H M T O O ~ ~ ~ ~ O B ~ H M R  B M e n y  M nane- 

o r e H e  npeAonpeaenuno n p e M M y u e c T s e H H y o  C B R ~ ~  OpyAeHeHMR p e r M o H a  - 30- 

n o T o r o ,  fi T e M  donee p e A K o M e T a n n b H o r o ,  c M ~ ~ M ~ T M ~ M O M .  O C H O B H ~ I ~  PYAOHOC- 

H b l e  @ J ~ O M ~ O ~ O T O K M  OCYLL(eCTf3SlRSlMCb CKB03bMarMaTMCleCKMM f l y T e M  B f l p O q e C C e  

M H T P Y ~ M B H O ~  AeRTenbHOCTM, HaKaf lJ lMBanMCb B KynOJlaX MHTPY3MBHblX MaCCMBOB 

PaHHMX AMOPMT-rPaHOAMOPMTOBblX M MOHuOHMTOMAHblX @a3. ~ P O , ~ Y K T M B H O C T ~  

3OJlOTOrO OpyAeHeHMR B 3Ha ' i k I~eJ l bH0 i  M e p e 3 a B M C M T O T  MHTeHCMBtIOCTM f lPORBne-  

HMR P a H H e r O  O p O r e H e 3 a  M YflOMRHyTblX TMflOB MHTPY3MBHOrO M a r M a T M 3 M a .  3 ~ e ~ b  
Pa3BMTbl  r M f l a 6 M ~ ~ a J l b ~ b l e  3OnOTO-KBapueBb le  X M n b I  M30JlOTOHOCHble 3 0 H b l ,  MM-  

HepaJ lM3OBaHHb le  K B a p u e M  M ~ y J l b @ M , 4 a ~ M ,  n p ~ ~ e p b l  MHOrOqMCJleHHbl: p a i 0 ~ b l  

I l b l n b ~ a - f l ~ ~ ~ ~ ~ K M ~ ,  O K T R ~ P ~ C K M ~ ,  A J ~ ~ ~ ~ M H C K M ~ ,  K P M H M ~ H ~ I ~ ,  C O ~ O J ~ M H ~ I ~ ,  6na- 
~ O A ~ T H  b l i ,  H ~ M O B C K M ~ ,  H e 3 a ~ e ~ H  bln, C B ~ T ~ O B O ~ H ~ I ~  M Ap. ~ J ~ M ~ M O H H ~ I ~  M M e T a -  

~ o p @ o r e H H b l e  I l p O u e C C b l  B @ O P M ~ ~ P O B ~ H M M  30JlOTOPYAHblX M ~ C T O P O X , ~ ~ H M ~  fle- 
PMBynKaHMqeCKMX 3 0 H ,  BePORTHO, MrpaJ lM He3Ha'-lMTeJlbHyO POJl b. 

~ o J ~ o T o ~ Y , ~ H ~ I ~  M 3 0 n 0 ~ 0 - ~ e p e 6 p R H b l e  M e C T O P O m e H M R  BySl KaHO- n S l p O H M -  

'4eCKMX KOMnJleKCOB, O K ~ ~ ~ M ~ R ~ O ~ M X  OPOreHMqeCKMe CTPYKTyPbl rCO, T ~ c H ~ L ~ ~ J M M  

o6pa30~  CBR3aHbl C MarMaTM3MOM:  C ~ ~ B ~ ~ K ~ H M C ~ ~ C K M M M  MaCCMBaMM, HeKKaMM M 



UMeCR T a M  reOnOrML(eCKMe 3 K P a H  bl M O r n M  HaKannMBaTb  AOCTaTO'iHO K p y n H b I e  067,- 
eMbl rMapOTepMa,qbHblX BOB, KOTOPble 6 b l n ~  aKTMBM3MPOBaHbl B OPOreHHYtO C T a -  

AMIO. B C B R ~ M  c T e M   TO O p y a e H e H M e  C M X C ) T ~ - A ~ M H R  p a c n o n a r a e T c R  

KOHuf?HTPMqeCKM BOKPYr CBOaOBblX CTPYKTyP M MKC, MOXHO A y M a T b ,  'iTO TpaHC-  

nopmpoetca p y ~ o ~ o c ~ b ~ x  @:IKIM~~B B  TOT n e p M o a  n p o M c x o a M n a  repes ~ T M  MKC, 
KOTOPble M b l  PaCCMaTPMBaeM KaK O'iarOBble CTFYKTYPbl, DaCnOnOXeHHb le  H a 0  UeH-  

TPaMM ~ I Y ~ L I H H O ~ O  (M~HTML?HO~O)  Pa3YI lnOTHSHMR ( f i e ~ p k l u e ~ c ~ k l i ? ,  1985). no 
M e p e  ~ ~ ~ B M T M R   en-naneore~oeoro G p o r e H e s a  no o K p a M H a M  ~ O ~ H O C M X O T ~ - A ~ I / ~ H -  I CKOrO CBO,4OBorO IlOflHRTMR @ o ~ M M ~ o B ~ ~ L I c ~  r n y 6 n n ~ b l e  p a 3 n o M b l  CCB I lpOCTM- 

I 
PaHMR ( ~ e H T p a n b H b l G  c1.1~0~3-A~MHCKM~, A P C ~ H ~ ~ B C K M ~ ,  ~ ~ ~ ~ ~ H O C L I X O T ~ - ~ ~ I H -  

C K M ~ ,  ~ ~ M M Y ~ ' ~ ~ H c K M ~ ,  n p M 6 p e x ~ b l G )  M I lOnepe ' iHb le  K HMM p a 3 n O M b l .  Ha~6onee 
B a x H b l M  B M e T a n n o r e H M r e c K o M  oTHolueHMM c n e a y e T  c rwTMTb  Oce~oG pas no^. OH 
aanoxe~ no OCLI 6 b l e l u e r o  r e o c M H K n M H a n b H o r o  T p o r a ,  a H b w e  n p o x o a M T  no OCM 

K ) ~ H O C M X O T ~ - A ~ L I H C K O ~ O  CBOaOBOrO IlOaHRTMR. Ha M ~ ~ H M T o M ~ T ~ L I ' ~ ~ c K o ~ ~  K a p T e  

PMC. 4.47. reo~rorv- 

qecKaR KapTa C o 6 o n ~ ~ o r o  
30IlOTOHOCHOTO pa f i o~a  (no 

O.T. r a e p t o u e ~ ~ o ,  c yrlpo- 

LU~HMRMYI). 

1 - reTEiepTkl.~Hbl~ 

aIlIlKJEIMo; 2 - @enb3klTbl, 

@enb3M~-~Op@Mpbl (k,); 3 - 
Ty@bl KMCnOrO COCTZIBB, 

TY@@IITLI; 4 - neCqaHMKM 

p a 3 ~ 0 3 e p ~ u c ~ a e ,  aneepo- 

nmbl (KJ; 5 - n e c q a ~ o - r n ~  - 
H M C T ~ I ~  ~ ~ I M ~ L I  (K,); 6 - ne- 
cratinltw ( K , )  7 - 
TC)atlOQMCpMThl ( K 2 ) ;  8 - 
BMOPMTbl (K2) '  Q - Q B ~ K M  

BMOpklTCB kl ~ ~ O ~ @ M ~ M T C B  

(a), r p a ~ v l r - n o p @ ~ p o e  M 

Ksapueeblx n o p @ ~ p ~ r o e  

(6) ( K 2 9 , ) ;  10 - IlpOblblLU- 

neHHble 3CJnOTOHOCHble 

POCCblnM: 60raTble (a), 

6C?/IHble (61, 1 1 - pa3flOMbl, 

3JleMFHTbl 3aJleTaHMR 



PMC. 4.48. n p M y p 0 r e H H O C ~ b  ~ M M O B ~ M H C K O ~ O  PYAHOrO nOnR K aHTMKJlklHanM (Bepx~e-  
TYMHMHCKM~~ 3 0 n O ~ O ~ O C ~ b l f i  PaAOH, no 0. H. 3 b l K O ~ y ) .  

1 - a n n l o a ~ A  (Q); 2 - necratlurcu, n e p e c n a u e a t i u e  n e c r a H u K O e  u a n e e p o n u T o e  (K,.,lg,); 
3 - a n e e p o n n T b 1 ,  n e p e c n a u e a H M e  a n e e p o n w o e  1.1 n e c r a t i u K o s  (K,.,lg,): 4 - a n e e p o n u T b 1 ,  aprun- 
nMTbl (K,lJk); 5 - MOH~OAMOPMTbl  (K2); 6 - A ~ A K M  ~ O P ~ H P O B ~ I X  nOpOAKLICflOr0 Ll  CpeAHerOCOCTaBa 

(K,); 7 - c ~ ~ B ~ ~ K ~ H L I ~ ~ c K M ~  aHAe3MTb l ,6a3E iJ lb~b l ,  AHOPHTOBble nOP@klPL l~b l  (K2); 8 - pa3JlOMbl,  

3 a n e r a H M e  nnaCTOE3: 9 - OCM aHTklKnMHELllM (a) !4 CMHKJnMHELllll(6); 10 - 3OJlOTOpyAHOe M e T O p O X -  

A e H M e  3 k l ~ O B b e  n e p e O e ,  pyAOnpORBneHklR, TO'iKM MHHePElnkl3aUklM; 11 - 30nOTOHOCHble DOC- 

CblnH: n p 0 M b l U l n e H H a R  I.1 HenpOMbi luneHHaR 

OceE30fi pa3J lOM @MKCMPY~TCR rpaAMeHTOM nOnR H a  npOTRXeHMM 500 KM. OCHOB- 
H b l e  TeKTOHO-MarMaTMCleCKMe M rMAPOTePMaJlbHble C O ~ ~ I T M R  M e n a  M I l aJ leOreHa  

IlpOMCXOAMJlM B A O n  b 3 T O r O  CTPYKTYPHOrO LUBa. R M ~ H H O  3 A e C b ,  B CTpyKTypaX 

nOAHRTMR, pa3rpy>l<anMCb rMAPOTePMbl  M CO3AaBaJlMCb YCJlOBMR TePMOCTaTMPO- 

BaHMR f lOA B O ~ A ~ ~ ~ C T B M ~ M  B H e A p R t O ~ l l X C R  MarMaTMCleCKMX MaCC. K @ J I O M A O ~ ~ O -  

BOARUMM CTPYKTYpaM CJleAyeT OTHOCllTb T a K X e  JlOKaJlbHble flOAHRTMR M BblCTYnbl 

Q y ~ n a ~ e ~ ~ a  B none ~ ~ ~ B M T M R   en-naneore~osblx BynKaHMTos. 

Ha C M X O T ~ - A J ~ M H ~  r ~ n a 6 ~ c c a n b ~ o e  3OnOTOe OpyAeHeHMe I lpaKTMreCKM BO 

B c e x  c n y r a g x  TRroTeeT  K C y q e c T B e H H o  a n e s p o - ~ ~ ~ M T O B ~ I M  T o n q a M ,  n p M r e M  npe- 
MMYqeCTBeHHO K HMXHMM (PMC. 4.47). 3 ~ 8  O C O ~ ~ H H O C T ~ O ~ ~ R C H R ~ T C R  3KpaHMPO- 



B ~ B ~ ~ I ,  
2@ @ 

p7 .pq 
n 6  K 5 8 

PMC. 4.49. r e o n o r n r e c ~ a ~  
cxeMa p a a o ~ a  MaRc~oro sono~o-ce- 
~ ~ ~ P A H O ~ O  MeCTOPOXAeHMR (no K). H. 
Sp~nesy). 

1 - r e ~ s e p ~ n r ~ b ~ i i  annmswi7; 2 - 
CKnaDraTble necqaHo -rnnHncTble n 
Kap60Ha~~ble OTnOXeHMFl (J-K,); 3 ,  
4 - BynKaHMreCKMeKOMflneKCbl KMCnO- 
ro n yMepeHHo - Kncnoro cocTasa (K,) 
( 3  - noKpoeHble, 4 - cy6eyn~a~nrec- 
K M ~ ) ;  5 - rpaHOAMOpMTbl (a), rpaHOakl- 
op~~-nop@npbl  (6) (K2); 6 - rpaHMTb1; 
7 - rMDpOTepManbH0 M3MeHeHHble 
BynKaHMTbl; 8 - MeCTOpOXAeHMR l4 

pyaonpoRsneHnR nonnMeTannnrec- 
~ M e ( l ) ,  KaCCn~ep~T-Cynb@~~~ble (2), 
3ono~o-cepe6p~l~b1e (3 ) ,  c e p e b p ~ ~ b ~ e  
(4) 

BaHMeM @JltOlA~Of3 L l  OpyAeHeHLlR rJlLlHMCTblMM I lOpOAaMM.  Ha~6onee M 0 L q H b l i  

~ J I M H M c T ~ I ~  pa3pe3 (4,4 KM) 3aKapTMpOBaH B B ~ ~ X H ~ T ~ M H M H C K O M  3OJlOTOHOCHOM 

p a i o ~ e  ( O ~ H H ~ I ~  K3. H. ~ ~ I K O B ~ ,  1974 r.). C y ~ ~ a p ~ a g  M O ~ H O C T ~  anespo-apr~n- 
JlMTOBblX T o n u ,  nepeMeXatOLqMXCR fleCclaHMKOBblMLl TOnLqaMM, AOCTMraeT 7 , 4  K M  

( ~ H H b l e  6. B. L U ~ B ~ ~ H K O ,  1973 r.; 6. 6. TpORHa,  1973 r.). 3 ~ a ' i M ~ e n b ~ b l e  M O U H O -  

CTM f l 0 ~ 0 6 H b l ~  f lOPOA (IOpa- en) OTMeratOTCR B n M n b f l a - f l M ~ ~ ~ M ~ ~ K 0 ~  M 6 a t O ~ -  

CKOM 30JlOTOHOCHblX p a i 0 H a x .  Aanee K C e B e p y  O H a  YMeHbUaeTCR.  

B npenenax ~ P M M O P C K O ~ O  KpaR c ~ p a ~ ~ r p a @ ~ r e c ~ ~ e  paapesb~ M e n a ,  K a K y x e  

ynoMm- tanocb ,  6onee n e c q a t i M c T b l e ,  HO M T a M  B psne cnyraes M M ~ O T C R  A o c T a -  

TOqHO MOWHb le  fla'iKM aneBp0-neJ lMTOBblX I lOpOA,  cnoco6~ble 3KPaHMPOBaTb OPY- 

AeHeHMe.  T a K M e  3 0 J l O ~ O p y ~ ~ b l e  p a i o ~ b l ,  K ~ K  C B ~ T ~ O B  H b l i ,  6 n a r 0 ~ a T H b l i  M de 
C 0 6 0 J l L l ~ b l ~ ,  B03HMKnM 6 n a r o ~ a p ~  MMeHHOTaKMM3KpaHaM.  B C ~ ~ I W K M  ~ O ~ O T O H O C -  

HOCTM H a  C M X O T ~ - A ~ M H ~  n PORBnRtOTCR IlOqTM B e 3 A e ,  rAe 3p03Llei BCKPblTbl AOC- 

T a T o r H o  MoLqHb le  narm anespo-nen~~osbrx nopoa, M ~ a o B o p o ~ ,  B npeaenax nec- 
~ ~ H M K O B ~ I X  T O ~ ~ ~ O ~ O T O H O C H O C T ~  n p 0 R ~ n e H a  cna6o M P e a K O  ( ~ M c .  4.46). 

C y 6 B y n K a ~ M r e ~ M e  TMflbl M ~ C T O ~ O > ~ ~ ~ H M ~ ,  XOTR M nOKanM30BaHb l  0 6 b l r H 0  B 

c y 6 1 3 y n ~ a ~ ~ r e c ~ ~ x  T e n a x ,  HO B TO x e  B p e M R  n p M y p o r e H b l  K o n p e A e n e H H b l M  KOM- 

nJ leKCaM ByJlKaHMTOB: 3OJlOTOpyAHble K a H A e 3 M T a M ,  3 0 J l O ~ O - C e p e 6 p R ~ b l e  K 

AauMTaM M n M n a p M T a M ,  M r p a t O u H M  ponb r e o n o r M r e c K u x  ~ K ~ ~ H O B  PJ~R cydsyn~a- 
HMqeCKMX M H T P Y ~ M ~  M OPYAeHeHMR. O P Y ~ ~ ~ H ~ H M ~  nOKaJlM3yeTCR B KynOJ lOBM~Hb lX  

M APYrMX CTPYKTyPaX flOJlOXMTen b H O r 0  ~ 3 r ~ 6 a ,  B BblCTynaX @ Y H A ~ M ~ H T ~  BynKa-  



Horetios (PMC. 4.47-4.49). Cxoa~b~e  ycnosm n o ~ a n ~ 3 a q ~ ~  opyAetieHm oTMeqa- 

OTCR M B ~ J ~ M ~ ~ O B ~ P X H O C T H ~ I X  MeCTOpOK,4eHMRX, 06pa30BaHHbl~ B XepflaX nane- 
osynKaHos M OKonomepnoBoM npocTpancTse ( ~ e c ~ o p o > y q e n ~ e  6 e n a ~  ropa). 

r ~ n a 6 ~ c c a n b ~ o e  opyAenetiMe H M x ~ e r o  I l p ~ a ~ y p b R  npMypoqeHo K aHTMK- 

nMHanRM. Ta~oeo er0 IlOnOXeHMe B B~OHCKOM, ~ M ~ ~ ~ ~ - ~ M M Y P M ~ C K O M ,  3MM0Bb- 

MHCKOM, TYMHMHCKOM p a i o ~ a x .  B n p e ~ e n a x a ~ ~ ~ ~ n ~ ~ a n e i  3on0~0e o p y a e n e ~ ~ e  
n o ~ a n ~ 3 y e ~ c ~  B TpeuMHtiblx c ~ p y ~ ~ y p a x  neccla~o-rn MHMCT~IX nopoa DpcKoro M 

MenoBoro B O ~ P ~ C T ~ ,  a Tame B cpastiM-renbno ~e6onbur~x  Maccmax, WToKax M 

AanKax AMOPMTOB, MOH40AMOPMTOB, rpaHOAMOPMTOB, IlpMCleM qaCTO OpyAeHeHMe 
OXBaTblBaeT 3HAO- M 3K30KOHTaKTbl TaKMX M H T P Y ~ M ~  ( n k l n b ~ a - n ~ ~ ~ ~ k l ~ ~ ~ k l ~ ,  CO- 
60nMHbli, T~XTMHCKM~? pai0Hbl). 

A ~ H M ~ - A @ ~ H ~ C ~ ~ B C K O ~  30nOTOPYAHOe MeCTOpOX,QeHMe M3BeCTHO C 

1936 r. M aKcnnyaTMpoeanocb AO 1962 r. Ero ~ s y r a n ~  6. A. M e n w o p a ~ c ~ ~ t i ,  
E. M. C T ~ B ~ O B C K ~ R ,  A. M. AYAKO, n. c. ~ ~ P H W T ~ ~ H ,  0. H. HMKMTMH M AP. P Y ~ H O ~  
none n o ~ a n ~ 3 0 s a ~ o  B n e c r a ~ o - ~ M H M C T O ~  Tonue panHeMenoBoro ~ o s p a c ~ a  ( n ~ -  
OHePCKaR C B M T ~ )  Ha C3 Kpblne nLInb~eH~K0fi aHTMKflMHaflM. PYAH~IMM TenaMM 

RBnRtoTCR Man~~ynb@M~Hble KBaPUeBble XMnbl, nPMyPOqeHHble K ~ O C ~ O ~ H ~ I M  M 

CeKyuMM TeKTOHMqeCKMM 30HaM. 3K~ilJlya~Mp0Ban0~b IlOpRAKa 30 XMn, ~ ~ O C T M -  

PaHMe MX IlpeMMylqeCTBeHHO CB, COrJlaCHOe C BMeuatouMMM OCaAOCIHblMM no- 
poAaMw, naaenMe Tarace cornacnoe n ~ 6 0  ceKyuee, ynrbl naAeHMR xMn 20-40°. 
~ ~ O T R X ~ H H O C T ~  XMn 00 600-700 M, 'laue 200-300 M, MOuHOCTb 5-1 0 CM. m ~ n b l  

pacnonaratoTcR Kyn~coo6pas~o no npocTMpatiwo M nWeHMto, clacTo CoeaMHRtoTcR 

Memy co60ti TOHKMMM npoxMnKaMM, o6pa3y~ xMnbnyto s o ~ y ,  npocnexeHHyto 

no IlpOCTMpaHMto A0 1 KM M n0 IlmeHMlo Ha 0,5 KM. 6 CBOAe aHTMKnMHanM 

pa3BMTbl KOPOTKMe CeKYUMe XMJl bl, a Ha KPbln bRX npOTRXeHH ble COrnaCH ble 

(n. c. 6epHWTe iH ,  1951 r.). BO BMelqaOlqMX IlOpOAaX OTMeqaeTCR MeJlKaR none- 
PeclHaR M BTOPMclHaR npOAOnbHaR CKnaAclaTOCTb, C K O T O P O ~  CBR3blBaeTCFI p y ~ ~ b l i  

a ~ a n .  Henocpeac~sen~o Ha p y ~ n o ~  none M ~ B ~ C T H ~ I  n a f i ~ ~  AMOPMTOB~IX n o p @ ~ -  
PMTOB, a no er0 nepM@epMLI pa3BMTbl MHOrOqMCfleHHble WTOKM KBaPUeBblX AMO- 

PMTOB M ~OP@MPMTOB,  C KOTOPblMM naPareHeTMqeCKM CBR3blBaeTCR 30nOTOe Opy- 
AeHetiMe paiotia ( p ~ c .  4.50). 

PyAHble XMnbl KPOMe KBapL@ COAepXaT npMMeCb Kap60HaTa, IlOfleBOrO 

wnaTa, xnopma, cepMqMTa. Coaeprnan~e PYAH~IX  MMHepanos ~ e s ~ a r ~ ~ e n b ~ o e  

(a0 1%).  TO nMPMT, apCeHOnMpMT, aHTMMOHMT, XanbKOnMpMT, c@anepM~, XanbKO- 

~ M H ,  Kosennwn, sono~o. A. M. A ~ A K O  (1946 r.) y~a3bleae-r Ha npMcyTcTsMe s e p e ~  
KaCCMTepMTa, B ~ f l b @ p a ~ M ~ a ,  LLleenMTa M M O ~ M ~ A ~ H M T ~ ,  ~ M P M T  npe06nmae~, 

06pa3ye~ ~ ~ p a n n e n n o c ~ b  M n p o x ~ n ~ ~  B ~sapqe.  ApceHonMpM~ n o a r ~ n e ~  nMpw- 
T)', HO COAepXalqMe er0 PyAbl06blCIH0 60ra~bl ~ O ~ O T O M .  AHTMMOHMT O T M ~ ~ ~ ~ ~ T C R  

E TpeuMHax Ksapqesblx x M n  M 06pa3ye~ x M n K M  (AO 4-5 CM) B Ksapqe E sanmnoi 
qacTM MecTopox,getiMR.  TO nocneo~m @a38 M M H ~ ~ ~ ~ M ~ ~ U M M .  30n0~0 o6pasy- 
eT3epHa (1-6 MM), rHe3~006pa3Hble CKOnneHMFI 3epeH M TOHKMe IlpOXMJlKM B Tpe- 
uMHOBaTOM KBaPUe. O O ~ M ~  Bbl~eneHMi HeflpaBMnbHaR, BCTperatoTCR OKTa3APM- 

clecKMe KpMcTannbl. npo6a sono~a  790. B ~ e u a t o u ~ e  noponbl B p a s n ~ r ~ o t i  



PMC. 4.50. r e 0 n O r L l q e ~ ~ a f l  KapTa p a n 0 H a  A r H M e - A @ a ~ a c b e ~ c ~ o r O  MeCTOpOXneHMR ( n o  

D. kl. HMKM-IMHY). 

1 - q e T s e p ~ n r ~ b r i 4  a n n a e m h ;  2 - n e c q a w K M  nonMMMKToeblecpeawesep~~c~b~e (K,a-al); 3 - nec- 
'iaHMKII, TpaBenMTbl ,  aJ leBpOnMTbl ( K , ~ v ) ;  4 - aprL lnnMTb l ,  EUleBpOnMTbl, P e a K O  neCqaHMKM ( K 2 , p n ) ;  5 - 
PMTMMrHoe n e p e c n a M s a H M e  a n e s p o n m o e ,  a p r M n n m o e ,  n e c r a H u K o s  (K1,pn); 6 - n w o p m b l ,  K s a p u e -  

Bble AMOPMTbl, TOHanMTbl (KP); 7 - A a R ~ b l  ~ O ~ @ M ~ M T O B  ( a ) ,  n 0 p @ M p 0 6  (6); 8 - HeBCKpblTble MHTPY3blLl ( n o  

T ~ O ~ M ~ M C ~ ~ C K M M  A ~ H H ~ I M ) ;  9 - C ~ n b @ M a M 3 a ~ L l ~ ;  10 - p a 3 n O M b l ;  1 1 - 3 0 n O T O p y a H b l e  K B a p u e B b l e  XMnb l  

(a), BTOM r M C n e  O T ~ ~ ~ O T ~ H H ~ I ~  ( 6 ) ;  12 - KBapU-XanUenOH-aHTMMOHMTOBble XMnb l ;  13 - CBanb l30nOTO-  

HOCHOrO K B a p U a  ( a ) ,  KBapU-CepMUMTOBble MeTaCOMaTMTbl C npOXMnKaMM 3OnOTOHOCHOrO K B a p U a  ( 6 ) ;  

14 - O T P ~ ~ O T ~ H H ~ I ~  30nOTOHOCHble POCCblnM 

CTeneHM OKBaPUOBaHbl, nMPMTM3MPOBaHbl, CePM4MTM3MPOBaHbl M ~ap60~aTM311- 

POBaHbl. Bce OHM C ~ ~ ~ O ~ O ~ O T O H O C H ~ ~  (00 2-4 r/T).  

P y ~ b l  060raqan~cb  ~ ~ ~ B M T ~ ~ M o H H o - @ ~ o T ~ ~ M o H H ~ ~ M  C ~ O C O ~ O M .  3a TOAbl 

sKcnnyaTaUMM A O ~ ~ I T O  12 T 3ono~a c coAepxaHmMM oKono 25 r / ~ ,  M H o r A a ~ o  
1-2 KT/T. 

3 o n o ~ o p y ~ ~ o e  (c CYP~MOCI) MecTopo>YqetiMe A ~ n n e  aKcnnyaTMposanocb c 
1935 no 1938 r. (Ha aono~o)  M B 1941 - 1942 rr. (Ha c y p b ~ y ) .  M e c ~ o p o ~ e ~ ~ e  ~ 3 y -  

qanM C. A. O p e l u ~ ~ ~ ,  B. A. Men~opa~c~mi7 ,  E. M. C ~ a s p o e c ~ a ~ ,  M. C. C y ~ a ~ o e ,  
P. K). ~ ~ U J T ~ ~ H ,  B nOCJleaHMe r0,Qbl 3. H. ~ P Y C K O ,  K). b'l. HMKMTMH M AP. P Y A H O ~  
none nOKaJlM3OBaHO B LlePHblX 0,QH006pa3~bl~, npaKTM'ieCKM JlMLLleHHblX CnOklCTO- 

CTM rnMtiucTblx cnatiqax ~ e p x ~ e ~ e n o ~ o r o  ~ 0 3 p a c ~ a  (naprac~ t i c~ag  c s ~ ~ a ) ,  06- 

pa3ytOqMX aHTMKnMHanb CB npOCTMpaHMR. B Ue~TpaJlbHoi '4aCTM PyAHOrO nOnR 

CJlaHUbl npOpBaHbl LUTOKOM KBaPUeBblX AMOPMTOB, A ~ ~ K B M M  ,QMOPMTOBblX nOP@M- 



P m .  4.51. reonorvlrec~as KapTa 3onoTopy,qHoro nons ARnne (no K). M. HMKMTMHY). 
1 - ~eTE3epTM~HblR ElJlnRBblfi; 2 - aJleEiPOnMTbl C n0A'iMHeHHblMM flpOCnORMM neC'iaHMKO6 (K ,~v ) ;  

3 - r e p w e  anesponMTb1 c npocnoRMn M ~ M H ~ ~ M M  rnMHllcTblx cnaHqes M necraHMKos (K,pn); 4 - Ksap- 
qesble AMOPMT~I, M O H ~ O A M O P M T ~ I  n03q~e~eno~ble-na.neore~oeb1e (a), TO x e  Ha r n y 6 ~ ~ e  no r e o @ ~ 3 ~ -  
reCKHM AaHHblM (6); 5 - r p a ~ l r l ~ - f l ~ P @ ~ p b l ;  6 - A ~ ~ K M  AMOPMTOB, AMOPMTOB~~X~~OP@HPMTOB, ~Ma6a306, 
n a ~ n p o o ~ p o s  (a), annMTosMAHblxrpaHnTos, rpa~w-nop@~poe  (6), r a 6 6 p o - ~ u o p ~ ~ o e ,  6a3anb~oe (6); 
7 - OKBapL(eBaHMe, CepMUMTM3aUMR; 8 - 30nOTOHOCHbleXHnbHO-npOXMnKOBble30Hbl; 9 - 30nOTO-KBaP- 
UeBble XMnbl M 30Hbl KBapqeBblX 6peKrMh (a), 30nOTOHOCHble KBapu-aHTMMOHMTOBble XMnbl(6); 10 - 
paanoMbl; 11 - HopManbHoe M onpownysoe sanerawe nnacTos; 12 - reoxnMurecKMe opeonbl 
p a c c e ~ ~ n s  aonora; 13 - p o c c b ~ n ~  aonoTa 

PMTOB, p e a K O  K s a p u e B b r x  nop@~pos. LUTOK c ~ o e f i  ~ J M H H O I ~  ocba M a a f i ~ ~  o p M e H -  

TMPOBaHbl, KaK M CflOMCTOCTb, B C6  HanpaBneHMM ( ~ M c .  4.51). 
3ono~opya~b1e T e n a  sanerato~ B r e p H b l x  c n a H u a x ,  r a c T M r H o  B uJToKe ~ M O -  

p M T o e  M n p e a c T a s n e H b 1  nnacToBb lMM,  pexe C e K y q M M M  M a n o c y n  ~ @ M ~ H ~ I M M  map- 
UeBblMM >KMflaMI/I C n p e M M y l q e C T B e H H b l M  6C6, PeXe CC6 I lpOCTMpaHMeM,  I l p M  

KPYTOM (65-85') n a a e n M M  H a  K)B. Ha P Y ~ H O M  none c n a H q b r  M A M O ~ M T ~ I  LuToKa n M -  

PMTM3MPOBaHbl M I l O p a X e H b l  CeTbK) I lPOXMflKOB K B a p u a  M I lMpMTa, 6.0143 KOTOPblX 



CJ laHqb l  C e p M q M T M 3 M p O B a H b l ,  a ,L(MOPMTbl M AMOPMTOBble  I~OP@MPMT~I 3f lMAOTM3M-  

POBaHbl, XJlOpMTkl3MpOBaHbl ,  ~ a p 6 0 ~ a ~ M 3 v l p 0 ~ a ~ b l .  

A n r / l ~ a  PYAH~IX x M n  OT 30 40 800 M, M O ~ H O C T ~  OT 4 AO 45 CM. C o a e p m a ~ ~ e  
3 O n O T a  B 3 0 H e  OKMCSleHMR rny6~~017 OT 5-6 a0 15-20 M 6brno Bb lCOKMM - a0 200- 
300 r / ~ ,  AaXe A0 3-4 K ~ / T  ( a a ~ ~ b l e  M. C. C Y M ~ T O B ~ ,  1 940 r.), a B f lepBM'4Hb lX  pyaax 
O H 0  p e 3 K O  C H M X a n O C b  A0 5-6 r / ~ .  Ha~6onee I l P O a Y K T M B H b l e  X M J l b l  - ~ P ~ K ' ~ ~ I € ! B O ~ O  

CJlOXeHMR. ~ P ~ K C I M R  COCTOMT M 3  O ~ ~ O M K O B  c iePHb lX  I lMPMTM3MPOBaHHblX  C n a H q e B  

MllM M 3 B e p X e H H b l X  I l O p O a ,  C ~ e M e H T M p O B a H H b l X  ~ ~ J ~ o B ~ T o - c ~ ~ ~ I M  M C e P b l M  K B a p -  

4eM. P y a H b l e  M M H e p a J l b l :  I lMpMT,  a p C e H O f l M p M T ,  aHTMMOHMT, M a r H e T M T ,  JlMMOHMT, 

30JlOTO. H e p y ~ H b l e  - K B a p U ,  P e a K O  KaJlbqMT, I ~ M ~ M T  pa3 l3MT I l O  T p e U M H a M ,  P e a K O  

o6pa3ye~ c a M o c T o w e n b H b l e  n p o x M n K M .  B K s a p q e  OH n p e a c T a s n e t i  paccpeao-ro- 

PMC. 4.52. C x e ~ a ~ n r e c ~ a ~  reonorMrecKaR ~ a p ~ a  paAo~a AJI~~~HHCKO~O pyg~oro  nonR (no ~ a -  
TepHanaM Aanb~esoc-ror~oro reon~oMa). 

1 - necraHclKcl cpenHe- H ~ p y n ~ o s e p ~ c l c ~ b ~ e  c M ~ ~ O M O ~ H ~ I M H  npocnonrvlm aneeponcl-roe H nHH- 
3aMH rpaBenHTOB (J,.,); 2 - neCraHMKH MenKO- M CpeAHe3epHHCTble C BKnlOreHMRMH O ~ ~ O M K O B  meB- 
ponn-ros. npocnon KpeMtiHcTblx cnaHueB, aneeponcl-roB, narKn nepecnaneatime necvaHclKos n anes- 
ponn-roB (J); 3 - mepno6ble a ~ n e s ~ ~ b r  (K,); 4-6 - n o s n ~ e ~ e n o s b ~ e  MHTPYBHH (4  - rpaHMTbl (a), 
rPaHO~MOPHTbl(6), 5 - rpaH~~-nOp@~pbl  (a), ~P~Ho~HOPMT-~~OP@HP~I (6), 6 - ~ a f i ~ v l  nop@nposblx nopon 
KMCnOrO H C ~ ~ A H ~ ~ O C O C T ~ B ~ ) ;  7 - PYnOHOCHble30Hbl (a) ( I  - O ~ ~ ~ M H C K ~ R ,  1 1  - AH@MCMHCK~R, 1 1 1  - E K ~ T ~ -  
PMHHHCKBR, IV - M ~ C ~ O B C K ~ R ,  V - OLUH~OLIH~R),  30flOTOHOCHble POCCblnM (6); 8 - pa3flOMbl 



'ieHHbIMM MenKMMM 3epHaMM. Ero MHOrO BO BMe~alOqMX CnaHqaX M AMOpMTaX. 6 
nepBblX OH M ~ J ~ K M ~ ,  a BO BTOPblX donee Kp~nHbli M 0rpaHeHHbli. C0~epma~Me 
sono~a B nMpMTe 40-50 r / ~ ,  AO 1,5 K ~ / T .  A p c e ~ o n ~ p ~ ~  raqe  npoRsneH B sanb- 
6a~aax nemarero 6 0 ~ a  mMn B ~ ~ a p q e ~ b ~ x  AMopmax. AHTMMOHMT P~ZJBMT B mmax B 

BMAe meneaKos, npomMnKos, c ~ o n n e ~ ~ i  MenKMx KpMcTannos co CTOPOH~I  nema- 
rero 6 0 ~ a  x ~ n .  30~10~0  B pyaax MenKoe (0,Oi-0,l MM, MHorAa GO 1,2 MM), qacTo 

PMC. 4.53. reonornrec- 

K M ~  nnaH 4e~TPanbHOi '4aCTM 

O ~ ~ ~ M H C K O ~  ~ O ~ O T O P Y A H O ~ ~  

30Hbl A ~ ~ ~ ~ M H C K O T O  PYAHOrO 
nonR (no A. K Y ~ O C I K M H ~ ) .  

1 - IleC'iaHO-rnMHMCTble 

nopoabl (J,); 2-5 - n o 3 ~ ~ e ~ e -  

nOBble MHTPY3MM ( 2  - rpaHl4T- 

nOp@Mpbl, 3 - PMOAa~MTbI, 

r pa~n~-nop@npb~ ,  4 - MMKPO- 

AMOpMTbl, 5 - aHAe3MTO- 

6a3anbTbl); 6 - 30Hbl ApoBne- 

HYIR; 7 - OKBaP4OBaHHble 

noponbl; 8 - ce~ra~o-npoxnn-  

Koeoe oKsapueoaHMe; 9 - rnA- 

POTepMaJIbHble 6pe~rnn:  10 - 
KaHaBbl, MOUHOCTb PYAHOrO 

Tena ( r n c n ~ ~ e n b )  M conepma- 

HMe 3OnOTa, T/T (3~aMe~aTenb); 

11 - KOHTYP pyAHoro Tena 



KpMCTaJlJlMrHOe M BMAMMOe HeBOOPYXeHHblM rJla30M, B 30He OKMCJleHMR KpaCHO- 

BaToe, a B n e p ~ ~ r  H ~ I X  pyAax c ~ e ~ n o - x e n ~ o e ,  npo6a 600-650. B pyAe npMcyTcT- 
ByeT Tennyp (no 50 r / ~ ) ,  MMHepanorm KoToporo He ~ s y r e ~ a .  Pyab~ nnoxo o6ora- 
WatoTcR. CDa6p~~a A~lnne msne~ana 143 pya ~e donee 35% sono~a. 

B nocneame roabl Ha PYAHOM none BblRsneHbl pyaHble Tena TMna MMHepa- 

JlM30BaHHblX 30H A P O ~ ~ ~ H H R  B aMOpMTaX M BMelqaOlqMX MX neCraH0-rSlMHMCTblX 

nopoaax. 
A n 6 a s ~ ~ c ~ o e  sono~opyp,~oe MecTopox,qeHMe pacnonoxeHo no neso6e- 

PeXbO p. A M ~ Y H ~  B H V I X H ~ ~ M Y P C K O ~ ~  ~ O J ~ O T O H O C H O ~  30He M flPMYPOqeHO K OManb- 

C K O ~  aHTl/rKnMHanl/r CB HanpaBneHm, c n o x e ~ ~ o i  ~ o n l q e i  ~ ~ ~ H O ~ ~ P H M C T ~ I X  no- 
JlMMMKTOBblX neCWHMKOB C nOarMHeHHblMM flPOCnORMM aJleBPOJlMTOB, KPeMHMCTblX 

fl0pOA M CnMJlMTOB. Cn0M~~b le  flOpOabl, BO3PaCT KOTOPblX CrMTaeTCR OPCKMM, 

CMRT~I  B n v l ~ e i ~ b ~ e  cKnaaKw CB M nonepertior0 - C3 HanpasneHm M npopeaHbl 

MHOrO~MCJleHHblMM A ~ ~ K ~ M M  M LUTOKaMM nOpOa CpeaHerO M KMCJlOrO COCTaBa no- 

3 ~ ~ e ~ e n o e o r o  sospac~a. n p o c ~ ~ l p a ~ ~ e  BaeK npeMMyqecTseHHo 6 n ~ 3 ~ e p ~ a ~ o -  

HanbHoe M CB. A ~ ~ K M  npeAcTasneHb1 pMoaaqvlTaMM @ e n b s ~ ~ -  M r p a ~ l / r ~ - n o p @ ~ -  

PaMLl, MMKpOaMOpMTaMM, nMPOKCeHOBblMI4 ~ o ~ @ M ~ M T ~ M M ,  KepCaHTMTaMM, a 
LUTOKM - TPaHMT- M T P ~ H O ~ M O P M T - ~ O P @ M ~ ~ M M ,  rpaHOaMOpMTaMM M rpaHMTaMM. 

O~ElaorHble IlOpOabl PyflHOrO n0nR nOBCeMeCTH0 OpOrOBMKOBaHbl ( a a ~ ~ b l e  

A. C. A O ~ ~ M H O B ~ ,  1961 r.; r. n. Bonaposwra, 1962 r.; A, n. K ~ c u a ,  1962 r.). 
B 1990- 1993 rr. Ha PYAHOM none flpOBeAeHbl nOMCKOB0-OueHOrHble pa60~bl 

CnpMMeHeHMeM 60nbworo o 6 b e ~ a  KaHaB M KOnOHKOBOrO ~ Y ~ ~ H M R  (A. KYPO~KMH). 
B peziynb~a~e, BblAeneHbl 2 yracTKa c npoMblurneHHblM opyaeHeHMeM: 0 n b r ~ ~ -  

C K M ~  M AH@MCMHCKM~ (PMC. 4.52), npvlyporeHHble KaMcnoKaqvlRM MepMaMotianb- 

HOrO I lpOCTMpaHMR M JlOKaJlM30BaHHble B ~E l iKax  pMO,4aqMTOB, MHTeHCMBHO rMa- 
POTepManbHO M3MeHeHHblX: OKBapl(OBaHHblX, CepMuMTM3MpOBaHHblX, 

XJlOpMTM3MpOBaHHblX, K ~ P ~ O H ~ T M ~ M P O B ~ H H ~ I X ,  T O H K O C Y ~ ~ @ M ~ M ~ M P O B ~ H H ~ I X .  

O ~ ~ ~ M H C K ~ R  30JlOTOHOCHaR 30Ha (PMC. 4.53) IlpOCneXeHa Ha 1,2 KM BAOJlb 

~ J ~ M ~ M ~ ~ M ~ M o H ~ J ~ ~ H o  , Q ~ ~ K M  PMOAaqMTOB M r p a ~ k I ~ - f l ~ p @ L l p ~ ~  MOqHOCTbO 25- 
30 M. B nnaHe a a i ~ a  McnblTbleaeT ~ 3 r ~ 6 b 1 ,  pacqennReTcR Ha an0@~3b1 MOW- 

H O C T ~ O  2-15 M. B c e s e p ~ o i  qacm n a i ~ v l  ano@mb~ cnusatoTcR B eawHoe Ten0 

MOWHOCTbO 40-45 M. C I ~ ~ O U J H O C T ~  A ~ ~ K M ,  K a K  M Bcei  30Hbl, HapyLuaeTCR 6 n ~ 3 -  

LUMPOTHblMM pa3nOMaMV1, no KOTOPblM BHeaPRnMCb IlOCTPYaHble A ~ ~ K M  rpaHLl~l- M 

~ ~ ~ H o ~ M o ~ M T - ~ o ~ @ M ~ o B .  K p o ~ e  T O ~ O ,  PYaHaR 30Ha OCnOXHeHa BHeapeHMeM no- 

CTPYAH ~ I X  aaeK MMKPOAMOPMTOB MOUHOCT~O 2- 5 M, 3ane raou~x  cornacH o c opy- 

AeHeJI blMM TenaMM PMOaa~MTOB.  

B ~ ~ ~ ~ J I R O T C R  3 TMna PYA, 0 6 1 . 4 ~ ~ ~ 4  anR KOTOPblX RBnROTCR: HepaBHOMepHOe 

TeKTOHMreCKOe 6pt?~.lMp0Ba~kle, MHTeHCMBHble rMAPOTePMaJlbHble M3MeHeHMR M 

TOHKaR npOXMnKOB0-BKpanneHHaR cyJlb@Ma~aR MMHepanM3a4MR ( ~ ~ M P M T ,  apCeH0- 

n c l p ~ ~ ) .  P a a n ~ r w  - B CocTase MCXOAH~IX nopoa. B OCHOBHOM pyaa KoHqeHTpHpy- 

eTCR B PMOaa4MTaX, M3MeHeHHblX a0 CePMUMT-KBaPqeBblX MeTaCOMaTMTOB. Me- 
TaCOMaTMTbl no neC'iaHMKaM MHTeHCMBHO HaCbllqeHbl npOXMnKaMM KBapqa (5- 10% 
0 6 b e ~ a  pyabl). T p e ~ M i  TMn pya - 3T0 6 p e ~ r ~ k 1 ,  O ~ ~ O M K M  6 KOTOP~IX  npeAcTas- 
JleHbl PMOAauMTaMM M OCaaOrHblMM nOpOaaMM. B 6 p e ~ r ~ ~ x  qeMeHT n0nHOCTbO 

3 a ~ e q e ~  X ~ O P M T - ~ M A P O C ~ O A M C T O - C ~ ~ M U M T - K B ~ ~ U ~ B I M  arperaToM. C o ~ e p m a ~ ~ e  
cyJlb@M~oB B 6 p e ~ r ~ ~ x  a0 15%. r n a ~ ~ b l e  MMHepaJlbl PYA: KBapq, CepMqMT, BTO- 

POCTeneHHble - anb6M~, XnOpMT, XeJle3Mc~bli K ~ P ~ O H ~ T .  Pya~ble MMHepanbl: nM- 

PMT, apCeHOnMpMT, PeAKO MaPKa3MT, raneHMT, 6neKJlble PYAbI, XanbKOnMpMT, 



GYPHOHMT, c @ a n e p ~ ~ ,  caMopoaHoe aono~o, f locnea~ee TecHo accoqMMpyeT c 
nMpMToM, apceHonMpMToM, d n e ~ n o i  pyaoi. BenMrMHa s b ~ a e n e ~ ~ i  aono~a 0,01- 
0,2 MM, npo6a 700-720. M ~ K ~ O ~ ~ M M ~ C M  B 3OnOTe: Sb, AS, CU, Fe, Hg. 8 OnbrMH- 

C K O ~  3 o ~ e  BblaenRtoTcR 2 p y a ~ b ~ x  Tena ( p ~ c .  4.53). P y a ~ o e ~ e n o  No 1 npMypoqeHo 

KneXare~y  6 0 ~ ~  aa i~k l  M M K ~ O ~ M O ~ M T O B .  Erop/lMHa donee 200 M, C P ~ A H R R  MOLL(- 

H O C T ~  6,8 M, cpeaHee coaepmaHMe sono~a 5,7 r / ~ .  P y a ~ o e  Teno IVO 2 OTaeneHo OT 

nepeoro 6e3pya~o i  aa iK0 i  MMKPOaMOPMTOB. Ero p/lllHa OKOnO 100 M, CPeAHRR 

M O ~ H O C T ~  4 M, cpeaHee coaepmaHMe aono~a 7,9 r / ~ .  C noBepxHocTM 3 o ~ a  npea- 
CTaBJleHa tcynOPHblMM,) OKMCJleHHblMLI Ha 90% PyaaMM. f l p R ~ b l ~  4LlaHMPOBaHMeM 

~3 HMX ~ssne~anocb  77,5% sono~a. 
3 0 ~ a  AH@#C#HCKIR. no ee OCM I lpOXOaMT 6 e 3 p y a ~ a ~  a a i ~ a  MMKPOaMOPM- 

TOB MOLL(HOCTbt0 1 -5,8 M. ~ ~ J ~ O T O H O C H ~ I  MeTaCOMaTMTbl KBapqeBOrO M CepLlqMT- 

Ksapqesoro coc-rasa, odpa30sa~~ble no a a i ~ o s o i  nopone ( p ~ o a a q ~ ~ a ~ ) ,  M pya- 
Hble ~ P ~ K ~ M M ,  MMHepanM3OBaHHble nMPMT0M (a0 10% o d h e ~ a )  M apCeHOnMpMTOM. 

C P ~ ~ H R R  M O ~ H O C T ~  pyaHoro Tena No 1 13,3 M, coaepxanMe aono~a 8 r / ~ ,  aanacb~ 

3OnOTa 3,3 T. fl0 PYaHblM TeJlaM No 2 M 3  3TM AaHHble CneAyIOULle ( C O O T B ~ T C T B ~ H -  

HO): NO 2 - 3,5 M; 6 r / ~ ;  0,6 T; IVo 3 - 3,6 M; 21,1 r / ~ ;  61 K r .  

~ O ~ O T O ~ ~ ~ H O ~  MeCTOpOweHMe ACK0nb)J PaCnOnOXeHO Ha OaHOLlMeHHOM 

OCTpOBe B ~ ~ ~ O H C K O M  Mope B 15 KM OT B~EI~MBocToKEI. OH0 M3BeCTHO C KOHqa np0- 

uJnoro cToneTm M nepMoaMrecKM 3~cnnya~~poeanocb c 1898 no 1937 r. B 1975- 
1978 rr. ~ e c ~ o p o w e ~ ~ e  nepeoqe~~sanocb ( a a ~ ~ b ~ e  A. A. f l o p e r ~ ~ a ,  M. @. Ma- 
nexma, 1978 r.). 

P Y ~ H O ~  none npMypOreH0 K TeKTOHMqeCKOMy KOHTaKTy I ~ ~ J ~ ~ o ~ o ~ c K o ~ o  M 

M ~ ~ O ~ O ~ C K O ~ O  KOMnneKCOB, llaJle030i IlpeflCTaBneH ByJlKaHOreHHO-OCaaOrHbl- 

MM MHTeHCMBHO aMCn0~MPOBaHHblMM IlOpOflaMM, npOpBaHHblMM Ha CeBepe OCT- 

POBa PaCCJlaH~OBaHHbIMM rPaHMTaMM M rpaH0aMOpMTaMM. ~ T M  0 6 p a 3 0 ~ a ~ ~ ~  

pe3KO HeCOrJlaCHO nepeKpblTbl IOPCKMMM ( I~~CKO-TPM~COB~IMM?)  nOJlMMMKTOBbl- 

MM KOHrnOMePaTaMM, pa3H03ePHMCTblMM neC'iaHMKaMM, aJleBpOnMTaMM M aprMn- 
nMTaMM, 3 a n e r a t o q ~ ~ ~  ~ ~ M ~ ~ O P M ~ O H T ~ ~ ~ H O  (PMC. 4.54). O6a KoMnneKca npo- 
PBaHbl MeJlOBblM MaCCMBOM rPaHOaMOPMTOB M MHOrO'iMCneHHblMM MaJlblMM 

r ~ n a d k l ~ ~ a n b ~ b l ~ k l  MHTPy3MRMM M ~ ~ ~ K ~ M M  I~OP@~~POB~IX I lOpOa:  @eJlb3MTbl, @eJlb- 

3~T-n0p@Mpbl, aMOPLITOBble n~p@MpMTbl, MMKPOaMOPMTbl ( a a ~ ~ b l e  B, r. X O M M ' ~ ~ ,  
1975 r.). 

M ~ c T o ~ o ~ ~ H M ~  06pa30sa~o MMHepanM30BaHHblMM 3OHaMM M OnePRtoULI- 

MM MX K B ~ P ~ ~ B ~ I M  mMnaMM. H M x H M ~  ~ O P M ~ O H T ~ I   OH sanerato~ B naneoso ic~o i  
~ e ~ a ~ o p @ ~ s o s a ~ ~ o i  Tonwe. f l p o c ~ c l p a ~ ~ e   OH 3C3, naaewe Ha CB noayrna- 
MM 65-75O. ~ O ~ O T O - K B ~ ~ ~ ~ B ~ I ~ X M ~ ~ I  npoTRrMBatoTcR Ha C3 M na,gatoT HaCB nor- 
TM BepTMKan bH0. Py,QHble Tens 3aneratoT B ~ ~ ~ ~ ~ ~ H M ~ M P O B ~ H H ~ I X  @en b3MT- n0p- 

@Mpax, B OCaaOrH blX M BynKaHOreHHblX C T ~ ~ T M @ M ~ M P O B ~ H H ~ I X  nOp0,4aX pa3HOrO 

B O ~ P ~ C T ~ ,  a TaKme B Menosblx rpaHoAMopMTax. Ha~donee ~ 3 y r e ~ ~ a ~  3 o ~ a  N 1 
npMyporeHa K A c ~ o n b a o s c ~ o ~ y  pa3no~y c6poco-cne~rosoro xapanepa. T ~ K T O -  
HMTbl30Hbl OKBaP40BaHbl, nMPMTM3MPOBaHbl M C0,QepXaT npOXMnKM nMpMT-KBap- 

qesoro, ~MPMT-MYCKOBMT-~sapqe~oro M ~ a n b q ~ ~ - ~ s a p q e s o r o  cocTasa. C p e g ~ ~ e  
MOWHOCTLI 30Hbl1,4-7,6 M, CPeaHMe CO,4epXaHMR 30Jl0Ta 2,5-6,4 r/T. CO CTOPOHbl 

BMCR'ierO 6 0 ~ a  30Ha OnepReTCFl MHOrOr MCneHHblMM ManOMOUHblMM (a0 15 CM), 

HO 60raTbl~M 30nOTOM (a0 550 r/T) KBaPqeBblMM XMnaMM M IlpOXMnKaMM. KOH- 
TaKTbl XMn ' ieTKMe, POBHble, BMeUalOUMe IlOPOabl y KOHTaKTOB OKBaP40BaHbl, n M -  

PMTM3MPOBaHbl, ' iaCTMrHO 3flMaOTM3MPOBaHbl M K ~ ~ ~ O H ~ T M ~ M P O B ~ H ~ I .  K ~ a p q  xMn 



PMC. 4.54. reonorbvie- 
C K M L ~  paspes no npo@uno 
NS! 26 MeCTOpOXAeHMR AC- 
KOnbA (no A. A,  nOperM~y bl 

rip.). 
1 - necqaHMKM, aneepo- 

nuTbl, npocnoM rpaeenmoe 
(J,); 2 - ~ 0 ~ r n 0 ~ e p a ~ 0 - 6 p e ~ -  
CIMM, KOHrnOMepaTbl, 
rpaeenwbl, necraHMKw (J,); 3 
- MeTaneCClaHMKM M POrOBMKbl 
no cnaHuaM, n o p @ ~ p u T a ~ ,  
T Y @ ~ M  (S,-D',); 4 - MeTaKOHr- 
noMepaTb1, MeTarpaeenMTbl~ 
K B ~ ~ ~ - ~ M O T M T O B ~ I ~  por0BMKbl 
(S,-D2,); 5 - 3KCTPY3MBHbIe 
Keapuesble n o p @ ~ p b ~  (K,); 6 - 
flaRKM r p a ~ O ~ M ~ p M ~ - ~ ~ p @ b l -  
POB, AaQMTOBblX ~ O P @ M P O B  

(a), AblOpMTOBMX nop@blpM- 
TOE, MMKPOAMOPMTOB (6); 7 - 
30nOTOHOCHaR 30Ha (a), 3OnO- 
TOpyQHble XMnbl (6) M np0- 
XMnKM (6) 

6neKnblx pya. B IlOCneAHMX M KBapue OTMeqaOTCFI BblaeneHMR 3OJlOTa B ~ ~ M ~ M H O ~  

AO 3-4 MM. Cpea~ee  coaepxaticle aono~a B x m a x  69 r j ~ .  flpo6a aono~a 881. Co- 

AepXaHMe cyJ lb@M~0~ B K B ~ P ~ ~ B O ~  PYae 0 0  5%. K ~ o M ~  OTMeqeHHblX MMHepanOB 

KBK MenKOe M HenpOMblLUfleHHOe. 

~ O ~ O T O ~ Y ~ H O ~  MeCTopO~eHkle rJlyx0e paCnOJlOXeH0 B U ~ H T ~ ~ ~ ~ H O M  Ckl- 
x0~3-AJlMHe. n0aElHHbl~ B. M. U ~ ~ ~ M H M H ~  (1993 r.), A. T. Ka~aayposa (1988 r . ) ,  

A. E. U J e n ~ x o ~ a  (1992 r.), pyaHoe none HaxoaMTcFl Ha nepeceqeHMM KY~MLUOB- 
CKOrO pa3JlOMa CB IlpOCTklpaHMR C MepMaMOHanbHblMkl 3OHaMM TpeUMHOBaTOC- 

TM, CeKYUMMkl AklCJl04MPOBaHHyO CyUeCTBeHHO aJleBpOnclTOByt0 TOJlUy ( I~~MM~H- 



0 IKM 

Pnc. 4.55. C x e ~ a ~ n r e c ~ a ~  reono- 
MecTopoxAeHnR rnyxoro 

(no A. T. Ka~aaypo~y,  A. E. LUenexoey, 
A, n. B ~ H - B ~ H - E  M AD.). 

1 - ' ~ ~ T B ~ P T M ~ H ~ I R  annioonb; ? - ne- 
pecnawBaHne nareK necraHnKoe, aneepo- 
aprnnnnTos M y rne@n~(npo~a~~b~xanespo-  
nMTOB C PeAKMMbI flpOCnORMM neC'iaHMKOB 
(K ' , 3 ) ;  3 - neC'iaHMKM (K',2); 4 - aneBpOnMTbl, 
anespo-aprnnnn~bl (K',"; 5 - WTOK n o p @ ~ -  
POBMAHbIX AMOPMTOB, @EKM AMOPMTOB M 

~ o ~ @ L ~ ~ ~ I T o B  (K,); 6 - TeKTOHklreCKMe Hapy- 
UleHMR: rnaBHble, BTOpOCTefleHHble; 7 - 30- 

KoscKaR csma, K,), cnoxeHHyto anesponMTaMM, necraHMcTblMM anesponMTaMw, 

naqKaMM TOHKOrO @nLlUa, f l0~0ab l  rMaPOTePManbH0 M3MeHeHbl ( K B ~ P ~ - c ~ P M L ( M -  

Tosoe, rMApocntoAMcToe 3 a ~ e q e ~ ~ e ) ,  a p r ~ n n ~ 3 ~ p o s a ~ b 1 ,  c0Aepxa-r BKpanneH- 
H O C T ~  nMpMTa  M apceHonMpMTa, B OCHOBHO~ Macce 06oraue~b1 yrnepoaMcTblM 

MaTepManoM ( c o ~ e p x a ~ ~ e  Cop, B nopoaax 0, l -1%).  Baonb Kyn l l l uo~c~oro  
pa3nOMa OCaaOqHble nOpOabl flpOpBaHbl WTOKaMM KBaPueBblX AMOPMTOB, AMOPM- 

TOBblX ~OP@MPMTOB,  aHae3MTOBblX I~OP@MPMTOB. LULIPMH~ 30H OPOrOBMKOBaHMR 

BOKPYr UTOKOB 250-300 M. Ha KOHTaKTaX pa3BMTbl ~ M O T M T M T ~ I .  B H ~ U H M ~  'iaCTM 

POrOBMKOB MeTaCOMaTM'ieCKM M npOXMJlKOB0 OKBapu3BaHbl. PyaHble Tens 3ane- 

r a m  M B wToKax ~ M O P M T O B .  

1 OCHOBH~R PYaOHOCHaR 30Ha A ~ M H O ~  4 KM M L U M P M H O ~  300 M Ce'ieT flOPOabl 

~ ~ M M ~ H K O B C K O ~  CBMTbl M KPYTO HaKnOHeHa Ha K)B.  OH^ B~nIO'iae~~020 30H CMRTMR 

C ~ ~ G K ~ M M  ~ o ~ @ M ~ M T o B ,  KBapUeBblMM np0XMnKaMM M BKpanneHHOCTbD cynb@M- 

AOB. B CTpyKType BblaeARtoTCR PYaHble MLlHepanM30BaHHble 30Hbl ankIH0i OT 120 

ao 360 M M M O ~ H O C T ~ ~ ~ ~ O  100 M, B npeaenax KOTOP~IX 0np060BaHMe~ OKOHVPM- 

BatoTcR pyaHbre Tena. r n a s ~ o e  pyAHoe Teno, BKnto'iatouee nonosMHy pecypcos 

MeCTOpOX(4eHMR ( ~ M c .  4.55,4.56), npOCneXeH0 KaHaBaMM Ha 1400 M M IlepeCe- 
WHO 9 CKBaXMHaMM Ha r n y 6 ~ ~ e  a0 400 M OT n0BepXHOCTM. CpeaHRR MOuHOCTb 

ero 19 M. H a ~ 6 o n b w ~ i  n p a ~ ~ ~ r e c ~ ~ i  MHTepec npeAcTasnReT MHTepean r n a s ~ o -  

r0  PyaHOrO Tens ~ A M H O ~  655 M, rae er0 MOuHOCTb B OTAenbHblX CeqeHMRX 

(pasay~ax) AocTMraeT 22,9-83,9 M, a cpeAHee coaepxaHMe sono~a OT 1,56 ao 



PMc. 4.56.30~a OCHOBH~R MeCTOpOXAe- 
HMR rnyxoro. Pa3pe3 no 6yposo~y npo@nnlo 
No 34 (no A. E. Wenexosy, A. n. B ~ H - B ~ H - E  M 

AD.). 

b anespo-apr~nn~~bl  o p o r o s n ~ o s a ~ ~ b ~ e  ( K , 2 ) ;  2 
- 9acToe nepecnaneaHMe y r n e @ ~ u ~ p o s a ~ ~ b ~ x  
aneBponMTos M neC9aHMKOB; 3 - sonoToe 
OpyAeHeHMe C ~ O P T O B ~ I M  COAepXaHMeM 1 M 

0,5 r / ~ ,  pa3BMTOe no 30HaM gp06neHM9, CMRTMR 

M6ynMHa~a; 4 - & I ~ K M  n~p@Mpr?~O€l( 1 ), TeKTO- 
HMreCKMe pa3pbIEbl (2) 

3,8 r/T. Ha PY,QHOM none M3BeCTHbl eu_le ,QeCRTKM PY,QHblX Ten, HO C MeHbLUMMM 

napaMeTpaMM. 

Pyab~ npeacTaBngoT co6oFI , Q ~ H ~ M O M ~ T ~ M O ~ @ M ~ O B ~ H H ~ I ~  IlepHocnaHqeBble 

MeTaCOMaTMTbl, flPOXMJlKOB0-XMJlbHble rMnPOTePMaJlMTbl M 6 p e ~ I l ~ M  MeTaCOMa- 

TMTOB Ha KBaPL(eBOM UeMeHTe M nepeX0,QHble Me>yqy HMMM pa3HOBM,QHOCTM. CO- 
AepmaHMe sono~a B pynax 2-5 r / ~ ,  cpenHee 2,8 r / ~ .  Pyab~ COCTOF~T 143 ~ ~ a p q a  M 

pe3KO flO,QIlMHt?HHblX eMy K ~ P ~ O H ~ T ~  M YrJlMCTOrO Beu_leCTBa. CyJlb@M,Qbl CO- 

cTasngoT 2-12% o 6 b e ~ a  p y ~ b ~ .  3 ~ 0 :  n ~ p l n ~  (0,5-5, p e w 0  AO 5-1 0%), apceHonm- 
PMT (no 2, MeCTaMM ,QO 5%), nMPPOTMH (a0 2,5%), MapKa3MT - OT,QenbHble 3epHa, 

XaJlbKOnMpMT, raJleHLlT, c@aJlepLI~ - TOHKaFl PaCCeRHHaR BKpanJleHHOCTb; PegKLle 
- apreHTMT, 6ne~nas PY,Qa, CTaHHMH, KMHOBapb, M O ~ M ~ , Q ~ H M T ,  aHTMMOHMT. O T M ~ -  
WeTCR KaCCMTePMT. LUeeJlkl~ - x a p a ~ ~ e p ~ b l i  MMHepaJl pya, O C O ~ ~ H H O  B 30He Bo- 
~opasaen b ~ o i i .  

3 0 ~ 7 0 ~ 0  B PY,QaX TOHKO~MCnepCHOe,  ceo60a~oe M CBR3aHO C cynb@M,Qa~M. 

C o n e p x a ~ ~ e  aono~a B apceHonMpMTe 50-85 r / ~  (no 160 r / ~ ) ,  B nmpme 10-36 r / ~ .  
@ O P M ~  30nOTMH p a 3 ~ 0 0 6 p a 3 ~ a ~ .  CyJlb@M,Q~oe 30JlOTO COCTaBnsleT OT 18-20 A0 

80-85%. npo6a 3ono~a 807-940. Au: Ag = 2,3-15. K ~ o M ~  3ono~a M cepe6pa B 

PyAaxOTMe'ieHbl: CU -,QOO, 006%;Zn-n00,017; Pb < 0,01; As-,Q00,41%. 30~10- 

TO XOPOLUO KoppenMpyeT c M ~ I L U ~ R K O M  LI cepe6p0~.  



PMC. 4.57. ~ ~ P o C T P ~ H C T B ~ H H O ~  C O O T H O U I ~ H M ~  3 0 n O T O A  M P ~ A K O M ~ T ~ ~ ~ ~ H O R  M M H e p a n M 3 a L p l M  8 

p a R o ~ e  f l p~nc~oeoro  ~ P ~ H M T O M A H O ~ O  M ~ C C M B ~  ( n p a ~ o b e p e x b e  p e ~  Kony~6e M Son. Y c c y p ~ a ) .  

1 - ~ ~ T B ~ P T M ~ H ~ ~ L ?  ElJlnK)BMfi; 2 - A M C n 0 4 M P O B a H H b l e  f l eCVaHO- rnMHMCTb le  f l O p O A b l  H M X H e r O  M e n a ;  

3, 4 - r p a H M T O M A b l  ~ P M M C K O B O ~ O  M a C C M B a  (3 - n e p E a R  f l P e M M y ~ e C T B e H H 0  H a T p O B b l e  C f lO6bl -  

L U ~ H H O ~  M ~ ~ H M T H O A  BOCflPMMMCIMBOCTbK) M O H ~ O r p a H O ~ M O P M T b l ,  r paHOAMOPMTb l ,  AMOPMTbl ,  MOHaOHMTbl  

P a H H e M e n O B b l e ;  4 - BTOPaR @ 8 3 8 ,  KaJ lMeBb le  H e M a r H M T H b l e  r p a H M T b l ,  ~ M O T M T O E ~ I ~  f l ~ p @ M ~ O B M ~ ~ b l e  M 

K P Y ~ ~ H O ~ ~ P H M C T ~ I ~ ) ;  5 - &~KM OCHOBHblX M C P e A H M X  ( a )  M KMCnblX (6) n O p O a ;  6 - apean P a C f l p O C T p a H e -  

HMR ~ O ~ O T O H O C H O C T M ;  7 - 6 n a r o ~ a ~ ~ o e  a o n o ~ o p y ~ ~ o e  M e c T o p o m A e H M e  (a), n p o m n e H m  sono~a (6), 
P e A K M X  MeTElJlnOB (E ) ;  8 - p O C C b l n M 3 O n O T a ;  9 - p a 3 n O M b l  

P y a b l  T P Y ~ H O O ~ O ~ ~ T M M ~ I ~ .  Y C T ~ H O B J ~ ~ H ~  B03MOXHOCTb  M3Bne'ieHMFI 30J lOTa 

no ~ M ~ H M R H O ~  TexHonorMl.1 (c n p e ~ s a p ~ ~ e n b ~ o i  ~ e p ~ o o 6 p a 6 o ~ ~ o i  p y a b ~ )  40 
YPOBHFI90% ( ~ a ~ ~ b l e  A. C .  K o c T b l n e B a ,  1990 r.). Pecypcbl PYA 3Ha'iMTeJlbHble. 

6narona~~oe  M e c T o p o w e H M e  pacnonoxetio B U e ~ ~ p a n b ~ o ~  CMXOTS-An M - 
H e  ( p ~ c .  4.57). P y a ~ o e  none n p M y p o r e t r o  K K ~ M ~ T O ~ ~ T O ~ M T O B O ~  a o ~ e  p a ~ ~ e i  @ a m  
BHeAPeHMR ~ P M M C K O B O ~ O  ~ P ~ H M T O M ~ H O ~ O  M ~ C C M B ~ ,  ~ ~ ~ ~ c T ~ B ~ ~ H H o L ?  M O H u O r p a -  

HOAMOPMTaMM M rpaHOaMOPMTaMM ~ ~ o B ~ ~ W ~ H H O ~  M ~ ~ H M T H O ~  BOCllPMMM'iMBOCTM, 

I l p e M M y l q e C T B e H H O  HaTpOBOrO T M n a  lqenO'iHOCTM, C BblCOKMMM ~ 0 3 @ @ M u M e H T a -  

MM OKMCJleHHOCTM Xene3a (0,33-0,6) M nOKanM30BaHO B T O n l q e  AMCnOuMpOBaHHblX 

I leC'iaHO-rnMHMCTbIX nOPOA H M X H e r O  M e n a .  3 T M  I lOpOAb l  npOpBZlHb l ,  K p O M e  TOrO, 

WTOKaMM AMOPMTOMaOB M MHOrO'iMCneHHblMM a a i K a M l 4  aMOPMTOBblX ~~OP@MPMTOB. 

C r p a H M T a M M  B T O P O ~  @a3b l  ( H ~ M ~ ~ H M T H ~ ~ M M ,  ~ a n M e B b l ~ l 4 )  nO3,lJHeMenOBOrO 8 0 3 -  

p a c T a  ( r e p a c ~ ~ o s  M ap., 1990) T e c H o  C B R B ~ H O  P e a K o M e T a n n b H o e  O p y a e H e H M e  

{Sn, W, Mo, Be). M e c ~ o p o w e ~ ~ e  n p e A c T a s n e H o  MHoro ' iMcneHHb lMM M M H e p a n M -  

3 0 B a H H b l M M  3 O H a M M  ~ P O ~ ~ ~ H M S I ,  M 3 P e A K a  C O a e p X a l q M M M  TOHKMe npOXMJ lKM 

K s a p u a ,  a T a w e  x M n a M M  K s a p u e s o r o ,  K B ~ ~ U - K ~ ~ ~ O H ~ T H O ~ O  M ~ s a p u - c y n b @ M a -  



HOrO COCTaBa ( g a ~ ~ b l e  r .  B. U e n R e ~ o i ,  H. E. B o n o ~ M ~ a ,  1962 r.; B. M. K o ~ K M H ~ ,  

1971 r.). MOUHOCT~~OH 0,l-0,9, ,QO 3,6 M .  O ~ J ~ O M K M  I leCraHO-rnMHMCTblX I l O P O A B  

3OHaX CqeMeHTMpOBaHbl  K B a p q e M  M K ~ ~ ~ O H ~ T O M ,  AMMOHMTOM, OTMeraKlTCR CM- 

AepMT, B K p a n n e H H O c T b  nMpMTa ,  apCeHOnMpMTa .  Py,jJ~ble XMJlb l  - 3 T 0  CnO>KHO- 

BeTBRuMeCR Tens C MHOrOrMCneHHblMM a n 0 @ ~ 3 a M M ,  I l e p e X M M a M M .  MOUHOCT~ 
mmn 0,l-0,3 M (AO 0,5-0,6 M). 6 n ~ 3  n o s e p x H o c T M  MX comas ~sapqesb~ii, B noo- 
3eMHblX B b l p a 6 0 T K a ~  K p O M e  K B a p q a  npMCyTCTByeT  K ~ P ~ O H ~ T .  Cynb@M,L(bl CO- 

cTaBnRtoT 3-596, a ~ o  ~ M ~ M T ,  a p c e H o n M p m ,  c @ a n e p ~ ~ ,  ranew-r, ~ a p e ~ ~ a  x a n b K o -  

n M p M T  M M o J ~ M ~ ~ ~ ~ H M T .  O T M ~ ~ ~ ~ T C R  B K p a n n e H H O C T b  (A0 0,s-1  MM) 

COnOMeHHO-XeJlTOrO 3OnOTa. q J l M H a  OCHOBHO~ MaCCbl  X M n  n e p B b l e  AeCRTKM M e T -  

pos, M H o r A a  00 100-200 M, pew0 no 500 M, npoc - rMpa t i c l e  CB M 6 n ~ 3 ~ e p ~ ~ ~ o -  
tianwoe, pexe C3, yrnbl n a , q e H m  50-90°. P y , q ~ b ~ e  c~on6bl B b l a e n R t o T c R  H a  

YqaCTKaX I l e p e C e r e H M R  X M n  C MMHepankl30BaHHblMM30HaMM CB M C 3  npOCTMpa-  

HMR. M~CTOPO)I(A~HM~ ClaCTMqHO 0 ~ p a 6 a ~ b l B a n 0 ~ b .  
r 

TYMHHHCKO~ ( O ~ M K Y )  3OJlOTOpyAHOe (C  B O ~ ~ @ ~ ~ M O M )  MeCTOpOX,4€?HM€? 

p a C n O n O x e H 0  H a  C e B e p e  ~ ~ H T ~ ~ ~ ~ H O C M X O T ~ - A J I L ~ H C K O ~  30Hb l .  OHO M3BeCTHO C 

1948 r., c 1962 no 1966 r. a K c n n y a T M p o s a n o c b .  P y a ~ o e  none ~ 3 y r a n ~  Jl. n. Cnw- 
UMH, r. n. Bonapos~r,  A. E. n e u ~ o ~ ,  A. H. T a t o p c ~ ~ i .  

M ~ C T O ~ O M ~ H M ~  n o ~ a n ~ 3 0 s a ~ o  B T e p p M r e H H b l x  nopoaax H M m H e r o  M e n a ,  

o6paayrou~x O~MKMHCKYD aHTMKnMHanb CCB IlPOCTMPaHMR C Y r n a M M  I laAeHMR 

KpblJlbeB 50-60' ( ~ M c .  4.58). R,Qp0 aHTMKnMHanM C n O X e H O  rJlMHMCTblMM C n a H q a -  

PMC. 4.58. reono rwec~u i  paapes repes paiow TYMHMHCK~~O MecTopomAeHMR (no r .  n. Bona- 
POBM~Y). 

1 - aprMnnMTbl sepxHero ropmoHTa c naq~oLi pmasblx necraHuKoe; 2 - necrawlcm; 3 - aprMn- 
nkITbl, nepecnaMsaoQMecn c necratiI.1KaMI.l; 4, 5 - aprunnMrb1 HMmHero ~ O ~ M ~ O H T ~ ;  6 - ~ O ~ O T O - K B ~ P -  
Qeeble mvlnbl; 7 - pa3no~b1 

MM, a KPblnbR - MeJlK03ePHMCTblMM nOJlMMMKTOBblMM I leCWlHMKaMM, I l e p e C n a M B a -  

IOWMMMCR C rJlMHMCTblMM CnaHUaMM. B C K ~ E ~ , ~ W T O ~  C T P Y K V P e  Py,QHOrO nOnR U M P O -  

KO P ~ ~ B M T ~ I  M e x c n o e s b l e  (t ia~6onee p a ~ ~ ~ e )  paspb~e~b~e H a p y u e H M R ,  K KOTOP~IM 

flpMypO'ieHbl 3OJ lOTOpyAHble  X M n b l  M A ~ ~ K M .  Lonee K p y n H b l e  TeKTOHMqeCKMe 

pa3pb lBb l  MepMAMOHaJlbHOrO, C3 M LUMPOTHOrO HanpaBneHMR BO3HMKJlM n03Xe, 
KPblnbR aHTMKJlMHanM MHOrAa  OCnOXHeHbl M ~ A K o ~ ~  CKnEl,4raTOCTblo, a0 n n o i r a T 0 -  

CTM . 



L / l 3BepmeHHb le  n O p O a b l  npe f lCTaBneHb l  CpaBHMTaJ lbHO MaJlO' iMCneHHblMM 

A ~ ~ K ~ M M  @ ~ ~ ~ ~ M T - ~ o P @ M P o B  OKBaPUOBaHHblX, BePORTHO AOPYAHblX, AMOPMTOBblX 

~ O ~ @ M ~ M T O B ,  CneCCapTMTOB M ManXMTOB, l l 0 C T P Y A H b l X ~ M a 6 a 3 0 B b l ~  ~OP@MPMTOB. 

C ' i k lTaeT~R (r. n. Bonapos~r), 'iTO A ~ ~ K M  npeACTaBnRtOT co6oi CaMOCTORTeJlb-  

HYtO MHTPY3MBHYtO @a3y, a B H e A p e H M e  rPaHMTOMAHblX ~ ~ T O J ~ M T O B  nPOM30LUJlO n03- 

me, M c HMMM C B R ~ ~ I B ~ ~ T C F I  B p a i o ~ e  P e A K o M e T a n n b H o e  O p y A e H e H M e .  B CB ' iacTM 

O ~ M K M H C K O ~  PYAHOG 3 0 H b l  OCaAO' iHble M A ~ ~ K O B ~ I ~  nOpO,4bl M ~ T ~ M O ~ @ M ~ O B ~ H ~ I  

rPaHMTOMaHblMM MaCCMBaMM, H e  B C K P b l T b l M M 3 ~ 0 3 M e i .  

P y ~ H b l e  TeJ la  I l peACTaBJ leHb l  I l p e M M y l q e C T B e H H O  M a J l 0 ~ y J l b @ ~ ~ ~ b l ~ M 3 0 J l O -  

TOPYaHblMM KBaPUeBblMM XMJlaMM, COrJlaCHblMM CO CJlOMCTOCTbO, n ~ 6 0  KOCOCe- 

KYuMMM.  C J ~ ~ ~ O ~ O J ~ O T O H O C H ~ I M M  RBJlRtOTCR MHOrO' iMCneHHble MMHepaJ lM3OBaHHble  

I l ~ ~ J l ~ i H b l e  3 0 H b l  A P O ~ ~ ~ H M F I  M OTAeJ lbHb le  A ~ ~ K M  @ ~ ~ ~ ~ M T - ~ o P @ M P o B .  O~pa6a- 
TblBaJlMCb XMJlb l  ~ o S I O T ~ R ,  ~ O ~ A H R R  M M o n o ~ e m ~ a R .  M e H e e  30JlOTOHOCHbl XMJlbl  

K O H T ~ K T O B ~ R ,  HMXHRR, Hosa~ ,  K o B ~ J ~ M x M H c K ~ R ,  r e 0 @ M 3 M ' i e ~ ~ a R .  0 6 b l ' i ~ a R  AJlMHa 

30nOTOPYAHblX KBaPUeBblX X M J l 2 0 0 - 5 0 0  M ,  AJlMHa X M J l b l 3 0 J l 0 ~ 0 f i  2,2 KM. npeo6- 
n a A a t O u a 9  M O ~ H O C T ~  m M n  0,2-1 M, B pasayeax AO 5-6 M, MaKcMFnanbHaR - 19 M 

( m n a  No 65). n p o c ~ ~ p a ~ ~ e  m M n  CB, n a a e H M e  H a  C3 M OB. T e ~ c ~ y p a  p y ~  M a c -  

CMBHaR, 6 p e ~ ' i M e B a R ,  IlOJlOC'iaTaR. K O H T ~ K T ~ I  XMJl B rJlMHMCTblX CnaHUaX reTKMe ,  

I l p s l ~ ~ n M ~ e ~ ~ b l e ,  B neC' iaHMKaX nPePb lBMCTb le .  Ha 90-95% XMJlb l  COCTORT M3 

K B a p U a  C BKJltO'ieHMRMM O ~ J ~ O M K O B  B M e ~ a t O u M X  n O p O A  C I l pMMeCb tO  KaJlbUMTa, 

a n b 6 ~ ~ a ,  a A y n s l p a ,  cepMqM-ra ,  xnopma, c y n b @ ~ ~ o e  M 30no~a. Keapu B OCHOBHOM 

K P Y I ~ H O ~ ~ P H M C T ~ I ~ ,  M ~ C C M B H ~ I ~ ,  M0n0' iH0-6enblh,  HO 3 0 n O T O  CBR3aHO C donee 
n 0 3 A H M M  LUeCTOBaTblM MeJ lK03ePHMCTblM KBaPUeM.  P y ~ H b l e  MMHepaJ lb l :  a p C e H 0 -  

nMpMT,  ranetim, c @ a n e p ~ ~ ,  x a n b K o n M p M T ,  n ~ p p o ~ ~ ~ ,  6ne~nble pyab~, ~ O ~ O T O ,  

~ 0 J l b @ p a M M T ,  MapKa3MT,  MarHeTMT.  B c n e ~  3a PaHHMM KPYf lH03ePHMCTblM K B a p -  

U e M  OTJ lOXMnMCbapCeHOnMPMT M I~MPMT-1.  30~10~0 ~ c c o L ( M M ~ ~ ~ T  c nO3aHMMM nM-  

~ M T O M ,  r a n e H M T o M  M c @ a n e p ~ ~ o ~ ,  HO 'iaue OHO H a x o A M T c g  B u l e c T o B a T o M  map- 
Ue B B M A e  BeTO'ieK M ~ 6 ' i a ~ b l ~  CPOCTKOB B e J l k l ' i ~ ~ ~ i  0,07-2 M M  M JlOKaJlM3yeTCR B 

3anb6a~~ax  x M n  6 n ~ 3  B ~ n t O r e ~ M i  B M e u a t O u M x  n o p o ~  M cynb@~aoe. f l n ~ ~ a  no 
I lpOCTMpaHMtO 0 6 0 r a u e H H b l x  MHTepBaJlOB B XMJlaX 50-80 M ,  B X M n e  ~ O ~ O T O ~  - 
500 M.  6onee 6 0 r a T b l ~ M  RBJlRtOTCR XMJlbl  6 p e ~ r M e ~ 0 i  TeKCTYPbl. B XMJ le  ~ O J I O T O ~  

MMetOTCR nMH3b l  V1 nPOXMJlKM K ~ P ~ O H ~ T H O - C Y ~ ~ @ M A H O ~ O  COCTaBa, B KOTOPblX Ilpe- 
0 6 n a ~ a t O ~  r a n e H m ,  c @ a n e p ~ ~  M nMpuT .  B c e s e p ~ o i  ' iacTM p y A H o r o  n o n R  M ~ B ~ C T H ~ I  

K B ~ ~ ~ - B O ~ ~ @ P ~ M M T O B ~ I ~  P y A H b I e  npOXMJlKM, npOCTpaHCTBeHH0  0 6 0 ~ 0 6 n e ~ ~ b l e  
OT 30nOTO-KBaPUeBblX m M n .  npo6a 3OnOTa  81 0-870. K p 0 ~ e  30J lOTa B P y A a X  CO- 

a e p m M T c 9 :  Mn - 0,01-O, 1%; Ni - AO 0,08; Ti - ao 0,8; V - AO 0,08; Cr - AO 0,005; Zr 
- A0 0,01; Ga - A0 0,005'36 M B He3Ha'iMTeJlbHblX KOflM'ieCTBaX Sn, Sr, Ag, Ba, Be, 
CO, Cd. B M e u a t O u M e  n O p O A b l  H a  M O u H O C T b  A0 2-3 M OKBaPUOBaHbl,  XJlOPMTM3M- 

POBaHbl,  ~ y J l b @ k l ~ M 3 k I p 0 B a ~ b l  M C J ~ ~ ~ O ~ O J ~ O T O H O C H ~ I .  

P y ~ b l  MeCTOPOX,4eHMR 06orauat0~c~ I l O  nPOCTblM ~ ~ ~ B M T ~ ~ M O H H O - @ J ~ O T ~ -  

4MOHHblM CXeMaM.  3a r O A b l 3 K C n J l y a T a ~ M M ~ 0 6 b l ~ 0  576 K r  30JlOTa. L /~M~ IOTCR Ilep- 
CneKTMBbl n p M p O C T a  3aI laCOB.  

C n e ~ y e ~  oTMeTMTb,   TO ~ O ~ O T O P Y A H ~ I ~  n p o g B n e H M g  p a i o ~ a  p a c n o n o m e H b 1  

H a  ~ O J I ~ W O M  y,QaJleHMM (1 2-1 5 KM) OT MaCCMBOB rPaHMTOMAOB, KOTOPble CO BCeX 

CTOPOH OKPY>KatOT PYaOHOCHble  I lJlOLqaAM. C n p k I 6 J l M ~ e H M e M  K r p a H M T 0 M A a M  MH- 

TeHCMBHOCTb 30JlOTOHOCHOCTM I l a A a e T .  K B ~ ~ ~ - B o J ~ ~ @ ~ ~ M M T O B O ~  me O p y a e H e H M e  

aCCOL(MMPYeT C rpaHMTOMaaMM. 



Y ~ ~ M M H C K O ~  30nOTO-MblWbRKOBOe MeCTOPOweHMe paCnOnOXeH0 Ha ne- 
~06epembe HMm~ero A ~ y p a .  OHO ~3y~lanocb Ha onoBo, HO o~a3anocb SO~OTOPYA- 

H ~ I M  ( A ~ H H ~ I ~  A. B. Ko~lyGeg, 1955 r.). M e c ~ o p o m e ~ ~ e  pacnonometio B none 
Pa3BMTMR AklCnO~MpOBaHHblX IleC'iaHO-rnMHMCTMX Tonu TOPIOHCKO~, ~ M O H ~ ~ C K O ~  

M ~ M B ~ H C K O ~  CBMT HMmtiero Mena. r o p t o ~ c ~ a ~  cBwa npeAcTasnetia PLITMM~HO 

rpy6o nepecnaMBatolqwmc9 necrat imaw ~1 anesponmaMM, nMoHepcKaR csma 
06pa30~a~a TeMHO-CePblMkl A0 WPHblX aneBpOnklTaMM M rnklHklCTblMM CnaHl@- 

MM, a nMBaHCKaR AenMTCR Ha 2 rOPM3OHTa: H M X H M ~  - pa3HO3epHMCTble IleC'iaHM- 

KM, rpasen M T ~ I  M ~ o t i r n o ~ e p a ~ b l ,  a s e p x ~ ~ i ,  mpeaenax KoToporo saneraio~ p y ~ -  
HbleTena, cnomeH PMTMM~HO nepecnaMsatolqmMc necqatiHKaMM, anesponmaMM 



M rnMHMCTblMM CnaH4aMM.  O C ~ A O C I H ~ I ~  I lOpOAb l  CMRTbl B KPYTble CKJlEl,4KM CB np0- 
CTMpaHMR M I l p O p B a H b l  n 0 3 A H e M e n O B b l M M  A a f i ~ a ~ M  J l a ~ n p O @ k l p ~ B  CCB np0CTM-  

PaHMSI M LUTOKaMM ~ ~ ~ H M T - ~ o ~ @ M ~ o B .  

P y n ~ a ~  a o ~ a  n p M y p o q e H a  K nonoce ~ a ~ a ~ n a a ~ p o e a ~ ~ b l x  nopog M e p M A M o -  

H a n b H o r o  H a n p a s n e H m ,  n p o T R r M a a e T c R  H a  1,5 KM n p M  M O ~ H O C T M  OT 0,8 AO 30 M 

M H a K n o H e H a  ( K ~ K  M C ~ O M )  H a  BOCTOK noA y r n a M M  OT 30 DO 75O ( p ~ c .  4.59). B npe- 
AeJ laX 3 0 H b l  BblAenReTCR HeCKOJlbKO K B ~ P ~ - C Y J I ~ @ M A H ~ ~ X  XMJl MOqHOCTbtO 1,5- 
3 M. B M e c T a x  Bb lKnmHMsaHtm x M n  P ~ ~ B M T ~ I  c ~ T c ~ ~ T o - B K P ~ ~ ~ ~ H H ~ ! ~  p y ~ b ~  c H e q e T -  

KMMM Orpat iMqeHMRMkl .  a0 HeCKOAbKMXAeCRTKOB MeTPOB B 06e CTOPOHbl OT P Y A H O ~  
3 0 H b l  BMeU@tOqkle nOPOAbl  rMAPOTePMaJ lbH0  M3MeHeHb1, nMPMTM3MPOBaH bl. 

P y ~ H b l e  XMJlbl  M CeTqaTb le  3 0 H b l  CJlOXeHbl MeJlKO3epHMCTblMM K B a p 4 - C y n b -  

@MAH~IMM p y a a M M .  C O O T H O ~ ~ H M ~  K B a p w  M cynb@~noe B pyAax n e p e M e H t i o e .  M 3  

c y n b @ m ~ o s  npeo6nmat0~ ~ M ~ M T ,  n M p p o T w  M a p c e H o n M p M T .  C o ~ e p x a ~ c l e  nep~brx 
geyx M M H e p a n o s  B pyAe OT 15 AO 98%, a a p c e ~ o n ~ p ~ ~ a  no 36%. L l a ~ p y r ~ x  p y ~ ~ b ~ x  
M M H e p a n o s  B c T p e r a t O T c R :  ~ a p ~ a a ~ ~ ,  c @ a n e p ~ ~ ,  x a n b K o n M p M T ,  6 n e ~ n a ~  pyAa, 
raneHMT,  ~ Y J ~ ~ H X ~ ~ M T ,  CTaHHklH, BMCMYTMH, C ~ M O P O A H ~ I A  BMCMYT, KaCCMTePMT. 

30Jl0~0 B PYAaX OqeHb  MeJlKOe, CBR3aHO C c y J l b @ L l A a ~ M .  B CnSlOLUHblX PYAaX CO- 

A e p x a H M e  sono~a c o c T a s n R e T  - 12,2 r / ~ ,  B c e T r a T b l x  - 7 r / ~ .  C o ~ e p x a ~ ~ e  cepedpa 
30-70 r/T,  Mb lWbRKa  3-5%, CBMH4a 0,5-1, OJlOBa 0,03-0,5%. 

B a M a n b r a M y  ~ s s n e ~ a e ~ c ~  acero 3,4% sono~a, a U M ~ H M P O B ~ H M ~ M  - 61% 
3 0 n O T a  M 70% cepe6pa. r p a B M ~ a ~ M 0 ~ ~ b l e  MeTOAb l  H e  A a n M  I lOnOXMTenbHb lX  

pe3yn bTaTOB. P y ~ a  RBJlReTCR Y ~ O ~ H O ~ ,  I l pMMeHeHMe 06bl'i H ~ I X  MeTOAOB o6ora- 
U e H M R  YAOBJleTBOpMTenbH blX pe3yJl bTaT0B  H e  A a e T .  

M a n ~ ~ o ~ c ~ o e  ( H a ~ o s c ~ o e )  a o n o ~ o - p e ~ ~ o ~ e ~ a n n b ~ o e  M e c T o p o w e H M e  

p a c n o n o x e H o  B u e ~ ~ p a n b ~ o c ~ x o ~ 3 - A n ~ ~ c ~ o L 3  a o ~ e .  P y ~ ~ o e  none no~an~aosa -  
HO B 3 K 3 0 -  M 3HAOKOHTaKTe B o , ~ o ~ ~ ~ A ~ J I ~ H o ~ o  MaCCMBa ~ ~ ~ ~ P O - A M O P M T O B  (PMC. 

4.60), p p O p b l B a t O ~ M X  neC'iaH0-rnMHMCTble ( C ~ ~ ~ ~ C T B ~ H H O  r J l M H k l ~ T b l e )  I lOpOAb l  

H M X H W O  M e f l a ,  MHTeHCMBHOAMCn04MPOBaHHble B CB HanpaBneHMM.  O p y ~ e H e H k I -  

e M  3aTPOHYTbl T a K X e  n 0 3 A H e M e n O B b l e  BynKaHMTbl C p e A H e r O  COCTaBa. Bce nOpOAb l  

r M A p O T e p M a J l b H 0  M3MeHeHbl :  OKBElP40BaHbl, XflOPMTM3MPOBaHbl, CePMU,MTM3MPO- 

BaHbl ,  n p o n ~ n ~ ~ m ~ p o s a ~ b ~ ,  a p r ~ n n ~ 3 ~ p o s a ~ b 1 ,  T ~ ~ M ~ J - I M H M ~ M ~ O B ~ H ~ I .  f l n ~ ~ a  
MHTPY3MBHOrO MaCCMBa 12 KM, LUMPMHa 1-2 KM. C ~ A R  no ~ ~ O @ M ~ M ~ ~ C K M M  A ~ H H ~ I M ,  

H a  r n y 6 ~ ~ e  MaCCklB PaCLUMpReTCR A0 3-5 KM M YAnMHReTCR A0 1 8 KM. U e H T p a n b -  

H a g  r a c T b  M a c c m a  c n o x e H a  ra66po PI ~ ~ ~ ~ ~ O - M O H ~ O H L I T ~ M ~ ~ ,  anMKanbHb le  qacTM 

AMOPMTaMM, PeXe rpaHOAMOpMTaMM. M ~ ~ H M T H ~ R  BOCnPMMMqMBOCTb n O p O A  OT 19- 
3 2 ~ 0  150-1 800 X, OKMCJleHHOCTbXeJle3a BblCOKaR (f = 0 , 3 - 0 , 6 ) ,  lqeJlO'iHOCTb BblCO- 

KaR   an M C ~ -  ~ a ~ p o s a ~ .  A 6 c o n t 0 ~ ~  b l t i  B O ~ P ~ C T  nopoa 88-90 M n H  n e ~  (no B a n o s o M y  

 an M a ) .  

no A ~ H H ~ I M  A. n. 3 e H k l H a  (1 985 r . ) ,  B. M. U & ~ ~ M H M H ~  (1 993 r . ) ,  H a  pyp,HOM 

none BCKP~ITO donee 8 PYAH~IX T e n ,  n p e A c T a o n R t O q M x  co6oFi xunbl M x M n b H b l e  

3 0 H  b l  ~ ~ O X M ~ K O B O - B K ~ ~ ~ ~ ~ H H O ~  MMHepaf l  M3aUMM, B KOTOPblX BblAenFItOTCFI 060- 
r a U e H H b l e  MHTepBaJlbl AJ~MHo!? B AeCRTKM M COTHM MeTPOB.  C ~ ~ A H R R  M O q H O C T b  

xopowo ~ 3 y q e ~ ~ o f i  ~ O H ~ I  M~AHoL~ 3 M, c p e A H e e  c o A e p x a H M e  aono~a 4,7 r / ~ ,  



Pnc. 4.60. C x e ~ a ~ n r e c ~ m  reonorHrecKan KapTa H a ~ o s c ~ o r o  (MZUIUHOBCKO~O) pyatior0 p a R o ~ a  

(I70 A, r. KaTaesy, 0. H. M ~ K c H M ~ H K O ,  A. n.  ~ ~ H H H Y ,  C Y I ~ P O I ~ ~ H U R M H ) .  

1 - ' i € ? T B e P ~ ~ H b l f i  aJlJlJlIOBHR; 2 - T Y ~ M  KHCJlOrOCOCTaBa (K2); 3 - aHae3HTbl, N W T b l  IlOKPOBHble 

(a)H C ~ ~ B ~ ~ K ~ H M ~ ~ C K H ~  (6)(K2); 4 - TY@OKOH~J~OM~P~T~I  (K2); 5 - rleCWHO-rJlHHHCTble mCJlOl.&4POBaH- 

HbleTOJlLL(H (K,); 6 - AHOpHTbl, r a 6 6 p o - p , n o p ~ ~ b l ,  MOHLiOHHTbl (K1-2); 7 - KZUIHeBble TpaHHTOM/Jbl (K2); 8 - 
~ R K H  KHCJlblX (a) H C p e ~ M X  ( 6 )  flopon; 9 - ape&Jlbl paCllpOCTpaHeHHFl 30Jl0~0-~epe6p0-~e~b-B0Jlb- 
Opa~osofi MHt iepanmaqMu;  10 -TO me p e ~ ~ o ~ e ~ a n n b ~ o a  MnHepannaauHH; 1 1 - p a 3 n o ~ t ~  

cepe6pa 60 r / ~ ,  Menu 1%, BMcMyra 0,01%. B oTaenbtiux nepeceretimx @MKCM- 
pyeTcRAo 0,95% OKMCM ~onb@pa~a.  SYPOBMMM CKBamMtiaMM OpyaeHeHMe BCKP~I- 

TOAO rny614~bl220 M 6e3 npM3HaKOB BblKnLlHMBaHMR. H ~ P Y ~ H M ~  MMHepanM PyaHblX 
Ten: KBaPL(, CePLlL(LlT, XnOPLlT, TYPManLlH. Py,QHbIe: XanbKOflklpMT, flMpLlT, 30nOT0, 
lueenn-r, apceHonMpm. 30~10~0 He ~ l s y r e ~ o .  Au: Ag = 1 : 10-1 2. I ~ P O ~ H O ~ H M ~  
peCypCbl3OnOTa, cepe6pa L l  MeaLl 3HarLlTenbHble. 

Me~T~p~>yqetiLle BOCTOK-2, PaCn OnOXeHHOe B &HTpan ~ H O M  CMXOTS-AAM- 
He, ~ ~ ~ c n n y a ~ ~ l p y e ~ c ~  Ha ~ o n b @ p a ~  c nony~~oi3 a06blreh sono~a, n p ~ l  coaepma- 
HMM nocneaHero B pyaaxao 2 r / ~ .  M e c ~ o p o ~ e ~ ~ e n o ~ a n ~ s o s a ~ o  B BepxHenepM- 
C K O ~ ~  ~ ~ C ~ ~ H M K O B O ~ ~  Tonue, coaepxauei3 npocnoM anesponwos, ~ p e ~ ~ e f i ,  
T Y @ O ~ ~ H H ~ I X  nOpOa, CnMnMTOB Ll MPaMOPM30BaHHblX LlSBeCTHRKOB, IlPOPBaHblX 
flaRKEi~Ll rpa~LlT-n~p@Llp~B Ll luTOKaMM rPaHO,4MOPMTOB (~narL l0rpa~Ll~0~)  (pLlc. 
4.61). r n a s ~ a ~  pyatiasl sanexb npMyporeHa K nnacTy CKaPHMPOEIaHHblX ~ 3 -  

BecTtigKoe, coaepmuwx lueenmoeoe opyaeHeHMe B BMae lueenm-~MMOHMTO- 
C Y ~ ~ @ M A H M X ,  U J ~ ~ ~ M T - K B ~ P U ~ B ~ I X ,  l ueen~~ -c~ap~oeb l x  M n p o x ~ n  KOBO- pan- 

ne~iiux pya ( a a ~ ~ b ~ e  A. 9. raasa, 1983 r.). O p y a e ~ e ~ ~ e  HaKnwMsaeTcn Ha CKapHbl 
(MHHWB B. A. HMKO~OCFIH~ L l  ap., 1966 r.). ~ ~ H T P Y ~ M B H ~ I ~  flOpOAM flepeCeKalOT 
py~bl. I l p o c ~ ~ p a ~ ~ e  pya~b~x  Ten, KaK M cKnaAraTwc c~pylcryp, - CB, nweHMe Ha 



Paspeo no nHHHH A-6 

Puc. 4.61. r e o n o r ~ q e c ~ a ~  K a p T a  p a R o u a  s o n o ~ o - ~ o n b @ p a ~ o e o r o  M e c T o p o m e H M r r  BOCTOK-2 

(no HMKO~OCRHY 6. A. M AP.). 
1 - C ~ ~ T B ~ P T M L - I H ~ I ~  aJlJlIOBMfi; 2 - CyueCTEeHHO neCqaHMKOBble T O n u M  M KOHrJlOMepaTbl  HMXHerO 

MeJ la ,  IOpbl? M T P M ~ c ~ ?  A n e B p O J l M ~ b l ,  aprMJlJlMTbl, TyQ)@MTbl p e 3 K O  IlOAqMHeHbl; 3 - T O J l q a  neCqaHMKOB 

Pa3H03epHMCTblX nOJlMMMKTOBblX, KPeMHMCTblX n O p O A  M aJleBpOJlHT08 C JlMH3aMM M3BeCTHRKOf3, RWM, 

CnMJlMTOB (P,); 4 - aJleBpOJlMTbl, RWMbl,  nOp@MpMTbl, T ~ @ b l ,  CnMJlMTbl, KOHrJlOMePaTbl, neCqaHMKM, nMH3bl  



C3, yrJlbl naAeHMR 50-88'. P y ~ b l  nPeMMYueCTGeHH0 MaCCMBHble. rnaBHble pya- 

Hble MMHepaJlbl: WeenMT, nMPPOTMH M XanbKOnMpMT, BTOpOCTeneHHble M PeAKMe: 
apCeHOnMpMT, c@anepMT, M O ~ M ~ A ~ H M T ,  BMCMYTMH, C ~ M O P O ~ H ~ I ~  BMCMYT, 3010- 

TO, cepe6po. O C H O B H ~ I ~  HePYaHble: KBaPq, nMPOKCeH, ~ M @ M ~ O J I ,  anaTMT, CJltOabl. 

rnas~b l i  n o n e s ~ b ~ i  s n e ~ e ~ ~  ~ o n b @ p a ~ ,  nony-rtible: Cu, Bi, Au, Ag M S. 3ono~o B 

BMAe M ~ J ~ K o ~  BKpanneHHOCTM (0,002-0,034 MM) COAePXMTCR B PYaHblX M HePYAHblX 

hotmepanax, HO 6onee Bcero TRroTeeT K XanbKonmpMTy, apcetionMpMv M nMppo- 

TMHY. ~ O ~ O T O  XenTOe, KpaCHOBaTOe, B ~ I C O K O ~ ~ O ~ H O ~ .  

M ~ c T o ~ o X A ~ H M ~  PaCnOnOXeHO B IlpOBeCe KpOBnM MeWy AByMR KPYnHblMM 

HeMarHMTHblMM TPaHMTOMAHblMM MaCCMBaMM K ~ J ~ M ~ B o ~  CneqManM3aqMM (6Mcep- 
Hbli M flaJlbHMi). nep~blf i  XapaKTepM3yeTCR BblCOKMMM 3Ha'ieHMRMM f(0,25-0,4 M 

6onee), a B T O P O ~  HM3KMMM (< 0,25). Eue  6onee HM3KMMM 3Ha'ieHMRMM 3TOrO no- 

Ka3aTenR OTnM'iaeTCR WTOK BOCTOK-2 (f = 0,1), npM HaTpOBOM ( K ~ J I M - H ~ T ~ O B O M )  

TMneueJlO'iHOCTM nOpOA. A6~0ntO~Hbli B03PaCT rPaHMTOMAHblX MaCCMBOB bklcep- 
HOTO, flanbHer0 M WTOKa BOCTOK-2 COOTBeTCTBeHHO 89-1 12, 1 12, 1 16 MJlH neT (K- 
Ar MeTOA; rpaHM~0M~bl.. . , 1980). BOCTOK-2 - 3T0 CYueCTBeHHO B O ~ ~ @ ~ ~ M O B O ~  

3ono~oco~epxauee MecTopoweHMe. OHO pacnonaraeTcR B ~ e i ~ p a n b ~ o ~  Mar- 

HMTHOM none M acc0qmpye-r c rpanMToMaaMM, 6onee xapaKTepHblMM AnR peAKo- 
MeTaJlJlbHblX TMnOB OpyaeHeHMR. 

H e a a ~ e ~ ~ o e  3ono~o-~onb@pa~osoe MecTopoweHMe pacnonoxetio B 3a- 
[WHOM C L I X O T ~ - A ~ M H ~  M nOKanM30BaHO B MeJlOBOM LUTOKe ~ ~ ~ H M T - ~ o ~ @ M ~ o B .  

O C O ~ ~ H H O C T M  reonorwecKoro cTpoeHm pyAHoro nonR npeAcTaBneHb1 Ha p ~ c .  
4.62. U_(eJlo'iHo~~b ~ O ~ @ L I ~ O B  UlTOKa CYLqeCTBeHHO KaJlMeBaR, CTeneHb OKMCJleH- 

HOCTM xenesa o'ienb BblcoKaR (0,47-0,6 M 6onee). P y a ~ b ~ e  Tena B sMAe MHoro- 

VMCneHHblX KBapqeBblX, ~ B a p ~ - ~ y n b @ k l ~ H b l ~  M K B ~ P ~ - B O ~ ~ @ P ~ M M T O B ~ ~ X X M ~  M np0- 

XMnKOBblX 30H pa3MeueHbl TOnbKO B WTOKe, a I3 OCaAO'iHblX I l O p O A a X  pe3KO 

BblKnMHMBatOTCR MJlM I lepeXOART B ManOMOuHble KBapqeBble npOXMJlKM C y 6 0 r ~ -  
MM CO,4epXaHMRMM nOJle3HblX KOMflOHeHTOB. rpaHM~-n~~@Mpbl  LUTOKa B UeJlOM 

npOHM3aHbl KBapqeBblMM IlpOXMJlKaMM, o6pa3y~ CeT'iavtO CTPYKTYPY C PaCCTORHM- 

eM Memy npoxMnKaMM 0,5-1 M (no 3-4 CM), npocTMpaHMe npoxMnKos npemy- 
u e c ~ s e ~ n o C 3  ( ~ a n n b ~ e  r. M. nyw~oro ,  1978 r.; B. A. HM~oroc~na  MAP., 1970 r.). 

Opy~eHeHMe IlpMypO'ieHO K KBapqeBblM XMJlaM M nPOXMnKOBblM 30HaM. 

Bonb@pa~oea~ ~ ~ n e p a n ~ s a q ~ ~  npeAcTasneHa UeenMToM (B ~ O H ~ X )  M ~onb@pa- 

MMTOM ( ~ ~ O ~ H ~ P M T )  B KBaP4eBblX XMJlaX. np0'iMe PYAHble MMHepanbl: apCeHOnM- 

PMT, nMpMT, xanbKonMpm, 6ne~nb1e p y ~ b ~ ,  c @ a n e p ~ ~ ,  ~ O ~ O T O .  K ~ o M ~  aono~a M 

~onb@pa~a B npo6ax CoAepxMTcR cepe6po (no 50 r /~) ,  Sn - AO 0,08-0,11%; Zn - 
0,1; Pb - 0,26; Bi - 0,02; As - 0,8; Mo - 0,003; Be - 0,002; Sb - 0,05; Nb - 0,001- 
0,005%. 

nopoxnc~oe s o n o ~ o - ~ o n b @ p a ~ o ~ o e  MecTopowenMe pacnonoxeno Ha 
lore ~ P M M O P ~ R .  ~ O A ~ H H ~ I M  B. H. Ha3apeH~0 (1986 r.), Ha PYAHOM none Pa3BMTbl 

A O K ~ M ~ ~ M ~ C K M ~  (naJle030ic~Me?) ~ e ~ a r a 6 6 p o ~ ~ b 1  M ~ H ~ ~ C O - ~ P ~ H M T ~ I  nMpMTM-  



PLIC. 4.62. r e o n o r ~ r e c ~ a ~  KapTa u paspea Hesa~e~t ioro ~ O ~ O T O -  eonb@pa~o~oro pyntioro nons 
(no r. M. ~YLUHOMY). 

I - ve~eep~uvtibM annoenh; 2 - aneeponnTb1, necratium, npocnou ~ p e ~ t i e h  3 - KpeMHn- 
c~b le  noponb~, anespon~~b~ ,  n e c r a ~ ~ ~ ~  (PZS3); 4 - n e c v a ~ ~ ~ ~ ,  aneeponn~b~, npocnon rpaeenn~oe, KOH- 

rJl0~epa~0-6peK'iH~, K ~ ~ M H ~ A  (PZZ3); 5 - aneBpWIHTb1, neC'iaHMKM, KPeMHM, ~0P@HpH~bl (PZs,); 6 - 
@ ~ K H  rpaHOAIP.ClpMTOB M ~P~HO~HOPMT-~OP@MPOB (a), rpa~M~-nOp@kIpOB (6) (K); 7 - WTOKH rpaHHT- 
nop@vlpos (a), rpaHonMopMToe (6); 8 - KeapLieebte xwnbl H npomHnKoeble ~ O H ~ I  c ~ o ~ o T o - ~ o ~ ~ @ ~ ~ M o -  
83k ~bltiePaUlM3a~(M~A 

3MpUBaHHb le  Ll XnOpMTM3MpOBElHHble, f l p 0 p B a ~ ~ b l e  A ~ G K ~ M M  C ~ ~ C C ~ ~ T M T O B  M cM- 

~ ~ 1 4 T ' - f l 0 p @ M p 0 ~ .  ~ O P H ~ I M M  B ~ I ~ ~ ~ O T K ~ M M  BCKPblTbl ,qeCRTKM MMHepanM3OBaHHblX 

3 0 H  I4 X M n  ~ M H O ~  O,1-1,1 KM, MOqHOCTbK)  1 - 12 M,  ~J~M~UIMPOTHOTO M C 3  IlPOCTM- 

paHMR, n w e ~ ~ e  B 06e CTOPOH~I no4 y m a M M  30-90°. Cpeq~ee c o g e p x a H M e  30- 

n o T a  1,95-13,5 r / ~ ,  cepe6pa 10 FIT, W - 0,1-2,1%; As - 0,l; Sb - 0.03; Ge - 0,002%. 
>i<LlJlbl06pa30~a~bl6enbl~ K B a p U e M  C BKpaf lneHHOCTbK) 3OnOTa, f lMpMTa, a p C e H 0 -  

nr/lpM-ra, K o s e n n M t i a ,  weenma, ~ o n b @ p a ~ ~ ~ a ,  M O ~ M ~ A ~ H M T ~ ,  npo6a sono~a 730- 
980. Bo3pac~ OpyAeHeHMR C'iMTaeTCR Me l lOBb lM ,  0 4 H a K O  B 0 3 M O X H 0 ,  'iTO O p y A e -  

~ e ~ ~ e d o n e e ~ p e s ~ e e .  



i 6 CMXOTB-AIIMHCKO~ 3n PYaOBMeU@louMe flO3aHeMenOBble BynKaHOreHHble 

npor~6bl O K ~ ~ M ~ R O T  OpOreHHble n0,QHFlTMR C M X O T B - ~ M H R  C BOCTOKB, 3afli3)Ja M 

'iaCTMrH0 C CeBepa M fl0 B03PaCTY KOPPenRTHbl IlOAHRTMRM qeHTpanbHOr0 OpO- 

reHa. MHB~PCMR M opore~e3 B BynKaHoreHHblx npor~6ax npoclsown~ B naneore- 
He, M CBTMMM npoqecca~cl c e w a ~ o  sono~oe M 30n0~0-~epe6pFl~0e o p y a e ~ e ~ ~ e .  
Ha~6onee IlpOayKTMBHble npeaCTaBMTeSlM PaCMaTpMBaeMblX M ~ C T O ~ O > ~ ~ ~ H M ~  

npMypO'ieHbl K HM3aM BynKaHOreHOB ( c ~ ~ B ~ ~ K ~ H L I ~ ~ c K M ~  yp0BeHb) 6 n ~ 3  MX 

rpaHMLl,bl C @ Y H ~ ~ M ~ H T O M ,  IlpeACTaBneHHblM neCWH0-rnMHMCTblMM nOpOAaMM 

MeIlOBOrO BO3paCTa, KOTOPble TeCHO aCCO~MMPYDT C IlaSleO~eHOBblMM M 304eHO- 

EblMM ~ y 6 B y J l ~ a ~ c l ~ e ~ ~ c l ~ L - l  MHTPY3MRMM. B 3aBMCklMOCTM OT COaepXaHMR cepe6pa 
B Pyaax c ~ ~ B ~ ~ K ~ H M ' - I ~ c K M ~  MeCTOpO~eHMR aenRTCR Ha 3OJlOTOpyaHMe ( M ~ o r o -  
BepUMHHOe, p,blJlbMeH~~~e, X O ~ ~ H C K O ~ )  M ~ O ~ O T O - C ~ P ~ ~ P R H ~ I ~  (AYPMMHCKO~, 
can lo^, Flroa~oe, npc l~opc~oe) ,  nepebte - paHHeoporeHHble; sTopbre - no3a~eo- 

POreHHble. 0 BepXHeM CTPYKTYPHOM RpyCe ( ~ ~ M ~ ~ ~ O B ~ ~ X H O C T H ~ I ~  yp0BeHb) 

BblAenRloTCR ~~0e06pa3Hble UTOKBepKOBble MeCTOpOX.4eHMFl ( 6 e n a ~  ropa, 
~ Y X T F I H C K O ~ ) ,  aCC0~MMPYlouMe C 3KCTPY3MRMM TPaXMAaUMTOB B XepnaX flane0- 

BynKaHoe onclroqeHoaoro ~03pac~a .  

i M H O ~ O B ~ ~ ~ U U H H O ~  30nOTOpyaHOe MeCTOpO>yqeHMe OTKpblTO B 1959 r. 
I (B. P. n o n ~ ~ a ~ o e ) .  B a a n b ~ e i w e ~  ero paaseablean~ M ~syqancl A. M. rycee, 
, C. M. Kocoa, E. n. 3 a p e ~ 6 c K ~ i ,  n. 0. C ~ X ~ R H O B ,  3. n. XOXIIOB, r. E. Y C ~ H O B  Map. 

H a p ~ o - T ~ M ~ T M ~ ~ C K M ~  MccneaoBaHMR Ha PYAHOM none npoeoamncl A. B. rope- 

nblues, M. C. Mmxainosa, E. M. Ka3apM~oaa, 6. B. KpblnoBa, n. C. QOMMH, 
, A. H. Ka3apMH06, B. H. H M K o ~ ~ c K M ~ ,  C. M. KOCOB, 3. fl. XOXJIOE~, B. 3. n M n a q K M i ,  

H. E. M ~ ~ R M M H ,  B. r. H ~ B C T ~ Y ~ B ,  n. 6.3ipMlu, B. r. M O M C ~ ~ H K O ,  M. M. @ ~ T ~ R H O B ,  

0. r. ~ ~ M C K ~ H O B ,  6, n. 3anMtllaK, M. M. KOHCT~HTMHOB, 6. B. M B ~ H O B  M AP. H a ~ 6 o -  
nee AeTanbHO MeCTOpO>yqeHMe OnMCanM C. M. KOCOB M M. M. KOHCT~HTMHOB. Me- 
cTopo>yqetiMe BKcnnyaTMpyeTcn. 

M H O ~ O B ~ ~ ~ M H H O ~  pyanoe none pacnonoxeno B npeaenax Y n c ~ o i  BynKa- 
HO- ~ ~ Y T O H I / I C ~ ~ C K O ~ ~  CTPYKTYPbl y CeBePHOrO OKOHWHMR BOCTOCIHOCMXOT~-A~MHCKO- 
ro BynKaHMrecKoro noRca B o 6 n a c ~ ~  nepeceCIeHM9 perMoHanbHblx pasno~oe Me- 

PMaMOHaJlbHOrO, C6 M UMPOTHOrO ~ a n p a ~ n e ~ k l i .  O H O ~ C C O ~ M M P Y ~ T  CnOKanbHblM 

rpaBMTa~MOHHblM MMHMMYMOM M PaCnOJlaraeTCR B 30He BblCOKMX rPi3)JMeHTOB 

MarHMTHOrO flOnFI. Pa3Mepbl PYaHOrO nOnR 9 X 11 KM, CTPYKTYPa AByXbRpyCHaR 

( ~ M c .  4.63,4.64). H M ~ H M ~  RPYC 06pa306aH CKn2l)JClaTblMM 0CaAOqHblML-l flopofla- 

MM HMxHero Mena ( ~ ~ c ~ ~ H M K M ,  aprMnnMTbl, anesponcl~b~). Oci3)Jor~a~l Tonua npo- 
CTMpaeTCR Ha CB, CnaraR 0 6  KpblnO KpyflH0~ aHTMKJlMHanM, O C ~ O X H ~ H H O ~  Me.rl- 

KMhlM CKJlaaKaMM M @ J ~ ~ K C Y P O O ~ ~ ~ ~ H ~ I M C I  M ~ ~ M ~ ~ M c I .  Yrn bl IlaaeHMR nnacTos 

CpeAHMe M KPYTble. B ~ P X H M ~  CTPYKTYPH~I~~  RpyC flpeaCTaBneH BySlKaHMTaMM na- 
neoqe~osoro ~ 0 3 p a c ~ a  npeMMyuecTseHHo xepnosoi M c y 6 e y n ~ a ~ ~ r e c ~ o i  @a- 
UMM, flopoab~ ~ O K P O B H O ~  @aq~1~,  aaneralou~e Ha ocworHoM @ y ~ a a ~ e ~ ~ e  p e s ~ ~  
HeCOrJlaCHO, IlOlcTM IlOnHOCTblo3PO~MPOBaHbl. 6ySlKaHMTbl npeaCTaBneHbl IlpeMMY- 



PMC. 4.63. r e o n o r ~ r e c ~ a ~  KapTa p a A o ~ a  M ~ o r o e e p u r ~ ~ ~ o r o  MecTopomeHMn.  

1 - pblxnbre VeTsepTnrHble oTnoxeHHn;  2 - n n ~ o u e ~ - r e ~ ~ e p ~ ~ r ~ b ~ e  6 a 3 a n b ~ b 1 ,  a ~ n e m ~ o -  
6a3aJIb~b1, nOJlepHTbl (a) M BaJlYHHHKM, raneVHHKM, neCKM, rnMHbl, IlpOCJlOH ~ O p @ a  H 6yporo yrn5I (6); 

3 - aHne3HTbl, aHne3MTO-AauMTbl (K,-P,); 4 - nMraHMKH, aJleBpOJlMTbl, npOCJlOH nMVaHHKOB, KOHrJlO- 

MepaTOB (K,); 5 - ~ e B p O n M T M ,  neCVaHMKM, KPeMHMCTO-rnMHMCTMe CflaHubl (J3); 6 - TPaHOAYIOPHT-nOP- 

@HCbl, KBapueBble AMOpHTOBble ~ o P @ H P M T ~ ~ ,  AMOPMTOBble nOp@MpH~bl  (P2); 7 - rPaHMTbl IlerMaTOMA- 

Hble, aflnHTOBM~Hble (0,); 8 - ~paHO&lOPMTbl, MOHuOHMTOMAHble WMeJlMTbl ,  MOHuOrpaHOAHOPHTbl, 

MOHuOnMOPMTbl FZ); 9 - TPaHO~MOPMTbl (K2); 10 - pa3JlOMbl; 1 1 - pOCCblnM3OJlOTa; 12 - MHO~OB~PLLIMH- 

H o e  MeCTOpOXAeHMe 



PMC. 4.64. r e o n o r o - c ~ p y ~ ~ y p ~ a ~  c x e M a  M ~ o r o s e p w ~ ~ ~ o r o  pyworo nom. C o c ~ a s ~ n  
H. E. M ~ ~ R M U H  C UCnOnb30BaHUeM MaTepHaJlOB 3, fl. XOXnO6a. 

1 - ' ~ ~ T B ~ P T M ~ H ~ I R  ~ J ~ ~ o B M ~ ;  2 - neCqaHO-rJ lMHHCTble I lOPOnb l  @ ~ H A ~ M ~ H T ~  (J,-K,); 3 - no- 
KPOBHble aH/Je3MTbl(8,); 4 - XepJ lOBb le  M ~ y 6 ~ y f l K a ~ H ' i e ~ K H e  aHne3MTb l  U ~ P ~ K L ( M ~ B M ~  JlaBbl  (PI); 5 
- rPaHOflMOPUTbl (p2); 6 - J ~ ~ A K O K P ~ T O B ~ I ~  rPaHHTb l  (PI); 7 - ~ P ~ H O ~ U O P M T - ~ O P @ U P ~ I  (8J; 8 - PeTM- 

OHaJlbHble pa3JlOMbl;  9 - npO'iMe Pa3I lOMbl:  YCTaHO6JleHHble (a), CKPblTble n O A  aJlJlKlBMeM (6); 10 - 
YqaCTKU PYAHblX 3 0 H ,  BblXOARLL(HX H a  nOBePXHOCTb; 1 1  - Y a C T K U  3 0 H  CO C n e n b l M  O p y n e H e H U e M ,  

YCTaHOBneHHblM (a) H n p e n n O n a r a e M b l M  (6 ) ;  12 - WaCTKM 3 0 H ,  PYflHble Tens B KOTOPblX nOnHOCTbtG 

3pO/&4pOBaHbl 

MaTOM,QHblMM rpaHMTaMM. H ~ K O T O P ~ I ~  reOnOrM Bbl,QenRtoT4 @a3bl  BHeApeHMR ( 3 a -  

~ M W K  M ~ p . ,  1978) M Aaxe 6 ( ~ ~ M C K ~ H O B  M np., 1990). f l o s e p x ~ o c ~ b  M a c c m a  no- 
nor0 HaKJlOHeHa H a  C3 1.1 I lOA  PY,QHblM I lOJ leM HaX0,QMTCR H a  r n y 6 ~ ~ e  1 200 M. Ha 
KOHTaKTe C rPaHMTOM,QaMM fleCqaH0-rJlMHMCTble IlOP0,Qbl n p e B p a u e H b l  B pOrOBl/l- 

KM n ~ p ~ ~ c e ~ - ~ ~ n e ~ ~ ~ l n a ~ ~ s o r o ,  ~ s a p q - ~ o p ~ ~ e p ~ ~ o e o r o ,  K B ~ ~ ~ - ~ M O T L I T O B O ~ O  

COCTaBa, a ByJlKaHMTbl - B K B ~ P ~ - ~ L I ~ T M T O B ~ I ~  M ~ ~ ~ ~ ~ M T - ~ ~ M , Q o T - ~ K T M H o ~ M T o B ~ ~ ~  

flOp0,Qbl. 

6 0 3  '4aCTM py,QHOrO n 0 n R  3 ~ 0 3 M e f i  BCKPblTbl LUTOKM (0,2 X 1 KM) KBapueBblX 

AMOPMTOBblX ~ O ~ @ M ~ M T O B  M ~ ~ ~ H O , Q M O P M T - ~ O P @ M P O B  30ueHOBOrO B03paCTa,  6 0 3 -  

MOXHO FIBSlFIIOuMeCFI CaTeJlJlklTaMM ~ ~ K ' ~ M - Y ~ ~ C K O ~ O  MaCCMBa. K ~ o M ~  TOrO, 8yn- 
KGHMTbI M rPaHMTOM,Qbl ~ P O P B a H b l 6 0 f l b ~ ~ ~  KOnM'4eCTBOM A a e K  ,QMOPMTOBblX flop- 
~ M P M T O B ,  aH,Qe3MTOB, 6 a 3 a f l b T 0 ~  M 6onee nO3,QHMX r p a ~ M ~ - f l ~ p @ M p ~ B .  A ~ ~ K M  B 

OCHOBHOM K p y r o n a A a t o u M e ,  HO B u e ~ ~ p a n b ~ o i 7  '4acTM pyatior0 nong s a ~ a p ~ ~ p o -  
saHbl M nonoronaaatouwe ~ a i 7 ~ ~  r p a ~ ~ ~ - n o p @ ~ p o e .  MOUHOCT~ O a e K  OT 1-2 AO 

25 M, B03PaCT ~ o u ~ H - o J ~ M ~ o ~ ~ H o B ~ I ~ ~  (~a6n. 4.2). M ~ ~ M ~ T M W C K M ~  nOp0,QM pya- 
HOrO IlOJlFI M YJlcKOfi B ~ J ~ K ~ H O - T ~ K T O H L I ' ~ ~ C K O ~ ~  CTPYKTYPbl B UeJlOM O ~ H ~ P Y X M B ~ ~ O T  





a 
n 
e 
o 
U 
e 
H 

H ~ T  AaH.  

-" - 

AMOpMTOBble nop@w- 

P M T ~ I  

J l a e o 6 p e ~ . 1 w ~  poroeo- 
O ~ M ~ H K O B ~ ~ X  aHAe3M- 

TOE, ~ O ~ O B O O ~ M ~ H K O -  

Bble aHAe3MTbl. 3KC- 

~ ~ O ~ M B H H ~  6peK. I~ t4  M 

~ y @ b l  aHAe3HTOBOTO 

C o c T a s a  

~ ~ B O ~ P ~ K . I M M  nwpo- 
KCeHOBblX aHA€!3MTOB, 

nMpflKCeH0Bble a H A e -  

3MTbI 

H ~ K K M ,  ~ a i 3 ~ o n o ~ o 6 -  
Hble Tens, nOKpOBbl 

HenpaBMnbHble  T P Y ~ O -  

0 6 p a 3 ~ b l e  Tens, HeKKM, 

nOTOKM 



TeCHytO BpeMeHHy tO  M f lpOCTpaHCTBeHHyI0  CBf l3b,  a T a K X e  O ~ ~ H O C T ~  I leTpOXMMM 

qeCKMX O C O ~ ~ H H O C T ~ ~ ,  qTO CBMaeTeJl  bCTByeT 06 LlX KOMarMilTMCI HOCTM. ~ Y ~ M H ;  

~ ~ J ~ O X ~ H M F I O ~ ~ ~ O R O ~  CTPYKTYPbl M 3 0 H b l  pa3ynJlOTHeHLlR OqeHMBaeTCFI nPLIMePH( 

B 20 KM M OTBeqaeT  r p a H u q e  3 e ~ ~ o i  K O P ~ I  LI s e p x ~ e i  MaHTMM B  TOM p a i o ~ e  
m M H b l i  M ~ ~ M ~ T M C ~ ~ C K M ~  O q a r  npO,4yqMpOBan ~ @ @ Y ~ M B H O - ~ K C T P Y ~ L ? B H ~ I ~  M MHTPY. 

3MBHble  @a3bl M 6 b l n  MCTO'4HMKOM PyAOHOCHblX TLIAPOTePM. 

Ha M e c T o p o m A e H M M  y c T a H o s n e H a  pyatian ~ O H ~ ~ ~ H O C T ~  R H a n p a e n e H n M  HE 

C3  OT CMHPYAH~IX r p a H o A w o p M T o B ,  K p o B n g  KOTOP~IX n o c T e n e H H o  norpyxae-rcn HE 

C3. 6 3 T O M  H a n p a B n e H M M  flpOMCXOALlT C M e H a  PaHHMX Bb lCOKOTeMnepaTypHblX 

M M ~ e p a J b ~ b l X a ~ ~ ~ q M a q M i  f l 03aHMMM HM3KOTeMllePaTyPHblMM, CHMXaeTCR npo6a 
aono~a B PYAH~IX Tenax ,  a B c a M o M  aono~e y M e H b u a e T c R  c o A e p x a H M e  Cu, Bi, As, 
Mn M Co ! ~ M C K Y H O B  M ~ p . ,  1990). 

Bce ByJ lKaHMqeCKMe I l O p O A b l  P y A H O r O  n 0 n R  ~ p O f l M n M T L l 3 M p O B a H b l .  B b l -  

Aenq tOTcn  nnolqmtible C p e A H e T e M n e p a T y p H b l e  n p o n M n m b 1  ( ~ ~ M A O T - X ~ O ~ M T O E ~ I ~ ,  

~ M @ M ~ O ~ - ~ M O T M T - ~ ~ ~ L ~ ~ O T O B ~ I ~ )  Ll J lOKanbt ib le  HM3KOTeMnepaTypHb le ,  pa3BMTble  

6 n ~ 3  T ~ K T O H M ~ ~ C K L ~  0 ~ J l a 6 J l e H H b l ~  3 0 H  (no M. C. M~xat7nosofi). no I l pOnL lnMTaM M 

O C m O q  H b l M  I l O p O A a M  Pa3BMTbl CePMqMT- K B a P 4 e B b l e  M3MeHeHMR, O K ~ ~ M ~ R O ~ M ~  

c y u e c T s e H H o  K s a p q e s b l e  n o p o ~ b ~ .  n o c n e a ~ ~ e  n p e A c T a e n g t o T  co6oL1  xmnbl, xu- 
noo6pa3~ble ~ e n a  M u r T o K B e p K o e b l e  ~ O H ~ I ,  s a n e r a t o q M e  B B y n K a H M r e c K M x  ~l o c a -  

AO'iHblX nOpOAaX,  Ll B M e u a t O q L l e  I l pOMb lLuneHHb le  3OJlOTOpyAHble TeJla.  B o ~ ~ ~ c T  
K s a p q e s b l x T e n  naneoqe~osbli, OHM n e p e c e K a l o T c R  MHTPY~MFIMM r p a H M T o M A o s .  B 
n p M 3 a n b 6 a ~ ~ o B b l x  'iaCT54X K B a p ~ e R O p y A H b l X  T e n  MH0r)Ja pa3BMTbl  KBaP~-aAYJ lF IPO-  

Bo le  nOpOAbl .  B 3HAO- M 3K30KOHTaKTe ~ ~ K ' - I L I - Y J ~ ~ C K O ~ O  MaCCMBa OTMe'iaDTCFI rpe i -  
3 e H b l  KBaPL(-MYCKOBMTOrO M TyPMaJlMH-KBaPq-MyCKOBblTOrO COCTaBa. KB~PU-T)IP- 
M a n M t l o s b l e  nopoabl o 6 p a 3 y t o ~  ~ O H ~ I  M O ~ H O C T ~ K I  1 -3  M, n e p e c e K a t O u H e  

rpaHMToMAb1 LI ~ ~ a p q e ~ o p y ~ ~ b ~ e  T e n a .  P e a ~ o  R c T p e q a t O q M e c g  ~ s a p q - n o n ~ ~ e ~ a n -  
nMqeCKMe XMJlbl  ( K B ~ P ~ ,  KanbqMT,  IlMPMT, TaneHMT, c@aJlepMT, X a J l b ~ ~ f l L l p M ~ )  TaK- 

me nepeceKa t0 - r  p y ~ y  M c o n e p x a T  nosb lLueHHb le  K o n M r e c T s a  cepe6pa (5-254 r /~ ) .  
H 3  T ~ K T O H M ~ ~ C K M X  ~ a p y l l l e ~ b l i  ~ a ~ 6 o n e e  LULIPOKO H a  PYaHOM none p a 3 B ~ T b l  CB M 

C3  p a 3 p b l B b l .  nep~b le  MCnOJlb3OBaHbl ~ ~ 6 o n e e  nPOAyKTMBHblMM PYAHblMM XMJla- 

MM, 6 p e ~ ' i k l - Y n b ~ K L I M  MaCCMBOM M M O u H b l M M  a a i i < a M M .  6 ~ 0 p b l e  KOHTPOnMPytoTCR 

60nee n03AHMMM MarMaTMqeCKMMM O ~ ~ ~ ~ O B ~ H M F I M M  M 3a'iaCTyK) OrPaHMqMBalOT 

s o n o T o e o p y A e H e H M e .  

~ O J ~ O T O P Y ~ H ~ I ~  Tens B I l p e a e J l a X  K B a p q e B b l X  M WTOKBepKOBb lX  n O p O A  

BblnenRtoTCFI O ~ ~ O ~ O B ~ H M ~ M  ( ~ M c .  4.65-4.67). 6b lF IBneH0  HeCKOnbKO AeCFITKOE 

PYAH~IX T e n .  C p e a ~  HMX ~ a ~ 6 o n e e  n p o a y l c r M B H b i e  Bepx~ee, U e ~ ~ p a n b ~ o e ,  npo- 
M ~ X ) ' T O ' ~ H O ~ - ~ ,  ~ X H O ~ ,  B ~ ~ Y H M C T O ~  M Ap., OTHOCFIukleCFI K TMny  ~ ~ n 0 0 6 p a 3 ~ b l x  
T e n  M p a c n o n o x e H H b l e  B CB r a c w  p y A H o r o  nom. TL~~M'- IH~IMM M X O ~ O W O  ~ 3 y q e ~ -  

HLlMM RBnFIt0TCR PYAHb le  Tens Bepx~ee M U e H T p a f l b H o e ,  npL lHa,4AeXalqMe eAM- 

H O ~  P ~ A O H O C H O ~  3 o ~ e ,  n p e A c T a s n e H H b l e  M O ~ H ~ I M M  a a n e m a ~ ~  K s a p q a ,  npoc-rm- 
P a t o u M M M c R  H a  CB n p M  KPYTOM (70-8s0) n a A e H M u  ~3 C3. B ~ e u a t o u ~ e  nopoabl- 
rMApOTepMaJ lbHO M3MeHeHHb le  6 p e ~ ~ ( M e B b l e  n a ~ b l  M TyQbl aHAe3MTOB, a H a  rny6o- 
KMX ~ O P M ~ O H T ~ X  - n e c q a ~ o - ~ ~ M H M C T ~ I ~  nopoflbl H M m H e r o  M e n a .  0 6 q a ~ 1  @ m a  3a- 
J l e ~ e f i  BKJllOraR C J ~ ~ ~ O ~ O J ~ O T O H O C H ~ ~ ~  K B a P q  OKOJlO 3 KM. B e p T M ~ a J l b ~ b l R  p a 3 M a X  

o p y A e H e H m  o K o n o  500 M. n o n e p e r ~ b ~ ~ ~  p a 3 p b 1 s a ~ ~  aanemb p a 3 6 M ~ a  H a  6 n o ~ ~  
C MX npa3OCTOpOHHMM C M e u e H L l e M  a0 HeCKOJlbKMXAeCFlTKOB MeTPOB. P y ~ H b l e  TeJla 

I l p O p B a H b l  MHOrOrMCJleHHblMM A B ~ K ~ M M  pa3JlMqHOrO COCTaBa M M ~ T ~ M O P @ M ~ O -  

BaHbl  ~ ~ K c ( M - Y J I ~ c K M M  MaCCMBOM. 



PMC. 4.65. P a 3 p e 3  'iepe3 P y A H O e  Ten0 u e H ~ p a J l b H 0 e  M ~ O r O e e p l u ~ ~ i i O r O  MeCTOpOXAeHMR 
( n o  C. L/1. K o c o e y ) .  

1 - r p a ~ v l ~ - n O p @ M p b l  cy61~&%n09Hble (yx8,); 2 - r p a ~ O f l M O p M ~ - r l O P @ M P b l ,  AMOPMTOBble n O p -  
I$HPLIT~I ( ~ 3 s ~ ) ;  3 - K ~ ~ ~ H O O ~ ~ O M O ~ H ~ I ~  M arJ lOMepaTOt3ble fla606pe~9HH ~ O ~ O D ~ M ~ H K O E ~ I X  a H n e -  
3MTOB M 3 K C ~ n 0 3 Y I B H b l e  ~ P ~ K ~ M M  aHJl,e3HTOBOrO COCTaBa (~ Iu$ , ) ;  4 - ~pe,4~e06Jl0~09Hble M arno- 
M e p a T O B b l e  n a 6 0 6 p e ~ . I ~ H  nHpOKCeHOl3b lX  a H n e 3 H T O E  m e p n o s o R  @ a q H ~  (11~8,): 5 - 
n e c r a ~ o - ~ ~ M H M C T ~ I ~  n o p o A b l  n ~ o ~ e p c ~ o d  C E H T ~ I  ( K , p n ) ;  6 - K s a p q e e b l e  m H n b l ,  ~ o a p q e e s b ~ e  T e n a  
m n n o o 6 p a 3 ~ o i ?  Wp~bl 

B UenOM PyAHble 3aneXM CnOXeHbl MeJlK03epHMCTblM MaCCMBHblM MeTaCO- 

MaTM'ieCKMM KBapueM C flpMMeCbD (1 -2%) ~ y n b @ k l ~ ~ B .  T a ~ 0 i i  KBapu cna6oaono- 
TOHOCE?H. f l ~ ~ ~ b l l l l n e ~ ~ b l e  PYQHble Ten3 O ~ ~ I C I H O  06pa30BaHbl CePblM flOnOC'ia- 

TblM ( K O ~ ~ O M O ~ @ H ~ ~ M )  TOHK03ePHMCTblFA KBapueM C aAynSIpOrYl l4 

TOHK03ePHMCTblMM ~~l lb@M~atv lM (a0 5%) n ~ 6 0  KBaPueM ~ P ~ K C I M ~ B O ~ ~  TeKCTYPbl. 

B t l ~ ~ ~ o e  sono~o ~ a 6 n m ~ a e ~ c ~  peq~o .  KBapue~ble s a n e x ~  B uenoM MMew cpae- 
HllTenbHO 'ieTKMe OrpaHI.1'ieHMR C BMeLL@tOL4MMM IlOpOAaMM. B flOCneaHMX 06bI'i- 

HO P ~ ~ B M T ~ I  nepexoAHbie ~ O H ~ I  npoxMnKoBoro OKBapueBaHMa MOUHOCT~D AO He- 

CKOnbKMX MeTPOB. Ta~kIe npLI3anb6a~~0Bble flOpOfibl MHOr,4a REnSIDTCR P Y A O ~  B 
BepXHMX 'iaCTRX KBapueBblX Ten PeaKO H ~ ~ ~ D ~ ~ D T C R  ano@M3bl. re0n0rM BblAenROT 

n ~ ~ b  r e ~ e p a u ~ i i  Ksapua ( g a ~ ~ b r e  C. L/1. Koco~a M ~ p . ,  1969 r.), ~3 KOTOP~IX  TPM 

IlOCneAHLlX RBJlSIDTCR flPO,4YKTMBHblMM. XMnbHble MLIHepanbl B pyaax, YO: KBapu - 1 40 95, mynap - AO 20. wtioraa c e p ~ u ~ r -  go I 0; ~ e a n a ' i ~ ~ e n b ~ a a  n p ~ ~ e c b  rypua- 
I JlllHa, 3r(c?AOTa, X n O p M l a ,  raJlJlya3MTa. PyAHble MklHepanbl: ~ M P M T ,  apCeHOflMPMT, 
1 ~ M ~ ~ O T M H ,  c r$anep~~,  ranem-r, xanbKonupMT, 6ne~nble PYAbi, peme apremm, 
i 

Opei6eprk1~, nclpaprmpm, an-ram, neTum, reccm, BMCMYTMH, ~YPHOHMT,  pekKo 
KaCCMTepMT, B~Jlb@paMkl~, KMHOBaPb, MarHeTMT, TeMaTMT. BT~pM'iHble MblHepanbl: 

, ~ O P H M T ,  XaJlbK03MH, KOBeJlnMH, KYnPMT, ManaXbIT, CKOPOAMT, ~~MPOMOP@MT,  CMMT- 

COHMT, a ~ r n e a ~ ~ ,  nMMoHm, oKMcnbl MapraHua. 

3 0 ~ 1 0 ~ 0  o6pa3ye~ BblAeneHMR (0,Ol-0,2 MM) B BMAe KOMO'iKOB. AeHaPMTOB, 

nnacTMHoK, nposonoreK. U B ~ T  ero x e n ~ b ~ R  M 3 e n e ~ o ~ a ~ o - x e n ~ b 1 i i .  flpo6a 
sapbMpyeT OT 750 go 850 M donee. 3 n e ~ e ~ ~ b 1  n p ~ ~ e c e i  B sono~e, %: Si, Mg, Ca 
- A0 O , 1 ;  Al, Fe, Mn - A0 0,01, Sb, Pb, Ti - A0 0,02; CU - A0 0,05. C ~ M O F O , ~ H O ~  

30JlOTO 06bl ' i~0 BCTpeqaeTC!4 B flyCTOTaX BblLqenaqMBaHMSI C ~ ~ ~ @ M A O B  COBMeCTHO 

C rMApOOKMCnaMM >Kene3a, CKOPOAMTOM, ~MPQMOP@MTOM, ManaXMTOM, 06pa3ye~ 

MenKyD BKpanneHHOCTb B KBapue, B C Y J ~ ~ @ M A ~ X ,  ~a6n tO~aeT~R B BMAe nblneBaTblX 





HaJleTOB M ABHAPklTOB no TpeuMHaM, rT0 yKa3blBaeT Ha HeKOTOpOe nepepacflpe- 
t 

AeneHMe sono~a B ycnoBMRx r ~ n e p r e ~ e s a .  C p a s ~ ~ ~ e n b ~ o  BblcoKaR npo6a sono~a, 
~ e s ~ a r ~ ~ e n b ~ o e  coAepxaHMe B ~ e i  n p ~ ~ e c e i  M oTcyTcTaMe PT)ITM O ~ ~ F I C H R ~ T C R  

M ~ T ~ M O P @ M ~ Y O ~ M M  B O ~ A ~ ~ C T B M ~ M  Ha PYAbl ~ ~ K ~ M - Y ~ ~ c K o ~ o  MaCCMBa M 6onee 
flO3AHMX M H T P Y ~ M ~ .  B nPOAYKTaX peOBeHa4MM OTMellaeTCR 30nOTO C npo6oi 890- 

950 ( M O M C ~ ~ H K O ,  @ ~ T ~ F I H O B ,  1978). TennypM~bl ( ~ ~ c c M T ,  anTaMT, ~ € ? T ~ M T )  Ha- 

XOARTCR B cpac-ratiw c raneHMToM, xanbKonMpmoM, c @ a n e p ~ ~ o ~ ,  6 n e ~ n o i  
p y ~ o i .  P ~ A K O  OHM npMcyTcTByoT B ~ ~ a p q e  B BMAe s b ~ a e n e ~ ~ i  a e n ~ r u ~ o G  0,003- 
0,1 MM. O T M ~ L ~ ~ O T C R  CPOCTKM reCCMTa C MenKMM (0,001-0,002 MM) 30nOTOM 

PMC. 4.67. M H O ~ O B ~ ~ U J M H H O ~  ~ e c ~ o p o x g e ~ v l e .  Pacnpenene~vle aono~a B PYAHOM ~ e n e  Bepx- 

HBM. ~ P O ~ K ~ M R  Ha BepTMKaJbHylO fln0CKOCTb (no C .  L/1. K O C O E ~ ) .  
1 - rpaHvlT-flOpCbbIpb1; 2 - AMOPMTOBbIe ~ ~ O P @ M P H T ~ ~ ;  3 - TeKTOHMWCKMe pa3pblBbl; 4 - KaHaBbl; 

5 - nOA3eMHbie rOpHble B ~ I ~ ~ ~ O T K M ;  6 - 6yp0~ble CKB%MHbl; 7 - p a c n p e ~ e n e ~ ~ e 3 o n o ~ a  

(Aa~Hble M. M. K O H C T ~ H T M H O B ~  M Ap., 1976 r.). 
Keapqesble 3aneXM C o 6 e ~ x  CTOPOH 0KaiMneHbl OTOpOrKaMM CepMqMT-KBap- 

UeBblX flOpOA MOuHOCTbOAO 15 M.  TO CBeTnO-Cepble TOHK03ePHMCTble flOpO,Qbl, 

COAepXauMe HepaBHOMepHyO BKpaflneHHOCTb flMpMTa M TOHKMe pa3HOOPMeHTM- 

posaHHble KBapqesble M ~ ~ a p q - n ~ p ~ ~ o a b ~ e  npoxMnKM. C o ~ e p x a ~ ~ e  sono~a B ce- 
PMUMT-KBaPl$?BblX IlOpOAaX - AOAeCRTblX oonel?, PeAKOAO qen blX eaMHM4 rpaMMOB 

Ha TOHHY. B sanb6a~aax ~ Y A H ~ I X  Ten M 3a MX npeaenaMM MHoraa BcTperamTcR 

celcyuue p y ~ y  n ~ ~ 3 t . 1  M npoxMn KM TypManMH- Ksapqeeblx nopoa c cepMqmoM, 

OPTOKna30M M an ~ ~ M T o M ,  CO,QepXau_CMe 30nOTO A0 1 r/T. 

AnR Bepx~ero  M U e ~ ~ p a n b ~ o r o  PYAH~IX Ten onpeneneti r e o x ~ ~ ~ r e c ~ ~ i  p ~ a  
Bep~k l~anbH~i  30HanbHOCTM ( M ~ ~ F ~ M M H  MAP., 1976). B HMXHMX WCTRX PYAHblX Ten 
HaKannMBaOTCR Sn, Mo, Bi, raCTML(H0 CU, W, Nil M CO ( n o ~ p y a ~ b l e  3neMeHTbl), B 

p y ~ ~ o ~  c~on6e M ~ e p x ~ e p y ~ ~ o i  racw - Au, Ag, Pb, Zn. C o g e p x a ~ ~ e  a,qynRpa OT 

BepXHepyAHOrO K HMXHePYAHOMY Cpe3y CHMXaeTCFl OT 5- 15 A0 1-2%. An9 np0- 



AYKTLlBHblX Y P O B H ~ ~  XapaKTepeH ~ ~ H T ~ ~ o H ~ o ~ ~ K ~ ~ ~ P M ' ~ ~ c K M ~  nLlPLlT, a anR nOg- 

PYaHbiX - K Y ~ L / I ' ~ ~ C K L / I ~ .  

npo~emyro .~~oe  M O m ~ o e  pyatible Tena B oTnwr/le OT U e ~ ~ p a n b ~ o r o  M OCO- 

~ ~ H H O  BepxHer0 o 6 ~ n b ~ o  npOpBaHbl aaiK006pa3Hbl~M TenaMM rpaHOaMOpMT- 

nop@LlpOB C3 npOCTLlpaHMR MOuHOCTbto OT 10 a0 70 M. P Y ~ O H O C H ~ I ~  KBaP4 3aeCb 

nPeMMyueCTBeHH0 ~peaHe3epHM~~bli ( O ~ O ~ O B M K O B ~ H H ~ I ~ ) ,  K O J ~ O M O ~ @ H ~ I ~  nono- 
C'iaTble TeKCTYPbl OTCYTCTBYKIT, 'iaCTO H a 6 n K I a a e ~ ~ ~  n03aHRR BKpanneHHOCTb 

CpaBHMTenbHO KPYnHblX KpLlCTannOB cynb@LlaoB, C0,QepXaHMe Ag B PyAaX pe3KO 

yeenwMsaeTcR. 

K ~ o M ~  ~Mn006pa3Hbl~ Ten, coaepmauclx ocHosHble 3anacb1 MecTopoWe- 

HMR, Ha PYaHOM none M3BeCTHbl nPOMbllLlneHHble PYaHble Tens XMnbHOrO M O ~ @ O -  

norM'iecKoro TMna  (One~be, Bo~opasaenb~oe, AMMOHMTHO~, B e p ~ o n e ~ ~ o e ,  Ky- 
~ H ~ U H C K O ~ ,  K o H ~ ' ~ H o ~  M ~ p . ) .  Xmnbl sanerao~ B ~ J I M ~ M  X M ~ O O ~ ~ ~ ~ H ~ I X   OH n ~ 6 0  
06pa3yto~ CaMOCTORTenbHble Cepk lk l~6 i l k l~e~~b lx  napannenbHblX Ten. AnMHa Xkln 

OT 50 00 800 M, M O W H O C T ~  OT 0,3 AO 7 M.   TO ~ ~ a p u e ~ b l e  Tena nn~~oo6pa3~017 

@ O P M ~ I  C CleTKMMM KOHTaKTaMLl, PeXe BCTpe'iatoTCFi CnOXHble XMnbl. 

O T F I O W ~ H M ~  aono~a K cepe6py B pyaax MecTopoWeHm Kone6ne~cR OT 1 :1 
00 1:4. YeenM~;e~kle AonM cepe6pa OTMeqaeTcR B p y ~ ~ b l x  Tenax, o 6 ~ n b ~ o  

npOpBaHHblX LlHTPY3MFIMM ( ~ ~ P O M ~ ) K Y T O ' ~ H O ~ ,  OXHO~)  L l  C r n y 6 ~ ~ o i  (,QaHHble 

M. M. K O H C T ~ H T M H O B ~  kl AP., 1976 r.). 
C. L I .  Kocos (1978 r.) sblaenReT LuecTb c ~ a a ~ L i  M M H ~ ~ ~ ~ O O ~ ~ ~ ~ O B ~ H M R :  

1 ) KBap4-CepM4MTOBaR, 2) PaHHRR nPOAYKTklBHaR aaYnRP-KBaP4eBaR C 6neKnbl- 

MM PYAaMM M 30nOTOM, 3) n03AHRR nPOAYKTMBHaR KBaP4-POAOHMT- POaOXP03klTO- 

sag co c@anepr/ l~o~, ~ O ~ O T O M  M c y n b @ o c o n ~ ~ ~  cepe6pa, 4) cKapHosaR, 5) ryp- 
ManMtioBaR M 6) nonMMeTann M'iecKaR c ~ ~ a p ~ - ~ a p G o ~ a ~ - n o n  w ~ a n n ~ c I e c ~ o G i  

accoq~aqklei. 

T e p ~ 0 6 a p o r e o x ~ ~ w e c ~ ~ e  MccneAosaHm ( M o ~ c e e ~ ~ o ,  1977; I ~ M C K ~ H O B ,  
1983) n03BO~lMnM BblAenklTb Ha MeCTOpO>yqeHklM ABa OCHOBHblX 3Tana MMHepa- 

n o o 6 p a 3 0 ~ a ~ ~ l ~ :  1) ~ O ~ O T O P Y , Q H ~ I ~ ,  C B R ~ ~ H H ~ I ~  CO CTaHOBneHMeM PaHHenaneO- 

reHosblx BynKaHmcIecKMx annapaTos ( ~ e ~ n e p a r y p a  ~ ~ l ~ e p a n o o 6 p a a o s a ~ ~ l ~ 5 0 0 -  
114O C) ,  2) aTan petoseHa4mm ( ~ e ~ n e p a ~ y p a  700-550° C), 0 6 y c n o s n e ~ ~ b 1 i  

BHeApeHkleM ~ ~ K ~ I M - Y J ~ ~ c K o ~ o  rpaHklTOklAHOrG MaCCMBa M npMBe~LIJM~ K B03HLlK- 

HOBeHMto BblCOKOTeMnepaTypH blX MLlHepan bHblX ~ c c o ~ M ~ ~ M G ,  nepeKpMCTannM3a- 

~ M M  M nepepacnpeaeneticlto BeuecTsa 30no~opya~oro 3~ana. B b l ~ e n ~ e ~ c ~  cue 
3a~nIOcIM~enbHbll? (~ypManklH0Eibli) 3Tan, C B R ~ ~ H H ~ I ~  CO CTaH0BneHMeh.I n03AHMX 

@as 6 e ~ r ~ - Y n b c ~ o r o  Maccma ( ~ e ~ n e p a r y p b ~  400- 1 1 O0 C) M x a p a u ~ e p ~ 3 y 1 0 u ~ i c ~  

6 o p ~ o i  cneq~anb3aq~le i  rclapoTepM. M ~ ~ e p e c ~ o ,  rTo coaepxaHMe sono~a  B 

rpaHmToclaax yeenklrkleaeTcR OT @ a m  I K @a3e 111 M CHmxaeTcR B nocnepyatiblx 

@asax, C KOTOPblMkl (@a3a V/)  reOXMMklqeCKM ElCC04klMPYC?T OJlOBO (M K ~ C C M T ~ P M T ) .  

O ~ O B O  nORBnReTCR M B M ~ T ~ M O P @ C ~ ~ O B ~ H H O M  30nOTe ( ~ L I C K Y H O B  M AP., 1990). 
nocnepyfl~ble C T P Y K ~ ~ P ~ I  O P L ~ ~ H T M P O B ~ H ~ ~  Ha C3, I3 0~nM'iMe OT CB CMHPYAHblX. 

B 3aKnOqeHkle OTMeTMM, 'iTO rnaBHble CTpyKTypHble 3neMeHTbl Py,QHOrO nOnR 

6blncl s a n o x e ~ b ~  B p a ~ ~ e ~  naneoqe~e B CBRBM c @ O P M M P O B ~ H M ~ M  no CB pasno- 

MaM BynKaHOCTPYKTYP, M B WCTHOCTM 3KCTPy3MBHblX Xepn. Bcnea 3a 3TMM BAOnb 

son CB npocTclpatiM9 nocneaosanLl npeApyaHaR n p o n ~ n m ~ ~ m a q ~ ~ ,  06pa30sa~kle 

KBapLl,eBblX Ll MyCKOBLlT-KBap4eBblX MeTaCOMaTMTOE. B P Y G H ~ I ~  3Tan 6 b l n ~  nOA- 
HOBneHbl pa3pblBbl CB npOCTLlpaHklR, kl B npeaanaX 30H KBaPqeBblX MeTaCOMaTL.1- 



TOE npOM30LLInO OT,lOXeHMe HeCKOnbKMX M M H e p a n b H  blX ~ c c o L & I ~ ~ M ~ ,  M3 KOTOPblX 

~ a M 6 0 n e e  ~ P O A Y K T H B H O ~ ~  R m n a c b  c y n s @ ~ ~ ~ o - ~ e n n y p ~ ~ ~ o - s o n o ~ a ~ .  O T ~ ~ ~ O K  
speMeHM, e T e r e H M e  K o T o p o r o  n p o R B M n a c b  r M a p o T e p M a n b H a 9  A e m e n b H o c T b ,  co- 
cTasnReT H e c K o n b K o  M M n n H o t i o s  n e T ,  n p o w e A w M x  M e m y  0 6 p a 3 o s a ~ ~ e ~  pawe- 
naneOqeHOBblX Xepn M B H e A p e H M e M  paHHe3OueHOBb lX  rpaHLITOLIAOB ~ ~ K c I M - Y ~ ~ -  
CKOrO MaCCMBa.   TO n O A T B e P w a e T C R  O n p e A e n e H M R M M  ~ ~ C O J ~ O T H O ~ O  

s o 3 p a c ~ a  ~ s a p q - c e p ~ ~ q ~ ~ o s b r x  M ~ s a p q - a a y n ~ p o s b l x  nopog - 74-62 M n H  n e T  

( f l a ~ ~ b l e  E. 1/1. ~ o H ~ ~ ~ ~ H K o T .  B. Kosanbry~, 1972 r.), n 0 n M ~ e ~ a n n M r e ~ ~ a R  MMHe-  

p a n ~ 3 a q ~ ~  n p o R s H n a c b  nosxe ( B  s o q e ~ e - o n ~ r o q e ~ e )  B C B R ~ M  c ~ ~ ~ E L I T M ~ M  C3  
pasno~os LI BHeApeHLqeM g a e K .  L l ~ e t o l q ~ e c ~  a a H H b l e  n o 3 ~ o n ~ t o ~  rosopmb o na- 
P ~ ~ ~ H ~ T L I ~ ~ c K o ~  CBR3M M a r M a T M 3 M a ,  MeTaCOMaTM3Ma M OPYAeHeHMR. 

K C ~ ~ B ~ ~ ~ K ~ H M L ( ~ C K O M Y  T M n y  H a  H M X H ~ M  A ~ y p e  OTHOCRTCR T a K X e  A b l n b ~ e H -  

CKOe M X O ~ ~ H C K O ~  MeCTOpO>yq€?HMR, HO M3YCleHHOCTb MX cna6a~. 

A ~ ~ M M H C K O ~  3 o n o ~ o - c e p e 6 p ~ ~ o e  M e c T o p o m e H M e  p a c n o n o x e H o  H a  3a- 
naAHOM C M X O T ~ - A ~ M H ~ .  OHO OTKPblTO B 1962 r. (M. @ I<OX~HOBCKM~~) ,  B a a n b ~ e i -  
LLleM er0 M3yra, lM fl. B. ~ ~ P L I W ,  H. r. O C M ~ O B ,  B. A. ~ P ~ ~ T K O B ,  H. A. B M C A ~ B H ~ I X ,  

K). 1/1. 6 a ~ y n ~ ~  M ~ p .  Ha~16onee a p e ~ ~ ~ e  nopogbl p a i o ~ a  n p e A c T a s n e t i b l  Mt iTe t i -  

CMEHO AMCn04MPOBar lHb lMM KPeMHMCTblMM M KPeMHMCTO-rnMHMCTblMM CnaHL@MM 

c n p o c n o R M M  cnunmos LI a~a6asos  sepxtiero ~ p ~ a c a - H M X H ~ ~  topb l ,  cnaratouw 
MM 0 3  q a c T b  aHTMKnMHanM (PMC. 4.68). Ha ~ T M X  nopoaax H e c o r n a c H o  sanerae~ 
T O n W  C ~ ~ ~ O C M R T ~ I X  HMXHeMenOBblX neC'iaH0-rnMHLICTblX n O p O a .  Ha MeCTOpOX-  

AeHMM3Ta T O n l q a  BCKPblTa ~ Y P O B ~ I M M  CKBaXMH3ML.1 n0.4 pyaOBMelqalOlL(MMM B y n -  

KaHMTaMM LI n p e a c T a s n e H a  a n e s p o n m a M 1 . l  c nponnacwaw nonMMMKTosb l x  nec- 
'iaHMKOB, T ~ @ O B  M CeAMMeHTa4MOHHblX 6 p e ~ q ~ i .  U e t i T p a J l b ~ a f l  LlaCTb p a i 0 H a  

3aHRTa BepXHeMenOBb lMM B\/nKaHMTaMLI - nOKpOBHblMLI M c ~ ~ B ~ ~ K ~ H L I . ~ ~ c K M M M  
I 

( n p e k l ~ y L C ( e ~ ~ B e ~ ~ 0 )  aHae3MTaMI.1, aHfle3MTO-A3L(MTdMM, J lMnapMTaMM M T ) /@~MM.  

1 C ~ ~ B ~ ~ K ~ H L I ~ ~ C K M ~  MHTPY3LIM BblAenRtOTCFI B B M n e  OBanbHblX KYllOnOB, o 6 p a 3 y t o -  
: UMX Ll,enOrKM ~ ~ M ~ L U L / I P O T H O ~ O  npOCTMpaHLIR. r p a H M T b l  M rPaHOaMOPMTbl  n 0 3 A H e -  

MenOEOrO BO3paCTa  0 6 p a 3 y t O ~  ~ e 6 0 n b L L I L I e  MaCCMBbl. O T M ~ . ~ ~ O T C R  LUTOKM TpaHMT- 

nop@wpos, a a i ~ ~  a o n e p M T o s .  B y n ~ a ~ ~ r e c ~ ~ e  n o p o a b l  n o s c e M e c T H o  

llpOnMnLITM3MpOBaHbI, B O C O ~ ~ H H O C T M  H a  YraCTKaX C ~ o J ~ o T o - c ~ ~ ~ ~ ~ R H ~ I M  O p y -  

Ae i ieHHeM.  3 a n e r a ~ ~ e  B y n K a H H r e c K M x  n o K p o s o s  nonoroe. 
P y a o s ~ e w a t O ~ q ~ e  BynKaHMTbl cnaram rpa6e~oo6pa3~yto CTPYKTYPY C3 

npOCTLIpaHMR, 3anOnHeHHy tO  BynKaHLITaMM MOLC(HOCTbH3 200-250 M ( ~ M c .  4.69). 
B ~ ~ K ~ H M T ~ I  MHTeHCMBHO rMaPOTePMaJbH0  C?3MeHeHbl, B O C O ~ ~ H H O C T M  B UeHTPanb -  

H O ~  L(aCTM P)r,QHOrO nOnR, r,Qe no HMM Pa3BMBaK)TCR XnOPMT, K ~ P ~ O H ~ T ,  RMPMT, 

nMPPOTMH, CePMUMT, a a y n R p ,  K B a p U  LI BblaenRIQTCR J lOKanbHb le  3 0 H b l  K B a p 4 -  

a,4ynRp-CepMLI,MTOBblX M KEapUeBblX MeTaCOMaTMTOB. Ha~6onee CMnbHOe OKBap-  

qesawe LI c y n b Q ~ g ~ 3 a q ~ 1 ~  n p o R s n e H b i  B a o ~ a x  6 p e ~ r ~ L 1 ,  B K O T O P ~ I X  O ~ ~ O M K M  

nOpOA OKBap40BaHb l  (a0 K B ~ P ~ M T O B ) ,  a UeMeHTMpytOlqaR M a C C a  COCTOMT M3 TOH- 

K o r o a r p e r a T a  c y n b @ r / l a o ~ ,  a n b 6 ~ 1 ~ a ,  CepuqMTa ,  ~ ~ a p u a  M coaepxm p a 3 ~ o ~ a n p a ~ -  

JleHHble npOXMnKM K B a p q a ,  K ~ ~ ~ O H ~ T O B  ( P O ~ O X P O ~ M T ,  KanbqMT,  C M A ~ P O K ~ J I ~ ~ M T ) ,  

c y n b @ ~ a o s  ( ~ H ~ M T ,  nMppoTMH,  p e x e a p c e H o n M p M T ,  raneHMT,  c @ a n e p ~ ~ ,  XaJIbKOnM- 

P W  



----_ 
v v v  

PIC. 4.68. reOn0rblqe~KaR KapTa ~ ~ R o H ~ ~ ~ ~ M M H C K O ~ O M ~ T O ~ O X A ~ H M R  (r10 H. r .  O C M ~ O B ~  M 

~ p . ,  c y n p o q e ~ n ~ u m ) .  
1 - 'ieT8epTM'iHble OTnOXeHMR; 2 - aHAe3MTbl M aH~e3~~0 -6a3aAb~b l  K Y B H ~ ~ O B C K O ~ ~  CBMTbl 

(~,Kz); 3 - fleCqaHMKM, dneeponn~b~, rpasennTbr (K,);  4 - KpeMHMcTbte n n e c q a ~ o - r n ~ ~ n c ~ b l e  noponbl 
CnMH3aMMCnMnMTOB n T ~ ~ O B  (T,-K,); 5 - rpaHOAMOpMTbl 6 ~ 0 ~ ~ s - ~ O ~ O B O O ~ M ~ H K O B ~ ~ ~ ;  6 - npeMMy- 
UeCTBeHHO C Y ~ B Y ~ K ~ H M C ~ ~ C K H ~  aHAe3MTbl, aHfle3MTO-Aa~MTbl, RYnKaHMqeCKMe 6 p e ~ ~ l n ~ ,  f l 0 ~ 0 ~ -  
pnTbl (K,); 7 - c y 6 e y n ~ a ~ n r e c ~ n e n ~ n a p n ~ o - ~ a u ~ ~ b 1  (K,); 8 - ~y6~yn~aHMre~KMepna6a3b1, ~ u a 6 a -  
soeble ~ o P ~ M P u T ~ I ,  TY@O- M n a ~ 0 6 p e ~ q ~ ~  ( J ) ;  9 - AonepnTbl, ~~-1a6a3b1 (N,); 10 - pasnoubl, 
sanerame nnacTos 
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P. B. Kopon~, 1976, 1978 rr.; B. L/I. f'b16anK0, 1976 r.; A. H. P O ~ M O H O B ~ ,  
H. B. K ~ ~ H ~ u o B o ~ ,  1974 r.). O H 0  p a C n O n O X e H 0  B C T p y K T y p e  nOaHRTLIR, rae CpeAM 

n 0 n R  K ~ ~ H O ~ O ~ C K M X  6 a 3 a n b ~ 0 5  0 6 H a p y ~ e H b l  BYnKaHLIqeCKMe 6.1 C Y ~ B ~ J ~ K ~ H M ' ~ ~ C -  

KMe K o M n n e K c b l  n o 3 n ~ e r o  M e n a  M K y n o n  n p c p b m a t o u e r o  MX r p a H m H o r o  M a c c M s a .  

 TO y3en nepeCeqet ib4R AByX  rJ ly6MHHblx  pa3JlOMOB: ~ M K M H C K O ~ O  M l l p ~ 6 p e x ~ o r o .  
P y a ~ o ~ y  nOJlK3 COOTBeTCTByeTY~aCTOK H e i T p a J l b H ~ r ~  MarHMTHOrO nOJl9, OKpy>r<eH- 

H b l i  JlOKanbHblMM flOJlOXMTeJlbHblMM MarHMTHblMM aHOMaJlMRMM, O ~ Y C ~ O B ~ ~ H H ~ I -  

MM, BePORTHO, MarHMTHblMM rpaHMTOMflHblMM MaCCMBaMM. ~ ~ ~ B M T ~ ~ M O H H O ~  none 
YqaCTKa HeBblCOKOe OTpMuaTeJlbHOe, 3 T 0  0 6 n a c ~ b  OTHOCMTenbHOrO nOBblLUeHMF4 

nonq. P y a ~ o e  none p a 3 ~ e q e ~ o  B B O C T O ~ H O ~  q a c m  K n M H o B M a H o r o  C B o a o B o r o  

flOaHRTMR, 0 6 0 3 H a q e H H 0 r 0  Bb lXOaaMM l l 0 3 a H e M e n O B b l X  IlMPOKnaCTM'ieCKMX I lOpOA 

M T~@@MTOB K u c n o r o  C o c T a s a  ( n p ~ ~ o p c ~ a ~  M n e ~ o c o 6 0 n e ~ c ~ a ~  CBMT~I) ,  npo- 
PBaHHblX 3KCTPYBMRMM M A ~ ~ K ~ M M  aHae3L lTO6,  aOJlepMTOB, aHae3MTO-aauMT06 ,  

pL lOnMT06 M YnOMRHYTblM MaCCMBOM TPaHMTOB-rPaHOCMeHVITOB (PMC. 4.70). 30- 
n o ~ o - c e p e 6 p ~ ~ o e  o p y a e H e H M e  K o H u e H T p M p y e T c R  BO @ n t o o p ~ ~ - ~ ~ a p q e s b ~ x ,  B 

~ e ~ b t u e i  M e p e  K s a p u e s b l x ,  aayn~p-~sapuesblx x M n a x  LI ~ ~ ~ e p a n ~ s o s a ~ ~ b ~ x  

so~ax.  P y a ~ b ~ e  T e n a  sanerato~ ~ p y o  c p e a M  cpeatie- M ~ ~ s ~ o ~ e ~ n e p a ~ y p ~ b ~ x  npo- 
nMnMToB M n o K a n b H o  n p o R s n e H H b l x  myn~p-~sapuesbrx M r~apocntoa~c~o-map-  
UeBb lX  MeTaCOMaTMTOB. OHM n p e A C T a B n e H b l  M O ~ @ O J ~ O ~ M ~ ~ C K M  M3MeHqMBblMM 

XMJlaMM C qeTKMMM KOHTaKTaMM, I l e p e X O a R q M M M  no nPOCTMPaHMt0 M I l m e H M K I  B 

MMHepanM3OBaHHb le  3 0 H b l  CnOXHOrO CTPOeHMR ( a a ~ ~ b l e  P. B. K O P O ~ R  M ap., 
1976 r.). 

Ha P Y ~ H O M  none M ~ B ~ C T H O  6onee 40 p y a ~ b ~ x  x M n  M SOH, r p y n n M p y t o q M x c q  B 

M O q H b l e  (AO 300 M) M I lPOTRXeHHb le  (a0 2 KM) PYaOHOCHble 3 0 H M .  6 0 J l b l l ~ a R  qaCTb 

PYaHbrX T e n  C0Cpe)JOTOqeHa H a  L ( e H T p a J l b H 0 ~  YqaCTKe ( ~ M J l b l  K O M C O M O ~ ~ C K ~ R ,  
B~onerra,  L ( e ~ ~ p a n b ~ a ~  MAP.). Bce OHM n p o c T M p a t o T c R  H a  C3, n p M  KPYTOM nme- 
HMM. K O M C O M O J ~ ~ C K ~ R  XMSlbHaR 3 0 H a ,  H a n p M M e p ,  I l p e a C T a B J l e H a a B Y M R  C~JIMX~H-  

H ~ I M M  x M n a M M  M O ~ H O C T ~ H )  0,3 M 1,2 M, O T C T O R ~ M M M  apyr OT npyra H a  3 M. nep- 
B a g  - x M n a  B b l n o n H e H w ,  no c o c T a s y  @ n t o o p ~ ~ - ~ ~ a p q e ~ a ~ ,  B T o p a g  - ~ ~ M ~ U ~ H M F I ,  

06pa30sa~a K s a p q e s b l M M  MeTacoMaTMTaMM c n p o x M n K a M M  M r ~ e 3 a a ~ ~  K s a p u a  M 

@ n t o ~ p b l T a  C H e 3 H a q ~ T e J I b H 0 f i  n p M M e C b t o  nMpMTa  M ap reHTMTa .  K)B W C T b  3TOrO 

pyatioro T e n a  n p e a c T a a n e H a  x ~ n o i  B b l n o n H e H m  xnop~~-@ntoop~~-~sapqesoro  
coc-rasa. T e ~ c ~ y p a  x M n  MaccMBHaR,  6 p e ~ w e s a 9 ,  pexe n o n o c r a ~ a ~  . M ~ C T ~ M M  
X M n  bl CJlOXeHbl O ~ J ~ O M K ~ M M  XnOPMTM3MPOBaHHblX M CePM uMTM3MPOBaH HbIX BMe-  

U@OuJMX I l O p O a ,  CqeMeHTMpOBaHHblX K B a p q e M  M @J~oo~MToM.  B K B a p q e  M 06- 
AOMKaX OTMeqaeTCR TOHKaR BKpanJleHHOCTb I lL lpMTa, r a n e H M T a ,  ap reHTMTa .  CO- 
A e p x a H M e  aono~a B P Y ~ H ~ I X  ~enax  ~ p a i i ~ e  H e p a s H o M e p H o e .  Cpea~ee c o a e p x a H M e  

B pyae aono~a 2,28 r / ~ ,  cepe6pa 323 r / ~ ,  Au: Ag = 1 : 140. 
Ha MeCTOpO>yqeHMM Bbl,4enROTCR a B a  npOMb l l uJ l eHHb lXTMna  pya - K B a p q - 3 0 -  

no~o-cepe6p~nb1ii M @ ~ o ~ M T - ~ o ~ o T o - c ~ ~ ~ ~ P R H ~ I ~ ~ ,  M3 KOTOPOrO B 0 3 M O X H O  no- 
n y T H o e  ~ s s n e r e ~ ~ e  @ntoop~~a.  r n a s ~ b ~ e  M M t i e p a n b l  pya: sono~o, sneK-rpyM, ce- 
pe6p0, aprenm-r, ~ s p e ~ ~ a  nMpaprMpM- r ,  C T ~ @ ~ H M T ,  n o n ~ 6 a 3 ~ ~ ,  MMaprMpMT,  

aKaHTMT, nMPMT. O C H O B H ~ I ~  XMJlbHble MMHepaJlbl: K B a p q ,  @ J ~ o o ~ M T ,  ;59YJlRP, X a n u e -  

AOH, ~ a n b q ~ ~ ,  xnopm, r ~ a p o c n t o a a .  npo6a sono~a 580-590.3ono~o accoqmpy- 
e T  C cepe6po~, C f lMpMT-KBapqeBblMM I l pOXMnKaMM,  apreHTMTOM, 06pa3ye~ CpO- 

CTKM C I l M P M T O M ,  @J~H)oPL~ToM, a a Y n R P O M .  0 0 p M b l  B b l a e J l e H M R  3 0 J l O T a  

p a 3 ~ 0 0 6 p a 3 H b l e .  



- 
Put. 4.70. r e o n o r ~ r e c ~ a ~ ~  K a p T a  paho~a  MeCTOPOXAeHMR Canm~  (Cpeme- K Y ~ H ~ Q D B C K M ~  

~ ~ J ~ O T O H O C H ~ ~ ~  p a h 0 ~ )  (no P. B. Koponm, C y l l p 0 q e ~ M F I M M ) .  

1 - W ? T B ~ P T M L ~ H ~ ~ ~  a n n i o e ~ h ;  2 - ~ H / J ~ ~ M T O - ~ ~ ~ E U I ~ T ~ I ,  TY@M (P3-NlkS); 3 - C@l?p0JlM~OBble M 

@ n m M f l a n b ~ b ~ e n a e b ~  nMnapM-ros,  n ~ n a p ~ ~ o - ~ ~ Q M T O E ,  T Y @ ~ I  (P1kh); 4 - ~ H ~ ~ ~ ~ M T O - ~ ~ X I J - I ~ T ~ I ,  awe-  
3MTb1, TY@@YIT~I (K2S lkZ) ;  5 - v @ b l  M M ~ H M M ~ P M T ~ I  JlHnapMTOB M n M f l a p M T O - A a ~ M T O B ,  Ty@@MTbl 

(K,ls+K,pr); 6 - J laEOBble KynOJla a ~ ~ e 3 ~ ~ 0 - 6 a 3 a J l b ~ 0 6 ,  6a3aJlbT06 (s3-N,); 7 - A ~ ~ K M  nOp($MPOBblX 

n o p o A c p e a H e r o  M K M c n o r o  c o c T a s a  is*,); 8 - ~ K C T P Y S M M  n n n a p u - r o s ,  n n n a p ~ ~ o - A ~ ~ M T O E ,  a e T o -  

MarMaTMreCKMe ~ P ~ K L ~ H M  (K,9,); 9 - 3KCTPY3HH aHne3MTOB, AOnePHTOB (K29,) ;  10 - rpaHMTbl ,  

rPaH0CHeHMTbl (K;); 11 - py/JHble 3 0 H b l  YCTaHOEneHHble M n p e p n O n a r a e M b l e ;  12 - 3EUIeraHMe n n a C -  

TOE (I), TeKTOHMLleCKMX ~ O E ~ P X H O C T ~ ~  (2), @ J l l o M f l ~ b H O C T M ( 3 ) ;  13 - TeKTOHMWXKMe Da3PMBbl  



n p u ~ o p c ~ o e  MecTopomeHMe oTnMraeTcR TeM,  TO ~ O K ~ ~ M ~ O B ~ H O  B npe- 
aenax s y n ~ a ~ o - T ~ K T O H M ~ ~ C K O ~ O  rpabe~a, orpaHMreHHoro LUMPOTH~IM M CB pasno- 
MaMM. UeH~panbHaR 'iaCTb rpa6e~a 3aHRTa nOnOrO3aneratOlqMMM KMCnblMM Byfl- 

KaHMTaMM AaHMFI MOlqHOCTbtO 500-600 M C XepnOBblMM TenaMM T Y @ O ~ ~ B  

nMnapMTOB, npM60p~oBble er0 WCTM 06pa308a~bl n03AHeMenOBblMM BynKaHMTa- 

MM. O P ~ A ~ H ~ H M ~ M  OXBaCleHM n03aHeMenOBble M AaTCKMe BynKaHMTbl, KOTOPble B 

npeaenax pyaHoro nonR ~ ~ O ~ M ~ M T M ~ M ~ O B ~ H ~ I  M a p r ~ n n ~ s ~ p o e a ~ b l .  P y a ~ b ~ e  ~ e n a  
~ O K ~ ~ M ~ O B ~ H ~ I  B ~ ~ ~ e p a n ~ s o e a ~ ~ b ~ x  a o ~ a x  cepMqMT- KaonMHMT- rMapocntOaMc- 
Tor0 COCTaBa, BKntO' iatOuMX KBaP4eBble M ~ ~ n R ~ - K a p 6 0 ~ a ~ - K B a p 4 e s b l e  Tens M B 

MeHbLUeM KOnM'ieCTBe XMnbl. Mkl~epanM30Ba~~ble 30Hbl IlPOCTMPatOTCR Ha C3 npM 
KPYTOM nmet im  B 06e CTOPOH~I, a mMnbl- Ha CB. Ha P Y ~ H O M  none npeMMyuecT- 

BeHHO pa3BMTbl30Hbl, a XMnbl paCnpOCTpaHeHbl OrPaHMqeHO. PyaHble MMHepanbl 

B 3 o ~ a x  M mmax cocTaensltOT He 6onee 1 %.   TO w p m ,  xanbKonMpvlT, raneHuT, 
apreHTMT, cynb@ocon~ cepe6pa, csMHqa, qvlHKa, MeaM, aono~o. Ang pyp, 

XapaKTepHbl6pe~'-I~eBble, KOKap)JOBble, K ~ ~ c T M @ M K ~ ~ M o H H ~ I ~  TeKCTYPbl. 

Ha~6onee ~ 3 y r e ~ a  a o ~ a  OCHOBH~R. Ee anma 3,5 KM, M O ~ H O C T ~  3 - 3 3  M, 

naaeHMe KpyToe Ha CB.  OH^ 06pasosa~a c e p ~ q ~ ~ - ~ a o n ~ ~ ~ ~ - r ~ a p o c n t O a ~ c ~ o i  
nopoaoi, coaepmauei MHOrOrMCfleHHble nMH3bl60nee MHTeHCvlBHO npe06pago- 

BaHHblX IlOpOa, COaepXauMX Ha OT,QenbHblXy'4aCTKaX ~Mn006pa3Hble Tens M nMH3bl 

wynslp-~ap6o~a~-~sapqeeoro M Ksapqesoro cocTasa M O ~ ~ H O C T ~ ~ O  0,8-3,5 M M 

npOTRXeHHOCTbI0 60-430 M. Ksapqy COnYTCTBytOT wynRp, K ~ P ~ O H ~ T ,  XJlOpMT, rMa- 
pocntoaa, nMpMT, xanbKonMpMT, raneHMT, c @ a n e p ~ ~ ,  apreHTMT, cynb@ocon~ 

cepe6pa, aono~o (npo6a 320-760) M ApyrMe MMHepanbl. B ~ T M X  nopoaax @MKCM- 

PytoTCFI MaKCMManbHble COaePXaHclR 30nOTa M cepe6pa. C O C T ~ B  PYabl, %: KBaP4 
- 60-84, O ~ ~ O M K M  M3MeHeHHblX I lOpOa - 10-40, ZlAynRp, CePMqMT, XnOPMT, ~ap6o- 
HaT, rnMHMCTble MMHepanbl - 10-20, PyaHble - a0 1. BM3yanbH0 PynHble Tens OT- 

JlMratoTCR no LUMPOKO Pa3BMTblM ~ P ~ K ' ~ M ~ B ~ I M ,  K P Y C T M @ M K ~ ~ M O H H ~ I M ,  IlPOXMnKO- 

BblM TeKCTYPaM, IlPMCYfCTBMeM cynb@0~0nei cepe6pa, MeaM, CBMHlJ,a, a,QynRpa, 

MapraHqeBblx ~ a p 6 o ~ a ~ o e .  M O ~ H O C T ~  p y a ~ b ~ x  Ten 0,9-4,7 M, coaepmaHMe 30- 

noTa 1,1- 16,3; cepe6pa 42- 154,4 r / ~ .  K ~ o M ~  sono~a M cepe6pa B pyaax omera- 
OTCR, %: CU - 0,001-0,012; Pb - 0,001-0,011; Zn - 0,001-0,13; Bi - 0,001-0,001; 
Se - no 0,0007; Te - no 0,0001; As - 0,Ol; S - 0,02. 

Slron~oe MecTopomeHcle OTnMraeTcR c s o e o 6 p a 3 ~ e ~  ceoei CTPYKTYP~I 

( ~ M c .  4.71). P ~ ~ o H  CnOXeH BynKaHO-nflyTOHMreCKMMM KOMnneKCaMM n03aHerO 

~ena-naneore~a.  l l o 3 a ~ ~ i  Men: a a q ~ ~ b ~ ,  6 p e ~ r ~ e ~ b l e  a a q ~ ~ b ~ ,  pa3~006pa3Hble 

Ty@bl M Ty@@M~bl, CnaratOuMe OTpMqaTeflbHble BynKaHOCTpyKTypbl. Byn KaHclTbl 

npopeaHbl xepnoeblMM aaqMTaMcl, ~ H A ~ ~ M T O - ~ ~ ~ M T ~ M M ,  a Tame c y 6 e y n ~ a ~ ~ r e -  
CKMMM ~J lM~006pa3~b l~M MHTPy3MRMM MMKPO~VIOPMTOB', B KOTOPblX Pa3MeutOTCR 

PyaHble 30Hbl. Bce IleperMCneHHble KOMnneKCbI IlOpOA IlpOpBaHbl nn~~oo6pa3-  

HblMM MHTPY3MRMM rPaHOaMOPMTOB, ~IlOaCTMnatOuMMM~~ MMKPOaMOPMTbl. BynKEI- 
H O - n n y r o ~ ~ r e c ~ a ~  CTpyKTypa pyaHoro nonsl B nnaHe meeT  oeanbHytO @ o p ~ y  M 

KOHqeHTpMreCKOe CTpOeHcle. UeH~panbHaR ee 'iaCTb 3aHRTa MMKPOflMOPMTaMM, 

aanee cneayeT Konbqo rpaHoaMopMTos, a nep~@epm cnoxetia pa3~006pa3~b1- 



P M ~ .  4.71. r e o n o r ~ . t e c ~ a ~  K a p T a  p a i o ~ a  F ( r o n H o r o  3 o n o ~ o - c e p e 6 p ~ ~ o r o  M e c T o p o m n e H m  

(no C. kl. Kocosy). 
1 - W ? T B ~ ~ T M ~ H ~ I ~ ~  a n n o s v r i ;  2 - p a 3 ~ 0 0 6 p a 3 H b l e J l a ~ b l  M ~)'C$bl A a u T O B ,  aHAe3MTO-AaUMTO6, 

T Y @ ~ M T ~ I ,  w n o i a R  m e p n o B b l e  @ a y ~  (K,m); 3 - c y b s y n ~ a ~ w e c ~ ~ e  MMKPOAMOPMT~I, K s a p U e s b l e  

MMKPOAYIOPMTbl (K,m); 4 - AMOpMTOBble ~ O P ~ M P M T ~ I ,  K B a P U e B b l e  AMOPMTOBble f l O P ~ M P M T b l  M 

~ ~ ~ ~ P O - ~ ~ O P @ M P M T ~ I  (8,); 5 - AMOPMTbl, KBapUeBb le  AMOPMTbl, ~ ~ ~ ~ P O - ~ ~ M O P M T ~ I  (PI); 6 - TPaHOAM- 

OpMTbl ,  ~ P ~ H O A M O P M T - ~ O P @ M P ~ I  (&); 7 - MMHepaf lM3OBaHHble 3 0 H b l  C XnOPMT-CePML&lTOBblM M 

KBapU-XnOpMT-CepMUTOBblM 3aMeU@HMeM, B TOM clMCne C 3 0 n O T O - C ~ n b @ M f l ~ b l ~  ( T O ~ C T ~ R  ~ M H M R )  

o p y n e n e n M e M :  n p o c n e m e t i H b l e ,  n p e A n o n a r a e M b l e ;  8 - p a s n o u b l ;  9 - B a n e r a t i M e  n n a c T o e  



MM BynKaHMTaMM Bepxtiero Mena M naneoreHa, KoTopbre noBceMecTHo nponmlr- 

T!43MPOBaHbl, B O C O ~ ~ H H O C T M  MHT~HCMBHO 6 ~ 0 n b  pa3pblBHbl~ HapyLLIeHMi M 6nlr3 

30nOTOPYAHblX 30H. Ha 3TMX He Y r a C T K Z  nOKanbH0 npORBneHa aprMnnM3auMR. 

Ha PyAHOM none nflOlqablO nopRAKa 8 KM' B C Y ~ B Y ~ ~ K ~ H M ~ ~ C K M X  MMKC)OAHO- 

P M T a  BblRBJleHO 6onee 15 PYAOHOCHblX SOH (AaHHble C. 11. K O C O B ~  M Ap., 1983 r.) 
MepMAMOHanbHOrO npOCTMpaHMR, MHOrAa C ~ J ~ M X ~ H H ~ I X  Me>KAY ~06017 (no 2-3 
30Hbl). &lMHa 3 0 ~  A0 4,5 KM, WMPMHa P Y , ~ O H O C H O ~ ~  nOnOCbl 1,8-2 KM. 30Hbl CnO- 

XeHbl nOpOaaMM CePMuMT-TMaPOCnlOaMCTOrO, KBaPu-XAOPMT-CePMuMTOBOrO 

COCTaBa C npOXMnKaMM, ~Mfl006pa3Hbl~M TeJlaMM, JlMH3aMM KBaPua, KBaPu-CYnb- 

@ M A H ~ ~ X  M BKpanJleHHblX PYA. n0BblLLIe~~ble COaepXZlHMR 3OnOTa BO BCeX 3OtiaX 

CBR3aHbl C rMaPOCnlOaMCT0-MOPMT-CepMuMTOBblMM flOpOAaMM, COaepXalL(klMM 

MaKCMMaJlbHOe KOJlMVeCTBO KBaPueBblX M K B ~ P ~ - c Y J ~ ~ @ M , ~ H ~ ~ x  BblaeneH~fi. 30~b l  

OAHOTMllHblF2. H ~ ~ P M M ~ P ,  30Ha IV npOCJleXeHa H a  nOBepXHOCTM H a  3,4 KM, Ha TAy- 

6 M ~ e  A0 370 M npM MOUHOCTM A0 7 M. M O P @ O ~ O ~ M ~ ~ C K M  3T0 x~n006pa3~0e  

BeTsRqeecsi Teno c a n o @ ~ 3 a ~ ~ .  C ~ p o e n ~ e  ~ O H ~ I  rpy6ononoc~a~oe, ocesasi ee 
raCTb MMeeT 6pe~r~esy lO TeKCTYPY. C O C T ~ B  UeMeHTa M 06no~uos C X O , ~ H ~ I ~   MA- 
pocnloaa, Ksapu, CepMuMT, X ~ O P M T ) .  Cpea~ee  coAepmaHMe aono~a 3,1 r / ~ ,  
cepe6pa 47,5 r / ~ ,  Pb - 0,7%; Zn - 0,52; Cu - 0,46%. B npeaenax 3 ~ 0 r o  pyAIioro 

Tens Bbl,4enRloTCR TPM 060ra~eHH b l ~  Y ~ ~ C T K ~ .  COOTHOLU~HM~ 30JlOTa M cepe6pa B 

P Y , ~ ~ x o T ~ : ~ , ~ o  1:15. 
A0 rfl~6klHbl 50-70 M PYAbl n0JlyOKMCneHbl. C J l a 6 0 0 ~ M ~ f l e ~ ~ b l e  PYAbl (6  

LUTOJlbHe, KepHe C K B ~ X M H )  npe,RCTaBneHbl K B ~ ~ ~ - X ~ O ~ M T - C ~ ~ M ~ M T O B O ~  n0p0~0fi  

C cynb@Maa~M CBMHua, UMHKa, MeAM, XeJle3a, COAepXaHMe KOTOPblX B CpeAHeM 
COCTaBnReT 15-20%. P y ~ b l  npOXMflKOB0-BKpanfleHHble, 6pe~'iMeBble. PyaHble 

MMHepaJlbl: raJleHMT, c@an?pkI~, XanbKOnMpMT, nMPMT; BTOpOCTeneHHble: apreH- 
TMT, apCeHOnvlpMT, MarHeTMT, BMCMYTMH, TeHHaHTMT, TeTpa3APMT, ~ ~ K M H M T ,  30- 

nOT0. P ~ A u M ~ :  I lMpaprMpMT,  MapKa3MT, aKaHTMT Map. XMJlbH ble MMHepanbl: KBapy 
CePMuMT, XJlOPMT, rMaPOCJllO,4bl; BTOPOCTeneHHble: ~ap60i Ia~,  @ J ~ o o ~ M T ,  3nMAOT, 

npeHMT, nOneBble LllnaTbl. ~ ~ P M M ~ C M  B PYae, %: Te - 0,0002; Se- 0,0001; Ba - 0,003; 
Sn<0,001; Cr - 0,003; V - 0,01; Be - 0,0001 ; Hg - 0,0001.30~10~0 06pa3ye~cpoc~- 

KM C PYAHblMM MMHepanaMM, BKpanneHHOCTb M npOXklnKkl B KBapue, cynb@M,4ElX, 

K B ~ ~ ~ - x ~ o ~ M T - c ~ ~ M ~ M T O B O ~  nOpOAe. flpo6a 3OnOTa OT 666 A0 880, CpeaHRR 768. 
3ne~eHTbl npMMecM B 30flOTe: Ct', Pb, Mn, CU, Bi, Fe. O ~ O ~ ~ T M M O C T ~  XOPO- 

uag. M 3 s n e r e ~ ~ e  aono~a 99,2, cepe6pa 98,7%. 

M e c ~ o p o > ~ ~ e ~ ~ e  6enan ropa MBB~CTHO c 1902 r., racmrtio aKcnnyaTM- 
posanocb. Ero ~ a y r a n ~  H. A. l l peo6paxe~c~~ i3 ,  T. ll. Bonapos~r, T. A. tOrai, 
A. n. Ka3apMH06, A. B. Menb~~uosa,  fl. C. @OMMH,A. C. )I,o~~MHoB, B. P. f l o n ~ ~ a -  
HQB, 0. C. 6ep~aH, 3. n. XOMOB, B. @. K a p ~ 6 x a ~ o 6 ,  n. A. C ~ X ~ R H O B ,  6. M. Ho- 
BMKOB, 6. 6. I / ~ B ~ H o B ,  6. A, ~ Y M ~ H ~ O K  Map. P Y ~ H O ~  none CJlOXeHO 30ueHOBblMM 

6a3anb~a~M M a H ~ e 3 ~ ~ 0 - 6 a 3 a J l b ~ a ~ M  K Y ~ H ~ ~ O B C K O ~  CBMTbl, nPOPBaHHblMM He- 
CKOn bKMMM 3KCTPy3MRMM OJlMrOueHOBblX TpaXMaauMTOB M TpaXMTOB ( ~ M c .  4.72). 
Ha~6onee ~ p y n ~ b l f i  3KCTPY3MB - 6 e n o r o p c ~ ~ i  HeKK pa3MepOM 800 X 750 M - Ha 
noeepxHocTM npeacTasnReT co6oi  pacLuMpFlloqeecR Ksepxy rp~6006pa3~oe  



PMC. 4.72. r e o n o r o - c ~ p y ~ ~ y p ~ a ~  c x e M a  M paspes M e c T o p o m e H u R  6 e n ~  ropa ( n o  3. n. Xox- 
nosy). 

1 - nOKpOBbl3OUeHOBblX 6 a 3 a n b ~ o s  M a ~ a e 3 ~ ~ 0 - 6 a 3 k l J l b ~ 0 8  ( K Y ~ H ~ ~ ~ O B C K ~ R  C B U T ~ ) ;  2 - MOHTMO- 

FMJlnOHMTOBaR K O p a  BblBeTpMRaHMR 30UeHOBblX 6a3klJ lbT08;  3 - rOPM3OHT OnMrOUeHOBblX nOKPOBHblX 

T ~ @ O B  M KC~HOTY@OB TpaXMTOB M TPaXMAaL(MT0B; 4 - OJlMrOL(eH0Bble nOKPOBHMe TPaXMTbl, TpaXMAa- 

4MTbl M MXTY@~I  ( ~ o n c l a ~ c ~ a ~  c sn~a ) ;  5 - 6 p e ~ c l u e e b 1 e  n a e b l  M a r n o M e p a T o s b r e  TY@M x e p n o B M x  M OKO- 

JIOXepflOBblX @au,uA; 6 - TpaXMTbl M TpaXMAaUMTbl x e p n o e o A  @al(MM; 7 - p a 3 p b l B H b l e  H a p y U e H M R ;  8 - 
CKBWMHbl  KOnOHKOBOrO 6 y p e ~ M R ;  9 - KaPbePb l ;  10 - KOHTyPb l60ra~017  claCTM MeCTOPOXAeHMR 

TenO. C n a r a t O l q M e  HeKK TPaXMTbl LI T P ~ X M , ~ ~ ~ V I T ~ I O K ~ ~ M ~ ~ H ~ ~  ~ P ~ K ~ M ~ B ~ I M M  J laBa -  

MM M a r n O M e p a T a M M .  K C3 OT Benoropc~oro HeKKa  M3BeCTHbl eAMHMqHb le  A ~ ~ K V I  
3PYllTLIBHblX 6 p e ~ q ~ 1 i  TPaXMAa4MTOB W M H O ~  1-2 KM M MOWHOCTbtO 100-200 M .  C 
M ~ E ~ P X ~ H M R M M  6enoropc~oro n a n e o s y n K a H a  C B R ~ ~ H ~ I  n o K p o s b l  n M T o K p M c T a n n o -  

K n a c T M r e c K M x  T~C$OB, TY@@MTOB A a u M T o s ,  nas T p a x m o s  M T p a x M A a q M T o s ,  OT- 

HOCRWMXCR K K O ~ ~ I ~ H C K O ~  CBMTe M COXpaHMBLUMXCR OT p a 3 M b l B a  K BOCTOKY OT HeKKa. 



O n M r ~ q e H ~ ~ b l e  BYJlKaHMTbl flePeCeKatoTCR ~ ~ G K ~ M M  MMOqeHOBblX aHae3MTO- 

6an b3an ~ T O B .  

n 0 ~ 0 ~ b l  6en0r0p~~0r0 HeKKa, CBR3aHHble C HMM nOKpOBHble ByJlKaHMTbl I4 

BMelqaOlqMe 6a3anbTbl rMApOTepManbH0 M3MeHeHbl Ha n l l 0 w M  8 KM'. ~ K C T P Y -  

3MBHble O ~ O ~ ~ O B ~ H M R  flpeBpalqeHbl & ~ ~ o H o K B ~ ~ I J , M T ~ ~ ,  aMKKMT-KBapqeBble, rMf l -  

POCnOAMCTO-KBaPqeBble, a,Qy!l5Ip-#BZlpqeBble n0pO)Jbl (Dra i ,  1967). AMKKLIT- 
KBapqeBble nOpOabl M MOHOKBaP4MTbl 06pa3y to~ CpeJlM 
r~apocn toa~c~o-~~apqeeb lx  nopoa n ~ ~ 3 0 0 6 p a 3 ~ b l e  Tena CB HanpaBneHMR, na- 
aalOlqMe Ha 0 6  nOa Cpe)JHMMM M KPyTblMM YrJlaMM. A ~ M H ~  TaKMX Ten OT 110 flO 

420 M, MOUwOCTb 10-50 M. K Y ~ H ~ I J , O B C K M ~  6a3anb~bl M aHae3~~0-6a3aJlbTbl ripe- 

BpalqeHbl B IlPOnMJlMTbl K ~ ~ ~ O H ~ T - X J ~ O P M T O B O ~ O  COCTaBa. 

P Y ~ H O ~  none M€?CTOpO>yqeHMR OXBaTblBaeT 6enoropc~~CI HeKK, erO npMXep- 

JlOByto 'iaCTb M npeaCTaBJleH0 LUTOKBePKOM (1 K M ~ )  c Y ~ O ~ M M  nPOXMnKOB0-BKpafl- 

neHHblM OpyaeHeHMeM. ~ T O K B ~ ~ K  06pa30Ba~ ManOMOlqHblMM ( ~ ( 3 J l k I  MMJlnMMeTpa, 

PeaKO a0 2-3 CM) fipOXMJlKaMM KBapqa ~ M H o f i  a0 IlepBblX MeTpOB. K O ~ M ' ~ ~ C T B O  
npomMnKos Ha 10 CM nopoabl OT 1 ao 12 WT., nwetiMe MX KpyToe (70-90°), opMeH- 
TMPOBKa pa3~006pa3~aFI. B IlpeaeJlaX WTOKBepKa M3BeCTHO 80CeMh PYaHblX rHe3p, 

c B~ICOKMM coaepmaHMeM 30no~a, 06pasytolq~x n ~ ~ e t 3 ~ y t o  c ~ p y m j p y  CB npocTM- 
paHm A~MHOLI 500 M M W M ~ M H O ~ ~  100- 150 M. P a s ~ e p b ~  r ~ e 3 a  40 x 30 x 20 M. rye- 
TOTa IlpOxMnKOB M ~ 6 b e ~  Gpe~' i~t3 C KBapueBblM UeMeHTOM B 3TMX rHe3AaX BblLUe, 

qehi: B axqyxaaqMx nopoaax. Coc~as npoxMnKos: Ksapq, wyngp, rMapocntoAa, 
rannya3c.r~. Pys,~b~e :.dMHepanbr cocTasnRtoT MeHee 3% x ~ n b ~ o C I  Maccbl. 3 ~ o  n M -  

PMT (ti8kI60,~e€ p a ~ f l p ~ ~ ~ p a t i e ~ ) ,  aPCeHOnMPklT, XaJlbKOnMpMT. IlMPPOTMH, c@ane- 
PMT, ranewT, IcL;Hosapb: reMaTMT, nMMoHm, nMpaprMpMT, KepaprvlpMT, apreHTMT, 

flPYCTMT: CaM0130aHOe 30nOTO M cepe6p0, BCTperatoTCR KaCCLITePMT M ,4epeBRHMC- 

Toe onoso. 3or lo~o MenKoe (~onci  ~ ~ n n ~ ~ e ~ p a ) ,  sene~oea~o-men~oe,  @oprda 

3OJlCTRH - KOMC'iKM, IlnaCTMHKM, ,4eHAPMTbl, ry6'iaTble 06pa30~a~MR. flpo6a 30- 

no-ra 646-656, U ~ M M ~ C M  B sono~e, %: Fe - 0,13-0,23, As -0,002-0,14, Cu - 0,004- 
0,46, Bl - a0 0.14, Pb - a0 0,03, Te - A0 0,003, Hg - 0,001 -0,005. O T H O W ~ H M ~  
sor;oTa K cepe6py 1 1, 5-4. C p e ~ ~ e e  coAepmaHMe aono~a B pyaax lcToKseplta 

HM3KOe C1 BapbMpyeT OT 0,48 (40 r n y 6 ~ ~ b l 3 0 0  M) A0 2,36 r/T (A0 rny6M~hl 1 00 M). 

npvr 3ltcnnya~aq~1.9 oTMeranMcbc~on6006pa3~b1e M ~ e n p a e ~ n b ~ o i  @ O ~ M ~ I  r ~ e z g a  
c coaepxaHMeM 00 36 r / ~ .  Ha r n y 6 0 ~ ~ x  ~ O P M S O H T ~ X  B C K P ~ I T ~ I  nonome s a n e x ~  c 
6onee BblCQKMMM (WM B U J T O K B ~ ~ K ~ )  COAepXaHMFlMM 3OnGTa. 

no p.aHHblP.4 6. A. ~ V M ~ H I O K ~  (1986 r.), B nepMOp p y ~ o o 6 p a 3 0 ~ a ~ ~ ~  6enag 

!-spa npep,CTaBZRna co6oL1 ByJlKaH C KanbAepaMM, 3aHRTblMM XJlOPMAHO-CePHO- 

KMC.nblMM 03ePaMM KYPMnbCKOrO Tuna. P ~ ~ H O - M ~ T ~ C O M ~ T M ' ~ ~ C K M ~  napareHe3klCbl 

@ O F . M L ~ ~ O B ~ J ~ L I C ~  Ha @ ~ O H T ~  B ~ ~ M M O ~ ~ ~ ~ C T B M R  Ba03HblX M IOBeHMnbHblX BOA n0A 

3KPaHOM HeOretiOBHX 6a3anb~0M~0~ .  O T ~ O X ~ H M ~  30JlOTblX PYA nPOMCXO,4MnO nPM 
s a q x a ~ ~ ~  npcqecca B nepwoa ocylueHMn Kanbaep M nocneaytolqero sanonHe- 
HlAR MX ~ M K ~ P ~ O H ~ T H ~ I M M  BOaaMC1. 

HO- Kon ~ I M C K ~ R  3 fl EblAenReTCR B D B  'iaCTM O ~ H O M  M ~ H H O ~  C K A ~ ' ~ ~ T O ~  

o 6 n a c ~ ~  B 6accefiHe BepXHerO Te'ieHMR Konbl~bl M M H ~ M ~ M F K M .  ~O~IOTOHOC- 



HOCTb CKOH4eHTPMPOBaHa B ~ ( ~ ~ K O B ~ P X O R H C K O M  CMHKAMHOPMM B A,4bl'ia-60~an- 
~ M H C K O ~  3 0 H e  ( ~ ~ o J ~ o ~ M R  CCCP, 1970. T. 30; A a H H b l e  T M n b ~ a H a  M Ap., 1974 r.). 
R H O - K O ~ ~ I M C K ~ R  CKnaGqaTaR o6nac~b n p e A c T a s n e H a  MOLUHO~ ~ o n u e i  T e p p M -  

reHHblX OCElAO'iHblX ROPOA ( B ~ ~ X O R H C K M ~  K O M ~ ~ ~ K C ) ,  BO3paCT KOTOpOrO B ~ ~ X H M ~  

K ~ ~ ~ o H - o Q ~ ,  MeCTaMM OH BKnO' iaeT H M X H M ~  K ~ P ~ O H .  Bce 3TM OTf lOXeHMR 06bl'i- 
H o A M c n o q M p o B a n b l  c o s M e c T H o .  O ~ ~ e r a e ~ b ~ e  yrnoeble H e c o r n a c m  p a c n p o c T p a -  

HeHbl JlOKanbHO: M e w y  n e p M b t 0  M K ~ P ~ O H O M ,  HMXHMM TPMaCOM M IlF2PMbt0, HO- 

P M ~ C K M M M  M K ~ P H M ~ ~ C K M M M  O T J l O X e H M R M M  M ,lJP. Ha ~ M C J l O 4 M p O B a H H b l X  

0 6 p a 3 0 ~ a ~ ~ ~ x  B e p x o R H c K o r o  K o M n n e K c a  c p e 3 ~ ~ ~  yrnoabm H e c o r n a c M e M  sane- 
r a m  T e p p M r e H H b l e  M B y n K a H o r e H H b l e  0 6 p a 3 0 s a ~ ~ ~  M e n a ,  B b l n o n H R t o u M e  o T A e n b -  

Hble T e K T o H w e c K M e  BnaAMHbl.  )$IR B e p x o R H c K o r o  K o M n n e K c a  x a p a K T e p e H  m o r e -  
O C M H K J ~ M H ~ J ~ ~ H ~ I ~  TMfl  pa3BMTMR M nOClTM I lOJ lHOe OTCyTCTBMe ByJ lKaHOreHHblX 

@ o p ~ a q ~ i ,  a MMeto tqMecR n p e A c T a a n e H b l  BynKaHMTaMM o c H o e H o r o  M c p e A H e r o  

COCTaBa, KMCJlble BYnKaHMTbl OTCYTCTBYK3T. B ~ P X O R H C K M ~ ~  KOMnJleKC n p O p B a H  MH- 

TPY3MRMM rPaHMTOI IAOB OPCKO-MeJlOBOrO B 0 3 p a C T a  M 6 0 n b L U M ~  KOJlM'ieCTBOM 

MeJlKMX MHTPY3MBHblX T e n  M A a e K ,  CBR3aHHblX C K O ~ ~ I M C K O ~  @a30i TeKTOreHe3a .  

~ ~ H O - K O J ~ ~ I M C K ~ R  3n - OAHa  M3  ~ O ~ ~ T ~ ~ U I M X  B M M p e  no POCCblnHOMY 30JlOTY - 
BKJlO'IaeT T a m e  M YHMKan bHb le  PYAH ble 0 6 b e K ~ b l .  B b l ~ a l O t q a R ~ R  30JlOTaR I lOTeH-  

qMR KOPPeJlMPYeT C YHMKanbHblM rPaBMTa4MOHHblM MMHMMYMOM. K O H T ~ P ~ I  apema 
30nOTOHOCHOCTM M MMHMMYMa COBKl,QBtOT (PMc. 4.73), 'iTO CBMAeTenbCTByeT 0 

XeCTKOM KOHTpOJle OpyAeHeHMR ~JIY~LIHH~IM O' iarOM pa3ynnOTHeHMR.  Ha~6onee 
KpynHble  3OJlOTOpyAH ble MeCTOPO>YqeHMR ( H ~ > ~ c ~ ~ H M H c K o ~ ,  H ~ T ~ J ~ K M H c K o ~ )  PaCnG-  

n O X e H M  H a  OCM K Y ~ , ~ Y C Y H C K O ~ O  MMHMMYMa, T. e. MaKCMMYM OPYAeHeHMR COBna-  

g a e T  C MaKCMMYMOM ~ A Y ~ M H H O ~ O  pa3ynJlOTHeHMR. B <<CBOAOBO~~), 'iaCTM r p a B M T a -  

~ M O H H O ~ ~  CTPYKTYPb l  P a 3 B M T b l  O J l O B O P Y A H M e ,  ~ o J I o T o - c ~ ~ ~ ~ P R H ~ ~ ~  M 

onoso-cepe6p~~b1e n p o m n e H m .  K y i A ~ y c y ~ c ~ ~ i  MMHMMYM COCTOMT 143 ABYX BeT-  

seR - 0 3  M K)B I lpOCTMpaHMR. C IlepBoL? CBR3aHa  ~ X H O B ~ P X O R H C K ~ R  (Annax- 
K ) H ~ c K ~ R )  30110TOHOCHaR 3 0 H a ,  CO B T O P O ~  - T ~ H ~ K M H C K ~ R ,  ( / ~ H A M ~ M P G - K O J ~ ~ ~ M C K ~ R  

M RHO-MHALITMPCKE~R. B 0 3  Ha f l paBneHMM YpOBeHb  n 0 n R  nOBblLUaeTCR (OT - 140 A0 
- 40 ~rJl). COOTB€?TCTB~HHO M3MeHReTCR @ O P M ~ L ( M O H H ~ I ~ ~  TMn Opy,4eHeHMR: OT pea- 
KOMeTaJlnbHOrO K r M I l a 6 M C ~ a J l b H 0 ~ y  30JlOTOMY C B ~ I C O K O ~ ~  C ~ P ~ ~ P ~ ~ C T O C T ~ K )  PYA 
( H ~ > Y ~ ~ H ~ ~ H C K M ~  T M ~ ) ,  AaJlee C O ~ C T B ~ H H O  30Jl0~0i TMn (Ce,QJl0B~~Hble XM,Ibl AY3T-  

C K O ~ O  ~ M n a )  M H a  K P ~ ~ H ~ M  0 3  - 3OnOTOe OPYAeHeHMe c ~ ~ B ~ J ~ K ~ H M ' ~ ~ c K o ~ o  YPOBHR 

(Tac-Qp~xc~oe).  M a r t i ~ ~ ~ o e  none B npeAenax t O x ~ o ~ e p x o ~ ~ c ~ o f i  ~ O H ~ I  OTPM- 

qaTenbHoe .  

K)~O-BOCTO'~H~R BeTBb  K ~ ~ A ~ c ~ H c K o ~ o  MMHMMYMa * l lMTaeT),ABe 30nOTOHOC- 

Hble CTPYKTYPbl: T ~ H ~ K M H C K ~ ~ O  ( H a  OCM MMHMMYM~), B K O T O P O ~  H a X O m T C R  KPYfl -  

Hble PYAHble  0 6 b e K ~ b l  ( r p a H M ~ 0 M ~ b l  3 a e C b  pa3BMTbl  H ~ ~ H ~ c I M T ~ ~ ~ H o ) ,  II MHAM~M- 
P O - K O ~ ~ I M C K Y K )  - C M H O r O ' i M C n e H H b l M M  M e n K M M M  M e C T O P O X a e H M R M M  

~ O ~ O T O - K B ~ ~ ~ ~ B O ~  @ O P M ~ ~ M M ,  COflPRXeHHblMM C flORCOM KPYflHblX MaCCMBOB 

HeMarHMTHblX rp;lHMTOLl,4OB.  TO rJlaBHbli F O C C ~ I ~ ~ H ~ I ~  p a i 0 H  K ~ n b l ~ b l ,  ~ O ~ ~ T C T -  

BO KOTOPOrO O ~ Y C ~ O B ~ ~ H O  f l e p e M b l B O M  MHOXeCTBa  MenKMX 30JlOTOPYAHblX 06b- 
eKTOB CO CpaBHMTenbHO KPYnHblM 30nOTOM. M ~ ~ H M T H O ~  none 6 n M 3 ~ 0  HyJ leBOMy M 

OTPML@TenbHOe B T ~ H ~ K M H C K O ~  3 0 H e  M f lOf lOXMTenbHOe B MHAM~YIPO- K O ~ ~ I M C K O ~ ,  
o ~ ~ c J ~ o B ~ ~ H H o ~ ,  flO-BMAMMOMY, KOHTaKTOBblMM POrOBMKaMM. 



PMC. 4.73. COOTHOU~HM~ re0@~3MqeCKM~ nOnefi U PYnOHOCHOCTM B RHO-K~nbl~CKofi, A H O ~ K O - ~ ~ K O T C K O ~ ~  M OXOTCKO-~YKOTCKO~~ 30JlOTOHOCHblX npo- 
BHHUHRX. 

1 - a p e a m  SOJIOTOHOCHOCTM (a), npomneHMR peAKMx Merannos (6); 2 - MecTopowetiuR: r ~ n a b ~ c c a n b ~ b ~ e  a o n o ~ o p y n ~ ~ e  (a), ~ o J ~ o T o - ~ ~ ~ ~ K o M ~ -  
TannbHbIe (6), 30nOTO-CYPbMRHble (B), C Y ~ B Y ~ K ~ H M ~ ~ C K H ~  30nOTOPYnHble (r), 30n0~0-cepe6pR~ble (a); 3 - peruoHanbHble rpaBMTauMOHHble MMiiMMYMbl MH- 
TeHCMBHble (a) H MeHee HHTeHCMBHbIe (6, 8); 4 - PerMOHanbHble MarHMTHble MaKCMMYMbl. MeC~Opo~enmn (~M@pbl Ha CxeMe): 1 - Tat-OPRX, 2 - AYST, 3 - 
IOp, 4 - 3 a n e p x ~ ~ ~ c ~ o e ,  5 - Synap, 6 - Eocxon, 7 - HewaHrHcKoe, 8 - Xaapaax, 9 - Capblnax, 10 - ATYHW~, 11 - Kynmtun~, 12 - Opbesc~oe, 13 - q a w ~ a ,  14 
- XaKaHma, 15 - H ~ T ~ ~ K H H C K O ~ ,  16 - naBnMK, 17 - BeTpeHCKOe, 18 - ~ O ~ O T O ~ ,  19 - K ~ P ~ M K ~ H ,  20 - A ~ K ~ T ,  21 - ~ B ~ H C K O ~ ,  22 - Kyba~a, 23 - Becennee, 24 - 
Kapanbeee~, 25 - OsepHoe, 26 - Mafic~oe, 27 - ConKa PyaHaR, 28 - 0 6 p b l e ~ c ~ o e ,  29 - Cepreeec~oe, 30 - B a n y ~ ~ c ~ o e ,  31 - n e n e ~ ~ e e ~  



3 T a  B e C b M a  6 0 r a ~ a ~  30JlOTOHOCHOCTbKl C T p y K T y p a  OXBaTblBaeT 3 a n a A H y K l  

r a c T b  K ) X H O B ~ ~ X O R H C K O ~ O  CMHKnMHOPMR M '4aCTM'4HO ~~flaff'4aT0-rJlbl60Bble CTPYK- 

~ypb l  Cerra-aa6a~a M K)AOMO-M~RCKO~O p a i o ~ a .  3 o n o ~ o ~ o c ~ a ~  nonoca, UIMPM- 

H O ~  OT 15 A0 75 K M  M AIIMHO~~ 450 K M  B K n K l W e T  MHOXeCTBO POCCblnHblX MeCTO- 

p o x g e ~ n i  aono~a, a T a m e  aono~opya~bre M e c T o p o m e H M R  M P y a o n p o m n e H M R .  

OCHOBH~R 30nOTOHOCHOCTb IlPOCTPaHCTBeHHO CBR3aHa C BePXORHCKMM TePPMreH-  

HblM KOMnneKCOM. C H H K J ~ M H O P M ~  (aBJ laKoreH?) ,  3aJ lOXeH H a  MWHOPCKOM r n y 6 ~ ~ -  
HOM p a 3 n O M e .  P ~ X M M  C T p Y K v P b l 6 n M 3 0 ~  MMOreOCMHKnMHaJlbHOMY. B Y ~ K ~ H O ~ ~ H -  
Hble 0 6 p a 3 0 B a ~ ~ R  B C T ~ ~ T M ~ ~ ~ @ M ' ~ ~ C K O M  pa3pe3e npaKTM'4eCKM OTCYTCTByKlT, a 
anespo-nen~~oeble @ O P M ~ ~ M M  p e a ~ o  npeo6nma~ l~  ~m n e c r l a H M K o s M M u .  3 ~ o  
TMnM'4Hbli B H ~ T P M K O H T M H ~ H T ~ ~ ~ H ~ I ~  npor~6, K O T O P ~ I ~ ~  6 ~ n  O T r O p O X e H  OT OKeaHa  

OXOTCKMM CpeAMHHb lM MaCCMBOM M p a 3 B M  BaJlCR B OTHOCMTenbHO C ~ O K O ~ H  b l ~  TeK-  

TOHMrleCKMX YCnOBMRX n p M  3aTPYaHMTeJlbHOM B O ~ O O ~ M ~ H ~  C OKeaHOM. Bce 3TO 

C ~ O C ~ ~ C T B O B ~ ~ O  HaKonneHMtO B oceeoi r a c T M  npor~ba,  eue  H a  C T ~ M M  cem-  
MeHTauMM, y m e p O A M C T O r 0  B e u e C T B a  M CMHreHeTM'4eCKMX cynb@M,QoB ( a a ~ ~ b l e  
M. K. Cunwesa, H. B. 6enosep~eeoi,1968 r.), cblrpaswx n o n o x M T e n b H y t O  ponb 
npM r M a p o T e p M a n b H o M  P ~ ~ O O ~ ~ ~ ~ O B ~ H M M .  C o a e p x a ~ ~ e  paccewioro o p r a H M r e -  

C K O ~ O  B e t q e c T B a  B aneepo-nen~~oeblx nopoaax 0, 1-1% ( ~ a ~ ~ b l e  M. C. H ~ M ~ H -  
Mat ia ,  1988 r.). 

K ~ ) X H O B ~ P X O R H C K M ~  C M H K ~ M H O P M ~  (K1)BC) 06pa30ea~ CKna,Q'4aTblMM TOJlqa- 

MM c p e a H e r o  ~ a p 6 o ~ a - c p e ~ ~ e i   top^ (Tycee, 1979; A. A. C~UIKO, 1975; H e H a U I e B ,  

1979; M AP.). B b l a e n R t O ~ c R  TPM C T P Y K v P H b l X  K o M n n e K c a :  1 )  c ~ ~ , Q H M ~  ~ a p 6 0 ~ -  
HMXHRR n e p M b ,  2) BepXHRRR n e p ~ b - c p e ~ ~ k l f i  TpMaC M 3) B ~ ~ X H M ~  TPMaC-CpeAHRR 

topa. H M X H M ~  K o M n n e K c  c n o x e H  MOHOTOHHO~~ a n e ~ p o n ~ ~ o ~ o - c n a ~ u e ~ o i  ~ o n q e i  
(4-6 KM) C PeAKMMM n n a C T a M M  neC'4aHMKOB, KPeMHMCTblX n O p O A  M M3BeCTHRKOB B 

H M ~ ~ X  paspesa; c p e a ~ ~ i  npeac-raeneti c y q e c T s e H H o  nec '4aHMKoeblMM o-moxe- 
HMRMM (4-6 K M ~  C npOCnORMM aneBp0J lMTOB M KOHmOMepaTOB,  a B ~ ~ X H M ~ ,  C o x p a -  

H M B W M ~ C R  B M y n w a x  c ~ ~ ~ n ~ ~ a n e i , -  necqaHMKaMM,  a n e e p o n M T a M M  M rnMHMcTt.1- 

MM C n a H u a M M .  B K>BC B b l A e n R D T C R  TPM nP0,QOnbHblX TeKT0HM"lCKMX 3 0 H b l :  

n p ~ c e r r 3 a a 6 a ~ c ~ a s l ( 3 a n a ~ a ~ ) ,  u e ~ ~ p a n b ~ a ~  M n p ~ o x o ~ c ~ a ~ .  M3 HMX u e ~ ~ p a n b -  
Hag  - ~ a M 6 0 n e e  n p o r H y T a R  M ~ a M 6 0 n e e  n p o a y K T m H a R  H a  sono~o. 

O ~ a A o q H b l e  n 0 p O A b l  M ~ T ~ M O ~ @ M ~ O B ~ H ~ ~  0 '4eHb cna6o - H a  Y p O B H e  Pe rMO-  

HaJlbHOrO 3 n M r e H e 3 a  ( ~ K ~ ~ o c ~ ~ O ~ M C T O - X ~ ~ O ~ M T O B ~ R  @auM5I, no 0. B. P Y ~ K M H O ~ )  M 

CePMuMTM3auMM. M M ~ ~ T C R  yKa3aHMe ( A H ~ P M ~ H O B ,  1973), '4TO B O C ~ B O ~  '4aCTM CMH- 

KJlMHOPMR B 3 0 H e  MMHOPCKO~O ~ ~ ~ M H H o ~ o  pa3J lOMa pa3BMTb l30HaJ lbHO M e T a M O p -  

@M30BaHHble  neC'4aHO-rJlMHMCTble nOpOAb l  (a0 C T ~ B ~ O ~ M T - ~ ~ ~ M ~ H A M H O B O ~  ~ y 6 -  
@auMM). HO 3TM A a H H b l e  HOBblMM MCCJleAOBaHMRMM H e  n 0 a T B e p m e H b l  ( A a H ~ b l e  

M. C. H ~ M ~ H M ~ H ~  M AP., 1988 r.). r. C. M M p a e x a ~ o e  (1988 r.), M3YClaFI cyJlb@MA- 

HyKl  MMHePaJlM3auMtO IOXHOR ClaCTM CMHKnMHOPMR, nPMBOaMT a a H H b l e  B nOJ lb3y  

M ~ T ~ M o ~ @ o ~ ~ H H o - ~ M A ~ o T ~ ~ M ~ ~ ~ H ~ ~ x  nPOueCCOB,  nPORBneHHblX B p a i 0 H e  P e r M -  

OHanbHO. C ~ p y r 0 i  CTOPOHbl, nOJly'4eHHble M. C. H ~ M ~ H M ~ H O M  A a H H b l e  no C T e n e -  

HM BblTOPaHMR PyB, nOJlOXeHMtO OpOrOBMKOBaHHblX n O p O a ,  ~ ~ O ~ H O C T M  3OnOTa M 

ee COOTHOUeHMM C MarHMTHblMM nOJlRMM M OPOrOBMKOBaHHblMM nOPOaaMM,  y K a -  

3blBatOT H a  n p 0 C T p a H C T B e H H y l o  CBR3b O p y a e H e H M R  C H e  BCKPblTblMM 3 ~ 0 3 M e i  



MarHMTHblMM MHTPY3MRMM rpaHMTOMAOB. B UenOM Xe M ~ T ~ M O ~ @ O ~ ~ H H ~ I ~  TMn 

PYAOHOCHblX PaCTBOPOB B K)XHOB~PXORHCKOM CMHKJIMHOPMM RBJ~F~S~CR, flO-BMAM- 

MOMy, OAHMM M3 OCHOBHblX. C ~ ~ O A H R  M3BeCTH0, qTO f lpM TCPMaSlbHOM MeTaMOp- 

@ ~ 3 M e  nIO6b1x flOPOA flpOMCXOAMT 3KCTpaKuMFI M f lepeHOC 30nOTa B o 6 n a c ~ ~  no- 
HMXeHHblX 3 H a q e H M i  P-T, B O C O ~ ~ H H O C T M  M3 rJlMHMCTblX f lOpOA.  TOT flpMHuMn 

I lOnOXeH B OCHOBY flPOrH03MPOBaHMR M OueHKM 30JlOTOrO OPYAeHeHMR H e w a H M H -  

c K o r o  M A y 3 T c K o r o  TMna (Lenosepue~a M ~ p . ,  1987). n p ~   TOM T O ~ ~ M  aneeponw 
TOB BblCTyIlatoT B KaCleCTBe PYAOreHePMPylOqMX, a flaClKM fleCClaHMKOB - KOnneKTO- 

POB, B KOTOPblX OCeAaeT 3HaqMTen bHaR W C T b  f lOne3HOrO rpy3a. n e p c f l e ~ ~ ~ ~ ~ b l  

n n o w M  c n o A a e n R t o q M M  ~ ~ ~ B M T M ~ M  a n e e p o n e n M T o s b l x  n o p o ~  M H e n e p c n e K -  

T M B H ~ I  p a i o ~ b ~ ,  B KOTOP~IX necqaHMKM npeo6na~a10~. B n o c n e A H e M  cnyae sono- 
T o e  OpyAeHeHMe PaCCeMBaeTCR. ~ T M  BblBOAbl OCHOBaHbl H a  flPeAflOSlOXeHMM, qTO 

30nOTO f lOCTyf laeT M3 COCeAHMX C f leCWHMKaMM fla'4eK flenMTOBblX T o n u .  

Bepx~enaneoso ic~a~  p y A o e M e q a l o q a R  T o n u a  n p e A c T a e n R e T  co6oi MOU- 

H b l i ,  BePORTHO S ~ Y ~ W M ~  H a  A a n b H e ~  BOCTOK~, r e 0 J l 0 r M q e ~ ~ M i  3 K p a H  W R  @ n t o ~ -  

BOB M M a r M .  6 n a r o ~ a p ~  n a p a M e T p a M  M n o n o x e t i M t o  ~ r n  MMHOPCKMM r n y 6 ~ ~ ~ b 1 ~  

pa3nOMOM B 3TOM 3 K p a H e  (M f lOA HMM) C @ O P M M P O B ~ ~ M C ~  flPOAyKTMBHble 30JlOTO- 

PYAHble 0 6 b e K ~ b 1 ,  M O P @ O ~ O ~ M R  KOTOPblX OflpeAeJlReTCR PMCYHKOM TpeqMHHMX 

CTPYKTYP. B AY~T-K)PCKO~ 3 0 H e  3 T 0  ~ ~ C T ~ ~ T M @ O P M H ~ I ~ ~ ~  XMJlbl, I lPMYPOqeHHble K 

~ ~ O C ~ O ~ H ~ I M  M f lOf lePeqHblM TeKTOHMqeCKMM T p e q M H a M  B flaqKaX f l e ~ ' - I a H ~ - r p a ~ M i -  

HOrO COCTaBa. 3 ~ e c b  @ n ~ ) M ~ H b l i  flOTOK 3KPaHMPyeTCR K P O B ~ ~ ~  M f l 0 ~ 0 W ~ 0 ~  3 ~ 0 i  

fla'4KM. A B H ~ ~ ~ H M H C K O M  p a i 0 H e  pa3BMTbl BepTMKaJlbHble 30JlOTOpyAHble 30Hbl 

M CeKylqMe ~ y ~ b @ M ~ ~ ~ - ~ ~ a p ~ e B b l e  XMnbl ,  B AJ~J~~x-K)H~cKoM p a i 0 H e  M3BeCTHbl 

PyAHble flOJlR C K O M ~ M H ~ ~ M R M M  CTP~TM@OPMH~IX M KpYT03aJleratOqMX CeKYqMX 

PYAHHX Ten.  

Ha PYAHblX IlOnRX ~ X H O ~ O  B ~ P X O R H ~ R  MaCCMBbl rPaHMTOMAOB @ ~ K T M ' ~ ~ C K M  

OTCYTCTBYIOT. B ~ e U J , a t o ~ M e  OPYAeHeHMe flOPOAbl MHOrAa flPOPBaHbl Aaf iKaMM n a M -  

f l p 0 @ M p 0 ~  M ~~OP@MPMTOB. Kpyf lHble  MHTPY3MM rPaHMTOMAOB MenOBOrO B03paCTa, 

RBJlRIOlqMecR 6onee M O ~ O A ~ I M M  B CPaBHeHMM C OCHOBHblM OPYAeHeHMeM p a i o ~ a ,  
PaCflOJlaraIOTCR u e f l o q ~ o i  BAOn b B O C T O ~ H O ~  TpaHMubl ~ O ~ O T O H O C H O ~  TePPMTOPMM 

M f lpeACTaBJleHbl C ~ ~ ~ O M ~ ~ H M T H ~ I M M  flOpOAaMM, C KOTOPblMM MHOrAaaCCOuMMPY- 

e T  s o n o ~ o - p e ~ ~ o ~ e ~ a n n b ~ o e  opyAeHeHMe.  V l c c n e ~ o s a ~ ~ ~  A. T. X ~ ~ p y ~ o s a  no- 
KasanM, L(T0 30flOTOPYAHaR MMHepaJlM3auMR K)XHO~O B ~ P X O R H ~ R  TeHeTM'ieCKM He 

CBR3aHa C MenOBblMM rpaHMTOMAHblMM ~ ~ T O J ~ C I T ~ M M .  

rJly6MHHaR C T p y K l y p a  K)XHO~O BepxoRHbR OflpeAeJlReTCR PerMOHanbHMM 

K ~ ~ A ~ C ~ H C K M M  MMHMMYMOM CMJlbl TRXeCTM, O T P a X a t o u M M  M ~ C U I T ~ ~ H O ~  pa3yll- 
JlOTHeHMe f lOpOA B B ~ P X H ~ ~  MaHTMM M KOpe. B COBpeMeHHOM 3P03MOHHOM Cpe3e  

BeCTHMKaMM 3 T O r 0  pa3yflJlOTHeHMR RBJlRtOTCR YflOMRHYTble Bb lWe rpaHMTOMAHble 

~ ~ T O ~ M T ~ I ,  @ O P M M P Y I O ~ M ~  B rpaBMTauMOHHOM none JlOKanbHble MMHMMYMbl CMnbl 

TRXeCTLl. 

~ O ~ O T O H O C H O C T ~  K)XHO~O B ~ P X O R H ~ R  COl lpRXeHa C MMHOPCKMM ~ J ~ Y ~ M H H ~ ~ M  

pa3JlOMOM (PMC. 5. 1 1 ), K O T O P ~ I ~  KOHTPOnMPYeTCR YCly f lOM (2 KM) B @ Y H A ~ M ~ H T ~  

reOCMHKJlMHaJlbHOr0 KOMflJleKCa ( ~ Y c ~ B ,  19791, 3OHaMM A M c J ~ o K ~ ~ M ~  M PaCCnaH- 

UeBaHMR M flOBblWeHHblM M ~ T ~ M O P @ M ~ M O M  f lOpOA, uPYAOHOCHblMM)) aHTMKJlM- 

HanRMM C 30JlOTOPYAHblM M IlOJlMMeTallJlMqeCKMM OPYAeHeHMeM Pa3nM'-lHblX MOP- 

@oJIo~M~~cKMx T M ~ O B .  no-BMAMMOMY,   TO 6bln OCHOBHO~ p a c n p e n e n ~ ~ e n b ~ b l i  

KaHaJl rMApOTepMaJlbHblX PaCTBOPOB - ccMeCTHblX), M IlpMTeKaBLUMX H a  lor C CeBepa  

OT K y i ? ~ y c y ~ c ~ o i  o q a r o ~ o i  c~py~ lypb l .  B 3 o ~ e  MMHOPCKO~O pasno~a H~XOMTCR 



OCHOBHble M e C T O P O W e H M R  p a i i 0 H a  (top, A y a ~  M ~ p . ) ,  f l p M r e M  f lpOAyKTMBHaR 30- 

i n o T o H o c H o c T b  tie ~ O A M T  OT 3 0 ~ b 1  pasnoma A a n e K o  B CTOPOH~I,  XOTR n M T O n O r M r e -  

i CKMe O C O ~ ~ H H G C T M  f l 0 p O A  T a M  B n O n H e  6J l a r0 f l pMRTHb le .  

L/13BeCTHble 3OJlOTOp)'AHble PAeCTOpOXAeHMR ~ ~ X H O ~ O  B ~ P X O R H  bR f lPMYP0-  

r e t i b l  K ~ H T M K ~ M H ~ ~ R M  (Cwn~res,  Lenosepqesa, 1985). Ha~6onee R ~ K O    TO BMAHO 

H a  n p M M e p e  H C ~ ~ ~ H M H C K O ~ O  M e C T O p O W e H M R  (PMC. 4.76, 4.78, 4.79). ~ O ~ O T O -  

PYAHble  ((JleHTbl)) AYBTCKO~O M e C T O P O W e H M R ,  OYeP'iMBaR CMHKnMHanM, PaCnOJ la -  

raOTCR H a  Kpb lnbRX B O C T O ~ H O ~  aHTMKnMHanM (PMC. 4.74). KYPYH-YPRXCKO~ PYA- 
H o e  none T a K x e  n p M y p o r e H o  K ~ y n o n o s ~ ~ ~ o i  a t i T M K n u H a n M ,  R A ~ O  K O T O P O ~  

PHC. 4.74. reonor~recrc~ f i  nnaH 1.1 paapea A ~ ~ T C K O ~ O  pyutioro nonR (no B. A. Cnes~o). 
1 - KyKKaHCKaR CBMTa, BTOPaR naclKa: EWeBpOJlMTbl C 6a3aflb~blM rOPM30HTOM neCclaHMKOB (P,KK=); 

2 - K Y K K ~ H C K ~ R  CBMTB, nepBaR naqKa: aneBpOJlMTbl C 6a3aJb~blM rOPM30HTOM neCClaHMKOB, KOHrJlOMe- 

PaTOB, CnaHUeBblX KOHrnOMepaTOB (P,KK'); 3 - 3KaClatiCKaR CBMTa. AJleBp~nM~bl, aprMJlJlMTbl, rJlMHMC- 

TbleCnaHUbl (C,,~K); 4 - pa3JlOMb1, 5 - PyAHbleXMJltl; 6 - 3JleMeHTbI3aJleraHMR nJlaCTOB (a), 6yp0~ble 

CKB&KMHbl (6) 



CnOXeHO ~ ~ o ~ ~ H ~ ~ ~ o T ~ ~ o ~ o ~ ~ c K L I M ~  f leCqaHklKaMM, a KPblnbR - aprMJlnklTaMM, an€?- 
BpOnMTaMkl M ~ e p p k l r e ~ ~ 0 - ~ a p 6 0 ~ a ~ a ~ k l  I l O p O a a M M  B e H a a  kl HMXHerO K ~ M ~ P M R .  

Mccneaosa~m T. C. M M ~ ~ ~ x ~ H O B ~  (1 988) no npa~o6epexbo OAOM~I n o a T s e p x -  

AatOT 3TM 3aKOHOMePHOCTkl (yq .  ~ O T  kl ape). 
A Y ~ T C K O ~  3OnOTOpyaHOe MeCTOpO>yqeHkle RBnReTCR TklnMqHblM a n R  OXHO- 

ro B ~ P X O R H ~ R  ( a a ~ ~ b ~ e  B. A. C n e s ~ o ~  ap., 1977 r.; C ~ n ~ r e s ,  Senosepue~a, 1985). 
Pya~oe  none n o ~ a n ~ 3 0 s a ~ o  B O C ~ ~ O C I H ~ I X  nopoaax a ~ a r a ~ c ~ o i  M K ~ K K ~ H C K O ~  CBMT. 

3 ~ a r a ~ c ~ a ~  csma MOWHOCT~KI 600-1 100 M n p e a c T a s n e H a  @ M ~ ~ M T M ~ M ~ O B ~ H H ~ I -  

MCI y rnMcTb lMM a n e s p o n m a M M ,  ap rMnnMTaMM,  rnMHklcTblMM CnaHuaMM c peaKMMM 

C ~ O ~ K ~ M M  KBaP4MTOBklaHblX neCqaHklKOB, fl0 B C e M y  p a 3 p e 3 y ,  B O C O ~ ~ H H O C T M  B 

c n o i ~ a x  n e c r a H m K o s ,  o T M e r a e T c R  MenKaR B K p a n n e H H o c T b  nMpMTa (ao 1%). B 
sepxax paspesa c o A e p x a H c l e  nk lpMTa B nopoaax a o c m r a e T  1-2%. K ~ K K ~ H C K ~ R  
csma M O U H O C T ~ ~ ~  550-800 M cornactio sanerae~ H a  s ~ a r a ~ c ~ o i  M cnoxetia cna- 
60 @ ~ I ~ ~ L I T M ~ ~ ~ ~ o B ~ H H ~ I M L ~  I leCqaHO-rl lklHklCTblMM nOpOaaMk l .  B OCHOBaHklkl CBklTbl 

3anerao~ K o H r n o M e p a T b l  M r p a s e n m b l  (5-30 M) c xopoluo O K ~ T ~ H H O ~  r a n b ~ o i  

rpaHMTOB,  3@@y3klBoB OCHOBHOrO M C p e A H e r O  COCTaBa, KBaPuklTOB, Xk lnbHOrO 

K B a p u a ,  O ~ ~ O M K O E I  rnklHMCTblX n 0 p O n .  M ~ C T ~ M M  KOHrnOMepaTbl  fl0 npOCTklpaHMt0 

3 a ~ e u a t o ~ c ~  necqaHMKaMkl .  Bbllue sanerae~ T o n u l a  (300-500 M) anesponmos, 
qaCTO M3BeCTKOBMCTblX kl flklPMTkl3MPOBaHHblX fleCClaHMKOB, a n e B p ~ n ~ e @ k l ~ ~ B  (np0- 
AyKTbl OTnOXeHMR MYTbeBblX ~ O T O K O B )  MaCCklBHblX M T O H K O ~ O n O C ~ a T b l X .  C0aep- 
X a H M e  flMPMTa B f l O p O a a X a 0  1 %, B KBaP4MTOBCI&HblXneCqaHMKaXaO 2-3%. B HM3aX 

p a 3 p e 3 a  nOpOAb l  CO&epXaT  T Y @ o r e H H b l i  M a T e p k l a n  (a0 1 0 - 5 0 % ) .  B ~ P X H R R  ClaCTb 

ceclTbl  ( B T O P ~ R  n a q ~ a )  6onee rnMHucTaR:  aneaponc l - rb l ,  r n m i M c T b l e  M ~ B ~ C T K O B M -  

Tb le  aneBpOnMTb l  TeMHO-Cepble ,  qepHb le ,  ~na60nk lpk l~k l3k lp0~~~b le .  B OCHOBa- 

HUM flaclKkl pa3BMTbl  nnaCTb l  Pa3H03ePHklCTblX fleCqaHMKOB M MeflKOrafleqHklKOBblX 

KOHrJlOMepaTOB 0 6 4 e i  MOUHOCTbtO 200-250 M .  

r f l a B H  b l ~ k l  CKnaaqaTblMM CTPYKTYPaMM PYAHOT0 nOnR RBAROTCR BOCTO'~H~R 
ZIHTklKnklHanb, CMeXHaR C H e f i  C 3 a f l a A a  A Y ~ T C K ~ R  CMHKllMHanb kl BOCTOqHOe KPbl- 

JIO Y ~ ~ O M R H Y T O ~  aHTMKnMHaJlkl, OCnOXHeHHOe 6onee MenKMMM CKnaaKaMkl .  CTPYK- 
T y p a  p a 3 6 ~ ~ a  c€?pMei  I lOCTPYaHblX nPOaOnbHblXTeKTOHMqeCKMX H ~ P Y L U ~ H M ~ .  LUM- 

POKO P a C f l P O C T P a H e H b l  M e X C n O e B b l e  p a 3 p b l B b l ,  f l pk lYPOqeHHb le  K YqaCTKaM 

pe3~0r0  M ~ M ~ H ~ H M R  3 a n e r a ~ ~ ~  n n a c T o e  M K Kot iTaKTaM cnoes p a 3 n ~ q ~ o r o  ~ M T O -  

n o r m e c K o r o  CocTaBa.  3 ~ a  c M c T e M a  p a 3 p b 1 ~ 0 ~  M c n o n b 3 o ~ a ~ a  P Y ~ H ~ I M C ~  xMnaMM. 

K n c l e a x  B npeaenax pyatior0 n o n R  06blqH0 3 a n e r a e ~  K P ~ T O .  

PYBHO~ none MeCTOpO>yqeHMR - 3 T 0  COBOKYnHOCTb 30nOTO- KBaPueBblX ((CTPa- 

TMC~IOPMH~IX)), T. e. c o r n a c t i b l x  co c n o M c T o c T b t o  x M n ,  Konr/ lpytolqclx c K n a A r a T y t 0  

CTPYKTYPY fleCqaHO-rnMHMCTblX I l O P O a  HM30B HMXHef lePMCKOrO p a 3 p e 3 a .  P y ~ ~ b l e  

X M n b l  flPMYPOCleHbl K KPblnbRM BOCTOCIHOF~ aHTMKnMHanM kl ~ ~ Y ~ T C K O ~  CMHKnMHanM. 

C H M ~ Y  P Y ~ H O ~  none 0 r p a H M q e ~ 0  6 e 3 p y a ~ o i  ~ 0 n u e i  3 K a q a H ~ K 0 i  CBCIT~I.  Bce M3- 

BeCTHble PYaHb le  Tens C O C p e ~ O T O q e H b l  B AByX np0ayKTMBHblX rOPM3OHTaX - B OC- 

HOBaHMLl n e p l 3 0 i  M B T O P O ~  f l aqeK  K Y K K ~ H C K O ~ ~  CBMTbl. M O ~ H O C T ~  Hk lXHerO TOPM- 

~ O H T ~  15-120 M, sepxtiero 20-40 M, p a 3 a e n ~ t o u e i  clx 6 e 3 p y ~ ~ o f i  T o n u M  

250-350 M .  B e p x ~ k l G  f l p 0 , 4 y ~ ~ M B ~ b l ~  rOPkl30HT flP2KTMqeCKkl 3POAMPOBaH, a CO- 

XpaHMBWkleCR K B a p u e B b l e  XkIn bl  C ~ ~ ~ O ~ O J ~ O T O H O C H  bl. H M X H C I ~  ~ P O A Y K T M B H ~ I ! ?  

rOPM30HT COaePXklT A0 18 CeflflOBMaHblX PYAHblX T e n  B p a 3 p e 3 e  MOLL(HOCTbt0 60- 
80 M.  ~ ~ ~ O M ~ I U J ~ ~ H H O ~  3HaqeHMe k lMeloT n k l l u b  eAMHMqHble XMnbl .  Ha~16onee M3Y- 

r e H a x M n a  3-a, saneratoua~ B M y n b A e  M H a  ~ p b r n b ~ x A y 3 ~ c ~ o f i  CMHKnMtianM B BMae 



nnac~osoii sanem~, ~ e n p e p b ~ e ~ o  n p o c n e x e ~ ~ o i i  c tora Ha cesep Ha 1,6 KM n p ~  
LUMPMHe OT O,1 A0 1 KM M MOUHOCTM 0,2- 1 M. 0 6 ~ a ~  flPOTRXeHHOCTb PYAOHOCHO~ 

CTPYKTYP~I AO 15 KM. X ~ n a  aanerae~ cTporo cornacHo co C ~ O M C T O C T ~ I O  BMeUato- 

UMX ee T~MHO-cepblx anesponM-ros. n o c n e ~ ~ ~ e  Ha MOUHOCT~ OT 0,5 00 10 M OT 

xmb l  coAepxaT BKpanneHHocTb apceHonMpmTa. P y a ~ o e  Teno cnoxeHo KsapqeM 

M ~ C C M B H O ~  M nOJlO~llaT0~ TeKCTYPbl C flPMMeCbK) K ~ ~ ~ O H ~ T Z  C BKnIO'leHMRMM yr-  
JlOBaTblX O ~ ~ O M K O B  ~yJlb@M~l43MpOBa~~bl~ aJleBpOJlMTOB. PyAHble MMHepanbl (1  - 
2%) npeACTaBneHbl IlpeMMylqeCTBeHHO apCeHOnMpMTOM (a0 go%), B He3Ha.lM- 

TeJlbHblX KOJlM.leCTBaX nPMCyTCTBYK)T n M p M T ,  reMaTMT, MapKa3MT (a0  I%), 
xanbKonMpMT, c@anepl/r~, ranem-r, 6ne~nble p y ~ b ~  ( a o n ~  n p o q e ~ ~ a ) ,  ~3 HepyAHblx 

OTMellaeTCR ~ap60HaT. PacnpefleneHMe B XMne ~ y J l b @ l 4 ~ 0 ~ ,  KaK M PYAHblX CTOn- 

608, fleHT006pa3~0e. 3 0 ~ 1 0 ~ 0  B PyAaX aCC0qMMpyeT C KBapqeM M ~yJ lb@l / r~a~M,  

o6pa3ye~ KaflneBLl,L(Hble BblAeneHMR, flneHKM, AeHaPMTbl B ~ ~ M . ~ M H O ~  A0 1-2 MM, 

npo6asono~a835, ~ ~ O X M M M ~ ~ C K M ~  COCTaB, %: AU - 80,4-82,2; ACJ - 15,9-19,2; CU 
- n o  0,006; Hg - O,O7-O,23; Fe,O, - O,O2-O,O3; TiO, - 0,014-0,015 ( ~ a ~ ~ b l e  R@ 
COAH CCCP). C ~ A R  no MM~OUMMCR AeKpenTorpaMMaM aono~o ~ p u c ~ a n n ~ s o s a -  
nocb npeMMyUecTseHHo n p ~  TeMnepaTypax OT 185 40 235". 

Ha~6onee ~ ~ o ~ ~ K T L I B H o ~  Ha 3OnOTO RBnsleTCR OCeBaR ' i a ~ ~ b  A Y ~ T C K O ~  CMH- 

KnMHaflM - &HTpanbHblh P Y A H ~ I ~  C T O ~ ~ .  A ~ M H H ~ R  OCb er0 BHa.lane nOrpyXaeTCR 

(1 1 O) Ha cesep, a Aanee 00 ~ o ~ o p a s ~ e n a  Ay3~-repOh B O ~ A ~ I M ~ ~ T C R  (1 4- 15O). B 
nOnepe.lHOM pa3pe3e @0pMa pyAHOr0 c~on6a KOHTPOJlMPYeTCR CKJlaA.laTOCTbK), 

0~nOXH5ltOlqeii MynbAy ~ ~ Y ~ T C K O ~  CMHKnMHanM.  B 3aMKaX CKnaAOK MOUHOCTb 

PyAHblX Ten yBenMLtMBaeTCsl. 6 flOflepellH0i CMHKnMHaJlM IlpOAyKTMBHOCTb PYAHO- 

ro c~on6a CtitmaeTcR, KaK M ero napaMeTpbl. KpOMe g e ~ ~ p a n b ~ o r o  Ha PYAHOM 
none MMeeTCR ewe HeCKOnbKO PYaHblX ~ ~ 0 ~ 7 6 0 ~  ( J ~ ~ H T ) :  B o c T o ~ I H ~ ~ ~ ~ ,  3anEl,QHblfi, 



6 e p x ~ M f i .  Bce OHM YCTyflatOT no flPOAYKTMBHOCTM U e H T p a J l b H o ~ y  c~on6y, C p e A -  

H e e  c o A e p x a H M e  sono~a B PYAH~IX T e n a x  K o T o p o r o  c o c T a s n R e T  28,6 r / ~ .  P y ~ b l  

0 6 0 r a ~ a t O T ~ R  no flpOCTblM ~ P ~ B M T ~ ~ M O H H O - @ ~ O T ~ U M O H H ~ ~ M  CXeMaM,  '-IT0 C ~ O C O ~ -  

CTByeT p e H ~ a 6 e n b H 0 ~ ~ b l  O T ~ ~ ~ O T K M  MeCTOPO>YqeHMR B CJlOXHblX r e ~ r p a @ M . l e ~ -  

KMX YCnOBMRX. M~CTOPO>Y~~HMR DP, BOCXOA M bynap no CBOMM reOCTPYKTYPHblM 

M B e u e C T B e H H b l M  O C O ~ ~ H H O C T R M  aHaJ lOrMrHbl  AYBTCKOMY ( ~ M c .  4.75). Ha MeCTO- 

pO>yqeHMM B o c x o ~  M3BeCTHbl C e K Y u M e  CnOM PYAHb le  Tens M A ~ ~ K M  I ~ o ~ @ ~ ~ ~ T o B .  

H ~ X ~ ~ H H H C K O ~  30JlOTOPYAHOe M e C T O p O ~ e H M e  M3y raeTCR C 1951 r. 
( 6 .  6. ~ Y A H M ~ K M ~ ~ ,  r. M. ~MJIMHKMc, 6. M. 6 a 3 M n e B ~ K ~ i ,  H. B. ~ o J I o ~ ~ ~ o B ,  

A. A. KoGenes, M. H. M ~ o s e ~ q e s ,  M. K. C M n M r e s ,  H. B. benosepqesa, H. r. AHA- 
PMRHOB, B. M. ~ H O B C K M ~  MAP.) M B ~e60flbLLI0~ 0 6 b e M e  O T P ~ ~ ~ T ~ I B ~ ~ T C R .  P Y A H O ~  
none, CyAR no ~ ~ o @ M ~ M ~ ~ c K M M  AaHHblM,  f l P M Y P O ~ e H O  K KPYFHOMY flPOAOSlbHOMY 

I < M A ~ ~ M K ~ H C K O M ~  pasno~y  K p f l c T a n n M r e c K o r o  @ ~ H A ~ M ~ H T ~  (cesep~oe npogon- 
m e w e  M M H O ~ C K O ~ O  pasno~a),  saonb Ko-roporo  B O C T O ~ H ~ I ~ ~  6 n 0 ~  o n y u e H  H a  1 , 5 -  

2 KM. B npeaenax 3 a n m ~ o r o  6 n o ~ a  n n a c T b l  o c a A o r H b l x  n o ~ o ~  3anerat0~ nonoro, 
a B BOCTOrHOM 6 n o ~ e  OHM HaKJlOHeHbl n O A  YrJlaMvl  40-50°, o6pa3y~ aHTMKJlMHaJlb 

(A~ I~MHCKYO) ,  R A P 0  K O T O P O ~  CnOXeHO 'iePHblMM M3BeCTKOBblMM aneBpOSlMTaMM 

PMC. 4.76. reonornqec~a~ KapTa 
paiotia H e m n a ~ ~ n c ~ o r o  MecTopomne- 
HMR. 

1 - ~ a p 6 0 ~ a ~ H b l e 0 ~ n 0 ~ e ~ l . 1 ~  OD- 
noeuka-~nx~ero  ~ a p 6 o ~ a ;  2 - anespo- 
nmbl ~ . l  rnnHcTble cnaHqbl ~nm~eGi  nep- 
MU; 3 - neC'iaHO-TJlMHMCTble nOpOqbl 
sepx~eR nepMn; 4 - necraHuKn n 
rpasenmbl Tpnaca; 5 - necra~o-KOH- 
rnoMepaToeble oTnomeHm KIP~I; 6 - 
rpaHonnopmbl n 0 3 f l ~ e ~ e n o ~ b 1 e ;  7 - 
O C b  A~ I~~HCKOLI  aHTMKJlMHanM ( I ) ,  
pa3JlOMbl (2); 8 - H ~ X ~ ~ H M H C K O ~  MeC- 
TopomneHme 

K Y K K ~ H C K O ~ ~  CBMTbl H M X H ~ ~  f l epMM C MaPKMPYtOuMM flJlaCTOM IleC'iaHMKOB B KpOB- 

ne, a KPblnbR - I leCqaHO-rJlMHMCTblMM n O p O A a M M  A ~ I ~ M H C K O ~ ~  CBMTbl (PMC. 4.76- 
4.79). ~ O P O A ~ I O ~ ~ M X  CBMT C O A e P X a T  BKpanneHHOCTb  M a p K a 3 M T a .  C T p y K T y p a  M e -  

CTOPO>Y4eHMR O C n O X H e H a  MHOrOqMCneHHblMM flPO,4OnbHblMM KPyTOf laAa tOuMMM 

( H a  3a f la~)  pa3J lOMaMM, H a  Ore OHa  A ~ @ o ~ M M ~ o B ~ H ~  B CBR3M C pa3BMTMeM GMa-  

r O H a n b H O r 0  C ~ H T ~ ~ C K O ~ O  pa3J lOMa.  n p 0 ~ 0 n b H b l e  pa3J lOMb l  M C B R ~ ~ H H ~ I ~  C HMMM 

~ e p ~ t l ~ a n b ~ b l ~  KJlMBaX p a 3 n O M a  pa3BMTbl  B 3 0 H e  L L I M P M H O ~ ~  3 KM M RBJlRtOTCR no- 
BePXHOCTHblM O T p a X e H M e M  ~ J ~ Y ~ M H H O ~ O  K M A ~ P M K ~ H C K O T O  p a 3 J l O M a .  P ~ ~ B M T M ~  
o 6 e ~ x  C M C T ~ M  p a 3 n O M O B  npMBeJl0 K @OPMMPOB~HMK) T P ~ ~ M H H O ~ ~  CTPYKTYPbl, O n -  

T b l M a n b ~ o i i  A n R  flpOCa.lblBaHMR PYAOHOCHblX @J~K)CIAOB M OTnOXeHMR MX f lO l le3HO- 

ro rpysa ( A ~ H H ~ I ~  M. K. C ~ n ~ r e s a ,  H. B. 6enosepqeso17, 1978 r.). O c a a o q ~ b ~ e  



PMC. 4.77. C ~ p a ~ u r p a @ w ~ e c ~ a ~  KonotiKa paRO~a H e m f l a ~ ~ ~ c ~ o r o  MecTopornAetiMrl (no 
M. K. C ~ n ~ r e s y  M H. B. 6enosepqeeoR) 

flOpOabl PyflHOrO n0nR IlpOpBaHbl cepvleh MHTpapy~HblX AaeK ~vlOpvlTOBblX nOp- 
@ M ~ M T O B  M na~npo@mpos npoaonbtioro M avlaroHanbHoro ~ a n p a s n e ~ ~ i i .  B tOm~oi;r 

WCTM nOnR 3aKapTMpOBaHO HeCKOnbKO UTOKOB ~ ~ ~ ~ P O - A L / I O P M T O B  M AMOPvlTOB C 

a 6 ~ 0 n t o ~ H b l ~  B03PaCTOM 52-75,5 MnH neT, a B CB - K y p y ~ c ~ ~ i i  MaCCMB TpaHOaM- 

OPMTOB (1  18 MnH n e ~ ) .  f l a ~ ~ b l ~  0 reHe~M'ie~K0i CBR3M OPYaeHeHMR C MHTPY3MRMM 

HeT. f l a ~ a r e ~ e ~ M ' i e ~ ~ M  CBRSb B03MOXHa C f lah~a~bl ,  KOTOpble CeKYT XMnblHak160- 

nee paHHero 6e3py~Hor0 Ksapqa M nepeceKatoTcR ~ O ~ O T O H O C H ~ I M M  XMnaMM cynb- 

@ ~ a ~ o - ~ s a p q e s o r o  cocTaBa ( C M ~ M C I ~ B ,  1970). 
30Sl0~0~~aHble ~ e n a  npeaCTaBneHbl BepTLlKanbHblMM MMHepanvl30BaHHblMvl 

30HaMM a p o 6 n e ~ ~ ~  6nk l3~ep r / r~Mo~anb~o ro  flpOCTMpaHMR M OnepRtouMMvl M x  

KBaPL(eB0PYAHblMM XMnaMvl, 3aneratOu_lMMvl B I lOpOflaX K ~ K K ~ H C K O ~  CBMTbl, 

~ s n ~ t o q e h c ~  ~ K ~ ~ H O M  anR OpyaeHeHm.   TO noATsepwaeTcR reonorMrecKMM 

IlOnOXeHMeM CBklTbl M BeCbMa HM3KMMvl 3HaqeHMRMM ~ @ @ ~ K T V I B H O ~  flOPMCTOCTkl 

cnaratouvlx ee anespo-nenvl~osblx nopoa, KoTopaR B 8 pas Metiblue T ~ K O B O ~  nopoa 
sbl~uenexaueii A ~ I ~ M H C K O ~  C B M T ~ I  ( a a ~ t i b ~ e  M. K. C ~ l n w i e ~ a ,  H. B. Lenoaepue- 
B O ~ ,  1978 r.). PyaHble 30Hbl MOuHOCTbtO 2-40 M (06blq~0 8-1 0 M) npeaCTaBneHbl 

AJleBpOnMTbl G YrnOEaTblMM 0 6 n o ~ ~ a ~ 1 . l  M3BeCTKOBMCTblX, KPeMHMCTblX H 

3@@~3M~Hblx nopon ( ~ ~ ~ R G ~ M K M > ) ) ,  OTAenbHble nnacTbl necclaHMKoe 

nepecnaneatiue necclatiMKoe M anesponMTos 

~ ~ c ~ ~ H L I K M  TeMHO-Cepble, MaCCHBHble MenKO3epHMCTble C nMH30BMflHbl- 
MW 0 6 0 ~ 0 6 n e H ~ ~ M H  M3BeCTKOEiOrO MaTepMana. Pen~Me ManOMOQHble 
npocno~  anespon~~oe  

q e p ~ b ~ e  M T~MHO-cepbre, ~ ~ o r f l a  n e c q a ~ ~ c ~ b ~ e  a n e e p o n ~ ~ b ~ .  B H M ~ ~  ~ M T -  

MMrtioe nepecnaneaHMe MenKosepHMcTblx cepbrx necraHwKoe M anespo- 
n n ~ o s .  Mounoc~b  nnac~os no 0,5 M 
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B sepxax T~MHO-cepble necraHHcTble anesponmbl M aneepuTMcTble nec- 
raHMKM ~ O ~ O C ~ ~ T O ~  MnM~3~y~t?t i t i0R TeKCTypbl. B c ~ ~ A H ~ R  raCTM WpHble 
nMCTOBble YrnMCTO-rnMHMCTble CnaH4bl C KOHKPe4MRMM MaPKa3MTa. B OC- 
~ o s a ~ ~ ~ ( 6 0 - 7 0  M) necraHucTble cnoMcTble a n e s p o n ~ ~ b ~  c rpy6owec~o- 
s a ~ o h  oT,qenanocTb~o 

,* . .  
-....,.. ".-..-.. 3 B KpOEne M ~ P K M P Y I O ~ M ~  nnaCT (A0 4 M) Cepblx MenKO-CpeAHe3epHHCTblX --- - - -  - -  . ~ ~ a p ~ - n o n e ~ o w n a ~ o e b ~ x  necraHMKoe, noeceMecTHo H ~ C ~ I ~ ~ H H ~ I R  necT- ~f=c HMrHblMM XHnaMH KBaplJa. n0flC~llJlae~cR n a r ~ o i  ( -  60 M) p030~0 -cepb l~  

PqKK zK=-- MCnK03ePHMCTblX aneBPMTMCTblX M3BeCTKOBHCTblX neCraHllKOB C TeKCTY- - - .- -: POL? B3MYCIMBaHMR. Oc~aJlbHOd pa3pe3 - OflHOpO~Hble RCHOCJlOMCTble rep-  --- 
- - -r Hble M3BeCTKOBHCTble aneBpOnllTbl C nnl l~' ia~0fi  OTAeJlbHOCTblO H KOHKpe- 
- - x -  . -- - - .- - UMWMM MaPKa3M ra - --- - 
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PMC. 4.78. f l O ~ t U l M 3 a ~ M F i  H ~ x A ~ H M H C K O ~ O  Py f lHOrO n O n R  B A ~ I ~ V I H C K O ~ ~  aHTMKnMHt l I lM (fl0 

M. K. Cunu'iesy M H. B. 6en03ep~e~oh). 
1 - MeHKe'ieHCKaR CBMTB, neC%lHO-rnMHCTble n O P O A b l ;  2 - f l b l 6 M ~ ~ ~ a R  CBMTB, C lePHb le  Y r n M -  

CTO-rJ lMHMCTble CJlaHUbl  C KOHKPeUMRMM M a P K a 3 M T a ,  aJleBpOJlMTbI; 3 - KYKKaHCKaR CBMTa.  V e p t i b l e  

M3BeCTKOBb le  tUleBpOJlMTbl  C KOHKPeUMRMM M a p K a a M T a ,  B KpOBJ le  ~ a p ~ M p y t O ~ L I h  n J l a C T  (00 4 M)  

C e p b l X  M e n K 0 3 e P H M C T b l X  neC'iaHMKOB; 4 - 3 0 H b l  n p o 6 n e ~ ~ ~  M CMRTMR, B T O M  'iMCne M M H e p a J l M 3 0 -  

B a H H b I e  K B a p U e M  C Cyr lb@MflaMM ( O T M ~ L ~ ~ H ~ I  H ~ ~ ~ ~ ~ M c R M M ) ;  5 - nPO'iMe TeKTOHM'ieCKMe HaPyLLleHMR; 

6 - f l a i~~ . !  ~ ~ M O P M T O E ~ I X  n o p @ u p ~ ~ o ~  ( 1  ) M n a ~ n p o o ~ p o e  (2): 7 - ~ O H ~ I  n p o m M n K o B o r o  owapueea- 
HMR 



PMC. 4.79. reOnOrl4'ie~~~fi pa3pe3 qepe3 UeHTpaJlbHylo 'iaCTb PyAHOrO n0nR H ~ x ~ ~ H ~ I H c K O ~ O  
MecTopomAetinR (no M. K. Cnnnqesy M H. B. Senosepuesofi) 

nepeMRTblMM, n0ap06ne~~blMM nOpOflaMM, B pa3nI4'4~0fi CTeneHM HaCblueHblMM 

KsapueM B BMAe npomMnKoe, ~ I A H ~  IA x M n ,  qaue OpMeHTMpoBaHHblx napannenwo 
CMeCTMTentO pa3JlOMa. KBapL@~~pyJ(Hble XMnbl - 3T0 CYueCTBeHHO KBapueBble 

Tens ~ o ~ o c ' - I ~ T o ~  IA 6 p e ~ r ~ e s o L i  TeKCTYPbl, 06blq~0 C BKntOqeHMRMM O ~ ~ O M K O B  

BMeqatOuMx nopoa. P Y A H ~ R  ~ ~ ~ e p a n ~ 3 a u ~ ~    OH M x M n  cxoaHaR. 0 6 u e e  co- 
AepXaHMe C ~ ~ ~ @ M A O B  B pyaax He flpeBblWaeT5-6% (Man~~ynb@M~Hblf l  TMn KBaP- 

~ ~ B o - ~ o ~ o T o ~ ~ , ~ H o ~  @0p~auMM no H. B.  ~ ~ T ~ O B C K O ~ ~ ,  1960 r.), M3 KOTOPblX 2-396 
FIPMXO~MTCR Ha AOnIO apCeH0flMpMTa. flp0llMe PyAHble MIAHepa,lbl, %: nMpMT - 00  

1, c@anepMT - 0,5-0,9, raJleHMT - 40 0,6, TeTpa3APMT, TeHHaHTMT, 6 y n a ~ ~ e p M ~ ,  
WeMCOHMT, @ ~ J ~ ~ K M ~ H M T ,  30nOTO. MeHee PaCnpOCTpaHeHbl @eppoTeTpa3~pkl~, 

~YPHOHMT,  XaJlbKOnMpMT. M3 XMnbHblX KPOMe KBapua nPMCYTCTBYtOT CePMuMT, My- 

CKOBMT, KanbuMT, aHKepMT, KanMWnaT, a n b 6 ~ ~ .  30Jl0~0 COAepXMTCR I3 cyJlb@Mflax 

n Ksapue, p a s ~ e p b ~  ero s b ~ ~ e n e ~ ~ h  0,002-1,2 MM, npo6a720-770, HO ec~bsono-  

TO c np060fl 680-720 (1 6,8%) IA 800-840(3,6%). C o g e p x a ~ ~ e  sono~a M cepe6pa 
B cynb@~aax I A ~  ~ e x ~ o n o r ~ r e c ~ o h  npo6bl ( A ~ H H ~ I ~  M. H. M ~ o s e ~ u e s a ,  1978 r.) 
TaKOBO (T/T): 

M. K. Cunwes (1970) BblAenReTHa MecTopomeHMM c n e ~ y t o u ~ f l  ~ R A  pas~o-  
B03PaCTHblX MMHePaJlOTMqeCKMX ~ C C O ~ M ~ ~ I A ~  (OT PaHHMX K ~ O ~ A H M M ) :  1. CepM- 

L ( M T - K ~ P ~ O H ~ T H ~ R  - 06pa30BaHMe KaJlbL&lTa M Xene3MCTOrO K ~ P ~ O H ~ T ~  BO BMe- 

~ I O ~ M X  noponax. 2, f l r / l p r / r ~ - a p c e ~ o n ~ p ~ ~ o ~ a ~  MHnpeHbBuMoHtiag, pa3eueae~c~ 

B BMAe BKpanneHHOCTM B HenOCpeACTBeHHOM KOHTaKTe (B 1-3 M) C PYAHblMM Te-  

naMu. 3. n a n e s o w n a ~ - ~ s a p 4 e ~ a ~ ;  npegcTasneHa ~ ~ ~ P ~ A H ~ I M M  XMnaMM M npo- 
xMnKaMM Ksapua nepsoh reHepaqm c anb6MT0~ M KanMunaToM, npopsa~adai i~a-  
MM AMOPMTOBblX ~ O P @ M P M T O B  M naMnp0@IAp0~. 4. ~ ~ I A ~ I A T - ~ ~ c ~ H o ~ I A ~ M T o B ~ R  

xwnbHas; BblAenRnacb cosMecTHo c KsapueM. 5. C @ a n e p r / r ~ - ~ e ~ p a 3 ~ p ~ ~ - r a n e ~ ~ -  
TOBaR; BblAenRnaCb C KBapueM 1 1 1  M PaHHMM B ~ I C O K O ~ P O ~ H ~ I M  30nOTOM. 6. Cynb- 

@O~HTL/ IMOHMTOB~R C n03AHIAM cepe6pM~TblM 30nOTOM M KBapueM IV M V. 7. fl03a- 

HeKsapuesaR, npeacTaeneHHa9 6 e 3 p y a ~ b 1 ~  Ksapuervr IV. 
H e m a ~ ~ ~ c ~ o e  MecTopomeHl/re x a p a ~ ~ e p m y e ~ c ~  o 6 p a ~ ~ o U  Mr/ltiepanorr/r- 

' ~ ~ c K o U  30HaJlbHOCTbt0, '-IT0 BblpaXaeTCR €3 npe06Jla~atOue~ pa3BMTIAIA nO3aHIAX 



MMHepanbHblX a~C0uMaubli ( O C O ~ ~ H H O  C Y ~ ~ @ O ~ H T M M O H M T O B O ~ )  Ha HMXHMX TOPM- 

~ O H T ~ X  M B uetiTpanbHblx racTRx PYAH~IX Ten. B uenoM x e  aono~oe opyAeHe- 
Hue pacnpocTpaHeHo B ~ ~ ~ e p e a n e  r n y 6 ~ ~  1400-200 M, npw A n m e  pyaHoro nonR 
10 KM M LUMpMHe 1,5 KM. 

Ha MeCTOPO>yseHMM HeCKOnbKO PYAHblX 30H L l  AeCRTKM KBapueBOPY~HblXXMn. 

Ha~6onee ~ a y r e ~ a  pyaHaR a o ~ a  Na 1, npoTsirvleatolqaficR B 6 n ~ 3 ~ e p ~ ~ ~ o ~ a n b -  

HOM HanpaBneHMM, PaCCeKaR C B O ~ A ~ I ~ ~ ~ H C K O ~  EIHTMKnMHaJM. )$lkl~a30Hbl4,3 KM, 

M O ~ H O C T ~  10-1 1 M, anma no naaetimto 1,3 KM. Cpea~ee  coaepmaHvle aono~a B 

pyaax o ~ o n o  5 r / ~ ,  cepedpa 30 r / ~ .  3 o ~ a  KPYTO (70-80°) HaKnoHeHa Ha aanaa. B 
paapeae McnblTblBaeT nnasHbre M3rM6b1, nepexvlMbl, paagyebl, B sMae ano@vla OT 

PMC. 4.80. reonoro-CTPYKTYPH~R c x e ~ a  Tac-~OPRXCKO~O p y f l H o r o  n o n R  (no 0. H. PO~~LIOHOBY). 

1 - qeTBepTM.IHble OTJlOXeHMR; 2 - EbleBpOnMTbl(  € ,PS); 3 - flOJlOMMTbl ( V j d ) ;  4 - M3BeCTKOBMCTble 

n e c q a H u K u ,  M ~ B ~ C T H R K M  ( V o m ) ;  5 - f l a i i K ~  r a 6 6 p o - a ~ a 6 a 3 o o  ( I ) ,  n a ~ n p o @ n p o e  (2); 6 - M e T a A o n o -  

MMTbl; 7 - PYAHble  Tens; 8 - pa3JlOMb1, TeKTOHMqeCKMeTPeUMHbl,  3 a n e r a H M e  CnOeB 



H e e  OTXOART KBaP4eBOPYaHble  XMf lb l  M M e H e e  M a C l u T a 6 ~ b l e  30Hb l .  K O H T ~ P ~ I  PYflHblX 

T e n  BblAenRtOTCR O ~ ~ ~ O ~ O B ~ H M ~ M .  MOWHOCTM PyaHb lX  X M f l  0 , l -  1 M, I l pOCTMpaHMe 

M yrnbr naaeHc lR  p a s n ~ r ~ b i e .  P y a ~ a ~  ~ ~ ~ e p a n ~ s a q ~ ~   OH M x M n  C x o a H a R ,  HO B 

mwnax ~ a 6 o p  M i w e p a n o s  6orare, c o a e p x a H M e  sono~a sblwe (1 5-25 r / ~ ) .  H a ~ 6 o -  
nee I l p O ~ y K T M B H b l e  X M n b l  O T P ~ ~ ~ T ~ I B ~ ~ O T C R ,  P Y a b l 0 6 0 r a L L ( a t O T ~ R  H a  M ~ C T H O ~  @a- 
6 p M ~ e  no ~ ~ ~ B M T ~ ~ M O H H O - @ ~ O T ~ ~ M O H H O ~  TeXHOnOrMM. B KOHUeHTpaT k l 3BneKa-  

e T c R  92-93% sono~a .  P a s s e a a ~ ~ b l e  3anacb1 s o n o ~ a  H e m a a ~ u ~ c ~ o r o  
MeCTOPOX,4eHMR 475 T ( 6 e ~ e B O n b ~ K M i  M ap., 1992). 

T a c - t O p ~ x c ~ o e a o n o ~ o p y ~ ~ o e  M e c T o p o w e H c l e  O T K ~ ~ I T O  M m y r a e ~ c ~  B no- 
c n e a H e e  A e c m v l n e T M e  - fl0 ( ( U ~ H T ~ ~ ~ O @ M ~ C I K ~ ) ) ,  A a n b r e o n ~ o ~ o ~  (fl. P. nepe- 
sep3es M a p . ,  1990 r . ) ,  q H l A r P M ( 0 .  H. POAMOHOB, 1991 r.), r O p ~ O p y a ~ 0 f i  KOMf la -  

~ ~ e f i  ( < T a c - D p ~ x ) )  (B .  A. Kpasqos, B.  T. B o n o r M H ) .  OHO pacnonoxeno B 

~ , Q O M O - M ~ ~ C K O M  I lepMKpaTOHHOM n p o r ~ 6 e  B I l p e a e n a X  K ~ ~ ~ H - Y ~ R x c K o ~ o  Pya- 
H o r o  y3na. O p y a e ~ e ~ ~ e  n p M y p o q e H o  K 3 o ~ e  ~ p y ~ o n a a a t o ~ e r o  pa3no~a CB npo- 
CTMPaHMR H a  KOHTaKTe aneBPOnMTOB ~ ~ C T P O ~ B ~ T H O ~ ~  CBMTbl H M X H e r O  K ~ M ~ P M R  

( B L I C R C I M ~ ~  ~ O K ,  r e 0 n O r M C I e C ~ k l ~  3 K p a H )  CAOnOMMTaMM Y C T ~ - K ~ ~ O M C K O ~ ~  CBklTbl B e H a a  

(PMC. 4.80,4.82). ~ ~ P O ~ Y K T M B H ~ ~  a B e  P y a H b l e  30Hb l :  KpaCHaR M f l O a K 0 B a  ( C ~ ~ O C O -  
sag) .  C T P ~ T C I @ M ~ ~ ~ ~ O B ~ H H ~ ~ I ~  f lOpOab l  f lpOpBaHbl,L(OPYaHblMM a a f i K a M M  CnlO,4MCTblX 

M P O ~ O B ~ ~ ~ M ~ H K O B ~ I X  n a ~ f l p O @ k l p ~ B  CB M LuMpOTHOrO npOCTMpaHM54 C a 6 C O n l O ~ -  

HblM B03PaCTOM ~ M O T M T ~  11 6- 11 9 M n H  J leT ( K a f l M l ? - a p r O ~ O B b l ~  M e T O a ,  BCETEM, 
r. K. L U ~ a f i ,  1991 r.). Ha YraCTKe  ~ O , ~ K O B ~  aa i~k l  H e p e a K O  M3MeHeHb1, KaOnMHM- 

3MPOBaHbl, MeCTaMM OrpaHMCIMBatOT PYaHb le  Tens. BMeLL(atOqMe pyay aJleBpOnMTbl 

PUC. 4.81. reOJlOr0-c~py~Typ~2.R C X e M a  3 Z i n Z i ~ ~ O h  YaCTL' 3 0 H b l  ~ O A K O B ~  T ~ c - K ) ~ R X C K O ~ O  P Y A -  

Horo n o n g  (no 0. H. P o ~ m o ~ o e y ) .  

1 - a J e B p O f l M l L l  ( E,PS); 2 - AOSIOMMTbl (Vjd); 3 - M M H e l T b I ;  4 - M e T a A O n O M M T b l ;  5 - n O n O M M T O B b l e  

6 p e ~ r ~ l n ;  6 - npOXMJlKM K a p 6 0 ~ a T ~ b l e  ( 1  ) ,  K B a p q e B L l e  ( 2 ) ,  K B ~ ~ U - K ~ ~ ~ O H ~ T H ~ I ~  (3), ~ M ~ M T M ~ ~ ~ M R  ( 4 ) ;  

7 - TeKTOHMreCKMe 3 0 H b l ,  TPeUIMHOBaTOCTb;  8 - P Y A t I b l e T e n a ;  9 - KaHaBb l ,  6 y p 0 ~ b l e  CKBavtMHbl  



a p r ~ n n ~ s ~ p o ~ a ~ b ~  M TOHKO ~ L I P M T M ~ M P O B ~ H ~ I ,  a AonoMMTbl  n e p e ~ p ~ c ~ a n n ~ 3 0 -  
EaHbl, ~ P ~ K ~ M P O B ~ H ~ I ,  COAepXaTTOHKYD CeTb npOXMJlK06 KBapqeBOrO M KaJlbL&lT- 

K s a p q e s o r o  c o c T a s a .  

B 3 0 H e  K ~ ~ c H o ~  pa3BMTbl 30nOTO-rMRpOKCMflH0-KBapqeBble PY,Qbl ( T M ~  I), 
0 6 p a 3 y ~ ~ q ~ e  JleHTOBllAHble Tens MOLqHOCTbO A0 35 M 6 T ~ K T O H M ~ ~ C K O ~ ~  3 0 H e  KOH- 

TaKTa a o n o M M T o s  M a n e s p o n M T o B  (PMC. 4.80). Pyaa n p e a c T a a n g e T  co6oF1 A ~ ~ M H -  

TerpMpOBaHHble KBapqeBb le  MeTaCOMaTMTbl n ~ 6 0  OKBapqOBaHHble AOJlOMMTbl M 

a n e s p o n m b l ,  O ~ ~ I ~ H O  o x e n e 3 ~ e ~ ~ b l e  M o M a p r a H q o s a H H b l e  ( s o ~ a  r ~ n e p r e ~ e 3 a ) .  

K B a p q e s b l e  MeTaCOMaTMTbl M M e D T  6 p e ~ q l l e B b l ~  o ~ J ~ M K ,  COCTORT M3 KPYnHO- M 

c p e a ~ e 3 e p ~ ~ c ~ o r o  K s a p q a  c BKnloc leHmMM peaKMx 0 6 ~ 7 0 ~ ~ 0 ~  A o n o M M T o s  M ane- 
BpOnMTOB, p a 3 ~ ~ 0 6 n e H ~ b l x  M CqeMeHTMpOBaHHblX TOHK03ePHMCTblM KBaPqeM,  

BKJlOclaOlqMM r H e 3 A a  CePMqMT-rMaPOCnDnMCTOr0 M KaOnMHMTOBOrO COCTaBa. 

B 3 0 H e  ~ O ~ K O B ~  (PMC. 4.81 ) pa3BMTbl ~ o ~ o T o - K B ~ ~ ~ - K ~ ~ ~ o H ~ T H ~ I ~  PYflbl ( T M ~  

It), nOKaJlM30BaHHble B BMCFlqeM 6 0 ~ ~  aElnKV1 CJlOAMCTblX n a ~ n p o @ k l p ~ B .  PyflHble 

PMC. 4. 82. M ~ C T O ~ O X -  
A e t i n e  T a c - D p ~ x .  P a s p e s  no 
6 y p o s o ~ y  npoanntc No 9 ( n o  
B. H. ~YTBMHY) .  

1 - aprnnnwbl, a n e B p o -  
nMTb1; 2 - AOnOMMTbl; 3 - r e M a T M -  
TM3aUMR, JlMMOHMTM3a4MR; 4 - 
KaOnMHMT-CepMUMT-rMAPOCn10- 

AMCTble M3MeHeHMR ( I ) ,  TMAPO- 
TepManbHO-TeKTOHM' ieCKMe 

6 p e ~ q M M  (2 ) :  Tpe lL (MH0EaTb le  
f lOpOAbl  (3); 5 - PYAHble  MHTeP- 
e a n b l  c y ~ a 3 a ~ ~ e ~  M O ~ H O C T L I  

( r ~ c n n ~ e n b )  M C o A e p x a H M R  3 0 -  
noTa s r / ~  ( 3 ~ a ~ e ~ a ~ e n b )  M KOH- 

~ y p  a a n a c o e  KaTeropnn C, 



Tens flpeACTaBfleHbl MMHepaflM30BaHHblMM 30HaMM ~ p 0 6 n e ~ M R  M01qHOCTbO A0 

3,s M, B pa3ncl'i~dfi CTefleHM OXen€?3HeHHblX,QOnOMMTOB C TOHKMMM flpOXMflKaMM 

KBapq-CepMqMT-XflOpMT-rMAPOCnOAMCTOr0, CepM4MT-TMAPOCnOAMCTO- KaOn MHM- 

TOBOrO COCTaBa, C ~ ~ O K ~ M M  C ~ ~ ~ O K ~ ~ ~ ~ ~ M T M ~ M P O B ~ H H ~ ~ X  AOflOMMTOB C X~ f l 006 -  

pa3HblMM TeflaMM MHTeHCMBHO OKBaP40BaHHblXAOnOMMTOB MO1qHOCTbO 10-15 CM, 

6peKrMeBOr0 CnOXeHMR. 6peKrklR COCTOMT M3 O ~ ~ ~ O M K O B  OKBaP40BaHHOrO ,QOflO- 

MMTa, C4eMeHTMPOBaHHblX TOHK03ePHMCTblM KBaP4eM C nPMMeCbt0 CePM4MTa L1 

KaOnMHMTa, C T O H K O ~  CeTbO C Y ~ ~ @ M A O B  M rMAPOOKMCflaMM XeJle3a. 

P Y A H ~ R  BKpaflfleHHOCTb (0,5-2,5 MM) B PYAaX I TMna flpeACTaBfleHa B OCHOB- 

HOM rMflepreHHblMM MMHepaflaMM (5-7% o 6 b e ~ a  nopoflbl).  TO rMAP0OKMCnbl 

Xefle3a M MapraHqa, reMaTMT, B MeHbUMX KOflM'ieCTBaX CKOPOAMT, RP03MT, PeAKO 

ManaXMT, a3YPMT, aHrfle3MT. nepBkl.~~ble p y ~ ~ b l e  ~LlHepanbl C O X ~ ~ H M ~ M C ~  B B M A ~  

penMKTos B arperaTax BTOPMLIH~IX MMHepanos. 3 ~ o  npeMMylqecTseHHo ~ M ~ M T ,  

apceHonMpMT, xanbKonMpMT, a Tame peawe: raneHMT, 6 n e ~ n a ~  p y ~ a ,  c @ a n e p ~ ~ ,  

~OJIM~~~MT-~M~C~MT,  M ~ P K ~ ~ M T .  npe~nonoxc l~enb~oe  MX coAepxaHMe B nep- 
BHrHblx pyaax 5-8%. Co,qepxa~~e sono~a B pyaax nopRAKa 20 r / ~ ,  cepe6pa 
10 r / ~  ( A ~ H H ~ I ~  B. r. BonorM~a). B TexHonorMrecKMx npo6ax coAepxaHMe sono~a 
67-73 r / ~ .  30 f l 0~0  B PyAaX MMKpOCKOflMreCKOe - 2-10 MKM, PeaKO A0 20-40 MKM. 

llp06a30n0~a 950-970 ( 1  T M n  pya) M845-875 ( 1 1  T M ~  PYA). Bblaefle~MR30flOTa 'iaCT0 

npMyporeHb1 K B T O P M ~ H ~ I M  MMHepanaM ,11460 K KoHTaKTaM ~ M ~ P O O K M C ~ O B  xeneaa 
~l s e p e ~  Ksapqa. M a ~ c u ~ a n b ~ b r e  coaepxaHMR sono~a - B arperaTax B T O P M ~ H ~ I X  

MLlHepaflOB. B PyAaX 1 1  TMna 30flOTO npMypOreH0 K KBapq-rMApOCnt0AMCTblM 06- 
P ~ ~ O B ~ H M R M .  K p o ~ e  aono~a M cepe6pa B pyaax coaepmaTcR, %: As - 00 0,8; Pb - 
40 1 ;  Zn - ao 0,06; Cu - ao 0,014; MHorAa Sb M Hg - ao 3,6 r / ~ .  

B npeAenax K ~ ~ ~ H - Y ~ R X C K O ~ O  pyAHoro ysna ~ a 6 n m a a e ~ c ~  pyAHaR so~anb-  

HOCTb. C CB Ha K)3 flpOLlCXOAMT CMeHa 3OflOTO-rMAPOKCMAH0-KBaP4eBOrO TMna 

OpyAeHeHMR (30Ha K ~ ~ c H ~ R )  ~ o ~ ~ o T o - K ~ ~ ~ o H ~ T H o - K B ~ ~ ~ ~ B ~ ~ M  (yr.  ~ O ~ K O B ~ )  L1 

Aanee ~ O ~ O T O - C ~ ~ ~ @ M A H O - K B ~ ~ U ~ B ~ I M  (yr. Man to~~a ) .  B   TOM HanpasneHm ycm- 
nLlBaeTCR POnb ~POXLlnKOBOrC M XMflbHOrO OKBaPUeBaHMR B3aMeH MeTaCOMaTM- 

qecKoro, ocna6esae-r ponb BTOPMLIHO~ A O ~ O M M T M ~ ~ U M M ,  yeenL1rMeaeTcg ~ p y n -  

H O C T ~  s b r ~ e n e ~ ~ t i  a o n o ~ a ,  cHMxaeTcR coaepxaHMe s o n o ~ a  B pyaax, 
yBeflMrMBaeTCR POflb MblUbRKa M YMeHbUaeTCR POnb CYPbMbl M P V T M .  Bce 3T0 

y~a3bleae-r Ha 6onee r f ly60~~G1 ~ P O ~ M O H H ~ I G  cpes 0 3  O n a ~ r a  (yr. Man to~~a) .  
3ono~o ~3 p y ~  ~ s s n e ~ a e ~ c ~  U M ~ H M ~ O B ~ H M ~ M  - 92-95% - n p ~  HM3KOM pacxo- 

Ae PeareHTa. Id3 K ~ C K O B O ~ ~  PYAbl L13BfleKaeTCR 87-92% (38 70 CYT), qTO yKa3blBaeT 

Ha B03MOXHOCTb KYqHOrO BbllqeflaCIMBaHMR ( ~ a H ~ b ! e  A. B. flaBpeH~beBa, 1991 r.; 
H. B. ~ ~ M ~ ~ M M o H o B ~ ,  1991 r.). M~cTo~oN(Q~HL I~  ~e6onbuoe. 



a B CMHKJlMHOPMRX - TPMaC-OPCKMMM OTJlOXeHMRMM. 6 30JlOTOHOCHblX p a i 0 H a x  

T ~ H ~ K M H C K O ~  3 0 H b l  H a M 6 0 J l e e  W M ~ O K O  pacnpoc~pa~e~bl  I l e p M C K M e  n O p O a b l ,  npefl- 
CTaBJ leHHble  'iePHblMM aJleBpOJlMTaMM, rJlMHMCTblMM M neC'iaHO-rJlMHMCTblMM, yr- 
JlMCTO-rJlMHMCTblMM CJlaHuaMM C PeaKMMM I lJ laCTaMM T Y @ O ~ ~ H H ~ I X  n O P O A  C @no- 
p o i  M M O P C K O ~  @ a y H O i ,  o 6 q e i  M O q H O C T b O  5-7 KM. T P M ~ C O B ~ I ~  OTJlOXeHMR 

I l peACTaBJ leHb l  I l e p e M e X a O l q M M M C R  Ila' iKaMM neC'iaHMKOB, aJ l eBp0nMTOB M ap rMJ l -  

JlMTOB, OTMe'iaOTCR TY@@MT~I.  M O ~ H O C T ~  O T ~ O X ~ H M ~  - COTHM MeTPOB.  f l e c ' i aH0 -  

~ J ~ M H M C T ~ I ~  COCTaB X a p a K T e p e H  M AJlR OPCKMX O T J ~ O X ~ H M ~ ,  C y M M a p H a R  M O q H O C T b  

KOTOPblX AOCTMraeT  8-9 KM. Y ~ e n b H b l i  B e C  neC'iaHMKOB B M ~ ~ O ~ O ~ C K M X  T O J l q a X  

YBeJlM'iMBaeTCR B BePXHMX 'iaCTRX p a 3 p e 3 0 B .  

& b l ' i a - 6 0 x a n ' i ~ ~ c ~ a R  3 0 H a  XapaKTepM3yeTCR CXaTb lMM J ~ M H ~ ~ H ~ I M M  C K J l m -  

KaMM, C J l a r a O q M M M  npOCTb le  CMHKJlMHOPMM M aHTMKJlMHOPMM, nPOCJleXMBaOU&I- 

eCR H a  AeCRTKM M COTHM KMJlOMeTPOB. BCR 3 0 H a ,  B O C O ~ ~ H H O C T M  b lHbRJ lM-ae6MH-  

C K M ~  C M H K ~ M H O P M ~ ,  p a 3 6 ~ ~ a  MHOrO'iMCJleHHblMM KPYnHblMM pa3J lOMaMM,  M H O r M e  

M3 KOTOPblX OTHOCRTCR K KaTe rOpMM ~ J ~ Y ~ M H H ~ I X ,  BJlMROU&lX H a  P a C n p e A e J l e H M e  

M O ~ H O C T ~ ~  M @ a u M i  O T J ~ O X ~ H M ~  M CJlyXMBlLlMX nYTRMM IlPOHMKHOBeHMR MHTPY- 

3 ~ i  (reonorm CCCP, 1970. T. 30). B npe~enax ~ O H ~ I  c o c p e ~ o ~ o ' i e ~ b ~  MHoro ' iMc -  

J leHHble  rpaHMTOMAHble  6 a ~ o J l M ~ b l  M ~ ~ O ~ ~ T O J ~ M T O B ~ I ~  f l a i ~ 0 ~ b l e  CePMM, napaJ lJ leJ lb -  

H b l e  OCRM KPYf lHb lX  CKJlaAOK M f l pOAOJ lbHb lM  p a 3 J l O M a M .  O C O ~ ~ H H O  H a C b l l q e H  

M ~ ~ M ~ T M ' ~ ~ C K M M M  ~ O ~ O & ~ M M  ~ ~ H ~ R J ~ M - ~ ~ ~ M H c K M ~  M ~ ~ ~ C M H K J ~ M H O P M ~ .  6 flpefleJla~ 
& ~ I ' ~ ~ - ~ ~ T P M H C K O ~ O  MeraHTMKJlMHOPMR, B er0 O C ~ B O ~  'iaCTM, BblAeJlReTCR ARH-  

Y P R X C K M ~  ~ H T M K J ~ M H O P M ~ A J ~ M H O ~  500 M UMPMHO~ a0 90 KM,  B KOTOPOM 0 6 H a X e H b l  

n e p M C K M e  OTnOXeHMR. 3 ~ 0  H a M 6 o n e e  n0AHRTaR ' iaCTb ~ c e i  & ~ I ' ~ ~ - ~ o x ~ ~ ' ~ M H c K o ~  

3 0 H b l ,  XaPaKTePM3YtOU@RCR M H T ~ H C M B H O ~  ~ ~ ~ H O ~ O P R ~ ~ K O B O ~  CKJlaA' iaTOCTbO C 

o n p o K M H y n l M M  M Aame n e m a r M M M  cKnaAKaMM.  npeo6na~a0~  KpyTb re  naAeHMR 

n n a c T o s  ocaaor~b~x nopoa, LLiapHMpbl  c K n a A o K  y H A y n M p y o T  B C3 H a n p a s n e H M M .  

M ~ O r O ' i l l ~ J l e ~ ~ b l  npOAOJlbHb le  p a 3 J l O M b l 3 T O r O  Xe HanpaBJ leHMR,  rp)TlnMpytOlqM- 

eCR B n p O T R X e H H b l e  30Hb l ,  p a 3 6 M ~ b l e  n0nepe ' iHb lMM pa3J lOMaMM. O ~ m 0 ' i H b l e T O J l -  

U M  n P O P B a H b l  ~ ~ T O ~ M T O B ~ I M M  TeJlaMM aAaMeJlJ lMTOB M rpaHOAMOpMTOB.  blHbRnM- 

& ~ ~ M H c K M ~  M ~ ~ ~ C M H K J I M H O P M ~ ~  3 a H M M a e T  CB W C T b  & b l q a - 6 0 ~ a i l ' i ~ H ~ ~ o h  30Hb l .  

OT H M 3 0 B b e B  P.  YOH HA^ H a  K)B OH n p O C J l e X e H  H a  C3 H a  1000 KFA n p M  WMPMHe 

100-230 KM H a  Ore M 30-50 K M  H a  C e B e p e .  O C ~ B ~ R  'iaCTb ~ ~ H ~ R J ~ M - ~ ~ ~ M H c K o ~ o  

MeraCMHKJlMHOPMR CJ lOXeHa  C p e A H e - B e p X H e O p C K M M M  OTJlOXeHMRMM, a KPblJlbR - 
BepXHeTpMaCOBblMM M HMXHeOpCKMMM. nOp0f lb l  MHTeHCMBHO CMRTbl B C n O X H b l e  

JlMHeiHble CKJlaAKM, C KPYTblMM KPblnbRMM M OCTPblMM 3 a M K a M M ,  p a 3 6 M ~ b l  np0- 
flOJlbHblMM M f lOnepe ' iHb lMM pa3J lOMaMM, n p O p B a H b l  M M ~ T ~ M O P @ M ~ O B ~ H ~ I  MHOrO-  

' iMCJleHHblMkl ~ ~ T O J ~ M T O B ~ I M M  TeJlaMM rPaHMTOMAOB (J3-K,), YAnMHeHHblX napan- 
JleJlbHO CKJ lm ' i aTb lM  CTPYKTypaM,  M MHOrO'iMCJleHHblMM M a n b l M M  MHTPY3MRMM M 

a a i ~ a ~ ~  p a 3 n ~ r  ~ o r o  coc-rasa. H a r a n b ~ b ~ e  @ a m  B H e A p e H M R  n p e A c T a s n e H b 1  

rPaHMTOMAaMM ~ O B ~ I U ~ H H O ~  OCHOBHOCTM: ~ M O T M T O B ~ I M M  M P O ~ O B O O ~ M ~ H K O B O -  

~ M O T M T O B ~ I M M  rpaHOAMOPMTaMM, aflaMeJlJlMTaMM; B Cpef lHOtO (~J~SBHYO) @a3y 
B H e A p M J l k l C b  f l O p @ L I p O ~ k l . r ~ ~ b l e  H O p M a J l b H b l e  M J l e i ~ O K p a ~ O ~ b l e  ~ M O T M T O B ~ I ~  

TpaHMTbl.  Ha~6onee nO3AHRR @a3a - ~ O P @ M P O B M , ~ H ~ I ~  flByCJltOflHble, MeJ lKO3ep -  

HMCTble J l e i ~ O K p a ~ O ~ b l e  M anJlMTOBMAHble rpaHMTbl .  Bce 3 T O  BblCOKOrJlMHOSeMMC- 

Tb le ,  M3BeCTKOBO-LqeJlO'iHble n O p O A b l  C n p M M e p H 0  PaBHb lM  KOJlMqeCTBOM Na,O M 

K,O, HeMarHMTHb le .  f l a p a r e ~ e ~ ~ q e c ~ ~  C rpaHMTOMAaMM CBR3aHO pa3~006pa3~0e, 
n p e M M Y U e C T B e H H 0  PeAKOMeTaJ lJ lbHOe OpyAeHeHMe.  ~ O ~ E ~ T O J ~ M T O B ~ I ~  f l a i ~ M  n O p -  

@MPMTOB M n a ~ n p o @ ~ p o ~ ,  c KOTOP~IMM a c c o u M M p y e T  sono~oe o p y A e H e H M e ,  



CBR3aHbl C @0~~kl~OBaHkleM BePXHeOPCKMX BYnKaHMTOB kl C PaHHklMkl @a3a~kl 

~ ~ T O ~ M T O B ~ I X  BHe~peHklh ( r e o n o r ~ r e c ~ o e  CTpOeHkle.. . , 1966; Ba~klnbK~B~Kkl i ,  

1981 ; reonorm CCCP, 1970. T. 30). 
H a ~ a n ~ n n c ~ o e  s o n o ~ o p y ~ ~ o e  MecTopoxqleHkle HaxoAuTcR B 3 a n a ~ ~ o i  

'IaCTkl A R H - ~ ~ R X C K O ~ O  aHTMKnklHOPklR B 30He T ~ H ~ K M H C K O ~  CMCTeMbl pa3nOMOB 

( ~ M c .  4.83). no AaHHblM B. n. nnyTeUIK0, c. B. ~ 6 n o ~ o s o h  kl B. M. ~ H O B C K O ~ O  

PHC. 4.83. 3 0 ~ a  P Y A O B M e -  

U@IOuMX f l ~ ~ n 0 K a u M f i  H a T a n K M H -  

c K o r o  s o n o ~ o p y ~ ~ o r o  p a A o ~ a  (no 
B, n. nnyrelu~o, C. 6. FI6no~oeoi, 
€3. M. FIHOBCKOMY). 

1-4 - B e p x H e n e p M c K M e o T n o -  

XeHMR (1  - rnMHMCTb leCnaHUb l ,  m e -  
BpOnMTbl ,  TaCCKaR CBMTa;  2 - ~ ~ 0 0 -  
r e H H b l e  c n a H u b l ,  a n e s p o n l l r b l ,  

neCqaHMKM, K O H r n O M e p a T b l ,  aTKaH-  

c K a n  csn-ra; 3 - a n e e p o n u - r b l ,  r n M -  

HMCTble C n a H u b l  C nPOCnORMM net- 

raHMKOB M ~ y ( t ) O r e H H b l X  C n a H u e B ,  

HeP lo rMHCKaR CBMTa;  4 - nOnMMMK-  

r o t w e  n e c r a H M K M ,  aneaponn-rbl, 
rJlMHMCTble C n a H U b l ,  K Y n M H C K a R  

C B W T ~ ) ;  5 - r J lMHCTb leCnaHUb l ,  H M X -  

H e T p M a C O B b l e  O T n O X e H M R ;  6 - 
r p a H o A M o p M T b 1  M n n a r M o r p a H M r b 1 ,  

AMOPMTbl M K B a p u e E b l e  AMOPMTb l ,  

ra66po M r a 6 6 p o - ~ ~ o p ~ ~ b 1 ,  p a H H e -  

M ~ ~ O E O ~  MHTPY~MBH~IA  K O M n n e K C ;  

7 - 3 0 n O T O P Y A H b l e  MeCTOPOXDeHMR 

(C C e B e p a  H a  Qr - H ~ T ~ ~ K M H C K O ~ ,  

O M ~ ~ K ,  n a s n ~ ~ ) ;  8 - pyAonpowsne- 
HMR 3 o n o ~ a ;  9 - r n a s t i b l e  p a s n o ~ b ~  

T ~ H ~ K M H C K O A  3 0 H b l  

(1988 r.), pyAosMetqatotqklMkl nopoaahnkl RBnFItoTcR BepxHenepMcKkle anespone- 

JIMTOBble CnaHqbl - yrnepO~klCTble, T)'@oreH~ble, npeMMytqeCTBeHH0 M ~ C C ~ ~ B H O ~ ~  

TeKCwPbl, C COAePXaHkleM YrneBOAOPOAOB 0,5-1%. n 0 ~ 0 ~ b l  Ka~60Ha~kl3kl~0BaHbl 

( c o a e p x a ~ ~ e  ~ a p 6 o n a ~ a  B o ~ o n o p y ~ ~ o f i  s o ~ e  15-20%, HHorAa AO 40-80%), ce- 
PM4MTkl3klPOBaHbl kl OKBaPqOBaHbl (np0XklJlKaMkl) B 30He UILIpLlHoi HeCKOnbKO COT 

MeTpOB. ~ P O A Y K T ~ ~ B H ~ F I  30nOTOHOCHaR nOnOCa COBnaAaeT C O C ~ B O ~  3 0 ~ 0 h  kl 0 3  
KPblnOM K P Y ~ H O ~  aHTklKJlklHaJlM, RAP0 K O T O P O ~  CnOXeHO neCraHO-rJlklHklCTblMM 



nOpOAaMM M pa36MT0 Ha CepMtO TeKTOHMVeCKMX ~ ~ O K O B  B CBR3M C pa3BMTeM no- 
nepeVHblx c~py~-ryp.  Ha r n y 6 ~ ~ e  npeanonaraeTcR C K P ~ I T ~ I ~  ~ ~ ~ H M T O M A H ~ I ~  Mac- 

CMB, C KOTOPblM CBR3blBaeTCR 0 6 p a 3 0 ~ a ~ ~ e  H ~ T ~ ~ K M H C K O ~ O  PyflHOrO nonR. Aai-  
KM KBaplJ2BblX ~ ~ ~ ~ M T o @ M P o B  0 6 p a 3 ~ 0 ~  06LUMpHble apeanbl BOKpyr PYBHblX 30H. 

B b l ~ e n ~ e ~ c ~  ~ P O ~ Y K T M B H  b l i  6 n 0 ~  C 3  npOCTMpaHMR, B IlpeAenaX KOTOpOrO 

npOMblLUneHHble PyaHble Tens rpynnMpytOTCR B 30Hbl, ~6JlM~eHHble Ha C 3  M 

pacxoasqMecs Ha tOB ( p ~ c .  4.84). K I r o - 3 a n w ~ a ~  3 o ~ a  npeacTasneHa c e p ~ e i  

PMC. 4.84. C x e ~ a ~ v l r e c -  
KaR reonorHrecKaR KapTa M reo- 

no rwrec~~R pa3pe3 HaTan- 

KMHCKOrO MeCTOpOXAeHMR (no 

6, n ,  nnyrewro, C. 6. qbno~o- 

BOA, B. M. RHOBCKOMY). 

1-3 - 6epxHenepMcKMe 

OTnOXeHMR (CHMSY B B ~ ~ x ) :  ( 1 - 
rnMHMCTble CnaHUbl C np0- 

CnORMM fleC'iaHMKOB; 2 - 
CnaHUbl, flOnMMMKTOBble flec'ia- 

HMKM; 3 - repHblecnaHqb1, ane- 
aponvl-rbl, n e c r a ~ ~ ~ ~ ) ;  4 - 
pa3nOMbI; 5 - A ~ R K M  KBapl(eBblX 

~ I ~ ~ ~ M T o @ M ~ o B  (a), na~npo@M- 

PO6 (6); 6 - PYAHble 30Hbl; 7 - 
3neMeHTbl3aI7eraHvlR 

C ~ J - I M X ~ H H ~ I X  napannenmbrx Ksapqesblx xm, n14~3 M npoxMnKoB cpeaM 6 p e ~ ~ ~ -  
POBaHHblX OKBaPuOBaHHblX nOpOa. AJlllHa KBapueBblX XMn a0 200 M, MOU-(HOCTb 

0,5-3 M. B CeBep0-BOCTOCIHO~ 30He OPYaeHeHMe KOHTPOnMPYeTCR A ~ ~ K ~ M M  CneC- 

CaPTMTOB, OKBaP40BaHHblX B MaCCe, M IlpOXMnKaMM. M O ~ H O C T ~  30H a0 300 M. 

Mop@onorM~ pya~blx Ten onpeaenReTcs coreTaHMeM yqac-rKoe Maccosoro TOH- 

Koro oKsapuesaHm nopoa, cMcTeM npoxMnKos, xMn M n ~ ~ 3  ~sapqa. M O ~ H O C T ~  
py,QH blX Ten, 6bl.LlenReMblX O ~ ~ O ~ O E ~ H M ~ M ,  AOCTMraeT 40 M. PyaHble XMJlbl KyJlMC- 

HO PaCnOnOXeHbl no OTHOlUeHMK) K o 6 q e ~ y  npOCTMpaHM0 30Hbl, OTBeTBnRRCb n0,Q 



OCTP~IMM yrnaMm >K~nbl ~ e 6 o n b u ~ o i  M O ~ H O C T M  npocnemeHb1 Ha 30-80 M no npo- 
CTMP~HMKI  M nanetiMto. An9 P ~ A H ~ I X  C T O ~ ~ O B  xapaueptia peretiepaum sono~o- 
Ksapqesblx arperaToe c 0 6 p a 3 0 s a ~ ~ e ~  KpynHoro KoMKosMAtioro ( M  KpMcTannm- 
r e c ~ o r o )  sono~a,  r p e 6 e ~ r a ~ o r o  M caxaposMAHoro Ksapua B accouMaqw c 
raJleHMTOM M c@aJlepM~oM. K HMXHeMy rOPM3OHTY ~eHTpanbH0h 30Hbl PyAHble 

~ ~ 0 J l 6 b l  BblKJlMHMBalOTCR, a HMXHRR rpaHM4a nPOMblLLIJleHHOr0 OPY,4eHHMR flOrpy- 

xaeTcR Ha D B  non yrnaMM 30-40°. 
A O ~ P O , ~ ~ K T M B H ~ ~ ~  MMHepaJlbHblG KOMnJleKC IlpeACTaBJleH 6e3pyflHbl~M KBap- 

4eBblMM XMnaMM; P ~ H H M G  ~ P O A Y K T M B H ~ I ~  - CPeAHe3ePHMCTblM KBaPueM C Kpyn- 
HOKpMCTaJlJlMreCKMM nMpMTOM M apCeH0nMpMTOM C TOHKOAMC~ePCHblM 30JlOTOM; 

n03,4HM~ I ~ P o J Q ~ K T L I B H ~ ~ ~  - MeJlK03ePHLlCTblM KBaPueM C aPCeHOnMPMTOM, I l M P M -  

TOM, raneHMTOM M BMAMMblM 30JlOTOM. f l ~ ~ J l e n p ~ , Q y ~ ~ k l B ~ b l ~  KOMnJleKC - 3T0 np0- 

XMJlKM KBapua, KanbqMTa C MeJlK03ePHMCTblM aPCeHOnMPMTOM. OCHOBH~R MaCCa 

aono~a oTnaranacb cosMecTHo c apceHonMpMToM M raneHMToFn B n o 3 ~ ~ t o t o  npo- 
AYKTMBHYKI CTaAMKI. ~OJIOTO HaXOAMTCR B 3aJlb6aH,4ax KBap4eEblX XMn M flp0XMn- 

KOB, B yracTKax Ap06ne~MR Ksapua, B accouuaum c apceHonMpMToM M ranetiw 
TOM. OOPM~I  ero BblaeneHMn p a 3 ~ 0 0 6 p a 3 ~ b 1 ,  B T. q .  KpMcTannMrecKMe 
MtiororpaHHMKm. 3on0~0 MenKoe, 6onblua~ ero r a c n  Menbre O , 1  MM. Pl~orna (2,5- 
15,2%) OH0 06pa3ye~ 3MynbCMOHHytO BKpaIlneHHOCTb B cynb@~,4ax, f lpkl~eckl B 

aono~e: Cu, As, Pb, peaKO Bi, Sb. flpo6aaono~a738-802, CpenHnR 780-770, npe- 
o 6 n a ~ a e ~  750-790. Mec~opo>yqe~~e  a ~ c n n y a ~ ~ p y e ~ c n ,  MMetOuMecR aanacbr M 

m2 D 6  

k-3 / 0 l 7  
r-1 

PMC. 4.85. reonorwe- 
c K a R  c x e M a  p a R o ~ a  L U ~ o n b -  

H O r O  M e C T O p O X A e H M R  (no 
E. 6 .  f i e n b ~ o s y  MAP.,  1992 r.). 

1 - OCaAO'iHble O T n O X e -  

HMR 1 -r0 CTPYKTYPHOrO R P Y C a  

(P,-T,); 2 - OCaAO'iHble O T n O X e -  

HMR 2-r0 CTPYKTYPHOrO R p Y C a  

(T,-T,); 3 - MHTPYBHM TpaHMTOB, 

rPaHOAMOPMTOB (K, ) ;  4 - MHTPY- 

~ M M  ra66p0, A n o p M T o e ,  rpatio- 
AMOPMTOB (K2); 5 - a H T M K n M -  

H a n b H b l e  C K n a A K M ;  6 - 
r n y 6 M ~ ~ b l e  p a 3 n O M b l  (a), npo- ! We p a B n O M b l ( 6 )  7 - U K O ~ ~ H O ~  

i M e C T O p O ~ e H M e  

i 
1 



PMC. 4.86. r e o n o r n r e c ~ a ~  c x e M a  U k o n b n o r o  p y n t i o r o  nong ( n o  E. B. 5 e n b ~ o e y  n a p . ,  1 9 9 2 ) .  
1 - . l e ~ € J e p ~ M q H b l R  a n n t o ~ n R ;  2 - A ~ R K M  ~MOpMTOEblX  ~ O ~ @ M ~ M T O B ,  n a M ~ p O ~ L I p O E 3 ,  r p a H M T - m o p -  

Q n p o e ,  A a q n T o 8 ;  3 - rpannTbl (K,) ( I ) ,  rpatioaMopMTbr ( K , )  ( 2 ) ;  4 - A n o p n T b l  (K,): 5 - n e c r a ~ o - r n n n n c -  
Tble OTnOXeHMR T ~ H ~ K M H C K O ~  CBMTbl (P2); 6 - OPOrOBMKOBaHHble nOPOnbl ;  7 - PYAHble  Tens; 8 - 30Hbl 

A ~ O ~ ~ ~ H M R  ( 1 )  MTpelqMHOEaTOCTLI(2) ;  9 - TpaHMqbl PYAHblX 30H. 3 0 H b l :  I - C e ~ e p H a R ,  1 1  - L \ e t i ~ p a U l b ~ a R ,  
111 - KIXH~R 

f lPOrH03Hb le  PeCYPCbl 0 6 e ~ l l e C l M ~ a t O ~  pa6o-ry PyAHMKa H a  MHOrMe rOAbl.  O6ora- 
T M M O C T ~  pya x o p o u a ~  . 

U J ~ o J l b ~ o e  30nOTOpyAHOe M e C T O p O ~ e H M e ,  no AaHHblM E. B. 6 e n b ~ 0 ~ a  tl 

Ap. ( 1  992 r.), PaCnOnOXeHO H a  K)B @ J ~ ~ H ~ ~ T ~ H ~ K M H c K o ~ ~  ~ O ~ O T O H O C H O ~  3 0 ~ b l  fly- 
CKaHbMHCKOrO y3na. P Y A H O ~  none HaXOAMTCR B K)XHO~ T ~ K T O H M C ~ ~ C K O ~  3 0 H e  B KnM- 

HOBMAHOM TeKTOHMCleCKOM 6no~e.  M O ~ H O C T ~  3 0 H b l O , 5 - 1 , 5  KM, f l W e H M e  KpyTOe 

H a  CB. O C H O B H ~ I ~  P y A H b l e  Tens MeCTOPO)I<AeHMR B M e u a e T  WTOK rpaHMTOMAOB 

n e c T p o r o  COCTaBa: AMOPMTbl, ~ ~ ~ ~ P O A M O P M T ~ I ,  TOHaJlMTbl, rPaHOAMOPMTbl, 6 ~ 0 -  
TMTOBble TPaHMTbl. A ~ C O ~ I O T H ~ I ~  B03PaCT nOPOA 127-150 M n H  n e T .  K O H T ~ K T ~ I  C 

BMeU@tOuMMM I lOPOAaMM KpYTble M I laAatOT no UeHTPYWTOKa. L U M p ~ H a 3 0 H b l  OPO- 

TOBMKOBaHMR A0 200-300 M.  ~ H T P Y S M B H ~ R  AeRTenbHOCTb 3 a B e p W M n a C b  B H e A p e -  

HMeM 6 o n b ~ o r o  K o n t l r e c T s a  A a e K  pas~oro  c o c T a s a  u M p o T H o r o  n p o c T M p a t i t l R  u 
KPYTOrO na,QeHtlR MOuHOCTbtO OTAeCRTKOB CaHTMMeTPOB A0 10-20 M L1 ~ M H o ~  A0 
2 KM. f l a i ~ M  rMApOTepMaJ lbH0  M3MeHeHb1, MHOrAa B M e u a t O T  PYAHble  Tens ( ~ M c .  

4 . 8 5 - 4 . 8 7 ) .  r L I ~ p 0 ~ e p ~ a J l b H b l e  M3MeHeHMR n O p O A  PyAHOrO nOJlR- aprMJlJlW3aUMR. 



PMC. 4.87. LUKOnb- 

Hoe MecTopoxoeHMe. reo- 
n o r w r e c ~ ~ k  paapea repe3 

qe~TpaJlb~yt0 PYAHYkO 30HY 

(no E. 8. 6enbKoBy H Ap., 

1992 r.). 
1 - cKnaAraTble nec- 

UHO-rnMHMCTble OTJlOXe- 

HHR T ~ H ~ K M H C K O ~  CBMTbl 

(P,); 2 - rpaHMTOM~bl6ypcla- 

rHHCKOr0 LUTOKa 3 - 
nakKM aMOpHTOBblXnOp~M- 

PHTOB ( 1 )  rpa~~T-nop@I- 

POB (2); 4 - 30HbI6peKr~p0- 

BaHHR ( 1 )  H TpeUMHOBaTO- 

CTM (2); 5 - XMJlbHOe PYAHOe 

Teno ( 1 )  M npomlnnKosaR 

~ c l ~ e p a n ~ a a ~ ~ ~  (2) U ~ H T -  
paSIb~0k pya~oA  30Hbl 

O T M € ! ' ~ ~ ~ T C R  TaWe AOpyAHaR rpeh3e~kl3a~klR M CKapHMpOBaHMe BMelqaOuklX 

113BeCTKOBMCTblX neCqaH0-rnMHMCTblX nOpOfl, a TaWe AMOPMTOMAOB. PYAOBM€?- 
LqatolqMe ~ O H ~ I  A P O ~ ~ ~ H M F I  nepepa6o~a~b1 no c e p ~ ~ ~ ~ - r ~ g , p o c n t o ~ ~ c ~ o - ~ ~ a p -  
UeBblX MeTaCOMaTMTOB M KBaP4MTOB, COAepXalqMX BKpanneHHOCTb I lMpMTa  M apCe- 
HOnMpMTa (40 5%). 

PYAOHOCH~IMM RBflSIOTCSI KBapqeBble XMnbl M 30Ha IlpOXMnKOBaHMR, n0Ka- 

nM30BaHHble 6. LUMPOTHblX 30HaX ~ p 0 6 n e ~ M R  M PaCnOnaraOlqMeCR ,QMarOHaflbHO 

no OTHOLUeHMtO K K l x ~ o i i  30He Pa3nOMOB. B~IA~AROTCR 30Hbl CeBep~aR, U ~ H T -  
PaJlbHaR M ~ ~ X H E ~ R .  I / ~ x A J ~ M H ~  0,8-2 KM, MOuHOCTb OT 100-200~0 300-500 M. MOW- 

' 

HOCTb PYAOBMell@OuMX 30H 0,5-5 M, naaeHMe Kp)'TOe K Ory. n p 0 ~ b l L U f l e ~ ~ 0 e  

OpyAeHeHMe COCpeAOTOqeHO B U e ~ T p a f l b ~ ~ i  30He. &~MHEI PyAHblX XMn 20-200 M, 

MOUHOCT~ 0 , l -  1,5 M. Keapq M ~ C C M B H ~ I ~ ,  MenKO- LI c p e ~ ~ e ~ p ~ c ~ a n n ~ q e c ~ ~ i i .  

P y ~ ~ b l e  MMHepanbl (1 -3%) KpOMe 3OnOTa IlpeaCTaBneHbl CnOXHblM KOMnneKCOM 

cynb@oconei, c p e w  KOTOP~ IX  npeo6na~ae~  @ p e h 6 e p r ~ ~ ,  nMpMToM M apceHo- 
nMpM-roM. Pacnpeaene~~e aono~a B pynax ~ p a i ~ e  HepasHoMepHoe. Au: Ag = 1 : 1. 
C o a e p x a ~ ~ e  aono~a B KsapqesblxxMnax nopRAKa 50 r / ~ .  25% aanacos cocpeao- 
TOqeHO B OKOnOPYAHblX MeTaCOMaTMTaX ( C O ~ ~ P X ~ H M ~  7- 100 T/T). 60n b ~ a ~  'iaCTb 

3OnOTa HaXOAMTCR B 6 0 r a ~ b l ~  rHe3AaX. B nePBMqHblX reOXMMMqeCKMX OpeOnaX 
BblRBfleHbl aHOManLIM 3OflOTa, cepe6pa, MbllllbRKa Boflb@pa~a M CypbMbl. C 0 ~ e p -  

mawe ~ o n b @ p a ~ a  c r n y 6 ~ ~ o G  ~ o a p a c ~ a e ~ .  
O T ~ ~ ~ O T K ~  MeCTOpO>yqeHMR OCylqeCTBnReTCR nOA3eMHblM C ~ O C O ~ O M  CO 

UTO~bHeBblM BCKPblTMeM PyAHblX Ten 00  r n y 6 ~ ~ b l 5 0 0  M OT IlOBepXHOCTkl. C X ~ M ~  



PMC. 4.88. reonorwe- 
CKaR K a p T a  M p a 3 p e 3  B ~ T -  
PeHCKOrO MeCTOPOXAeHCIR (no 
0. M .  Hoeom~noey). 

1 - ' ~ € ? T B € ? P T H ~ H ~ I ~ ~  anno- 
B H ~ ;  2 - r n H H H C T b l e  CnaHLlbl ,  

WleBpOnHTb l ,  neC'iaHHKH (J,); 
3 - rnHHHCTbleCnaHL(bl, a J e B p 0 -  

nHTbl ,  FleC'iaHblKH (T,n); 4 - rnbl- 
HHCTble C n a H u b l ,  TOHKOnOnOC- 

r a w e  a n e e p o n ~ ~ b ~ ,  ~ O P M ~ O H T ~ I  

y r n H C T 0 - r n H H H C T b l X  C n a H u e B  

(T,k); 5 - n e c r a H M K H  (T,); 6 - r n ~ -  
HHCTble C n a H u b l  (TI) ;  7 - rnHHI1- 

CTble c n a t i u b l ,  n e c r a H H K H ,  ane- 
B p O n H T b l ,  T Y ~ ~ M T ~ I  (PZ) ;  8 - 
K e a p q e s b l e  M O H ~ O H M T ~ I  (a), 
r p a H O A M O P H T b l ,  A M O p H T b l ,  

K E a p u e E b l e  @lOpHTbl (6) (K,);  
9 - AMOPMTOBble ~ O P @ M P M T ~ ~ ,  

CneCCapTHTb l ,  f lHOPHTbl; 10 - 
3 0 H a  CMRTHR; 1 1 - pa3nOMbl ;  

12 - K s a p q e e o x n n b H b l e  p y n t i b l e  

T e n a  



3 0 n o ~ o p y ~ ~ b l e  KsapqesomMnbHble Tena cocpeAoToreHb1 B 3 o ~ e  CMRTMR 

neCTPblX no COCTaBy OCaAOrHblX nOpOA C3  npOCTMpaHMR MOuHOCTbO A0 300- 

400 M C HeKpYTblM (35-60') IlaAeHMeM Ha 0 3 .  B IlpeAenaX 30Hbl OCaAOqHble 

n o p o ~ b ~  McnblTanM MHTeHcMBHoe nnacTMrecKoe TereHMe, ~ Y A M H ~ X ,  pa3n~~30sa-  

HMe M MMJlOHMTM3a~MD. B XeCTKMX JlMH30BMAHblX 6no~ax PaCnpOCTpaHeHbl XMnO- 

06pa3Hble, nMH30BMAHble, ~~0~16006pa3Hble LUTOKBepKOBble Tens. B 3OHaX IlJlaC- 

TMreCKOrO TereHMR KBapqeBOpyAHble Tens MMeOT nTMrMaTMTOBy0, 'ieTKOBMAHyD 

@opMy. Te~cTypa KBapQeBblXTen nOnOC'-laTaR, neHTOBMAHaR, IlRTHMCTaR, MaCCMB- 

Hag. Ha MeCTOpOX,4eHMM BblAenRtoTCR nRTb PYAHblXTen. M X A ~ M H ~  OT AeCRTKOB A0 

200-500 M. M O ~ H O C T ~  OT nepBblXAOAeCRTKOB MeTpOB, flaae~kle Ha CB I lOA YrJla- 

MM 40-60". Opy~eHeHMe npOCneXeH0 rOPHblMM B ~ I P ~ ~ O T K ~ M M  Ha r n y 6 ~ ~ y  300 M 

OT IlOBePXHOCTM. 

8 PyAaX BblAenRtoTCR LUeCTb MMHepanbHblX ~ c c o ~ M ~ I . ( M ~ ~ :  1 ) paHHMfi MOnOr- 

~0 -6enb l i  KBapq, anb6M~, MYCKOBMT, XflOPMT, aHKepMT, MarHeTMT, ~ P Y K M T ,  aHa- 
  as, pymn, TypManMH, ana-rm, r p a @ ~ ~ ;  2) nonynpospar~b~i ~ ~ a p q ,  ~ a n b u ~ ~ ,  a w e -  
PMT, XnOPMT, p)'TMJl, CepMqMT, ~ M O T H T ;  3) flMpM~, Elp~eH~nMpkl~,  WeeJlMT, KaJlbqMT, 

aHKepMT; 4) flMpMT, MapKa3MT, MarHeTMT, IlMppOTMH, XaJlbKOnMpMT, c@aJlepMT, reC- 

CMT, KBaPq, KaJlbL(MT, 6 p e i ~ e p M ~ ,  MarHe3MT; 5)  IlPOAYKTMBHaR CTaAMR: CaMOPOA- 

Hoe sono~o, raneHMT, TeTpamwr, BMCMYTMH, KanasepMT (?), KpeHHepm (?), cynb- 

@OBMCMYTMT~I CBMHqa, AOJlOMklT, MYCKOBMT-CePM4MT, 6) KBaPL(, KaJlbqMT, DMPMT. 

OCHOBH~R Macca Ksapqa ~ p ~ c ~ a n n ~ s o s a n a c b  n p ~  TeMnepaType 360- 
1 80°C, oAHaKo ~ ~ ~ e p a n ~ s a q ~ ~  n o 3 ~ ~ e p y ~ ~ o f i  accoqclaqMM @ o p ~ ~ p o ~ a n a c b  npM 
60-80' C.  B KBapue 30nOTO KOHqeHTpMpyeTCR B ~ ~ M ~ M O ~ ~ O M K O B  I l O p O ~ ,  BO BMe- 

L L @ O ~ M X  nopoaax, no TpeuMHaM B apceHonMpMTe, pexe B nMpMTe. cbop~a 3ono- 

TMH: nnacTMHKM, KoMorKM. npeo6nagatou~ii p a s ~ e p  a e p e ~  0, l -2 MM. flpo6a 830- 
965, CPeAHRR 880-890. flpbl~eckl B 3OflOTe: Ag (40 lo%) ,  AS, Bi, CU, Pb, Fe. 
M ~ c T o ~ o X , ~ ~ H M ~  reHeTMreCKM CBR3blBaeTCR C PaHHeMenOBblM rPaHMTOM,L(HblM 

MaCCMBOM Kopa6nb. B o ~ ~ ~ c T  Cntop, M3 PYA TaKXe ~ ~ H H ~ M ~ J ~ o B o G  (1 05-1 23 MnH 

neT, ~anuf i-apro~oebri  M ~ T O A ) .  K ~ o M ~  sono~a B pyAax oTMeraeTcR ~ o n b @ p a ~  40 
0,2%, ycTaHoeneHa TecHaR KoppenRqfloHHaR C B R S ~  30no~a c B M C M ~ O M  (+0,84). 

MMHMMaJlbHoe npOMblluJleHHOe M ~ O P T O B O ~  COAepXaHMe 30nOTa, npMHRTOe 

,QJlR I ~ o A ~ ~ M H o ~ ~  O T P ~ ~ O T K M :  1 5,6 M 6 r / ~  COOTBeTCTBeHHO. Mec~opo>yqeHMe Men- 

KOe. 

YTMHCKO~ ~ O ~ O T O P Y A H O ~  MecTopo>yqeHMe pacnonoxetio B D B  racm MH- 
A M ~ M P O - K O ~ ~ I M C K O ~ ~  ~ ~ J ~ O T O H O C H O ~  30Hbl B AT-K)PRX-CP~AH~K~HCKOM PYAHOM 

p a i o ~ e  ( p ~ c .  4.89). 110 AaHHblM B. A. C ~ e n a ~ o ~ a  (1988 r.), opyAeHeHMe noKanm- 
s o ~ a ~ o  B naf i~ax 6 n ~ 3  YTMHCKO~O C ~ P O C O - c ~ ~ ~ r a ,  CeKyuHx n e c r a ~ o - ~ ~ M H M C T ~ I ~  
nopo~bl cpeAHeopcKoro ~ o s p a c ~ a ,  coAepxalqMx nnacTbr ~ y @ o r e ~ ~ b ~ x  nopop, M 

nMH3bl KOHrJlOMepaTOB. O~afl0.1Hble flOpOAbl CMRTbl B JlklHefiHble CKnaAKM 3 C 3  
flpOCTMpaHMR M pa36tI~bl C~POCO-CABMI-~MM 3 ~ 0 f i  Xe OPMeHTMPOBKM. Aaf i~M TaK- 

xe npocTMpatoTcR Ha 3C3 M KPYTO nagam Ha tor. A ~ ~ K M  cpeAHero cocTaea npo- 
flMnMTM3MpOBaHbl, a KMCnOrO - 6epe3M~M3Mp0BaHb1, Te M ApyrMe C~Jlb@l/l,lJkl3~~0- 

BaHbl (apCeHonMpM~, ~ M P M T ) .  B O ~ P ~ C T  AaeK CrMTaeTCR n03AHeDPCKMM ( O C ~ ~ P K M  
MeTannoretim.. . , 1994). 

OCHOBH~IM P Y ~ H ~ I M T ~ ~ O M R B ~ R ~ T C R ~ ~ ~ ~ K ~  NO 7 MOwHOCTbD 0,2-3 M, B CpeA- 
HeM 1,2 M, CJlOXeHHaR ~ J ~ ~ ~ M T M ~ M ~ O B ~ H H ~ I M M  ~ o ~ @ M ~ M T ~ M M .  Aa f i~a  KPYTO naaa- 
eT Ha D3. fl0neperHblMM pa3pblBaMM  OH^ p a 3 6 ~ ~ a  Ha 6 n o ~ ~  ~ J l M H o f i  6 COTHM Me- 



TpOB, CMeUeHHble OTHOCMTenbHO Apyr Apyra A0 10-1 5 M, no naAeHMt0 AafiKa np0- 

CneXeHa Ha 700 M. Opy~eHe~kle IlpMypO'ieHO K y\-laCTKaM ~ O B ~ ~ U ~ H H O ~  KOHUeHT- 

p a q M M  Ksapqesblx npoxMnKos M x M n ,  K MecTaM nepecerewg a a f i ~ ~  CB paapb~ea- 

MM, K MeCTaM CyXeHMR AafiKkI npM IlePeCe'ieHMM el0 nnaCTOB YrnMCTO-rJlMHMCTblX 

cnanues. Paa~epbr pyanblx C T O ~ ~ O B :  OT 100x1 50 AO 300x400 M. C r n y 6 ~ ~ 0 f i  co- 
AepXaHMe 3OJlOTa He y6blBae~. MOUHOCT~ nPOXMnKOB OT ~ 0 n e f i  CaHTklMeTpOB A0 

0,5-0,6 M, MXAJlMHa OrpaHM'ieHa M0uHOCTbto~afiKM. HaGn~oaae~c~ ne~~HM'-!Hblfi, 

n ~ ~ e f i ~ b ~ f i  MnM c e ~ r a ~ b ~ f i  PMCYHOK O K B ~ P U ~ B ~ H M S I .  aai7~a No 6 pacnonomeHa B 400 
M O T A ~ ~ ~ K M  No 7. Ee npocmpatiue nor-rkl urMpoTHoe, naaetiwe Ha tor Kpyroe. a a f i ~ a  
npocnexeHa Ha 7 KM. Ee CpeAtiRR M O ~ H O C T ~  4,06 M, B paaayeax AO 15 M. Aa f i~a  

CJlOXeHa ~ J ~ ~ ~ M T M ~ M P O B ~ H H ~ ~ M M  AaUMTaMM M JlMnapMTaMM C npOXMnKaMM 3010- 

TOHOCHOrO KBapUa. ~ P O M ~ I W ~ ~ H H O ~  OPYAeHeHMe YCTaHOBneHO JlklWb Ha OT- 

AeJlbHblX Y'iaCTKaX. 

B PYAH~IX c~on6ax CoAepXaHMe aono~a ~ o n e 6 n e ~ c ~  OT 4 ao 45 r / ~ ,  B cpea- 
HeM 5-7 r / ~ .  C o ~ e p x a ~ ~ e  cynb@~aos B pyAe 1-3%. 3 ~ o  nMpnT, apceHonMpM-r, 
PeXe 6yflaHXepMT, QKeMCOHMT, raJleHblT, c@anepMT, nMPPOTMH, TeTPa3,QPMT M 

aHTMMOHMT. Py,L(Hble~Mnbl M ~ ~ o x M ~ K M  06pa30BaHbl B OCHOBHOM KBaPUeM M anb6~-  

TOM C npMMeCbt0 KaJlbqMTa, aHKepMTa, CepMUMTa, XnOpMTa. Ha rny6kl~e anb6M~ 



Mtioraa npeo6naaae-r Hag KsapueM. 3 o n o ~ o  accoqmpyeT c axeMcoHklToM M 

G y n a ~ x e p ~ ~ o ~ ,  moraa HapacTaeT Ha KpMcTannbl apceHonMpma. BenMrMHa 30- 

nOTklH OT 0,01 flO 5-10 MM, BCTPe%lflMCb CaMOPOflKM BeCOM ,QO 300 r ,  @ O P M ~  

s b ~ a e n e ~ ~ i  aono~a p a 3 ~ 0 0 6 p a a ~ a ~ ,  B T. r . KpMcTannMrecKaR. npo6a aono~a 880- 
950. ~ P M M ~ C M  B 30no~e: Hg (O,1%), AS, Sb, Cu, Mn. C o a e p x a ~ ~ e  aono~a B apce- 
HOnMpMTe 8,1-28,3 r/T, CpeAHee 14,5; cepe6pa 10,9 r/T. ~ M P M T  0TJlkl'iaeT~R no- 
B ~ I U ~ H H O ~  MblWbRKOBMCTOCTbD, COaepXaHkle B HeM 3OJlOTa 13,5 r/T. A C C O ~ M ~ ~ M F I  
sono~a  B pyaax c c y p b ~ o i  c 6 n ~ x a e ~  Y T M H C K O ~  MecTopowetiMe c ~ O ~ O T O -  

CYPbMRHblMM MeCTOPO>Y4eHMRMM C3 ClaCTM L / I H ~ R ~ M - ~ ~ ~ ~ M H c K o ~ o  CMHKnMHOPMR. 

O ~ O ~ ~ T M M O C T ~  Pya XOPOWaR. C 1942 no 1956 r. MeCTOpOweHkle o~pa6a- 
TblBanOCb, a06bl~0 8 ,6  T 30nOTa flpM CpeaHeM COaepXaHklM5,2 r/T. 

C e e ~ n o e  s o n o ~ o p y ~ ~ o e  MecTopoweHMe pacnonoxeHo B C3 racm M H ~ W  
~ M P O - K O J ~ ~ I M C K O ~  30Hbl B fiepeJlexcK0~ PYaHOM p a i 0 ~ e  6 n ~ 3  q a i - ~ p t O k l ~ ~ K ~ r ~  
M ~ ~ ~ M H C K O ~ O  rfly6klHHbl~pa3Jl0~0~ MepM,4MOHanbHOrO IlPOCTMpaHMR, ~ O , ~ @ H H ~ I M  

A. L/1. KanMHMHa kl 6. H .  L ~ ~ B K ~ H O B ~  (1992), pai0H CJlOXeH ~MCJlO~MpOBaHHblMkl 

IOPCKMMM YrnePOaMCTO-TePPMreHHblMM TOnlqaMkl, IlpOpBaHHbIMM MHOrO'iMCneH- 

HblMkl A ~ ~ K ~ M M  M CklJlnaMM ~OP@MPMTOB (PMC. 4.90). C BOCTOKa M CB fiepenex- 

PMC. 4.90. reonorn- 
recKaR KapTa Cee~noro pya- 
Horo nong (no A. Ll. Kan~1i1.r- 
HY M 6 .  H. W ~ B K ~ H O B ~ ,  
1992). 

1 - aneeponnrbl M 

rJiMHMCTble CnaHUbl C 3ene- 
HOCnaHUeBblMM M3MeHe- 
HMRMM (JZ); 2 - CYqBCTBeH- 
HO necqatimoeble na9KL.I M 

TOPLl3OHTbI (JZ); 3 - f l 3 . i ~ ~  M 

cwnnbl KMcnoro M cpeatiero 
cocTasa; 4 - HaAenrM; 5 - 
npowe pa3nOMbl; 6 - pya0- 
HOCHble y9aCTKL.I (I - Y ~ H T -  
panb~b~R ( ~ e c ~ o p o r n a e ~ ~ e  
Cse~noe), Il - HMXHM~,  1 1 1  - 
FJPKMR, IV - K o B ~ o ~ ,  V - Te- 
HMCT~IR)  

L ' l s  
( I T ] ,  

C K M ~  p~fiHblS pai0tI O K ~ ~ M J ~ R ~ T C R  KpynHblMkl rpaHMTOMaHblMM nflyTOHaMkl KOJlblM- 

CKOrO MHTPY3MBHOrO KOMvlnneKCa. C B ~ T J ~ M H C K O - ~ ~ ~ ~ ~ H ~ ~ H C K M ~  p y f l ~ b l i  y3en, 

s ~ n o r a t o u ~ i  Cee~noe MecTopoweHMe, HaxoamcR B D X H O ~  racm fiepenexc~oro 
pai0Ha M COBflaaaeT C ~ ~ O ~ O X M T ~ J I ~ H O ~  ~ P ~ B M T ~ ~ M O H H O ~  M M ~ ~ H M T H O ~ ~  aHOMa- 

IIMRMM. K Sepenexc~oi aHoManMm npklyporeHo C e e ~ n ~ ~ c ~ o e  pyAHoe none. OHO 



cnoxetio OTnoxeHMmM c p e n ~ e i  topb~ MoHoToHHoro cna~qeso-anespon~~osoro 
cocTasa. P y n o e ~ e u a t o u a ~  racTb paapesa ( B ~ P X H R R  noacBMTa X ~ K O B C K O ~  CBMT~I )  

0 6 0 r a u e ~ a  nnacTaMM necraHHKoB M conepxm noBblweHHoe KonMrecTBo Copr, 
O C ~ O ~ H ~ R  TOnua CMSTa B CXaTble CKnwKM A0 M3OKnMHanbHblX OnPOKMHyTblX M 

p a 3 6 ~ ~ a  TeKTOHMreCKMMM pa3pblBaMM p a 3 ~ 0 i  OpMeHTMpOBKM. OCHOBH~R CKnW- 
raTaR cTpyK-rypa pyworo nonR - C B ~ T ~ M H C K ~ R  anTMKnMHanb, Ha nepMKnmanb- 
HOM 3aMblKaHMM M B O C ~ B O ~  QCTM K O T O P O ~  nOKanM30BaHbl OCHOBHble YWCTKM 
pynHoro nong ( ~ e c ~ o p o > y q e ~ m  Cse~noe, HWXHH~, FIPKM~) ( O r e p ~ ~  MeTannore- 
HUM ..., 1994). 

M e c ~ o p o > y q e ~ ~ e  npencTasneHo c e p ~ e i  xMn n n ~ ~ o i  no  1 KM, M O ~ H O C T ~ I O  

0,5-1,5 M, KpyTOnanatolqMX Ha 0 3  (~LIc.  4.91). O C H O B H ~ I ~  3anaCbl COCPenOTO- 

PMC. 4.91. M e c ~ o p o m ~ e ~ ~ l e  Cee~noe. r e o n o r ~ r e c ~ m i  nnati ropMsotiTa 815 M M paspea (no 
A. 1/1. K~JIMHMH~, 6, H. ~ ~ B K ~ H O B ~ ,  1992). 

1 - aJleEpOJlMTbl M rJlMHMCTble CJlaHUbl (J2); 2 - rIeCqaHLIKM; 3 -pa3nOMbl; 4 - A~L?KM flMOpMTOBblX 
n o p @ n p ~ ~ o s  (J,); 5 - pyflotioctible mmbl 

reHbl B XMnaX n e p ~ o i ,  M O ~ H O ~  M TpeTbei. OpyneHeHkle IlPMyPO~eHO K IlarKaM 
rpy6oro nepecnamaHm necraHMKos M rnmMcTblx cnatiqee, Xmb~ sanerato~ co- 
rnacHo co cnoMcTocTbto, Ha rpaHMqe cnoee cnaHqes M necraHvlKos. M M ~ O T C R  M 

CelcylqMe XMnbl (TpeTbR M AP.). OpyneHeHMe~ 3aTpOHyTbl M n a i ~ v l  AMOPMTOBblX 
I ~ ~ ~ @ M ~ M T o B .  PynHble XMnbI Ha 85-1 00% COCTOFlT M 3  KBaPqa, IlPMCYTCTBYtoT TaK- 
me a n b 6 ~ ~ ,  aAynRp, xnopm, ~ a p G o ~ a ~ ,  ~3 p y n ~ b ~ x  - apceHonMpMT, raneHm, wee- 
nMT, PenKO c@anepMT, XanbKOnLIpMT, nMppOTMH. ~ P O A ~ K T M B H ~ I ~  MMHepanbHble 
accoqMaqm ( c ~ a a m ) :  ~ O ~ O T O - ~ ~ C ~ H O ~ M ~ M T - K B ~ P ~ ~ B ~ F ~  ( ~ ~ H H R R )  H sono~o-rane- 
HUT-KBapqeBaR ( ~ o ~ ~ H R F I ) .  P B H H M ~  ~PlHepanbHbli KOMnneKC pa3BMT Ha r n y 6 0 ~ ~ x  
rOpM3OHTaX, n03~HMi Ha BePXHMX. ~ O ~ O T O ~  OpyaeHeHMe B XMnaX MMeeT c~onbo- 
~ 0 i 4  xapawep, n p e o 6 n a n a ~ ~  KpyTonanamuMe, 6 n ~ 3 s e p ~ ~ ~ a n b ~ b l e  pynHble 
c~on6bl ~ M P M H O ~  3-2,5 M LI a n ~ ~ o i  20-200 M, OHPI n o ~ a n ~ 3 y t o ~ c ~  B yracTKax 
COnpRXeHMR XLln CnOPY~HblMMnaiKaMM, ~ I ~ o @ M ~ ~ M M ,  CeKYuMMM HaPYLUeHMRMM 
M BKntoratoT 60% sanacos aono~a. B qenoM MecTopoweHMe MenKoe, HO c 6ora- 
TblMM PynaMM. 

Capb~naxc~oe ~ O ~ O T O - C Y P ~ M R H O ~  MecTopo>yqeHMe pacnonometio B RHO- 
L / ~ H , L ( M ~ M P c K o ~  ~ O J ~ O T O H O C H O ~  30He Ha nesodepexbe p. L/1HnMrklpKa B 30He Mblra- 
T a p b l ~ c ~ o r o  r n y 6 ~ ~ ~ 0 r o  pasno~a.  n o c n e n ~ ~ i  p a 3 r p a ~ ~ r ~ s a e ~  rise c~py~-ryp-  
H O - @ O P M ~ ~ M O H H ~ I ~  30Hb l  C3 ~ p ~ ~ ~ ~ p a ~ M R  - Anbl'4a-3nbrblHc~M~ 
M ~ ~ ~ ~ ~ ~ X M ~ H T L I H ~ M H O ~ M ~  c nonorMM a a n e r a ~ ~ l e ~  nnacTos BepxoRHcKoro KOM- 



I lneKCa M I / I H ~ R ~ M - ~ ~ ~ ~ M H c K M ~  M ~ ~ ~ c M H K ~ M H o ~ M ~  C M H T ~ H C M B H O ~  J ~ M H ~ ~ H O ~  C K n a a -  

'iaTOCTbD. M ~ C T O P O ~ ~ H M ~  M3YqanM K. B. f lenbR~M/JL l  ( n e p ~ 0 0 ~ ~ p b l B a ~ e n  b), B. r. 
B n a a M ~ M p o ~ ,  3. 9. ~ ~ P Y L U M H C K ~ R ,  H. M. KOUIMK, A. A. BHYKOB, n. H. M H A O ~ ~ B ,  
D. R.  > y q a ~ o ~ ,  M. T. K o ~ w a p c ~ M i ,  B. H. 6eprep MAP. Pya~oe  n o n e n p M y p o r e H o  K 

3 o ~ e  P y a ~ o r o  pasno~a,  pacnonaraqcb B 200-250 M OT T e K T o H M r e c K o r o  u s a  
M b ~ r a - T a p b ~ ~ c ~ o r o  pa3no~a. Pya~oe  none c n o x e H o  n e c r a ~ o - r n ~ ~ ~ c ~ o i  ~ o n w e i  
BepXHerO  TpMaCa,  C M R T O ~  B J l M ~ e i ~ b l e  CKnaaKM C3  nPOCTMPaHMR C ~ p ~ T b l ~ M ( 6 0 -  

85') KPblJlbRMM, pa3AenRDLl&lMM C a p b l f l a ~ ~ ~ ~ O  aHTMKnMHanb M rny6o~y0 CMHK- 

n H H a n b .  Oro-3anaa~oe K p b l n o  C a p b ~ n a x c ~ o i  aHTMKnmHanM cpesa~o p a 3 n o ~ o ~  
C3 npOCTMpaHMR, no KOTOPOMY CB 6 n 0 ~  nOaHRT H a  1 KM. B 2,5 K M  K C e B e p y  OT 

M e C T O p O m e H M R  O C w O q H b l e  I l O p O a b l  n p O p B a H b l  UTOKOM ~ M o T M T - P O ~ O B O O ~ M ~ H -  

KOBblX KBapL(eBblXaMOpMT0BblX ~~OP@MPMTOB. H ~ ~ O C ~ ~ ~ C T B ~ H H O  H a  PYAHOM none 
MHTPY3M BH ble I lOPOab l  OTCYTCTBYDT. 

P y , 4 0 ~ ~ e l q a t O l q a R  3 0 H a  f l p e a C T a B n e H a  MHTeHCMBHO TPeLL(MH0BaTblMM.  

p a 3 a p 0 6 n e H H b l ~ M  aneBpOnMTaMM M neC'iaHMKaMl4, MeCTaMM I l e p e T e p T b l M M ,  6 y a ~ -  
HMPOBaHHb lMM,  ~ 3 0 6 ~ n y ~ u y ~ ~  3 e p K a n a M M  C K O n b X e H M R .  B I l O I l e p e ' i H b l X  

HapyUeHMRX aHTMMOHMTOBaR MMHepanM3a4MR nPaKTMqeCKM OTCYTCTBYeT. 

M e c ~ o p o m e ~ ~ e  npeac~asne~o @ ~ K T M ~ ~ C K M  OAHMM B ~ I C O K O ~ P O ~ ~ Y K T M B H ~ I M  

PYaHblM T e n O M  No 1.  TO KBaP4-aHTMMOHMTOBaR X M n a  M O U H O C T b O  A0 7 M B 

pa3ay~ax, sanera~ lqa~  B s o ~ e  CMRTMR M a p 0 6 n e ~ ~ ~ .  B n n a H e  M paspese o H a  m e e T  

(UlOMaHOe)) CTPOeHMe M COCTOMT M3 ' iePeaOBaHMR CpaBHMTenbHO MOlqHblX CC3 
OTpe3KOB M ManOMOlqHblX C 3 ,  fl0 f l w e H M O  p a 3 a y B b l  OTMe'iaDTCR B Bb lnOnOXeHHblX 

YqaCTKaX X M n b l  (PMC. 4.92). A J l e ~ p ~ n k l ~ b l  neXa'ier0 6 0 ~ a  3aMeTHO r M a P O T e P M a n b H 0  

M3MeHeHb1, MHnpeHbMpOBaHbl  IlMPMTOM, a 6 n ~ x e  K X M n e  - apCeHOnMpMTOM, PaCCe-  

W H b l  C e T b D  npOXMnKOB aHKepMTOBOr0, KBapUeBOrO M nMpMT-aHKepMT-KBapL(eBOr0 

c o c T a s a .  MOUHOCT~ ~ O H ~ I  n p o x M n K o s a H v l R  no 10 M. C lac~o~a n p o x M n K o s  y s e n v l -  

'iMBaeTCR K 3 a n b 6 a H ~ a ~  XMnb l .  C r y l q a R c b ,  OHM 0 6 p a 3 y t O ~  UTOKBepKOBble ,  a 3a- 
TeM M 6 p e ~ ' i M e ~ b l e  TeKCTYPbl, B KOTOPblX KOnM'ieCTBO K B a P 4 a  YBenM'iMBaeTCR, fle- 
PeXOaR B OCHOBHYO X M n y ,  C n O X e H H y D  M O ~ O ' ~ H O - ~ ~ ~ ~ I M  K B a P 4 e M  C BKntO'ieHMRMM 

aneBpOnMT0B.  ~ ~ H T ~ H C M B H O C T ~ ~ ~ M ~ ~ ~ ~ H M R  KBaPqaaHTMMOHMTOMyBenM'iMBaeTCR 

OT n e X a q e r 0  K BMCR'ieMY 6 0 ~ ~ .  B n e X a q e M  ~ O K Y ~ H T M M O H M T  06pa3ye~ MeTaCOMa-  

TM'4eCKyK) BKpanneHHOCTb  M r H e 3 a a  B B M a e  K P Y ~ H ~ I X ~ ~ @ O P M M P O B ~ H H ~ I X  KPMCTan- 

JOB M MX a r p e r a T O B .  B 4 e ~ ~ p a n b ~ o i  'iaCTM XMnbl ,  O C O ~ ~ H H O  B BMCRqeM 6 0 ~ y ,  KBapL( 

pa3apo6ne~ M 3 a M e U e H  aHTMMOHMTOM, COCTaBnROLl&lM OT 25 A0 75% o 6 b e ~ a  
XMnbl .  8 BMCR'ieM 6 0 ~ y  K aHTMMOHMTy C PenMKTBMM KBapL(a I l pMMb lKaeT  3 0 H a  TOH- 

KO3ePHMCTOrO aHTMMOHMTa C M e n b ' i a h U e i  BKpanneHHOCTbK)  K B a P 4 a  ( c c c l y r y ~ ~ b l e ) ,  

pyabl). AHTMMOHMTOB~R X M n a  KOHTaKTMPYeT C BMeU@K)UMMM f leCqaHMKaMM fl0 

TeKTOHMqeCKOMY U B Y .  Ha C3 @ n a H r e  X M n a ,  Y M e H b U a R C b  B MOUHOCTM, n e p e X 0 -  

AMT B 6 e 3 p y a H b l i  T ~ K T O H M ~ ~ C K M ~  U O B .  Ha K)B @ n a H r e  H ~ ~ ~ O A ~ ~ T C R  pa3ay~,  no- 
C n e  KOTOpOrO KBapL(-aHTMMOHMTOBaR X M n a  CMeHReTCR CYUeCTBeHHO K B ~ ~ U ~ B O ~ .  

P y a H b l e  ~ ~ 0 n 6 b l  3OnOTa M CYPbMbl CKnOHRDTCR K Q B  n O a  Y r n a M M  65-75'. A n M H a  

p y a H o r o  T e n a  500 M, c p e a H m  MOUHOCT~ 2 M, g,nMHa no n w e ~ ~ o  6onee 300 M, 

0~0nopy,4~ble M3MeHeHMR: OKBapUeBaHMe, C Y J ~ ~ @ M / J M ~ ~ ~ M R ,  CePMuMTM3auMR, K a p -  

~ o H ~ T M ~ ~ ~ M R ,  X ~ O ~ M T M ~ ~ L ( M F I ,  

C o a e p x a ~ ~ e  sono~a B pyaax 15-20 r / ~ ,  c y p b ~ b ~  20-25%. AHTMMOHMT CO- 

c T a s n R e T a e c a T K M  n p o q e H T o s  o 6 b e ~ a  p y a b r  (ao go%), nporme p y a H b l e  M M H e p a n b l  

e M y  p e 3 K O  flOA'4MHeHbl: nMpMT, apCeHOf lMpMT,  C a M O p O ~ H a R  C y p b M a ,  6 e p ~ b e p M ~ ,  



PMC. 4.92. P a a p e s  r e p e a  
pynHoeTeno No 1 C a p b ~ n a x c ~ o -  
r0 MeCTOpOXneHMR (PMCYHOK, 
no M, r. K O K W ~ P C K O M Y  M ~ p . ) .  

1 - n o n o m e t w e  n n a c T o s  
f leCraH0-rnMHMCTblX n 0 p O A ;  2 - 
p y A H o e  Teno Nn 1 ; 3 - K O H T ~ P ~ I  

f l ePBMqHblX  TeOXMMM'ieCKMX 
o p e o n o e  c y p b ~ b ~  M a o n o ~ a  

x ~ ~ ~ K o c T M ~ M T ,  uMHKMHMT, ~ Y P O C T M ~ M T ,  c@anepMT. XMnbl 06pa30~a~b l  KBapueM 
nRTM r e ~ e p a u ~ i .  Keapu I - A O P Y A H ~ I ~ ,  CnaraeT MOlqHble IlpOTRXeHHble X M J l b l  M 

CepMM X M J l  M npOXMJlKOB, ~ono' i~0-6eJlbl i ,  CMJlbHO K ~ T E I K J I ~ ~ M ~ O B ~ H H ~ I ~ .  Keapu 11 
accounclpye-r c aHKepMToM.   TO rpe6e~ ' i a~b l i  nonynp03pa'i~b1i MenKoKpMcTan- 
n w e c ~ u i  Kaapu npomMnKoe. Keapu Ill - ManoMolqHble npoxMnKM (ao 4 CM) c pea- 
K O ~  BKpanneHHocTbto c @ a n e p ~ ~ a ,  sono~a, cynb@oconei, ceposa~o-6enb1i, npo- 
3pa'iHbli. Keapu IV BXOAMT B COCTaB K ~ ~ ~ o H ~ T - K B ~ ~ ~ - ~ H T M M o H M T - ~ ~ ~ T ~ ~ ~ ~ T o B ~ ~ x  

XMJl, npOXMJlKOB, rHe3A. Keapu V - ~pM~~aJ lJ lk l ' i e~~Mi ,  BKJllo'ieH B aHTMMOHMTe. 
AHK~PMT COnpOBO>yqae~ BeCb nepM0,4 p y a o o 6 p a 3 0 s a ~ ~ ~ .  

3 0 ~ 1 0 ~ 0  npeacTasneHo HecKonbKMMH retiepauM9MM. 3 o n o ~ o  I c s ~ s a ~ o  c 
BKpanneHHocTbto nMpMTa M apcetionMpma BO BMelqaDlqMx nopoaax. Coaepxa- 
HMe aono~a B apceHonMpM-re 100-400 r / ~ ,  B nMpMTe 8,5-58,2 r / ~ ,  cepe6pa HeT. 
30~10~0 1 1  aCCOuMMpyeT C ~yJlb@Maa~M M c ~ J ~ ~ @ o c o ~ R M M  B KBapu-aHKepMTOBblX 
npOXMJlKax M B KBaPu-aHTMMOHMTOBblX 6pe~'iMeBbl~ Pyaax. BenMrMHa Bbl~eneHMfi 
0,5-3 MM, @ O P M ~  MX HenpaBMJlbHaR, npo6a 890. I/lcnblTblBaeT KOPPO3Mto CO CTO- 

POHbl aHTMMOHMTa, aCC0uMMPYeT CO c @ ~ ~ ~ ~ M T o M .  30~70~0 1 1 1  - TOJlbKO B KBaPu- 
EIHTMMOHMTOBblX XMnaX (B npOMblUJleHHblX KOHTYP~X), ~ ~ P M Y P O ' ~ ~ H O  K MOnO'iHO- 
6 e n o ~ y  Ksapuy, aHTMMoHMTy, rpaHMuaM MX cpacTaHm. 3 o n o ~ o  MenKoe, 
MMKpOCKOnM'ieCKOe, @ O P M ~  pa3~006pa3HaR, BCTpe'ialOTCR KpMCTaJlJlbl. npo6a 
945-999,9. C r n y 6 ~ ~ o i h  ~ a ~ a n a s o ~ e  600 M oHa tie MeHReTcR. Bb~aen~nocbnocne 
aHTMMOHMTa. 

M ~ c T o ~ o > ~ ~ ~ H M ~  @ o ~ M M ~ o B ~ J ~ o c ~  npM t = 320-145' C ,  IlPO~YKTWBHble MM- 

~epanbl - npM 250-1 80' C, Ph = 6-7. B pyaax HeT n p g ~ o i  Koppengum ~ e w y  30- 

nOTOM M C Y P ~ M O ~ ,  XOTR 60raTble CYPbMRHble PyAbl06bl'iH0 COAepXaT M 60nbue 
30no~a. 



M ~ c T o ~ o > ~ ~ ~ H M ~  YCneLUHO O T ~ ~ ~ ~ T ~ I E ~ ~ T C R  n O A 3 e M H b l M  cnoco6o~,  n p M  

MMHMManbHO I lpOMblLUneHHblX COAepXaHMRX CYPbMbl  9% M ~ O P T O B O M  C O A e p X a -  

HMM 4%, C 0 6 0 r a u e H ~ / l e M  PYA H a  @ a 6 p ~ ~ e  B n 0 C .  Y c T ~ -  Hepa. P y ~ b l  M e C T O p O m e -  

HMR YHMKanbHble no COAepXaHMto  C y p b M b l ,  npOrHO3Hb le  P e C y p C b l  MeCTOpO>yqe- 

HMR 3Ha' iMTenbHble.  

Ha C3 @na~re&b~ra-Tapb~~c~of i  ~ O H ~ I  P a c n o n o x e H o  e u e  OAHO, o r e H b  CXOA- 

Hoe C OnMCaHHblM, C ~ H T ~ C ~ ~ H C K O ~  30JlOTO-CYPbMRHOe MeCTOPOX@HMe (Geprep, 
1978). 

H H ~ ~ ~ C K O - ~ Y K O T C K ~ R  3n BblAeJlReTCR B O A H O M M ~ H H O ~  ~ ~ O C M H K ~ M H ~ ~ ~ H O ~  

c K n a ~ ' i a T 0 i  o 6 n a c ~ ~ ,  n p o ~ R r M ~ a t o q e i c R  OT YCTbR K0J lb lMbl  A0  L(YKOTCKOTO 

nOny0CTpOBa. n p 0 ~ b l W n e ~ ~ a R  30nOTOHOCHOTb nPMyPO' ieHa K aHTMKJlMHOPMRM M 

nOfiHRTMRM A H O ~ C K O ~  M L ( ~ ~ H c K o ~  CKnaAClaTblX 3 0 H  C 3  I lPOCTMpaHMR. B A ~ t o i -  

C K O ~  3 0 H e  3TO A J ~ R ~ M ~ ~ T c K M ~  M K 3 n e p ~ e e ~ c K M 6 i  aHTMKJlMHOpMM. B CBOAe A n R p M a -  

Y T C K O ~  CTpYKTYPbl 0 6 H a X e ~ b l  I l O P O ~ b l  OCHOBaHMR - M ~ T ~ M O P @ L / I C ~ ~ C K M ~  CJ laHqb l  M 

MPaMOPM30BaHHble M3BeCTHRKM B e p X H e r O  AeBOHa-HMXHerO K ~ P ~ O H ~ ,  H a  KOTOPblX 

3 a n e r a e T  r e o c ~ ~ ~ n w ~ a n b ~ b l i  K o M n n e K c  - T p M a c  M t o p a .  R ~ p o  K a n e p ~ e e ~ c ~ o r o  
aHTMKJlMHOPMR (PMC. 4.93) CnOXeHO HMXHeTPMaCOBblMM OTJlOXeHMRMM, a KPblnbR 

- n e c r a ~ o - c n a ~ q e s b l ~ ~  n o p o A a M M  ~ a p ~ ~ i c ~ o r o  R p y c a .  H M X H M ~  M c p e a ~ ~ i  TPM- 

aC, MOuHOCTb to  1-1,s KM, I lpeACTaBJ leH IlOJlMMklKTOBblMM, T Y @ o ~ ~ H H ~ I M M  M M3Be-  

CTKOBMCT~IMM nec'iaHMKaMM, a n e s p o n m a M M ,  a p r m n M T a M M ,  T ~ @ @ M T ~ M M  M v@a-  
Mbl OCHOBHOrO COCTaBa. B ~ P X H M ~  T P M ~ C  06pa30sa~ M O ~ H O ~  (2,5 KM) T e p p k l r e H H o i  

@AMLUOMAHO~~ ~ o n q e i ,  H a  K O T O P O ~  c y r n o B b l M  H e c o r n a c M e M  aanerato~ n e c r a H o -  

rJlMHMCTble nOpOAb l  topbl. H M X H e ~ p ~ a c o ~ b l e  0 6 p a 3 0 ~ a ~ ~ R  B o6ewx CTpyKTYpaX 

RpOpBaHbl CMSlJlaMM, WTOKaMM M A ~ ~ K ~ M M  ~ ~ a 6 a s o s .  H ~ ~ ~ R X ~ H H O C T ~  AMCnOKa- 

L ( M ~  B A H O ~ C K O ~  3 0 H e  MHTeHCMBHaR. 1 ~ 0 ~ 0 , 4 b l  TPMaCa M H M X H ~ ~  t o p b l  CMRTbl B 

p a 3 ~ 0 0 6 p a 3 H b l e  CKJ lmKM - M30KnMHanbHble ,  Of lpOKMHyTble,  n e X a q M e .  C e B e p 0 -  

BOCTO'iHOe KPblJlO K ~ ~ ~ P B ~ ~ M c K o ~ o  aHTMKnMHOPMR CPaBHMTeJlbHO ~ O J l O r O e ,  C e -  

sepo-sana~~oe donee K p y T o e  (40-45O). 
B A H I O ~ C K O ~  3 0 H e  WMPOKO IlPORBMJlCR ~ ~ ~ H M T O M A H ~ I ~ ~  MarMaTM3M.  B P a H H e M  

Mef ly  BHeAPMnMCb MHOrOClMCneHHble MaCCMBbl rpaHMTOMAOB ~ O B ~ I L U ~ H H O ~  OCHOB- 

HOCTM - KBapL&?Bble AMOPMTbl, rPaHOAMOPMTbl, m a M e n J l M T b l ,  a B B e p X H e M  - 6 ~ 0 ~ 1 4 -  

TOBble KaJlMeBble rpaHMTbl .  C n e p B b l M M  CBR3blBaeTCR 3OJlOTOe, a CO BTOPblMM pea- 
K o M e T a n n b H o e  o p y a e H e t i M e .  6 oTnM' iMe OT ~ O ~ ~ U I M H C T B ~  M a c c M B o e  3 0 H b l  

rpaHMTOM,4bl ~ ~ I ~ K ~ H ~ ~ C K O ~ O  MaCCMBa, B 3K30KOHTaKTe KOTOPOrO P a C n O n O X e H O  

0 3 e p H 0 e  MeCTOpO>yqeHMe ( ~ M c .  4.93), OTnM'iatoTCR B ~ I C O K O ~  C T e n e H b t o  OKMCneH- 

HOCTM xenesa (f = 0,33-0,6), a r p a t i o A m o p M T b l  (nepea~ @aaa) - p a s H b l M  K o n M r e -  

CTBOM HaTPMR M KanMR ( r e 0 n 0 r M R  CCCP, 1970. T. 30; A a H H b l e  A. C. f l a ~ b l ~ o ~ a ,  
1979 r.). 

' i a y ~ c ~ a ~  CKnaA'iaTaR 3 0 ~ a  3 a ~ ~ ~ a e ~  0 6 ~ ~ p ~ y t o  nnouagb K BOCTOK~ OT L(a- 

Y H C K O ~  ry6b1. B t iMmHeM R p y c e  r e o c M H K n M H a n b H o r o  K o M n n e K c a  c l acTo  B b l n a n a e T  

H M X H M ~  T p M a c ,  a ~ ~ o p o i  ~ p y c  n p e a c T a e n e H  n o p o A a M M  B o n x c K o r o ,  6 e p ~ a c c ~ o r o  
M B a n a H x M H c K o r o  RPYCOB, 3aneratoq~x c y r n o e b l M  H e c o r n a c M e M  H a  s e p x H e T p M a -  

COBblX CJlORX. B CBOAaX aHTMKnMHOPMeB M ~ O , ~ H R T M ~  O ~ H ~ X ~ O T C R  @MnJ lM~b l  M M3- 



30Hbl (no A. C .  Aaab1~06y). 
1 - reTsepTMrnble oTnoxeHmR; 2 - necranmw, aneeponMTb1. ~ y @ b ~  (K,); 3 - necraHMKM, aneepo- 

nLfTbl, cnanubl (T,n); 4 - fleCraHMKM, aneBPOnMTb1, CnaHUbl (T,K); 5 - Cnatiubl, neC'iatiMKM (T,); 6 -  cnatiqbl, 
neC'iaHMKM, TY@bl (TI); 7 - ~ ~ a ~ M a ~ A e 3 ~ ~ 0 - 6 a 3 a n b ~ b 1 ,  TpaXMaHAe3MTbl, ~ ~ ~ ~ P O - ~ O P @ M P M T ~ I ;  8 - rpatio- 
A M O ~ M T ~ I ,  aDaMennMTbl (K,); 9 - anae3m~b1, AawTbl, nmapn-rbr (K,); 10 - AMOPMT~I, Ksapueeble AMO- 

PllTbl, TPaHOAMOPMTbl (K,); 1 1  - ra66p0, ra66po-nop@mp~~bl, DMa6a3bl (TI); 12 - flaiKM nOp@npn~oe, 
na~npo@clpos; 13 - p a s n o ~ b ~ ;  14 - MecTopoxAetiMR: Kapanbsee~ ( I ) ,  Osepnoe (2) 

BeCTHRKM C p e A H e r O  naneO3OR (A-C,). f l 0 ~ 0 ~ b l  OCHOBaHMR M ~ ~ o c M H K J I M H ~ ~ ~ H ~ I ~  

KOMnneKC FlpOpBaHbl MHOrO'iMCneHHblMM, MHOrAa O'ieHb KPYnHblMM (A0 5 TblC. KM' 

B f lna~e) MaCCMBaMM rpaHLlTOMAOB. K ~ K  M B AH~O~CKOLI 3 0 H e ,  PaHHMe Qa3b l  BHe- 

APeHMR n p e A c T a s n e H b 1  p a H H e M e n o s b l M M  r p a H o A M o p M T a M M  M aAaMennMTaMM,  a 
f lO3AHMe ( c e p e n ~ ~ a  ~ e n a )  - KanMeBblMM HeMarHMTHblMM rpaHMTaMM (reonor~5I 
CCCP, 1970. T. 30). 

~ O ~ O T O H O C H ~ I ~  3 0 H b l  AH~O~CKO-~YKOTCKOFI 3n f lpOCTpaHCTBeHH0 COBfla,L@- 

tOT C YAnMHeHHblMM H a  C3 MMHMMyMaMM CMnbl TRXeCTM, MHTeHCMBHOCTb pa3yfl- 
AOTHeHMR B KOTOPblX y 6 b l B a e ~  6 C3 Ha f l paBneHMM OT -40 00 -10 M r n  ( ~ M c .  4.73). 
B b l ~ e n S l t O ~ C ~  f lRTb CMeXHb lX  MM HMMYMOB C3 n POCTM PaHMR, TPM M3 KOTOPblX cc flp0- 
A Y K T M B H ~ I ~  H a  3on0~0 ( ~ O H ~ I  M a n o a ~ t O G i c ~ a ~ ,  M a i c ~ a R ,  Kyynbc~a~).  13 M e T a n n o -  

reHM' ieCKOM OTHOLUeHMM 3 T 0  3penble PYAOHOCHble CTpyKTypb l  C n O n H  b l M  I~PO@M- 

n e M  ~ ~ ~ B M T M R  ~ e 3 0 -  M r ~ n a 6 ~ c c a n b ~ o r o  O p y A e H e H M R  - OT 3 o n o ~ o r o  00 
PeAKOMeTannbHOrO,  - O'ieHb Haf lOMMHatOlqMe C M X O T ~ - A J ~ M H C K Y ~ O  PYAOHOCHYtO CM- 

C T e M y .  MOXHO I l P e A f l O n O X M T b ,  'iTO P a C n O n O X e H H a R  l o X H e e  M a r M C T p a n b H a R  

r p a B M T a ~ M O H H a R  C T p y K V p a  CB I lpOCTMpaHMR n e p B O r 0  I lOpRAKa  ( M M H M M Y M ~ ~  C 

MHTeHCMBHOCTbtO pa3yf lnOTHeHMR -40... -80 ~ r n )  RBnReTCR 6onee M O ~ O , Q O ~  fl0 

OTHOWeHMtO K C3 MMHMMYMaM. T~KoFI BblBOACOrnaCyeTCR C f l 0 3 A H e M e n O B b l M  B03 -  

PaCTOM M3BeCTHOrO 3 A e C b  C ~ ~ B ~ ~ K ~ H M ' ~ ~ C K O ~ O  ~ o ~ o T o - c ~ ~ ~ ~ ~ R H o ~ o  O p y A e H e -  

HHR, B OTnM'iMe OT PaHHeMenOBb lX  r M f l a 6 M c ~ a n b ~ b l x  ~ O ~ O T O P Y , ~ H ~ I X  M e C T O P O m e -  



H M ~  M a f l ~ a H t O i ~ K ~ i i  M M a i c ~ o i  3 0 H .  K a K  M B A p y r M X  30JlOTOHOCHblX CTPYKTYpaX 

rCO, MarHMTHb le  nOnR B AHKI~CKO-L(~KOTCKO~ 3 1  ~ J ~ M ~ K w  HyJleBblM 3Ha'ieHMRM. 

KapanbeeeMcKoe s o n o ~ o p y ~ ~ o e  M e c T o p o w e H M e  HaxoAMTcR B U e H T p a n b -  

H O ~  'iaCTM A H K J ~ ~ C K O ~ ~  ~ K J l a ~ ' i a ~ 0 f i  3 0 H b l  B M ~ ~ o ~ H ~ O ~ C K O ~  ~OIIOTOHOCHO~ 3 0 H e .  

no AaHHb lM A. C. A a B b l ~ 0 B a  ( 1  979 r.), 0. X. U O ~ ~ H O B ~  M Ap. (1  988 r.), P y A H O e  

none npMyp0 ' ieH0 K K)3 K p b l n y  K ~ Y ~ H O ~  K 3 n e p B e e ~ c K o f i  ~ H T M K ~ M H ~ ~ M  (PMC. 4.93), 
C ~ O X ~ H H O ~  AMCflOUMPOBaHHblMM TPMaCOBblMM I lOpOAaMM.  O T ~ O X ~ H M R  P a H H e r O  

T p M a c a  MOUHOCT~O 850-1000 M ~ ~ H M M ~ K I T  90% p y A H o r o  n o n R  M n p e A c T a s n e H b 1  

IlOJlMMMKTOBblMM M T Y @ O ~ ~ H H ~ I M M  IleC'iaHMKaMM, COf lePXaUMMM MHOrO'iMCneHHble 

M3BeCTKOBble KOHKpeUMM, ' iePHblMM M TeMHO-CePblMM aneBpOnMTaMM,  rf lMHMCTbl- 

MM M XnOPMTOBblMM Cf laHUaMM. ~ T M  nOPOAbl  Cf la ra tOT B b l a e p X a H H b l e  no npOCTM- 

PaHMK) n f laCTbl  MOUHOCTbtO 0, l -  12 M, KOTOPble HaXOARTCR B r p y 6 0 ~  I lepeCnaMBEl -  

HMM, M H o r A a  06pa3yt0~ @ n ~ w .  0 6 p a s o s a ~ ~ ~  c p e A H e r o  T p M a c a  M O ~ ~ H O C T ~ K )  

400 M BblAenRtOTCR B CB 'iaCTM P y a H O r O  n 0 n R  B 8 M A e  I lOnOCbl  C3 I lpOCTMpaHMR. 

 TO C P ~ A H ~ - M ~ ~ K O ~ ~ P H M C T ~ I ~  nOflMMMKTOBble IleC'iaHMKM, aneBpOnMTb l ,  rf lMHMC- 

Tb le  CnaHUbl ,  KOTOPble COrf laCHO n e p e K p b l T b l  TOHK03ePHMCTblMM I leC' iaHMKaMM, 

aneBponMTaMM,  TOHKO n e p e c n a M B a t O q M M M c R  n e c ' i a ~ o - r n ~ ~ ~ c ~ b l ~ ~  M rnMHMcTbl -  

MM CJlaHUaMM B e P X H e r O  TPMaCa ( K ~ P H M ~ c K M ~  RPYC) M O ~ H O C T b K )  B COTHM MeTPOB.  

O ~ a n 0 ' i H b l e  nOpOflbl f lpOpBElHbl  TpMaCOBblMM I lnaCTOBblMM MHTPY3MRMM ra66po- 
f l M a 6 a 3 0 ~ ,  a T a K X e  PeAKMMM CeKYUMMM A ~ ~ K ~ M M  J ~ ~ M ~ ~ o @ M ~ o B  M AMOPMTOBblX 

f l o p @ r / r p M ~ o ~ .  MOUHOCT~ c ~ n n o e ~ ~ a 6 a a o ~ ~ o  500 M ,  A f lMHa  A0  1 KM. B Ksnepee- 
~ M C K O ~  aHTMKnMHanM nOpOAb l  CMRTbl B Y3KMe JlMHefiHble CKf laAKM C3 npOCTMpa-  

HMR - HaKnOHHble,  M30KnMHaflbHble,  3anpOKMHyTble  H a  CB M OCflOXHeHHble 6onee 
MenKMMM CKnaaKaMM. ~ ~ M K M  CKnaAOK OCTpOyrOnbHble ,  p a 3 M a X  K p b l n b e B  a0 1,s- 
2 KM, ' iaCTbl CKJ lmKM C p a 3 M a X O M  OT AeCRTKOB A0 200 M .  6 3 a n a ~ H o i  I lepMKf lM-  

~ a n b ~ o i  3 o ~ e  n n a c T b l  naAa tOT  n o A y r n a M M  20-40°. B 10- 15 KM K C 3  OT M e c T o p o x -  

aeHMR P a C n O I l O X e H  p a H H e ~ e n 0 ~ 0 i  C p a B H M T e n b H O  K p y n H b l i  T b l ~ K a H a i ~ K M f i  

~ ~ ~ H M T O M A H ~ I ~  MaCCMB, C J ~ O X ~ H H ~ I ~ ~  IlOJIHOKPMCTanflM'ieCKMMM f lOpOAaMM ra66po- 
MOHL(0HMT-TPaHMTHOrO KOMnneKCa  C BblCOKMMM 3Ha'ieHMRMM CTeneHM OKMCneH- 

HOCTM xenesa, ~ a n u i - ~ a ~ p o s o i  nu60 ~ a n ~ e s o i  ueno'i~oG c n e ~ ~ a n ~ 3 a ~ ~ e i .  B 
A p y r M x  M a c c m a x  p a i o ~ a  rpaHMTb l  n p e M M y u e c T s e H o  K a n M e s b l e  M c H M ~ K O ~ ~  OKMC- 

AeHHOCTbK) Xefle3a, C HMMM aCC0UMMPYeT OJlOBRHHOe O P Y A e H e H M e  Ha~6onee 
K p y n H b l e  p a 3 f l o ~ b l  p a i 0 H a  ( K a p a n b B e e ~ c K M i  C ~ P O C  MAP.) I lpOCTMpaIoTCR H a  C3 
n p M  KPYTblX na,Q?HMRX H a  CB. OHM MaPKMPYtOTCR 3OHaMM A P O ~ ~ ~ H M R  MOuHOCTbtO 

10- 15 M ,  B KOTOPblX TeKTOHMTbl MHOr,Qa CUeMeHTMPOBaHbl KBaPUeM.  

O C H O B H ~ I ~  PYAHb le  Tens MeCTOPO>YqeHMR nPMYPO'ieHbl K 3 0 H e  C3 nPOCTM- 

PaHMR M KOHUeHTMPYtOTCR H a  ABYX O ~ O C O ~ ~ ~ H H ~ I X  Y'iaCTKaX: I ~ P O M O M H ~  M 6e- 
3bIMRHHOM. Ha f l epBOM P y A H b l e  Tens JlOKaf lM30BaHbl B f l f lac~0~0f i  M H T P Y ~ M B H O ~  

s a n e x ~  ra66po~nos, p a c n o n a r a g c b  n o n e p e K  ee n p o c T M p a H m  ( p ~ c .  4. 95), a H a  

BTOPOM - 8 ra66po~gax M OCaAOclHblX n O p O A a X .  O K 0 J l 0 p y ~ H b l e  M3MeHeHMR B 

r a 6 6 p o ~ ~ a x  - JlMCTBeHVi3aUMR, B OCaAOclHblX nOpOAaX - CepMUMTM3aUMR, OKBap-  

q e s a H M e ,  ~ M ~ M T M ~ ~ U M R .  

Py,Q~ble Tens n p e A C T a B n e H b l  KBapUeBblMM X M n a M M  BblnOnHeHMR MOuHOCTbK)  

OTAeCRTKOB CaHTMMeTPOB A0 2-3 M B pa3,4yBaX ( ~ M c .  4.94). A f l M ~ a  X M n  fl0 naAe- 
HMO M npOCTMpaHMK) A0 300-460 M. Ha yq .  ~ ~ O M O M H ~  PYQHble X M f l b l  nPMYpO' ieHbl  

K 3 0 H a M  TPeLUMHOBaTOCTM C3 npOCTMpaHMR C I l a A e H M e M  H a  CB f lOA  Y r n a M M  35- 
80° B CTOPOHY Kapanbsee~c~oro pa3no~a. K ~ T M M  x M n a M  npM' ineHRtoTcR donee 



M e n K M e X M n b l  UlMPOTHOrO npOCTMpaHMR M C3 naAeHMR I l O A  Y r n O M  50'. P ~ C T O R H M ~  
M e W y  r n a s H b l M M  PYAH~IMM T e n a M M  160-200 M. Mopaonorm P Y A H ~ I X  T e n  C ~ O X -  

H a g .  T e K c ~ y p a  MX I lOJlOCraTaR C A p y 3 a M M  KpMCTaJlnOB KBapUa .  Ha y'i. ~ ~ ~ ~ I M R H H O M  

~ ~ o c T M ~ ~ H M ~  p y ~ H b l x X M n  CB c I l m e ~ M e M  ~a tOB I 1 0 A y r n a M M 1 0 - 2 0 °  M ~ ~ M A M O -  

H a n b H o e  - c n m e H M e M  H a  BOCTOK (yrnb~ 25-30°). O r p a ~ ~ r e ~ m  mmn r e T K M e ,  pas- 
Hb le .  OCHOBH~~€! 3 a I l a C b l  CKOHUeHTPVIPOBaHbl B ABYX XMJlaX C IlOJlOrMM I l W e H M e M  

H a  BOCTOK M OB.  C r n y 6 ~ ~ o C 1  XMJlbl  I lOCTeneHHO BblKJlMHklBaOTCR, MHOrAa  YC- 

JlOXHFlOTCSl a n o @ M 3 a ~ M .  B e p ~ M K a J l b H b l i  p a 3 M a X  OpyAeHeHMR H a  YraCTKaX 11~0- 
MOMHa M ~ ~ ~ ~ I M R H H O M  A0 1000 M .  

O C H O B H ~ I ~  XMJlbl H a  95% CJlOXeHbl M o J ~ o c I H o - ~ ~ ~ ~ ~ ~ M  KPYnHO-CpeAHe3epHM-  

CTblM K B a P U e M  C I lpOXMJlKaMM rony6oea~oro K B a p U a  C BKPanJleHHOCTbH3 raJleHMTa 

kl 3OJlOTa. Ha BepXHMX TOPM30HTaX IlpeBaJlMpyOT I lpOXMJlKOBble VI 6 p e ~ r M e B b l e  

TeKCTYPbl, H a  CpeAHMX npeo6na~am~ PyAbl MaCCMBHble, nRTHMCTble, 6 p e K r M e ~ b l e .  

A p y 3 O B b l e .  B 3 a J l b 6 a H ~ a ~  pa3BMTbl  PYAbl  C MeTaCOMaTMreCKMM CJlMBHblM KBap -  

U e M  M apCeH0I lMpMTOM. Ha r n y 6 ~ ~ e  60nbue I lOJlOCraTblX M IlRTHMCTblX PYA. Bbl- 



PMC. 4.95. reonorwe- 
CKaR CXeMa KapaJlbBeeMC~O- 
ro pyAHoro nong M npononb- 
H ~ I U  pa3pe3 repes yracTKM 
~ ~ O M O M H ~  M 6e3blM~HHblfi (no 
0. X. u o n a ~ o ~ y ) .  

1 - Y ~ T B ~ P T M ~ H ~ I R  aUIIlK3- 

B H ~ ;  2 - nOnMMMKTOBble neCYa- 
HMKM, aneBponMTbl, yrnMcTo- 
rnMHMCTble M rnMHMCTble 
cnatiubl (T,.,); 3 - ra66po-n~a- 
6a3b1 (T,.,); 4 - pa3no~b1; 5 -OK- 
peMHenne. orsapueeanue; 6 - El 4 
3OnOTOpy~Hbie Ksapuesble 
rnMnbr, MX HoMepa 

flenRDTCR UeCTb MMHepaJlbHblX a c c o q ~ a q ~ i :  1 ) ~ J ~ ~ ~ M T - x J ~ o ~ M T - ~ ~ c ~ H o ~ L ~ P L I T -  

K ~ P ~ O H ~ T - K B ~ ~ ~ ~ B ~ R ;  2) ~ e e n ~ ~ - a p c e ~ o n w -  
sag ( rop~oxpyc~anb~ag);  4) r a n e ~ t ~ ~ - 3 o n o ~ o - M Y C K O ~ M T - ~ ~ a p q e ~ a ~  c aHKepMToM, 

AOJlOMMTOM, payXTOlla30M, c @ ~ J ~ ~ P L I T o M ;  5)XanbKOntIPLIT-nLIpMTOBaR; 6) KaJlbqM- 

TOBaR . 
3ono~o KOH4eHTPMPYeTCR B 3HAOKOHTaKTaX XMJl, B IlpOXMJlKaX rony6osa~o- 

ceporo Ksapqa. Ha sepxwx ~ O P M ~ O H T ~ X  OTMeqaeTcR 3on0~0 B reTMTe, Ha cpeA- 
HMX - CPOCTKM C rOPHblM XpyCTaJleM, a B HMXHMX OH0 aCC04MMPYeT C TaJleHMTOM. 

3ono~o o6pa3ye~ r ~ e 3 ~ o s b l e  cKonneHm, npomMnKM, MenKylo BKpanneHocTb B 

KBapqe, TRrOTeeT  K 06n O M K ~ M  nOPOA B KBapqe, BCTpeWeTCR B KpynHO3epHMCTOM 

~ o n o r ~ o - 6 e n o ~  Ksapqe, apceHonMpM-re, ranetime. Ha~6onee ~ p y n ~ b ~ e  BblAene- 

HMR (A0 10 CM) - B 30JlOTOPYAHblX c~on6ax. CP~AHHH KPYnHOCTb 30JlOTa (1 -3 MM) 

KoppenMpyeT c KpynHocTbto a e p ~ a  BMeuatoqero Ksapqa. 76% aono~a HaxoAHTcR 
B C B O ~ O A H O M  COCTORHMLI, 2 1 % - B BMAe CPOCTKOB C KBaPqeM, 0,8% - B cyflb@M~ax 

M 0,6% - B CMnLIKaTax. flpo6a 3ono~a 700-91 6, B CpeAHeM Ha yr. ~ ~ ~ O M O M H ~  886, 
Ha y'i. ~ ~ ~ ~ I M R H H O M  804. flpMMecM B 3OJlOTe - Ag, AS, Pb, HCJ. 

Ha sepxmx M cpeAHMx ~ O P M ~ O H T ~ X  npeodnwae~ Kpyntioe aono~o (80% 3a- 

naco~),  Ha HMXHLIX - 3on0~0 donee MenKoe M rac-rMrHo CKpblToe B apceHonMpme 
M APYrMX cyflb@MAax. A6~0 f lD~ t ib l i  B03PaCT MYCKOBMTa M3 ~ O ~ ~ O T O P Y A H O ~  XMnbl 

96-123 MnH neT, ranetima - 130 MnH neT. 3anacb1 M pecypcbl MecTopo>yqeHm 

SHa'-IMTenbHble. 

M ~ ~ c K o ~  3OJlOTOpyAHOe MeCTOpOweHMe PaCnOJlOXeHO B ~ ~ Y H C K O ~  

C K J ~ ~ , ~ ' - I ~ T O ~  30He, B Y C I Y B ~ ~ M C K O ~  ( M ~ ~ c K o ~ )  ~ O J ~ O T O H O C H O ~  30He. fl0 AaHHblM 



0. M. Hosox~nosa M ~ p .  (1988 r.), A. A. C~aoposa M ~ p .  (Occep~~ M e T a n n o r e -  

HMM ..., 1994), p y A H o e  none p a c n o n o x e H o  B npeaenax K y n o n o e m A H o r o  ~OAHRTMR, 

B OCJlOXHRtOLL(eM er0 WIMHOBMAHOM rOPCTOBOM BbICTyne, CnOXeHHOM CpeAHeTpM-  

~ C O B ~ I M M  ( ~ a ~ 6 0 n e e  A ~ ~ B H M M M  B paf io~e)  I ~ O ~ O A ~ M M  ( ~ M c .  4.96). fl0 ~ ~ ~ E ~ , Q H o M Y  

OrpaHMreHMtO r O p C T a  yCTaHOBf leH0 BepTMKa f l bHOe  I l e p e M e l q e H M e  C a ~ f l ~ M T y ~ O f i  

Puc. 4.96. r e o n o r ~ r e c ~ a ~  KapTa H paspes MaRc~oro MecTopoxDeHHR (no 0. kl. Hosom~noey). 
1 - cpeAtieTpMacoeble oTnoxeHm: aneeponmbl (a), necraHHKH (6); 2-5 - patiHeMenoeble HH- 

TPY3MH (2 - n a ~ f l ~ ~ @ H p b l ,  3 - r p a ~ ~ ~ H ~ ~ H ~ - f l ~ p @ H p b l ,  ~P~HHT-~~OP@HP~I ,  4 - nHnapH~-flOp@Hpbl, 5 - 
aflnkl~bl); 6 - 3KCflJlO3HBHble 61)el('4HH (a), TeKTOHHreCKHe pa3pblBbl(6); 7 - Opeon CepHL(HT-KEapL(eBblX 
(C K ~ P ~ O H ~ T O M )  M ~ M ~ H ~ H M ~ ;  8 - PYAHble Tens, BblXOARIL(Me (a) H He BblXOARIL(He (6) Ha AHeBHyH, no- 
EePXHOCTb 

460-600 M .  B I l p e A e f l a X  Eb lCTyf la  OTMeraOTCSl pa3HOBO3paCTHble  MHTeHCMBHble 

AMCSlOKaqL4M C MePMAMOHanbHblMM OCRMM, B TO BpeMR KaK no flepMC$epMM paf io~a 
p a 3 B M T a  CKSla,Q.laTOCTb M p a 3 n O M b l  C3 n p O C T M p a H M 5 7 . O ~ e B b l e  f lOBepXHOCTM CKna-  

AOK M I l f l aCTb l  OCaAOL(HblX f lOpOA B PYAHOM none HaKnOHeHbl  H a  BOCTOK (yrJlbl30- 
60'). Ann u e ~ ~ p a J t b ~ 0 f i  r aCTM M e C T O p O ~ e H M R X a p a K T e p H a  CKna,QraTOCTb BblCOKMX 

nOpSlAKOB M 6 ~ l M 3 ~ ~ p M ~ L 4 0 ~ a f l b ~ b l e  3 0 H b l  IlSlaCTMCleCKOrO TeLleHMR, B O C O ~ ~ H H O C -  

TM B T o n u a x  anespo-nenw~osoro c o c T a s a .  P y ~ o n o ~ a n ~ 3 y m l q ~ ~ ~  R B ~ R ~ O T C F ~  

pa3J lOMb l  MepMAMOHanbHOrO npOCTMpaHM5i, COCPeAOTOC(eHHble B 3 0 H e  PaCCf laH-  

L(eBaHMSl M TpeLL(MH0BaTOCTM U I M P M H O ~ ~  2-3 KM. Ha~6onee Kpy f lHb le  n p 0 M b l U I n e H -  

H b l e  Tens CB533aHbl C 3 0 H a M M  nf lElCTMreCKOr0 TeLleHMR. MX MOUHOCTb  AOCTMraeT 

AeCRTKOB M e T p O B ,  KOHTaKTbl C OKPyXatOLL(MMM f lOpOAaMM f l 0 C T e n e H H b l e .   TO 
pa3Banbl(OBaHHble,  ~ Y A M H ~ ~ P O B ~ H H ~ I ~ ,  ~ O @ P M P O B ~ H H ~ I ~  ~ G P O A ~ I  co ~ 6 f l M ~ e ~ t i b l -  

MM T p e l q M H a M M  KJlMBaXa. Pa3f l0~bl  C3 flpOCTMpaHMR RBn53tOTCR COCKflaAraTblMM. 

P Y A H O ~  none BblAenReTCFI a t i o ~ a n b ~ o i  HacblLL(eHH0CTbtO~afi~a~M MepMAMOHaJl  b- 



HOrO IlPOCTMPaHMFI H a  nJlOlqaAM 3 KM'. P~HHSISI rpynna AaeK:  TPaHMT-TPaHOAMO- 

~MT-nop@~pb~,  annmbl, n a ~ n p o @ ~ p b l ;  n o m H s l s l  - c y 6 s y n ~ a ~ ~ q e c ~ ~ e  nMnapMT- 

n o p @ ~ p b ~ .  M O ~ H O C T ~  n e p s b l x  ao 50-60 M, n a A e H M e  H a  tOB noa y r n a M M  50-70°. 
M O ~ H O C T ~  A ~ G K M  annMTa DO 100 M, na~npo@~poe  0,3-3 M, n a A e H M e  Kpy-roe H a  

BOCTOK. UJMPOKO npOslBneHbl c ~ ~ B ~ J ~ K ~ H M ~ ~ c K M ~  ~ ~ Z I G K M  J lMnapM~-n0p@Mp06,  06- 
pa3y to lqMe CBMTbl C ~ J ~ M X ~ H H ~ I X  Ten .  A ~ C O ~ I O T H ~ ~ ~ I  B03PaCT MarMaTMCleCKMX nOPOA 

97-1 18 MnH neT .  3ono~o-cynb@~a~oe o p y a e H e t i M e  HaKnajqMeaeTcsl H a  ace T M ~ ~ I  

MarMaTMlreCKMX flOp0,JJ. 

P y a ~ b ~ e  T e n a  Ma i c~o ro  MecTopox,qeHMsl npeacTasns l t0- r  co6oii MHnpeHbM- 

POBaHHble cyJlb@M,4aMM J l M H e ~ H b l e  3 0 H M  ~ M H ~ M O M ~ T ~ M O P @ M ~ M ~  ~ J ~ M ~ M ~ P M ~ M o -  

HanbHOrO flpOCTMpaHMsl. OHM 0 6 p a 3 y t 0 ~  CMCTeMy 3LUeJlOHMPOBaHHblX T e n  6 nOJl0- 

Ce UIMPOTHOTO flPOCTMPaHMSI, 0rpaHMqeHH0f i  C C e B e p a  M tors 30HaMM LUMPOTHblX 

pasno~oe. A ~ M H ~  n o n o c b l ,  s K O T O P O ~  H a c w T b l e a e T c R  o K o n o  30 PYAH~IX Ten, 3,5 
KM. B b l ~ e n R t o ~ ~ R  PY,JJHble Tens C KPYTblMM, CPe,QHMMM M CpaBHMTenbHO nOJlOrMMM 

(35-45O) y r n a M M  n w e n M s l .  Pya~oe T e n o  No 1 ~ M H O R  1,5 KM n p o c n e x e H o  H a  rny- 
6 ~ ~ y  go 1 KM. OHO npocTMpaeTcR H a  ceeep cornacno c 0 6 ~ 4 ~ ~  H a n p a s n e n M e M  

CnOMCTOCTM M KOHTaKTaMM CBMT BaeK,  a 6 p a 3 p e 3 e  CecleT 3TM 3neMeHTb l  CTPYK- 

T ~ P M ,  KPFO n w a R  H a  BOCTOK. C p e ~ ~ s l ~  M O ~ H O C T ~  p y a H o r o  T e n a  4 M (AO 10- 
12 M). C r n y 6 ~ ~ 0 G  MOuHOCTb YMeHbUaeTCR. WLIPOTHM~ p a 3 n O M  bl OrPaHMclMBatoT 

p a c n p o c T p a H e n M e  p y ~ n b ~ x  T e n .  P y ~ ~ b l e  T e n a  co CpeaHMMM y r n a M M  na.qeHm co- 
rJlaCHbl C KOHTaKTaMM A a e K  J l M f l a p M ~ - n ~ p @ M p ~ ~  M CJlOMCTOCTbK, OCEl,QOrlHMX TOAIL(. 

KOHTYP~I PYAH~IX T e n  OnpeaenRtoTcR reonorMqecKMMM r p a n c l q a M c l  AMHaMoMeTa-  

M O P @ H ~ O B ~ H H ~ ~ X  M C ~ J ~ ~ @ M A M ~ M P O B ~ H H ~ ~ X  nOPOA M no a a H H b l M  O ~ ~ O ~ O B ~ H M S I .  

XclJlbHa~l MMHepaJlM3al&lR I lpORBneHa cna6o. M~KCMMYM OPYAeHeHMsl OTMeqaeTCR 

B JleXa'-IMX 60~ax PyAH blX Ten .  B UeHTpanbHOM 6 n o ~ e  P y n H  ble c~on6bl CKnOHROTCR 

K to ry .  KOHTYP C ~ ~ H U M T - K B ~ ~ U ~ B O ~ O  (C K ~ ~ ~ O H ~ T O M )  ~ ~ M ~ W ~ H L I R  o c a a o q H M x  

nopon MMeeT @ o p ~ y  p a c l u M p R t o u e r o c R  K H M ~ Y  oeana, y w M t i e H H o r o  K CB. M e ~ a -  
COMaTMTbl OTHOCRTCR K ~ M c T B ~ H M T - ~ ~ ~ ~ ~ M T o B o G  @ O P M ~ ~ M M .  M ~ T ~ C O M ~ T O ~ ,  
C B R ~ ~ H H ~ I ~  C 30JlOTOPYAHblM 3TanOM, H a n O X e H  H a  6 e p e 3 M ~ b l .   TO TOHK03epHMC- 

Toe M TonKonponcMnKosoe o K e a p u e e a H u e ,  C~~MULITM~~ULIR M K ~ O ~ M H M ~ ~ ~ M R .  

M ~ ~ c K o ~  M e c T o p o w e H u e  -  TO ~ O H ~ I  TOHKOG n p o x ~ n ~ o ~ o -  e ~ p a n n e ~ ~ o h  
~ M ~ M T - ~ ~ c ~ H o ~ M ~ M T o B o ~  MMHepanM3aqMM C TOHKOAMCnePCHblM, I l p e M M N e C T -  

BeHHO C ~ ~ M M K ~ O C K O ~ M ' - I ~ C K M M  30JlOTOM M C HepaBHOMepHO p a C n p 0 ~ T p a H e H H O i  

6onee n o 3 ~ ~ e i  x ~ n b ~ o - n p o x ~ n ~ o s o i i  ~sapu-~HT~MOHMTOEO~ ~ ~ ~ e p a n ~ 3 a q ~ e i ,  
MHorAa c 6onee KpynHblM ~ O ~ O T O M  B y r n e p o A M c T b l x  OWO~HMX nopoaax. Anano- 
rw HaR ~ ~ ~ e p a n ~ s a u ~ ~ ~  pence oTMeqaeTcn  B A a G ~ a x .  C o ~ e p x a n ~ e  c y n b @ ~ a o e  B 

PyAaX 6-8% n p M  3HaqMTeJlbHOM n p e o 6 n w a ~ ~ u  nMpMTa. B 6 o r a ~ b l x  pyaax eospa- 
cTaeT ponb a p c e n o n M p m a .  C o ~ e p x a ~ ~ e  B pyaax aHTMMonMTa AO 0,4-0,5%, H a  

OTAeJlbHblX YrlaCTKaX A0 HeCKOJlbKMX nP04eHTOB. C aHTMMOHMTOM aCCOLp4MpyeT 

C B M O P O A H ~ I ~  MblLLlbRK. P ~ A K M ~  MMHepanbl  PYA: XanbKOnMpMT, MapKasMT, c @ a n e -  

PMT, TeTpa3APMT,  TaneHMT, ~YPHOHMT,  X ~ ~ ~ K O C T M ~ M T ,  CaMOPOaHOe 30n0~0. 

B e c b M a  PeAKH MMHepanbl  cepe6pa: 3neKTPyM, CaMOPOAHOe cepe6p0, nMpaprM-  

PMT, M M a p r M p m ,  ap reHTMT.  B ~ O ~ O T O P ~ A H O M  mane ~ ~ ~ e p a n o o 6 p a s o e a ~ ~ s l  

BblAenRtoTCsl: 1)paHHRR ~ O ~ O T O - C Y J ~ ~ @ M A H ~ R  M ~ ) ~ o ~ , ~ H R F I  KBaP4eBO-aHTMMOHM- 

Tosan  CTWMM ( T o n q a p o e ,  C ~ ~ o p o s ,  1979). B c o c T a e e  nepsoh CTWMM BblAeneHbl  

a B e  flpOAyKTMBHble aCCOCMa~MM. P~HHRR nMPMT-aPCeHOnMpMTOBaR C MMKPOCKO- 

nM'4eCKMM 30JlOTOM pe3KO n p e o 6 n w e ~ .  P0nb XMflbHOrO K B a p m  6 H e n  He3HaqM- 



TeJlbHaR.30~10~0 B apCeHOnMpMTe HaXOAMTCR B BMae OBaJlbHblX B~J l t o l l e~k l~  ( A O ~ M  

MMKPOH~) .  O T M ~ ~ ~ ~ ~ T C R  nOCTORHH0 BblCOKaR30JlOTOHOCHOCTb MrOJlb'iaTOrO apCe- 
HOflMpMTa. fl O ~ ~ H F I R  aCCOLJ,Ma4MR Pa3BMTa B KOHTYPaX p a ~ ~ e i .  3 0 ~ 1 0 ~ 0  3aeCb CpaB- 

HMTeJlbHO KpynHOe a0 (3-10 MM), 06pa3ye~ IlJlaCTMHKM, HenpaBMJlbHble BblaeJle- 

HMR, M H O r a a  CPOCTKM C TeTpa3APMTOM M XaJlbKOnMPMTOM. flpo6a 830-890. 
O T M ~ ~ ~ ~ T C R  TeCHaR reOXMMMqeCKaR CBR3b 3OJlOTa M CyPbMbl M OTCYTCTBMe TaKO- 

B O ~  c cepebpo~,  r ~ o  y~a3bleae-r Ha paan~llne @ a ~ ~ o p o s ,  onpeaenRtolqMx KOH- 

QeHTpauMto aono~a M cepe6pa ( a a ~ ~ b ~ e  K). kl. Hosox~nosa M ap., 1988 r . ) .  
Pyab~ M ~ ~ ~ c K o ~ o  MecTopowetiMR ttynopHblen yrnepoacoaepxalque sono~o- 

MblUbRKOBble. MX YflOPHOCTb odycnosnena T O H K O ~  BKpanJleHHOCTbto 3OJlOTa B 

cynb@naax, HanMrMeM aKTMBHoro yrnepoaMcToro BeqecTsa, a TaKme MbrwbRKa M 

c y p b ~ b ~ ,  ocnoxtiFItouMx TexHonorMto 0 6 0 r a q e ~ ~ ~  M aenatolqMx H ~ ~ @ @ ~ K T M B H ~ I M  

npMMeHeHMe TPi?l,4M4MOHHOrO 4MaHMCTOrO npOLJ,eCCa. OCHOBH~R llaCTb 3OJlOTa 

(6onee 70%) B nepeclriiblx pyaax accoqMMposaHa c c y n b @ ~ a a ~ u .  f l ony~~bre  KOM- 

n0HeHTbl pya: Ag, Sb, S,  AS. 3 0 ~ a  OKMCJleHMR a0CTMraeT rny6MHbl50-70 M OT no- 
BepxHocTM. Bosnecle~~e B 3 ~ c n n y a ~ a q ~ t o  M ~ ~ ~ c K o ~ o  MecTopoxueHMR caepxMsa- 

eTCR H ~ O ~ X O ~ M M O C T ~ ~ ~  npMMeHeHMR f lOpOrOCTORlqMX T e X H O J l o r M r e C K M X  

npOLJ,eCCOB M3BJlecleHMR 3OJlOTa. KOHGMQMM DR Pya: MMHMMaJlbHOe IlPOMblLLlJleH- 

Hoe coaepxaHMe - 3,4 r / ~ ,  6 o p ~ o e o i  nuMMT - 3 r / ~ .  3anacb1 aono~a cocTasnRmT 

2 7 7 ~  npu coaepxaHm 12 r / ~  ( S e ~ e s o n b c ~ v l ~  M ~ p . ,  1992). npor~osnb~e pecypcbl 

MeCTOPO>Y4eHMR 3Ha'iMTeJlbHble. 

P M ~ .  4.97. C x e u a ~ ~ r e -  
c K a R  r e o n o r M r e c K a 9  K a p T a  

p a f i 0 H a  MeCTOPOXfleHMR CO- 
BMHOrO ( n o  A. B. BOnKOEy, 

L1. A. SOPOHMHY, 1992 r., c yn- 
POqeHMFIMM).  

1 - 'ieTBepTMVHblf3 OTnO- 

XeHMR; 2 - T ~ ~ P M T ~ H H O - K ~ ~ ~ O -  

HaTHble nOpOf lb i (D  ,-,); 3 - M3Ee- 

C T K O E O - C ~ ~ ~ @ M ~ H O - T ~ ~ ~ ~ H -  

H O - ~ J I M L u o M A H ~ F I  @OPMBUHR 

(C , ) ;  4 - Q n ~ w  (P-T,); 5 - 
r a 6 6 p o - ~ ~ a 6 a 3 b l  (TI); 6 - 
T p a H O A M O p M T b l  ( K , ) .  7 - 
~ P ~ H M T ~ I  (Kl); 8 - ~ y n ~ a ~ k l T b l ( K ) ;  

9 - A ~ A K M  pa3Hh lX  n 0 p O A ;  10 - 
C ~ ~ O C O - C A B M ~ M ,  HaABMTM; 11 - 
M ~ C T O ~ O X ~ ~ ~ H M ~  COBMHO~; 12 - 
30llOTOHOCHbl€? POCCblnM 



B y n K a H o r e ~ ~ b l i  (K), a T a K X e  MHTPY3MM: CMnnb l  ra66po-n~ada30~ (T,), K p y f l H b l e  

MaCCMBbl rPaHO,QI/IOPMTOB M rpaHMTOB (K,), M a n b l e  MHTPY3MM ~ P ~ H M T - ~ ~ O P @ M P O B ,  

~ ~ ~ H o A M o ~ M T - ~ o ~ @ M ~ o B ,  pa3~006pa3~ble A ~ ~ K M  ( ~ M c .  4.97). C ~ B ~ P H ~ R  q a C T b  

p a i o ~ a ,  rne p a c n o n o x e H o  MecTopox ,qe t tMe ,  c n o ~ e n a  H M X H ~ K ~ P ~ O H O B ~ I M M  nec- 
raH0- rnMHMCTblMLI  nOpOAaMk?: yrnepO,4MCTblMM, M3BeCTKOBMCTb;MM C n M H 3 a M M  

rpaBenMTOB,  M H O r n a  C BKPannehHOCTbIO nMpMTa, 0 6 p a 3 y I O q ~ ~ M  aHTMKnMHaJlbt ly lo 

CKnaaKy.  3Recb f lOnHOGTbt0 OTCYTCTBYOT_MHTPY3M8nble nOpO,4bl. B !OXHDM 6 n o ~ e  
L@HTpanbHOe IlOJlOXeHMe ( 6  R o p e  ~ H T M K ~ M H ~ ~ M )  3 a ~ M ~ / i a t O ~  MaCCMBb! TpaHMTOM- 

,406 M rPaHOAMOPMTOB, npOpblBaIOLL&Ie ~ l a ~ e 0 3 0 ~ ~ ~ L l e  Teppflre~~0-Kap60Ha~Hble 
M @nMUleBble  ~ M C n O q M p O B a H H b l e  TOnlqM. B 3HAO- M 3K30KOHTaKTaX STMX MaCCM- 

BOB q a c T b l  M a n b l e  MHTPYBMM ~OP@MPOBSIX nopoa M ~ a c i ~ ~  pasnoro c o c T a s a .  B reo- 
@ M ~ M C ( ~ C K M X  flOnRX I O X H b l i  6 n 0 ~  O T ~ M ~ ~ ~ T C F (  51 C e B e p H O r O  nOHMXeHHblMM 3 H a q e -  

HMRMM r P a B M T a ~ M O H H O r 0  IlOnFl ( T ~ ~ H M T O M ~ ~ I )  M f i O B b l U e H H b l M M  - M a r H M T H O r O  

(PO~OBMKM).  B npenenax ysna w ~ p o ~ o  npos lBneHb1 no-row paccemm Au, Ag, s 
~ e ~ b U l e i  M e p e  Pb, Bi, W, Mo, ~ O C ~ ~ J J H M ~  X ~ ~ ~ K T ~ ~ H ~ I , ~ J ~ ~ ~ ~ K ~ O ~ O I - I T ~ K T O B  TpaHMT- 

nor0 M a c c m a ,  a H a  yAaneHMM DT H e r o  n o T o m  n p e n c T a s n e H b l  B OCHOBYOM 3ono- 
TOM. 

C o s ~ ~ o e  MecTopox ,qeHMe n o ~ a n ~ 3 o ~ a ~ o  B 3 a ~ ~ e  n ~ ~ e i i t i o i i  OPPOKMHYTD~~ 

CKJlaBKM, O C ~ O X H ~ I O ~ ~ ~  C3 Kpb lnO P ~ I B ~ ~ M C K O ~ ~  aHTMKnMHanM ( ~ L I c .  4.98). Opy- 

PMC. 4.98. M ~ C T G ~ O X A ~ H M ~  COBMHOE, pa3pE3 no n p ~ @ ~ n t O  56 !no A. B. Bon~osy, M. A. B0p0- 
H M H ~ ,  1992 r . ) .  

1 - neC9aHMKkI; 2 - CnatiL&%hlfi @J~MUJ; 3 - MllnGHMTbl; 4 - ~ 6 ~ 0 ~ 0 - C A B M ~ M  ( I ) ,  H a B M r M  (2), 5 - 
p y ~ ~ b ~ e  Tena 



HOBHble MHHepanbl pya: KBapq, KanbqMT, aHKepMT, 30JlOT0, apCeHOnMpMT, I lMpMT,  

PeXe BCTperatOTCR raJleHMT, XanbKOnLIpMT, ~YPHOHMT,  IlMPPOTMH, MaPKa3MT, ~ @ a -  
nepvl-r. 30~10~0 ~ p y n  ~ o e  (6onee 1 MM - 78,8%), npo6a aono~a OT 200 AO 980, npe- 
06JlaAaeT 750-950 (76%). P y ~ b l  BblCOKOMbllLlbRKOBMCTble (AS A0 1,2%), COaep- 
maT paccewoe yrnepoAMcToe eelqecmo (B cpeAHeM 0,14%). C o ~ e p x a ~ ~ e  aono~a 

B I lMPMTe A0 50 T/T. B npeAeJlaX PyAHOrO nOnR OKOHTYPeH 0 6 b e ~  LUTOKBePKOBblX 

PYA (500 XI 00 XI 00 M) CO CpeAHMM COAepXaHMeM 3OJlOTa 2,5 r/T. 

n o c n e ~ o ~ a ~ e n b ~ o c ~ b  M M H ~ ~ ~ ~ O O ~ ~ ~ ~ O B ~ H M F I :  Btiarane c@op~Mposanacb 

~ O ~ ~ T O - ~ ~ C ~ H O ~ M ~ M T - ~ M ~ M T O B ~ R  accoqMaqMR, a a ~ e ~  a o n o ~ o - r a n e ~ ~ ~ o s a ~  M 3a- 

BeplLlMJla npOlJ3CC ~ o J ~ o T o - ~ L I ~ M T - K ~ ~ ~ o H ~ T H ~ R  aCCOqMaUM5-l. TeMnepaTypbli MH- 

Tepean p y ~ o o 6 p a 3 o ~ a ~ ~ ~ ,  oTnoxetiMR yrnepoAMcToro BeuecTsa M ~ a p 6 o ~ a ~ o s  - 
460-1 80' C. 

0 X O T C K O - ~ Y K C I T C K ~ R  30nOTOHOCHaR nPOBMH~MR CCBnaflaeT C OAHOMMeHHblM 

M ~ ~ O ~ O ~ C K M M  By~lKaH0-llJlYTOHM.lk?CKMM nORCOM, IlPOTFIrMSatOuMMCR C 0 3  
Ha CB Ha 3 TblC. KM OT YACKOG ~ 6 b 1  A0 ~ Y K O T C K O ~ O  nOnyOCTpOBa, OTCeKaR BCe 

nane030i~KMe M A O K ~ ~ L I ~ P L I ~ C K M ~  KOMnnC?KCbl M OTAenRFI MC?3030MAbl CeBep0- 

BOCTOKB OT n03AHMX ~ ~ 3 0 3 0 ~ ~ - K a ~ ~ 0 3 0 M ~  K ~ M ~ ~ T C K O -  KOPRKCKO~ rCO. B pa3BM- 

-rMM BynKaHoreHa sa:::syG ponb Mrpanu r n y 6 ~ ~ ~ b l e  p a s n o ~ b ~ ,  0 6 y c n o s ~ ~ l ~ l ~ e  MH- 

TeHCMBHYtO MHTP)'BClBIiYtO AeRTenbHOCTb. 

B y n ~ a ~ ~ r e c ~ c i i  noRc npeAcTasnReT co6oG o6nac~b lanpotcoro pacnpoc-r- 
PatieHMR Ha3eMHblX ~ @ @ Y ~ M B O B  neCTPOrO COCTaBa npeMMY~eCTBeHH0 MenOBOrO . 
BO3paCTa (OT n03 f l~e i  Opbl A0 IlaJleore~a), 06Mnb~0 npOpBaHHblX K0MarMaTM.l- 

HblMM MHTPy3L4RMM rPaHMTOMAOB B CTpyKTypaX ~ O A H R T M G .  no OTHOLUeHMtO K JlOXy 

oKeaHa BolAenRtOTcn BynKaHMrecKMe AyrM (TayAcKaR M Bepx~ea~a)3,blpc~aR), co 
Bcex CTOPOH OrpaHtweHHble p a 3 n o ~ a ~ ~ .  Tayi~KaR Ayra cnometia npemy4ec-r- 

BeHHO PaHHeMenOBblMM 6a3anbTaMM M aHAe3MTaMM, PeaKO KMCnbIMkl ByJlKaHMTa- 

MM, IlpOpBaHHblMM TenaMM PaHHeMeJlOBblX r a 6 6 p o - ~ ~ o p ~ ~ o ~  M nJlM~006pa3~bl- 

MM MaCCMBaMM rPaHOAMOPMTOB, C Y ~ B Y ~ K ~ H M C ~ ~ C K C I M M  MaCCMBaMM AaqMTOB M 

nMnapMTos. 
Bep~HeaH~blpCKaR Ayra 06pa30BaHa ~ M H ~ ~ H ~ I M M  M M30MeTPMCIHblMM Byn- 

KaHOCTPYKTYPaMM UMTOBOrO M CTPaTOBYJlKaHM'ieCKOrO TMna. B ~ J ~ K ~ H M ~ ~ c K M ~  Ton- 
U M  nPOPBaHbl MaJlblMM TeJlaMM r a 6 6 p o ~ ~ o s ,  AMOPMTOB, a TaKXe MHTPy3MRMM 

rPaHOAMOPMTOB M rPaHMTOB OXOTCKOrO KOM~JI~KC~. ByJlKa~kl'ie~KMe T O n u M  BHYT- 

peHHMx Ayr sanerato~ Ha n o 3 ~ ~ e t o p c ~ ~ x - p a ~ ~ e ~ e n o s b r x  ocaAorHblx Tonuax KOH- 

TKHeHTaJlbHOrO nPOMCXGX,4CHMFI, a Tame Ha BCeX 60nee ApeBHMX KOMnneKCaX, 

BKJltO'iaFI OXGTCKM~ M O M O ~ O H C K C I ~ ~  MaCCMBbl. B H ~ W H M ~  ByrlKaHMreCKMe AyrM M 

np0rM6bl OTJlMLlatOTCR KOHTPaCTH blM COCTaBOM BynKaHMTOB C I ~ O , ~ ' ~ M H ~ H H O ~  P O I  btO 

rPaHMTOMAHblX M H T P Y ~ C I ~ .  Bbl~en5ltO~~FI npor~6b1 ~ J ~ ~ M H c K M ~ ,  K y G ~ y c y ~ c ~ ~ i ,  ner- 
~blMeJlbcKMi, A M ~ ~ M O - ~ ~ I - Y B ~ ~ M C K ~ ~ ,  a Tame flyrM: X ~ J I K ~ H C K ~ R ,  X ~ C ~ I H C K ~ R ,  

K ~ H C K ~ R ,  ~ P M O M O ~ O H C K ~ R  M Ap. ( Y M H T ~ ~ ~ B ,  1986). B Y J ~ ~ M H C K O M  n p o r ~ 6 e  HM3bl 

pa3pe3a npeACTaBJleHbl H ~ O K O M C K O ~  T ~ P P M ~ ~ H H O ~  M O ~ ~ C C O ~ ,  6a3anbTaMM M 

~ H A ~ ~ M T ~ M M  (1 000- 1200 M). Ha HMX c yrnoBblM HecornacMeM aanerao~anb6-ce- 

HOMaHCKMe ByJlKaHMTbl KMCIlOrO M YMepeHHO K M C ~ l O r O  COCTaBa (500-700 M), ne- 



PeKpb lTb le  T ~ @ O ~ ~ H H O - O C ~ O ' ~ H O ~  ~ 0 J l u e i  (200-300 M) M a H ~ e 3 ~ ~ 0 - 6 a 3 a J l b ~ a ~ ~ ,  

H a  KOTOPblX J l e X a T  TYPOH-CeHOHCKMe JlMnapMTbI, TpElXMJlMflapMTbl, BMTPO@MP~I M 

T ~ @ M .  Menowe nopoobr n e p e K p b l T b l  n n a ~ o 6 a s a n b ~ a ~ ~  (600-700 M). f l o a a ~ ~ b ~ ~  
B. kl. O c ~ a n r y ~ a  (1 980), B y n K a H H r e c K M e  K o M n n e K c b l  Y ~ ~ M H C K O ~ O  npor~6a  H e  m e -  
D T  CTOJlb C T P O ~ O ~  C T P ~ T M ~ P ~ @ M ' ~ ~ C K O ~ ~  I lOCJleAOBaTeJlbHOCTM M H a P a u M B a t O T C R  B 

BOCTOr HOM Ha f l paBneHMM.  ~ ~ H T P Y ~ M B H  ble 0 6 p a 3 0 8 a H M R  CpaBHMTeJlbHO PeAKM. Ky i -  
A ~ C ~ H C K M ~  M 3 p y e e e ~ c ~ ~ i  npor~6b1, a T a m e  X a c b ~ ~ c ~ a ~  ayra no c e o e M y  c-rpoe- 
HMO 6nb13KM Y J ~ ~ M H C K O M Y  npor~6y.  X a c b l ~ C K a R  Ayra, B I l p e A e n E l X  K O T O P O ~  HElXO- 

AMTCR K ~ ~ ~ M K ~ H C K O ~  M e C T O p O m e H M e ,  o6pa30sa~a  cepbleii 
B y n K a H O - T e K T O H M ' 4 e C K M X  ~ e I l p e c c L l i ,  p a 3 A e J l e H H  b lX  M a r M a T O r e H H b l M M  

IlOaHRTMRMM.  OH^ OTnMraeTCs l  MeHbLLIMM KOnM'4eCTBOM TPaXMTOMAHblX I lOpOA,  

LUMPOKMM p a 3 B M T M e M  ByJlKaHOreHHblX MOnaCC MOuHOCTb tO  a0 1 KM, HanM'4MeM 

y rneH0CHb lX  T O J l u .  AHanb I3  ~ P ~ B M T ~ ~ M O H H O ~  OCHOBbl nOKa3b lBaeT ,  qTO OXOTCKO- 
Y Y K O T C K M ~  B y J l K E l ~ ~ r e ~ H b l f i  n p o r ~ 6  06pasoeanc~ KaK C T p y K T y p a  PaCTRXeHk lR ,  

COnpRXeHaR C nOAHRTMRMM H a  KOHTklHeHTe Ll BllOCJleACTBMM MCnblTaBWaR MHBeP-  

CMtO kl O p O r e H e 3 .  B ~ J ~ K ~ H O - ~ J ~ ~ T O H M ~ ~ C K M ~  nORC r a C T M r H 0  I l O A r M H e H  K O H @ M ~ ) ' ~ ~ -  

4klM B ~ X H ~ ~ U L I X  ~JIY~LIHH b l ~  CTPYKTYP p a 3 y n n O T H e H M R  M XOPOLLIO M a p K M p y e T C R  

PerMOHanbHblMk l  MarHMTHblMLl  aHOMaJlMRMM (PMC. 4.73). 
6 I l p e A e J l a X  311 pa3BMTb l  nPeklMylL(eCTBeHH0 ~ y 6 B y n K a ~ M . l e ~ K b I e  MeCTOPOX-  

AeHMR n 0 3 A H e M e n O B O r O  B O 3 p a C T a  C H L I ~ K O I ~ P O ~ H ~ ~ M  30JlOTOM, IlPM'ieM B aH@- 

3klTElX 3 T 0  C O ~ C T B ~ H O  30J lOTOPyAHble  MeCTOPO>YqeHMR (ABnaRKaH,  KyntOKnM, Ka- 
P ~ M K ~ H ) ,  a B ByJlKaHMTaX KMCJlOrO COCTaBa - 3 0 f l 0 ~ 0 - ~ e p e 6 p R H b l e  ( X a K a H p ) ~ a ,  

~ B ~ H C K O ~ ,  A Y K ~ T ,  O ~ ~ ~ I B M C T O ~  kl ~ p . ) .  60 BCeX CJly'iaRX MeCTOPO>YqeHMR pactlo- 
JIaratOTCR B none PerMOHaJ lbHb lX KOHTPaCTHblX MarHMTHblX a ~ 0 ~ a J l L I i  M H a  YAane- 
HMM OT UeHTPOB r J l y 6 L l ~ ~ o r 0  pa3yl lJ lOTHeHklR. B e c b ~ a  I lPMMe l l aTeJ lbHL lM  RBnReTCR 

OAHO O ~ C T O R T ~ J ~ ~ C T B O :  IlO'iTM B C e  MeCTOPOX(4eHMR I lORCa PaCnOJlaratOTCR B y3- 
KOM M H T e p B a f l e  3 H a ' i e ~ M i  rpaBMTaL&4OHHOrO nOJlR: - 20 ... -40 MrJ l .  ~ T O Y K ~ ~ ~ I B ~ ~ T  

Ha  0 , Q ~ 0 0 6 p a 3 ~ b l e  YCJlOBMR kl, BO3MOXH0 ,  OAHOBpeMeHOCTb  MX 0 6 p a 3 0 B a H k l R  kl H a  

HeCylL(eCTBeHHble M3MeHeHMR nO1R 6 K a i H 0 3 0 e .  B 3TY rpynny I l O n a A a e T  M MeCTO-  

P O X A e H M e  KyBa~a, AJlR KOTOpOrO MMetOTCR C e p b e 3 H b l e  A a H H b l e  B nOJ lb3y  er0 no- 
s g ~ e ~ e s o ~ c ~ o r o  ~ o a p a c ~ a  ( C ~ e n a ~ o s ,  U l ~ w a ~ o s a ,  1994). k l ~ e t o q ~ e c ~  @ ~ K T ~ I  

CBkl,4eTeJlbCTBytOT 0 r e H e ~ k l r e c K 0 i  CBR3M 30J lOTOrO OPyAeHeHMR OXOTCKO-L(~KoT- 

CKOrO nORCa C M ~ ~ O - K ~ ~ H O ~ O ~ C K M M ~ ~  O'iaraMM rPaHMTM3auMM I l 0 3 a H M X  C T ~ M ~ ,  

C e o e o 6 p a s ~ e ~  o T n M r a e T c R  K y i ~ y c y t i c ~ a ~  3 o ~ a  c ee c y u e c T s e H H o  ce- 
p e 6 p ~ ~ 0 i  (c ~ O ~ O T O M ,  O ~ O B O M )  M n o n ~ ~ e ~ a n n ~ r e c ~ o i  ~ ~ ~ e p a n m a u ~ e i  
(AT~HP)K~,  X ~ ~ P A ~ X C K O ~ ) .  3 0 ~ a  C O B M e u a e T C R  C K p y n H e f i W M ~  H a  BOCTOKe CTPaHbl  

MMHMMYMOM CMJlbl TRXeCTM (A0 -140 M ~ A ) .  H ~ P R A Y C  MarHMTHblMM B er0 n p e a e n a X  

Pa3BMTbl H e M a r H M T H b l e  rPaHMTOMAbl K a J l M e B o i  CneuMaJ lM3auMMM M K O M a r M a T M r -  

Hble M M  KMCJlble ByJlKaHMTbl. M ~ ~ H M T H O ~  none 3 0 H b l  OTPMUaTeJl b H 0 e .  fl0 r e O n O r M -  

. r ecKoMy  CTpoeHMto ,  ~ ~ n y  p y a ~ o i  ~ ~ ~ e p a n ~ s a u ~ ~  M x a p a K T e p y  r p a s M T a u M o H H o -  

r0 nOJlR K Y ~ A Y C Y H C K ~ R  3 0 H a  H a n O M M H a e T  6 0 J l L l ~ t I ~ ~ ~ y t O  O ~ O B O - c e p e 6 p ~ ~ y t 0  
IlpOBMHuMtO. 

Ha~6onee C y u e C T B e H H b l e  py,4OflpOR6neHMsl M MeCTOpO>yqeHMR 0 x 0 ~ ~ ~ 0 -  
Y Y K O T C K O ~  3fl ll PMyPOqeHb l  K JlOKaJlbHblM nOaHRTMRM, KOTOPble  @MKCMPYOTCR 

BblXO,L@MM donee ApeBHMX ByJlKaHMreCKMX I lOpOf l  n ~ 6 0  Bb lCTynaMM Q Y H ~ ~ M ~ H T ~  

M B M e u a t o T  KOMnneKCb l  c ~ ~ B ~ J ~ K ~ H M ~ ~ c K M x  M H T P Y ~ M ~  M AaeK .  f l p ~ y p o r e ~ ~ o ~ ~ b  
3OnOTOrO OPYAeHeHMR K BYJlKaHOnOaHRTMRM B YJ~~MHCKOM npor~6e  nOaTBePX(4eHa 

CTaTMCTMqeCKMMM AaHHblMk l  ( O ~ ~ a l l ' i y K ,  1980). 



E T ~ ~ C K O ~  30nOTOPYAHOe M e C T O p O ~ e H M e  PaCf lO f lOXeHO H a  xp. p,xyrp)~yp 
B Axyrwcypc~oi  ~ O J ~ O T O H O C H O ~  3 0 H e .  no A a H H b l M  E. A. ~ Y J - I ~ H O B ~  M B. B. 3 M n b -  

6 e p U ~ e i ~ E l  (1975 r.), p a i 0 ~  CJ lOXeH ~ ~ H H ~ A O K ~ M ~ P M ~ C K M M M  aHOPT03MTaMM, 

~ ~ ~ K O K ~ ~ T O B ~ I M M  KPYf lH03ePHMCTblMM, M ~ ~ ~ ~ P O - ~ H O P T O ~ M T ~ M M ,  nPOPBaHHblMM 

~ H ~ ~ C O B M A H ~ I M M  I l n a r M o r p a H M T a M M ,  H a  KOHTaKTaX C KOTOPblMM aHOPT03MTbl  MHb- 

e 4 M p O B a H b l  a n n M r 0 M  M ne rMaTMTOM.  A O K ~ M ~ P M ~ C K M ~  f lOPOAbl  n P O p B a H b l  U T O -  

KOM n 0 3 A H e M e f l O B b l X  TPaHMTOMAOB, B KOTOPblX P a C n O f l a r a e T C R  P y A H O e  none. 
A f l M ~ a  U T O K a  6 KM, LUMPMHa 1,s KM. Ero CB KOHTaKT KPYTO (60-80') HaKJlOHeH H a  

CB. C T ~ O ~ H M ~  U T O K a  Cf lOXHOe. B OCHOBHOM OH 0 6 p a 3 0 ~ a ~  KPYflH03ePHMCTblMM 

p O 3 0 B a T O - C e p b l M M  MOHuOAMOpMTaMM M rpaHOCMeHMTaMM. B anMKaJlbHblX 'iaCTRX 

U T O K a  pa3BMTb l  MenKO3epHMCTb le  rPaHMTb l  M pa3HO3epHMCTb le  MOHuOAMOPMTbl, 

CMeHMT-AMOPMTbl M r a 6 6 p o - ~ ~ o p ~ ~ b l ,  HaTpOBble ,  C B ~ I C O K O ~  M ~ ~ H M T H O ~  BOCnPM- 

MM'iMBOCTbto (f = 0 , 5 ) .  ~ ~ ~ H O C M ~ H M T ~ ~  B 3~a' ik l~eJIb~oi  M e p e  M3MeHeHb1, nna rMOK-  

Jla3bl B HMX CePMuMTM3MPOBaHb1, ~ M O T M T  M POrOBaR O ~ M ~ H K ~  3 a M e u e H b l  XflOPM- 

TOM, SnMAOTOM, uOM3MTOM, OTMeClatoTCR I lPOXMf lKM KaJ lbuMTa M ~ y f l b @ M ~ ~ B .  B 
rpaHMTOMAaX ' iaCTbl LuJlMpbl MenaHOKpaTOBblX n O p O A  M KCeHOflMTbl aHOPT93MTOB, 

C B M A e T e n b C T E y t o l q M ~  9 TOM, 'iTO U T O K  npeACTaBJ leH  C B O ~ ~  a f l M ~ a J l b ~ 0 i  'iaCTbt0. 

A H O P T O ~ M T ~ I  B KOHTaKTaX C TpaHMTOLIAaMM MHTeHCMBHO OKBaPuOBaHbl  M nMPMTM- 

3MPOBaHbl  B 3 0 H e  UMPMHO~ A0 100-500 Pd. r p a ~ k l ~ ~ k l ~ h l  E T ~ P C K O ~ O  MaCCMBa, KaK 

M O K p y X a t o W H e  er0 4 p e B H M e  I lOpOAb l ,  n p O p B a H b l  MHOrO'iMCfleHHblMM A ~ ~ K ~ M M  
AMOPMTOB, MMKPOAMOPMTOB, AMOPMTOBblX M ~ M a 6 a 3 0 ~ b l x  ~OP@MPMTOB, CeKYuMX 

M a c c M e  non OCTP~IM y r n o M  M n p o c T M p a t o u M x c R  H a  cesep M CCB n p M  KPYTOM na- 
aeHcir.1 H a  B M BDB.  M O ~ H O C T ~  a a e K  B ~ H O P T O ~ M T ~ X  AO 30-50 M, a B npeAenax 
MaCCMBa 0.5- 1 M.  A ~ ~ K M  ~~a6asonb lx  ~ O ~ @ M ~ M T O B  nOBCeMeCTH0  OKBapuOBaHbl ,  

nMPMTM3MPOB2Hbl, XnOPMTM3MPOBaHb1, KanbuMTM3MPOBaHbl M H e p e a K O  aCCOuMM- 

P y t o T  C K B a p u e B b l M M  M K B ~ P ~ - C Y ~  ~ @ M A H ~ I M M  XMJlaMM. 

3ono~opyq~b1e T e n a ,  saneratou~e B r p a H v l T o M A a x  E T ~ ~ C K O ~ O  U T o K a ,  n p e a -  

CTaBJleHbl  K B a p u e B b l M M  M K B ~ P ~ - C Y ~ ~ @ M A H ~ I M  XMJlaMM, f lMH3aMM M nPOXMnKO-  

BblMM 3 0 H a M M ,  C O C P ~ A O T O ~ ~ H H ~ I M M  B ~ J ~ M ~ M ~ F M A M O H ~ J ~ ~ H O ~  3 0 ~ e  LUMPMHO~ AO 
1 K M  M ~ M H O ~  ,QO 3 KM. OHM nPMYPO'ieHbl K TeKTOHM'ieCKMM HaPYWeHMRM, KPYTO 

(60-90" HHaKJlOHeHHblM H a  BOCTOK M BOB. X a p a ~ ~ e p  M ~ M ~ H ~ H M ~  n O P O A  B TeKTO- 

HM'ieCKMX 3 0 H a X :  KaOJlMHM3a4MR, CePMuMTM3a4MR, OKBaPueBaHMe,  f lMPMTM3auMR. 

M O ~ H O C T ~  P Y A H b l X T e n  A0 2-3 M ,  n p O T R X e H H O C T b A 0  300 M .  >KMJlbl BeTBRUMeCR,  C 
MHOrO'iMCJleHHblMM MaJ lOMOuHb lMM a n o @ M 3 a ~ M ,  H e p e A K O  OHM r p y n n M p y K l T C R  €3 

cep;lM n a p a J l n e n b H b l X  T e n  n ~ 6 0  o6pa3yo~ K B a p u e B O - n p 0 X M n K O B b l e  UTOKBepKM. 

M a , 7 0 ~ 0 l q ~ b l e  I lpOXMJlKM 06bl'i~o M M e O T  ~ y n b @ M ~ H b l i  COCTaB, a M O u H b l e  XMnbl  

H a  95-98% COCTORT M 3  K B a P 4 a .  K ~ a p u  n P e M M y u e C T B e H H 0  U ~ C T O B ~ T ~ I ~ ,  MeCTaMM 

C J ~ M B H O ~ ,  n ~ 6 o  , C @ Y ~ O B M A H ~ I ~ ,  C ~ X ~ P O B M ~ H ~ I G ,  0 6 b 1 q ~ 0  K ~ B ~ P H O ~ H ~ I ~  M J~MMOHM- 

~ M ~ M P O B ~ H H  b l i .  Bce TMnbl  K B a P U a  Ct3KYTCR K a n  b4MTOBblMM nPOXMnK3MM.  EPO,~YK- 
TMBHblM RBllRe'TCR l ~ l e c ~ 9 B a ~ b l f i  K B a p u  B T O P O ~  r e H e p a 4 M M ,  C HMhl Xe aCCOuMHpy-  

toT M c y J l b @ M ~ b l :  nMPMT, XaJlbKOnMpMT, apCeHOnMPMT,  r a n e H M r ,  c @ a J l e p M ~ ,  ~ O P H M T ,  

M o S ~ M ~ , Q ~ H M T ,  6ne~nble PYAbl, ~ ~ ~ O ~ M C M ~ M T .  C O A ~ ~ X ~ H M ~  c y J l b @ M A o ~  B pyAaX  

AO 50% M 6onee. 
30n0~0 CBR3aHO C ra f l eHMTOM M IlMPMTOM ( B ~ S ~ M ' ~ M H ~  E b l ~ e f l e ~ M f i  0,015- 

0,07 MM), w e c r o e a - r b i t d  K s a p u e M  M n p e A c T a s n e H o  n n a c T M H K a M M  M B K p a n n e t i -  



H O C T ~ O  B ~ ~ M ~ M H O ~  ao 1-2 MM. B poccbln~ o ~ p a 6 a ~ ~ e a n o c b  K p y n H o e  c a M o p o a -  

K o s o e  (1 -1 0 MM) 3on0~0 ~ p ~ o - x e n ~ o r o  U s e T a  c npoboi 800. Cpea~ee  coaepxa- 
HMe aono~a B PYAH~IX T e n a x a o  53,6 r / ~  M cepe6pa no 92 r / ~ ,  Au: Ag = 1 : 2. 

f l p e , 4 f l 0 J l a r a e ~ ~ R  XOpOluaR O ~ O ~ ~ T M M O C T ~  Pya n O  nPOCTblM rPaBMTaUMOHH0-  

@ J ~ O T ~ ~ M O H H M M  C X e M a M .  f l p 0 r H 0 3 H b l e  PeCYPCb l30J lOTa  HeBeJlMKM. 

K ~ ~ ~ M K ~ H C K O ~  3OJlOTOpyaHOe M e C T O p O ~ e H M e  HaX0,4MTCR B C e B e p -  

HOGI 'iaCTM & U Y ~ ~ Y P C K O ~  3 0 H b l  B 100 K M  K C e B e p y  OT r. M a r w a ~ a .  no A a H H b l M  

A. A. K ~ ~ c M J ~ ~ H M K o B ~  M n .  H. H ~ K ~ ~ c o B ~  (1 988 r.), A. L/1. K~JIMHMHEI ( 1  992), P y n H O e  

none n p M y p o q e H o  K n a n e o K a n w e p e ,  c n o x e ~ ~ o i  a n b 6 - c e ~ o ~ a ~ c ~ ~ ~ ~  nopoaa- 
MU (CHMSY ~sepx) :  ap rMnnMTaMM,  nec l raHMKaMM, r p a s e n M T a M M  (400 M); a ~ a e m -  
TaMM M 6 a 3 a n b ~ a M M  (300 M); V @ ~ M M  C flOTOKaMM n a B  PMOnMTOB M pMO&3UMTOB 

(500 M). B KpaeBb lX  'iaCTRX K a n b A e p b l  CnOM 3 a J l e r a l o T  UeHTpMKnMHaJlbHO no4 yr- 
J a M M  a0 3S0, a 6 U e H T p e  K a J l b n e p b l  - rOPM30HTaJlbHO. C T P ~ T M @ M ~ M P O B ~ H H ~ I ~  

f lOpOnbl n p O p B a H b l  C ~ ~ B ~ ~ K ~ H M ~ ~ C K M M M  MHTPY3MRMM ~ ~ ~ ~ ~ M O ~ P ~ H M T - ~ ~ O P @ M P O B  M 

KBapUeBblX AMOPMTOBblX ~OP@MPMTOB C BG3PaCTOM 90 M n H  n e T ,  cy6ByJ l~aHM. lec -  

KMMM MHTPY3MRMM M 3KCTPY3MRMM AaUMTOB, aBTOMarMaTM'4eCKMX 6 p e ~ q M G I ,  T p a -  

XMaHae3MTOB M PMOIIMTOB, a T a W e  ~ a f i K a M M  C p e a H e r O  M OCHOBHOrO COCTaBa, C e -  

K Y ~ M M M  M a r M a T M q e c K M e  M p y a H b l e  T e n a .  H a ~ 6 o n e e  T e c t i b l e  

flpOCTpaHCTBeHH0-BpeMeHHble CBFI3M OPYaeHeHMR Ha6J l l o ,L@lo~~R C CY~BYJ IK~HM-  

reCKMMM O ~ ~ ~ ~ O B ~ H M F I M M  AaQMTOB, JlMflapMTOB M aBTOMarMaTM'ieCKMX 6 p e ~ q ~ i  

TpaXMaHAesMTOB. ~ M ~ o K J ~ ~ c T M ~ ~ c K M ~  OTnOXeHMR, aHne3MTb l  M C Y ~ B Y ~ K ~ H M ~ ~ C -  

KMe T e n a  ~ ~ O ~ M ~ M T M ~ M ~ O B ~ H ~ I .  C p e a ~ e ~ e ~ n e p a ~ y p ~ b ~ e  n p o n m M T b l  p a 3 ~ ~ ~ b 1  B 

OCHOBaHMM pa3pe3a ByJlKaHOCTpyKTypbl  ( ~ ~ M ~ o T - x J ~ o ~ M T o B ~ R  @ a u ~ R ) ,  HM3KOTeM- 

n e p a V p H b l e  - B sepx~eGI ( ~ a p 6 o ~ a ~ - x n o p ~ ~ o s a ~ ,  x n o p M T o s a R  @aqm). B CB ne- 
pM@epMM K ~ ~ ~ M K ~ H c K o ~ ~  ByJ lKaHOCTpyKVpb l  Pa3BMTM BTOPMqHble KBaPQMTbl (PMC. 

4.99, 4.100). 
X ~ n b ~ b ~ e  pyame T e n a  n o ~ a n ~ 3 0 ~ a ~ b l  H a  yracmax BOCTO~HOM (OCHOBHOI~), 

U ~ H T ~ ~ ~ ~ H O M  M c ~ e B e p 0 - 3 a f l a ~ H 0 ~ .  Ha BOCTO'~HOM y'iaCTKe yCTaHOBJleH0 14 
PyAHbIX Ten. B PYAHOM T e n e  ~ ~ ~ B H O M  - 75% 3a f l aCOB KOH,L(M4MOHHblX PYA P y a H b l e  

Tens ~ p R ~ 0 J l M ~ e ~ ~ b l e  nu60 M30rHYTble,  C PenKMMM ~ I ~ O @ M ~ ~ M M ,  MX A n M H a  OT 57 
~o 635 M, 0 6 b l q H 0  100-1 50 M, nnma no n a a e n M l o  ao 430 M, 06b l r~o  150-200 M, 

MOuHOCTb 0,5-1,5 M ,  P e a K O  A0 3-4 M.  O ~ M ~ H T M ~ O B K ~  PyaHb lX  T e n  CB - 20-70°, 
I l W e H M e  H a  K)B n0,Q YrJlaMM 60-80'. P y a H b l e  c~on6bl CKJlOHRloTCR H a  0 3  (FJIaB- 

Hoe P y a H O e  ~eJl0). Pyab~ PMTMMqHO-flOnOCqaTble, flnaCTMH.laTble, 6pe~ ' iMeBble .  

K a p 6 0 H a ~ ~ o - ~ B a p q e B b l e  flSlaCTMH'iaTble pynbl 0 6 b l q ~ 0  HeflPOAYKTMBHbl. C0Aep- 
maHMe sono~a M cepe6pa B T e x H o n o r M r e c K M x  npo6ax c o o T s e T c T s e H H o  39,8-40,1 
M 69,4- 164 r / ~  (no B. r. H e B c ~ p y e B y ) .  Au: Ag = 1 : 2-4. P y a H b l e  X M n  bl COCTORT M3 

KBapqa,  a,QynRpa M KaJlbL(MTa (95%). B T O ~ O C T ~ ~ ~ H H ~ ~ ~  M P e a K M e  MMHepanb l :  run- 
POCnloAa, ~eJle3Mc~bli K ~ P ~ O H ~ T ,  XJlOpMTbl, MOHTMOPMnJlOHMT, KaOJlMHMT, AMK- 

KMT, AOJlOMMT, XanUenOH,  KBapULIH, UeOJlMTbl, aflaTMT. P y a H b l e  M M H e p a n b l  ripen- 

CTaBneHbl TOHKMMM PaCCeRHHblMM BblneJleHMFIMM, C O C T a B n F I l o ~ M M M  0,5-1,596 
0 6 b e M a  nOpOflbl.  TO I lk lpMT, c@aJlepM~, XaJlbKOnMpMT, @peG6epr~~,  K O H @ M ~ ~ -  

gMT, HaYMaHHMT, IIO~M~~~MT, 3neKTPYM,  CaMOPOAHOe cepe6po; BTOpOCTeneHHble:  

raneHMT, MapKa3MT,  CTaHHMH, I lMpap rMpMT,  KloCTeJlMT, reCCMT. 



Puc. 4.99. reonorurec~a~ c x e M a  p a R o ~ a  K a p a ~ ~ e ~ c ~ o r o  M e c T o p o m A e H n R  (no E. B. 6 e n b ~ o -  

BY) 
1 - an I lK )BMaJ lbHb le  M J leAHMKOBb le  OTnOXeHMR;  2 - BynKaHOreHHO-OCaAOLIHble (K1-2)  M BYJlKaHO- 

r e H H b l e  (K,) 0 6 p a 3 0 o a ~ ~ ~ ;  3 - T e p p M r e H H b l e  OTJlOXeHMR BepXORHCKOiG KOMf l J l eKCa  (T-J); 4 - nOKPOt lb l  

6 a 3 a n ~ ~ o s  (6'); 5 - ~ y 6 0 y n ~ a ~ ~ ~ l e ~ ~ M e ~ e ~ l a  PMOJlMTOB ( I ) ,  AaUMTOB ( 2 ) ;  6 - MHTpy3MM rpaHL lTOMAOB ( I ) ,  

AMOPMTOB (2); 7 - r p a H M U b l  BYIlKaHO-TCKlOHM'ieCKMX f l e n p e C C k I i  ( 1 ), BynKaHO-KynOJ lbHb lX  CTPYKTYP (2); 
8 - TPaHMUbl  PYAHOrO nOJlR, K ~ ~ ~ M K ~ H C K O ~  M e C T O p O ~ e H k I e ;  9 - ~ J I ~ ~ M H H ~ I ~  ( 1 ) M A p y r M e  (2) pa .v lGMb l  

30~10~0 c a ~ o p o a ~ o e ,  MenKoe M nblneaMAHoe, 95% s e p e ~  s e n ~ r ~ ~ o i  tdetiee 
0,1 MM, B eAMHMClHblXCJly'iaRX~0 1-1,5 MM, @ O ~ M ~ ~ O J ~ O T M H  pa3~006pa3~aR, 'iaLLl,e 
KOMO'iKM, IlSlaCTMHKM, AeHAPMTbl. fl0 COCTaBy 30JlOTO He0,QHOpOAHOe t 3neKTpyM I 
- npo6a 590-690; 3JleKTpyM 1 1  - 370-41 5; KlOCTeJlMT - 130-250 M CaMOpOAHOe Ce- 
pe6po. P ~ A K O  OTMe'iaeTCR 30JlOTO C flp060i 930-940. B 3OJlOTe IlpMCyTCTByeT 
p ~ y ~ b  AO 2,796, a TaKme Cu, Fe, Sb, Bi, S n .  O ~ n o m e ~ ~ e  sono~a npo~30wno B TPM 



PMG. 4.100, r e O f l 0 r k l L l e C ~ 3 ~  K a p T a  kl p a 3 p e 3  K ~ P ~ M K ~ H C K O ~ O  PyAHOrO n 0 n R  ( n o  A. A. K p a c ~ n b -  

HMKORY, n. b!. H e ~ p a c O R O t 7 ) .  

1 - ' ~ ~ T B ~ ~ T M . I H ~ I ~  anfllo~klh; 2-7 - ~ J ~ ~ ~ - c ~ H O M ~ H C K M ~  C T ~ ~ T M @ M ~ M ~ O B ~ H I - I ~ ~ E !  0 6 p a 3 0 8 a H ~ ~  

( C ~ l e p x y  BHI43) (2 - b l r H b l M 6 p k l ~ b 1 ,  Ty@bl PMOJlMTOB, 3 - 6 a 3 a f l b ~ b 1 ,  aH,Qe3UTbl, 4 - Ty@hi,  M ~ H H M ~ P M T ~ I  

pclOflL4TOI3, 5 - ~ ~ . @ b l ,  6 - aHAe3VITbI, 6 a 3 a n b T b 1 ,  Ty@bl,  7 - aprMf lnMTbl ,  Z n e B p O n M T b ! ,  f leC'iatingM, 

r p a s e ~ : m b i ) ;  8 - ~ K C T P Y ~ M M  ~ H A ~ ~ M T O B ,  A a w T o a ,  PMO~MTOB; 9 - n n a r n o r p a ~ ~ ~ - n o p @ q m  (a), K B a p u e -  

Bb le  ,QMOpMTOEble f l O P @ k l P ~ T b l ( 6 )  (K2); 10 - TeKTOHMLleCKMe OTPaHMLleHklR K ~ ~ ~ M K ~ H c K o ~ ~  BYnKaHOCT- 

PYKTyPbl; 1 1 - 30nOTOPYflHbleTef la ( 4 n @ p b l 8  K P ~ X K ~ X ) :  1 - N 1,2 - N 2,s  - N 3,4 - r n a ~ ~ o e ,  C f l 0 p t l O e .  

5 - Ceaepnoe, H w e x ~ o e  n ~ p . ,  6 - N 1 3  

Qa3bl: 1) ~ O J ~ O T O - C ~ J ~ ~ @ M A H ~ R ,  2) ~ O ~ I O T O - K ~ H @ M ~ ~ A M T - @ ~ ~ ~ ~ ~ ~ ~ M T - X ~ J ~ ~ K O ~ ~ M -  

PliiTOBaR cl 3) C 30nOTOM.  B f lep~0f i  aCC@- 

L(Ma4clM OCHOBHble MMHepaJlbl: nMpclT,  XaJlbKOnclpMT, PeXe raneHc lT .  30fl0~0 B BMAe  

i 3 K J l t O ~ l e H ~ i  B I lMpMTe, B CpaCTaHMM cXaJlbKOflMpclTOM M ~@aJlepMTOtvI .  6 ~ 0 p a R  aCC0-  

4cla4clR - OCHOBHaR nPOAYKTclBHaR, a B T p e T b e i  r n a B H y t 0  POJlb MTPaOT CaMOPOA- 

H o e  cepe6po M 3JlelcrpyM 1 1 ,  TeCHo  ~ C C O ~ M M P Y O ~ M ~  c H ~ Y M ~ H H M T O M  M n o n ~ 6 a 3 ~ -  
TOM. B AOl7POAYKTMBHYlO CTaAMO C @ O ~ M M ~ O B ~ ~ M C ~  ~ a p 6 0 H a T - ~ ~ a p l ~ e ~ b l e  XclJ lb l  



c y6oroi n o n ~ ~ e ~ a n n ~ r e c ~ o i  ~M~epanM3aqMei. flpoL(ecc p y a o o 6 p a 3 o ~ a ~ ~ ~  

npoTeKan npM LUM POKOM a~ana3ot1e TeMnepaTyp - 41 5-6S0 C. He3Har m ~ e n b ~ a ~  

racTb sono~a (1,3-2%) s a ~ n t o r e ~ a  B Ksapue, ocTanbHoe (68,4-74%) - B cpocTKax 
C aPyrMMM MMHepanaMM, B OCHOBHOM C cynb@MaaMM, 6JleKJlblMki PYaaMM, CyJlb- 

@ o c o n ~ ~ ~  cepe6pa, ~ a e n e ~ a e ~ c ~  uMaHM poeaHMeM. 1 33% ero C B R ~ ~ H O  c 6 n e ~ -  
JlblMM PyaaMM, C Y ~ ~ @ O C O ~ R M M ,  apreHTMTOM, H ~ ~ M ~ H H M T O M  M K O H @ M ~ ~ ~ M T O M ;  3% 
- c c y n b @ ~ a a ~ ~  M 4,4% - c KsapueM. C o a e p x a ~ ~ e  ~ T ~ T M  B pyaax ao 0,03%, 
c y p b ~ b ~ ,  MblwbRKa M Tennypa - ao 0,002%. f l e p e ~ r ~ b ~ e  r e o x ~ ~ ~ q e c ~ ~ e  opeonbl, 

o ~ a i ~ n ~ t o l q ~ e  pyab~, 06pa3yto~: ~ O ~ O T O ,  cepebpo, M ~ I W  ~ R K ,  CypbMa, p ~ y ~ b ,  

6ap~ i i .  Ha B ~ ~ X H M X  T O P M ~ O H T ~ X  0pe0Jlbl LUMPOKMe KOHTpaCTHble, C r n y 6 ~ ~ o L i  OHM 

CyXaloTCR. 

Ha MeCTOpOX,QeHMM pa60TaeT PYAHMK, MMetoTCR flPOrH03Hble PeCypCbl. OC- 
H O B H ~ I ~  MeTOabl 060raueHM~: @JloTauMR M L ( M ~ H M P o B ~ H M ~  @ J ~ O T O K O H ~ ~ H T ~ ~ T ~ .  

A B ~ ~ R K ~ H C K O ~  MeCTOpOl(4eHMe pacnonoxeHo B K ~ X H O ~  WCTM Axyra- 
>KYPCKO~~ ~ ~ J ~ O T O H O C H O ~  30Hbl. f l0 AaHHblM B. B. 3Mnb6epLllTefiHa (1983 r.) L1 
B. A.  CTeraHL(e6a (1987 r.), pai0H MeCTOPOX.4eHMR CJlOXeH paHHea0KeM6~Mh- 

CKMMM T ~ ~ ~ P O - ~ H O P T O ~ M T ~ M M ,  KpynHO- M rMraHT03ePHMCTblMM, ~ M @ M ~ O ~ M ~ M P O -  

BaHHblMM r a 6 6 p o ~ a a ~ ~  M O ~ T O ~ M @ M ~ ~ J ~ M T ~ M M ,  MHbeuMPOBaHHblMM rHefi~0BMa- 

H ~ I M M  rpaHMTaMM. Ha nopoaax KpMcTannMrecKoro @ y ~ a a ~ e ~ ~ a  sanerato~ 

BynKaHMTbl, cnaratolqme rpa6e~oo6pa3~yto c ~ p y ~ r y p y  (PMC. 4.101 ). fionee apes- 

HMMM CrMTaKlTCFI M ~ H M M ~ P M T ~ ~  M v@bl  aauMT0B M JlMflapMTOB (Marefic~aR CBMTa, 

BepxHkl~ Men), a 6onee MOJlOablMM - aHae3MTbl, aHfie3~~0-6a3aJl b~bl ,  aHae3MTO- 

AauMTbl M MX TyCt)bl ( M O T ~ F M H C K ~ R  CBMTa, BePXM BepXHerO Me'la). HaKJlOHbl IlJlaC- 

TGB ByJlKaHMTOB 10-15°, PeaKO a0 30-35: OHM IlpOpBaHbl MHOrO'iMCJleHHblMM 

a a i ~ a ~ k l  M H ~ ~ O ~ ~ U J M M M  UlTOKaMM ~ O P @ M P O B ~ I X  M ~OJlHOKpMCTaSlJlMreCKMX flOpOA 

cpeaHero M KMcnoro cocTasa. P y a ~ o e  none npMyporeHo K ~ ~ ~ e p a n ~ s o e a ~ ~ o i 3  
30He UlMPOTHOrO npOCTMpaHMR W M P M H O ~  1-1,5 KM M P J I M H O ~  A0 15 KM. B Heh 
BbIaensleTcsc p ~ a  napannenwblx PYAH~IX  OH, cpem KOTOP~IX ~aM60nee npoay~- 
TMBHbl l~C?HTpaJlbHaR M C ~ B ~ ~ O - B O C T O ~ H ~ R  30Hbl. 

3 o ~ a  U e ~ ~ p a n b ~ a ~  npocnexeHa KaHasaMH Ha 3 KM. Ee MOUHOCT~ 5-40 M. 

3 0 ~ a  0 6 p a 3 0 ~ a ~ a  c ~ J ~ M x ~ H H ~ I M M  KBapueBblMM M K B ~ ~ ~ - K ~ P ~ O H ~ T H ~ I M M  XMJlaMM, 

~ O H ~ M M  npoxMnKoBoro M n p o x w n ~ o ~ o - M ~ T ~ C C M ~ T M ~ ~ C K O ~ O  OKBapueBaHw. BMe- 

UaloUMe MX aHae3MTbl M v@bl  MHTeHCMBHO flPOnMJlMTM3MPOBaHbI (X~OPMT-3nM- 

AOTOBaR @auMR),  a JlMnapMTbl IlOABeprnMCb KpeMHeKaSlMeBOMy MeTaCOMaT03y. 

O ~ O J l O ~ l l ~ b ~ b l e  IlOpOabl IlpeBpalqeHbl BXAOPMT-CePML(MT-rMaPOCntoflMCT0-KBap- 

4eBble MeTaCOMaTMTbl, PeXe ElprMJlflM3MTbl. >KMJlbHble Tens raCT0 JlMH3YtoTCR, 

BeTBRTCR, MOUHOCTb MX M3MeHqMBaR (OT 0,1 A0 10 M), KOHTaKTbl C BMeUalOUMMM 

nopoaaMM qeTKMe, KpyTble (60-80°) c nmeHMeM Ha cesep. Te~crypa pya Maccm- 

Hag, 6peKqvle~aR, K P ~ C T M @ M K ~ ~ M O H H ~ H ,  KaPKaCHO-nnaCTMH'laTaR.~OpMa PyaHblX 

Ten ~ M H ~ O B M A H ~ R  c p a 3 a y e a ~ ~ ,  nepexclMaMM, MHorowcneHHblMM a n 0 @ ~ 3 a ~ ~ .  

P y a ~ o e  Teno N-o 1 npocnexeHo KaHasaMvl Ha 220 M npM MOUHOCTM 1,5-9 M. 

C ~ ~ ~ H R R  MOUHOCT~ B 6no~ax 4,6 M 2,6 M, cpeaHee coaepxawe sono~a coome- 
CTBeHHO 34,s M 72,5 r/T. Ha r n y 6 ~ ~ e  pe3yJlbTaTbl OflOMCKOBaHMR (LUTOJ~~HR,  6 ~ ~ 0 -  

Bble C K B ~ X M H ~ ~ )  OTPM~aTenbHble. 

3 o ~ a  Cesep0-BOCTO~H~R PaCnOnOXeHa B 450 M Ha CeBep OT ~eHTpaJlbH0fi. 

Ee m M H a  3 KM, MOUHOCT~ 50- 120 M. X u n b ~ b ~ e  Ksapuesble Tena 06pasyto-r MHO- 

rO.lMCJlC?HHble anO@M3bl MOuHOCTblO 0,5-10 M. B nPMKOHTaKTOBblX qaCTRX PyAHblX 

Ten KBapL( C ~ M B H O ~ ,  T O H K O ~ ~ P H M C T ~ I ~  ( M ~ T ~ C O M ~ T M ~ ~ C K C I ~ ) ,  a B ueHTpaJlbHblX - 



PMC. 4.101. reonor~recKaR ~ a p ~ a  Aenafl~atic~oro p y ~ ~ o r o  nonR (no 6. A. C~era~ueey) .  

1 - r e~~epTMrHb l~  2UlJltoBMfi; 2 - aHne3MTbl, aH~e3~~0-6a32Ulb~b1, aHA€?3MTO-AaqMTbl, ~)'@bl MO- 

T ~ ~ M H C K O R  CBMTbl (K,); 3 - M T H M M ~ P M T ~ I ,  ~y@bl  AaqLITOB, JlMnaPMTbl, JlMllaPLITO-AaUMTbl M E I T ~ A C K O ~ ~  

CBMTbl (K,); 4 - c ~ ~ B ~ J ~ K ~ H M ~ ~ c K M ~  06~;130€3aHH~ TYHYMCKOrO KOMnneKC3 (KP): nMnapMT0-DauMTM, n M -  

napMTbl ( I ) ,  aHfle3MTO-AauMTbl, aHfle3LI~0-6a3aJlbT~1(2); 5 - MtIT~Y3MH &KYr&KYPCKOrO KOMnneKCa (K2): 
G ~ R K M  ~ ~ ~ H O A M O ~ M T - ~ O P @ M P O B  M AMOPMTOB (I), IUTOKLI flMOPMTOB (2); 6 - 30nO.rOPYAHble KBaPUeBble 

rena: pa3sega~~ble (1 ), npocnernetwble Kaklaeam (2), no AentosMto (3); 7 - TeKToiiMrecKMe Hapyue- 

HMR; 8 - YCTbe WTOnbHM, CKBa)((LIH 

6onee K P Y ~ H O ~ ~ P H ~ ~ C T ~ I ~ .  Pyatible 6pe~qklkl 4eMeHTMPylOTCR KBaP4ehl M KpynHO- 

KPklCTaJlJlMreCKMM Kanb4MTOM. Ankltia PYAHblX Ten a0  155 M, CPeaHFlFl MOUHOCTb 

1,9 M, cpeaHee coaepmatiwe sono~a 10,8 r / ~ .  Pyatib~e Tena pa306~qetibr npomcln- 
KOBO-OKBapuOBaHHbIMkl cl ~ap60tia~M3klp0Bati~brhn~ flOPO,QaMkl C RKPaflneHHOCTbto 

cynb@~aos. Cpea~ee coaepmatime aono~a no MecTopo>yqeticlo 18,2 r / ~ ,  cepedpa 
38,1 F/T Ha M O ~ H O C T ~  4,3 M. Au: Ag = 1 :2-4. 

Ksapu B pyaax caxaposklatib~i, OT cse~no-ceporo ao reptioro, c eKntore- 
HMRMM yrnoriiaTblx 06~10~~013 ~ H ~ ~ ~ M T O B ,  c r t i e 3 a a ~ ~  Kanbuma. B pyaax Tame 
npclcyTcTByoT: cepklutu, xanueaoti, rklapocntoabl, x n o p ~ ~ ,  aaynslp, Q n o o p ~ ~ ,  
KaOnMHMT. ~OJIOTO TeMHO- M CBeTJlO-XeJITOe, BeflM'iMHa ~blaenetiklG 40 0, 01 MM, 

a o p ~ a :  KPIO~KH, ~ P O B O ~ O L I K M ,  septia tienpas~nbtioi? QOPM~I. 

M€:Top~>yqe~kle MeflKOe. 



Klpbesc~oe s o n o ~ o p y ~ ~ o e  M e c T o p o W e H H e  pacnonoxetio B &tqrymypc~oLi 
~ O J ~ O T O H O C H O ~  3 0 H e .  Ero M3YqaJlM C. H. ~ O U T ~ H K O ,  A. M. C n o 6 o ~ c ~ o i ,  B. r. H e s -  

C T p y e B  kl Ap. M e c ~ o p o > y q e n M e  HaXOAMTCR B YII~MHCKOM BYnKaHOreHHOM npor~6e 
K C3 OT K ) ~ O B C K O ~ O  EblCTyf la  @ Y H A ~ M ~ H T ~  B flOSle pa3BMTMR MeJlOBblX BYJlKatlMTOB 

aMKMHCKOr0, XeTaHMHCKOrO kl YpaKCKOrO KOMflJleKCOB, 06pa3yt0lq~x flOnOTytO Ky- 

I lOJlOBklAHytO CTPYKTYPY. C Y ~ B Y ~ K ~ H M C ~ ~ C K ~ ~ ~  kl X e p J l O B b l e  A ~ ~ K M  f l ~ p @ M p ~ E I b l ~  

n O p O A 3 a n e r a t O T  KpyTO. H ~ Y W C T K ~  f lPORBneHbl  B OCHCBHOM ~ S ~ M ~ L U M P O T H ~ I ~  (PYA- 
Hb le) ,  PeXe C 6  pa3JlOMbl. H ~ ~ ~ O C ~ ~ A C T B ~ H H O  H a  K ) P ~ ~ B C K O M  PYAHOM none TOJllqa 

BynKaHMTOB MeCTaMM I l p O p B a H a  f lO3AHeMenOBblMk l  c ~ ~ B ~ J ~ K ~ H H ~ ~ c K ~ ~ M M  TenaMM 

Jlk l f lapklTOB M nMf laPMT0-AaUMTOB YPaKCKOrO KOMf lneKCa.  Opy,QeHeHMe I l pMypOqe-  

HO K ~ ~ ~ ~ 0 f l a , 4 a t O l q e i  T ~ K T O H M ~ ~ C K O ~  3 0 H e  ( 3 0 ~ a  K O M C O M O ~ ~ C K ~ R )  6 n k l 3 u ~ p o ~ -  

HOrO IlPOCTMPaHMR, B f lpeAeJlLlX K O T O P O ~  BYnKaHMTbl f lpOllklnMTM3MpOBaHbI, COAep- 

x a T  c e p M t O  K y n M ~ 0 0 6 p a 3 ~ 0  p a c n o n o x e H H b l x  x M n  M n p o x M n K o s  K s a p q e B o r o ,  

a ~ y n ~ p - ~ ~ a p q e e o r o ,  K B ~ ~ U - K ~ ~ ~ O H ~ T H O ~ O  coc-rasa. 3 o ~ a  n p M y p o r e H a  K 6 n m s e p -  

TMKanbHOMY C ~ P O C Y ,  I l O  KOTOPOMY C ~ B ~ P H ~ I ~  6 n o ~  O I l y l q e H  t l a  150 M OTHOCMTeJlb- 

HO tOXHOrO (PUC. 4.102). 6 ~ e l q a t O l q M e  O p Y A e H e H M e  BYJlKaHMTbl M3MeHeHb l  A 0  

K B ~ ~ ~ - K ~ ~ ~ O H ~ T H ~ I X  ( I l p e b l ~ y l q e C ~ B e ~ ~ ~ ) ,  CepMqMT-KBapqeBb lX  H KpeMHMCTblX 

A P1.r~.  4.102. r e o n o r ~ w x ~ ~ i i  
p a a p e 3  'iepe3 3 0 H y  KOMCOMO~~CKYIO 

v K ) ~ ~ ~ B c K o ~ o  M ~ C T O ~ O X ~ ~ H M R  ( n o  

1 - n M T o K n a c T w i e c K n e  ~ y @ b ~  nu- 
v napMT0-naqMTOE! 1.1 flaUMTO6 ~ M K H H C K O ~  

\ CBMTbl (K,am): 2 - a ~ n e 3 M T b l  M aHAe3H- 

L I H T P Y ~ M ~ '  

] ] 0 150 3 0 0 ~  
K M C ~ O ~ O  c o c T a s a  y p a K c K o r o  KoMnneKca - (K , ) ;  4 - P y n H a ~  3 0 H a  K O M C O M O ~ ~ C K ~ R  

MeTaCOMaTMTOB, '4aCTO C XIIOPMTOM. L U M ~ M H ~  3 0 H b l  MeTaCOMaTMCleCKMX M3MeHe- 

H M ~  K o J ~ ~ ~ ~ ~ T c R  OT 1-2 CO CTOPOHbl XeTaHMHCKMX aHAe3MTOB M A0 50 M B aMKMH- 

CKMX Ty@ax. AJlR K ) ~ ~ ~ B c K o ~ o  MeCTOpO>yqeHLlR XapaKTepHO OKpeMHeHMe B M e u a -  

t ~ l q ~ x  n o p o ~  M p a s ~ ~ ~ ~ e  M e T a c o M a T H r e c K o r o  M n p o x M n K o s o r o  xanqeaona M 

onasla. 
M o p Q o n o r ~ ~  PYAHblX XMJl M3MeHCIMBaR, H~~JI~OA~~OTCR W C T b l e  pa3AYBb l  M 

I l e p e X M M b l ,  M 3 M e H e H M R  I l P O C T M P a H M R  I4 YrSlOB I l a A e H M R .  M H O ~ A ~  X H n M  

p a c l q e n n R t O T c R ,  06pa3y~ ano@mb~. B 3 a n b 6 a ~ ~ a x  x M n  p a 3 ~ ~ ~ b 1  KBapqeBb le ,  

~ B a p q - K a p 6 0 ~ a ~ ~ b l e  M KBapq-El f lynRpOBble f lpOXMnKkl ,  3 a r a C T y t O  C C Y J ~ ~ @ ~ H O ~  

r m ~ e p a n ~ s a q H e i 4 .  T e ~ c T y p a  x M n  MaccMBHaR,  n e T e n b r a T a R ,  n o n o c r a T a s l .  Ha 70- 
90% X M n b l  COCTOWT M3 K a p 6 0 ~ a ~ a  M K B a p q a  C I lpMMeCbtO a A y n R p a ,  6 a p ~ ~ a ,  rMA- 

POCn tOA, CepMqMTa,  PYAH blX M aK4eCCOPHblX MMHepanOB.  K a p 6 0 H a ~ b l  f lpeACTaB-  

n e H b l  rSlaBHblM o6pa30~ Kpyf lHOKpMCTannMreCKMM r lOJlyf lpO3pa'4HblM K a n  bqMTOM, 

OTMe'iatOTCR CLlAepMT, MaHraHOKanbqMT.  Keapq ~ e n K ~ ~ p k l c ~ a n n M ~ e ~ K M f i ,  PeXe 
r p e 6 e ~ ' 4 a ~ b l l ? .  B M O u H b l X  XMJlaX C MenKOKpMCTaJlJlM'4eCKMM K B a P q e M  BCCOl&lMPY- 

e T  aAyJ lRp .  qepef l06aHbIe  MOHOMMHepanbHblX C ~ O ~ K O B  (1 -2 MM) BTMX MMHepaJlOB 

o ~ ~ c J ~ o B J ~ M B ~ ~ T  flOJlOC'4aTyD TeKCTyPYPYAHblX X M n .  K KOHTaKTaM CIIO~KOB K B a p w  

M a,4yJlRpa f lpMypO'4eHbl TOHKO3epHMCTble BblAeJleHMR PYAHblX MMHepaJlOB. no- 
cnentiwe c o c T a s n R t O T  M e H e e  1 % r n ~ n b ~ o i  M a c c b l .  Ha~6onee p a c n p o c T p a H e H  nM- / 



PLIT (90-95%), nOCTORHH0 BCTpeqaeTCR aPCeHOnMPMT (A0  5%). L/13 !lPO'iMX MMHe-  

panos oTMeTMM c @ a n e p ~ ~ ,  r a n e H m ,  sono~o, s n e K T p y M ,  xanbKonMpM-r ,  reMaTMT,  

a p r e H T m ,  n o n ~ 6 a 3 ~ ~ ,  6 y n a H x e p M T  (?), BMCMYTHH. Bcero B pynax y c T a H o e n e H o  

65 M M H e p a n o B ,  B T, r. 17 r H n e p r e H H b r x .  X a p a ~ ~ e p ~ o i  o c o 6 e ~ ~ o c ~ b t o  Dpbesc~o- 
r0 MeCTOpO>yqeHLIR RBJlReTCR I lpMCyTCTBMe B PyAe CaMOpOAHOrO MbI lUbRKa B KO- 

nM'ieCTBe 40 400 r /T ,  B BMAe  3 e p e H  (0,05-3 MM) K Y ~ M ~ ~ C K O ~ ,  H ~ T ~ C I H O ~ ~  M CKOpJly-  

n o s a ~ o i  @ O P M ~ I  (Hesc~pyes, ~ G I ~ M L U ,  1981a). 
30~10~0 o T M e r a e T c R  B ~sapue II, a T a w e  B C p o c T K a x  c nMpMToM,  a p c e H o n M -  

PMTOM, r a n e H M T O M ,  c @ ~ ~ ~ ~ M T o M ,  XanbKOflMpMTOM, C ~ ~ ~ @ O C O ~ R M M  cepe6pa M 

csmtiua. B e n m r ~ ~ a  s b ~ ~ e n e ~ ~ i  - co~ble  on^ M M n n M M e T p a ,  @ o p ~ a  - n p o s o n o r K M ,  

AeHAPMTbl,  Kaf lJ leBMnHbIe  3 e p H a ,  flnaCTMHKM, XMJIKM,lKPtO'iKM, P e a K O  OKTa3APbl  M 

p 0 ~ 6 0 ~ 0 ~ e K a 3 ~ p b 1 ,  U B e T  C B ~ T ~ ~ O - X ~ J ~ T ~ I ~ ,  flp06a 3 0 n O T a  750-780. OCHOBH~R 
M a C C a  3OnOTa  B b l A e n M n a C b  OAHOBpeMeHO C cyJlb@M,QaMM, O ~ ~ ~ ~ Y I O L ~ M M L I  B K B a p -  

Ue paccemyto MenKy tO  (0,l-0,2 MM) B K p a n n e H H o c T b .  O T H O U ~ H H ~  sono~a K cepe- 
6py B P y A a X  K O J ~ ~ ~ J ~ ~ T C R  OT 1 : 10 A0 1 : 0,5, B C p e n H e M  1 : 2. COBM~CTHO C 3 0 n O T O M  

r/l cepe6po~  B PYAH~IX T e n a x  H a K a n n M B a n M c b  Pb, Zn, Cu, Mo, As, Mn. Py,q~b~e T e n a  

BblneflRtOTCR B f l p e a e J l a X  XMJl O ~ ~ O ~ O B ~ H M ~ M .  06bl ' i~ble MOWHOCTM PYAHblX T e n  

6-6,5 M, W M H a  150-200 M, c o A e p x a H M e  sono~a M cepe6pa 10-25 r / ~ .  
3 a f l a ~ b l 3 O J l O T a  H a  M e C T O P O w e H M M  7,1 T. 

K y n m ~ n n ~ c ~ o e  s o n o ~ o p y ~ ~ o e  M e c T o p o w e H M e  p a c n o n o x e H o  B W r w p -  
C K O ~  3 0 1 1 0 ~ 0 ~ 0 ~ ~ 0 ~  3 0 H e ,  B f l p M 6 p e x ~ o i  'iaCTM Y J ~ ~ M H c K o ~ o  ByJlKaHOreHHOrO np0- 
r ~ 6 a .  no AaHHb lM C. B. A ~ H M c o B ~ ,  A. H. r y c e B a  (1 978 r.) M A .  E. K o p a 6 e J l b H k l K o ~ a  

(1 983 r.), HM3bl pa3pe3a 3 A e C b  CJlOXeHbl ~ ~ C ~ @ M T O B ~ I M M  T ) ~ @ ~ M M  Aa4MTOB ( ~ M K M H -  

CKaR CBMTa, B ~ ~ x H M ~  M e n ) ,  CPeAHRR W C T b  - aHAe3MTbl,  aHAe3MTO-AauMTb l  C n O A -  

qMHeHHblMM a H ~ e 3 M ~ 0 - 6 a 3 a S l b ~ a M ~ ,  f lCaMMMTOBblMM M ~ C ~ @ M T O B ~ I M M  T Y @ ~ M M  

( X ~ T ~ H M H C K ~ R  M ypaKcKaR CBMT~I ,  sepxui  M e n ) ,  B e p x M  - n a n e o r e H o s b l e  ~ H A ~ ~ M T O -  

6 a 3 a n b T b l  1.1 6 a 3 a J l b T b l  ( X ~ K ~ ~ M H C K ~ R  C B M T ~ ) .  B Y ~ K ~ H M T ~ I  3 a J l e r a l o T  CO c f l a 6 b l M  

HaKnOHOM (5-35') H a  03. Opy,4eHeHMe KOHTpOJlMpyeTCR r J l y 6 M ~ H b l M  pa3J lOMOM 

C3 ~ ~ ~ O C T M ~ ~ H M R ,  K K O T O ~ O M ~  f l p M y p 0 q e H b l  C Y ~ B Y ~ K ~ H L I ~ ~ C K M ~  MHTPY~MM, A a i K M .  

MOWHOCT~ ~ O H ~ I  1 KM, anwa donee 12 KM. nopoob~ oce~o f i  q a c T M  pa3no~a r M n -  

POTepMaJlbHO M3MeHeHb1,  H a C b l W e H b l  X M n b H O - I l P O X M J l K O B b l M  M a T e P M a n O M .  

~ O ~ O T O H O C H O C T ~  3 0 H b l  n P M y P O q e H a  K CeBePHOMY M C3 K O H T a K w  C Y ~ B Y ~ K ~ H M ~ ~ C -  

K O ~  MHTPY3MM I lMf laPMTO-AauMTOB,  ~ ~ P O T R ~ M B ~ K ) L L ( C ? ~ ~ C R  H a  C3 H a  5,5 KM. Bce 
flOp0,Qbl p y A H O r 0  IlOJlsl flpOflMJlMTM3MpOBaHbl, IlpoXMJlKOBO M MeTaCOMaTMreCKM 

OKBaPUOBaHbl A0  MeTaCOMaTMTOB KBapueBOrO,  CepMuMT-KBaPueBOrO M AMKKMT- 

a n y ~ ~ ~ - ~ s a p u e s o r o  coc-raea. 
Bbl,QenReTcR pR.4 PYAOHOCHblX 30H:  UeHTpaJ l  bHaR, B O C T O ~ H ~ R ,  np~Me)l<yT~q- 

H a g  M AP. P y A H b l e  Tens UeHTpaJlbHoh 3 0 H b l  3aJ lera tOT B aHAe3MTaX X ~ T ~ H M H C K O ~ ~  

CBMTbl M n p e A C T a n e H b l  AByMR c ~ J ~ M x ~ H H ~ I M M  XMJlbHblMM T e n a M M  C3  f lpOCTMpa-  

HMR M KPYTOrO naAeHMR MOL4HOCTbK) 0 T 0 , 5 n 0  12,3 M .  K O H T ~ K T ~ I  T e n  CIeTKMe. COCT~B 
- K B a p u e B b l k ,  K B ~ ~ ~ - K ~ ~ ~ o H ~ T H ~ I ~ .  TeKcT) fpa  flOnOC'iaTaR - f l e p e M e X a e M O C T b  

mpocnoes. K s a p u a  M ~ a n b u ~ ~ a .  X ~ n b l  n p e a c T a s n R t o T c o 6 o R  n n ~ ~ o o 6 p a 3 ~ b l e  T e n a  

C BKnIOqeHMRMM O ~ A O M K O B  BMeUatOL4MX f lOpOA. X M n a  N 1 n p O C n e X e H a  H a  720 M,  

x M n a  N 2 - H a  368 M. Cpea~ee coaepxatiue sono~a B 3 o ~ e  U e ~ ~ p a n b ~ o i  12,2 r / ~  
n p M  MOqHOCTRX 3,3-5,6 M.  C r n y 6 ~ ~ o i  C O A e p X a H M e  YMeHblUaeTCR. 30~b l  BOC- 
TO'iHaR M ~ P O M ~ ) K ~ T O Y H ~ R  0 6 p a 3 0 B a H b l  U I T O K O O ~ ~ ~ ~ H ~ I M M  UlTOKBePKaMM V C T O ~  

CeTM f l pDXHnKOB M X M n  a,QynRp-KBapueBOrO M K ~ ~ ~ o H ~ T - K B ~ ~ ~ ~ B o ~ o  C O C T m a ,  B 



OTAenbHblX IlepeCeWHMRX KOTOPblX MMetoTCR flpOMblLLlneHHble COAepXaHMR 30- 

no-ra. Au: Ag = 1 : 1,9-3. 
Keapq M KaJlbqMT COCTaBnRtoT 90-95% o 6 b e ~ a  PYAbl B p a 3 ~ 0 i  n p o n o p 4 ~ ~ .  

K ~ o M ~  TOrO, OTMeratOTCR: WyJlRp, 6 a p ~ ~ ,  CePM4MT, XnOpMT, rMApOCJltoflbl, UeO- 
JUT. Ksapq M ~ J ~ K o ~ ~ ~ H L I c T ~ I ~ ,  ~pe,4He3epHcl~~bli rpe6eHWTbliI MMKP03ePHMC- 

~ b l i .  ~ O ~ O T O  TOHK03ePHMCTOe (0,001 -0,05 MM), CO,4epXMTCR B KBapq-KaJlbuMTO- 

BOM arperaTe, R ~ K O - x e n ~ o e .  ~ ~ ~ M ~ H T ~ I - C ~ ~ T H M K H  sono~a B pyae: Ag, Pb, Zn, Cu, 
Mo, As. 

Mec~OpO>yqeH M e  Men KOe, M3y'-teHO HeAOCTaTOr HO. 

K Y ~ ~ K H H C K O ~  30nOTOpyAHOe MeCTOpO>yqeHMe B COCTaBe OXOTCKO-~YKOT- 
C K O ~  nPOBMH4MM BblAenReTCR YCJlOBHO B CBR3M C n p o 6 n e ~ o i  BO3paCTa. C O ~ H O ~  

CTOPOHbl, 3T0 TMnM'-tHOe An9 npMOXOTCKMX EynKaHMTOB c ~ ~ B ~ J I K ~ H L I ~ ~ c K o ~  MeCTO- 

p o w e w e  patitieoporetitioro a~ana, a c ~pyro i3 - MMetoTcR cepbes~b~e AaHHble B 

nonb3y flesoHcKoro ~ 0 3 p a c ~ a  K Y ~ ~ K M H C K M X  pya ( C ~ e n a ~ o e ,  1994, p ~ c .  4.103- 
4.105). 

Me~T~p~>yqeHkle HaXOAMTCR B A B ~ ~ H ~ M H C K O M  PYAHOM y3ne K)XHOOMOJ~OH- 

CKOrO 30JlOTOPyAHOrO pafi0Ha O M O J ~ O H - A H ~ ~ I ~ C K O ~  ~ O ~ O T O H O C H O ~  30Hbl. n0 
aaHtiblM B. A. C ~ e n a ~ o ~ a  (1 994), M. C. P03eH6nt@Ma M ~ p .  (1 992), pyAHoe none 
npMypOreH0 K KPYnHblM MePMAMOHaJlbHblM HaPYWeHMRM, CeKYqMM BynKaHO-OCa- 

AOrHble IlOPOAbl K ~ A O H C K O ~  C e p M M  (D,,), R B J l R 0 l q e i c R  'ieXn0M OMOJ~OHCKO~O 
Maccma. BMelqatolqMe nopoflbl: arnoMepaTosble T Y ~ ~ I ,  M ~ H M M ~ P M T ~ I ,  Tyoonec- 

' iaHMKM, CMJlnbl pMOAaqMTOB, aHAe3MTO-AauLlTOB, KOTOpble IlepeKpblBaIOTCfl OCa- 

AO'iHblMM IlOpOAaMM ~ap60Ha. ~ ~ o c T M ~ ~ H M ~  n0p0.4 3C3, IlaAeHMe MOHOKJlMHaJlb- 

Hoe B tom~b~x p y ~ 6 a x  noA yrnaMM 10-30°. Y r n ~ c ~ b ~ e  anesponmbl K ~ ~ ~ ~ I H C K O ~  

C B M T ~ I  paHHero Kap60Ha MrpatoT ponb reonorMrecKoro s ~ p a ~ a .  Ha PYAHOM none 
pa3BMTbl ~ 3 6 ~ 0 c b 1 ,  CflBMrM, OTpaXalO~Me TeOAMHaMMKY TMA, C K O T O P O ~  CBR3bl- 

saeTcR opyAeHeHMe (D, M n M  K, ~ospac~a?).  B ~ e q a t o l q ~ e  nopoabl a p r ~ n n ~ s ~ p o -  
BaHbl, npOnMJlMTM3MpOBaHbI M IlpOpBaHbl MaJlblMM MHTPY3MRMM ( L L ~ T o K ~ M M )  n0p- 

~ M p O B L l f l ~ b l ~  r p a H O ~ M O p M T O B ,  AMOPMTOB M AMOPMTOBblX ~ O P ~ M F M T O B  

toPCKO-PaHHeMenOBOro ~ o 3 p a c ~ a  ( 6 n ~ 3  PyAHOrO n0nR) M C ~ ~ B ~ J I K ~ H M ~ ~ C K M M L I  

MaccMsaMM puonmos, pMoaauMTos D,, ~ o s p a c ~ a .  
Mec~opo>yqe~~e  npeAcTasneHo TpeMR PYAH~IMM ~ O H ~ M M  3C3 M CB np0c-r~- 

PaHMR. Ha~6onee ~ ~ O T R X ~ H H ~ R  M3 HMX 30Ha 4e~~paJlbHafl COCTOMT M3 C ~ P M M  KY- 

n ~ c o o 6 p a 3 ~ 0  pacnonomeHHblx npoflytmMBHblx Ten 3C3 OpMeHTMpoBKM.   TO nnM- 
~006pa3Hble CYU@CTBeHHO KBaPUeBble XMJlbl C napaJlJleJlbHblMM KOHTBKTBMM. 

KynMcbl orpaHweHb1 HapyueHmMu CB npocTMpaHm, 3a npeflenbl KOTOP~IX OHM 

He npOHMKatoT. C 6 q a ~  W M H a  pyflH0i 30Hbl 2 KM, ,fl,JlMHa OTAeJlbHblX KyJlMC 0,5- 
0,9 KM. 

~ P O A Y K T M B H ~ I ~  PYAHble Tens Ha MeCTOpO~eHMM IlpeACTaBneHbl aAyllflp- 

XaJlueAOH-KBapueBblMM XMJlaMM BblnOnHeHMR K O J ~ J ~ O M O ~ @ H O - ~ O  Oc.laTOfi, Kap- 
~ a c h o - n n a c ~ ~ ~ r a ~ o i ,  6 p e ~ r ~ e s o i  M M ~ C C M B H O ~ ~  T ~ K C T ~ P ~ I .  MOUHO I ~b ~ Y A H ~ I X   en 
1-2 M, naAeHMe Kpyroe (70-80°) H a  cesep M D3. no nWeHMto npoAytmMBHble pya- 
Hble Tena pacnpocTpaHRtoTc9 Ha 80-300 M. M O ~ ~ H O C T ~  PYAH~IX Ten ~ o s p a c ~ a e ~  c 
3allrna H a  BOCTOK M CHL13Y BBepX. 6nEliOnpMSl~~bl~M W R  Pa3BMTMR XMJl RBIIRtoTCR 

JlMnapMTO-flauMTbl, M T H M M ~ P M T ~ I ,  aHAe3MTO-AauMTbl; He6Jlar0npMR~Hbl Tyoonec- 

WHLIKM M aHfle3MTO-AauMTbl. Py~Hble Tens KBepXy paClqenJlRK)TCR Ha TOHKMB nPO- 
XMJlKM. 

06b1r~b1e coAepxaHm sono~a B pyaax 10-20 r / ~ .  Au: Ag = 1 : 1. 



PLIC. A.  103. fl0nOXeHMe K Y ~ ~ K M H C K O ~ O  MeCTOPOXAeHMR B PerMOHanbHblX CTPYKTYPaX 0 ~ 0 -  

nOHCKOr0 MaCCMBa (no A. H. KaJlvl~vl~y (1  992). 

1 - B ~ I C T ~ ~ ~ I  ~ P X ~ A C K O ~ O  o y t i ~ a ~ e ~ ~ a ;  clexon: 2 - H M X H M ~  CTPYKTYPH~IA ~ p y c  (R-0); 3 - cpeA- 

HMA CTPYKTYPH~IA RPYC (D2-3); 4 - EIepXHMfi CTPYKTyPHbi~ RPYC (D3-J3); 5 - MMOreOCMHKnMHaJIbHble 

KOMflneKCbl CyroRc~oA CKnaA%ITOi 30Hbl (C-J,); 6 - OpOreHHble BflaAMHbl Me3030MA; 7 - flpeAfl0- 

naraeMaR soHa p a s ~ s ~ r a  ~opM@eRc~oro Q y ~ n a ~ e ~ T a ;  8 - s y n ~ a ~ o - n n y r o ~ ~ v e c ~ ~ e  KoMnneKcbr 

OXOTCKO-~~KOTCKO~O B ~ ~ K ~ H O ~ ~ H H O ~ O  nCJRCa; 9 - llaJIe030AC~Me r p a ~ v l ~ 0 M ~ b l ;  10 - ~ e r a 6 n 0 ~ 0 ~ b l e  

pa3nOMbl; 11 - npOrlle pa3nOMbl; 12 - ~e3030RCKble HaARMrM; 13 - 30Hbl ~e3030R~KOi  TeKTOHO- 

h4ar~aTM'leCKOfi aKTMBM3aUMM; 14 - MeCTOPOXAeHMe Ky6a~a. rnaBHeiUIMe TeKTOHMCleCKMe 3ne- 

MeHTbl: P - P~CCOWMI~CKMA 6 n 0 ~ ;  K - K~AOHCKM~ 6 n 0 ~ ,  A - ~ ~ O ~ O M H ~ H C K ~ R  nOflepeclHaR 3OHa; Hb? - 
H ~ M ~ ~ H ~ ~ ~ K o - M o ~ ~ H ~ H H C K ~ R  OKpaMHHaR 30Ha, C - CyrofiCKaSI 3OHa Me3030MA, r - ~ H X M ~ H H C K ~ R  

~ e r a r n b 1 6 o ~ a ~  3 o ~ a ,  OqBn - OXOTCKO-~YKOTCKMA s y n ~ a ~ o r e ~ ~ b l f i  nonc. 3 o ~ b 1  TMA (UH@P~I  B 

K P ~ X K ~ X ) :  1 - KOPKOACH-H~RX~HCK~R, 2 - KOHTMHCK~R, 3 - ~ ~ H T P ~ J ~ ~ H O K ~ ~ O H C K ~ R ,  4 - A Y ~ ~ H P ~ ( M H -  

CKaR, 5 - M~JMHOBCK~R 

K p o ~ e  Ksapua, xanqeaoHa M mynslpa B x m a x  oTMeratoTcg K ~ P ~ O H ~ T ,  rMa- 
POMYCKOBLIT, B PYAHOM Tene Nn1 MHOrO @ ~ ~ K ) o P M T ~ ,  ~ ~ P M C Y T C T B Y ~ T ~ ~ ~ M T .  PyaHble 

MMHepaJl bl TOHK03ePHMCTble, COCTaBnRtOT He 60nee 0,5% o 6 b e ~ d  PYabl M flpH- 

yporeHbl K rpaticluaM ((cnoiA~oe)) Ksapua, xanueaoHa, aAyngpa B ~ o n n o ~ o p @ ~ o -  
fl0JlOCraTblX pyaax. P TO: 30JlOT0, 3neKTpyM, KIOCTeJlMT, aKaHTMT, TeCCMT, nMPMT 

(50-8096 T R X ~ J ~ O G  @pa~uMH), TeMaTMT, HJl bMeHMT, MJl bMeHOpyTMn, PyTMJl, XaJl bKO- 

nMpMT, apceHonHpw, raneHclT, c@anepm~ M ap. 
X c l n b ~ a ~  ~ ~ t i e p a n ~ 3 a ~ ~ l . 1 ~  c @ o p ~ ~ p o s a ~ a  B reTblpe cTaam ( a a ~ ~ b ~ e  

M. B. Son~b~peea, 1 985,1987 rr. ):  1 ) ~na60flp0AyK~MB~asl xanqeAotiosasl jxanue- 





AOH, flMpMT, @JlloopLIT, 3OnOT0, ~anbK0Il~pLlT); 2) IlpOayKTMBHaR KBapu-a.4yflRpo- 
BaR ( ~ O ~ O T O ,  KBapu, aAynRp, ~yJlb@klabl); 3) IlOCTpyaHaR ~ynb@~aH~-KBapu-Kap- 
60HaTHaR (KBapu, XanueAOH, XaJlbKOIlMpMT, c@aJlepMT, MapKa3MT, CTaHHMH, XJlO- 

PMT); 4) ~ ~ o c T J @ ~ ~ K o B ~ R  Kap60HaTHaR. 
OCHOBHO~ MMHepan xMn - usapu pasnc l r~o i  cTeneHM KpMcTannMrHocTM, 

UBeTa, TeKCTyPbl, ~ ~ P O A ~ K T M B H  b l i  KBaPu 11  - C B ~ T J ~ O - C ~ P ~ I ~ ,  OT TOHKO- A0 MenKO- 
~ ~ P H M C T O ~ O ,  M ~ C C M B H ~ I ~  n ~ 6 0  ~ o n n o ~ o p @ n o - n o n o c r a ~ b ~ i  ( n e p e c n a m a ~ ~ e  c 
w y n ~ p o ~ ) ,  ~ a p ~ a c n o - n n a c ~ ~ ~ r a ~ b ~ i .  

C o ~ e p x a ~ u e  sono~a B p y a ~ b ~ x  Tenax yeenMrmaeTcR C H M ~ ~  Bsepx. H a ~ 6 o -  
nee 60raTble YqaCTKM XMn MMetOT nOBblWeHHytO MOqHOCTb M K B ~ P ~ - Z ~ , ~ Y ~ R P O B ~ ~ ~  

cocTae. n o s b r w e ~ ~ e  coaepxanm sono~a oTMeqaeTcR Ha yqacTKax nepecereHw 
XMJlaMM IlJlaCTOB L I ~ H M M ~ P M T O B  M PMOAa4MTOB. 

B e n ~ r ~ ~ a  sblaene~~t7 Bnaropoa~b~x MeTannos - sono~a, s n e ~ ~ p y ~ a ,  ~ toc-  
Tenma, cepe6pa: ao 0,01 MM - 67-75%, 0,03-0,08 MM - 25-30%. O o p ~ a  BblAene- 
H M ~ :  IlJleHKM, ~ e l u y i ~ b l ,  KPIOqKLl, MHTePCTML(M0HHble BblaeneHMR. ~ O ~ O T O  HaXOAMTCR 

B ~ ~ a p u e ,  mynslpe, HepenKO BO @ n o o p ~ ~ e ,  rtIapoMycKoeMTe, Ha rpatiuqax cnoi-  
KOB MeTaKOJlJlOM~HOrO KBaP4a. no AaHHblM MMKP030H,QOBOrO aHanM3a npo6a 30- 

nOTa M3MeHReTCR B UIMPOKMX npeAeJlaX: OT 230 00 900. O T M ~ . ~ ~ O T C R  MaKCMMyMbl: 
500-700 M 300-350, pexe - 500-560 M 650-700. C p e a ~ ~ l ~  np06a 514. 3ono~o-  
c e p e 6 p ~ ~ o e  o ~ n o u t e ~ ~ e  C H M ~ ~  ~ s e p x y e e n ~ r ~ s a e ~ c ~ .  M ~ ~ p o n p ~ ~ e c ~  B sono~e: 
Hg, Cu, Sb, Se, Te. 

PMC. 4.105. Ky6a- 

KMHCKOe MeCTOPOWeHMe. 

Pa3pe3 4 0 ~ 0 J i b ~ O Q  PYA- 
H O ~  30Hbl I lO  npo@MntO 62 
(no B. A. C~ena~osy) .  

1 - ~ I ? T B ~ P T M ~ H ~ I ~ ~  

anntO~~i2; 2 - anesponMTtl1.1 

aprMnnvlTbl c 6 a 3 a n b ~ b 1 ~  

rOPM30HTOM KOHrnOhfepa- 

TOB M rpasenMToe (C:); 3 - 
Mr~lrl~6pMTbl AaUMTOB, T)'- 

@ O I ~ ~ C ~ ~ H M K M  (DP-:i); 4 - 3C!- 

JlZrcjpyAHble aAynRp-KBap- 

UeHble XMnbl (a)  lrl 

npoxLlnltm (6) ;  5 - cltsa- 

XMHbl KOnOHKOBOrO 6ype- 

HM9 



M e c ~ o p o w e ~ v l e  s ~ c n n y a ~ ~ p y e ~ c ~ ,  ero aanacb~ M npo r~os~b le  pecypcbl3~a- 
CIMTenbHble. 

X a ~ a n ~ x n n c ~ o e  s o n o ~ o - c e p e 6 p ~ ~ o e  MecTopomAeHvle pacnonoxeHo a 
30He CO'ineHeHMR O X O T O - Y ~ ~ ~ ~ ~ C K O ~ O  IlOAHRTMR M Y ~ ~ M H C K O ~ O  BynKaHOreHHOrO 
npor~6a.  O ~ H ~ ~ M ~ H T  synKaHoreHa npegcTasneti nonorocKna,n,qaTblMM TeppclreH- 
H ~ I M M  TonqaMM BepxHero TpMaca. Pyp,~oe none npMypo.ceHo K Kynonos~p,~oi syn- 
K ~ H o - ~ J ~ ~ T o H M . ~ ~ c K o ~ ~  CTPYKType aMaMe7POM 10-14 KM, 06pa30Ba~~0f i  CnOXHblM 
KOMnneKCOM IlOKPOBHblX, 3KCTPY3MBHblX, C Y ~ B Y ~ K ~ H V I L ( ~ C K M X  M MHTPy3MBHblX 06- 
pasoea~cl i  npevlMyqecTseHHo nosp,ile~enosoro sospac~a ( p ~ c .  4.106, 4.107). 
C MOMqHTa OTKPblTMR MeCTOPO>yqeHMR ( a a ~ ~ b l e  a. 0. B~AwRKcoB~,  1961 r.) 
ero passe&lean~: C. r. r o p ~ o c ~ a e s ,  B. 6. Wy~oe, A. r. Myp,poe, A. A. Cepervl~, 
B. K. C ~ B H H ,  A. E. K o ~ ~ ~ ~ ~ ~ H M K o B ;  CTpyKT)fpy pyAHOr0 nonR M3y'ia,IM B. r. XOMW, 
K>. r. MOPOSOB; reOXMMMt0 M MMHePaJlOrMtO - M. M. BOMH, K). C. 6epMaH, 
n. H. l l n ~ u ~ e s ~ r ,  6. r. Hesc~pyee, n. 6 . 3 i p m ~ ~ .  60np0~bl MeTannoreHm pyp,~o- 
ro nonq paccMaTpMsanM B. H. r o ~ r a p o ~ ,  B. kl. Ha i6opop ,~~ ,  ll. B. 6 a 6 ~ ~ ~ ,  
A. A. C~p,opos, r, 11. Bonapoe~cl, A. H. K a s a p ~ ~ o e ,  M. 6. 60poaaesc~a9, 
M. C. Pom~os, P. 6. Y~M~6aes .  

Mec~opo>yqe~~e  n o ~ a n ~ s o s a ~ o  B nonoro (1 0-30°) nacnoe~~oG Tonqe syn- 
KaHMTos (PMC. 4.108), npocTMpan3qMxcR Ha C3 c naaeHMeM Ha 0 3 .  B ~wsax 
paspesa sanera~o~ a ~ a e s ~ ~ b l  M V Q ~ I  y n b 6 e p ~ ~ a ~ c ~ o f i  C B M T ~ I  (HMXHM~ Men) MOU- 
H O C T ~ ~  6onee 500 M. Ha a ~ p , e s ~ ~ b ~  Hanerae-r n o ~ ~ e ~ e n o s a R f p y a o e ~ e q a t o q a ~ )  
TOnlqa yMepeHHOKMCnblX M KMCnblX BynKaHMTOB, npe~CTaBneHHblX arnOMepaT0- 
B ~ I M M  M ~ ~ ~ ~ O ~ O ~ O C C I ~ T ~ I M M  nopoaaMM n ~ n a p ~ ~ o - a a q ~ ~ o s o r o  M Aaqmosoro 
coc-rasa, Q n l o ~ a a n b ~ b ~ ~ ~  M c Q e p o n v l ~ o s b ~ ~ ~  nasaMM KMcnoro cocTasa MOU- 

HOCTblo OT 100 a0 500 M. fl0 MHeHMIo MHOrMX reOnOrOB, 3T0 3KCTPY3MBHble Tens. 

B, r. XOMMCI (1977) CCIMTaeT 3TM BYnKaHMTbl IlOKPOBHblMM 06pa30Ba~LIR~M. Ha 
U ~ H T ~ ~ ~ ~ H O M  YCIaCTKe JlMnapMTbl IlpOpBaHbl nna~T006pa3~blMM TenaMM KBap- 
UeBblX naTMTOB MOuHOCTbn3 100- 150 M, 06na,galoq~x 6peKqMeBblM CnOXeHMeM. 
Bce synKaHMrecKMe nopoabl pyp,Horo nonR ~ ~ O ~ M ~ M T M ~ M ~ O B ~ H ~ I  B xnopm-~ap- 
~ O H ~ T H O ~  QaqMM. B 6 n ~ 3 ~  PyaHblX Ten pa3BMTbl KBap4-wynRpOBble C KaOnMHM- 
TOM noponbl, a Ha n e p ~ Q e p m  pyatior0 nonR npowsneHbl a p r ~ n n ~ 3 a q ~ ~  M rM,q- 
p o c n ~ o p , ~ c ~ o - ~ ~ a p q e s b ~ e  s a ~ e u e ~ ~ ~ .  

B c e s e p ~ o i  qacTM pyp,Horo nonR nmapmbl M Ksapqeeble naTMTbr npopeaHb1 
BepXHeMenOBblMM A ~ ~ K ~ M M  ~ ~ ~ H o c M ~ H ~ I T - ~ o ~ ~ M ~ o B  C3 IlpOCTMpaHMR, a B q€?HT- 
panbH0i M n 3 ~ ~ 0 f i  CB ~ ~ ~ K Z I M M  6a3anb~0~,  aOnePMTOB M > H A ~ ~ M T O B  IlaneOreHO- 
BOrO BO3paCTa. PYOHO~ none p a 3 6 ~ ~ o  C3 ( ~ ~ ~ M M ~ ~ ~ c T B ~ H H o  AOPY,~H~~MM) M CB 
flOCTPYaHblMM TeKTOHMCIeCKMMM pa3PblBaMM M MMeeT ~ ~ O K O B O ~  CTpOeHMe. Ham- 
6onee a ~ a q  c l ~ e n b n b ~ ~  RsnReTcR nonepev~bl i  pas no^, pa3aen~toqcli u e ~ ~ p a n b -  
H b l i  M CeBepHblfi y.laCTKM. 

Me~T~p~>yqeHcle npeaCTaBneH0 3 0 ~ 0 i  ~ P ~ K ' ~ M P O B ~ H H ~ ~ X  M OKBaP40BaHHblX 
nclnaptmoe M O ~ H O C T ~ ~  OT 7 GO 52 M, H ~ K ~ O H ~ H H O ~  Ha 0 3  nop, yrnaMM 15-30°, 
a n ~ ~ a  ~ O H ~ I  6onee 1 KM, no n m e ~ ~ l n 3   OH^ npocnexe~a no 500-600 M. 3 o ~ a  npo- 
HM3aHa BeTBRqMMMCR XMnaMM M IlpOXMnKaMM IlPeMMy~eCTBeHHO KBapqeBOrO M 



I P M ~ .  4.106. r e o n o r ~ r e c ~ a ~  K ~ ~ T ~ X ~ K ~ H P ) K M H C K O ~ O  3 0 n o ~ o - c e p e 6 p ~ ~ o r o  ~ e c ~ o p o x n e ~ w  ( n o  

I 8. r. Hesc~pyeey). 
1 - W ? T B e p T W H b l e  anntOl3MEIflbHble M npOn loBMaUlbHb le  OTnOXeHMR;  2 - ' ieTBepTMrHble n e A H k l K 0 -  

1 BbleOTnOXeHMR; 3 - y p a K C K a R  csn~a(K,ur). k l r ~ M ~ 6 p M ~ b 1 ,  n M ~ a p M ~ b l , T y @ b l ;  4 - aMKMHCKaR C B M T B ( K ~ ~ ~ ) .  

, A a ~ l l l T O ~ b l e  M ~ H M M ~ ~ M T ~ I ,  A a q M T b l ,  Ty@bl ;  5 - y n b 6 e p L I K a H ~ ~ a ~  CBMTa (K,u~). AHf le3MTb1,  ~ y @ b l ,  Ty@-  

/ @HT~I ;  6 - C Y ~ B Y ~ K ~ H M ~ ~ C K M ~  M H T P Y ~ M M  K M c n o r o  M y ~ e p e ~ ~ o - K M C ~ O ~ O  C o c T a B a ;  7,8 - B e p x H e M e n o B b l e  

1 ~ A K M  aHAe3MTOB M ~ ~ ~ H O C M ~ H M T - ~ O P @ M P O B ;  9 - P Y A H b l e  UlTOKBePKM M K B a P U e B b l e  X M n b l  ( I ) ,  K B a p q -  

I a A y n R p - r M A p O C n D ~ M C T b l e  MeTaCOMaTMTb l  (2); 10 - p a 3 p b l B H b l e  HaPYlL leHMR 

\ .  



PMC. 4.107. r e o n o r ~ ~ l e c ~ ~ R  paspes qepes paR0H X a ~ a ~ p , x ~ ~ c ~ o r o  MecTopoxnetim, 
M-6 1 :  200 000 (no 6 .  r. KOp0nbK0~y). 

1 -nMnapMTbl, flaLl,UTbI, MxTy@bl, M ~ H M M ~ P L ~ T ~ I ,  T ~ ~ O ~ ~ C L ~ ~ H M K M  Y P ~ K C K O ~ ~  CBMTbl (K2uT); 2 - aHAB- 
3MTbI, ~ H A ~ ~ M T O - ~ ~ ~ Z I J I ~ T ~ I  M MX Tyabl X ~ T ~ H M H C K O ~ ~  CBMTbl; 3 - nMnapMTbl, AaL(MTbl, MX Tyobl, ~ 0 0 6 -  
PeK'iMM, ~yoOneC'ia~M~l4, ~yoO~0HrJlO~epaTbl ~ M K M H C K O ~  CBMTbl (K,am); 4 - aHfle3MTb1, U X  ~yob l ,  TY- 

oo6pe~rnn, q o o r e ~ ~ b ~ e  rpasenmbl, necratinw, aneeponnTb1 ynb6ep~KaHcK0R C B M T ~ I  (K,uI); 5 - 
rnMHMcTble M n e c r a ~ o - r n ~ ~ ~ c ~ b l e  CnaHubl, necratimM, npocnoM paKywerHMuo6 (J,n); 6 - cy66yn~a- 
HM.leCUMe nMnapMTbl (ILK2); 7 - ~y6~enorHble  rpaHMTbl (ZjK,); 8 - rpaHOAMOPMTbl (K2) 

, 

wyn~p-~sabUesoro c o c T a s a ,  H e c y q M M M  3ono~o-cepe6p~~oe  o p y A e H e H M e .  C T ~ -  
n e H b  HaCb lqeHOCTM 3 0 H  bl PYfiHblMM XMJlaMM M n p O X M n K a M M  pa3JlM'iHaR. rpaHklL(bl 

PY,QHblX T e n  yCTaHaBJlMBatoTCR O ~ ~ O ~ O B ~ H M ~ M ,  MX M O u H O C T b  4-6 M.  llpeo6na,qa- 
toT CeT'iaTble, 6peK ' iMeBble  M J ~ M H ~ ~ H o - ~ o J ~ o c c ~ ~ T ~ ~ ~  TeKCTYPbl PYA. O~JIOMKM nW- 
napmos B pyaax n p e s p a q e H b 1  B r ~ , ~ p o c n t o ~ ~ c ~ o - w y n ~ p - ~ ~ a p q e ~ b ~ e  T O H K O ~ ~ P -  

H M c T b l e  arpera-rbl, K o T o p b l e  n e p e c e K a t o T c 9  n p o x M n K a M M  K s a p u a  r e w p e x  

re~epaukl i  M O u H O C T b t o  ,QO 10 CM. K ~ a p u  B npOXMJlKaX p a 3 ~ 0 0 6 p a 3 H b l i :  MaCCWB- 

H b l i ,  T O H K O ~ ~ P H M C T ~ I ~ ,  ~ 0 n 0 q ~ 0 - 6 e n b l i ,  c B f 3 J l o - C e p b l i  I l O n O C r a ~ b l i  ( K O ~ ~ O -  

M O P @ H ~ I ~ )  C K O K ~ P , Q O B O ~  n ~ 6 0  K ~ ~ c T L I @ ~ K ~ ~ M o H H o ~  T ~ K C T Y P O ~ ,  r p e 6 e H q a T b l i ,  

p ~ ~ a n b ~ O - n y ~ L l C ~ b l ~ ,  n O n y n p 0 3 p a r ~ b l ~ ,  r p e 6 e H r a T b l i  ~M€!TMCTOBM,QH~I~~. 80 BCeX 

Paspes no n u ~ u u  A-6 LL 

PMC. 4.108. Paspes qepes X a ~ a ~ p , x u ~ c ~ o e  MecTopomfletiMe (no 6. r .  HeBc~pye~y). 
1 - nen loe~anb~b~ i  cnoR; 2 - rpy6006no~or~ble TY@I nlrnapmoe M OaqnTos; 3 - coeponn~o- 

Bble nMnapMTbl; 4 - onloMflZIJIbHble JlMnapMTbl; 5 - 3OHa MMHepZIJIM3OBaHHblX nOpOfl, BKnOiatOlqMX PYA- 
Hble Tena; 6 - arnoMepaToeble ~ y @ b ~  flaqIToB; 7 - ~ H A ~ ~ M T ~ I  M ~yob~ 



TMnax pya c KsapqeM accoqMMpyeT anynsp. C o ~ e p x a ~ ~ e  cynb@~noe B pyaax B 

CpeAHeM 0, 5%. Ha r n y 6 o ~ ~ x  rOPM30HTaX MX KOnM'ieCTBO YBenMqMBaeTCR A0 3%. 
6enM'iM~a 3epeH cynb@kl~oB A0 1 MM. OCHOBH~I~  PYAHble MLIHepanbl: 3OnOT0, 
nmpw, apreHTMT, sneKTpyM, n o n ~ 6 a 3 ~ ~ ,  a p c e ~ o n o n ~ 6 a 3 ~ ~ ,  r a n e ~ ~ ~ ,  c @ a n e p ~ ~ ,  
XanbKOnMpMT, reMaTMT, CaMOp0,QHOe cepe6po. H e p y ~ ~ b l e  MMHepanbl: KBapU, 
aaynRp, pOAOXpO3MT, POAOHMT, KanbqMT, MaHraHOKaJlb4MT. B 30He OKMCneHMR 
pa3BMTbl OKMCnbl M rMAPOOKMCnbl MapraHqa. Bbl,QenRtoT~R Pa3HOBMAHOCTM PYA: 
KEapLl,-apreHTMTOEble (OCHOBH~I~) ,  KEapL(-pOAOHMT-pOfiOXpO3MToeble M KBapq- 
ncMnoMenaHosble. 3ono~o  caMopoAHoe, 06pa3ye~ BKpanneHHocTb B KBapqe n ~ 6 0  
n p ~ y p o q e ~ o  K K O H T ~ K T ~ M  s e p e ~  ~sapqa M a ~ y n ~ p a ,  ~sapqa M O ~ ~ O M K O B  n ~ n a p w  
TOE, 6 n ~ 3  a e p e ~  apreHTwa LI n o n ~ 6 a 3 ~ ~ a ,  B MaHraHwe. Ha BepxHMx ~ O P M ~ O H T ~ X  

BcTpeqatoTcR KpHcTannbl sono~a - ~y6b1, O K T ~ ~ A P ~ I .  B e n ~ w ~ a  sblaene~~i7 aono~a 
- cowe,  pexe aecmble a o n ~  MmnwMeTpa, B peaKMx cnyqaRx AO 1 -5 MM. flpo6a 
30nOTa B PaHHMX POAOHMT-POAOXP03MTOBblX PYAaX 609-774, CPeAHRR 627; B 

KBapq-nCMnOMenaHOBbIX pyaax OHa 3aMeTHO HMXe - COOTBeTCTBeHHO 563 M532; 
CpeaHRR no MeCTOpOXaeHMto 536-544. 3JIe~eHTbl IlpMMeCM B 3OnOTe: Te 
(0,002%), Fv, As, Sb, Cu, Pb, cocTasnntouuesMecTe He 6onee0,5%. 3ono~oacco- 
UMMpyeT c + ~ ~ ~ H T M T O M ,  raneHMToM, c @ a n e p ~ ~ o ~ ,  c y n b @ o c o n g ~ ~  cepe6pa M 

csmiqa. OCHOBH~IMM c e p e 6 p o c o a e p x a ~ y ~ ~  MMHepanaMM RBnRtoTcR apreHTMT, 
n o n ~ 6 a 3 ~ ~ ,  3neKTpyM, CaMOpOaHOe cepe6po M KlOCTeJlLIT. Au: Ag = 1 :20-110, B 

CpeaHeM 1 :44. 
X M M M ~ ~ C K M ~  comas pya ~3 TexHonorwiecKMx npo6 (%): SiO, - 82,8-84,8; 

A120, - 4,9-5,9; Na20 - 0,06-0,13; K20 - 2,4-4; CaO - 0,2-1,9; TiO, - 0,03-0,8; 
Mg0 - 1-1,4; Fe20, - 1-2,8; Mn0 - 1,7;4,3; S o,,u - 0,07-0,15. 

06blq~ble CoaepxaHm B pyaax sono~a 10-20 r / ~ ,  B 60raTblx pyaax ao 50- 
100 T/T, cepe6pa - COOTBeTCTBeHHO 350-600 r / ~  M 1 -5 K ~ / T .  

C r n y 6 ~ ~ o i 7  B PyAHblX Tenax CHMXaeTCR npo6a 3OnOTa, YMeHbUaeTCR KOnM- 
recTBo apreHTma, ranetwa, MapraHqesblx MMtiepanos, nosblwaeTcR coaepxa- 
Hue apceiionMpMTa (ao 3%), n o n ~ 6 a 3 ~ ~ a ,  c@anep~~a ,  cynb@oconei7 cepe6pa M 

cMaepMTa. &IR BepxHMx r a c ~ e i  p y a ~ b ~ x ~ e n  xapaKTepHb1 nosblwetible KonMrecTsa 
Ag, Pb, Mn, Zn, a HMXHMX - CU, W M Mo. Cepe6po HaXOaMTCR B CaMOPOAHOM 
KOnnOMAHO-fiMCnepCHOM COCTORHLIM. B KBapq-nCMnOMenaHOEblX ( O K M C ~ ~ H H ~ I X )  
pyaax OHO accoqMMpyeT c MapratiqeM ( H ~ B c T ~ Y ~ B ,  ~G~PMUI, 1981 6). K ~ o M ~  30- 

noTa M cepe6pa B npoayKTMBHyto CTWMO HaKannMsanMcb Pb, Zn, Mn, Cu, As, Sb, 
Mo, W. ~ ~ o x M M M ~ ~ c K M ~  PRA 30HanbHOCTM ( C B ~ ~ X Y  6 ~ ~ 3 ) :  Ag-Pb-Mn-Zn-Au-Cu- 
W-Mo-AS. XapaKTepHbl UIMpOKMe nepBMqHble OpeOnbl PYaOreHHblX 3neMeHTOB B 

s lcweM 6 0 ~ y  ~ O H ~ I  M y s ~ ~ e  - B nexarervr. Lonee UMPOKMM RBnReTcR opeon 
cepe6pa, paclu~psltolq~icg Ksepxy. 

T e x ~ o n o r ~ ~ l  ~ 3 ~ n e q e ~ ~ ~  6naropo~Hblx MeTannos octiosaHa Ha npoqeccax 
rpasmaqm, @ n o ~ a q ~ ~ ,  qMaHMposatim M rMapoMeTannyprw, n o ~ a 3 a ~ e n ~  ~ 3 -  
EnereHMsl: sono~o - 94,5-96,5%; cepe6po - 92,6-94; MapraHeq - 80-86,8%. Ans 
6e3~apra~qesblx pya Tpe~bero pyatior0 Tena Textionorm ~ a ~ 6 o n e e  npocTaR, oHa 
6Knu)qaeT rpaBMTaqMto M UMatiMpoBaHMe c ~ 3 ~ n e q e ~ ~ e ~  30no~a 97,3 M cepe6pa 
92,3%. 3anacb1 aono~a M cepe6pa s ~ a q ~ ~ e n b ~ b ~ e .  

30n0~0-~epe6pRH0e MecTopoxueHMe L-law~a pacnonoxeHo B 30 KM K K)3 
O T X ~ K ~ H ~ M H C K O ~ O  M OTnM'iaeTCR OT Her0 ManblMM napaMeTpaMM M OTCyTCTBMeM 
Mapratiqesoro opyaeHeHm. 



3 e e ~ c ~ o e a o n o ~ o - c e p e 6 p ~ ~ o e  MecTopomeHMe pacnonomeHo B ~ M X M ~ M H -  

CKOM BYnKaHOreHHOM nporcl6e B none Pa3BMTMR BYnKaHMqeCKMX I1OPOA BepXHerO 

~ena -naneore~a  (PMC. 4.109). Ha~6onee ~ 3 y r e ~ b 1  yracTKM KBapqeBaR C o n ~ a  M 

f l a n b ~ ~ i ,  paCnOnOXeHHble COOTBeTCTBeHHO Ha CeEepe M B qeH~panbH0i '4aCTbl 

PHC. 4.109. r e o n o r ~ q e c ~ a ~  

cxeMa pyntioro nonR B s e ~ c ~ o r o  Mec- 

TOpOXAeHMR (no H. A. K O C T ~ I ~ K O  C CO- 

aeTopaMM ( 1974). 

1 - M T H M M ~ P M T ~ I  JlMnapMTOB; 2 - 
M T H M M ~ ~ M T ~ I  AaWTOB; 3 - 3KCTPY3MB- 

Hble ~ I . ~ O T M T O B ~ I ~  AaL(MTbl; 4 - SKCTPY- 

3MBHble flHPOKCeHOBble AaL(MTb1, nMna- 
PMTO-AaL(MTb1; 5 - ~y/JOKOHTPOnMPyO- 

qMe HapyweHmR; 6 - xMnbHble Tena 

Cna60py~0~0C~ble;  7 - XMnbHble Tens 

PYAOHOCHble; 8 - ~ P ~ K ~ M ~ B O - f l p o ~ ~ n -  

KOBble Kap60Ha~Hble 30Hbl; 9 - KpyTOna- 

Aaloulkle C ~ P O C ~ I ;  10 - 3neMeHTbl sane- 
TaHMR 

PyAHOrO nOnR (KOCT~IPKO M AP., 1974). Opy~eHetlvle KOHTpOnMPYeTCR Y3nOM ne- 
peceqeHm paano~os  C3 M CB HanpasneHm. B ~ e u a t o u ~ e  nopoabl nponMnMTM- 

3MPOBaHbl, LUMPOKO npeACTaBneHbl O K O ~ O T ~ € ? ~ ~ H H ~ ~ ~  ~BapqeBbli MeTaCOMaTO3, 

BTOPMr Hble KBaP4MTbl M XMn bHble 06pa30BaHMR Pa3HOrO COCTaBa. Mop@onor~1~ 
XMn CnOXHaR, B O C O ~ ~ H H O C T M  B BePXHMXMCTRX - BeTBneHMR, pa3AyBbll flepeXMMbl, 

~ O H ~ I  ~ P O X M ~ K O B O - x ~ n b ~ o r o  OKBapueBaHclR. X ~ n a  No 1 yr. f lanb~ero aanerae~ B 

rkl~pOCnto,QMCTO-2lJJynRp- KBapqeBblX MeTaCOMaTMTaX B none XnOpMTOBblX flpoilkl- 

RMTOB no aHAe3MTaM. np0~~MpaHkle Xklnbl C3, IlaAeHMe KpyTOe Ha a3. Ha y'4. 
K ~ a p q e s a ~  C o n ~ a  pyAHble x m b l  No 15 H 17 npocTMpatoTcR Ha CB n p ~  naAeHMM 
Ha C3 nOA YrnaMM 25-30 M50-60' COOTBeTCTBeHHO. Ewe OAHa PyAHaR 30Ha np0- 

CTklpaeTCR Ha CC3 M IlaAaeT Ha BOCTOK (yrJlbl40-50'). K O H T ~ K T ~ I  x M J l  OT~eTflklBble. 

PyA~ble XMflbl: KBapqeBble, ~ y n R p - ~ a p 6 0 H a ~ - ~ B a p q e ~ b l e  M WynRp-KBapqeBble, 

peAK0 6apM~-~BapqeBble (y'i. h b~LlrMr), 3nklAOT-KBapqeBble (y'i. ~ o P H ~ I ~ ) .  CO- 
AepxaHMe aAynslpa B x m a x  ~o 10-50%. P y ~ ~ b l e  MMHepanbl xMn: yr. Ksapqe- 
EaR C 0 f l ~ a  - apreHTklT, 3fleKTpyM, flMpMT, cynb@MAbl CU, Zn, Pb, C ~ ~ ~ @ O C O ~ M  Ag, 
6ne~nble PYAbl, BHTMMOHklT; y'i. AaflbHLIh - I lMPMT,  cyn b@0~0nM Ag, 3neKTPYM, Cynb- 

CbM~bl CU, Zn, Pb, apreHTMT; Ha y'i, ~ O P H O M  OTMe'ieHbl TenflypMAbl AU M Ag. All: Ag 
= 1 : 100-40, peme 1 : 20 (yr .  r o p ~ b ~ i i )  M 1 :500 (yq. Anbawrur). B ~ a ~ 6 o n e e  ~ 3 y -  

reHHblX XMnaX 06Hapyxe~0 flOpRAKa 55 MMHepanOB, M3 HMX rnaBHble 30nOTO- M 

cepe6poco~epmau~e: 3neKTpyM, apreHTklT, L U T P O M ~ ~ ~ P M T ,  ~~oJIM~~~MT, flMpap- 

r M p M T ,  6ne~nble p y ~ b ~ ,  reccMT, ~ ~ T U M T .  npo6a aono~a: 702-722, 625-690, 350- 
400. Ha ycl. ~ O P H O M  rnaBHblh ~ O ~ ~ O T O C O ~ ~ P X ~ ~ M ~  M M H ~ P ~ ~  reCCMT. 30~10~0 (3ne- 

KTPYM) 06pa3ye~ BKpanneHHOCTb B KBapqe M aAyJlRp-KBapqeBOM arperaTe B BMAe 



C ~ ~ M ~ ~ K ~ C C K O ~ M ' ~ ~ C K M X  'ieLUyeK, JlMCTOqKOB, IlJlaCTMHOK BeJlMqL4~0fiAO 0,2-0,3 MM, 

OqeHb PeaKO A0 1 - 1,5 MM. OTMeqanM~b CPOCTKM C aPreHTMTOM, I ~ o ~ M ~ ~ ~ M T o M ,  

L U T P O M ~ ~ ~ P M T O M .  Bbl~0~0f l~06Hbl f i  3neKTPYM - ~ a ~ 6 o n e e  P ~ H H M ~ ~ ,  ~ ~ 3 ~ 0 f l p 0 6 -  

Hblfi HapaCTaeT K O J ~ J ~ O M O ~ @ H O  Ha B ~ I C O K O ~ ~ P O ~ H ~ I ~ ~ .  Bbl~eJlRt0T~R flPOayKTMBHble 

accoqMaqMM: 1 ) a o n o ~ o - c y n b @ ~ a ~ a ~  c cennypMAaMM B ~ ~ M A O T - K B ~ ~ ~ ~ B ~ I X  M Ksap- 
qesblx XMnax; 2) 3 o n o ~ o - a p r e ~ ~ ~ ~ o s a ~  c ceneHMAaMvl (?) M aHTMMotimToM B 

~ y n R p - ~ a p 6 0 ~ a ~ - K B a p q e ~ b l ~ ,  aynRp-rMApOCntOAklCT0-KBapqeBblX M KBapqeBblX 

ML4JlaX; 3) ~ ~ J ~ O T O - C ~ ~ ~ @ O ~ H T M M O H M T O B ~ R  C CeJleHMAaMM(?) M nMpMTOM B WyJlRp- 
~ap60~a~-~sapqeeb lx ,  a ~ y n ~ p - r ~ ~ p o c n r o ~ ~ c ~ o - ~ s a p q e e b r x  M Ksapqesblx wnax;  
4) ~ ~ ~ ~ T ~ - c ~ ~ ~ @ M ~ H ~ - c ~ J ~ ~ @ o ~ H T M M o H M T o B ~ R  B KBapL(eBblX vl 6apMT-K~apqe~blx 

xmnax. 
Cepreesc~oe 3ono~o-cepe6p~~oe  MecTopomeHme pacnonoxeHo B OMO- 

~ o H - A H ~ J J ~ ~ P c K o ~  ~ O ~ O T O H O C H O ~  30He XOJ~OXOBCIMHCKO~~ ~ ~ ~ ~ ~ H - c M H K J ~ M H ~ J I M  M 

npMypOqeH0 K BynKaH0CTpyKT)'pe qeHTpanbHOr0 TMfla, 06pa30Ba~HOG MeJlOBblMM 

BYnKaHO-flnYTOHMqeCKklMM KOMnlleKCaMM, ~ P ~ B ~ H H ~ I ~ M  f l a n e ~ r e ~ ~ ~ b l ~ ~ ~ a f i ~ a -  

MM. ~ O A ~ H H ~ I M A ,  r. rpM6aHOBa M H. M. T y ~ ~ o f i  (1 989 r.), HMXHRR ClaCTb pa3pe3a 

(~JI~~-c~HoM~H) flp€?ACTaBneHa naBaMM aHAe3MTOB M Aa4MTOB C rOPM30HTaMM 

T ~ @ O ~ ~ C C ~ ~ H M K O B  M T Y @ o ~ ~ ~ B ~ o ~ M T o B  (1 20 M), a BePXHRR (720 M) - a HAe3 MTO-  

6 a 3 a n b ~ a ~ ~ ,  AonepMTaMw, ~ H A ~ ~ M T ~ M M ,  ~ y @ a ~ m ,  ~y@onasa~u .  C ~ H O M ~ H - T ~ ~ O H -  
CKMe 6a3anbTbl kl aHAe3MTbl pa3BMTbl He3HaqMTenbHO. ~ H T P ~ ~ M B H ~ I ~  06pasosa- 
HMR CJlaralOT 20% nOJlOLU,aAkl PyAHOrO flOIlR.   TO 1) ~ J I ~ ~ - c ~ H O M ~ H C K M ~  

C Y ~ B ~ ~ K ~ H M L ( ~ C K V ~ ~  AaUMTbl, aHAe3MTbl, AOnepMTbl, aHfle3~~0-6a3an b ~ b l  (LUTOKM, 

~MnJlbl), A ~ ~ ~ K L I  SlMflapMTO-AaL&lTOB; 2) CeHOMaH-TypOHCKMe 3KCTPY3MM M HeKKM 

aHAe3MTOB; AafiKM, CMnnbl, HeKKM AOnePMTOB. 6a3anbT0~, &~KM M LUTOKM AklOPM- 

TOBblX ~OP@MPMTOB,  AMOPMTOB, MOHL(OAMOPMTOB, rPaHOAMOPMTOB, rpaHklT- M 

r p a ~ o c ~ e ~ ~ ~ - n o p @ ~ p o s ;  3) naneoreHoBMe nocnepyntible a a f i ~ ~  6a3anb~os. 

Py.4~0e none o 6 p a 3 o ~ a ~ o  MHOrOClMCneHHblMM (1 15 LUT.) XMJlaMM: KBaPUe- 

BblMM, a,QYJlRP-KSaP~eBblMM, K ~ P ~ O H ~ T - K B ~ P ~ ~ B ~ I M M  - A ~ M H O G  300-400 M (A0 

1800 M), MOqHOCTbtO 1-1,5 M (A0 7 M), CP~AHRR MO&HOCTb nPOMblLUneHHblX XMn 

1,1 M. M o p @ o n o r ~ ~  XMn CJlOXHaR. OHM 06pa30BaHbl npeMMy~eCTBeHH0 MenKi3- 

3eaHMCTblM CnMBHblM M n M  WeCTOBaTblM KBaPQeM C T O H K O ~  BKpaflneHHOCTblo CynG- 

@M#OB, BblAelleHMRMM aAynRpa M KanbqMTa. ~ P O A ~ K T M B H ~ ~ ~  KBaPL( 06pa30~anc~ 

n p ~  TeMnepaType 200-290°, a A O P Y A H ~ I ~ ~  - 300-350° C. P Y A ~ I  KO~~OMOP@HG-no- 

nOC'4aTble, K ~ ~ C T M @ ~ ~ K ~ ~ M O H H O - K O K ~ P A O B ~ ~ ~ ,  6peKclMeBble. 06blq~Oe COAepXaHMe 

3OnOTa M cep6pa flOp9inKa 15 M 200 r/T;  MaKCMManbHble - A0 1387,6 r / i  M 8,9 K ~ / T  

COOTBeTCTBeHHO. PyaHble MklHepanbl COCTaBnRtOTflO 0,596 o 6 b e ~ a  PYAbl (FenKO 
2-5%), 3TO: XanbKonMpMT, c@anepu~, ~ M ~ M T ,  ranetim, apreHTMT, nMpceB r, rebia- 

TMT, recam, arswnapm, ceneHvlA sono~a, 3neKTpyM. B b ~ n e n m o ~ c ~  BeQecTseH- 

Hble KOPvlflneKCbl: 1 ) A O ~ ~ P O ~ ~ K T M B H ~ I ~ ~  ~ ~ M P M T - K B ~ P ~ ~ B ~ I ~ ;  2) IlpOnyKTMBHble: c@a- 
n e p H - r - r a n e ~ ~ ~ - a ~ y n ~ p - ~ s a p u e s b ~ f i ,  3 0 n o ~ o - a r ~ ~ n a p ~ ~ - a ~ y n ~ p - ~ ~ a p q e a b r G  M 

3 0 n O ~ @ - W y n R p - ~ ~ a p ~ b l ~  M 3) nOCTpyAHble: f lHp~ l~-~anbK~f lk lpM~-~aapue~b l f i  i4 

K B a ~ ~ - ~ a f l b L ( M ~ ~ ~ b l f i .  

3ono~o ( s n e ~ ~ p y ~ )  6 n e ~ ~ o - x e n ~ o e ,  BenMrMHa ero s b ! ~ e n e ~ ~ f i  0,04-0,1 MM, 

pemo O,! -0,8 MM, ceneHMAa aono~a - 0,005-0,6 MM. np06a 610-680. OTHOLUe- 

Hkle B P Y M X  Au:AE; = 1 : 3- 13. O K O J I O ~ ~ , ~ H ~ I ~  fl0pOAbl COAepXaT aonoTa a0  0,2- 
1,8 r / ~  M cepe6pa no 5,7 r / ~ .  

P Y A ~ I  nnoxo 06oraqatc~c~.  npu rpasHTaqMo~~o-q~a~uc~o f i  cxeMe ~ 3 ~ n e -  

KaeTcR Bcero 62% aono~a M 17,5% cepe6pa. M 3 ~ n e q e ~ ~ e  MeTannos 143 rpasHltoH- 



UeHTpaTa npu nnasKe cocTasngeT98%. Mec~opoyqe~ne  cpentiee no CBOMM npo- 
rH03HblM PeCYPCaM. 

C X O ~ H ~ I M  C OilMCaHHblM SIBnReTCFI ~ ~ P ~ I B H C T O ~  MeCTOpO>yqeHMe, PaCnOnO- 
x e ~ ~ o e  cesep~ee (PMC. 4.1 10). 

A Y K ~ T C K O ~  c e p e 6 p ~ ~ o e  MeCTOpO>yqeHMe ( n a ~ ~ b l e  B. E. HaTaJleH~0 
(1992 r.) ,  A. n. B ~ P ~ ~ H M H O ~  (1979 r.) HaXOAMTCR B O M C ~ K ~ ~ H C K O M  ~ M @ T O ~ ~ H H O M  

npo r~6e ,  3aJlOXeHHOM B PaHHeM Meny ~A0Jlb M e p k l ~ M ~ H a J l b ~ ~ ~  30Hbl rJly6LIHHbl~ 



PMC. 4.1 I I. C x e ~ a ~ ~ r e c ~ a ~  r e o -  

flOMreCKaR KapTa O M C ~ K ~ ~ H C K O A  3 0 n 0 -  

TOHOCHO~ ~ O H ~ I  ( n o  H. 6. r p ~ r o p b e s y ,  

C. 0. CTP~XKOBY ( 1992). 
1 - KMCnble M C p e n ~ M e 3 @ @ ~ 3 M ~ b l  

(K,.,); 2 - TeppMreHHble  yrneHocHble  OT- 

JOXeHMR ( K , ) ;  3 - KMCJlble YnbTpaKaJlM- 

eBble ByflKaHMTbl ( K t ) ;  4 - TeppMreHHble  

IlOpOflbl BepXORHCKOrO KOMnfleKCa (P- 
J); 5 - ~ ~ c n b l e  c y 6 s y n ~ a ~ ~ r e c ~ ~ e  ~ e n a  
(s); 6 - TpaHMTbl (K,); 7 - r p a H O n M 0 -  

PWTbl, AMOPMTbl (Kl.2); 8 - KMCnble c y 6 -  

synKaHMrecKne T e n a  ( K , ) ;  9 - pyAHble  

MecTOpOXneHMR ~ o ~ o T o - C ~ ~ ~ ~ ~ F I H ~ I € !  

(a), c e p e 6 p o - n o n ~ ~ e ~ a n n ~ r e c ~ ~ e  ( 6 )  

(0603HareHbl H a  C X ~ M ~ ) :  1 - ~ V K ~ T ,  2 - 





M Il@C'iaHMKOB. LUM~OKO Pa3BMTbl C Y ~ B Y J ~ K ~ H M C ~ ~ C K L I ~  Tens pa3~006pa3~0f i  @OPM~I, 

TPeL~MHHble MHTPY3MM M AafiKLI PMOJlMTOB, a@Llp~Bbl~ M HeBaAMTOBblX pMOJlMTOB, 

WTOKM AMOPMTOB, OnoRcblBatolqme KynonbHyto c ~ p y ~ ~ y p y  c cesepa. B qeHTpanb- 

H O ~  '4aCTkI PYAHOrO nOnR Ha rnyd~ne  1,2-1,5 KM CKBaXMHaMM BCKPblTbl ~ M O T M T O -  

Bble Jlefi~OrpaHM~bl M rpaHOaMOpMTbl, ~e~a~0p@bl3ytolqMe BYnKaHMTbl. A6conto~- 
Hbli B03paCT rpaHMTOB 82 MnH neT ( ~ ~ ~ M ~ M ~ - c T ~ o H ~ M ~ B ~ I ~  MeTOA, AaHtlble 

A. A. C M A O ~ O B ~ ) .  ~ ~ O A H R T M ~  PaCCe'ieHO CePklFIMM AaeK 6a3anb~06 CB IlpOCTMpa- 

HMR. 

OCHOBHO~~ py,40B~elqatolqMfi KOMnneKC CnOXeH Hl'lXHeMeJlOBblMM )IJlbTpa- 

KaJlMeBb!MM PMOnMTaMM (PMC. 4.1 13), M ~ H M M ~ P M T ~ M M  C rOPM3OHTaMVI aprMnJlM- 

. TOB. B ~ y 6 B y f l ~ a ~ L l ' i e ~ K ~ X  PMOJlMTaX (K,) pa3MelqeHbl ~py6'ia~ble Tens M XMJlbl C 

~epe6pRHofi M c e p e 6 p o - n o n ~ ~ e ~ a n n ~ ' i e c ~ o i  ~ ~ ~ e p a n m a q ~ e i .  B a x ~ o i  O C O ~ ~ H -  

HOCTbO A Y K ~ T C K O ~ O  MeCTOPO>YqeHMR R BJlReTCR WMPOKOe pa3BMTMe IlpeApyAHblX 

~ M H ~ ~ K ~ M O H H ~ I X ) )  6peKClMi B BMAe AaeK, nMH3, XMn, IlpOXMJlKOB. 6peK ' iMM T ~ C H O  

aCCOqMMpytoT C PYAOHOCHblMM rMAPOTePManbH blMM O ~ P ~ ~ O B ~ H M F I M M  M RBnRtoTCR 

BaXHblM IlOMCKOBblM KPMTePMeM. 

Pwc. 4.113. C e p e 6 p ~ ~ o e  
o p y A e H e H M e  no0 3 K p a t i o M  H e -  

KOMneTeHTHblX  n O p O f l  H a  y r .  
C ~ e n o ~  A y ~ a  r c K o r o  pyntioro 
nonR (no A. M. K ~ M H M H ~  (1992). 

Y n b ~ p a ~ a I l M e E b l  R aCKOnb- 

~ ~ M H C K M ~ ~  KOMnneKC K,: 1 - PMO- 

JMTbl; 2 - M T H M M ~ P M T ~ I  PMOflaL(M- 

T o e ;  3 - a p r M n n M T b l ;  4 - 
I$eJlb3M~bl ;  5 - 3KPaHMPYtOLl&4e 

BynKaHOreHHO-0CmO.lHble nar- 
K M ;  6 - M ~ H C ~ M ~ P ~ ~ T ~ I  PMOIlMTOB 

(K,); 7 - p a s n o ~ b ~ :  r n a e H b l e  (a), 
MenKMe (6); 8 - P Y n O H O C H b l e  

PyAHble Tens JlOKa~lM30BaHbl B MeTaCOMaTMTaX XnOpMT-rMApOCntoAMCT0- 

Ksapqesoro coc-raea, p a 3 ~ e l q e ~ ~ e  K O T O P ~ I X  OnpeAenReTcR cMcTeMaMM 

p a s p b ~ ~ ~ b ~ x  ~ a p y w e ~ ~ i  p a a ~ o r o  ~ o s p a c ~ a  M r e ~ e w c a .  Py~oe~elqato lqme 

pasno~b~ AenRTcR Ha nee rpynnbl - KpyTonmatolqMe (60-90%) M nonoronmato- 
U&le (1 8%). B OCHOBHOM 3T0 ManOaMnnMTyAHble C ~ ~ O C ~ I ,  PenKO ~ 3 6 ~ 0 ~ b l .  Ma<- 
cmanbtiasl aMnnMTyAa nepeMelqeHm 6no~os  270 M. Benylqa~ ponb B no~anma-  
UMM OPYAeHeHMR IlpMHaAJleXMT MePMAMOHanbHblM KPyTOllmatolqMM pa3IlOMaM 

(43,2% aanacos cepedpa). Ha nonorosaneratolq~e npMxoAMTcR 19,3%, Ha ceee- 
po-3anao~ble - 17,2, Ha ocTanbHble - 20,3% aanacos cepe6pa. 

Mop@onorm PYAH~IX Ten p a 3 ~ 0 0 6 p a 3 ~ a ~ .  B OCHOBHOM  TO M M H ~ P ~ ~ M ~ O -  

BaHH ble 30Hbl M XMJlbl. 30Hbl IlpeACTaBJleHbl O A H O ~ ~  M n M  HeCKOnbKMMM CTBOJlOBbl- 

Mn XMnaMM 6 p e ~ ' i ~ e ~ o f i  TeKcTypbl M n p o x ~ n ~ o s o - ~ ~ p a n n e ~ n o i  ~ ~ ~ e p a n ~ 3 a q ~ -  

ek ~ O K O B ~ I X  nOp0,Q. O~aenbHble MOlqHble (3-5 M) CTBOnOBble XMnbl MMetoT 

~e06bl'iHbli K B ~ P ~ - P O ~ O H M T O B ~ I ~  COCTaB. >KMnbl IlpMypOreHbl K TpelqMHaM MepM- 



AMOHaJlbHOrO M CB HanpaBJ leHMi .  K O H T ~ K T ~ ~  MX pa3Hble,  MOuHOCTb 1-2 M. Xapa~- 
TepHb! nepexMMb1,  pasayeb~, p a c u e n n e H M R .  B b l a e n s l l o ~ c ~ :  ~sapq-cynb@~g~an, 
~ s a p q - X ~ O ~ M T - m y n ~ p o m  M K B ~ ~ ~ - P O ~ O H M T O B ~ R  C T ~ M M  ~ ~ ~ e p a n ~ 3 a q ~ ~ .  nep- 
BaR n p M y p O r e H a  K CB CTpyKTypaM, BTOpaR - K MePMAMOHanbHblM, TPeTbR - KCeBe- 

PO-3anWHblM.  X ~ P ~ K T ~ P H O  nOBblWeHMe C Y ~ ~ @ M ~ H O C T M  P y a C  r n y 6 ~ ~ o i  M nORBne- 

HMe B HMX a n b 6 ~ ~ a ,  K a n b q M T a ,  r p a H a T a  M M a r H e T M T a .  Lonee p a H H e e  

~ O J I O T O - C ~ ~ ~ ~ ~ ~ I H O ~  OpyAeHeHMe XapaKTepHO W s l  BepXHMX rOPM30HTOB MeCTO- 

pOX,4eHMR. He6onbluoe KOnMqecTBo c e p e 6 p ~ ~ o i  pyab~ COCpeaOTO~eHO B HMXHMX 

M ~ H M M ~ P M T ~ X  M ~ @ M P O B ~ I X  pMonMTax. O p y a e ~ e ~ ~ e  6ora~oe M HepaeHoMep#oe .  

P ~ A H  ble c T o n 6 b l  I l p M ~ p O r e H b l  K COWeHeHMRM pa3HOHaf lpaB~ leHHb lX  CTPYKTYP, lie- 

p e r ~ 6 a ~  PyaOBMelqa lo lqMX pa3SlOMOB, YraCTKaM 3KPaHMPOBaHMR OPYaeHeHMR, 

MHOrOKpaTHOrO ~ ~ ~ K ~ M ~ O B ~ H M R .  

n p 0 ~ ~ K l M B H b l e  PYabl 06nmalo~ @ ~ C T O H % ~ T O ~ ,  K O ~ J ~ O M O ~ @ H O - ~ O J ~ O C ~ ~ T O ~  

M K P Y C T M @ M K ~ ~ M O H H O ~  TeKCTypaMM. OCHOBH~R MaCCa PyAHblX T e n  COCpeAOTOreHa 

B UeHTpaJlbHOM IlOAHRTOM bno~e, OrpaHMreHHOM pa3nOMaMM ~ Y A H O ~  30Hb l  N 1 M 
M a p r a H q e B b l ~ .  P y A b l  MMeloT C ~ O X H ~ I ~  ~ M H e p a J l b H b l i  COCTaE (90 M M H ~ ~ ~ ~ o B ) .  

rnas~ble: K s a p q ,  mynqp, xnopm, rMApocnloab1,  POAOHMT, ~ O A O X ~ O ~ M T ,  ranetim, 
XaJlbKOflMpMT, apreHTMT, CaMOpOaHOe cepe6po. B T O ~ O C T ~ ~ ~ H H ~ I ~ :  anb6MT, renb- 

BMH, rpaHaT,  TypMaSlMH, @nloopMT, IlMpMT, MarHeTMT, aPCeHOnMPMT, 3neKTpyM, 

I lMpaprMpklT,  npyCTMT, ~ ~ ~ Y H M T ,  nMpO~ l lo3MT M Ap. M3 PeaKMX MMHepaJlOE OTMe- 

'4eHbl: rMnC, UeOJlMTbl, 6 a p ~ ~ ,  anaTMT, ~ Y C T ~ M M T ,  aHTMMOHMT, KMHOBaPb, WeeJlMT, 

KaCCMTepMT, M O J ~ M ~ ~ ~ H M T ,  C ~ M O P O , Q H ~ I ~  CBMHeq M aP. Ha A ~ K ~ T C K O M  MeCTOpOX- 

,QeHMM pa3BMTbl CyueCTBeHHO cepe6p5 IHb le  3OJ lOTOCOaepXEl~Me PYAbl C flOnMMe- 

~ a n n n r e c ~ o i  M ~ a p r a ~ q e ~ o i  ~ ~ ~ e p a n ~ a a q ~ e i ,    TO MX c6n~xae-r c pyaam Xa- 
KaH,ll,XMHCKOrO MeCTOPOX,4eHM9. 6 e S l M ~ k l H a  B b l ~ e S l e H M i  cepe6pa 0,01-0,5 MM. 

no BeueCTBeHHOMy COCTaBy, IlPOAYKTMBHOCTM M ~ O J ~ O T O - C ~ P ~ ~ P S I H O M Y  OT- 

HOWeHMlo BblAenRloTCR TPM IlPMPOAHblX TMna PYA: K B ~ ~ ~ - X ~ O P M T - ~ Y ~ R ~ O B M ~  - 
50%, K B ~ ~ ~ - ~ O ~ O H M T O B ~ I ~  - 49%, K B a p q - ~ y S l b @ M ~ H b l i  - 1 %. B nep~blx Au: Ag = 1: 
340, BO BTOPblX - 1: 550. B o ~ ~ ~ c T  OPYaeHeHMR 74 M 84 M n H  n e T  (CTP~XKOB M AP., 
1 994). 

C o ~ e p x a ~ ~ e  M e T a n n o s  B TexHonorMrecKMx npo6ax ~ o n e 6 n e ~ c ~  B WMPOKMX 

I l peAe i laX :  cepe6po - 0,5- 16,4 K ~ / T ,  AU - OT eAMHM4AO AeCRTKOB r p a M M O B  HaTOH- 

HY, C B M H ~ ~  M ~ M H K  - 0, n%, ~ e ~ b  - 0, n - O,On%. 6 ~ ~ M H M ' ~ H ~ I x  npo6ax O ~ O B O  (0,01- 
0,01%) M B o J l b @ p a ~  (0,001 -0,003%). 

M ~ c T o ~ o X , ~ ~ H M ~  O T P ~ ~ ~ T ~ I B ~ ~ T C R  OTKPblTblM KaPbePOM M flOA3eMHblM CnO- 

c n 6 o ~ .  C x e ~ a  0 6 0 r a u e ~ ~ s l  pya r p a s ~ ~ a q ~ o ~ ~ o - @ n o ~ a q ~ o ~ ~ a ~  c M e T a n n y p r w  

r e c K M M  n e p e A e n o M  KoHqeHTpaTa. M 3 ~ n e r e ~ ~ e  aono~a 85%, cepe6pa 93,7%. 
Apb~naxc~oe c e p e 6 p ~ ~ o e  M e c T o p o q e t i M e  ( A ~ H H ~ I ~  H. B. rp~ropbeea H 

C. @. C T ~ ~ > ~ < K O B ~ ,  1992), KaK M A ~ K ~ T C K O ~ ,  PaCflOJlOXeHO B 3 0 H e  O M C ~ K ' ~ ~ H C K O ~ O  
r n y 6 ~ 1 ~ ~ 0 r o  p a 3 n O M a  M rpabe~a, BbIflOnHeHHOrO MeSlOBblMM OCmOrHO-BynKaHO- 

TeHHblMM O ~ P ~ ~ O B ~ H M R M M .  A p b l n 2 l X ~ K L I i  p y ~ ~ b l i  y3en KOHTpOSlMpyeTCR PaHHeMe- 

nosoi s y n ~ a ~ o - T ~ K T O H M ~ ~ C K O ~  ~ e n p e c c ~ e i .  P y ~ ~ o e  none n p M y p o r e H o  K MHTPY- 

~ M B H o - K ~ ~ o J ~ ~ H o ~  C T p y K T y p e  ( ~ M c .  4.114), @ M K C M P Y ~ T C R  ~ ~ o x M M L I L ( ~ c K o ~  

a ~ o ~ a n ~ e i  Ag, Pb, Zn, Mn, Au, Cu M o r p a H M r e H o  c BocToKa, lora M ceeepa Kpyn- 

HblMM C ~ P O C O - C A B M ~ ~ M M .  flap0 CTPYKPYPbl CnOXeHO BYnKaHOreHHO-OCZl,QOqHblMM 

O ~ P ~ ~ O B ~ H M R M M ,  KPblnbR - YrJleHOCHblMM OTnOXeHMRMM. C T ~ ~ T M @ M L ( M P O B ~ H H ~ I ~  

0 6 p a 3 o o a ~ ~ ~  npOpBaHbl  MHOrOrMCJleHHblMM C Y ~ B Y S ~ K ~ H M ~ ~ ~ C K M M M  TeSlaMM KMCJlOTO 



PNC. 4.114. C x e ~ a ~ ~ c l e c ~ a ~  reonorMrecKas ~ a p ~ a  Apb~naxc~oro pynnoro nons (no H. B. rp~ r ' o -  
pbesy M C. 0. C~pym~osy, (1 992). 

1 - qeTsepTMqtible OTnoxeHMs; 2 - e y n ~ a n o r e ~ ~ o - o c m o r ~ b ~ e  06pa30san~s (K,); 3 - cy6eyn~a- 
HMVeCKMe HeB~MTOBble PMOnMTbl (K2); 4 - C Y ~ B Y ~ K ~ H M L ( ~ C K M ~  PMOAalJ)4Tbl (K2); 5 - TO XeflauUTbl, PMO- 
AaUMTbl (K,.,); 6 - aI ine3~~0-6a3aib~b1, 6a3anbTbi (K1-2); 7 - pa3nOMbi: rnaBHbIe ( I ) ,  l3TOpOCTeneHHble 
(2); 8 - pyatible Tena ( I ) ,  3a6ana~coeble pygnble Tena (2) 



COCTaBa (K,.,), @kl~~klpyIOlqbl~Ll~R B rPaBMTa4MOHHOM none 0Tp~qaTeJlbH0i aH0- 

~ a n k l e i .  M ~ c T o ~ o > K A ~ H M ~  npMyp0~eH0 K q e ~ ~ p a n b ~ o ~ y 6 n o ~ y  ~ ~ , L ( H o ~ o  I lOnR, rae 
~ a ~ 6 0 n e e  MHTeHCMBHO pa3BMTbl rMAPOTePMaJlMTbl M TpelqMHHaR TeKTOHMKa. OPM- 
eHTMpOBKa PyaOBMelqaIOlqMX ~ElpyLl le~M~ IlpeMMylqeCTBeHHO CB. M ~ T ~ C O M ~ T O ~  
Bblpa3MnCR B H O B O O ~ ~ ~ ~ O B ~ H M R X  XnOpHTa, Kap60HaTa, CepMqMTa, KBapqa, 6 ~ 0 -  

Tma, anb6MTa, qeonuToe, anMaoTa. 
PyaHble Tens MeCTOpO>KAeHMR IlpeACTaBneHbl XMJlaMM M XMJlbHblMM 30HaMM 

CB OPMeHTMPOBKM. B XMJlbHblX 30HaX pa3JlM'iaIOTCR: XMJlbl BblilOJlHeHMR, YraCTKM 

MHTeHcMBHoro npoxMnKosaHm M MeTacoMaTwecKoro oKsapqeeaHm nopoa. 
6bl~eJlRtO~~R flBa C T ~ ~ K T ) ' ~ H O - M O ~ @ O J ~ O ~ W ~ C K M X  TMna pya. f l e p ~ b l i  JlOKaJlM30- 

BaH B HapyLlleHMR~ CB OPMeHTMPOBKM C IlmeHMeM Ha (yrJlbl50-70').   TO MOlq- 

Hbre (ao 20-30 M) xMnbl ~ ~ a p q e ~ b ~ x ,  pexe nonesoluna~-~sapqesb~x 6 p e ~ q ~ i  c 
MHTeHCMBHblM KBaPUeBblM IlpOXMJlKOBaHMeM. ~ ~ ~ K . I M M  BMelqaIOT cyJlb@M,L(Ho- 

KBapQeBble M ~ M M o H M T - c ~ ~ ~ @ M ~ H o - K B ~ ~ ~ ~ B ~ ~ ~  XMJlbl M IlpOXMnKM C 60raTbl~ 30- 

Jl0~0-~epe6pRHbl~ OpyaeHeHMeM. B ~ o p o i  TMn IlpeACTaBneH 6Jlkl3Bep~M~a~lb~bl- 

MM (75-90') XMJlaMM, CePMRMM C ~ ~ M X € ? H H ~ ~ X  XMn M COnpOBOXaaIOlqMX MX 

npOXMJlKOB c ~ J ~ ~ @ M ~ H o - K B ~ ~ ~ ~ B o ~ o  M ~ M M O H M T - C ~ ~ ~ @ M A H O - K B ~ P ~ ~ B O ~ O  COCTaBa. 

Te~~T) 'pb l  x M J l  6peK'iMeBble, PMTMMrHO-nOnOCclaTble, MaCCMBHble, BKpanJleHHble. ' 

PyaHble Tens 06pa3y10~ CMCTeMbl ileCTHMClHblX XMJl MemY CTPyKTYpaMM nepBOrO 

mna. ~ ~ P O A Y K T M B H O C T ~  p y a ~ b ~ x  Ten ~ o s p a c ~ a e ~  Ha MX CB Qna~rax. r n a s ~ o e  pya- 
Hoe Ten0 MeCTOPO~eHMR - PYaHaR 30Ha N? 1. Ee /lJMHa 1,2 KM, AJlMHa no naae- 
HMO 120-1 50 M. 30Ha npMypOcleHa K K P ~ ~ H O M ~ C ~ ~ O C O - C ~ B M ~ ~ C B O P M ~ H T M P O B K M  

C aMnnMT)'AaMM BepTMKaJlbHOrO M rOPM30HTanbHOrO IlepeMelqeHMR COOTBeCTBeH- 

HO 140-170 M240 M. C O C T ~ B  30Hbl K B ~ P ~ ~ B ~ I ~ ,  ~ M M o H M T - c ~ ~ ~ @ M A H o - K B ~ P ~ ~ I ~ .  

 OH^ BKntoraeT cTepxHeeyto xMny s ~ o r o  x e  cocTasa M O ~ H O C T ~ I O  0,5-1,2 M. Pac- 
npeAeneHMe opyaeHeHm c~on6osoe, flo soccTaHMo pyAHoro Tena ero MOUHOCT~ 

yeenHrMsaeTc9. 

Ha MeCTOpO>KAeHMM BblAenRtOTCR: 'iaCTM'iH0 O K M C ~ ~ H H ~ I ~  K B ~ P ~ - c Y J ~ ~ @ M A -  

Hblk M npe06na~a10lq~i i  0Kkl~JletitiblG K B ~ ~ ~ - ~ M A ~ o ~ ~ T M T O B ~ ~ ~  TMn bl pya. 3 0 ~ a  

oKMcneHm p a s e ~ ~ a  Ha BCIO ~ ~ y r e ~ ~ y t o  r n y 6 ~ ~ y  (250-300 M OT noaepx~oc~~/r ) .  
Ha~6onee pacnpocTpaHeHHble pyatible MMHepanbl: raneHMT, c @ a n e p ~ ~ ,  nMpMT, 

MapKasMT, KOTOPble 06bl'iHo OTMeqaIOTCR B BMAe PeJlMKTOB B arperaTaX rMnep- 
reHHblX MMHepaJlOB. O C H O B H ~ I ~  nPOAYKTMBHble napareHe3MCbl: PenMKTOBble rMn0- 

reHHble - @ ~ I O O ~ M T - C ~ ~ ~ @ M ~ H O - K B ~ P ~ ~ ~ ~ ,  C Y ~ ~ @ M A H O - X ~ O P M T - ~ A Y ~ R P - K B ~ P Q ~ -  

Bblk,rMnepreHHble - ar<aH~M~-atirne3M~-~Bap4eBbl~, aKaHTMT-rMaPOreTMT-KBaPUe- 

mi. OCHOBHO~ ~epe6pR~blG MMtiepan - aKaHTMT. Cpeak~ee coaepxaHMe cepe6pa 
no MecTopomeHMto - 350 r / ~ ,  aono~a 0,5 r / ~ .  P y a o o ~ n o m e ~ ~ e  npowcxoaMno B 
MHTepsane TeMnepaTyp 180-380° C, cpeatim 290° C ( A ~ H H ~ I ~  ~ 3 y r e ~ ~ ~  ra30~0- 

XMAKMX ~~IlIOcleHkli). B03pac~ OPyaeHeHMFI 86 MJlH JleT (CT~YXKOB M Ap., 1994). 
0 6 0 r a l q e ~ ~ e  pya cnoxtioe M waoraeT rpasM-raqwto, @ n o ~ a q ~ t o  M rMp,po- 

MeTaJlJlyprMreCKyIO nepepa60TKy MeTOAOM C O P ~ ~ M O H H O ~ O  4MaHMPOBaHMR. 

ronbuosoe c e p e 6 p o - n o n ~ ~ e ~ a n n ~ r e c ~ o e  MecTopomeHMe ( a a ~ ~ b ~ e  

H. 8. i p~ropbeea M A. 3. n ~ s a r ,  1992 r.) pacnonoxeHo Ha IOXHOM @ n a ~ r e  A ~ K ~ T -  
cKoro pyatioro p a i o ~ a  B ~ ~ C T P H H C K O M  PYAHOM y3ne ( p ~ c .  4.115). Ysen cnoxeti 
MHTeHCMBHO AMCJl04MPOBaHHblMM TeppMreHHblMM OTJlOXeHMRMM (T, - J,.,) MOW- 

HOCTbIO 2,9-3,1 KM, IlePeKPblTblMbl C YrJlOBblM HeCOrJlaCMeM BynKaHOreHHblMM M 

EyJlKaHOreHHO-OCEl,4OrHblMM O ~ ~ ~ ~ O B ~ H M F ~ M M  CPeAHerO M KMCJlOrO COCTaBa (KZ). 



Puc. 4.115. r e o n o m r e c ~ a s  cxeMa paRoHa MecTopomAeHns ronbuosoro  ( n o  H. B. r p n r o p b e s y ,  

A. 3. n ~ s a r ,  1 9 9 2 ) .  

1 - TeppHreHHble TOJlUM (T-J); 2 - aHAe3MTb1, E I H A ~ ~ M T o - ~ ~ ~ ~ J ~ ~ T ~ I ,  M X T Y @ ~ I  ( q ) ;  3 - H ~ H H M ~ -  

PHTbl PHOJlLlTOB (K2); 4 - C y 6 ~ y n K a ~ M r e ~ K M e  HeBaAHTOBble P t lOJ lHTb l (~ ) ;  5 - C Y ~ ~ ) ' J ~ K ~ H H ' ~ ~ C K H ~  BHAe- 

SHTbI, AaUHTbl(&); 6 - OMCYK'- I~HCKM~ J l e ~ ~ O r p a ~ M T b l ( \ ) ;  7 - AHOpHTbl, r a 6 6 p o - n o p @ n p n ~ b l  8 - 
pa3JlOMbl: rnaBHble ( a ) ,  BTOpOCTeneHHble ( 6 ) ,  9 - MeCTOpOXAeHMe rOJ lbu0~0e  (a), py~OnpORBneHHR 

(6) 

ronbqosoe pyaHoe none n o ~ a n ~ 3 0 s a ~ o  B nowHeMenoeblx BynKaHMTax - B 

TOllU#? aprMflnM3MpOBaHHblX M ~ H M M ~ P L I T O B  PMOAMTOB - M MMeeT ~JIOKOBO~ CTpOe- 

we .  Ha~6onee n p o a y ~ ~ ~ ~ ~ o e  cepe6po-non~~e~ann~qec~oe opyaeHeHMe npM- 
ypOqeH0 K ~na60HapyUJeHHblM 6 f l 0 ~ a ~ .  BepTMKanbHblfi pa3MaX OpyAeHeHMR 300- 
350 M. Coaepxa~m cepe6pa y c ~ o f i r ~ ~ o  BblcoKMe Ha Bcex YPOBHRX. ronbuosoe 

MeCTOpO>yqeHMe OTHOCMTCR K C ~ ~ ~ @ O ~ H T M M O H M T - ~ ~ ~ ~ H M T O B O M ~  TMtly. XapaKTe- 
PeH CylqeCTBeHHO ~ynb@M~Hblfi COCTaB pyabl, IlpAMaR KOppeflR4MR ~ O a e p ~ a H k l ~  
cepe6pa M CBMHW. B UeHTpanbH~fi WCTM MeCTOPO)l(qeHMR M Ha BePXHMX e r O  TOPM- 

S O H T ~ X  B cocTase cynb@naos aoMMtiMpyeT raneHMT, rae OH cnaraeT MoHoMMHe- 

panbtible xMnbl M npoxmnw. Ha @na~rax M r n y 6 ~ ~ e  B xmax ~ o s p a c ~ a e ~  Konwe- 
CTBO c @ a n e p ~ ~ a  go pastiblx c o o ~ ~ o w e ~ ~ f i  c raneHMToM, nossnRtoTcR BblaeneHm 

6Jle~nblx pya, yeenMwsaeTc9 ponb Ksapua pa3~b1x re~epau~ f i ,  noRBnRtoTcR Kap- 
60HaTb1, XanbKOnMPMT, IlMPMT, IlMPPOTMH, CnOPaAMCleCKM CTaHHMH. Ha MeCTO- 



pOX,4eHMM Bb lRBneHO 6 PYAHb lX30H ,  BKJltO'iatOuMX 16 f lPOMb!UJleHHblX PYAHblXTeJl ,  

~ O ~ ~ W M H C T B O  143 KOTOP~IX ~ O K ~ ~ M ~ O B ~ H ~ I  B p y g ~ o i  3 o ~ e  No 1. no ~ o p @ o n o r ~ ~  

B b l A e n R w T c R :  n ~ ~ e i ~ b ~ e  ~ O H ~ I  c n p o x ~ n ~ o s o - ~ ~ p a n n e ~ ~ o i  ~ ~ ~ e p a n m a ~ ~ e i  LI 

x M n a M M ;  n ~ ~ e i ~ b ~ e  w T o K s e p K o s b l e  3o~t.1, B TOM wcne nonor03anerawu~e B c T p a -  

~ L l r p a @ M ' i e c K M ~  KOHTaKTaX. r J l aBHb le  M M H e p a n b l -  KOHqeHTpaTOpbl  cepe6pa - C)lJlb- 

@ M ~ b l  CBMH4a  M 4MHKa. O C H O B H ~ I ~  c e p e 6 p R H b l e  M M H e p a n b l  - @ p e R G e p r ~ ~  M flM- 

p a p r M p m .  I l o n o s ~ ~ a  aanacos cepe6pa ~ P M X O A M T C R  H a  A o n t O  a K a H T M T a ,  

p a c n p o c ~ p a ~ e ~ ~ o r o  B ~ O H ~  r~nepre~esa .  C p e ~ ~ e e  c o ~ e p m a ~ ~ e  cepe6pa B pyaax 
450 r / ~ .  r a n e ~ ~ ~ o e b ~ e  M @ ~ ~ F I ~ ~ P ~ M T o - ~ ~ ~ ~ H M T - c @ ~ ~ ~ ~ M T o E I ~ I ~  p y ~ b ~  MMetOT n p ~ -  
~ J I M ~ M T ~ J I ~ H O  pastible  on^ B aanacax MecTopo>yqeHm,  ~ ~ ~ ~ H L I T - ~ M ~ O ~ ~ O ~ M T O -  

B b l e  PY,Qbl - M e H e e  10%. 0 K M ~ J l e H H b l e  PYAbl paCf lPOCTpaHRtOTCR H a  r n y 6 ~ ~ y  30- 
50 M .  3Aecb WMpOKO pa3BMTb l  I lPOAYKTMBHble ~ e p e 6 p O - ~ y n b @ M ~ - ~ y n b @ a T ~ b l e  
KOMf lneKCbl ,  O C O ~ ~ H H O  aKaHTMT-aHrJle3MTOBaR aCC04Ma4MR.  OCHOBH~F~ 4eHHOCTb 

MeCTOPO>YqeHMR - cepe6po. C B M H ~ ~  M 4MHK - f lO f l yTHb le  KOMflOHeHTbl ,  M b l U b R K  M 

C y p b M a  - B p e A H b l e  f lpMMeCM.  

P Y A ~ I  MecTopox,qeHMR n e r ~ o 0 6 o r a ~ ~ ~ b l e .  O ~ T M M ~ ~ ~ H ~ R  c x e M a  ~ P ~ B M T ~ U M -  

O H H O - @ J ~ O T ~ ~ M O H H ~ R .  M3BJle' ieHMe B KOHueHTPaT COCTaBnReT: cepe6pa - 92,3%; 
CBMHL@ - 59,1; qMHKa  - 55,6%. 

C e p e 6 p ~ ~ o e  MeCTOpOX,4eHMe nyHHblh (AaHHb le  H. B, r p M r 0 p b e B a  M 

C. @. C T ~ ~ X K O B ~ ,  1992 r.) PaCnOJ lOXeHO B A p b l J l a x c K O ~  PYAHOM y3ne, KOHTpOJlM- 

P y e M O M  p a ~ ~ e ~ e l l 0 ~ 0 i  B ~ ~ K ~ H O - T ~ K T O H ~ ~ ' ~ ~ C K O ~  aeflpeccblei, B 4 e H T p e  KOTOPO~ 

O ~ H ~ X ~ H  M H O ~ O @ ~ ~ H ~ I ~  ~ ~ ~ H M T o M ~ H ~ I ~  MaCCMB (K1-2) ~ ~ I C T P M H C K O ~ O  KOMflJleKCa. 

f l e p M @ e p M t O  A e f l p e C C M M  CJlaratOT YJlbTpaKMCJlble PMOJlMTbl, a B C P ~ A H ~ ~  'iaCTM 

p a 3 s ~ ~ a  y r n e H o c H a R  M o n a c c a  O M C ~ K ' ~ ~ H C K O ~  cepm. f l y ~ ~ o e  p y a H o e  none n p ~ -  
YpO'ieHO K Y'iaCTKy C O B M e u e H M R  A p b l n a x c K O i  M H T P Y ~ M B H O - K ~ f l 0 J l b H 0 i  CTPYKTYPbl 

C C ~ B ~ P H O ~  'iaCTbtO C ~ P M ~ H C K O ~  B ~ J ~ K ~ H O - T ~ K T O H M ' ~ ~ C K O ~  a e f l p e C C M M ,  I ~ o , ~ H R T M ~  

X O p O U O  B b l p a X e H O  H a  rpaBMMeTpM' ieCKMX M MarHMTOMeTpM'ieCKMX KapTaX.  

B npeaenax pyatior0 n o n R  BblAenRtOTcR Aea OCHOBHMX y r a c T K a :  Ue~~panb-  
H b l i  M DXH~IL'I ( ~ Y A H ~ R  3 0 H a  IX). Ha U ~ H T ~ ~ ~ ~ H O M  Y'iaCTKe O p y A e H e H M e  n p M y p 0 -  

' ieH0 K CepMM ManOaMf lJ lMTyAHblX C ~ P O C O B  CCB IlPOCTMPaHMR B rpaHOAMOpMTaX 

A p b l n a ~ ~ K O r O  MaCCMBa. P ~ , ~ o B M ~ L ~ ~ ~ O ~ M M M  RBJlRtOTCR OpOrOBMKOBaHHble flec'ia- 
HMKM M aJleBpOJlMTbl  O M C ~ K ' ~ ~ H C K O ~  CePMM (B 3K30KOHTaKTaX M ~ C C M B ~ )  M rpaHOAM-  

O P M T ~ I  ~ H ~ O K O H T ~ K T O B .  Ha~6onee 6ora~oe o p y a e ~ e ~ ~ e  p y ~ ~ o i  ~ O H ~ I  IX no~anw 
3 O B a H O  I l p e M M y u e C T B e H H O  B a H A e 3 M T a X  M T Y @ ~ X .  B ~ e u a t O u M e  f lOpOAb l  

flPOflMJlMTV13MPOBaHbl, OTMe'iaeTCR OKOJlOPYaHaR 6epe3MTM3aLVlR,  aprMJlJ lM3a4MR, 

a A y J l R p - K B a p 4 e B b l e  ~ 0 ~ 0 0 6 p a 3 0 B a ~ ~ ~ .  

P y ~ H b l e  Tens npeACTaBJ leHb l  MMHePaJlM30BaHHblMM 3 0 H a M M ,  O ~ ~ ~ ~ M H R ~ O ~ L I -  

MM O A H y  MJlM HeCKOnbKO CTBOJlOBblX X M n ,  M H O r a a  3 0 H b l  MMetOT @OPMY ccKOHCKOr0 

X B O C T a ~ ~ .  M O ~ H O C T ~  X M J l 0 , 2 - 2 5  M ,  I lPOTRXeHHOCTb OT I l e p B b l X  AeCRTKOB A0 600- 
600 M .  B e p ~ L I K a n b ~ b l ~  p a 3 M a X  O p y A e H e H L l R  a0 350 M .  A ~ R  CTBOJlOBblX X M n  

X a p a K T e p H b l  K p V O e  n W e H M e  (60-909, M3BMJlMCTaR K O H @ M ~ P ~ ~ M R ,  MHOrO'iMCJleH- 

H b l e  anO@M3bl ,  TeneCKOf lMpOBaHMe MMHepaJ lbHb lX ~ c c o ~ M ~ ~ M ~ .  TeKcTJ'pbl PYA 
6 p e K ' i M e ~ b l e ,  K P Y C T M @ M K ~ ~ M O H H ~ I ~ ,  KaPKaCHO-flnaCTMHqaTble, KOKaPAOBb le ,  

rpy6o- M TOHKOnOnOC'iaTbl€!. C O C T ~ B  MMHepaJ lM3aqMM ~ e H ~ p a J l b H O r 0  Y'iaCTKa 

a ~ y J l ~ p - p O ~ O ~ ~ ~ - K B a p ~ b l i ,  B P Y , ~ H O ~  3 0 H e  IX K B a p 4 - K a p 6 0 ~ a ~ ~ b l i .  O C H O B H ~ I ~  
p y a H b l e  M M H e p a n b l :  ~ M ~ M T ,  apcetionupw, ranetim, c @ a n e p ~ ~  M xanbKonMpMT,  

MMHepaSlb l  cepe6pa - ElKaHTMT, C Y J ~ ~ C $ O C O J ~ M  M CeJleHklabl .  Pyabl Y ~ O ~ O C Y ~ ~ @ M A -  

H b l e  ( ~ y n b @ k l a O B  a0 0,7%), ~ J l a 6 0 0 K M ~ J l e ~ ~ b l e .  ALi:Ag = 1 : 170 B pyaax IX M 1 : 191 0 



B pynax Ue~~panbt ioro y r a c ~ ~ a .  40 50-80% sanacoe sono~a M cepe6pa K O H ~ ~ H T -  
PMPYeTCR B PYaHblX c~on6ax LUMPVIHO~ 20-50 M M L I H O ~  150-250 M. ~ P M Y P O ~ ~ H ~ ~  

OHM K y s n a ~  cornetietim pyao~oc~b lx  CTPYKT~P p a 3 n ~ r ~ o i  OpMeHTMpoBKM, K Me- 
CTaM COBMelqeHMR Pa3HblX flp0,QYKTMBHblX ~ C C O ~ L I ~ ~ M ~ ,  K ~ 3 r ~ 6 a ~  PyaOBMeUa- 
loqLIx pa3pblBoB. 

n e p ~ ~ r ~ b ~ e  reoxMMMrecKMe opeonbl x a p a ~ ~ e p ~ 3 y t o - r ~ ~  K O H ~ ~ H T P M ~ ~ C K O ~  

30HanbHOCTbto. 6 4eHTPanbHblX qaCTRX OpeOnOB npeo6nmato~Ag, Au, Pb, Sb, a 
Ha n e p ~ @ e p w  Cu, Zn, Mo, As, Bi. Rb-Sr ~ s o ~ o n ~ o e  onpeaenetiMe ~ o s p a c ~ a  
ap,yngpa ~ ~ O A ~ K T M B H O ~  ~ C C O U M ~ ~ M M  no~a3ano 87,2 MnH neT ( ~ O ~ A H M ~  Men), rTo 
COrnaCyeTCR C K - A ~ ~ ~ H H ~ I M M  no ~ ~ Y K ~ T C K O M Y  MeCTOPO>YqeHMlO (CTP~XKOB M GP., 
1 994). 

T e x ~ o n o r ~ r e c ~ a ~  cxeMa o 6 o r a l q e ~ ~ ~  py4b1 BKntoraeT g ~ y x c ~ a f i ~ i ; l ~ b ~ i  
~ ~ ~ B M T ~ ~ M o H H o - @ ~ o T ~ ~ M o H H ~ ~ ~  IlpOqeCC. 

30n0~0-~epe6pRH0e MecTopoweHMe H ~ s n e ~ r a  pacnonomeHo K cesepy OT 

Tayic~oro n p o r ~ 6 a  B X ~ C ~ I H C K O ~  B ~ ~ K ~ H M ~ ~ c K o ~  Ayre ( Y M M T ~ ~ ~ B ,  1986) M npM- 
YpO'ieHO K X ~ K ~ H ~ L I H C K O ~  B Y ~ K ~ H O - T ~ K T O H M ~ ~ C K O ~  aenpeCCMM, O C ~ O X H ~ H H O ~  

KpyTOflmalolqMMM pa3nOMaMM LUMPOTHOrO M CB npOCTMpaHMR. n o  AaHHblM 
E. 8. 6enb~osa M Jl. H. 6 e n b r a ~ c ~ o i  (1992), AenpeccMg cnoxetia noKposaMM 
MenOBblX BynKaHMTOB CpeaHerO M KMCnOrO COCTaBa, IlPOPBaHHblMM LUTOKaMM, 
o a i ~ a ~ ~ ,  ~ K C T P ~ ~ M R M L I  nopoacpeAHero M Kucnoro cocTasa. n o  nepM@epw~en- 
PeCCVIR 06pa~netia MHTPy3MRMM rPaHMTOMAOB K,-P BO3paCTa. P y ~ ~ B ~ e l q a t o ~ L I e  
flOpO,4bl npeaCTaBneHbl npOnMnMTM3MPOBaHHblMM c ~ ~ B ~ ~ K ~ H M ~ ~ c K M M M  aHae3M- 
TaMM (K, ), cnaratoUMMM Teno TpeUMHHoro TMna B q e ~ ~ p a n b ~ o i  racTM Aenpec- 
CMM. f l o c n e a ~ ~ ~  ocnomtietia ropcToM, KoHTponMpytoUMM pyatioe none ( p ~ c .  
4.1 16). 

Pyaoa~elqatouye c ~ p y ~ ~ y p b ~  npeac-raeneiibl KpyTonwatouMMM Ha I03 Tpe- 
UMHaMM OTPblBa, OflePRto~MMM UeHTpanbHbli rn~6LIHHblfi pa3nOM. PyaoBMeua- 
lou;lMe CTpyKTypbl M3MeH'iMBbl TI0 MOUHOCTM, POCTMpaHMto M YrnaM nmeHMR. Pya- 
Hble Tena npeacTaeneHb1 KpyTonmatoQMMM ~ ~ M T O O ~ ~ ~ ~ H ~ I M L I  xMnaMM CnoxHoro 
MMHepanbHOrO COCTaBa. OCHOBHO~ ~MnbHbli MMHepan - KBapq.  EM^ IlOa~MHeHbl 
XJlOpMT, 3nVIaOT, aaynRp, KanbqMT, CepMqMT, o6pa3ytou~e MMHepanbHble aCC0- 
UMaqMvr: ~sapq-xnopm-aayn~poeyto, ~ s a p q - x n o p ~ ~ - ~ a n b q ~ ~ o e y ~ ,  ~sapq-cynb- 
@ ~ ~ ~ o - x n o p ~ ~ o s y t o ,  ~sapq-sn~ao~-a~ynslpo~yto.  MOUHOCT~ PYAH~IX Ten OT 1,5 
oo 9,9 M, anma n o  320 M, cpeaHMe coaepxaHm sono~a  OT 3 , l  40 16,5 r / ~ ,  
cepe6pa OT 260,140 1 129,l r /T. nocTpy,4Hble rOpM30HTaJlbHble CMeUeHMR PYAHblX 
Ten AOCTMTatoT 35 M. BepTklKan b ~ b l i  pa3MaX Opy#eHeHMR 40 250 M. Py,Qbl y6oro- 
cyJlb@M~~ble. O C H O B H ~ ~ ~  PYaHble MMHepan bl flPOflyKTMBHblX a~~0qk laqk l i :  3neKT- 
p y ~ ,  ~ M ~ M T ,  c @ a n e p ~ ~ ,  xanbKonMpMT, caMopoaHoe cepe6p0, ranew-r, aKaHTMT, 
KtocTenmT, @pei6eprn~,  n o n ~ 6 a 3 ~ ~ ,  CaMopoaHoe 3on0~0 M ap, npeo6nwatolqasl 
@ p a ~ q m  aono~a M cepe6pa 0,Ol-0,07 MM, npo6a 240-900, npMMecM - Fe, Cu. 

P e ~ o ~ e ~ a y e ~ b l e  TexHonorMrecuMe cxeMbl 0 6 0 r a ~ e ~ ~ ~  pya: rpaemaqm, 
@no~aqm,  qMatiMposaHMe KoHqeHTpaToB c ~ 3 ~ n e r e ~ ~ e ~  30no~a  - 91,9%, 
cepe6pa - 90,3% n ~ 6 0  npmoe qMaHMposaHMe c C O P ~ ~ M O H H ~ I M  BbllqenarMBatiM- 
eM c ~ a s n e r e ~ ~ e ~  aono~a - 94%, cepe6pa - 89,4%. 

Cna6o~syret i~bie MecTopoweHMR AWHCVK~ M X a a p ~ a x c ~ o e ,  pacnono- 
XeHbl B K ~ ~ A ~ C Y H C K O M  PYaHOM paR0He (4>~yr,LJ,XypcKa~ 30nOTOHOCHaR 30Ha). 

3ono~o-cepe6p~~oe  ( c e p e 6 p ~ ~ o e  c s o n o ~ o ~ )  MecTopowenMe ATYHCIXI 
HaxoaMTcq 6 n ~ 3  BblcTyna @ y ~ , q a ~ e ~ ~ a  BynKaHoreHa, npeacTasneHHoro necra- 





pa3JlOMa M n0 K p a R M  Bf laaMHbl  pa3BMTbl  A ~ ~ K M  ~ o ~ @ M ~ o B ,  K ~ ~ ~ T O @ M ~ O B ,  OPTO- 

Qmpoe M ~ ~ a 6 a 3 0 ~ .  
P y a ~ b ~ e  T e n a  M e c T o p o w e H m  n o ~ a n ~ s o e a ~ b ~  ~ ~ a q ~ ~ a x  M a~a~ennm-nop -  

Q ~ p a x  Bepx~eannaxc~oro n a n e o s y n K a H a  M B ~ e ~ b u ~ e i  c T e n e H M  B n o A c T M n a l o -  

qMX BYJlKaHMTbl OCWOqHb lX  I lOpOaaX .  6 I O X H O ~  W C T M  MeCTOP0)KAeHMR OTAeJlb- 

Hble M M H e p a J l W 3 0 B a H H b l e  3 0 H b l  3 a X O A R T  B npeaenbl M ~ T Y P - X ~ T ~ I H C K O T O  
rpaHMTt io ro  M a c c m a .  Pya~oe none y m M H e t i o  B CCB H a n p a e n e H m  H a  15 KM n p M  

LUMpMHe 2-3 KM. Ha UeHTpaJ lbHOM X ~ ~ ~ ~ ~ X C K O M  Y a C T K e  Pa3BMTbl  P Y a H b l e  Tens 

K ~ C C M T ~ ~ M T - X ~ O ~ M T - ~ ~ a p u e ~ o r o  C o c T a B a  c ~ ~ M ~ O A M ~ ~ C K O ~  npmecblo c y n b @ n -  

ROE, a H a  C e B e p H O M  @J laHre  P y A H O r O  n 0 n R  ~ a 6 n l o ~ a l o ~ c R  P y A H b l e  X M n M  M UITOK- 

BepKM o n o e o - n o n ~ ~ e ~ a n n ~ q e c ~ ~ x  (M onoso-cepe6prr~blx) pya c ~ O ~ O T O M .  MW- 
~ e p ~ n b ~ b l ~  COCTaB PYAHblXTen H e  3aBMCMTOT COCTaBa BMeU@lOUJ4X nOPOA.  m M H a  

MMHepanM3OBaHHblX 3 0 H  560-750 M,  M O q H O C T b  5-25 M, B e p ~ M K a J l b ~ b l n  p a 3 M a X  

O p y A e H e H M R 8 0 0  M. C O ~ ~ ~ X ~ H M ~ B  P y A a X  (%): Sn - 0,01-0,2; Pb - 0,2-1; Zfl - 0,1- 
0,7; CU - A0 1 ; ACJ - A0  297, 4 r / ~ ,  AU - 0,2-0,3 r /T .  ~ ~ T K O B M A H ~ I ~  P y A H M e  Tens 

JlOKaJlM30BaHbl B 6 n M 3 ~ e p ~ M ~ a n b ~ b l ~  MMHepanM30BaHHMX 3 0 H a X  A ~ O ~ ~ ~ H M F I  C3 M 

CB flpOCTMpaHMR. O~oJlopyfl~ble M3MeHeHMR: BO BHYTPetiHMX 3 0 H a X  XJlOPMTM3a- 

UMR M CePMuMTM3a4MR, B ~ ~ o M ~ x ~ ~ o ~ H o ~  - 6 e p e 3 ~ ~ ~ 3 a 4 M R ~ B O  B H ~ L L I H ~ ~  - a p r M n -  

n ~ 3 a u ~ ~ .  r n a e ~ b ~ e  M M H e p a n b l  p y ~ n b ~ x  T e n  - map4 M xnopm. Pyatiwe n p e a c T a 6 -  

JleHbl K a C C M T e P M T O M  M TeMaTMTOM,  M M  nOA'iMHeHbl a P C e U O n M P M T ,  nMPLlT,  

XanbKOflMpMT, raneHMT,  C @ a J l e p M ~ ,  CTaHHMH, TeHHaHTMT, 30nOTO.  Kaapu MOnO'i- 

~ 0 - 6 e n b l G  M ~ C C M B H ~ I ~ ,  ~ p y 3 0 B b l f i  M I.L(C?TKOBMAH~I~. C 0 , Q e p ~ a H M e  c y n b @ M a o B  B 

P y m X a O  1 -3%, 0 6 b l q ~ 0  MeHbLLIe. Cepe6po COAepXMTCR B TeHHaHTMTe, a 30JlOTO 

B C Y ~ ~ @ M A H ~ I X  Pyaax. 6 3JlloBMM H a 6 J l I O ~ a n W c b  M e n K M e  (a0 0,5 MM) HeOKaTaHHble  

3epHa  3OJlOTa. B o ~ ~ ~ c T  OpyAeHeHMR C r  MTaeTCR AaTCKMM. 

3 OJlOTOHOCHble POCCblnM H a  CaxaJ lMHe  0 T p a 6 a ~ b l B a l o ~ ~ R  C 1933 r. 6 anJl loBMM 

qac.ro o ~ ~ e r a n o c b  sono~o p y A H o r o  o 6 n ~ ~ a  B cpocmax c K s a p u e M ,  K p y n u o e ,  

~ b ~ c o ~ o n  po6~oe (850-930). B n o c n e A H e e  Aecs lTMneTMe o n p e a e n M n M c b  3 ~ a q ~ ~ e n b -  
Hble nepCf l eKTMBb l  n a H r e p M ~ ~ K 0 r 0  M UJMMATOBCKO~O paiouos H a  P y A H O e  30nOTO. 

~ O J ~ O T O H O C H O C C T ~  H a  CaxanW~e n p M y p 0 q e H a  K lUOBHblM TeKTOHMqeCKMM 3 0 H a M .  

Han6onee ~ P O , Q Y K T M B H O ~  n PeACTBJlReTCfl U e H ~ p a S l  ~ H O C ~ X ~ ~ M H C K ~ R  3 0 H a ,  COBna-  

A ~ I O l q a R  C 0,4HOMMeHHblM aHTMKJlMHOPMeM CC3 npOCTMpaHMFI. 3 0 H a  flpe,4CTaB- 

n e H a  M ~ T ~ M O ~ @ L I ~ O B ~ H H ~ I M M  B sene~ocna~ueso i  @ a u ~ ~  O C ~ O ~ H M M M  M K p e M -  

H M C T O - B y n K a H O r e H H b l M M  TOJlLL(aMM, MHTeHCMBHO ,QMCJlOuMPOBaHHblMM,  C 

Ha,4BMraMM M 3 0 H a M M  CMRTMR. 0 6 q a ~  CTPYKTYpa M ~ T ~ M O P @ M ~ ~ C K O ~ O  KOMflJ leKCa 

MHTepnpeTMpyeTCR KaK KynOJlOBMAHaR, C nOJlOrMM f lOJ lOXeHMeM CJlaHueBaTOCTM 

M OCeBblX ~ ~ O B ~ ~ X H O C T ~ ~  M30KJlMHanbHblX CKna,QOK (,L@HHble B. A. 6 y p R ~ a ,  

1978 r.). f l 0 ~ 0 6 ~ b l e  CTPYKTYPbl XapaKTepHb l  m s l  MHOrMX 30JlOTOHOCHblX ~ ~ ~ O H O B  

B O C T O K ~  POCCMM. B O ~ P ~ C T  M ~ T ~ M O P @ M ~ O B ~ H H M X  O T ~ O X ~ H M ~  CqMTaeTCR naJle0- 
B O ~ C K M M  ( reonor~ rec~oe  cTpoeHMe. .  . , 1966; reonorm CCCP.. ., 1970), o A H a K o  K 

H a c T o r r u l e M y  s p e M e H M  n o n y r e H b 1  A a H H w e  B nonb3y T P M ~ C - p a ~ ~ e ~ e n o ~ o r o  603- 

p a c T a  H M X H ~ ~  q a c w  p a s p e s a 3 ~ ~ x ~ o n ~  H a  OcHoBaHMM o n p e A e n e H m  p m ~ o n R p ~ i 7  

M KOpaJlnOB (PO>KA~CTB~HCKM~,  1987). ~ M T O J ~ O ~ M ~ ~ C K M  CXOAHble @ ~ ~ H M C T M ~ ~ C K M  



O ~ a p a K T e p M 3 0 B a ~ ~ b f e  I l e p M C K M e  OTJlOXeHMR M3BeCTHbl I O X H e e  - H a  TOHMHO-AHME- 
CKOM n o n y o c - r p o a e .  B npeaenax LUOBHO~ ~ O H ~ I  ~ e T a M O p @ M 3 0 B a H b l  M B e p x H e M e -  

nosble o T f l o x e H M R  ( P M x ~ e p ,  1984). A ~ C O ~ ~ O T H ~ I ~  B 0 3 p a C T  M ~ T ~ M O P @ M ' ~ ~ C K M X  

C n a H u e B  O n p e A e n e H  P Y ~ M A M ~ ~ - C T ~ O H ~ ~ B ~ I M  MeTOAOM KaK B ~ P X H M ~  Men-paHHMU 

n a n e o r e H .  

C T ~ ~ T M @ M ~ M ~ O B ~ H H ~ I ~  nOpOAb l  LUOBHO~ 3 0 H  bl I l p O p B a H b l  n O 3 A H e M e ~ l O B b l -  

MM A ~ ~ K ~ M M  M MaJlblMM r M n a 6 M ~ ~ a J l b H b l M M  MHTPY3MRMM CepneHTMHM3MpOBaHHblX 

y n b T p a 6 a 3 ~ ~ 0 ~ ,  r a 6 6 p o ~ ~ o s ,  ~ ~ a 6 a s o s ,  AMOpMTOB M TpaHMTOMAOB. Ha n - O B ~  
W M M A T ~  (U~MMATOBCK~U 30JlOTOHOCHaR 3 0 H a )  B e p X H e M e n O B b l e  T ~ @ o ~ ~ H H o - T ~ ~ -  

P M r e H H b l e  @nMLUeBble OTnOXeHMFI T a K X e  nPOPBaHb l  MHTPY3MRMM Y ~ ~ T P ~ ~ ~ ~ M T o B ,  

a T e  M A P Y r M e  - T e n a M M  rpaHMTOMAOB C ~ ~ C O A I O T H ~ I M  B 0 3 p a C T O M  87 M n H  n e T  (Ka- 

n ~ i - a p r o ~ o s b r i  M~TOA) .  

no 06e CTOPOH~I OT L U O B H O ~  ~ O H ~ I  U e ~ ~ p a n b ~ o r o  C a x a n ~ ~ a  BblnenRloTcR 

n O 3 A H e M e n O B b l e  6 n ~ 3 M e p M ~ M o ~ a n b H b l e  C T P Y K T ~ P H O - @ O ~ M ~ ~ M O H H ~ I ~  30Hbl :  3a- 
n w H a R  MMOreOCMHKnMHanbHaR M BOCTO'~H~R 3BreOCMHKnMHaJlbHaR ( P o > Y ~ ~ c T B ~ H -  
C K H ~ ,  1987). I l e p B a R  CJlOXeHa TePPMreHHblMM MOPCKMMM M ~ P M ~ P ~ X H O - M O P C K M -  

MM O T ~ O X ~ H M R  MM, a e T o p a s  - T o n u a m  n e p e c n a M s a H M R  n e c r a ~ o - ~ ~ M H M C T ~ I X  M 

KpeMHMCTO-ByJlKaHOreHHblX @oPM~L(MG, CMRTblX B J l M ~ e i H b l e  I l p R M b l e  CKJ lwKM.  Ha 
B e p x H e M e n o s b l x  0 6 p a 3 0 B a H M ~ l ~  c P ~ ~ K M M  P ~ ~ M ~ I B O M  3anera10~ B y n K a H o r e H H b l e  M 

T e p p M r e H H b l e  T o n u M  n a n e o r e H a  M H e o r e H a .  r ~ n a 6 ~ c c a n b ~ b l e  rpaHMToMAb l  ~ T O ~ O  

BO3paCTa  (P - N , ) ( ~ M O T M T O B ~ I ~  rpaHMTbl ,  I l J la rMOrpaHMTbl ,  rpaHOAMOpMTbl ,  KBap- 

qeeble AMOPMT~I ,  nop@~pbl), c KOTOP~IMM C B R ~ ~ I B ~ ~ T C R  3on0~0e O p y A e t i e H M e  

6 a c c e G ~ a  p. n a H r e p M ,  OTJlM'ialoTCR HaTPOBblM TMnOM ~eJ lO '4HOCTM.  n n M o q e H 0 -  

B b l e  MHTPy3MM (J l aKK~nb lTb l ,  WTOKM, CMJln bl, A ~ ~ K M ) ,  pa3BMTb le  B A O n  b 3 a n w H O r O  

no6epexb~ C a x a n M H a ,  n P e A C T a B n e H b l  ~ ~ ~ ~ ~ ~ T O M A H ~ I M M  KOMflJleKCaMM: AOJlepM- 

T a m ,  r a 6 6 p o - ~ ~ o p ~ ~ a ~ ~ ,  r a c T o  Iqeno' iHblMM, M H o r A a  c n e p e x o A a M M  K cMeHM- 

T a M  M MOH40HMTaM B UeHTpanbHb lX  'iaCTRX MaCCMBOB. ~ T M  n O P O n b l  T a m e  OTJlM'ia- 

OTCR H ~ T P O B O ~  cneu~an~3au~eG.  n a ~ r e p ~ i c ~ ~ i  6no~ ,  B KOTOPOM n o ~ a n ~ 3 0 s a ~ a  
OCHOBHaR 30JlOHOCHOCTb u e H T p a n b ~ 0 n  W C T M  CaxaJ lk lHa,  BblAenReTCR KOHTpaCT- 

H b l M  MMHMMYMOM CMnbl TRXeCTM (PMC. 4.46). Ha C ~ B ~ P H O ~  OKOHeqHOCTM &..a- 
n w a  (n-OB W M M ~ T ~ )  M ~ B ~ C T ~ H  c ~ o e 0 6 p a 3 H b l l ; r  TMn aono~oro o p y n e H e H m  (ne- 
BeHLUTepHOBCKOe P y A H O e  none), TeCHO aCCOuMMpy IO lqe r0  C yJlbTpaOCHOBHblMH L l  

OCHOBH~IMM n o p o n a M M  B napare~es~ce  c a H a n b q M M o M  M UeonMTaMM. P y ~ o ~ o c -  
HaR C T p y K T y p a  KOHTPOnMPYeTCFl K O H T P ~ C T H O ~  M ~ ~ H L I T H O ~  a H 0 M a n M e i  C3 npOCTM- 

PaHMR. 

Py~ocyesc~oe M e c T o p o m e H M e  x a p a ~ ~ e p w y e ~  J la~rep~i ic tqm SO~OHOC- 

HYIO 3 0 ~ ~ .  P y ~ ~ o e  none n o ~ a n ~ 3 0 s a ~ o  B M ~ T ~ M O ~ @ M ~ O B ~ H H ~ I X  B s e n e ~ o c n a ~ ~ e -  
B O ~  @aqMM ByJlKaHOreHHO-OCaAOqHblX f lOpOAaX (PZ?) C M H T ~ H C M B H O ~ ~  J ~ M H ~ ~ H o ~  

CKnw' iaTOCTbIO, C C M C T ~ M O ~  IlpOAOSlbHblX C~POCOB, I l O f l e p e r H b l X  M,JlMarOHanbHMX 

H w B M r O B .  ~ T M  nOPOAbl  I lPeACTaBnRIOT c060i KPOBnIO r p a H M T H O r 0  MaCCMBa, no- 
,lor0 f l O r P y X a t O ~ e r O C 9  H a  CB. O p y ~ e H e H M e  KOHTPOnMPYeTCR H w B M r a M M  M C ~ P O -  

caMM.  C H w a M r a M M  C B R S ~ H O  3ono~o-anb6~~-~sapqe~oe, co C ~ ~ O C ~ M M  - K s a p q e -  

B O e  O p y A e H e H M e  (flaH'ieHK0, HMKoJ laeBa ,  1989). P a 3 n o M b l  KOHTPOIIMPytOTCR 

I lPOTFIXeHHblMM (1 0-23 KM) 3 0 H a M M  M3MeHeHHblX I l O p O A  W M ~ M H O ~  0,2-0,5 KM, no 
AaHHb lM 6. A. 6 y p ~ l ~ a ,  3on0~0e o p y a e H e H M e  n a ~ r e p ~ i c ~ o r o  p a i o ~ a  C B R ~ ~ H O  c 
K ~ ~ ~ O ~ O B M ~ H O ~  C T ~ ~ K T ~ ~ O ~ ,  C X O A H O ~  C T M ~ O M O P @ H ~ ~ M M  30JlOHOCHblMM CTPYKTY- 

p a M M  ~ P M ~ M ~ P ~ R ,  Y ~ ~ ~ K M c T ~ H ~  H Ap. 



n 0 a a H H b l M  B. 9. & ~ H V ~ H K O  M A, n. MWTV~HKO (1 988 r.), 30J lOTOPYaHble  3 0 H b l  

H a  PY,QHOM none O ~ ~ ~ ~ ~ L I H F I ~ O T  CLlCTeMbl BeTBRU&lXCR MMHepaJlM3OBaHHblX 6nac- 
TOMVlJlOHMTOB M KBaPueBb lX  XMJl MOqHOCTblO O,1-0,8~ ( 6  MeCTaX COVJleHeHMR A0 
1 , 5 - 2 ~ ) ,  npOTRXeHHOCTbtOAeCRTKM M COTHM MeTPOB M ~ J ~ M H o ~  no nElQeHMI0 donee 
300 M .  P ~ f l H b l e  TeJ la  J ~ ~ H T O B M ~ H O ~  @OPM~I  BKJltOClalOT n M H 3 b l 6 0 n e e  6 0 r a ~ b l x  pya. 
K O H T ~ K T ~ I  PYaHblX T e n  .leTKMe, POBHble. T ~ K C T Y P ~ I  I l p e M M Y q e C T B e H H O  6 p e ~ C l M e -  

sble, K a T a K n a c T w e c K M e .  M O ~ H O C T ~  O K o n o p y a H b l x  M ~ M ~ H ~ H H ~ I X  nopoa H e  6onee 
3 - 5 ~ .  ~ O C T P Y ~ ~ H ~ I ~  p a 3 p b l B b l  KOHTPOJlMPYtOTCR MMJlOHMTaMM, A ~ ~ K ~ M M  r p a H M T 0 -  

PMC. 4.1 17. C x e ~ a ~ ~ q e c ~ a ~  reonorMvecKaR KapTa 

~ ~ B ~ H L ! T ~ ~ H o B C K O ~ ~  ~ O J ~ O T O H O C H O ~ ~  30Hbl (no 6 .  ,&IH.~€?H- 

KO, A. n. MMT~~HKO). 

1 - fleCraHkIKkI, aJleEpO~kITbl, flMaTOMMTbl (N); 2 - Ty- 
@oaneeponu~b~, necraHMKM, cnnnurbl, R U M ~ I  (MZ); 3 - 
pyflOBMe~al0qUe ra66po~abl (K,); 4 - nepMflOTkITbl, 

AYHMT~I  (K,?); 5 - pa3no~b1; 6 - J l e s e ~ u ~ e p ~ o ~ c ~ o e  uec- 
TopoxAeHkIe 

0 1 ~ K M  - 



MAOB, KOTOPble CeK'T M CMeLLCatOT Tens ~ ~ ~ C T O M M ~ O H M T O B  Ha 5 - 3 0 ~ .  n a p a ~ e ~ p b l  

PYaHblX rHe3a ( C T O ~ ~ O B ) :  120 X 40 X 1, 0 7 ~ .  MOUHOCT~ 30JlOTOPy,QHblX XMn O,1-  
0 , 5 ~ ,  AJlMHa - IlepBble aeCRTKM, PeXe COTHM MeTPOB. no IlmeHMtO XMJlbl He np0- 

CneXMBanMCb. 

@ O P M ~  XMJl JleHTOBMaHaR C JlMH30BMaHblMM pa3ayBaMM, KOHTaKTbl qeTKMe, 

Cer<yl4Me flJlaCTbl. T ~ K C T Y P ~ I  apy30Bble, 6pe~qMeBble, flOnOCrlaTble ( ~ ~ P O A Y K T M B H ~ I ~  

racm x ~ n ) .  Bc~perato~csl r ~ e 3 ~ a  M n p o x M n K M  cynb@~,qoe, 06pa3ytou~e npoxMn- 
KOBO-BKpanJleHHble pyabl. ~ M ~ ~ C O M ~ T P M ~ ~ C K M  mMJlbl3afleratOT BblLUe PYAHblX 6na- 
CTOMMJlOHMTOB. 6 UeJlOM Ha PYAHOM none PyAOHOCHble ~ ~ ~ ~ C T O M M J ~ O H M T ~ I  HeCKOJlb- 

KO npeo6naaato~ Hm KBapUeBblMM XMJlaMM. np0flyKTMBHble YqaCTKM 3afleratoT 

6onee nonoro (40-50°) n p ~  o 6 u e ~  6onee KPYTOM (50-70°) nmet im ~ O H ~ I .  Cpea- 
Hee COAepXaHMe 3OJlOTa Ha P ~ K O C ~ ~ B C K O M  MeCTOpOmAeHMM 9,7 r j ~ .  

~MJlbl06pa306a~bl K B ~ P ~ ~ M  c I ~ O ~ ~ M H ~ H H ~ I M  anb6MT0~. B P Y ~ ~ O H O C H ~ I X  6na- 
CTOMMJlOHMTaX, H ~ O ~ O P O T ,  KBaPL( IlOaCIMHeH a n b 6 ~ ~ y .  CoaepmaHMe ~yJlb@Ma06 6 

pyaax ~o 1 %. 3 ~ o  ~ M P M T ,  apceHonMpMT, pexe ranem-r, xanbKonMpMT, e u e  peme 
c @ a n e p ~ ~ ,  6 n e ~ n a ~  pyaa, 06pa3ytou~e BKpanneHHocTb s e n ~ ~ c ~ ~ o i  1 - 5 ( ~ o  20) 
MM. 30Jl0~0 HaXOaMTCR 6 KBaPUe B aCCOQMaQMM C ~ynb@Ll~aMM. BeJIkl'iM~a er0 

sblAene~~t7 0,l-0,5 MM, peme no 1-3 MM, npo6a aono~a 850-880 ( a a ~ ~ b ~ e  B.  A. 
bypRKa, 1978 r.). 

PMC. 4.118. n e s e ~ w ~ e p -  
HoscKoe pyAHoe none. C x e ~ a -  
TMWCKaR reOnOrbl~eCKaR KapTa 
(no B. R. AaH'4eHK0, A. n. Mnr- 
'~BHKO). 

1 - ra66ponnb1 (a), nepw 
~ O T M T ~ I  (6) MenoBoro 803- 

paCTa; 2 - pa3nOMbl; 3 - KOH- 

TYPbl UeOnMTM3HPOBaHHblX 
nopoA, nnToxnMHrecKMe M 

wnnxoeble opeonbl sono~a; 4 - 
3OnOTOpyAHble Tena 



B I l O C n e a H e e  aeCRTMnf3TMe KaM' iaTKa M K y p M n b c K k l e  OCTpOBa BblaBMHYnMCb 

KaK B e C b M a  nepCneKTMBHblC3 H a  P y a H O e  30nOTO TePPMTOPMM ( ~ O ~ O T O P Y ~ H ~ ~ ~  M e -  

CTOpOWeH MR..., 1989), npOrHO3Hb le  P e C y p C b l  KOTOPblX COnOCTaBMMbl C TBKOBbI- 

MM MaTePMKOBblX ~ ~ ~ O H O B  BOCTOK~ PoccMM. TC?KTOHLI '~~CK~R CTpyKT)'pa KaM'iaT- 

KM n p e a c T a B n e H a  ' i epea0BaHk leM ~ O ~ H R T M ~  M n p o r ~ 6 0 ~ ,  OPMeHTMPOBaHHblX B a O n b  

OCM nonyoc-rposa. ~ ~ ~ K T M C ~ ~ C K C I ~ ~  M H T e p e c  n p e a c T a s n R m T  p e r M o H a n b t i b l e  

flOnHRTMR, B KOTOPblX HaXOaRTCR npaKTM'ieCKM B C e  M3BeCTHble  MeCTOPOX,QeHMR M 

npORBJleHklR. B ~ X H ~ ~ W M M  M3 HMX RBnReTCSI ~ ~ H T ~ ~ ~ ~ H o K ~ M ' ~ ~ T c K o ~  nOaHRTMe, 8 

n p e A e n a X  KOTOpOrO Bb lRBneHbl  MeCTOpOX,QeHMR A ~ M H c K o ~ ,  O ~ ~ H ' ~ M H C K O ~ ,  O3ep- 
HOECKOe, M ~ T H O B C K O ~  M ap. ~ O A H R T M ~  @MKCMPY~TCR ~ a ~ 6 o n e e  M H T ~ H C M B H O ~  B 

K y p ~ n o - K ~ M ~ ~ T C K O M  p e r M o H e  c~pylcrypoi p a 3 y n n o ~ ~ e t i ~ ~  ( p ~ c .  4.120). 3 ~ o  syn- 
KaHHrecKaR 3 o ~ a  (ayra), M M e m l q a R  c - rpoe t iMe  a H T M K n M H o p m ,  C n o x e H H a R  cna6o 
AMCnOqMpOBaHHblMM MMOqeH- I lnk lOqeHOBblMM BynKaHMTaMM: aHae3MTaMk l  (N,-N,) 
M B ~ e t i b w e i  M e p e  n ~ n a p ~ ~ o - a a q ~ ~ a ~ ~  (N,) M n M n a p M T a M M  (N,), H e c o r n a c H o  

saneramlqwm H a  A O K ~ M ~ P M ~ C K M X  r ~ e i c a x  M K p k l c T a n n M r e c K M x  cnaHu,ax Cpeam- 
Hero M a c c M B a  M r a ~ a n b c ~ o r o  B b l c T y n a  M H a  0 6 p a ~ n ~ o l q ~ x  ero M e n o s b l x  T e p p M -  

TeHHblX M BynKaHOreHHO-KPeMHMCTblX nOp0,4aX. ~ / ~ H T ~ H C M B H ~ R  CKnaa'iaTOCTb B y n -  

KaHMTOB OTMe'iaeTCR B f lPMPa3nOMHb lX  3 0 H a X  ( r e o n 0 r k l R  CCCP, 1964. T. 30; 
Af lpenKoB,  Emos, 1978). B npeaenax ~ O ~ H R T M R  s a ~ a p ~ ~ p o s a ~ b ~  M a n b l e  M H T P Y ~ M M  

n e c T p o r o  coc-rasa: M e n o s b l x  ~ M O P M T O B ,  r p a H o a M o p M T o B ,  r a66po~ao~ ,  a TaKme 

MMOqeH- f lnMO~eHOBblX M H T P Y ~ M ~ :  OT rPaHMTOB a0 ra66~0-AMOPMTOB, MOHUOHM- 

TOE M CMeHMTOB, C KOTOPblMM I lPOCTpaHCTBeHHO M TeHeTM'ieCKM CBR3blBaeTCR 30- 

JlOTOHOCHOCTb. ~ L l H M ' i ~ b l e  MaCCMBbl TpaHMTOklAOB ,QOCTklralOT B n n a H e  150- 
200 KM'. O C H O B H O ~  H a n p a B J l e H M e  p a 3 n O M O B  K ~ M ' ~ ~ T K M  CB kl C3. Ba0nb CB 
pa3no~os o d p a 3 o s a n k l c b  BynKaHMrecKMe n o R c a  M qenorw s y n ~ a ~ o - ~ e ~ ~ o ~ ~ c l e -  

CKMX CTPYKT) '~ 1 -ro n o p R a K a .  P a s n o ~ b ~  C3 H a n p a s n e H m  p a c r n e H R t O T  noa t i s lTMe  



H a  OTAeJlbHbte ~JIOKM, BaOJlb HMX C @ O ~ M M ~ O B ~ H ~ I  30Hbl  f l 0 f l e P e ~ H b l ~ a M ~ n 0 ~ a 4 M ~  

( ~ ~ ~ ~ ~ H C K O - K O M ~ H A O ~ C K ~ R  M L / ~ ~ M H C K O - A B ~ ~ M H C K ~ R ) ,  MMetoU(Me B m H O e  MeTaJlnO- 

r e H M r e c K o e  3 ~ a r e ~ ~ e .  M M ~ R  r e H e p a n b H o e  C B - 0 3  npocTMpaHMe,  u e ~ ~ p a n b ~ o -  

K a M r a T c K o e  noaHRTMe H a  0 3  saeopar~sae~ K t o r y  M aonee K 06 ,  r T o  noa-rsepm- 
aae'rcg T ~ O @ M ~ M ~ ~ C K M M M  MaTepManaMM (Mopos, 1990). 

6 BOCTOCIHO~ WCTM K ~ M ~ ~ T K M  BblAeJlSleTCR ~ O C T O ~ H O K ~ M ~ ~ T C K O ~  flOaHRTMe 

( M e ~ a n n o r e ~ ~ r e c ~ a ~  KapTa ... ,1984), T a K x e  metouee c T p o e H M e  aHTMKnMHopm. 

OHO CnOXeHO BepXHeMeJlOBblMM, IlaJleOreHOBblMM M MMOIJ2HOBblMM AMCJlOqMPO- 

BaHHblMM OCa,QOCIHblMM ~ @ @ Y ~ M B H O - T Y @ O T ~ H H  blMM O ~ P ~ ~ O B ~ H M R M M .  C O C ~ ~ H M ~  
nporn6b1 B b l f l ~ J l ~ e ~ b l  CXOflHblMM I lOpOaaMM, MHTeHCMBHOaMCn04MPOBaHHblMM Ha 

BOCTOKe M C fl0Jl0r0fi CKna,QraTOCTbto H a  3afla,Qe. y BOCTOrHOrO n o 6 e p e x b ~  K ~ M -  
raTKM (B npeaenax ~ O P M C T ~ I X  nonyoc~pasos) BuAenReTca  cue o a H a  aHTMKnMHanb- 

HaR ByJlKaHM.leCKaR3OHa C lloJlor0i CKna,QraTOCTbto MMO~eH-f lJ lM04eHOBMX ByJl- 

KaHMTOB, I l pOpBaHHMX MHOTOqMCneHHblMM A ~ ~ K ~ M M  a M a 6 a 3 0 B ,  ~~OP@MPMTOB, 

n ~ n a p ~ ~ o - ~ ~ ~ M T O B  M @enb3~~-nop@mpoe. Bepx~e~enosb~e n o p o a b l  saecb npo- 
PBaHbl  H e 6 0 J l b l l l M ~ M  MaCCMBaMM rpaHMTOB, K B a p ~ e B b l X ~ M O p M T O B ,  a MMOqeHOEble 

- MeJlKMMM ll lTOKaMM AMOPMTOB M ~ ~ ~ ~ P O - A M O P M T O B ,  MaCCMBaMkI ~ ~ ~ M T O B  M YJlbT- 

p a 6 a 3 ~ ~ o ~ .  



M COCPejJOTOqeHblB C ~ ~ A M H H O M  M BOCTO~HOM ByJlKaHMWCKMX I ~ o R c ~ x  ~ M H o ~  700- 
800 KM M UIMPMHOFI no 100 KM. 

K y p M n b c K M e  OCTpOEa 06pa3ylo~ ~ B O ~ H Y ~ O  O C T P O B H Y ~ O ~ ~ ~ ~ P / I L I H O ~  1200 KM. 

 TO 06nac~b I lpORBneHMR COBpeMeHHOrO BySlKaHM3Ma, M0Jl0,40r'r T ~ K T O H M ~ ~ C K O ~  

#?FlTeJlbHOCTM M ~ L I f l b H ~ f i  C ~ G C M M ~ H O C T M .  An9 K ~ ~ M ~ o - K ~ M ~ ~ T c K o ~  O C T ~ O B H O ~ ~  

,QyrM ~ ~ O C M H K ~ M H ~ ~ ~ ~ H ~ I ~  P e X M M  HaWJ lCR B f l O 3 a H e M  M e f l y  M f l pOAOnXaeTCR B H a -  

c T o R l q e e  s p e M R .  K y p M n b c K a R  o c T p o s H a R  Ayra 06pa30sa~a A B ~ M R  reoaHTMKnM-  

HanbHblMM IlOAHRTMRMM, COOTBeTCTByloU(MMM Manor'r M 6onbluoi K y p L l f l b ~ K M M  

FPRaaM. B f l e p B 0 i  3 p 0 3 M e i  BCKPblTbl ~ a ~ 6 o n e e  G p e B H M e  (K,) f lOpOAbl .  M ~ o r o -  
'iMCfleHHble 30JlOTOPYAHble flpORBnt?HMR BblRBneHbl H a  OCTpOBaX 60JlbLLlofi K y p M n b -  

C K O ~  TpRAbl  ( K y ~ a l u M p ,  MTypy f l ,  Ypyn MAP.), B reOnOrMqeCKOM CTPOeHMM KOTOPblX 

MHOr0 CXOaCTBa C lor0-BOCTOCIHO~'~ K ~ M ~ ~ T K o ~ .  A H T M K J ~ M H ~ J ~ ~ H ~ R  CTPYKTYpa r P R A b l  

'iepe3 OCTpOBa f l a p a ~ y l u ~ p  M UJy~luy COeAMHReTCR C aHTMlUlMHaf lb lo O B  K ~ M -  
'iaTKM. L ( ~ T B ~ P T L I C I H ~ I ~  6 a 3 a J l b T - a H ~ e 3 ~ ~ 0 ~ b l i  BYS lKaHM3M O A H O B P e M e H H O  

IlpORBMnCR H a  B O C T O C ~ H O ~  (M ~ ~ H T P ~ ~ ~ H o G )  K ~ M c ~ ~ T K ~  M B 60nblLI0i K y p ~ n b c ~ o i  
rpRAe .  M M o ~ e ~ o ~ b l e  ( M  O ~ M ~ O ~ ~ H - M M O ~ ~ H O ~ ~ I ~ )  aHAe3MTOBble  TOJluM,  B KOTOPblX 

JlOK~JlM30BaHbl3OJlOTOpyAHble flpOREJleHMR (M M ~ c T o ~ o ~ ~ H M R ) ,  PaCnpOCTpaHeHb l  

H a  ~ a M 6 0 , l e e  f lpMf lOaHRTblX tOXHblX M CeBepHb lX  OCTpOBaX r P R A b l  M OTCYTCTBYDT 

H a  o c T p o s a x  c p e A H e r o  sae~a ,   TO 06ycnosne~o o n y c K a H M e M  n o c n e A H M x  B nne i -  
CToqeHe.  

M H O ~ ~ H O B ~ I ~  MHTPY3MBHble I lOPOAbl,  C KOTOPblMM CBR3blBaeTCR 30f lOTOHOC- 

HOCTb, 3aKapTMpOBaHb l  H a  OCTpDBaX Ky~alubip, Ypyfl, n a p a M y l L I M p ,  M T y p y f l .  Ha 
o-se K y H a l u M p ,  rae pacnonoxetio f l p a c o n o ~ c ~ o e ~ o n o ~ o p y ~ ~ o e  M e c T o p o x q e H M e ,  

BynKaHHl leCKMe T O f l u H  TIpOpBaHbl UTOKaMM nJ larMOrpaHMTOB M KBapueBb lX  AMO- 

PMTOB C KPYTblMM M BePTKKaf lbHblMM CTeHKaMM. 11n0LL@,Qb BblXOAOB WTOKOB 1-2, 
PeaKO A0  30 KM'. Ha~6onee K p y f l H b l e  MaCCMBbl ( M ~ I C  f l p a ~ 0 J l 0 B a )  CnCJXeHbl flop- 
@MPOBMAH~IMM KBaPueBb lMM AMOPMTaMM C B ~ I C O K O ~ ~  M ~ T H C I T H O ~ ~  BOCnPMMM'iM- 

BOCTblo ( a K 4 e C c o p H b l f i  M ~ ~ H ~ T M T )  M HaTPOBblM TMnOM U(eJl0'iHOCTM. 

K y p M n o - K a ~ q a ~ c ~ a R  30nOTOHOCHaR f lPOBMH4MR KaK  T€?OTeKTOHMqeCK3R 

c T p y K T y p a  HaxoAMTcR H a  p a ~ ~ e i  CTWMM opore~esa. O q a r c l  r n y d ~ ~ ~ o r o  pasyn- 
nOTHeHMR B O ~ H L I K J ~ M  C P ~ B H M T ~ J I ~ H O  H ~ A ~ B H O  ( M M 0 4 e H - f l n M 0 4 e ~ ) .  B O ~ P ~ C T  30fl0- 

T o r 0  OPYAeHeHMR ~ ~ J ~ M o ~ ~ H o B ~ I ~  M AaXe ~ J ~ ~ ~ c T o ~ ~ H o B ~ I ~ .  3Aecb p a 3 B M T b l ~ \ / 6 -  

B y f l K a H M r e C K M e  M e C T O p O X A e H M F I  3 O n O T O r 0 ,  3 O J l O T O - T e f l n y p M A H Q r O  M 

s o n o ~ o - n o n ~ ~ e ~ a n n ~ q e c ~ o r o  n p o @ c l n ~ .  B K O ~ R K C K O ~ ' ~  3 o ~ e  3 ~ 0 f i  n p o e M H u w u  opy- 
A e H e t i M e  n p e c l M y u e c T s e H H o  3ono~o-cepe6p~~oe,  npo6a aono~a H M x e ,  aospac~ 
OPYAeHeHMR donee A ~ ~ B H L I ~ ~  - o ~ L I ~ o ~ ~ H o B ~ I ~ ,  a fJ ly6LIHHble  CTPYKTyPbl p a 3 y f l n O T -  

HeHMR - donee LIHTeHCMBHble. ~ T M  A a H H b l e  GBMAeTenbCTRYtOT 0 f l e p e X O A H O M  

x a p a K T e p e  M e T a n n o r e H c l M  KOPRKCKO~ ~ O H ~ I  OT K ~ M ~ T K M  K K O H T M H ~ H T ~ ,  B q a c T H o -  

CTM K OXOTCKO-L(~KOTCKOMY ByJlKaHMlreCKOMy nORCy C er0 n p e M M y u e C T B e H H 0  30- 

J ~ o T o - c ~ ~ ~ ~ ~ R H ~ I M M  c ~ ~ B ~ J ~ K ~ H M ~ ~ c K M M M  M e C T O P O m e H M R M M  f l 03AHeMeJ lOBOrO 

BO3paCTa.  B MeCTOpOmC(eHMRX K ~ M ' ~ ~ T K M  M K y p ~ l n b c ~ ~ x  OCTPOBOB Ail: Ag 6 pynai 
6onee 1: 10, 0 6 b l q ~ 0  1 :3. X a p a ~ ~ e p e ~  6onbluoi pas6poc 3 ~ a l i e ~ ~ f i  f l p 0 6 ~ 0 c ~ M  

3 0 n O T a  (550-970), clT0 YKa3b lBaeT H a  C Y u e C T B e H H b l e  pa3JlM'-ILl9 0 XMMM3Me PYAO- 

HOCHblX PaCTBOPOB ( M O M C ~ ~ H K O ,  1974). MOXHO OTMeTMTb CXOACTBO C Y ~ B Y ~ K ~ H M -  

YeCKMX M ~ C T O ~ O X @ H M ~  K ~ M ~ ~ T K M  M H M X H ~ ~ M ~ ~ C K O ~  30Hbl .  Ha ~ ~ ~ ~ C O J ~ O B C K O M  

MeCTOpO>yqeHMM (0-0 K y ~ a l u M p )  npORBf leH ~ K ~ O T M ~ ~ C K M ~  n a p a r e H e 3 M C  3OnOTOrO 

M OnOBRHHOrO OPYAeHeHMR 



~ ~ H T ~ ~ J ~ ~ H O K ~ M ~ ~ T C K ~ R  30l lOTOHOCHaR 3 0 H a  KOHTPOllMPYeTCR l l l l ~ e f i ~ b l ~  

MMHMMYMOM CMl lb l  TRXeCTM (PMC. 4.120), I lPOTRrMBalOuMMCFl B A O J ~ ~ O C ~ B O ~  WCTH 

K ~ M ~ ~ T K M .  Ha tore er0 OrPaHMqeHMR M e H e e  qeTKMe, HO HeCOMHeHeH nOBOPOT K 

lory M 0 0 6 ,  rAe OH RepeCeKaeTCR C B O C T O ~ H O K ~ M ~ ~ T C K M M  MMHMMYMOM, KOHTPO- 

J l M P Y t o u M M  OAHOMMeHHYlO ~ O ~ ~ O T O H O C H Y H ~  3 0 H y  CB I lpOCTMpaHMR.  B O C T O ~ H ~ R  
rpaHML@ ~ ~ H T ~ ~ J ~ ~ H o K ~ M ~ ~ T c K o ~  3 0 H b l  C O B n a A a e T  C r l l a B ~ b l M  K ~ M ' ~ ~ T C K M M  my- 
~ M H H  b l M  P a 3 l l O M O M ,  K O T O P ~ I ~ ,  CYAR no pe3yll b T a T a M  p a 3 l l M r H  blX MeTOAOB re0akl- 
s ~ r e c ~ ~ x  ~ c c n e ~ o s a ~ ~ i ,  T a K x e  3 a ~ o p a r ~ ~ a e ~  K tory M 0 0 B  (Mopos, 1990), rAe  

PMC. 4.  120. C O O T H O W ~ H M ~  r e 0 -  

@ M ~ M C ~ ~ C K M X  n o n e A  M 30nOTOHOCHOCTM 

K ~ M ~ ~ T K M .  
1 - c y b e y n ~ a ~ ~ r e c ~ ~ e  M e m o -  

P O X n e H M R :  3 0 n O T O P Y A H b l e  (a), 30JlOTO- 

cepe6p~~b le  (6); 2 - p e r ~ o ~ a n b ~ b ~ e ( a )  

M J lOKanbHb le  (6) rpaBMTa l&4OHHb le  MH- 

HMMYMbl ;  3 - P e r M O H a J I b H b l e  MarHMTHble 

MaKCMMYMbl .  M ~ C T O P O X A € ? H M ~ I :  

1 - A M ~ T M C T O B O ~ ,  2 - T y r x n ~ s a ~ ~ ,  3 - 
O ~ ~ P H O B C K O ~ ,  4 - K p e p y K ,  5 - Anna- 
n e n b ,  6 - A rMHCKOe,  7 - ~ O ~ O T O ~ ,  8 - 
K y ~ p o r ,  9 - ~ ~ A H M K O B O - B ~ ~ ~ ~ ~ M H C K N ,  

10 - M ~ T H O B C K O ~ ,  1 1 - ACarMHCKOe 

n e p e c e K a e T c R  c M~THOBCKMM ~ ~ Y ~ M H H ~ I M  p a 3 n 0 ~ 0 ~  CB n p o c T M p a H M 9 .  Ha nepe- 
C e r e H M M  3TMXABYX B ~ x H ~ ~ L u M x T ~ K T O H O - M a r M a T M q e C K M X  CTPYKIYP K ~ M ' ~ ~ T K M  803- 

HMKJla rpynna c ~ ~ B ~ ~ ~ K ~ H M ~ ~ c K M x  30JlOTOPYAH blX M ~ C T O ~ O > ~ ~ ~ H M ~  (MYTHOBCKO~ 

MAP.) C 6 ~ l ~ 3 ~ e p ~ ~ ~ 0 ~ a l l b ~ b l ~  r e H e p a J l b H b l M  H a n p a B l l e H M e M  PYAHblX 3OH. 

M ~ C T O ~ O > ~ ~ ~ H M R  3 0 l l O T a  O ~ H ~ ~ ~ X M B ~ I O T C R  H a  y.laCTKaX, rAe O r a r M  rpaHU- 

TM3aqMM B ~ ~ M M O ~ ~ ~ C T B ~ ~ ~ T  C ~ J I Y ~ M H H ~ I M M  @ ~ M M ' ~ ~ C K M M M  M a C C a M M  ( ~ o J I o T o ~ ,  

A ~ M H C K O ~ ,  Annanen b- ArJIMKMr,  O ~ ~ ~ H O B C K O ~ ,  T ~ T x J ~ M B ~ F ~ M ,  M Y T H O B C K ~ R  rpyrIfla). 
K C e B e p y  OT M ~ T H O B C K O ~  rpynnbl, rAe OCeBaR W C T b  ~ ~ H T ~ ~ ~ ~ ~ H O K ~ M ~ ~ T C K O ~ O  



j MMHMMYMB PaCnOnaraeTCR B HeMarHMTHblX I lOpOAaX, 3OnOTOpy,QHblX MeCTOpOX-  

i ~ e ~ n i  HeT. 3 ~ o  y~a3bleae-r H a  r e H e T M r e c K y a  C Y ~ H O C T ~  ~ ~ ~ Y ~ M H H O ~ O  ~ 3 a ~ ~ o ~ e i -  
, CTBMR O'4ara rpaHMTM3a4MM c @ ~ M M ' ~ ~ c K M M M  MaCCaMM. 60nee MHTeHCMBHOe pa3BM- 

Tcle orara B e A e T  K A ~ ~ ~ ~ M @ M K ~ u M M  C Y ~ C T P ~ T ~ ,  f lORBfleHMt0 3 0 n 0 ~ 0 - ~ e p e 6 p R ~ b l X  

(6 OT,lMqMe OT C O ~ C T B ~ H H O  3 0 n 0 T b l ~ )  PYaHblX @ O P M ~ ~ M ~  (Cnpy~), a 3 a T e M  OnOBO- 

cepe6p~~oro  M OflOBRHHOrO OpyAeHeHMR ( c e ~ e p  K ~ M ~ ~ T K M ,  KOPRKMR) OnMrOL(eH- 

MMOqeHOBOrO BO3paCTa ( P 0 3 e ~ 6 n a ~ ,  1 9 7 6 ) .  C X O A H ~ I ~  3aKOHOMePHOCTM ~a6nt0- 
AatOTCR H a  H M X H ~ M  A M y p e  ( ~ o c T o ~ H ~ ! ~  f l 0 ~ 3 0 H a )  M B l l p ~ 6 p e x ~ o C 1  3 0 H e  

C M X O T ~ - A ~ M H R .  

flpaconosc~oe M e c T o p o w e H M e  pacnonometio B K y p ~ n b c ~ o i  ~ O ~ O T O H O C -  

HOFI aone H a  o-se K Y H ~ W M P  (PMC. 4.121 ). go  1943 r. OHO paseeableanocb M a~nny-  

P M ~ .  4.727. P~RoH npaco- 

noecKoro pyaHoro nonq Ha o-se 

KyHalllHp (no 6 .  R.A~HW~HKO,A. n. 
M W T ~ ~ H K O ,  C ~ I~PO~~HMFIMM).  

1 - 'ieTBepTMrHble aHae3M- 

~0-6a3aJlb~bl B ~ ~ K ~ H O ~ ~ H H O ~  MO- 

naccbl; 2 - 3 - M M O ~ ~ H - ~ ~ M O ~ ~ H O -  

Bble @ O P M ~ ~ & ~ M ,  CTpaTM@MuHPO- 

BaHHble (a), MHTPY3MBHble M c ~ 6 -  
BynKaHMrecKne (6) :  2 - 
~ H A ~ ~ M T O B ~ I ~ ,  3 - ~ H A ~ ~ M T O -  

6a3a~lb~o~ble; 4 - MMO~eHOBble H 

~ n o ~ e ~ - n n ~ o ~ e ~ o s b ~ e  oca,qorHo- 

8ynKaHOreHHble @OPMBUMM WCT- 

poro cocTaea (6a3anb~b1, aHne- 

SMTbI, PMOJlMTbl, KpeMHMCTble 

noponbl, aprMnnwTbl, aneeponmbl, 

necraHMKM, nMaToMMTbI, @nMu), 

KOMarMaTMW?CKM€? MHTPY3MBHble M 

c y 6 s y n ~ a ~ ~ r e c ~ ~ e  06pa30~a~Hfl; 

5 - pasno~b~  n ~ ~ e f i n b ~ e  (a) M nyro- 

able (6);  6 - YqaCTKM npeXHMX 

3KCnnYaTaQMOHHblX p a 6 o ~ ~ a  npa- 

ConoscKoM P Y ~ H O M  none 

aTMpOBanOCb Rf lOHqaMM, fl0 AaHHblM B. g.  A ~ H ~ ~ ~ H K o  M A. fl. M M T ~ ~ H K O  (1988 r.), 
PyBHOe none n p M y p O ~ e H 0  K B ~ ~ K ~ H O - T ~ K T O H M ~ ~ C K O ~  C T p y l c r y p e  qeHTPaJ lbHOr0  

TMna AMaMeTpOM 14- 15 KM, 06pa30san~oi CpeAHeMMOqeHOBblMM6a3anbT-a~~e- 

3MT-PMOnklTOBblMM M KpeMHMCTO-aprMnnMT-aneBpOnMTOBbIMM TOnlqaMM, Cnara tO-  

4MMLl KpOBntO ~ ~ M ~ K M x  n O  B03PaCTY ra66p0-~M0pM~-f lnarM0rpa~M~~bl~ M H T P Y ~ M ~ .  

Bce nOp0,Qbl f lpOilMnMTM3MpOBaHbl, a B 3OHaX pa3nOMOB flepeCe.leHbl A ~ ~ K ~ M W  M 

MenKMMM C Y ~ B Y ~ K ~ H M C ~ ~ C K M M M  TenaMM f l e C T p O r 0  COCTaBa ( C ~ ~ A H ~ M M O ~ ~ H O B ~ I ~  

~ ~ ~ ~ ~ ~ T - ~ H A ~ ~ M T - A ~ ~ M T - P M o ~ ~ M T o B ~ I ~  K O M ~ ~ ~ K C ) ,  C O f l p O B O ~ a l O u M M M C R  3 0 H a -  

MM IlpOXMflKOBaHMR M BTOPLlrHblX K B ~ P ~ M T O B C B  M C3 IlpOCTMpaHMR C3OnOTO-Ten- 

n y p ~ ~ ~ o - ~ s a p q e ~ o i ,  HO raue  s o n o ~ o - n o n ~ c y n b @ ~ ~ a ~ o - ~ ~ a p q e ~ o i  ~ ~ ~ e p a n m a -  



w e i .  Lonee ~ O ~ A H M M  RenReTcR 3ono~o-cepe6p~~oe  opyAeHetiMe s s o ~ a x  any- 
HMT-KBaPUeBOfO COCTaBa, LUMpQKO npOREneHHOe Ha COCeAHeM C ~ B ~ ~ R H K O B C K O M  
MeCTOPO)l(qeHMM. 

Ha PYAHOM none M3BeCTHO OKOnO 30 PYAHblX 30W, B K3TOFblX P\'AHble Tena 
npeacTaeneHh1 KpyronqqatolqMrm Ksapuesblhnw, rMmpscnuAMcTo.KsapqeeblMM, 
ZlfiyflRp ( K ~ ~ ~ o H ~ T ) - K B ~ ~ ~ ( ~ B ~ I M M  XMnaMM, ilepeXOARuMMM BBepXy E n ~ a ~ e i ~ b l e  

30Hb: KBaPYeBblX IlPOXMJlKOB, MnL l  3afleXaMM BTOPMclHblX - rLIAPCCJ7KlALlCTblX M 

w y n n p - r ~ ~ p o c n t o ~ ~ l c ~ b i x  KBBP~MTOB. Xunb~ no npocTMpaHMto npocnexetibl Ha 

COTHM MeTpoB (AO 900 M - mMna 03-1) ~ a o  230 M no naaeHMto npM M O ~ H O C T M  OT 

0,1 AO 9 M ( C P ~ A H R R  1,5-2 AO $7 M). 3anb6aHAbl m ~ n  reTKMe, TeKcTypbl pya nono- 
CVaTble MeTaKQnnOMAHble ( p y ~ b l  M H O ~ O C T E ~ , ~ L I ~ H ~ I ~ ) .  CpeAHble COAepXaHMR B OT- 

p a 6 o ~ a ~ ~ b l x  6no~ax (B r /~ ) :  mMna r n a s ~ a ~  - Au - 16,2; Ag - 44,l npM MOUHOCTM 

2 , l  M. X ~ n a  03-1 - Au - 36,2; Ag - !58,4 npM MOUHOCTM 1,08 M. C o ~ e p m a ~ ~ e  
CYMM~I  ~ B ~ T H ~ I X  MeTannoB (Cu, Pb, Zn) 0,Ol-0,1%. Fe 158 r / ~ ,  Sn ~o 0,013%. 

PyAHble MMHepanbl COCTaBnRtoT 1-3 A0 10% 06beMa PyAbl, PeaKO 80-90%. P TO 
caMopoAHoe 3ono~o M cepe6p0, MX TennypMAbl, cynb@oconr/l Ag, Pb, Cu, As, Sb, 
Bi, cynb@M~bl CU, Pb, Zn, MHOrAa KaCCMTepMT (!). 6onee n0nHbl~ CnMCOK PY4HblX 

MMHepaflOB HaXOAMTCR B CTaTbe B. g. ,&IHC~~HKO M B. B. M B ~ H O B ~  (1989). OCHOB~ 
~ e p y n ~ o i  Maccbr PYAH~IX  Ten cocTaenRtoT ~sapq,  WynRp, rMApocntogb1, ~ap6o- 
HaT: anyHMT. M~KCMMYM nPOAyKTMBHblX acc04~a4Mi MMHepaSlOB OTMe'iaeTCR B 

3OHaX, nepeCeKatolqMX MHTPY3MBHble, ,L@iK~Bble M c ~ ~ B ~ J ~ K ~ H M ~ ~ c K M ~  IlOPOAbl, M 

o 6 e ~ ~ e ~ ~ e  - B ~ y n ~ a ~ o r e ~ o - o c a ~ o r ~ b l x  nopoaax. Sora~ble r ~ e 3 ~ a  npMyporeHb1 

K TeKTOHMqeCKMM KOHTaKTaM MHTPY3MBHbIX M C Y ~ B Y J ~ K ~ H M V ~ C K M X  Ten C BYJlKBHO- 

~ ~ H H O - O C ~ O ~ H O ~  ~ p 0 ~ J l e i .  30~10~0  B PyAaxTOHKOe - 0,003-0,007 MM, erOCpe,4HFlR 

npo6a 880-900 (71 4-990), MaKCMManbHaR - B 30nOTO-KaCCMTepMTOBOM TMne pya. 

~ o J ~ o T o - c ~ ~ ~ ~ ~ R H o ~  OTHOLUeHMe 1 :3 - 1 :5, B ~ o J I o T o - c ~ ~ ~ ~ ~ R H ~ ~ x  PyAElXAO 1 : 50. 
3neMeH~bl - CnyTHMKM 30nOTa q PYAe ( K ~ O M ~  cepe6pa): CU, Pb, Zn, Mo, Ni, Ba, 
Sb, Bi, Sn. 

O ~ O B O  nOCTORHH0 npMCyrCTByeT B HMXHMX rOPM3OHTOB 30nOTO-Cepe- 

6p0-~ennypM,QHbl~ KBapqeBblX XMn, a TaKXe B CaMOCTORTeJlbHblX 30JlOTO-KaCCM- 

TepMTOBblX npORBJleHMRX ( & ~ H ~ ~ H K o ,  M M ~ ~ K ,  1987). fl0cne~HMe C'iMTaloTCR HaM- 

donee PaHHMMM Ha PYAHOM none. O ~ H ~ K O  3TOT BOnPOC Henb3R C' iMTaTb 

OKOHClaTenbHO PeUeHHblM. 

P y ~ b l  XOPOUJO 0 6 0 r a U @ t o ~ ~ ~  no ~ ~ ~ B M T ~ ~ M O H H O - @ ~ O T ~ ~ M O H H O ~  CXeMe. M3- 
sneKaeMocTb sono~a 94,7%, cepe6pa - 83-94,6%. 

M ~ c T o ~ o > ~ ~ ~ H M ~  Ky~por l  - IlPeACTaBMTenb B O C T O ~ H O K ~ M ' ~ ~ T C K O ~  30nOTO- 

H O C H O ~ ~  30Hbl. fl0 AaHHblM B. M. OneiHLlKa M M. M. 0 p M H e q  (1985 r.), PyAHOe 
tione n p ~ y p o r e ~ o  K c y 6 ~ y n ~ a ~ ~ r e c ~ o ~ y  ~ a c c ~ s y  ~ ~ o q e ~ - n n ~ o q e ~ o e b ~ x  a ~ o p ~ -  
TOBblX ~OP@MPMTOB, Aa4MTOBI aHAe3MTOB M BMeU@OuMM MX Men-naJleOqeHOBblM 

T ~ @ @ ~ ~ H H O - O C ~ O ' ~ H ~ I M  O ~ P ~ ~ O B ~ H M R M ,  nPOflMJlMTM3MPOBaHHblM M aPrMJlnM3MPO- 

BaHHblM (PMC. 4.122). K O M ~ ~ M ~ T M ~ H ~ I ~  MHTPy3MRM IlOKpOBHble @auLlM ByJlKaHM- 

TOE - aHAe3MTb1, aHae3MTO-aaL&MTbI, AaqMTbl Ll MX ~ y @ b l -  Ha PYAHOM none 3POAM- 

poeaHbl M pacnonaratoTcg s a n a a ~ e e  M toxtiee, rAe  OHM nepeKpblTbt 

paHHe.leTBepTM.IHblMM 6a3anbTaMM. M ~ C T O ~ O ~ ~ H M ~  npe~CTaBnt?HO XMnbHO- 

npox~n~oso i i  30~017 ~CIMHOCI donee 4,2 M LUMPMHO~ 0,6-1,5 KM. X ~ n b r  KpyTona- 
AatouMe Ha C3 MOuHOCTbto O,I-5,2 M, 06b1'4~0 O,5-1 M M W M H O ~  OT 350 A0 

2000 M. C O C T ~ B  XMn pe3KO M3MeHclMB OT MOHOKBaP4eBOrO a0 K B ~ ~ L & - c ~ J ~ ~ @ M A H O -  



Puc. 4.122. M e c ~ o p o x ~ e ~ v l e  K y ~ p o q ,  r e o n o r ~ q e c ~ a ~  K a p T a  M paspea (no 6. M. O n e R ~ u ~ o s y ,  

M. M. K)PMHBU). 
1 - a n n n l o e H A  (Q); 2 - aHAe3MTb1, aHAe3MTO-AalLHTbl, AaUHTbl ,  H X ~ y @ b l  iQJ; 3 - 6 a 3 a J l b ~ b l  (Q,); 

4 - aHAe3MTbl ,  aHAe3MTO-AaUMTb1, flaL&MTbl, HX ~ ~ @ b l  (NI -Z) :  5 - neC'iaHMKM, ElJleBpOnMTbl (K,9,); 6 - 
T ~ @ @ M T ~ I ,  T Y @ ~ ~ ~ C ~ ~ H M K M ,  ~y@oaneeponw~bl (K,); 7 - c y 6 e y n ~ a ~ ~ r e c ~ ~ e  T e n a  H , q a R ~ w  AMOPMTOB~IX 

~OP@MPMTOB, AaUMTOB, aHAe3MTOB; 8 - 30nOTOPYAHble KBaPUeBb le  X M n b l  ( I ) ,  npOXMnKOBOe OKBapUe-  

BaHMe (2); 9 - MOLUHble 3 0 H b l  A P O ~ ~ ~ H M R  (1  ), nPOClMeTeKTOHMCleCKMeHapyWeHHR (2); 10 - 3 0 H a  pa3BM-  

THR aprMnnM3MpOBaHHblX M nPOnMnMTM3MPOBaHHblX nOPOA 

ro. K O H T ~ K T ~ ~  XMJl  qeTKMe. Ha~6onee I lpOayKTMBeH C 6  @JlaHr X M n b H 0 i  30Hb1, W R  

K o T o p o r o  n p e g n o n a r a e T c R  ~ a ~ 6 o n e e  r n y 6 o ~ ~ i  ~ P O ~ M P O B ~ H H ~ I ~  cpe3. X a p a ~ ~ e -  
p e H  ~ y J l b @ M , 4 ~ 0 - ~ ~ a p ~ e ~ b l i  COCTaB XMJl n p k l  BblCOKMX COgePXaHMRX 30J lOTa  M 

cepe6pa. C o a e p x a ~ ~ e  sono~a B mnax ao 728,8 r / ~ ,  cepe6pa go 876,2%, owa-  
KO C p e a H M e  COaepXaHMR 3TMX M e T a n n O B  6 n ~ 3 ~ ~  COOTBeTCTBeHHO 15  M 45 r / ~ .  6 
OTaeJlbHblX XMJlaX OTMeL(aI0TCR BblCOKMe COaePXaHMR UMHKa, CBMHUa M M e a M  (a0 
27,4; 7 LI 1 , I %  COOTB~TCTB~HHO).  All: Ag = 1:3. MMHepaS lbHb l k  TMn pya - 30nOTO-  

n ~ J l M ~ y n b @ M a H ~ - ~ y n  b@oconb~bli. H e p y a H a R  M a C C a  X M n :  KBapU,  aAyJ lRp ,  r M a -  

pOCnI0,Qbl, KaOIIMHMT, CePMUMT, f lpeHMT, KaJlbUMT, XnOpMT. O C H O B H ~ I ~  P Y a H b l e  MLI- 

Hepanb r  ( K ~ O M ~ B O ~ O T ~ ) :  s w n e p ~ ~ ,  raneHMT,  nMpMT, xanbKonMpMT,  a p c e t i o n M p M T ,  



MapKasMT, IlMPPOTMH, nPYCTMT, I lMpaprMpMT, TeHHaHTMT, TeTPa3APMT, rPMHOKMT 

(CdS). 
B ~ ~ ~ ~ ~ R K ~ T c R  ABa 3TanS p y ~ o o 6 p a 3 0 e a ~ ~ ~ 1 :  1 ) ~ O ~ ~ O A ~ K T M B H  blG MeTaCOMa- 

T M ~ ~ C K M ~  ( K B ~ P ~ ,  nMPMT, ap~e~0 f lMpM~)  M 2) I~POAYKTMBH~I~  C ABYMSI CTa,4MRMM 

~M~epan006pa30~atiMR: a) ~ s a p q - n o n ~ c y n b @ ~ , q ~ a ~  ( M ~ ~ K O ~ ~ P H M C T ~ I ~ ~  KBapu, 
c @ a n e p ~ ~ ,  ranem-r, nMpvlT s cpocTKax c ~ O ~ O T O M ,  nonynp03paq~b1G KBapu, 

m y n ~ p )  M 6) ~ a ~ 6 o n e e  npoAyrcTMBHaR sono~o-cynb@oconb~a~ ( ~ e n ~ o e ~ p a n n e ~ -  
Hble 6 n e u  b~e  pyabr, xanbKonMpMT, raneHMT, cynb@ocon~ 3ono~a, sono~o caMo- 
pon~oe).  B e n ~ r ~ ~ a  sb~,gene~~G aono~a 0,Ol-0,05 MM, npo6a 750-820, cpeAiim 
790. 

MYTHOBCKO~ MeCTOpOX,4eHMe PaCnOnOXeHO B IOXHO~ WCTM ueHTpanbH0- 

K ~ M ~ ~ T C K O ~ ~  30Hbl Ha YWCTKe ee IlepeCereHMR C B O C T O ~ H O K ~ M ' ~ ~ T C K O ~  B O H O ~ .  110 

AaHHblM H, A. ~ ~ T P ~ H K O  M H. M. 60nbIlla~0Ba (1991), ~ O ~ O T O - C ~ P ~ ~ P R H O ~ M C Y ~ ~ ~ -  

@~,4~0-~epe6pslHOe OpyAeHeHMR npMypOreHbl K XMPOBCKOMY naneOByJI~El~y(pll~. 
4.123, 4.124), CnOXeHHOMY AMCnO~MPOBaHHblMM nPOnMnMTM3MPOBaHHblMM Byfl- 

K ~ H O ~ ~ H H O - O C ~ A O ~ H ~ I M M  nopoAaMM ~ H A ~ ~ M T O B O ~ ~  @ o p ~ a q ~ ~  o n ~ r o q e ~ - ~ ~ o u e -  
Hoeoro ~ o a p a c ~ a ,  BKnoratouMMM c y 6 s y n ~ a ~ ~ r e c ~ ~ e  0 6 p a 3 0 s a ~ ~ ~ .  6onee no- 
3~HLlfi Kanboep~blh KOMIlneKC (N,-N,) npeACTaBneH O ~ P ~ ~ O B ~ H M R M M  KOHTpaCT- 

H O ~  ~ ~ ~ ~ ~ ~ T - ~ H ~ ~ ~ M T - P M o ~ ~ I T o B o ~  @ O P M ~ ~ M M ,  KOTOPble B nnehcT0~eHe B UeHTpaX 

BynKaHMqecKMx annapa-ros 6 b l n ~  ~ ~ O ~ L I ~ M T M ~ M ~ O B ~ H ~ I ,  m y n ~ p ~ 3 ~ p o e a ~ b 1 ,  npe- 
TepnenM ~sapq-r~l f lpocnto,g~c~b~i  M ~ T ~ C O M ~ T O ~  M aprvlnn~aaq~a. u e ~ ~ p a n b ~ a ~  

racTb naneoeynKaHa a a ~ ~ ~ a  wjnKatiMqecKMMM TenahnM na-ru-ros, ~ H A ~ ~ M T O B  M awe- 
3M~0-6a3aflbT0~ M LUTOKOM ~ ~ ~ ~ ~ O - , Q L I O ~ L I T O B  (N,-N,). ~ ~ T B ~ P T M ~ H ~ I ~  BYnKaHMTbl 

IlpeACTaBneHbl a~,Qe3M~0-6a3anb~a~M M 6a3anbTaMM. C COBpeMeHHblMM TMAPO- 

TepMaMM CBR3aHbl06LU~p~ble nOnR aprMnnM3MTOB. 



Purc. 4.124. Papea X ~ p o e c ~ o r o  naneoeynKaHa (no H. A. neTpenKo, H. M. Lonbwa~oey, 
1991, c y n p o q e ~ ~ n ~ ~ )  

1 - syn~a~oren~o-oca.qor~b~e 06pa30sa~~n @ y n ~ a ~ e ~ T a  naneoeynKaHa (9,-N,); 2 - a@@y- 
3nsb1 M nnpounacTnKaocnosHoro, cpennero M Kncnoro cocTaea KanbnepHoro KoMnneKca; 3 - 6 p e ~ -  
rnn xepno~oW Qaqu~;  4 - c y 6 e y n ~ a ~ ~ r e c ~ u e  Tena AaqnTos, ~ H A ~ ~ M T O B ,  a~p?3~~0 -6a3a~7bT0~;  
5 - MHTPYBMM T ~ ~ ~ P O - ~ M O P M T O B ;  6 - pa3no~bl; 7 - Ksapqewe u ~sapq-cynb@~,wib~e xunbt 

B npenenax pyatioro nonsl M ~ B ~ C T H O  donee 100 KsapueBblx, ~ s a p ~ - ~ a p 6 0 -  

HaTHblX M _ K B ~ P ~ - C Y ~ ~ @ Y I A H ~ I X  XMJl M 30H IlPOXMnKOBaHMR C 30n0~0-~epe6po-flo- 

nMMe-ranh~qecKMM opyAeHeHMeM. Ha~6onee KpynHag 3 o ~ a  Onpe~ensrroya~ npo- 
cnexeHa Ha 3 KM. B ~ e i i  BblDenutoTcg 2 yracma: C e s e p ~ b ~ i i  @ n a ~ r  c 
30n0~0-~epe6psl~blM OPYAeHeHMeM (Au: Ag = 1 : 10-1 5) M O X H ~ I ~  @naHr C cepe6- 
p o - n o n ~ ~ e ~ a n n ~ r e c ~ c l ~  (Au: Ag = 150-450, B cpeAHeM 1:100). X m n b ~ ~ e   OHM 

CnOXeHbl nPOAYKTaMM 3 C T W M ~  MMHePanM3aUMM: 1) KBaPUeBblMM MeTaCOMaTM- 

TaMM C Cynb@M~aMkl, 2) K B ~ P ~ - K ~ P ~ O H ~ T H ~ I M M ,  KBaPUeBblMM M cynb@~flHblMM XM- 

JlaMM, 3) KBapqeBblMM, K B ~ ~ ~ - K E ~ ~ ~ o H ~ T H ~ ~ M M  Y ~ O ~ O C Y ~ ~ @ M A H M M M  XMnaMM, KO- 

TOPble Pa3BMTbl TOnbKO Ha CeBePHOM @naHre, CeKyT 06pa30Ba~M51 DByX IlepBblX 

CTEIAM~ M OTnMqaOTCR P M T M M L ( H O - ~ O ~ O C ' ~ ~ T O ~  T~KCTYPOG pya. MOWHOCT~ XMnbHblX 

 OH ~ o a p a c ~ a e ~  3a cqeT 06pa306a~~G 3-ii C T ~ , ~ M M  c 2-6 M Ha tore AO 9-15 M Ha 
cesepHoM @na~re. 3ono~o-cepe6pu~a~ ~ ~ ~ e p a n ~ s a q c l g  n o ~ a n ~ 3 0 s a ~ a  B MepH- 

~ M O H ~ ~ ~ H O ~  30He, ceKylqeh ~y6BynKaHMre~K0e Ten0 aHAe3MTO-AaUMIOB. 8 LUTOKe 

ra66p0-~MOPMTOEI npeo6na,4aro~ pyAbl2-fi CTaaMM, a 6 ~ @ @ ~ ~ M B H o - ~ M ~ o K ~ ~ c T M -  

reCKOM KOMnneKCe ( H M ~ ~ I  pa3pe3a) XMnbl BblKnMHMBatoTCR. 

Cpen~ee coAepmHMe aono~a Ha MecTopoxqetiMcl 6,3 r /~ ,  cepe6pa 148,2 r /~ .  
Mcl~epanbl x M ~ ~ H o ~  MaCCbl: KBaPU, WynRp, POAOXP03MT. P ~ A H M ~  MMHepanbl(1- 

5% o 6 b e ~ a  nop0,Qbl): IlLIpMT, c@anepMT, raneHMT, MapKasMT, XanbKOflMPMT, 6 n e ~ -  
nag pyna. 3ono~o MenKoe: 0,l-0,4 MM - 65%, C,5- 1,3 MM - 35%, npeo6nwato~ 
sblAenetiMg G, 1 -0,2 MM. flpo6a sono~a 650-800, pemo 500, 196 LI 238. 

fl0 AaHHblM H. B. ~c lnk l f l~06a (1978 r.), 30nOTO M cepe6po M3 PYAbl M3BJleK2- 

IOTCR r p a ~ ~ ~ a u ~ e i ,  @ n o ~ a w e i  rpasclxsocToa, UbiaHMpoeatiMeM @ n o ~ o x ~ o c ~ o e .  
M3Bneqe~LlC3 COOTBeTCTBeHHO 97,3 M 92,1%. K MYTHOBCKOG rpyflne OTHOCMTCR 

PO~~HHKOBO~? MeCTOpOX,QeHMe. OHO OTnMClaeTCU 6onee TOHKMM (0,007-0,03 MM) 

H M ~ K O ~ ~ P O ~ H ~ I M  30nOTOM (500-550) M 6onee CfiOXHblM COCTaBOM PYAHblX MMHP- 

panos: n o n ~ 6 a 3 ~ ~ ,  tu~po~eGepM~,  carvlopoatioe cepe6p0, KepaprvlpMT, apreHTM-r, 
BBKB~~PMT,  nnpLIT, XanbKOnklpMT. OTnMclMe OT M~THOBCKO~O M€!CTOPOX,QeHMR, 

cynb@MAbl UBeTHblX MeTannOB KOJlMqeCTBeHHO nOAclMHeHbl Cyn ~ @ O ~ H T ~ ~ M O H M T ~ M .  

Au: Ag = 1:10. 



K ~ ~ ~ I M U I U H C K O ~  MeCTOPO>Y4eHMe OTHOCMTCFI K 30nOTO-TeSlnYPMAHOMYTMfly. 

OHO n o ~ a n ~ s o s a ~ o  B ~ ~ ~ M ~ ~ M ~ M P O B ~ H H ~ I X  v@ax AaqMTos MMoqeHoBoro  ~ 0 3 p a c ~ a  
( ~ M c .  4 . 1 2 5 ) .  Ha PYAHOM none M3BeCTHO 14 K B ~ P ~ - K ~ P ~ O H ~ T H ~ ~ X  M mynslp -Kap-  

~ O H ~ T - K B ~ ~ ~ ~ B ~ I X  x M n .  Ha~6onee KpynHaR x M n a  Nn 1 npocnexetia H a  C3 H a  4,2 
KM I lpM MOUJ,HOCTM 0,8-7,8 M .  n 0 B b l ~ e ~ ~ b l e  COAepXaHMFI 3OJlOTa M cepe6pa OT- 

PMC. 4.125. M ~ C T O ~ O X A ~ H M ~  K a p b ~ ~ l u n ~ c ~ o e .  Teononlrec~nfi nnati C3 Qna~ra  (no 

H. H. Tpeqn~y, H. H. M~TIoUIOHKY). 

1 - r e ~ ~ e p ~ ~ c l ~ b l f i  WlnIOWlfi; 2 - Tyl$bl AauMTOB PaHHerO MMOqeHa; 3 - K B ~ ~ u - K ~ ~ ~ o H ~ T -  

Hble PYAHble XMnbl: nPOMblUIJleHHMe (1) U HeflpOMblluneHHble (2); 4 - 30HM K B ~ P ~ - K ~ ~ ~ o H ~ T -  

HOrO flPOXMJlKOBaHMR (1 ), aprMnnM3MuMM (2), MeTaCOMaTM'ieCKOrO OKBap4eBaHMH (3); 5 - 30Hbl 

A P O ~ ~ ~ ~ H U F I  ( I ) ,  nPO'iMe paWOMbl(2); 6 - 3neMeHTbl 3WleraHMR ( I ) ,  KaHaBbl (2) 



MeratOTcg Ha o~pesue a n u ~ o i  920 M. Cpea~ee coaepxaHMe sono~a 8, cepe6pa 
40, Tennypa 18, cenetia 5 r / ~ .  Ha 80-90% xclnbi cnoxeHb1 usapueM M KanbqclToM, 

MM llO,L(C(MHeHbl a,4ynRp (5-20%), CePM4MT, rM,QPOCntO,4a. PyaHble MMHepanbl (a0 

1%, PeAKOAO 2-3%): nMpMT, reCCUT, 6 n e ~ n a ~  pyas, XanbKOnMpMT, XanbK03MH, 6 0 ~ -  

HMT, c @ a n e p ~ ~ ,  raneHuT. O T H O U ~ H M ~  aono~a M cepe6pa B pyaax ~ o n e 6 n e ~ c ~  OT 

1 a0  1 : lo-25, CpeaHee 1 :5.30n0~0 o6pa3ye~ ~0~'ia~lU)'tO (0,001 -0,08 MM) nblnb 

B reCCMTe, PeAUO BKpanneHHOCTb (0,01-0,1 MM) B 6ne~noi7 pyne, XanbKOnMPMTe, 

apreHTclTe, Ksapqe. 3 0 ~ 1 0 ~ 0  BblAenRnocb B aea s~ana: nepeoe cse~no-xen~oe c 
npo6oi 585, BTopoe xenToe c npo6oi 925. Pyaa xopouo 0 6 0 r a u a e ~ c ~  Tonb- 

KO nPRMblM 4MaHMPOBaHMeM ( a a ~ ~ b l e  H. H. TpeqMHa, 1983 r.; H. H. M~T~OLUOHK~, 

1979 r.). 
P ~ c ~ o ~ o ? ~ < ~ H H o ~  B 35 KM K 3ana,4y OT K ~ P ~ ~ M L U M H C K O ~ O  ~ ~ O P O > K H C T O ~  MeC- 

TopomeHMe n o ~ a n ~ 3 0 s a ~ o  B C ~ ~ B ~ ~ K ~ H M C ( ~ C K M X  aaquTax M a ~ a e m ~ a x ,  a Tame 
BO BMeqatOqMx MX noKpoBHblx ~ H A ~ ~ M T ~ X  M Ty@ax, a p r ~ n n ~ 3 ~ p o s a ~ ~ b l x ,  Mtioraa 
OKBap40BaHHblX. Ha PYAHOM none BblRBJleHbl4xMnb~ble 30Hbl, BUnHJ'iatOuMe MHO- 

rorMcneHHble xMnbl 6 n ~ 3 ~ e p ~ a ~ a n b ~ o r o  npocTMpaHm a n ~ ~ o i 7  MHorMe COTHM 

MeTpOB M MOuHOCTbtO 0,3-3,5 M. 06blrHble COAepXaHMFl B pyaax 3OnOTa - 20, 
cepedpa - 50, ceneHa 17 r / ~ ,  MeAM 0,01%. X ~ n b ~ a g  Macca 06pasosa~a TOHKO- 

3ePHMCTblM KBaP4eM C IlpMMeCbtO a,4ynApa, Kanb4MTa, rMapOCnHJAbl, XnOpMTa, 

CepMl.(MTa. ALl: Ag = 1: 2-4. PyaHble MMHepanbl (<I %): MarHeTMT, nMpMT,  apreH- 

TMT, cynb@ocon~ cepe6pa, xanbKonMpwT, a TaKxe ranetiw, c @ a n e p ~ ~ ,  an-raw, 
pMKapaMT, BOPHMT, 6ne~nb1e pyab~. 3on0~0 MenKoe (0,2-1,6 MM - 77%), npo6a 
600-700 ( a a ~ ~ b l e  H. H. ~ ~ ~ ~ T ~ O L E O H K ~ ,  1979 r., 1981 r.). f l0 AaHHblM B. M. Ep~Mha 

(1986 r.), CXOaHblM C OnMCaHHblM no BeueCTBeHHOMy COCTaEy pya 
RsnReTcH A c a r n ~ c ~ o e  MecTopomeHue, pacnonoxetitioe B 40 KM K 0 3  OT M ~ T -  
HOBCKOrO. OH0 06pa3osa~o a,4ynRp-KBapl.(eBblMM CylqeCTBeHHO 30flOTblMM (Au: 
Ag = 1: 1 ) PyaaMM C IlpMMeCbtO Tennypa M CeneHa M He3HaclMTenbHblM (a0 0,596) 
KOIlMreCTBOM PyQHblX MMHepanOB; MarHeTMT, nMpMT, XanbKOnMpMT, 6ne~nble pyabl, 

apreHTMT, cynb@ocon~ cepe6pa M ap. B nocneaHMe roaM MecTopox,qeHMe aoc- 
TaTOqHO MHTeHCMBHO M3YL(anOCb, nepCneKTMBbl er0 3Ha'iMTenbHble. 

Ha~6onee ~ P O , Q Y K T M B H O ~  B ~ ~ C C M ~ T ~ M B ~ ~ M O ~  nPOBMH4MM RBnFleTCR &H- 

TpaJlbHOKaMraTCKaFI 30Ha. P ~ C ~ O ~ O X ~ H H O ~  B ee npeaenaX A ~ M H C K O ~  MeCTOPOX- 

AeHMe - OAMH M3 IlepBblX 30nOTOPYAHblX O ~ ~ ~ K T O B ,  O ~ H ~ P Y X ~ H H ~ I X  Ha Ka~'4aTKe. 
OHO npuyporeHo K Q p o ~ ~ a n b ~ o i  racw p e r ~ o ~ a n b n o i  CTPYKTYP~I p a 3 y n n o ~ ~ e -  

HMA C ~ ~ ~ ~ M H H O ~ O  K ~ M ~ ~ T C K O ~ O  xpe6~a  Ha YraCTKe ee B ~ ~ L I M O A ~ ~ C T B M R  C r~y6MH- 

~ 0 f i  @ ~ M M ' ~ ~ c K o ~  M ~ C C O ~ .  B 3TOM MeCTe ~ ~ @ M K C M P O B ~ H O  MaKCMManbHOe pa3yn- 

JlOTHeHMe Ha K a ~ r a T K e ,  ' iTO Il03BOnReT rOBOPMTb 0 HaJlMCIMM 3aeCb KpyflHoi 

orarosoi CTPYKVP~I. 

A ~ H H C K O ~  PYnHOe none ( a a ~ ~ b l e  0. M. UenoTbeBa M 6. B, ry3~aHa,  1988 
r.) pacnonoxeHo B npeaenax KpynHoro (1 3x18 KM) naneosynKaHa, yWMHeHHoro 

B CB HanpaBneHMM, C KOH4eHTpMreCKM 3OHaflbHblM pa3MeqeHMeM c y 6 ~ y n ~ a ~ ~ -  
recKMx M ~ y n ~ a ~ o r e ~ ~ o - o c a a o r ~ b l x  @au~i i .  KOHYC naneoBynKaHa cnoxeH MMO- 

UeH-flnMOueHOBblMM TOnLL@MM CyrnaMM nmeHMR IlnaCTOB 5-1 5'.   TO IlpeMMyue- 

CTBeHHO a ~ ~ e 3 ~ ~ 0 - 6 a 3 a n b ~ b 1 ,  PeaKO MHble BynKaHMTbl, BKntO'iaR 

n ~ n a p ~ ~ o - a a q ~ ~ b l .  UJMPOKO PacnpocTpaHeHbi xepnoBbie @ ~ U M M ,  npeacTaeneH- 
Hble WTOKaMM, ~ ~ ~ K E I M M ,  3KCTPY3MSIMM Pa3HOrO COCTaBa - OT 6a3anb~0B a0  nMna- 
PMTO-AaQMTOB. 3 T M  IlOPO,Qbl OTHOCRTCH K eaMHOMY PRAY , Q M @ @ ~ P ~ H ~ M ~ T o B  Mar- 

MaTM'iecKoro orara, npoAyuupoeaswero Marmi 6 a 3 a n b ~ - a ~ a e 3 ~ ~ - a a q ~ ~ o ~ o r o  



c o c T a e a  s e p x ~ e ~ ~ o ~ e ~ - n n ~ o q e ~ o s o r o  ~ o a p a c ~ a  (23-5 M n H  n e ~ ) .  3 ~ o  B OCHOB- 

HOM a H ~ e 3 ~ ~ 0 - 6 a 3 a n b ~ b 1 ,  L C  Ty@bl M ~ @ O ~ P ~ K ~ M L I .  L13 LlHTPY3MBHbiX I lOPOA H a w -  

6onee PaHHMMM RBnROTCR UITOKM M A ~ ~ K M  AMOPMTOBblX ~OP@YIPMTOB, aHAe3MTOB, 

a 6onee f lO3aHMMM - HeKKM M MHOiOClMCneHHble A ~ ~ K M  ~ H A ~ ~ M T O - ~ ~ ~ ~ A ~ T O B  1.1 

6a3anb~os, a T a K x e  ~ a i 3 ~ ~  Aaqmos M n ~ n a p ~ ~ o - A ~ ~ M T O B .  f l n o l q a ~ ~ a ~  n p o n ~ ~ n ~ -  
TMB~UMR n o p o ~  MHTet icMBHo n p o R B n e H a  H a  0 3  a n a ~ r e  pyatioro n o n R  ( B ~ M A O T -  

itnopmosag M X ~ O ~ M T - K ~ ~ ~ O H ~ T H ~ R  Qaq~m). B e ~ y l q ~ e  M w e p a n b l  o K o n o T p e -  

U M H H b l X  Ih leTaCOMaTMTOB:  CePM4MT,  rMJlpOCnO,4a, K B a p Q ,  a A y n R p ,  XnOpMT,  

KaOnMHMT, K ~ P ~ O H ~ T ,  nMPMT. 

PMC. 4.126. A r ~ ~ c ~ o e  p y a H o e  none. r e o n o r ~ v e c ~ ~ i 4  n n a H  M pa3pe3 (no t0. M. q e n o ~ b e e y ,  

6. B. ~ Y ~ M ~ H Y ) .  

1 - a~fle3~~0-6a3aJlb~bl,6a3aJlb~bl, aHfle3MTb1, T y O b l  2 - ~ y @ 0 6 p e ~ ~ n ~ ,  ~ ~ @ b l  aHAe3MTOB, 

aHfle3MTbl (N,.p); 3 - aHfle3MTO-Aal4MTbl, TyCpbl (N,); 4 - C Y ~ B Y ~ K ~ H M ~ ~ C K M ~  UTOKM &HO~!4TOBblX ~oPOM- 
FMTOB, ~ ~ ~ ~ P O - ~ H O P M T O B ,  AMOPMTOB ( 1  ), LUTOKM, HeKKkl, 3KCTPy3MM a~fle3~~0-6a3aJlb~0~,6a3anb~3~ 

(2) (N,); 5 - ~ ~ A K M  a ~ f l e 3 ~ ~ 0 - 6 a 3 a J l b ~ 0 ~ ,  6 a 3 a J l b ~ 0 ~ ,  nblOPMTOBblX ~OP@MPMTOB ( I ) ,  PYflHble XHnb l  

~ y n ~ p - ~ a p 6 0 H a ~ - K B a p ~ 0 r 0  COCTaBa (2), TeKTDHMreCKMe P a 3 p b l B b l ( 3 ) ;  6 - 30Ela ~ O B ~ I U I ~ H H O ~  T p e -  

IL(MH0BaTOCTM 



~ ~ ~ B H ~ I M M  p y A O B M e ~ a l O ~ M M M  C T p y K T y p a M M  M e C T O p O ~ e H M R  RBnRtoTCR 

30Hbl CB nPOCTMpaHMR A ~ M H C K ~ H  M C O P ~ P M ~  (PMC. 4.1 26). ~ O ~ O T O H O C H ~ I  K B a p u e -  

BoxMnbHble  T e n a  ~ o n n o ~ o p o ~ o - n o n o c r a ~ o i  T e K c q p b l ,  c n a r a t o q M e  c e p M t o  nMH-  

SOBMAH~IX T e n  W M H O ~  AO 50-120 M, M O ~ H O C T ~ ~ ~  0,5-1 M, B p a s ~ y e a x ~ o  1,5- 
2,5 M M AaXe 7 M ( ~ M n a  A ~ M H C K ~ R ) .  K0HTaKTbl X M n  'ieTKMe, M3BMJlMCTble. K O H ~ P ~ I  
PYAHIAX T e n  06b1q HO C o B n a A a t o T  c r p a H M u a M M  K s a p q e s b l x  x M n .  Cpen~ee  coaep- 
mame B pynax sono~a 41 r / ~ ,  cepe6pa 15 r / ~ ,  T e n n y p a  20-40 r / ~ .  Au: Ag = 3-7: 1. 
P y ~ ~ b l e  M M H e p a n b l  COCTaBnROT 0,1-0,3%, P e n K O  1-5% 0 6 b e ~ a  PYAbl.   TO nMPMT, 

xanbKonupMT,  c o a n e p ~ ~ ,  T e n n y p M A b l  ( r e c c ~ ~ ,  anTaMT,  K a n a s e p m ,  cMnbeaHMT,  

IleTUMT, PMKKaPAMT M AP.), B ~ ~ C O K O ~ ~ O ~ H O ~  30JlOT0, ~ O P H M T ,  XanbK03MH,  M a r H e -  

TMT ( T M T ~ H O - M ~ ~ H ~ T M T ) .  H e p y ~ H b l e  MMHepaJlbl :  K B a p 4  (80-go%), QeOJlMTbl, W y J l R p ,  

rM~pOCnO,Qbl,  KaJlbqMT, XJlOPMT (KOPP~HCMT) . K ~ a p 4  x ~ J ~ ~ ~ ~ o H o B M ~ H ~ ~ ~ .  h y J l R p -  

KBapUeBble a r p e r a T b l  r a C T 0  0 6 n a A a t o T  PWMaJlbHO-JI f lMCTblM CTPOeHMeM. Ha M e -  

C T O p O ~ e H M M  BblAeJlReTCR 6 MMHepaJlbHblX C T ~ M G :  1 ) KBapu-I lMpMTOBaR ( ~ ~ H H R R ) ,  

2) 3OnOTO-WynRp-KOPPeHCMT-KBaP4eBaR, 3) 3On0TO-aAYnRP-KBaP4eBaR1 4) 30- 

nOT0-KanaBepMT-KBapueBaR, 5) 30JlOTO-reCCMT-KOppeHCMT-KBaPqeBaR M 6) KBaP4-  

ueOnMT-Kan buMTOBaR. 

~ o J ~ o T o ~ ~ M c ~ ~ ~ c H o ~ :  0,0005-0,002 MM,  CKOHueHTPMPOBaHO B MaJlblX n0 0613- 
eMy PYAHblX CTOJI~~X. 6 0 ~ a H u b l  f lPMYPOqeHbl K T p e u M H a M  B K B a p u e  H a  Y'iaCTKaX 

fl0KanbHblX M 3 r M 6 0 B  P Y A O B M ~ ~ ~ O ~ ~ ~  CTPYKTYPbl. npo6a 3OJlOTa H a  BepXHMX M 

l@HTpaJlbHblX rOPM30HTaX 936-952. Ha r n y 6 o ~ ~ x  rOPM30HTaX CHMXaeTCR A0 740- 
854, P e n K O  A0 550-600. C r n y 6 ~ ~ o i  yMeHbWaeTCR AOnR TeJlJlypMAOB. r p a B M T a -  

q ~ e i  c UMaHMpoeaHMeM XBOCTOB ~ s e n e ~ a e ~ c ~  aono~a 94,5-96,3%, cepe6pa 84,8- 
97,9%. 

K tory M BOCTOK~ OT A ~ M H C K O ~ O  MecTopo>YqeHm p a c n o n o x e H a  rpynna cy6- 
ByJlKaHM.leCKMX npeMMyu_(eCTBeHHO 30JlOTOPYAHblX M ~ c T o P o > Y ~ ~ H M G :  O ~ ~ H ' I M H -  

woe, Kapa~osc~oe, Cyxapeec~ue r p e 6 ~ ~  M ~ p .  
O r a ~ r l c r ~ c ~ o e  (3ono~oe) M e c T o p o w e H M e  OTHOCMTCR K 3 0 n o ~ o - a p r e ~ ~ ~ ~ -  

TenJlypMAHOMy MMHepaJ l  bHOMy TMny. no A a H H  b l M  K). a. B O ~ K O B ~  (1 982 r. ), O H 0  

flOKaJlM30BaHO B ~ J ~ M ~ ~ O P M ~ O H T ~ ~ ~ H O  H ~ C J ~ O ~ H H O ~  T O J l u e  aHAe3MTOB, AauMTOB M 

TY@OB MMOueH- I lnMOueHOBOrO BO3paCTa, OKBapuOBaHHblX, aprMJlJlM3MpOBaHHblX, 

I lpOpBaHHblX AOCTaTOqHO K p y n H b l M  MaCCMBOM rpaHOAMOpMTOB (N,), T a K X e  r M A -  

POTepMaJlbHO M3MeHeHHblX (PMc. 4.127). K~apuesble XMJlbl M XMJlbHble  3 0 H b l  CB 
n p o c T M p a H m  M K p y r o r o  nwet im H a  0 6  sanerato~ s K p o s n e  M ~ H A O K O H T ~ K T ~  M a c -  

CvlBa rpaHOAMOpMTOB. L / l x ~ M H a  50-700 M,  M O u H O C T b  X M J l 0 , 2 - 3  M ,  3 0 H  - AeCRTKM 

MeTpoe .  C p e ~ ~ e e  c o A e p x a H M e  no xunb~oG a o ~ e  No 1 3 0 n o ~ a  38,2 r / ~ ,  cepe6pa 
14,4 r / T  H a  M O u H O C T b  2 , 4 ~ .  BepTMKaJ lbHbl f i  p a 3 M a X  Opy,QeHeHMR 180 M (no 6 ~ ~ 0 -  
BblM C K B ~ X M H ~ M ) .  X M J l b l  CJlOXeHbl TOHK03ePHMCTblM K B a p Q e M  C I l p M M e C b t o  Cepk l -  

QMTa, r M A P O C ~ l O A b l ,  AOJlOMMTa M KaJlbuMTa. C o ~ e p X a H M e  PYAHblX M M H e p a n O B  A0 
1%.  TO a p r e ~ ~ ~ ~ ,  r e c c M T ,  neTuMT,  T a m e  nMpMT, M ~ P K ~ ~ M T ,  caanepn~, ranetim, 
x a n b K o n u p M - r ,  BOPHUT, 6 n e ~ n a ~  pyna, n M p a p r M p M T ,  c a M o p o A H o e  cepeepo, 
KMHOBaPb. AM: Ag = 1 : 1. ~ O J ~ O T O  aCCOuMMpyeT C IlMPMTOM, Xal lbKOflMpMTOM, 6J le~-  
nblMM p y A a M m ,  a p r e H T M T o M ,  T e n n y p w a M M .  B e n ~ w t i a  s b ~ ~ e n e ~ ~ i  sono~a 0,003- 
0,05 MM, npo6a 702-780. n e p c n e K T M ~ b l  py,4HOrO IlOJlR BblCOKMe. B f lOCneAHMe 

rOAbl  O H 0  MHTeHCMBHO M 3 y W n O C b .  

B 50 K M  K CB, B ~ A M H O ~  C O ~ ~ H ~ M H C K M M  M e C T O p O ~ e H M e M  r e o J l o r o - r e o @ M -  

~ M ~ ~ C K O G  p e r ~ o t i a n b ~ o i  c T p y K q p e ,  pacnonoxetio K a p a ~ o s c ~ o e  MecTopo>yqe- 



PMC. 4.127. O r a ~ r n ~ c ~ o e  MecToponneHMe.  reonornrec~m KapTa n paspes ( n o  

lo. @. B o n ~ o ~ y ) .  

1 - aHae3MTbl, AauMTM, M ~ T y @ b l  ( N ) ;  2 - aHfle3MTO-AauMTbl, H X T Y @ ~ I  (N,);  3 - aHae3MTbl, 

MX ~ y @ b l  ( N , ) ;  4 - a t i f l e 3 ~ ~ 0 - 6 a 3 a J b ~ b 1 ,  MX ~ y @ b l ;  5 - KPeMHH, RLUMbl (K2); 6 - rPaHO,4MOPMTbl 

(N,); 7 - A ~ R K M  nMOPMTOBblX ~OP@HPMTOB, aHfle3MTOB, 6a3aJlb~06;  8 - OKBaPuOBaHHble, aprUJl- 

nM3MpOBaHHble IlOpOnbl; 9 - PYflOHOCHble KBaPueBbleXMnbl(1) H 30Hbl (2) ;  1 0  - TeKTOHHWCKMe 

HaPYWeHHR 

me ,  R e n R o u e e c R  a H a n o r o M  O r a r c ~ ~ c ~ o r o  no M H O ~ M M  n o ~ a s a ~ e n ~ ~ :  TMny sMe-  

LL@KIuMX n O p O A ,  r M A P O T e P M a n b H b l M  M3MeHeHMRM,  B e u e C T B e H H O M y  COCTaBy 

PYAHblX X M n ,  ~ O ~ O T O - C ~ ~ ~ ~ ~ R H O M ~  OTHOWeHMH3, X a p a K T e p y  3 0 n O T a .  O T ~ M ' ~ M R  Ka- 
PaKOBCKOrO M e C T O p O ~ e H M R :  OTCyTCTBMe B COBPeMeHHOM 3P03MOHHOM C p e 3 e  

nonHoKpMcTannMqecKMx rpaHMToMaoB,  6onee ~ o n o ~ o A  ( n n ~ o u e ~ o s b ~ i ? )  B O ~ P ~ C T  

B~eu(a loU(eG B ~ J ~ K ~ H M ~ ~ c K o ~ ~  TOnlqM, HeCKOnbKO 6 o n b u e e  C O A e p X a H M e  PYaHbIX 



MMHepanOB ( ~ E l H H b l e  K). M. U e n o T b e B a ,  1972 r.). A ~ a J l ~ r L l r ~ b l M  FIBJlSleTCR M M e -  

c T o p o x g e H M e  C y x a p e s c ~ ~ e  r p e 6 ~ ~ ,  p a c n o n o m e H n o e  B 20 KM ewe Aanee H a  CB. 
Mec~opoxge~ue Kpepy~. Pyn~oe  none n p H y p o r e H o  K c ~ o ~ o s o i i  r a c m  cy6- 

B ~ ~ K ~ H M ' ~ ~ C K O ~  MHTPY3MM ALlOPMTOBblX ~ O P @ M P ~ ~ T O B ,  np0pblBa l0weG TOJ lwyaHAe-  

3HT08, AaqMTOB, arn0MepaTOBblX V@OB M f l p O p B a H H b l X ~ a h ~ a ~ ~  AOflepMTOB, AOJle- 

p L l T 0 - 6 a 3 a n b T 0 ~ ,  a ~ ~ e 3 k l ~ 0 - 6 a 3 a J l b ~ 0 ~  ( ~ M c .  4.128). 6 0 3 p a c T  BynKaHMTOB Ll 

MHTPY~MGI n n ~ o q e ~ o ~ b ~ i .  Bce n o p o ~ b ~  ~ ~ O ~ L I ~ L ~ T M ~ L I ~ O B ~ H ~ I ,  ~ ~ ~ H J - I ~ M ~ M ~ O B ~ H M ,  

OKBapqOBaHbl. I ~ o , ~ ( ~ H H ~ I M  B. A. K y 3 H e q o s a  (1 983 r.), M e C T O p O ~ e H M e  I l p e ~ C T a B -  

P M ~ .  4.128. C x e ~ a r n r e c ~ a ~  reonornqec~a ~ a p ~ a  py~noro  nonR Kpepy~ (no 8. Ky3~e- 
UOBY). 

1 - W T B ~ P T M ~ H ~ I R  annK)BMfi ( I ) ,  6a3anb~b1(2); 2 - aHA€?3MTbl, ~ H A ~ ~ M T O - ~ ~ ~ L W ~ T ~ I  !N2); 
3 - aHAe3MTbl, AaL(MTbl, arnOMepaTbl, ~ ~ @ b l  (N2); 4 - C Y ~ B Y ~ K ~ H M W ? C K M ~  AklCPLlTOBble nCp@l4- 
PMTbl, aHAe3MTbl (N2); 5 - A ~ ~ K M  ~oJ~~PMToB,  ~OflepkI~0-6a3anb~C~, ~ H # ~ ~ M T O - ~ ~ ~ L W ~ T O B ;  6 - 
MoHoKsapuMTbl(l), npoxMnKoBoe OKBapUeBaHne (2); 7 - ~ O ~ O T O P Y A H ~ I ~  Ksapl(eablemMnbl, yc- 
TaHosnennble n npeAnonaraeMble; 8 - pa3no~b1 



neno ~ p y ~ o n m a l o u e i  ~sapqesox~nbno i  3 0 ~ 0 i i  ( 3 o ~ a  H ~ x H ~ R )  C3 npocTMpanm 
,qn~noCi 720 M M MOLL(HOCT~KJ 0,5-4 M. Pyaa Maccusnag, 6 p e ~ w e s a ~ 1 ,  rpy6onono- 
craTag, npoxMnKosaR. Cpea~ee coaepxatime aono~a 10,9 r / ~ .  P y a ~ b ~ e  MMnepanbl 
(40 1 %): apreHTLlT, BHTMMOHMT, c@anepMT, nMPMT, 6 n e ~ n a ~  pyas, XanbKOnklpklT, 
Kosennm, ranetim. 3ono~o  ToHKoe - 0,001 -0,02 MM. AM: Ag = 1 :  2,ao 1 :18. 

Purc. 4.129. C x e ~ a ~ n r e c ~ a ~  reonorMqecKaR Kapra pyAHoro n o n ~  A r n ~ ~ w r  (no 8 .  K Y B H ~ ~ O B Y ) .  
1 - aJlntOBMmbHble M neAHMK0Bble OTnOXeHMR (Q) ;  2 - 6a3mbTb1, ~ H A ~ B M T O - ~ ~ ~ W I ~ T ~ I ,  BHAe- 

3MTbl, MX ~Y@M M T Y @ O ~ P ~ K ' ~ M M  (Q,,,); 3 - TY@bl, lY@@M~bl, arnOMepaTbl, aHAe3MTM, Aal&lTbl (N2); 4 - 
C ~ ~ B ~ ~ K ~ H M ~ ~ C K M ~  AMOPMTOBble nOP@IpMTbl ( I ) ,  aHAe3MTO-AauMTbl, aHAe3MTbl (2)(NP); 5 - @~KH DUO- 

nmoe (1 ), ~ H A ~ ~ M T O B  (2); 6 - Ksapuewe xMnbl ycTaHoeneHHble ( I ) ,  npeQnonaraeMMe (2), 30Hbl npo- 
mMnKoeoro oKsapuesaHuR (3); 7 - npon~nu~t13auu~ ( I ) ,  a p r ~ n n u 3 a u ~ ~  (2), oKsapueeaHue (3); 8 - 
pasnow1 



B 15 K M  K 0 3  HaXOaMTCR cue a B a  CXOaHblX C OnMCaHHblM M e C T O P O w e H M R  - 
A ~ I I H K H ~  (PMC. 4.129) M Annanenb, HO c donee H M ~ K M M M  c o a e p r n a H m M M  aono~a 
M cepedpa. B XnMKM'iCKMX Pyaax OTMe'iatOTCR T e n J l y p M ~ b l 3 O n O T a  M KMHOBapb, a B 

X M J I ~ H O ~  M a C C e  K p O M e  KBapl(a flpMC)'TCTByK3T K ~ P ~ O H ~ T ,  a a y J l 9 p ,  l(eOnMTb1, C a -  

MOPOaHaR C e p a .  30~10~0 aCCOl(MMpyeT C reCCMTOM. O T H O W ~ H M ~  AM: Ag H a  A r m -  
KMre 1 : 6, Annanen~ - 1 :2 ( a a ~ ~ b ~ e  0. B. Xeranosa, 1954 r.; B. A. Kya~el(osa, 
1983 r.) . 

Pwc. 4.130. reonoro-c~py~~ypt ian  cxeMa O ~ ~ ~ H O E C K O ~ O  pyatior0 nonn (no C. C. Bap- 

TaHRHY, r .  H. E~ceesy, B. 0. OP~WMHY). 
1 - B ~ ~ x H ~ V ~ T B ~ ~ T ! ~ V H ~ I ~  6a3aJbTbl; 2 - H M X H ~ V ~ T B ~ ~ T M V H ~ I ~  6a3anbTbl; 3-6 - HeOreHO- 

Bble06pa30BaH~R: 3 - 6a3anbTbl, aH~e3~~0-6a3aflbTb1, PeXeMXTyobl M ~y@06peKqMM, MrHMM- 

6pMTbl M nMnapMTbl; 4 - aHAe3MTO-&3UMTbl, AaUMTbl C npOCnOslMM Ty@OB CpeAHeKMCnOrO 

cocTasa; 5 - ~ @ @ Y ~ M B H O - ~ M ~ O K ~ ~ C T M V ~ C K M ~  06pa3osa~n~  c p e n ~ e - o c ~ o e ~ o r o  cocTaeac npe- 

06na~aHMe~  nae (a), T Y ~ O B  M T ~ @ O ~ P ~ K V M ~  (6); 6 - C Y ~ B Y ~ K ~ H M V ~ C K M ~  Tena 6a3anb~06, atiae- 
3MT0-6a3anbT0~, aHAe3MTOB (a), flM0pM~0Bbl~ ~OP@MPMTOB (B), aHfle3MTO-flaUMTOB M AawTOB 

(6); 7 - TeKTOHMVeCKMe HaPYLUeHMR (a), B TOM VMCne nepeKpblTble VeTBepTMVHblMM OTnOXe- 

HMRMM (6); 8 - Tens BTOPMqHblX KBaPUMTOB (a) M XMnbl(6); 9 - PYAHble )VaCTKM: 6AM (I), np0- 

~t?X)TOqHtdn (II), XOMYT (Ill), K ~ D P K O B C K M ~  (IV); 10 - TeOnO~MVeCKMe rpaHMUbl 



Pix .  4.13 1. C x e ~ a ~ ~ r e c ~ a ~  r e o n o r M r e c K a R  K a p T a  y r a c T K a  SAM Oaep~osc~o ro  M e c T o p o m e H M R  ( n o  M a T e P M a n a M  O ~ ~ ~ H O B C K O G  n a p ~ ~ u ) .  
1 - ' 4 e ~ E e p T M r H b l e  O T ~ O X ~ H M R ;  2 - aHAe3MTb1, AaUMTbl ,  IIXTY@~I, M ~ H M M ~ P M T ~ I ,  T Y @ @ M T ~ ~ ,  ~ y @ ~ r p a E e n M T b l ,  T ~ @ O ~ ~ C ~ ~ H M K I I  (N ,b r ) ;  3 - c y 6 B y n ~ a H ~ ~ e c -  

K M ~  a ~ A e 3 M T 0 - 6 a 3 a n b T b l  (N,); 4 - C ~ ~ E Y ~ K ~ H M ~ ~ C K M ~  a H A e 3 M T O - A a U L I T b l ( l )  M A ~ O p M T O B b l e  n ~ p @ M p M ~ b l  ( 2 )  (N , ) ;  5 - n e p e C n a M E a ~ M e  a H n e 3 M T o e  M ~ y @ o ~ ;  6 - 
M ~ M ~ H ~ H M R :  X ~ O P U T O B ~ I ~ ,  U e O n M T - M O P M T O B b l e ,  3nMAOT-XnOPHTOEb le  ( I ) ,  A M a C n O P - K B a p U e B b l e ,  a n y H M T - K E a p U e B b l e ,  A M a c n O p - K a O n M H ~ ~ - K E a p ~ b l e  (2), 



O ~ ~ ~ H O B C K O ~  M e C T O p O > ~ e H M e  HaXOAMTCR B ~ ~ ~ J ~ ~ H c K o - K o M ~ H -  

~ o p c ~ o i  3 o ~ e  n o n e p e r ~ b ~ x ~ ~ c n o ~ a q ~ i  C3 H a n p a s n e H m .  P y n ~ o e  none, 
I l O A a H H b l M  C. C. B ~ ~ T ~ H R H ~ ,  r. H. E~ceeea  M B. 0. O p e l u M H a  (1988 r.), 
M. E. B ~ K M H ~  M 0. A. H ~ ~ M O B O ~  (1 994), f l p M y p O r e H 0  K flaJleOByJlKaHy, 

CJ lOXeHHOMy npeMMyLqeCTBeHH0  6 a 3 a J l b ~ a ~ ~ ,  a H ~ e 3 ~ ~ 0 - 6 a 3 a J l b T a M M ,  

aHAe3MTaMM, MX T ' ~ @ ~ M M  M T ~ @ o ~ ~ ~ K ~ M R M M  M B ~ e H b W e i  M e p e  a H A e 3 M -  

TO-Aa4MTaMM, Aa4MTaMM M T ~ @ ~ M M  (N1-2), C Y ~ B Y J ~ K ~ H M L ( ~ C K M ~  MHTPY3MM 

n p e A c T a e n e H b 1  C X O ~ H ~ I M M  n o p o A a M M .  U e n ~ p a n b ~ a ~  r a c T b  naneoeyn- 
KaHa, KaK M H a  MHOrMX MHblX MeCTOPO>YqeHMRX C Y ~ B Y J ~ K ~ H M L I ~ C K O ~ O  TMfla,  

3aHRTa  WTOKOM AMOPMTOBblX ~OP@MPMTOB. f l 0 ~ 0 ~ b l  PYAHOrO nOJlFl no- 
BCeMeCTHO IlPOflMJlMTM3MPOBaHbl B K ~ P ~ O H ~ T - X ~ O P M T O B O ~ ,  XnOPMT-qeO- 

J ~ M T O B O ~  M ~ ~ M ~ o T - x ~ o ~ M T o B o ~  @aqMM. B q e H ~ p a f l b H 0 i  'iaCTM P y A H O r O  

n o n R  (xepnoea~ 3 o ~ a )  nopogb~ a p r ~ n n ~ 3 o ~ a ~ b 1  M n p e s p a u e H b 1  B K s a p q -  

C e p M ~ M T O B b l e ,  KBapq-KaOnMHMTOBble, KBap~-MOHTMOpMJlnOHMT-rM,4pOC- 

JltOAMCTble MeTaCOMaTMTbl ( H ~ ~ M o B ~ ,  AJ lb lWeBa,  1995). M o H o K B ~ ~ ~ ~ -  
B b l e  M IlMpMT-anyHMT-KBapqeBbIe M e T a C O M a T M T b l  I l p M y p O L I e H b l  K 

f l pOTRXeHHb lM 3 0 H a M  f l J lMH0 i  A0 4,s K M  M MOLqHOCTbtO 10-80 M .  

f l M H e i ~ b l e  Tens BTOPMLIHblX KBaP4MTOB (PMC. 4.130, 4.131) - 
B ~ X H ~ ~ U M ~  PY~OKOHTpOnMpytOLqMe 3J leMeHTbl  PyAHOrO nOnR.  K O H T ~ K T ~ I  
MX I l p R ~ o n ~ H e h ~ b l e ,  nOJ lOXeHMe ~ J I M ~ B ~ ~ T M K ~ ~ ~ H O ~ .  K 3 0 H a M  BTO- 

PMLIHblX KBaP4MTOB f lpMypOLIeH0 ~ O J ~ ~ L U M H C T B O  PY,QHblX T e n .  ~ O C ~ ~ A H M ~  

o 6 n a ~ a t 0 ~  CnOXHb lM CTpOeHMeM,  0 6 y C J l 0 B n e H b l ~  C O r e T a H M e M  MOHO- 

KBapqeBblX,  rMApOCntOALICTO-KBaP4eBblX, aJlyHMT-KBapUeBblX M nMPMTL.1- 

3MPOBaHHblX MeTaCOMaTMTOB,  a T a K X e  BKJltOL(eHMRMM M 3 M e H e H H b l X  

flopon. C 3TMMM f lOPOAaMM TeHeTMLIeCKM CBR3aHa PaCCeRHHaR f lpOXMJl-  

KOBO-BKpaflJleHHaR M O ~ M ~ , Q ~ H - M ~ A H ~ R  MMHepaJlM3a~MR (MOJIM~~~HMT, 

BHaPrMT,  ~ O P H M T ,  XaJlbKOIlMPMT, T ~ H H ~ H T M T ) .  3 0 n 0 ~ a R  MMHepanM3aL(MR 

B TeJlaX BTOPMrHblX KBaP4MTOB o6pa3ye~ J l k l H e i H b l e  MMHepaJlM3OBaH- 

H b l e  3 0 H b l  I lPOXMJlKOBOrO M MeTaCOMaTMqeCKOrO OKBaP4eBaHMR, HaJlO- 

X e H H b l e  H a  pa3JlMrHble @ ~ U L I M  MeTaCOMaTMTOB. P y ~ H b l e  Tens YCTaHaB- 

nMBatOTCR 0 f l p 0 6 0 ~ a ~ M e ~ .  Hapgay C f l P O T R X e H H b l M M  (a0 2 KM) M 

ManOMOLqHblMM (1 -3 M) PYAHblMM TeJlaMM OTMe'iatOTCR nMH3bl  6 0 r a ~ b l ~  

PYA B MMHepaf lM3OBaHHblX ~ ~ ~ K L ( M F I X  ~ M H o ~  A0 I l e p B b l X  COTeH M e T p O B  

M MOLqHOCTbtO 1 - 2 0 ~  (a0 40 M). K p o ~ e  TOrO,  H a  M e C T O P O X A e H M M  

PaCI l pOCTpaHeHb l  M C O ~ C T B ~ H H O  XMJlbHble  Tens CyLqeCTBeHHO K B a p u e -  

B o r o  C o c T a s a  M O L ~ H O C T ~ ~ O  1,5-3 M. 

Ha y r a c T K e  6AM ( ~ M c .  4.131) BblAenReTCR 3 o ~ a  ~ ~ ~ e p a n ~ 3 0 -  
BaHHblX BTOPMqHblX KBaPUMTOB ~ M H O ~  3,2 K M  M MOLqHOCTbtO A0  4 0 ~ .  
C p e ~ ~ e e  c o A e p x a H M e  aono~a cepe6pa H a  C3 @ n a ~ r e  3 0 H b l  ,~IIMHO~ 

1150 M COCTaBklJlO 2,9 M 4 , 8  r / ~  COOTBeCTBeHHO. B 3 0 H e  BbIAenRtOTCR 

MHTepBaf lb l  C 6 0 r a ~ b l ~  C O A e p X a H k l e M :  3OnOTa  8,4-74 r / ~ ,  cepe6pa 
1, 3-74,l r / ~ .  B q e n o M  me cpewee c o n e p x a H M e  aono~a B n p o M b l u n e H -  

H O ~  WCTM 30Hbl SAM: AU 22,4; Ag 20,5; Te 106,2; Se 178,3 r / ~ .  M O ~ H O C T ~  
pya~blx  CTOII~OB 0,6-12,2 M, CpeAHRR 1,9 M. Ha~6onee 6ora~ble pya- 
H b l e  c~on6bl TRrOTetOT K O C ~ B O ~  3 0 H e  Tens KBapqMTOB. 

BO BCeX TMflaX PYA HepyAHaR M a C C a  06pa30~a~a  K B a p Q e M  TOHKO- 

3ePHMCTMM M XanUeAOHOBMAHblM (A0 9597%) C KaOnMHMTOM, rMAPO- 



cnmaoi, aaynRpoM, npMMecb0 cepMqma, xnopma, ana-rma. P y a ~ b ~ e  MMHepanbl 

cocTasnmoT 2-7% 06beMa pyab~: r o n a @ ~ n a ~ ~ ,  aonoTo, ceneHMa sMcMy-ra, caMo- 

P O A H ~ I ~  TellJlyp, CMJlbBaHMT, flMpMT, BTOpOCTeneHHble: XaJlbKOIlMpMT, c@aJlepMT, 
TeTpa3aPMT, KaJlaBepMT, KpeHHepMT, IleTqMT, reCCMT, TeTPmHMMT, 6 n e ~ n a ~  pyas, 
apreHTm, I - I M ~ C ~ M T - ~ O ~ M ~ ~ ~ M T ,  ranetim. 

B b ~ a e n ~ ~  IOTCR qeTblpe C T ~ M M  M M H ~ ~ ~ ~ O O ~ ~ ~ ~ O B ~ H M R :  1 ) sono~o-ronj@~n- 
A M T - K B ~ P ~ ~ B ~ F I ,  2) ~ e n n y p - c u n b ~ a ~ ~ ~ - r o n a @ ~ n a ~ ~ - ~ a o n ~ ~ ~ ~ - ~ ~ a p q e ~ a ~ ~ ;  3) 30- 

JOTO-TeCCMT-TMAPOCnIOflMCTO-KBaPUeBaR; 4) 3OnOTO-mynRP-rMflpOCnOAMCT0- 

KsapqesaR. B pyaax 1 - i ,  3 4 ,  4 - i  c ~ a a ~ i  s e ~ y q ~ i  KoHqeHTpaTop aono~a M 

cepe6pa - CaMOpOaHOe 30JlOTO C npo6oi COOTBeTCTBeHHO: 970,890, 660 M MM- 

HepanbHblMM n a p a r e ~ e 3 ~ c a ~ ~ :  s o n o ~ o - r o n ~ @ ~ n a ~ ~ ,  s o n o ~ o - r e c c ~ ~ ,  sono~o- 
apreHTMT. B pyaax 2 - i  C T ~ M M  KoHqeHTpaTopbl aono~a M cepe6pa - TennypMabl: 

CMnbBaHMT, KaJlaBepMT, KpeHHepMT, IleTUMT, reCCMT. 3ono~o  T O H K O ~  M OqeHbTOH- 

KOe, 0,001-0,1 MM (1 -9 C T ~ ~ V I R ) ,  TOHKOe M MeJlKOe, 0,l-0,8 MM (3-R, 4-9 C T ~ A M R ) .  

Y C T O ~ ~ ~ M B ~ I ~  KOPPenR4MOHHble CBR3M C 30JlOTOM M cepe6po~  06pa3~IO~ CU, 
Bi, Fe, Sb, pexeSe. C o a e p m a ~ ~ e  smMy-ra B pyaaxao 0,05, c y p b ~ b ~  O,1-0,2%. 3a 
npe,QenaMM KOHTYPOB PYaHblX Ten IlOBblLUeHHble KOHqeHTPaL&lM XapaKTepHbl ,QIR 

As, Cu, Mo, (no 0, 1 %). O n o ~ a q ~ e i  ~3 pya ~3ene~ae~cs188,3% aono~a M 82,3% 
cepe6pa. f l p M  IlPRMOM qMaHMPOBaHMM B PaCTBOP IlepeXORMT 97,1% 3OJlOTa M 

71,7% cepe6pa. 
B c x o a ~ o i  p e r ~ o ~ a n b ~ o i  r e o n o r o - r e o @ ~ 3 ~ r e c ~ o i  cwyaqm HaxoaMTcR 

MecTopoweHMe T~TXJIHB~RM, pacnonoxeHHoe B 175 KM K CB. K ~ K  M Ha Osep- 
HOBCKOM MeCTOPO>Y4eHMM, 3,4eCb30JlOTOPYflHble 30Hbl M XMJlbl3aJleraIOT B OCeBblX 

qaCTRX KpyTOnaaaIO~MX 30H rMAPOTePMaJlMTOB (PMC. 4.132). Pa3JlLlqLlR B MMHe- 

PaJlbHOM COCTaBe MeTaCOMaTMTOB ( ~ M ~ ~ ~ O C ~ I O ~ M C T O - K B ~ ~ ~ ~ B ~ I ~ ,  Kap60~aT-KBap- 

UeBble, a a y n ~ p - ~ ~ a p q e ~ b l e ) ,  X M J ~ ~ H O ~  MaCCbl PYabl ( K B ~ P ~ - K ~ ~ ~ o H ~ T H ~ I ~ )  M 

PyAHblX MMHepaJlOB ( ~ ~ ~ H M ~ ~ ~ c T B ~ H H o  ~yJlb@M~bl, C Y J ~ ~ @ O C O J ~ M  cepe6pa) B 

6onbwei C ~ ~ ~ ~ ~ M C T O C T M  30nOTa (Au:ACJ = 1 : 10) ( a a ~ ~ b l e  A. K. 6 o p o ~ ~ o s a  M 

A. r. KMM, 1980 r.). 
AM~THCTOBO~ MeCTOpO>yqeHMe - OAHO M3 ~ a ~ 6 o n e e  KPYnHblX Ha KaMqaTKe. 

H ~ C K O ~ ~ K O  yCnOBH0 OH0 OTHOCMTCR K KOPRKCKO~ ~ O ~ O T O H O C H O ~  30He, TaK KaK 

MMeeT PFIP, CYLL(eCTBeHHblX 0TJlMqMi OT nPOqMX 30nOTOPY~HblX M ~ C T O P O ) ~ C ~ ~ H M ~  

K ~ M ~ ~ T K M  - 6onee f l p e B ~ M i  BO3PaCT OPYaeHeHMR ( o J ~ M ~ o ~ ~ H ) ,  nPMCYTCTBMe B PYAe 
@Jllo~pM~a, KMcJlbli COCTaB ByJlKaHMTOB H M X H ~ ~  qaCTM pa3pe3aI TeCHOe COCeB- 

CTBO C OJlOBOPYaHblMM M CYqeCTBeHHO C ~ P ~ ~ P F I H ~ I M M  ( ~ o J I o T o - c ~ ~ ~ ~ ~ R H ~ I M M )  

IlPORBJleHMRMM (CnpyT). 8 TO Xe BpeMR IlOJlOXeHMe pyJ(HOr0 n0nR B PerMOHaJlbHblX 

~ ~ O @ M ~ M ~ ~ C K M X  IlOJlRX rOBOpMT 0 eaMHCTBe ~ J ~ Y ~ M H H O ~  CTPYKTYPbl C UeHTpanb- 

H O K ~ M ~ ~ T C K O ~  ~OJ~OTOHOCHO~ ~ O H O ~ ,  HO CTeneHb ~ J ~ ~ ~ M H H O ~ O  pa3ynJlOTHeHMR B 

pai0He AM~TMCTOBO~O MeCTOPOweHMR 3aMeTHO BblLUe (-10 ... -15 MrJl IlPOTMB 

0+20). E c n ~  KOPRKMR Ilpe~~TaBflReT c060i O T T O ~ X ~ H ~ ~  (Teppeh~) M ~ T ~ ~ M K O B O ~  

c u a n ~ r e c ~ o i  K O P ~ I ,  ~ K T M B M ~ M P O B ~ H H O ~  B HeoreHe, ~ o r a a  2 - i  s a p ~ a ~ ~  p a i o ~ w  
posaHm 6onee cnpaseanMB. 

no AaHHblM C. C. B ~ P T ~ H R T ~ ,  r. H. Eeceesa, 6. K). OpelULIHa (1988 r.) M 

n. A. 6e3pyKoBa (1 986 r.), PyaHOe none IlpMypOqeHO K T K J ~ ~ B ~ R M C K O ~  ByJlKaHOCT- 

pylt-rype UeHTpan bHoro TMna onclroqeHosoro ~ o s p a c ~ a .  H~13bl paspesa (1 50- 
200 M) CnOXeHbl M ~ H M M ~ P M T O I ~ O ~ O ~ H ~ ~ M M  JlMIlapMTaMM, JlMIlapMTO-RaqMTaMM, Ty- 



PMC. 4.132. M e c ~ o p o m ~ e ~ ~ e  Ty rxnnea~~ .  r e o n o r ~ r e c ~ ~ i  nnaH M paapes (no A. r. KMM~) .  
1 - ~ ~ T B ~ P T M L ~ H ~ I ~  aJIfllOE3Mfi; 2 - aHAe3MTbl (N,); 3 - aHAe3MTb1, MX KnaCTOnaBbl, Ty@bl aHAe3MTO- 

mL&lTOB (N,); 4 - ,L@KM ,4aqMTOB M aHAe3MTOB; 5 - MeTaCOMaTMTbl: rMAPOCnlOAMCT0-KBaPqeBble, Kap- 
60~a~-~sapqesble, a~yn~p-~sapqeebte,  oKsapqoeaHHble nopoab~; 6 - Ksapqeeble, ~ a p 6 o ~ a r - ~ s a p q e -  
Bble, ~ap60HaTHble XMnbl C ~ o J I o T o - c ~ ~ ~ ~ P R H ~ ~ M  OPyAeHeHLleM ( I ) ,  ~ a ~ 6 o n e e  60raTble XMnbl M MX 

HoMepa (2) 

@ ~ M M  KLICnOrO COCTaBa, IlepeKpblTblMM ?Y@@LIT~MLI, T Y @ O ~ ~ C ~ ~ H L I K ~ M M  C np0- 

CIIOFIMLI yrneG. B~PXHRR '4aCTb pa3pe3a 06pa3osa~a naBaMM M T ~ @ ~ M M  AaUMTOB, 

aHfle3MTO-AaqMTOB, aHAe3LITOB M aHfle3LI~0-6a3anb~oB (200-400 M), a Tame cy6- 
ByIIKaHMreCKMMM TenaMM AMOPMTOBblX ~OP@MPMTOB, aHAe3MT08, AaULITOB, KOTO- 

pb1ecnarato-r UeHTpanbHble LI nepm@epwiec~~e xepna naneosynKaHa ( p ~ c .  4.133). 
CMCT~MOG PaAManbHblX MC3 pa3nOMOB PyAHOe none pa36vl~o Ha PFIA CeKTOpOB M 

6110~06, CTyneH'iaTO OnylL(eHH blX B L(eH~paJlbH0a 'iaCTM CTPYKTYPbl . 
O p y ~ e ~ e ~ u e  n o ~ a n ~ 3 0 s a ~ o  B UetiTpe naneoBynKaHa B c y 6 e y n ~ a ~ ~ r e c ~ ~ x  

MHTPY3MRX AMOPMTOBblX ~OP@MPMTOB, AaUMTOB, aHAe3MTOB, TpaXMAaUMTOB (P3), 
~ ~ O ~ M ~ M T M ~ M ~ O B ~ H H ~ I X ,  agyns ip~3~posa~~b rx .  P y g ~ b ~ e  Tena npeAcTasngioT co- 
60G 'iaCTM XMn bH blX Ten M XMnbHblX 30H, COAepXalL(Me npOMbl WneHHble KOHUeHT- 

p a 4 ~ 1 ~  30no~a M cepe6pa LI 0 6 p a 3 0 s a s ~ ~ e c ~  npeuMyUecTseHHo nyTeM sblnon- 

HeHMsi nonoc~en n p ~  noa rm~en~oL i  ponM MeTacoMaTwecKoro ~ ~ M ~ ~ ~ H L I F I .  

MOUHOCT~ PY,L(H~~X~OHAO 100 M, AJlMHa A0 1 ,s  KM. AnMHa PyAHblXTen OTAeCRTKOB 

no 800 M npu MOUHOCTLI 0 3 - 2  M, B paany~ax 3-6 M. l l p o c ~ ~ p a ~ ~ e  PYAH~IX Ten 
pa3~006pa3~0e: LUMPOTHOe, MepMflMOHanbHOe, C3 M CB. XMnbl KpvOflaAaOlqMe, 

no cocTasy Ksapuesble, c y n b @ ~ ~ ~ o - ~ s a p u e s b ~ e .  OHM rpynnMpytoTcg B ~ O H ~ I  no 4- 
6 m ~ n .  Ha~6onee KpynHble XMnbl: ~ ~ M ~ M o H ,  1/130MLIH~a, ~ / ~ ~ M T L I H C K ~ R  LI Ap. Bcero 
M3BeCTHO nOpRAKa 300 XMn. n p o ~ b l ~ u n e ~ ~ b l e  XMnbl pa3MeLqeHbl Ha nnOLqaAM 

~ K M ~ ,  L(TO CocTasnReT n w b  CeAbMyto qacTb nnoqaAM pyAHoro nong. C ~ p o e ~ m e  M 



Pwc. 4.133. C x e ~ a ~ ~ r e c ~ a ~  r e o n o r M r e c K a R  K a p T a  A ~ e ~ ~ c ~ o e o r o  p y n H o r o  n o n R  (no n. A. 6 e 3 -  

PYKOEY 1. 
1 - r e T E e p T b I r H b l e  OTnOXeHbIR; 2 - O n b I r O ~ e H O B b l e  nOKpOBHble BYnKaHbITbl: PbIOnMTbl ( 1  ),  a H a e -  

3bITbl M K n a c T o n a E b l  ~ H ~ ~ ~ M T O B  ( 2 ) ;  3 - c y 6 s y n ~ a ~ ~ r e c ~ ~ e  o n n r o q e t i o e b l e  M H T P Y ~ M ~ I :  a M o p M T o B b l e n o p -  

~ M P M T ~ I  bI C n e C C a P T M T b l ( l ) ,  aHAe3bITb l (2 ) ,  TPaXMTbl M TpaXMnEIL(MT0Bble n 0 ~ @ ~ p b l ( 3 ) ;  4 - nPOAYKTbIB- 

H b l e  bI HenPOnYKTMBHble KEapL(eBble XMnb l ;  5 - p a 3 p b l B H b l e  HaPYLLleHMR 

COCTaB x M J ~ ~ H o ~ o  BblnOJlHeHMR M H O T O ~ P ~ ~ H ~ I .  n p e 0 6 J l a , 4 a t O ~  nOnOCClaTble, PMT- 

MMCl HO-nOJlOCClaTble TeKCTYPbl. Bb l , 4eJ lS l tO~~R 4 CTa,4MM py,4OOTJlOXeHMR: P a H H e r O  

OKBapUeBaHMR,  c ~ J ~ ~ @ M , ~ H o - K B ~ P ~ ~ B ~ R ,  ~ O ~ O T O - K ~ O ~ M H M T - X J ~ O ~ M T - C Y J ~ ~ @ M , ~ H O -  

K B a p u e B a R  (OCHOBH~R ~ P O , ~ Y K T M B H ~ R ) ,  K ~ P ~ O H ~ T - K B ~ P ~ ~ B ~ R .  C o ~ e p x a H M e  B TeX- 

~ o n o r ~ r e c ~ o i  npo6e No 9: 3ono~a 6,4; cepe6pa 21,8; c e n e H a  23 r / ~ .  0 6 b l ~ l ~ b l e  

CO,4epXaHMR i3 py,4aX CeJ leHa  30-40 r/T,  CBMHUa, UMHKa, M e A M  B C y M M e  ,40 1 %. 
m M n b l  COCTORT M3 K B a p U a ,  KOTOpOMy p e 3 K O  nO,4'iMHeHbl KaOJlMHMT, XJlOpMT, 

PeXe BCTpe.latoTCR rM,4pOCJllO,4bl, KaJlbUMT, MOHTMOPMnJlOHMT, AMKKMT, a,4yJlslp, 

P e a K O  @JltoopklT,  UeOJlMTbl. C0,4ep>tca~Me PYflHblX MMHepaJ lOB (B OCHOBHOM CyJlb- 



@MAOB) a0 3-5%, Ha r n y 6 ~ ~ e  - a0 20-30%.  TO: SJleKTpyM, aKaHTMT, B ~eHblueG 
Mepe nMpaprklpMT, n0Jl k l 6 a 3 ~ ~ ,  CTM~LIO~MPC~MT,  C T ~ @ ~ H M T ,  MMaprMPMT, n PyCTMT 
MAP All: Ag = 1,5-2:1, B ~yJlb@klQHbl~ PYaaXaO 1 :10-20. 

C ~ M O ~ O A H O ~  30JIOTO HaXO,4MTCR B KBaPqe, B CPOCTKaX C aKaHTMTOM, MHOr,4a 
sono~o coceacTsyeT c c e p e 6 p o c o ~ e p x a q ~ ~ ~  MMHepanaMM. B e n ~ r ~ ~ a  r a c m q  
sono~a 0,001 -0,O 1 MM, @ o p ~ a  MX p a 3 ~ 0 0 6 p a 3 ~ a ~ .  llpo6a sono~a  ~ o n e 6 n e ~ c ~  OT 

200 AO 680, npeo6nagae~ 550-600, Ha r n y 6 0 ~ ~ x  r o p ~ 3 0 ~ ~ a x  y e e n m r ~ s a e ~ c ~  go 
730-875, B OKvlCJleHHblX pyaax 830-960, ~ ~ M M ~ c M  B 3OJlOTe: Sb, Pb, AS, Sn, CU, 
Mn. 3 n e ~ e ~ ~ b l  - MHQMKaTOPbl OPyaeHeHMR: Au, Ag, Se, Sb, Zn, CU, AS, Sn. H a ~ 6 o -  
nee TeCHble KOppenRL&lOHHble CBR3M30JlOTa C Ag, Se, Sb. C B R ~ M  30JlOTa C Pb, Ztl, 
CU kl AS OTpMUaTeJlbHble, a MemY co6oG y 3TMX 3neMeHTOB CBR3M TeCHble nOJl0- 
xwcMTenbHble. B b ~ g e n ~ e ~ c g  gea n a p a r e ~ e s ~ c a  p y g ~ b ~ x  MMHepanos: 1 ) HM3~0np06- 
Hoe 30nOTO M cepe6poco~epxaw~e MMHepanbl; 2) MMHepaJlbl Pb, Zn, CU, AS. 

n o  4atitiblM n. 0. 3 a ~ e ~ a n ~ ~ o G  (1 986 r.), pyp,b~ XOPOLUO 0 6 0 r a q a m ~ c ~  
rpae~~aqueL4 c qnanMposaHMeM XBOCTOB. T ~ K M M  c n o c o 6 o ~  ~3sne~ae~cs l98 ,3% 
sono~a M 94,5% cepe6pa. O n o ~ a q ~ e i i  ~ a s n e ~ a e ~ c s l  cooTseTcTseHHo 94,2 M 87,5%. 

P ~ C ~ O ~ O X ~ H H O ~  B 13 KM K 0 8  MeCTOpOWeHMe C n p y ~ ,  fl0 AaHHblM B. fl. 
Xeoc~osa M n. B. A@a~acbeea (1 982 r.), oTnMraeTcR B~ICOKOG c e p e 6 p ~ c ~ o c ~ b m  
p y ~  (Au: Ag = 1 : 200-500). 3 ~ o  3ono~o-cepe6p~noe MecTopo>yqetiMe c ceneHoM, 
saneramwee B OnMroueHoBblx ~ ~ U M T O B ~ I X  nop@~pax. Cpeg~ee  cogepxaHMe B 

PyAaX: AU 6 , l ;  Ag 1569, Se 43 r/T. B 0TJlM.lMe OT AM~TMCTOBO~O MeCTOPO>YqeHMR, 
KpyTOnEljJaOlqMe PyAHble XMnbl WeCb OpMeHTMpOBaHbl B OAHOM HaflpaBneHMM. OHM 
06pa30Ba~bl IlOJlOCraTblM XaJl~e~OHOBM~HblM, rpe6eHraTbl~ M KPyflH03ePHMCTblM 
KBapqeM, BKJllOclatOlqMM PeflKytO BKpaflJleHHOCTb nklpMTa, IlpyCTMTa, flMpaprMDMTa, 
MMaprMpuTa, @peG6epr~~a,  n o n ~ 6 a 3 ~ ~ a ,  apreHTMTa, 6neKnbl~ pyg, xanbKonMpMTa, 
caMopogHoro cepe6pa. 3 o n o ~ o  MenKoe M c y 6 ~ ~ ~ p o c ~ o n ~ ~ e c ~ o e  (0,001 - 
0,05 MM), npo6a: 500-730, B cpeaHeM 600-650. f l p ~ ~ e c ~  B pygax: Sb, Cu, Pb, 
AS, V, Cr, Li, Zn, Hg. Koppen~qm AU M Hg= + 0,62. O ~ M C ~ H H O ~  0py~e~eHMe KOp- 
PenMpyeT C nepBblM napareHe3MCOM AM~TMCTOBO~O MeCTOpO>yqeHMR (~k l3~0np06-  

: Hoe aono~o c c e p e 6 p o c o g e p x a q ~ ~ ~  ~ ~ ~ e p a n a ~ ~ ) ,  cooTsecTsymlqwM sepxHe- 
j PyAHOMy 3P03MOHHOMY Cpe3y. 



n PMBeAeHHb le  B b l l u e  @ a ~ T M r l e ~ K k I e  A a H H b l e  no 30JlOTOPY,4HblM MeCTOpO>yqe- 

HMRM BOCTOK~ POCCMM llOATBeP)I<AatOT M3BeCTHble M3  M M P O B O ~  npaKTMKM 

@ ~ K T ~ I  r p e 3 ~ b 1 q a i ~ o r o  p a 3 ~ 0 0 6 p a 3 ~ ~  Y C ~ O B M ~  M @OPM n p o R s n e H m  aono~oro 
o p y A e H e H m .  M e ~ a n n o r e ~ ~ r e c ~ ~ e  @ ~ K T O P ~ I ,  x a p a ~ ~ e p ~ 3 y o q ~ e  ycnosm @ o p -  

MMPOBaHMR 30nOTOrO OPYAeHeHMR PerMOHa,  M O X H O  pa3AeJ lMTb  H a  TPM r p y f l f l b l .  

n e p e a ~  rpynna @ a ~ ~ o p o s  o n p e n e n R e T  o 6 n a c ~ ~  r e H e p a q M M  @ n t O ~ ~ o s  M pyatioro 
B e U e C T B a ,  npe)I<Ae BCerO  r J l y 6 M ~ t i b l e  c@epbl PerMOHanbHblX M JlOKaJlbHblX 3 0 n O -  

TOPYAHblX CTPYKTYP (no ~ ~ o @ M ~ M ~ ~ c K M M  J@HH~IM); rPaHMTOMAHble MHTPY3MM C On-  

P e A e n e H H b l M M  ~ ~ ~ T ~ o @ M ~ M ~ ~ c K M M M  M I leTPOXMMM~eCKMMM XapaKTepMCTMKaMM M 

M O P @ O ~ O ~ M ~ ~ C K L ~ M M  TMnaMM I lpORBneHMR; p y A O r e H e p M p y t O ~ M e  C T ~ ~ T M @ M ~ M P Y -  

o q u e  K o M n n e K c b l  ( y r n e p o a ~ c ~ b ~ e ,  s y n ~ a ~ o - n n y r o ~ ~ r e c ~ ~ e  K o M n n e K c b l  OCHOB- 

HOrO COCT~BB);  M ~ T ~ M O P @ M T ~ ~  3 0 H a n b H O r O  CTPOeHMR M MeTaCOMaTMTbl.  BTOP~R 
rpynna @ a ~ ~ o p o s  K a c a e T c R  r e o n o r w e c K M x  y c n o s ~ i  nepetioca PYAOHOCH~IX @ n o  
MAOB ( 3 0 ~ b l  T ~ Y ~ M H H ~ I X  M nPO'4MX pa3nOMO6,  O'iarOBble CTPYKTYPbl, MHTPYAMPYtO- 

q M e  M a r M b l  pa3JlM'i~0a ~ J ~ Y ~ M H H O C T M  M COCTaBa, KOMnneKCbl  I lOPMCTblX M T p e q M -  

HOBaTblX ~ o ~ o A ) ,  a TPeTbR - OTHOCMTCR K O ~ ~ ~ C T R M  f lOKanM3aqMM 30J lOTOrO 

OpyAeHeHMR,  B ~ X H ~ ~ U M M M  3JIeMeHTaMM KOTOPblXRBJlRtOTCR: r p a H M q H b l e  n O B e p X -  

HOCTM Me>yqy C T P Y K T Y P H O - @ O P M ~ ~ M O H H ~ ~ M M  KOMJleKCaMM, reOJlOrMqeCKMe M re0- 
XMMM'ieCKMe 3KpaHbl ,  CTPYKTYPHble JlOBYluKM (Tk lna  KynOnOBMAHblX ~ H T M K ~ M H ~ ~ ~ ~ ) .  

B e q e c ~ s e ~ ~ b ~ i  comas sono~oro M ~ o n o ~ o c o ~ e p x a l u e r o  opyAetietim B 3 ~ a r ~ -  
T e n b ~ o i  M e p e  3aBMCMT OT 3penOCTM O ~ O ~ ~ H H O ~  CTpyKTypb l ,  ~ J ~ Y ~ M H H O C T M ,  B M e -  

U@lOLl@i C p e A b l  M @M~L IKo -xMMLI~~cKL IX  Y C J ~ O B M ~  PYAOOTnOXeHMR. K Ha3BaHHblM 

T p e M  r p y n n a M  M e T a n n o r e H M r e c K M x  @ a ~ ~ o p o s  c n e A y e T  A O ~ ~ B M T ~  @ ~ K T O P ~ I  CO- 

XPaHHOCTM 30nOTOrO OPYAeHeHMR, ~ ~ ~ c T B M ~  KOTOPblX B03HMKaeT I l O C n e  TOrO, KaK 

MecTopo>yqeHMe MnM a o n o ~ o p y ~ ~ a ~  c T p y K r y p a  B q e n o M  yxe c @ o p ~ ~ p o a a n ~ c b .  

H ~ O ~ X O ~ M M O C T ~  ~ M @ @ e p e ~ q M a q l A M  MeTaJIJlOreHMqeCKMX @ ~ K T O P O B  H a  TPM 

o c t i o s H b l e  r p y n n b l  A u K q e T c R  c n e q ~ @ ~ ~ o i  r e o n o r M r e c K u x  o c o 6 e ~ ~ o c ~ e t l  sono- 
T o r o  P Y A O O ~ ~ ~ ~ O B ~ H M R ,  n p ~  KOTOPOM o 6 n a c ~ ~  reiiepaqm, nepetioca M n o K a n M -  

3aqMM BO MHOrMX Cny.laflX npOCTpaHCTBeHH0 3Ha'iMTenbHO pa306~qe~bl (B OTJlM- 

q M e ,  H a n p M M e p ,  OT p e A K o M e T a n n b H o r o  o p y ~ e t i e ~ m ) .  K a > y q a ~  ~3 ~ T M X  rpynn 
@ ~ K T O P O B  n ~ 6 0  AaXe MX OTAenbHb le  aJ leMeHTbl ,  KaK 3 T 0  ~ Y A ~ T  nOKa3aHO H M X e ,  

MOrYT P e U M T e n b H b l M  06pa30~  BnMRTb H a  IlPOAYKTMBHOCTb OPYAeHeHMR. 3 ~ e ~ b  

B O S H M K ~ ~ T  B O ~ P O C ~ I  o K a q e c T B e  M e T a n n o r e t i w e c K M x  @ ~ K T O P O B  M y c n o B M R x  MX 

B ~ ~ M M O ~ ~ ~ C T B M R .  

Y CTaHOBneHO,  '-IT0 3 0 n O T O  RBnReTCR 4eHTPOCTpeMMTeJ lbHb lM  3 n e M e H T O M  

(UepGa~os, 1979), K O T O P ~ I ~  H a p R a y  C XPOMOM, M a r H M e M ,  MeAbtO,  X e n e 3 O M ,  



K O ~ ~ ~ ~ T O M ,  H M K e n e M  M IlJlaTMHOMAaMM 06orauae~ r J l y 6 M ~ H b l e  3 0 H b l 3 e ~ n M .  CO- 
AepXaHMe 3 0 n O T a  yBenMrMBaeTCR OT KMCnblX I lOPOA K ynbTpaOCHOBHblM,  OT KOPbl 

K MaHTMM M RQPY 3 e ~ J l k l  ( M O M C ~ ~ H K O ,  1977; LL(ep6a~o~, 1974, 1979).  TO n O A -  

TBep>lcAeHO a H a J l M 3 a M M 0 6 p a 3 u 0 ~  3eMHblX,  nYHHblX M MeTeOPMTHblX I l O p O ~  ( ~ M c .  

5.1). O T C I O ~ ~ ~  CT~HOBRTCR IlOHRTHblMM I l peMMYueCTBeHHaR nPMYPOCleHHOCTb KPYfl -  

H ~ ? ~ L ~ ~ ~ X ~ H ~ O ~ ~ H H ~ ~ X ~ O J I O T O P Y A H ~ ~ X  M ~ C T O P O > Y ~ ~ H M ~  M M p a  K BynKaHOreHHblM KOM- 

IlneKCaM OCHOBHOrO COCTaBa, HaJlM'4Me C O ~ C T B ~ H H O  M a r M a T O r e H H b l X  3OnOTOCO- 

AepXaU l lX  M ~ C T O ~ O > Y ~ ~ H M ~  ( H o p M J l b c ~ ,  6 y l u ~ e J l b ~  M AP . )  M M ~ O ~ M ~ C R  A a H H b l e  

CBMAeTeJlbCTBYOT 0 TOM, '-IT0 MCTOL(HMK0M 3 0 n O T a  RBJlRtOTCFI @ ~ M M ' ~ ~ c K M ~  M a H -  

l'blfi~ble flOP0,Qbl M I lpOf lyKTbl  MX @ ~ ~ K L ( M O H ~ I P O B ~ H M F I  (Wep, 1974; LL(ep6a, 1975). 

PurC. 5 .1 .  C O O T H O ~ L ~ ~ H H ~  

CpenHMx C o A e p x a H ~ ~ f i  sono~a H 

E n e 3 a  B MeTeOpHTaX, 3eMHblX 

U nYHHblX n 0 p O f l a X  ( M  M M H e -  

panax) (no 0. r. LUep6a~oey, 
1974). 

1 - KaMeHHble  ( 1 )  H M e -  

TaJnM9eCKMe (2) MeTeOPMTbl; 

2 - HHTPY3MBHble tl 3 @ @ y 3 t l 8 -  

Hble nOpOAbl ;  3 - 0Ca)IOrHble 

fl0pO)Ibl ( 1 )  M r e M a T M T O B b l e  

PYabl (2); 4 - CHJlHKaTHble MVI- 

HwWlbl (I), MarHeTHTbl (2 )  M a r -  

MaTH9eCKMX nOpOA M CKapHOB; 

5 - n y ~ ~ b l h  6 a 3 a n b ~  M JlyHHaR 

nblnb I., 1 - 7 2  / o 3  p 1 4  ()I, 

~ K C T P ~ K ~ M R ,  ~ 0 6 1 1 J l M 3 a ~ M R  3OSlOTa M3 M ~ H T M ~ H ~ I X  M a r M  M nOPOA M er0 TpaHC- 

nOpTMpOBKa K 3 e ~ ~ 0 i  IlOBePXHOCTM nPOM3BOARTCR r n y 6 k l H ~ b l ~ M  C K B 0 3 b M a r M a -  

TMlleCKMMM PaCTBOpaMM (Mapaques, 1976, 1978, OBL(MHHLIKOB, 1973) I4 r p a H M -  

TOMAHblMM M a r M a M M  f l e C T p O r O  C O C T a B a  ( U e p 6 a ~ o e ,  1 974; T ~ Y C O H ,  1 977; 
UblflyKoB, ~ O M ~ O ,  1977), 3 a p O X ( 4 a O ~ M M M C R  B I lOAKOpOBblX C @ e p a x  B 3OHaX rny- 
~ M H H ~ I X  p a 3 n o ~ o ~  n ~ 6 0  B p e 3 y n b ~ a ~ e  n p e o 6 p a 3 0 s a ~ ~ ~  (nepennasne~m) 
B e q e c T s a  ~ y 6 ~ y u M p y O l q M ~  n n M T  KOPM O K e a H M r e c K o r o  M n e p e x o A H o r o  T M n o s  (30- 
H ~ H N ~ ~ H  M Ap., 1976; Kosanes, 1985). 1 1 0 3 ~ 0 ~ ~  uenecoo6paa~o BblAenFITb M M3Y- 

I VaTb CTPYKTYPbl BO3MOXHOrO ~,IY~MHHO~O B ~ ~ M M O A ~ ~ ~ C T B M R  rPaHMTOMAOB C @e- 
MMqeCKMMM KOMflneKCaMM nOpO,4 M ~ H T M ~ H O ~ O  IlpOMCXO>yqeHMR. T ~ K M ~  CMTYaQMM 

I MOXHO BblRBJRTb, MCIlOJlb3YR TPaBMMeTPMqeCKMe KaPTbl, KOTOPble B r p y 6 0 ~  I l p M -  

6 n ~ x e ~ ~ ~  ~ O ~ B O ~ R O T  pawenmb T e p p m T o p M t o  H a  c y u e c T s e H H o  @ e ~ ~ r e c ~ ~ e  M 

CMaJlM'ieCKMe o c n a c ~ ~ ,  T. e. nOTeHuMaJlbH0 30nOTOHOCHble M He30JlOTOHOCHble. 

f lep~ble M3  HMX 06bll l~0 XapaKTepM3yOTCR Pe rMOHanbHb lMM MaKCMMYMaMM CMJlbl 

TRXeCTM, BTOPble  - MMHMMYMaMM ( ~ M u H ~ B c K M ~ ~ ,  1968, 1974). B I l p e A e n a X  TeX M 

APYrMX Bbl,4enROTCR OTPMU,aTenbHble aHOManMM, CBR3aHHble  C T e n a M M  rpaHMTOM- 

DOE, CMeHMTOM,4OB, MOHuOHMTOM,4OB, ueJlOCIHblX I l O p O ~ ,  KOTOpble r a C T M r H 0  06- 
HWalOTCR H a  nOBepXHOCTM ( x p e 6 ~ b t  330fl, A y ~ c e - A n t I H b ,  C L I X O T ~ - A ~ M H ~ ,  C T ~ H O -  
B O ~ ,  A ~ A ~ H C K M ~  LUMT), I l O A T B e p X A a R  B e u e C T B e H H O C T b  n O K a n b H b l X  

rpaBMTa4MOHHblX MMHMMYMOB, a TaKme npOCTpaHCTBeHHytO CBR3b PerMOHanbHblX 

MMHMMYMOB CMnbl TRXeCTM C O ~ ~ ~ C T R M M  LUMPOKOrO pa3BMTMR rPaHMTOMAHOr0  

MarMaTM3Ma M ~ ~ O ~ O ~ C K O - K ~ ~ H O ~ O ~ C K O ~ O  BO3paCTa.  Hanuwe nOKaJlbHblX CTpyK-  



T y p  pa3ynnOTHeHMR H a   OH^ OTHOCMTenbHblX MaKCMMYMOB CMnbl TRXeCTM CKOpee 

BCerO O T p a X a e T  ~JIY~MHHO~ B ~ ~ M M o ~ € ? ~ c T B M ~  ~ ~ ~ H M T O M A H O ~  MaCCbl  C Q ~ M M ~ ~ C -  

KMM C Y ~ C T P ~ T O M ,  T. e. CMTYa4MH3, 6 n a r 0 n p ~ R T H y t O  A I R  30nOTOrO py~oo6paaoea- 
HMR. 

Cnenye~ n o A r e p K H y T b ,  r T o  r p a e M M e T p M r e c K a 9  o c H o s a  0 T p a x a e - r  c o s p e M e H -  

H o e  COCTORHMe nOnR CMJlbl TRXeCTM M TeHAeHqMtO er0 M3MeHeHMR B nOCneAHee  

r e o n o r M r e c K o e  spem. r e o n o r ~ r e c ~ ~ ~ ~  M e T o A a M M  MOXHO onpenenmb B O ~ P ~ C T  

r p a e ~ ~ a q ~ o ~ ~ o i  c ~ p y ~ ~ y p b ~ ,  tiarano ee ~ ~ ~ B M T M S I .  H a n p ~ ~ e p ,  6ap)~anbc~o-Fl~a- 
~ M H C K M ~  MMHMMYM ~ ~ ~ B M B ~ ~ T C S I  c H M m H e r o  M e n a ,  a BOBMOXHO, M c s e p x ~ e i  o p b ~  

( B O ~ P ~ C T  ~ O ~ ~ T O ~ M T O B ~ ~ X  A a e K ) .  P a 3 B k l ~ b l e  C p e A H e a M y p C K O r O  MaKCMMyMa,  

CBR3aHHOrO C P M @ T O O ~ ~ ~ ~ O B ~ H M ~ M  M pa3ABMXeHMeMXMHraHCKOrO M IlpMMOPCKO- 

r0 6no~os KOPbl, Ha'iaJlOCb B M M 0 4 e H e .  B O ~ P ~ C T  3 0 n O T O r 0  OPyAeHeHMR npOnYK- 

T M B H ~ I X  wnos ora Aanb~ero BOCTOK~ O n p e a e n e H  OT c p e a ~ e i  topb~ AO o n M r o q e H a .  

C TeX B p e M e H  B reOJlOrMreCKOM JlMKe 3 ~ 0 i  TePPMTOPMM MHOrOe M3MeHMnOCb, np0- 
M30UlnM nOAHRTMR, OnYCKaHMR, Pa3aBMXeHMSI ~ ~ O K O B  M T, n. T e M n b l  M TMn TeKTO- 

HM'ieCKMX ~ B M X e H M f i  6 b l n ~  Pa3JlM'iHblMM B pa3HblX CTpyKTypaX, a rpaBMMeTpaMM 

~ ~ @ M K c M ~ o B ~ H o  JlMUlb n 0 3 a H e e  (Hb lHeUlHee)  COCTORHMe nOJlR. M a K ~ L I ~ a f l b H b l e  

HeCOOTBeTCTBMR rpaBMMeTPMqeCKMXAaHHblX n p e X H M M  reOJlOrMreCKMM C O ~ ~ I T M F I M  

CJleAyeT O X M a a T b  B MOH~O~O-OXOTCKO~ M ~ X H O B ~ ~ X O S I H C K O ~  3OJlOTOHOCHblX nPO- 

BMH4MRX, B03PaCT 30nOTOrO OPYAeHeHMR B KOTOPblX I O P C K M ~  n ~ 6 0  aaXe 6onee 
a p e B H M i ,  a FlpOMCUleAUlMe C TeX n0p IlOAHSITMR, CBS13aHHble C pa3BMTMeM 6 a ~ -  
xaJl ~ C K O - ~ M ~ J ~ M H C K O ~ O  M K y i ~ y c y ~ c ~ o r o  MMHMMYMOB, 6b ln~  HaCTOJlbKO 3Ha'iM- 

TeJlbHblMM, I-ITO MCKOMaR HaMM CBSI3b 30JlOTOrO OpyfieHeHMR C nOJlRMM CMJlbl TRXe-  

CTM y>Ke B 3 ~ a r L I ~ e n b ~ 0 ~  M e p e  YTpacleHa. M e n o e o i  ~ ~ ~ H M T o M A H ~ I ~  MaTMaTM3M, C 

K O T O P ~ I M  C B S I B ~ H O  pa3~006pa3~oe  p e n K o M e T a n n b H o e  o p y A e H e H M e  M H o r M x  

paLio~os B o c ~ o ~ a  POCCMM, B 3 ~ a r ~ ~ e n b ~ o i  M e p e  paapyw~n p a H e e  c o 3 a a ~ ~ o e  
30nOTOe OpYAeHeHMe,  nORBMJlMCb HOBble 3 0 ~ l 0 T O P Y A H b l e  M ( ( ~ ~ 6 p M a H b l e ) )  30JlOTO- 

peAKOMeTaJlJ lbHble @ 0 p ~ a q M M .  Ha 3 T 0  YKa3blBaeT UlklPOKOe pa3BMTMe H a  CMXOTB- 
AJlMHe 3OnOTO-PeAKOMeTannbHblX ~ ~ , ~ o ~ ~ o R B J ~ ~ H L I ~  M M ~ c T o ~ o > ~ ~ ~ H M ~ ,  n p e M M y -  

WeCTBeHHO ~ ~ J ~ o T o - B o ~ ~ @ P ~ M o B ~ ~ x  (He3aMeTH0e ,  H ~ M O B C K O ~ ,  BOCTOK-2 M AP.) 
n ~ 6 0  A x e  o n o ~ o c o ~ e p ~ a ~ ~ x 3 o n o ~ o p y ~ b 1 ~  (X~enesc~oe,  n ~ n o s a q  llwb MAP.). 
B 30nOTOPYAHblX MeCTOpO>yqeHMSIX C ~ ~ ~ M W M H O - K ~ ~ ~ M H C K O ~ O  IlOaHRTMR (Axar- 
AMHcKaR 3n), p a c n o n o m e H H b l x  B apeanax ~ ~ ~ B M T M S I  n o c T p y A H b l x  M e n o B b l x  rpaw- 
TOMAOB, OTMe'iaIOTCSI aHOMaJlbHO BblCOKaSI npo6a 3OJlOTa (850-950), IlOBblUleH- 

HaR KPYnHOCTb er0 B b l a e J l e H M i  M I l p M M e C b  P e a K M X  M 4 B e T H b l X  MeTaJlJ lOB 

( M ~ c T O ~ O > ~ ~ ~ H M R  X ~ ~ ~ M H C K O ~ ,  Y H ~ J ~ M ~ M K ~ H C K O ~ ,  ~ ~ H M H C K O ~ ,  PyaOnpORBJleHMe 

A H K ~ ~ M ) .  ~ O , ~ ~ H H ~ I M  C ,  r, n a p w b l ( 1 9 8 4  r.), H a  M e C T O P O w e H M M  MaJl~Mblp ,  KaKM 

H a  A p y r M X  MeCTOPO>yqeHMRX ~ ~ ~ X H ~ C ~ ~ ~ M ~ M H C K O ~  30Hb l ,  B o J l b @ p a ~ o B a R  MM- 

~ e p a n ~ a a q ~ ~  ~e ~ o p p e n ~ p y e ~  c ~ O ~ O T O M  M R B ~ R ~ T C R  6onee ~ o n o a o i .  A H a n o r M r -  

H b l e  COOTHOUleHMR OnMCaHbl M ~ ~ ~ O H O B  C e B e p 0 - B O C T O K ~  (L/lBaHtOK, 1986). 
M ~ T ~ M O P @ M ~ M  p y a ~ b l x  x M n  M 30no~a M RBneHMR p e r e ~ e p a u ~ ~  O p y a e H e H m  co 
CTOPOHbl n0CTPYaHblX rpaHMTOM,QHblX L I H T P Y ~ L I ~  AeTaJl  bHO M3Y'ieH b l  H a  TOK~PCKOM, 
X ~ ~ ~ M H C K O M  M MHO~OB~PLUMHHOM MeCTOPO>yqeHMRX ( M O M C ~ ~ H K O ,  1965; M o ~ c e -  
eHKO, ~ ~ T ~ R H O B ,  1971 ; ~ M C K ~ H O B  M a p . ,  1990). C y a R  nO,4aJlbHeBOCTOClHblM MaTe-  

p M a n a M ,  aono~oe o p y A e H e H M e  n p e A w e c T s y e T  p e a K o M e T a n n b H o M y ,  B oco6en~o- 
CTM OIIOBSIHHOMY.  TO O~YCJIOBII~HO H ~ Y M O J ~ M M O ~  T e H ~ e H q M e i  pa3BMTMR 

MarMaTMqeCKMX O'iarOB OT HaTPOBblX M a r M  K KaJlMeBblM, a OpyaeHeHMSI OT 30JlOTO- 



r0 K OnOBRHHOMy (MapaKyUJeB, 1979). )$lLITenbHble fl0AHRTMR C ~ O C O ~ C T B O B ~ J ~ M  B 

HeKOTOpblX Cny'iaRX r n y 6 o ~ o i  3P03MM flpeXHMX 30nOTOHOCHblX CTPYKTYP M @OP- 

MMpoBaHMK) 60raTbl~ poccblnei aono~a (sepxosb~ 6 y p e ~  M C e n e ~ p ) ~ ~ ) .  

B ~ ~ L I M o A ~ ~ c T B M ~  rpaHMTa C @ ~ M L I ' - I ~ c K M M M  IlOpOAaMM KaK MeXaHM3Ma MO- 

6 ~ n ~ 3 a q ~ ~  3OnOTa, cnoco6~oro y'iaCTBOBaTb B rMnPOTePMaJlbH0M py~oo6pa30- 

satim, m y r e ~ o  ~a npm~epe n p e o 6 p a 3 0 s a ~ ~ ~  K C ~ H O ~ M T O B  ra66po~aoe n o ~ ~ e i -  
cTBMeM rpaHma ( u b ~ n y ~ o ~ ,  J l o ~ 6 0 ,  1977). k l c c n e ~ o s a ~ ~ e  no~asano, rTo 
ra66po~nb1 KCeHOnMTOB B pe3ynbTaTe TaKOrO B ~ ~ M M O ~ ~ ~ C T B M F I  0 6 0 r a ~ ~ l n M ~ b  

~ P ~ H M T O @ L / ~ ~ ~ H ~ ~ M M  3neMeHTaMM M ~b l~~060nL lnM flOnOBMHY BCerO 3OnOTa. 

~ T M  AaHHble nOATBeP>Y4eHbl3KCnepMMeHTaMM no CMeWeHMlO KMCnblX OC- 

HOBH~IX pacnnaeoe npM TeMnepawpe 1 200° C M AasneHMM 1000 a m .  B ~PMCYTCT-  

BMM BOAHO-XnOPMAHOrO @nIOM&3 (KOHHMKOB, 1986; K O ~ O ~ ~ ~ H H K O B ,  1993). B 
pe3ynb~a~e O ~ ~ I T O B  B 3 o ~ e  B ~ ~ M M O ~ ~ ~ C T B M R  BTMX pacnnasoa 06pa3osanacb r ~ 6 -  
pMAtiaR nopona a ~ ~ e 3 ~ ~ o s o r o  cocTasa c p e s ~ o  aHoManbHbrM conepxaHMeM 30- 

noTa 3a creT ero ~ 0 6 ~ n m s a q ~ ~  ~3 6a3anb~o~oro M r p a ~ ~ ~ ~ o r - o  pacnnasoB.  TOT 
3KCnepMMeHT B ~ H ~ ~ M T ~ J I ~ H O ~  Mepe Pa3bRCHReT M3BeCTHYIO reOnOraM np0CT- 

PaHCTBeHHyIO CBR3b 30JlOTOrO OPYAeHeHMR C MarMaMaTM3MOM M~PMAHOTO COCTaBa - 
AMOPMTOMAaMM, MOH40HMTOMaaMM, n a ~ n p ~ @ M p a ~ k l  M T. n. 

P m .  5.2 f l o n o x e ~ ~ e  ~ O ~ O T O -  

HOCHOCTM 0 KYnOnOBMAHblX CTPYKTYpaX 

H I ~ M ~ H C K O ~ O  ( I )  M X ~ P ~ M H C K O ~ O  ( 1 1 )  
~ ~ ~ o H o ~ o T H o C M T ~ ~ ~ H O P ~ ~ M O H ~ J ~ H O -  

r0 MMHMMYMa CMnb l  TRXeCTM 

1 - 30J lOTOHOCHble n f l O U a A M ;  2 - 
KynOnOBMAHb le  CTPYKTYPbl ;  3 - MMHM-  

MYM c M n b l  T g x e c T M ;  4 - npeanonarae- 
i M o e  H a n p a s n e H H e  A s M m e H u s l  @ n m -  

nos; 5 - p a 3 n o M b l  

C ~ o i c ~ s a  6naropon~oro MeTanna npenRTcTByoT ero pacceslHMo n p ~  K ~ M C -  

~ a n n ~ s a q ~ m  r p a ~ ~ ~ ~ o i  MarMbl, 3on0~0 yAepmMeaeTcR B ocTaTorHblx pacnnasax 

M PaCXOflYeTCR Ha @ O ~ M W ~ O B ~ H M ~  OPYAeHeHMR B 3HAO - M 3K30KOHTaKTaX np0- 

WKTMBH~IX MaccmoB. TaKaR cxeMa pynoo6pa30~a~1/1~ BecbMa npmsneKaTenbHa 

A ~ R  Oanb~er-o BOCTOK~. k l ~ e e ~ c ~  MHoro CnyraeB, Korna Ha r e o @ ~ 3 ~ r e c ~ ~ x  KapTax 
Mbl MOXeM flPO'iMTaTb n o ~ o 6 ~ o e  B ~ ~ M M o ~ ~ ~ ~ c T B M ~  @ ~ K T M ~ ~ c K M x  n ~ 6 0  npeAn0- 

JIaraeMblX rPaHMTOMAHblX MaCC (n0KanbH ble M M H M M ~ M ~ I )  C @ ~ M M ' ~ ~ c K H M M  C Y ~ C T -  



PaTaMM, @ M K c M P ~ O ~ M M M C R  nOJlOXMTeJl bHblMM aHOMaJlMRMM rpaBMTaqMOHHOr0 M 

MarHMTHOrO IlOJlR. Mop@onorm rpaBMTaL&4OHHblX noJlei, XapaKTepM3yOlqMX no- 
~ 0 6 ~ b l e  B3aMMOOTHOWeHMR, pa3JlM'-lHa, OHa 3aBMCMT OT 3peJlOCTM OPOreHHOrO 

I lpOqeCCa,  KaKOB OpOreHe3  - P ~ H H M ~ ,  cpef lHLI i  MJlM n03AHM6i? ~ ~ J ~ O T O H O C H O C T ~  

PaHHeOpOreHHOrO 3 T a n a  npORBnReT c e 6 ~  6 0  @poH~aJlbH06i raCTM r n y 6 M H H b l ~  

rpaBMTMPytouMX MaCC, @ M K C M P Y ~ ~ ~ M X C R  JlOKaJl bHblMM aHOMaJlMR MM 0 K p y r J l 0 i  

nu60 yflJlMHeHH06i @OPM~I.  T ~ K O B O  nOnOXeHMe M ~ J ~ O M ~ I ~ C K O ~ O  ysna, PYAHblX 

~ ~ ~ ~ o H o B A J I A ~ H c K o ~ ,  6 y p e M H c K o i  M ~ p y r ~ x 3 n .  B c n y r a g x ,  K o r A a  o p o r e H M r e c K M e  

f lpOqeCCbl AOCTMrnM CpeAHerO M n 0 3 A H e r O  YPOBHR , CTpy KTyp bl  pa3ynJlOTHeHMR 

AOCTaTOrHO pa3BMTbl, a COOTBeTCTBylOlqMe MM TPaBMTMPYtouMe MaCCbl MOuHb l ,  B 

MX q e H T p a x  n p o R s n e H o  p e A K o M e T a n n b H o e  opyAeHeHMe,  a a o n o ~ a ~  ~ ~ n e p a n ~ s a -  
4MR ((OTOrHaHa)) K n e p M @ e ~ M M  3TMX MaCC (PMC. 5.2, 4.73). I ~ p M B e f l e ~ ~ b l e  AaHHble 

0 COOTHOWeHMM 3OJlOTOHOCHOCTM C perMOHanbHblMM rPaBMTaL&lOHHblMM IlOJlRMM, 

a T a t w e  n o n y r e H H b l e  H a m  MaTepManbl  no ~ a o ~ o n a ~  c e p b l  c y n b @ ~ n o e  sono~o- 
p y ~ ~ b ~ x  ~ e c ~ o p o w e ~ ~ 6 i  Aan b ~ e r o  B o c ~ o ~ a  ( rony6r M H ~  M ~ p . ,  1985) n o A T s e p m -  

Aa toT  n p e A c T a s n e H m  o C B R ~ M  3on0~0ro O p y A e H e H m  c r J l y 6 M H H b l ~ M  npoqecca- 
MU, 06 Y'iaCTMM M ~ H T M ~ H O ~ O  B e u e C T B a  B p y ~ 0 0 6 p a 3 0 B a ~ ~ L l  M B O ~ M O X H O ~  

nepepa60~~e  @ e ~ ~ r e c ~ ~ x  nopoa rpaHMToMAHblMM MarMaMM.  

n POAyKTMBHbIMM H a  30JlOTO reOJlOrM 06bl' i~o C'iMTalOT rpaHMTOMAbl C P ~ A H ~ ~  

OCHOBHOCTM n e c T p o r o  c o c T a s a  TaKMx @ o p ~ a q ~ i ,  KaK r a66po -nna r~o rpa~~~ -  
Hag,  ~ ~ ~ ~ P o - ~ M o P ~ T - ~ P ~ H o ~ M o P M T o B ~ R ,  r a 6 6 p 0 - r p a ~ 0 ~ M e ~ M ~ - r p a ~ M ~ ~ a R ,  AMO- 

PMT-rpaHOAMOpMTOsaR, rpaHOAMOpMT-rpaHMTHaR M AP. ( M ~ o x ,  1978; T~YCOH, 1977; 
~ M ~ M ~ M H ,  1955; LUMno, 1976; C n ~ p ~ ~ o ~ o e ,  1995). 3. n. M ~ o x ,  paccMaTpMsaR 

n p o 6 n e ~ b l  C B R ~ M  aono~oro o p y A e n e H m  c rpaHMToMAaMM, cnpaseanmo y~aaan 
H a  p a 3 ~ 0 6 0 ~ 7  B M H e H m x  c n e q ~ a n ~ c ~ o ~  no ST OM^ B o n p o c y .  r ~ ~ p o ~ e p ~ a n b ~ o e  

3OJlOTOe OpyAeHeHMe CBR3blBaeTCR C p a 3 ~ 0 0 6 p a 3 H b l ~ M  fl0 COCTaBY, YCJlOBMRM 

3aJleraHMR M p a 3 M e p a M  MHTPy3MRMM - ~ ~ T o J ~ M T ~ M M ,  WTOKaMM, a a 6 i K a ~ M .  P a 3 ~ 0 -  

6 0 i  Ha6J l to f l ae~cR M B @ & M ~ L & I o H H o ~ ~  M ~ ~ H T M @ M K ~ ~ M M  Pa3JlM'iHblMM MCCJleAO- 

BaTenRMM OAHMX M TeX Xe rpaHMTOMAHblX cepkli M OTAeJlbHblX MaCCMBOB. 6 BOn- 

POCe 0 CBR3RX 30JlOTOrO OpyAeHeHMR C MarMaTM3MOM B C e r A a  MMelOTCR HeRCHOCTM, 

'-IT0 06ycno~ne~o  ' i p e 3 B b l W l i H b l ~  IlpMPOAHblM p a 3 ~ 0 0 6 p a 3 M e ~  3TMX ~ B R 3 e i .  B M ~ -  
c T e  c T e M  n o n a e n g t o u e e  ~ O ~ ~ W M H C T B O  r e o n o r o B  co B p e M e H  6. J l ,  J l ~ ~ ~ r p e ~ a ,  B. 
~ M M O H C ~ ,  Kl. A. 6 ~ n ~ 6 ~ ~ a y ~ a a b 1 e a o - r  H a  n a p a r e H e T M r e c K y t o  n ~ 6 0 ~ a x e  reHeTM- 

'ieCl<yO CBR3b 30nOTOrO OpyAeHeHMR C rpaHMTOMAaMM (T~YCOH, 1977). Ha OCHOBe 

H ~ ~ J ~ O ~ ~ H M ~ ,  I lpOBeAeHHblX B 30JlOTOPyAHblX P ~ ~ O H ~ X  (l/lBaHKMH, P ~ ~ M H O B M ~ ,  
197 1 ), p a 3 p a 6 0 ~ a H b l  TMnOBble OTHOLLleHMR 30JlOTOPyAHblX fl0Jleh K MaTepMHCKMM 

M a r M a T M ~ e C K M M  KOMflJleKCaM. A ~ a n M 3  AaJlbHeBOCTO'iHblX MaTepMaJlOB nOKa3aJl, 

 TO aono~oe opyAeHeHMe a c c o q w p y e T  c rpaHMToMAaMM c n o s b l w e ~ ~ o i  MarHMT- 

H O ~  BOCflPMMM~MBOCTbto, HaTPOBbIMM CepMRMM, MOH40HMTOMAaMM, a T a t w e  C KOM- 

n n e K c a M M  M a n b l x  M H T P Y ~ M ~  c p e ~ ~ e i  OCHOBHOCTM (WTOKM, ~ ~ R K M ) .  
M ~ ~ H M T H O C T ~  rpPHMTOMAOB. Ha flapareHeTMreCl<yO CBR3b 30JlOTOrO Opy-  

AeHeHMR C MarHMTHblMM rPaHMTOMAaMM, a OJlOBRHHOrO C HeMarHMTHblMM yKa3aJl 



A, M n e r e p c ~ ~ i  (1964) An9 Cesepo-Boc~o~a, a H a n o r M r H b l e  M a T e p M a n b l  6 b m ~  
IlOJlyreHbl H. fl. POM~HOBCKMM ( 1 9 8 7 )  AJlR 1 1 p M a ~ y p b R  M 6 UeJ lOM An9 B O C T O K ~  
POCCMM. OH YCTaHOBMn, '-IT0 30nOTOHOCHble rPaHMTOMabl  XapaKTepM3ytOTCR 3 H a -  

W?HMRMM Z C p  > 300.1 0 "12,6 ea. CM, a OnOBOHOCHble - aeCp < 100.1 0-6*12,6 en. 
CM*). 8 ~ O ~ O T O H O C H ~ I X  M e T a n n o r e H M r e c K M x  3on0~0e o p y A e H e H M e  B 90% 
CJlyraeB aCCOqMMpyeT C MarHMTHblMM rpaHMTOMAaMM, a B OnOBOHOCHblX 3 0 H a X  6 

85% Cny-laeB rpaHMTOMAbl  HeMarHMTHbl .  ~ O ~ O T O H O C H ~ ~ ~  rpaHMTOM,Qbl XapaKTepM-  

3YIOTCR HaTPOBblM TMnOM qeJ lOqHOCTM M B ~ I C O K O ~  CTef leHbtO OKMCJleHHOCTM Xe- 
1 N 3 a .  K O ~ @ @ H ~ M ~ H T  O K V I C ~ ~ H H O C T V I * *  B HMX n p e B b l l L l a e T  0,3, a B OJlOBOHOCHblX 

I rPaHMT0MAaX OH MeHb lL le  0,2. C X O ~ H ~ I ~  3aKOHOMePHOCTM I l O n y l l e H b l  M AJlR B y n K a -  

; HM'ieCKMX f lOpOA (MMLUMH, 1995; Bnacos, MVILUMH, 1992). 
CneAye~ HanOMHMTb, qTO MarHMTHOCTb I lOPOA,  M B WCTHOCTM rpaHMTOMAOB, 

OnpeAenReTC9 TOJlbKO HaJlM1IMeM @ ~ P P O M ~ ~ H M T H ~ I X  MLlHepaJlOB (MarHeTMT,  TMTa- 
' HOMarHeTMT, CaMOpOAHOe xeJle30) M B ~ ~ M ' - I M H o ~  MX 3 e p e H   re^ K p y n H e e ,  T e M  

~ a r ~ w ~ ~ e e ) .  A ~ y x ~ a n e ~ ~ ~ o e  xeneso, sxomqee B K p M c T a n n M r e c K M e  p e w e T K M  

TeMHOUBeTHblX MMHepanOB,  H e  BnMReT H a  BeJ lMrMHy M ~ ~ H M T H O ~  BOCnPMMM~MBOC-  

TM nOp0A.  8 MHTPy3MBHblX MaCCMBaX ~ a ~ 6 o n e e  MarHMTHbl  f lPMKOHTaKTOBble @a- 
UMM ( M O M C ~ ~ H K O ,  1966), C r n y 6 ~ ~ o E  (OT nepM@epMM K ~ ~ H T P Y )  MarHMTHOCTb M 

CTeneHb OKMCJleHHOCTM Xene3a y 6 b 1 6 a t O ~  ( ~ O P T M ~ H ,  ~ R X O B M ~ ,  1966). 3 ~ a  OCO- 

~ ~ H H O C T ~  6blna MCf lOnb3OBaHa AJl9 Oflpe,QeneHMR ~ ~ Y ~ M H H O C T M  @OPMMPOB~HMR 

rpaHMTHblX MaCCMBOB (M. A. r e n b ~ a ~ ) .  O A H ~ K O  MMeeTCR B O 3 p a X e H M e  0 TOM, qTO 

~ a ~ d o n e e  p a C n p 0 C T p a H e H b l  f l J l ~ O H b l  C PaBHOMePHb lM P a C n p e A e n e H M e M  @epp0- 
MarHeTclKos no B c e M y  n n y r o H y  M r T o  0 6 0 r a q e ~ ~ e  MMM n e p ~ @ e p ~ i ~ b ~ x  BHAOKOH- 

TaKTOBblX 3 0 H  - 3 T 0  aHOManMM, CBR3aHHble C O C O ~ ~ H H O C T R M M  PaMb l ,  - Tpe lqMHO-  

MTOCTb M np. ( K o ~ H ~ B ,  1986). 
O c n a 6 n e ~ ~ e  MarHMTHOCTM rpaHMTOMAOB C r n y 6 ~ ~ 0 i  odycno~ne~o  YMeHb-  

UeHMeM @Y~MTMBHOCTM KMCSlOPOAa. B 3TOM HanpaBneHMM YMeHbLUaeTCR OKMCJleH- 

HOCTbXeI le3a B CBR3M C e r O  BXOXAeHMeM B A B Y X B ~ J I ~ H T H O ~  @ O P M ~  B TeMHOqBeT-  

HMe MMHepaJlbl  ( @ e p L U ~ a ~ e p  M AP., 1978; L U H ~ ~ ,  M n b M ~ a ,  1 9 8 0 ) .  K M ~ J l 0 ~ 0 ~ t i b l ~  

PeXMM €3 M a r M e  3aBMCMT OT T ~ K T O H M ~ ~ C K O ~  O ~ C T ~ H O B K H  CTaHOBneHMR MaCCMBOB. 

M a J l o r J l y 6 M ~ ~ b l e  Tpe lqMHHb le  MHTpy3MM, ~ ~ I C T P O  f lOAHMMatOuMeCR K nOBepXHOC- 

TM no p a 3 n o ~ a ~  M ~ p ~ c ~ a n n ~ 3 y t o q ~ e c ~  n p ~  B~ICOKMX T e M n e p a T y p a x  M M a n b l x  

AaBJleHMRX, 0 6 0 r a l q e H b l  MarHeTMTOM.  r J l y 6 M H ~ b l e  X e  MHTPy3MM TeOCMHKnM- 

HaJlbHblX CKnaAqaTblX 3 0 H  MeAJ leHHO IlOAHMMatOTCR K nOBePXHOCTM, KpMCTaJlnM- 

syto~csr npu 6 0 n b ~ ~ ~ x  AasneHMsrx  M M e H b u m x  T e M n e p a T y p a x ,  meneso B HMX pacxo- 
nyeTCR f l P e M M y ~ e C T B e H H 0  H a  T e M H O q B e T H b l e  M M H e p a n b l ,  n O 3 T O M Y  OHM 

HeMarHMTHbl. Y C T ~ H O B ~ ~ H O ,  r T 0  M 3 6 b l T 0 ~  q e n 0 q f 3 n  M H T ~ H C M @ M ~ M P Y ~ T  PeaKqMtO 

Bb l~eneHMR MarHeTMTa  M3 f lapaMarHMTHblX CMnMKaTOB, T. e. A ~ ~ C T B Y ~ T  KaK @yrM-  

TMBHOCTb KMCnOPOAa ( ~ Y ~ M H ~ M K ,  P o ~ ~ H T ~ J I ~ ,  1980). f l o c J l e , 4 ~ M e  ~ a ~ ~ b l e  HeCKOnb- 

KO nORCHRtOT CBF13b uenOqHOCTM M MarHMTHOCTM n O p O A  a n A a H C K O r 0  KOMnneKCa,  C 

KOTOP~IM T e c H o  a c c o q m p y e T  3on0~0e O p y a e H e t i M e .  

B MHTPY3MBHblX TpaHMTOMAaX 06bl'iHo OTMeqaeTCR A B e  r e H e p a q M M  @ e p p 0 -  

MarHeTMKOB - P ~ H H ~ M ~ T M ~ T ~ I ' ~ ~ C K M ~ ~  MaTHeTMT, 0 6 p a 3 0 B a B L U M i ~ R  M3  PaCf l naBa ,  M 



~ ~ o ~ ~ H ~ M ~ ~ M ~ T M ' - I ~ c K L I ~ ~ ,  06pa30sasw~ ic~  KaK 3a CqeT  P a C n a a a  I lapaMarHMTHblX 

M M H e p a n O B  ( @ e p w T a T e p  M a p . ,  1978), TaK M B B M a e  C ~ M O C T O R T ~ ~ ~ H O ~  M M H e p a n b -  

H O ~  @a3bl ( / JY~MHL(MK,  P 0 3 e ~ T a n b ,  1980). ~ O ~ T O M Y  ~ M O T M T ~ I  B MarHMTHblX rpaHI.1- 

TOMaaX XapaKTepM3ytOTCR ~ O H M X ~ H H O ~  o 6 4 e i  Xene3MCTOCTbO no CpaBHeHMtO C 

~ M O T M T ~ M M  M3 C ~ ~ ~ O M ~ ~ H M T H ~ I X  nOpOA.  6 BOAHblX I lanMHreHHblX rpaHMTaX nOqTM 

B C e  Xene30 n O p O A b l  (a0 90%) KOHUeHTPMPYeTCR B ~ M O T M T ~ X  M ~ M @ M ~ o A ~ x ,  a B 

M a n o s o a H b l x  r p a t i u T o M a a x  r ~ n a 6 ~ c c a n b ~ o i  @aqm OcHoBt iaR M a c c a x e n e s a  060- 
c o 6 n ~ e ~ c ~  B BMAe  MarHeTMTa,  f l peMMyUeCTBeHH0  B I lOCTMarMaTMqeCKytO CTmMK). 

L l c c n e a o e a ~ ~ ~ 1  no~a3an~1,  TO B MarHMTt i b l x  rpatimomaax ~ b r c o ~ o x e n e 3 ~ c ~ b 1 e  

~ M O T M T ~ I  M a ~ @ M 6 0 n b l  H ~ Y C T O ~ ~ M B ~ I ,  OHM pa3na ra tOTCR C 0 6 p a 3 0 B a H M e ~  MarHe-  

TMTa ( @ e p w T a T e p  M ap., 1978; P Y ~ M C ,  1981). 
B ~ I B O ~ ~ I  r. 6 .  a e p w ~ a ~ e p a  c c o a s T o p a M M  o ~ p ~ c ~ a n n ~ s a q ~ ~  MarHeTMTa  B 

I lOCTMarMaTMqeCKYIO CTaAMtO 3a CqeT paClla,4a Xene3MCTb lX  ~ M O T M T ~  M a ~ @ ~ 6 0 n a  
B 3 0 H e  B ~ I C O K O ~  @Y~MTMBHOCTM KMCnOPO,4a COrnaCYtOTCSI C AaHHblMM A. A. Mapa- 
K y w e s a  06 o c a w e H m  aono~a H a  K M c n o p o A H o M  6apbepe B pe3ynb~a~e pacna,qa 
K o M n n e K c H b l x  c o e a ~ ~ e ~ ~ i  6naropoa~oro M e T a n n a .  1/13 B c e x  M e T a n n o s  sono~o 
0 6 n a ~ a e ~  H a M M e H b w M M  XMMM'ieCKMM CPOACTBOM K KMCnOpOAY, '-IT0 06y~nasni.1- 
B a e T  er0 KOHueHTPa4MtO B ~ a ~ 6 o n e e  BOCCTaHOBMTenbHblXYC~OBMSIX. C ~ O C O ~ H O C T ~  
M M r p a q M M  30no~a H a  A a n e K M e  p a c c T o R  HMR 0 6 e c n e q ~ ~ a e ~ c ~  ~ C T O ~ L ( M B O C T ~ I O  ero 
XnOPMaHblX, ~ M ~ P o c Y ~ ~ @ M ~ H ~ I x  M MeTanJlOOPraHM'ieCKMX MMrPauMOHHbIX KOM- 

nneKCOB.  Ha MMrPa4MtO 3 0 n O T a  OKa3b lBaeT BflMRHMe e r O  O K C M @ O ~ H O C T ~ ,  n o ~ b l -  

LLleHMe f lOTeHuMana  KMCflOpOAa IlPMBOAMT K P a C n a A y  MMrpaL(M0HHblX @OPM 30- 

n O T a ,  y ~ T 0 i ' i k l B b l ~  TOnbKO B B O C C T E ~ H O B M T ~ ~ ~ H O ~  C p e a e ,  M OCa>yqeHMtO er0 B 

CaMOpOaHOM COCTORHMM. ~ ~ M ~ o B ~ ~ x ~ I o c T H ~ I ~  06nac-r~ pa3BMTMR OKMCnMTenbHblX 

f lpOqeCCOB RBflRtOTCR ~ a ~ 6 o n e e  6 n a r 0 n ~ ~ R T H b l ~ M  A ~ R  OCa>yqeHMR 3OnOTa B 30HaX 

~ o c x o a ~ l l q e i  @ ~ O M A H O ~  M M r p a q M M  p y a H o r o  B e q e c T B a  ( M a p a K y w e s ,  1978). 
T ~ K M M  06pa30~, K M C ~ O P O A H ~ I ~  6 a p b e p  (pea~oe n o s b l w e H M e  noTeHqMana  

~ ~ c n o p o ~ a )  RsnReTcR V P M L ( M H O ~  ~ p ~ c ~ a n n ~ s a q ~ ~  MarHeTMTa  B r p a H M T o M A a x  (B 

n o c T M a r M a T w e c K y t O  C T ~ M I O  3a c q e ~ x e n e a a  napaMarHMTHb lx  ~ ~ ~ e p a n o s )  M ocw- 
aeHMR 3OnOTa  B rMAPOTePManbHOM I l p O q e C C e  M3 e r O  KOMnneKCHblX C O ~ , Q M H ~ H M ~ .  

O T M ~ ' - ~ ~ H H ~ R  O C O ~ ~ H H O C T ~  H e  RBnReTCR y H M E I e p ~ a f l b ~ 0 i .  1/13BecTHbl CnYWM 

f l a p a r e H e 3 M C a  3OnOTOrO OpyAeHeHMR C MaCCMBaMM HeMarHMTHblX rpaHMTOB (0 

rCO) M OTCYTCTBMe 3 0 n O T O r 0  OPYaeHeHMR B CBR3M C MarHMTH blMM ( J ~ ~ ~ K o K ~ ~ T o -  

B b l ~ L l )  r paHMTaMM ( 6 y p e k l ~ c ~ M i  M ~ C C M B ) .  

~ P O ~ Y K T M B H ~ I M M  H a  30nOTO MOXHO C'iMTaTb rPaHMTOMabl  M ~ H T M ~ ~ H O ~ O  np0- 
MCXO>yqeHMR ( I ( ~ R x o B M ~ ,  1988), K KOTOPblM 0 6 b l l l ~ 0  OTHOCSIT I l na rMGrpaHMTb l  Ll TO- 

HanMTbl,  aCCOUMMPYtOLL(Me C OCHOBHblMM I4 YnbTpaOCHOBHblMM I lOPOAaMM. 3TL4 

rPaHMT0MAbl  OTJlMqalOTCR CY4eCTBeHHO HaTPOBblM TMflOM UenOL(H0CTM n P M  O'ieHb 

HM3KOM COAePXaHMM K, F, Rb, Li, Be M IlOBbllLleHHblMM KOnML(eCTBaMM Fe, CU, Ni, 
CO. ~ ~ C C ~ ~ ~ O B ~ H M H  nOKa3anM,  '-IT0 MMeHHO MarHeTMT RBflReTCR B e C b M a  qYBCTBM- 

T e n b H b l M  M H ~ M K a T O P O M  ,4154 paCnO3HOBaHMR n p M H a A n e X H 0 C T M  rpaHMTOMaOB K 

KOpOBOMy ( ~ ~ J ~ M H ~ ~ H H o M ~ )  MnM 6 a 3 a n b T o M ~ ~ o ~ y  PRAY. B MarHeTMTe  M3 rpaHMTO- 

MAOB M ~ H T M ~ H O ~ O  I l P O M C X O ~ e H M S I  TaKMe 3 f l eMeHTb I -npMMeCM,  KaK Ti, V, Cr, Mn, 
CO, Ni, CO,4epXaTCR B HeCKOnbKO pa3 6onblu~x KOnMqeCTBaX, q e M  B MarHeTMTaX 

KOPOB~IX rpa t i c l - r os .  ,Qa M c a M o r o  MarHeTMTa  B nepeblx 6onbue B 3-5 pa3 ( J l ~ x o -  
B M ~ ,  1988). 

npo6ne~a CBR3M 30nOTOrO OpYaeHeHMR C MarHMTHblMM rPaHMTOMaaMM MMeeT 

A B a  aCf leKTa.  I l e p B b l f i  M b l  PaCCMOTpeAM M flpMWJlM K BblBOAy 0 CXOaCTBe Y C ~ O B M ~  



( K M C ~ O P O A H ~ I ~  6apbep) K P M C T ~ ~ ~ M ~ ~ ~ M M  M a r t i e T M T a  B pacnnasax M sono~a B r M A -  

POTepManbHblX pyaax. B ~ o p o i  aCneKT  CBR3aH C M3BeCTHblM reOXMMMCleCKMM POA-  

CTBOM 30no~a M xenesa. Ha~6onee  O ~ C T O R T ~ ~ ~ H O   TOT B o n p o c  OcBeTMnw K), r. 
U e p 6 a ~ o s  (1974), W.  X. X a ~ p a 6 a e B  c c o a s - r o p a h n u  ( 1 9 7 8 ) .  Co B p e M e H  

rOnbflLLlMM,Q~a M3BeCTHa C M ~ ~ P O @ M ~ ~ H O C T ~  3 0 n O T a ,  Bb lTeKa towaR M3 CTPOeHMR 

~ ~ ~ K T P O H H ~ I X  0 6 0 n o c l e ~  a T o M a .  nosme 6brna y c T a H o s n e H a  n p e M M y q e c T s e H H a R  

KOH4eHTPa4LlR 3 0 n O T a  B x e n e 3 ~ 0 i  @a3e MeTeOpMTOB, a Ll3 3eMHb lX  n O p O A  - B 

r ~ n e p 6 a 3 ~ ~ a x  M 6 a 3 a n b ~ o ~ ~ a x ,  no c p a s H e H M t o  c n o p o A a M M  K m n o r o  c o c T a s a  

(UepGa~os, 1967, 1974; M o ~ c e e ~ ~ o ,  1 9 7 7 ) .  3ono~o  n p e A n o r T M T e n b H o  H a K a n -  

nMBaeTcR B T e M H o q e e T H b l x  mene3oco~epmaq~x nopo~oo6pa3ytoq~x M B a K q e c -  

COPHblX MMHepanaX ,  I3 'iaCTHOCTM B MarHeTMTaX.  n p M  3TOM MarHeTMT Bb lCTynaeT  

KaK C ~ M M ~  ~ K T M B H ~ I ~  KOH4eHTPaTOP 3 0 n O T a .  C O A ~ ~ X ~ H M ~  B H e M  3 O n O T a  (B 

, flopoflax IlPOAYKTMBHblX MarMaTMVeCKMX K O M ~ ~ ~ K C O B )  n p e B b l W a e T  er0 C O a e p X a -  

HMe B MHblX M L l H e p a n a X  M3BepXeHHb lX  f lOpOA MHOrAa  B AeCRTKM pas. ~ Y H A ~ M ~ H -  

T a n w o e  r e o x u M M r e c K o e  POACTBO 30no~a M menesa n o ~ a 3 a ~ o  K). r. U_lep6a~0-  

BblM (1 974) f l y T e M  CpaBHeHMR OTHOlUeHMR Au/Fe CO Cpe,QHMMM C0,QepXaHMRMM 

3TMX 3 n e M e H T O B  B I lDMPOoHblX 0 6 b e K ~ a ~  (PMC 5 .  1 ). H a 6 n t o ~ a e ~ c ~  n p O n O p q M 0 -  

HanbHocTb  C o A e p x a H M R  B nopoaax aono~a M xenesa. 
C p a s ~ e ~ ~ e  c o a e p x a ~ ~ G  aono~a B 61. loTMTa~ M M a r H e T m a x  ~ O ~ O T O H O C H ~ I X  

rPaHMT06 Y ~ ~ ~ K M c T ~ H ~  nOKa3anO MX 0 6 p a ~ ~ y t o  3aBMCLlMOCTb ( X a ~ p a 6 a e 6 ,  Y p y ~ -  
Gaes, 1 9 7 2 ) .  3 ~ o  c o r n a c y e T c R  c AaHHblMm T. 6. O e p w ~ a ~ e p a  ( 1 9 7 8 )  o n p e M M y -  

IqeCTBeHHOM nOCTMarMaTLlLleCKOM 0 6 p a 3 0 B a H M M  MarHeTMTa  38 CqeT  Xene3a 6 ~ 0 -  
TMTa M P O ~ O B O ~  O ~ M ~ H K M .  B p e 3 y n b T a T e  30nOTOHOCHble rPaHMTOMAbl C O A e p X a T  

~ a n o m e n e s v l c ~ b ~ i  ~ M O T V I T ,  KaK  TO y c T a H o B n e H o  A n R  M H o r M x  ~ O ~ O T O H O C H ~ I X  npo- 
B M H ~ M ~  reOCMHKnMHanbHblX CKnW'iaTblX 06nac~eG ( W ~ O X ,  1978). B~PORTHO, B M e -  

cTe c x e n e 3 0 ~  C ~ P ~ C ~ I B ~ ~ T C R  ~ O ~ O T O ,  MSOMOP@HO 3 a ~ e q a t o q e e  xeneso B K ~ M -  

C T a n n M r e c K M x  pewemax @ e ~ r / l r e c ~ ~ x  M M H e p a n o s .  B O ~ M O X H O C T ~  T a K o r o  

3aMeLUeHMR Of l peAenReTCR npaKTMreCKMM PaBeHCTBOM nOTeHqManOB MOHM3aL(MM 

3TMX 3 n e M e H T O B  ( U J e p 6 a ~ o 6 ,  1974). BMAMMO, TaKMM 06pa30~  IlPOMCXOALIT 060- 
raQeHMe M a r H e T M T a  M n o c T M a r M a r M a T M q e c K m x  @ntou~oe ~ O ~ O T O M .  n p ~ y p o r e ~ -  
HOCTb 3 0 n O T a  K X e n e 3 M C T b l M  Pa3HOBMAHOCTRM C n t o A  f lOKa3aHa  3KCf l ePMMeHTanb -  

HO H a  n p u M e p e  n M p p o r e H H o r o  C M H T ~ ~ ~  C n t o A  ( X a ~ p a 6 a e ~  M op., 1978). K). L l .  
6 a ~ y n L I ~  (1 991 ) O ~ ~ R C H R ~ T  CBR3b 3 0 n O T O r 0  OPYAeHeHMR C MarHMTHblMM r p a H M T 0 -  

M,C@MM reOAMHaMMreCKMMM O C O ~ ~ H H O C T R M M  0 6 p a 3 0 B a ~ M R  30nOTOPYAHblX CMCTeM. 

n o c n e ~ ~ ~ e  @ O ~ M M P Y ~ ~ T C R  npu 6onee s ~ a r ~ ~ e n b ~ o i  c-renew c x a T M R  (no cpas- 
HeHMlO C OnOBOHOCHblMM c L ~ c T ~ M ~ M M ) .  B 3TMX YCnOBMRX KPMCTannM3a4MR Xene- 
3MCTblX ~ M O T M T O B  M POrOBblX O ~ M ~ H O K  KPMCTannOXMMM'ieCKM H e  Bb l rOAHa  M M M e -  

t o ~ e e c ~  B pacnnase meneso WAeT H a  0 6 p a 3 0 s a ~ M e  M a r H e T M T a  ( 0 6 0 r a q e ~ ~ o r o  
~ O ~ O T O M ) .  

n p k l ~ e ~ e ~ ~ b l e  B b l l u e  QaHHbIe CBMAeTenbCTBYlOT 0 B O ~ M O X H O ~  TeHeTMreC-  

K O ~  CBR3M 30J lOTa C MarHMTHbIMM rPaHMTOMAaMM. 30n0~0 3KCTParMPYeTCR M3 

pacnnaea B H a r a n b H b l e  C T ~ M M  ~ ~ ~ B M T M R  M H T P Y ~ M M  B npoqecce ~ p ~ c ~ a n n ~ 3 a q ~ ~  
xene3oco~epxaq~x  TeMHoqeeTHb lx  M m e p a n o s .  B a a n b ~ e i w e ~  B sepx~e f i  racm 
M ~ ~ M ~ T M ~ ~ C K O ~  K a M e p b l  yXe B YCnOBMRX B ~ I C O K O ~ ~  @Y~MTMBHOCTM KMCnOPOAa OH0 

CBR3blBaeTCR C H O B O O ~ ~ ~ ~ O B ~ H H ~ ~ M  MarHeTMTOM n ~ 6 0  nOflaf laeT B n O C T M a r M a -  

T M ' ~ ~ C K M ~  ~ M A P O T ~ P M ~ J I ~ H ~ I ~  @ntoM,Q. ~ ~ M H ~ ~ ~ X H O C T ~  MarHMTHblX rPaHMTOMAOB 

K MarMaTM'ieCKMM @ O P M ~ ~ M R M  ~ O B ~ I L L I ~ H H O ~ ~  OCHOBHOCTM (ra66p0-flnar~orpa- 



HMTHble, AMOPMT-rPaHOAMOPMTOBble, M O H ~ O H M T O ~ ~ , ~ H ~ I ~ )  M O X e T  yKa3blBaTb Hay'ia- 

CTMe B 0 6 p a 3 0 ~ a ~ M M  3TMX n O p O A  M ~ H T M ~ H O ~ O  B e u e C T B a .  

n p M  M3Y'ieHMM MarHMTHOCTM rpaHMTOM,4OB flaJlbHer0 BOCTOK~ MCnO~lb30BaHbl  

M a T e p M a n b l  B. r. ryposw M H. n. POM~HOBCKO~O, 4. M. fle'iepc~oro, B. A. A x ~ a -  
AynMHa.  Y C ~ O B H O  nPMHRTO, 'iTO n p ~  ae300.1 0-6*1 2,6 eA. CM nOpOAb l  MarHMTHble,  a 
n p M  MeHbLLlMX 3Ha'ieHMRX - c n a 6 0 ~ a r H M ~ ~ b l e  M HeMarHMTHble.  4. M. ~ ~ C I ~ ~ C K M R  

H a  C B O ~ ~  K a p T e  OTpa3Mn HaMarHMCIeHHOCTb n O p O A  (J 3@), OnpeAenRtOuy tOCR 

PaC'ieTHblM n y T e M .  r p a H M ~ 0 M ~ b l  C J 3@>150*10 eA. CIA C'iMTaOTCFI MarHMTHbl- 

MM, a C MeHblLlMMM 3Ha'ieHMRMM- C ~ ~ ~ O M ~ ~ H M T H ~ I M M ,  f l p M  YKa3aHHblX 3HaCleHMFIX, 

CyAR no P a C r e T a M ,  8Q M J 3C$ XapaKTepM3yOT B o 6 q e ~  CXOAHytO C T e n e H b  MarHMT- 

HOCTM nOpOA,  XOTR B WCTHMX CJlY'iaRX 3 T a  pa3HMUa M O X e T  6 b l ~ b  60nbuoi. n p v l  

HaJlM'iMM XMMM'ieCKMX a H a n  M30B nOpOA W R  OTAenbHbIX MaCCMBOB nOACL(MTaHbl 

~ 0 3 @ @ ~ u M e H ~ b l  OKMCJleHHOCTM Xene3a. 4aJlee PaCCMOTPMM @ ~ K T M ' ~ ~ C K M ~  COOT- 

HOUleHMR 30nOTOHOCHOCTM C MarHMTHblMM (M H ~ M ~ ~ H M T H ~ I M M )  ~ e 3 0 - K ~ ~ H O ~ O ~ ~ C K M -  
MM rpaHMToMAaMM ora Aanb~ero BOCTOK~.  

A J ~ , ~ ~ H c K ~ R  3n. M ~ ~ H M T H ~ R  BOCnpMM'iMBOCTb MHTPY3MBHbIX nOPOA aJlAaHCK0- 

ro K o M n n e K c a  s e c b M a  BblcoKaR (300-1700.1 0 6.1 2,6 eA. CM) (Manblues M ~ p . ,  
1977). Ha MarHMTOMeTPM'ieCKMX KapTaX BCe Y'iaCTKM er0 pa3BMTMR BblAenRtOTCR 

KOHTPaCTHblMM IlOJlOXMTenbHblMM MarHMTHblMM aHOMaJlMRMM. B b l ' i M ~ n e ~ H a R  Ha- 

MarHM'ieHHOCTb I lOPOA J 3@=800-2000.10 eA. CM. C0 ,4epXaHMe MarHeTMTa  B 

u e n o ' i H b l x  nopoaax, cMeHMTax kl r paHMToMAax  K o M n n e K c a  c o c T a s n R e T  0,5-2% 
o 6 b e ~ a  nOpOAb l  ( L U H ~ ~ ,  I/lnbklHa, 1980). K O ~ @ @ M U M ~ H T ~ I  OKMCneHHOCTM Xene3a 
AnR STMX nopoa, H ~ ~ ~ B M C M M O  OT TMna u e n o r H o c T M ,  Bb lcoKMe WR ~ c e i  p a c c M a T -  

p k l B a e ~ 0 f i  TeppMTOpMM - 04-0,8. ~ ~ O C T ~ ~ H C T B ~ H H ~ R  CBR3b 30nOTOHOCHOCTM C 

MHTPYSMRMM a n A a H c K o r o  K o M n n e K c a  o'ieHb TecHag .  

C T ~ H O B ~ R  3fl. WMPOKO I lpORBneHHble  3 A e C b  rMraHTCKMe I l J l k l ~ 0 0 6 p a 3 ~ b l e  

MHTPY3MM rpaHOAMOPMTOB OPCKO-MenOBOrO B03PaCTa  I lOBCeMeCTHO MarHMTHbl 

(*=300- 1500.1 0 "1 2,6 eA. CM), a HeKOTOpble - BblCOKOMarHMTHbl - 1500-5200 
eA. CI/l ( M ~ C C M B ~ I  L ( ~ A ~ Y K - ~ K o H c K M ~ ,  ~ M ~ M H C K M ~ ,  Y T ~ H ~ K C K M ~ ~ ,  ~ T M ~ T M H C K M ~ ~ ,  4 b l M -  

KayJlbcKMfi) .  BCR I lOnOCa 3TMX M H T P Y ~ M ~  KOHTpOnMpyeT paCI lOJ lOXeHMe 30JlOTO- 

H O C H ~ I X  P ~ ~ O H O B  C T ~ H O B M K ~  B ~~IOM. n p M  6 0 J l e e ~ e ~ a n b H 0 ~  P ~ C C M O T P ~ H M M  Ha-  

6 n t o ~ ~ e ~ c ~  I lPMYPO' ieHHOCTb 3OJlOTOHOCHOCTM K I lPMKOHTaKTOBb lM 3 0 H a M  

OTAenbHblX, IloXaJlyi ~ a ~ 6 o n e e  MarHMTHblX MaCCMBOB. K o ~ C $ @ M ~ M ~ H T ~ I  OKMCneH- 

HOCTM Xene3a B PaCCMaTpMBaeMblX rpaHMT0MAaX I lOBCeMeCTHO BblCOKM, 'iaCTO 

n p e B b l w a t o T  0,4. 
M e 3 0 3 o i c ~ M e  MHTPY3MM C T ~ H O B O ~ O  xpe6~a AOCT~TO'~HO rny6o~o 3pOAMpO- 

BaHbl,  MX KpOBnsl ( B y n K a H M ~ b l ,  OCaAO'iHble nopoflbl) IlOCITM H e  COXpaHMnaCb M no- 
3TOMY MarHMTHble  C B O ~ ~ C T B ~  TPEIHMTOMAOB MOXHO MCnOJlb30BaTb~R rpy60fi O4eH-  

KM CTe I l eHM 3POAMPOBaHHOCTM MaCCMBa - MarHMTHb le  MaCCMBbl C H a M 6 0 n e e  

B ~ I C O K O ~ ~  OKMCJleHHOCTbK) XeJle3a 3POflklPOBaHbl MeHbLLle. 

OXOTCKO-~YKOTCK~R 3n. M a r H M ~ H b l e  rPaHMTOMAbl3AeCb Pa3BMTbl I lOBCeMe-  

CTHO, O C O ~ ~ H H O  B I l p e A e J l a X  ByJlKaHOreHOB A~COJI~OTH~IMM U M @ ~ ~ M M  M ~ ~ H M T H O ~  

BOCIlPMMMCIMBOCTM n O p O A  M b l  H e  P a C n O n a r a e M .  K O ~ @ @ M U M ~ H T ~ I  OKMCneHHOCTM 

X e n e 3 a  B rpaHMTOMAaX B U e n O M  BblLUe, ' ieM B C T ~ H O B O ~ ~  O ~ ~ ~ C T M ,  M06b l ' i ~o  ripe- 

B b l w a o T  0,4. 3a n p e A e n a M M  BynKaHMTos,  B T o n u a x  B e p x o R H c K o r o  K o M n n e K c a ,  

HaPRAY C MarHMTHblMM pa3BMTbl M HeMarHMTHble  rpaHMTOMAbl. Ecnm C I l epBb lMM 

06bl'i~o ~ C C O ~ M M P Y O T  30n0~0e M ~ O J ~ O T O - C ~ ~ ~ ~ P F I H O ~  O P Y A ~ H ~ H M R ,  TO co B T O P ~ I -  

MM - n p e M M y q e c T B e H H o  p e ~ ~ o ~ e ~ a n n b ~ o - c e p e 6 p ~ ~ o e .  



F 
t 
1 6 y p e M H ~ K a R  3fl. M e 3 0 3 0 i c K M e  MarHMTHble  rpaHMTOMAbl  3 A e C b  pa3BMTb l  B 

pah0~e ~ O H X M H C K O ~ O  M M ~ M ~ I H C K O ~ O  BblCTYnOB. ~ T M  MaCCMBbl XaPaKTepM3ytOTCW 

1 H flOBblLLleHHblMM K O ~ @ @ M ~ M ~ H T ~ M M  OKMCneHHOCTM Xene3a. M ~ K C M M ~ ~ ~ H ~ I M  3 H a -  

t YeHMeM (donee 0,4) OTnML(aeTCR O K T R ~ P ~ C K M ~  ~ P ~ H O J ( M O P M T O B ~ I ~  MaCCMB (Ma- 
[ M ~ I H C K M ~  B ~ I C T Y ~ ) .  c MarHMTHblMM rpaHMTOMAaMM Ha3BaHHblX ~ ~ ~ O H O B  TeCHO 

C B H ~ ~ H O  3on0~0e O p y A e H e H M e .  

~ X H O B ~ P X O R H C K ~ R  30nOTOHOCHaR 3 0 H a .  Ha PYAHblX nOnRX 3 0 H b l  MHTPY3MB- 

Hble MaCCMBbl OTCYTCTBYtOT. B B O C T O ~ H O ~  M C ~ B ~ P H O ~  L(aCTRX / ~ ~ ~ x - K ) H ~ c K o ~ o  
paho~a B M e u a t O l q M e  nopoabl n p o p s a H b l ~ a i ~ a ~ ~  n a ~ n p o @ ~ p o s  M n o p @ ~ p ~ ~ o s ,  
0 MarHMTHblX C B O ~ C T B ~ X  KOTOPblX ~ E 3 e ~ e H M f i  HeT. K p y n H b l e  MHTPY3MM TpaHOAMO- 

~ M T O B  M rpatimos M e n o s o r o  ~ o s p a c ~ a ,  R s n R t O q M e c R  donee M o n o A b l M M  B cpas- 
HeHMM c OCHOBH~IM O p y A e H e H M e M  p a i o ~ a ,  pacnonarato-rcg q e n o c l ~ o i 2  B A o n b  BOC- 

TOCIHO~ r p a H M q b l  3 0 ~ 0 ~ 0 ~ 0 ~ ~ 0 ~  TePPMTOPMM M npef lCTaBneHbl cna6o MarHMTHblMM 

noponaMM,  c KOTOP~IMM a c c o q ~ ~ p y e ~  3 0 n o ~ o - p e ~ ~ o ~ e ~ a n n b ~ o e  O p y A e H e H M e .  

A X ~ ~ A M H C K ~ R  3fl. 3 ~ e c b  LUMPOKO pa3BMTbl  n 0 3 A H e M e n O B b l e  HeMarHMTHb le  

rpaHMToMAb l  c p e a ~ o ~ e ~ a n n b ~ o i  ~ e ~ a n n o r e ~ ~ ~ l e c ~ o i  c n e q ~ a n ~ s a q ~ e k ,  
ABnRtOlqMeCR 6onee flO3AHMMM n0 OTHOLUeHMtO K OCHOBHOMY 3OnOTOMY OPYAeHe-  

HMO ( n p a B 0 6 y p e M ~ ~ K M i ,  T O K O ~ ~ H C K M ~ ,  H M ~ H M H c K M ~  M A P Y r M e  M ~ C C M B ~ I ) .  H e ~ a r -  
HMTHbl T a K X e ,  BO3MOXHO M 3 - 3 a  3HaLIMTenbHblX BTOPML(HblX M ~ M ~ H ~ H M ~ ,  M donee 
ApesHMe ( n o 3 ~ ~ e n a n e o s o i c ~ ~ e ? )  n n a r M o r p a t i m b 1  M M M K p o K n M H o s b l e  rpatimbl 
( ~ H ~ ~ ~ J ~ M H c K M ~ ,  ~ ~ ~ K ~ C I ~ K C K M ~  M A p y r M e  M ~ C C M B ~ I ) ,  C KOTOPblMM B Pe rMOHanbHOM 

n n a H e  a c c 0 q M M p y e - r  aono~oe  o p y A e H e H M e .  M ~ ~ H M T H ~ I ~  c s o i c ~ s a  LUMPOKO 

npORBneHHblX H a  PYAHblX flOnRX A a e K  ~OP@MPMTOB M LUTOKOB AMOPMTOB M3YqeHbl 

cna6o. Ha TOK~PCKOM MeCTOPO>Y4€!HMM Aa f iKM XapaKTepM3ytOTCR ~ O B ~ I U ~ H H O ~  

M ~ T H M T H O ~  BOCI lPMMML(MB0CTb  M BblCOKMMM K O ~ @ @ M ~ M ~ H T ~ M M  OKMCneHHOCTM 

xene3a. 
C M X O T ~ - A ~ M H C K ~ R  311. 3 ~ e c b  H ~ ~ ~ ~ O , ~ ~ I O T C R  ~ a ~ 6 o n e e  MHTepeCHb le  3aKO-  

HOMePHOCTM. B ~ ~ H T P ~ ~ ~ H O M  CMXOT~-AJ IMH~ BblAenReTCR O ~ L U M P H ~ I ~  apean H e -  

MaTHMTHblX MenOBblX M naneOTeHOBblX M H T P Y ~ M ~  rpaHMTOMAOB, OT KOTOPOTO K BOC- 

TOY,  C e B e p y  M 3anaAy PaCnpOCTpaHeHb l  MarHMTHb le  TpaHMTOM,Qbl. C nePBb lMM 

a c c o q m p y e T  p e A K o M e T a n n  moe, co BTOP~IMM - n p e M M y u e c T B e H H o  3on0~0e opy- 
AeHeHMe. Ha~6onee BblCOKMMM 3HaCleHMRMM M ~ ~ H M T H O ~  BOCnPMMMCIMBOCTM OT- 

nM'laeTCR 6 e K q L I - Y n b ~ K M f i  MaCCMB ( p a f i 0 H  M H O ~ O B ~ ~ L U M H H O ~ O  M ~ c T o ~ o X ( ~ ~ H M R ) .  

OTM~TMM, L(T0 e C n  M o 6 u ~ e  KOHTYPbl 3OnOTOHOCHOCTM M apeana MarHMTHblX MH- 

T P Y ~ L / I ~  COBf laAatoT,  TO H a  KOHKPeTHblX YlcaCTKaX, B O C O ~ ~ H H O C T M  JlOKanM30BaHHblX 

B reOCMHKnMHaJlbdblX CKnaAl laTb lX KOMnneKCaX, CTOnb q e ~ K 0 i  3aBMCMMOCTM H e  

BMAHO. 

Xopo lu~e  n p M M e p b l  C B R ~ M  3on0~0ro M p e A K o M e T a n n b H o r o  O p y A e H e H m  c 
o n p e n e n e H n b l M M  TMnaMM rpaHMTor / rAos MMetoTcR B 6 n a r o ~ a ~ ~ o ~  PYAHOM p a i o ~ e ,  
rAe PYAOHOCHOCTb TeCHO COf lpRXeHa  C ~ ~ P H M C K O B ~ I M  TpaHMTOMAHblM MaCCMBOM. 

OH o6pa30sa~ ABYMR OCHOBHblMM @ a 3 a ~ M  BHeApeHMR.  f l e p B a R  - MaTHLlTHaR, flpe- 
MMYU$CTBeHHO HaTPOBble  r p a H O ~ M O p M T b l  M K B a p q e B b l e  AMOPMTbl ~ M O T M T - P O ~ O -  

B O O ~ M ~ H K O B ~ I ~  M MOHUOHMT-rPaHOAMOPMTbl C f=0,6 CJlaratOT toXHytO W C T b  M a c -  

CMBa. B T o p a R  @a3a, n p e Q C T a B J l e H H a R  H e M a T H M T H b l M M  K a n M e B b l M M  

I~OP@MPOBM,QH~~MM M KPYflH03ePHMCTblMM rpaHMTaMM M 6onee n03AHMMM MenKO-  

3ePHMCTblMM ~ M O T M T O B ~ I M M  TpaHMTaMM cfZ0,2, CnaTaeTCeB€$Hyto W C T b  MaCCMBa. 

C n e p B 0 i  @a30fi npOCTpaHCTBeHH0 TeCHO CBR3aHa 30nOTOHOCHOCTb (I~POM~IU- 

JfeHHaR POCCblf lHaR M P Y A H ~ R ) ,  a CO B T O P O ~  - OnOBOPY,QHble M E O ~ ~ @ P ~ M O -  



OnOBRHHble MeCTOPO>Y4eHMR, PYAOnpORBJleHMR M LLlJlMXOBble O p e o n b l  PaCCeRHMR 

KaCCMTepMTa, LLleeflMTa M B o n b @ p a ~ ~ ~ a .  f l 0 ~ 0 6 ~ a R  TeHAeHqMR COXpaHReTCR no 
MHOrMM A P y r M M  MaCCMBaM U e ~ ~ p a J l  ~ H O ~ O  CMXOTB-An MHR, C KOTOPblMM aCC04MM- 

P y O T  B OCHOBHOM Pef lKOMeTaJlJ lbHble MeCT0PO)KfleHMR. 3 T M  TPaHMTOMflbl H e  

n p o R s n R t o T  c e 6 ~  B M a r t i m H o M  none, x a p a ~ ~ e p ~ 3 y t o ~ c ~  ~ a n ~ e s o i  c n e q ~ a n ~ s a -  
~ M e i  M HM3KMMM (0,04-0,2) K O ~ @ @ M ~ M ~ H T ~ M M  OKMCneHHOCTM Xene3a ( M ~ C C M B ~ I  

BOCTOK-2, L / ~ ~ ~ Y L ( M H c K M ~ ,  Aepcy, A ~ ~ ~ H ~ - A ~ M M H c K M ~  M ap. ) ( ~ ~ ~ H M T O M A ~ I ,  MOH- 

40HMTOMAbl.. . , 1980). 
T ~ C H ~ R  npOCTpaHCTBeHHaR CBR3b 3 0 n O T O r 0  OPyAeHeHMR C MarHMTHblMM 

rpaHMTOLlAaMM p a G o H a ,  0 6 n a ~ a t o u ~ ~ ~ ,  K p O M e  TOrO, XapaKTepHblMM neTpOXMMM- 

'ieCKMMM O C O ~ ~ H H O C T R M M ,  n03BOnReT I l peAnOnOXMTb reHeTM'ieCKOe POACTBO OPY- 

AeHeHMR M rpaHMTa.  

U h p o ~ o  PaCnpOCTpaHeHHble  H a  O G W M P H O ~  n n O l q a a M  Me>yqy HMXHMM 11~~- 
a M y p b e M  M ~ Y ~ ~ M H C K M M  MaCCMBOM MenOBb le  rPaHMTOM,L(bl n p e A C T a B n e H b l  H e M a r -  

HMTH~ IMM @ O P M ~ ~ M R M M  c p e a ~ o ~ e ~ a n n b ~ o i  ~ e ~ a n n o r e ~ ~ r e c ~ o i  cneu~anma- 
uklei. ~ O ~ O T O H O C H O C T ~  3 a e C b  nPORBneHa  O'ieHb cna6o. 

6 3aKnto' ieHMe C n e A y e T  nOA'iepKHyTb, q T 0  o 6 u ~ e  KOHTYPbl 30nOTOHOCHblX 

~ ~ P o B M H ~ M ~ ,  B ' J C O ~ ~ H H O C T M  06nac~e i  TMA, M a p e a n O B  paCnp0CTpaHeHMR M a r -  

Hl lTHblX rPaHMTOMAOB HeCOMHeHHO C O B n m a t o T .  L/1~0rfla BMAHa npMypOlleHHOCTb 

PyflHblX n0Jlei K MaCCMBaM MarHMTHblX M BblCOKOMarHMTHblX rPaHMTOMAOB. CAY-  

'iaM ~ ~ O C T ~ ~ H C T B ~ H H O ~  CBR3M 30nOTOPYAHblX M ~ C T O P O > Y ~ ~ H ~ ~ ~  C HeMarHMTHblMM 

MHTPy3MRMM PeAKM. A n 9  OueHKM 30JlOTOHOCHblX ~ ~ ~ O H O B  reOCMHKnMHaJlbHblX 

CKnaA'iaTblX 06nac~e i  AaHHb le  no MarHMTHOCTM rpaHMTOMAOB H e  B C e r A a  nOMOra -  

D T ,  TaK KaK 3 a q a C l y t o  OTCYTCTBYDT CaMM rpElHMTOMAbl (K)xHo~ B e p x ~ R H b e ,  m a r -  
AMHCKaR ~ ~ P O B M H ~ M R ) ,  a MMetolqMeCR WTOKM, MaCCMBbl M A ~ ~ K M  n ~ 6 0  H e  M3y'ieHbl 

B M H T e P e C Y t o u e M  HaC OTHOWeHMM, n ~ 6 0  rMf lpOTepManbH0  M3MeHeHbl .  

T H n  1L(eJlOclHOCTH rpaHHTOHflOB. re0Jl0rM H ~ C T O ~ ' ~ M B O  OTMe'ialOTCBR3b30- 

A O T O ~ O  O ~ Y A ~ H ~ H M R  c H ~ T P O B ~ I M M  ~ ~ ~ H M T o M ) & ~ M M .  3. fl. M30x (1978) n p O B e n  aHa-  

AM3 ~ ~ O C T ~ ~ H C T B ~ H H O ~  M n a p a r e H e T k l ' i e ~ K 0 i  CBR3M P Y A H O ~  30nOTOHOCHOCTM C 

rpaHMTOMAaMM MHOrMX ~ P O B M H ~ M ~  CTPaHbl M YCTaHOBMJl, ClTO ~ a ~ 6 o n e e  3HaL(M- 

M b l M  M n p e 0 6 n a , ~ a t o u ~ ~  npM3HaKOM npOAyKTMBHblX H a  30nOTO rPaHMTOMAHblX 

KOMnJleKCOB RBnReTCR H ~ T P O B ~ I ~  TMn ~ e n O ' i H O C T M .  K a n M e s b l i  M B b l ~ 0 ~ 0 ~ a n M e B b l ~  

TMn IqenO'iHOCTM, x a p a ~ ~ e p ~ b l k  ,QAR OJlOBOHOCHblX ( p e ~ K 0 ~ e ~ a J l J l b H b l ~ )  TpaHMTO- 

MAOB, 0 6 b l ' i ~ o  npOTMBOnOKa3aH ( M ~ K J l t o ' i e H ~ e  COCTaBnReT A J I A ~ H c K M ~  KOMnJleKC 

L q e n o q H b l x  nopoa). X a p a ~ ~ e p e ~  c p e ~ ~ ~ i  M H M S K M ~  y p o B e H b  ueno'itiocm, He  

X a p a K T e p e H  ~ 0 B b l L L I e ~ ~ b l ~ .  AOMMHMPYKIT CnOXHb le  aCCOuMa4MM rPaHMTOMAOB, B 

KOTOP~IX  ~ ~ ~ M T O B ~ R  rpynna, K o n M r e c T s e H H o  M a n o r M c n e H H a R ,  M r p a e T  B a x H y t o  

pOf lb .  6 C O C T ~ B ~  ~ ~ ~ H M T O M A O B  0 6 b 1 ~ 1 ~ 0  n p e o 6 n a ~ a o ~  ~ ~ ~ H O A M O P M T ~ I  c 60nb~0f i  
p a 3 H M u e i  ~ 0 f l e p x a H M i  KaJlMR M HaTPMR. A n R  BCeX ~ ~ ~ H O B M A H O C T ~ ~  3OJlOTOHOCHblX 

r p a H M T o M A o s  xapaKTepHb1: n p e o 6 n a ~ a ~ ~ e  n n a r ~ o ~ n a 3 a  ~ap ,  KanMesb lM n o n e s b w  

LUnaTOM, HM3K;LR Xene3MCTOCTb ~ M O T H T ~ ,  IlpMCYTCTBMe MarHeTMTa  B nOBblWeHHblX 

~ o n ~ r e c ~ s a x .  E i n a r o n p ~ ~ ~ ~ b ~  r ~ n a 6 ~ c c a n b ~ b l L 4  y p o s e ~ b  ~ ~ ~ ~ ~ M H H O C T M  M cna6a~ . 
3POAMPOBaHHOCTb nJlYTOHOB. - 

B H a C T O R u e e  BPeMR 0 6 u e n p M 3 ~ a H H b l ~  RBnReTCR BblBOA 0 TOM, qTO KaJ lMi -  

HaTpOBOe OTHOWeHMe B rpaHMTOMAaX HeyKJlOHHO IlOBblWaeTCR no M e p e  3BOJlto- 

uMM MarMaTMLleCKMX CTPYKlyP n p M  OpOreHe3e .  O ~ ~ H O B ~ ~ M ~ H H O  C nOBblUeHMeM 

KaJlMeBOCTM M 0 6 ~ 4 e t 7  uef lO' iHOCTM ~ ~ ~ H M T O M , ~ H  b l ~  a ~ ~ 0 4 M a u M i  B HMX M CBR3aHHblX 



CHMMM rMAp0TepMaJ lbHblX I lpOAyKTaX B03paCTaeT  POJlb f, B, Sn, W, M o ,  Be, PeaKMX 

3 e ~ e n b ,  a n e p c n e K T M s b 1  H a  aono~o c o K p a q a t O T c R  (Mapaquee, 1978, 1979). 
H a ~ p o B b l i  TMn qeJlO'4HOCTM X a p a K T e p e H  H e  TOJlbKO aJlR npOayKTMBHblX H a  

30JlOTO rpaHMTOMAOB.  C ~ ~ ~ C T B ~ H H O  H a T p O B b l M M  RBJlRtOTCR T a K X e  @JlloM,4bl 

ra30BO->KMAKMX B ~ J l t O ' 4 e ~ M f i  B MMHepaSlaX npOflyKTMBHblX MMHepaJ lbHblX aCCO4Ma-  

4 ~ ~ 7 ,  a B pyaax o T M e r a e T c R  npRMas l  K o p p e n R w R  sono~a c HaTpMeM,  a cepe6pa 
n p e m y q e c T s e H H o  c K a n M e M  ( M O M C ~ ~ H K O ,  1977; W ~ n o  M ap., 1988). n p ~    TOM 

K ~ J M ~ - H ~ T ~ o B o ~  OTHOlLleHMe 3aKOHOMePHO yBeJlM'4MBaeTCR OT M ~ C T O ~ O > ~ ~ ~ H M G  
~aJl0cyn ~ @ M A H O ~  @ O P M ~ ~ M M  B reOCMHKJl MHaJl bHblX CKnZl,Q'4aTblX T O J l q a X  K y6oro- 
Cyn b@MaHblM ~ J ~ M ~ ~ O B ~ P X H O C T H ~ I M ,  JlOKaJlM30BaH HblM B CTPYKTYPEJX M e 3 0 - K ~ ~ H O -  

3 0 h ~ K 0 f i  TMA (U]MJl0,1976).  OT HMXHMX K BePXHMM rOPM3OHTaM M ~ C T O P O > Y ~ ~ H M ~  

AOJlR HaTPMR B ra30BO-XMAKMX BKntO'ieHMRX 3aKOHOMePHO YMeHbLLlaeTCFI, a KanMR 

YBeJlM'4MBaeTCR. O ~ ~ e ' i e H ~ b l e  3aKOHOMePHOCTM yCTaHOBJleHbl nOl lTM H a  BCeX M e -  

CTOpO>yqeHMRX I ~ P M ~ M Y P ~ R .  
~ ~ ~ O C T ~ ~ H C T B ~ H H ~ R  CBR3b 30J lOTOr0  OPYaeHeHMR ~ ~ H T P ~ ~ ~ H O ~ O  A J l a a H a  CO 

~ e J l O Y H b l M M ,  B T. '4. BblCOKOKaJlMeBblMM l lOpOaaMM,  H e  COrSlaCyeTCR C f lpMBeAeH-  

HblMM aaHHblMM.  3. n. H30x (1 978) yKa3b lBaeT  H a  B 0 3 M O X H y O  CBR3b OPYAeHeHMR 

C HaTPOBblMM rpaHMT0MAaMM ~ M O ~ M T - ~ ~ ~ H O ~ M O ~ M T O B O ~  @OPM~UMM, I l pOCTpaH-  

CTBeHHO TeCHO aCC04MMPYtOqMMM CO UeJlO'iHblMM nOp0,QaMM. 

I 1 p M B e ~ e H ~ b l e  A a H H b l e  y6e>yqat0~ HaC B TOM, 'iTO aJlR BblRBneHMR IlPOAYK- 

TMBHblX H a  30JlOTOe OPYaeHeHMe TpaHMTOMaOB H ~ O ~ X O ~ M M O  Y'iMTblBaTbTMn q e n O ' i -  

HOCTM. A ~ a n ~ a  q e n o r H o c T M  rpaHMToMAosaanbHesocTorHoro p e r M o t i a  npo~sse-  
A e H  no 30JlOTOHOCHblM O ~ ~ ~ C T R M  n0 nPOCTOMY COOTHOLUeHMK) M ~ C C O B O ~  AOnM (B 

~ ~ O U ~ H T ~ X )  OKMCJlOB KaJlMR M HaTPMR. 

B A J ~ ~ ~ H c K o ~  3fl Bb laenReTCR TpM OCHOBHblX @ O P M ~ ~ M O H H ~ I X  r p y n n b l  M e 3 0 -  

3 0 f i c ~ M x  C ~ ~ B ~ J ~ K ~ H M ' ~ ~ C K M X M H T P Y ~ M ~ ~ :  MOHUOHMT-CMeHMTOBaR ,4MOpMT- r p a H O a M -  

OPMTOBaR M J ~ ~ ~ ~ M T - ~ ~ J ~ o ' ~ H o c M ~ H M T o B ~ R  ( M ~ K C M M O B ,  Y~PIOMOB, 197 1 ). f l e p ~ a ~  
rpynna nopoa x a p a ~ ~ e p ~ 3 y e ~ c ~  B OCHOBHOM H a T p o s b l M  T m o M  q e n o ' i H o c T M  n p M  

He3Ha'iMTeJlbHOM npeBblLUeHMM HaTPMR H a g  KaJlMeM ( K q  = 0 , 8 - 1 ) .  BTOP~R rpynna 
- 3 T 0  TMnM'iHO HaTpOBb le  f lOpOAbl  C K q  = 0,5-0,6. T p e ~ ~ f i  ( ~ e n 0 ' 4 ~ 0 k )  KOMflJleKC 

n O p O 0  RBJlReTCR TMnM'iHO KaJlMeBblM C K q  = 1,1-1,5, P e n K O  1,7- 1,8. C Y M M ~ ~ H O ~  
C O a e p X a H M e  OKMCJlOB KanMR M HaTPMR Ha3BaHHblX KOMnJleKCOB COCTaBJlReT COOT- 

BeTCTBeHHO 6-8; 3-6 M 10-15%. Bce TpM TMf la  n O p O ~ n p O R B J l e H b l  COBMeCTHO. Opy- 
AeHeHMe llalqe aCCOuMMpyeT C M O H ~ O H M T - C M ~ H M T O B O ~  M J l e f i 4 M ~ - q e J l 0 ' i H 0 ~ ~ e -  

H M T O B O ~  @ o p ~ a u ~ e R .  
B C T ~ H O B O ~  311 WMPOKO pa3BMTb le  M e 3 0 3 0 f i c ~ M e  TpaHMTOMAbl XapaKTepM-  

3YtOTCR HaTPOBblM TMnOM LL(eJlO'4HOCTM C K q =  0,5-0,7, '4TO y K a 3 b l B a e T  H a  3Ha'iM- 

TeJlbHOe n p e 0 6 n a ~ a H M e  HaTPMR HaP, KaJlMeM, n p M  K,O+Na,0=7-8%. Maccuebl Cy-  

LqeCTBeHHO KaJlMeBblX rpaHMTOMAOB C K q  = 1,1- 1,2 npORBJleHbl  CpaBHMTenbHO 

PeflKO. ~ ~ J ~ O T O H O C H O C T ~  3 0 H b l  C T ~ H O B M K ~ - & U ) ' T ~ P ~  f l p e M M y q e C T B e H H 0  aCC0-  

L&lMpyeT C HaTPOBbIMM TPaHMTOMaaMM. 

6 C ~ B ~ ~ H O M  ~ ~ M o x o T ~ ~  n p e 0 6 J l a ~ a t O ~  ( O C O ~ ~ H H O  B B O C T O ' ~ H O ~ ~  ' ~ ~ c T M )  Ka- 

JlMeBble rpaHMTOMabl  C K q =  1-1,5, a HaTpOBble  ( K q =  0,7-0,g) M ~ a J l M f i - H a ~ p ~ B b l e  

( K q  6 J l M 3 0 ~  K ~ , Q M H M ~ ~ )  KOJlM'ieCTBeHHO flOa'4MHeHbl. C Y L L ( ~ C T B ~ H H O  KanMeBb le  

rPaHMTOMabl CJlaratOT K p y n H b l e  MaCCMBbl, TaKMe KaK ~ T ~ H P ) K M H C K M ~ ~ ,  K o T ~ ~ c K M ~ ~ ,  
H ~ K C K H ~ ,  A ~ J ~ ~ K O - O X O T C K M ~ ,  ~ c x M J ~ ,  A P X M M ~ ~ ,  T ~ c - K ~ I c T ~ ~ ~ I P c K M ~ ,  ~ ~ I P ~ M H c K M ~ ,  

M AP. KaJlMeBble rpaHMTOMabl  pa3BMTbl  B Me>yqYpWbe YJ lb6eR-HHR.  B 3 a n a g ~ o i  
'iacm I ~ ~ M O X O T ~ R  e q e  B npeaenax B y n K a H o r e H a  B ~ I A ~ ~ R I O T C R  c p a s H M T e n b H o  H e -  



60n b ~ M e  M ~ C C M B ~ I  H ~ T ~ O B ~ I X  ( K q =  0,5-0,7) TpaHMTOMAOB. Ha y ~ a n e H M M  OT OXOT- 
CKOrO CpeAMHHOrO MaCCMBa M ByJlKaHOreHOB ( Y ~ ~ M H C K O ~ O  M K ~ B ~ - ~ ~ M c K o ~ o ) ,  we 
B npeaenax c K n a A r a T b l x  nopoA B e p x o R H c K o r o  K o M n n e K c a ,  T a K x e  npeBanMpy tOT  

c y q e c T s e H H o  K a n M e s b l e  rpaHMTb1 c p e ~ ~ o ~ e ~ a n n b ~ o i  M e ~ a n n o r e ~ ~ q e c ~ o i  cne- 
4 M a n M 3 a 4 M e i .  TaKaR ~ ( ~ B O ~ C T B ~ H H O C T ~ ~ ~  UeJlOq HOCTM rpaHMTOMAOB CO C M e q e H M -  

e M  B CTOPOHY KaJlMR KOPpeJ lMpyeT CO CMelLlaHHblM XapaKTepOM OpyAeHeHMR, flpeA- 
C T a B J l e H H b l M  n p e M M Y q e C T B e H H 0  ~ o J ~ o T o - c ~ ~ ~ ~ ~ R H ~ I M ,  c e p e 6 p R H b l ~  M 

p e ~ ~ 0 ~ e ~ a n ~ l b H 0 - ~ e p e 6 p R H b l ~  C 30nOTOM TMnaMM. 

B ~ Y P ~ M H C K O ~ ~  3 n  MaKCMMYMbl 3OJlOTOHOCHOCTM aCC04MMPytOT C HaTPOBbI- 

MM CePMRMM rPaHMTOMAOB. T ~ K ,  M e n O B b l e  MHTPY3MM rPaHMTOMAOB ~ O H X M H C K O ~ O  

B b l C T y n a  RBJlRlOTCR Cy lqeCTBeHHO HaTPOBblMM ( K q  = 0,8-0,g). B M ~ M ~ ~ H C K O M  
BbICTyne H a p R A y C  HaTPOBblMM pa3BMTbl  M KaAMeBble  rpaHMTOMAbl ( K q =  1,26-1,43). 

K)XHOB~PXORHCK~R ~ O J ~ O T O H O C H ~ R  3 0 H a  B C B O ~ ~  O C ~ B O ~  %CTM npaKTMWCKM 

a M a r M a T M q H a ,  a C BOCTOKa O K ~ ~ M ~ R ~ T C R  cepklei KPYnHblX rpaHMTOMAHblX MaCCM- 

BOB M e n o B o r o  ~ 0 3 p a c ~ a  ( T a p 6 a r a H a ~ ~ ~ M i 4 ,  Y ~ M ~ R X C K M ~ ,  6 o n b w o i i  K a p c ~ ~ i ,  AKan -  

C K M ~ ) .  He6onbw~e no p a 3 M e p a M  MaCCMBbl BblAenRlOTCR T a K X e  B O X H O ~  (MYP~M- 
H M H C K M ~ )  M C ~ B ~ P H O ~  ( C p e ~ H e - X a n b l M ~ ~ K M f i ,  KYPYMCKM~,  ~ M ~ M H C K M ~ )  'iaCTRX 

30Hb I .  Kpyfl~ble MaCCMBbl CnOXeHb l  rpaHMTOMAaMM C I l e p e M e H H b l M  TMnOM qeJlO'-l- 

HOCTM ( K q =  0,8-1,2), a M a n b l e  - HaTpoBb lMM nopoaam ( K q =  0,8), B o T n M r M e  OT 

p a c n o n o m e H H b l x  B o c T o r H e e  KanMesb l x  ( K q  = 1,1- 1,4), C ~ ~ ~ M ~ ~ M ~ M P O B ~ H H ~ I X  npe- 
MMYqeCTBeHHO H a  PeAKMe M e T a n n b l  ( K ~ O T ~ ~ C K M ~  M A p y r M e  M ~ C C M B ~ I ) .  

B & K ~ ~ , ~ M H C K O ~  3n  H e T  RCHOCTM B BOI lpOCe 0 CBR3M 3OAOTOHOCHOCTM C TM- 

n O M  IqeJlO'4HOCTM MHTPy3MBHblX I lOpOA.  M H O ~ O ' - I L I C ~ ~ H H ~ I ~  K p y n H b l e  MaCCMBbl M e -  

nosoro ~ o s p a c ~ a  w e c b  n p e A c T a s n e H b 1  KanMesb lMM ( K q  = 1,12- 1,39) p e A K o M e -  

TannbHb lMM rpaHMTOMAaMM. ~ O B ~ ~ U J ~ H H ~ R  HaTPOBOCTb (KqZ0,7-0,8) OTMeClaeTCR 

PaHHeMenOBb lX  rpaHMTO8 T O K O J ~ ~ H C K O ~ O ,  O ~ ~ ~ K ~ H C K O ~ O ,  A J ~ ~ K ~ H C K O ~ O  M a c -  

CMBOB M A n R  HeKOTOPblX n 0 3 A H e M e n O B b l X  M a n b l X  MaCCMBOB AMOPMTOB M ~ O P @ M -  

POBblX f lOPOA C p e A H e r O  COCTaBa. C Y ~ ~ C T B ~ H H O  HaTpOBblMM RBnRlOTCR I lOCTpyA-  

H b l e  ~ a i K 0 B b l e  I lOpOAbl ,  LuMpOKO pa3BMTb le  H a  PYAHblX nOJlRX. C M e w a H H b l i  TMn 

q e n o r H o c T M  ( K q  6 n M 3 0 K  K ~ A M H M ~ ~ )  O T M e r a e T c R  y n a n e o a o i c ~ ~ x  (?) rpaHMToM- 

AOB M ~ r a r n ~ ~ c ~ o r o  M a c c M s a .  

B C M X O T ~ - A J ~ M H C K O ~  3n  KapTMHa B e C b M a  3aKOHOMepHaR,  OHa 3aKJlO'iaeTCsl 

B TOM, L(T0 B U ~ H T ~ ~ ~ ~ H O M  C M X O T ~ - A ~ M H ~  Pa3BMTbl KanMeBb le  rpaHMTOMAbl,  C KO- 

TOPblMM CBRBBHO P e A K O M e T a n n b H O e  OpyAeHeHMe,  a H a  BOCTO~HOM, C ~ B ~ P H O M  M 

3 a n a ~ ~ o ~  - H a T p o s b l e  n ~ 6 0  ~ a ~ p o s o - ~ a n ~ e s b l e ,  c HMMM a c c M u M M p y e T  s o n o ~ a s l  M 

~ O ~ O T O - C ~ P ~ ~ P R H ~ R  MMHepaJlM3a4MR. C ~ U @ C T B ~ H H O  HaTpOBble  rpaHMTOMAbl ( K q  
= 0,5-0,9) Cna ra lOT  ~ e 6 0 n b U J M e  npeMMylqeCTBeHHOAMOpMTOBble MaCCMBbl 6 0  MHO- 

rMX 30nOTOHOCHblX P ~ ~ O H ~ X .  H ~ T P O B ~ I M M  RBnRtOTCR TpaXMAa4MTbl  ~ ~ J ~ o ~ o ~ c K o ~ o  

HeKKa .  f l p e M ~ y l q e c ~ ~ e H H 0  K a n M e B b l e  rPaHMTOMAbl  C n a r a t O T  6 e K ' i k l ~ J l b ~ K M ~  M 

A p y r M e  MaCCMBbl H M X H ~ ~ M Y P C K O ~ O  p a i o ~ a .  K sana~y  OT p. A ~ y p  M J l ~ ~ y p r a ~ -  
c K o r o  paano~a  40 Manoro X M H ~ ~ H ~  M T ~ ~ ~ H C K O ~ O  s b l c r y n a ,  rAe n p a K T M r e c K M  OT- 

CyTCTBYeT 30nOTOHOCHOCTb, Pa3BMTbl n p e M M y l q e C T B e H H 0  KanMeBb le  rpaHMTOMAbl 

( ~ W l o B b l e ) ,  PeAKO K a J l M i - H a ~ p ~ B b l e .  

8 ~ O X H O ~  qaCTM C M X O T ~ - A ~ M H R  rPaHMTOMAbl HaTPOBblX cepkli I l peMMy lqeCT-  

8eHHO pa3BMTbl  B ~ M K M H O - C ~ M ~ ~ ~ M H C K O ~  3 0 H e  M H a  K P ~ ~ H ~ M  Ore. B 3TMX CTPYK- 

T y p a X  OTMeraOTCR rPaHMTOMAbl C MaKCMManbHblMM 3Ha'4eHMRMM HaTPOBOCTM 

( K q  = 0,75-0,5). B 70% C n y q a e B  MaCCMBbl HaTPOBblX rpaHMTOMAOB COBnaAaOT C 



TaKOBblMM MarHMTHblX rpaHMTOB. K a n u e s b l e  CepMM rpaHMTOMAOB (Kw>1 M Kq>>1)  
IlpORBJleHbl B O C ~ B O ~  'iaCTM K ~ O O C M X O T ~ - A J ~ ~ H C K O ~ O  C B O A a  B OJlOBOHOCHblX 

P ~ ~ O H E L X .  6 p e 3 K O  nOA'iMHeHHOM KOJlM'ieCTBe 3 A e C b  OTMe'iatoTCR c f l a 6 0 ~ a ~ p o B b l e  

(Ku=1-0,75) M COBCeM PeflKO HaTpOBb le  rpaHMTOMabl  (KLq  = 0,75-0,5). 
n p k l ~ e ~ e ~ ~ b l e  A a H H b l e  n03BOJlRtoT CAeJ laTb HeKOTOpble  o 6 q ~ e  BblBOAbl.  1 ). 

B u e n o ~  noATsep>yqatoTcR n p e a c T a s n e H M 9  ~ / lccne~osa~ene i  o n p M y p o r e H H o c T M  

I C O ~ C T B ~ H H O  3OnOTOrO OpyAeHeHMR K rpaHMTOMflaM HaTpOBOrO TM ~eJ lO ' iHOCTk l .  

2). C r p a H m o M a a M M  C M e L u a H H o r o  T u n a  q e n o ' i H o c T M  B p e r M o H e  a c c o q M M p y e T  30- 

no~o -cepe6p~~oe  LI 3 o n o ~ o - c e p e 6 p o - p e ~ ~ o ~ e ~ a n n b ~ o e  o p y A e H e H M e .  3). OCHOB- 
H O ~  B~IBOA, cornacytow~hc~ c aaHHb lMM A. A. M a p a K y U J e B a  (1  979), CBOAMTCR K 

TOMY, 'iTO X a p a K T e p  OpyAeHeHMR BO B p e M e H M  M3MeHReTCR n0 M e p e  3 B O n O 4 M M  

MarMaTMCleCKOrO O'iara. C PaHHMMM HaTpOBblMM rpaHMTOM,L@MM aCCO4MMPYeT co6- 
CTBeHHO 30JlOTOe OPYaeHeHMe,  a C n03AHMMM KaJlMeBblMM - 'iaCTM'iH0 3OJlOTO-Ce- 

p e 6 p ~ ~ o e ,  a B OCHOBHOM s o n o ~ o - p e ~ ~ o ~ e ~ a n n b ~ o e .  
H e ~ 0 ~ 0 p b l e  CTaTMCTM'ieCKMe 3aKOHOMePHOCTM. no MaTepMaJ laM B, r. r y -  

POBMr kl H. n. POM~HOBCKO~O (1973 r.; P O M E ~ ~ H O B C K M ~ ,  1987) n p O B e A e H a  CTaTMC- 

TM'4eCKaR 0 6 p a 6 0 ~ ~ a  aaHHb lX  no nOKa3aTenRM W , f M KLq  QnR rpaHMT0k lAOB CM- 
X O T ~ - A ~ M H C K O ~ ~ ,  C T ~ H O B O ~ ~  M A J I A ~ H C K O ~  3fl M ( 6  IJeJlRX C P ~ B H ~ H M R )  A I R  

H ~ ~ O ~ O T O H O C H O ~ ~  3 0 H b l  L ( e ~ ~ p a J l b H o r 0  CMXOT~-AJ~MHSI ( ~ ~ P M W ,  A X M ~ A Y J ~ M H ,  1984). 
Anq IlOJly'ieHMR COflOCTaBMMbiX AaHHbIX 6b ln~  PaCC'iMTaHbl ~ 0 3 @ @ ~ 4 M e H ~ b l  nap- 
H O ~  p a ~ r o s o i  K o p p e n R u M M  (R)  no @ o p ~ y n e  Cnup~et ia  A n R  ae, f M K L ~ ,  

Fe20, 
rae f = , a Kq=K,O/Na,O. 

FZ + FeO 

6 n e p B 0 M  CJly'iae fl= + 0,51, 6 0  BTOPOM - fl= - 0,43. ~ T M  A a H H b l e  n03BOnRK)T 

yTBepXAaTb, 'iTO Me>yqy PaCCMaTPMBaeMblMM XapaKTepMCTklKaMM CyLqeCTBytOT 

aaeMcMMocTM, npu  TOM f o 6 n a ~ a e ~  donee ~ e c ~ o i  C B R S ~ ~ O  c at, H e m e n u  K q .  
K p M e b l e  P a C n p e A e n e H M R  f M Kw, nOCTpOeHHble  OTaeJlbHO AJlR MarHMTHblX 

(ae>300.1 0-6*1 2,6 en. CIA) M HeMarHMTHblX rPaHMTOMAOB ( X <300.1 0-6.1 2,6 ,a. 
CM), n p M s e A e H b l  H a  p ~ c .  5.3. f l n ~  n o c T p o e H M 9  ~a>yqoLi KPMBOFI p a c n p e a e n e ~ ~ ~  
MCnOJlb30BaHO OKOJlO 100 XMMM'ieCKMX aHanM30B,  AnFl KOTOPblX MMeOTCR n e T p 0 -  

MarHMTHble AaHHb le .  K ~ C ~ ~ C T B ~ H H O  aHanM3MPYR 3TM KPMBble,  I lPMXOAMM K 3 a K n t o -  

reHMO 0 TOM, 'iTO CPeAM MarHMTHblX r P a H k l T O M ~ O B  npeo6na~a0~  HaTpOBb le  (K,O/ 
Na,O<l ) C K O ~ @ @ M ~ M ~ H T ~ M M  OKMCneHHOCTM XeJle3a >0, 25. B b l a e J l e ~ M e  MX no 

Pnc. 5.3. Kp~sb le  pacnpeaenetrug s ~ a r e ~ 1 . 1 ~  ~ o s @ @ n u ~ e ~ ~ a  oKMcneHHocTI.1 xenesa 1.1 
K ~ ~ I . ~ ~ - H ~ T ~ o B O ~ O  OTHOWeHMR WlR MarHMTHblX (a) L.l HeMarHMTHblX (6) TpaHMTOklAOB 



3TOMY l lPM3HaKY nO3BOf lReT l lpOBeCTM p a 3 6 p a ~ o ~ ~ y  rpaHMTOMAOB H a  llpO,4yKTcrMB- 

H b l e  M Hel lPOAYKTMBHble B TeX CflY'iaRX, K O r A a  OHM OXapaKTepM30BaHb l  neTPOMar- 

HMTHblMM M3MepeHMFIMM. 

C p a B ~ M ~ e f l b ~ b l e  XapaKTepMCTMKM I l a p a M e T p O B  X , f, K L ~  M K,O+Na,O mR 
30flOTOHOCHblX M He30flOTOHOCHblX T~PPMTOPMG AaHb l  H a  TMCTOTPaMMaX (PMC. 5.4), 
I l p M  I lOCTpOeHMM KOTOPblX MCnOI lb30EaHO 469 XMMM'ieCKMX a H a f l M 3 0 B  M 402 
3 a M e p a  . M ~ ~ H M T H ~ H  BOCflPMMM'4MBOCTb CO 3Ha'ieHMFIMM 300 M 6onee eaMHM4 



CM B rpaHMTOMfiaX 30nOTOHOCHblX 3 0 H  C M X O T ~ - A ~ M H R  COCTaBnReT 70,4%, B H e 3 0 -  

IIOTOHOCHO~~ 3 0 H e  - 12%. CXOAH~IM o6pa30~ M3MeHReTCR f. B 3OJlOTOHOCH blX 3 0 H a X  

~ M X O T ~ - ~ M H R  er0 3Ha'4eHMR 0,25 M donee COCTaBnRtOT 77%, a B He3OJlOTOHOC- 

H O ~  3 0 H e  - 35%. M e H e e  KOHTPaCTHbl AaHHb le  n0 K q .  B rpaHMTOMAaX30JlOTOHOCHblX 

30H  KOJlMqeCTBO HaTPOBblX M KaJlMeBblX rPaHMTOMAOB nPMMePHO PaBHO,  a B H e 3 0 -  

~ O T O H O C H O ~ ~  3 0 H e  3aMeTHO CYLqeCTBeHHOe nPeMMYLqeCTBO (73%) KaJlMeBblX r p a H M -  

TOMAOB. fl0 C y M M e  LqenO'iefi rpaHMTOMAbl30nOTOHOCHblX M He30JlOTOHOCHblX 3 0 H  

H e  pa3JlM.laOTCR. P ~ ~ J ~ M C I M R  M ~ ~ O ~ O ~ ~ C K M X  rpaHMTOMnOB 30110TOHOCHblX TePPMTO- 

PUG C T ~ H O B M K ~  M ~ ~ ~ H C K O ~ O  LqMTa B CpaBHeHMM C TaKOBblMM H ~ ~ O J ~ O T O H O C H O ~  

30Hbl C M X O T ~ - ~ M H R  (KOTOPYO M b l  YCJlOBHO C'4MTaeM 3 ~ a n 0 ~ ~ 0 f i )  ewe 6onee KOH- 

TPaCTHbl, B O C O ~ ~ H H O C T M  no M ~ ~ H M T H O ~ ~  BOCnPMMML(MB0CTM M KO~@@MQM~H'Q'OKMC- 

neHHOCTM XeJle3a. 3~a ' ieHMR K ~ ~ M ~ ~ - H ~ T ~ O B O ~ O  OTHOWeHMR B rpaHMTOMAaX C T ~ -  
 HOBO^ 06nac-r~ 3Ha.IMTenbHO CABMHYTbl B CTOPOHY HaTPMR, a B AIIA~HCKO~~ - B 

c ~ o p o ~ y  K a n m .  C n e n o s a ~ e n b ~ o ,  ~3 P a c c M o T p e H H b l x  M e T a n n o r e H M q e c K M x  n o r t a -  

3 a ~ e n e C i  s a m H o e  3 ~ a q e ~ ~ e  n p M  npo r~03mpo~a~~ l . l  MMetOT npeme B c e r o  MarHMT-  

HaR BOCnPMMMrMBOCTb M K O ~ @ @ M ~ & ~ ~ H T  OKMCneHHOCTM XeJle3a M B ~ e H b W e f i  CTe- 

neHM TMn LqenO'4HOCTl.l. C Y M M ~  LqeJl0'4efi 3HaqeHMR H e  MMeeT.  

B & ~ G ~ ~ ~ M H c K o G  M ~ X H O B ~ P X O R H C K O ~ ~  rCO, me pa3BMTO n O M e n 0 B O e  (cpea- 
~ e o p c ~ o e ? )  o p y n e H e H M e  M MHTPYSMM ~ T O ~ O  ~ o a p a c ~ a  n p e n c T a s n e H b 1  n~ lubna f i~a -  
MM ~ O P @ M P O B ~ I X  n O p 0 0 ,  P a C C M O T p e H H b l e  KPMTePMM 0 4 e H K M  30nOTOHOCHblX 

p a f i 0 ~ 0 B  3a '4aCTyO HenpMMeHMMtd.  B ~ ~ X ~ ~ B M H C K O ~ ~  ~ O J ~ O T O H O C H O ~ ~  3 0 H e  BO3HM- 

KatOT ~ O n O J l H M T e n b H b l e  TPYnHOCTM, CBR3aHHble C B H e n p e H M e M  B 3OJlOTOHOCHble 

CTPYKTYPbl3aBeAOMO 6onee MOJlOnblX, '4eM 3OJlOTOe O p y A e H e H M e ,  HeMarHMTHblX 

KanMesb lx  r paHM- ros  M e n o e o r o  ~ o a p a c ~ a  c p e n ~ o ~ e ~ a n n b ~ o f i  c n e q ~ a n ~ 3 a q ~ e i .  

5.1.3. O q e ~ ~ a  nepsMrtiblx ycnosuii cenuMeHTaqm M ~ a ~ a r e ~ e s a  

B KaqeCTBe  06nac~efi py,QO- M @ n I O M , 4 0 r e ~ e p a ~ M M  MOrJ'T PaCCMaTpMBaTbCR 

MOPCKMe 1 - 1 a n e 0 6 a ~ ~ e f i ~ b l  C rnMHMCTblMM YrJlePO,4MCTblMM M CYJ~@M,QOHOC- 

HblMM OCaAKaMM, O ~ ~ ~ ~ O B ~ B L L J M M M C ~  6 BOCCTaHOBMTenbHblX YCnOBMRX. T ~ K M ~  06- 
CTaHOBKM XapaKTepHb l  A n R  BHYTPMMaTepMKOBblX ~ J ~ Y ~ O K O B O A H ~ I X  MOPCKMX Gaccefi- 
HOB C 3aTPY,4HMTenbHblM B O A O O ~ M ~ H O M  ( ~ B K C M H C K M ~  T M ~ ) .  B MOPRX C ~ 0 ~ 0 W e f i  

aapaq~ef i  o p r a ~ ~ ' 4 e c ~ ~ i ; l  yrnepon H e  HaKannMeaeTcR,  a y H M r T o m a e T c R  B pesynb- 
TaTe OKMCneHMR. 1/1 H ~ O ~ O ~ O T ,  B ~ ~ C C ~ L I H ~ X  3BKCMHCKOTO T M n a  M 3 - 3 a  OTPaBneHMR 

C p e n b l  C e p O B O ~ O p O n O M  OTCyTCTByOT AOHHMe OPraHM3Mbl ,  nMTatOLqMeCR OpraHM-  

'ieCKMM BeLqeCTBOM, nO3TOMY OPraHMKa H a  A H e  TaKMX ~ ~ C C ~ G H O B  HaKannMBaeTCR 

B 60nbUI0~ KOJlM'4eCTBe. M a p K a 3 ~ ~  M nMpMT B 3TMX YCJlOBMFlX B03HMKatOT n y T e M  

BOCCTaHOBneHMR OKMCJlOB XeJle3a n p M  B O ~ A ~ G C T B M M  H a  HMX CePOBOAOPOAa. no- 
c n e a ~ ~ f i  06pa3ye~c~  B pe3ynb~a~e X M ~ H ~ A ~ R T ~ ~ ~ H O C T M  c y n b @ a ~ p e n y q ~ p y t O u y x  

6 a ~ ~ e p M n ,  a T a W e  n p M 6 a K ~ e p M a n b H 0 ~  pa3nOXeHMW 0praHM.leCKMX CepHMCTblX 

C O ~ A W H ~ H M ~  (OepGpmw, 1971 ; M O H C ~ ~ H K O ,  MapaKyWeEI ,  1987). B rnMHMCTblX 

ocamax B ~ e 6 0 n b u ~ x  K o n w e c T B a x  06pa3y10~c~ M A p y r M e  cynb@~nb~: c@anepn~, 
raneHMT,  x a n b K o n M p m  M AP. n a n e o z ~ o i c ~ ~ e  cnatiubl Ceeepo-3ana~a Esponbl 
RBnRtOTCR P y A a M M .  OHM nMPMTOHOCHbl M C O A e p X a T  nOBblLUeHHble KOHueHTPauMM 

YpaHa, MblWbRKa,  MeAM,  M O ~ M ~ A ~ H ~ ,  CBMHQa, BaHZl,QMR, 4MHKa, KOTOPble C O P ~ M -  

POBaJlMCb 0 p r a ~ M ~ O f i  M rnMHMCTblMM M M H e p a n a M M  (~PMHCMMT,  1981). f l 0 B b l l u e H -  



H b l e  COAepXaHMR 3OJlOTa B COBPeMeHHblX O C m K a X  BHYTPeHHMX  MOP^^, B CpaBHe-  

HMM C OKeaHM'4eCKMMM (B M ~ / T ) ,  CJleAyOlqMe (Ep~onaes, COBMHOB, 1986): 

T e p p M r e ~ ~ b l e  MJlbl, M ~ B ~ C T K O B ~ I ~  6 ~ 0 r e ~ ~ b l e  
anespmbl, necw OCWKM ( P ~ K Y W ~ ~ H M K M ,  

Mnbl ,  a n e s p ~ ~ b ~ )  
A T A ~ H T H ~ ~ c K M ~  1,3 1,5 
OKeaH 

C p e ~ ~ a e ~ ~ o e  M o p e  1,8 3,1 
L l e p ~ i o e   ope 6 (OT 2 AO 24) 20,4 (OT 4,6 AO 150) 

B ~ X H ~ ~ W M M  @ ~ K T O P O M  HaKOnJleHMR 3OJlOTa B AOHHblX OCaAKaX RBAReTCR 

a ~ c o p 6 u ~ ~ .  M M ~ H H O  o H a  c o 3 ~ a e ~  p e r M o H a n b H b l e  (M Aame r n o 6 a n b ~ b r e )  a p e a n b l  

P a C n p O C T p a H e H  MR MeTaJlJl OHOCHblX OCaAKOB, KOTOPble n p M  n 0 c A e ~ y t O ~ e i  r M A p 0 -  

T ~ P M ~ J ~ ~ H O ~  nepepa60~~e  (M M ~ T ~ M o ~ @ M ~ M ~ )  M O r V  A a T b  I l pOMb lWJ leHHb le  MeC-  

TOPO>Y4eHMR 3OJlOTa. LUM~OKO M3BeCTHa C ~ O C O ~ H O C T ~  yrJ lR C O ~ ~ M ~ O B ~ T ~  30JlOTO 

H 3  PaCTBOPOB. C O P ~ ~ M R  30JlOTa rJlMHMCTblMM qaCTMl&lMM AOKa3aHa  H a  MeCTOPOX- 

AeHMM K a p J l k I ~  ( X ~ Y C ~ H ,  Kepp, 1973). B X J ~ O ~ M A H O ~  (M ~ P O M M ~ ~ H O ~ ~ )  @ O P M ~  30J l0 -  

TO M O X e T  aKTMBHO C O P ~ M P O B ~ T ~ C R  M3  BOA rMAPOaJltOMOCMJlMKaTaMM X e J l e 3 a  M 

M a p r a H u a ,  BepMMKyJlMTOM, MJlJlHTOM, MOHTMOpMJlnOHMTOM, KaOJlMHMTOM, WTMTOM, 

n ~ p o n t 0 3 ~ ~ 0 ~ .  r n a s ~ b ~ i  M ~ X ~ H M ~ M  H a K a n n M e a H M R  s o n o ~ a  B Y r n e p o A M c T b l x  

oca,qKax - ero coocax ,qeHMe c c y n b @ ~ ~ a ~ ~ .  Ha~6onee aKTMeHo c o p 6 ~ p y e ~  30- 

JlOTO nMpMT, M e H b l u e  apCeHOnMpMT, elqe M e H b W e  A p y r M e  cyJlb@M~bl ( E p ~ o n a e ~ ,  
CO~MHOB, 1986). ~ P O ~ ~ C C  W C O P ~ ~ M M  O ~ ~ ~ T M M  ( r o J l e e B a ,  1969). C I lOBbl lueHM- 

e M  T e M n e p a T y p b l  M O X e T  IlpOMCXOAMTb ~ e c o p 6 u ~ ~ ,  KOTOPaR B CJlY'4ae C IYMYCO- 

B ~ I M  O p r a H w e c K M M  B e U e c T B o M  yxe H a c T y n a e T  n p M  ~ a ~ a r e ~ e s e ,  M B ~ I C B O ~ O > K A ~ -  

O U e e C R  30JlOTO MMrPMPYeT C 3JlM3MOHHblM PaCTBOPOM. ~ O ~ T O M Y  TOP@ M YrJlM 

C O A e p X a T  I lOHMXeHHb le  ( ~ P O T M B  ~ J l a p ~ a )  KOJlMqeCTBa 3OJlOTa ( R ~ b l p e ~ ,  HMKMTMH, 
1972). O c a ~ ~ v l  c c a n p o n e n e s b l M  T M n o M  opraHMKM, c n a r a t O l q M e  ~ a ~ 6 o n e e  rny6o- 
KOBOAHble Y'iaCTKM MOPCKMX ~ ~ C C ~ ~ H O E ,  COXpaHRtOT CBOM MeTaJlJ lb l  A0 Ha'iaJla 

PerMOHaJ lbHOrO M ~ T ~ M o ~ @ M ~ M ~ .  f l p 0 r p e ~ ~ M B ~ b l i  M ~ T ~ M o ~ @ M ~ M  'iepHblX CJlaH- 

u e B  nPMBOAMT K B03HMKHOBeHMO BOAHO-YrJleKMCJlblX M YrJ lepOAHblX @ J l 0 M ~ ~ b l ~  

nOTOKOB, 0 6 e c n e ' l ~ ~ a 0 q ~ x  WMPOKyO MMrPa4MK)  MMKP03JleMeHTOB. 

AJlR I l p M M e p a  PaCCMOTPMM HeKOTOpble  O C O ~ ~ H H O C T M  CeAMMeHTauMM B CM- 

X O T ~ - A ~ M H C K O ~  K O .  3 ~ e c b  n p o ~ ~ n e ~ o   en-naneore~osoe sono~oe opyAeHeHMe,  

n 0 3 T O M Y  IlPeACTaBJlRtOT MHTepeC p a 3 p e 3 b l  reOCMHKJlMHaJlbHblX T O J l u  MeJlOBOrO 

BO3paCTa.  ~ ~ o c M H K J ~ M H ~ J ~  b ~ b l i  6 a c c e i ~  3aHMMaJl npOCTpaHCTB0 K BOCTOKY OT X ~ H -  
K ~ ~ C K O ~ O  MaCCMBa M K C e B e p y  OT BblCTynOB ApeBHMX I lOpOA B K)XHOM ~ P M M O P ~ ~ .  

K ~ o M ~  T o r o ,  n p e A n o n a r a e T c 9  c y l q e c T B o s a H M e  B M e n y  noAHRTMR (B~PORTHO, noA- 
BOAHO~O) B tOB qaCTM COBpeMeHHOrO n 0 6 e p e ~ b R .  T ~ K M M  06pa30~, B H M X H e M  MeJ ly  

c y u e c T B o s a n  M O P C K O ~ ~  6 a c c e i ~  B BMAe  san~sa, o T K p b l T o r o  K o K e a H y  H a  cesepe M 

CB. O C ~ B ~ R  W C T b  npo r~6a  npOXO@IJla no OCM Hb lHeWHerO K ) X H O ~ ~ ~ M M O ~ C K O ~ O  

CBOAOBOrO IlOAHRTMFI. CYAR n0 MMeK3UMMCR p a 3 p e 3 a M ,  HMXHeMeJlOBble  OTJlOXe- 

HMR n p e A C T a B J l e H b l  n p e M M y l q e C T B e H H 0  TePPMreHHblMCl  neC'iaH0-rJlMHMCTbIMM 

O ~ P ~ ~ O B ~ H M R M M ,  M O U H O C T b  KOTOPblX 3aKOHOMePHO YBenMqMBaeTCR C tO ra  H a  

cesep OT 0 ao 10,3 KM. f l p o u e ~ ~  C O A ~ P X ~ H M R  r n M H u c T b l x  n a q e K  B paspe3ax npo- 
nOp4MOHaJ leH  MX MOUHOCTM, OH M3MeHReTCR OT 15 A0 35% M J l M U b  B A P M Y - 6 ~ -  



KMHCKOM Me>yqypeClbe aHOManbHO ~ J ~ M H M C T ~ I ~  - 65%. T ~ K M M  06pa30~, BO BCeX 

paspesax ( ~ p o ~ e  o ~ ~ o r o )  n e c r a H M K M  p e s ~ o  npeo6na~a0~  H ~ , Q  anespo-nen~~o- 
BHMM I l O P O ~ a M M .  L(epHble  I lMPMTM3MPOBaHHble OCa,QKM, X a p a K T e p H b l e  &lR BHYT- 

PMKOHTklHeHTaJlbHblX MOPCKMX ~ ~ C C ~ ~ H O B ,  nPaKTMCleCKM OTCYTCTBYOT. Y m e p 0 A M -  

cTble cnatiqbl M a p r M n n m b 1  (c c a n p o n e n e s b l M  T M n o M  OB) P ~ ~ B M T ~ I  n M w b  B 

~ ~ I ~ ~ H o ~ ~ M M o ~ c K o ~ ~  3 0 H e  ( ~ ~ W ~ T H M K O B C K ~ R ,  l l 0 C l l e n O B C K a R  C B M T ~ I )  n e p M M ,  

raCTklrH0 B K ~ M ~ P M ~ C K M X  OTJlOXeHMRX B O ~ H ~ C ~ H C K O ~  3 0 H b l  ( L U Y H ~ M T O B ~ I ~  ~J la~qb l ) .  
r p a @ b I ~ o B b l e  n O p O a b l  M3BeCTHbl B ~ ~ ~ ~ ~ H O ~ ~ P M M O P C K O ~  3 0 H e .  Aame B Ha3BaHHblX 

K o M n n e K c a x  y r n e p o a M c T b l e  c n a H q b l  c o c T a s n R t o T  ~ e 6 o n  bwym Aonto odlqero 
paspem, B o T n M w e  OT p a i o ~ o s  K n a c c w e c K o r o  ~ ~ ~ B M T M R  r e p ~ o c n a ~ q e ~ b l x  T o n u  

( 6 0 & 3 f i 6 M H c ~ ~ i ,  ~ x ~ ~ A M H c K M ~ ,  K )XHOB~PXORHCKM~) ,  rAe 3TM T O n U M ,  o 6 n a ~ a ~  
6 0 n b l ~ l o i  MOUHOCTbO,  PaCl lpOCTpElHeHbl H a  O ~ U I M P H ~ I X  TePPMTOPMRX M C HMMM 

PerMoHanbHo accoqwpye-r ~ O ~ O T O H O C H O C T ~ .  

T ~ K H M  06pa30~, B K a q e c T s e  p y A o r e H e p M p y m l q M x  B p a i o ~ e  M o r y T  p a c c M a T -  

PbIBaTbCR JlMLub HeKOTOpble  n a J l e 0 3 0 i ~ K M e  CBMTbl ~ ~ I ~ ~ A H O ~ ~ P M M O P C K O ~  3 0 H b l ,  

OT,4eJlbHble ClaCTM p a 3 p e 3 0 B  HMXHerO K ~ M ~ P M R  B 0 6 p a ~ J l e H M M  X ~ H K ~ ~ C K O ~ O  M a c -  

cma M H M m H e M e n o s b l e  a n e s p o - n e n ~ ~ o s b l e  T o n l q M  ~ a ~ 6 o n e e  n p o r ~ y ~ o i  q a c m  

1eOCklHKnMHaJlbHOrO T p O r a .  K ~ o M ~  3 T O r 0 ,  K HMM M O V  6 b l ~ b  OTHeCeHbl BynKaHO- 

nnYTOHM'leCKMe KOMnJleKCbl OCHOBHOrO COCTaBa, M3Ha'ianbHO CO,4epXalqMe no- 
BHUleHHble KOJlMCleCTBa 3 0 n O T a .  

B OTJlMClMe OT C M X O T ~ - A ~ M H C K O ~  rCO, nPOAYKTMBHble 30nOTOPYAHble  CMC- 

TeMbl A>K~~ /JMHcKo~~  311 M K)XHOB~PXORHCKO~ 3 0 H b l  Pa3BMnMCb BO BHYTPMMaTe- 

pMKoeblx 6accei~ax.  Llx o T n o x e t i m  o6oralqe~b1 OB canponenesoro wna, o T A e n b -  

HbleTOJluM C O A e p X a T  CMHreHeTMlrHble c y n b @ M ~ b l .  P e 3 ~ 0  a H O M a n b H 0  060ralqe~bl 
y1nepOAMCTblM Be lqeCTBOM MMOreOCMHKnMHanbHble KOMnneKCbI  X M H ~ ~ H C K O ~ ~  C e -  

PMM. 3 , Q e ~ b  B a X H O  llOAClePKHYTb, ClTO YrJlepOAMCTOe Be lqeCTBO,  H a n p M M e p  B Amar- 
~ ~ M H C K O ~  3 0 H e  B KOHTYPaX 30JlOTOHOCHblX p a f i 0 ~ 0 6 ,  HeCOMHeHHO I l e p e M e U a n O C b  

~npoqecce ~ e ~ ~ o r e ~ e s a  M H a K a n n M s a n o c b  B KynonoBMAHb lx  aHTMKnMHanRx M M H ~ I X  

CTPYKTYPH~IX n o B y w K a x  no nputiqmy n o ~ a n ~ 3 a q ~ ~  H ~ @ T H .  O G O ~ ~ H H O  RCHO  TO 

BMAHO B HMM~HCKOM, A @ ~ H ~ C ~ ~ B C K O M ,  X ~ ~ ~ M H C K O M  M Y H ~ ~ M ~ M K ~ H C K O M  ~ ~ G o H ~ x ,  
1)Je apeanbl 30JlOTOHOCHOCTM npOCTpaHCTBeHH0 COBMe lqeHb l  C perMOHaJ lbHblMM 

aHOManMRMM yrJlep0)JMCTblX n 0 p O A  B n e p M K n M H a n  bHblX 3aMblKaHMRX KYnOJIO- 

BMAHblX C T P Y K V P .  

C aMOpOAHOe 30JlOTO B 3K30TeHHblX 0 6 p a 3 0 ~ a ~ 1 . 1 ~ ~  p e 3 K O  OTI lMraeTCR CBOMMM 

6onee KPYnHblMM p a 3 M e p a M M  OT 30J lOTa 3HAOreHHblX M ~ C T O P O ~ ~ H M ~ .  K ~ K  
6blno f lOKa3aHO P a H e e  X ~ ~ K O K O M ,  B PYAHblX M e C T O P O m e H M R X  KaHa,Qbl 85% Ca-  

MOpOAHOrO 3 0 n O T a  M M e e T  p a 3 M e p b l  M e H e e  0 , l  M M .  B ~ O C J I ~ A C T B M M  MHOrMe  MC- 

c n e n o s a T e n M  n o A T s e p A M n M  c n p a s e A n m o c T b  sbleooa X ~ ~ K O K ~  o n p e o 6 n a ~ a ~ ~ ~  
TOHKOrO 30J lOTa B PYAaX B UeJlOM AJlR 3HAOreHHblX M ~ C T O P O ~ ~ H M ~  M M p a .  TOHKO- 
flLlCnepCHOe 30JlOTO O C O ~ ~ H H O  XaPaKTePHO AJlR ~ y n b @ k l ~ H b l ~  PYA,  M e C T O P O m e -  

H M ~  KapnMHCKOrO T M n a  M ~ ~ O R B J I ~ H M ~ ~  B ~ J ~ K ~ H O ~ ~ H H O ~  @opMaqL lM .  T ~ K ,  B P y A a X  

MeCTOpO>yqeHMR K a p n M ~  86% 3OJlOTa M M e e T  p a 3 M e p b l  nOPRAKa 5 M K M  M TOnbKO 

8% - o K o n o  30 MKM. 



B C Y ~ ~ @ M , ~ H ~ I X  PYAaX pa3HblX M ~ C T O ~ O X , ~ ~ H M ~  MMpa o~~IcIHO.~~OMMHMPY~~T 

BblaeneHm aono~a KpynHocTbto 1-3 MKM. 

B n p ~ a ~ y p b e  ae-ranbtio ~ayranacb MMHepanorMR sono~a n o ~ p o s c ~ o r o  
PyAHOrO MeCTOPOX,4eHMR COTPYaHMKaMM AhrlypKHMlA ABO PAH (r. M. TY~OBMK, 
B. r. M O M C ~ ~ H K O ,  A. M. A ~ M ~ H T M ~ H K O ,  B. M. Kupac~poea), MHCTMTYT~  TeOXMMMM 

CO AH CCCP (C. M, npo~on ry~ ) ,  reonoraw UHM TPM, cneuManMcTaMM aanbreo- 

norm M AMypre~n~rMM, 110 MaTepManaM BTMX as-ropos cocTaeneHa csoaHaR ~ a 6 -  
nML@ KpynHOCTM PYaHOrO 30nOTa ~ O K P O B C K O ~ O  KOPeHHOrO MeCTOPOX,4eHMR kl np0- 

BeaeHo cpasHeHMe c ~ p y n ~ o c ~ b t o  PoccblnHoro 30no~a B MecTopo>KFleHMRx ~ntoqei  

Cepreesc~~Li  M I l p o n e ~ a p c ~ ~ L i  (PMC. 5.5), P ~ ~ M ~ I B ~ I O ~ M X    TO pyatioe none. M3 

3c 

PMC. 5.5. K P Y ~ H O C T ~  30JlOTa ~ O K P O B C K O ~ O  PyAHOrO MeCTOPO)I(LK?HL.154 (I) M ~ O K P O B C K O ~ O  ( ~ n .  
C e p r e e ~ c K b I f i )  POCCblnHOrO MeCTOPOXneHL.154 ( 1 1 )  

flpMBC?,4eHHblX OaHHblX BMaHO, '4TO B PY,QaX ~ O K ~ O B C K O ~ O  MeCTOPOX,4C?HMA 85,3% 
aono~a meeT  p a a ~ e p b ~  +1,2 - 10 MKM, a3on0~0 donee 0,25 MM He YcTaHoBneHo. 
B TO Xe BPeMR B POCCblnHOM 30nOTe MeCTOPOX,4eHMR Kn. C ~ P ~ ~ ~ B C K M ~  @ P ~ K ~ M R  

-0,25 MM CocTasnReT Bcero 1,4%. C yqeToM npMBeaeHHblx MaTepManoB MOXHO 

YTBePwaTb, '4TO B PYaaX ~ O K ~ O B C K O ~ O  MeCTOPOX,4eHMR 30nOTMHbl KPYflHOCTbKI 

- 2,5 ...+ 0,4 MM B nyweM cnyqae CocTaBnRtoT 0,05%, a B p o c c b ~ n ~  KJI. Ceprees- 

C K M ~ ,  @ o P M M P Y ~ ~ L ~ ~ ~ c R  38 C'ieT pa3MblBa 3TOrO MeCTOPOX,4eHMR, @ P ~ K ~ M F ~  30- 

noTa KpynHocTbto - 2,2 ... +0,4 MM cocTasnReT 80,5%. P a ~ ~ e e  c y n b @ ~ a ~ o e  opy- 
AeHeHMe coaepxuT 99,8% ~ O ~ O T M H  p a 3 ~ e p 0 ~  nopRgKa 1, 5 MKM, B 

MeTaCOMaTM'ieCKM M3MeHeHHblX flOpOflaX TaKMX 3OnOTMH 70%, B O ~ ~ ~ ~ O B ~ H M F I X  

aopya~o i  cTaam - 80% M n o c ~ p y a ~ o i  - 87% ( a a ~ ~ b ~ e  C. M. n p o ~ o n r y ~ a  M r. LA. 
T Y ~ O B V K ~ ,  1995 r.). 

B npeaenax pyaHoro nonR M 3a ero npeaenaMM B Menosblx rpaHMTax HepeA- 
KO Ha6n to~a~)~cR npoxMnKw aayn~p-~sapqesoro cocTasa. B. M. K ~ p a c ~ p o s a  



B b l n o n H w n a  ~ ~ ~ e p a n o r ~ q e c ~ ~ i  a ~ a n ~ s  n p o ~ o n o q e ~  BTMX ~ ~ ~ H M T O B  M y c T a H o s u n a  

HanM'iMe n J l e H O q H b l X  M C K e n e T H b l X  B b l , 4 e n e ~ M i ,  a T a W e  XOPOLUO O r p a H e H H b l X  KPM- 

C T a n n o B  3 O n O T a  p a 3 M e p O M  40 30 M K M .  T ~ K M M  06pa30~, W R  T ~ I ~ , ~ ~ - Y J ~ ~ H ~ M H c K o -  

r0 3OJlOTOHOCHOrO y3na K p y n H O e  P y A H O e  30J lOTO RBnReTCR 60nbwoi PeAKOCTbtO.  

B  TO Xe B P e M R  3 A e C b  LUMPOKO P a 3 B M T b l  POCCbl f lM 3 0 n O T a ,  K O T O P b l e  no p a 3 M e p a M  

30JlOTMH H e C O M H e H H O  p e 3 K O  Y C T y n a O T  POCCbl l lRM,  K I l p M M e p y ,  u e H ~ p a n b H o - u e ~ -  

T p a J l b H O K O n b I M C K O r O  paho~a,  H O  B C p e A H e M  K P Y f l H O C T b  3 0 J l O T M H  B P O C C b l n R X  

T b l r ~ a - Y n y ~ r M ~ c ~ o r o  y3na B 150-200 pa3 60nbwe KPYf lHOCTM B b l ~ e n e ~ M i  P Y A H O -  

ro M e T a n n a  H a  p a c c ~ a ~ p ~ s a e ~ o i  T e p p M T o p M M .  

C p a s ~ e ~ ~ e  T a K o r o  poAa H a r n R A H o  ~ n n o c T p M p y e T c R  n p M  c o n o c T a s n e H m  

r p a H y J l O M e T p M M  30J lOTMH POCCbl l lM  Kn .  C e p r e e B c ~ k l i  C TaKOBblMM ~ O K P O B C K O ~ O  

P y A H O r O  MeCTOPO>KAeHMR. B PY,QaX I ~ O K ~ O B C K O ~ O  MeCTOpO>yqeHMR C p e A H e B 3 B e -  

L U ~ H H ~ I ~  p a 3 ~ e p  ~ O ~ O T M H  6,7 MKM, a B Cepreesc~oh poccblnu - 11 5 MKM. C n e ~ o -  
B a T e n b H O ,  K P Y n H O C T b  30JlOTMH €3 POCCblnM,  Jlexalqei H a  ~ ~ O K ~ O B C K O M  MeCTOpO>K- 

AeHMM,  B 166 pa3 6on bLUe PYAH~IX B b l ~ e n e ~ M i  3 T O r O  M e T a J l J l a .  

~ ~ B ~ C T H O ,  qTO B 3 0 H a X  OKMCfleHMR 30J lOTOPYAHblX  M ~ c T o P o > K A ~ H M ~ ,  T, e. B 

3 K 3 0 r e H H b l X  YCJIOBMRX, W C T O  O ~ H ~ P Y X M B ~ ~ T C R  H O B O O ~ ~ ~ ~ O B ~ H H O ~  K p Y n H O e  30- 

n o T o  M c a M o p o A K M  (H. M. Anb6os M MH. ~ p . ) .  T ~ K ,  B 3 o ~ e  o ~ u c n e ~ m  X a p r ~ ~ c ~ o r o  
MeCTOpOX,4eHMR ( A x ~ ~ A M H c K ~ ! ~  I ~ ~ o B M H L & ~ R )  B ~ ~ P M ~ O B ~ P X H O C T H O ~  3 0 H e  P Y A b l  

6 o r a q e ,  30J lOTO K p y n H e e  M B ~ I C O K O ~ ~ ~ O ~ H ~ ~ ,  'ieM H a  r n y 6 o ~ ~ x  r O P M 3 0 H T a X .  CO- 
n e p x a ~ ~ e  sono~a B pyae H a  r n y 6 ~ ~ e  100 M - 20 r /~ ,  50 M - 50 r / ~ ,  a 6 n ~ 3  nosepx- 
HOCTM - 280 r / ~ .  A H ~ J I o ~ M . I H ~ R  K a p T M H a  ~ a 6 n o ~ a n a c b  H a M M  H a  TOKYPCKOM M e C T O -  

POX)l,eHMM. n 0 ~ 0 6 ~ b l e  O C O ~ ~ H H O C T M  LUMPOKO O f l M C a H b l  B J l M T e p a T y p e  M HOCRT 

rfl06anb~bli X a p a K T e p  ( M o M c ~ ~ H K o ,  M a p a ~ y w e ~ ,  1987). 
flpe,4n0n0Xe~kle 06 3 K 3 0 r e H H O M  r e H e 3 M C e  C a M O P O A K O B  3 0 n O T a  Bb lCKa3b l -  

B a n O C b  elqe B f lPOUlJ lOM B e K e ,  HO TOJlbKO C B H e A p e H M e M  B r e O J l O r M t 0  M M K P 0 3 0 H -  1 nosoro a H a n n 3 a  o A H o 3 H a w o  6bln0 a o K a 3 a H o .  v o  .acTb C a M o p o A K o s  3 o n o T a  M 

donee M e n K M X  3OnOTMH 06pa3osanacb B POCCbl f lRX,  K O p a X  B b l B e T p M B a H M R  M 3 0 H a X  1 OKMCneHMR PYAHblX  M ~ C T O P O > ~ ~ ~ H M A .  ~ A R  BblRCHeHMR Y C J ~ O B H ~  0 6 p a 3 0 8 a ~ M R  30- 

n O T a  B POCCbl f lRX H a M M  n P O B O A M n a C b  T e M n e p a T y p H a R  A e K p e n M T a 4 M R  3 O n O T a  M 

~ 3 y q a n c ~  comas ra30~b1x M c o n e s b l x  B K ~ O ~ ~ H M ~ ,  f l p o a ~ a n ~ 3 ~ p o ~ a ~ o  H e c K o n b -  

KO C O T e H  np06. O K a 3 a n 0 ~ b ,  .IT0 A B e  T p e T M  M 3  HMX MMeIOT HM3KYlO T e M n e p a T y p y  

A e K p e f l M T a q M M  - OT 30 A0 90' C. n p M  3 T O M  I lOJ lYqeHb l  A a H H b l e ,  qTO B 3 K 3 0 r e H H b l X  

YCnOBMRX H O B O e  30J lOTO 06pa3ye~c~  B p e 3 y n b T a T e  Y K p y n H e H M R  3 H A O r e H H b l X  30- 

JlOTMH A M 6 0  B B M A e  HOBOrO 3apO>yqeHMR 3 e p e H  B ~ I C O K O ~ ~ O ~ H O ~ O  3 0 n O T a .   TO no& 
T s e p m a e T c R  n p M H q M n M a n b H b l M M  P ~ ~ ~ M ~ M R M M  C o c T a s a  ra30~b1x M conesblx mno- 
L ( ~ H M ~  B 3 0 J l O T e  H M 3 K O T e M l l e p 2 T y p H b l X  M B b l C O K O T e M n e p a T y p H b l X  M H T e p B a n O B  

~ ~ ~ e p a n o o G p a 3 0 ~ a ~ ~ ~ .  H a n p M ~ e p ,  B TXB ~ ~ l s ~ o ~ e ~ n e p a ~ y p ~ o r o  sono~a O T C ~ T -  

c T s y e T  cepa,  TO n p o m B o p e r m  M H e t t M o  o n e p e H o c e  sono~a B s M A e  wocynb- 
@ ~ T H ~ I X  K O M n n e K C O B .  

B TO Xe B p e M R  COCTaB r X B  B 'iaCTM 3 0 n O T M H  poccblfle~ y K a 3 b l B a e T  H a  B 0 3 -  

M O X H O e  YclaCTMe 6 a ~ ~ e p M i  B 3 K 3 0 r e H H O M  0 6 p a 3 0 6 a ~ M M  3 0 n O T a .  C UenbO flpo- 
' 

B e p K M  3 T O r 0  f lpe,QnOflOXeHMR 6 b l n o  M 3 y ' i e ~ o  ~ O J ~ O T O  113 P a 3 H b l X  ~ O P M ~ O H T O B  TO- 
KYPCKOrO MeCTOPO%4eHMR M M3 POCCblflM, 0 6 p a 3 0 ~ a ~ l u e i c ~  6 p e 3 y n b T a T e  p a 3 M b l B a  

3 T O r 0  MeCTOPOX,4eHMR. K O H ~ ~ H T P M P O B ~ H M ~  3 0 n O T a  B 3 0 H e  OKMCneHMR ~ a 6 n o ~ a -  
eTCR f lpaKTMqeCKM BO BCeX XMJlaX 3 T O r 0  MeCTOpO>KAeHMR, q a C T b  3 T O r 0  3 0 n O T a  

M M e e T  3 K 3 0 r e H H O e  n p O M C X O X A e H M e .  He6onbwoe er0 K O n M q e C T B O  O T M e W e T C R  



aame H a  r n y 6 ~ ~ e  330 M OT n o s e p x H o c T M .  A o n ~  3 ~ 3 0 r e ~ ~ o r o  (ralqe n o n ~ r e ~ ~ o r o )  
3 O n O T a  M3 POCCblnM, CY,QFl n0 a e K p e f l T O r p a M M a M ,  3 H a r M T e n b H O  Bb l lL le  B C p a B H e -  

HMM C OKMCneHHblMM py,QaMM. Ha 3OnOTMHaX M3 poccblllei W C T O  BMAHbl BblCOKO- 

npo6~ble o 6 0 n o r ~ ~ .  H e 0 6 b l r H b l e  @ o p ~ b ~  r M n e p r e H H o r o  sono~a ( n p ~ r y m ~ s b ~ e  
HMTeBLlAHble O ~ ~ ~ ~ O B ~ H M R ,  AeHAPMTbl  M AP.) 6 b l n ~ b 6 ~ a p y ~ e ~ b l  KaK B 3 0 H e  OKMC- 

neHMR,  TaK M B POCCblnRX (PMC. 5.6). 
C x o a ~ b ~ e  a a H H b l e  6b ln~  n o n y r e H b l  n p M  ~ s y r e ~ ~ ~  sono~a rny60~03anerao- 

l q e i  (1 0- 12 M) H ~ ~ M M M H C K O ~  p o c c M n M  ( 6 a c c e i ~  cpewero T e r e H M R  p. 3 e ~ ) ,  npw 
Y ~ O ~ ~ H H O ~  K OXPMCTblM neCClaHO-rnMHMCTblM O ~ ~ ~ ~ O B ~ H M R M  OnMrO4eHOBOrO 8 0 3 -  

pac-ra. Tonlqa c @ o p ~ ~ p o s a n a c b  B pe3ynb~a~e p a s ~ b l s a  ~ O H ~ I  O K M c n e t i m  pyab~ 
~ o ~ o T o - c ~ ~ ~ @ ~ ~ A H o - K B ~ P ~ ~ B o ~  @ O P M ~ ~ M M .  B POCCbl l lM30nOTO M e n K O e ,  e r O  npo6a 
943-982. no ,QaHHblM ,QeKpenMTa4MM B 3 O n O T e  H ~ ~ M M M H C K O ~  POCCblnM H a r a f l O  

r a 3 0 s b l ~ e n e ~ ~ ~  @MKCLIPY~TCR n p M  T e h n n e p a T y p e  60°C, no paspesy M O ~ ~ H O C T ~ O  

00 71 M npo6a 3 0 n 0 T a  c f l p M 6 n M ~ e ~ M e ~  K I lOBepXHOCTM 3aKOHOMePHO B 0 3 P a C T a -  

eT.  XMMMSM M B  p a 3 n ~ r ~ b l x ~ e ~ n e p a ~ y p ~ b 1 x ~ ~ ~ e p e a n o ~  p a 3 n ~ r ~ b l i  (~a6n.  5.1). 
B H M 3 K O T e M f l e p a T y p H  blX BKntOCleHMRX @MKCMPY~OTCR 6onee BblCOKaR AOJlR a 3 0 T a  M 

6onee OKMCnMTenbHaR a T M o c @ e p a ,  ClTO eCTeCTBeHH0,  TaK KaK 3 T O  3 0 n O T O  HaXO- 

~ M T C R  6 n ~ 3  n o B e p x H o c T M  3 e ~ n ~ .  B C o c T a s e  y r n e B o A o p o A o B  B BTMX MI3 T a w e  

60nbue H e H a ~ b l l q e H H b l ~  M p a 3 B e T B J l e H H b l ~  ~ ~ J ~ ~ B o , ~ o ~ o , Q o B  (~a6n.  5.2). 
3a nocneawe 20 n e T  ony6- 

T a 6 n  w qa  5.1 ~ M K O B ~ H  PRP, M C C ~ ~ ~ O B ~ H M ~ ,  CBM- 

B b l R B J l e H a  C ~ ~ O C O ~ H O C T ~  H e K O -  

TOP~IX  p a c ~ e ~ ~ h  M X M B ~ I X  0 p r a ~ ~ 3 -  
MOB K HaKonneHMtO 30no~a H a  no- 
BepXHOCTM KneTOK, Me>yqy HMMM M 

BHyTpMKJleTOrHO,  n 0 K a 3 a H 0 ,  ClTO 

s s a ~ ~ o a e i c ~ s ~ e  6 a K T e p M i  c ca- 
M O P O A H b l M  3 0 f l O T O M  nPMBOAMT K 

BHYTPMKJleTOrHOMY H a K O n n e H M O  

T a 6 n ~ q a  5.2 

f"a3 , 

Hz 1,720 40,90 
N2 0,067 19,31 0,040 1,16 
CO 0,044 12,68 0,205 5,95 
CO, 0,236 68,Ol 1,309 38,02 
H 2 0  10,31 25,603 

8U-220nC 

M ~ - ~ K B / K ~  

06pam.e 

220- 570°C - 
r -8KB, % . MT-~KK/KT 

o6pasns. 
rASKK, % 



PMC. 5. 6. C ~ a ~ i n p y i o i ~ j a ~  c rler.rpciiiia9 r. :~. lrpo@o~o~rpa~~~.r: i  B u o r e ~ ~ o r o  sonora ( M M K -  

po~ocr .nn~+n) :  yoenntieHue 3500 ( a )  I;! 10000 (6) pa3 ( K J I .  U ~ M ( ) O K M ~ ~ ,  OKTRG~~CKLIG ~ ~ L ~ M C K )  



M e T a n n M r e c K o r o  3ono~a c B e n M r M H o i  r a c T M u  1-2 MKM. Mccneaosa~tm no~aaa- 
JIM, '-IT0 M M K P O P ~ ~ H M ~ M ~ I  C ~ O C O ~ H ~ I  ~ A C O P ~ M P O B ~ T ~  K O J ~ J ~ O M ~ H O ~  30Jl0~0 M 3  rnM-  

HMCTblX 3OJlOTOHOCH blX PYA M 30JlOTO-MblWbRKOBMCTOrO C Y ~ ~ @ M ~ H O ~ O  KOHueHT- 

P a T a .  M 3 y c l e H M e  M e X a H M 3 M a  B ~ ~ M M O ~ ~ ~ C T B M R  6 a K ~ e p M i  C KOJlJ lOMaHblMM 

r a c T M u a M M  6 n a r 0 p 0 a H b l ~  M e T a n n o s  MMeeT  samtioe s ~ a r e ~ ~ e ~ s l  noHMMat iMR ponM 
~ M O ~ ~ H H ~ I X @ ~ K T O P O B  n p M  @OPMMPOB~HMM P Y ~ H ~ I X  M ~ C T O P O ~ ~ H M ~  M poccblnei. 
M ~ o r ~ e  M c c n e a o s a T e n M  npeanonaraw,  TO B ~ M O X M M M ~ ~ C K O ~  M M T P ~ ~ M M  30no~a 
Cy lqeCTBeHHYtO POJlb MrPaIOT n P 0 u e C C b l  PaCTBOpeHMR, KO~JIOM~OO~~~~OB~HMH, 

EIKKYMYJlRuMM KJleTKaMM M O C a W e H M e  H a  ~ M O ~ ~ O X M M M ~ ~ C K M X  Gapbepax ( M M H ~ ~ B  
M ap., 1972; HMKMTMH M ap., 1986; O e r a p e ~ ~ o  M ap., 1 9 8 5 ) .  

B CBR3M C YKa3aHHblMM np06JleMaMLl OaHMM M 3  aBTOPOB 6blna MCCJleaOBaHa 

~ M O ~ ~ O X M M M ~ ~ C K ~ R  CMCTeMa 3 0 n O T O P y ~ H O r O  MeCTOPO>Y4eHMR TOKYP M POCCblnM, 

0 6 p a 3 0 ~ a s w e i c s l  OT ero pas~b~ea .  6 a ~ ~ e p ~ ~  B b r p a l q M e a n M c b  H a  cpeaax, Y ~ M T H -  

Ba tO lqMx  s e l q e c ~ s e ~ ~ b ~ i  comas 3 o n o ~ o ~ ~ e l q a 1 0 l q ~ x  nopoa. B K a r e c T s e  n p 4 -  

POaHblX UJTaMMOB B b l 6 p a H b l  '-IaCTML(bl30JlOTa pa3J lMrH0n  C T e n e H M  aMCnePCHOCTM. 

6 b l n ~  n p M r o - r o s n e t i b l  r ~ a p o a o n ~  K o n n o M a H o r o  3ono~a no M e T o a M K a M  G. Freus, 
M. Moevmaus, G. Daniels ( M o ~ c e e ~ ~ o ,  Mapa~ywes, 1987), s s a ~ ~ o a e i c ~ s ~ e  
6 a ~ ~ e p M i  C KOTOPblMM nPOBOAMJlOCb n p M  20' C. B p e 3 y n b T a T e  0 6 ~ a p y m e ~  PHfl 

6 a K T e p M a J l b H b l ~  UJTaMMOB, C ~ O C O ~ H ~ I X  B ~ ~ M M O ~ ~ ~ C T B O B ~ T ~  C KOJlJlOMaHblM 3 0 -  

JlOTOM: 1 ) a a c o p 6 u ~ ~  H a  I lOBepXHOCTM K J l e T 0 ' 4 ~ 0 i  CTeHKM 6e3 YKPYnHeHMR; 2) 
~ C O P ~ ~ M R  H a  IlOBePXHOCTM CTeHKM C YKPYnHeHMeM M n O C n e a y l o l q M M  O C w e H M -  

e M  K ~ Y ~ H O ~  3 0 J l 0 ~ 0 - 6 a ~ ~ e p M a J l b H 0 ~  MaCCbl;  3) @ J l ~ ~ y n s l u M R  'iaCTM4 6e3 3aMeT-  

H O ~  C O P ~ ~ M M  H a  nOBePXHOCTM KneTKM. ~ O A C ~ ~ T  6 a ~ ~ e p M i  B I r I l O p O a b l  nOKa3an  

XOpOUJytO nOnOXMTenbHy tO  KOppeJlRuMtO M e m y  KOJl MCleCTBOM 6 a ~ ~ e p ~ t 7  M KOH4eH- 

~pauk le i  3OnOTa,  KPYnHOCTbtO M n p 0 6 ~ 0 ~ T b t O  30JlOTa. T ~ K ~ R  4<OppenRuMsl CBMae- 

T e n  bCTBYeT 0 TOM, 'iTO 6 a K ~ e p M M  ~ @ @ ~ K T M B H O  YJlaBJlMBatOT KOJlJlOMaHble 'iaCTMubl 

B PYflHMclHblX BOaaX.  O ~ H O B ~ ~ M ~ H H O ~  I lOBblUJeHMe ~ P O ~ H O C T M  30nOTMH yKa3b lBa-  

e T  H a  ~ ~ K ~ M c T ~ J ~ J ~ M ~ ~ ~ M o H H ~ I ~  x a p a K T e p  yKpynH€?HMR. 

X a p a K T e p H b l ~  MMKPOOPraHM3MOM, nPMC)TCTBYtOlqMM I lpaKTMqeCKM BO BCeX 

npo6ax c B ~ I C O K O ~  ~ o ~ u e ~ ~ p a u ~ e i  30no~a, o~a3anacb a 3 p o 6 ~ a ~  r p a ~ ~ - n o n o -  
XMTeJ lbHaR 6 a ~ ~ e p M ~  Micrococcus luteus. C B R ~ ~ I B ~ H M ~  ' iaCTMu 3OJlOTa 6 a ~ ~ e -  
PMRMM HOCMT a B y ~ @ a 3 0 B b l i  X a p a K T e p .  T p e T b R  q a C T b  6 a ~ ~ e p M i  o 6 n w a e ~  6onee 
BblCOKMM CPOaCTBOM K 'iaCTML@M 30JlOTa, OCTaJlbHble - donee HM3KMM. B OTCYTCT- 

BMe  KMCJlOpOaa KOJlM'ieCTBO CBR3aHHOrO 30J lOTa 3 a M e T H O  YMeHbUJaeTCR, '-IT0 nOfl- 

TBep>yqaeT Cy lqeCTBOBaHMe a B y X  MeXaHM3MOB ~ C O P ~ ~ M M :  n e p ~ b l i  - 06b1'4HaH 

X ~ M O C O ~ ~ ~ M R  H a  nOBepXHOCTM KJleTo'iHofi CTeHKM, B T O P O ~  - ~ C O P ~ ~ M R ,  CBR3aH- 

HaR C n P 0 4 e C C O M  OKMCJlMTenbHO-BOCCTaHOBMTenbHblX npe~pa lqe~k l i  3OJlOTa. ~ T M  

MeXaHM3Mb l  T p e 6 y t O T  a a J l b H e i U J M ~  M c c J ~ ~ ~ o B ~ H M ~ ,  OaHaKO RCHO, 'iTO 6 a ~ ~ e p ~ H  

Micrococcus luteus M o m e T  M r p a T b  s a m ~ e i u y t ~  ponb B npoueccax 6 ~ o r e o x ~ ~ ~ -  
' - I ~ c K o ~  MMrpaL&lM 3OJlOTa. ~ ~ P M C Y T C T B M ~  3 T 0 i  ~ ~ K T ~ ~ L I M  M O X e T  YKa3b lBaTb  Ha  

BblCOKOe C O a e p M a H M e  3OnOTa  B n O p O a e  MeCTOPOM,QeHMR, T. e. CJlYMMTb nOMCKO- 

B b l M  nPM3HaKOM.  C p e a M  ~ ~ K T ~ P L I ~ ,  Bb laeJ leHHblX M3 Pa31 M'iHblX rOpM30HTOB TO- 
KypCKOrO MeCTOPO>yqeHMsl, B e C b M a  MHTepeCHblMM OKa3aJlMCb BMAbl P. stutreri M 

B. cereus, npMcyrcTsytOu_lMe B nopoaax c B~ICOKMM c o a e p x a H M e M  3ono~a M cno- 
co6nble p e 3 K O  M ~ M ~ H R T ~  a r p e r a T M B H y t O  Y C T O ~ ' ~ M B O C T ~  3019 3 0 n 0 T a  ( M O M C ~ ~ H K O ,  
Mapa~ywes, 1987). K O H ~ ~ H ~ I M  MTOTOM B ~ ~ L I M O A ~ ~ C T B M R  ~ Z ~ K T ~ P M ~  C KOnJlOMfl- 

H b l M  30J lOTOM RBnReTCR 06pa30sa~~e  T R m e J l o i  ~ o J ~ o T o - ~ ~ K T ~ ~ M ~ J ~ ~ H o ~  MaCCbl,  



KOTOpaR OCa>yqaeTCR M3 PaCTBOpa .  8 e c b ~ a  X a p a K T e p H b l M  RBnReTCR KOH4eHTPM- 

POBaHMe K O n J l O M ~ H O r O  3 0 n O T a  B MeCTaX  M e X K n e T O q H b l X  KOHTaKTOB. 

B b ~ ~ e n ~ e ~ c r r  r e T b l p e  C T ~ ~ M M  n p e o 6 p a 3 0 s a ~ ~ ~  aono~a, B KOTOP~IX y r a c T B y -  

IOT p a 3 n M q H b l e  MMKPOOpraHM3Mbl .  1 ). P a 3 p y l u e ~ M e  M BblHOC 3 0 n O T a  M3 PYJl,bl. 6 a ~ -  
TepMM ( r p ~ 6 b 1 )  Y ~ ~ C T B Y D T  B l lpo~ecce ~ M O X M M M ~ ~ C K O ~ O  P ~ ~ P Y L L I ~ H M R  Mk lHepanOB.  

Ha 3TOM OCHOBaHO pa3BMTMe TeXHOnOrMM ~ ~ K T ~ P M ~ J ~ ~ H o ~ o  BCKPblTMR 3 0 n O T a  B 

C Y ~ ~ @ M A H ~ I X  K O H ~ ~ H T ~ ~ T ~ X  ( ~ ~ M B o B ~ ~ o B ~  M AP., 1936). 2). O C B O ~ O > ~ ~ ~ H H O ~  TOH- 

K o e s o n o ~ o  n o n e e p r a e T c g  n p ~ ~ o h  ~ ~ ~ p o 6 ~ o n o r ~ r e c ~ o h  aTaKe,  B pesynb~a~e rero 
OH0 n e p e X O A M T  6 PaCTBOPeHHOe COCTORHMe, M M K ~ 0 0 p r a H M 3 ~ b l  Bb lCTYnaDT  KaK 

I l p O n y 4 e H T b l  n O ~ O , 4 R l q M X  n M r a H A O B  M KaK KaTanM3aTOpb l  OKMCneHMR. 3). 06pa- 
s o s a ~ ~ e  K o n n o M a H b l x  racmu. 4). r e ~ e p o ~ p o @ ~ b r e  6 a K ~ e p M M  B a o ~ e  r ~ n e p r e ~ e 3 a  
YKPYnHRDT M O C a ~ a D T  qaCTM4bl  KOnnOM,4HOrO 3 0 n O T a ,  n e P e H O C M M b l e  B PaCTBO- 

pe. f l p ~   TOM n p o M c x o n R T  n e p e ~ p ~ c ~ a n n ~ 3 a u ~ ~  racmq M y B e n M r e H M e  npo6~oc- 

0 6 p a 3 0 B a H H b l ~  B ~ I C O K O ~ P O ~ H ~ ~ M  3 0 n O T O M  (PMC. 5.7). 8 3 ~ 0 h  30n0~0fi 060nor~e 

Puc. 5.7. K ~ R M ~  eb1co~onpo6~oro 6 ~ o r e ~ ~ o r o  sonoTa. Y e e n ~ r e ~ u e  150 pas ( ~ n .  Ulu 
P O K L . ~ ~ ,  O K T R ~ P ~ C K M ~  npl41.1~~) 



pa3MepOB 30nOTMH B POCCblnM. B H ~ ~ V I M M H C K O ~  rny60~03anera tO~e~ POCCblnM 
npe06na~aloT cn~3eo6pa3yt0u~e 6aKTepML4, 06na~a to lq~e  R ~ K O  s b ~ p a x e ~ ~ o i  
@ n o ~ y n ~ p y o q e i  cnoco6~oc~bto. l l p e ~ n o n a r a e ~ c ~ ,  rTo sblco~onpo6~oe sono~o 
3 ~ 0 i  poccbinvl meeT 6 ~ 0 r e ~ ~ o e  npoMcxox,qeHMe. Ha  TO KocseHHo y~a3bleae-r 
comas yrnesoAopoAos DKB (Ta6n. 5.2). 

6 3aKnlo'ieHMe OTMeTklM, LiTO POnb MMKPOOpraHM3k408 8 ~ M O X M M M ~ ~ C K O M  

p y ~ o o 6 p a 3 0 s a ~ ~ ~  ~o CMX nop HeAooqeHMsaeTcR, B OCHOBHOM ~ a - a a  CnoxHocTu 
npo6ne~b1. Vl~elo lquec~ AaHHble noasonslto~ npennonomtmb, rTo ~ M o x M M M ~ ~ c -  

m e  npoqeccbl B r e o n o r w e c ~ o i  npclpoae npoMcxoART nosceMecTHo M c 60nb- 
L U O ~  CKOPOCT~~O. H ~ B ~ C T H ~ I  cnyraM 3 a ~ e l q e ~ ~ ~  MeTannM'iecKMx npeAMeTos (rsos- 
~ e i  M np.) oKMcnaMM xeneaa M ~ O ~ O T O M ,  060ralqeHMR ~ O ~ O T O M  M n n a ~ ~ ~ o i 7  ~ o c ~ e i  
M 3 ~ 6 0 s  M ~ ~ O ~ O ~ C K M X  p e n ~ ~ n ~ i .  E C T ~  OcHosaHtm nonara-rb, r ~ o   TO ((KOSHM,) 

6aKTepMi. 



B ~ ~ C B O ~ O ~ ~ ~ T C R  O r p O M H O e  KOnM'ieCTBO nOpOBblX KpMCTannM3auMOHHblX BOA.  

O c o 6 e ~ ~ o  M H o r o  H a r p e T b l x  p a c T B o p o s  B b l a e n R e T c f i  B y c n o B m x  sene~ocna~ue-  
BOA M n p M  nepexooe ee K ~ ~ M ~ O T - ~ M @ M ~ O ~ O B O ~  @aum. Boaa ~ b l c ~ o 6 o > y q a e ~ c ~  

npM nepexoae KaonMHMTa B C~PMUMT,  n p ~  O ~ ~ ~ ~ O B ~ H L I M  xnopmomaa, r p a H a T a  M 

OpyrMx M M t i e p a n o s  3a c r e T  xnopw-ra, atimropma M T. a. 3 ~ c n e p ~ ~ e ~ ~ a n b ~ b l e  

pa60Tbl ( 6 e n € ? B ~ e B ,  1979) n 0 K a 3 a n M  ~ K T M B H ~ I ~  B ~ I H O C  P Y ~ H ~ I X  ~ ~ ~ M ~ H T O B  M3  net- 

qaHuKoB, a n e s p o n M T o s  M a p r M n n m o e  n p M  T e M n e p a T y p e  no 300° C M gasnetiw 
300 6ap B pa3nM'iHblX C p e a a X .  ~ ~ M ~ M c ~ o K ~ ~ M o H H o M  M ~ T ~ M o ~ @ M ~ M € ?  BblaenReTCR 

~3 a p r M n n M T o e  ao 33 n B O ~ ~ I  H a  1 M~ nopogbl, a ~3 r p a t i M T o B  3a c q e T  ra30~0-XMA- 
KHX ~ ~ n t o q e ~ ~ i  - AO 7, 5 n / ~ ~  ( b o x ,  1978). I / l s y q e ~ ~ e  n p o x M n K o s b l x  06pasosa- 
HHA a f l b ~ M ~ ~ ~ 0 r 0  TMna  CBM,QeTenbCTByeT 0 I l epeOTnOXeHMM OrPOMHblX M a C C  no- 
poao6pa3ytouero B e t q e c T s a  w P y a o r e H H b l x  a n e ~ e ~ ~ o s ( l U a x o s ,  1964; 3 i p ~ u ,  
1981 ) .  

B PaCCMaTpMBaeMOM P e r M O H e  30nOTOHOCHOCTb I lPOCTPaHCTBeHHO aCCOuM- 

MpyeT C M ~ T ~ M O P @ M ~ ~ C K M M M  KOMnneKCaMM ABYX TMllOB: B TeOCMHKllMHanbHblX 

CKnaa'iaTblX o 6 n a c ~ ~ x  C n p o r p e c c M B H 0  M 3OHanbHO M ~ T ~ M O ~ @ M ~ O B ~ H H ~ ~ M M  06- 
pa30BaHMRMM M H a  U M T a X  C 3 0 H a M M  ~ M ~ @ T o P L I T o B .  Ha~6onee LUMPOKO M e T a M O P -  

@H30BaHHble n O p O a b l  Pa3BMTbl B / $K~T ,~MHCKO~~  3fl, rAe 30nOTOHOCHOCTb nOKaJlM- 

3 O B a H a  B KYn0JlOBM)JHblX aHTMKnMHaJlRX, C n O X e H H b l X  H e p a B H O M e p H O  

M ~ T ~ M O P @ M ~ O B ~ H H ~ I M M  (OT ~ ~ O ~ M T O B O ~  A0 ~ ~ M ~ ~ O T - ~ M @ M ~ O ~ M T O B O ~  @a4MM) re0- 
CMHKnMHanbHblMM KOMnneKCaMM. C T e n e H b  M ~ T ~ M O ~ @ M ~ M ~  n O p O A  COCeAHMX Ky- 

nOnOBMaHblX ~ H T M K J ~ M H ~ ~ ~ ~  0 6 b l l l H 0  Pa3HaR,  P a C n p e A e n e H M e  M ~ T ~ M o ~ @ L I ~ ~ c K M x  

@aukli 0 O ~ ~ M X  q e p T a X  3 0 H a n b H O e .  3 T M  pa3nM'iMR B CTef leHM M ~ T ~ M O P @ M ~ M ~  

O~~RCHRDTCFI  HepaBHOMepHOCTbD M ~ T ~ M o ~ @ M ~ M ~  I l O p O a  KynOnOBMaHblX CTPYK- 

Typ B U e n O M  M MXOTAeJlbHblX YclaCTKOB M pa3nM'iMRMM B 3P03MOHHOM C p e 3 e  CTPYK- 

Typ. I / IHTepecHoh O C O ~ ~ H H O C T ~ K )  & K ~ T ~ M H C K O ~ ~  3 0 H b l  RBnReTCR KOppenRuMR np06b1 
aono~a, KPY~HOCTM ~ b ~ a e n e ~ ~ i  M X M M M ~ ~ C K O ~  ~ M C T O T ~ I  M e T a n n a  PYAH~IX ( M  POC- 

~ b l l l ~ b l ~ )  O ~ ~ ~ K T O B  CO CTeneHbK) M ~ T ~ M O P @ M ~ M ~  B M e u a l O u M X  n O p O a .   TO 06- 
CToRTenbcTBo, a T a K x e  u r M p o K o e  p a s s w ~ ~ e  H a  p y a ~ b ~ x  nonnx (M 3a MX n p e a e n a ~ ~ )  
M ~ T E ~ M O ~ @ O ~ ~ H H  b l x  I lpOXMnKOBblX 06pa30sa~~f i  an ~ ~ M ~ c K o ~ o  T u n a  M f l pORBne-  

w e  donee ' B b l c o T e M n e p a T y p H o r o  o p y a e t t e t i m  B ~ a ~ 6 o n e e  M ~ T ~ M O P @ M ~ O -  

santiblx nopoaax ( a p c e ~ o n ~ p ~ ~ ,  W e e n w T ,  nonesot7 urna~) nosson~no r e o n o r a M  

( r .  B. 6en~eea, r. 1/1. H ~ ~ O H C K M ~ ,  B. r. M O M C ~ ~ H K O  - PaHHMe p a 6 0 T b 1 ,  n. B. ~ ~ P M L U ,  

B. A. ~ Y P R K  M AP.) npe,L(nOnOXMTb ~ e T a ~ ~ p @ ~ r e H H b l i  r e H e 3 M C  OpyaeHeHMR Ce- 
~ ~ M ~ ) K M H O - K ~ P ~ C ~ H C K O T O  p a i 0 H a .  B TO Xe B p e M R  MMetoTCR M E lnbTepHaTMBHble  

BaHHble,  CBMAeTenbCTBYK)uMe 0 6onee CnOXHblX CBR3RX 30JlOTOrO OPYaeHeHMR M 

M ~ T ~ M O ~ @ M ~ M ~  n ~ 6 0  flame 06 OTCYTCTBMM TaKMX npRMb lX  ~ 0 ~ 1 3 e f i .  1). T e M n e p a -  

TYPbl KPMCTann M3a4MM 3OnOTa  nPOflYKTMBHblX C T ~ A M ~  OKa3anMCb I lPaKTMlleCKM 

OfiMHaKOBblMM (250-18O0C) H a  MeCTOPOmeHMRX,  nOKaJlM30BaHHblX B pa3flM.IHbIX 

no M ~ T ~ M O P @ M ~ M Y  nOpOAaX ( M O M C ~ ~ H K O ,  1974). Cxoable BblBOabl  y H. B. K O T O B ~  
c c o a s T o p a M M  ( 1 9 9 2 ) .  2 ) .  Xaprm~c~oe pyatioe none p a c n o n a r a e T c R  B nopoaax 
p a s n ~ r ~ o i  c-renew ~ e ~ a ~ o p @ ~ s ~ a ,  T, e. n e p e c e K a e T  ~3orpmb1 ~ e ~ a ~ o p @ m ~ a  
( ~ M c .  5.9). 3). I/lMeIOTcR ~ 6 e f l k l T e n b H b l e  AaHHb le  0 TOM, qTO B M e n y  M K a i t i 0 3 0 e  

nPOM30LUflM MHTeHCMBHble flOaHRTMR B 06nac-r~ ~ ~ ~ ~ M H c K o ~ o  xpe6~a C 3aXBaTOM 

CTPYKTYP H M M ~ H C K O ~ O ,  A @ ~ H ~ C ~ ~ B C K O T O  30nOTOHOCHblX Y3nOB, B P e 3 Y n b T a T e  q e r O  

BSTMX P ~ ~ O H ~ X  3 p 0 3 M e h  6 b l n c l  BCKPblTbl ~ a ~ 6 o n e e  M ~ T ~ M O ~ @ M ~ O B ~ H H ~ I ~  n O p O A b l  

n ~ a ~ 6 o n e e  r f l y6Mt iHb le  pyab~. ~ ~ O ~ T O M Y  6onee BblcoKaR npo6a sono~a M n p e M M y -  



PMC. 5.9. C O O T H O L U ~ H M ~  ~O~OTOHOCHOCTM M CTeneHM M ~ T ~ M O ~ @ M W C K O R  nepeKpklCTEUlnM3atplM 

n o p o ~  X a p r n ~ c ~ o r o  nOAHRTMR (no Jl. 6. 3 ipnwy,  B. r. r p m r o p b e a y ) .  

1 - 5  - n a n e o 3 o R c ~ ~ e  n e c c l a ~ o - r n n ~ n c ~ b l e  n o p o n b l ,  M ~ T ~ M O ~ @ M ~ O B ~ H H ~ I ~  no COCTORHMR: c p e A -  

H e -  M MenKO3epHklCTblX E U ~ ~ ~ M T - C ~ O ~ R H O - K B ~ ~ ~ ~ ~ X  CnaHL&?B ( I ) ,  MenKO-  M T O H K O ~ ~ P H M C T ~ ~ X ~ J ~ ~ ~ M T -  

C~ORRHO-usapqeeb~xcna~qee (2), T O H K O ~ ~ P H M C T ~ I X  C ~ O A R H O - K E ~ P ~ ~ B ~ I X  c n a H q e e  (3), Q n n n ~ ~ o e  (4), 
~ M ~ ~ M T M ~ M ~ O E ~ H H ~ I X  n O p O A  (5); 6-7 - nOpO)3,bl 3nbrMHCKOrO rOpM30HTa:  M ~ T ~ M O P @ M ~ ~ C K M - ~ ~ P H M C -  

Tb le  3 e n e H O K a M e H H b l e  n O p O A b l ( 6 ) ,  a @ a H M T ~ ~ b l e  3eneHOKaMeHHble  I l O p O A b l ( 7 ) ;  8-9 - 3naTOyCTOBCKaR 

MHTPYSMR: ~ e ~ a r a 6 6 p 0 ~ ~ 1 = ~ ,  n p e e p a u e H H b l e  E s e n e H b l e  c n a t i u b l  (a ) ,  ~e~ara66po~n t4 ,  a H e w H e  coxpa- 
H k l ~ ~ t l M e  M H T P ~ ~ M B H ~ I R  06nL.4~ (9); 1 0  - M H ~ ~ ~ ~ M H C K M ~  ~ P ~ H M T O M A ~ I  (PZ,?) K ~ T ~ K J ~ ~ T M ~ M ~ o B ~ H H ~ I ~  ( I ) ,  

MMnOHMTM3MpOBaHHble (2); 1 1  - annMTb l  (K); 12 - 30nOTOPY)3,Hblf? nOnR: A @ ~ H ~ c ~ ~ B c K o ~  (I), X a p r M H -  

CKOe (l l) ,  Y H ~ ~ M ~ ~ M K ~ H C K O ~  (Ill) 

WeCTBeHHOe Pa3Bk lTk le  OTHOCklTeJlbHO Bb lCOKOTeMnepaTypHblX MMHepaJ lOB B M e -  

CTOPO>KAeHklFIX 3TMX ~ ~ ~ O H O B  - RBJleHMFI eCTeCTBeHHb le  TaK me, KaK kl HaJlklClkle 

6 0 r a ~ b l x  p o c c b ~ n e i ,  B r o n o s K a x  KOTOP~IX H e  ~ a i a e ~ o  K p y n H b l x  PYAH~IX M e c T o p o x -  

A e H k l i .  A M ~ J ~ M T Y A ~  ~ O A H S I T M ~  H ~ ~ M ~ H o - X ~ ~ ~ ~ ~ H C K O G  CTPYKTyPbl B CpaBHeHMM C yAa- 
JleHHblMM K 3anaAy TePPklTOPMRMkl (6acce i~b l  p. qeJl0r0p k l  ap.) OqeHklBaeTCR B 

3 KM. K p o ~ e  TOrO, M3BeCTH0,  ClTO OPYaeHeHk le  C KPYnHb lM  M B ~ I C O K O ~ P O ~ H ~ I M  30- 

SIOTOM nPOCTpaHCTBeHH0  CBR3aHO B P e r k l O H e  C a p e a J l O M  pa3BMTklR nOCTPYAHblX 

MeJlOBblX r p a H k l T H b l X  C I H T P Y ~ H ~ ,  n0A BJlk lRHMeM KOTOPblX 30J lOTO B P Y A a X  YK- 

p y n t i g e T c g  M 0 6 n a r o p a x k l ~ a e ~ c ~  ( M o ~ c e e ~ ~ o ,  1965). 4). He s e 3 ~ e  c o 6 n o ~ a e ~ c ~  
0 6 u a ~  3aKOHOMePHOCTb 06 YBenklCleHMM np06bl3ono~a C yBeJlMCleHMeM M e T a M O p -  



Q M ~ M ~  ~ ~ e l q a t o l q ~ x  nopoa ( p ~ c  5.10). T ~ K ,  B npeaenax ~ o c ~ o r ~ o i  racw Kep- 
~ ~ I H C K O ~ O  3OJlOTOHOCHOrO p a i o ~ a ,  rAe Pa3BMTb l  cna6o M ~ T ~ M O ~ @ M ~ O B ~ H H ~ I ~  

I lOpOAbl,  npo6a 3OJlOTa n p e M M y l q e C T B e H H 0  BblCOKaR - 900-943. 5). B PaCCMaTpM-  

BaeMOM P e r M O H e  MMeOTCR 0 6 ~ 1 M p ~ b l e  I l J l O l q a a M  Pa3BMTMR cna6o M ~ T ~ M O ~ @ M -  

30BaHHblX reOCMHKJlMHanbHblX KOMnJleKCOB, B TOM 'iMCJle M cc'iepHOCJlaHL4eBblX), (B 

M o H ~ o J ~ o - O X O T C K O ~ ,  C M X O T ~ - A J ~ M H C K O ~ ,  ~ X H O - B ~ P X O R H C K O ~  rCO), B KOTOPblX 

30JlOTOHOCHOCTb H e  I lPORBJleHa, HO MMeeTCR MHOe O p y A e H e H M e  - PTYTHOe, P e a K O -  

M e T a n n b H o e ,  n o n M M e T a n n M r e c K o e .  6 ) .  B A x a r a ~ ~ c ~ o i  3n M A p y r M x  c T p y K T y p a x  

reOCMHKJlMHaJlbHblX CKJla,4'iaTblX 06nac~e i  3OJ lOTOpyAHble  MeCTOpO>yqeHMR 3aJle- 
r a m  B nopodax p a 3 n ~ r ~ o i  c T e n e H M  ~ e ~ a ~ o p @ ~ a ~ a ,  n p w e r v l  n o A a s n R o l q e e  

~ O ~ ~ ~ W M H C T B O  MX, B TOM 'iMCJle ~ a ~ 6 o n e e  npOayKTMBHb le ,  JlOKaJlM3yOTCR B HaM-  

M e H e e  M ~ T ~ M O P @ M ~ O B ~ H H ~ I X  nopoaax. 3 ~ o  noaTsep>t<AaeT n p e a c T a s n e H l / r e  

aBTOpOB 06 YAaJleHHOCTM 06naciei reHepal$lM M ~ T ~ M O ~ @ O ~ ~ H H ~ I X  @ J ~ O M ~ O B  OT 

CTPYKTYP n o ~ a n ~ 3 a u ~ ~  3on0~0ro OpyAeHeHMR.  

PMC. 5.10. C O O T H O W ~ H M ~  
n p o 6 b 1  3 O n O T a ,  M ~ T ~ M O P ~ M ~ M ~  

n o p o ~ ( P R - P Z ? )  M M e n o e o r o  n t i T p y -  

3MBHOrO M a r M a T M 3 M a  6 C ~ ~ ~ M P ) K M -  

H O - K ~ ~ ~ M H C K O M  P a i O H e .  

1 - 3 0 H b l  MHTeHCMBHOrO 

passnrnn M e n o e b l x  r p a H n T o 8  

( C T p y ~ ~ y P b l  T ~ Y ~ M H H O ~ O  p a 3 y l l n O T -  

H~HMFI) ;  2 - 3 - n O P O A b l 3 e n e H 0 ~ n a H -  

qeeoi (2) n o M n n n T o s o f i  Q a q n R  

M ~ T ~ M O P @ M ~ M ~  ( 3 ) ;  4 - n p O R E n e -  

HMR 3 0 n o ~ a c  npo6oh n p e n M y q e c T -  

BeHHO: 700-800 (I), 800-940 (2); 
5 - KOHTYPb l  3 0 n O T O H O C H b l X  

p a i O H O 6  

n p M F 3 e ~ e H H b l e  B b l l u e  A a H H b l e  CBMaeTeJ lbCTByOT 0 TOM, r T O  BOnPOC 0 np0- 
MblWJleHHOM ( ~ M ~ T ~ M O P @ O ~ ~ H H O M  OpYaeHeHMM')  RBnReTCR CJlOXHblM, r J l a B H 0 e  

3 a T p y a H e H M e  B TOM, qTO I lpeaCTaBJ leHMR 0 M ~ T ~ M O ~ @ O ~ ~ H H O M  30JlOTOM OPYAe-  

HeHMM ~ ~ T ~ M H C K O ~  3 0 H b l  TPYaHO MCnOJlb30BaTb I l p M  KOHKPeTHOM l lPOrHO3MPO- 

BaHMM. Ha~6onee nOJle3HblMM n p M 3 T O M  OKa3blBaOTCR CTPYKTYPHble, Ma rMaTM ' i e -  

ewe, r e o ~ o p @ o n o r ~ l c e c ~ ~ e  M a p y r M e  @ a ~ ~ o p b ~ .  K ~ K  M ~ B ~ C T H O ,  T e o p M R  

M ~ T ~ M O ~ @ O ~ ~ H H O ~ O  p y a o o 6 p a 3 0 ~ a ~ ~ ~  n p M M e H M T e J l b H 0  K r k l a p O T e p M a n b H b l M  

PYAH~IM M e c T o p o > y q e H m M  KpMTMKyeTcR npe>yqe B c e r o  B n n a H e  6 e 3 ~ o ~ a 3 a ~ e n b -  
HOCTM MHTeHCMBHOTO (a0 HeCKOJlbKMX ~OPRAKOB)  KOHL(eHTPMP0BaHMR PYAHblX 3ne- 
MeHTOB, B O C O ~ ~ H H O C T M  30JlOTa B CPaBHeHMM C MCXOaHblMM M ~ T ~ M O P @ M ~ Y O ~ ~ M -  

MMCR n o p o A a M M .  A a H H b l e  Me o n e p e M e l q e H M M  M n e p e o T n o x e H M M  n p M  

M ~ T ~ M o ~ @ M ~ M ~  OrPOMHblX MaCC HePYAHOrO M a T e p M a J l a  RBnROTCR HeOCI lOPMMbl -  

MM. np06JleMa HaKOilJleHMR 3OnOTa,  no-BMflMMOMy, M O X e T  6 b l ~ b  P e l l l e H a  I l y T e M  

M3Y'ieHMR ~ , Q C O P ~ L ( M M  6 n a r o p o ~ ~ o r o  MeTaf lJ la  M 3  M ~ T ~ M O ~ @ O ~ ~ H H ~ I X  BOA H a  @M- 

3MKO-XMMM'ieCKMX Gapbepax ( y r J l e p ~ a k l ~ ~ b l ~ ,  ~ y J l b @ k l ~ H b l ~ ,  K ~ P ~ O H ~ T H ~ I X  M AP.). 
I/lccJle~o~aHLlR ~ O C J ~ ~ A H M X A ~ C R T M J ~ ~ T M ~  CBMaeTeJlbCTBYOT 0 TOM, 'iTO PYAO- 

HOCHble @ n O M ~ b l  MOrYT  6b l~b  nPOAYKTaMM ~ ~ / ~ M H H ~ I x  n P 0 4 e C C O B  npeo6paao~a- 
HMR ( ~ e ~ a ~ o p @ w ~ a ,  n n a s n e H M R  M np.) selqecma cy6ayu~pyo lq~x  n ~ ~ o c @ e p ~ b ~ x  



nJlMT ( @ E l i @  M AP., 1981 ), M B 3TOM CMblCJle n106b1e rMApOTepMaJ lbHb le  PyAHb Ie  

M e C T O p O ~ e H M R  reOCMHKJlMHaJlbHblX CKJla,4WTblX o 6 n a c ~ e i  M 3 0 H  TMA RBJlRtOTCR 

M ~ T ~ M O ~ @ O ~ ~ H H ~ I M M .  O ~ ~ ~ B O X M B ~ H M ~  nOrpyXa tO lqMXMI  f lOpOA C O n p O B O w a e T C R  

@ o ~ M M ~ o B ~ H L I ~ M  @JltOMnoB, AOCTMratOlqMX CO B p e M e H e M  KOHLl,eHTpal&lM PaCCO- 

JlOB. ~ T M  @JlIOM,4bl rMApOCTaTLIL(eCKL4 IlPOCaqMBatOTCR BBePX B o 6 n a c ~ ~  nOHM- 

XeHHblX ~ a B J l e H L 4 ~  M B 6opb6e C JlMTOCTaTMLceCKMM AaBJleHMeM @OPMMPYIOT H a  

CBOeM nyTM TpeU&lHOBaTOCTb M CTPyKTYPbl ~ 3 r ~ 6 a .  3Aecb CJleAyeT nOjJ'iepKHyTb, 

'-IT0 K TMnML(Hb1M M ~ T ~ M O P @ O ~ ~ H H ~ I M  ( M ~ T ~ M O P @ O ~ ~ ? H H O - ~ M , Q P O T ~ P M ~ J ~ ~ H ~ ~ M )  30- 

nOTblM P y A a M  OTHOCRTCR 0 6 b e M H b l e  ( ~ C T ~ ~ T M @ O P M H ~ I ~ ~ ~  I lpOXMJlKOBO-BKpanJleH- 

H b l e  0 6 p a 3 0 s a ~ ~ ~  ( c y x o n o x c ~ ~ i  T M ~ ) ,  0 6 b l q ~ o  3anera10q~e B c n a 6 o ~ e ~ a ~ o p -  
@ H ~ O B ~ H H ~ I X  f lMPMTM3MPOBaHHblX y r n e p 0 , 4 M C T b l X  f l O p O A a X ,  0 6 n a ~ a r n q ~ x  
3 K p a H M P Y t O ~ M M M  C B O ~ C T B ~ M M .   TOT TMn 6 e A H b l ~  PYA KOHTPOJlMPYeTCR aHTMKJlM- 

HaJlRMM, W C T O  KyflOJlOBMAHblMM. B R A p a X  TaKMX CTPYKTYP OTMe'iatOTCR CKJlaAKM 

Te'ieHMR, C B M A e T e n b C T B Y I O ~ M e  0 nJlaCTMqeCKOM ABMXeHMM B e l q e C T B a  B pe3yJ lb -  

TaTe  m n e ~ ~ i  n ~ a n ~ p ~ s ~ a  ( ~ ~ P M w ,  198 1). r ~ n c o ~ e ~ p ~ r e c ~ ~  sblwe n p o m M n K o -  

5 0 - B K P a n n e H H b l X  PYA 06bl' i~0 pa3BLITb l  KpyTO3a f l e ra IO lqMe  30J lOTOKBapqeBb le  

XMJlbl, 3aLcaCTytO C 6 0 r a ~ b l ~  COAePXaHMeM 30JlOTa. T ~ K ~ R  MOAeJlb  MeCTOpO>yqe- 

HMR C 6 e ~ H b l M  npOXMflKOB0-BKpanJleHHblM 30JlOTblM OPYAeHeHMeM XOPOWO YBR3bl- 

BaeTCR C AaHHblMM Y, @ai?@a C COaBTOpaMM (1981), KOTOPble nOKa3aJlM, '-IT0 H a  

nyTM CBOerO CJleAOBaHMR K 3 e M H 0 i  nOBePXHOCTM PyAOHOCHble @J l IOb l~b l  BCTpeqa-  

IOT 3 ~ p a ~ ~ p y t o q ~ e  K o M n n e K c b l  nopoA M H a K a n n m a t o T c R  non HMMM ~ ~ e q e ~ ~ e  3 ~ a -  
q M T e n b H o r o  r e o n o r M r c e c K o r o  BpeMeHM.  Hanop @ n t o ~ ~ o s  H a c T o n b K o  BenMK,  TO 

OHM C ~ O C O ~ H ~ I  nPOM3BOAMTb TpeLl(MHOBaT0CTb B ~ K P E ~ H M P Y I O ~ ~ ~  TOJlLqe, f lpOCa-  

qMBaTbcR B n a T e p a n b H o M  H a n p a s n e H M M  B A o n b  H a n n a c T o s a H m  M, BepoRTHo,  @op- 
M M p o B a T b  H a    TOM 3 ~ a n e  ~ ~ O X M ~ K O B O - ~ ~ p a n n e ~ ~ o e  o p y n e H e H M e .  B more  
@ n t o c l n b ~  npeoaonesam 3 ~ p a ~ ~ p y t o q y t o  T o n q y  M npoHMKatOT B s e p x  no B H O B ~  

0 6 p a 3 0 B a H H b l ~  BePTMKaJlbHblM p a 3 n O M a M  40 CJlejJytolqerO 3 K p a H a  M T. A. 
npr/lBe,L(eHHble C O O ~ ~ ~ X ~ H M R ,  OCHOBaHHble H a  MO~MJ~MCTKMX I l p e A C T a B n e -  

HMRX 0 MeXaHM3Me BeLL(eCTBeHHblX n p e ~ p a l q e H M i  8 KOpe  M MaHTMM, n03BOJlRDT 

yBR3aTb p y ~ o o 6 p a 3 0 ~ a ~ ~ e  C npOqeCCaMM O ~ ~ ~ B O X M B ~ H M R  M~T~MO@M~YIOLL(MXCR 

nOpOA,  @JlIOM,L(o- M M ~ ~ M o o ~ ~ ~ ~ o E ~ H L I ~ M ,  nOHRTb npOCTpaHCTBeHHyIO CBS13b 30- 

Jl0~0ro 0 p y ~ e H e H M R  c T M ~ ~ M M  ~ P ~ H M T O M ~ O B  ~ O B ~ I L L ~ ~ H H O ~  OCHOBHOCTM. CoJle~oi? 
COCTaB M KOH4eHTpa4MR PaCTBOPOB B TaKMX YCJlOBMRX3aBMCRTOT rJly6M~bl M C p e n b l  

MX 3 a p O Y q e H M R  M Y C ~ O B M ~  npOCaqMBaHMR. C T P ~ K T Y P H ~ I ~  O C O ~ ~ H H O C T M  KaHaJlOB 

n p o c a q M B a H m  M P - T - ~ C ~ O B M R  onpeAenRtOT TMn ~ ~ ~ e p a n o o 6 p a 3 0 ~ a ~ ~  - p e r M o -  

H a J l b H b l i  ( 3 0 H a n b H b l i  M ~ T ~ C O M ~ T M ~ M - M ~ T ~ M O ~ @ M ~ M )  MJlM J l o ~ a f l b ~ b l i  (0~0JlopyA- 
H b l e  M3MeHeHMR, O P Y ~ ~ ~ H ~ H M ~ ) .  B T O P O ~  RBflReTCR 6onee n 0 3 A H M M  M pa3BMBaeTCR 

n p e M M y q e c T s e H H o  3a n p e A e n a M u  06nac~e i  p e r M o H a n b H o r o  ~ ~ ~ e p a n o o 6 p a s o -  
BaHMR. T ~ K M M  06pa30~, 3aPOAMBWMCb H a  6 0 n b W M ~  r n y 6 ~ ~ a x  ( A ~ C R T K M  KMflOMeT- 

~ o B ) ,  BOAHble  PaCTBOPbl ( P ~ c c o ~ ~ I ) ,  AOCTMrHYB BePXHMX Y P O B H ~ G  3 e M H 0 i  KOPbl, 

nPOM3BOART p e r M 0 H a n b H b l i  MeTaCOMaTM3M ( 3 0 H a J l b H b l i  M ~ T ~ M O P @ M ~ M ) ,  a B KOH- 

qe nyTM H a  KMCJlOPOAHblX M APYrMX reOXMMMqeCKMX 6apbepax @ O P M M P Y ~ ~ T  PyAb l .  

B CBR3M C M3JlOXeHHblM IlpeflCTaBJlReTCR HeBepHb lM npOTMBOnOCTaBJlRTb M e T a -  

~ o p @ o r e ~ ~ o e  ( n ~ 6 0  Aaxe ~ e ~ a ~ o p @ o r e ~ ~ o - r ~ ~ p o ~ e p ~ a n b ~ o e )  o p y A e H e H M e  

rM,4pOTepMaJlbHOMY. 

Bonpoc 0 30flOTOHOCHOCTM AM~@TOPMTOB, 3aKaPTMPOBaHHblX I lPeMMy lqeCT-  

BeHHO B n p e A e J l a X 3 0 H b l  C T ~ H O B M K ~  B BMAe LLlMpOKMX ( K M ~ ~ o M ~ T ~ ~ I )  L4 I lpOTRXeHHblX 



(COTHM K M ~ O M ~ T P O B )  3 0 H ,  nPMyPO' ieHHb lX  K C T ~ H O B O M ~  M MOH~O~O-OXOTCKOMY 
~ J ~ Y ~ M H H ~ I M  p a 3 n O M E i M  ( K o ~ ~ H ,  ~ ~ ~ X O B C K M ~ ,  1979), cna6o M3y'ieH. ~ M ~ @ T O P M T ~ I  

n p e A c T a s n e H b 1  n o p o A a M M  ~ ~ M A O T - ~ M @ M ~ O ~ M T O B O ~  M 3ene~ocnaqeeoGi @ a q ~ i .  
P ~ ~ O H O C H ~ I M M  RBnROTCR I l M P M T C O A e p X a L q M e  KBaP4-aKTMHOnMTOBble ,  KBaPL(e - BO- 

c n l o ~ ~ ~ b ~ e  M A p y r M e  cnatiqbl M p a a s ~ ~ b l e  c p e a v l  HMX ~ M H ~ O B M A H ~ I ~  K s a p q e s b l e  

x M n b l  M n p o x M n K M .  n o c n e ~ ~ ~ e  sanerato~ c o r n a c H o  co c n a t i q e s a T o c T b t o  nopon M 

c o A e p x a T  n p M M e c b  n M p M T a  M A p y r M x  cynb@~aos (AO 5%), a K T M H o n M T a ,  xnopma, 
n O n e B O r 0  L u n a T a ,  K a p 6 0 H a T a ,  C e p M q M T a .  a O K a 3 a H 0  n p M C y T C T B M e  T O H K O A M C n e p C -  

tioro 30no~a B n M p m e ,  cnmaax. Keapq aarac~yto H e c e T  c n e w  A M t i a M o M e  - T a -  

M O P @ M ~ M ~ .  B A M C J ~ ~ ~ M P O B ~ H H ~ I X  n O p O A a X  XMJ lb l  n O B T O p R O T  M 3 r M 6 b l  M e n K M X  C K n a -  

nOK. Y C T ~ H ~ B ~ M B ~ ~ T C R  3aBMCMMOCTb C O C T a B a  XMJ lbHb lX  M M H e p a n O B  O T  TaKOBOrO 

BMelqatOLqMX n O p O a ,  ~ O M M M O  I l M p M T a ,  B X M n a X  OTMe'iatOTCR XaJ lbKOnMpMT M n M p -  

POTMH c n p M M e c b m  ranetima, c @ a n e p ~ ~ a ,  M O ~ M ~ A ~ H M T ~ ,  weenma. O p y g e ~ e ~ ~ e  
Cr l lTaeTCR A p e B H M M  ( A O K ~ M ~ P M ~ ~ C K M M ) ,  XOTR Y K a 3 b l B a e T C R  M H a  HanM' iMe M e 3 0 -  

3 0 l A c K o r o  O p y A e H e H M R .  

~ O A ~ H H ~ I M  B. r. B ~ T ~ ) C K C K M X ,  A M ~ @ T O P M T ~ I  C T ~ H O B M K ~ ,  I l P O C T P a H C T B e H H O  C 

KOTOPblMM a C C 0 4 M M P y t 0 T  ~ a ~ 6 o n e e  n p O A y K T M B H b l e  3 0 n O T O P O C C b l l l H b l e  p a i 0 H b l  

( C Y T ~ M C K M ~ , B ~ ~ X H ~ T M M ~ T O H C K M ~  M AP.), C @ O P M M P O B ~ J ~ M C ~  B a p X e e  - H M X H e M  

npo~epoaoe, a B ~ e a o a o e  B C B R ~ M  c TMA 6b ln~  n e p e ~ p ~ c ~ a n n ~ 3 o ~ a ~ b 1  B H M ~ K O -  

T e M n e p a T y p H b l e  r M , 4 p O T e p M a n M T b l .  B 3TMX 3 0 H a X  3 0 n O T O  CBR3aHO H e  C A M ~ @ T O -  

PMTaMM, a c p a 3 ~ 0 0 6 p a 3 H b l ~ M  X M n  bHb lMM O ~ P ~ ~ O B ~ H M R M L I  - K B a P U e B b l M M  M K B a p q -  

~ y J l b @ k l ~ H b l M M  X M n a M M .  ~ O ~ O T O H O C H ~ ~ M M  R B n R O T C R  M O K O n O p y A H b l e  n O p O ~ b 1 ,  

COCTORqMe M 3  K B a P U a ,  X n O p M T a ,  C e p M q M T a ,  ~ a p 6 0 H a ~ a  M c y n b @ M ~ o B .  P y ~ H b l e  M 

OKOnOpyAHble  n O p O A b l ,  B OTnMT'iMe O T ~ M ~ @ T O ~ M T O B ,  06paaosan~cb C O  3Ha'iMTenb- 

HblM nPMBHOCOM B e U e C T B a .  P y a H b l e  n p O R B n e H M R  n p O C T p a H C T B e H H 0  C B R 3 a H b l  C O  

CTPYKTYPaMM p a ~ H e ~ e n O B 0 i  TMA. B. r. B ~ T ~ ~ X C K H X  CnpaBef fnMBO Y K a s b l B a e T ,  'iT0 

Ha Y'iaCTKaX A M ~ @ T O P M T O B ~ I X  3 0 H ,  rAe M e 3 0 3 0 f i ~ K a R  TMA H e  n p o R B M n a c b ,  3ono- 
T o e  o p y A e H e H M e  o T c y T c T s y e T  n ~ 6 o  p a a e ~ ~ o  cna6o. 

B p e r M o H e  M o r n M  @ ~ H K ~ M O H M P O B ~ T ~  TPM p e a n b H b l x  T M n a  PYAOHOCH~IX r M A p o -  

T e p M a n b H b l X  @ n I O M ~ O B :  ~ ~ M ~ M O H H ~ I ~ ,  M ~ T ~ M O ~ @ O ~ ~ H H ~ I ~  M M ~ ~ M ~ T o ~ ~ H H ~ I ~ .  

f l e p f 3 b l i  T M n  B O A  @ O ~ M M ~ O B ~ ~ C R  B r e O C M H K J l M H a n b H y t 0  (I4 Ha'iaJlbHytO MHBePCM-  

OHHYO) CTaAMtO pa3BMTMR naneo6accek~o~, K O r A a  O T X a T b l e  M 3  ynJlOTHRt0lqMXCR 

a p r w n n M T o s  ~ ~ M ~ M O H H ~ I ~  r M a p o T e p M a n b t i b l e  BOA~I ,  n e p e M e u a R c b  no n n a c T a M  

IleC'iaHMKOB H a  6 0 n b W M e  PaCCTORHMR, MOrJ lM TlpOCaCIMBaTbCR B A O n b  O K p a M H  3TMX 

~ ~ C C ~ ~ H O B ,  @OPMMPYR H a  @ M ~ M K O - X M M M ' ~ ~ C K M X  6apbepax O p y # H e H M e  C T p a T M -  

@OPMHO~O wna. BOA~I ,  H e  H a w e a t m e  B b l x o a a  H a  n o B e p x H o c T b ,  H a K a n n M s a n M c b  B 

I lepBM'iHblX KYnOnOBMAHblX CTPYKTypaX M ElHTMKnMHanRX M n P M  n O C J l e ~ y t O u M X  TeK-  

ToHM'iecKMx npoqeccax n e p e M e l q a n M c b  B s e p x  M no n a T e p a n M  B A o n b  pasno~oe M 

3 0 H  T P e l q M H O B a T O C T M  no M ~ B ~ C T H O ~  C X e M e  (Oah@ M AP., 1981). C n e ~ b l  3TMX 

PaHHLIX r M A p O T e p M a J l b H b l X  I l p O q e C C O B  M O r n M  H e  COXPaHMTbCR M 3 - 3 a  n O C n e A y t 0 -  



WMX MHTeHCMBHblX TeKTOHMCleCKMX A M c J ~ o K ~ ~ M ~ ,  0 6 M J l b H b l ~  MHTPY3MBHblX M rMa-  

p o T e p M a n b H b l x  npoueccos. H a ~ o n n e ~ ~ e  B o T a e n b H b l x  cny'iagx y r n e p o a M c T o r o  

B e q e c T s a  M cynb@uaos xene3a ' i e p H o c n a H q e e b l x  T o n u a x  p a c c M a T p M s a e M o r o  

P e r M O H a  B KYI lOnOBMaHblX aHTMKJlMHaJlRX M B llO,Q3KpaHHblX KOMnneKCaX nOpOA 

( A r n a r a ~ ~ c ~ a ~  3fl, Manbli X M H ~ ~ H ,  3 a n w ~ o n p w ~ o p c ~ a ~  a o ~ a )  0 6 ~ 3 a ~ 0  MMeHHo 

  TO MY npoueccy. 
3JlM3M0HHblh r M / J p ~ T e p ~ a J l b H b l i  @POHT -   TO nep~kl ' i~bl f i  cnoc06 n e p e ~ e -  

U e H M R  PYQOHOCH~IX @JltOMaoB M PYaHblX KOMflOHeHTOB. ~ ~ P o ~ ~ K ) L I & I ~ c R  H a  6onee 
r n y 6 0 ~ ~ x  rOPM30HTaX ~ e T a M ~ p @ ~ r e H H b l e  rM,QpOTepManbHble B O a b l  l lOCTYilaK)T 

H a B e p X  TOJlbKO n0 p a 3 J l O M a M  M 3 0 H a M  TPe4MHOBaTOCTM, TaK KaK IlOPMCTOCTb B 

IlOpOJJaX K 3TOMY B p e M e H M  flPaKTM'ieCKM OTCYTCTBYeT. 3a I l p e a e n a M M  o 6 n a c ~ ~  
M ~ ? T ~ M O ~ @ M ~ M E ~  3TM BOab l  CMeLLIMBatOTCR C 3JlM3MOHHblMM, a €W,e B b l W e  - B a 0 3 -  

H ~ I M M  B o a a m .  l l p o ~ b ~ w n e ~ ~ o e  aono~oe o p y A e H e H M e  B TCO q a q e  B c e r o  @OPMM- 

PyeTCR B I l O p O ~ a X ,  3aTPOHYTblX JlMLLIb I lePBMqHblMM M ~ T ~ M O P @ M ' ~ ~ C K ~ ~ M M  I l p O q e C -  

caMM,  T. e. 3a n p e a e n a M M  o c H o s H o r o  @ n o ~ a o n p o ~ 3 ~ o a ~ q e r o  o 6 b e ~ a  nopoA 
(30Hb l  M ~ T ~ M o ~ @ M ~ M ~  ~ € ? J ~ ~ H o c ~ ~ H ~ ~ B o ~  M ~ ~ M ~ o T - ~ M @ M ~ o ~ ~ T o B o ~ ~  @auMM, ~ y 6 -  
AYuMPYtOuaR nnkl~a), n p M  3TOM npORBJleHMe M ~ T ~ M O ~ @ O ~ ~ H H ~ I X  @ ~ K ) M A O B  qMC- 

 TO^ JlMHMM, no-BMAMMOMY, MCKJlH3'4aeTCR. 60 BCeX CnY'iaFIX OHM ,L(OJlXHbl6blnM CMe-  

LUMBaTbCFI C 3JlM3MOHHblMM M MarMaTOreHHb lMM @ n K ) k l a a ~ M .  

M, HaKOHeu ,  TpeTMf i ,  ~ a ~ 6 o n e e  p a ~ n p 0 ~ T p a H e H H b l i  B P e r M O H e  TMn PyaO-  

HOCHblX @ ~ K ) M ~ o B  - ~ E l r ~ a T ~ r e H H b l i .  COBM~CTHO C M H T P Y ~ M P Y O ~ ~ ~  rPaHMTOMA- 

H O ~  ~ a r ~ o i ,  n ~ 6 0  onepexaq ee, ~ T M  @nto~abi A O C T M ~ ~ O T  0 6 n a c ~ ~  P y A o n o K a n M -  

3 a u M M  ( M H T P Y ~ M B H ~ I ~  M C Y ~ B Y ~ K ~ H L I ' ~ ~ C K M ~  K y n O n a ,  LUTOKM, A ~ ~ K M ,  

O K O ~ O M H T P Y ~ M B H O ~  I~POCTP~HCTBO). ~ l p M ~ e p 0 B  T ~ K O ~  ~ ~ O C T ~ ~ H C T B ~ H H O ~  C B R ~ M  

30nOTOrO Opy,4eHeHMFl C MarMi3TM3MOM B P e r M O H e  MHOXeCTBO. 

6 CBOMX s b l e o a a x  o r e ~ e s ~ c e  M nymx cne,goeaHMs P ~ A O H O C H ~ I X  P a c T B o p o B ,  

K COX~~~HLIK), ~PMXOAMTCR O c H o B b l B a T b c s  H a  n p e a n o n o m e H m x .  6 n o c n e A H M e  

aeCRTMneTMR n o J J o 6 ~ b l e  BOnpOCbl  06bl'i~0 peWaK)TCF( C nOMOLU,bK) TOHKMX M30- 

T O ~ H ~ J X  ~ccne ,qo~a~wf i  n a n e o r M a p o T e p M a n b H b l x  @ntomgos (Ohmoto, 1977). Ha 
AanbHeBOCTO'iHblX 30JlOTOPY/JHblX 0 6 b e K T a x  110a06Hble pa60~bl @ ~ K T M ' ~ ~ C K M  H e  

n p o s o A M n M c b .  

B CBR3M C p a 6 0 T a ~ M  ~ O C C M ~ C K M X  YqeHblX (A. B. f l e i ~ e ,  A. H. CYBO~OB,  
K). A. K O C ~ I ~ M H ,  1/1. H. TOMCOH, M. A. C ~ ~ B O ~ C K ~ H ,  M. M. L/ I~MKcoH, 

A. A. ~ O P M C O B ,  C.14. U J e p M a H  M np.) B nOCneaHMeaeCRTl / lneTMR r J I ~ 6 k l H H b l M  pa3JlO- 

M a M  npMAaeTCR 6onbwoe 3Ha'ieHMe B TeKTOHO-MarMaTM'ieCKMX n p e o 6 p a 3 o s a ~ ~ ~ x  
J l M T ~ ~ @ e p b l  M JlOKanM3auMM OPY,4eHeHMR. r J I y 6 M H ~ b l e  pa3J lOMbl  OXBaTblBatOT fl0 

r n y 6 ~ ~ e  BCK) n k l T ~ ~ @ e p y ,  BKntO'iaF( M BePXHtOK) MaHTMtO. B BepXHMX 'iaCTRX 3 0 H  

m y 6 M H H b l ~  P a 3 n O M O B  ,QOMMHMPYtOTXPYnKMe ~ e @ o p M a u M M ,  a B HMXHMX - nnaCTM- 

' i ecK0e  T e r e H M e  c 0 6 p a 3 0 ~ a ~ M e ~  @M~OHMTOB.  C ~ J I Y ~ M H H ~ I M M  p a 3 n O M a M M  CBR3bI- 

B~IOTCR B O ~ H M K H O B ~ H M ~ ,  n e p e M e q e H M e  M p a 3 ~ e l q e ~ ~ e  MarMaTM' iecKt Ix  pacnna- 
BOB M PYaOHOCHblX @IIK)MAOB. M H o r M e  r f l y 6 M H H b l e  p a 3 n O M b l  CKPblTbl TOJ lqaMM 

O C a ~ K O B ,  I lOKpOBaMM ~ @ @ Y ~ M B O B ,  3aHRTbl T e n a M M  M H T P Y ~ M ~  n ~ 6 0  npORBJleHbl 

30HaMC1 T P e ~ M H O B a T O C T M  I lOpOa .  



B 3OHaX ~ ~ Y ~ M H H ~ I X  P a 3 n O M O B  BO3HMKatOT B C e  CTPYKTYPbl n p o r ~ 6 a ~ ~ ~  - OT 

a s r e o c ~ ~ ~ n ~ ~ a n e i i  ~o a n u n n a ~ @ o p ~ e ~ ~ b ~ x  BnaAMH,  B y n K a H M r e c K M e  nosca M 

PM@T~I,  n p M  3 T O M  MHBePCMR C B O ~ ? C T B ~ H H ~  H e  TOnbKO reOCMHKnMHaf lbHblM n p O r M -  

6 a ~ ,  HO M H a n O X e H H b l M  BnaAMHaM.   TO O'4eHb B a X H a R  O C O ~ ~ H H O C T ~ ,  TaK KaK MH- 

sepcm 06b lqH0 06ycnosne~a ~ ~ Y ~ M H H ~ I M  p a 3 y n n o ~ ~ e ~ ~ e ~  M r p a ~ ~ ~ o o 6 p a 3 o ~ a -  
HMeM, C KOTOPblM M O X ~ T  6 b l ~ b  C B R ~ ~ H O  O P Y , ~ ~ H ~ H W ~ .  r n y 6 M ~ ~ b l e  p a 3 n O M b l ,  BAOf lb  

KOTOPblX nPOMCXOAMT MHBePCMR n p o r ~ 6 0 ~ ,  Y'4aCTBYtOT B 3 0 n O T O M  py~oo6pa3o~a- 
HUM. Bce M c c n e A o s a T e n M  n p ~ ~ a l o ~  6 0 n b u o e  3 ~ a c l e ~ ~ e  n o n e p e r H b l M  (K OCHOB- 

H 0 f i  C K ~ ~ , ~ ~ ~ T O C T M )  f l M ~ e G H b l M  CTPYKTYpaM.  TO CMCTeMbl r f l y 6 M H H b l ~  p a 3 f l O M O B  

@ Y H , ~ ~ M ~ H T ~ ,  3 a n O X e H H b l e  H a  rpaHMl(aX 6no~os  C pa3 f lMqHb lMM MOP@OCTPYKT)'P- 

H ~ I M M  n n a H a M M  c r p a n M e H T a M m  B @ M ~ M C ~ ~ C K M X  n o n g x .  TaKMe p a s n o ~ b ~  M r p a l o T  p o n b  

6 a p b e p o s  B p a 3 M e q e H M M  ap€?anOB M a r M a T M 3 M a  M M O W  RBnRTbCR PY,4OKOHueHT- 

P M P Y I O ~ L I M M  CTPYKTYPaMM. 

qeneh H a t u e r o  r / l c cneaosaHtm,  noxanyh, ~ a ~ 6 o n e e  BamHb l  CKpb lTb le  rny- 
6 M H ~ b l e  p a 3 n O M b l ,  KOTOPble B OTnMClMe OT CKBO3HblX p a 3 n O M O B ,  f lpe ,4CTaBnRlOqMX 

co6oii y3KMe 3 0 H b I  CMRTMR M , ~ M H ~ M o M ~ T ~ M o P @ M ~ M ~ ,  H e  C O f l P O B O ~ a l O T C R  KPYn-  

HblMM Pa3Pb lBaMM.  An9 HLIX XapaKTepHb l  3 0 H b l  ~ O B ~ ~ U ~ H H O ~  TPeuMHOBaTOCTM,  

M a n b l e  MHTPYSMM, , 4 a f i ~ M ,  ~ Y A M H ~ X ,  rM,4pOTepManbHO M3MeHeHHble  flOPO,4bl. M M ~ H -  
HO CKPblTble r n y 6 M H H b l e  p a 3 n O M b l 0 6 b 1 ' 4 ~ 0  KOHTPOnMPYtOT PerMOHaJlbHO I l pORBneH-  

H o e  o p y A e H e H M e  

B a x ~ e i i u ~ e  p a a n o ~ b ~  t o x ~ o i i  qacTM p a c c M a T p M B a e M o r o  p e r M o H a  o n M c a n M  

M n o ~ a a a n ~  ~a ~ a p ~ a x f l .  M. K p a c ~ b ~ i i ,  M. B. qe60~apes, C. a. Y C ~ H K O ,  A. A. K M ~ M -  
KOB, E. 6. 6 e n b ~ e ~ e 6 ,  P. 6. Y M H T ~ ~ ~ B ,  M. 8. M ~ P T ~ I H H ~ K  M M H O r M e A p y r M e .  

Ha~6onee  n o n ~ b ~ i i  a ~ a n ~ s  r n y 6 ~ ~ ~ b 1 x  pasno~os p e r M o H a  B CBRBM c p a c c M o -  

Tpe t iMeM ero M e T a n n o r e H w  n p o ~ s s e n ~  M. M. HUMKCOH c C O ~ B T O P ~ M M  (1 960). MMM 
s b l a e n e H o  r e T b l p e  TMna  p a s n o ~ o ~ :  n n a H e T a p H b l e ;  p e r H o H a n b H b l e ;  npo,qonbHble  M 

n O n e p e q H b l e ;  p a 3 n O M b l ,  CBR3aHHble C HanOXeHHb lMM OCa~OClHb lMM M BYnKaHOreH-  

H ~ I M M  n p o r ~ 6 a ~ ~  M r p a 6 e ~ a ~ ~ .  A e ~ o p b l  npMLunM K s b l e o n y ,  C ~ T O  r n y 6 M ~ ~ b l e  

pa3no~b1 MMetoT  o c H o B H o e  M e T a n n o r e H w e c K o e  s ~ a v e ~ ~ e  A n R  n o ~ a n ~ 3 a u ~ ~  
B ~ > K H ~ ~ U M X  Py,4HblX p a f i 0 ~ 0 6  M M ~ C T O P O > Y T [ , ~ H M ~ ~  3OnOTa, OnOBa, UBeTHblX M PeAKMX 

M e T a n n o B  A a n b ~ e s o c ~ o r ~ o r o  p e r M o H a .  

n p r / l ~ e ~ ~ . r ~ e n b ~ o  K npo6ne~e p y a H o r o  sono~a p a c c ~ a ~ p ~ s a e ~ o h  T e p p w o -  

PMM ~ e ~ a n n o r e ~ ~ q e c ~ o e  s ~ a q e ~ m e  M M ~ O T  r n y 6 M H H b l e  p a a n o ~ b ~ ,  c o n p w e H H b l e  c 
n p o r ~ 6 a ~ ~  - 3BreOCMHKflMHanbHMMM, MMOreOCMHKnMHanbHblMM, HaAOXeHHblMM,  

KPaeBblMM M BYnKaHOreHHblMM, aBnaKOreHaMM M PM@TOB~IML/I CTPYKTYPaMM, MC- 

nblTaBWMMM MHBepCMIO M O p O r e H e 3 .  B o ~ ~ ~ c T  ~ J I Y ~ L I H H ~ ~ X  p a 3 n O M O B  6 f l ~ 3 0 ~  8 0 3 -  

PaCTy MCKOMOrO OpyAeHeHMR.  q e ~ B e p ~ M ~ H b l e  r n y 6 M ~ H b l e  p a 3 n O M b l ,  6 0 f l b l . U ~ ~ ~ ~ -  

6 0  I lOrpaHMqHblX M ApeBHMX rny6o~o 3POAMPOBaHHblX CKBO3HblX pa3nOMOB,  n e r K 0  

KaPTMPYeMblX M BblAef leHHblX H a  pa3nML(Hbl)! KaPTaX r e O f l O r M ~ e C K O r 0  CO,4epXaHMR, 

MOrYT MMeTb  n M U b  KOCBeHHOe MeTc?nnOreHMCleCKOe 3HaqeHMe.  ~~PO,QYKTMBHOCT~ 

r n ~ 6 M H H b l ~  P a 3 n O M O B  H a  PYAHOe 3 0 n O T O  3aBMCMT OTYPOBHR MX 3P03MOHHOrO 

cpesa. B npouecce opore~esa a o ~ a  r n y 6 ~ ~ ~ o r o  p a s n o ~ a  3a r e o n o r M r e c K o e  

BPeMR MCnblTblBaeT nO,4HRTMR, 3aqaCTYtO H e p a B H O M e p H b l e ,  M n 0 3 T O M y  OAMH M TOT 

Xe r n y 6 M H ~ b l f i  p a 3 n O M  H a  A H ~ B H O ~  flOBepXHOCTM M O X e T  6 b l ~ b  npeACTaBf l eH  no- 
p a 3 H O M y .  K ~ o M ~  TOrO, O T a e n b H b l e  p a 3 n O M b l  MflM qaCT1.1 OAHOrO p a 3 n O M a  MOrYT 

M3kiElqanbHO OTnMClaTbCR T ~ K T O H H O - M E ~ ~ M ~ T M ~ ~ c K o ~ ~  aKTMBHOCTblO, ~ ~ Y ~ M H H o c T ~ I O  

~ o p ~ e f i ,  MHTeHCMBHOCTblO npORBneHMR M a r M a T M 3 M a  M r M A p O T e p M a n b H b l X  R B n e -  



PMC. 5.1 1 .  C x e ~ a  pacnonoxe- 
H M R  r f l y b k l ~ ~ b l ~  pa3nOMOB M PYAHblX 
@op~aul . r f i  t o m ~ o i  r a c r u  A a n b ~ e r o  
BOCTOK~. 

1  - pa3flOMbl: 1  - C T ~ H O B O ~ ~ ,  2  - 
~ y J l h ~ a t i C ~ L I f i ,  3 - CeBep0-TYKY- 
P M H T P C K ~ ~ ~ ~ ,  4 - MOHTOJIO-OXOTCKM~~, 5  - 
C e s e p o b y p e u ~ c ~ u i ,  6  - 3 a n a ~ ~ o c u -  
XOT~-AJIMHCKI.I~~, 7  - BOCTOVHOCMXOT~- 
AJ~~IHCKM~, 8  - M u ~ o p c ~ u f i  (Kkl~ePklKaH- 
c ~ u f i ) ,  9  - Axy r&KypcK~ f i ,  10 - 
f l p~bpem~b l f i ,  11 - X M H ~ ~ H O - A M ~ Y H ~ -  
C K M ~ ~ ,  12 - ~ L ~ A X ~ H O - A M Y P C K M ~ ~ ,  13 - 
3 a n a , 4 ~ 0 ~ y p a ~ C ~ k l ~ ,  14 - B E P X H ~ ~ M -  
~ M H c K M ~ ~ ,  15 - F(KOKYTCKL.~~~, 16 - Cyla- 
MO-T~ I IAMHcK~ .~~~ ,  17 - Yrypc~uf i ,  18 - 
3 a n a ~ ~ o r i p ~ ~ o p c ~ w i ,  19 - Yccypnfi- 
C K M ~ ~ ,  20 - A P C ~ H ~ ~ B C K M ~ ~ ,  21 - U ~ H T -  
panb~b~ f i  CMXOTB-A~MHCKM~~, 22 - Oce- 
B O ~ ,  23 - n p ~ b p e m ~ b ~ f i ,  24 - JI~XCKMR, 
25 - ~ M K M H C K M ~ ~ ,  26 - AanbHepeVeH- 
C K M ~ ,  27 - K e ~ c ~ l i i ,  28 - Taern~b~ i ,  
29 - nflaC-ryHCKbIi, 30 - Maf iCK~i ,  31 - 
OmHbli, 32 - Pblbonos, 33 - Maprapu- 
TOBCKM~~;  2-4 - PyflHble @ o P M ~ ~ L . ~ M :  2  - 
sonoTan, 3 - 3 0 n o ~ o - c e p e b p ~ ~ a ~ ,  4  - 



( B ~ J ~ K ~ H M ~ ~ C K O ~ O  I ~ o K ~ o B ~ )  C r P a H M T O M a H b l M M  MHTPYSMRMM M a n b l X  ~JI~~MH, PeXe 
c ~ ~ B ~ J ~ K ~ H M ~ ~ c K M M M  MHTPYSMRMM ( C € ? B ~ ~ O ~ Y P ~ M H C K ~ R  3 0 H a ,  ~ e H T p a J l b H 0 a n ~ a H -  

CKMC P ~ ~ O H ) .  B e p x M  TaKMX r J l y 6 M ~ H b l ~  p a 3 J l O M O B  f l p e , 4 C T a B J l e H b l 3 O H a M M  T P e u M -  

HOBaTOCTM, 4eflO'iKaMM M a n  blX M C Y ~ B Y J ~ K ~ H M ~ ~ C K M X  M H T P Y ~ M ~ ,  f l a i K 0 B b l ~ M  f lORCa- 

MM, C Y ~ B Y J ~ K ~ H ~ M M  M H e K K a M M  B flOp0,QaX OCEl,4OqHOrO M B Y n K a H M q e C K O r O  '-leXna 

( ~ J ~ ~ M H c K M ~ ~  npo r~6 ,  MOPMKCKMC P ~ ~ o H ) .  Hm3b1 3 0 H  ~ ~ Y ~ M H H ~ I X  p a 3 J l O M O B  o 6 ~ a -  
X e H b l  B CTPYKTYpaX C BblCOKMM T e M n O M  M ~ ~ O - K ~ G H O ~ O C C K M X  ~ o , Q H R T M ~ ,  a B e p X M  - 
C HMSKMMM. Ha rPaBMMeTpM'ieCKMX K a p T a X  I l e p B b l e  HaXO&RTCR B OCeBb lX  'iaCTRX 

MHTeHCMBHblX P e r M O H a J l b H b l X  MMHMMYMOB,  a B T O P b l e  M O r Y T  6 b l ~ b  HaMe'ieHbl fl0 

OTHOCMTeJlbHblM n O H M X e H M R M  YPOBHR flOJlR C M n b l  TRXeCTM.  

I l p M  B b l a e J l e H M M  r J l y 6 M H ~ b l ~  P a 3 n O M O B  K P O M e  nepe' iMCneHHblX n p M 3 H a K O B  

y r M - r b l e a n M c b  p e r M o H a n b H b l e  ~ O H ~ I  n p o R s n e H m  r M , q p o T e p M a n M T o s  M ~ O ~ O T O H O C -  

HOCTM, OCM H a J l O X e H H b l X  M K p a e B b l X  nporu6os M CBOAOBblX ~ O ~ H R T M ~ ,  OCM perklo- 
H a n b H b l X  M M H M M Y M O B  CMJlbl T R X e C T M  M 4eIlO'iKM M a r H M T H b l X  ~ H O M ~ J ~ M ~ ,  3 0 H b l  

r p a a M e H T o s  Q M ~ M ~ ~ C K M X  nonei. ~ P ~ K T M ~ ~ C K M ~ ~  M H T e p e c  n p e a c T a s n R t o T  T a m e  

m y 6 k l ~ H b l e  pa3JlOMb1,  @ M K C M P Y K ) ~ M ~ C R  rpa,QkleHTaMM C M n b l  T R X e C T M ,  0 rpaHM. lM-  

B a K l q M M M  P e r M O H a S l b H b l e  M M H M M Y M b l .  ~ T M  Y C T Y f l b l  M H T e P f l P e T M P Y t o T C R  K a K  

p a s n o ~ b ~  ~ J I ~ ~ O K O ~ O  s a n o ~ e ~ ~ ~ ,  n p o H m a t o q M e  a a n e K o  B M a H T M t o  - ao 70-100, 
150 M 200 KM ( P e i ~ n M 6  M ap., 1976). T a K M e  p a a n o ~ b ~  o r p a H M w e a t o - r  C T P Y K ~ P ~ I  

Pa3ynJ lOTHeHMR CMXOTB-AJ~MHR, C T ~ H O B M K ~ ,  ~ ~ ~ ~ M H c K o ~ o  M a C C M B a .  

B b l ~ e n e H ~ b l e  H a M M  r J l y 6 k l ~ H b l e  p a 3 J l O M b l  ( ~ M c .  5.1 1)  J l e r K O  C r p y f l n M p O B a T b  

B a B e  OCHOBHble  CMCTeMbl :  M O H ~ O ~ O - O X O T C K O ~ O  (BOB) M CMXOT3-aJlMHCKOr0 (CCB) 
H a n p a B n e H M R .  6 3aflEl,4~0i 'iaCTM T e p p M T O p M M  rJ laBHb lMM RBJlRtoTCR MOHrOJlO-OXOT- 

cKMe paano~br, a nonepewble K HMM p a s n o ~ b ~  M M e t o T  C M X O T ~ - ~ ~ M H C K O ~  npocm- 
PaHMe.  Ha BOCTOKe COOTHOWeHMR p a 3 J l O M O B  0 6 p a ~ H b l e .  B f l p M 0 ~ 0 ~ b e  M n p M a ~ y -  



p b e  MOXHO B b i A e n H T b  e q e  O A H ~  rpynny K ~ ~ ~ H O ~ O ~ C K M X  CB P ~ ~ ~ O M O B ,  napan- 
nenbtiblx A o n M t i e  A ~ y p a  M a a n a ~ ~ o ~ y  nodepexbro O x o ~ c ~ o r o  M O ~ R .  

C x o ~ ~ o e  ~ a n p a s n e ~ ~ e  ~ ~ Y ~ M H H ~ I X  paano~os (CCB M 3C3) ~ a 6 n m ~ a e ~ c ~  ~a 
KaM.laTKe. Ha C ~ B ~ ~ O - B O C T O K ~  donee pa3BMTb l  CB M C3  r n y 6 M H H b l e  p a 3 n O M b l .  

K ~ o M ~  TOrO, HeKOTOpble  r e O n O r M  B b l A e n R O T  elqe O p T O r O H a n b H Y O  CMCTeMY (YMMT- 
Gaes, 1986), @ p a r M e H T b l  K O T O P O ~  OTMeqatOTCR B R K ~ T M M  M H a  C a a n M ~ e .  

Y . I T ~ H H ~ I ~  HaMM 30nOTOHOCHble  CTPYKTYPbl BO MOrMX CnYC(aRX C O n P R X e H b l  C 

r J l y 6 M ~ H b l M M  p a 3 n O M a M M ,  C Y raCTKaMM MX f l e p e c e r e H M i  n ~ 6 0  HaXOARTCR B KOH- 

T y p a x  o r a r o B b l x  CTPYKTYP. 

Orarosb~e CTPYKTYP~I (0%). Ha~6onee x a p a ~ ~ e p ~ o i  o c o 6 e ~ ~ o c ~ b o  sono- 
T o r o  O p y A e t i e t i M R  p e r M o H a  RsnReTcs l  ero yanosoe p a c n o n o x e H M e .  O ~ ~ e n b ~ b ~ e  

y3nbl M O V T  I l p M H a A n e X a T b  n p 0 T R X e H H b l M  PYAOHOCHblM 3 0 H a M ,  f lPMYPOqeHHblM K 

JlkIHe~HblM r J l y 6 M H H b l ~  p a 3 n o M a M ,  H O B  n p e A e n a X T a K M X 3 0 H  OPYAeHeHMe n p 0 R B n e -  

HO n O K a n b H 0  M nPMYPOqeHO K K O H K P ~ T H O ~  T ~ K T O H M C ~ ~ C K O ~  CTPYKTYpe. T ~ K M M M  Y3- 

n a M M  c o c p e A o T o r e H M g  o p y A e H m  06b lc (H0 R s n g r o T c R  s y n ~ a ~ o - n n y ~ o ~ ~ r e c ~ ~ e  
UeHTPb l  M KYnOnOBMAHble CTPYKTYPbl, KOTOPble 803HMKnM, BePORTHO, B p e 3 y n b T a -  

T e  r n y 6 M H H b l ~  nPOL(eCC0B M M O V T  MMeHOBaTbCR O'iarOBblMM CTPYKTYpaMM. 

Ha~6onee K o H T p a c T H o  OL(C n p o s l e n e t i b l  B c T p y K T y p a x  TMA M M e H e e  onpe- 
A e n e H H O  B re0CMHKnMHanbHblX CKnaAqaTb lX o 6 n a c ~ ~ x .  ~ P M M ~ P ~ M M  OL(C  CTPYKTYP 

TMA RBnRtOTCR y3nbl n p o R B n e H M R  M ~ ~ O ~ O ~ C K M X  C Y ~ B Y ~ K ~ H M ~ ~ C K M X  M H T P Y ~ M ~  H a  

A ~ ~ ~ H C K O M  U M T e .  OHM H e  M M ~ O T  O L ( ~ B M A H ~ I X  ~ B R 3 e n  c J l k l ~ e ~ ~ b l ~ k l  r J l y 6 M ~ ~ b l ~ M  

p a 3 n o ~ a ~ ~ ,  c y q e c T B o B a H M e  KOTOP~IX n p e A n o n a r a e T c R  no K o c s e H t i b l M  AaH t i b lM .  

T ~ K M ~  K p y n H b l e  BynKaHO-nnyT0HMreCKMe CMCTeMbl, KaK C T ~ H O B ~ R ,  A y c c e - A ~ M H -  

CKaR, C M X O T ~ - A A M H C K ~ R ,  C e ~ e p 0 6 y p e M H ~ K a R  MAP. ,  TpaCCMPYtOTCR CePMRMM OL(C. 

H a n p ~ ~ e p ,  K y i ~ y c y ~ c ~ ~ i  B y n K a H o r e H  RenReTcR  ~ p y n ~ e i i l u e i i  orarosoii C T ~ ~ K -  

~ y p 0 i  C HeCKOnbKMMM AOqePHMMM OL(C. B re0CMHKnMHanbHblX C K n a A r a T b l X  06- 
naCTRX K O'iarOBblM CTPYKTYPaM YCnOBHO M O X H O  OTHeCTM O T A e n b H b l e  KynOnOBMA-  

H b l e  CTPYKTYPbl MnM MX rpynnbl C 3 0 H a n b H b l M  M ~ T ~ M O P @ M ~ M O M .  

Ha~6onee  B a X H b l M  BOnPOCOM A n 9  f lPOrH03MPOBaHMR RBnFleTCR C T e n e H b  

3PO,4MPOBaHHOCTM OL(C, n p e A C T a B n e H H b l X  H a  nOBepXHOCTM BynKaHOreHHblMLl  kl 

' - laCTM~H@ c ~ ~ B ~ ~ K ~ H M ~ ~ c K M M M  @ ~ ~ M S I M M  n O p O A .  O f l ~ k I M a J l b ~ b l e  yCnOBMFl3P03M-  

OHHOrO C p e 3 a  B03HMKanM T O r A a ,  K O r A a  M b l  M M e e M  n O n H O e  BCKPblTOe OL(C A0 @YH- 

A a M e H T a  B y n K a H O r e H a  C WMPOKO n p e A C T a B n e H H b l M  p a 3 ~ 0 0 6 p a 3 ~ b l M  KOMnneKCOM 

BynKaHkll(eCKMX, C Y ~ B Y ~ K ~ H L / I C ~ ~ C K L / I X  M r l / l f l a 6 M c c a J l b ~ b l ~  n p 0 R B n e H ~ i  M a r M a T M 3 M a  

( 6 e K c l M y n b ~ K a R ,  T b l r ~ a  - Y ~ ~ H ~ M H c K ~ R ,  A B J I ~ R K ~ H C K ~ R ,  H M X H ~ ~ ~ ~ ~ M H C K ~ R ,  L ( ~ H T -  
p a n b t i o a n A a H c K a R  OqC). n p ~  6onee r n y 6 o ~ o i  3 ~ 0 3 ~ ~  BcKpb lBatOTcR r ~ n a 6 ~ c -  
CaJ lbHb le  WTOKM M MaCCMBbl rPaHMTOMAOB (KMPOBCK~R,  E T ~ ~ C K ~ R  OqC). 

3 TOT ~ a x ~ b ~ i i  An9 p y ~ o o 6 p a a o s a ~ ~ ~  ~onpoc,  ~ a c a t o q ~ i i c s l  n y ~ e i i  npocaw- 
BaHMR PYAOHOCH blX PaCTBOPOB, eUe H e  MCCJleAOBaH. OAH~KO CYAR no A a n b H e -  

B O C T O ~ H ~ I M  M a T e p M a n a M ,  c o e e p w e t i H o  RCHO, r ~ o  B p R A e  cnyraes OH M M e e T  pewa- 
tOLqee 3 H a r e H M e  An54 pa3BMTMR 3 0 n O T O r 0  OPYAeHeHklR B P e r M O H a n b H O M  M a C W T a -  

6e. n e r K 0  n p e A n O n O X M T b ,  'iTO r ~ ~ 6 0 3 e ~ H M ~ T b l e  M TPell&lHOBaTble nOPMCTble  OCa- 

A O r H b l e  @ 0 p M a u M M  RBJlRtOTCR B 3 T O M  O T H O W e H M M  ~ ~ ~ ~ o ~ ~ M R T H ~ I M M ,  B 



O C O ~ ~ H H O C T M  H a  ~ J ~ M ~ M o H H o ~ ,  M H B ~ P C M O H H O ~  M p a ~ ~ e o p o r e ~ ~ o i  CTaAMRX pa3BL l -  

TClR PerMOHanbHblX PYAOHOCHblX CTPYKTYP, KOr@ nOPOAb l  ewe COXpaHLlnM AOCTa-  

TO'iHY0 ASlR IlPOCa'iMBaHMR 6 0 n b w ~ l x  O ~ ~ ~ M O B  PaCTBOPOB nOPMCTOCTb. H a ~ 6 o -  
nee R P K M ~  n P M M e P  - n p M Y P O q e H H O C T b  C T ~ ~ T M @ O P M H ~ I X  C e A n O B M A H b l X  

30nOTO-KBapL(eBblX X M n  K)XHOTO B ~ P X O R H ~ R  K I l a l l K a M  I leCl laHMKOB M r p a B e n M T O B  

B T o n u e  ane~po-nen~~osb lx  nopoa K ~ K K ~ H C K O ~  C B M T ~ I  H M X H ~ ~  n e p M M .  r ~ ~ p o ~ e p -  
u a n b H b l e  n p e o 6 p a 3 0 ~ a ~ ~ ~  nopop, BTMX n a q e K  O ~ ~ R C H R D T C R  @ ~ n b ~ p a u M e i  r M A -  

p O T e p M  MMeHHO no 3TMM nPMPOAHblM KaHanaM,  HO B 3 0 H e  K C ~ ~ ~ ~ M K ~ H C K O ~ O  m y -  
~ M H H O T O  p a 3 n O M a  ( A a H J i b l e  M .  C .  H ~ M ~ H M ~ H ~ ,  1988 r.). ~ P O T R X ~ H H O C T ~  

f l a n e ~ r k l ~ p ~ ~ e p ~ a n b t i ~ ~  CMCTeMbl COOTBeTCTBYeT T ~ K O B O ~  3 0 H b l  npaKTMl leCKM 

H e n p e p b l B H o r o  ~ ~ O R B J I ~ H M F I  ~ O ~ O T O H O C H ~ I X  K B a p q e s b l x  x M n  M C o c T a s n R e T  donee 
300 KM. 

B ~ X ~ T A M H C K O ~  3n n0TOKM PYAOHOCHblX PaCTBOPOB, no-BMAblMOMY M e T a -  

M O P @ M ~ ~ C K O ~ O  M M a r M a T M q e c K o r o  r e ~ e 3 ~ 1 c a ,  nepemeuanwb  no^ reonorwec- 
KMMM ~ K P ~ H ~ M M  H a  M H o r H e  K M n o M e T p b l  no n a T e p a n M ,  M c n o n m y s l  B H a r a n e  n p M -  

pO,4HytO I lOpMCTOCTb I leCqaHklKOB,  a 3 a T e M  TPeuV IHOBaTOCTb ,  B03HLlKLUytO H a  

KOHTaKTaX T O J l q  pa3nM.lHOrO nLlTOnOrM.leCKOr0 COCTaBa M KOMneTeHTHOCTLI. Ha 
T O K Y ~ C K O M  PYAHOM none 3TM n p e H M y u e C T B e H H 0  I ~ o c ~ o ~ H ~ I ~  TeKTOHM.leCKMe 

pa3pb lBb l ,  3af lOJlHeHHble nPOAYKTaMM ~ P ~ K L I M P O B ~ H M R  I l O p O ~ ,  @ M n b ~ p o B a J l ~  P y a O -  

HOCHble PaCTBOPbl r M ~ p 0 ~ e p M a J l b H 0 h  CMCTeMbl nPOTRXeHHOCTb0  nOPRAKa  20 KM. 

B A n f l a ~ c ~ o i  3n, rAe 30nOTOe O p y A e H e H M e  TeCHO C O n p R X e H O  C JlOKanbHbl-  

MVI MHTPy3MBHblMM KOMIlJleKCaMkl, M ~ C U T ~ ~ ~ I  n a n e O r M A p O T e p M a n b H b l X  CMCTeM 

6b ln~  T a m e 3 ~ a w ~ e n b ~ b 1 ~ ~ .  Q~DMAO~OTOKM A n g  csoero n e p e M e u e H m  M c n o n b -  

3OBanM Tpe lqMHOBaTb le  AOJlOMMTbl HM30B O A O M C K O ~  CBMTbl M T p e u M H O B a T b l e  3a- 
KapCTOBaHHble K ~ M ~ P L I ~ C K M ~  LI3BeCTHRKVI n0A ~ O ~ O W B O ~  J ~ M T L I @ M L ( M ~ o B ~ H H ~ I x  

K ) ~ C K M X  necc laHMKos.  

A~ankl3 AanbHeBOCTO.IHblX M a T e p M a n O B  yKa3b lBaeT  H a  B a X ~ e ~ L L l y t 0  P O n b  B 

npo6ne~e (mepe~oca), p e r ~ o ~ a n b ~ o  n p o ~ s n e ~ ~ b ~ x  reono rw iec~~x  ~ K ~ ~ H O B ,  cno- 
C O ~ H ~ I X  C 0 3 A a B a T b  0 6 ~ L l p H b l e  B TeOJlOrMlleCKOM CtvlbICJle ~ B O A O C ~ O ~ ~ I ~ ) ,  KYMYJlM- 

pOBaTb AJlMTeJlbHO ~ e h C ~ B y 0 ~ v l e  @ J ~ ~ M ~ O ~ O T O K M ,  KaK 3 T 0 ,  no -BMAv lMOMy,  np0- 
MCXOALlnO B ~ X H O B ~ P X O R H C K O M  CVIHKnMHOPklM. OTCYTCTBM~ TaKMX 3KPaHOB H e  

CO3AaeT 6 ~ l a r 0 f l p L I R ~ ~ b l ~  y c n 0 ~ M f i  An9 @OPMC~POB~HLIR M O u H O r O  H a f l p a B n e H H O r O  

@ ~ ~ O M ~ O ~ ~ O T O K ~ ,  cnoco6~oro C @ O P M M P O B ~ T ~  H a  @M~MKO-XLIMML~~CKMX 6apbepax 
K p y n H o e  M e c T o p o w e H M e .  

np06ne~bl TpaHCnOPTLIPOBKM PYAOHOCHblX @J~DM,~oB B pa3nM.IHblX YCnOBMRX 

M P e X M M a X  Pa3BMTklFI PYAOHOCHblX CTPYKTYP ~ a ~ b H e B O C T O ' i H O ~ 0  P e r M O H a  - T e M a  

CaMOCTORTenbHOrO MCCneAOBaHLISI, 3 A e C b  OHa  3aTPOHYTa B nOpFlAKe nOCTaHOBKM 

B o n p o c a .  

e o n o r M  sceraa n o g l c e p l t m a n m  6onbwoe 3 ~ a q e ~ ~ e  r p a H M q H b l x  noeepxtioc- r ~ e f i  M e m y  CTPYKTyPHblMM RPYCaMM ( ~ T ~ x ~ M M )  WR JlOKanH3a4MM rM,L(POTeP- 



MaJlbHOrO OpyfleHeHMR (C~@OHOB, 1978) n ~ 6 0  yKa3blEaJlM H a  npL lypOqeHHOCTb M e -  

C T O ~ O X , Q ~ H M ~  K Onpe f l eneHHb lM  CTPYKTYPHblM 3 T a X a M ,  O T p a X a t O l q M M  K p y f l H b l e  

3 T a f l b l  TeOTeKTOHMqeCKOrO pa3BMTMR PerMOHOB M OTJlMqatOlqLlXCR COCTaBOM, @M- 

3MKO-XMMMqeCKLlMM C B O ~ C T B ~ M M  Cna ra tO lqMX MX T O n l q  ( B o ~ ~ @ c o H  M AP., 1969; 
~ Y K M H  M AP., 1978). O 6 b l q H 0  Bb lAenReTCR OPYfleHeHMe B @ Y H ~ ~ M ~ H T ~ ,  TeOCMHK- 

JlMHanbHOM M OpOreHHOM 3 T W a X .  n p M  3 T O M  OTMeqaeTCR 3HaqMTeJlbHaFI P O n b  3 K p a -  

~ ~ l p y o l q ~ x  nosepxt ioc~ei B o r p a t i ~ v e ~ ~ ~  o p y a e ~ e ~ m  no BoccTaHMtO.  n p ~  onpe- 
AeI leHMM Y ~ O B H ~ ~  ~ J ~ Y ~ M H H O C T M  OPYAeHeHMR 0 6 b 1 ' 4 ~ 0  YKa3blBatOTCR p a 3 H b l e  uM@pbl 

r n y 6 ~ ~  (OT I ~ ~ ~ ~ O ~ ~ O B ~ ~ X H O C T M )  Ll MCflOnb3ytOTCR p a 3 H b l e  HaMMeHOBaHMR YpOB- 

H e i ,  qTO BePORTHO O ~ ~ R C H R ~ T C R  M H O ~ O O ~ ~ ~ ~ M ~ M  IlPORBneHMR r M ~ P O T e P M a J l b H O r 0  

OpyAeHeHMR.  H a n p M M e p ,  K). r. C~@OHOB B b l A e n R e T  O p y a e H e H M e  T p e X  ~ J ~ Y ~ M H H ~ I X  

Y P O B H ~ ~ :  M a J l O r n y 6 M ~ ~ b l i  - 0,2-1 KM,  ~ p e ~ H e r J l ~ 6 M H H b l i  - 2-3 K M  M r J l y 6 M H H b l i  - 
6onee 3 KM. 

B p a c c M a T p M s a e M o M  p e r M o H e  M ~ I  B b l a e n R e M  o T H o c m e n b H b l e  YPOBHM rny- 
~ L ~ H H O C T M  OPYaeHeHMR no MX IlOJlOXeHMtO B reOJ lO r0 -CTpyKTypHb lX  KOMnneKCaX:  

reOCMHKnMHanbHbIX, OPOreHHblX,  B @yHflaMeHTe, n p L l  3 T O M  OueHMBatOTCR flPOCT- 

PaHCTBeHHaR M reHeTMqeCKaR CBR3M OpyaeHeHMR C MHTPY3MBaMM p a 3 J l M q H o i  my- 
~ M H H O C T M  M T.  a. Y K a 3 a H t i b l e  n p M H u M n b l ,  a T a K X e  O C O ~ ~ H H O C T M  @ ~ K T M C ~ ~ C K O T O  

p a c n p e A e n e H m  sono~oro o p y a e H e H m  B p e r M o H e  n o 3 ~ o n ~ n ~ l ,  KaK y~aab~eanocb, 
Bb laeJ lMTb CJlefiytOlqMe ypOEHM ~ J I Y ~ M H H O C T M  @OPMMPO.B~HMR 30J lOTOrO OPYAeHe-  

HMR: ~ ~ M ~ ~ O B ~ P X H O C T H ~ I ~ ,  C Y ~ B Y ~ ~ K ~ H M ~ ~ C K M ~ ,  r M n a 6 L I ~ ~ a J l b ~ b l i  M ~ e 3 0 a 6 ~ c -  
C a n b H b l i .  1 ). K ~ ~ M ~ ~ O B ~ P X H O C T H O M Y Y P O B H ~ ~  OTHOCFlTCR MeCTOPO)aeHMR,  C@OP- 

MMpOBaBLUMeCR B BePXHMX rOPM30HTaX BynKaHOTeHHblX (M O C ~ ~ O ~ H ~ I X )  npor~6os, 
B HeKKaX I laJ leOByJlKaHOB, n p M  OTCYTCTBMM LlnM He3HaqMTeJ lbHOM Pa3BMTMM ~ y 6 -  
ByJlKaHMlceCKMX M H T P Y ~ M ~ .  PyAbl npOXMJlKOBble ,  6 p e K q L l e B b l e ,  ~ 0 J l J l 0 ~ 0 p @ H b l e ,  

X a p a K T e p H b l  LUTOKBepKM. 2). K C ~ ~ B ~ J ~ K ~ H M ~ ~ C K O M ~  ( ( ~ ~ o ~ B ~ ~ K ~ H M ~ ~ ~ c K o M ~ ) ) )  

y p O E H 0  OTHeCeHbl  MeCTOPOX,QeHMFl, 0 6 p a 3 0 B a B L U M e ~ R  B HM3aX ByJlKaHMqeCKMX ( M  

O C ~ ~ O ~ H ~ I X )  n p o r ~ 6 0 ~  B aCCOuMa4MM C 0 6 M n b H 0  I lpORBJleHHblMM c y 6 e y n ~ a ~ ~ q e c -  

KMMM MHTPY3MRMM n p e b I ~ y l q e ~ ~ B e ~ H 0  n O p @ M p O B b l ~  n 0 p O n .  PyAbl T O H K O ~ ~ ~ H M C -  

T b l e  MaCCMBHble ,  6 p e K q M e B b l e ,  M H O r a a  ~ 0 n J l O ~ O p @ ~ b l e .  X a p a K ~ e p H b l  M O l q H b l e  

3aJ leXM,  XMJlbl ,  n0Cne f lHMe  MOrYT  PaCnPOCTPaHRTbCR B nOPOAb l  OCHOBaHMR. 3). K 
r M f l a 6 M C C a J I b ~ 0 ~ y  y p 0 ~ H t O  OTHOCRTCR M e C T O P O m e H M R ,  3 a J l e r a t O l q M e  B I l O p O a a X  

OCHOBaHMR ByJlKaHOreHHblX M TePPMreHHb lX  HaJ lOXeHHblX npo r~6os  (CTPYKTYP~I  

TMA) M B flO3aHereOCMHKnMHanbHblX TePPMreHHb lX  KOMnJleKCaX B aCCOuMauMM C 

r M n a 6 M C C a J l b ~ b l ~ M  Ll M ~ J ~ O ~ J I Y ~ M H H ~ I M L ~  MHTPy3MRMM: , & ~ ~ K ~ M I / I ,  LUTOKaMM, ~e60nb- 
UIMMM MaCCMBaMM nOnHOKpMCTannMqeCKMX,  P e n K O  n O p @ M p O B b l ~  nOpOfl .  Pyflbl 
MaCCMBHble,  nOJlOCqaTble,  3ePHMCTble ,  qaCTMqHO MeTaCOMaTM'ieCKMe. Mop@ono- 
rMFl: XMf l b l ,  X M n b H b l e  30Hb l .  4). M e 3 0 a 6 M C C a n b ~ b 1 ~  YCflOEHO CqMTaeTCR O p y A e H e -  

HMe ,  3 a f l e r a t O l q e e  B P a H H e r e O C M H K n M H a n b H b l X  TePPMreHHO-BynKaHOreHHblX 

nOpOflaX 3 e J l e ~ 0 C f l a ~ ~ e B 0 ~  M ~ ~ M ~ O T - ~ M @ M ~ ~ J ~ M T O E O ~  @aubli M ~ T ~ M O P @ M ~ M ~  

M n p e a c T a s n e t i H o e  x M n a M M  3 a ~ e l q e ~ ~ ~ ,  M e T a c o M a T M r e c K M M M  ~ O H ~ M M ,  npoxm- 
KOBO-BKpanJleHHblMM O ~ ~ ~ ~ O B ~ H M R M M ,  a T a K X e  O p y a e H e H M e  B r J l y 6 0 ~ 0 3 ~ 0 ~ 1 / 1 ~ 0 -  
BaHHblX p a i 0 H a x  A J ~ ~ ~ H o - C T ~ H O B O ~ O  lqMTa,  aCC04MMPYtO lqee  C A O M ~ ~ O ~ O ~ C K M M M  
~ e 3 0 a 6 M C C a J l b ~ b l ~ M  MHTPY3MRMM ( M ~ C T O P O ~ ~ H M ~  n e A R t i 0 e ) .  

B K ) X H ~ B ~ ~ X ~ R H C K ~ ~ ~ ~ ~ O T O H O C H O ~ O ~ ~ ~ C T M O P ~ ~ ~ H ~ H M ~ ~ ~ C ~ ~ ~ C T ~ ~ H ~ -  

HO H a  O ~ L U M P H O ~  TePPMTOPMM M nPMYPOqeHO @ ~ K T M ~ ~ C K M  K O ~ H O ~  MOUHO~ (OKO- 

Jl0 2 KM) H M X H ~ ~ ~ ~ M C K O ~  TOJ l lqe  ~ J ~ M H M C T ~ I X C ~ ~ H ~ ~ B  M ~ J ~ ~ B ~ o J ~ M T o B  ( M ~ C T O ~ O X -  



AeHMR H ~ > K A ~ H M H C K O ~ ,  AYEIT, DP M ~ p . ) .  3 ~ a  TOnU@ f lepeKpblBaeTCR M O u H b l M  (OKO- 

no 3 KM) KOMflJleKCOM BepXHef lepMCKMX - TpMaCOBbIX fleC'iaHMKOBblX CBMT M fl0,Q- 

CTMJlaeTCR ~ ~ ~ c ' ~ ~ H o - ~ ~ M H M c T o  ~ 0 J l u e i  ~ a p 6 0 ~ a  (PMC. 5.12, a). n0CJ leaHRR B CBOHJ 

O r e p e A b  3 a n e r a e T  H a  M H O ~ O K M J ~ O M ~ T ~ O B O ~  TOJlWe K ~ P ~ O H ~ T H ~ I X  f l 0 p O a  AeBOH-  

~ e p x ~ e n p o ~ e p o 3 o i c ~ o r o  ~ospac~sa .  K r p a H M q e  ~ e p x ~ e n p o ~ e p o 3 o i c ~ ~ x  ~ap6o-  
HaTHblX M K ~ M ~ P M ~ C K M X  TeppMreHHb lX  f lOpOA f l p M y p O q e H 0  3OJlOTOe Opy,f(eHeHMe 

T ~ c - K > ~ R x c K o ~ o  MeCTOPO>yqeHMR. 

B H M X H ~ ~ ~ ~ ~ M C K O ~  TOJl lqe DXHO~O B ~ P X O R H ~ R  BblaeJlReTCR OPYAeHeHMe,4B)'X 

OCHOBH~IX M O ~ @ O ~ O ~ M C ~ ~ C K M X  T M ~ O B :  1 ) K s a p q e B b l e  ~anocynb@~ab~e 6n~acornac- 
H u e  CO CJlOMCTOCTbHJ PYAHb le  XMJlbl  AYBTCKOrO TMIla,  2) KBapqeBOXMJlbHble M a n o -  

c y n b @ M ~ H b l e  KpyTOnaaaHJWMe 3 0 H b l  C 30JlOTOHOCHblMM KBaP4eBb lMM M CyJlb@Ma- 

HO-KBaPqeBb lMM XMJ laMM - a f l 0 @ M 3 a ~ M  He>yqaHMHCKOrO T M n a .  P y ~ H b l e  flOJlR 

aMarMaTMqHbl  n ~ 6 0  C0,QepXaT MHTpapy,4Hble A ~ ~ K M .  

B ~ X ~ ~ A M H C K O ~  3n Opyf leHeHMe Pa3BMTO f l P e M M Y u e C T B e H H 0  B KYflOJlO- 

BMaHblX aHTMKJlMHaJlRX 0 6 b l q H 0  H a  HeCKOJlbKMX reOCTPYKTYPHblX YPOBHRX B flPOCT- 

~ ~ H C T B ~ H H O ~ ~  CBR3M C r M f l a 6 M C C a n b ~ b l ~ M  M ~ a J l 0 r J l y 6 M ~ ~ b l ~ M  MHTPY3MRMM IlOJl- 

HOKpMCTaJlJlM'ieCKMX rPaHMTOMflOB M A ~ ~ K O B ~ I X  ~ ~ O P @ M P O B ~ I X  f l0pOa.  H a f l p M ~ e p ,  

B B ~ P X H ~ C ~ J ~ ~ M @ K M H C K O M  p a i 0 H e  B n a J l e 0 3 0 ~ ~ ~ 0 f i  T O J l U e  BblaeJlRHJTCR TPM TaKMX 

YPOBHR (PMC. 5.12, 6). H M x H M ~  I lpMypO' ieH K 3JlbrMHCKOMY rOPM30HTY 3eJ leHOKa-  

MeHHblx nopoa, c lacTMr t i o  BMXOAR 3a ero npeaenbl ( X a p r ~ ~ c ~ o e  ~ e c ~ o p o > y q e ~ ~ e ) ;  
c p e ~ ~ k l k  - K r p a H M q e  T ~ J ~ ~ I M M H C K O ~  M C ~ ~ ~ P C K O ~  CBMT ( C a l y p C K o e  MeCTOpOX@- 

H M ~ )  M B ~ ~ x H M ~  - K 3 0 H e  KOHTaKTa TOKYPCKO~ M ~ K M M ' ~ ~ H C K O ~  CBMT (TOKYPCKO~, 
T O K O J ~ ~ H C K O ~  M a p y r M e  M ~ c T o ~ o X & ~ H M R ) .  T a J l b l ~ t l ~ C K a R  M TOKYPCKaR CBMTbl - CY- 

IqeCTBeHHO IleC'iaHMKOBble (HMxHM~) ,  a CarypCKaR M 3KMMClaHCKaR M e T a a n e B p O -  

nenMTosb le  C I K ~ ~ H M ~ M P Y ~ O ~ M ~  ( s e p x ~ ~ e ) .  B n p o M e x y r K a x  Me>yqy BTMMM YPOBHRMM 

o p y A e H e H M e  ~ O ~ T M  H e  p a a s ~ ~ o .  Bo B c e x T p e x  R p y c a x  p y a H b l e  T e n a  n p e A c T a s n e H b r  

3 0 n O T O - K B a p ~ e B b l M M  X M n a M M  M ~ J ~ o c Y S ~ ~ @ M ~ H O ~  @ o P M ~ ~ M M ,  C e K Y u M M M  nu60 
~ S I M ~ C O ~ J ~ ~ C H ~ I M M  CO CJlOMCTOCTbtO, f l 0 J l 0 C c l a ~ 0 i  M ~ ~ ~ K w I ~ B o ~  TeKCTYPbl. K ~ o M ~  
TOTO, B C p e a H e M  R p y C e  M3BeCTHO LUTOKBePKOBOe OPYaeHeHMe,  a B H M X H e M  - M e -  

TaCOMaTM'ieCKMe 3 a n e X M  30JlOTOHOCHblX ~ J ~ ~ ~ M T M T O B  ( X a p r M H C K 0 e  P y a H O e  none). 
B CMXOTB-AJ~MHcKo~  3n Opyf leHeHMe JlOKaJlM3yeTCR B T p e X  reOCTpyKTypHblX 

YPOBHRX: B ~ O ~ + ~ H ~ ~ ~ O C M H K J I M H ~ J I ~ H ~ I X  C y l q e c T B e t i H o  T e p p M r e H ~ b ~ x  ~ o ~ n n e ~ c a x  
IOPCKOrO M HMXHeMeJlOBOrO BO3paCTa  M H a  AB)'X YPOBHRX B OPOreHHblX (ByJ lKaH0-  

~ ~ H H ~ I X )  K o M n n e K c a x  n a n e o r e H o e o r o  ~ 0 3 p a c ~ a .  B n e p s o M  y p o s H e  o p y a e H e H M e  

CBR3aHO C 3OHaMM KOHTaKTOB HMXHMX fleC'iaHMKOBblX ( X Y P ~ M H C K ~ R ,  cMJ~MHcK~R)  M 

n e p e K p b l e a l o U M x  M x a n e s p o n e n m o B b l x c B m  ( Y ~ ~ ~ M H C K M ,  n a a a n M t i c K a R ,  n M o t i e p -  

C K ~ R )  ( ~ M c .  5.1 2, B). 3aecb Pa3BMTbl B OCHOBHOM 30JlOTOHOCHble MaJl0CyJlb@M,Q- 

Hble K s a p q e s b l e  mMnbl ,  saneramlq~e KaK B nec ' ia t io-~~MHMCT~IX nopoaax, TaK M B 

f la i~ax,  LUTOKaX L I  MaCCMBaX rpaHMTOMflOB. B OpOreHHblX KOMflJleKCaX Bb1,QenRloTCR 

~ y 6 B y J l ~ a ~ c l ' i e C ~ k l ~  M ~ ~ M ~ ~ ~ o B ~ ~ x H o c T H ~ I ~  YPOBHM 30JlOTOrO O P Y ~ e H e H M R .  flep- 
B~IFI n p e A c T a s n e H  K p y T o n m a t o u M M M  s a n e x a ~ ~  M x m n a M M  K s a p q e s o r o  M a n y n g p -  

K s a p q e s o r o  c o c T a B a  B ~ ~ O ~ M ~ M T M ~ M ~ O B ~ H H ~ I X  a ~ ~ e m ~ a x  B accoqwaqm c o6~nb-  
HO P a 3 B M T b l M M  I l a J l e O q e H O B b l M M  C ~ ~ B ~ J ~ K ~ H M ~ ~ C K W M M  MHTPY3MRMM 

( M H o ~ o B ~ ~ L U M H H O ~  ~ e c ~ o p o > y q e ~ ~ e ) ,  a B T O P O ~  - K B a p q e B b l M M  M a a y n ~ p - ~ ~ a p q e -  

BblMM LUTOKBBPKaMM B TpaXMAaqMTaX HeKKOB OnMr04eHOBblX f laJleOByJlKaHOB ( M e -  

CTOPO>yqeHMR 6ena~  ropa, ~ Y X T R H C K O ~ ) .  

B A J ~ ~ ~ ~ H c K o ~  3 f l 3 0 J l O T O e  OpYfleHeHMe TeCHO CBR3aHO C aJlAaHCKMM MHTPY- 

3MBHbIM KOMf lneKCOM M flpMYPO'ieH0: 1) K AOnOMMTaM ~ O ~ O M C K O ~  CBMTbl ( B e H a )  



( c ~ ~ B ~ ~ K ~ H M L ( ~ c K L I ~ ~  Y P O B ~ H ~ )  M 2 )  K KOHTaKTy T ~ ~ ~ M ~ ~ H H o A  tOpbl Ll K ~ ~ ~ O H ~ T H O ~ O  

K ~ M ~ P M R  ( ~ ~ ~ M ~ ~ ~ o B ~ P x H o c T H ~ ~ ~  yp0BeHb) (PMC. 5.12, r). M ~ C T O P O ) ~ ( ~ ~ H M R  HMXHe- 

r0  YPOBHR I lpe~CTaBneHbl6~lk l3r0pM30~~af lb~bl~M 3aneXaMM M KPyTOna,4alOqM- 

MM rnMnarm ~ s a p ~ - c y n b @ ~ g ~ o r o  cocTasa C ~ O ~ O T ~ I M ,  pexe 3ono~o-cepe6po-no- 

nMMeTannMrecKirM opygetieHMeM ( n e 6 e g ~ ~ o e ) .  B U e ~ ~ p a n b ~ o a n g a ~ c ~ o ~  w 



Pm. 5.12. f l p M y p 0 ~ e ~ ~ O C ~ b  sono~oro opyaetie- 

HMR K reOJlOrVqeCKMM 3KPaHaM M pyAOnOKaUlM3YH3~MM 

KOMflneKCaM ( c x e ~ a ~ w e c ~ u e  paspew)  B sono~o-  

HOCHblXnPOBMH~MRX: ~ X H O B ~ P X O R H C K O ~  (a), )$KarAMH- 

C K O ~  (B) ,  C M X O T B - ~ M H C K O ~  (B), ~ A ~ H C K O ~  (r), C T ~ H O -  
BOA M 6ypeM~CKOh (A). 

Ko~nne~cb l  nopoa: 1 - anespo-nen~~osble, 2 - 
necqatimoeble, 3 - necqano-~~MHMCT~I~ ,  4 - necqaHo- 

KOHrnOMePaTOBble, 5 - M3BeCTKOBMCTble, 6 - ,QOnOMM- 

TOBble, 7 - BynKaHMTbl KMCnOrO (I), CpeAHerO (2), OC- 

HOBHOrO (3) GOCTaBa; 8 - , Q ~ ~ K M  M UJTOKM n0p@MpOf3bl~ 

nopon cpentiero, ocHoeHoro (1 ) M Kucnoro (2) cocTaBa; 
9 - rpaHMTbl ( I ) ,  ,QMOPMTbl, MOHUOHMTbl, QenOqHble 

nopoabl (2); 10 - KpncTannwecKMe n o p o ~ b ~  a o ~ e ~ 6 -  
PMR; 1 1 - 30nOTOe OPYAeHeHMe 

B ~ ~ X H ~ ~ M ~ M H C K O M  p a i 0 H a x  DaOMCKaR CBMTa C ABYMR-TPeMR FIPYCaMM PYAHblX 

sanexeii B H M X H ~ ~  VacTM pa3pe3a 3anerae~ H e n o c p e a c T s e H H o  H a  a p x e i c ~ ~ x  
nopoaax, a B Y~YPCKOM paiotie pyatible T e n a  6 0 1 4 3 ~ ~  nop,oLuBe IOJIOMCKMX aono- 
MMTOB, KOTOPble IlOflCTMJlaDTCR M O U ~ H O ~ ~  ~ 0 f l ~ q e i  (6onee 5 0 0 ~ )  n p e M M y l q e C T B e H -  

HO TePPMreHHb lX  B ~ P X H ~ ~ ~ P O T ~ P O ~ O ~ C K M X  I l O p O a  ~ O H ~ M C K O ~ ~ ,  O M ~ X T M H C K O ~  M 

SHHMHCKO~~  CBMT M nepeKpb lBaDTCFI  H M X H ~ K ~ M ~ P M ~ C K M M M  K ~ P ~ O H ~ T H ~ I M M  f l O p 0 -  

QaMM ~ ~ ~ C T ~ O ~ B ~ T H O ~  M TYMY~&'PCKO~ CBMT. B ~ ~ H T ~ ~ J ~ ~ H o ~ ~ ~ ~ H c K o M  p a i 0 H e  

Opyf leHeHMe MHOrfla PaCnpOCTpaHReTCR no Tpeu_lMHaM BHM3 OT flO,4OLUBbl D A O M -  

C K O ~  CBMTbl M TOrfla MOXHO TOBOPMTbO elqe OAHOM PY,QOHOCHOM YPOBHe.  TO C n a -  

60 30JlOTOHOCHble 3 0 H b l  KBaP4-IlMPMTOBblX M aHKepMT-KanMWf laTOBblX M e T a C O M a -  

TMTOB, a T a K X e  K B a p u - C y n  b@M&Hble  3OnOTOHOCHb le  X M n b l ,  OTHOCFIUMeCR K 

KOPHeBblM qaCTRM B b l U J e 3 a n e r a O ~ M X  Py,L(HblX T e n  ( ~ J ~ ~ K O H C K O ~  M ~ c T o ~ o > ~ ~ ~ H M ~ ) .  

O p y a e ~ e ~ ~ e  B e p x H e r o  ( ~ ~ M ~ ~ O B ~ ~ X H O C T H O ~ O )  py~otioctioro ~ P O B H R  pacnpo- 
CTpaHeHO WMPOKO, HO XOPOWO M3YqeHO TOJlbKO B ~ ~ H T ~ ~ J ~ ~ H o ~ ~ ~ ~ ~ H c K o M  p a i 0 ~ e  
( K ~ ~ ~ H ~ x c K o ~  M ~ c T o ~ o > ~ ~ ~ H M ~ ) .   TO rOpM30HTaJ l  b H b l e  3 a J l e X M  OXPMCTO-rJlM - 
HMCTblX 0 6 p a 3 0 8 a ~ ~ f i ,  3 a f l e r a l o U M e  H a  ~ ~ K ~ ~ C T O B ~ H H O ~  f lOBepXHOCTM K a p 6 0 -  

HaTHblX f lOPOA ~ H ~ ~ ~ M H C K O ~  M K Y T O P ~ M H O B O ~ ~  CBMT n0fl I ~ o ~ o W B O ~  HMXHeloPCKMX 



n e c q a H M K o s  ~ ~ X T M H C K O ~  CBMT~I .  n e p e w i ~ b ~ e  pyf ib~ n p e A c T a s n R n M  co6oi cynb@~n- 
HO-KBaPL(eBble WTOKBePKM B KBaPL(-KanMLUflaTOBblX MeTaCOMaTMTaX, pa3BMBWMXCR 

3 a  CqeT  flop04 K ~ M ~ P M R  M topb l ,  M OTraCTM n 0 ~ a i K a M  n a M f l p ~ @ M p ~ B .  

B C ~ a ~ o s o i  311 o p y A e H e H M e  n o ~ a n ~ 3 0 s a ~ o  B nopoaax K p M c T a n n M r e c K o r o  

Q y ~ a a ~ e ~ ~ a  n ~ 6 0  B n p o p b l e a t o u M x  ero M a c c m a x  r p a H M T o M A o s  M ~ a i ~ a x  M e n o -  

B o r o  ~ 0 3 p a c ~ a  ( ~ e 3 0 - M  r ~ n a 6 ~ c c a n b ~ b l i  ~ P O B H M )  M B H M B ~ X  BynKaHMrecKmx  KOM- 

nneKCOB B aCCOL(MaL(MM C MHTPy3MBaMM I~OP@MPOB~IX I lOpOA ( C ~ ~ B ~ J I K ~ H M ~ ~ C K M ~  

y p o s e ~ b ) ,  l l e p ~ a ~  rpynna ~ e c ~ o p o m e ~ ~ i 4  n p e A c T a s n e H a  K p y T o n a A a t o u M M M  

KBapL(eBblMM M K B ~ P L ( - C Y ~ ~ @ M ~ H ~ I M L I  30nOTOHOCHblMM XMnaMM M MMHepanM30BaH-  

HblMM 3 0 H a M M  B W T O K ~ X  ~ ~ ~ H M T o M , ~ o B  n ~ 6 0  B P ~ H H ~ A O K ~ M ~ P M ~ C K O M  KpMCTanJlM- 

qeCKOM @ ~ H A ~ M ~ H T ~  ( ~ ~ A R H o ~ ,  ~ ~ M C K O ~ ,  K M ~ O B C K O ~  M ap.). O p y A e H e H k l e  cy6- 
B y n K a H M r e c K o r o  YPOBHR 0 6 b l r H 0  ~ O K ~ ~ M ~ O B ~ H O  B M e n o B b l x  ~ P O ~ M ~ M T M ~ M P O -  

BaHHblX aHAe3MTaX B BMAe KBapL(eBblX M KBapL(-KanbL(MT0BblX XMJl C 30nOTb lM M 

~ O ~ O T O - C ~ ~ ~ ~ ~ R H ~ I M  0 p y ~ e H e H k l e M  (XP. ,JJmyr,qxyp), I l p M y p O r e H O  K 3 0 H e  KOHTaKTa 

~ a r e i c ~ o i  M nepe~pb~earouei ee M O T ~ P M H C T O ~  CBMT~I .  n e p e a g  n p e A c T a s n e H a  

CpaBHMTenbHO IlOPMCTblMM I lOPOAaMM - Ty@aMM yMepeHHOKMCnOr0  COCTaBa, a 
BTOPaR - I lJ lOTHblMM a H A e 3 M T a M M  M a H ~ e 3 ~ ~ 0 - 6 a 3 a n b ~ a ~ k l  ( A a H H b l e  B. A. 
r y p b ~ ~ ~ o ~ a ,  B. E. L ( e n b ~ r ~ ~ a ,  PMC. 5.1 2, A). 

B C ~ B ~ ~ H O M  n ~ M O X O T ~ ~  BblaeJlReTCR H M X H M ~  M B ~ P X H M ~  C Y ~ B Y ~ K ~ H M ~ ~ C -  

KMe PYAOHOCHble YPOBHM: I l e p B b l i  pa3BMT B HM3aX BynKaHOreHOB ( Y ~ ~ M H C K O ~ O ,  
K ~ ~ , Q ' c ~ H c K o ~ o )  B CBR3M C C ~ ~ B ~ J ~ K ~ H M ~ ~ C K M M M  MHTPY3MRMM, 06bl' i~o B KYflOJlO- 

BMAHblX CTPYKTyPaX M 6 n ~ 3  BblCTynOB @ Y H A ~ M ~ H T ~ ,  a B T O P O ~  f lPMyPOreH K C p e A -  

HMM W C T R M  BYnKaHOreHOB - 3 0 H e  KOHTaKTa HMXHerO aHAe3MTOBOrO M BepXHerO 

JlMflapMTOBOrO KOMnJleKCOB ( X ~ K ~ H ~ M H C K O ~  M ~ c T o ~ o X ( Q ~ H M ~ ) .  Opy,4eHeHLIe HMX- 

H e r o  c y 6 s y n ~ a ~ ~ r e c ~ o r o  YPOBHR B 3 a n a ~ ~ o i  racm KyiAaycy~c~oro BynKaHoreHa ,  

rAe Pa3BMTbl MMHepaJlM3OBEiHHble 3 0 H b l  C O J ~ O B O - C ~ P ~ ~ P R H ~ I M  M flOJlMMeTanJlM- 

qeCKMM (C ~ O ~ O T O M )  OPYAeHeHMeM, JlOKanM30BaHO B flOKpOBHblX M c y 6 s y n ~ a ~ ~ r e -  
CKMX ~ a u ~ ~ a x  6 n ~ 3  B ~ I C T ~ ~ O B  @ Y H M M ~ H T ~  BynKaHoreHa ,  n p e A c T a s n e H H o r o  c K n a a -  

q a T b l M M  T e P P M r e H H b l M M  I l O p O A a M M  BepXORHCKOrO K O f l n e K C a .  O p y , 4 e H e H M e  

B e p x H e r o  c y 6 e y n ~ a ~ ~ r e c ~ o 1 - o  YPOBHR B c o B p e M e H H o M  ~ P O ~ M O H H O M  cpese 
p a c n p o c T p a H e H o  s ~ a r ~ ~ e n b ~ o  w M p e .  OHO ~ O K ~ ~ M ~ O B ~ H O  B ~ H A ~ ~ M T ~ X  M a a u ~ ~ a x  - 
IlOKPOBHblX M c ~ ~ B ~ J ~ K ~ H M ~ ~ c K M x  M I lpeACTaBJleHO XMJlaMM M WTOKBepKaMM KBap-  

L(eBOr0, aAynRp-KBapL(eBOr0  M K ~ ~ ~ O H ~ T H O - K B ~ ~ L ( ~ B O ~ O  COCTaBa C 3 0 n O T b l M  M 

~ o ~ o T o - c ~ ~ ~ ~ ~ R H ~ I M  OpyAeHeHMeM.  

B 6 a c c e i ~ e  p. YnbR PYaHb le  I lpORBneHMR B ByJlKaHMreCKOM KOMf lneKCe n p M -  

Y p O r e H b l  K 3 0 H a M  KOHTaKTOB HMXHMX T ~ @ O T ~ H H ~ I X  M BePHMX JlaBOBblX T o n u ,  nep- 
B b l e  I l peACTaBJ leHb l  OTHOCMTeJlbHO nOPMCTblMM T Y @ ~ M M  KMCJlblX M Y M e p e H H O  

KMCnblX nOpOA,  BTOPble - flnOTHblMM aH,4e3MTaMM, ~ H A ~ ~ M T O - ~ ~ ~ ~ J I ~ T ~ M M ,  AaL(MTa- 

MM, P e a K O  M ~ H M M ~ P M T B M M  TpaXMTOB ( A a ~ H b l e  B. 6. r p M r 0 p b e B a  M AP.). 
B 6 y p e M H c K o i  3n B C T p y K T y p a X  M ~ ~ O ~ O ~ C K O ~  TMA 30nOTOHOCHOCTb 

nPORBneHa  H a  ~ M ~ ~ ~ L I c c ~ J ~ ~ H O M  M C ~ ~ B ~ J ~ K ~ H M ~ ~ C K O M  YPOBHRX B BynKaHO-f lnyT0-  

HMqecKMx 3 0 ~ a x  M B T e p p M r e H H b l x  npor~6ax.  O p y ~ e ~ e ~ ~ e  r ~ n a 6 ~ c c a n b ~ o r o  

YpOBHR - 30nOTOHOCHble KBaPL(eBble M K ~ P ~ O H ~ T - K B ~ P L ( ~ B ~ I ~  X M n b l  - nOKanM3y-  

eTcR B M e n o B b l x  rpaHMTax  M ~ a i ~ a x  n o p @ ~ p o ~ b ~ x  nopo~,  B naneo3o ic~~x  M ~ P C K M X  

IleC'iaHMKaX M CnaHt@X M B K ~ P ~ O H ~ T H ~ I X  I lOpOAaX B CKapHaX ( M ~ M ~ I H C K M ~  p a n 0 H ) .  

K 3TOMY YPOBHtO M O X e T  6 b l ~ b  OTHeCeHO T a K X e  3OnOTOe OPyAeHeHMe,  nOKanM30-  

BaHHOe B TePPMreHHblX I lOPOAaX ~ ~ ~ ~ M H C K O ~ O  n p o r ~ 6 a  M a C C O L ( M M p y 0 u e e  C 



MaJlblMM MHTPY3MRMM AMOPMTOBblX ~OP@MPMTOB M AMOPMTOB ( M ~ c T O P O X , ~ ~ H M ~  

HOHM, P y A o n p o R B n e H M e  MOPMK). C y G ~ y n ~ a ~ ~ r e c ~ o e  O p y A e H e H m e  n p M y p o r e H o  K 

HM3aM B y J l K a H O r e H H b l X  K O M n n e K C O B  M n p e A C T a B J l e H 0  3 0 n O T O H O C H b l M M  K p y T O n a -  

A a l o u M M M  a g y n ~ p - K B ~ ~ U ~ B ~ I M M  x M n a M M  M n o n o r M M M  s a n e x a ~ ~  B n p o c T p a H c T -  

B ~ H H O ~  CBR3M C c ~ ~ B ~ ~ K ~ H M . ~ ~ c K M M M  MHTPY3MRMM M A ~ ~ K ~ M M  I~OP@MPOB~IX n O p O A  

Y M e p e H H O  KMCnOrO COCTaBa. Ha ~ ~ ~ ~ M H C K O M  M a C C M B e  M O X H O  B b l A e n M T b  cue OAMH 

P Y A O H O C H ~ I ~ ~  Y P O B e H b ,  C B R ~ ~ H H ~ I ~ ~  C A p e B H M M  ( 6 a f i K a n b ~ K M M )  CTPYKT~PHO-@OP- 

M a q M O H H b l M  K O M n n e K C O M  ( X M H ~ ~ H C K M ~  M M ~ M ~ I H C K M ~  6 b l ~ T y I l b l ) .  Ha ma no^ XMH- 
r a H e   TOT K o M n n e K c  @ p a r ~ e ~ ~ a p ~ o  n p o R s n e H  B s M A e  nposecos K p o s n M  B 6 ~ p o -  
BMM~HCKMX r p a H M T a x .  O p y ~ e ~ e ~ ~ e  n p a K T M r e c K M  H e  ~ s y r e ~ o ,  n p o c ~ p a ~ c ~ s e ~ ~ o  
OH0 C B R 3 a H O  C ~ P ~ @ M T O H O C H ~ I M M  TOJlLL@MM C O O ~ H ~ H C K O ~  CBMTbl  M n P O P b l B a t O u M -  

MM MX MYCKOBMT-TypMaJlMHOBblMM r p a H M T a M M  ( ~ ~ J ~ o T o - K B ~ P ~ ~ B ~ I ~  X M J l b l  r O P b l  

J ~ ~ I c o ~ ) ( ~ ~ P M L u ,  1995). 

B b l A e J l e H H b l e  P Y A O H O C H b l e  YPOBHM I lPMYPOCleHbl  I l p e M M Y u e C T B e H H O  K CnOMC- 

T ~ I M  n o p o A a M ,  M a ~ a n ~ 3  M M ~ O ~ M X C R  M a T e p M a n o s  n o 3 ~ o n ~ e ~  npeanonoxmb, 
 TO n06ble C n o M c T b l e  K o M n n e K c b l :  rexnbl n n a ~ @ o p ~ ,  o c a g o r H b l e  M B y n K a H o r e H -  

w e  0 6 p a 3 0 s a ~ ~ ~  p a 3 n ~ r ~ b l x  n p o r ~ 6 0 ~ ,  B K n t O r a R  M r e o c M H K n M H a n b H b l e , -  

RBJlRtOTCR, C O A H O ~ ~  CTOPOHbl ,  @ J ~ ~ O L / I A O H ~ K ~ ~ J ~ M B ~ ~ O ~ M M L I  C M C T e M a M M ,  a C 

npyr0i - npMpOAHblMM3KpaHMPYtOuMMM KOMnJ leKCaMM,  C A e p X M B a l o ~ M M M  H a n O p  

~ J I ~ ~ M H H ~ I X  @ n t O m A o ~  M M a r M  (cbai@ M ~ p . ,  1981 ) .  B npeAenax T a K M x  p e r M o H a n b -  

HO p a 3 B M T b l X  CJlOMCTblX 0 6 p a 3 0 B a ~ M i  BblAeJlRtOTCR 6onee SlOKaJlbHble P y A O B M e -  

U a l o u M e  c M c T e M b l ,  B KOTOP~IX n p M  n p o r M x  ~ ~ ~ ~ O ~ ~ M F I T H ~ I X ~ C ~ O B M R X  M o r n M  C@OP- 

Ml lPOBaTbCR 3 0 J l O T O P Y A H b l e  MeCTOPOX,QeHMR. 

L/lMetOLlJ,MecR A a H H b l e  C B M A e T e n b C T B y l o T  0 ~ ~ K O H O M ~ P H O ~  I l P M Y P O ~ e H H O C T M  

30JlOTOrO O P Y A e H e H M R  K P e r M O H a n b H b l M  r e O n O r 0 - C T p y K T y p H b l M  K O M n n e K C a M ,  B 

KOTOP~IX n e r K o  p a s n ~ r ~ ~ b  TPM 0 6 ~ 3 a ~ e n b ~ b l x  3 n e ~ e ~ ~ a :  1) n p 0 ~ ~ 4 a e ~ y t 0  @now 
~ O ~ p O B O A R ~ y t O  TOJluy ( I l e ~ r a ~ b l ~ M ,  r p a B e n M T b l ,  T p e u M H O B a T b l e  3 a K a p C T O B a H H b l e  

M ~ B ~ C T H R K M ) ,  2) n e p e ~ p b ~ ~ a o q ~ i  ee r e o n o r ~ r e c ~ ~ i  ~ K P ~ H ,  n p e a c ~ a s n e ~ ~ b ~ F i  
O ~ ~ I ~ H O  T o n u a M m  anespo-nen~~osblx, M H o r A a  s e n e ~ o ~ a ~ e ~ ~ b ~ x  nopoA B TCO M 

BynKaHMreCKL lMM KOMnJ leKCaMM (06blr~0 ~ H A ~ ~ M T ~ M M )  B CTPYKTyPaX M e 3 0 3 0 i ~ K 0 f i  

TMA M o p o r e H t i b l x  K o M n n e K c a x  K O ,  3) p y A o s M e u a l o u y t O  n o r p a t i M r H y t O  ~ O H Y ,  

K o T o p a R  o x s a T b l e a e T  H M ~ ~ I  3 ~ p a ~ a  M B e p x M  n p o ~ ~ u a e ~ o i i  T o n u M  nu60 n p e A c T a e -  

A e H a  C ~ M O C T O R T ~ ~ ~ H O ~  T 0 n u e i  6 n a r 0 n p M R ~ ~ b l X  A n R  p y ~ O O T n O > K e H M R  n O P O A  ( ~ a -  
n p M M e p ,  A O n O M M T b l  ~ O A O M C K O ~  CBMT~I ) .  ~ T Y T P M ~ A Y ,  B K O T O P O ~  T n a B H b l M  3 n e M e H -  

TOM R B n g e T c R  ~ K P ~ H M P Y ~ O ~ ~ F I  T o n u a ,  M ~ I  t i a 3 b l ~ a e ~  P Y A O ~ O K ~ ~ L I ~ Y ~ O ~ M M  

K O M n n e K C O M  (PnK). 
H ~ T ~ Y A H O  3 a M e T M T b  CXOACTBO B b l A e n e H H  b lX  Pn  K C H ~ @ T R H ~ I M M  CTPYKTYPa-  

MM, rJlaBHblMM3JleMeHTaMM KOTOPblXRBnRtOTCR @ ~ ~ O M A O ~ P O B O ~ R ~ M ~  KOJ lneKTOpb l  

( ~ ~ c ~ ~ H M K L I ,  T p y l q M H O B a T b l e  M ~ B ~ C T H R K M )  M 3 K p a H M P Y t O u M e  TOJluM (apr~nnkl~bl, 
anesponwbl, s s a n o p ~ ~ b ~ ) .  r e o n o r ~ r e c ~ o e  n o ~ o 6 ~ e  H ~ @ T R H ~ I X  M @ ~ H ) M A O ~ ~ H H ~ I X  

PYAH~IX  M ~ C T O P O W ~ H L / ~ ~  patiee novasan T. Jl. nocnenos (1967).  TO CXOACTBO 

RBnReTCR O C O ~ ~ H H O  y 6 e ~ M T e n b ~ b l M  npkl C p a B H e H M M  H ~ @ T F I H ~ I X  M n o n M M e T a n n M -  



'ieCKMX (C c e p e 6 p 0 ~  kl ~ O ~ O T O M )  M ~ C T O P O W ~ H M ~ ~  C w A  ( P y ~ H b l e  MeCTOPOXAe-  

HMR ..., 1978), rAe OHM npOCTpaHCTBeHH0  ~ 6 f l k l x e ~ b l  M e m y  co6oi,  3aJ le ra tOT B 

CXOnHblX reOJl0rM'ieCKklX @ O P M ~ ~ M R X  kl LIMeKlT k l H O r A a  0 6 u ~ e  3KpaHMPYtOLL(Me 

T o n u u .  B TO x e  s p e w  ycnoem n o ~ a n r / r a a u ~ ~  y n o M R H y b l x  n o n k l M e T a n n k l ' i e c K w  

M ~ C T O ~ O X A ~ H ~ ~ ~  CXOXM C TaKOBblMkl 30JlOTOPYAHblX M ~ c T o P o X , ~ ~ H M ~ ~  A J ~ ~ ~ H c K o ~  

~ O ~ O T O H O C H O ~  0 6 n a c ~ k l  kl 6 O ~ ~ M X  ' iePTaX C 3OflOTOHOCHblMM ~ ~ ~ o H ~ M L I  r c o f l a n b -  

HeBOCTO'iHOrO P e r k l O H a  (pklc. 5.13.). r e 0 f l 0 r M ' i e ~ ~ k l e  A a H H b l e  yKa3b lBa loT  H a  He -  

c o M H e H H o e  a ~ p a ~ ~ p y t o u e e  n e i c ~ s ~ e  a n e s p o n e n m o s b l x  T o n u  n p ~  Q o p ~ ~ p o s a -  
HMkl rM,QpOTepMaf lbHblX PYnHblX M ~ C T O P O ~ ~ H M ~  YKa3aHHblX ~ ~ ~ O H O B  flaJlb~er0 
BOCTOK~ kl CwA. K O C B ~ H H O  06 3TOM CBMAeTef lbCTBYKlT kl n a 6 0 p a ~ O p H b l e  MCCne- 

nOBaHMR (@afi@ M Ap., 1981 ), KOTOpble  nOKa3aJlM, 'iTO 6 YCnOBklRX BblCOKMXAaBf le-  

H M ~  f lOPOBOr0  @ f l K l M ~ a  B neC'4aHMKaX M kl3BeCTHRKaX nOPklCTOCTb M O X e T  YBenM- 

















HOCTb flOpOa B JlOByWKaX ~ M O P @ H ~ I M  YrJlepOaOM M ~ ~ ~ @ M T o M  M 0'ieBM)JHbIe npr/r- 
3HaKM MMrpauMM 3TMX B e u e C T B  HeBOnbHO TOflKalOT K CpaBHeHMtO PaCCMaTpMBa- 

eMblX 30nOTOHOCHblX CTPYKTYP C H ~ @ T R H ~ I M I / I  CTPYKTypaMM ( ~ o c ~ ~ J ~ o B ,  1967; 
~ L ~ P M w ,  1989, 1991). 

B COOTBeTCTBMM C COBPeMeHHblMM npeaCTaBJleHMRMM MOXHO aYMaTb, 'iTO 

opraHMrecKoe BeuecTBo n p ~  0 6 p a 3 o ~ a ~ ~ ~  H ~ @ T H  M MeTannMrecKMe KoMnoHeHTbl 

npM @OPMMPOB~HMM PYaHblX M ~ C T O ~ O X ~ ~ H M ~  M O ~ M ~ ~ M ~ Y O T C R  M3 BMeuatOuMX 

nopoa B pe3ynb~a~e a ~ a r e ~ e s a ,  ~ e ~ a ~ o p @ w ~ a  M a e i c ~ s m  noKanbtiblxTennoeblx 

MCTO'~HMKOB. B n o ~ a n ~ 3 a u ~ ~  H ~ @ T R H ~ I X  sanexei rnaeHyto ponb ~ r p a l o ~  3 ~ p a ~ b 1  M 

JlOByWKM B 3aMKaX CKJlaAOK, ~afl006pa3~blx nOAHRTMRX M KynOJlaX. TO Xe XapaKTep- 
HO PJlR MHOTMX PYaHblX M ~ C T O P O > Y ~ ~ H M ~ ,  B 06pa30Ba~MM KOTOPblX BaXHaR POnb 

npMHaaJleXMT OKMCJlMTenbHO-BOCCTaHOBMTeJlbHblM peaKI_IMRM. B 3TMX nPOL_leCCaX 

OpraHMreCKOe B e u e C T B O  RBJlReTCR rJlaBHblM KOMnOHeHTOM, C ~ O C O ~ H ~ I M  BOCCTB- 

HaBJlMBaTb flOJlMBaJleHTHble 3JleMeHTb1, M B TOM L(MCne 30nOTO ( ~ ~ P M ~ H O B ,  1978). 
L / ~ H T ~ P ~ c H ~ I ~  3aKOHOMePHOCTM nOJlYqeHbl no nMTOnOr0- reOXMMI/ I reCKMM YC- 

nosmM n o ~ a n ~ 3 a u ~ ~  aono~oro opyAeHeHm B r e p ~ o c n a ~ u e s b ~ x  ~ o n u a x  ,Qxar- 
~ M H C K O ~  3fl (C, r, napaaa, A .  @. n a p a ~ a ,  1988a, 6). Y c ~ a ~ o s n e ~ o ,  rTo Ksapue- 
BOXMJlbHOe OpyaeHeHMe PaCnOnaraeTCR B BynKaHOreHHO-TeppMreHHblX TOfluaXC 

HaTPOBblM TMnOM U_leJlOqHOCTM, a ~ y f l b @ M ~ ~ ~ - B ~ p a n f l e ~ ~ ~ e  - B ByJlKaHOreHHO-Tep- 

p ~ r e ~ ~ o - x e ~ o r e ~ ~ o ~  paapese n p e ~ ~ y u e c ~ ~ e ~ ~ o i  ~ a n ~ e s o i  uenortiocTM. n p ~ -  
rMHbl3TOrO RBJleHMR cue He M3YqeHbl. 

C a ~ b l i  o 6 u ~ i  aHaJlM3 npOCTpaHCTBeHHOr0 paCnpOCTpaHeHMR3Of lOTOHOCHO- 

CTM PerMOHa M XapaKTep ee CBR3M C MarMaTM3MOM M reOTeKTOHMLleCKMMM YC- 

JlOBMRMM @ o ~ M M ~ o B ~ H M R  nPMBOaRT K BblBOaY, L(T0 BeueCTBeHHOCTb OPYAeHeHMR 

(ero ~ ~ ~ e p a n b ~ b l L 7  coc-ras, X M M M ~ M  caMoro 30no~a) onpeaenReTcR A B ~ M R  @ a ~ -  
TopaMM: 1) TMnoM ~ ~ M H o L ~  K O P ~ I  ( @ e ~ ~ o i e c ~ a ~ ,  nepexowag, c ~ a n ~ r e c ~ a ~ ) ,  
XaPaKTePM3YlOuMM CTen€?HbYL(aCTMR B PYaOreHe3e BeLlJeCTBa MaHTMM, RBJlRlOllle- 

rOCR MCTOqHMKOM 3OnOTa, M 2) MHTeHCMBHOCTblO pa3BMTMR OPOreHMqeCKMX np0- 

ueccos, 6 y ~ b  TO rCO M n M  CTPYKTYPbl TMA. L/~M€!IOUM~CR AaHHble noATBep>yqaIoT 

~ T M  0 6 u ~ e  nonoxeHMR, y ~ a 3 b 1 ~ a t o u ~ e  Ha reHeTMrecKoe P O ~ C T B O  30no~a c @e- 
MMqeCKMMM nOpOAaMM 3eMflM. B o 6 u e ~  CJly'iae B CTpyKTypaX C K O ~ O ~  @ € ? M M ~ ~ C -  

K O r O  npo@MnR Mbl AOJlXHbl OXMAaTb pa3BMTMe C O ~ C T B ~ H H O  30AOTblX PYA, a B 06- 
nacTRx c n e p e x o ~ ~ o i  M c ~ a n ~ r e c ~ o i  ~ o p o i  aonR 3 0 n o ~ a  B pyAax 6 y A e ~  
YMeHbWaTbCR B nOflb3y cepe6pa M PeaKMX MeTaJlJlOB. T a ~ y t o  PerMOHanbHylO 30- 

HanbHocTb M ~ I  M ~ a 6 n l 0 ~ a e ~  ( p ~ c .  5.15, 16) B C e s e p o a a n a a ~ o ~  n p ~ o x o ~ b e  M B 

C M X O T ~ - ~ L I H ~ ,  rae BaOJlb no6epexb~ OXOTCKO~O MOPR M Ha HMXH~M AMype, OT- 

JlM'ialO~MXCR @ ~ M M ~ ~ C K M M  TMnOM KOPbl, pa3BMTbl CYueCTBeHHO 30JlOTOPY)JHble 

MeCTOPO>Y4eHMR (KynlO~nM, TyKrM, M H O ~ O B ~ ~ W M H H O ~ ,  flblJlbMe~cKoe, 6enaR ropa, 
~ Y X T R H K ~ ,  Xona~ ) ,  a aanee K s a n a ~ y  Ha Kope nepexoaHoro TMna - sono~o-ce-  
pe6pR~ble MeCTOPOXaeHMR ( X ~ K ~ H ~ X M H C K O ~ ,  Keapuesoe, ~ Y P M M H C K O ~ ) .  E u e  
aaJlbWe B rfly6b KOHTMHeHTa Ha c M ~ J ~ M L ~ ~ c K o ~  KOpe  yXe pa3BMTO npeMMyueCT- 

BeHHo c e p e 6 p ~ ~ o e  M 3 o n o ~ o - p e a ~ o ~ e ~ a n n b ~ o e  opyaeHeHMe ( K y i a y c y ~ c ~ ~ i  pya- 
~ b l i  pai0H C MeCTOpOX,4eHMRMM X ~ ~ ~ ) J ~ X C K M M  M A T Y H ~ X ~ ,  K I O T ~ ~ C K M ~  P ~ ~ o H ) .  



Puc. 5.15. 3 o ~ a n b -  

H o e  p a c n o n o x e H M e  sono- 
T o c o A e p x a u p I x  @ o p ~ a w a  

O T H O C M T e n b H O  C T P Y K T Y P  

r n y 6 ~ ~ ~ o r o  p a 3 y n n o ~ ~ e -  
HMR. 

1-3 - @ o P M ~ ~ & ~ M :  30- 

n o T a R  ( I ) ,  s o n o ~ o - c e -  
p e 6 p R ~ a ~  (2), ~ O ~ O T O - P ~ A -  

K O M e T a n n b H a R  ( 3 ) ;  4 - 

p a 3 y n n o ~ ~ e ~ ~ e  p a 3 n ~ r ~ o i  
MHTeHCMEHOCTM ( 1  - MHTeH- 

C M B H O ~ ) ;  5 - p e r ~ o ~ a n b ~ b ~ e  

M a K C M M Y M b l  CMnb l  TRYeCTM 

C X O ~ H ~ R  KapTMHa ~ a 6 n o a a e ~ c ~  M H a  C M X O T ~ - A J ~ M H ~ ,  rae 3 0 H a  3 0 ~ 1 0 ~ 0 - C ~ P ~ ~ P R H O -  

ro o p y a e H e H M R  B H a n p a s n e H M M  K c M a n M r e c K o M y  w p y  CMet iReTcR S O H O L ~  p e a K o -  

M e T a n J l b H O r O  O p y a e H e H M R  C c e p e 6 p o ~  M 3 0 n O T O M .  CYLU~CTB~HHO 30nOTblML.I 

RBnRtOTCR M e C T O P O m e H M R  ~ ~ O K P O B C K O ~  M ~ ~ P O T H O ~ H O ~ ,  PaCnOnOmeHHb le  B ripe- 

Aenax @ e ~ M r e c ~ o i i  ~opbl,  a 6 e p e 3 ~ ~ o s o e  M K M ~ O B C K O ~ ,  n p M y p o r e H H b l e  K K o p e  

n e p e x o a H o r o  TMna,  o T n M r a t o T c g  n o n ~ ~ e ~ a n n ~ r  H O C T ~ ~ O  M aame H ~ K O T O P O ~ ~  pea- 
KOMeTanJlbHOCTbtO. 

B~opof i  @ ~ K T O ~  ( ~ ~ ~ B M T O C T ~  OPOTeHMLleCKMX ~ P O ~ ~ C C O B )  TeCHO CBR3aH C 

PaCCMOTPeHHblM,  TaK KaK 0 6 n a c ~ ~  c M ~ J ~ M ' - I ~ c K o ~ ~  KOPbl COBflaAatOT C YraCTKaML.1 

MHTeHCMBHOrO Pa3BMTMR KanMeBOrO M a r M a T M 3 M a .   TO Raps OpOreHOB - Kyhay- 
CyHCKOrO, CMXOTB-~MHCKOTO,  RM-AJ~MHcKo~o ,  C KOTOPblMM a C C O ~ M M P Y e T  P e a K O -  

M e T a n n b H o e ,  s o n o ~ o - p e ~ ~ o ~ e ~ a n n b ~ o e  M c e p e 6 p ~ ~ o e  o p y a e ~ e ~ m ,  a no MX n e -  

p M @ e p M M  - 3 0 ~ 1 0 ~ 0 - C ~ P ~ ~ P R H O ~  M 3 O n O T O e .  O T H O C M T ~ ~ ~ H O  3TMX 9 a e P  M 

npORBl lReTCR PerMOHanbHaR PyaHaR 30HanbHOCTb.  C n e a y e T  n O a r e p K H y T b ,  r T 0  KaK 

M O P Y ~ ~ H ~ H H ~ ,  ~ ~ ~ H M T O M ~ H ~ I ~  M H T P Y ~ M B H ~ I ~  M ~ C C M B ~ I  ~ ~ ~ J I M ~ H O L ~  ~ ~ T P O X M M M L ( ~ -  

C K O ~ ~  M ~ ~ T P O @ M ~ M ~ ~ C K O ~  c n e u ~ a n ~ 3 a u ~ ~  p a c n o n a r a t O T c g  s o ~ a n b ~ o  oTHocMTenb -  

HO YnOMRHYTblX CMaJlML(eCKMX Wep. B npeaenax nOCn€?aHMX pa3BMTbl  HeMarHMT-  



H b l e  Kaf lMeBble rpaHMTOMAbl  C HM3KMMM K O ~ @ @ M ~ M ~ H T ~ M M  OKMCneHHOCTM X e f l e 3 a ,  

a no nepM@epk lM  - C y u e C T B e H H O  HaTpOBb le  MarHMTHble  C B ~ I C O K O ~  CTeneHbtO OKMC- 

JleHHOCTM X e f l e 3 a .  E,Q!AHbli PMCYHOK P Y O H O ~  M M ~ ~ M ~ T L / I ' ~ ~ C K O ~  30Haf lbHOCTM CBM- 

AeTef lbCTBYeT 0 TeCHblX, BePORTHO, I lapareHeTM'ieCKMX CBR3RX OPYAeHeHMR M M a r -  

MaTM3Ma.  

6 0 n e e ~ e ~ a n b ~ o  PerMOHanbHaR PYAHaR 3OHaf lbHOCTb M3Y'ieHa B ~ ~ P M M O P C K O M  

K p a e  ( ~ ~ P M w ,  1990). 1/1. H. TOMCOH (1976 r.), no-BMAMMOMY, nepsb~ i  y~aaan,  r T o  

aono~oe o p y a e ~ e ~ ~ e  B OXHOFI r a c T M  C M X O T ~ - A ~ M H R  p a c n o n a r a e T c R  no nep~@e-  
pMM ABYX CBOAOB~IX ~ O , ~ H R T M ~  (T. e. ~ o H ~ A ~ H o ) ,  B b l ~ e n e ~ ~ b l x  r e ~ f l ~ r ~ - M ~ p @ ~ M e -  

TPM'ieCKMMM MeTOAaMM,  M ' iT0 BHYTPeHHMe r a C T M  CBOAa  ~ e 6 n a r 0 n p ~ R ~ ~ b l  A n R  

pa3BMTMR 30JlOTOrO O P Y A e H e H M R  

E c n ~  HaHeCTM H a  K a p T y  apeaflbl PaCnpOCTpaHeHMR OJlOBRHHOrO, B o f l b @ p a -  

MOBOrO,  30flOTO-pe,4KOMeTaJlJlbHOrO, 3 0 ~ 1 0 ~ 0 - C ~ P ~ ~ P R H O ~ O  M C O ~ C T B ~ H H O  3 0 f l O -  

T o r 0  OPYAeHeHMR,  TO H a  f l f lOua ,4M ~ P M M O P ~ R  B03HMKaeT  KapTMHa  3 0 ~ a f l b ~ o i  

CTPYKTYPbl ,  YAJ lMHeHHaR B CCB H a n p a B f l e H M M ,  K O H @ O P M H ~ R  P e r M O H a f l b H b l M  

rpaBMTauMOHHb lM  M M a r H  MTH b l M  nO f lRM M MOP@OCTPYKTYP~ rOPHOrO MaCCMBa C M -  

X O T ~ - A J ~ L I H R  (PMC. 5.16). B u e ~ ~ p a f l b ~ ~ m  'iaCTM 3 0 ~ a f l b ~ 0 i  CTPYKTyPbl  BblAef lReTCR 

P e , Q K 0 ~ e T a f l f l b ~ a R 3 O H a  C M H O r O ~ M C f l e H H b l M M  M p a 3 ~ 0 0 6 p a 3 ~ b l ~ M  MeCTOpOX,Qe- 

HMRMM M PYAOnPORBSleHMRMM Of lOBa C B O J ~ ~ @ P ~ M O B O ~  ~ M ~ e p a J l M 3 a u L I e ~ .  )$lM~a 

3 0 H b l  I l O p R A K a  1000 KM,  WMPMHa YMeHbWaeTCR c CB H a  D3 OT 100 00 20 KM. B 
p a i o ~ e  ~ M K M H C K O ~ O  r p a 6 e ~ a  a o ~ a  p a 3 p b r s a e ~ c ~ ,  ~ o y m e  repea 30 KM noRBnReTcR  

OnRTb.  Ha ~ ~ o @ L I ~ M ' ~ ~ c K M x  KapTaX  OHa  Bblf lef lReTCR KOHTPaCTHblMM OTPMuaTe f l b -  

Hb lMM P e r M O H a n b H b l M M  rPaBMTauMOHHblMM M MarHMTHb lMM aHOMaf lMRMM. 3 0 ~ a  
C f l O X e H a  I l p e M M y u e C T B e H H O  PaHHeMef lOBblMM ,4MCflOuMpOBaHHblMM neC'iaH0-rnM- 

H M C T ~ I M M  n o p o A a M M ,  KOTOP~IM p e a ~ o  n o A r M H e H b l  n o 3 ~ ~ e ~ e n o s b l e  M n a n e o r e H o -  

B b l e  BYflKaHMTbl, K a p 6 0 ~ a T ~ 0 - T e p p M r e ~ ~ b l e  T O f l u M  n O 3 A H e r O  n a J l e 0 3 O f l  M n 0 3 A -  

H e M e n O B b l e  r paHMTOMAHb le  6aT0 f lMTb l  M WTOKM HeMarHMTHblX n O P O A  Kaf lMeBblX 

c e p M i .  H a T p o B b l e  Ma rHMTHb le  TPaHMTbl PaHHMX @ a 3  BHeApeHMR B 3 ~ 0 i  3 0 H e  PeAKM, 

HO MMeHHO C HMMM M JlOKaf lbHblMM MarHMTHblMM aHOManMRMM 3a'iaCTYtO aCCOuMM- 

py€!T30flOTOHOCHOCTb, n p e M M Y u e C T B e H H 0  B reOCMHKJlMHaflbHOM CKflaA'iaTOM KOM- 

n n e K c e .  1/13 C O ~ C T B ~ H H O  30nOTOPYAHblX 0 6 b e K T 0 B  r ~ n a 6 M ~ ~ a f l b ~ 0 r 0  M ~ e 3 0 a 6 ~ c -  
c a n b H o r o  YPOBHR a ~ e c b  BbrAenRtOTcR MecTopox ,aeHMR S n a r o o a ~ ~ o e  M rnyxoe M 

PRO p y ~ o n p o ~ s n e ~ ~ i .  
Kpaesa~ a o ~ a  o ~ a i ~ n ~ e ~  P e a ~ o ~ e ~ a n n b ~ y ~  M n p e A c T a e n e H a  r ~ n a 6 ~ c c a n b -  

H b l M  ( M  M a f l 0 r J l ~ 6 M ~ ~ b l ~ )  O P Y A e H e H M e M  C O ~ C T B ~ H H O  30nOTOPYAHb lX  M ( ( r ~ 6 -  

P M A H ~ I X X  3 0 n 0 ~ 0 - c e p e 6 p o - n 0 n ~ ~ e ~ a n n w e c ~ ~ - p e ~ e ~ a n n ~ 1 ~  @ o p ~ a u ~ i  B 

~ O ~ O A ~ X  @ Y H A ~ M ~ H T ~  By f lKaHOreHa  M B C ~ ~ B ~ ~ ~ K ~ H M ~ ~ C K O M  R p y C e .  B 3Ha' iMTef lb-  

H O ~  ~ e p e  c ~ e i  c o s n a ~ a t o ~  apeanb~ ~ ~ ~ B L I T M R  ~ o n b @ p a ~ o ~ o i  M ~ o ~ o T o - B o ~ ~ @ -  
~ ~ M O B O ~  MMHepa f lM3auMM.  )$lR 3 0 H b l  B U e f l O M  XapaKTepHb l  r paBMTauMOHHb le  M 

MarHMTHb le  nOf lR,  n e p e X 0 A H b l e  OT OTpMuElTef lbHblX K nO f lOXMTe f l bHb lM  3 H a r e H M R M .  

r e o n o r ~ r e c ~ a ~  CMTyauMR B npeoenax Kpaeeoi ~ O H ~ I  p a 3 ~ 0 0 6 p a 3 ~ a R  M B o 6 u e ~  
CXOAHaR C T ~ K O B O ~  P ~ , ~ K o M ~ T ~ ~ ~ J ~ ~ H o L T ~  30Hb l ,  HO 30JlOTOPYAHble npORBJleHMR B ~ e i  
1-eCHee C O n p R X e H b l  C nOKanbHblMM MarHMTHblMM aHOManMRMM, O ~ Y C ~ ~ O B ~ ~ ~ H H ~ I M M  

n p e M M y u e C T B e H H 0  rpaHMTOM,4aMM M BynKaHO-nnyTOHMreCKMMM KOMf lneKCaMM 

PaHHMX @a3 BHeApeHMR.  C p e A M  r ~ n a 6 M ~ ~ a n b ~ b l X  (M ~ e 3 0 a 6 L I ~ ~ a n b ~ b l X )  o 6 b e ~ -  
1-OB C ~ o ~ ~ o T o - B o J ~ ~ @ ~ ~ M o B ~ ~ M  O p y A e H e H M e M  K Kpaeeoi 3 0 H e  01-HeCeHbl M e C l - 0 -  

POXAeHMR H e 3 a M e T ~ o e  M BOCTOK-2, H ~ M O B C K O ~ ,  ~ o ~ o X M C T O € ? ,  PyAOnpORBf leHMR 



PMC. 5.16. P e r ~ o ~ a n b ~ a ~  p y a ~ o - ~ a r ~ a ~ ~ r e c ~ a ~  ~ O H ~ J I ~ H O C T ~  

B C H X O T ~ - ~ ~ M H C K O ~ ~ O ~ O T O H O C H O ~ ~ ~ O B M H ~ M H .  
1-4 - 30Hbl  pP3BMTMR MMHepmM3aUMH:  1 - O~OBRHHOA; 2  - 3OnO- 

T O - ~ ~ ~ K O M ~ T ~ J ~ ~ H O ~ ,  cepe6po-non~~e~ann~rec~oL?; 3 - 3OnOTO-Ce- 

p e 6 p ~ ~ o h ;  4  - 30nOTOfi .  5 - M ~ ~ o - K ~ ~ H o ~ o L ? c K M ~  C B O , ~ O B ~ I ~  M Kynono-  

BMAHhIe IlOAHRTMR, 0 6 y C n O ~ n e ~ ~ h 1 e  ~ ~ Y ~ H H H M M  p a 3 y n n O T H e H M e M  

s e q e c T s a  H r p a ~ ~ ~ l r l 3 a ~ ~ e A  ( l , 2 ) ,  r n y 6 ~ ~ ~ b t e  ~ a @ ~ r e c ~ ~ e  M a c c N  (3). 
6-7 - rpaHHTOHAbl: 6 - MarHMTHNe,  7 - HeMarHMTHble 





f lacer~oe,  B b r p y r ~ a ,  Co6onesc~oe LI np. O ~ ~ e r a o ~ c ~  M onosocogepxauye 30- 

n o T o p y A H b l e  n p o R s n e H m :  X ~ e n e e c ~ o e ,  n ~ n o s a ~  n a ~ b ,  y r a c T K a  6 0 n o ~ ~ o r 0 ,  To- 
pefloe; ~ o n ~ 6 ~ e ~ c o ~ e p x a l q ~ 1 e  - C M X O T ~ ,  AHTOHOB Knor. M e ~ b o  M ,L@YrMMLI u B e T -  

HMMM M e T a n n a M M  a a p a x e ~ b ~  p y ~ b ~  M H o r M x  P Y A O ~ P O F I B ~ ~ H ~ ~ ,  pacnonoxetitiblx B 

3 0 H e  ~ M K M H C K O ~ O  p a 3 n o M a  LI f l p k 1 6 p e x ~ o i i  3 0 H e ,  He3aBLICLIMO OT n p M H 3 a J l e X H O -  

CTLI K TOMY MJlM MHOMY MeTaJlJ lOreHMcleCKOMy TaKCOHY. 

n p ~ 6 p e x ~ a ~  3 o ~ a  c y 6 e y n ~ a ~ ~ r e c ~ o r o  3 o n o ~ o - c e p e 6 p ~ ~ o r o  o p y A e H e H M R  

0 K a ~ M J l R e T  c BOCTOKa P e ~ ~ ~ ~ e ~ a f l J l b ~ y t o  ~ O H Y ,  a CXOAHaR C H e i  CLIJlaHCKaR 3 0 H a  

npL IMb lKaeT  C C3 K Kpaesoii 3 0 H e .  n p M 6 p e x H a R  3 0 H a  npOTRrMBaeTCR C K13 (OT 

ROC. BaJ leHTMH) H a  CB A0 H M ~ O B ~ ~ B  A ~ y p a  n0Jl0~0fi L U M P M H O ~ ~  OT 0 AO 50 KM. C M -  

n a H c K a R  a o ~ a  u M p e  (no 75 KM) M c tora o H a  o r p a H M r e H a  p a 3 n o ~ o ~ .  C ~ o e f i  KOH- 

@ H r y p a u M e G  06e 3 0 H b l  flOBTOPRtOT KOHTYPbl P e r M O H a n b H b l X  n O n 0 X L I T e f l b H b l X  M a r -  

HMTHblX a H 0 M a J l M f i  M XaPElKTePM3YtOTCR nOJlOXMTeJlbHblMM UOJlRMM CMJlbl TRXeCTM. 

MX r e 0 @ ~ 3 M r e C K M e  XapaKTepMCTMKLI f lPOTMBOf lOf lOXHbl  TaKOBb lM P e , 4 ~ 0 M e ~ a f l J l b -  

H 0 f i  3 0 H b l .  B r e O J l O r M r e C K O M  OTHOUleHLIM 3 T 0  flJlOu_laAM n O B C e M e C T H O r 0  pa3BLITMR 

 en-naneore~osblx s y n ~ a ~ o - n n y r o ~ ~ r e c ~ ~ x  K o M n n e K c o s  n p e H M y u e c T s e H H o  KMC- 

nor0 COCTaBa,  B n p e A e n a X  KOTOPblX BblCTYnbl  AOBYJlKaHMqeCKOrO @ ~ H , ~ E I M ~ H T ~  

c o c T a s n R t o T  H e  6onee 10%. f l p e ~ n o n a r a e ~ c ~ ,   TO f l p ~ 1 6 p e x ~ a ~  3 o ~ a  K o H T p o n M -  

pyeTCR OAHOMMeHHb lM r n y 6 ~ 1 ~ ~  b lM p a 3 J l O M O M ,  @ p a r M e H T b l  KOTOpOrO 3 a K a p T M p O -  

BaHbl M BblAeJlRtOTCR H a  r e O J l O r L I ~ e C K M X  KapTaX.  @ Y H A ~ M ~ H T O M  ,QJlR 6 y J l K a H L I r e ~ -  

KHX f l O p O A  ~ ~ P M ~ P ~ X H O ~  3 0 H b l  C J l y X a T  HL IXHeMeJ lOBb le  M raCTMClH0 ( H a  K P ~ ~ H ~ M  

tore) ~ e p x ~ e n a n e o 3 o i c ~ ~ e  ~ ~ c n o u ~ p o s a ~ ~ b ~ e  ~onlqm, a MR C ~ n a ~ c ~ o i  - a H a -  

n O r M r H b l e  n O p O A b l ,  ~ T ~ K X ~ , ~ O K ~ M ~ P M ~ ~ C K L / ~ ~  0 6 p a 3 0 s a ~ ~ ~  X ~ H K ~ ~ ~ C K O ~ O  M ~ C C M B ~ .  

X a p a ~ ~ e p ~ a ~  r e p T a  reonor l / rM  n p ~ 6 p e x ~ o i  ~ O H ~ I  - c p a s H M T e n b t i o  L u M p o K o e  p a 3 ~ ~ -  

THC? MaCCMBOB MarHMTHblX rpaHMTOLIAOB H ~ T P O B O ~ ~  ~ ~ J ~ O C I H O C T M  (H~PR,QY c H ~ M ~ T -  

H M T H ~ I M M ) .  

B I l p k 1 6 p e x ~ o i i  a o ~ e ,  B o T n M r M e  OT Kpaesoti, o p y g e H e H M e  c p a s H m e n b H o  

0 ~ ~ 0 0 6 p a 3 ~ 0 e  - c y u _ l e c ~ s e ~ ~ o  3 o n o ~ o - c e p e 6 p ~ ~ o e  c y 6 e y n ~ a ~ ~ r e c ~ o e .  A ~ o ~ a n b -  

H a 9  KOHueHTPauMR P Y , ~ o ~ ~ o R B J ~ ~ H M ~  (LI M ~ c T o ~ o x ~ ~ H L I ~ )  ~ O J ~ O T O - C ~ ~ ~ ~ ~ R H O ~  

@ 0 p M a u M M  Ha6f l10,qaeT~R B 3 0 H e  nepeCeCleHMR f l p ~ 6 p e x ~ o t i  3 0 H b l  C ~ M K M H C K L I M  

r f l y 6 ~ ~ ~  b l M  pa3J lOMOM. 3Aecb >KC? MHOrAa  OTMelraeTCR n O B b l U e H H a R  cyfl ~ @ M A H O C T ~  

( M e ~ b ,  ~ M H K ,  C B L I H ~ ~ ) .  f l p ~ 6 p e x ~ a ~  M CMJlaHCKaR 3 0 H b 1 ,  B ~ P O R T H O ,  R B J ~ R ~ ~ T C R  

3 J l e M e H T a M M  ~ , ~ L I H o ~  CMCTeMbl30Haf lbHOCTLI  CL IXOTS-~MHR.  - 
B K l x ~ o t i  'iaCTM CL / IXOT~-A~~MHCKOTO 6 n 0 ~ a  K 3 a f l a A y  OT Kpaesoii 3 0 H b l  

BblAeJlReTCR qyryeBCKElR 3 0 H a  C r M n a 6 L I ~ ~ a f l b ~ b l ~  M c ~ ~ B ~ J ~ K ~ H M ~ ~ c K M M  O p y A e -  

H e H M e M  C O ~ C T B ~ H H O  30JlOTOPYAHblX @ o p M a u L I i i  6 n O p O A a X  @ ~ H & ~ M C ? H T ~  B y f l K a -  

H o r e H a ,  ~paesb~x  npo r~6os  M B c y 6 e y n ~ a ~ ~ r e c ~ o ~  ~ l p y c e .  C aanaaa o ~ a  o r p a ~ l / r -  

' ieHa A P C ~ H ~ ~ B C K M M  p a 3 n O M O M .  n p M  UlMPMHe 3 0 H b l A O  70 K M  O H a  npOTRrMBaeTCR 

H a  CCB H a  350 KM.  KOH@M~YP~U,MFI 3 0 H b l  6 n k 1 3 ~ a  T ~ K O B O ~ ~  ~ ~ o J ~ o x M T ~ ~ ~ ~ H o ~  M a r -  

H M T H O ~ ~  aHOMaJlMM, 'iaCTM'iH0 ( (pa3pyLUeHH0f i "  n p O u e C C a M M  aKTMBM3al(MLI. none 
CMJlbl TFlXeCTM B flpeAeJlaX 3 0 H b l  H e p a B H O M e p H O e ,  B o 6 u e ~  f lOJ lOXMTeJlbHOe,  n o -  

BblLUaeTCR K 0I-Y. 
P ~ C C M O T ~ ~ H H ~ I ~  B b l U l e ~ a H H b l e  0 p e r M 0 H a f l b H 0 i  P Y ~ H O ~ ~  ~ O H ~ ~ ~ H O C T M ,  COOP- 

M M P O B ~ H H O ~ ~  OTHOCMTeJlbHO C M X O T ~ - ~ M H C K O ~ O  CBOAOBOrO nOAHRTMR M C f l a r a t o -  

u M X  er0 MHTPY3MBHO-KynOJlbHblX CTPYKTYP, nOJlOXeHbl B OCHOBY P ~ ~ ~ O H M P O B ~ H L I R  

30JlOTOHOCHblX f l f lo~anef i  ~ ~ M M O ~ C K O ~ O  K p a R  ( ~ M c .  5.17). C X ~ M ~  p a i i o H M p 0 B a -  

HMR B 3Ha'iMTeJlbH0i M e p e  RBJlReTCR o ~ M ~ M H ~ J ~ ~ H o ~ ,  HO B TO Xe B p e M R  BKJlKlCIaeT B 





c e 6 ~  c ~ b ~ c n o s b ~ e  M rpa@r/rrec~r/le p a 3 p a 6 0 ~ ~ ~  c x e ~  r. fl. Bonapoe~ra,  14. H. TOM- 
COHa, L/1. H. ~ O B O ~ O B ~ .  H a n p ~ ~ e p ,  HeCMOTPR HEI H ~ C O M H ~ H H O ~  C 6  n p O C T M p a H M e  

OCHOBHblX MeTaJlJlOTeHMLleCKMX 3 0 H ,  8 ~ ~ P M M O P ~ ~  p a 3 B M T b l  M LUMPOTHble PYAOHOC- 

H b l e  CTPYKTYPbl ( K ) > K H O ~ ~ M M O P C K ~ R ,  ~ M K M H O - C ~ M ~ ~ ~ M H C K ~ R ) ,  H a  C y u e C T B O B a H M e  

KOTOPblX yKa3blBaJ lM M H O r M e  reOJ lOrM.  

M a T e p M a n b l  o ~ O H ~ ~ ~ H O M  p a c n o n o x e H M H  ~ Y ~ O H O C H O C T M  ~ O ~ B O ~ R D T  npea- 
n o n a r a - r b ,  r ~ o  M e T a n n o r e H w e c K a R  ~ P O ~ Y K T M B H O C T ~  C M X O T ~ - A ~ M H R  06ycnosne~a 
p a 3 B M T M e M  B er0 H e a p a x  ( B ~ P X H R R  MaHTMR M HM3bl  KOPbl;  ~ ~ T ~ M U ( ~ B C K M ~ ,  1985) 
M ~ ~ O - K ~ ~ ~ H O ~ O ~ ~ C K L ~ X C T P Y K T Y P  ~ ~ ~ Y I ~ J ~ o T H ~ H M R !  B KOTOpblX, CYaR no MHTPY3MBHblM 

M B y n K a H M r e C K M M  f lpOayKTElM,  B b l n n a B n R f l M C b  r p a H M T O M a H b l e  M a r M b l  B H O p M a n b -  

~ 0 f i  ~OMO,L(POMHO~~ nOCI le f lOBaTenbHOCTM OT ra66p0, aMOpMTOB M rPaHOAMOPMTOB 

HaTPOBblX c e p ~ i  K rPaHMTOM,L(aM K a f l M e B ~ f i  C n e U M a n M 3 a q M M .  Ha r p a B M M e T p L l l r e C -  

KMX K a p T a X  3TM CTPYKTYPbl @MKCMPYKITCR MHTeHCMBHblMM P e r M O H a n b H b l M M  MMHM- 

M y M a M M  CMnbl  TRXeCTM B B M a e  O K p y r n b l X  (B  n J l a H e )  R a e p ,  COCTaBf lR lOuMX UenOlcKy  

M3 H e C K O n b K M X  CTPYKTYP CB n P O C T M P a H M R .  L / ~ H T ~ H C M B H O C T ~  p a 3 y n J l O T H e H M R  

seuecma B R a p a x  H a p a c T a e T  B H a n p a B n e t i M M  c 0 3  ~a CB. A ~ a n o r ~ r ~ b l ~  o6pa- 
3 0 M  YBeJlMLIMBaDTCR p a 3 M e p b l  3TMX CTPYKTYP M M O q H O C T b  reOCMHKf lMHaJl  bHblX 

O T J ~ O X ~ H M ~ .  ~ ~ ~ B M T ~ ~ M O H H ~ I M  MMHMMYMaM CL/ IXOT~-~I I / IHR COOTBBTCTBYDT MHTPY- 

3MBHO-KYnOf lbHble CTPYKTYPbl, TpaHMUbl  M e Y q y  KOTOPblMM I lPOXOaRT no r n y 6 ~ ~ -  
Hb lM p a 3 n O M a M  3 C 3  npOCTMpaHMR. 

C y a ~  no r p a B M M e T p M r e c K M M  M apyrtm M a T e p M a n a M  p a 3 y n n o ~ ~ e ~ ~ e  H e a p  M 

B b l n n a B n e H M e  TpaHMTOMAHblX M a r M  H a  PaHHMX CTaaMRX O p O r e H e 3 a  f l p O M C X O ~ M n M  

B @ e ~ ~ r e c ~ o f i  cpeae ( o ~ e a ~ ~ r e c ~ o i i  n ~ 6 0  nepexoa~oi i   ope), 6 o r a ~ o i  M e T a n -  

A a M M  M 6 f l a r 0 n p M F l T ~ 0 f i  aJ lR MX M O ~ M J I M ~ ~ U M M  B b l f l J l a B n R K I ~ M M M C R  KMCnblMM M a r -  

M a M M  M CBR3aHHblMM C HMMM @ J ~ D M ~ ~ M M .  ~ O M O / J P O M H ~ R  n O C f l e a O B a T e n b H O C T b  

B b r n n a s n e H M R  M B H e a p e H M R  M a r M ,  c n e ~ ~ a n ~ 3 ~ p o s a ~ ~ b r x  ~a p a 3 n ~ r ~ b 1 e  ~ e ~ a n n b ~  

n ~ 6 o  M M e a u M x  c HMMM n a p a r e H e T u r e c K o e  P O ~ C T B O ,  n o a T a e p x a a e T c 9  r e o n o r M -  

W C K M M M  H ~ ~ J ~ I O ~ ~ H M R M M  ( H a n p M ~ e p ,  B 6accef i~e p. K o n y ~ 6 e ) .  
A H a n M 3  r e o n o r o - r e o @ ~ 3 ~ r e c ~ ~ ~  ~ a ~ e p ~ a n o ~  n o ~ a 3 b r ~ a e ~ ,   TO no M e p e  cso- 

ero ~ ~ ~ B M T M R  o r a r M  p a 3 y n n o ~ ~ e ~ ~ ~  B c e  6onee H a c b l u a t o T c R  KMcnb lMM M K a n M e -  

BblMLl TPaHMTOMaaMM M M € ? T ~ J ~ ~ O ~ ~ H M ~ € ? C K M ~ ~  n p o @ M f l b  C T p y K T y p  COOTBeTCTBeHHO 

~ B O J ~ I O ~ M O H M P Y ~ T  OT 30J l0Ta K ~ 0 n b @ p a M y  M OJ~OBY ( M a p a K y u e B ,  1978). I l p M   TOM 

OTHOCMTenbHO R A e p  p a 3 y n n O T H e H M R  @OPMMPY€?TCFI P e r M O H a n b H a R  n p O C T p a H C T -  

BeHHO-BpeMeHHaF l  M a r M a T k I r e C K a R  M PYaHaR 30HaAbHOCTb.  B I J e ~ T p a f l b ~ b l ~  ~ ~ C T R X  

3peJ lb lX  O r a r O B b l X  CTPYKTYP Pa3BMTO OflOBRHHOe, Aaflee OT UeHTPOB - B o n b @ p a -  

M o B o e  ( ~ ~ a r a n e  c o n o s o M ,  a a a ~ e ~  c ~ O ~ O T O M )  M no n e p ~ @ e p ~ ~  - 3 o n 0 ~ 0 e  opy- 
A e H e H M e .  B n o r p a H M r H b l x  a o ~ a x  r a c ~ o  n p o m n e ~ o  r ~ 6 p ~ a ~ o e  ( 0 6 b l ~ 1 ~ 0  ~ O ~ O T O -  

~ 0 J l b @ p a M 0 ~ 0 e  o ~ Y ~ ~ H ~ H M € ? ) ,  a B OCeBblX M M e X K y n O n b H b l X  YClaCTKaX OTMeClaeTCR 

p e n M K T o s o e  ( M  p e r e ~ e p ~ p o ~ a ~ ~ o e )  3ono~oe o p y a e ~ e ~ ~ e  B 0 6 u e ~  cnyrae H a -  

6n toaae~c~  n p R M a R  CBR3b M e X A y  C T e n e H b K I  p a 3 y n n O T H e H M R  R a e p  r p a H M T M 3 a ~ M M  

M MHTeHCMBHOCTblO P e a K O M e T a n n b H O r O  O p y a e H e H H R .  

H b l H e l u ~ e e  npOCTpaHCTBeHHOe n 0 n O X e H M e  p a 3 H b l X  TMflOB O P Y a e H e H M H  3a- 
BMCL/ ITOTCT~~€?HL/ I  ~ P O A M P O B ~ H H O C T M  O L ( ~ T O B O ~  CTPYKTYP~I. B 0 6 u e ~  ~ A y r a e ,  e C n M  

0 6 ~ a X e ~ b l  K a n M e B b l e  H e M a r H M T H b I e  rPaHMTOMAbl  - 3 T 0  3 0 H a  O n O B a  M I 3 0 J l b @ p a ~ a ,  

a e c n M  MarHk ITHb le  H a T p o B b l e  - TO  TO 3 o ~ a  30no~a. B ~rlpouecce 3 ~ o n t o ~ p 1 ~  oraro- 
s a R  c T p y K T y p a  y H M r T o x a e T  n ~ 6 o  p e r e H e p M p y e T  p a H e e  c o 3 , q a ~ ~ o e  ( ~ a n p ~ ~ e p ,  
~ O ~ O T O ~ )  O p y A e H e H M e .  ~ O ~ T O M Y  B apeanax P a C n p O C T p a H e H M R  OJlOBFlHHblX M e C -  



T O P O X A ~ H M ~  B ~ e H ~ p a J l b H 0 ~  CLl~0~3-AJlklHe PeaKO BCTperatOTCR 3OJlOTOpyAHble 

npORBJleHMR. H0 eCnM OHM eCTb, TO npeACTaBJleHbl OTHOCMTeJlbHO KPYnHblM M BblCO- 

K O ~ ~ P O ~ H ~ I M  30JlOTOM, L(T0 06ycnosne~o er0 M ~ T ~ M O P @ M ~ M O M  CO CTOPOHbl f l 0 3 A -  

HMX PeAKOMeTaJlJlbHblX rpaHMTOMAOB. 

3 OJlOTOe O p y A e H e H M e  603HMKaeT n p e M M y u e C T B e H H 0  H a  PaHHeOpOreHHOM 

a T a n e ,  M BCR n o c n e A y t o u a g  r e o n o r M q e c K a R  MCTOPMR ~ O A E M X H ~ I X ~ O H  RBnReT- 

CR M C T O P M ~ ~  ero ~H I / I L (TOX~HI /~R .  f l o n e s b ~ e  M a ~ c n e p ~ ~ e ~ ~ a n b ~ b ~ e  ~ c c n e ~ o s a ~ ~ ~  
30flOTOPYAHblX M ~ c T o ~ o I ( Q ~ H M ~  B e p x ~ e i  C e J l e M a ~ L l  M H M x ~ e r o  ~ P M ~ M Y P ~ R  (Mo- 
MCeeHKO, 1965, 1974; M O M C ~ ~ H K O ,  @ ~ T ~ R H O B ,  1978) f10Ka3aflMl L(TO n o ~  B 0 3 A e i -  

CTBMeM flOCTPYflHblX rPaHMTOMAOB 30f lOTO )/KP)/flHReTCR M 0 6 n a r o p a x ~ s a e ~ c ~  M 

M M r p M p y e T  143 c y n b @ ~ ~ o ~  M n p y r M x  M M H e p a n o s  B K s a p u .  CKOPOCT~ A M @ @ ~ ~ M M  

aono~a B K B a p u e  B TaKMx ycnoBMRx  Aaxe n p M  B ~ I C O K M X  T e M n e p a T y p a x  r p e s s b ~ r a i -  

HO Maria, TaK Xe, KaK M HM3Ka e r O  JleTYL(eCTb. O ~ H ~ K O  6 O ~ B O ~ H ~ H H ~ I X  CTPYKTYpaX 

n p M  T e M n e p a T y p a x  AO 300° C B O B M O X ~ H  C ~ ~ ~ C T B ~ H H ~ I ~  B ~ I H O C  3 0 n o ~ a  r M A p o -  

TepMaJ lbHb lM n y T e M  ( ~ ~ T H M K O B ,  BMJ lop ,  1981 ).  TaKMe T e M f l e p a T y p b l ,  H a f l p M M e p ,  

p a s s ~ e a n ~ c b  s C3  nepMKnMHanM f l p a ~ 0 6 y p e M ~ ~ ~ O r O  K y n o n a  B C B R ~ M  c m e a p e -  

H M ~ M  O ~ H O M M ~ H H O ~ O  ~ O C T ~ ~ , ~ H O ~ O  ~ ~ ~ H M T H O ~ O  ~ J ~ Y T O H ~  ( H ~ M ~ H M ~ H  M Ap., 1987), 
rAe ,  KaK M B f lPYrMX KYflOJlOEMAHblX CTPYKTYPaX C ~ J ~ ~ M ~ X M H O - K ~ ~ ~ M H C K O ~ O  

~ O A H R T M R ,  ~ P O L I ~ O L U ~ M  C y u e c T B e H H o e  n e p e p a c n p e A e n e H M e  ~ O ~ O T O H O C H O C T M  M 

ee OTrOHKa BO BHelUHMe (OT M H T P Y ~ M ~ )  I lepMKJlMHanbHble 30Hb l  3TMX CTPYKTYP 

( p ~ c .  5.2). 
Ha~6onee O r e B M n e H  3 ~ 0 3 M 0 H H b l ~  nYTb YHML(T0XeHMR 30JlOTOPYnHblX M e C -  

T O ~ O I ( Q ~ H M ~ .  P ~ ~ B M T M ~  llO,4BMXHblX 3 0 H  M OTnenbHblX OL(ar0BblX CTPYKTYP PeaKO 

OrpaHML(MBaeTCR PaHHeOPOreHHblM 3Taf lOM. qaue B CBR3M C Pa3EMTMeM ~ J ~ Y ~ M H H ~ I x  

CTPYKTYP pa3yflJlOTHeHMR O p O r e H e 3  I l pOrpeCCMpyeT  B PerMOHanbHblX M ~ C W T ~ ~ ~ X  

M COf lPOBOXAaeTCR MHTeHCMBHblMM flOAHRTMRMM M 3 ~ 0 3 M e i  PaHHeOpOreHHblX 

CTPYKTYP, E TOM rMCJle M30JlOTOPY,4HblX. ~ o ~ H R T M R  3TM HepaEHOMepHb le  kl B K a X -  

AOM KOHKPeTHOM C J l y r a e  MX MHTeHCMEHOCTb, a CJleAOEaTenbHO, M CTef leHb 3P03M-  

OHH blX flPOL&?CCOB MOrYT 6 b l ~ b  pa3HblMM. 3HaR BepTMKan b H Y D  nOCneAOBaTef lb -  

HOCTb Y P O B H ~ ~  OPYAeHeHMR M XapaKTep  P Y ~ H O ~  30HaflbHOCTM (ee T ~ H ~ ~ H ~ M M ) ,  

MOXHO B O ~ ~ M X  C(ePTaX 04eHMTb  CTef leHb 3P03MOHHOrO C p e 3 a  PYAOHOCHblX CTPYK- 

T y p  K a x f l O i  ~ O J ~ O T O H O C H O ~  O ~ J ~ ~ C T M .  

Ha A ~ A ~ H C K O M  u M T e  r n y 6 ~ ~ a  3P03MOHHOrO C p e 3 a  PYAOHOCHblX CTPYKTYP 

OnpeAeJlReTCR COXpaHHOCTbK) K ~ ~ ~ O H ~ T H O - T ~ ~ ~ M ~ ~ H H O ~ O  ~ ~ ~ o T ~ ~ o ~ o ~ c K o - K ~ M -  
6 p ~ i c ~ o r o  M T e p p u r e t i t i o r o  D p c K o r o  q e x n a  H a  y.cacTKax npoRsne t iMR TMA. O ~ T M -  
M a n b H b l i  3 ~ 0 3 ~ 0 H H b l i  C p e 3 ,  KOrAa  3 p 0 3 M e i  BCKPblT @ Y H ~ ~ M ~ H T  f l pM  ~ 0 p O L U e f i  

COXpaHHOCTM L(eXJla, H a 6 n K ) ~ a e T c R  B ~ ~ H T ~ ~ J ~ ~ H o ~ J ~ ~ ~ H c K o M ,  B ~ ~ X H ~ ~ M ~ M H C K O M ,  

YL(YPCKOM, ~ ~ O M ~ M C K O M ,  DHCKO-A~H~CKOM M APYrMX p a f i 0 H a x .  B Cpef lHeaMrMH-  

CKOM p a i o ~ e  OH, B e p o R T H o ,  H ~ ~ H ~ C I M T ~ ~ ~ H ,  3,qecb e u e  H e  B C K P ~ I T ~ I  A ~ ~ K M  

U e n o r H b l x  M ~ e n o ~ ( ~ 0 - 3 e ~ e n b ~ b 1 ~  n o p o ~ ,  M o u e t i K a  p a i o ~ a ,  no-EMAMMOMY, no- 
~ p e 6 y e ~  ~ ~ ~ M M ~ H ~ H M R  ~ Y P O B ~ I X  pa6o-r. rJly60~0 ~ P O ~ M P O B ~ H ~ I  ~ B O T M H C K M ~ ,  T b l p -  

K E I H ~ M H C K M ~ ,  O ~ O J ~ M H C K M ~  p a i 0 H b l .  



C T e n e H b  3 P O ~ M P O B a H H O C T M  O P Y ~ e H e H M F I  B C T ~ H O B O ~ ~  311 B 0 6 u e ~  C n y c l a e  

Onpe,QenReTCR COXpaHHOCTbtO KpOBJlM M ~ ~ O ~ O ~ C K M X  MarHMTHb lX  rpaHMTOMAOB,  

f l p e ~ C ~ a B J l e ~ ~ 0 ~  tOPCKO-MeJlOBblMM ByJlKaHMTaMM M OCaaOL(Hb1MM f l O p O f l a M M ( ~ 5 l  

C ~ ~ B ~ J ~ K ~ H M ~ ~ C K O ~ O  0 p y ~ e H e ~ L l R )  M Y ~ O B H ~ M  ~ P O A M P O B ~ H H O C T M  ~ ' i a r ~ ~ b l ~  CTPYK- 

T y p  C u e H T p a J l b H b l M M  WTOKaMM r M f l a 6 M ~ ~ a J l b H b l ~  rpaHMTOMgHb lX  MaCCMBOB MeJ lO-  

~ o r o  ~ o a p a c ~ a  ( r ~ n a 6 ~ c c a n b ~ o e  o p y a e ~ e ~ ~ e ) .  Ha~6onee n e p c l i e ~ ~ m ~ ~ b ~  CTPYK- 

~ y p b ~ ,  rAe c o x p a t i M n M c b  B y n K a H M r e c K M e  annapaw, c y 6 ~ y n ~ a ~ ~ r e c ~ ~ e  M a c c u s b l  

M MX K p o B n R ,  f i a i ~ ~  ~ O P @ M P M T O B ,  n a ~ n p o @ ~ p o ~  M np. B a p e s H e M  r~e f i coso -  
rpaHMTHOM @ ~ H A ~ M ~ H T ~ .  

8 ~ ~ P M O X O T ~ ~  3 0 J l 0 ~ 0 ~ 0 ~ H b l e  CTPYKTYP~I 3Ha'iMTenbHO M e H e e  ~ P O ~ M ~ O B ~ H ~ ~ ,  

.leM H a  C T ~ H O B M K ~ .  f l 0 ~ 0 a b l  KPMCTaJlJ lM~eCKOrO @ ~ H ~ E I M ~ H T ~  3 a e C b  ~ ~ K p b l T b l  J lMWb 

H a  ~ e 6 0 J l b W O f i  f l J l O u a a M  B OXOTCKOM MaCCMBe M DPOBCKOM BblCTYne.  @ Y H ~ ~ M ~ H -  

TOM AJlR BYJlKaHMTOB, BMeuatOLL(MX OCHOBHOe O P Y n e H e H M e ,  RBJlRtOTCR T a K X e  OCa-  

A O r H b l e  T O J l u M  BePXO5lHCKOrO KOMnJleKCa.  O p ~ a e H e H M e  J l O ~ a J l b l 3 y e ~ C R  B OCeBblX 

.laCTRX B y n K a H b r e H O B  ( M ~ C T O P O X ~ ~ H M ~ ~  K ) p b e B C K O e ,  X a a p ~ a x C K O e ,  X ~ K ~ H A X M H -  
CKOe,  Ksapuesoe, A T Y H ~ X ~ )  0 6 b l l l ~ 0  B I l p e A e J l a X  BynKaHO-TeKTOHM' ieCKMX 

~ O ~ H R T M ~ ~ ,  rae B ~ P O R T H O C T ~  B C K P ~ I T M ~ ~  3 ~ 0 3 M e i  ~ P O , ~ ) / K T M B H ~ ~ X  P Y ~ O H O C H ~ I X Y P O B -  

H e f i  ~ a M 6 0 J l b W a R .  C X O ~ H ~ R  KapTMHa Ha6Jl tOaaeTC5l  no K P a R M  B ~ J ~ K ~ H O ~ ~ H O B  YJ lb-  

MHCKOTO, KY~AYCYHCKO~O,  K ~ B ~ - ~ M c K o ~ o ,  rae 3POgMPOBaHHOCTb BYJlKaHMLleCKMX 

CTPYKT~P,  O C O ~ ~ H H O  B n o n e p e r t i b l x  n o g H m m x ,  rny6xe, r e M  B H a n p a s n e H M M  K 

U e H T p a M  n p o r ~ 6 0 ~ .  B03Bb l  W e H H b l e  Y ~ ~ C T K M  Ha3BaHHb lX  ByJ lKaHOreHOB, B o c o 6 e ~ -  

HOCTM CJlOXeHHblX KMCJlblMM BYJlKaHMTaMM, YAaJleHbl  no BepTMKaJlM OT OCHOBHblX 

P Y ~ O ~ K ~ ~ H M P Y ~ O ~ M X  CTPYKTYPH~~X Y P O B H ~ G  ( a H ~ e 3 M T b l  ) / n b 6 e p M ~ a ~ C ~ O r O  M X e T a -  

H M H C K O ~ O  K O M ~ ~ J ~ ~ K C O B ) .  3 o ~ a  C O ~ C T B ~ H H O  30J l0Tb lX  pya ~ P O X O A M T  6 n p ~ 6 p e x ~ o f i  
nOJlOCe ByJlKaHMTOB n0 J ~ M H M M  A R H - T Y K C I M - K ~ J ~ ~ O K J ~ M - ~ ~ H X M H  M Ranee H a  BOCTOK, a 
s o ~ a  3 o n o ~ o - c e p e 6 p ~ ~ b 1 x  pya y g a n e ~ a  K C 3  OT 3 ~ 0 i  n o n o c b l  ( B ~ P X O B ~ F I  Y n b ~ ,  

A e s o ~ w a ,  X a ~ a ~ ~ x a ) .  6 n a r o n p ~ q ~ ~ b l e  ~ P O ~ M O H H ~ I ~  c p e s b ~  gnq c e p e 6 p ~ ~ o r o  M 

3ono~o -cepe6po -pe ,~~o~e~annb~o ro  o p y a e t i e H M R  O x M a a t O T c R  H a  B b l c T y n a x  @ y ~ -  
A a M e H T a  K ~ G A ~ C ~ H C K O ~ O  B y n K a H O r e H a .  

~ ~ ~ ~ M H c K M G  M ~ C C M B .  3 a e C b  Bbl,4eJlReTCR TPM OCHOBH~IX P Y A O ~ K P ~ H M P Y K ~ ~ M X  

KOMnJleKCa:  ~ ~ O T ~ ~ O ~ O ~ C K O - K ~ M ~ P M ~ ~ C K M ~  T~PPM~~HHO-Kap60HaTHbl f i ,  OPCKO-  

~ e n o s b ~ e  o c a a o r ~ b ~ e  0 6 p a 3 o ~ a ~ ~ ~  q e x n a  ~ a c c ~ ~ a  M s y n ~ a ~ M - r b l  M e n a .  A p e s H M G  

KOMnJleKC p a 3 B M T  @ p a r ~ e H T a p H O  B B M n e  n p O B e C O B  KpOBJlM B ~ M P O ~ L / I A X ~ H C K L / I X  

r p a H M T o M g a x  (PZ,). Ha~6onee  WMPOKO OH n p e a c T a B n e H  H a  ma no^ X m ~ r a ~ e  1.1 B 

M ~ M  ~ I H C K O M  Bb lCTy f le .  ~ ~ O C T ~ ~ H C T B ~ H H O  C HMM 0 6 b l l l H 0  C B R 3 a H a  POCCblnHaR 30- 

JlOTOHOCHOCTb, HO OflpegeJlMTb B 0 3 P a C T  OPYAeHeHM5l(6afi~aJlbc~Mfi MJlM MeJlOBOf i )  

3aTPYaHMTenbHO.  A p e s H M i  B 0 3 P a C T  OpyneHeHM5l  ~ a ~ 6 o n e e  B e p O R T e H  H a  ma no^ 
X M H r a H e ,  rAe 30JlOTOHOCHOCTb n P O C T p a H C T B e H H 0  CB5l3aHa C ~ P ~ @ M T O H O C H ~ ~ M M  

T o n u a M M  C O K I ~ H ~ H C K O ~ ~  C B M T ~ I ,  C n a r a t O u m M M  @ p a r ~ e ~ ~ b ~  a ~ ~ ~ ~ n ~ ~ a n e f i ,  M rge 
M ~ B ~ C T H O  aono~o~sapuesoe o p y a e H e H M e  (ropa n b l c a q ) .  C o x p a ~ ~ s w u e c f i  OT 

3 P 0 3 M M  H ~ ~ ~ ~ T O J ~ M T O B ~ ~ ~  ~ ~ ~ c T K M  pa3BMTMR C O ~ O ~ H ~ H C K O ~ ~  CBMTbl, aCCOuMMpYtO- 

~ L l e  c P O C C ~ I ~ ~ H O ~ ~  ~ ~ J ~ O T O H O C H O C T ~ K ) ,  xapaKTepLl3) /KIT O n T M ~ a J l b H b l ~  p,nR p a f i 0 H a  

Y p O B e H b  3P03MOHHOrO C p e 3 a  B 0 3 M O X H O r O  Opy,4eHeHM5l. ~ ~ c K o - M ~ J ~ o B ~ ~ ~  o6pa- 
30BaHM5l,  K ~ K  P Y A ~ ~ K ~ ~ H M P Y ~ O L I J M ~ ~  K O M ~ ~ ~ K C ,  pa3BMTb l  B ~ Y P ~ M H C K O M  M T ~ I P M M H -  

CKOM nprm6ax M Q p a r ~ e ~ ~ a p ~ o  B U X H O ~ ~ ,  3 a n a n ~ o i  ~l cesep~o f i  r a c T R x  6 y p e M H -  

c K o r o  M a c c M e a .  OHM B M e q a t O T  r ~ n a 6 ~ c c a n b ~ b 1 e  a o n o ~ o p y a ~ b ~ e  npomnetim 
( ~ A O ~ M K C K ~ R  rpynna, M ~ C T O ~ O X A ~ H M ~  HOHM) B ~ ~ O C T ~ ~ H C T B ~ H H O ~ ~  C B R ~ M  c MHTPY- 



3MRMM AMOPMTOBbIX I~OP@I/IPI/ITOB. ByJlKa~M'iecKMi P Y A O ~ K P ~ H M P Y H ) L I & ~ ~  KOMnJleKC 

RBJlReTCR ~ a ~ 6 o n e e  nPOAYKTMBHblM B nPOBMH4MM B OCHOBHOM 6 n a r o ~ a p ~  OflTM- 

MaJlbHOMY YPOBHH) 3P03MOHHOrO C p e 3 a  ByJlKaHMCleCKklX CTPYKTYP, B O C O ~ ~ H H O C T M  

B C ~ B ~ ~ O ~ Y P ~ M H C K O ~  3 0 H e ,  rAe H a  3HaClMTeJlbHblX n p O C T p a H C T B a X  B C K p b l T a  

I lOAOLUBa ByJlKaHOreHOB C KOMnJleKCaMM c ~ ~ B ~ J ~ K ~ H M C ~ ~ C K ~ ~ X  I ~ O ~ @ M ~ O B ~ I X  MHTPY- 

3 k l h  B aCCOqMa4klM c 6 J l a r 0 n ~ M ~ ~ H b l M M  T M ~ ~ M M  TpaHMTOMnOB (Tblr ,4a-YJl~HrLl~~~kl f i ,  
O K T R ~ P ~ C K M G ,  ~ ~ P X H ~ M ~ M ~ I H C K M ~  M A P Y r M e  p a i 0 H b l ) .  T a ~ x e  OnTMMaJ lbHb lM CJle- 

,4yeTCL(MTaTbYPOBeHb3P03MOHHOrO C p e 3 a  ByJlKaHMqeCKMX nOCTpOeK,  P a C n O n O -  

X e H H b l X  H a  BOCTOL(H0M OKOHL(aHklM 3 0 H b l  M BJ(0Jlb 3 a n a n H O i  r p a H M 4 b l  T Y P ~ H C K O ~ O  
B b l C T y n a ,  me HaXOnMTCR ~ P O ~ H O ~ H O ~  M e C T O p O X ~ e H k l e .  

B DXHOM B ~ P X O R H ~ € ?  30J lOTOe O p y n e H e H M e  J lOKaJlM30BaHO B A B y X  CTPYK- 

T Y P H b l X  R P Y C a X :  B T ~ P P M ~ ~ H H O - K ~ P ~ O H ~ T H O M  ~ O ~ ~ H ~ ~ I ~ O T ~ ~ O ~ O ~ C K O M ,  rAe 
Pa3BMTb l  f lpOXMflKOB0-BKpanJleHHble M XMJ lbHb le  npORBJleHMR ( K ~ ~ ~ H - Y ~ R X C K O ~ ,  

T a C - K ) P R X C K O ~ ) ,  M B BePXORHCKOM KOMnJleKCe ( C p e , 4 H M i  K ~ P ~ O H - C ~ ~ ~ H R R  tOpa) ,  

me P a C n p O C T p a H e H b l  MeCTOPOXAeH/LH ,4Y3TCKOrO kl H e X ~ a H M H C K O r O  T M n a ,  npea- 
nOJ la raeTCR,  qTO PerMOHaJ lbHaR P Y n H a R  30HaJlbHOCTb B DXHOB~PXORHCKO~ 30JlO-  

T O H O C H O ~ ~  3 0 H e  ~ @ 0 p ~ M p O ~ a J l a C b  B M e J l y  B CBR3M C P a 3 B M T M e M  K y i ~ y c y ~ c ~ o f i  
o q a r o ~ o i  CTPYKTYP~I, B pe3ynb~a~e  q e r o  6 n ~ 3  ee 4 e ~ ~ p a  06pa30san~cb BepTM-  

KaJ lbHb le  P Y ~ O H O C H ~ I ~  3 0 H b l  ( H ~ > Y ~ ~ H M H C K M ~  T M ~ ) ,  a no n e p M @ e p M k l  - n O C J l O l ? ~ b l e  

kl C e n J l O B M n H b l e  P Y n H b l e  TeJ la  ( ~ Y ~ T c K M ~  T M ~ ) ,  n p O C T p a H C T B e H H 0  C O n p R X e H H b l e  C 

na'iKaMM ~ C ~ @ M T O - ~ C ~ M M M T O B ~ I X  I l O p O n .  Y p O B e H b  3 P 0 3 M O H H O r O  C p e 3 a  pyn0- 
HOCHblX CTPYKTYP O ~ O M X  TMnOB ~ I l ~ k l M a J l b H b l i ,  H a  ClTO yKa3b lBa tOT a M a r ~ a T M q H b l G  

x a p a K T e p  p y n ~ b ~ x  nonei (w~orna  npMcy-rc-rsytO-r n M w b  n a i ~ ~  n o p @ ~ p ~ ~ o s ) ,  T e c -  

HaR CBR3b 6 0 r a T b l ~  p 0 C C b l ~ e ~  C KOHKpeTHblMM P Y A H  b lMM MCTOL(HMKaMM A M 6 0  H e -  

3HaClMTeJlbHOe Pa3BMTMe p 0 C C b l n e f i  n p M  M ~ C ~ ~ T ~ ~ H O M  BepTMKaJ lbHOM p a 3 M a X e  

O p y n e H e H M R  ( H W ~ ~ H M H C K O ~  M ~ C T O ~ O X , Q ~ H M ~ ) .  

f l x a r n ~ ~ c ~ a ~  a o ~ a .  k l cxon~  143 n p e a c ~ a s n e ~ ~ i  o RPYCHOCTM O p y n e H e H M R  M 

ero ~ K P ~ H M P O B ~ H M R  T O ~ U ~ M M  ~ ~ P B M C I H O  a n e s p o - n e n ~ ~ o ~ b ~ x  nopon M n ~ a 6 a 3 0 ~  B 

KynOJlOBMnHblX aHTMKJlMHaJlRX M O X H O  rOBOPMTb 0 Pa3JlMqHblX YPOBHRX 3 P 0 3 M O H -  

H O r O  C p e 3 a  CTPYKTYPbl B 4eJ lOM M OTneJ lbH blX ee YClaCTKOB. M a K ~ M M a J l b H b l i  3 P 0 3 M -  

O H H ~ I ~  C p e 3  PYnOHOCHblX CTPYKTYP H ~ ~ ~ O A ~ ~ T C R  I3 X ~ ~ ~ M H C K O M  f lOnHRTMMkl  BOC- 

T O ~ H O ~  q a c m  H M M ~ H C K O ~ O  p a i i o ~ a ,  rne B C K P ~ I T ~ I  H M B ~ I  paapesa p a i o ~ a ,  
COOTBeTCTBeHHO 6onee B b l C O K O T e M n e p a T y p H b l e  P Y n b l  M OKOJlOPYnHble M e T a C O M a -  

TMTbl ( a J l b 6 M ~ M ~ b l )  M p a 3 ~ M ~ b l  ~ a ~ 6 o n e e  6 0 r a ~ b t f 3  p 0 C C b l I l M  c O T H O C M T ~ J ~ ~ H O  K P Y ~ -  

H b l M  M B ~ I C O K O ~ ~ P O ~ H ~ I M  30J lOTOM. r J l a ~ H b l i  ~ K ~ ~ H M P Y ~ O U ( M ~  r O P M 3 0 H T  B X a p r M H -  

CKOM f lOnHRTMM - 3 J l b r M H ~ ~ M f i  3eJ leHOKaMeHHb lX  nOpOf i l  a B H M M ~ H C K O M  p a i 0 H e  - 

MnaTMHCKaR M CaMblPCKaR CBMTbl. 6 npe,4eJlax X ~ ~ ~ M H C K O ~ O  ~ O ~ H R T M R  3 ~ 0 3 ~ 0 ~ -  

H b l i  C p e 3  He3HaClMTeJlbHO CHMXaeTCR C t O r a  H a  C e B e p  (OT A @ ~ H ~ C ~ ~ B C K O ~ O  K YHT- 
JlklqMKaHCKOMy M ~ c T o ~ o x ~ ~ H M ~ O ) ,  B HMM~HCKOM p a f i 0 H e  - B 3 a n a A H O M  H a I l p a B J l e -  

HMM. 6 4 e J l O M  Xe no ~ ~ X ~ ~ ~ M H C K O ~  3 0 H e  ~ a 6 f l t O , 4 a e T C R  C H M X e H M e  C T e n e H M  

3 P 0 3 M O H H O r O  C p e 3 a  CTPYKTYPbl C BOCTOKa H a  3anan. Y p O B e H b  3 P 0 3 M O H H O r O  C p e 3 a  

T o ~ y p c ~ o i  CTPYKTYPbl, KaK ynOMMHaJlOCb,  MeHbLlLe T ~ K O B O ~ O  X ~ ~ ~ M H C K O ~  H a  3 KM, 

a B I - IpeneJ laX  T O K ~ ~ C K O ~ O  P y n H O r O  IlOJlR 3 ~ 0 3 ~ 0 H H b l f i  C p e 3  ~ / ~ H H O K ~ H T ~ ~ B C K O ~ O  

y q a c T K a  my6xe C O ~ C T B ~ H H O  T O K ~ ~ C K O ~ O ,  q T 0  nonTsep>yqaeTcR 6onee B ~ I C O K O ~  

n p o 6 o L 1  sono~a ( H a  80 en.), a H o M a n b H b l M  c o n e p x a H M e M  a p c e H o n M p m a  M wee- 
JlMTa, KOTOPble H a  T 0 K y p e  IlORBJlRtOTCR J lMWb H a  r n y 6 o ~ ~ x  TOPM30HTaX, TeOXMMM- 

qeCKMMM ,QaHHblMM. B Y H b R - ~ O M C K O M  p a i 0 H e  3 ~ 0 3 ~ 0 H H b l i  C p e 3  30JlOTOHOCH blX 



CTPYKTYP, BePORTHO, C ~ M  b l i  H M ~ K M G .  3 ~ e ~ b  3 ~ 0 3 M e i  H e  BCKPblTbl  aaXe ~ ~ G K M  
~ O ~ @ M P M T O B ,  C T O J ~ ~  X a p E l ~ ~ e p H b l e  ~ j l R  PY,QH~IX fl0JleG BOCTOC(HO~ ~ ~ C T M  A x a r a M H -  

C K O ~  3 0 H b l .  

Ha C M x 0 ~ 3 - h l ~ H e  X a p a K T e p  M MHTeHCMBHOCTb npORBJleHMR 3OJlOTOHOCHOC- 

TM OflpeAeJlRtOTCR COXPaHHOCTbH) B COBPeMeHHOM peflbe@e 0pOreHM.leCKMX CTpyK-  

T y p  - ByJ lKaHOreHOB C MX 3PYnTMBHblMM a f l f l a p a T a M M  M C Y ~ B Y J ~ K ~ H M C ~ ~ C K M M M  MH- 

TPY3MRMM, a T a K X e  C T e f l e H b D  BCKPblTMR 3 ~ 0 3 M e i  @ Y H , ~ ~ M ~ H T ~  BynKaHMTOB C MX 

r M f l a 6 M ~ ~ a J l b ~ b l ~ M  M ~ J ~ Y ~ M H H ~ I M M  rpaHMTOMAHblMM MaCCaMM.  Bblue YnOMMHaJlOCb 

0 CMaSlM.leCKOM R o p e  C M X O T ~ - ~ ~ M H C K O ~ O  O p O r e H a ,  BOKPYr  KOTOPOTO @ O P M ~ P O B ~ -  

J l a C b  p y A H a R  30HaJlbHOCTb.    TO R a p 0  PaC l lOJ lOXeHO B O C ~ B O ~  .laCTM CTPYKTYPbl K 

H)ry OT AOf lMHbl  A ~ y p a  ( A M ~ ~ C K O ~ O  p a 3 J l o ~ a )  M C f l O X e H O  3BreOCMHKJlMHaJlbH b lMM 

CKJlaAqaTbl  M M  @ O P M ~ ~ M R M M ,  nPOPBaHHb lMM C Y u e C T B e H H O  KaJlMeBblMM TPaHMTO- 

MAaMM,  C KOTOPblMM a C C 0 4 M M P Y e T  n p e M M Y u e C T B e H H O  PeAKOMeTaJ lJ lbHaR M nOJlM- 

M e T a n n M c l e c K a R  ~ ~ ~ e p a n ~ a a u ~ ~ .  C s a n a ~ a  M cesepa RAPO O K ~ ~ M ~ ~ H O  B H a r a n e  

AYPMMHCKO~ 3 0 ~ 0 i  C ~ ~ J ~ o T o - c ~ P ~ ~ P R H ~ ~ M  OPY&eHeHMeM,  a 3 a T e M  ~ M K M H C K O ~  M 

H M X H ~ ~ M ~ ~ C K O ~  3 0 H a M M  C C Y u e C T B e H H O  3 0 n O T O P Y ~ H b l M M  I lPORBJleHMRMM M M e C -  

TOPOXAeHMRMM (PMC. 5.16). 6 UeHTpaJ lbHOM R a p e  ByJ lKaHMqeCKMe O p O r e H M r e C -  

KMe K O M n n e K C b l  3POAMPOBaHb l  nOflHOCTbH), B ~ Y P M M H C K O ~  3 0 H e  OHM ClaCTMqHO 

COXpaHMJlMCb, a B H M X H ~ ~ M Y P C K O ~  CJlaratOT 3HaqMTeJ lbHb le  n J l 0 u a A M .  ~ T M  A a H H b l e  

CBMfleTeJlbCTBYlOT 0 TOM, '-IT0 T e M f l  M ~ ~ ~ - K ~ ~ H O ~ O ~ C K M X  ~ ~ O A H R T M ~  CHMXaeTCR OT 

Raps K n e p M @ e p M M  CTPYKTYPbl. T ~ K M M  0 6 p a 3 0 ~ ,  f l e p C n e K T M B a  0 6 ~ a p y x e ~ ~ ~  3 0 -  

JlOTOrO, ~ o ~ o T o - c ~ ~ ~ ~ ~ R H o ~ o  M 30JlOTO-PeAKOMeTaJlJlbHOrO O p y A e H e H M R  B H M X -  

H e M  R p y C e  B e p X H e r O  3 T a X a  C M X O T ~ - A J ~ M H C K O ~  rCO HaXOAMTCR B 3aBMCCIMOCTM OT 

COXpaHHOCTM BYJlKaHM'ieCKMX ( c ~ ~ B ~ ~ ~ K ~ H M ~ ~ c K M x )  py,QOBMeuatOlqMX KOMnJleKCOB. 

O f l ~ M ~ a J l b ~ b l ~ k l  C J l e A y e T  C r M T a T b  Cpe3b1,  K O r A a  3 p 0 3 M e i  BCKPblTbl  @ Y H ~ ~ M ~ H T  

BynKaHMTOB, MX c ~ ~ B ~ J ~ K ~ H M c ~ ~ c K M ~  k l  ~ P Y ~ T M B H ~ ~ ~  a f l f l a p a ~ b l  ( M H o ~ o B ~ ~ ~ ~ M H H o ~ ,  

AYPMMHCKO~ M ~ C T O P O X , Q ~ H M R ) ,  1 1 ~ ~  6 0 J l b ~ ~ l e ~  3 P 0 3 M O H H O M  C p e 3 e  PYAbl cy6syn- 
KaHMqeCKOrO YPOBHR YHMqTOXatOTCR, a n p M  M e H b U J e M  - ~POHMPYOTCFI nOKPOBHb1- 

MM @ ~ ~ M R M L / I  BYJlKaHMTOB, M H a  nOBePXHOCTM O ~ H ~ X ~ I O T C F I  JlMUJb UJTOKBePKM B e p X -  

HePYAHb lX  ~ ~ ~ M ~ ~ ~ O B ~ P X H O C T H ~ ~ X  Y P O B H ~ ~ ~  ( 6 e n a ~  ropa, ~ Y X T R H K ~ ) .  

6 J l a r 0 I l p M R T ~ b l ~  ~ P O ~ M O H H  b l M  c p e 3 0 M  P ~ A O H O C H ~ I X  CTPYKTYP f l epk l~y f l~a~k l -  
~ ~ C K M X  3 0 ~  MOXHO c ~ M T ~ T ~  r M n a 6 M ~ ~ a f l b H b l f i  Y P O B ~ H ~  HEI Y ~ ~ C T K ~ X  P ~ ~ B M T M R  KY- 

n o n o s M g H b l x  c ~ p y ~ ~ y p  M ~ H T M K ~ M H ~ ~ ~ ~  c n p o R s n e H m M M  M a n b l x  M H T P Y ~ M ~  ~ M O -  

PMTOB M A a e K  ~ ~ o ~ @ M ~ M T o B .  H a n ~ q m e  ~ J ~ Y ~ O K O B C K P ~ I T ~ ~ X  K P Y n H b l X  MaCCMBOB 

JpaHMTOMAOB - ~ e 6 J l a r 0 n ~ ~ l R ~ ~ b l f i  @ ~ K T o ~ ,  T ~ K  K ~ K  ~ a ~ 6 o n e e  n p 0 A y K T M B H b l e  O p y -  

AeHeJlble CTPYKTYPbl3POAMPOBaHbl .  



6.1. XMMMYECKM~~ COCTAB M BHYTPEHHEE CTPOEHME 
B ~ I ~ E J ~ E H M ~ ~  CAMOPOAHOTO 30JlOTA 

M 3y'ieHO P y a H O e  30nOTO HeKOTOPblX M ~ C T O P O X ~ ~ H M ~  C T ~ H O B O ~ ,  & K a r a M ~ -  

C K O ~ ,  C L I X O T ~ - A ~ ~ L I H C K O ~  ~ ~ P o B L I H ~ L I ~ .  30fl0~0 Bblf leJlFlJlO~b I43 p y a b l  n y T e M  ee 
p a ~ ~ r f 3 0 p e ~ M F l  B ~ J ~ ~ B M K o B o ~  K M C J ~ O T ~  H a  B O , ~ R H O ~ ~  6 a ~ e  ( M O M C ~ ~ H K O ,  1977). CO- 
AeprnaHMe aono~a M cepe6pa o n p e a e n u n o c b  XMMM'iecKMM M ~ M  M L I K p o x M M w e c -  

KMM MeTOaOM,  PTyTb - T Y P ~ O K ~ J ~ O M ~ T P L I ' ~ ~ C K M M  M 0 6 b e ~ H b l ~  MeTOaElMM C npea- 
B a p L I T e f l b ~ O i  O T ~ O H K O ~ .  flp0'iLIe 3JleMeHTbl OnpeaeJleHbl KOnM'ieCTBeHHblM 

c n e K T p a n b H b l M  a ~ a n ~ 3 0 ~ .  P e a y n b ~ a ~ b ~  a ~ a n ~ 1 3 o ~  n p e a c T a s n e H b 1  B ~ a 6 n ~ u a x .  
Ha KMPOBCKOM MeCTOPOXaeHMM (CTaHOBaFl MPOBMH~MR)  ( ~ a 6 n .  6.1) npo6a 

3OJlOTa YMeHbluaeTCR OT p E l H H e i  3 0 n 0 ~ 0 - M ~ T H ~ T M T O B O ~  aCCOL&laL&lM K n 0 3 a ~ e f i  

3 o n o ~ o - r a n e ~ ~ 1 ~ - c @ a n e p ~ 1 ~ o ~ o i .  f l p ~ ~ e c e i  6 0 f l b l u e  B aono~e ~ O B ~ H M X  c~aalilii. 
30Jl0~0 ~ a ~ 6 o n e e  ~ P O ~ ~ Y K T M B H O ~  BMCMYTOBO~ CTaaMLI COAePXMT MMHMManbHOe 

K o n M r e c T B o  n p ~ ~ e c e i  M O T n w i a e T c g  6onee KpynHblMM Bblaenet iMRMM. Coaepma- 

3 n e ~ e ~ r  C p e ~ l ~ e e  

MLI~epaflb~ble aCCO~LIal(LIM 

~ O ~ O T O - ~ a r -  
HeTLITOBaR 

(3-M-225) 

~ O ~ O T O -  BMC- 

MYTOBaR 

(3-M-22-223) 

~O~OTO-rane-  
H M T - c @ ~ ~ ~ ~ M -  

TOBaR (3-M-231) 



X U M U ~ ~ C K M ~  comas caMopoC\Horo sono~a 
X a p r ~ ~ c ~ o r o  pyacloro nonn (~accosan aonn, %) 

Ha TOKYPCKOM MeCTOPOXaeHMM ( ) $ K ~ ~ ~ M H c K ~ R  ~ P O B M H ~ M R )  M * c ~ ~ H o  30nO- 

TO ~ P O ~ Y K T M B H O ~  C T ~ ~ ~ L / I M  c pa3~blx r n y 6 ~ ~ .  B ~ a 6 n .  6.3 npo6bl pa3MeLqeHbl cneea 
HanpaBo B I lOPRaKe YMeHbUJeHMR rfly6M~bl OTflOXeHMR MMHepaflOB OT naneOn0- 

BepxHocTM. B  TOM HanpasneHMM ~ o s p a c ~ a e ~  coaepxaHMe cepe6pa ( y ~ e ~ b u a -  

~ T C R  npo6a aono~a)  M C B M H U ~ .  X a p a ~ ~ e p ~ b ~ e  n p ~ ~ e c ~  B aono~e: nnamtia, ceneH, 





An 
AQ 
Ckl 
Pt 
H g 
Te 
S e 
I3 i 
Sb 
As 
Pb 
S n 
Zn 
M n 
Fe 
Ni 
Ca 
Al 
Si 
r 

X n ~ u r e c ~ u i  cocTae caMopogHoro 3 o n  pygonposl~ne~ui3 
~ a n o c y n b @ n ~ ~ o i 2  @op~auuu  f l p u a ~ y p b ~  ( ~ a c c o ~ a s l  gong, %) 



TeJlJlyp M MblLUbRK (Ha KMPOBCKOM - BMCMYT, Ha X ~ ~ ~ M H C K O M  - CYPbMa M P T Y T ~ ) .  

AJ lR  3OJlOTa ~ C H ~ H C K O ~ O  MeCTOPO>Y4eHMR, paCflOJlOXeHHOr0 B ~ H ~ O K O H T ~ K T O B O ~  

s o ~ e  k l ~ r a r n ~ ~ c ~ o r o  rpaHl/rTor/raHoro MaccMBa (BOCTOCIH~R C e n e ~ a x a ) ,  
XapaKTepHbl n0HMXeHHaR npo6a, nOBblLUeHHaR KOHUeHTPaUMR CBMHqa M flOHMXeH- 

HaR MeAM ( ~ a 6 n .  6.4). 3ono~o Carypc~oro MecTopoxaeHMR ( 6 e p x ~ e c e n e ~ m ~ ~ -  
CKaR 30Ha) OTJlMraeTCR nOBblLUeHHblM COAePXaHMeM Tenflypa M HM3KMM COaep- 
XaHMeM MeaM ( ~ a 6 n .  6.5). 

X a p a ~ ~ e p ~ o ,  rTo cocTaB caMopoatioro sono~a pya ~ a n o c y n b @ ~ a ~ o i  @op- 
M ~ ~ H M  pa3Hbli m R  M ~ C T O ~ O X ~ ~ H M ~  M3 pa3Hblx ~ ~ ~ O H O B  (~a6n .  6.6). 6 LUMPOKMX 

npeAenax BapbMpyeT I-lp06a 30JlOTa, pa3JlMCIHbl T M ~ O M O P @ H ~ I ~  npMMeCM. HanpM- 

Mep, 30nOTO MeCTOpO>yqeHMR AcKoflb~ (K)xHo~ npMM0pbe) COaepXMT nOBbl LUeH- 

Hble KOflMCleCTBa CeJleHbl M Teflnypa, a 30JlOTO O K T R ~ P ~ C K O ~ O  MeCTOPOXaeHMR 

(HklXHeaMyp~KaR 30Ha) - MeAb M nnaTMHy. 

fin9 3OJlOTa c ~ ~ B ~ ~ ~ K ~ H M ~ ~ c K M x  M ~ ~ M ~ ~ ~ O B ~ ~ X H O C T H ~ I X  M ~ C T O P O X ~ ~ H M ~ ~  

( M H o ~ o B ~ ~ L U M H H O ~ ,  ~ Y X T R H K ~  M ap.) TMflML(eH L U M P O K M ~  aMafla30H ~0fle6aHMi 

npo6b1- OT 3JleKTpyMa M KIOCTeJlMTElaO B ~ I C O K O ~ ~ O ~ H O ~  (6onee 900). 110CJleaHee 

BCTpeqaeTCR Ha YCIaCTKaX PynHblX Ten, fl0,QBeprLUMXCR M ~ T ~ M O P @ M ~ M Y C O  CTOPOHbl 

FlOCTPYaHblX I ~ H T P Y ~ M ~ ,  KaK 3TO YCTaHOBneHO aJlR MHO~OB~PLUMHHO~O MeCTOPOX- 

aeHMR ( M O M C ~ ~ H K O ,  1977) ( ~ a 6 n .  6.7, 6.8,6.9). B UenoM Xe B 3ono~e 3 ~ 0 r o  TMna 

M € ? c T o ~ o X ~ ~ ~ H M ~  OTMeraIOTCR BblCOKMe COaepXaHMR MapraHUa, OnOBa, Menu. B 
30JlOTe M H O ~ O B ~ ~ W M H H O ~ O  MeCTOpOXaeHMR MHOrO MapraHUa M OnOBa. 

AnR K ~ X ~ O ~  M3 30JlOTOPYAHblX @opMa~Llfi nOaCrMTaH C ~ ~ A H M ~  x ~ ~ M M ~ ~ c K M ~  

COCTaB 3OJlOTa ( ~ a 6 n .  6.10). B pe3yJlbTaTe BblRBneHbl OTreTJlMBble 3aKOHOMePHO- 

CTM. Ha~6onee  BblcoKaq npo6a aono~a ycTatioBneHamR aono~a y ~ e p e ~ ~ o - c y n b -  

@ M A H O ~  @ O P M ~ ~ L / I I / I .  Her0 Xe XapaKTepHbl nOBbl LUeHHble COaepXaHMR BMCMY- 





I n p M ~e  q a H M e . HM~enb M nannaanG tie 06~apyrne~b1. 



n p M ~e .I a H M e  . H l l~enb M nannaa~h tie 06~apy~eHb l .  

T a 6 n ~ u a  6.10 

Cpe~HHfi X H M H ' ~ ~ C K H ~ ~  COCTaB CaMOPOAHOrO 30JlOTa M ~ C T O P O ) I ( A ~ H H ~  Pa3nHVHblX @ o p ~ a ~ H i  

( ~ a c c o a a n  ~ o n n ,  %) 

As 0,0177 0,0020 
Pb 0,0286 0,0138 
S n 0,0004 0,0008 
Zn 0,0002 0,0017 
M n 0,0007 0,0006 
Fe 0,2326 0,2400 
Co 0,0001 0,00001 
N i 0,0002 0,00004 He 0 6 ~ .  
Ca 0,0207 0,066 
Al 0,0808 0,0822 
S i 0,0221 0,0628 
1 99,80 99,56 



T a  M CYPbMbl. np06a 30f lOTa M ~ J ~ o c ~ J ~ ~ @ M ~ H o ~  @ O P M ~ U M M  HMXe,  B H e M  6 o n b w e  

PTYTM, nJlaTMHbl M C e n e H a ,  a B 30JlOTe M ~ C T O ~ O X ~ ~ ~ H M ~  ~ ~ O ~ O - C Y J I ~ @ M ) J H O ~  @OP- 

MauMM ycTaHoBneHb1 6onee BblcoKMe conepxatim cepe6pa, M a p r a H u a ,  o n o B a ,  

MHOrAa P T F k l ,  HO CpaBHMTeJlbHO HM3KMe TeJ lnypa  M CeneHa .  B M ~ T ~ M O ~ @ M ~ O B ~ H -  

HOM 30JlOTe M H O ~ O B ~ P L U ~ ~ H H O ~ O  MeCTOPOX,QeHMR OTMeqaeTCR I lOBbllLleHHOe CO- 

A e p X a H M e  MeAM.  ~ O ~ O T O  3 ~ 0 i  @ O P M ~ ~ M M  XapaKTepM3yeTCH M ~ K C M M ~ ~ ~ H O ~ ~  BeJlM- 

~ M H o ~  AMCnePCMLl  3 H a l l e H k l i  n p o 6 b 1 ,  H a n M r M e M  3 0 H a n b H b l X  3 e p e H  I4 TOHKMX 

/JeHAPMTOBblX CTPYKTYP. M a K ~ M ~ a J l b H b l e  CO/JepXaHMR PTyTM OTMelranMCb B 3JleK- 

T p y M e  M KtOCTeJlMTe ( A a ~ ~ b l e  A.H. H ~ K ~ ~ c o B o ~ ~ ) .  L / ~ ~ B ~ c T H o ,  L(T0 C r f l y 6 ~ ~ 0 F I  B 3 0 -  

n o T e  y e e n M r M s a e T c R  cop ,epxaHMe  MeAM. K O ~ @ @ M U M ~ H T ~ I  BapMauMM c o n e p x a ~ ~ G  
3JleMeHTOB B CaMOPOAHOM 30JlOTe H a M 6 0 f l e e  BblCOKMe AJlR CyPbMbl ,  OJlOBa, IJMHKa 

M nnaTMHbl  M H a M 6 0 f l e e  H W K M ~  - Ann sono~a ,  cepe6pa, PTYTM M T e n n y p a .  

I ~ O / J C ~ M T ~ H ~ I  K O ~ @ @ M ~ & ~ ~ H T ~ I  KOppeJlFlL(klM M e X A y  r y X e p O A H b l M M  KOMnOHeH- 

TaMM B CaMOPOaHOM 30JlOTe.  30Jl0~0 J ~ M H ~ ~ H O  B3aMMOCBR3aHO C MeAbH), qTO 

O ~ ~ F I C H R ~ T C R  6 f l M 3 0 ~ ~ b H )  @ M ~ ~ ~ K O - X M M ~ I C ~ ~ C K I / I X  C B O ~ ~ C T B  3TMX 3JleMeHTOB. AHanM-  

~ M ~ o B ~ H M ~  np06 H a  ~ ~ H T ~ ~ H o c I ~ ~ K T ~ ~ J ~ ~ H o M  M L I K P O ~ O H / J ~  n0Ka3aJl0,   TO pacnpe- 
~ e J l e H M e  C ~ ~ M M K P O C K O ~ M ~ ~ C K ~ ~ X  B b l ~ e J l e H k l f i  M ~ A M  B 30JlOTe CpaBHMTeJlbHO PaBHO- 

M e p H O e  ( M O M C ~ ~ H K O ,  1977). 
H a p R a y  C T ~ K O ~  @ O ~ M O ~  BXOXAeHMR MeAM B CaMOpOAHOM 30JlOTe r a C T 0  Ha-  

6n toaae~c~  3aXBaT ~ O J ~ O T M H O ~  MMiIepaJlOB, C O f l e p X a u M X  M e A b  ( ~ a J l b K 0 n M p M ~  M 

~ p . ) ,  M T o r A a  KapTMHa p a c n p e A e n e H m  MeAM B aono~e yxe Mt iaq.  Ha M M K P O ~ O H A ~  

~ a y r a n o c b  M p a c n p e g e n e H H e  B aono~e xeneaa. q a c ~ b  x e n e 3 a  c p a s H m e n b H o  

p a s H o M e p t i o  p a c n p e g e n e H a ,  M c o a e p x a H M e  ero B K O H K P ~ T H O M  y r a c ~ ~ e  B 2 paaa 
B b l W e  @ O H O E O ~ O .  B nPMPOflHblX YCJlOEMRX X e f l e 3 0  P e a K O  o 6 p a 3 y e ~  T B e p A b l e  

PaCTBOPbl C 30JlOTOM. 0 6 b l l l ~ 0  OH0 BXOAMT B COCTaB CaMOPOAHOrO 30JlOTa B BMae  

C3MOCTORTeJlbHOrO MklHepaJla,  3aXBareHHOrO n p M  POCTe 3OJlOTklHbl. H a n ~ r ~ e  xe- 
n e 3 a  B 3 0 n o ~ e  o ~ p a x a e ~  a a ~ o ~ c e p e ~ p o s a ~ ~ b ~ e  ~ e n ~ ~ e  a e p ~ a  xeneaocoaepxa- 
u M X  MMHepaJlOB, KOTOPble 'iaCTO YCTaHaBJlMBatOTCR n p M  M3Y'ieHMkl 30JlOTMH H a  

MMKP030Hf ie.  B 3 0 n O T e  M3 XE IP~MHCKO~O MeCTOPOX,QeHMR YCTaHOBJleH bl BKJltOre- 

HMR CPOCWMXCR apCeHOnMPMTa M raJleHMTa. Ha A @ ~ H ~ C ~ ~ B C K O M  MeCTOpO>yqeHklM 

( B O C T O ~ H ~ R  C e f l e M ~ x a )  B 30JlOTe OTMeranOCb  aHOMaJlbH0 BblCOKOe COf lepXaHMe 

PTYTM. n p M  M3Y'ieHMM 3OnOTMH H a  M M K P 0 3 0 H A e  yCTaHOBJ leH0 P a B H O M e p H O e  

p a c n p e A e n e H u e  PTYTM. 

n 0 J l y r e ~ ~ b l e  g a H H b l e  M3YreHblR XMMM3Ma 30JlOTa M ~ C T O P O W ~ H M ~ ~  pa3HblX 

P Y ~ ~ H ~ I X  @ ~ p ~ a L ( k l f i  yKEl3blBatoT, 'iT0 n p M  flpO'iMX PaBHblX yCJlOBMRX C POCTOM n p o 6 b 1  

30JlOTa B03paCTaeT  COf lepXaHMe B 30JlOTe M e n u ,  BMCMyTa, HMKeJlR M ~ 0 6 a f l b ~ a  M 

yMeHbWaeTCR COf iepXaHMe CYPbMbl, MblW bRKa M nJlaTMHbl. C O A ~ ~ X ~ H M ~  KpeMHklR, 

aJltOMMHMR M KaJlbuMR H e  KOppenk lpyeTC  npo6ofi 3OnOTa, TaK KaK B npOlJeCCe POCTa 

Bbl,4(3JleHMfi 3 0 n 0 ~ a  ~ T M  K O M ~ O H ~ H T ~ I  ~ ~ X B ~ T ~ I B ~ ~ O T C H  c J ~ Y ' ~ ~ ~ H o .  



C(eHMI0 COJleBOrO COCTaBa ~KJlIO' ieHl4i B KBaplJe pEi3HblX no @ O P M ~ ~ L / I O H H O M Y  TMnY 

~ e c ~ o p o > ~ ~ e ~ ~ i  M a ~ a n ~ 3 y  r a 3 o ~ o i  c o c ~ a ~ n ~ t o u e i ,  a T a K x e  O n p e a e n e H M t O T e M -  

n e p a T y p b l  0 6 p a 3 o ~ a ~ ~ ~  MMHepaJlOB nPOaYKTMBHblX c~aak l i  MeTOaOM TOMOTeHe- 

3auMM M ,QeKpenMTauMM. M ~ B ~ C T H ~ I ~  T P Y ~ H O C T M  H e  n03BOJlMJlM BblnOJlHMTb TaKMe 

pa60~bl  B H ~ O ~ X O ~ M M O M  o 6 b e ~ e  no rx6 B 3OJlOTe. H e K 0 ~ 0 p b l e  MCCJleaOBaTenM 

C.lMTalOT, ClTO rX6 H e  RBJlRtOTCR ~ ~ ~ c T B M T ~ J ~ ~ H ~ I M M  PeJlMKTaMM py,4OHOCHOrO 

@JllOMaa, a npeaCTaBJ leHb l  O T ~ ~ ~ O T ~ H H ~ I M M  PaCTBOpaMM. O ~ H ~ K O  MCCnefiOBaHMR 

n o ~ a a a n ~ ,  C~TO c o c T a B  r X B  B M C K Y C C T B ~ H H ~ I X  ~ p ~ c ~ a n n a x  n o r - r ~  a ~ a n o r ~ r e ~  co- 
CTaBy PaCTBOpOB, 1/13 KOTOPblX B b l p a u e H b l 3 T M  MMHepaJlbl.  

l/l3y'-IeHMe rm6 MaJ lOcyJ lb@MaHbl~  PY)JToK)/PcKo~o MeCTOPO>KAeHMFI BblRBMnO 

4 CTaaMM p y a o o 6 p a 3 0 ~ a ~ ~ ~ :  1) MeTaCOMaTMCleCKMX KBaPuMTOB (350-250' C), 2) 
cna6o 30nOTOHOCHblX KBaPueBblX XMJl C apCeHOnMpMTOM M FIMPMTOM XMJl (350- 
200' C), 3) ~ ~ O ~ ~ K T M B H O ~  CTaaklM 3OnOTO-KBapueBblX >KMJl (250-1 80' C), 4) flOCT- 

~ Y A H O ~  CTaaMM K B ~ ~ ~ - K ~ ~ ~ O H ~ T H ~ I X  X M n  M npOXMJlKOB (140-90' C). rm6 O T C Y -  

CTBYIOT ~ 6 n M 3 M  n O C T P Y a H b l X  aMOPMTOBblX WTOKOB B CBR3M C MX 

M ~ T ~ M O P @ M ~ Y ~ O ~ M M  B O ~ ~ ~ ~ C T B M ~ M  H a  PYaY ( M O M C ~ ~ H K O ~  1965). 
Pe3ynbTaTb l  XMMM.leCKMX aHaJlM30B ( ~ a 6 n .  6.11) YKa3blBatOT H a  CYueCTBeH-  

Hb le  pa3JlM.lMR rM)JpOTepMaJlbHblX PaCTBOpOB C T ~ A M ~  M M H e p a n M 3 a ~ M M .  6 AOPYa-  

HYtO CTafiMIO B rM)JPOTePManbHblX PaCTBOpaX npeo6naaan~ KaTMOHbl KanbuMR,  

KanMR, B ~ e ~ b l l l e i  CTeneHM HaTPMR 

T a  6 n  M u a  6.1 1 M MaTHMR. C p e a M  ~ H M O H O B  rOcfl0,4- 

HO-C~J~~@~THO-K~J~L [M~BO-K~JM~B~ I~  

PaCTBOPbl C nOaClMHeHHblM KOJlM- 

CleCTBOM MOHOB HaTPMR, X n O p a  M 

 TOP^. 
N a 
K 
Mg 
Ca 
I k t  
HCO, 
CI 
CS 
Can 

co2 
CH.4 
N, 
H,O,Mac 
,gong,% 
P H 
Eh 

. . 
r M a p 0 ~ e p M a J l b H b l e  PaCTBO- 

p b l  ~ P O ~ Y K T M B H O ~  CTaaMM ( ~ a 6 n .  
6.12) p e a ~ o  oTnMra toTcR  B ~ I C O K M -  

MM COaePXaHMRMM HaTPMR. 06-  
u a R  MMHepaJlM3aL@lR OCTaTOClHblX 

PaCTBOpOB ~ ~ O ~ ~ K T M B H O ~  CTaQMM 

H M X e  PaCTBOPOB ~ O P Y Q H O ~  CTa- 

~ M M  . AHMOHH~R rpyllna ~ P O ~ Y K T M B -  

H O ~  CTaaMM OTflMClaeTCR BblCOKMM 

c o a e p x a H M e M  xnopa M 6 ~ ~ a p 6 0 -  
H ~ T - M O H ~  n p M  ~ M € ? H ~ W € ? H H O ~  a0J lM 

c e p b l  M OTCYCTBMM @ ~ o p a .  Pac- 
TBOPb l  ~ P O ~ Y K T M B H O ~  C T a a M M  

X a p a K T e p M 3 y t O T C R  H a T p O B O -  

~ M K ~ ~ ~ o H ~ T H o - K ~ J ~ M ~ B o - x J ~ o ~ M ~ -  

H b lM COCTaBOM. 

M M H e p a J l b l  n O c ~ p y a H 0 i  

K B ~ ~ ~ - K E ~ ~ ~ O H ~ T H O ~  CTaaMM OTna- 

raJlMCb M3 PaCTBOPOB, pe3KO OTJlM- 

. laOuMXCR OT PaCTBOPOB n p e a b l -  



HCO, 
C I 

N a 

Na + K 

n p M M e r a H M e . AMMOHM~,  60p, @TOP M BOAOPOA tie 06~apyrnetibl. 

T a 6 n n u a  6.13 

CpeannR x n ~ n r l e c ~ ~ h  cocTas r a 3 o ~ o - m n ~ ~ n x  ~ ~ n l o q e ~ n h  s Ksapqe pasnb~x c~a&lnh 
T O K ~ ~ C K O ~ O  MecTopomennR 

H,O, Mac. 
A O ~ R ,  % 0,055 0,194 
P H 7,02 6,70 
Eh -0,77 -0,63 

N a 
100 41,651 74,50 4,67 

Na + K 
f l  p M M e r a H M e . B C K O ~ K ~ X  - rMcno a t ian~130~;  @TOP M 60p tie 06t iapy~et ib l .  



A Y ~ M X  C T ~ Q M ~ ~ .  C p e n k l  KaTklOHOB B HMX ~ O C ~ O ~ C T B ~ D T  KaJ lbuMG kl M a r H M f i ,  3Ha'ikl- 

T e n b H O  MeHbLUe KanMR M OCleHb M a n o  HaTPklR. C p e n k l  aHklOHOB npeo6nanae-r 6 ~ ~ a p -  
~ O H ~ T - W O H .  H O H ~ I  c e p b l  M @ T o p a  H e  ~ C T ~ H O B J ~ ~ H ~ I .  C O C T ~ B  ~ ~ C T B O ~ O B  6 ~ ~ a p 6 0 -  
~ a T ~ 0 - K a J l b ~ M e B b l f i  ( ~a6n .  6.13) 

f l p M t 3 e ~ e H H b l e  A a H H b l e  CBMneTenbCTBy tOT 0 C Y U e C T B e H H O  P a 3 H O M  COCTaBe 

p a 3 H O B p e M e H H b l X  n 0 p u M f i  PaCTBOpOB. C O ~ e p ~ a H L l e  MOHOB KanMR B HMX Y M e H b -  

WaeTCR O T n O P Y A H  blX K ~ O C T P Y ~ H O ~ ~  CTanMM.  TO nO&TBep>yqaeTCR O C O ~ ~ H H O C T F ~ M  kl 

k l3MeHeHMR OKOJlOXMnbHblX f lOPOA kl PYA Ha PaHHklX CTanMRX p a 3 B M B a e T C R  C e p M -  

~ M T M 3 a L [ k l R  n O P O A  ~ 6 n M 3 k l  PYAHblX X M n ,  KOTOPaR C M e H R n a C b  ~ a J l k l ~ u n a ~ M 3 a L ( k l e ~  

o K o n o x M n b t i b r x  nopop, l/r o T n o x e t i m e M  a a y n q p a  B xunax. 3 ~ o  n o H M x a n o  conepxa- 
H M e  K a n m  B pac-rsopax. C o n e p x a ~ ~ e  x e  HaTpMR p e s ~ o  ~ o s p a c ~ a n o  B n p o n y K T M B -  

HYD CT~ALID. O 6 u a ~  ~ ~ ~ e p a n ~ s a u ~ ~  n o c n e n o s a T e n b H o  y M e H b w a n a c b  OT nep- 
BOG no nocnen~efi  CTanMM. C o n e p x a ~ ~ e  B p a c T s o p e  ~ M K ~ ~ ~ O H ~ T - M O H ~  M K a n b u M n  

y B e n w M s a n o c b  OT PYAHOE K n o c ~ p y a ~ o f i  CTanMM,  c o n e p x a H m e  c y n b @ a ~ - ~ o ~ a  
y M e H b W a n O C b  OT n e p B 0 f i  K T p e T b e f i  CTaAklM. H a ~ p M i  M XJlOp M M e l o T  M a K C M M a n b -  

H b l e ,  a K a n b q M G  M M ~ ~ H M G  - ~ M ~ b l ~ a J l b ~ b l e  C O ) J ~ P X ~ H M R  B ~ ~ O ~ ~ K T L / I B H O ~ ~  C T ~ A M M .  

Ha TOKYPCKOM MeCTOPO>yqeHklM PaCTBOPbl  ~ P O ~ Y K T ~ ~ B H O ~ ~  CTaAklkl  p e 3 K O  OTJlMqa- 

DTCR n O B b l W e H H b l M  C O A e P X a H M e M  HaTPMR kl X n O p a .  

6 r a 3 0 ~ 0 f i  @ a 3 e  M k l H e p a n O B  ~ ~ O , ~ Y K T M B H O ~ ~  CTaAklM n O M M H M P Y e T  YrAeKMC-  

n b l f i  r83, B M a n b l X  K O ~ M ~ ~ C T B ~ X  @I/IKCMPYDTCR M e T a H  M a 3 0 T .  O T ~ O P Y ~ H O ~ ~  M I lOCT- 

p y n ~ o G  cTanl/rM A o n R  y r n e K r / r c n o r o  rasa y M e t i b u a e T c R  M ~ o a p a c ~ a e ~  n o n R  aso~a .  
C o n e p x a ~ ~ e  M e T a t i a  ~ a ~ 6 o n e e  B ~ I C O K O  BO @nto~aax ~ P O A Y K T I / ~ B H O ~  c T a n u M .  

B ~ ~ ~ A ~ ~ ~ x A x ~ ~ A M H c K o ~  n p o B M H u M M  LUMPOKO n p o m n e H b l  ~ e ~ a ~ o p @ o r e ~ -  
H b l e  K s a p u e s b l e  xunbl a n b n ~ f i c ~ o r o  T M n a ,  o T n M r a o u M e c 9  H M ~ K M M M  conepxa- 
HMRMM H e  TOnbKO 3 0 n O T a ,  HaTPMR kl KanMR, HO T ~ K X ~  M 6 0 n b W k l ~ ~ ~ ~ a  P Y ~ H ~ I X  3ne- 
MeHTOB, B O C O ~ ~ H H O C T ~ I  M a H T k l f i H 0 f i  r p y n n b l :  HMKenR,  ~ 0 6 a n b ~ a ,  BaHaAMR kl Ap. 
C o c ~ a s  r X B  B ~ s a p q e  a n b n ~ i c ~ u x  x ~ n  ~ a ~ x e  o ~ n k l q a e ~ c f l  OT c o c ~ a s a  ~ ~ n t o q e ~ ~ f i  

B pyaax. 
@ k l 3 k l ~ O - ~ M ~ M ' l e C ~ k l e  YCJlOBklR @OPMMPOB~HMR MHblX M ~ C T O P O X ~ ~ H M G  M a -  

J ~ o c ~ ~ ~ @ M A H o ~  @0~MaL(1/11/1 Dra  A a n b H e r 0  ~ O C T O K ~  M a n o  OTnLl'-latOTCR OT PaCCMO-  

TPeHHblX.  

Ha KMPOBCKOM MeCTOPOXAeHMM k l3YqeHbl  O C O ~ ~ H H O C T M  rM,4POTepManbHb lX  

PaCTBOpOB B pyaax y ~ e p e ~ ~ O - ~ y n b @ k l , 4 H O f i  @OpMaL(klkl. 6 pe3yJ lbTE iTe  Bb lAeJ leHO 

6 c ~ a n ~ f i  ~ ~ / 1 ~ e p a n o o 6 p a a o ~ a ~ ~ ~ :  1 ) n o p y n ~ a ~  ~sapuesag (350-300° C), 2) ~ s a p q -  
T y p M a f l M H - M a r H e T M T O B a R  (300-250' C), 3) KBaPu-BklCMYTOBaR (250-200' C), 4)  
~ s a p q - r a n e ~ ~ ~ - c @ a n e p ~ ~ o s a ~  (220- 1 90° C), 5) ~sapu -~HTMMOHMTOB~R (200- 
1 80' C), 6) K B ~ ~ U - K ~ ~ ~ O H ~ T H ~ R  (1  80-1 60° C). 3ono~o  o T n a r a n o c b  c M M H e p a n a M u  

B T O P O ~ ~ ,  T p e T b e G  M q e ~ B e p T 0 f i  C T ~ A M ~ ~ ,  HO r n a B H b l M  0 6 p a 3 0 ~  B KBaPu-BMCMYTO- 

B y 0  CTanMtO. 6 r x B  BCeX C T ~ ~ M G  r n a B H y t 0  P O n b  C p e n M  KaTMOHOB M r p a D T  H a T p M f i .  

KaJILlf i, M a r H M f i  M K a n b u k l f i .  6 nPO~YKTMBHb lXCTaAk lRXCO~epXaHMe HaTpMR B 2 p a 3 a  

B b l W e  KanMR. Xn0p M 6 M ~ a p 6 0 ~ a ~ - k l 0 ~  C O C T ~ B J ~ R D T  80-1 00% O T C Y M M ~ I  aHMOHOB. 

r X B  ~ s a p u - s ~ c ~ y r o s o f i  cTap,MM p e s ~ o  o T n m a t o T c R  B ~ I C O K M M  C o n e p x a H M e M  H a -  

TPMR M xnopa ( ~ a 6 n .  6.14). 
OT M ~ C T O P O X ~ ~ H ~ ~ ~ ~  M a n O ~ y J l b @ k l ~ H O f i  @ O p M a ~ M M  r k l , Q p O T e p M a n b H b l e  

PaCTBOPb l  (rX6) PYP, K ~ ~ P O B C K O ~ O  MeCTOPO>Y4eHMR OTnMqaDTCR O q e H b  BblCOKMM 

C O A e p X a H M e M  X n O p a  M I l O H k l X e H H b l M  K ~ ~ ~ O H ~ T - M O H ~  ( ~ a 6 n .  6.1 5) .  6 C o n e B o M  

C O C T ~ B ~  ~ K J l t O q e H b l f i  B K B a p u e  K B ~ P ~ - B M C M ~ O B O ~  C T ~ , ~ M M ,  c K O T O P O ~ ~  C B R ~ ~ H O  OC- 



Na 
K I MR 
Ca 

NH4 
Ckt 
HCO, 
CI 
Can 

co2 
CH4 
N2 
H,O,M~C 
Gong,% 
P H 
Eh 

Ti p M ~e r a H cl e . @TOP, cepa M 60p tie 06~apyme~b1,  Tr = 2403 C. 

Na 
K I MG! 
Ca 

NH, 
Zkt 
HCO, 
CI 
ZS 
I a n  
co2 
CH4 
N2 
H,O, Mac. 
A O ~ R , %  
P H 
Eh 



N a 
K 
M g 
Ca 
Xkt 
HCO, 
CI 
xs 
I a n  
co2 
CHA 

r a 3 0 B a R  @ a 3 a  rMJ(p0TepMaJlbHblX PaCTBOPOB, C@OPMMPOB~BWMX K M P O B C K O ~  

d e c T o p o w e H M e ,  c o c T o R n a  n p e M M y U e c T s e H H o  ~3 y r n e ~ ~ c n o r o  raaa M a a o ~ a  c 
I p M M e c b t O  M e T a H a .  A o n ~  y r n e K M c n o r o  raaa y M e H b w a e T c R  OT aopya~oh K nocne- 
lya~0fi  CTaaMM. O T J ~ O X ~ H M ~  pya n p O M C X O a M n 0  M3 6 J l M 3 H e f i ~ p a n b H b l ~  ~ ~ C T B O ~ O B  

IPM HM3KOM OKMCJlMTenbHO-BOCCTaHOBMTeJlbHOM nOTeHUMaJle.  

COJ leBOf i  M r a 3 0 B b l h  COCTaBbl PaCTBOPOB pya Y ~ o ~ o - c ~ ~ ~ @ M J ( H o G  @ O P M ~ -  

[MM C Y ~ B Y ~ K ~ H M ~ ~ C K O ~ O  T M n a  M3Y'ieHbl H a  MHO~OB~PU~MHHOM M e C T O P O w e H M M  

B.r. M O M C ~ ~ H K O ,  1/1.1/1. @ ~ T ~ R H O B ,  0.r. ~ M C K Y H O B ) .  O T J ~ O X ~ H M ~  C a M O p O A H O r O  

o n o T a  H a  M e c T o p o x a e t i M M  n p o M c x o g M n o  n p ~  T e M n e p a T y p a x  250-150°C. Cone- 
0 i  C O C T ~ B  ~ ~ C T B O ~ O B  ~ ~ ~ H ~ I X C T ~ , Q M G  6J lM30K ( ~a6n .  6.16,6.17), HO e C T b  M p a 3 n M -  

MR. OT P Y ~ H O ~  K ~ O C T P Y A H O ~  C T ~ ~ M M  c O J ( e p X a ~ M e  KaJlMFl M HaTPMFl B r M A p O T e p -  

IaJ lbHb lX  P a C T B O p a X  Y M e H b W a e T C R ,  a n p O a y K T M B H a R  CTaaMR X a p a K T e p M 3 y e T C R  

O B b I l U e H H b l M  C O ~ e p X a H M e M  KaJlbqklR. B rpynfle aHMOHOB, KaK M H a  M e C T O P O X a e -  



H M R X A P Y r M X  p y A H b l x  @ 0 p M a 4 M i I  AOMMHMP)IDT 6 M ~ a p 6 0 H a T - M O H  M XJ lOp,  KOTOPb le  

B C Y M M e  C O C T a B n R D T  90% M 6onee. O C H O B ~  ra30~0 f i  @a3bl B K n l o r e H M f i  B M M H e -  

panax c O C T ~ B J ~ R D T  y r J l e K M ~ n b l f l  ra3, a 3 0 T  M M e T a H .  ~ P O A Y K T M B H ~ R  C T a n M R  fl0 CO- 

c T a s y  rases o T n M r a e T c R  OT 6 e 3 p y ~ ~ b l x  c ~ a a ~ i  H a n M r M e M  OKMCM yrnepona. 
P y ~ b l  M H O ~ O B ~ P W M H H O ~ O  MeCTOPOX,4eHMR O T J l a r a n M C b  M 3  u e n o r ~ 0 - 6 ~ ~ a p -  

~ ~ H ~ T H O - X J ~ O P M ~ H ~ I X  ~ ~ C T B O ~ O B ,  HO KaJlMR B H M X C O A e p X a J l O C b  3HaCIMTeJlbHO 60nb- 
LLle, reM B r>KB M ~ c T o ~ o > ~ C ~ ~ H M ~  MaJlO- M y ~ e p e H H ~ - ~ y n b @ M ~ H ~ f i  @ O p ~ a L ( M f i .  

Na 
K 
M g 
Ca 

NH, 
Ckt 
HCO, 
CI 
Can 
co2 
co 
CH4 
N* 
"2 

H20, Mac. 
A O ~ F I , %  

P H 
Eh 





Na 0,601 56,12 0,21 5 , l  C 
K 0,334 31,18 0,42 10,19 
Mg He 0 6 ~ .  He 0 6 ~ .  0,97 23,54 
Ca 0,136 12,7 2,52 61,17 
Zkt 1,071 100,O 4,12 100,O 
HCO, 0,804 81,54 3,46 85,94 
C I 0,176 17,85 0,52 13,06 
F 0,006 0,61 He 061-1. He 0 6 ~ .  
Zan 0,986 100,O 3,98 100,o 
C02 4,138 95,48 3,18 81,12 
CH.4 0,082 1,89 0,02 0,51 

2 0,114 2,63 0,4 10,21 
CO He 0 6 ~ .  He 0 6 ~ .  0,32 8,16 
H,O, Mac. 
~ o n n , %  0,181 ?,ol 
P H 5,88 6,43 
Eh -0,43 -0,47 

T a 6 n ~ u a  6.19 

X b l ~ H ' l e ~ ~ H f i  COCTaB smlo'le~nfi B nOpynHOM KBapUe 30~10~0-cepe6p~t ior0 

MeCTOPOX.4eHHR C O ~ ~ ~ H O ~ O  

I Na + K 

n p M ~e r a H cl e . A M M O H M ~ ,  60p, cepa M ~ o ~ o p o ~  He 06Hapy~eHb1, Tr = 1 80° C. 

K O M ~ ~ O H ~ H T  

Na 0,326 26,80 0,052 31,14 0,189 27,35 
K 0,264 21,71 0,063 37,72 0,163 23,59 
M g 0,147 12,09 He 0 6 ~ .  He 0 6 ~ .  0,074 10,71 
Ca 0,432 35,53 0,045 26,95 0,238 34,44 
NH4 0,047 3,87 0,007 4,19 0,027 3,91 
Zkt 1,216 100,O 0,167 100,O 0,691 100,O 
HCO, 0,963 85,45 0,094 61,44 0,528 82,50 
F 0,094 8,34 0,033 21,57 0,064 10,O 
CI 0,07 6,21 0,026 16,99 0,048 7,50 
Za n 1,127 100,o 0,153 100,o 0,64 100,O 
C02 0,265 69,92 0,013 36 , l l  0,139 67,15 
CO 0,059 15,57 Cn. Cn. 0,030 14,49 
CH.4 He 0 6 ~  He 0 6 ~ .  0,005 13,89 0,002 0,97 
N2 0,055 14,511 0,018 50,O 0,036 17,39 
H20, Mac. 
~onsr,  % 0,084 0,288 0,186 
pH 7,23 6,09 6,7 
Eh -0,56 -0,48 -0,52 

492-n3 

MOnb 
K r  H,O 

M O ~ . %  

484-fl3 

~ 0 n b  
K r  H 2 0  

Cpefl~ee i 3  2 

~0fl.N - MOnb 
KT H20 

M0fl.% 



Na 
K 
M g 
Ca 

"'Ha 
Ckt 
HCO, 
CI 
IS 
C B 
F 
Can 

co2 
co 
C H 4 

"'2 

H2 

H20, Mac. 
A O ~ R , %  

P H 
Eh 

AyKTMBHblX C T ~ A M ~  M ~ C T O P O X A ~ H M ~ ~  BPYrMX @ o P M ~ ~ M G  6onee BblCOKMM COAep-  

X a H M e M  KaJlMR, HaJlM'iMeM @ T o p a  B OCTaTO'iHblX PaCTBOpaX, H M ~ K O G  ~ e J l M ' i M H 0 i  

pH M CpaBHMTeJlbHO BblCOKMM OKMCJlMTeJlbHO-BOCCTaHOBMTenbHblM nOTeH4MaJlOM. 

u 3  npMBeaeHHblX XMMM'ieCKMX aHaJlM30B r)(<B MOXHO BMneTb  o 6 q ~ e  'iepTbl 

PaCTBOpOB nPOaYKTMBHblX C T ~ A M ~  M ~ C T O ~ O X ~ ~ H M ~  pa3JlM'iHblX reHeTM'ieCKMX 

TMnOB (~a6n .  6.2 1 ) . Ha C T ~ H A ~ P T H O C T ~  flPMPOAH blX PaCTBOPOB M nOCTORHCTB0 MX 

~ H M O H H O ~  rpyflflbl, K ~ K  X ~ P ~ K T ~ ~ H Y I O  ~ ~ P T Y  ~ H ~ O ~ ~ H H O ~ O  P Y ~ O O ~ ~ ~ ~ O B ~ H M F I ,  H e -  

O ~ H O K ~ ~ T H O  y K a 3 b l ~ a J l  n . H .  OB'~MHHMKOB. 6 r a 3 0 ~ 0 h  @ 8 3 e  B ~ J ~ M ~ M H ~  OTHOLU~HMR 

OKMCJleHHblX @OPM Y m e p O a a  K BOCCTaHOBJleHHblM @ O P M ~ M  ~ a ~ 6 o n e e  HM3KaR B 

rMJ,pOTepMaX M ~ C T O ~ O > ~ ~ ~ H M ~  M a J l o c y J l b @ M ~ ~ ~ i  @ O P M ~ ~ M M ,  T.e.  B ~ a k 1 6 o n e e  m y -  

~ M H H ~ I X .  

O T J ~ O > K ~ H M ~  pya M3Y'ieHHblX M ~ C T O P O > ~ ~ ~ H M ~  30JlOTa nPOXOaMJl0 n p M  HM3- 

KOM OKMCJlMTeJlbHO-BOCCTaHOBMTeJlbHOM l lOTeH4MaJle B YCJlOBMRX, ~JIM~KMX K HeG- 

~ p a J l b H b l M .  C Y M ~ H ~ L L ~ ~ H M ~ M  rJly6MHbl @OPMMPOB~HI/IFI M ~ C T O P O > Y ~ ~ H M ~  B ~ J ~ M ~ M H ~  

pH rM)l,pOTepMaJlbHblX PaCTBOpOB YMeHbLUaJlaCb, a OKMCnMTeJlbHO-BOCCTaHOBM- 

TeJlbHbli nOTeH4MaJl BO3paCTaJl.  3 0 J l O ~ O p y ~ ~ b l e  rM,QpOTepMaJlbHble MeCTOpOX-  

aeHMR npMaM)'pbR C @ O P M M ~ O B ~ J ~ M C ~  B AMaf la3OHe T e M n e p a T y p  400-80'. OCHOB- 



H o e  KOJlM'ieCTBO CaMOpOaHOrO 3OJlOTa Bbl,4eflMflOCb M3 PaCTBOPOB B CpaBHMTenb- 

HO Y3KOM TeMnePaTYPHOM MHTepBaJle 2 5 0 - 1 8 0 ° C O B M e C T H 0  C n03aHMMM cyJlb@M- 

AaMM ~ P O ~ Y K T M B H O ~ ~  CTaaMM. 

~ P M  @OPMMPOB~HMM M ~ C T O P O X ~ ~ H M ~ ~  30JlOTa Pa3HblX @ o P M ~ L & ~ ~  B npea- 
p y ~ ~ b l f i  n e p M O a  rMapOTepMaJ lbHb le  PaCTBOPbl 6 b l f l ~  0 6 0 r a ~ e ~ b l  KaJlbqMeM, Ka- 

JlMeM, cep0i M YrJleKMCnblM r a 3 O M .  O T J ~ O X ~ H M ~  PYA npOMCXOAMJl0 f lpM HM3KOM 

OKMCJlMTeJlbHO-BOCCTaHOBMTeJlbHOM nOTeHuMaJle B YCJlOBMRX, ~ A M ~ K M X  K ~ e f i ~ p a f l b -  

HblM, M3 6 e a ~ b l x  cep0i ~ ~ ~ ~ ~ ' ~ H o - x ~ ~ o ~ M A H o - ~ M K ~ ~ ~ o H ~ T H ~ I x  PaCTBOPOB C C Y u e -  

CTBeHHblM n p e o 6 n a ~ a ~ ~ e ~  HaTPMR H a A  KaJlMeM n p M  ~OBblLUeHHOM CO,4epXaHMM 

xnopa B rpynne a H M o H o s  M M e T a H a  B r a 3 0 ~ 0 i  c o c ~ a ~ n ~ ~ t o u e f i .  ~ O ~ O T O - c e -  
p e 6 p R ~ b l e  py,Qbl M ~ C T O P O X A ~ H M ~ ~  Y ~ O T O - C Y ~ ~ @ M , L ( H O ~  @ O P M ~ ~ M M ,  CBR3aHHblX C 

ByJlKaHMTaMM, OTJlaraf lMCb nPM 6onee B~ ICOKOM OKMCJlMTeflbHO-BOCCTaHOBMTeJlb- 

HOM fl~TeHL&laJle M3 6 n M 3 ~ e f i T p a J l b ~ b l ~  ~ ~ C T B O ~ O B ,  6 KOTOP~IX  ~ a f l ~ i  CpeAM KaTM- 

OH06  MMeJl 6 0 n b w e e  MJlM PaBHOe C HaTpMeM 3Ha'ieHMe. ~ ~ O C T P Y ~ H ~ I ~  PaCTBOPbl 

H a  MeCTOPOXAeHMFIX BCeX @ o p ~ a U M f i  XapaKTepM30BaJlMCb ~ M K ~ ~ ~ o H ~ T H o - K ~ J I ~ -  

UMeBblM C o c T a s o M  c donee B ~ I C O K O ~ ~  noneti a s o ~ a  B rasosoi coc~asn~touei?.  

M ~ T ~ M O P @ M ~ M  CaMOPOAHOrO 30JlOTa LUMPOKO nPORBJleH H a  MeCTOpO>yqeHMRX 

C M X O T ~ - A ~ ~ M H C K O ~ ~  M & ' K ~ ~ , ~ M H c K o ~ ~  ~ ~ J ~ O T O H O C H ~ I X  ~ IPOBMHLI ,M~.  Ha M H o r o -  

BepUlMHHOM MeCTOpOX,4eHMM M3BeCTHbl KaK MeXPYaHb le ,  TaK M nOCTPYAHble M a r -  

MaTu' iecKMe 0 6 p a 3 0 ~ a ~ ~ ~ 1 ,  n e p e c e K a t o u M e  ~ O ~ O T O H O C H ~ I ~  X M ~ ~ I  M H e p e a K O  co- 
A e p X a u M e  KCeHOJlMTbl PYab l .   TO n03BOJlMJlO CPaBHMBaTb H ~ M ~ T ~ M O ~ @ M ~ O B ~ H -  

~ b l f i  KBaPU M CaMOpOaHOe 30JlOTO C KBapUeM M 30JlOTOM M3 KCeHOJlMTOB PYAbl, 

BKJlD'ieHHblX B a ~ a 6 a 3 a x .  f l p M  3TOM yCTaHOBJleH0, '-IT0 KBapU  n0a BJlMRHMeM T e p -  

MM'ieCKOrO M ~ T ~ M O ~ @ M ~ M ~  npaKTM'ieCKM JlMUlMJlCR Ta30BO-XMaKMX B~J l tO ' ie~Mf i .  

B H e M  H e  yCTaHOBJleH0 BOabl, OKMCM YrJ lepOaa,  MeTaHa,  BO,4OpOAa M aMMOHMR 

( ~ a 6 n .  6.22). H ~ K O T O ~ O ~  KOJlM'-IeCTBO ~0J le f i  COXpaHMJlOCb H a  CTeHKaX paspy- 
LUeHHblX B a ~ y o f l e i ? ,  HO COAepXaHMe MX M COOTHOLUeHMe aHMOHOB M KaTMOHOB H e  

COOTBeTCTByOT COCTaBy B ~ J l t o ' i e ~ M f i  €3 H ~ M ~ T ~ M O P @ M ~ O B ~ H H O M  KBapUe.  Y C T ~ H O B -  

JleHO T a K X e  MHTeHCMBHOe M3MeHeHMe CaMOPOflHOrO 30JlOTa n0a BnMRHMeM TenJ la  

MHTPY3MBHOTO Tef la .  B I l pOqeCCe  TepMM'ieCKOrO M ~ T ~ M O ~ @ M ~ M ~  r>KB 6 3OJlOTMHaX 

n o a H R n M c b  K n o B e p x H o c T M  KpMcTanna  ~ o 6 p a 3 o ~ a n ~  Bb lnyKnb le  n o n y c @ e p b ~ ,  a B 

HeKOTOPblX CJlY'iaRX flPOM30LUflO B3PblBaHMe B a ~ y o J l e i .  6 MeJlKOM 30JlOTe, ~ 0 6 ~ -  
TOM ~3 KceHonMTa B a~adaae ,  H e  0 6 ~ a p y X e ~ 0  rases M B O ~ ~ I ,  a c o a e p x a H M e  M 

COOTHOLUeHMe aHMOHOB M KaTMOHOB H e  COOTBeTCTBYeT COaepXaHMtO 3TMX KOMnO- 

HeHTOB B H ~ M ~ T ~ M O ~ @ M ~ O B ~ H H O M  30JlOTe (~a6n.6.23, 6.24). fl0 XMMM'ieCKOMY 

COCTaBy M ~ T ~ M O ~ @ M ~ O B ~ H H O ~  30JlOTO 'ieTK0 OTJlM'iaeTCF1 OT H ~ M ~ T ~ M O ~ @ M ~ O B ~ H -  

H o r o  ( ~ 3  3 ~ 0 1 - o  x e  p y ~ ~ o 1 - 0  ~ e n a )  a ~ a . ~ ~ ~ e n b ~ o  6onee B ~ I C O K O ~  npo6ofi aono~a, 
nOBbl lUeHHblM COAepXaHMeM TpyaHOneTy' iMX 3JleMeHTOB ( X e J l e 3 0 ,  HMKeJlb, KO- 

6 a f l b ~ ,  nJlaTMHa, Meflb) M IlpaKTM'ieCKM flOJlHblM OTCYCTBMeM JlerKOJleT)/'-IMX (~a6n .  
6.24). 

M ~ T ~ M O P @ M ~ M  CaMOPOAHOrO 30 f lOTa BJlMRHMeM TenJ la  MHTPY3MBHblXTeJl 

(LUTOKOB rPaHMTOMAOB M A a e K  ~OP@MPMTOB)  ~ a 6 n m ~ a n c ~  HaMM H a  TOK~PCKOM M 



Na 
K 
Mg 
Ca 

NH, 
I k t  
HCO, 
CI 
Ean 

N a 
K 
Mg 
Ca 

NH4 
Ckt 
HCO, 
C I 
Can 
coz 
CO 

CH4 
N2 

H,O, 
~ a c . , q o n ~ , %  

n po6a Au 



6e, B ~ R T O ~  H ~ ~ O C ~ ~ A C T B ~ H H O  M3 K C ~ H O J ~ M T ~  ~ O ~ ~ O T O H O C H O ~ O  K B a p U a ,  0 6 ~ a p y x e H b l  

~OJIOTMH~I c o ~ p y r n o i  6 n e c ~ ~ ~ q e i  n o ~ e p x ~ o c - r b t o  c ~ P M ~ H ~ K ~ M M  pacnaaa T s e p -  

Aoro p a c T B o p a  3 0 ~ 1 0 ~ 0 - c e p e 6 p 0  C 0 6 0 c o 6 n e ~ ~ e ~  B ~ I C O K O ~ ~ O ~ H O ~ O  3 o n o ~ a  OT 

H M ~ K O ~ ~ O ~ H O ~ O .  C ~ M O ~ O A H O ~  3 0 J l 0 ~ 0  M3 npo6, O T O ~ ~ ~ H H ~ I X  H a  P a 3 H O M  YaaJle- 
HMM OT AMOPMTOBOrO WTOKa, OTJlM'iaeTCR H e  TOflbKO no @ 0 p M e ,  HO M no K p y n H O -  

CTM B b l ~ e J l e H M i .  S A M 3  WTOKa P a 3 M e P H O C T b  30J lOTa +0,2 M M ,  a H a  YaaJleHMM 100- 
200 M - -0,2 M M .  

B A ~ ~ ~ I H C K O ~  ~ O J ~ O T O H O C H O ~  3 0 H e  ( B ~ P X O B ~ R  C e J l e ~ f l ~ M )  ~a6ntoaanc~ M e -  

T E ~ M O P @ M ~ M  CaMOPOaHOrO 30J lOTa nMH3b l  MeTaCOMaTMCleCKMX ~ ~ ~ ~ ~ M T v I T o B ,  KOTO- 

p a g  n e p e c e K a e T c g  M O U H O ~  (20 M)  g a i ~ o i  @ e n b a l / r ~ - n o p @ ~ p o s .  B 6 n ~ 3 ~  KoHTaKTa 

XOPOWO 0 6 p a 3 0 B a H H b l e  KpMCTaflJlbl  3OJlOTa MMelOT I lOBblWeHHYlO np06y - 887, B 

50 M - 858, B 120 M - 838. 6 I l p e a e J l a X  KOHTaKTHOrO opeofla A ~ ~ K M  B CaMOpOAHOM 

30J lOTe OTCYTCTBylOT I l p M M e C M  PTYTM, MblLUbRKa M CYPbMbl .  n p M  ~ ~ M ~ ~ M X ~ H M M  K 

A a i K e  M3MeHReTCFI @ 0 p M a  3 0 f l O T a .  H ~ ~ O C ~ ~ , Q C T B ~ H H O  H a  KOHTaKTe BCTpe'iatOTCFI 

K p M C T a n f l b l 3 0 f l O T a ,  H a  nOBepXHOCTM KOTOPblX BMAHbl CTYIleH' iaTble @ M r y p b l  POCTa. 

B g a n ~  OT a a i ~ k l  XOPOWO 0 6 p a 3 0 B a ~ ~ b l e  KpMCTanf lb l  30J lOTa H e  BCTpe'iatOTCR, a 
npeo6na~a10~ XMflKOBMAHOnflaCTMH'iaTble, PeXe KOMKOBMAHO-Yrf lOBaTble L4 K a n -  

f l e B M a H b l e  @ O P M ~ I .  T ~ K M M  o 6 p a 3 0 ~ ,  noA BnMFIHMeM T e n f l a  V I H T P Y ~ M ~  30 f lOTO B 

P Y A H ~ I X  T e n a x  nepepacnpeaenmocb, @ o p ~ ~ p o e a n ~ c b  p e r e H e p M p o e a H H b l e  pya- 
H b l e  ~ ~ 0 f l 6 b l  c 6onee K P Y ~ H ~ I M  3 0 f l 0 ~ 0 ~ .  ~ ~ ~ M ~ H M J I M c ~ T ~ K x ~  X M M M ' ~ ~ C K M ~ ~  C O C T ~ B ,  

@ 0 p M a  M BHYTpeHHFlFI CTPYKTYPa 3OJlOTMH. n p o ~ e f l e ~ ~ b l e  HaMM ( M O M C ~ ~ H K O ,  1977) 
na60pa~op~ble OnblTbl  I lOATBePAMf lM  KT n e p e p a C f l p e a e f l e H M F I  3 0 f l O T a ,  M 3 M e -  

H e H M e  ero c o c T a e a  M p a a ~ e p o s  s b l n e n e ~ ~ h  n p M  n o s b l u e H M v l  T e M n e p a T y p b l .  n p ~  
H a r p e s a H M M  a ~ u l n v l @ a  pyab~ c TOKYPCKO~O M e c T o p o x n e H M g  AO 700° C B a e p ~ a x  
a p C e H 0 n M p M T a  BaOJ lb  MMKPOTpeUMH nOFIBMflMCbCpaBHMTeflbH0 KPYnHb le  B b l a e J l e -  

HMR 3 0 n o ~ a  ( y e e n w e ~ v l e  1200 paa). I l o c n e a y t o L q ~ e  o n b ~ ~ b ~  n o ~ a 3 a n ~ 1 ,  C~TO y K p y n -  

HeHMe 3OnOTa npOMCX0,QMT I lpeMMyLqeCTBeHHO n p M  T e M n e p a T Y p a X  400-60O0C. n p M  

6onee MHTeHcMBt ioM M a n M T e n b H o M  H a r p e s a H M M  H a 6 f l l O ~ a e ~ c R  ero a e w ~ ~ e r p a -  
UMR a0 TOHKOAMCnePCHOrO COCTOFIHMFI. C J ~ ~ ~ O B ~ T € ? J ~ ~ H O ,  Y K P Y ~ H ~ H M ~  M KOHUeHT- 

paUMR 3 O n O T a  MOrYT nPOMCXOAMTb B YCJlOBMFIX H M ~ K O ~  M c p e a ~ e i  CTyneHM M e T a -  



M O P @ M ~ M ~  I lOpOa ,  B TO BpeMR KaK Ha  YVaCTKaX 6onee B~ICOKOG CTyfleHM MeTa-  

M O P @ M ~ M ~  30JlOTO PaCCeMBaeTCR. no JJaHHblM npOBeaeHHb lX  3KCnepMMeHTOB 

( ~ c e r o  Bb lnonHeHo  6onee 400 O ~ ~ I T O B )  c y e e n w e H M e M  T e M n e p a T y p b l  c a M o p o a -  

H o e  3 o n 0 ~ 0  0 6 o r a u a e ~ c ~  x e n e s o ~  M n n a ~ ~ ~ o 9  M 0 6 e a ~ R e T c R  c e p e 6 p 0 ~ ,  
MblUbRKOM, C Y P ~ M O ~  M PTYTbtO. 

n p e o 6 p a 3 o ~ a ~ ~ ~  aono~a n p ~  ~ e ~ a ~ o p @ ~ a ~ e  0 6 y c n o ~ n e ~ b l  n p o q e c c a M M  

~ M @ @ Y ~ M M .  A B M X Y ~ ~ ~ ~  CMJ~CG ~ M @ @ Y ~ M M ,  H a n p M M e p ,  B CMCTeMe 3 0 n 0 ~ 0 - c e p e 6 ;  

PO RBnReTCR Pa3HOCTb TePMOaMHaMMVeCKMX nOTeH4MaJlOB, KOTOPble B I l p O ~ e C C e  

, ~ M @ @ Y ~ M M  BblpaBHMBaDTCR. K O ~ @ @ M L & I ~ H T ~ I  ~ M @ @ Y ~ M M  cepe6pa BO MHOrO p a 3  

6 0 n b u ~ e  TaKOBblX 30JlOTa. ~ O ~ T O M Y  n p M  KOHTaKTOBOM M ~ T ~ M O P @ M ~ M ~  MMeHHO 

cepe6po n o ~ ~ ~ l a e ~ a o n o ~ o  M npo6a n o c n e a H e r o  n o s b l w a e T c R .  n p v l  ~ ~ I C T P O M  paao- 
r p e B e  CMCTeMbl CKOPOCTM ~ M @ @ Y ~ M M  B OnblTaX C CaMOPOflHblM 30JlOTOM MHOTO- 

KPaTHO IlOBblll laJlMCb. ~ / I H T ~ ~ ~ c H o ,  r T 0  CKOPOCT~ ~ M @ @ Y ~ M M  B C ~ M O P O ~ H O G  CMC- 

T e M e  3 o n o ~ o - c e p e 6 p o  6onee r e M  B 1000 p a 3  n p e s b l u a e T  CKOPOCT~  A M @ @ Y ~ M M  

3TMX 3neMeHTOB B MX qMCTblX CnnaBaX.  TO O ~ ~ R C H R ~ T C R  TeM,  VTO B I lPMPOaHOM 

3 O n O T e  n O M M M 0  cepe6pa C O A e p X a T C R  MMKpOnpVlMeCM M M H e p a n O B  PTyTM, 

MblWbRKa, CyPbMbl  M APYrMX KOMnOHeHTOB, KOTOPble n p M  HarpeBaHMM YneTyVMBa- 

DTCR, pa3pb lXnRR CTPYKTYPY c 0 6 p a 3 0 B a ~ M e ~  ~~~~~~~0 qllCJla n O p  M MMKpOTpe- 

~ M H .  O ~ ~ T M M ~ R  ~ M @ @ Y ~ M R  aono~a M cepe6pa B o n p e a e n e H H b l x  cpeaax M o x e T  

npoMcxoAMTb  saxe n p M  T e M n e p a T y p e  100° C, a BO~MOXHO,  M n p M  6onee H M ~ K M X  

T e M n e p a T y p a x .  Ho B K s a p q e  K O ~ @ @ M ~ M ~ H T  A M @ @ ~ ~ M M  aono~a  r p e 3 s b l r a i i ~ o  HM- 

~ O K  aaxe n p M  T e M n e p a r y p e  6onee 800° C. 
6 3aKJltOVeHMe OTMeTMM rnaBHb le  nPM3HaKM M ~ T ~ M O P @ M ~ M ~  CaMOPOaHOTO 

3OJlOTa: 1 )  BblCOKaR AMCnePCMR ~ P O ~ H O C T M  M I lOBblWeHHaR npo6a 3 0 J l 0 ~ a ;  2) HM3- 

K o e  c o a e p x a H M e  MnM npaKTurecKM oTcy-rcTBMe B C a M o p o a H o M  3 0 n o ~ e  nertcone- 
Ty'iMX 3JleMeHTOB (PTYTVI, CYPbMbl, ~ b l l l l b ~ ~ a ) ;  3) HaJlM'iMe PereHepMpOBaHHblX 

H M ~ K O ~ P O ~ H ~ I X  M B ~ I C O K O ~ P O ~ H ~ I X  0 6 0 n o q e ~  H a  30JlOTMHaX; 4) pa3BMTMe BOKPYr 

~ O ~ O T M H  BO B M e u a t o u M x  M M H e p a n a x  BeHrMKa TMna cca~esn~oe ~e60,, 1/13  AM@@^- 
3MOHHblXVaCTM~30J lOTa M cepe6pa; 5) l l lMpOKOe I lpORBneHMe 30nOTMH C OTCleTnM- 

6 0  BblPaXeHHblM KpMCTaJlJlMqeCKMM CTpOeHMeM; 6) OTCyTCTBMe nePBMqHblX Ta30B0- 

XMaKMX B K J ~ ~ O ~ ~ H M ~ .  



7.1. QEOCHOBAHME BbI,4EJlEHU5l30JlOTOPYAHblX CUCTEM 

p e 3 s b l r a i ~ o e  p a 3 ~ 0 0 6 p a 3 c l e  @ o p ~  M ycnoe~k  n p o g s n e t i m  sono~oro opy- 
~ ~ ~ H ~ H L I R  y ~ a 3 b l ~ E i e T  i-la ~ ~ 0 r 0 0 d p a 3 M f 3  MeXaHM3MOB p y f l 0 ~ 1 6 p a 3 0 ~ a H M R  M YC- 

~ O X H R ~ T ~ ~ ~ O ~ ~ C C  ~ O ~ H ~ H M R .  Y p o B e l i b  0 6 0 6 u e ~ ~ i ,  O C H O B ~ H H ~ I ~  H a  aHaJlM3e C T ~ -  

T C I ~ ~ ~ C K M X  I ~ ~ ~ T ~ ~ ~ ~ ~ O ~ ~ H C I ~ ~ C K I / ~ X T ~ K C O H O B   ORCO COB, ~ ~ O B M H ~ M ~ ,  3 0 ~ ) ~  HeaOCTaTGCIHO 

~ @ @ ~ K T M B ~ H  A ~ R  M e T a n n o r e H w e c K o r o  a ~ a n ~ 3 a .  c T o n b  p a 3 ~ 0 0 6 p a 3 ~ 0 r 0  @ ~ K T M -  

' i e cKo ro  M a T e p M a n a .  H y x ~ a  KoHuenTyanbHaR T e o p e T M r e c K a R  o c H o s a .  

C qenbm C O ~ ~ ~ H H R  ~oaeneE  r e o n o r w e c K M x  y c n o ~ ~ i  p y f l o o 6 p a 3 0 s a ~ ~ ~  

r e o n o r M  r a c T o  o 6 p a ~ a t o ~ c s  K CMcTeMHoMy a ~ a n ~ 3 y .  ,~J-IR H a c T o R U e r o  M c c n e a o -  

BaHMR npeaCTaBJlRIOT MHTepeC AMHaMM'iHble M PeTpOCneKTMBHble CMCTeMbl, n 0 3 -  

BOJlRIOuMe CMHTe3MPOBaTb TeHeTMqeCKMe aCneKTbl  ( K O C ~ I ~ M H ,  C O ~ O B ~ ~ B ,  1969; 
6 0 r a q ~ M f i ,  1986). 0 6 b l q ~ 0  BblAeJlRIOTCR PYaHO-MarMaTM'ieCKMe CMCTeMbl (C/IBaH- 

KMH, P ~ ~ M H O B W ,  1971 ; Bnac0~~1975; C ~ X O B ,  1979; P O M ~ H O B C K M ~ ~ ,  1987; LUMJl0 M 

ap., 1988), B KOTOPblX OPYaeHeHMe TeCHO YB93blBaeTCR C BYJ~K~HO-~J I ) 'TOHM' - I~C-  

KMMM UeHTpaMM M TPaHMTOMflHblMM MHTPY3MRMM. T ~ K o ~  I lOAXOa I lPMMeHMM K 3 0 -  

JlOTOpyflHblM M e C T O P O w e H M R M  JlMUJb qaCTM'iH0, TaK KaK BO MHOrMX CJlYqaRX OPY- 

A e H e H M e  H e  O ~ H ~ ~ Y X M B ~ ~ T  CBR3M C M a r M a T M 3 M O M  M er0 @ O ~ M M ~ O B ~ H M ~  

OnpefleJl9eTCR @ ~ K T O ~ ~ M M  MHOrO XapaKTepa ,  H a n p M M e p ,  CTeneHbtO @ ~ M M ~ H O C T M  

- CMaJlMqHOCTM ~ ~ M H O G  KOPbl, COCTaBOM, MOUHOCTbtO M CTpOeHMeM reOCMHKJlM- 

HaJlbHblX KOMllJleKCOB, BblnOJlHRIOUMX H a  OnpeaeJ leHHblX  3 T a n a X  pyaoo6paaosa- 
H E 9  PYaOreHePMPYIOUYIO  M 3KPaHMPYIOUYIO P O n b ,  M ~ T ~ M O P @ M ~ M O M  n O p O a ,  

x a p a K T e p o M  o p o r e H M r e c K M x  npoqeccoe 11 T. a. C n e a o ~ a ~ e n b ~ o ,  H ~ O ~ X O A M M  M H O ~ ,  

gonee UJMPOKLI~ noaxoa, K O T O P ~ I ~  y'iMTblBan 6 b 1  B c e  p a 3 ~ 0 0 6 p a 3 ~ e  @ a ~ ~ o p o s ,  
XapaKTepM3yIOlqMXCpef ly  r e H e p a q M M  PYaOHOCHblX PaCTBOPOB, YCJlOBMR MXTpaHC- 

nOPTMPOBKM M KaqeCTBO CTPYKTyP JlOKaJlM3a4MM, MHTeHCMBHOCTb nOCTPYaHblX OPO- 

reHM'ieCKMX npOqeCCOB, I lPMBOaRuMX K YHM'iTOXeHMtO OPYaeHeHMR. B a a M ~ o a e i -  

CTBMe f3 npOCTpaHCTBe M BpeMeHM BCeX 3TMX @~KTOPOB COCTaBflReT BMeCTe eaMHYIO 

AMHaMMqeCKYKl CMCTBMY, KOTOPYIO M b l  MMeHyeM ~ ~ J ~ O T O P Y ~ H O ~  C M C T ~ M O ~  (3C). 
B b l a e f l R e ~ b l e  3C OTJlMqaIOTCR T ~ C H O ~  CBR3blO C KOHKpeTHblMM reOTeKTOHMqeCKM- 

MM CTPYKTypaMM, B KOTOPblX OHM 3 a p O w a I O T C R l  @YHK~MOHMPYIOT M OTMMPaIOT, M 

BCJleaCTBLle 3 T O r 0  XapaKTePM3YIOTC9 p a 3 ~ 0 0 6 p a 3 H b l ~ M  MeTaJlJlOreHMqeCKMMM 

O C O ~ ~ H H O C T R M M ,  IlPORBJlRIOUMMMCR B Onpef leneHHblX qaCTRX CMCTeMbl M B O n p e -  

AeJleHHOe I-eOJlOrMqeCKOe BpeMR.  6 TaKOM Ka'ieCTBe 30f iOTOPOaHble CMCTeMbl H a  

A a J l b H e ~  ~ O C T O K ~  BblaeJlReTCR BnepBb le .  M a e ~  T ~ C H O ~  CBR3M 3C C pa3BMTMeM 

n o A e M x t i b r x  TTC c o r n a c y e T c R  c KnaccMqecKMMM n p e a c T a s n e H m M M  K). A. 6w-w- 
6 ~ ~ a  M er0 LUKOJlbl. 

7.2. TUnM3A4U5l30JlOTOPY,4HblX CMCTEM 

3 OJlOTOpyaHble CMCTeMbl A a J l b ~ e r 0  BOCTOK~ K). L/1. 6 a ~ y f l M ~  ( 1 987) KJlaCCM- 

@ M ~ M P Y ~ T  B 3aBMCMMOCTM OT MOUHOCTM M rf3OXMMMqeCKOTO TMna 3 e ~ H 0 i  KO- 

pb~, r e o a M H a M M q e c K o r o  p e x M M a  06nac-r~ r e H e p a q m ,  c o c T a s a  ~ e ~ a ~ o p @ ~ ' i c c -  



KMX M MarMaTMqeCKMX KOMllJleKCOB. H ~ M M  3OnOTOpyflHble CMCTeMbl YBR3blBatOTCR 

f lpewe BCerO C M C T O P M ~ ~ ~  Pa3BMTMR IlOflBMXHblX reOTeKTOHMqeCKMX CTPyKTyP. 3 C  
RBnReTCR IlpOflyKTOM 3TOrO PaBBMTMR, MJlM ClaCTbtO ~ ~ M H E ~ M M ~ ~ c K o ~ ~  reOnOrMqeC- 

K O ~  CMCTeMbl, T ~ K O G ,  KaK rCO MnM CTPYKTYPbl TMA, KOTOPble M O W  BKJltOqaTb TaK- 

Xe PYflOHOCHble CMCTeMbl MHblXTMflOB (O~OBOHOCH ble, KOJlqeflaHHble M flp.). 6 3 a -  

BMCMMOCTM OT rn06anb~blx M p e r M o H a n b t i b l x  y cnos~ i7  ~ ~ ~ B M T M F I  r C O  
3OnOTOpyflHble CMCTeMbl M O W  XapaKTepM30BaTbCR OIlpefleJleHHblMM (no TMny M 

K ~ ~ ~ C T B Y )  O ~ ~ ~ C T R M M  re t i epauMM,  n e p e H o c a  M ~ O K ~ J I M ~ ~ ~ M M ,  a MX c o x p a H H o c T b  

R B J ~ R ~ T C R @ Y H K ~ M ~ ~ ~ M H T ~ H C M B H O C T M ~ O C T ~ ~ ~ ~ H O ~ O O ~ O ~ ~ H ~ ~ ~ .  

M~etOu_lMficFI @ ~ K T M ~ ~ C K M ~ ~  MaTepMaJl CBMAeTeJlbCTByeT 0 TOM, qTO 3 C  npefl- 
CTaBJlRtoT co6oii PeTpOCneKTMBHble nMHaMM'ieCKMe CMCTeMbl ( K O C ~ I ~ M H ,  C O J ~ O B ~ ~ B ,  
1969), KoTopb le  3 a p o w a t o ~ c ~  B npor~6ax p a 3 n ~ r ~ o r o  n p o v l c x o w e H m  ( ~ ~ O C M H -  

KJlMHaJlbHblX, HaJlOXeHHblX, KpaeBblX, TePPMreHHblX, ByJlKaHOreHHblX M AP.), 3anO-  

X ~ H H ~ I X  B ~ O H ~ X  r J l y 6 M H H b l ~  P ~ ~ J ~ O M O B  Ha  K O P ~  @ ~ M M ' ~ ~ C K O ~ O  ~ M n a .  H a n p ~ ~ e p ,  B 

npeflenax TCO yxe H a  r e o c ~ ~ m ~ ~ a n b ~ o f i  cTap,MM HaKannMsatoTcR 0 6 0 r a u _ l e ~ ~ b l e  

30JlOTOM @ O P M ~ ~ M M  ( y r J l e p ~ f l M ~ T b l e ,  B y J l K a ~ ~ r e H H b l e ) ,  M3 KOTOPblX 30JlOTO MO- 

X e T  6 b l ~ b  M O ~ M J ~ M ~ O B ~ H O  n p M  M ~ T ~ M O ~ @ M ~ M ~  M KOTOPble B p , a J l b H e i L U e ~  MOrYT 

MrpaTb  p o n b  ~ K ~ ~ H O B  n p M  n e p e H o c e  M p y f l o n o ~ a n ~ 3 a u ~ ~ .  3 ~ o  n p o ~ c x o f l ~ ~  H a  

cTaflMM MHBepcMM M p a H H e r o  opore~eaa Hap, o q a r a M M  r n y 6 ~ ~ ~ 0 r o  paaynno~~e-  
H MFI, KOr,Qa reOCMHKJlMHaJlbHble KOMnneKCbl CMMHatOTCR B CKJlaflKM M BO3HMKatOT 

CTPYKTYPHble JlOBYUIKM, nPOMCXOAMT PerMOHaJlbHOe I l epepaCnpeAeJ leHMe YrJlepO- 

p,l/rcToro seqecma, cnoco6c~~ytoqero n e p e H o c y  M o c a w e H M t O  sono~a M c y n b -  

@l/rp,os. A a n b ~ e f i u e e  P ~ ~ B M T M ~  o p o r e n w e c K M x  n p o u e c c o B  npMBoflMT K ~ H A O T ~ H -  

HOMY M 3K30reHHOMY YHMqTOXeHMto 30JlOTOrO OpYfleHeHMR. Lonee AeTaJlbHO 

M o n e n b  ~ ~ ~ B M T M R  3 C  rCO n p e n c T a s n e n a  H a  p ~ c .  7.1, 7.3. B CTpyKTypaX TMA 
pa3BMTMe 3C CXOflHOe, HO no 6onee nPOCTblM CXeMaM (PMC. 7.2,7.4). Ha n e p ~ b l f i  

flJlaH 3AeCb  BblCTynatoT TaKMe nOKa3aTeJlM, KaK CBR3b OpyfleHeHMR C MarMaTM3-  

MOM (Ha C T ~ A M M  r e ~ e p a u ~ ~ ,  nepe~oca M ~ O K ~ J I M ~ ~ U M M ) ,  r e o x ~ ~ w e c ~ ~ e  3 ~ p a ~ b 1  

M KMCJlOPOAHble 6 a p b e p b l .  C K ~ ~ ~ H H O ~  nOflTBep>yqaeT BblBOA 0 AMHaMMqeCKOM 

P e r ~ o ~ a n b ~ b l e  3C 
I nopna~a 

II n o p w ~ a  

l l o ~ a n b ~ b ~ e  sono- 
TOPyaHble 
CLlCTeMbl 

r e o c ~ ~ ~ n ~ l n a n b ~ b l e  cltnw- 
qa~ble o 6 n a c ~ ~  (TCO), 
o 6 n a c ~ ~  TeKTOHO-MarMa- 
T M C ~ ~ C K O A  aKTMBL43a4MM 
(TMA) 
CPYKT~PHO-@O~M~UMOH- 
Hble 30Hbl ('4a~TL.l rCO 
MnM o6nac~eh TMA) 

Bt iaore~~bte oraroeble 
CTPYw'Pbl 

Me~annore~nrec~au  
06nacTb, npOBLlHLplR 

M e ~ a n n o r e ~ w e c l t ~ e  
30Hbl 

P ~ A H ~ I ~  yanbi, p a h o ~ b ~  



Murme H cpcume =no- 
TOpyAWFde I*ecropox.ue- 
HHR 0 KynOilOBH.UHHX 

- ~ , r p a w w r o -  
wha Kynonax H &kax 

t 
Cnoxnvc ne@opx~po- 
BaKHhlC C- H Kyno- 
nopnnnble c l p y ~ ~ ~ p u  c 
loHaJlbH0 M C ' ~ Q . M O ~ H ~ O -  
MHHYMW KOMMCKCllMH 

nopon 
P 

n p o c ~ v e  ~opo6uarnre 
CKJIWKH H KyYlOJIOBKU- 
w c  npylcrypu B oceesor 
mnax rnf i i i~xw pamo- 
MOB 



npe,4CTaBJleHbl B OCHOBHOM TpeLL(MHHblMM CMCTeMaMM pa3JlMqHOrO PaHra, B@ BTO- 

TeJlbHO nOJlHee M KOHTpaCTHee, Bep~M~aJlb~bl i  pa3MaX OpyfleHeHMR B HMX 3Ha'iM- 

~ ~ H H O C T M  PaHHeMenoBble, naneoreHoBble M HeoreHoBble. M ~ B ~ C T H ~ I  Tame nane- 



I ~ m p o m e t n i f t  paHHem mana. 
06pmomme ~ y n m m m e c l w  m m - c e -  I 

TeKTOHO-MarMaTMqeCKMMM RBJleHMRMM f l O 3 A H e r O  O p O r e H e 3 a  f l p O ~ O ~ X a D T C R  k7 8 

~ ~ O C T ~ O J ~ O T O P Y ~ H  b l i  3 T a f l .  3Aecb C J l e A y e T  Y r  MTblBaTb, '-IT0 3C fl POTRrMBatOTCR fl0 

J l a T e p a n M  H a  COTHM KMJlOMeTPOB, n p M  BepTMKaJlbHOM p a 3 M a X e  - COTHM M e T P O B  ( B 

O r e H b  PeAKMX CJ ly raRX 6onee 1 - ~ K M ) .  C f l e f l ~ ~ a ~ e J l b ~ ~ ,  AaXe n p M  reOJ lOrMreCKM 

H ~ ~ O ~ ~ W M X  flOAHRTMF1X 38 HeCKOflbKO MMJlJlMOHOB ( M ~ M  AeCRTKOB M M J ~ J ~ M O H O B )  n e T  

M O r v  6b l~b  YHM' iTOXeHbI3p03MeG PerMOHaJ lbHb le  3C. 
~ ~ O A M ~ O B ~ H H O C T ~  3 C  M O X ~ T ~ ~ I T ~  c n a 6 o F 1 , o n ~ ~ l ~ a n b ~ o n  M r n y 6 0 ~ o i .  Cna- 

6 0 3 p 0 ~ k l p 0 ~ a ~ ~ b l e  3C  X a p a K T e p k l 3 y D T C R  npeMMyLL@CTBeHHO HeBCKPblTblMM 30- 

JlOTOPYAHblMM O ~ ~ ~ K T ~ M M  M y6oro i  poccblfl~ofi 30JlOTOHOCHOCTbK3, OnTMMaJlbHO- 

3 p O A M p O B a H b l e  - XOpOWO BCKPblTblMM 30JlOPYAHblMVI CTPYKTYPaMM M 6 0 r a ' r b l ~ M  



PMC. 7.3. C x e ~ a  p a , ? o ~ -  

TMR ~ O ~ O T O P Y A H O ~ ~  C M C T e M b l  

r e o c n ~ ~ n ~ ~ a n b ~ o f i  c K n a A q a -  

 TO^ 0 6 n a c ~ ~ .  
1 - By l lKaHMTbl  KMCnOrO M 

c p e A H e r o  c o c T a e a ;  2 - necra- 
H b l e  M r n M H M C T b l e  O C a A K M  C 

rOPM3OHTaMM YrnePOAMCTblX M 

C ~ ~ ~ ~ ~ M A L I ~ M ~ O B ~ H H M X  rIOp0,Q; 

3 - r p a H M T O M A H b l e  MHTPY3MM 

p a ~ b ~ e -  ( 1  ) t i  n o 3 f l ~ e o p o r e ~ ~ b 1 e  

(2); 4 - A ~ ? K M  f l O p @ ~ p M ~ o ~  ( I ) ,  
CKl laAKM Te'4eHMR ( 2 ) ;  5 - 3 0 n O -  

T o e  ( 1  ) M P e a K o M e T a n n b H o e  ( 2 )  

OpyAeHeHMsl ;  6 - K O M n n e K C  OC- 

H O B a H M s l  r e O C M H K n M H a n M  

( W T ~ M X O B K ~ ) ,  n e p E i M q ~ b l f i  m y -  

I l p O M b l U J l e H H b I M M  POCCblf lRMM 30J lOTa,  C O n P R X e H H b l M M  C KOHKPeTHblMM P y A H b l -  

M M  MCTOqHMKaMM. &lR ~ J ~ ~ ~ O K O ~ P O ~ M P O B ~ H H ~ I X  3C X a p a K T e p H b l  Bb lCOKOTeMf le -  

P a T y p H b l e  UJTOKBePKM M MMHepaJ lM3OBaHHb le  3 0 H b l  C PerMOHaf lbHO ~ ~ P O R B ~ ~ H H O ~  

p 0 ~ b l n H 0 g  30JlOTOHOCHOCTbtO. B I lOCJ leAHeM CJlYqae y B R 3 a T b  POCCblnM C KOHKpeT-  

HblMM PYAHb lMM MCTOqHMKaMM q a u e  B C e r O  H e  YAaeTCR. 

30Jl0~0pya~ble CMCTeMbl  rCO M O X H O  K J ~ ~ C C M @ M L ( M P O B ~ T ~  I l O  MX PaCnOJlO-  

X e H M t O  OTHOCMTeJlbHO OKpaMHbl  I l aJ leOOKeaHa,  BblAeJlRFl BHYrPMKOHTMHeHTaJlbHble 

( K > X H O B ~ ~ X O R H C K ~ R  M ) $ K ~ ~ , ~ M H c K ~ R  3C) M OKPaMHHble ( C M X O T ~ - A ~ M H C K ~ R )  3C. 
f lep~ble 6 J l a r o f l p M R ~ ~ b 1 ,  a BTOPb le  ~ e 6 J l a r 0 n p M R ~ H b l  p l t R  HaKOflJleHMR B E O C M H K -  

JlMHaJlbHytO CTaAMtO y r J l e p O ~ M C T b l X  M C ~ ~ ~ @ M , ~ O H O C H ~ I X  @ o P M ~ ~ M ~ ,  f lOJlOXMTeJlb- 

HO B~MRDUMX H a  npoqeccbl r e H e p a u M M  M p y ~ o n o ~ a n ~ 3 a q ~ ~ .  B a x ~ b l ~  n p ~ 3 ~ a -  
K O M  3C rCO RBJlReTCR C T e f l e H b  T ~ K T O H M ' ~ ~ C K O ~ ~  H a P Y W e H H O C T M  C K J ~ ~ ~ ~ ~ T O G  

C T p y K T y p b l  KaK @ ~ K T O P ~  JlOKaJlM3aL(MM 3OJlOTOrO O p y ~ e H e H M R .  H ~ J ~ M L U H R R  H a p y -  

U e H H O C T b  CTPYKTYPbl B e A e T  K paCCpeAOTO'4eHMtO @ J ~ I O M ~ H O ~ O  nOTOKa,  q T 0  O T p a -  

m a e T c R  H a  M ~ C U J T ~ ~ ~ X  o p y o e H e H M R .  

~ ~ P O A Y K T M B H O C T ~  3C OIlpe,4eSlReTCR KacleCTBOM M YCJlOBMRMM ~ 3 a M ~ 0 f l e i ~ ~ -  

BMR @~KTOPOB retiepaum, n e p e H o c a  M n o ~ a n ~ 3 a u ~ ~  o p y A e H e H m .  H a n p ~ ~ e p ,  





H e T  f lOTeH4MtO M a r M a T M q e C K O r O  OqaI-a. H a f l M q M e  3 K p a H a  T a K X e  H e  r a p a H T M p y e T  

M e C T O P O W e H M R ,  e C n M  OH H e  o 6 p a 3 y e ~  Ky f lO f la ,  aHTMKJlMHaJlM, T.  e. C T P Y K ~ P H O ~ ~  

n o s y w ~ ~ ,  a n o c n e a H m  H e  c o n p R m e H a  c n y r ~ ~ v r  n p o c a q m a H M 9  @ ~ ~ O M B O B .  Cne- 
AOBaTeJlbHO, aHaJlM3 KaLleCTBa M Y C J ~ O B M ~ ~  B ~ ~ M M O ~ ~ ~ ~ C T B M R  @ a ~ ~ ~ p ~ & ' f e H e p a u M M ,  

f l e p e ~ 0 ~ a ~ ~ 0 ~ a f l ~ 3 a ~ ~ ~ f l 0 3 ~ 0 f l ~ e ~ p a 3 ~ e f l M ~ b 3 C f l 0 ~ ~ e f l e ~ M ~ ~ e ~ ~ M a f l b ~ 0 f i  
flPOaYKTMEHOCTM: C J ~ ~ ~ O ~ P O ~ Y K T M B H ~ ~ ~ ,  f lPOAYKTMEHble M BblCOKOnPOaYKTMBHble. 

7.3. fEOJ7OfMYECKME MOAE/IM PA3BMTM57 30J7OTOPYAHblX CMCTEM 

B C e  I l p M B e a e H H b l e  B b l W e  M a T e p M a J l b l  nO3BOf lMnM CMHTe3MPOBaTb OCHOEHble 

nOf lOXeHMR reOnOrMqeCKMX aCneKTOB 3 0 n O T O r 0  P Y ~ O O ~ ~ ~ ~ O B ~ H V ~ R  A a ~ l b H e -  

r0 BOCTOK~ - OT MOMeHTOB 3 a n O X e H M R  r n y 6 l 4 ~ H b l x  p a 3 J l O M 0 B l  CeAMMeHTauMOHHblX  

M B ~ J ~ K ~ H o ~ ~ H H ~ ~ x  ~ ~ C C ~ ~ H O B  a0 3 ~ 0 3 ~ 0 ~ ~ 0 r 0  Y H M ~ T O X ~ H M R  30J lOTOPYaHblX M e C -  

T O ~ O X ~ ~ H H ~ ~ .  

r M , 4 p o ~ e p ~ a f l b H b l e  3OJlOTOpyAHble MeCTOPOX,4eHMR BO3HMKatOT H a  MHBeP-  

C M O H H O ~  M ~ ~ H H ~ O ~ O ~ ~ H H O ~  CTagMRX pa3EMTMR rCO.  TO r f l 0 6 a J l b H a R  30KOHO-  

MePHOCTb.  O ~ H ~ K O  M H a  r e ~ c v l t l ~ f l ~ ~ a n b ~ ~ f i  CTaaMM B O 3 M O X H O  HaKOf l J leHMe O C a a -  

KOB, 0 6 0 r a U e H H b l ~  30JlOTDM, H a n p M M e p  B M n a X  ~ ~ P H O ~ O  M O P R  A 0  150 M ~ / T  

( E p ~ o n a e ~ ,  CO~MHOB,  1086). Ha MeCTOPOX,4eHMRX T M f l a  P a ~ ~ e n b ~ 6 e p r  ( M b i ~ e -  

PaJlbHble MeCTOpOX@HMR.. . , 1988) 3 T 0  yXe cyJlb@M~Hble PYAbl C C O a e p X a H M -  

e M  3ono~a 0,6-0,8 r / ~ ,  B '4eTBePTMqHblX ~ y J l b @ M a H b l ~  Pyaax K ~ ~ C H O ~ O  MOPR - 40 
5,6 T/T (X~HAPMKC M AP. , 1974). 6 TO Xe B P e M R  H a  reOCMHKJlMHanbHOM 3 T a n e  p a 3 B M -  

TMR n p o r ~ 6 0 ~  @OPMMPY~OTCR 6 n a r o n p M R ~ H b l e  a n R  6yayuero r M g p o T e p M a n b H o r o  

p y ~ o o 6 p a 3 0 ~ a ~ ~ ~  OCaaKM: y r J l e p O a M C T b l e ,  I lMpMTOHOCHble,  ~ a p 6 0 H a ~ H b l e .  re0- 
C M H K ~ M H ~ ~ ~ H ~ I ~ ~  n p o r ~ 6  p a 3 ~ ~ ~ a e ~ c ~  B sotie TJIY~L~HHOTO pasno~a ,  B npeaenax 
KOTOpOrO M f l e p e K P b l B a K ) ~ M X  ( ~ K ~ ~ H M P Y D ~ M X )  er0 CJlOMCTblX f l O p O a a X  CO3aatOTCR 

TepMOCTaTMpOBaHHb le  YCnOBMR, KOTOPble T e M  a f l M T e J l b H e e ,  q e M  M O U H e e  r e 0 C M H -  

KJlMHaJlbHble K O M n n e K C b l  M M ~ C L U T ~ ~ H ~ ~  I-lPOMCXO,4RLL(Me reOTeKTOHMqeCKMe np0- 
U e C c b l .  O T ~ O X ~ H M ~  OCaQKOB, 6 J l a r 0 ~ p M R ~ ~ b l ~  gJlR 3OJlOTOrO p y ~ 0 0 6 p a 3 0 B a ~ M R ,  

I lpOMCXOaMT BO BHYTPMMaTePMKOBbIX MOPCKMX 6acceG~ax 3BKCMHCKOrO T M n a  C 

O r p a H M q e H H b l M M  YCJlOBMRMM a 3 p a u M M  M HeaOCTaTKOM KMCnOPOaa,  r e 0 ~ e p ~ a J l b -  
H a 9  C M C T e M a  B 0 3 H M K a e T  YXe H a  ~ ~ o c M H K J ~ M H ~ ~ ~ H o ~ ~  CTaaMM Pa3BMTMR npor~6a ,  
C O a e p X a l L ( e r 0  rMraHTCKOe KOJlM.leCTB0 f l o r p e 6 e H H b l x  TOPR'iMX PaCCOJlbHblX B o a ,  

KOTOPble no M e p e  yBenMqeHMR MOUHOCTM OCaQKOB M B CMnY 3JlSlM3MOHHOrO M e X a -  

H M 3 M a  I l pMTeKatOT K flOaHRTMRM, n e p e M e U a R  6 0 n b w ~ e  0 6 b e ~ b l  y r J l e B O a O p O a O B  

M M e T a n n o s .  

B M H B ~ P C M O H H ~ I ~ ~  3 T a f l  pa3BMTMR r e O T e p M a f l b H a R  C M C T e M a a e @ o p ~ M p y e ~ c R ,  

PaCWleHReTCR H a  f lOACMCTeMbl,  r M a p O T e p M a n b H b l e  BOAb l  aKTMBM3MPYK)TCR. OHM 
@ ~ n b ~ p y t O ~ c ~  no ~ O ~ M C T ~ I M  T o n u a M  noa (M H ~ A )  B o A o y n o p a M M .  npeanonarae~c~, 
 TO M B  TOT n e p M o a  reonorwiec~oi  ~ B O ~ K ) U M M  n p o r ~ 6 a  n o a 3 ~ p a ~ ~ b l e  n o p o ~ b ~  

0 6 o r a ~ a t 0 ~ c ~  yr f l epOaMCTb lM B e U e C T B O M  M c y J l b @ M , 4 a ~ M  M n p M 0 6 p e ~ a K ) ~  q e p -  

~ 0 ~ J l a H ~ e B b l ~  o 6 n ~ ~ .  6 0 p 0 r e H H b l f i  3Taf l  ~ ~ ~ B M T M R  B ~ ~ O C M H K J I M H ~ ~ ~ ~ H O M  ~0~flJleK- 

C e  @OPMMPYK)TCR HOBb le  6onee JlOKaJlbHble r e O T e p M a J l b H b l e  CMCTeMbl ,  06ycno~- 
J l e H H b l e  M H T p y 3 M B H b l M M  r p a H M T O M a H b l M M  M a C C a M M .  ~ ~ O M C X O X ~ ~ H M ~  

rM,4pOTepMaJlbHblX PaCTBOpOB H a  3 T O M  3 T a f l e  6onee r f l y 6 M ~ H o e  ( M ~ T ~ M O ~ @ O ~ ~ H -  

H o e ,  M ~ ~ M ~ T M ~ ~ c K o ~ ) .  Ocaao' iHble f l O p O a b l  K 3TOMY B p e M e H M  TpaTMJlM flf3pBM.l- 



HYK3 IlOPMCTOCTb. ~ J ~ K ) M ~ o ~ ~ P o B o , Q H M K ~ M M  RBJlRK)TCFl MHTPY,4MPYK)uMe M a r M b l  M 

TpelJJviHH ble CTPYKTYPbl - BepTMKaJlbHble p a 3 J l O M  bl M 0 f l e p R K ) l q M e  MX C e K y u M e  M 

n o c J l 0 i ~ b l ' e  TpelJJMHbl. 

B OPOreHHb lX  BYflKaHM'ieCKMX K O M n n e K C a X  H ~ A  ~ J ~ Y ~ M H H ~ I M M  rpaHMTOM,4Hbl- 

M M  O r a r a M M  @OPMMPYK)TCR MeCTOp0X,4eHMRl  n p O C T p a H C T B e H H 0  a C C O u M M p y D l q M e  

C C ~ ~ B ~ J ~ K ~ H M ~ ~ C K M M M  M BYJlKaHMreCKMMM a n n a p a T a M M ,  CXOaHb le  no M O ~ @ O ~ O -  

rMM M BelJJeCTBeHHOMY COCTaBy C MeCTOPOX,4eHMRMM CTPYKTyP TMA. 
P y ~ o o 6 p a s o s a ~ ~ e  n p o u c x o n M T  nop, r e o n o r M r e c K M M  ~ K ~ ~ H O M  M B T e n e  

a K p a H a  B y r n e p o n ~ c ~ o i ,  c ~ ~ ~ @ M A H o ~ ,  ~ ~ M H ~ C T O ~  M ~ s a p u e s o i  cpene H a  

r p a a k l e ~ ~ a x  P - T - y c J l o B M i .  6Jlar0npMFl~~bl K p y f l ~ b l e  M O T H O C M T ~ J ~ ~ H O  ~aJlone@op- 
MMPOBaHHb le  CKf lan ' iaTble  CTPYKTyPbl C AJlMTeJlbHblMM YCJlOBMFlMM TePMOCTaTMPO- 

BaHMR ( ~ ~ T H M K O B ,  Hapcee~,  1971 ) ,  C XOpOWO B b l p a X e H H b l M M  M M O u H b I M M  r e O J l 0 -  

TM'ieCKMMM 3 K p a H a M M ,  CJlOKaJlM30BaHHblMM @ J ~ ~ O M ~ O ~ O T O K ~ M M .  P a 3 B k l ~ M e  M O u H b l X  

n e C r a H M K O B b l X  T O J l u ,  OTCYTCTBM~ ~ O ~ F O T H ~ I X  ~ K P ~ H O B  M CMJl bHaFl TeKTOHM'ieCKaR 

H a P Y W e H H O C T b  n O P O A  nPMBOART K P ~ ~ Y ~ O X M B ~ H M K )  @ J ~ K ) M ~ O ~ ~ O T O K O B  M K P a C C p e -  

AoTo' ieHMto MX nones~oro rpy3a. 
B I ~ o ~ ~ H ~ o ~ o ~ ~ H H ~ I ~  3 T a n  pa3BMTMR rCO 30JlOTOPYflHble M e C T O P O X a e H M R  

H e  O ~ ~ ~ ~ Y I O T C R .   TO B P e M R  P e ~ K O M e T a J l J l b H O r O  P Y ~ O O ~ ~ ~ ~ O B ~ H L / ~ R .  B CBR3M C 

B H e n p e H M e M  K a n m e s b l x  r p a H M T o M a o B  6onee p a H H e e  s o n o T o e  o p y A e H e H M e  pere- 
H e p M p y e T C R  ( ~ o R B J ~ R K ) T c R  30JlOTO-PeAKOMeTaflflbHble @ O P M ~ ~ M M ) ,  30J lOTO YK- 

PynHFleTCR M 0 6 n a r o p a > ~ ~ s a e ~ c ~ ,  HO r a u e  YHMrTOXaeTCR 3 P 0 3 M O H H b l M M  n ~ 6 0  
3 H n O r e H H b l M M  npOu€?CCaMM.  

Ha pMC.  7.3 M 7.4 B M n H a  TeHAeHUMR Pa3BMTMR 3C I30 B p e M e H M  C 3 T a f l a M M :  

n p o r ~ 6 ,  MHBePCMFl, P ~ H H M ~  M f l 0 3 f l ~ M h  0 ~ 0 r e ~ e 3 .  B ~ e ~ ~ p a f l b ~ o h  ~ ~ c T M  npo r~6a  
HaKanJlMBatOTCR rJlMHMCTble M YrJ lepOnMCTb le  @ O P M ~ L ~ M M ,  KOTOPble H a  3 T a f l a X  MH- 

BepCMM M p a H H e r 0  O p O r e H e 3 a  CMMHaIOTCR B Kyf lOJlOBMAHble aHTMKJlMHaJlM, npeo6- 
Pa3YK)TCR B 3 0 H a X  r J l y 6 M ~ H b l ~  Pa3J lOMOB B M ~ T ~ M O P @ M ' ~ ~ C K M ~  CJlaHubl .  ~ ~ ~ H M T o -  

M A H ~ I ~  M ~ ~ M ~ T M ~ M  p a 3 ~ ~ 1 3 a e ~ c ~  B r o ~ o n p o ~ ~ o i  n o c n e n o s a T e n b H o c T M  - OT 

HaTPOBblX MarHMTHb lX  rPaHMTOMnOB C 30J lOTblM OPY&3HeHMeM H a  3 T a n e  P a H H e r O  

O P O r e H e 3 a  a0 KaJlMeBblX HeMarHMTHb lX  rpaHMTOMAOB C PenKOMeTaJ lJ lbHb lM O p y -  

n e H e H M e M  B I l e P M O A  n O 3 n H e r O  O p O r e H e 3 a .  B C B R ~ M  c O P O ~ ~ H H ~ I M M  ~ O ~ H R T M R M M  B 

K p a e B b l X  'iaCTRX O p O r e H a  @OPMMPYOTCFI CpaBHMTeJlbHO MOJ lOnb le  ByJ lKaHOreHHb le  

npor~6bl C aBTOHOMHblMM ( ~ O ' ~ ~ P H M M M )  P Y n H O - M a r M a T M r e C K M M M  CMCTeMaMM. 

Ha O ~ O ~ ~ H H O ~  CTanMM Pa3BMTMR 30JlOTOPYL(HblX CMCTeM @OPMMPY~TCR P e r M -  

O H ~ J ~ ~ H ~ ~ ~ ~ ~ H ~ ~ ~ ~ H ~ ~ ~ H O C T ~ O T H O C M T ~ ~ ~ H O ~ ~ H T P O B ~ ~ ~ ~ M H H O ~ O ~ ~ ~ ~ ~ ~ O T H ~ -  

HMR ( T P ~ H M T M ~ ~ ~ M M ) .  B~a'iafle 3 T 0  O ~ L U M P H ~ R  3 0 H a  3OJlOTa, 3 a T e M  H a  f l 0 3 n ~ e i  

c T a A M M  o p o r e H e a a  B U e H T p e  C T P Y K T ~ P ~ I  B O ~ H M K ~ ~ T  3 o ~ a  p e n K o M e T a n n b H o r o  opy- 
AeHeHMFl ,  B K p a e B b l X  r a C T R X  K O T O P O ~  0 6 p a 3 y K ) ~ ~ R  r ~ 6 p M n ~ b l e  3OJlOTO-PeAKOMe- 

TaJlJlbHbIe, ralJJe 30 f l0~0-~0J lb@pa~0~b le  @OPM~L(MM (PMC. 7.5). ~ J ~ ~ M ~ H T O M  06- 
lJJei 3 0 H a J l b H O C T M  RBJ lReTCR ~ o I ~ o T o - c ~ ~ ~ ~ ~ R H o ~  O p y A e H e H M e  K p a e B b l X  

ByJ lKaHOreHHblX npor~6os,  O K ~ ~ M J ~ R K ~ ~ J J M X  L(eHTpaJlbHble O p O r e H H b l e  CTPYKTYPbl. 

P ~ ~ B M T M ~  f-CO M O X e T  AOCTMrHYTb nm6oro M3 BblAeJ leHHblX 4 3 T a f l O B .  B I l e p B b l X  

A B y X  CJlyraFlX M b l  6 y ~ e ~  M M e T b  Hef lOPa3BMTble 30J lOTOPYnHb le  CMCTeMbl .  T p e ~ M i  

3 T a n  pa3BMTMR rCO RBJlReTCR 3peJlblM, OnTMMaJlbHblM JlJR 3Of lOTOrO py~oo6pa-  
30BaHMR,  a r e ~ ~ e p ~ b l i  - 3 T 0  3 T a n  M ~ T ~ M o ~ @ M ~ M ~ ,  P e r e H e p a u M M  M yHM'iTOXeHMR 

P a H e e  C 0 3 A a H H b l X  B O C ~ B O ~  'iaCTM O p O r e H a  30JlOTOPYAHblX M ~ c T o ~ o X , ~ ~ H M ~ .  

K ~ K  M B K O ,  n e p ~ ~ r ~ o i  c ~ p y ~ ~ y p o i  06nac~ei i  TMA R s n R e T c R  n p o r ~ 6 :  oca- 
fl0'iH b l i ,  B y J l K a ~ ~ r e ~ H b l i ,  3 a J l o X e ~ ~ b l i  H a  ~ J ~ Y ~ M H H O M  p a 3 J l O M e .   TOT p a 3 J l O M  



P1.l~. 7.5. M o ~ e n b  @OPMMPOB~HMFI p e r ~ ~ ~ a n b ~ ~ f i  P Y A H O - M E ~ ~ M ~ T M ~ ~ c K o ~ ~  30HaJ lbHOCTM CMXOTB- 
A J ~ M H C K O ~  p y ~ H 0 f i  ~ ~ O B M H U M M  ( p a 3 p e 3 ) .  

1 - BYnKaHMTbI  KMCJlOrO ( a )  M C p e A H e r O  ( 6 )  COCTaBa; 2 - MHTPY3MM TpaHMTOMAOB: P a H H M e  H a T p O -  
w e  ( a )  M n 0 3 ~ n ~ e  K a n M e s b l e  ( 6 ) ;  3 - pyanbie @ o p ~ a u ~ ~ . r :  3 o n o ~ a ~  (a), peAKoMeTannbHaR (6), a o n o T o -  
P e A K o M e T a n n b H a R  r ~ 6 p w ~ a R ( B ) ,  3 o n o ~ o - c e p e 6 p ~ ~ a ~  ( r )  

B M e u a e T  M @MJlbTpyeT rMAPOTePMaJlbHble @ J l t o M ~ b l ,  RBJlReTCR TPaHCnOpTepOM 

M a r M .  B s o ~ e  paano~a,  6 n ~ 3  n o a o w e b l  n e p e t c p b l e a t o u e r o  ero npor~6a,  c o a ~ a -  
DTCR AJlMTeJlbHble TepMOCTaTMpOBaHHble YCnOBMFI. B ~ ~ o F I T H o ,  n03TOMY OPYneHe-  

HMe n p M y p O r e H 0  K OCeBblM '4aCTRM n p o r ~ 6 0 ~  f l peMMYueCTBeHH0  K C Y ~ B ~ ~ ~ K ~ H H -  

r eCKMM M ~ M n a 6 M ~ ~ a n b H b l ~  YPOBHFIM. 

n e p e r M c J l e H ~ b l e  B b l w e  MOAeJlbHble YCJlOBMR 0 6 p a 3 0 B a ~ M R  M ~ C T O P O ~ ~ H M ~ ~  

TCO B 3 ~ a r ~ ~ e n b ~ o L I  ~ e p e  c n p a s e ~ n ~ ~ b ~  WR n t o 6 o r 0  I / I H B ~ ~ C M P Y K > ~ ~ ~ O  npor~6a .  
B C ~ ~ A C T B M ~  ~ T O ~ O  H ~ ~ ~ D ~ ~ D T C F I  n e p e x o A H  b le  TM n b l  C T P Y K T Y ~  M M ~ C T O P O ~ ~ H M ~ ~  

OT TCO K TMA. M ~ C T O ~ O W ~ H M F I  TMA, H ~ ~ ~ B M C M M O  OT x a p a K T e p a  cyGc~pa~a,  T e c -  

HO COnpRXeHbI  C c ~ ~ B ~ J ~ K ~ H M ~ ~ c K M M M ,  ~ M ~ ~ ~ M C C ~ J ~ ~ H ~ I M M ,  PeXe C OTHOCMTeJlbHO 

KPYllHblMM MHTPY3MRMM YMepeHHO KMCJlOrO M QeJlOCIHOrO COCTaBa. f l p e ~ p a u e ~ ~ e  
ABMXeHMR M H T P Y ~ M ~  BBepX, p a 3 r p y 3 K a  @ J ~ D M ~ O ~ O T O K O B  M p y n o o 6 p a 3 0 ~ a ~ ~ e  np0- 
MCXO.4RT I l peMMyueCTBeHHO B HM3aX 3KPaHMPYDuMX BYJlKaHMreCKMX M OCa,4OL(HblX 

KOMnJleKCOB, H a  IlPOMeXYTOCIHblX 3KpaHaX,  B UeHTpaJlbHOM MHTPY3MBHOM LLlTOKe 

M O K o n o u T o K o B o M  n p o c T p a H c T s e ,  B c e r A a  H a  r p a A M e t i T a x  4 a B n e H m  M K M c n o p o A -  

H o r o  noTeHL\Mana.  B ~ a r e c - r s e  B M e u a t o u M x  6blcTynato-r p a 3 n ~ c l ~ b l e  K o M n n e K c b l  

nOpOA:  BynKaHMTbl, AMOPMTbl, TpaHMTbl, MOHI_IOHMTbl, TePPMreHHble  M K ~ P ~ O H ~ T -  

Hbre o c a A o r H b l e  n o p o A b l .  Pewatouee s ~ a r e ~ ~ e  n p M  ~ ~ A o o ~ ~ ~ ~ o B ~ H M M  MMetoT 

YCJlOBMFI CMel l leHMR DBeHMJlbHblX M Bafl03HblX BOA. Ha nOAHRTMFIX @OPMMPYDTCR 

CyueCTBeHHO KBapI_IeBble, a 6 npor~6ax c y n b @ M ~ ~ b l e  PYAbl. 



Bep~M~aJlbHblfi p a 3 M a X  OpyAeHeHMR B 3OnOTOpyfiHblX MeCTOpOXAeHMRX 

CTpyKTyp TMA MeHbLLle, CleM B rCO, n03TOMY AaXe reOnOrMreCKM HeCyueCTBeH-  

Hb le  nOCTpyflHble TeKTOHMreCKMe IlOAHRTMR MOrYT I lpMBeCTM K YHM'iTOXeHMKY M e -  

C T O ~ O X , Q ~ H M ~ ~  M AaXe PYfiHblX I~POBMH~M~~. C J l e f l ~ B a ~ e J l b H ~ ,  nepCneKTMBHOCTb 

~ ~ L ~ o H o B T M A  B 3Ha' iM~eJlbH0fi  M e p e  OnpeAenReTcR  r n y 6 ~ ~ o L i  ~ P O ~ M O H H O ~ O  c p e 3 a  

PYfiOHOCHblX CTPYKTYP, KOTOpaR B CBOD OClepeAb 3aBMCMT OT T e M n a  OPOreHHblX 

~ O A H R T M ~ ~ .  HaJlMClMe I l p ~ ~ b l L L l J l e H H ~ f i  0 J l 0 ~ 0 p y f l H 0 f i  ( p e ~ ~ o ~ e ~ a J l J l b H 0 f i )  ~ M ~ e p a -  

JlM3auMM - @ ~ K T O ~  H ~ T ~ T M B H ~ I ~ ,  K O T O P ~ I ~  M O X e T  CBMAeTeJlbCTBOBaTb 0 nOAaBJle- 

HMM p a ~ ~ e o p o r e ~ ~ o r o  (aono~oro) o p y ~ e ~ e ~ m  n o 3 ~ ~ e o p o r e ~ ~ b 1 ~ .  

Ha BOCTOK~ POCCMM 6 3C rCO M C T p y K v p  T M A 3 ~ ~ 0 r e ~ ~ b l e  30nOTb le  PYAbl B 

K a i H 0 3 0 e  6 b l n ~  rny6o~o n p e 0 6 p a 3 0 B a H b l  B ~ O H ~ X  O K M C ~ ~ H M R ,  I~PMB~AUJMX K 060- 
r a u e H M D  30nOTOM PYA, B ~ I C B O ~ O X ~ ~ H M D ,  YKPYnHeHMD M 0 6 J l a r 0 p a X ~ ~ a ~ M l O  

B b l ~ e J l e H M f i  3OJlOTa M pe3KOMY nOBblWeHMD e r O  p o c c b l n e 0 6 p a 3 y ~ ~ 4 e f i  nOTeH4MM. 

 TO C ~ O C O ~ C T B O B ~ ~ O  @OPMMPOB~HMD MHOrMX TblCRCl POCCblnHblX MeCTOPOX,@- 

H M ~  30JlOTa, a T a K X e  flO3BOJlMJlO 0 T p a 6 0 T a T b  6 KOHTYPaX 3 0 H  OKMCJleHMR MHOrMe 

30nOTOpyAHb le  M e C T O p O W e H M R  B C T ~ H O B O ~ ,  A x ~ ~ , ~ M H c K o ~ ~  M APYrMX 30nOTO- 

PYAHblX flPOBMH4MRX. 



nPLIH~LInb1 PErMOHMbHOrO nPOrHO3A 
3 0 J l O T O P Y ~ l X  CTPYKTYP 
LI MECTOPOX~EHLI~~ 

n p e W a r a e M  ble npMHur/ ln b~ npor~osa ~ ~ ~ M P Y K I T C R  H a  n p e g c T a s n e H M R x  o 30- 

JlOTOPY~HblXCMCTeMaX, KaK ~ H C ~ M ~ ~ R X  B ~ ~ M M O ~ ~ ~ ~ C T B M R  80 B p e M e H M  M np0- 
c T p a H c T e a  @ a ~ ~ o p o s  r e H e p a U M 1 ,  n e p e H o c a ,  n o ~ a n ~ 3 a ~ ~ ~  M g e c T p y K u M M  30n0- 

T o r 0  OPYAeHeHMR, H a  a H a f l M 3 e  K ~ ' - I ~ c T B ~  M y c J l 0 B M f i  B ~ ~ M M O ~ ~ ~ ~ C T B M R  ~ T M X  @ ~ K T O -  

POB, H a  r e o n o r M q e c K M x  M o g e n R x  aono~oro p y g o o 6 p a 3 0 ~ a ~ ~ ~ .  O ~ ~ I T  n p o r ~ 0 3 ~ -  
p o a a H M g  no~aaan,  TO B b l g e n e H M e  6 n a r o n p ~ ~ ~ ~ o f i  CTPYKTYP~I M o n p e g e n e H M e  

C T e n e H M  ee I lepCneKTMBHOCTM BO3MOXHO J lM l l l b  H a  OCHOBe a H a f l M 3 0 B  BCeX B a x H e f i -  

UMX CTOPOH r e o n o r M q e c K M x  npoueccos, segyumx K @ o p ~ l / r p o s a ~ l / r t o  sono~o-  
PYaHb lX  CTPYKTYP M M ~ c T o ~ o ~ ~ H M ~ .  n p M  3 T O M  nto60I7 M3 H a 3 B a H b l X  BblLUe @aK-  

T O p O B  B I l p O u e C C e  Pa3BMTMR ~ O ~ ~ O T O P Y ~ H O ~  C M C T e M b l  M O X e T  P e U M T e n b H b l M  

o 6 p a 3 o ~  BflMRTb H a  K ~ ~ e ' - I H b l f i  M e ~ a J l J l ~ r e H M q e ~ K M f i  p e 3 y n b T a T  ( ~ ~ P M u ,  M o ~ c e -  
e H K 0 ,  1994). 

~ ~ ~ O ~ H O ~ M ~ O B ~ H L I ~  uenecoo6paatio HaqMHaTb C 0 u e H K M  K ~ ' - I ~ c T B ~  @ ~ K T O P O B  

( M ~ M  CTPYKTYP) r e H e p a u M M .  ~ T M  C T P Y K T ~ P ~ I  q a u e  p a c n o n a r a t o T c R  H a  r n y 6 ~ ~ e  M o 
MX I lpMCyTCTBMM M O X H O  CYaMTb n0 ~ ~ O @ M ~ M ~ ~ C K I / I M  A a H H b l M ,  H a  OCHOBaHMM M3Y- 

q e H m  r e o n o r M q e c K o r 0  paapesa, no O C O ~ ~ H H O C T R M  r e o n o r M r e c K o r o  C T p o e t i M ~  

f lOBepXHOCTM, B e u e C T B e H H O M y  COCTaBy MaJlb lX M H T P Y ~ M ~ ~  M PYA. Ha~6onee  6na- 
rOnpMRTHbl :  

1 )  C Y ~ C T ~ ~ T ~ I ,  0 6 p a 3 0 B a H H b l e  KPYnHblMM 0 6 b e M a M M  ~ ~ ~ M T o B  M y f l b T p a 6 a -  

3MT06 ,  M3Ha'-laJlbHO 0 6 0 r a u e ~ ~ b l x  ~ O ~ O T O M .    TO f l O T e H u M a f l b H 0  P y f l O r e H e p M p y -  

D u M e  @0pMaL(MM, M3 KOTOPblX B YCJlOBMRX M ~ T ~ M O ~ @ M ~ M ~  M r k l ~ p ~ ~ € ? p M a J l b ~ ~ R  

n e p e p a 6 0 ~ ~ ~  n0p0a M O X ~ T  6 b l T b  ~ 0 6 M f l M 3 0 B a ~ 0  30JlOTO B KOJlMreCTBaX, ,QOCTa- 

TOrHb lX  W R  @OPMMPOB~HMR I l P O M b l U f l e H H b l X  M ~ C T O ~ O X ~ ~ H M ~ ~ ;  

2) M O u H b l e  reOCMHKJlMHaf lbHble Y rJ lepOgMCTb le  a f l e B p 0 - f l e n M T 0 B b l e  (C  C y n b -  

@ M , ~ ~ M L I )  @ 0 p ~ a u k l M ,  C O g e p X a U I M e  CMHreHeTMqeCKMe HaKOnneHMR 3 0 f l O T a  3a C q e T  

a g c o p 6 u ~ ~  M 3  M O P C K O ~ ~  BOgb l .  YXe H a  PaHHMX CTagMRX M ~ T ~ M O ~ @ M ~ M ~  3 T 0  30- 

f l O T 0  M O X e T  6 b l T b  M O ~ M ~ M ~ O B ~ H O  B n p O u e C C e  yrJlepO~MCTOr0 M e T a C O M a T O s a ;  

3) CTPYKTYPbl C 30Haf lbHb lM nPOrPeCCMBHb lM M ~ T ~ M O P @ M ~ M O M .  M a K c M M a f l b -  

HaR @ntornaoretiepau~~ n p o ~ c x o g ~ ~  B 3 o ~ e  3 e n e ~ o c n a ~ u e ~ o r o  ~ e ~ a ~ o p @ ~ a ~ a .  
~ ~ P O ~ Y K T M B H O C T ~  I l O p O g  ~ M @ M ~ O J ~ M T O B O ~  @ a u M M  H a M H O r O  H M X e ,  T a K  KaK 3TM 

n O p O g b l  B 3~a'-IM~eJlbH0~ M e p e  yXe 0 6 e 3 ~ 0 ~ e H b l  M 0 6 e g H e ~ b l  MMKPOKOMnOHeH- 

TaMM,  a KOMnJleKCbl I l O p O g  r p a ~ y J l M T 0 ~ 0 ~  @ a u M M B  3 T O M  OTHOLUeHMM ( K ~ K  Pyaore- 
H ~ P M P Y K I ~ M ~ ~  C Y ~ C T P ~ T )  @ ~ K T M ~ ~ C K M  c ~ e p M f l  b ~ b l  . B 0~JlM'-Ille OT r p a H y n M ~ o s ,  

nOp0.4bl HaclaflbHblX @a4Mf i  M ~ T ~ M O ~ @ M ~ M ~  cue H e  I lOarOTOBJ leHb l  K ~ 0 6 ~ f l ~ s a -  
UMM P Y g H O r O  B e u e C T B a ,  TaK KaK I l e P B M q H b l e  M M H e p a f l b l  3TMX nopop, B ~ O ~ X H O ~  

M e p e  H e  p a 3 p y L U e H b l  M MMKPOKOMnOHeHTbl H e  B b l B e g e H b l  B MHTePCTM4MM H a  f l V M  

n p o c a r M e a H m  pac-rsopos. 3 0 ~ b 1 3 e n e ~ o c n a ~ u e s o r o  a ~ a @ ~ o p e a a  n e p c n e K T M e H b 1  

B CTPYKTYPaX M e 3 0 3 0 I 7 ~ ~ 0 f i  TMA, rge p e 3 e p B  r M A p O T e p M a J l b H b l X  @ n K I M g o s  0 6 -  

H O B n e H  38 C C ~ ~ T  ~ J ~ M ~ M O H H ~ I X  BOA M ~ ~ O ~ O ~ ~ C K M X  n p o r ~ 6 0 ~ ;  
4) P e r M O H a f l b H b l e  (C JlOKaJlbHblMM O C J ~ O X H ~ H M R M M )  CTPYKTYPbl r f l y 6 ~ ~ ~ o r o  

P ~ ~ ~ ~ ~ O T H ~ H M R ,  y ~ a 3 b l e a t o u ~ e  H a  n o n o m e H M e  a H g o r e H H o r o  orara pygoretiepa- 



QMM, M C T O ~ ~ H M K ~  ~ ~ ~ H M T O M ~ ~ H ~ I X  M ~ T M ,  T e n J l 0 ~ 0 f i  M K M H ~ T M ~ ~ ~ C K O ~ ~  3HeprMM.  naps- 
M e T p b l  M M O P @ O ~ O ~ M R  TaKMx CTPYKTYP o n p e A e n w o T c R  no rpaBMMeTpMclecKMM Kap-  

T ~ M .  A 6 ~ 0 n D T H b l e  ~ H ~ C ~ ~ H M R  ~ ~ ~ B M T ~ ~ M O H O ~ O  n0JlR - H e  rJlaBHoe, B a X H e e  TeHfleH- 

UMR 3BOJlDL&lM nOflR, KOTOPaR B I l pOueCCe  MHBePCMM M O p O r e H e 3 a  p a 3  - BMBaeTCR 

B CTOpOHY YCMJleHMR pa3ynJlOTHeHMR. P ~ H H ~ O ~ O ~ ~ H H ~ I M  CTPYKTYPaM pa3yn f lOT-  

HeH MR COOTBeTCTBYDT HeKOHTpaCTH b l e  OTpMuaTeJlbHble aHOMaJlMM (H M X H M ~  A ~ y p ,  
C e ~ e p 0 6 y p e M H ~ K a R  30Ha ,  K a M c l a ~ K a ) ,  a nO3flHeOpOreHHblM - r n y 6 0 ~ ~ e  MMHMMYMbl 

CMJlbl TRXeCTM ( C M X O T ~ - A ~ M H ~ ,  Kyt7flycy~). f l0KaJ lbHb le  OTpMuaTeJlbHble aHOMa- 

IIMM @MKCMPYK)T rpaHMTOMflHble KynOJla M C ~ ~ B ~ J I K ~ H M ~ ~ ~ C K M ~  MaCCMBbl, I lpOCTpaH- 

CTBeHHO ~ 6 J l M X e H H b l e  C O ~ J ~ ~ C T R M M  JlOKaJlM3alJMM OpyfleHeHMR. f l 0 M e 3 0 3 0 l k K M e  

3OJlOTOpyflHble CTPYKTYPbl B COBPeMeHHOM rpaBMTauMOHHOM none nOclTM He 

I lPORBJleHbl; 

5) YclaCTKM ~ J I ~ ~ M H H O ~ O  B ~ ~ M M O ~ ~ ~ ~ C T B M R  rPaHMTOMflHblX MaCC C IlPOflYKTMB- 

HblMM C Y ~ C T ~ ~ T ~ M M  (6a3MTaMk1, y J l b ~ p a 6 a 3 M ~ a M M ,  YrJlePOflMCTblMM M cyJl b@Mfl0- 

HOCHblMM @ O P M ~ ~ M R M M ) .  OHM BblfleJlRDTCR no rpaBMMeTpMcleCKMM KapTaM (no- 
KaJlbHble MMHMMYMbl CMJlbl TRXeCTM B none PerMOHaJlbHblX M~KCMMYMOB) ,  IlPRMblMM 

nOJleBblMM Ha6Jl IOf le~klRMM B C T P Y K T Y P ~ X C ~ ~ O C T ~ T O C I H O  r f l y 6 0 K M M  Y P O B H ~ M  c p e 3 a ,  

fl0 ~ M ~ P M ~ ~ H O M Y  C O C T ~ B Y  r M f l a 6 M ~ ~ a n b H b l X  M c ~ ~ B ~ I ~ K ~ H M ~ ~ ~ c K M x  M H T P Y ~ M ~ ~ ,  a TaK- 

Xe fl0 KOCBeHHblM MMHePaJlOrO-TeOXMMMcleCKMM M MHblM f lpM3HaKaM1 CBMfleTeJlb- 

CTBYDUMM 0 rny60~oh ~ e M f l e p a ~ y p H 0 i  M r M f l p 0 ~ e p M a J l b ~ 0 f i  n e p e p a 6 0 ~ K e  nOpOA 

H M X H ~ G  ClaCTM reOCMHKJlMHaJlbHOr0 p a 3 p e 3 a .  MofleJlRMM T ~ K O ~ O  n p e o 6 p a 3 0 s a ~ ~ ~  

RBJlRIoTCR ~ J ~ Y ~ O K O B C K P ~ I T ~ I ~  CTPYKTYPbl30HaJlbHOrO M ~ T ~ M o ~ @ M ~ M ~ ,  COf lepXa- 

u M e  an0@M3bl rpaHMTOMflOB, ~JIM~KMX n0 B03paCTY M ~ T ~ M O ~ @ M T ~ M  ()$KarflM~- 

CKaR 3n). B ~ ~ M M o ~ ~ ~ ~ c T B M ~  rpaHMTOMflHblX MaCC C MaJlOnPOflYKTMBHblMM KOMnfleK- 

C a M M  n O p O f l  T a K X e  nPMBOflMT K M O ~ M ~ M ~ ~ U M M  3 0 J l O T a ,  HO C M ~ H ~ u J C ? ~  

~ @ @ ~ K T M B H o c T ~ D ;  

6 )  MHTPY3MM rpaHMTOMAOB ~ O B ~ I W ~ H H O ~  OCHOBHOCTM HaTPOBblX c e p M i  C 

B ~ I C O K O R  M ~ ~ H M T H O ~  BOCnPMMMclMBOCTbH3 M OKMCJleHHOCTbD X e J l e 3 a ;  MOHUOHM- 

ToMflbl co C X O ~ ~ H ~ I M M  ~ ~ T P O @ M ~ M ~ ~ ~ C K L I M M  M ~ ~ T P O X M M M ~ ~ ~ C K M M M  O C O ~ ~ H H O C T R M M .  

A p e a n b l  PaCnpOCTpaHeHMR 3TMX M H T P Y ~ M ~  MOrYT YKa3blBaTb H a  n a p a M e T p b l  MH- 

TpY3MBHbIX MaCC, YclaCTBYH3uMX B PYflOreHepaqMkl. AHaJ l~ rMc lHb lM  0 6 p a 3 0 ~  M O r V  

6 b l ~ b  MCnOJIb30BaHbl M IlOJlR PaCnpOCTpaHeHMR ~ ~ O ~ ~ T O J ~ M T O B ~ I X  f l a e ~  (M WTOKOB) 

n o p @ ~ p ~ ~ o s  M n a ~ n p o @ ~ p o s .  
O ~ K T O P ~ I  n e p e H o c a  ~ 3 y c l e ~ b 1  cna6o. Ha~6onee x a p a ~ ~ e p ~ b ~ :  

1 ) I lOpMCTble OCaflOclHble M ByflKaHOreHHO-OCaflOclHble JlMTOJlOrMcleCKMe KOM- 

nJleKCbl. no HMM TpaHCnOpTMPYtOTCR OCHOBH b l e  0 6 b e ~ b l 3 J l M 3 M O H H b I X  BOA npOrM-  

6 0 6  (fl0 C T E ~ ~ ~ M M  n0Jl~0fi J ~ M T M @ M K ~ ~ M M ,  KOrf la IlOPMCTOCTb neJlMTOBblX M f lCaMMM- 

TOBblX f lOpOfl CTaHOBMTCR O ~ ~ M H ~ K O B O ~ ~ ) ;  

2) PerMOHaJlbHble T p e u M H H b l e  CMCTeMbl. np0fl0JlbHble ( C ~ ~ C T O  f l 0 ~ J l 0 f i H b l e )  kl 

n O f l e p e c l H b l e  3 0 H b l  TPYuMHOBaTOCTM,  B 0 3 H M K a D u M e  B J~MTM@MQMPOBE~HH~IX 

nopoAax B npoqecce opore~esa M CKnanclaTocTM; c n y m a T  ~ Y T R M M  UR npocaw- 
BaHMR BBePX M fl0 AaTepa I lM  PYflOHOCHblX PaCTBOPOB M ~ T ~ M O ~ @ O ~ ~ H H O ~ O  M M a r -  

M a T o r e H H o r o  r e ~ e 3 ~ c a ;  

3) MHTPY3MM rpaHMTOMflOB M M O H ~ O H M T O M ~ ~ O B  M C Y ~ B Y J ~ K ~ H M ~ ~ ~ C K M ~  M ~ C C M B ~ I  

~ O ~ @ M ~ O B ~ I X  f lOpOfl aHfle3MT-flauMTOBOr0 COCTaBa (a0 MOMeHTa MX f l0J lH0f i  KPM- 

C T ~ ~ ~ M ~ ~ U M M ) ;  

4) B 0 6 u e ~  c n y c l a e  - r n y 6 ~ ~ ~ b 1 e  p a 3 n o ~ b 1  M o r a r o s b l e  C T P ~ K T ~ P ~ I .  ~ T M  

c lpe3Bblc laf iHo CJlOXHble CMCTeMbl MOrYT BblCTYflaTb KaK KOJlJleKTOpbl PaCTBOpOB 



pa3J lMqHOrO r e H e 3 M C a  ( ~ ~ H H R R  C T ~ A M R ) ,  KOTOPble B CBR3M C T e K T O H O - M a r M a T M q e -  

CKMMM RBJleHMRMM f lPMXOART €3 A B M X e H M e  M TPaHCflOPTMPYtOTCR B C e M M  YKa3aHHb l -  

MM B b l l l l e  C ~ O C O ~ ~ M M .  

@ ~ K T O P ~ I  JlOKaflM3a4MM3OJlOTOrO OPYAeHeHMR p a 3 ~ 0 0 6 p a 3 ~ b l , 3 T O :  

1 ) r p a H M r H b l e  nOBepXHOCTM Me>yqy Pa3HOB03PaCTHb lMM CTPYKTYPHO-@OPM~- 

4MOHHblMM KOMnJleKCaMM. OHM XOPOUlO KaPTMPYtOTCR reOJlOrMqeCKMMM M e T O A a -  

M U ,  @MKCMPY~OTCR B ~ ~ O @ M ~ M ~ ~ C K M X  M reOXMMMCleCKMX IlOJlRX, XapaKTePM3YtOTCR 

O f l p e A e J l e H H b l M M  T M n a M M  M a r M a T M r e C K M X  M M ~ T ~ M O ~ @ M ~ ~ C K M X  f lOpOA,  perklo- 
HaJlbHO Pa3BMTblMM MeTaCOMaTMTaMM M O P Y A e H e H M e M ;  

2) p e r M o H a n b H b r e  r e o n o r M r e c K u e  M ~ ~ O X M M M ~ ~ C K M ~  3 ~ p a ~ b 1  M QMBMKO-XMMM- 

qeCKMe 6apbepbl. Ha~6onee x a p a ~ ~ e p H b l 3 K P a H b l  B B M A e  M O U H b l X  T O J l U  a J l e B p 0 -  

IleJlMTOBblX M 3eJ leHOKaMeHHb lX  f l O p O A  B reOCMHKflMHaJlbHblX p a 3 p e 3 a X .  B ByJlKa- 

H O r e H a X  POJlb re0J lOrMqeCKMX 3KPaHOB MrPatOTTOJlUM a H A e 3 M T 0 B l  AauMTOB, M H O r A a  

M ~ H M M ~ P M T O B ,  a T a K X e  n O J l O r O 3 a J l € ? r a t O ~ M e  c ~ ~ B ~ J ~ K ~ H M ~ ~ c K M ~  MHTPY3MM no- 
A O ~ H ~ I X  n O p O A .  B CTPYKTYPaX M ~ ~ O ~ O ~ ~ C K O G  TMA 3 O n O T O p y a H b l e  CTPYKTYPbl qaCTO 

OPORBJlRtOTCR B KOHTaKTaX p e 3 K O  OTJlMrHblX n0 @ M ~ M K O - X M M L / I ~ ~ C K M M  C B O ~ C T B ~ M  

n O p O A ,  H a n p M M e p  B napax: r ~ e ~ c b l  OCHOB~HMR - ~ J ~ M T H ~ I ~  KOMflJleKC, neC'iaHMKM 

- K ~ ~ ~ O H ~ T H  b l e  n O p O A b l ,  BYJlKaHMTbl - OCaAOqHb le  @ O P M ~ ~ M M  M T. fl.; 

3) CTPyKTYPbl  I lOJ lOXMTef lbHOrO M 3 r M 6 a .  B rCO 3 T 0  aHTMKJlMHaflM, qaCTO KY- 

I lOJlOBMAHble, MX nepMKJlMHaJlbHble 3aMblKaHMR. B 0 6 n a c ~ ~ x  TMA 3 T 0  CBOAOBb le  

nOaHRTMR, KYnOJlOBMAHble CTPYKTYPbl, Bb lCTy l l  b l  @ Y H ~ ~ M ~ H T ~ ;  

4) ~ P ~ H M T O ~ ~ A H ~ I ~  M C Y ~ B Y J ~ K ~ H M ~ ~ C K M ~  ~yfl0Jla ( M  WTOKM), B e ~ q a t O ~ - ( M e  donee 
rny6o~o a a n e r a m ~ ~ e  p y A o r e H e p M p y D w e  M @ n t O ~ ~ o n p o s o ~ ~ u - ( v l e  r p a H M T o M A -  

~ b l e  M a c c b l ,  n p e ~ ~ ~ a B J l 5 l K l ~ M e  c060i K O H ~ ~ H ~ I ~  ~ Y H K T ~ I  T P ~ H C ~ O P T M P O B K M  P Y ~ O -  

HOCHblX @J~K)M,QoB. L ( ~ C T O  B H e A p e H b l  B r e 0 J l O r M r e C K M e  3 K p a H b l ;  

5) py~ono~an~3y to t~p1e K o M n n e K c b l  ( ~ p ~ a ~ a  143 r e o n o r M r e c K o r o  a ~ p a ~ a ,  
@ n t O ~ a o n p o ~ o a ~ l u - ( e G  Tonu_(M M n o r p a ~ ~ r ~ o G  p y ~ o s ~ e u a m ~ e i  3 0 ~ ~ ) .  X a p a K -  

T e P H b l  AJlR n06brx reOJ lOr0 -CTpyKTypHb lX  O ~ C T ~ H O B O K .  Ha~6onee nPOAYKTMBHbl 

CTPYKTYPbl C M O U H b l M M  reOJlOrMqeCKMMM 3 K P a H a M M  M ~ f l a 6 b l M  ( ~ ~ o J ~ M T o B ~ I M )  M e -  

T ~ M O P @ M ~ M O M  PYAOBMeLL(aK)U-(I/IX KOMllJleKCOB. 

n p M  a H a J l M 3 e  06nac~eG JlOKaJlM3auMM YClMTblBaeTCR PerMOHaJ lbHaR P y a H O -  

MarMaTMqeCKElR 3 0 H a n b H O C T b ,  M H O r a a  f l pORBJ leHHaR B O K P Y r  ~ J ~ Y ~ M H H ~ I X  R A e p  

pa3ynJ lOTHeHMR.  

@SIKTOP~I J4eCTPYK4HH. ~ P M  f l 0 3 A H e O p O r e H H O M  ~ M ~ C T P O @ M ~ M ~  P a H e e  CO- 

3 A a H H b l e  3OJlOTble PYAbl MCflblTblBatOT M ~ T ~ M O P @ M ~ M  A B y X  TMflOB, a). n p M  OpOLLle- 

HMM PYA rOPRCIMMM (A0 300°C) PaCTBOpaMM 30JlOTO PaCTBOPReTCR M BblHOCMTCR 

( ~ O ~ ~ H H ~ I M  H. B. Bmopa, B. H. C a p a f l y J l ~ B ~ ~ ,  1970 r.), M TaKMM 0 6 p a 3 0 ~  MeCTO-  

P O W e H M R  )IHMqTOXaDTCR, HO MOrYT C @ O P M M P O B ~ T ~ C F I  B HOBblX, YaaJ leHHb lX  OT 

MCTOqHMKa TenJla CTpyKTypaX.  6). Pyabl, n O a B e p r W M e C R  JlMLLl b T e P M a n b H O M Y  M e -  

T ~ M O P @ M ~ M Y ,  COXpaHRDTCR, 30JlOTO B HMX O ~ J I ~ ~ O ~ ~ X ~ I B ~ ~ T C R  M YKpynHReTCR, T e M  

C a M b l M  nOBblWaeTCR MX poccb1neo6pa3yt0~a~1 nOTeH4MR. f l p M  M ~ T ~ M O P @ M ~ M ~  PYA 
O T M e r a e T C R  n p e o 6 p a 3 0 ~ a ~ ~ e  c y J l b @ M ~ o B  B 6onee B b l C O K O T e M f l e P a T y p H b l e  

@ O P M ~ I ,  H a n p M M e p  n M p M T  - B nMppOTMH M T. n. 
n 0 3 L l ~ e 0 p 0 r e H H b l e  ~ O A H R T M R  06blc(~0 I~PMBOART K rny60~017 3 ~ 0 3 ~ ~  p a H H e -  

OPOreHHb lX  CTPYKTYP, B TOM qMCJle M 30JlOTOPYAHblX. O p y a e ~ e H M e  C O X ~ ~ H R ~ T C R  

JlMUlb H a  @ J l a H r a x  OPOreHHb lX  CBOaOB M B MeXKynOJ lbHb lX  I l pOCTpaHCTBaX,  T. e. H a  

Y r a C T K a X  C HM3KMM TeMf lOM ~ O , ~ H R T M G .   TO AOCTaTOC(H0 MHOrOqMCJleHHble,  HO H e -  

K p y f l H b l e  P y a H b l e  0 6 b e K ~ b l .  



B 3 T 0 i  K H M ~ ~  aBT0pb l  n 0 n b l T a n M ~ b  ~ a ~ b  K ~ P T M H Y  P Y ~ ~ H O ~  ~ ~ J ~ O T O H O C H O C T M  BOC- 

T O ~ H O ~  O K ~ ~ M H ~ I  POCCMM, ~e n p e ~ e ~ a y ~  ~a ~ c r e p n b ~ e a o l q ~ i  pacc~aa, aHa -  

AM3 M T e M  6onee CMHTe3.  TO @ ~ K T M ~ ~ C K M  n e p B a R  AOCTynHaFl M F l  ~ ~ O J ~ O ~ M ' - I ~ C K O ~  

O ~ ~ ~ C T B ~ H H O C T M  c s o a K a ,  B K n t O r a t O u a g  KpaTKMe  r e o n o r o - r e o @ ~ 3 ~ r e c ~ ~ e  

XapaKTepMCTMKM 30JlOTOHOCHblX IlOFICOB, ~ P O B M H ~ M ~ ~ ,   OH, ~ ~ ~ O H O B  M MHOrOrMC- 

JleHHblX (6onee 110) 30JlOTOPYaHbIX M ~ C T O P O X , Q ~ H M ~  BOCTOK~ POCCMM, 3aHMMa- 

IOL~MX o n p e a e n e H H o e  M e c T o  B r e o n o r M r e c K o M  n p o c ~ p a ~ c - r ~ e  (M B ~ ~ M ~ H H ) ,  a TaK- 

Xe B reHeTM' iecK0i  CMCTeMaTMKe. 

BOBMOXHOCTM aBTOpOB 6blJlM OrpaHMreHb l  H e  TOJlbKO C Y ~ ~ ~ K T M B H ~ I M M ,  HO M 

O ~ ~ ~ K T M B H ~ ~ M M  @ ~ K T O ~ ~ M M .  C O ~ H O ~  CTOPOHbl, 3 T 0  ~ l p e 3 B b l l l a i ~ o e  p a 3 ~ 0 0 6 p a -  

3 ~ e  reonor~rec~mx ycnos~f i  n o ~ a n ~ a a u ~ ~  aono~oro opyaeHeHr/ lg ,  ero ~op@ono-  
rMreCKMX M MMHepaJlbHblX TMnOB, c apyr0i - HeaOCTaTOK AaHHblX no reHeTM'ieC- 

K M M  a c n e K T a M  a o n o ~ o r o  p y a 0 0 6 p a 3 0 ~ a ~ M R ,  o T c y T c T B M e  B p g a e  cnyraes 
KareCTBeHHblX a 6 ~ 0 J l t O T H b l ~  AaTMpOBOK BO3paCTa pya M nOpO,4, YraCTBytOuMX B 

3TOM I l pOqeCCe ,  M a n 0  pa6o-r C KOMnJleKCHblM HaYrHb lM aHanM30M PerMOHaJlbHbIX 

~ ~ K O H O M ~ ~ H O C T ~ ~  JlOKaJlM3aqMM 30JlOTOrO OPYAeHeHMR. 3 a T 0  MHOrO ny6J lb lKaqM i  

C TaK Ha3b lBaeMb lM  P Y ~ O - @ O P M ~ ~ M O H H ~ ~ M  aHaJlM30M 30JlOTOHOCHOCTM, @ ~ K T M c ~ ~ -  

CKM n M w e H H b l x  r e H e T M r e c K o r o  c o a e p x a H m ,  a n o a T o M y  H e  n p ~ 6 n ~ x a ~ u ~ x  H a c  K 

PeUeHMtO  rJlaBHblX reHeTM'ieCKMX BOnpOCOB, H a  OCHOBaHMM KOTOPblX BO3MOXHO 

O ~ O C H O B ~ H M ~  ~ ~ M H ~ _ ~ M ~ o B  M MeTOaOB n p O r H O 3 a  M nOMCKOB 30JlOTOPYaHblX MeCTO- 

P O X A ~ H M ~  6 YCJlOBMRX A a J l b ~ e r 0  BOCTOK~ POCCMM. 
~ P M H R T ~ R  B KHMre KOHuen~MF1  30JlOTOPYaHblX CMCTeM KaK a H ~ a ~ 6 J l e f i  B3a -  

~ ~ o a e L i c ~ a r / l ~  @ a ~ ~ o p o a  reHepauMM,  nepetioca, n o ~ a n ~ 3 a u ~ ~  M ~ ~ C T P Y K ~ M M  30- 

JlOTOrO OpyaeHeHMR nO3BOJlMJla ~ O ~ O ~ T M  KaHaJlM3yperMOHaJlbHblX0~06e~~0~-  

~ e i  ~ O K ~ J I M ~ ~ L ~ M M  o p y a e H e H M g  c r e H e T M r e c K M x  ~ O B M U M ~ .  P ~ ~ O H H P O B ~ H M ~  
~ ~ J ~ O T O H O C H ~ I X  T ~ P ~ M T O P M ~  BblnOJlHeHO n V e M  OKOHTyPMBaHMR n0 r e O J l O r 0 - r e 0 -  

@ M ~ L / I ~ ~ C K M M  AaHHblM CTPYKTYP TeHepaqMM, C Y'ieTOM AaHHblX no @ a K T b l r e C K ~ f i  

3OJlOTOHOCHOCTM, a CMCTeMaTMKa 30JlOTOPYaHblX M ~ C T O P O X , Q ~ H M ~  I lpOBef leHa B 

3aBMCMMOCTM OT 3PeJlOCTM 30JlOTOPY,4HblX CMCTeM: pa3BMTOCTM O p O r e H e 3 a  M 

x a p a ~ ~ e p ~ 3 y o u ~ x  ero r n y 6 ~ ~ ~  ~ I X  CTPYKTYP ~ ~ ~ ~ ~ J I O T H ~ H M H ,  TMna LqenorHocTl/c 

TPaHMTOMaOB, M ~ ~ H M T H O ~ ~  BOCnPMMMqMBOCTM TpaHMTOMaOB M BYJlKaHMTOB M np. 
B ~ I R B ~ ~ H H ~ R  B p e 3 y n b ~ a ~ e  n p o s e a e H H b l x  ~ c c n e a o s a ~ ~ f i  pe rMoHanbHaR pya~o -  
M ~ ~ M ~ T M ' ~ ~ C K ~ F I  3 0 H a J l b ~ 0 C T b  M a a ~ ~ b l e  @M~MKo-xMMM'~~cKMx  M M M H e p a J l ~ r ~ - r e ~ -  

X M M M ~ ~ C K M X  M C C J ~ ~ ~ ~ O B ~ H M ~  I lOaTBepaMJlM IlPOaYKTMBHOCTb MaeM 0 30JlOTOPYaHblX 

CMCTeMaX. A a n b H e f i t l l e e  MCnOJlb3OBaHMe KOHqenuMM CBFl3aHO C 6 o n e e a e ~ a n b ~ b 1 ~  

M c c n e a o s a H M e M  @ a ~ ~ o p o s  nepetioca, n o ~ a n ~ 3 a u ~ ~  M AecTpyKuMM. ~ T M  ycMnMR 

HeCOMHeHHO I l p M B e a V  K HOBblM OTKPblTMFlM - HaYqHblM M I lpaKTMreCKMM. 

O n y 6 n ~ ~ o s a ~ ~ e  o 6 ~ q e i  KapTMHbl MeTanno reHMM aono~a BOCTOK~ POCCMM, 
BKJ l tOra tOuef i  OnMCaHMe 6 0 ~ l  ~ W M H C T B ~  30JlOTOPYAHblX M ~ C T O P O X , Q ~ H M ~  CTOJlb 

O ~ W M P H O ~  T~PPMTOPMM,  6 y ~ e T  C ~ O C O ~ C T B O B ~ T ~  p a 3 B L l ~ M t O  ~e T0JlbK0 H ~ Y ~ H O ~  M 

re0Jl0r0-pa3~e,40r~0fi ~KTMBH'OCTM, HO M n p e ~ n p ~ H M ~ a T e J l b C K 0 f i  MHBeCTML&lOH- 

H 0 f i  fleRTeJlbHOCTM. n p M B e f l e ~ H b l i  @ ~ K T M ' ~ ~ c K M ~  MaTepMaJl  fl0 p y ~ ~ 0 f i  30JlOTO- 

HOCHOCTM M HeKOTOPble AaHHble,  KaCatOLqMeCR M ~ T ~ M O ~ @ M ~ M ~  30JlOTa (o6naro- 
P a X M B a H M e  M YKPYnHeHMe er0 B b l a e J l e ~ M i ) ,  MOrYT 6 b l T b  MCnOJlb30BaHbl  n p M  

rlpOrHO3HbIX O ~ ~ H K ~ X  T ~ P P M T O P M ~  H a  PaCCblf lHOe 30JlOTO. 
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