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CEPTEM nETPOBMH KOPI4KOBCK14Í4* — MAPMAH nyTMUJ** 

ľVlETAMOP<t>MHECKAíI 30HAJIbHOCTB M Z ( H A Í I ) T O P E 3 B KPMCTAJ1-
J1MHMKYME ílOBA^KCKOrO MHOBUA 

( Puc. S) 

PeiiOMc: B KpuCTaaaHMecKOM KOMnaeKce EloBa>KCKoro MHOBua BbiaeaeHbi 
2 ivieTaMopíjjHiecKHe 3onbi — CTaBpojiHTOBaa H cnjJjiHManMT-6iiOTHT-MycKO-
BHTOBaa. B CTaBpo.nMTOBOM 3one cocymecTByKDT Bce Tpii cmíHKaTa rjiMHO-
3eMa — KuanHT, annajiymi" n CHJiJiHMamiT, MTO yKaibiBaeT na aaBJienne npn 
MCTaMop(|)H3iVie, 6xiM3Koe K TPOHHOH TOMKe (Ps = 350—400 MPa). TeMne-
paTypubifi rpaniienT BHyTpH opeojia, onpeaeaaeMbiH no neTporeHeTHHecKoíi 
ceTKe, paBcu 500—580 °C. 

ZlHa(t)TopHTbi (peTporpanHO MCTaMOp(|jH30BaHHbie nopoabi) B KpncTaJiJiH-
MecKOM (j)yHnaMeinc noapa3aejiflK>TCfl na 3 TeMnepaTypHbie CTynenH — iviyc-
KOBitTOByho, xjiopuT-MycKOBHTOByKi H xJiopHT-cepHUMTOByto. PeTporpaanbiii 
M£TaMopc|)H3M HBJííieToi MeTacoMaTHHecKHM npoueccoM; npHBoaflTca aoKa-
3aTeJibCTBa ero CBÍI3M npeiiMymecTBeniio c peTporpaanoií CTaaneli BapiiccKoro 
OTana non BJinsiHHeM unpKya;mnH nocTMarMaTHMecKHX (JLHOHflOB. TaiibKH 
Bcex THnoB aHa(|)TopHTOB, B TOM MHcae 3ejienocxianueBbix, HaxoasiTCfl B nepin-
CKHX H BepxiieKaMeHHoyroabHbix KOHraOMepaTax. CpaBHHBaíOTcsi OCO6CH-
HOCTH aabnnňcKoro MeTaMop(t>n3Ma Mexxia rioBa>KCKoro MiiOBua M ana(|rro-
pc3a, n aeaaeTca BbiBoa, HTO K aabriHřicKOMy UHKJiy OTHOCHTCÍI Heooabmaa 
HaCTb flHa(j)TOpHTOB, HMehOLUHX M30XHMHMCCKHH XapaKTep, H aOKaaH30B3HHbIX 
npcHMyiuecTBenno B iconTaKTax BepxHenaae03oRcKo-Me3030ňcKOro nexaa 
c KpHCTaaaH'iecKHM KOMnaeKcoM. 

A b s t r a c t : Two m e t a m o r p h i c zones, s tauro l i te and s i l l imani te-
-biot i te-muscovite, are d is t inguished in t h e Považský Inovec cry­
stal l ine complex. In t h e s tauro l i te zone all t h r e e p o l y m o r p h s of 
AI)SiO.-, exist : kyanite, a n d a l u s i t e and s i l l imanite, w h i c h points 
to pressures u n d e r m e t a m o r p h i s m being close to t h e t r ip le point 
(Ps = 350-400 M P a ) . 

D i a p h t h o r i t e s ( re t rograde m e t a m o r p h o s e d rocks) in t h e crystal­
l ine b a s e m e n t are div ided into 3 t e m p e r a t u r e g r a d e s : muscovite, 
chlor i te-muscovi te and chlori te-serici te. R e t r o g r a d e m e t a m o r p h i s m 
is a m e t a s o m a t i c process ; proofs of its connect ion p r e d o m i n a n t l y 
by wi th t h e r e t r o g r a d e b r a n c h of Var i scan stage u n d e r t h e influ­
ence of t h e c i rculat ion of p o s t m a g m a t i c fluids are given. Pebbles 
of all types of d i a p h t h o r i t e s inc luding ones of t h e greenschis t fa­
d e s are found in the P e r m i a n and U p p e r Carboni ferous conglo­
m e r a t e s . Condit ions of the Alpine m e t a m o r p h i s m of t h e U p p e r 
Paleozoic-Mesozoic cover of the Považský Inovec Mts. and those 
d iaphthores i s are compared, and a conclusion is d r a w n t h a t a smal l 
p a r t of d i a p h t h o r i t e s of i sochemical c h a r a c t e r located p r e d o m i n a n t ­
ly in contacts of t h e cover and crysta l l ine complex refers to í he 
Alpine cycle. 

B crpoeHHK KpHCTajuiKMecKoro siap'd I~loBa>KCKoro MnoBua, xaic 3 T O ycTairoBjieHO 
paôoTaMM pjina HccnenoBaTerieH ( K a m e n i c k ý , 1956, 1958; K a m e n i c k ý in 
C a m b e l et al., 1961: K a m e n i c k ý in M a h e l ' et al., 1962: K a m e n i c k ý in B u d a y 

* JX-p C. n . K o p u KOBCKHii, MiiCTMTyT reoaornn pyanbix MecTOpowaeiiHfi, ncrporpac|)ini. 
MHHepaaorHH n TCOXHMHH AH CCCP, CTapoMoneTHbiH nep., 35, 109 017 MocKBa. 

** rj,-p M. n y i um, Kana. nayK, Kact>eapa nCTporpac|)Mii EcTCCTBCHHoro (jíaKyabTeTa ynHBepcw-
TeTa HM. R. A. KoMeucKoro, MabiHCKa aoaHHa, BpaTiicaaBa. 
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et al., 1963; K a m e n i c k ý in M a h e l et al., 1967; P u t i š in M a h e l et al., 1979, 
1980; P u t i š , 1980, 1981, 1982a, B, 1983, B nenaTH), y-iacTByroT jiBycnJoxuiiibie meň-
Cbl, BblCOKOr/lMHCHeMHCTbie CJiaHUbl, aM(|)H6o.nHTbI, MHTMaTHTbl, CHHMeTaMCp(|)H-
ltecKHe no3jiHe- H nocTKHHeivtaTHHecKHe rpauMTbi (pne. 1). TpannTbi nrvieK>T npeuMy-
LuecTBenno aHaTeKTOHAHbiH xapaKTep, H o6pa30BajiHCb B CTaiuiho MaKCHMyMa Me-
TaMopc|)H3Ma, o neivi CBHaeTejibCTByioT ujupoKne nojia MHTMaTMTOB, B npeaejiax 
KOTopbix npocjie>KHBaK)TCJi Ha neKOTopbix MecTax nocTeueHHbie nepexonbi OT na-
parueňcoB n cnaHueB K rpamiTaivt. 

B HacTOameň CTaTbe Mbi paccrviaTpHBaeM napareiie3HCbi H P-T ycnoBi-ia o6pa30-
Bann5i co6cTBeHiio MeTaMopcJjHHecKHx nopofl, HBJíMKiLUHXca BMemaromeíí paMoň XUIH 
rpaHHTOB H MHnviaTMTOB, a TaiOKe npoueccbi peTporpannoro MeTarviopc|)M3Ma 
(jjna(l)Tope3a), B paBHoň Mepe HajioweHHbie Ha Bce BbiixieyKa3aHHbie ~ninbi nopoa. 

Munepa/ibUbie accoifuaiiim u 3onbi npozpeccusHoeo dinana MemaMop0u3.\ia 

XapaKTepnoH wepToíí KpHCTaujiHHHKyMa I~IoBa>KCKoro MHOBUB, ocjioKHíUomeíl 
M3yTCHHe MeTaMopc|jHMecKHX nopoa, aBjíaeTca perHOHa/ibHoe pa3BMTHe nnac^TopH-
THlieCKHX npOUeCCOB — MyCKOBHT.H3aU.HH, XJ10pHTH3aUHH, CepHUHTH3aUHH H OKBap-
ueBanHn, HCKawaiOLUHx nepBOHaLiajibHbiřf OÔJWÍK Gojiee BbicoKOTeMnepaTypubix 
nopofl. TeM ne tvíenee napareHe3HCbi nporpeccHBHoro 3Tana BbiflBjiatoTCH BnoJiHe 
neTKO. CaMbiMH THnHMiibíMH MeTaMopc|)HHecKHMM nopoziaMH rioBawcKoro MHOBua 
HBJíHKiTca ÔHOTHT-iviycKOBHTOBbie H rpanaT-ÔHOTHT-MycKOBHTOBbie nuarHorueňcbi 
H cnaHUbi, conepwamj-ie B CBoeM cocTaBe CTaBpoiiHT H Bee Tpu cunHKaTa TJIMHO-
3eMa — aiiiiajiy3HT, KuanKT H CHJiJiHManHT. 06o6meHHe napareHeTHnecKHX aaHHbix 
npn cocTaB/ienHH KapTbi MeTaiviopc|)H3Ma n0Ka3a.no, MTO B Kpj-iCTajiJiHHHKyMe 
rioBa>KCKoro MnoBua cymecTByeT MeTaMopcjxHHecicaH 30HanbHOCTb, KOTopyro MOXHO 
noapa3iie^HTb na jiBe MeTaMop(})HMecKHe 30HM — CTaBpojiHTOByto H cnjuiHMannT-
-6HOTHT-MycKOBHTOByK) (puc. 2). KaK BHUHO na KapTe, uei-iTpajibHyro nacTb xpuc-
TaJiJiHHecKoro napa ŕloBaxcKoro MHOBua 3aHHMaeT cxaBpojiHTOBan 30na, KOTopaa 
K BOCTOKy H K rory (B CTopony KOHTaKTa c rpanHTaiviH) CMenaeTcn 6onee BbicoKO-
TeivinepaTypHOH CHJiJiHMaHHT-ÔHOTHT-MycKOBHTOBOH 30HOÍÍ, B npejiejiax KOTopoň 
CTaBpojiHT y»ce neycTořÍHHB. 

Puc. 1 rcojiorHHecKO-TCKTOiiHMecKHří na6opocoK KpucTajiJinHHKyivia, nexem Bepxnero nane030H 
H Mac™ MC3030ÍI (no ľ! y T w m y, 1981, 1983, B nena™). 

ľloncueuu.'i: 1 — TpeTMMiiasi CHCTCMa H Me303oR neBKJiiolienbi B myooKvte CTpyKTypbi KpHcxaJiJiH-
nHKyMa; 2 — MC3030M BKJiioneH B ôonee rxiyôoKoe CTpoenne nozicTHJiaiomero KpiíCTajijiHHHKyMa; 
3 — a — Mexoji nepMH (BKJirowen B ajibnnŕícKne CTpyKTypu ncaCTHnaiomero KpHCTaJuiHHHKyMa 
b — nepMCKHC ĎaiaiibTbi n HX Tyijjbi, c — nepMCiare PHOJIHTM H HX Ty(j)bi; 4 — nexan BepxHero, 
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Kapôona (BKJiKiMeH B aubnHRcKHe CTpyKTypbi KpnCTaJixiHHHKyMa); 5 — a — neouHopcanbiM 6HO-
THTOBblň (flByCJTIOflflHOfí) rpaHHT rpaHOilHOpHT ( i CHJlJIHMaHHT), b anjlHTOBO-nerMaTHTOBblPl 
rpanHT (— rpanaTbi H CHJlJIHMaHHT); 6 — OMKOBbie cjnorJí]Ho-cjiaHU.eBbie rneiicbi, MHTMaTH3npo-
Bannbie rneňcbi — MnriviaTHTbi (apTepHTbi, neôyjiHTbi, OMKOBbie rneíicbi); 7 — naparneRcbi; 8 — 
cjnonniibie cnanLibi H cjnonsiHO-cjiaHiieBbie rneficbi; 9 — aMcftHÔojíHTbi; 10 — a — reojiorHMecicHc 
rpauHUbi (npeHMymecTBenno TCHTOHHMCCKH no/jHepKnyTbi), b — ruiocKOCTH HanBiira H nepe6poca; 
II —floaubnHficKaíi .(repuHHCKaa) a — MeTaMopc|)HMecKa;i cJioncTOCTb, b — MeTaMopijjHMecKaa 
JiHHeíÍHOCTb; 12 — a — aJibnHÍicKOe nono)Kenne 11 a, b, ajibiranCKHH KJiHBa/K, b — B-OCH ajibiwii-
CKHX MeiocKJiaaoK. 
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C T a B p o n n T o B a n 3 o H a 

B MycKOBHTCOflepwamHx rneKcax H MeTanejiHTOBbix anamiax ycTOHMHBbiMH 
HBJ15UOTCH anerj.yiom.ne napareHe3HCbi (npn ywacTHH p y m n a HJIH HJibMeHHTa): 

S t + K y ( A n d l , S i l l ) + B i + G r + M u + P l + Q 
S t + B i + G r + M u + P l + Q 
B i + K y ( A n d l , S i l l ) + M u + P H Q 
B i + G r + M i H P l + Q 
B i + M u + Pl + Q 

3 T H accou.i-iaij.HH, onpeACJifltOLOHe ycjioBHH nanoojiee BbicoKOTeMnepaTypiioň 
CTyneHH cTaBpoxiHTOBofi (j)au.HH — a HMCHHO CTaBpojrnT-anflajiy3HT (tcnamu, CHJIJIH-
MaHHT)-6noTHTOBOH cy6(|)auHH (KopHKOBCKMH, 1979), noKa3aHbi na pne. 3/1 
B npoeKUHH ToivincoHa. B KawecTBe B03MO)KHoro ivufHepaJia B Marae3Ha.nbHbix 
MeTaneiíHTax Ha pHc. 3/1 yica3aH TaioKe Marne3HaJibHbiň KopaHepHT. Ero BepoaTHafl 
CTaÔHJibHOCTb noflTBep>KiiaeTca Haxozucoň napareHe3Mca CTaBpojiHT+Kopn,HepKT-|-
rpaHaT+cHjijiHiviaHHT B HeaocbimenHbix K2OMeTanejiMTax KpucTajuiHHHKyMaCTpa-
>KOBCKHX BepXOB XapaKTepH3yK)lUHMC5I CXOflHbIMH P-T yCJIOBHHMH MeTaMopcJ)M3Ma. 

Oienb Tpyfli-io OKa3anocb onpejjejíHTb, CTa6KJieH JIH nepBHiHbifí xjiopHT B acco-
UHauHH co CTaBpojíHTOM n rpaiiaTOM. KpHCTajiJiHwecKHe noponbi rioBa>KCKoro 
MnoBua CHjibHO /iHa(|)TopHpoBaiibi: rpanaT, cTaBpo/iHT M 6HOTHT MacTO 3aiviema-
JOTCfl BTOpHMHblM iViyCKOBHTOM H XJlOpi-lTOM, KOTOpbie, nOMHMO HBHblX nCeBÍJO-
Mop(|)03 no UHM, o6pa3yhOT TaioKe paccesiHHbie H30JiHpoBaHHbie neuiyňKH B nopozie. 
B nocne/iiieM cjiynae HX Tpyjjuo OTJiHíHTb OT CJIKM nepBHMHoro nponcxoKiieHHH. 
OrinaKO B neKOTopbix Lujincjjax — i-ianpuMep, 113 paňoHa >KaÔHUbi —BHyTpH Kpyn-
iibix nop(|)npo6nacTOB rpanaTa BHAHbi BKjihOHeHHJi paBHOBecnoro >Kejie3HCToro 
xjiopuTa. CjieAOBaTejibHO, KaKasi-TO wacTb cTaBpojiHTconep>Kai±tHx nopoa I~IoBa>K-
cKoro HnoBua aoJiwua ornociiTbCH K 6oJiee HH3KOTeMnepaTypHoň CTaBpojíHTXJio-
pHTOBoň cy6c|3auHK. Ho H3-3a ziHacl)Tope3a HCTKO oTíiejíHTb ee accounauHH neB03-
MOXHO, H jvibi HJIH ynpoLHeHHH Ha30Beivi BCKD uannyto 30Hy (cy6c|)au.HK)) npocTO 
CTaBpoJíHTOBoií, HMeJi B BHiiy, WTO ee ôonbuian nacTb cooTBeTCTByeT ycjiOBirsiívi 
CTaBpojiHT-aiiJiajiy3HT (KnaHHT, CMJiJiHManHT) 6HOTHTOBOH cy6c]jaij.HM. 

> 

Pne. 2 KapTa MeTaMOprpi-ľ-icCKoíí 30naJibHOCTH KpHCTaJinHHMKyivia rioBajKCKoro MiiOBua (no: 
riyTHiu, 1981, 1983; K o p n K O B C K H R — ľlyT H UJ, B HacTOíiineFi CTaTbc). 
rioncneiiuft K rpa(|3HMecKOM Jierenac (1—3): 1 — KpHCTanJiHHHKyM c oôcmiaMeniieM rpanuubi MeTa-
Mop(|)iiliecKnx 3OH: 2 — BepxHenaJieo30KCKO-Me303ořicKne e/jHHiiubi; 3 — TpcTMMnasi cucTeina. 
ľlo.'ICIIťllU'l K IICnOJIb30BailHblM CHMBOXiaM (1 —15) MHflCKCOBblX MHHepajTOB H HX MliHepa.lbHblX 
accoumiunii: I Bi (Bi i Mu), 2 = Gr (Bi 4 Gr -i Mu), 3 = St (Bi + Mu 4 Gr + St), 4 -
Ky ( Bi 1 Ky 4 Gr I Mu ± St), 5 = Andl (Bi 4 Andl ± Gr + Mu), 6 = Sill (Bi + Sill ± Gr ± 

Mu), 7 = St 4 Ky (Bi + St 4 Ky -h Gr + Mu), 8 = St + Andl (Bi + St + Andl ± Gr + 
Mu), 9 = St + Sill (Bi + St 4 Sill -Ĺ Andl -'- Gr 4 Mu), 10 = St -!- Andl - Sill (Bi + St 4 
Andl ; Sill 1- Gr 4 Mu), 11 = Andl 4 Ky (Bi + Andl j- Ky + Gr ± St -f- Mu), 12 = 

http://anerj.yiom.ne
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wn-green PI ± Ep), 14 Sill Hrbgreen (Hľbgreen r PI Ep), 13 Hrbbrown-green (Hrbbro 
G I ' ( B rpaiíHTe), 15 - Tour. 

OóositďiemiH itciio.ihsoiiaiatbix uunepcuoB (K pne. 2 H K TCKX'TV): Ab — aiibÔHT, Als — cHJíHKax Al, 
Andl — aHiiajiy3HT, Bi — 6HOTHT, Chl — xnopiiT, Ep — 3rw.aOT, G r — rpanai", Hľbgreen — 3e;i nasi 
poroBan oÔManKa, Hrbbrown-green — Ďypo-ieJienasi porOBasi oÔManKa, H m — mibMeiiwT, Ksp — 
Ka.TMLLinaT, Ky — KriannT, Mu — NiycKOBHT, Ort — opTOKJia'?, PI — n/iarnoKxia3, Q — KBapu, 
Ru — pyTM/i, Ser — cepriuHT. Sill — cn/ijiHMauMT, Spes — cneccapTHH, St — cTaBpo.iiiT, Tour — 
TypMajinii. 
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Han6oiiee 3aMeHaTejibnoň oco6eHHOCTbfo CTaBpoJWTOBoň 30Hbi MeTaMopcpvntvia 
B I~IoBa>KCKOM MHOBue HBJíaeTca cocymecTBOBaiiHe co cTaBpoiiHTOM Bcex nojiii-
MopcpoB A l 2 S i 0 6 : KHaiiHTa, aHflaJiy3nra w cHJiiiKManHTa 6e3 HBHUX peaKUHoiiHbix 
cooTHOiuenHH /opyr c apyroM. B HX TeppHTopHajibiiotvi pacnpocTpaHeHMM (pne. 2) 
He BW/JHO onpcaeJienHOH 3aKonoiviepHOCTK. B mjincpax BMecTe co CTaBpoiiHTOM npn-
cyrcTByroT JIH6O OAMH, JIH6O UBa cifiiWKaTa rjiHH03eMa — nanpHtviep. K y - Andl 

Pne. 3. riapareHeiHCbi MycKOBHTCoiiepKauiwx 6eflHbix KaJiHeM rHeRcoB H MeTane.iKTOB craBpo-
J1HTOBOÍÍ (I) H OMOTHT-CHJlJIHMaHHT-MyCKOBHTOBOři (2) 30H. 

HUH Andl + Sill. KpMCTajTJibi KnaHura n an.aa.ny3HTa BCTpenaioTca B j-nojiMpoBamibix 
3epnax KJiH o6pa3yK>T cpacTaniia, B KOTopbix neT HČTKHX npH3HaKOB napaMopcpo3 
oflHoro MHHepaJia no apyroMy (CM. cpoTO na pne. 4 H 5). CHJiJiHMaHHT B 3THX x e 
noponax Ha6jiKxaaeTC$i B cpoprvie He6ojibiuHX cpn6pojiHTOBbix nyHKOB, napajiJiejibHbix 
CJianueBaTOCTH, O6BIHHO B cpacxanHH c 6MOTHTOM HJIH MycKOBHTOM. KoHKpeTHbie 
MecTa HaxoítOK pa3Hbix cmíHicaTOB rjinH03eivia co CTaBpoJiHTOM noKa3aHbi Ha KapTe 
MeTaMopcl)H3ivia cooTBeTCTByroiUHMH cuMÔOJiaMH (pne. 2). Mx TecHasi jiOKajiH3auHH 
B npe/iejiax o a n o r o ynacTKa, cocymecTBOBaHHe apyr c zipyroM B oTuejibHbix imiHCpax 
no3BOJi5iK)T cMHTaTb, m o B cTaBpoJiHTOBoň 30He ľToBaíKCKoro MHOBua CTaGimen 
naparene3nc S t + ( K y + A n d l + Sill), TO ecTb flaBJíemie 0TBena.no ycJioBHHM TpoňHOH 
TOHKH CHJIHKaTOB rjiHH03eivia. 

B aM(|)H6oJi.HTax cTaBpoJiHTOBoň 30Hbi ycToiÍHHB napareHe3HC rojiy6oBaTO-3ejie-
Hoň poroBoň oÔMaHKH c 3nHiiOTOM, njiariTOKjia30M w KBapueM. 

C n n JI H M a 11 T - 6 H o T H T - M y c K O B H T O B a s\ 3 o H a 

Tpailima CTaBpO-TIHTOBOH H CHJIJMMaHMT-ÔHOTHT-MyCKOBMTOBOii 30H npOBOJJHTCa 
no peaKUHH Mc-ie3H0BeHna CTaBpojinTa 

St + Mu + Q = Bi + Sill + Gr + H,0 

Oco6em-io xopomo 3-Ta rpamma BMflHa B foro-BOCTOMHoň nacTH KpHCTajuiHHmcyMa 
MnoBua, B6JIH3H: KOiuaKTOB MHriviaTHTOB c rpannTaMH, B paňone JlyxoHbKH n >Ke-
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Pne. 4. PaBHOBecnoe cocymecTBOBanne 3epeH KHaHHTa H anaanyinTa B CTaBpojiMT-rpaHaroBbix 
cJianuax. YBeJi. x 150. 

Pne. 5. ToMOoceBbie npopacTanHíi KpncTaJiJiOB KHaHHTa H anaajiy3MTa B noponax CTaBpoxíHTOBOH 
30Hbi. YBen. x 220. 
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Jie3HOflOpO>KHOÍÍ AOJIHHbl ( P U t i Š, 1981). B 3TOÍVI HanpaBJíeHHH KOJIHMeCTBO H BejlM-
MHHa 3epen CTaBpoJiMTa B cnaimax pe3KO yMeHbinaioTCfl, n OH cnopazuiiecKH 
coxpaHHeTCH B BHfle HeôojibiiiHX H3T>e.aeHHbix pcnnKTOB BiiyTpw MycKOBHTa HJIHBÔHO-
THT-CHjijiHMaiíHTOBOM arperaTe. 3aTCM OH no/ľHOCTbK) nclie3aeT. 

TjiaBiibie naparene3HCbi CHJiJiHMaiinT-6noTHT-MycKOBHTOBOH 30Hbi (npii ynacTun 
HJibMeHHTa HJIW pyTHJia): 

B H - S i l l + G r - ^ M u + P l - L Q 
Bi + Sill-I Mu-rPl + Q 
B i + G r + M u + P l + Q 
Bi-!-Mu-! P l ^ Q 

3 T H accouHamffl noKa3anbi na pne. 3/2. CnjuiHMaHMT OÔHMHO npexicTaBnen 4)M6-
POJIHTOM; B Marne3HaiibHbix nopoaax B03M0>KeH KopanepHT. 

B yonoBHHX XUIHHOH cy6c|)aunn MeTaMopc|)M30BaHbi Taioxe KcenoJíHTbi B rpaHnrax. 
KoiiTaKTOBoe B03fleňcTBHe rpaHHTOB na cnanubi n rHeficbi BbipawaeTCfl rJiaBHWM 
0Ôpa30M B MyCK0BHTH3aUHH, a B 06.naCTH pa3BHTHH MHTMaTHTOB B c|)ejibn-
UjnaTK3aU.HH H 6HOTHTH3aUHH. 

B aivic|DH6ojiHTax, KaK n B npeabiziynieň 30iie, ycTOHMHB napareHe3HC rojiyôoBaTO-
-3ejienon poroBOH OÔIVUIHKH C sniiaoxoM, njiani0KJia30M if KBapueM. 

P- T YC.ioeiiH NiemaMopcfJMMa Kpiicma.i.uiHUKyMci IloacuKCKozo Miioeua 
na nempoipacfiimecKoit cemi<e 

}\o nojiyneiiHM pe3y,ibTaT0B MnKpo30imoBoro n3yMeHHíi rpauaTOB n aaHHbix 
reoTepMoôapoivieTpHH, M H BnoJine Mowervi oueiiHTb ycnoBitfl MeTaMopcl)H3ivra 
3THX UByx KpucTajijiHHecicHX KoivinJieKCOB c noMoujbK) neTporeHeTHHeck'OH ceTKii 
(KopHKOBCKHH, 1979). Ha Hefl (pne. 6), KpoMe cTaBpojíHTCoaepÄamiix paBHOBecnn 
H^narpaiviMbi ycTOHHHBOCTH CHJíHKaTOB rjTHK03e.via, naHecenbi: 3KcnepnMeHTa.nbnan 
JIHHHH ycTOHMKBOCTH MycKOBHTa c KBapueivi ( K e r r i c k , 1972; >KapiiKOB n ap., 
1972) npn P H . O ^ P . V [I 3™ * e paBHOBecne. nepecHHTaiinoe Ha PHX> = 0,5—0,6P S 

(c yncTOM neperviennoH iiaTpoBOCTH MycKOBHTOB JIHHHH paBHOBecna npeBpamaeTCH 
B nojiocy, B npeaejiax cTa6iuibHOCTn naparene3Hca M u ^ K s p + Als + Q). 

B npeziejiax noBawcKoro MnoBua coBMecTuaa ycTOHHiiBOCTb KHamrra, aHAany-
3HTa n CKJUiHMaHHTa B cTaBpojíHTOBoň 30ne yKa3biBaeT na aaBJieHiie npn MeTa-
Mopc|)H3Me, cooTBeTCTByiomee Tponnoň TOMKe cmiHicaTOB rjinH03eMa. OnpenejiflH 
nojiowenne 3Toň TOMKH na P-T flHarpaMivie no XojiaeB3H3 ( H o l d a w a y , 1971), na-
paMerpbi CTaBpojíHTOBoň 3oiibi ouenHBaioTCH B npeaenax: T = 5 0 0 — 5 3 0 DC, P s = 
= 375 MPa (npn6.nn3HTe.nbHO 3 5 0 — 4 0 0 MPa). ECJIH npnuMTb, MTO C nepexoaoM 
K cnjumiMaunT-enoTiiT-MycKOBiiTOBOH 3one .aaBJienne cymecTBenno ne MenaJiocb, 
TO TeivinepaTypa B ee npeae/iax paBiiajiacb 540—580 C. 3T.HM ycjiosnjiM OTBenaeT 
Tpeim PT na pne. 6, KOTopwň He aocTuraeT rpannuw CTaoniibnocTii MycKOBHTa 
c KBapncM, nocKo^bKy a/ibTepnaTiiBiibiň napareHe3nc Ksp —Sill-^Q n ziaxe npoMe-
>KyT0MiibiH naparenc3HC M u + K s p H S i l l + Q B MeTaMop^mecKKX noponax n o -
Ba>KCKoro MnoBua He BCTpenaiOTCM. 

/0,jia cpaBiieiiiiíi na P-T anarpaMMe (pne. 6) nanecenu Tpenjibi 30HajibHoro MeTa-
Mop(|)H3ivia, ycraiiOBJieHiibie/iJia KpncTajuiHHirKyMa Majibix KapnaT H Cyxii ( K o p n -
KOBCKnň n íip. 1984, 1985). Bce Tpenzibi OKa3ajiHCb 6.ÍIH3KH, a pa3Hima B aaBjreHHH 

http://npn6.nn3HTe.nbHO
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cocTaBJiaeT ne 6oJiee 50—1 00 MPa. Pa3JiHMH$i B (])a30Bbix paBHOBecmix MeyKjxy TpeMH 
KOMnJieKcaMH 3aKjibOMaTCfl B cjieayromeM: 

a) ZUIH HaHÔOJieerjiyÔHHHOro opeojia rioBawcKoro MHOBLUI ( P , = 3 5 0 — 4 0 0 MPa) 
xapaKTepno cocymecTBOBanne KHaHHTa, annaJiy3HTa H CHJiJiHManHTa; BbicoKO-
TeivinepaTypnoe pa3jio)KeHHe CTaBpojiirra npoHcxo/ruT myGoKO B TeivinepaTypnoM 
none CHjiJiHManHTa; 

6) B 30HajibHOM opeojie I 3Tana MeTaMopc|)H3Ma Majibix KapnaT ( P , = 350 MPa) 
KwanHT OTcyTCTByeT, rpaHKua cTaBpojiHT-xjiopuroBOH 30Hbi npi-iiviepHO coBna/oaeT 
c jiHHKeň HHBepcuw Andl -> Sill; CTaBpojiifT TaK>Ke pacnanaeTCJi B noJie ycToiÍHH-
BOCTH CHJlJlHMaHlfTa; 

B) B KpiiCTajî HHHKytvie Cyxw ( P s = 300 MPa) rpaHKua ycTOHHHBOCTH CTaBpojiKTa 
B MycKOBHTCoaep>KaLnnx nopo/rax, npHMepno, coBna/jaeT c jn-inneň HHBepcHM Andl-> 
Sill (KopHKOBCKKH-KaraH-nyTHiu-r ieTpHK, B nenaTH). BoneacTBHe 3Toro 
napareHe3Hc cTaBpouHT+CHJiJiHMaHHT B KpMCTajinHHHKyivie Cyxi-i ne B03HHKaeT, 
n cTaBpojiHT-aHxiajiy3HT-6HOTH'TOBaa 3ona cMeHaeTca nenocpeacTBenno CMHJIH-
MaHHT-ÔHOTHT-MyCKOBHTOBOH (6e3 CTaBpOJIHTa). 

M Bce-TaKH, iiecMOTpn Ha HeKOTopbie OTJIHMHJI B napareHe3Hcax, oMeBHrjj-io, MTO 
Bce Tpn KOivinueKca cc|)opMirpoBajincb B cxoaHbix ycjioBHJix nnyôwHHOCTH, B iíHTep-
Bane /jaBjíeHHM OT 300 xio 400 MPa. OÔUÍHM jiBJíJieTCfl H TO, MTO HH B OU.HOM H3 HHX, 
JUVMC na ynacTKax pa3BHTna MHrMaTHTOB ir riiericorpaHHTOB, ne ziocTHraexcji 
BbicoKOTeMnepaTypHbiH npe/jeji CTaÔHJibHOCTH MycKOBHTa c KBapueivi. ConnacHO 
flHarpaMMe, npe/jejibHaH TeivinepaTypa MeTatviopc|)H3Ma BO Bcex paccMaTpHBaeMbix 
opeoJiax spnn JIH npeBbimana 580—590 C, ecjin npH 3TOM coôjibo/jajiocb oGbiMHoe 
fljia cpeaneTeMnepaTypubix cy6(|)aunH cooTHomeuHe P H a o = 0,5 — 0,6 P, . 

MTO xacaeTCH B03pacTa nporpeccHBnoro MeTaMopc|)H3Ma KpucTajiJiHHWKyMa 
rioBa>KCKoro MnoBua, TO naKonjieHHbie K HacTOJimeMy MOivreHTy MaTepnajibi c nai-i-
Gojibmeň BepoHTHOCTbto yiaubiBabOT na ero BapnccKHH B03pacr: 

1. rieTpoJiorHMecKHH aHajW3 y6e>K/jaeT, MTO nporpeccHBHbifl 30Ha.nbHbiň MeTa-
MOpc]).H3M HBJíaeTCJI OflHOaKTHblM npOUeCCOM, CHHXpOHHbIM c rpaHMTOo6pa30BaHneM 
H HaKJiaabiBaeTca, cyan no najiHHOJiorHMecKHM/jaHHbiM ( Č o r n á - - K a m e n i c k ý , 
1976), Ha naiieo30HCKHe TOJILUH OT cwjiypa j\o aeBona (lUDKHero Kap6ona?). KaKHx 
-JIH6O pejíHKTOB una npinnaKOB eme 6ojiee paHHero UHKJia MeTaMoptj)H3Ma, c HHbiMH 
P-T napaivieTpaMH ne 6buio oGnapymeiio. B paMKax e/jnuoro MeTaMopcj)HwecKoro 
KOMnjieKca qbHKCMpyeTCJi, Tdvi HH ivienee, HecKOJibKo cTa/anň /jecjjopMaiJHH ( P u t i š , 
1983), HO 3TO He npeflCTaBJineTCH neoôbiMHbiM. HanpHMep, BnyTpn KJiaccHHecKoro 
BapHccKoro MeTaMop(|)niiecKoro opeona B riHpenejix (Zvvart, 1984) BbiaejiaeTCH 
5 HajiOKenHbix apyr na apyra CTanHH ae(|)opMaunří. 

2. rio napaMeTpaM rjiyô.HHHOCTu, Tuny TewnepaTypHOH 30HaxibnocTH H oômeMy 
CTHJibo MeTaiviopc|)H3M KpHCTajiJiHHWKyMa rioBa>KCKoro MnoBua oiieHb cxo/jen 
c I uHKjioM 30na;ibHoro MeTaiviop(|)H3Ma B MajTbix KapnaTax, HJIJI KOToporo Rb-Sr 
M30xpoHHbiM MeTOíiOM nojiywenbi 3iiaLieHH5i 387 + 38 MJIH. JICT (MeTaiviopc|)HHecKHe 
nopoabi) H 347 + 4 MJIH. JICT (EpaTHcnaBCKMe rpaiíHTbi) ( B a r z i a c a p a H H ap., 1983). 
rieTpoxiorHHecKoe CXO/TCTBO ycHJiHBaeTCM TCM, MTO Majibie Kapnarbi H OoBa>KCKHH 
MHOBeu naxo/jaTCH npHMepno na O/JHOH TeKTOHWHecKoPi OCH, pa3BopaiiHBaroureHC5i 
c KD3 na CB. HMebouaHeca zuta rioBa>KCKoro MnoBua K-Ar onpe/rejieHMe B03pacTa 
6noTiiTa ii3 rpanoziHopHTOB mwo 3naLienHe 320 MJIH. JICT ( K a n t o r , 1961). 

TaKHM o6pa30M, KOMnjieKC neTpojiornnecKHX, oOLnereojiorHHecicHX H nacTHMHO — 
reoxpoHOJioniwecKHx zuini-ibix H K-oppejuiunň CBHXieTejibCTByioT B nojib3y TOTO, IITO 
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30HajibHbifi MeTaMopc|)H3M H rpaHHTOo6pa30BaHHe B rioBa^cKOM MHOBue CBíoanbi 
C BapHCCKHM 3HflOreHHbIM UHKJIOM. 

Pempoepadiibiu MemaAiop0u3M e KpucmannuHUKyme íloeaMccKoeo Miweua 
me p npoifecca, napaeene3iicbi u cmynemi paeHoeecu.i 

xapaK-

CpcuHe- H HH3KOTeMnepaTypHbiři peTporpafliibiH MeTaMop4>H3M (flHa([)Tope3), 
BbipaXCatOLUHHCfl B MyCK0BHTH3amiH, XJIOpHTH3aUHH, cepHUKTH3aUHH, aJll>6HTH3a-

p,,kb 

/("."V 

400 500 600 T°,C 

PHC. 6. YnpomeHHaM P-T aiiarpaMMa cpeznieTeinnepaTypHbix paBHOBecHR B MycKOBHTconepacauiHX 
MeTanejiHTax (Kopu KOBCKH H, 1979), n P-T TpeHabi nporpeccHBHOro 3Tana MeTaMop(l)i.3Ma 
B KpucrajiJinHMKyMax riOBa>KCKoro HHOBua (Pí), Manbix KapnaT (MC) n CyxH (S). KoopaHHaTbi 

TpoHHOň TOMKU CHjiHKaTOB rjiHHOieivia— no Holdaway (1971). 
noftcHemi.H: 1— paBHOBecne Mu + Q = Ksp + Als npn PH2O = Ps (Kerrick, 1972; >KapnicoB 
n flp., 1972): 2 — npoeKUHíi JIHHHM rpannTnoro co.nn.ayca řípu PH2O = Ps (PH6MHKOB, 1975; 
Thompson — Algor, 1977); 3 — JIHHHÍI ranaorpanHTHoro cojinayca B CHCTCMC Q-Ab-Ort-HX)-
-B20:, npH 6 Mac. % B20:1 BO (JuiroHiie (Pichavant, 1981). 

HHH n oKBapueBaHHH, uiHpoKO npoHBJíeH B KpKCTajiJiHHHKyMe rioBa>KCKoro MnOBua. 
MM 3axBaneHbi Bce nopoabi — rHefícbi, ananubi, rpaiiWTbi w MwrMaTHTbi. M3y-
MenKe 3THX aBJíenwH B rioBa)KCKOM HnoBue HtvieeT Bawuoe 3Haiiemíe anx cyxaemm 
o B03pacTe K npHMWiiax anac|íTope3a, nocKOJibKy raxibKa flHa(})TopHTOB coaep>KHTCH 
B KoiirnoMepaTax Bepxnero Kap6ona ( K a m e n i c k ý , 1958) H nepMH ( P u t i š , 1981) 
(KOJIH. riyTHUJa). 3 T O HBjíaeTCH npjiMbiM reonorKMecKHM AOKa3aTejibCTBOM cyme-
CTBOBaHKa ivromnoro peTporpaflHoro 3Tana B KOHue BapuccKoro MeTaMop(|)n-
MecKoro uHKjia. C ripyroR CToponbi, B IloBawcKOM MHOBUC nposiBJíen H ajibnKHCKHH 
flHa(()TOpe3, CHHXpOHHbIH C HK3KOTeMnepaTypHblM /!KHaMOMeTaMOpchH3MOM, Hano-
wem-ibíM na BcpxneKapôonoBbie H nepwcKKe OTJio»eHHa ( P u t i š , 1981; 1983; B ne-
MaTH). 

B nacTOíimePi CTaTbe Mbi pacciviaTpHBaeM TOJibxo flBjiem™ no3HHeBapnccKoro 
flnac|)Tope3a, TO ecxb Te Tiinbi cpeane- n HK3KOTeMnepaTypnbix xufach-ropirroB, 
KOTopbie no nexpoJiornHecKUM KpnTepHHM MOÄHO CB5i3aTb c peTporpaaHoň CTa/meří 

http://co.nn.ayca
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BapKccKoro MeTaMopcj)K3Ma H rpaHHTK3auKH w rajibKH Koropbix BCTpenaioTca 
B KomvioMepaTax BepxHero K a p ô o n a H nepMK. 

KaK npaBKJio, B O K U O M o 6 p a 3 u e flHac|)TopnpoBaHHOH nopoj ibi c pa3Hoň HHTeH-
CHBnocTbK) npoHBiienbi M3MeHenKH HecKOJibKHX TeMnepaiypHbix cTyneHeň, Hajio-
)KenHbix apyr Ha zipyra. H a n p H M e p , B r n e ň c a x K MHrivraTWTax co BTopiiHHbiM Kpyn-
HOHeuiyfiLiaTbLM iviycKOBHTOM, 3aMemaK)mKM G H O T H T H njiarHOKJia3, M05KHOB.Ka.eTeb 
euje 6oJiee no3HHHH xjiopHT, pa3BHTbifi n o r p a n a T y H ÔHOTHTy, HJIH TOHKOHemyiÍHa-
Tbiň cepniJHT c MejibMaHoiHtviH 3epnaMH KJiHHOu,oH3HTa, B03HHKatouJHe np.H 3aMe-
uaeHHH wnH p a c n a a e n.nar.H0KJia3a. B x o n e iiHac|)Tope3a, npoHcxo/rj imero B 3HaLi.n-
TejibHOM HHTepBane naaaK>m.HX TeivinepaTyp, rpanaT-ziBycjiKiaHHbie rneňcbi , 
CTaBpOJlHT-KH"aHHT-aHflaJiy3.MT-CHJIJI>rMaHHTOBbie CJiaHUbl, ÔMOTHT-MyCKOBMTOBbie 
rpanHTbi H MHTMaTHTbi MoryT n p e B p a m a T b c a B MycKOBHTOBbie, xjiopHT-MycKOBH-
TOBbie H CepHUHT-XjlOpHTOBbie CJiaHUbl, ÔJiaCTOMHJTOHHTbl K (})MJIJ10HHTbI. I lpH 3T0M 
o6pa3yeTca o a n a HJIH HecKOJibKO r e H e p a u n ň Hajio>KeHHOH cjiaHueBaTOCTK. 

PaccMaTpHBaH pan nocjie/JOBaTejibHbix 3aMemeHKH MHHepajioB B xone peTporpa/i-
n o r o MeTaMopcj)H3Ma, MO>KHO Bbi/rejíHTb Tpn e r o TeivmepaTypubie CTynenn: MycKO-
BHTOByK) (I), MyCKOBKT-XJIOpHTOByKO (II) H cepHHHT-XJIOpHTOByiO ( I I I ) . 

I C T y n e n b p e T p o r p a j j H o r o M e T a M o p c j ) H 3 M a (MycKOBHTOBbie CJiaHUbl) 

H a n ô o J i e e paHHHM BTopiiwHbiM n p o u e c c o M B KpHCTajiJiHHecKHx n o p o n a x ľ l o B a x -
CKoro MnoBua HBJíaeTca HX MycKOBHTH3auH5i. B r n e ň c a x H MHTMaTHTax B nepBybo 
onepezib Ha6jno/jaeTCH 3aMemenHe ôwoTHTa n njiar.K0KJia3a KpynHOHeuiyrRaTbiM 
MyCKOBHTOM. B BbicoKorjiHH03eMHCTbix cjiaHuax iviycKOBHT pa3T3eíiaeT H 3aiviemaeT 
TaK>Ke CTaBpojiKT, aH/jajiy3HT w KHaHHT, 3epHa KOTopbix MoryT coxpaHHTbca BHyTpH 
HOBoo6pa30BanHbix nnacTHiiOK MycKOBKTa B BHAe He6ojibW.HX rote/jenu bix pejiwc-
T O B ( p n e . 7 H 8). r i o CBoeMy o6jiHKy n pa3Mepy nemyeK BTopunubie MycKOBHTbi aHa-
jiorHHHbi MeTaMopcfíHHecKHM MycKOBHTaM n p o r p e c c H B H o r o 3Tana, HO OTJiHiiaK>TCH 
OT HHX JipKO Bbipa>KeHHbIMH peaKUMOHHbIMK COOTHOUieHHEMH C ÔHOTHTOM, CTaBpO-
jíHTOM, njiarM0Kjia30M H CHJíHKaTaMH rjiHH03eMa. 

OflHOBpeivieHHO c MycKOBHTroauueii, BO MHOTHX c/iyMaax o6napy>KWBaeTca H O B O -
o 6 p a 3 0 B a n K e xpynubix 3epen H/jKOMopcj)Horo TypMaJiMna, KOTopbiň a a e T ycTOHMM-
BybO aCCOUHaUKK) CO BTOpHHHbIM MyCKOBHTOM, H TaKMM o6pa30M ÔHOTHTOBbie 
rneňcbi H MHrMaTKTbi. npeBpamai-OTCH B ocBeTJieHHbie MycKOBHT-noJieBomnaT-
-KBapueBbie HJIH MycKOBHT-TypivrajiHH-noJieBouinaT-KBapueBbie cjiaiiubi c nepeivieH-
HbiM c o / r e p ^ a n n e M ÔHOTUra. TpaHaT Ha STOH cTyneHH, aa>Ke n p n oneHb HHTeHCKB-
HOÍÍ MyCK0BWTM3aUHK ÔHOTHTa H CTaBpOJlHTa, KaK npaBWJIO, nOJIHOCTbK) COXpai-IJIbOT 
CBoro CTaGnjibHOCTb, o6napy>KWBaJi JiKmb cjiaôbie np.W3HaKH 3aMeujeHHH BTopwHHbiM 
Ô K O T H T O M . TaKHM o6pa3otvr, oôbiHHbiH n a p a r e n e 3 K c MycKOBHTH3KpOBaHiibix nopozí 
— M u + B i + P l + Q HJIH M u ± B i + G r + P l - i - Q , HaK6oJiee nojiHbiK — M u ± B i ± 
± G r ± T o u r + A l s + P l + Q . 

CpeflHeTeMnepaTypnaH p e T p o r p a a n a H MycK0BHT.H3auwa rHeňcoB, c/ianueB H MHr-
MaTKTOB CHHxpoHna c HBJíeuHaMH aBTOMeTacoMaTKHecKofi MycK0BHTH3auHH B r p a -
HHTax M nerMaTHTOBbix >KHJiax. B HHX BTopHHHbiň MycKOBHT, xaiOKe 3aMeoiabouj:HH 
Ô K O T H T H njmr.H0K.na3, MO>KeT aaBaTb ôojiee Kpyniibie KpHCTajiJibi, pa3Mepoivi no 
0,5 — 1 CM. EflHHCTBenHMM OTJiHHHeM flBJíHeTCfl T O , LiTO B rpaHHTax I~IoBa>KCKoro 
MHOBua Hnor/ia (a B r p a n i i r a x p a ň o n a CyxH — oneiib wacTo) B M e d e c MyCKOBHTOM 
o6pa3yeTC5I BTOpMTHbLH (|).w6pOJIKTOBbIH CHJIJIHManHT. CpOCKH MyCKOBHTa C CHJIJIH-

http://M05KHOB.Ka.eTeb
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PHC 7 Pern*™ pe3op6HpoBaHHb.x 3ePcH CTasponuTa H 6noxHxa BHyxpu ^P"™0™^™: 
HemyRHaxoro MycKOBHxa (ero Konxypb, o6BefleHB,). 1 cxynenb pexporpaaHoro MexaMOPc|>H3Ma. 

YBCJI . x 220. 

PHC 8 PeinKibi aHflanyinxa BO BXOPHHHOM KpynHOHcmyimaTOM MycKOBHxe (ero xonxypu O6BC-
aenbi). I cxyneiib perporpanHOro MexaMopct>inMa. YBeji. \ ISU. 



METAMOPOM3M M flMA*TOPE3 n. HHOBIJ,A 127 

MaHWTOM ( P u t i š , 1981, 1983) B Bime rne3n RjiMnpoHCHJiKOB ceKyT H3aMematoT Mar-
MaTK4ecKKe noJieBbie mnaTbi, ÔHOTMT H KBapu B rpaiiWTax, HTO xopowo noKa3biBaeT 
nocTMarMaTHHecKKH rene3HC npouecca. CaMa CTa6njibH0CTb CHJijiHManHTa flBJineTCfl 
npH3HaKOM TOTO, HTO TeivinepaTypa npouecca 6biJia ne iiHwe 500 C. 

B XHMHHeCKOM OTHOUieiIHH MyCKOBWTI-13aUH51 ÔHOTHTa, CTaBpOJlHTa H nojieBbix 
uinaTOB — MeTacoMaTMMecKHH npouecc, CBJnaiuibiH c BbinocoM Mg, Fe, Na H Ca 
K npKBHOCOiví K n Si. 06pa30Banne TypiviajiHna yKa3bmaeT na npuBHOc B. TaKaa 
nanpaBJíennocTb cBnaeTejibCTByeT o TOM, IITO flamibiH npouecc npeucTaB/ifleT 
coôoň THnwiiHoe KHcjioTHoe BbimejiaMHsauHe ( K O P Ä H H C K J O I , 1955). 

II CTynenb p e T p o r p a n n o r o MeTaiviopcj)H3Ma (MycKOBHT-xxiopnTOBbie 
CJiaHUbl H 6/iaCTOMHJlOHHTbl) 

B xone najibnefiuiero naaeHUH TeMnepaTypbi, napa/jy c iviycKOBKTOM c|)HKCwpyeTCH 
n05iBJienMe KpynHOHeuiyňHaToro xnopura. FlepBHHHbin 6HOTHT 3aMeuiaeTCH y>Ke 
lie TOJlbKO MyCKOBHTOM, a CpOCTKaMH MyCKOBHTa C XJlOpHTOM HJIH OílHHM XJlOpWTOM 
c BpociicaMH carem-íTa. TpanaT 3aMemaeTCH TaKHM >i<e xjiopHTOM, i-iHor/ra B acco-
UHaUHH C MyCKOBHTOM H BTOpHHHBIM MejTKOHeiliyHHaTblM, CJUIÔO OKpaiiieUHblM 
6HOTHTOM (no-BHAHMOMy, c noHH)KeHHbiM coaep>KanneM TiOo). IlpoflOJDKaeTca 
TaK»e HOBoo6pa30BaHHe TypiviajiHHa. MniepecHO, HTO na 3TOH CTynem-í oneHb 
MeJiK03epnHCTbie rpaHarbi (cKopee Bcero cnjibno ooorameniibie cneccapTHHOM)*, 
B OTJIHHHC OT ôojiee Kpynubix 3epen, ne iiecyT npH3iiaKOB 3aiviemeHH5i, TO ecTb 
nOBbiuieHHoe co/rep^anne Mn cTa6miW3HpyeT rpanaT npH cpemie- n HinKOTCMne-
paTypno.M flKacf)Tope3e. 

B ycjiOBHJix 11 CTyneni-i peTporpazworo MeTaMopc|)H3Ma niencbi, MunviaTHTbi 
H Cjiaimbi npeBpamaK)TC5i B KpynHO- HJIH cpeflueneLiiyHMaTbie MycKOBHT-xjiopHT-
-nojieBoiiinaT-KBapueBbie cnanubi H OJiacTOMiTjiOHHTbi. c pacceanHbiMi-r KpHCTajuiaMW 
TypivrajiHHa, H pejuiKTaivtH rpauaTa, 6noTHTa, CTaBpojinra w CHJiiíKaTOB rjiHH03eivia. 
/JoôaBomibiM MHHepanoM HBJíJieTCJi BTopiíHUbiň 6j"ie/jHO-3eJieHbiH HJIH ÔJieano-KO-
pHMHeBbiň ÔHOTKT. MTaK, OÔMHHHH napareHe3Hc IICTynei-iu peTporpaanoro MeTa-
Mop(j)W3ivia — M u ^ C h l + P l + Q , a nanoojiee nojiHbiň (paBiiOBecHbiň) — M u + C h l + 
± B i B , o p + G r M n _ F e + Tour-rPl rQ- upcunojiaraeiviafl TeivinepaTypa nepeKpncTaJiJiH-
3auKH — 4 0 0 — 450 °C. 

AnajiorHMUbie 3aMemeiinfl nponcxoxuiT K B rpamnax. Bo MHOTKX cjiynaax y/jaeTca 
na6jiK)iiaTb, HTO MycKOBHTH3auií$i H xiiopHTW3auH5i jiOKajiioyeTCfi BiiyTpn HJIH B 3K-
30KOHTaKTe nenviaTowfliibix >KHJI, HO ne 3axsaTbiBaeT BMemaiOLUHe nopo/ibi. TaKoe 
OKOJio'/KHJibnoe o6pa30BanHe nacTH MycKOBHTOB ir xjiopuroB cjiyacHT /TOKa3aTejib-
CTBOM aBTOMeTacoMaTW-iecKoro xapaicTepa MKnepajibHb!x peaKunň. Flo XHMH3My 
II CTyneiib HHa(J>Tope3a — Taioice MeTacoiviaTHHecKoe KHCJIOTIIOC BbimejiaHHBanHe. 

* CnciiHa.ibiibie HccJiexioBaiiHíi rioKa3a:in, HTO B onanuax p:rHOHaJibHO-MeTaMop(j)HHecKOro 
nponcxo>KfleHH« BejiMMHHa lepen rpanara oôpamo noonopuHOnaiibna coxicp>KaiiHio cneccapTHHO-
BOH MOjieKyiibi (C I i f ford, I960), řípu concpxaunn — 2 0 % Spes rpanaTW ne cpacTaioTL.-i i! Kpynnbie 
KpiicTa/iTbi, a oôpa^yior „Cbinb" MCJIKHX inoxiHpoBaniibix ícpcH. 
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I I I C T y n e n b p e T p o r p a a n o r o M e T a M o p ( | ) H 3 M a ( c e p u H M T - x j i o p H T O B b i e 
6 JI aCT O M KJ7 O H WTbl) 

H a n ô o J i e e nH3KOTeMnepaTypHbiM npoHBjienHeivi flHa(j)Tope3a HBjíaeTCH cepHHHTH-
3auHH H xjiopHTH3auMH THeňcoB, cjiaHueB i-r MKriviaTKTOB, a Taxíce npoayKTOB 
ôojiee paHHHX CTyneneří p e T p o r p a A n o r o MeTaMopc|)H3ivra. I l p n 3 T O M Ô H O T H T nacTHM-
HO HJiH nojiHOCTbK) 3aMemaeTC>i n e KpynHbiMH nnacTHHKaMH MycKOBHTa, KaK na 
I H J I H II CTyneHM, a MeJiKOMeinyflHaTMM arperaTOM cepKUHTa H xjiopHTa, c BpocTKa-
MH HroJiOK careuHTa HJIH MCJIKHX 3epei-i jieňKOKcena. T p a n a T q a m e Bcero 3aMeuja-
eTCH xjiopHTOM, HHor/ja BMecTe c cepKuKTOM. rijiarHOKJia3 pacna/jaeTCH Ha ajibÔHT 
C BpOCTKaMH CepMUHTa H KJlHHOIIOH3HTa, HJIH nOJIHOCTbK) 3aMeiJJaeTCfl. MHKp03ep-
HHCTbiM arperaTOM cepMUHTOBOH CTHOAM. HroKOTeMnepaTypnaa nepeKpHCTajuiH-
3auKa c o n p o B o x z i a e T o i cepKeň KBapueBbix, KBapu-cepnuHTOBbix, cepHUHT-xjiopHT-
a/lbÔHTOBblX npOÄHJlKOB. 

B CTpyKTypHOM OTHOLUCHHH HH3K0TeivinepaTypHbie npoueccbi Bbipa>KaK)TCH ABO-
JIKO. Mnor/ia nepBOHa"-raJibHaa nen.Hflorpano6jiacTOBaa CTpyKTypa rneňcoB n cjiaH-
ueB ueiiiTKOM coxpansieTCH, n HH3KOTeMnepaTypnbie MKnepajibi AafOT nojiHbie H J I H 
HacTHLiHbie nceBflOMopc|io3bi n o 6noTHTy, r p a n a T y H noiieBbiM mnaTaM, noBTopaa 
KOHTypbi iíx 3epen. H o Mame n p o u e c c conpoBownaeTcsi KHTeHCHBHbiM p a c c n a n u e -
BanHeivr Hcxo/jHbix n o p o a , KOTopbie npeBpamahOTca B THnHHHbie ÔJiacTOMHnoHHTbi. 
JXIÍÍÍ HHX xapaKTepHa BbicoKaa CTeneHb HOBoro KpHCTajuio6jiacTe3a cepwuHTa, XJIO-
pi-rra, ajibôwTa n KBapua. BjiacTOMKjionwTK3aiiKH MoweT 3axBaTbmaTb n 6ojibiuKe 
T O J I U ' H nopofl , H npoflBJííiTbca B Bi-me TOHKHX nnocKOCTeň cKOJibKenHJi K paccnaH-
ueBanHJi, BH/inMbix B npeziejiax uiJiHc|)a. 

ri j iomaflHbie ABjieHHA HH3KOTeMnepaTypHoro no3HHeBapHCCKoro HHa(|)Tope3a 
TaK>Ke HtvieKDT CBOHX ai ia j ioroB B nponyicTax aBTOMeTacoMaT03a B CHHMeTaMopc|)H-
wecKHX rpaHHTax K nenviaTOHiiHbix >KHJiax. B HHX npoflBJUieTCH aHajioniMHaH XJIO-
pKTH3au.KH H cepnu.HTW3aiiMH ÔHOTMTa H nojieBbix LLinaTOB, H B03HHKaK)T cepiiH 
HH3KOTeivinepaTypHbix npowmiKOB. B paae cjiy-raeB ycTaHaBjíHBaeTCH crymeHHe 
HHTeHCHBHOCTH TaKHX HBJíeHHH B 6 J 1 H 3 H TpaHKTHblX >KHJI, MTO yKa3biBaeT na HHX KaK 
n a HCTOHHHK, n o KpaňHeň iviepe, LracTK HH3KOTeMnepaTypHbix MeTaco.MaTHHecKHX 
C ĴHOHJJOB. 

KaK H pjw 6ojiee pam-iHx CTyneneři, o6pa30BanHe cepHUHT-xjiopHT-noJieBomnaT-
-KBapueBbix cjiaHueB na iviecTe rHeňcoB, cjiaHueB H rpaHHTOB npeacTaBJíaeT C O 6 O H 
MeTacoivraTHHecKoe KHonoTHoe BbimejiaMHBaHHe c BbmocoM 3naHKTejibHoro KOJIH-
•-recTBa M g , Fe, C a H N a , H npHBHOcoM Si H K. r ipeanojiaraeivraH TeMnepaTypa 
nepeKpwcTaJUTH3auHH B yanoBHHX III CTyneHH — 3 0 0 — 4 0 0 °C. 

Ba>KHeHiHeň npoÔJieivioH reH.e3Hca HH3K0TeMnepaTypHbix xnopHT-cepHUHTOBbix 
nnacl)TopHTOB HBJíHeTCH ycTanoBjíeHHe KpHTepneB OTJIHHHJI BapnccKHx n p o u e c c o B 
OT ajlbnWÍÍCKHX. C OJHIOÍÍ CTOpOI-Ibl, XJlOpHT-CepHUHTOBbie flHa4)TOp.HTbI BCTpenaK)T-
ca B rajibice icoiirnoMepaTOB Bepxnero K a p 6 o n a H nepMH, H no3TOMy HecoMHeHHO, 
MTO 3iiaMHTejibiiaa HX wacTb o6pa30Ba/iacb B KOHue BapHCCKoro uwKJia. C a p y r o ň 
CToponbi, xjiopHT K cepHUHT — THnHMHbie HOBOo6pa30BaHH» aubnHHCKoro 3Tana 
MeTaMopc|)H3Ma B Mexjie IloBa>KCKoro MnoBua, H oneBHflHo, KaKaa-TO nacTb H H 3 K O -
TeMnepaTypiibix flna(|)TopHTOB B KpHCTajuiHHHKyivre CHHxpoHHa c aubnHHCKKM 
UHKJioM ne(|)opiviauKM. 

Hn>Ke Mbi nbiTaeMca c(|)opMyjinpoBaTb neTpojiorHHecKHe KpHTepnir BbmejieuHH 
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no3ziHeBapHCCKKX flnac]jTopnT03, no3BOJi5ifOLUHe oôteflHHHTb noponbi I, II n lacrw 
III CTyneneň B paMKax eunnoro peTporpaaHoro unKjia. 

ľJempo/t oeuuecKue ocoóewiocmu pempoepaônoeo MemaMopcpuSMCi 
noddneeapiiccKoeo jmana 

.Hi-raĉ TopHTKHecKi-re npoueccbi Bcex Tpex craAMÍí HivreioT psia o6mnx ocoôeii-
nocTeň: 

/. PeTporpaflHbďi MeTaMop(|)H3M CBínaii c MouiHbiM npnTOKOM rjiyÔHHubix 
(JuibOHflOB. riOMMMO 3HalIHTeJIbHblX KOJlHHeCTB H 2 0 (KpOMC flerHJipaTHpOBaHHOH 
Bozibi BbiflejieiiHoíí npH nporpeccHBHOM 3Tane pernoiiajibiioro MeTaMop(|)H3ivta), 
neo6xoAHMbix ziJifi peaKUHH nrnpaTaiiHH, pacTBopw npuBHOCHJiH K, Si n B (ivryc-
KOBKTW3aU.lí5I, CepKIJHTH3aUK51, OKBapueBaHHe, TypMajWHK3aUHfl) H BblHOCHJIH Mg, 
Fe, Na 11 Ca. THupoTepMajibUbiH xapaKTep peTporpaanbix peaKunn nonwepKMBaeTCfl 
o6pa30BaHHeivi ôonbuioro KOJiHHecTBa TOHKHX npowi-fjiKOB, nacbimaromHX ,anac|)TO-
piiTbi — KBapueBbix, KBapu-MycKOBHTOBbix, KBapu-cepwuKTOBbix, cepnuHT-xjiopw-
TOBblX, ajlb6nTOBbIX, KBapU-3nH/10TOBbIX. 

2. .flBjiemifl njiomaiworo nna([3Tope3a cnanueB, meňcoB n MwriviaTKTOB conpo-
BOK/iajiHCb coBepiueHHO aHajiorwHHbiMH no MHHepajibHOiviy Bbipa>KeHHK) H cjinxpon-
HbiMK no BpeMeHn aBTOMeTacoiviaTHHecKHMH nponeccaivw B rpaiíHTax K nerrviaTH-
TOBblX >KHJiaX. ABTOMeTaCOMaTKMeCKHH XapaKTep MyCK0BWTH3aU,HH, XJIOpHTH3aUH11, 
OKBapneBaHHJi H cepnm-iTTnauHW B rpaHHTax y6eaHTeiibiio xiOKa3biBaeTC5i B Tex cny-
naax, Korna STU npoueccbi ji0KajiH3yK)TC5i BHyTpK ne6ojibiii.HX ceKymnx HJIK corjiac-
Hbix xeji nerMaTHTOB cpeau cjiaimeB, 110 ne npoHBjíeHbi (nnn npoHBJíei-ibi cjiaôo) 
B caMHX nopoflax, BMeinaKDin.nx >KHJIM. MoweT Ha6jiK>ziaTbC5i n 6bicTpoe 3aTyxaHne 
BTopKMHbix H3MeHei-iH"H c yaajieHKeivi OT >KHJI. 

3. PeTporpaaHbie TnivieHennji Bcex Tpex CTyneneň KMeroT enmiyro neTpoxiíMH-
necKyK) Tenaenu.HK) — MeTacoMaTKwecicoe KHcnoTnoe BbimejiaHKBaiiHe npn BWCOKOH 
aKTKBHOCTH KanHH (K o p Ä H H c K w ň, 1955). TaKHe npoueccbi o6biLino conpoBO>Krj.a-
I-OTCJI neKOTopbiM ocBeTjieuHeM nopoa, KOTopoe CTaiiOBHTca narjiaaiibiM npK HUTen-
CHBHOM 3aMeuieHnn TeMnouBeTHbix MUHepanoB (6n0THTa, rpanaTa, CTaBpojíHTa) 
CBeTJibiMH cjiKixiaMH — MycKOBHTOM K cepnuHTOM. riosToiviy cyinecTBeiii-io iviycKO-
BHT- HJiH cepwuHT-nojieBOUjnaT-KBapueBbie ôuacTOMHjiOHKTbi — xapaKTepiibie 
nopoflbí I, II H III 3TanoB. 

4. EjiacTOMKJiOHHTbi Bcex Tpex CTyneneň xopoaio paccnannoBanbi, nivieioT Bbico-
Kyto CTenenb KpncTajiJio6nacTe3a, nojiiioKpncTajiJiHHecKyK) CTpyKTypy — ocoôen-
nocTH, yKa3biBaK>ijjiie na MWJiOHKTH3auHHD B rjiy6niiHbix ycxioBUMX n npn i-nôbiTKe 
t|)jiK)HaoB. Čpěnu no3zuieBapnccKHx rjna(|)TopnTOB ne BCTpewaroTCM rpyôo HJIH 
MexaHHwecKn upoôiieiibie KaTaKjia3WTbi n MnnoHKTbi c yrjioBaTbiMH oô/ioMKaivm 
3epen n cjiaôbiM KpHCTajuio6jiacTe30M, BCTpewaKDiniiecfl cpe/iK ajibnwňcKHX TCKTO-
HHTOB. 

TaKHM o6pa30M. ami flna(J)TopnTOB Bcex Tpex cTyneHen HaôuroflaeTca npeeM-
CTBeHiiocTb MeTacoMaTHiecKoro xapaKTepa npouecca, cTeneHn paccjiamj,eBannn, 
xHMM3ivia n noBezieiiHJi KOMnonenTOB. 3 T H npn3iiaKn CBWfleTejibCTBytoT o TOM, MTO 
nopozibi I, II n 3iiaMKTejibi-ia5i wacTb nopozí III 3Tana íiHa(|)Tope3a ripMiia/yiewaT 
K ennnoiviy peTporpaanoMy uiTK^y, npoHBjíeHHOMy na iincxojiMmeH BeTBH Bapiic-
CKoro MeTaMopc|)H3Ma. MCTOMIIHKOM peTporpaAnwx peaKunň HBJíaeTCJi cKopce 
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Bcero m-ipKyjiHLu-ifl nocTManviaTHMecKHx pacTBopoB, CBsoaiiHbix c CMHMeTaMopqoH-
necKHMM rpanKTaMH. B no.rib3y 3Toro roBopHT Tei-meHumi K KHCJiOTnoiviy Bbíme-
jiaMUBaiiHK) npH aHacbTope3e, MTO HBJIHCTCH THORMHOH wepToíí nocTMariviaTWMecKoro 
npouecca ( K O P > K H H C K H H , 1955). HO ne MeTaMopcbH3Ma, KOTopbiií, Kax npaBH.no, 
HMeeT n30xnMHwecKHÍí xapaKTep. 

B KpwcTajiJiHHecKOM KOMnjieKce rioBa>KCKoro MHOBua anaTeKTHMecKoe rpanHTO-
o6pa30BaiiHe JIBHO conpoBOÄflauocb npUTOKOM mejio4Hbix rjiy6nnHbix (bjiKmuOB. 
cnocoôcTBytoLUHx (bcnb/iujnaTroauioí H ,ae6a3HcbHKauHH BMemarouiiíx nopoA H o6pa-
30BanHKD TeneBbix MHTMaTHTOB. /JaubneHLuasi 3BOS\K)U.HÍI TaKi-ix pacTBopoB nocjie 
KpHCTajiJiK3auKW rpanwTOB n cnana TeivinepaTypbi oGbuino HanpaBnena K noBbi-
ujenHK) KX KHCJioTiiocTH. ripocaMHBaHMe pacTBopoB BzioJib 30H noBbiuienHoň npo-
HHuaeiviocTH B rpanHTax, rueňcax K cnaHuax npHBOAHJio K HX AHacbTope3y H Bbíme-
jiaMHBanKro B HHTepBaJie naaaioLUHX TetvinepaTyp OT 500 no 300 C. 

CaejiaHiibiH Haivw Bbmoa o npeuMymecTBenHOH pojiH peTporpamibix npoueccoB 
BapHccKoro uniaia B cbopMMpoBanHH HecKonbKHX TeMnepaTypHbix cTyneHeň xufacbTO-
pMTOB B KpwcTajiJiKHWKyMe rioBawcKoro MnoBua, naxoxiHTCfl B cooTBeTCTBHH 
c coBpeivieHHbíMW KOi-menuHaMK 06 3BO/IK>UHW 30HajibHO-MeTaMO(])pnMecKMX KOM-
nneKCOB. BbíHBJíeirKe c noMOUXbio MWKpo30H.ua peTporpa^Hbix BHemnux KaeMOK 
y 6ojibLunHCTBa BbicoKOTeivinepaTypHbix ivmuepajioB, B nacTHOCTH y rpaHaTOB, 
H peKOHCTpyKUHH c HX noMOuibfo peTporpaaHbix P-T Tpen/iOB n0Ka3a.no, MTO B npu-
poae ne cymecTByeT MeTaMopcbHMecKHx KOMnneKCOB 6e3 6ojnee UJII-Í Menee apKO 
Bbipa>KeHHoro perpeccwBnoro STana (ľl epnyK K ap., 1983; T r a c y — R o b i n s o n — 
T h o m p s o n , 1976; H o l l i s t e r , 1982; S c h e n k , 1984; D e l o r et al., 1984). BCJI 
pa3HHira jiHLUb B MacuiTa6ax npouecca, 3aBHC5Unero i\naBHbiMo6pa30M OT cbjuoHno-
nacbimenHOCTH Ka>K.ooro KOMnjieKca n HajMMHfl 30H npoHHuaeMOCTH HJIH upoOJiemia 
(TO ecTb nyTeři npocaMHBanHH (bjiKWAOB). 

ľeoxuMimecKafi po JI b ôopa npu pempoepadnoM .\iema.\topcfiii3Me 
u oópa3oeanuu MuzMamumoe 

Bo MHorwx wuncbax H3 nopoa paiuinx CTyneHeň £HacbTope3a — H3 MycKOBHTK3K-
poBanHbix rpanwTOB, rnefícoB K cnanueB, HaÔJiroflaroTca xpynHbie HOBOo6pa30Ban-
iibie KpncTajiJibi TypMa/iHna, B03HHKaK>mHe oflHOBpeMenno co BTOPHMHWM MycKO-
BHTOM. 3 T O yKa3biBaeT Ha 3HaMHTejibHyio pojib B BO cbjifOHaax, H OMeBwaHO, ne 
TOJibKO na peTporpaflHofl nocTMariviaTWMecKOH CTaiWH, HO K B xoae npeamecTByio-
mero rpaiiHT0o6pa3OBann5i H MHnviaTH3auHH, MTO aaeT KJIFOM K nonHMannio He-
KOTopbix cneuH(|>HliecKHX ocoôeHHOCTeň rpaHHTH3auHH B KpHCTajuijiHHKyivie ľlo-
Ba>KCKoro MiiOBua. 

nojiowei-ine jiHHHH rpaiiKTHoro cojinayca ( P H 6 H H K O B , 1975; T h o m p s o n — 
A l g o r , 1977), naneceHHoH na pne. 6 (KpuBaH 2) noKa3biBaeT, MTO TewnepaTypa Bbi-
n-naBJíeuHH flByno^eBomnaTOBoro rpaHHTa npw P,. = 400 MPa H P H „ O = P.s- paBHH-
eTC5i, npHMepno, 640 C. Ho, KaK cjieayeT H3 flHarpaMMbi na pite. 6, TeivinepaTypa 
640 C npn P v = 400 MPa (TO ecTb npír AaBJíeHHH, xapaKTepHOM AJia MeTaMopcbn-
MecKoro opeojia IloBaxcKoro MHOBua) JIOKKT 3a npeaenaMH peanbiioň cTaômib-
HOCTH MyCKOBHTa C KBapljeM B npHpOílHblX yCJIOBHHX. ECJIH CnpaBejlJlHBO 06bIMH0 
npHHHMacMoe asm cpe/jneTeMnepaTypubix cjiaunň cooTnomeuHe PH.O = 0,5 — 0,6 P s 

TO ripcacnbiiaH TeMnepaTypa ycTofÍMHBOCTii MHCTO KajineBbix MycKOBHTOB npii 

http://npaBH.no
http://MWKpo30H.ua
http://n0Ka3a.no
file:///iema./topcfiii3Me
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P., = 400 M P a cocTaBjiaeT 620 °C ( C M . paBHOBecne M u + K s p + A l , S i 0 5 + Q na p n e . 
6 ) . 

OanaKO B KpHCTajiJiHHHKyMe r ioBawcKoro M H O B U H CHHMeTaMopcj)HMecKoe r p a -
HHT006pa30BaHIie H MHrMaTH3am-m UejIHKOM npOHCXOIJHT BHyTpH CHJIJlHMaiIMT-
-ÔHOTHT-MyCKOBHTOBOH 30HbI, rjje He TOJIbKO nOJIHOCTbK) yCTOHHHB MyCKOBHT, HO 
aatKe HeT npH3HaKOB e r o nacTHTHoro p a c n a a a Ha napareHe3Hc K s p - r A l s + M u K + Q . 
3 T O 3HanHT, HTO TeivinepaTypa CHJiJiHMaHHT-ÔHOTHT-iviycKOBHTOBOH 30Hbi ne n p e -
Bbiiua^a 600 3 C . A nocKOJibKy MeTaMopcj)HHecKHň napareHe3HC Bi + Sill + M u + Q 
cTaÔHJieH K3K B HenocpeacTBeHHbix KOHTaKTax c rpanHTaMH, TaK H B MenanocoMe 
MKrMaTHTOB, paBHOBeCHOH C rpaHHTHOH JieHKOCOMOH, CJie/iyeT CMHTaTb, MTO TeM-
nepaTypa BbinjiaBJíei-iHH (HJIH KpwcTajuTH3au.HH') rpaHHTOHiiOB f loBawcKoro Mi-iOBua 
He xiojiJKHa 6biTb Bbiuje 6 0 0 C. 

Taicafl HBHO nonn>KeHHaa TewnepaTypa rpaHWTOo6pa30BannH B KpncTajuiHUHKyivie 
rioBa>KCKoro MHOBua MO)KeT 6biTb o ô t H c n e n a , B CBeTe HacTbix iiaxojTOK TypMajiHHa, 
TOJibKO 3HaHKTejibHoň npHMecbio 6 o p a BO C^JIKW/IHOH c|)a3e rpaHHTOB. KaK noKa3anH 
3KcnepHMeHTajibHbie xiaHHbie n w u i a B a H a ( P i c h a v a n t , 1981: M 3 H H K H T — I~IH-
L u a B a n , 1984), npniviecb B 2 0 3 B ranjrorpaHWTHOH cncTeMe Q - A b - O r t - H 2 0 - B . , 0 ; l 

3aMeTHO cflBHraeT JIHHHTO ran j iorpaHHTHoro c o u H a y c a B o6jiacTb noHH)KeHHbix 
TetvinepaTyp. H a p n e . 6, n o naHHbíM I l H U j a B a H a , HaneceHa o a n a H3 TaKHX COJIH-
aycubix JIHHHÍÍ n p n cojjep>KaHHH 6 Mac. % B 2 0 ; J BO cJDjnoHjje. CooTBeTCTBeHHo, TeM-
nepaTypa KpHCTaji.riM3au.Hn rpaHHTOB c no/joÔHbiM cocTaBOM (|:JIK3HHOB, n p n P v = 
= 4 0 0 M P a MO)KeT noHnwaTbCfl ao 6 0 0 C , H T O npn6jin>KaeTCH K peKOHCTpynpoBaH-
HbiM HaMH P-T ycjioBHJiM MeTaMopcf)H3Ma H MHrMaTH3au,HH B rioBa>KCKOM M H O B U C 

Ba>Kno OTMeTHTb, MTO flaHHbie n H u i a B a H a ne/ jaroT BO3MO>KHOCTH KOJiHHecT-
BenHO oueHHTb co/jep>KanHe B 2 0 ; j B npnpo/jHbix rpanHTax n o co/rep>KaHHK) B HHX 
TypiviajiHna. P a c n p e n e j i e n n e B Me>Kay pacnjiaBOM n C[)JIK>H/TOM o6napy>KHBaeT pe3Koe 
CMemenne 3Toro paBHOBeci«i B noJib3y c|)jiK)H/Ja. rio3TOMy oca>KxieHwe 6 o p a no 
Mepe CHH>KeHHH TeivinepaTypbi H HaKOMnJienHa jieTynnx, 6yneT npoHcxo/jHTb ne 
B MariviaTHwecKyio, a B panHTOTO nocTMariviaTHMecKyK) CTaunro, MTO Mbi H BHAHM 
B rioBa>KCKOivi HHOBiae, rjje MaKCi-riviyM KpncTajuimauHH TypiviajiHHa coBna/raeT 
c n p o u e c c o M MycKOBHTH3anHH rpaHHTOB, MHriviaTHTOB H cjianueB (1 H II CTynenn 
p e T p o r p a a n o r o MeTaiviop([)H3Ma). 0 6 p a 3 0 B a n n e 6oJibUJHx KOJIHHCCTB TypiviaJiHHa 
Henocpe/jcTBeHHO H3 pacnjiaBa B O 3 M O » H O TOJibKO n p n P s = 5 0 0 M P a , r/re BMecTe 

C TypMajlHHOM MO>KeT B03HHKaTb H MaTMaTHMeCKHH MyCKOBHT ( K O p H KO B C K H H, 
1983). 

Í7epei<pucmajijiu3auu.'i ocadomiux nopoô u cocmae zcvieK KomnoMepamoe 
ttepxnezo Kapóoiia u nepMii 

M e T a M o p c | ) H 3 M B e p x H e n a j i e o 3 o ň c K H x n o p o / r 

Cpe/JH oca/jOMHbix o6pa30BaiiHH Bepxnero KapôoHa n nepiviH, n e c o r j i a c n o 3ajie-
raTOLUHX na KpncTajuiHHecKwx n o p o a a x ľloBa>KCKoro MnoBna, npeoôjia/jaioT 
ajieBpojíHTbi, necnaHHKH, rpaBejíHTbi H KonrjioiviepaTbi. KpoMe TOTO, B nepMH 
BCTpenaroTCJi KHCjibie n ocHOBHbie ByjiKauMTbi H HX Tyc|)bi ( P u t i š in M a h e ľ et al., 
1979; B newaTH). 

B ajieBpojíHTax H MejiK03epHHCTbix necwaHHKax Bepxnero K a p ô o n a H nepMH 
ueivieHT npe/TCTaBJíen xjiopHT-cepHUHT-nojieBownaT-KBapueBhiM MHKpo- HJIH MCJIKO-

http://KpwcTajuTH3au.HH'
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3epnHCTbiM arperaTOM. CTcneiib e r o pacKpncTajiJiii3au.nn oôbiwiio neBejiHKa H ivie-
naeTca OT npocjioM K upoc/ io io . HoBoo6pa30Bani i i . ie C J I K M M nacTO iiMehOT napaj i-
jiejibiiyho opHenTHpoBKy, c o B n a ^ a r o m y r o c oca/apHHoň onoHCTocTbio. B naH6ojiee 
MejTK03epHHCTbix (nepBHiiio rjiHHHCTbix) xjiopHT-cepiiuHTOBbix MeTaaprHjijiHTax 
H ajieBpojiHTax, ajibnHHCKHe .aec|)oprviau.HH cnocoôcTBOBajiH o6pa30BaHHKo MejiKoří 
njiořÍMaTOCTH H roc])pHpoBKH, KOTopasi nouMepKHBaeTCH nepeopHenTHpoBKoři ne-
íuyeK cepnu,HTa H xjiopHTa. B apK030Bbix necnanHKax, rpaBejiHTax H KonrjioMepaTax 
o6jiOMOHHa$i c[)paKUHH npeacTaBiiei ia OKaTaHHbíMH HJIH yrjiOBaTbiMH 3epHaMH KBap-
ua, njiarHOKJia3a, KaJineBoro noJieBoro iiinaTa, TypMaJim-ia, a Taioxe KBapu-nojieBO-
LunaTOBbíMH H KBapu-MycKOBHT-nojieBOUinaTOBbíMH cpocTKaMH r p a n n T i i o r o npoHC-
xo5Krj.eiiHH. Bo Bcex ncaMMHTOBbix n o p o a a x , a Taioxe BO MHOTHX aprujuiHTax B H 3 0 -
6 H J I H H npHcyTCTBytoT KJiacToreimbie, nacTO y n p y r o Ae(|)opMHpoBaHHbie MemyHKH 
MycKOBHTa pa3ivtepoM OT 0,1 no 1 C M , HBHO B03iiHKiiiHe B pe3yjibTaTe ae3HHTerpauHH 
H pa3MbiBa MycKOBHTOBbix rpanHTOB H rueňcoB ľIoBa>KCKoro MhOBua. B OTJIHMHC 
OT HOB0o6pa3OBaiiHoro cepHUHTa H3 MaTpHKca, KpyriHbie o6jioMOMHbie MycKOBHTbi 
p a c n o j i a r a r o T c a nacTO 6ecnopflfloiHO, non jiro6biMH yrjiaMH K ocaaoHHOH n o j i o c i a -
TOCTH. J\nn HHX OMeiib xapaKTepno n o n e p e i n o e pa36yxaHiie lemyeK, TO ecTb n p n -
3naKH TKapocjiiOAHCToro nepepowaenHH (HJiJiHTH3au,HH) B xom /jHarei-iesa H 3nn-
reHe3a ncaMMHTOBbix oca/TKOB. 

Kpoivie MycKOBHTa, B o6jioMKax BCTpeMaroTCH MeJiKiie 3epna 6 H O T H T Í I , KOTopbie 
necyT cjienbi no j i i ioro HJIH nacTHHiioro p a c n a a a , n p e B p a m a a c b B rnapoĎHOTUT. 
l í p u 3T0M OHH npHoGpeTawT rp5i3iio-6ypbiH UBCT, TepaioT CBOH njieoxpoi-nivi H CTa-
HOBJITCSI IlO/l MHKpOCKOnOM nOHTH H30TpOnHbIMH. 

B o6jioMKax Taioxe ripncyTCTBytOT icpyniibie KJiacToremibie 3epHa xjiopHTa 
H MycKOBHT-xjiopHTOBbie cpocTKH, KOTopbie o6pa3yK>TCH B rpaiiHTax n p n aBTOMeTa-
coMaTHMecKOM 3aMemeiiHM ÔHOTHTa H B ycjioBHJix II cTyneHH p e T p o r p a / i H o r o we-
TaMop(l)H3Ma. 

B 0TJiH4ne OT nepMCKirx Tycl)OB, B o6biHHWx ajieBpojiHTax, necnaHHKax HJIH KOH-
rjiOMepaTax ne BCTpenaeTca KaKirx-jiHÔo rnapoTepMajibHbix npowHJiKOB HJIH n p n -
3iraK0B MeTacoMaTHHecKoň /jeaTeJibHOCTH. 

C O C T Í I B r a J i e K K o n r j i o r v i e p a T O B 

B cocTaBe rajieK npncyTCTBytoT neKOTopbie Tirnbi r p a i n r r o B , MunviaTHTOB, rHeň-
COB H flHac|)TopnpoBamibix nopo/i H3 KpHCTajiJiHHHKyMa rioBa>KCKoro MnoBua. 
H a n ô o j i e e BawHbíMH AJIH HHTepnpeTamni reoj iorHiecKoií i icTopnu 3Toro p a ň o H a 
aBjíaroTca iiaxoflKU rajieK flHacjrropHTOB, B n o p o a a x Bepxnero Kap6oHa o 6 H a p y » e H -
Hbie K a M e n H U K H M ( K a m e n i c k ý , 1958), a B nepMH — I l y T K r n e M ( P u t i š, 1981). 

UeivieiiTOM KoiirjioMepaTOB flBjíaioTCH apK030Bbie necianHKH H rpaBejinTbi, nepe-
nojiiieinibic o6jioMKaMH KBapua, noJieBbix mnaTOB, MeuiyňKaMH KJiacTorenHbix 
MycKOBiiTOB, xjiopHTOB H noJiypa3Jio:>KeHHbix 6 H O T H T O B . Mnor/ja Me>K.ay o6jiOMKaMH 
npncyTCTBycT 6HTyMHH03HbiH rjiHHHCTbiií ueivieHT, nepeKpHCTajuiH30BanHbiH c o 6 p a -
30BanHCM MCjibMaříiiiHx HOBOo6pa30BanHH cepnuHTa n xjiopHTa. C T e n e n b OKaTaH-
iiocTH raJieK pa3JiHMiia — OT OKpyrjibix no njiocKiix H yrjiOBaTbix, MTO CBiraeTejib-
CTByeT o ne3na iiHTeJibiiOM n e p e n o c e OGJIOMKOB OT o6j iacTn HX pa3MbiBa. 

CpeflH rajieK BCTpenenbi cjierxyromKe pa3H0BHrj.H0CTH (Bee o6pa3Ubi — H3 KOJTJICK-
U.HH ľ l y T H u i a ) : 

http://pacKpncTajiJiii3au.nn


METÁM O P * 143 M M flMA<DTOPE3 n. MHOBI4A 133 

A) Mcuou3MeHennbie KpucmajiAimecKue nopodbi: 
1. 6KOTHT-MycKOBHT-njiarHOKjia3-KaiiHLLinaT-KBapuesbie rpanKTbi; 
2. 6KOTKT-njiarHOKjia3-KBapueBbie nieiico-rpaHHTbi; 
3. 6woTHT-njiarKOKJia3-KBapueBbie MHnvtaTKTbi; 
4. MycKOBHT-6KOTHT-njiarHOKJia3-KajinmnaT-KBapueBbie MHTMaTHTbi c: TOCTHMHO 

cepnuHTH3npoBaHHbiM njiarHOKiia30M; 
5. 6oraTbie TypMaiiHHOM 6MOTHT-MycKOBHT-njiarnoK.na3-KBapu.eBbie cnanubi co 

CBOKHM HUK CepHUHTH3WpOBaHHbIM njiarKOKJia30M; 
6. 6noTHT-rpaHaT-MycKOBHT-nnarnoKJia3-KBapueBbie rneňcbi; 
7. KpyriH03epHHCTbie OMKOBbie raencbi c TOHKHMH ceKymHMH cepimuT-xjiopHT-

-KBapueBbiMH npoÄHJiKaMH (jioKajirooBannbiMH" BiiyTpw rajTbKW). 

B) JHuaifimopupoeaHHbie nopodbi: 
8. OKBapuoBaHHbie 6noTHT-n.narwoK.na3-KBapLieBbie rpannTbi c nojinocTbio cepw-

UHTH3KpoBaHHbiM njiarHOKJia30M; 
9. MycKOBHT-cepHUHT-xjiopHT-niiarHOKJia3-KBapueBbie njiofhiaTbie anacbTopHTbi; 

1 0. XJlOpHT-CepHUKT-KBapUeBbie AHacbTOpHTbl no MHTMaTHTy. C pejIHKTOBblMH 
OMKaMH CBe»Hx nojieBbix mnaTOB H MycKOBHToiví; 

11. KBapu-cepHUHTOBbie paccjiaHuoBai-iHbie 6jiacTOMHnoHHTbi. 
TaKHM o6pa30M, cpeau rajieK npHcyTCTByHDTcpe/iHeTeMnepaTypHbie (MycKOBHio-

Bbie H xjiopHT-MycKOBKTOBbie) H HH3KOTeivinepaTypHbie (cepunuTOBbie n xjiopHT-
-cepwuHTOBbie) peTporpaxiHO MeTaiviop(|)H30BaHHbie nopodbi I, II wi l l cTynei-ien. 

B OflHOM n TOM >Ke o6pa3ue MacTO KOHTaKTHpyroT rajibKH coBepmenno CBOKHX 
nojiHOKpHCTanjiKHecKHX rpaHHTOB HJIH rHeňcoB, HX xJiopHTi-BHpoBanHbix HJIH cepH-
UHTH3HpOBaHHbIX pa3H0CTeít, H XJIOpWT-CepKUHTOBblX ÔJiaCTOMHJIOHHTOB. CaMH 
nnac|3TopHTOBbie rajibKH H HX BHyTpeHHaa cjiaHueBaTOCTb MoryT pacnojiaraTbca 
noji jifo6biM yr.TOM K ocaaowHOH noJiocHaxocTH KOHmoMepaTOB. UeivieHT nocjica-
HHX nacTO ne paccjianuoBan, H coxpanaeT rpy6yro ncaMMHTOByi-o HJIH ncecburoByio 
CTpyKTypy. MnoroHHCjieHHbie HWJIKH, conpoBowflatouiHe o6pa30Banne xuiacbTopn-
TOB H napauJiejibHbie HX cjianueBaTOCTH, Hurxie ne Bbixo/iaT B ueMeiiT, 3a KOHTypbi 
rajieK. TaKHM o6pa30M, neT coMnennří B TOM, LITO nonaBiune B ranbKH .anacbTopnTbi 
B03HHKJIH B KpHCTa ĵiKnecKOM cbyH/raMenTe rioBa>KCKoro LUnoBLia no ero 3po3iiH 
B BepxncM Kap6one, H BnocjiejiCTBjíH ôbuin pa3MbiTbi H nepeoTjio>KeHbi B Bi-iae 
6ojiee HJIH Menee OKaTaHHbix OÔJIOMKOB. 

C p a B H e H n e H H 3 K 0 T e M n e p a T y p H o r o /iHac|)Tope3a c MeTaMopcbH3MOM 
n e p M O - K a p ô o n o B b i x OTJiowenHH 

HecMorpji na TO, HTO no MHnepajibiioMy cocTaBy xuracbTopnTbi XJiopHT-cepHUHTO-
BOHCTyneinr n ocanownbie noponbi Bepxnero naneo305i ľloBa>KCKoro MiiOBua CXOAHW 
MetKny CO6OH, npncyTCTBHe xiwacbTopHTOB B raJibKax KourjioMepaTOB Bepxnero 
Kapôona n nepMii, n pe3Kne OTJIHHHH (|)H3HKO-XHMHHecKHx H TeKCTypubix oco6en-
HOCTeň nponecca /aHa(|)Tope3a OT MeT3Mopt|)H3Ma nexjia, CBnrjeTejibCTByKDT o jjoajib-
nwňcKOM B03pacTe GojibineH nacTH AHatbTopHTOB. 

KaK y>Ke 6buio noianano Bbiuie, jjHa(|)Tope3 III TeMnepaTypnoň cTyneHH (jaK >KC 
KUK I n II) upeacTaBJíaeT coôoií pernoHajibno npojiBjíeuHbiH MeTacoivtaTHMecKuň 
npouecc, c BbiLnejiaHHBaiincM H nepeMemeuHeM pa/ja KOMnoneirroB, npuBiiocoM K, 
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Si H B H BbiHOCOM Mg, Fe, Na H Ca. BbicoKaa (j)jiK)HflHaH aKTHBHOCTb na 111 CTynemi 
HHacj)Tope3a BbipawaeTCJi B OÔHJIWH TOHKKX KBapueBbix, KBapu-cepHUWTOBbix, ce-
pHU,WT-xjiopHTOBbix M a^biÔHTOBbix npowHJiKOB, KOTopbie MO>KHO BH/jeTb B auiiujjax 
H3 ôojibLUHHCTBa o6pa3UOB flnac|)TopHpoBannbix nopoa. TaKHM o6pa30M, no STHM 
npH3naKaivi 6onbuia5i nacTb HH3KOTeivinepaTypHbix ziHac|)TopHTOB o6bexiwH5ieTC!i 
c iiwac|jTopHTaMH I H II cTyneuM B eawHbLií peTporpaflHbiří UHKJI, npoaBJíeHHbiň Ha 
HHCxoflameň BCTBH BapnccKoro MeTaMopc|)H3Ma M rpai-iHToo6pa30BaHHH. 

BawiiaH reKCTypHaa nepTa no3iiHeBapn:ccKHX HH3KOTeivmepaTypHbix jiHa(|)Topw-
TOB — HX BbicoKaa CTeneHb paccjianueBaHHfl n KpHCTajuio6jiacTe3a, MTO yKa3biBaeT 
na 3HaHHTejibHyK) rnyÔKHHOCTb npouecca, BO3MO>KHO, Ma.no OTjiMHaromerocji OT 
rjiyÔHHHOCTH nporpeccHBHoro STana. Bce oÔHapyweHHbie B rajibicax Bepxi-ienajieo-
30HCKHX KOIiniOMepaTOB XJlOpHT-CepiíUHTOBbie (± ajIbÔHT) JlHaC^TOpHTbl OTHOCflTCfl 
K xopoujo paccnanuoBanHbiM pa3HOCT5iM, w cpeAH HJÍX nojinocTbio OTcyTCTByioT 
MexaHHHecKH apoGnenbie KaTaKJia3HTbi n MHJionwTbi c HH3KKM KpKCTajuio6jiacTe-
30M, BCTpenatomHeca B TeKTOHMMecKHX KOHTaKTax KpwcTaJUTKHHKyivia c BepxHena-
Jie030HCKHM HeXJlOM. 

CoBepmeuHO HHbie oco6eHHOCTH xapaKTepubi mm ajibnHficKoro MeTaiviopc[)K3Ma 
oca/iOMHbix nopo/i BepxHero Kap6ona H nepivin. 3 T O TMnHHHbiň M30XHMHHecKHH rvieTa-
jviop(l)H3M norpyweuHH, MecTaiMH aa>Ke 3nHrene3, c jioxaJibHO HajiOÄennbiMH npo-
HBJíeHHflMH flHHaMO MeTaMOpc|)K3Ma, KJlHBa>Ka M cf)HJlJ10HHTH3aUH>l, HO B yCJlOBHHX 
TOH >Ke xjiopHT-cepHUKTOBoií cy6cj)am-rH. B BepxHenaJieo3oňcKHX nopoaax OTcyT-
CTByroT npH3HaKH npocaWBaHna (|)jiK3KziHbix noTOKOB, perHOHajibHoro if.iw jiOKajib-
noro MeTacoiviaT03a c npHBiiocoM H BbiHocoM BemecTBa, HeT (3a HCK/ihOHenneM 
npOnHJIHTH3HpOBaHHbIX Tycl)OByjlKaHWTOB nepMH) MHOrOHHCJieHHblX npOÄHJlKOB, 
xapaKTepHbix JUIH aHac]iTopHTOB. 

no-BMAHMOMy, ocaflOMiibie riopoabi conep>Kajin Heo6xonHMoe KOJiHwecTBo H 2 0 
AJia HOBOo6pa30BaiiH5i cepnuriTa ir xnopHTa: 3TO 3axopoHeHHan MOKnopoBaa Bona, 
a TaK>Ke Boaa, BbixiejiMiomaflCfl 3a cneT pacnaaa mHHHCTbix 0)333, rnnpoonhofl H apy-
ri-rx MMHepanoB CTaziHH 3nnrene3a. 

OxiuaKo B oTJiwMwe OT nporpeccKBHoro MeTaMopcj)K3Ma ocanomibix nopoa, AHa-
c|jTope3 ,,cyxwx" KpncTajiJiHHecKHX TOJILU TpeôyeT HHieiiCHBHoro npiiTOKa 4)JiK>HflOB 
H3BHe. -flci-10, MTO orpauHnennbiií xapaKTep (HJIH OTcyTCTBHe) npHBnoca pacTBopoB 
na aJibnwňcKOM 3Tane npeflonpenejiJieT n orpaHWHeuHbie iviacuiTaôbi ajibnroícKoro 
ijnact)Tope3a B cpaBneiinn c BapuccKHM. HenocTaTOK ifjihonnoB o6Hapy>KHBaeTCfl 
Aa>Ke B 30H:ax ajibni-iHCKHX pa3JioMOB, B TCKToiíHTax KOTopbix apo6neHKe H iviexaHH-
necKHe ,aec|)opMamin npeBaJiupyhOT nan KpHCTajuio6jiacTe30M ( P L I t i š , B neHaTii). 

riosTOMy aJibnwHCKHe flnac|)TopHTbi, HMeromne OÔJIHK C|3HJIJIOHHTOB, ir oôbiHHO 
B03HHKaK3mne B K-pi-iCTajuiHiíHKyMe Bnoríb KoiiTaKTOB c nopoaaMH BepxHero najieo-
30S1 n Me3030Ji, HivieroT H30XHMHMecKHH xapaKTep, cono;raBKMbifí c MeTaMopc|)H3-
MOM caMiix oca^KOB n Tyc|)OByjiKannTOB Bepxnero Kapôona H nepMH. TjiaBHbiMH 
Mi-inepajibHbiMH H030o6pa30BaHi-i5iMH aJibnHÍícKoro flnatj)Tope3a, KaK H 111 STana 
BapHCCKoro peTporpaanoro MeTaMop(|)H3Ma, 51BJI5IKDTC5I: KBapu (npeHMymecTBeH-
110 pa3Apo6jiei-iHbiH K cjia6o nepeKpwcTajuiH30BanHbiň), cepnunT (no nojieBbiM 
mnaTatvi) n xjiopHT (no ônoTHTy 11 rpanaTy), opneHTHpoBaHHbie Baojib noBepxnoc-
Teň (|)HJiOHHTH3auHH. J\zyí<i a/ibnHHCKHH aJibôiiT B LUJiiicl}ax HeHaxo/íHTCSi. 

rioMHMO pa3HHHbi B MaciuTaôax npoJiBJíeHHfl, TeKCTypax K MeTacoivtaTHMecKOM, 
jii-160 H30XHMHMecK0M xapaKTepe npouecca Meway BapHCCKHM.11 ir ajibniiňcKHMH 
flna())TopHTaMH, OHM OT^HHabOTCsi TaK>Ke OÔLUHM CTpyKTypHbiM nnanoM. Flo3flHe-
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BapKccKHH peTporpa/iHbiH MeTaMop([)M3M Bcex Tpex cTyneneň CBjnaH c cyÔLUHpoTiibi-
M H xioajibnHHCKKMH renepaJibHbiMK cxpyKTypaMH KpwcTajuiHHHKyMa o 6 i n e r o B-3 
HanpaBJíeuHM (B njioTb BCB-3KD3, KJIH 3C3-BKDB) ( P u t i š in M a h e ľ et al., 1979, 
1984; ? u t i š, 1980, 1981, 1983, B nc-iaTu), Tor/ja KaK anbrwiicKMH jina(l)Tope3 H AHi-ia-
MOMeTaiviopc)3H3tvi — c n p e o 6 JiaxiaTejibHO ai-iBepreHTiibíMH ajibnHHCKHMH CTpyKTy-
p a i v i H o ô m e r o C C B - K ) K ) 3 ( B rLiOTb C - K ) , HJIH BCB-3KD3) nanpaBJienHJi ( P u t i š 1. c ) , 
3axBaTbiBaKDiunMH, KpoMe KpHCTajijiHiíHKyMa, e r o Bepxnenajieo30MCKMH w Me3o-
30HCKHH nOKpOB. 

TaKWM o 6 p a 3 0 M , B noBa>KCKOM MnoBue ycTanaBjíHBaeTCJi pna cymecTBenubix 
pa3JiWHHÍi ivie>Kxiy HH3KOTeivinepaTypHbiM no3HHeBapnccKWM peTporpazuibiM MeTa-
Mopc[)H"3MOM H aJibnHHCKMM xu-iacj)T0pe3OM. 3 T H 3aKonoMepiiocTH MoryT yíHTbi-
BaTbca řípu HconejiOBaHHH n p o u e c c o B zmachTopesa n B n p y r u x BbicTynax KpncTajiJin-
HecKoro c[)yHaaivieHTa CnoBaKUH. 
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