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Ilpoaenensr neransnsre MHKPo30HgoBble HCCJIegoBaHIDI noponootipaayroinax MHHepaJIOB 113 BbICOKOTeM

neparypnsrx MeTaneJIHTOB BOpOHe)KCKoro KilHCTaJIJIW"IeCKoro MaCCHBa. B rpaaare Ha KOHTaKTe C 6HOTH

TOM H xopnaepnrov BbUIBJIeHa gByXKoMnoHeHTHaSI perporpannaa gH<p<PY3HOHHaSI 30HaJIbHOCTb C BCTpe'I

HbIMH nOTOKaMH )KeJIe3a H MarHlUl. Ha OCHOBaHHH CJIegCTBHH ll3 gH<p<PY3HOHHOH MogeJIH nepasnoaecaoro 

Maccoo6MeHa Me)K,lly MHHepaJIaMH (MogeJIb 3aKpbITHR cHCTeMbI) onpenenensr ncxonnsie paaaosecasre eo

CTaBbI MHHepaJIQB H peKoHCTPYHpoBaHbI poT napasterpst MeTaMop<pH3Ma. ITo gH<p<PY3HOHHbIM nporpn
JISIM B rpaaare paCC'IHTaHa CKOpOCTb -resmeparypnof 3BOJIIOl.\HH MeTaMop<pH'IeCKOH CHCTeMbI. IToKa3aHo, 

'ITO Ha perpeCCHBHOM arane Ha'IHHaR C TeMnepaTypbI 670°C MeTaMop<PH'IeCKHH KOMnJIeKC OCThIBaJI eo 

CKOpOCTblO OKOJIO 3 rpaWMJIH . JIeT, npa 3TOM.gaBJIeHHe He rrpensnnano 4 'K6ap, a CKOpOCTb annndrra 

paBHRJIaCb 0.03 KM/MJIH. JIeT. 

MHHepaJIbHbIe pasnoaecaa TpagHQHoHHO HC MOB, 1992). )J,HepepY3HoHHa~ 30HaJIbHOCTb B 3TOM 

nOJIb3YlOTCH gJIH peKoHcrpyKQHH TepMQgHHaMHqeC cJIyqae HrpaeT POJIb npHpogHoro TepMoxpoHoMe

xoro H reonaaaua-recxoro pe)KHMa B 3eMHoH xope Tpa, no HeM MO)KHO onpenenars CKOpOCTb H gJIH

(Ilepsyx, 1970). Omraxo aHaJIH3 napareaesacos C TeJIbHOCTb TeMnepaTypHoM 3BOJIIOQHH, a TaK)Ke CTe

30HaJIbHbIMH MHHepaJIaMH rrpencraanaer onpene neas paBHOBecHocTH MHHepaJIbHOM accouaauna. 
JIeHHYIO TpygHOCTb, nOCKOJIbKy "XHMHqeCKM aeon B gaHHoM patiore nposeneuu neTpOJIOrHqeCKHe 
HOpOgHOCTb epa3 nJIOXO cornacyercs C rrpencrasne HCCJIegoBaHHH 06pa3QOB MeTaMopepHqeCKHX ropHbIx 
HHeM 0 BbIpaBHHBaHHH XHMHqeCKOrO nOTeHQHaJIa nopon H3 epyHgaMeHTa PyCCKOM nnarcpopaur B npe
KOMnOHeHTOB B yCJIOBHHX TepMogHHaMHqeCKOrO nenax BOpOHe)KCKOM aHTeKJIH3bI. IIpH 3TOM, nO-BH
pasnonecaa. gHMOMY, He CTOHT H3JIHIIIHe a6COJIlOTH3HpOBaTb He

.IVtepPY3HOHHM 30HaJIbHOCTb B rpaHaTax H gpy xoropsre KOJIHqeCTBeHHbIe OQeHKH H reonanaaase
rHX MHHepanax 06bIqHO oopasyerca Ha CTbIKe MHHe CKHe HHTepnpeTaQHH go npoaenenaa scero 

paJIbHbIX 3epeH aa cser nepannosectroro nepepac KOMnJIeKCa TepMOXpOHOJIOrHqeCKHX HCCJIegoBaHHM, 

rrpeneneaas KOMnOHeHTOB Ha perpeCCHBHOH cranaa BKJIlOqM H30TonHbIe. 

MeTaMopepH3Ma, ee pa3BHTHe KOHTpOJIHpyeTcH HM3

KHMH CKOpOCTHMH 06'beMHOM gHepepy3HH B KpHCTaJI fEOnOfI1QECKOE IIOnO)KEHI1E
JIHqeCKHX CTpyKrypax MHHepaJIOB. )J,Hepepy3HOHHM 

30HaJIbHOCTb HBJI~eTC~ npH3HaKOM nepexona nerpo PaHHenpOTep030MCKHe MeTaneJIHTbI BOPOHQOB

JIOrHqeCKOM CHCTeMbI OT paanoaecnoro COCTO~HHHK CKOH cepaa (CaBKo, 1991) 3aJIeraIOT B BOCTOqHOH 

HepaBHOBeCHOMY, xorna CKOpOCTb peJIaKcaQHH CHC qaCTH BOpOHe)KCKOrO KpHC;raJIJIHqeCKOrO MaCCHBa, 

TeMbI CTaHOBHTC~Me'·Tbllie CKOpOCTH H3MeHeHHH HH  KOTOpbIH HMeeT CJIO)KHoe ' 6JIOKOBOe cTpoeHHe H 

TeHcHBHbIX napasrerpos H nacrynaer MOMeHT 3a ID3JI~eTC~ IOrO-BOCTO~bIM epparMeHToM epyHgaMeH

KPbITH~ CHCTeMbI ( D o d so n , 1973). Pa3pa60TKa KHHe Ta PyCCKOM nnarrpopnsr (pHC. 1). MeTaneJIHTbI pac

THqeCKHX MogeJIeM TaKHX nepexonnsrx COCTO~HHM B npocrpanensr Ha nJIOIQagH OKOJIO 70 TbIC. KM2 H 

npHJIO)KeHHH K TepM06apoMeTpHH nOJIyqHJIa Ha3Ba nOBceMeCTHO nepexpsrrsr ocano-rasra qeXJIOM MOIQ

HHe reocnanosrerpaa (Lasaga, 1983). Pe-n. aner 06 HOCTblO fionee 80 M. OHH rrpopsaasr MHOrOqHCJIeH

HCCJIegoBaHHH 06paTHMocTH MHHepanbHbIx paBHO HbIMH HHTpy3HHMH ranepoasaros, ra66pogoJIepH

BeCHM B yCJIOBHHX perpeccHBHoH TeMneparypHoH TOB , gHOpHTOB, rpaaaros H gaHKaMH CHeHHTOB. Pa
3BOJIIOQHH, xorna nOKa3aHHH repaooapoaerpoa 3a Hee npH H3yqeHHH BOPOHQOBCKOH cepHH B HeM 

BHCHT OT CKOpOCTH OCTbIBaHHH CHCTeMbI (Tepaca- 6bIJIa BbIHBJIeHa MeTaMopepHqeCKaH 30HaJIbHOCTb 
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PHC. 1. Cxexra rexrona-recxoro crpoemrs BOpOHe)!(CKOrO KPI1CTaJlJUI'leCKOrO MaCCI1Ba :
 

1 - nporonnartpopvennsre apxencxae 6J10KI1, 2 - Mera6J10K Kypcxoii MarHl1THOil aHOMaJll1l1, 3 - nosnaeapxeacxae seneno

KaMeHHble nosca, 4 - BOpOHe)!(CKI1i1 6J10K, 5 - BOCTO'lHaSl xacn, BOpOHe)!(CKOrO KpI1CTaJlJlI1'leCKOrO MaCCI1Ba, 6 - rJly611HHble
 
pa3J10Mbl, 7 - paaon I1CCJleI10BaHI1i1. Ha apesxe 3aJll1Thlll xaanpar - paaoa I1cCJJeI10BaHI111 .
 

MaJIorJIy6MHHoro Tlma (CaBKo, 1991) C nepexonov, 
no Mepe noasnnerras rexmeparypsr, OT aananyaar
crasponaronoa no CMJIJIMMamIT-Kam11IInaT-Kop.n;Me
pMTOBOR 30HhI. 

Ha pacyaxe 2 nOKa3aHhI epparMeHThI 3TOR TeM
neparypaoa 30HaJIhHOCTM M rpaHMQhI 30H: 1) 
asorpana CMJIJIMMaHMTa, ornensromas CTaBpOJIMT
CMJIJIMMaHMToBylO 30Hy OT aH.n;aJIy3MT-cTaBpOJIMTO
BOR; 2) M30rpa.n;a MCqe3HOBeHM~ CTaBpOJIMTa, KO
TOpa51 MapKMpyeT nepexon K MYCKOBMT-c.uJIJIMMaHM-

TOBOR 30He; 3) asorpana MCqe3HOBeHM~ MycKoBMTa 
(Ms + Qtz =Sil + Kfs), xoropaa osna-raer nepexon K 

CMJIJIMMaHHT-KaJIHlIInaT-Kop.n;MepMToBoR 30He. I10q
TM onaoapevemro C MCQe3HOBeHMeM MycKoBMTa Ha
6mo.n;aeTc~ pacnan 6MOTMT-CMJIJIHMaHMToBoro napa
reaesaca C 06pa30BaHMeM KaRM xopnaepara. Kop
.n;MepMToBhle KaRMhI nO~BJI~IOTC~ TaIOKe M Ha 
rpanaue rpanara M CMJIJIMMaHMTa, CJIe.n;OBaTeJIhHO 
rpaaossre paanoaecas CMJIJIMMaHMT-KaJIMlIInaT-KOp
.n;HepMTOBoR 30HhI OTBeQalOTYCJIOBM~M nepexona OT 

TIETPOJIOrJ15I TOM 3 N26 1995 
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PHC. 2. Cxesra MeTaMopqmqeCKOil30HanbHOCTH p aaona Hccn eJlOBaHHH (Ca BKO, 1991).
 
1 - 3 asorpansr : 1 - CHnnHMaHHTa (nax ano craaponar-cannavamrroaoa 30Hbl ), 2 - HCqe3HOBeHH5I cr aapomr r a (naxano MyC

KOBHT-cHnnHM aHHToBoH 30HbI) , 3 - HCqe3HOBeHH5I MycKoBHTa (na -rano CHnnHMaHHT-KanHumaT- KOpJlHepHTOBoil 30 HbI); 4 

TO'lKH oroopa 06p a3l.\OB H3 CKBa)!(HH (no jaepa yxasanu JlnSI npoanarrnaapoaanusrx 06pa3l.\OB); 5 - 7 HHTpY3HBHble noponsr:
 
5 - nepanorarsr , 6 - ra ooponopa'na. 7 - rpatnrrsr ; 8 - pa apsmnsre uapyureaas. 9 - r eOnOrH'IeCKHe rpaxausr, 10 - HHJleKC
 
BOPOHl.\OBCKOil cepna. 

6110Tl1T-Cl1JIJUlMaHl1TOBOH K rpaaar-xopnaepnr-xa
JIl1IlmaTOBOH epaQl1H (KOPl1KOBCKl1H, 1979). Bee 06
pasusr C Ha1160JIee l1HepopMaTl1BHhIMl1 BhlCOKOTeM
nepaTypHhIMl1 .rrapareaeaacasra 3TOH 30HhI 6hIJIl1 
oT06paHhI 113 CKBa)l(l1H B paaone I10):lKOJIO):lHOBCKO
ro MeCTOpmK):Iemrn Hl1KeJIeBhIX py):l (pac, 2). 

I1ETPOrrA <I>MLIECKA5I XAPAKTEPMCTMKA 

11eTaneJIl1Thlnpe):lCTaBJIeHhICpe):lHe3epHl1CThIMH 
6110Tl1T-Cl1JIJIl1MaHl1TOBhIMl1 rHeHCaMl1 C KOp):ll1epl1
TOM, pexce rpaaarov 11 KaJIl1eBhIM nOJIeBhIM Ilma- · 
TOM. 3epHa rpaaara pa3MepOM 1 - 2 MM 06hI<JHO 
l1MelOT HenpaBl1JIhHYlO epopMY, 'IaCTO pe30p611pOBa
HhI 6110Tl1TOM 11 OKpY)l(eHhI KaHMaMl1 xopnaepara. 
Haaxcrexmepa'rypasre peTpOrpa):lHhle 113MeHemrn 
Bhlpa)l(eHhI cJIa60 - y'IaCTKl1 xopnaepara naorna 
CJIerKa nl1Hl1T11311pOBaHhI, no 6110TllTY 113pe):lKa pas
Bl1BalOTC5I BTOPl1'IHhIH XJIOpfIT 11 MyCKOBl1T. 

B 06p. 6958/391 npencrannena Tl1nll'IH<UI Mlme
paJIhH<i5I accomrauaa nsrcoxcreaneparypastx MeTa
neJIl1TOB BOPOHQOBCKOH cepaa (Pk.vc) - Grt-Bt
Crd-Sil-Qtz-(Spl)-Pl. <I>parMeHT IIIJIll<pa 3TOH no
ponsr C HOMepaMll TO<JeK MllKP030H):\OBhIX aHaJIH30B 
noponooopaayroutax MllHepaJIOB 11306pa)l(eH Ha pac , 3. 
Cocransr MHHepaJIOB 11 l1X KpIICTaJIJIOXl1MIl<JeCKl1e 
epOpMyJIhI rrpaneneasr B Ta6JI. 1 - 4. Tpaaar conep
)l(l1T BKJIlO<JeHl15I 6110Tl1Ta, xsapua, nJIar110KJIa3a, 

nETPOnOfl15I TOM 3 N.! 6 1995 

CHJIJIIIMaHl1Ta 11 'IaCTH'IHO oxpyxcea KaHMaMH KOP
):IHepHTa. B KOp):lHepllTe BCTpe'IalOTC5I CKOnJIeHH5I 
MeJIKHX, H30JIHpOBaHHhlx 3epHhlIIIeK )l(eJIe3HCTOH 
IIInl1HeJIl1 C conepscaaaesr ZnO ):10 5 Mac.%, 'ITO 
YKa3hIBaeT Ha rrpacyrcrnae paaee B nopone QIIHKO
soro CTaBpOJIl1Ta. Ero nOJIHhIH pacnan COrJIaCHO 
peaKQHH 

St := Crd + Spl + Si! + H20 (I) 

npOl1CXO):ll1T enre rrpa TeMneparype 600°C (Kopn
KOBCKHH, 1979). J],aJIhHeHIIIee nOBhlIIIeHHe TeMnepa
TyphI B npenenax ):IaHHOrO opeona npaaomrr K oopa
30BaHHlO KOp):lHepl1TOBhIX KaHM, CHa'IaJIa Me)l():Iy 
Cl1JIJIl1MaHl1TOM 11 6110Tl1TOM, a 3aTeM BOKpyr rpaHa
Ta. I1oCJIe):lH5I5I peaKQVUI l1):1eT C nOrJIO~eHHeM CHJI 
JIHMaHl1Ta 11 xnapna: 

Crt + Si! + Qtz = Crd, (ll) 

OHa XOpOIIIO 113y<JeHa 3KCnepl1MeHTaJIhHO (ApaHO
Bl1'I, I10):lJIeCCKl1H, 1982) 11 Tpa):ll1Q110HH0l1CnOJIh3y
eTC5I KaK Ha):le)l(HhIH reooaposserp (MapaKyIIIeB, 
1965 ; I1ep'IyK, 1970; I1ep<JyK 11 ):Ip., 1983). CMeHy 
Ml1HepaJIhHhIX napareHe311COB nporpagHoro 3Tana 
):IJI5I MeTaneJIIITOB BOPOHQOBCKOH cepaa MO)i(HO npo
l1JIJIlOCTpl1pOBaTh Ha rrapareuera-recxoa naarpasore 
B xoopnaaarax (11g,Fe)- A l- Si (pac. 4, 5) . 
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." 
Crd 

250 MKM 

PIIC. 3. 3apllcoBKa y'IaCTKa llJJlIlq,a 6958/391 C HOMepaMII TO'ieK MIIKP030HAOBbIX ananmoa MIIHepaJlOB (Ta6J1 . 1,2, 3, 4). 
CHMBOJlbI MIIHepaJlOB: Grl-rpaHaT, Crd-KoPAllepIlT, BI-6110TlIT, PI-nJlafllOKJIa3, Q1Z-KBapl..\, Sil-CllJlJlllMaHlIT, Spl-llJnllHeJlb, 

Chl-xJlopHT. 

Al Al 

(Mg, Fe) Stz n = Crd + Sil + SplZn + H20 Si (Mg, Fe) Grt + Sil + Qt: =Crd Si 

PIIC. 4. Pa3JlO)l(eHHe CTaBpOJlHTa C o6pa30BaHlIeM KOPAII

epnra . umanena H CIIJlJlIIMaHIITa. PIIC, 5. Peaxuas 3aMeI.I.\eHlI1I rpanara xopnaeparosr. 

TIETPOnOrl151 TOM 3 M 6 1995 

+ Bt, Fsp, (Sp{) 
ij, H20 

L ~Qtz 

Crd 
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Ta6JIH~a 1. MHKP030HAOBhle aHaJIH3hI HKpHCTaJIJIOXHMH'IeCKHe epOpMyJIhI rpanara H3 o6p. 6958/391 (pHC. 3)
 

KOMno-
HeHThI I 2 3 4 5 6 7 8 9 10 11 12 

Si02 37.32 37.21 37.59 37.33 37.63 37.49 37.29 37.13 37.62 36.99 37.01 37.29 

Ti02 0.05 0.07 0.05 0.06 0.04 0.04 0.06 .0.03 0.01 0.02 0.01 0.02 

AI20 3 20.77 21.03 20.95 21.11 21.05 21.25 21.14 20.69 20.39 20.86 20.90 21.12 

Cr203 0.09 0.02 0.03 0.05 0.00 0.03 0.06 0.06 0.04 0.06 0.04 0.07 

FeO 34.65 36.95 34.56 35.69 35.15 34.50 33.94 36.10 34.22 36.39 35.26 34.90 

MnO 1.16 1.47 0.90 1.20 1.32 1.22 1.04 1.66 1.18 1.75 1.41 1.26 

MgO 4.21 2.45 4.52 3.21 4.03 4.22 4.67 2.98 4.51 2.69 3.62 4.20 

CaO 0.92 0.80 1.02 0.93 0.89 0.85 0.83 0.97 1.07 0.91 0.80 0.98 

Na20 0.00 0.00 0.02 0.00 0.04 0.00 0.00 0.00 0.05 0.03 0.04 0.00 

K20 0.00 0.01 0.00 0.00 0.00 0.00 · 0.00 0.01 0.00 0.01 0.01 0.00 

F~O; 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.17 0.00 0.00 0.17 

CyMMa 99.15 100.04 99.65 99.57 100.13 99.61 99.03 99.63 99.25 99.70 99.10 100.00 

Si 3.01 3.02 3.01 3.02 3.01 3.01 3.00 3.01 3.03 3.00 3.00 2.99 

Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Al 1.98 2.01 1.98 2.01 1.99 2.01 2.01 1.98 1.94 2.00 2.00 1.99 

Cr3+ 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Fe3+ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.01 

Fe2+ 2.34 2.50 2.31 2.41 2.35 2.31 2.28 2.44 2.30 2.47 2.39 2.33 

Mn 0.08 '0.10 0.06 0.08 0.09 0.08 0.07 0.11 0.08 0.12 0.10 0.09 

Mg 0.51 0.30 0.54 0.39 0.48 0.51 0.56 0.36 0.54 0.33 0.44 0.50 

Ca 0.08 0.07 0.09 0.08 0.08 0.07 0.07 0.08 0.09 0.08 0.07 0.08 

Na 0.00 0.00 o.oo 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.01 0.00 

K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

° 12.01 12.03 12.00 12.03 12.00 12.02 12.01 12.00 12.00 12.00 12.00 11.99 

AIm 0.778 0.843 0.771 0.815 0.784 0.778 0.764 0.814 0.763 0.824 0.798 0.777 

Prp 0.169 0.100 0.180 0.131 0.160 0.170 0.188 0.120 0.180 0.109 0.146 0.167 

Spes 0.026 0.034 0.020 0.028 0.030 0.028 0.024 0.038 0.027 0.040 0.032 0.029 

Gros 0.024 0.023 0.028 0.025 0.025 0.024 0.022 0.026 0.024 0.025 0.022 0.021 

Adr 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.005 0.000 0.000 0.005 

Uvar 0.003 0.001 0.001 0.002 0.000 0.001 0.002 0.002 0.001 0.002 0.001 0.002 

XMg 0.173 0.102 0.185 0.134 0.165 0.174 0.192 0.123 0.185 0.112 0.150 0.172 

ITpHMellaHHe. 3necb H B Ta6JI. 2 - 4 - XMg = Mg/(Mg + Fe + Mn). 

3AKOHOMEPHOCTIiJ H3MEHEHH5I · 
XHMHQECKOrO COCTABA MHHEPAnOB 

JJ:JISI onpenenenas creneaa paBHOBecHocTH Bcen 

MHHepaJIbHOH aCCOU;HaU;HH 6bIJIll nposenensr ne
TaJIbHbIe MHKP030HgOBbIe HCCJIegoBaHllSI MHHepa

JIOB B IIIJIH<pe. OCHoBHoe BHHMaHHe ygeJISlJIOCb KOH

TpOJIIO gH<P<PY3110HHbIX 30H Ha KOHTaKTe rpanara C 

flETPOJlOnUI TOM 3 N2 6 1995 

KopgHepIITOM H 6HOTHTOM. 30HbI gH<p<PY3HOHHoro 

Maccoo6MeHa Me)Kgy MHHepaJIaMH B03HHKaIOT rrpa 

nepasaoaecaoss rrpOTeKaHIIH )KeJIe30-MarHe311aJIb

HbIX o6MeHHblx peaxnaa Ha perpeccasnoa cranaa 
MeTaMop<p1l3Ma II xapaxrepasyrorca noaanenaev 
rpagHeHToB KOHu;eHTpaU;IlH H BCTpeqHbIX rrOTOKOB 

Fe H Mg. MaCIIITa6bI Maccoo6MeHa onpenerraror 
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Ta 6JIH~a 2. MI1Kpo30HgoBble aHaJII13hI 11 KpI1CTaJIJIOXI1MH'IeCKHe epOpMyJIhI xopnaepara (Crd) 113 o6p . 6958/39 1 (pac, 3)
 

KOMno-
HeHThI Crd-13 Crd-14 Crd-15 Crd-16 Crd-17 Crd-18 Crd-19 Crd-20 Crd-21 

Si02 47.72 47.12 47.82 46.98 46.51 46.93 46.66 46.87 46.97 
Ti02 0.03 0.03 0.00 0.08 0.01 0.03 0.03 0.00 0.03 
AI20 3 31.59 31.36 31.68 31.03 31.16 30.93 30.77 30.24 31.17 
Cr203 0.00 0.00 0.00 0.00 0.03 0.05 0.03 0.06 0.00 
FeO 8.82 8.32 7.53 7.38 8.37 7.56 8.23 8.76 8.55 
MnO 0.08 0.16 0.10 0.11 0.06 0.02 0.13 0.14 0.17 
MgO 7.63 8.20 8.45 8.66 8.01 8.21 7.68 7.43 7.77 
CaO 0.00 0.00 0.00 0.00 0:00 0.00 0.00 0.00 0.00 
Na20 0.18 0.13 0.12 0.13 0.19 0.14 0.15 0.16 0.17 
K20 0,01 0.00 0.00 0.03 0.02 0,01 0.00 0.00 0.03 

CyMMa 96.06 95.32 95.72 94.40 94.36 93.88 93.68 93.66 94.86 

Si 5.04 5.00 5.04 5.01 4.99 5.05 5.05 5.09 5.02 
Ti 0.00 0.00 0.00 0.01 0.00 0.00 0.00 .0.00 0.00 
AI 3.93 3.92 3.94 3.90 3.94 3.92 3.92 3.87 3.92 
Cr 0.00 0.00 0.00 0.60 0.00 0.00 0.00 0.01 0.00 
Fe2+ 0.78 0.74 0.66 0.66 0.75 0.68 0.74 0.79 0.76 
Mn 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0,01 0.02 
Mg 1.20 1.30 1.33 1.38 1.28 1.32 1.24 1.20 1.24 
Ca 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Na 0.04 0.03 0.02 0.03 0.04 0.03 0.03 0.03 0.04 
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

° 17.99 17.95 18.00 17.96 17.93 18.00 18.00 18.01 17.96 
XMg 0.605 . U.633 0.664 0.673 0.629 0.659 0.621 0.598 0.614 

Tafimma 3. Maxposounoasre aHaJIH3hI 11 KPJilCTaJIJIOXHMJI'IeCKI1e epOpMyJIhI 6HOTHTa 113 o6p . 6958/391 (pHC. 3) 

KOMno-
HeHThI 8t-22 8t-23 8t-24 8 t-25 8t-26 KOMno-

HeHThI 8 t-22 8 t~23 8t-24 8t-25 8 t-26 

Si0 2 36.32 36.02 34.93 35.72 35.11 Si 2.76 2.76 2.76 2.77 2.74 

Ti0 2 2.59 2.81 3.74 2.72 3.59 Ti 0.15 0.16 0.22 0.16 0.21 

AI20 3 20.12 19.74 17.90 19.14 18.83 AI(IV) 1.:24 1.24 1.24 1.23 1.26 

Cr20 3 0.00 0.11 0.07 0.10 0.10 AI(VI) 0.57 0.54 0.43 0.52 0.47 

FeO 17.90 17.67 15.90 18.01 19.76 Cr 0.00 0.01 0.00 0.01 0.01 

MnO 0.00 0.02 0,01 0.01 0.02 Fe2+ 1.14 1.13 1.05 1.17 1.29 

MgO 10.11 10.17 10.95 9.93 8.76 Mn 0.00 0.00 0.00 0.00 0.00 

CaO 0.00 0.00 0.00 0.00 0.00 Mg 1.15 1.16 1.29 1.15 1.02 

Na20 0.17 0.14 0.24 0.22 0.17 Ca 0.00 0.00 0.00 0.00 0.00 

K20 7.43 7.51 9.84 7.93 9.41 Na 0.03 0.02 0.04 0.03 0.03 

H2O* 4.44 4.40 3.79 4.22 
-. 

3.91 -

99.66 

K 

OH 

H+ 

0.72 

2.00 

0.25 

0.73 

2.00 

0.25 

0.99 

2.00 

0.00 

0.78 

2.00 

0. 18 

0.94 

2.00 

0.04 

CYMMa 99.0'8 98.59 97.37 I 98.00 

° 10.31 10.31 10.34 10.31 10.32 

XMg 0.502 0.506 0.551 0.496 0.441 

XNa 0.034 0.028 0.036 0.040 0.027 

Ilp uaexanxe. H20 * - n epeC'IJ.ITaHO n o KpHCTaJIJIOXHMJ.lqeCKJ.lM IlOpMHpOBKaM. XNa = Naj(Na + K + Ca). 

f1ETPOJIOfH5I TOM 3 .N'26 1995 
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Tafinaua 4. XMMM'IeCKJJe COCTaBhl M KpJJCTaJlJlOXMMJJ'IeCKMe cPOPMYJlhl COCYll.\eCTBYlOll.\JJX MlIHepaJlOB JJ3 o6p. 6958/391: 
umaaens (Spl), CIfJlJlIfMaHJJT (Sil), nnaraoxnaa (Pi ) (pMC. 3) 

KOMnOHeHThl Spl-27 Spi-28 Sil-29 PI-30 PI-31 PI-32 PI-33 Pi-34 

Si02 0.07 0.08 37.58 61.82 61.33 60.61 60.94 61.80 

Ti02 0.00 0.00 0.00 0.02 0.02 0.01 0.00 0.05 

AI20 3 57.70 56.60 57.47 23.47 23.44 24.19 24.10 22.92 

Cr203 0.13 0.03 0.04 0.00 0.06 0.02 0.27 0.00 

FeO 31.20 31.16 2.89 0.07 0.01 0.24 0.52 0.23 

MnO 0.10 0.09 0.08 0.00 0.03 0.07 0.03 0.00 

MgO 3.24 3.07 0.29 0.00 0.02 o.oi 0.02 0.02 

CaO 0.00 0.00 0.09 5.58 5.33 6.63 6.32 4.97 

ZnO 5.03 5.17 0.00 0.00 0.00 0.01 0.02 0.00 

Na20 0.Q1 0.09 0.00 8.70 8.92 8.03 8.00 9.05 

K20 0.01 0.00 0.00 0.17 0.17 0.20 0.17 0.06 

Fe20/ 1.85 2.75 0.00 0.00 0.00 0.00 0.00 0.00 

CYMMa 99.33 99.05 98.46 99.83 99.33 100.02 100.39 99.10 

Si 0.00 0.00 1.03 2.73 2.72 2.69 2.70 2.75 

Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

AI 1.96 1.93 1.88 1.23 1.24 1.27 1.27 1.21 

Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 

Fe3+ 0.04 0.06 0.00 0.00 0.00 0.00 0.00 0.00 

Fe2+ 0.75 0.75 0.07 0.00 0.00 0.01 0.02 0.01 

Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Mg 0.14 0.13 0.01 0.00 0.00 0.00 0.00 0.00 

Ca 0.00 0.00 0.00 0.27 0.26 0.32 0.30 0.24 

Zn 0.11 0.11 0.00 0.00 0.00 0.00 0.00 0.00 

Na 0.00 0.01 0.00 0.75 0.77 0.70 0.69 0.79 

K 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.00 

° 4.00 4.00 4.98 7.97 7.95 7.97 7.98 7.96 

Ab 0.731 0.745 0.679 0.689 0.765 

An 0.259 0.246 0.310 0.301 0.232 

Or 0.009 0.009 0.011 0.010 0.003 

XMg 0.16 0.15 

I1pHMe<laHHe. Fe20]* - OKHCHoe )I(eJJe30, nepeC<JHTaHO no KpHCTaJJJJOXHMH<JeCKHM HOpMlfpOBKaM. 

creneas 06paTHMocTH MHHepaJIhHhIX panaosecaa H 

B nepaoss npH6JIH)i{eHHH 3aBHC}lT OT CKOpOCTH ox

JIa)l<):~eHH}l CHCTeMhI (I'epacauoa, 1992). 

B gonOJIHeHHe K TOqeqHhIM aHaJIH3aM B 06p. 

6958/391 6hIJIH OTCH}lThI TpH aenpepsraasrx 30H

gOBhIX rrporpnnaC marosr 2 H 3 MHKpOHa nepnennaxy

JI}lpHO rpaaaue pasnena Me)Kgy MHHepanaMH (pHC. 6). 
Ha HHX OTqeTJIHBO rrposranena gmpepY3HOHHa}l 30

HaJIhHOCTh C IllHpOKHM gHana30HOM H3MeHeHH}l KOH

QeHTPaI.I;liH, KOTOpa}l nOqTH nOJIHOCThlO coxpaaanacs 

B rpanare H B MeHbIlleH CTeneHH B 6HOTHTe. Oxeaan
HO, ~O gJI}l rtposeneaas gOCToBepHhIX TepM06apOMe

TpHqeCKHX OQeHOK H3 scero cnexrpa COCTaBOB HaM 

He06xogHMO BhI6paTh TOJIhKO paanosecasre. 

PaCCMOTpHM 3BOJIIOQHIO MHHepaJIhHOH CHCTeMhI 

nonpotiaee. 3epH9 rpaaara HMeeT pasjaep OKOJIO 

I1ETPOJlOrH5I TOM 3 NQ 6 1995 
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Pue. 6. 30Hbl AlIepepY3l1oHHoro Ma ccoo6MeHa B rpaaare 
Ha KOIITaKTe C 6110TlITOM (aamrrsre 11 neaamrrsre xpysc
KII) H xopnaeparou (JlOMaHHaSl JlHHlIlI) no p eayns'ra'rav 

MlIKP030HAOBblX HCCJleAOBaHHH . 

Pacnpenerreaae KOHl\eHTpal\HH XopOWO armpoxcnxnpy
eTClI CTeneHHOH epYHKl\HeH (cnnouraas JlIIIIHSI): Ha KOH

TaKTe C 6110TlITOM Ha6J1IOAaeTClI yCTOH'lHBall aocnpoas

BOAHMOCTb, nons 3aJlHTblX 11 He33J1l1TblX Kpy>KKOB npax

TII'l eCKII cosnanaior. 

2000 MKM. Ero QeHTpaJlhHlliI 'IaCTh npaxrasecxa ro
MoreHHa, napaauaa rro MarHe3llaJlhHOCTll COCTaBJlSI
lOT 0.18 ± 0.01 npa rrOCTOSlHHOM epoHeCaO II MoO Ha 
yposne 1Mac.%, 'ITO Jl:0BOJlhHO Tllrrll'IHO Jl:JlSI rparry
JlllTOrrOJl:06HhIX napareaeaacoa, rne nepaa-maa POC
TOBaSl 30HaJlhHOCTh 06hl'IHO acsesaer rrpll TeMrrepa
Typax BhlIIIe 700°C. 'ullepepY3ll0HHlliI 30HaJlhHOCTh B 
rpanare rrOSlBJlSleTCSI TOJlhKO Ha era KOHTaKTe Cnpy
rllMll zceneao-narneaaam.m.rera MllHepaJIaMll (B TOM 
'IllCJle II Ha KOHTaKTe CBKJllO'IeHlfSIMll), urapana 30H 
COCTaBJlSleT 100 - 120 MKM. Marnesaansnocn, rpana
Ta pe3KO yrisrsaer rro nanpaanenaro K KOHTaKry OT 
0.18 Jl:0 0.09, a C conpene.nsnoa CTOpOHhI B 6llonne 
II xopnaepa're MarHe3llaJIhHOCTh, Ha060poT, aospac
TaeT Jl:0 MaKcllMyMa. I13MeHeHlle xonuerrrpanaa B 
Jl:llepepY3ll0HHhIX 30Hax XOpOIIIO armpoxcasrapyercs 
creneaasnra epYHKQllSlMll, rpaepllKll KOTOphIX 
acajarrroraaecxa rrp"6J1":>KalOTCSI K oca KOHQeHTpa
QllH. ,UJlSI rrpoBepKll crexaoaerpasnocra TBepJl:0rO 
pacrsopa COCTaBhI rpanara ll3 Jl:llepepY3ll0HHOH 30HhI 
aanecem.r Ha xoppenauaonnyro naarpasory B KOOP
nanarax Prp-Alm (pac, 7) . Ha HeH 'IeTKO nposaneaa 
otiparaas JlllHeHHlliI 3aBllCllMOCTh Me:>KJl:Y conepxca
HlleM aJIhMaHJl:llHOBOro II naponosoro KOMrrOHeHTOB 
(K03epepllQlleHT xoppensuaa R = 0.98, K03epepHQll

y = Prp 

0.18 ----------- -----j------ ---.- -------j---- ----j-------, 
I I I I, I I t I, , , , , , , , , ,, , , ,, , ,, , ,

- - ... ... ... -_ ... " --- ~_I0.16 ----,--------.--------,-- -----, , , , 
,,
, : : cn : 
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--------,--------~---------~ ------r--------,-------0.14 
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I I I I I 

I I I I 

I I I I 

... ... ...... ... ... ... ... ; - - - ~ - _ - ~ -- - ~ " ~ - - _...0.12 
I I I I. , 

Y =:-1.05x -+- 0.99: : 0 : 

: R = 0.9'8: : , , ________ ~ J ~ L .A_

0.10 , . , , , , , , , 
, , . , . , . , , 

_ _ _ _ _ _ _ _ JI JI I LI JI J~

0.08 , I I I I I 
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I , I I I I 

I I I I I I 

I I I I I •0.06'::-:-_~---:--_....!......_ ___:_'--.....!---....!......-----! 
0.74	 0.76 0.78 0.80 0.82 0.84 0.86 

x = A/m 

Pnc, 7. Koppe.nsuaa conepscaunn napononoro 11 ans
MaHAHHOBoro KOMnOHeHTOB B AHepepy3110HHOH 30He 

rp asara. 
OT'leTJlHBO npOHBJleHa o6paTHall JlHHeHHaH 3aBHCH

MOCTb C K03epepHl\HeHToM KOppeJlHl\1I11 R = 0.98, no

T epll MarHlIlI B Ka>KAOH TO'lKe nporpans KOMneHcHpy

eTCH npHBHOCOM sceneaa B COOTBeTCTBHH CO CTeXHOMe

TpHeH TBepAoro pacrsopa. 

eHT nponopnaoaansaocra l.Oy), 'ITO YKa3hIBaeT Ha c 

6llHapHhIH xapaxrep ~llepepY3llll, npa KOTOpOM 
BhIHOC MarHlfSI ll3 rpanara xosmeacapyerca nparo
KOM :>KeJle3a. 

Bnorar II xopnaepar TaK:>Ke MeH51lOT CBOH COCTaB 
aa C'IeT nosnnax 06MeHHhIX peaxuaa C rpaaarosa Ha 
perpeccasnoa cranaa MeTaMopepll3Ma, rrp"QeM TeM 
CYlQeCTBeHHeH, 'IeM MeHhIIIe 3epHO II 'IeM 6J1ll:>Ke OHO 
K rpaaary, MaTpll'IHhIH 6ll0TllT (Ta6J1. 3, Bt-26) Ha Jl:0
CTaTO<JHOM ynaneaaa OT rpanara no-rra He ll3MeHHJI 
CBOH COCTaB, OH llMeeT MllHllMaJIhHYlO MarHe3llaJIh
HOCTh 0.44 II conepsorr MaKCllMYM Ti02 (3.6 Mac. %), 
'ITO n03BOJlSleT C'IHTaTh era nanfiorree BhlCOKOTeM
neparypasnr. BKJllO'IeHIDI 6lloTllTa, asonaposan
asre B rpanare (Ta6J1. 3, Bt-24) , nanporan, llMelOT 
MaKCllMaJIhHYlO Mame3llaJIhHOCTh (0.55), HO coxpa
H51lOT Ty:>Ke TllTaHllCTOCTh,rrOCKOJlhKY TllTaH He yxa
crsyer B nosnaax 06MeHHhIX peaxuaax C rpaaarou. 
3epHa 6ll0TlfTa, 06pa30BaBIIIlfecSI Ha BHeIIIHllX 
rpananax rpanara (pac, 3), llMelOT rrOHll:>KeHHYlO Tll 
TaHHCTOCTh, npa 3TOMllX MarHe3llaJlhHOCTh saaacar 
OT paauepa sepen. TaK, COCTaB He60JlhIIIOrO aepaa 
6ll0TllTa (Ta6J1. 3, Bt-22, Bt-23) KOJle6J1eTCSI rro eo
nepacanaro Ti02 B npenenax 2.8 ± 0.1 Mac. %, a no 

IlETPOJlOnUI TOM	 3 N26 1995 
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PHe. 8. Cocrassr 6110TIITOB Ha KOHTaKTe C rpanaroxr no 
peaym.rarau MIIKP030HAOBbIX IICCJJeAOBaHIIH. 

3 epHa npaKTII'IeCKII rovoreaasr, IIHOrl1a YJlaBJlIIBaeTClI 
rennemma K YBeJlIl'IeHIIIO Marue311arIbHOCTII B HanpaB
nemm KOHTaKTa (aeaarurrsre Kpy)KKII) . 

Mame3HaJlhHOCTH - B npenenax 0.50 ± 0.01 (pHC. 8), 
HO B 30He HerrOCpe}l;CTBeHHOro KOHTaKTa C rpaHa
TOM, rne coxpaaanacs Y3Ka5I }l;HcPcPY3HOHHa5I 30Ha 
(l0 MKM), MarHe3HaJIhHOCTh 6HOTHTa YBeJlHqHBaeT
C5I no 0.55. 

B KaHMax xopnaepara Ha6J11O}l;aeTC5I ananora-rnaa 
TeH}l;eHQH5I K YBeJlHqeHHlO MarHe3HaJIhHOCTH B Ha
npasnenaa KOHTaKTa C rpanarosr. Ha paCCT05lHHH 
250 - 300 MKM OT KOHTaKTa (pHC. 3, Ta6J1. 2, Crd-20) 
Mame3HaJIhHOCTh KOp}l;HepHTa MHHHMaJlhHa (0,60), Ha 
rpaaaue Crpaaarov OHa B03paCTaeT rro 0.68 (pHC. 9). 

TaKHM 06pa30M, B3aHMOOTHOIlleHHe MIIHepaJlOB 
B WJlHcPe H H3MeHeHHe HX COCTaBOB rrOKa3hIBalOT, 
qTO Ha naxe MeTaMopcPH3Ma rpanar 6hIJI no-rra non
HOCThlO rOMoreHH3HpOBaH H qaCTHqHO 3aMeIQeH 
KOp}l;HepHTOBhIMH KaHMaMlI B COOTBeTCTBHH Cpeax
QHeH (H). B CHCTeMe YCTaHOBHJlOCh TepMO}l;HHaMH
xecxoe paBHOBeCHe, 0 napasrerpax xoroporo MhI 
MO)l(eM CY}l;IITh rro HaH60Jlee MarHe3HaJIhHhIM xpyn
HhIM aepnasr rpanara H HaH60Jlee )l(eJle3HCThIM (pe
JlHKTOBhIM) COCTaBaM 6HOTHTa H xopnaepara. Ha 
perpeccasaoji CTa}l;HH MeTaMopcPH3Ma B xone 06
MeHHhlX peaKQHH 

Grt M g + Crds; =Grt-; + CrdM g , (Ill) 

GrtM g + BtFe =Grte; + BtM g (IV) 

aaxanocs rrepepacnpenenenae MarHH5I H3 rpanara B 
npyrae )l(eJle30-MarHe3IIaJlhHhle MHHepaJlhI cornac

nETPonOHUI TOM 3 N26 1995 
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PHe. 9. JJ:mpepY3l1oHHall 30Ha B KOPAlep"Te Ha KOHTaKTe 
C rpana'rosr. 
B ycnosaax nanenns TeMneparypbl nplIBHOC MarHlIlI 
xovneacapyercs BblHOCOM )Kene3a. <l>pOHT I111epepy31111 
nponaaayncs Ha paccrosmre 400 - 500 MKM, 113MeHeHlle 
KOHl..\eHTpal..\lI11 xopouro annpo xca sorpyer ca epYHKl..\IIen 

026 xf:: = 0 .694x-o· . 

HO npannarry cPa30Boro COOTBeTCTBH5I (IIepqYK, 
1970). Ilanenae TeMrrepaTyphI rrpaseno K savenne
HHlO CKOpOCTH peaKQHH H 3aKphITlI1O CHCTeMhI. Ha 
rpaHHQe pasnena cPa3 B03HHKJlH rpanaenrsr KOHQeH
TpaQHH, CHCTeMa crana aepaaaoaecaoa. .IJ:aJlhHell
wee rrepasaosecaoe nepepacnpeneneane KOMIIO
HeHTOB npaseno K qaCTHqHoMY HJlH rrOJlHoMY H3Me
HeHHlO COCTaBOB MHHepaJIOB. 

IIpHHHMa5I BO BHHMaHHe OrpaHlIqeHH5I rro JlO
KaJlhHOCTH 30H}l;a (l - 2 MKM), }l;aJlhHeHIllHH rrOHCK ea
MhIX KpaHHHx COCTaBOB }l;Jl5I OQeHKII MHHHMYMa TeM
neparypsr CTaHOBHTC5I no nexoropoii crerrena 6ec
CMhICJleHHhIM. MOHoToHHoe ysenasenae rpanaeara 
KOHQeHTpaQIIH rro nanpaaneaaro K KOHTaKry CBH}l;e
renscrayer 0 TOM, qTO npouecc OCThIBaHH5I 6hIJI TO
)l(e MOHOTOHHhIM, O}l;HOaKTHhIM H nporexan CKOHeq
HOll CKOpOCThlO (Tepacavoa, 1992). 

OCOEEHHOCTH HEH30TEPMHQECKOH 
.IJ:H<I><I>Y3HOHHOH MO.IJ:EJIH 

B Tex cnyxaax, xorna mapaaa }l;HcPcPY3HOHHOll 
30HhI MHoro MeHhIlle panayca KpHBH3HhI sepaa Ha 
rpanane pasnena (pHC. 3), }l;Jl5I orrHCaHH5I }l;llcPcPY3HH 
B 1I30TporrHOM KpHCTaJlJle rpaaara MO)l(HO BOCrrOJlh
30BaThC5I O}l;HOMepHhIM ypaeaeaaesr }l;HcPcPY3Hll 

ae a ae 
at = ax(D a)· 
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Koadxpauaerrr ,!1HepepY3Hll 5IBJI5IeTC5I epYHKQHeH TeM

rreparypbI H B IIUIpOKOM naarrasoae TeMrrepaTYP MO

)f(eT 6bITb rrpe,!1CTaBJIeH B Bll,!1e ypaBHeHIDI Appenayca 

D =Doexp[-Q/(RT(t))]. 

Tevnepa'rypa Ha perpeCCIIBHOH CTa,!1HH MeTaMOp

epll3Ma 5IBJI5IeTC5I MOHOTOHHO y6bIBalO~eH rpymc
QHeH BpeMeHH. Ilapasrerpsra ypasnenaa Appena
yea MoryT 6bITb onpenenensr 3KcrrepHMeHTaJIbHO 

(Do = 1.662 CM2/C, 3Heprll51 aKTHBaQHH ,!1HepepY311H 

Q =345 K,!J,)f(/MOJIb (Fepacavon, 1987» . TaKHM 06

pa30M, K03epepHQHeHT ,!1HepepY311H 5IBJI5IeTC5I CJIO)f(

HOH epYHKQlleH TOJIbKO O,!1HOH He3aBHCIIMOll rrepe

MeHHoH BpeMeHH t II era MO)f(HO BbIHeCTH H3-rr0,!1 

3HaKa ,!1HepepepeHQHaJIa 

d2CdC 
at =D(t) dX2. 

3TO ypasneaae HMeeT perneHHe C cooTBeTcTBYlO~H

MH rpaHH'IHbIMH H Ha'IaJIbHbIMH yCJIOBIDIMH, rrpHH5I

TbIMH ,!1JI5I orrHCaHH5I HepaBHoBecHblx 06MeHHblx pe

aKQHH (L asag a 1983; I'epacasron, 1992), H aanacr.ma
eTC5I B BH,!1e 6eCKOHe'IHOrO psna 

n=1 

x [1 + l.;I1' x exp (l.; /y') x Iexp (-l.; zly')(z)"dZ]. 

°'S, x 'S, L, 'S, t' 'S, IN = DO/y, y= Qs/(RTo),°
a = t1F/ Q x xg rt = const, 

Mg 

o
D = Doexp(-Q/RTo), 

t' = DO/ Yx [1 - exp (-yt)] . 

KOHQeHTpaQH5I C B ,!1Hepepy3HOHHOH 30He 5IBJI5IeTC5I 

epYHKQHeH KOOp,!1HHaTbI x H HOBOH rrepesremroa t', 
BH,!1 ee asoxponnoro Ce'IeHIDI 3aBHCHT 0'1' BeJIll'IllHbI 

JIHHeHHblx pasvepoa KpHCTaJIJIa rpaaara L, 3HTaJIb

naa 06MeHHoH peaKQHH MJO, Ha'IaJIbHOH CKOpOCTH 

OXJIa)f(,!1eHIDI s npa TeMrreparype Ha'IaJIa aepasno

necaoro Macco06MeHa To, BeJIH'IHHbI aaeprmr aKTH

BaQHH ,!1HepepY3HH Q H rrpe,!13KCrroHeHQHaJIbHOrO 

waKTopa Do. 
Ilpeosne 'IeM nepeara K MO,!1eJIHpOBaHlllO Ha 

3BM ,!1Hepepy3HOHHOH 30HaJIbHOCTH B aamesr 06pa3

ne, paCCMOTplIM erne nexoropsre reopera-recxae 

CJIe,!1CTBH5I. YCJIOBHe COrrp5l)KeHIDI ,!1HepepY3110HHbIX 

rrpOCTpaHCTB Me)f(,!1y MIIHepaJIaMIl Tpe6yeT pasea

CTBa BCTpe'IHbIX rrOTOKOB BeI::QeCTBa 'Iepe3 B3aHM

nyio rpaHHQY pasnena 

H coxpanenae oouiero 6aJIaHCa Macc (M). Torna B 

pacxere Ha 1 aTOM uaosropdmo-aaaeuraeaoro KOM

nonenra ,!1JI5I e,!1HHH'IHOrO Ce'IeHIDI MO)f(HO sanacars 

t t 

_JDGrtdC(O, t) dt = M = _IDcordC(O, t) dt . 
I IdX dX 

o 0 

ECJIH 'rerteps COCTaBbI TO'IeK H3 ,!1Hepepy3HoHHoro 

rrporpans HaHeCTH Ha ,!1HarpaMMY B KOOp,!1HHaTax 

KOHQeHTpaQIDI- paCCT05lHHe (pHC. 6, 9, c-x,), TO OKa

)f(eTC5I, 'ITO nnomans, OrpaHH'IeHHa5I OCblO KOHQeHT

paQIIH, rpatpaxov epYHKQHH ct(x) =XMg , BbI6paHHOH 

,!1JI5I arrrrpOKCHMaQHH pacnpenenenas KOHQeHTpaQHH 

(M am e 3HaJIbHOCTH) B ,!1Hepepy3HOHHOM rrporpane, H 

JIHHHeH Ha'lIaJIbHOH paBHOBeCHOH KOHQeHTpaQHH Co, 
raxsce oporrOPQHOHaJIbHa KOJIH'IeCTBY Be~eCTBa, 

npauremnero (HJIH ymenmero) 'Iepe3 eglUiH'IHOe ce

'IeHHe B XO,!1e ,!1HepepY3HH aa BpeM5I t, T .e. 

t L ' 

J dC(O, t) J
M = - D; dX dt = [c/(x) - co] dx. (1) 

o 0 

Ha npaxraxe 3'1'0 03Ha'IaeT, 'ITO COOTBeTcTBylO

urae rrJIO~a,!1H Ha rparpaxax ,!10JI)f(HbI COOTHOCHTbC5I 

KaK MOJIbHble 06'beMbI MHHepaJIOB B ,!1Hepepy3HOH

HbIX rrapax, paCC'IHTaHHble Ha 1 aTOM H30MOpepHO

sasremaeuoro KOMrrOHeHTa, nanpavep: 

Grt: Crd : Bt z (114/3) : (223/2) : (152/3) z 1 : 3 : 1.3. 

B3aHM0,!1Hepepy3ID1 )f(eJIe3a H Mam.IDI B cTpyKTYPe 

rpanara nporexaer 3Ha'IHTeJIbHO Me,!1JIeHHee, 'IeM B 

,!1pyrllx MIIHepaJIax. DJIaro,!1ap51 3TOMY B ,!10CTaTO'IHO 

KpyrrHblx sepnax rpanara Ha'IaJIbHa51 paBHOBeCHa51 

KOHQeHTpaQH5I Co 06bI'IHO cOXpaH51eTC5I. B namesr 
06pa3Qe HCXO,!1Ha5IMame3HaJIbHOCTb paana 0. 18. 113 
aaanasa rparpaxoa pacrrpe,!1eJIeHIDI KOHQeHTpaQHH B 

6HoTHTe H KOp,!1HepHTe CTaHOBHTC5I 5ICHO, 'ITO ,!1JI5I 

BbIIIOJIHeHH5I yCJIOBIDI (1) Ha'IaJIbHa5I MarHe3HaJIb

HOCTb 6HoTIITa ,!10JI)f(Ha 6bITb He 0.50, a 0.44, KOp,!1H

epara COOTBeTCTBeHHO He 0.60, a 0.59 . B 3TOM JIerKO 

y6e,!1HTbC5I, rrpO,!1eJIaB orrepaQHll HHTerpHpoBaHIDI 

epYHKQIIH clx) rparpa-recxa HJIH aHaJIHTH'IeCKH B eo

OTBeTCTBHH C ypanaenaesr (1) ,!1JI5I Ka)f(,!10rO MHHepa

JIa. ITO,!1CTaBHM paCC'IHTaHHble aHaJIIITH'IeCKHe 3aBH

CHMOCTH C rparpaxos B ypaBHeHHe (1), TOr,!1a: 

L 125 

J [XCrt - cCrt] dx =M~~ =J[clx) - co] dx = Mg 0 ,
 

o o
 
125 

J 0.138 = [0.0924(x) - 0.18] dx =-2.7 YCJI. en. 

o 
Crt

dC I DCor dCIcor DCrt _ = _ (3HaK MHHYc 03Ha'IaeT norepro MarHIDI B rpanare s a 
dX dXI 

x= O 
I 

x= O C'IeT ,!111epepY3HH, npenensr aarerpaposaaas YKa3aHbI 

IIETPOn0I1151 TOM 3 N26 1995 
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B MHKpOHaX). AHaJIOrH'IHO AJISI KOPAHepHTa H 6HO

THTa nOJIy'IaeM: 

rd]dxMf;gd = 
500 

f [Xf;; - cg = 

°
 500

f [0.694(xrO,026 - 0.59] dx = 8.1 yCJI. en., 

°
 
60 

tM~g =f [X~g - cg ] dx = 

° 60 

=f [0.51 - 0.44Jdx = 4.2 yCJI. ego 

° 
HeTPYAHo BHAeTh, 'ITO paC'IeTHOe COOTHOllleHHe HH

rerpam.asrx nnouianea 6JIH3KO K TeOpeTH'IeCKoMY 

coornonrenaro MOJIhHhlX 061,eMOB MHHepaJIOB: 

M~~ : Mf:; : M~g = (2.7) : (8.1) : (4.2) =1 : 3 : 1.5. 

Ilonoonsre paC'IeThl MoryT 6hlTh HCnOJIh30BaHhl gJISI 

ouenxa crerrena HapYl1leHHOCTH gHepepy3HoHHOM CHC

TeMhl (OTcyTCTBHe 6aJIaHCa sracc) H peKOHCTpykI.J;IDf 

paBHOBeCHhlX COCTaBOB MHHepaJIOB, eCJIH OHH 6hIJIH 

YTPa'IeHhl npH gJIHTeJIhHOM perporpamrosr npou;ecce. 

TaKHM 06pa30M, aeoonsuroe 3epHO 6HOTHTa Ha 

KOHTaKTe C rpanarosr gOBOJIhHO CHJIhHO H3MeHHJIO 

CBOM COCTaB, a era Ha'IaJIhHM paBHOBeCHM MarHe

3HaJIhHOCTh B geMcTBHTeJIhHOCTH 6JIH3Ka xcocrasy 

MaTpH'IHOrO 6HOTHTa . KOPAHepHTOBM KaRMa go

CTaTO'IHO BeJIHKa, ee COCTaB B ThIJIOBOH 30He nO'ITH 

He H3MeHHJICSI H MO)KeT 6hlTh HCnOJIh30BaH gJISI pe

o KOHCTpyKU;HH p: T napasrerpoa MeTaMOpepB3Ma. 

O:UEHKA rIAPAMETPOB METAMOP<I>M3MA 

llOrH'IeCKHMCJIeACTBHeM gHepepy3HOHHOM MOAe

JIH SlBJISleTCSI TO , 'ITO nOJIY'IeHHhle paBHOBeCHhle CO

crassr MHHepaJIOB B 06~eM cnysae He gOJI)KHhl OT

pascars MaKCHMaJIhHhle napasrerpsr MeTaMopepH3Ma 

(XOTSI 3TO H He HCKJIIO'IaeTCSI). KaK MHHHMYM OHH CO

OTBeTcTBylOT HeKOTopOM TeMllepaType To, Ha'IHHM 

C KOTOpOM nepepacnpeneneaae KOMnOHeHTOB CTa

HOBHTCSI nepaaaoaecnsm. Ilonpasyaeaaercs, 'ITO 

nsnne 3TOM ressrreparypsr CKOpOCTh gHepepy3HH 

6hIJIa gocTaTO'IHO BhlCOKOM, a CKOpOCTh OXJIa)Kge

HIDI CHCTeMhl gocTaTO'IHO HH3KOM gJISI Toro, 'IT06hl B 

CHCTeMe ycneBaJIO BOCCTaHOBHThCSI TepMogHHaMH

o 'IeCKOe paBHOBeCHe. rIPH 3TOM HHepopMaU;IDI 0 scex 

60JIee nsrcoxoreaneparypnsrx paBHOBecHSIX, ecre

CTBeHHO, TepSlJIaCh. 

)J.JISI ouenxa TeMnepaTyphl BOCnOJIh3yeMcSI XOPO

1110 OTKaJIH6pOBaHHhlMH 06MeHHhlMH paBHoBecIDIMB 

(Ill, IV) C y'IaCTHeM rpanara, xopnaepara H 6HoTHTa 

(Tlepsyx H np., 1983). )J.aBJIeHHe u;eJIeC006pa3Ho 

ouenarr, He3aBHCHMO no gByM CMe~eHHhlM peaxua

DETPOJIOrJ151 TOM 3 N26 1995 

Ta6JJu~a 5. O~eHKa poT napasrerpoa MeTaMop<p1I3Ma 
(o6p. 6958/391 , pnc, 3) 

Jlrrrepa-
TYpHhIH 

lICTO'lHHK 

.NQ Crt Bt Crd PI P, 
K6ap 

T, QC 

(Ilepxyx H 1 7 - 20 - 5.8 725 
JW., 1983) 2 3 - 20 - 5.5 711 

3 8 - 16 - 2.1 496 
4 10 - 18 - 1.8 487 
5 3 26 - - (5) 671 
6 7 26 - - (5) 688 
7 3 26 - - (4) 669 
8 4 24 - - (3) 503 
9 2 23 - - (3) 483 

(Perchuk 
et a!., 1984) 

10 

11 
12 

3 
3 
3 

-

26 
26 

20 
-

-

-

-

-

5.5 
(5.5) 
(4) 

712 
684 
673 

(Aranovich, 13 3 - 20[C] - 4.3 730 
Podlesskii, 
1989) 

14 
15 

3 
3 

-

-

20 
20 

34 
32 

3.8 
2.5 

744 
735 

16 3 - 20[A] - 3.6 727 
17 3 - 20[B] - 5.8 738 

Ilpave-rana e. UHepphl B xpyrnsrx cxooxax - J:\aBJleHHenpaseae
HOycnOBHO,B KBaJ:\paTHhIX ckotixax 0603HaqeHhI MOJ:\eJlH p acxe
TOB: A - cyxaa, B - BOJ:\Han, C - yrnexacnax, 

SlM C y'IaCTHeM CHJIJIHMaHHTa H xopnaepara (peax

U;HSI Il), a TaK)Ke CHJIJIHMaHHTa H nJIarHOKJIa3a B ac

cOU;HaU;HH C rpaaarosr: 

Crs + Sit + Qtz =An, (V) 

H BBeCTH nonpaBKy Ha cogep)KaHHe rpoccyJISlpa H 

cneccaprana B rpaaare (Aranovich, Podlesskii, 

1989). Cpasy 3aMeTHM, 'ITO ouenxa MHHHMaJIhHhlX 

P-TnapaMeTpoB no KpaeBhlM COCTaBaM HOCHT He

CKOJIhKO YCJIOBHhlM xapaxrep, nOCKOJIhKY caxtsre 
xpaanae COCTaBhl He MoryT 6hlTh H3MepeHhl 30H

AOM, a corrpaxceaasre C HHMH ouenxa AaBJIeHHM no 

CMe~eHHhlM peaKU;IDIM Tpe6ylOT gOKa3aTeJIhCTBa 

napaJIJIeJIhHOrO npOTeKaHIDI 3THX peaKU;HM B yCJIO

BIDIX 3aKphlTIDI CHCTeMhI. Pacserr.r napasserpoa Me

TaMopepH3Ma nOJIe3HO npoaonars C HCnOJIh30BaHH

eM KOMnhlOTepHOM nporpaMMhl "TPF" (Fonarev 

et al., 1991), pa3pa60TaHHOM B M3M PAH. HaH60

JIee y6egHTeJIhHhlMB asrrnanar peaym.rarsr onpene

JIeHIDI P-T napasserpoa no B3aHMOCOrJIaCOBaHHhlM 

TepMoMeTpaM H 6apoMeTPaM C He3aBHCHMOH npoue

nypoa Bhl'IHCJIeHIDI TeMnepaTyphl H gaBJIeHIDI (Tlep 0 

'i)'K H gp., 1983; Perchuk et aI., 1984; Aranovich, Pod

lesskii , 1989) . Pe3YJIhTaThl TepM06apH'IeCKHX one

HOK csenem.r B Ta6JI . 5. B Ka)KgoM ee crpoxe (NQ) 
AaHhl aosrepa aHaJIH30B MHHepaJIOB B3 Ta6JI. 1 - 4 
(B COOTBeTCTBHH C pHC. 3), no KOTOphlM npoH3BoAH

JIHCh Bhl'IHCJIeHIDI paaaosecnsrx P-TnapaMeTPOB. 
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OQeHKH TeMnepaTyp H nasnenaa no xpaeasrsr eo

CTaBaM Ha KOHTaKTe sepen B 30Hax ~HepepY31IOHHoro 

Maccoo6MeHa B CHJIy ynoWIHYTbIX npa-rnn He 5IBlliI

IOTC5I p;OCTOBepHbIMH. OHH JIHIIIb OTpa)l(aXlT TeH~eH

QHIO K YMeHbIIIeHHIO HHTeHCHBHbIX napaMeTpOB Ha 

perpeCCHBHOM arane MeTaMopepH3Ma H B 06lQeM 

cnyxae He HMeIOT OTHOIIIeHlUl K peaJIbHOMY paBHO

BeClI10 B CHCTeMe. Harrporaa, COCTaBbI QeHTpaJIbHbIX 

qaCTeH 3epeH (eCJIH OHH He 3aBHC5IT OT pa3Mepa 

sepna) aecyr HHepopMaQHIO 0 HaH60JIee BblCOKOTeM

neparypasrx paBHOBeCH5IX HJIH nazce 0 napauerpax 

rmxa MeTaMopepH3Ma. XopOIIIee COrJIaCOBaHHe Ha

6JIIO~aeTC5I B OQeHKe ~aBJIeHH5I no rpanar-xopnae

pHTOBOMY H rpaHaT-nJIarHOKJIa30BoMy 6apOMeTPaM 

npH HCnOJIb30BaHHH COCTaBOB MaTpHqHbIX MHHepa

JIOB (Ta6JI . 5, crpoxa 14, 16). Cocransr BKJIlOqeHHH 

~JISI asrcoxoreaneparypasrx MeTaMopepHqeCKHX no

pon 06blqHO naror 3aHH)I(eHHble OQeHKH (Ta6JI. 5, 
crpoxa 15) B CHJIy qaCTHqHOH o6paTHMocTH TBepp;o

rpaaossrx paBHOBeCHH Ha perpeCCHBHOM arane (Te
pacasron, 1992). C yqeTOM Heo~H03HaqHOCTH B HC

nOJIb30BaHHH epJIIOHP;HOH MOP;eJI H xopnaepa'ra 

(Ta6JI. 5, BapHaHTbI A, B , C), OKOHqaTeJIbHbIH pe

3YJIbTaT OQeHKH napajaerpos no Grt-Crd nape MO)l(HO 

rtpencrasa-rr, B CJIep;YlOlQeM nane: ~aBJIeHHe(P) OKOJIO 

4 K6ap H TeMneparypa (1) OKOJIO 730 D
C (pHC. 10). 

Torna TeMnepaTypy 3aKpbITHSI CHCTeMbI ~JI5I Grt-Bt 
napsr C y-reroja nOJIyqeHHOrO p;aBJIeHH5I MO)l(HO one

HHTb B 670 - 680 D C (Ta6JI. 5, CTpOKH 5, 7,11,12). 

TEPMO)J}iHAMl1l.JECKA5I 3BOJIIOUl15I 

Cl1CTEMbI 11 fEOAl1HAMl1KA 

B npoQep;ype nocTPoeHHSI P-T TpeH~oB perpec

CHBHOH 3BOJIIOQHI1 MeTaMopepH3Ma Tpap;HQHoHHO HC

nOJIb3yeTC5I KOM6HHaTopHKa cnapHBaHH5I COCTaBOB 

MHHepaJIOB no 30HaM OT QeHTPa K KpalO aepen co

CTaBOB BKJIlOqeHHH. ITPI1 3TOM nonpaayxresaerca, 

qTO BbI6paHHble COCTaBbI H3 pa3JIHqHbIX xacrea MH

HepaJIOB paBHOBeCHbI. TaKoH nonxon OTpa)l(aJI on

penenenasra ararr B HCCJIe~OBaHH5IX H no cyra OTCJIe

)l(HBaJI JIHIIIb o6lQYlO TeH~eHQHIO B H3MeHeHlIlI HH

TeHCHBHbIX napaaerpos, HO qaCTO npHBOp;HJI K 

OqeBH~HbIM He~opa3YMeHH5IM , xorna TpeH~bI P-T 
3BOJIIOQHI1 nepecexana see MbICJII1Mble nOJISI yCTOH

ql1BOCTH MHHepaJIOB II HX accouaauaa, He Bp;aBMCb 

B ~HCKYCCHIO no 3TOMY sonpocy, OTMeTHM, -rro B 

~aHHoH patio-re MbI XOTeJIH 6bI OTOHTH OT 3TOH 

npaKTHKI1, nOCKOJIbKY C TOqKH 3peHH5I epopMaJIbHOH 

KHHeTHKH nanenae TeMnepaTypbI npHBo~HT K 6bICT

posry 3aKpbITHIO CHCTeMbI (KoHcepBaQHH Maccone

peaoca), ee pacnany Ha pannosecnsre nO~CHCTeMbI. 

ITPH 3TOM aecs MHHepaJIbHbIH aHCaM6JIb, OqeBHp;HO, 

HeJIb3SI CqHTaTb paBHOBeCHbIM H nena-rs ~aJIeKO 1I~

urae BbIBOP;bI 0 xapaxrepe TepMop;HHaMHqeCKOH 

3BOJIIOQHH B P-T xoopnanarax. 

B xa-recrse ansrepna-rasnoro nonxona paCCMOT

pl1M HeCKOJIbKO BapHaHTOB P-TTPeH~OB~JISI aanrero 

06pa3Qa H OT6poCHM HaH60JIee npOTHBOpeqHBbIe H3 

HHX. <I>OPMaJIbHO MO)l(HO paCCMOTpeTb TpH napaarrra 

perpeCCHBHOH 3BOJIIOQHH: H30TepMHqeCKM ~eKOM

rrpeCCH5I, H306apHqeCKOe OCTbIBaHHe H anJIHcPT 

B~OJIb reorepsrsr. Ha P-T~HarpaMMe 3TH BapHaHTbI 

0603HaqeHbI CTpeJIKaMII (pHC. 10), snecs )l(e aaaece

HbI reorepvsr - JIHHHH nOCT05IHHOrO TenJIOBOrO no

dT 
TOKa (at =0), paccxaraansre ~JI5I KOPbI KOHTHHeH-

TaJIbHOrO THna (Pollack, Chapman, 1977) C YKa3aHII

eM BeJIHqHHbI TenJIOBOrO nOTOKa. TaK, reOTepMe C 

TenJIOBbIM nOTOKOM 180 MBT/M2 npH6JIH3HTeJIbHO eo

oTBeTCTByeT reOTepMHqeCKHH rpanaerrr 50 rpaWKM. 

OTKJIOHeHHe OT reoTepMbI osaa-raer H3MeHeHHe Ten

JIOBOrO nOTOKa H reOTepMHqeCKOrO pe)l(lIMa B QeJIOM. 

Cy6H30TepMHqeCKM p;eKoMnpeCCH5I nporexaer 

npn OTHOCHTeJIbHO BbICOKHX TeMneparypax, qTO B 

CHJIy KHHeTHqeCKHX npHqHH cnoco6cTByeT 3Ha q H

TeJIbHOH o6paTHMocTH MHHepaJIbHbIX pasaosecaa H 

~OJI)I(HO npl1BeCTH K aasreae asrcoxooapasrx napare

He3HCOB Ha aasxooapnsre. B qaCTHOCTH H3 aHaJIH3a 

P-X H P-T naarpasor B CHCTeMe Grt-Sil-Qtz-Crd 
(Aranovich, Podlesskii, 1989) CJIe~yeT, qTO pe)l(HM 

nexosmpeccaa npHBo~HT K n05IBJIeHHIO nee 60JIee 

)l(eJIe3HCTOro rpaaara B aCCOQHaQIIH C see 60JIee xce

JIe3HCTbIM Kopp;HepHToM BnJIOTb no nOJIHOrO pa3JIO

)l(eHH5I rpanara no peaKQHH (11). Bee 3TO 5IBHO npo

THBOpeqHT npHBe~eHHbIM neTpOJIOrHqeCKHM nan

HbIM, KpOMe Toro, rrponecc ~OJI)I(eH rrporexars Ha 

epOHe YBeJIHqeHH5I TenJIOBOrO nOTOKa, qTO nJIOXO CO

rnacyercs C npep;CTaBJIeHHeM 0 perpeCCHBHOH CTa

P;HH MeTaMopepH3Ma. 

Cy6H306apHqeCKHH BapHaHT, HanpOTHB, conpo

BO)l(p;aeTC5I YMeHbIIIeHHeM TenJIOBOrO nOTOKa, qTO 

MO)l(eT 6bITb BbI3BaHO KaK HCqe3HOBeHHeM·TenJIOHO

CHTeJI5I (epJIIOHp;a) H3 CHCTeMbI, TaK H nerpanauaen 
HCTOqHHKa TenJIa. Creneas 06paTHMOCTH MHHe

paJIbHbIX paaaosecaa 3aBHCHT OT CKOpOCTH OCTbI~ 
BaHH5I. ECJIH CKOpOCTb MaJIa, TO CHCTeMa 3BOJIIOQH

oHHpyeT paBHOBeCHbIM 06pa30M, H npOHCXO~HT no

CJIe~OBaTeJIbHaSI CMeHa asrcoxo-resaneparypnsrx 
rraparenesacon HH3KOTeMnepaTypHbIMII. B qaCTHO

CTH yace B caMOM aaxane perpeCCHBHOH 3BOJIIOQHH 

~OJI)I(eH npOHCXO~HTb O~HOBpeMeHHbIH POCT Mar

He3HaJIbHOCTH rpanara H xopnaepara sa cxer pa3

JIO)l(eHH5I nOCJIep;HerO no peaKQHH (II), 3aTeM P;OJI

)l(eH nOSIBJI5ITbC5I CTaBpOJIHT, KHaHHT, XJIOpHT HT.});. 

Bcero aroro He Ha6JIIOp;aeTCSI qTO, OqeBH~HO, rOBO

pHT 0 p;OCTaTOqHO BbICOKOH CKOpOCTH OXJIa)l(~eHH5IH 

6bICTPOH KOHcepBaQHH MacconepeHoca B CHCTeMe. 

OITPEAEJIEHl1E CKOPOCTl1 

TEMITEPATYPHOM 3BOJIIOUl1l1 Cl1CTEMbI 

AJISI onpeneneaas CKOpOCTH OXJIa)l(p;eHH5I MeTa

MopepHqeCKOH CHCTeMbI MbI pacnonaraea nerans

HbIMH ~HepepY3HOHHbIMH npoepHJI5IMH C xopOIIIeH 

BocrrpOH3BOP;HMOCTblO (pHC. 6, 7). AJISI HX nocrpoe

HHSI 6bIJIO HCnOJIb30BaHO B 06lQeH CJIO)I(HOCTH 

nETPOJIOrl15l T OM 3 .N'2 6 1995 
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190 nOJIHbIX CI:IJIllKaTHhIX MI:IKP030HgOBhIx aHaJII:I
30B (Ha 10 3JIeMeHToB) Cpacaerosr KpI:ICTaJIJIOXlIMll
qeCKI:IX cP0PMYJI (1:I3-3a oxem, 60JIhIlIOrO 061>eMa B 
gaHHOH: paoore OHI:I He npI:IBogSlTCSI). Ha rpadmxax 
npencraanena 3aBI:ICI:IMOCTh MarHe3l:IaJIhHOCTH TBep
noro pacrnopa rpanara OT paCCTOSlHI:ISI. Al:IcPcPY3H
OHHhIH np0cPHJIh B rpaaare Ha KOHTaKTe C61:I0TI:ITOM 
I:IMeeT naanyxmyro coxpaanocn, I:I MO:>KeT 6hITh I:IC
nOJIh30BaH KaK 3TaJIOH gJISI paCqeTa CKOpOCTI:I OX
JIa:>KgeHHSI. 

l-II:ICJIeHHOe MogeJIHpOBaHlIe gl:IcPcPY3HOHHOH 30
HaJIhHOCTI:I BbInOJIHSleTCSI Ha 3BM no rrporpaseae 
"RC" (I'epacasroa, 1992). B xaxecrae napasrerpos I:IC
nOJIb30BaJIHCh cnenyronrae BeJIH'lliHhI: 3HTMhnHSI 06
MeHHOH peaxnna (IV) MfJ =7844 KM, resmepa-rypa 
HaqaJIa HepaBHOBeCHoro Macco06MeHa To = 670 °C, 
3HeprHSl aKTI:IBa~H gl:IcPcPY31:I1:I Q = 82460 KM, npe

CM2/ceK,g3KcnoHeH~MhHhIH cPaKTop Do = 1.662 
HCXOgHaSI pasnosecnaa MarHe3HMhHOCTh rpanara 
X~g =Co =0.18, paanosecnaa srarnesaam.aocn, 61:I0

THTa X~g = 0.44. 

MogeJIl:IpOBaHHe gHcPcPY31:I0HHOH 30HaJIhHOCTH 
nposonanocs B IlIl:IpOKOM naanasone cxopocrea 
OXJIa:>KgeHI:ISI OT S = 0 .1 rpan/som. JIeT go s = 
= 100 rpan/som JIeT. Cepl:ISI pacxernstx Kpl:IBhIX Ha
neceaa Ha pnc. 11. Haany-nuee coananenne C 3Ta
JIOHHhIM np0cPl:IJIeM nOJIyqeHO gJISI KpHBOH S = 
=3 rpan/sem. JIeT, a C yqeTOM BhICOKoro cPJIyKTya
THBHoro cPoHa B rrpaponaosr gHcPcPY31:I0HHOM rrpo
cPHJIe OKOHqaTeJIhHhIH pe3YJIhTaT npl:IMeT Bl:Ig S = 

+2 
= 3 ( ) rpag/MJIH . JIeT. Harepecao, -rro noxosore 

-1 
pe3YJIhTaThI 6hIJII:I norryxensr npa I:ICCJIegoBaHI:IH Me
TaneJII:ITOB UeHTPaJIhHOH <I>HHJISlHgl:II:I B 30He pa3BI:I
THSI Caexorpeancxoro (panaenporeposoacxoro) cer
MeHTa Barrraacxoro ~I:ITa (Lindstrom et al., 1991), 
xposse Toro, CKOpOCTI:I OXJIa:>KgeHI:ISI Toro »ce no
psnxa Hal:I60JIee qaCTO cPHrypHpylOT B pacxerax 
TeMnepaTyp 3aKphITHSI K-Ar CHCTeMhI B 1:I30TOn
HOH TepMoxpOHOJIOrllH (Berger, York, 1981). 

AJISI Toro qT06hI nyxnre ce6e npegcTaBI:ITh Mac
IlITa6hI MacconepeHoca B YCJIOBHSlX perpeCCI:IBHOH 
renneparypnoa 3BOJIlOQI:II:I npl:I OTCyTCTBllll npoQec
COB pOCTa H paCTBopeHHSI (ranporepsransnsrx H3Me
HeHHH, MeTaCOMaT03a H T. n.), nOCTpOHM pa3BepTKy 
TeMnepa,-rypHoro TpeHga BO BpeMeHI:I (pHC. 12) H 
cpaBHHM nsa H30TepMHqeCKllX COCTOSlHllSI - 670°C H 
470°C, xoropsre OXBaThlBalOT nerponora-recxnana
qHMhIH HHTepBaJI TeMneparyp. 113 MogeJIhHOrO 
rparpaxa cnenyer, qTO aa BpeMSl OKOJIO 100 MJIH. JIeT 
resmepa'rypa ynana Ha 200°C, CKOpOCTh OXJIa:>Kge
HHSI YMeHhIlIHJIaCh B 2 paaa, a aerrn-nma K03cP4JH~
eara 061>eMHOH gHcPcPY3l:IH B rpaaare YMeHhIlIHJIaCh 
npaaepno B 140000 pas. Bsioepei« xapaxrepnsni 
HHTepBaJI spesreaa, B rrpenenax xoroporo rrpouecc 
MO:>KHO c-nrra'rs 1:I30TepMHqeCKHM. HanpHMep,npH 
resmeparype 670°C aa BpeMSl 1 MJIH. ner.resmeparypa 
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PHe. 10. TepMoJjHHaMHqeCKall 3BOJUOl\ HlI MeTaMopepH3
Ma BOpOHe)l(CKOrO KpHCTannHqeCKOrO MaCCHBa. 

0603HaqeHbI nons YCTOHqHBOCTH CHnHKaTOB rnHH03eMa 
(Ky, Sil, And) , uaa eceasi nHHHH nocroauaoro TennOBoro 
nOTOKa (reor epu u ). CTpenKaMH nOKa3aHbI ranorernse
CKHe aapaarrrsr perpeccasaoa 3BOn lOl\1I11 (CM. TeKCT): J 
H30TepMHqeCKall nexoxrrpeccax. 2 - H306apHQeCKOe oc
TbIBaHHe, 3 - arrnadrr anorn, reorepvsr. Maxcavansmre 
napaverpsr MeTaMopepH3Ma aarpa xca po aansr npn 
JjaBJIeHHH 4 K6ap 11 resmeparype OKOJIO 73 0°C no Grt
Crd nape (3Be3JjOQKa Ha naarpasoae). H aQaJIo Tp eHJja JIO
)I(lITClI Ha reo-repay C TenJIOBbIM nOTOKOM 180 MBT/M2 

(reoTepMIIQeCKIIH rpanaeur OKOJIO 50 rpaWKM) . Ilpn 
HaQaJIbHOH CKOpOCTII OCTbIBaHHlI 3 r p aJj/MJIH. JIeT CKO
POCTb nOJj"eMa snons re orepvt.r COCTaBHT np1l 6JIH311
TeJIbHO 0.03 KM/MJIH. JIeT, a BpeMlI ncm.eva C rJIy611HbI 
H = 15 KM - 0.5 MJIpJj. JIeT 

yMeHbIlIHTCSI scero Ha 3°C (noCKOJIbKY S =3 rpa.n:!MJIH. 
JIeT), rorna MO:>KHO BOCnOJIh30BaThCSI H30TepMIf<ieC
KHM npH6JIH:>KeHIIeM AJISI OQeHKH BeJIH'lliHhI cpennero 
xsanpara CMe~eHHSlAHcPcPYHAHPYlO~aTOMOB B sa
ne napa60JIHqeCKOH 3aBllCHMOCTI:I: 

. x2 =: kDt. 

ECJIll aa npesra 1 MJIH. JIeT npH resmepa-rype 670°C B 
rpanar npoAHcPcPyHAl:IpOBaJIO nexoropoe KOJIl:IqeCT
BO MarHllSI, TO aHaJIOrl:IqHbIH BKJIag B MacconepeHOC 
npH TeMneparype 470°C 6YAeT AOCTl:IrHyT TOJIhKO aa 
BpeMSl 140 MJIPA. JIeT, qTO BhITeKaeT H3 COOTHOIlIe
HHSI K03cPcPHI.l;HeHTOB gHcPcPY3HI:I (D67°/D470 

"" 140000). IIpaKTl:IqecKH no oaaa-raer, qTO eCJII:I 
6hI nazce pe)I(J:IM ocrsmanna H3MeHI:IJICSI H MeTaMop
cPHqeCKHH KOMnJIeKC 3aKOHcepBHPOBaJICSI Ha MI:IJI
JIl:IapAhI JIeT npa TeMnepaType 470°C, TO H rorna 6hI 
3TO He BHeCJIO HHKaKHX ll3MeHeHI:IH B KapTHHy AHcP
cPY3HOHHoro Macco06MeHa Me:>KAY MllHepaJIaMI:I, KO
TopaSl K 3TOMY MOMeHry 6hIJIa yzce aasepureaa. Ta
KHM 06pa30M, CTOqKH spenas peKOHCTPyKI.J;HI:I TeM
neparypnoro pe)I(J:IMa AHcPcPY3ll0HHhIH npOcPHJIh B 
rpaHaTe B HaIlIeM cnysae necer I:IHcPopMaI.J;HlO 0 AH
HaMllKe OCTblBaHfISI rJIaBHhIM 06pa30M B npenenax 
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PHC. 11. MO):leJHlpOBaHHe Ha 3BM perporpannon ):IHep
epy3HOHH0l1 30HaJlbHOCTH B rpanare ):IJllI cnysas nepaa
HOBecHol1 06MeHHol1 peaxunn C6HOTHTOM. 

Pac-rernsre xpnaste pacnpeneneuns K OHl\eHTpal~HI1 

):IJllI pasnsrx aa -ransnsrx cxopccreti OXJla)l():IeHHlI (s) 
coaaeureuu C MHKP030H):IOBbIM nporpanev. HaHJlY'l
wee coananenae ):IOCTHrHyTo npa CKOpOCTH oxnazcne
HHlI S =3 rpa):l/MJlH . ner H revrrepa'rype 3aKpbITHlI CHC
TeMbI To=670a C (no 6HoTHT-rpaHaToBoMy repvoaerpy). 
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Pac. 12. AHHaMHKa OCTbIBaHHlI MeTaneJlHTOBBOPOHl\OB
CKOI1 cepan (PR I vc) BOpOHe)l(CKOrO KpHCTaJlJlH'IeCKOrO 

MaCCHBa, MO):leJlbHa1l3KcTpanOJllll\HlI (o6p. 6958/391). 
Ha JlHHel1HoM Y'laCTKe rpadmxa B anrepeane 670 - 370aC 

aa apeus OKOJlO 180 MJlH. rrer CKOpOCTb oxnasoieuas 
YMeHbwHJlacb srpoe, a CKOpOCTb ):IHepepy3HH B rpanare 
nO'lTH D MHJlJlHap):l paa. 

nepsoa COTHII rpanycos TeMneparypHoH 3BOmO~1I11 

C MOMeHTa 3aKpbITIDI cHCTeMbI, a OCTaJIbH<UI 'IaCTb 
TpeHga ~BJI~eTC~ MogeJIbHOH 3KCTpanOJI~~lIeH H 
IIJIJIlOCTpllpyeT mnns 06~ylO TeH}l;eH~lIlO MOHO
TOHHoro OCTbIBamHI. B 3TOH CB~311 gJI~ Hac Ha1l60
nee naacea JIIIHeHHbIH y'IaCTOK rparpaxa TO'IKH, 
To = 670°C, KOTOp<UI HallJIY'IIIIIIM 06pa30M xapax
'repaayer reOTepMlI'IeCKIIH pe)l(HM Ha npOT~eHIIII 

nepBbIX MIIJIJIIIOHOB JIeT perpeCCIIBHOH 3BOJIlO~HII. 

C O}l;HOH CTOpOHbI, 3TO BbIrJI~}l;IIT KaK aexoropoe 
MO}l;eJIbHOe orpana-renae, HO Cnpyroa, npanaer He
06XO}l;IIMYlO CTporOCTb IICCJIe}l;OBaHlIlO. 

3AKITIOQHTEITbHA5I HHTEPITPETAL(H5I 

Teneps, xorna orrpenenena CKOpOCTb TeMnepa
rypHOH 3BOJIlO~1I11 CIICTeMbI 11 He yCTaHOBJIeHO 
~BHbIX npasnaxoa 1I306apn'IeCKOrO OXJIa)l(}l;eHIDI 11 
cy61130TepMlI'IeCKOH }l;eKOMnpeCCIIII, OCTaeTC~ pac
CMOTPeTb npOMe~TO'IHbIH BapHaHT cytireorep
MaJIbHOro anJIIIq,Ta. 3TOT napaarrr nonpaayaenaer, 
'ITO B YCJIOBIDIX peraonansaoro MeTaMopq,n3Ma 
TenJIOBOH nOTOK B npOTOnJIaTq,opMeHHOM 6JIOKe 
Me~eTC~ }l;OBOJIbHO cJIa60, 11 perpeCCIIBH<UI TeMne
parypnas 3BOJIlO~IDI ~BJI~eTC~ B 3Ha'IllTeJIbHOH Mepe 
pe3YJIbTaTOM annadrra. ITpll'IeM B P-T xoopnnaarax 
TaKOH nog'beM 6ygeT npOIlCXO}l;IITb crporo BgOJIb JIII
HIIII nOCTO~HHoro TenJIOBOrO nOTOKa, T.e. B}l;OJIb re
OTepMbI (pac. 10). Ha'IaJIo TpeH}l;a 3aq,IIKClIpOBaHo 
no TepM06apll'IeCKlIM oneaxasr B TO'IKe T =730°C II 
P = 4 K6ap, 'ITO npll6JIH3l1TeJIbHO cooTBeTcTByeT 
nOJIO)l(eHlIlO reorepsna C TenJIOBbIM nOTOKOM 
180 MBT/M2, TOr}l;a KaK cOBpeMeHHbIH TenJIOBOH no
TOK gJI~ }l;peBHIIX ~HTOB 11 nnarrpopv B 4 - 5 pas 
MeHbIIIe (IT106I1MOBa 11 np., 1983). 

ITOCKOJIbKY TpeH}l; P-T 3BOJIIO~1I11 JIe)I(HT Ha JIII
HIIII nOCTO~HHoro TenJIOBOrO nOTOKa 11 Ha'IaJIbHa~ 

CKOpOCTb OXJIa)l(}l;eHIDI COCTaBJI~eT 3 rpa}l;/MJIH. JIeT, 
nerpynno paccsararr, CKOpOCTb nom-esra 6JIOKa 
(TO'IHee ee BepTHKaJIbHylO COCTaBJI~lO~YIO). OHa 
npll6JIlI3l1TeJIbHO paBHa 0.03 KM/MJIH. JIeT, 11, cneno
BaTeJIbHO, }l;JI~ pannosaeprroro nom.esra C rJIy6l1HbI 
H =15 KM ncrpeoyercsxax MHHIIMyM 0.5 MJIpg. JIeT. 
B COOTBeTCTBIIH C MogeJIbHbIM rpaq,IIKOM (pac. 12) 
TeMneparypa Ha rJIy6l1He 300 M (TO'IKa ortiopa 06
pasna no CKBa)I(HHe) }l;OJI)I(Ha YMeHbIIIIITbC~ npa 
3TOM go 200°C. TaK<UI ouenxa, KOHe'IHO, ~JI~eTC~ 

rpy60H 3KCTpanOJI~~lIeH, HO OHa 0}l;H03Ha'IHO yxa
3hIBaeT Ha TO, 'ITO npn cymecrseauo 60JIee MeJl:JIeH
HOM norrseae (B crryxae B0306JIa}l;aHIDI cytiasocapa
'IecKlIX TeHgeIILWii) }l;JI~ 3aBepIIIeHIDI annadrra He OC
TaJIOCb 6bI BpeMeHH, nOCKOJIbKY B q,aHep030e 
Ha9HHaeTC~ nJIaTq,opMeHHbIH aran pa3BII~ Bopo
nesccxoro KpllCTaJIJIH'IeCKOrO MaCCIIBa 11 IIHTeHCIIB
nsre sepraxam.rrsre gBH)I(eHIDI npexpamaiorcs. Bee 
3TOrosopar B nOJIb3Y cyoreorepsravecxoro napaairra 
P-T 3BOJIIO~H 6JIOKa B paHHeM nporeposoe, O}l;HaKO 
MO}l;eJIb He IICKJIlO'IaeTnO~JIeHIDI cy611306apll'IeCKOH 
BeTBH TpeH}l;a Ha n03}l;HeH' CTa}l;IIH nporonnarrpop
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MeHHOH 3BOJUO~IUf BOpOHe:>KCKOrO xpacrarrna-rec
KOrO MaCCIlBa, sa cxer nOCTeneHHOrO YMeHbrneHIUI 
TenJIOBOrO nOTOKa. 

C TOqKll 3peHIUI Il30TOnHO-TepMOXpOHOJIOrnqeC
KllX IlCCJIegoBaHHH CJIeAYeT O:>KIlgaTb, -rro rrpa CTOJIb 
Hll3KllX CKOpOCT5IX OXJIa:>KgeHIDI, saxpsrrae K-Ar CIlC
TeMbI gJI5I 6Il0TIlTa nacryrrar B IlHTepBaJIe TeMnepa
TYP 300 - 400°C, a gJIB nOJIeBbIX umaros - 200 - 300°C 
(Berger, York, 1981). B nanrei« cnysae (pnc, 12) 3TO03
nanaer, qTO pasnana BO spevena Me:>KAY 'repsrans
HbIM C06bITIleM (nIlKOM MeTaMo pepll3Ma) II MOMeH
TOM "BKJIlOQeHll}J" Il30TonHbIX qaCOB (a6COJIlOTHbIM 
B03paCTOM) MO:>KeT COCTaBllTb 200 - 300 MJIH. JIeT. 
Cnpaaennasocn, aroro yTBep:>KAeHIUI npennonaraer
CB nposepa-n, Ha CJIegYlO~eM arane IlCCJIegoBaHIlH. 

Pa60Ta BbInOJIHeHanpa epllHaHCOBOH nonnepacxe 
Poccaacxoro epOHga epYHgaMeHTaJIbHbIX nccnenoaa
HIlH (KOg npoexra: 93-05-8034) . 

The research described in this publication was made 
possible in part by Grant No M9P300 from the Inter
national Science Foundation and Russian Government 
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