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(Itpeocraeneno aKaoeMUKOM HA. !IJUflO 27 III 1986) 

I'pauarconepxaume 'napar eHe3Hcbl MeTanenHTOB HBnHIOTCH HaH60nee HH!p0pMa
THBHbIMI1 C TO'IKH 3peHHH TepMo6apOMeTpl111 H KHHeTHKI1 MI1HepanbHblx paBHoBeCHH.
 
B rpaaynarax rpaaar xopouro coxpanaer AI1!P!PY3HOHHYIO 30HanbHOCTb perpeccaanoro
 

, MeTaMop!pH3Ma. OHa B03HHKaeT Ha KOHTaKTe rpaaara C IJ,pyrHMH »ceneso-aarneaaansau

MH CHnI1KaTaMl1 BcnelJ,CTBHe nepaanosecaoro rrepepacrrpenenenaa KOMnOHeHTOB Me)l(lJ,y
 
!pa3aMH H HBnHeTCH rroremraansnsnr HCTO'lHI1KOM HH!POPMaru1H 0 CKOpOCTH oxnasaienaa
 
MeTaMop!pH'IeCKHX CHCTeM npn H3MeHeHHH peraonansnoro reOAl1HaMl1'1eCKOrO pe)l(J1Ma.
 

MeXaHI13M 06pa30BaHI1H 30HanbHbIX KpHCTannOB paCCMaTpHBanCH BO MHornx 
pafiorax [1-4], HMelOTCH xopourae nannsre no TepMoAl1HaMl1Ke MI1HepanbHblx paBHO
BecHH C ysacraeer rpaaara [5, 6] , H ronsxo orcyrcrane aanezorsrx KHHeTH'IeCKHX K03!P
!pHlI;HeHToB TOpM03HT nOCTpOeHl1e KOnl1'1eCTBeHHblX MOAeneH. Hccnenosaaaa no AI1!p. 
!PY3HH B rpaaarax B [7, 8] npOBOLJ,l1flHCb C ncnonsaosamsesr rtopouncoasrx arperaros 
MHHepana H peaynsrarsi 3KcnepHMeHTOB cyutecrneuno saaacena OT AI1cnepcHocTI1 H 
AI1!P!PY3HH no rpaaauar-r 3epeH, CKOpOCTb KOTOpoH B HeCKonbKO pa3 nsnne, '1eMB 06'beMe 
xpncranna [9]. . 

Ilna yCTpaHeHHH sroro nerarnnaoro aanenaa B nanrax sxcnepar-rearax acnons
30BanHCb rosrorennsre npaponasre rpaaarsr IIHpon-anbMaHAI1HoBOrO pana. Conepxaaae 
B HHX cneccaprnnoaoro H rpoccynaponoro KOMIIOHeHTOB B cyMMe He npeasnuano 
5 Mon.%. TaKHM o6pa30M, CHCTeMa 6bma CBeAeHa npaKTH'IeCKI1 K 6HHapHoH C He60nb
lIDIM nOCTOHHHbIM !POHOM"Ca H Mn, oxens xapaxrepasrxs mUI rpaaaros H3 fflHH03eMl1
CTbIX rHeHCOB rpanyrraroasrx KOMIIneKCOB. 3TO oticroarenscrao B nepcrtexrxne IJ,on)l(HO 
ofinerxars npaxnanasie I1ccneAoBaHHH. 

Ilocxonsxy rpanar nao rponasni MI1Hepan, TO AI1!P!PY3HoHHaH aanaxa MO)l(eT 6bITb 
csenena K O,rr:HOMepHOH C npOCTeHlllHMI1 rpaHH'IHbIMI1 11 Ha'lanbHbIMI1 ycnoBHHMI1: AI1!p. 
!PY3HH B 6eCKOHe'lHOM crepxore CAByMH rtonyfiecrcoaexasnaa npOCTpaHCTBaMI1, B Ka)l(AOM 
113 KOTOpbIX B Ha'lanbHbm MOMeHT BpeMeHH I1MeeTCH onpenenenaaa nOCTOHHHaH KOH
ueHTpaUHH AI1!P!PYHAI1PYIOur;ero KOMIIOHeHTa, a nepsonavansaaa rpaaaua pasnena Me)l()J,y 
HHMH nepneanaxynspna OCH CTep)l(HH. 

llrrH H30TepMH'IeCKOrO cnyxaa penrenaenroporo ypaBHeHHH <1>HKa 

ac a(D(ac/ax)) 

ax 

C3alJ,aHHbIMH Ha'lanbHbIMI1H rpaHl1'1HbIMH ycnOBHHMH 

x > 0, 
dc(x, t) I = 0 

x < 0; dx x = too ' 
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Pac. 1. I'paqnrsecxoe npencraaneaae MeTOAa Bonsuraana-vMarano 

MO)l(eT 6bITb nonyxeao B aane peurenaa EOJIb~MaHa-MaTaHo [10] (pHC. 1) : 

1 dx c.
 
D = -- - J xdc
 c . ' 2t de Cl 

rne T04Ka x M =0 HaXO)J,l1TCH H3 ycnoaas 
C M c, 

JXdc = - J xdc. 
C l CM 

OlIbITbI rrpoBO)J,l1JIH Ha YCTaHOBKe rana lI,IDIHH):lp-rropweHb [11] C TBep):lOH: cpenoit, 
nepenarouiea nasneaae, B rexrneparypnosr HHTepBaJIe 1050-1200 C npa nasneaaax0 

18 H 23 xfiap. KPHCTaJIJIbI npapcnasrx rpanaros paspesana Ha cexuna TOrrmHHOH: 

0,5 -0,8 MM npa rrOMOmH aJIMa3HOH: lUUIbI, rrOBepXHOCTH CeK~H: rrOrrHpOBaJIH Ha aJIMa3

HOH nacre 1/0 MKM. 3aTeM cPparMeHTbI rrOrrHpOBaHHbIX IIJIaCTHHOK nnouiansro oxono 
1 MM

2
, B3HTbIX OT xascnoro H3 KpHCTaJIrrOB rpanara, nonapao COe)J,l1HHJIH nonaposannsr

MH rrOB epXHocDIMII H 3ane4aTbIBaJIH B IIJIanlHOBYIO xancyny, Kancyrty 3aBapHBaJIH H 

nosieurana B rrpocyureaayro TaJIbKOBYIO WIeHKY C rpatpnroasn« aarpeaarenesr. H4eH:KY 

aarpyscann B KaMepy BbICOKoro nasneaaa annapara uanaanp-nopureas H nonneprana 
BblcoK06apHoMY H30TepMll4ecKoMY OT)I(lIry OT 140 no 3004. 

Tesmeparypy KOHTpOrrllpOBaJIH npn rrOMOmH mraTHHO-pO)J,l1eBOH TepMorrapbI 

IIP 6/30 H BPT-2. )laBJIeHHe H3MepHJIH no )I(lI):U<OCTHOMY MaHoMeTpy, C Y4eTOM KaJIH6

POBOlIHbIX nonpasoic ):(JIH WI~eK ):laHHOrO rnrra T04HOCTb H3MepeHlll1 COCTaBJIHJIa 

± 1,5 xfiap . Tesmeparypy H3MepHJIH rro ~cPPOBOMY BOJIbTMeTpy C T04HOCTblO ± 5 C. 0 

IIocrre axcnepasrenra xancyny paspeaana nepneumncyrrapuo nepBOHa4aJIbHOH 

rpanmre pasrtena KOHTaKTHpylOmHX rpanaroasrx IIJIaCTIIHOK . Cpes TruaTeJIbHO rrorrllpo

BaJIlI Ha aJIMa3HOH: rracre II rroerre nansmenaa yrrreponoxr aHaJIlI3HpOBaJIlI Ha peHTreHOB

CKOM MlIKpOaHaJIlI3aTOpe "Camebax", C'sexncy rrpOBO/J,IDllI B aBTOMaTlI4eCKOM pe)l(llMe 

rro npotparno, nepnennaxynapnovry IICXO):lHOH rpamtne pasnena, C uraross 1 MKM. B xaxc
):lOH T04Ke rrpOIl3BO)J,l1JI1I rrOrrHbrll KOJIlI4eCTBeHHbrll ClIJIHKaTHbrll aHaJIlI3 Ha 10 3JIeMeHTOB . 

<I>oTOrpacPHR 30HbI rrpocPlIJIlIpOBaHHH B xapaKTepHCTH4eCKOM peHTreHOBCKoM 

1I3JIY4eHlIlI »ceneaa nOKa3bIBaeT paBHoMepHoe pacnpeneneaae 3JIeMeHTa B):lOJIb cPpoHTa 

)J,l1cPcPY311H II era rpa)J,l1eHTHbn1 xapaxrep B neprrennaxynapnosr HarrpaBJIeHIIH - B):lOJIb 

)J,l1cPcPY3110HHoro rrOTOKa (pnc. 3) . TaKaH xaprana csanerenscrayer 0 6ecrrperrHTcTBeH

HOM nporexanaa )J,l1cPcPY31111 nepea rrepBOHa4aJIbHYlO rpaanny pasnena. B saaacaxrocra 
OT resrneparypsr II AJllITeJIbHOCrn onsrra MOrirHOCTb )J,l1cPcPY3110HHbIX 30H xonefianacs 
OT 20 no 60 MKM. 
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PHC. 2. I1HTeHcHBHoCTb xapaxrepacrauecxoro penrreaoscxoro H3nYlleHHll Fe H Mg anons nHHHH CKa
HHpoBaHHll xepes AHtPtPY3HOHHYlO 30Hy . Orsernaao npoaanex B3aHMoKoMneHcHpYlOlllHA xaparcrep 
pacnpeneneaas 3neMeHTOB 

'it',. " 
~-r .1..' '' ~' '~ _ ~ 

PHc. 3. <I>OTOrpatPHH AHtPtPY3HOHHOA 30Hbl B xapaxrepacrauecxosi pearreaoacxora H3nYlIeHHH Fe. 
JIHHHll aarosrarauecxoro npoqianaposaaaa (csernaa ropaaoaramaax lIepTa) nepnennaxynapaa 
tPpOHTy AHtPtP Y3HH. Paasrep MHKpoH-MapKepa (TeMHallllepTa) 10 MKM 

Ysenaxenae naaneaaa B OnbITaX Ha 5 xfiap aaxieraoro BrrHllHHll Ha XO.O: H peayns
rarsr axcnepar-ienra He OKa3aITO. 

( l!>y,rnrHBHOCTb xacnopona B JKCnepHMeHTe xonrponapoaanacs Ha yposne 6y<pepa 
C-CO-C02 H BO scer-t Marra30He rer-meparyp He npessnnana BerrH4JilHbI 10-10 6ap 
[12] , »ceneao B rpanarax no pesynsrarar-t aHaITH30B COXpaHRITO 3aKHcHyIO <popMY. 
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Pilc.4. 3aBHCHMOCTh K03<!J<!JHuHeHTa B3aHMOL(H<P<PY3HH · lgJ
 
Fe H Mg B rpanarax nHpon-anbMallAHHoBoro psua OT
 

I2.J
o6paTHoll rer-ineparypsr H COCTaBa raepnoro pacraopa.
 

Do = 1,662 CM' / C, Q = 345 KJ])K/Monb. 1 - X¥~ = 0,9,
 
2 - 0,8, 3 - 0,7, 4 - 0,6
 .':.S 

D,JHI onpenenenaa reraneparypnoii saaaca 13.0 

Mocrll K03<P<PllUHeHra ,lJ,ll<P<PY31111 6bwa nponenena 
cepas 1130repMJ1tleCKI1X OnbITOB C uraror-r no rextne
parype B 50 0 C. Ilorryuenasre ,lJ,ll<P<PY311oHHble npo- . 13,5 

<pHDll oficsnrsraarm no MerO,lJ,y DOflbUMaHa-Mara-
HO. Peaynsrarsr arccnepaxrearoa npaaeneasr Ha 

1200 1150 1100 1050'Cpac. 4. YKa3aHHbIM mrrepaan »ceneaacrocra npax

rnxecxn nonnocrsro nep expsrsaer ,lJ,l1anaJOH cocra-

BOB npaponnsix rpaaaroa ll3 MeranenllTOB. Cpe,lJ,HHH senauaaa sneprna axrnsanaa cocra

BHDa 82,6 KK an/Moflb (345 KU)K/Monb) . Ilocxorrsxy B arrrepecyrouiev Hac anrepsane
 
revmeparyp II ,lJ,aBneHllM B rpanarax napon-am.srasnanoeoro pH,IJ,a orcyrcrsyior <pa30Bble
 

rtepexonsr, ro siccrpanonaumo K03<P<PllUlleHra ,lJ,ll<P<PY31111 Ha cpaanarerrsuo H1l3Klle TeM

nepar ypsi npaponnsrx npoueccos MO)l(HO npoaonnn, no ypasaenmo Appeirayca .
 

D =: Doexp (-QIRT) . 

B nanresr cny-rae C yueror-t 3aBllCllMocrll K03<P<PllUHeHra ,IJ,ll<P<PY3llll or xouuenrpanaa 
npensxcnoaeanaansnsra <paKrop orracsrsaerca coornourenaev 

Do = exp (8,96X~ : - 6,54) CM
2/C 

, 

a anepraa axrasauaa CTaHOBllrCH nllHeMHOM<pYHKUlleM cocraaa 

Q = (21 ,63X~ ; + 65,67) KKaJI/MOflb, X~~ - )I(ene311CTOCTb. 

TaKllM o6pa30M, K03<P<PllUHeHr ,IJ,ll<P<PY3ll11 yae naxaaaerca C aoapacraaaesr »cene
sacrocra rpaaara II pesxo ytisisaer C nanerraer-r r exmepar ypsr. 

r .	 Cpaaaanaa ananormmsre xapaxrepacnnca no rpanary II onanany [13] , cnerryer 

aaxrernrs, xro soapacraaae K03<P<PllUlleHra ,IJ,ll<P<PY31111 C YBenlllJeHlleM »ceneaacrccra, 
BepOHTHO, HBIIHerCH 06meM reH,IJ,eHUlleM MH )I(ene30-MarHe3llanbHblX canmcarusrx 
rnepnsrx pacracpon, XOTH B rpaaare OHa npoaaneaa OTHOCllrenbHO cIIa60 . TIo3r o MY 

L AllH npaxrauecxax pacseroa B MaJlOM ,IJ,llana30He 113MeHeHJilH KOHI.\eHTpaUHll MO)l(HO 
nonsaosarsca ycpe,IJ,HeHHbIMH 3HalJeHllHMll aaepraa axrnnauaa, orpanaxasascs BbIlJllcne
HlleM rOIIbKO npe,lJ,3KCnOHeHUllaJIbHOrO <paKTopa B ypasuenan Appenayca. Tevmeparyp
HaH 3aBllCllMocrb K03<p<PllI.\lleHra IUi<P<PY31111 B rpanare asrpascena 3HalJllreIIbHO CHDbHee, 
lJeM B onaaaae, rax KaK saepraa axrnaauaa MH rpanara nosra B nna pasa nsnue. 

B uenor« H1l3Klle 3HalJeHJilH K03<P<PllUHeHroB ,IJ,ll<P<PY3HH, nonysenaste B ,lJ,aHHOM 
pa60re, xopowo corrracyrorca C npaponnsrscr Ha6IIlOIJ,eHllHMH II peayrn.raraser accneno
BaHHH B [8] no ,IJ,ll<P<PY3HH B ncpounconsrx arperarax, MH xoropsrx npa rex »ce napa
Merpax sx cnepaveara nOIIYlJeHbI HeCKOIIbKO 60IIee BblCOKHe 3HalJeHJilH K03<P<PHIureHroB 
,IJ,ll<P<PY3Hll C OTHOCHreIIbHO 60IIee HH3KHMll 3HalJeHJilHMH 3HeprHH axrnaanaa. Taxce 
OTKIIOHeHHe anorme aaxoaoraepno, rax KaK IUi<P<PY3HH B nopouncax CHnbHO sasacnr 
OT ,IJ,ll<P<PY3HH no rpanauav sepex, KOTopaH ofinerxaer rpancnoprusie npoueccsr B cpene 
H C031J,aeT BHIUiMOCTb 60IIee 6b1CTpOH IUi<p<pY3HH. 

OW1l6KY. r-rerona MO)l(HO OI.\eHHTb, yxarsrsaa napafornrsecxyro 3aBMcH~ocrbKOOp
IJ,MHaTbI nporpana OT BpeMeHM, npn 3rOM H3 npM6IIH)I(eHHOrO COOTHoweHMH x ma x "'" 4Dt 
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- - - - - ---- --- - - - - --- - -- --- ----- -

[10] BerUitfMHa aficornornoa olllli6Kli MeTO}J;a 6y}J;eT onpenenarsca <popMyrroH 

2x· t.x . t + t.t . x 2 

cM2/c,(1) t.D = ± 
4t 2 

rne t.x li t. t - ouratixa li3MepeHliR xoopnaaatst nporpana li nnarensnocra 3KC
nepassenra COOTBeTCTBeHHO. Torna OTHOCliTerrbHaR olllli6Ka MeTO}J;a C ytIeTOM norpeur
nocra li3MepeHliH B ycnosaax OITliCaHHOro axcrrepnraenra COCTaBliT 10-15%, a a6
conrornas ournfixa norapadnea K03<P<PliL\,lieHTa M<P<PY3lili onpenernrrca Bhlpa)l(eHlieM 

t.D
 
t.lg D = ± ""± 0,050-0,075 .
 

Din 10 

B aaxnroxeaae OTMeTliM, '1TO B COOTBeTCTBlili C Bhlpa)l(eHlieM (1) senavaua ounrfi
Kli MeTo}J;a MO)l(eT 5bITb yxrensureaa nyrer-r yaenaxeaaa nrmrerrsnocra axcrrepaerenra, 

TaK KaK x ~ Vt. 
l1HCTHTyT 3KclIepHMeHTR11bHOH M>lHepanOnm nOCTylIHJIO 

AKRgeM>lH HRyK CCCP 27 III 1986 
lJ:epHOrOJIOBKR MOCKOBCKOH 06JI. 
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