
Pelll3H COBMeCTI-1O (4), (5) iJ{ (6) npM.ll.eM K Bblpa)!{eHHIO 

~ = (1- f')bC- C [1- (1- nbC-C) 

Rb f (1- f') 

TaK KaJ< Ra=Rb, a Rd=/).G-HRc, TO 

Rd (1- f') bC-C [1- (1 - f) b C- C) 

Ra = ClC-H f (1 - f') 

(7) 

(8) 

Ha pMC. 2 llpe.ll.CTaBJIeHbI rpacpHK Bblpa)!{eHMH (8) .ll.JIH CJIYl.JaH f=f', M3 

KOTOPOTO CJIe.ll.yeT, l.JTO TBep.ll.aR '<pa3a (d) B 3aBIMCHMOCTM OT BeJIHl.JMHbI <paK

'I'opa f MO)!{eT KaK 06e,1I;tIHTbCH (JIeBa5I l.JaCTb rpa<pHKa), TaK H o60ramaTbcH 

<llpaBa5I l.JaCTb rpa<pHKa) M30TonOM Cl3 no cpaBHeHMIO C ra30BOH <pa30H (a). 
5iCHO, l.JTO pe3YJIbTaTbI 3KcnepMMeHTOB C CMHTeSOM aJIMaSOB OTBel.JarOT 

60JIblllHM 3Hal.JeHH5IM f, a pesYJIbTaTbI OllbITO'B C HapamMBaHMeM rpa<pHTHoro 

yr JlepO.ll.a - MeHblllHM .~Hal.JeHI15IMfI f. 
Do cBoeMY cpH3'M'lecKO'MY ICMbICJIY BeJIMTl<I1Ha J].OJI)J{Ha 3a·BMceTb OT OTHO

llleHM5I CKopocTeH BaH-.ll.ep-Baa.llbCOBCKOH M aKTHBHpoBaHHoH a.ll.COp6I.I.MH ld 

YBeJIHQHBaTbC5I C YBeJIHl.JeHlieM IlOCJIe.ll.HeH. B CB5I3H C 3TMM CTaHOBHTCH no

H5ITHbIM 060rameHHe IHMeHHO aJIMa3a TH)KeJIbIM, a rpa<pHTa - JIerKHM H30T{)

,nOM: CHJIbHa5I KpHCTaJIJIHl.JeCKa5I pellleTl<a aJIM a3a C03.ll.aeT npeMMymecTBeH

Hble YCJIOBH5I .ll.JIH aKTHBll.pOBaHHoH a.ll.COp6I.I.HH JIO cpaBHeHMIO CO CJIa60H pe

meTKOH rpacpMTa. 

MO>KHO C.ll.eJIaTb TaK)J{e HeKOTopble BbIBO.ll.bI B OTHOllleHHH 3aBHCHMOCTH 

H3'OTOllHoro cppaKI.I.HOHHpOBaHH5I OT YCJIOBIHH KpHCTaJIJIM3aI.I.I1H. B 06ll1.eM CJIY

''lae 3HeprHH aKTHBau.MH xeJllOcop6I.I.11M BbIllIe 3Hepnm aKTHBaI.I.HH 'BaH-.ll.ep-Ba

aJIbCOB'CKOH a.ll.COp6UHM. CJIe.ll.OBaTeJIbHO, KaK 3TO CJIe.ll.yeT M3 BH.ll.a 3aBHCMMO

CTM JIPOM3BO.ll.HOH KOHCTaHTbI CKOPOCTH (k) no TeMnepaType (T) OT 3HeprHH 

8KTMBaI.I.HM (E) : dk/dT=E/RP·exp(-E/RT), OTHOCHTeJIbHa5I CKOPOCTb xe

M.ocop6uHM H, CJIe.ll.OBaTeJIbllO, BeJIH'lHHa f 6Y.ll.eT paCTM C YBeJIHl.JeHHeM TeM
nepaTypbI. 

B CHJIY :onoro H30TonHbIH 3<pcpeKT Ha aJIMa3e (060rameHHe M30TOIIOM 

C13) .ll.OJI)J{eH YBeJII1QHBaTbCH C YBeJIMQeHHeM TeMIIepaTypbl, l.JTO Ka3aJIOCb 

6bl nOJIHOCTblO IIPOTMBopellHT IIpeJI.CTaBJIeHMHM 0 3aBMCHMOCTH H30TOIIHblX 

3cp<peKTOB OT TeMIIepaTypb1. M30TOIIHblH: 3<pcpeKT Ha rpa<pMTe (06e.ll.HeHHe H30-

TOnOM Cl3), KaK CJIe.ll.yeT H3 pHC. 2, .ll.OJI)J{eH HMeTb MaKcHMYM IIpH HeKOTO

POM 3Ha'lemm f (f~O,O 1), OTBelJaIOmeM onpe.ll.eJIeHHOH: TeMIIepaType, M 

YMeHbllIaTbC5I IIpH OTKJIOHeHHM TeMIIepaTypbI OT OIITHMaJIbHOiL 
YBeJIHl.JeHHe .ll.aBJIeHM5I B o6meM cJIYlJae IIPHBO.ll.HT K YBeJIHtJeHMIO CKOpO

enl BaH-.ll.ep-BaaJIbCOBCKOH: a.ll.cOp6I.I.HH B COOTBeTCTBHH C H30TepMOH: J13Hr

MlOpa H B MeHbllIeH: CTeneHH OKa3bIBaeT BJIHHHHe Ha CKOPOCTb aKTHBHpO

BaHHOH: a.ll.cop6I.I.rlH. CJIe.ll.OBaTeJIbHO, YBeJIHtJeHHe .ll.aBJIeHHH .ll.OJI)J{HO IIPHBO

JI.HTb K YMeHbUleHHIO BeJIHtJMHbI f, T. e. xapaKTep H3MeHeHHH H30TOIIHbIX 3<p

¢eKToB npH YBeJIMlJeHHM .ll.aBJIeHMH npoTHBOIIOJIo)J{eH xapaKTepy M3MeHeHH5I 
H30TonHblX 3cpcpeKToB C YBeJIH'leHHeM TeMnepaTypb1. 

Ta6AUIfll 2 

3aBHCHMOCTb H30TOllHOro cocTaBa06pa3YlOmerOc5I H3 ra3a (6Cc
IJ.= -4,62%) rpaqJHTa OT 

CKOPOCTH HapallVIB3HHSI HOBOi'! !jJa3bl. TIO,l.(JIO)!(Ka - rpa!jJHTH3Hp0B3HHa5I calKa 

CKOPOCTb bC" = CKOPOC1'b llC"= 
13 13 pocTa ,IJ;aBJleHlle 

6C". % = 6Crpa<iluT"" pOCTa ,IJ;aaneHHe 
6CU• % = 6Crpa<ilaT~ (% HOHOlt (mop) 

" 
(% Hoooll (mop) 

13 cP33bl/Qac) -OCCH. <il33bl/Qac) -6CCH, 

3,1 0,032 ---4,96 -0,34 9,45 0,106 ~5,90 -1,18 
4,06 0,066 ~5,05 -0,42 8,9 0,180 -6,00 -1,136 
8,7 0,110 ~5,86 -1,16 21,3 0,480 -5,45 -0,83 
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IlpOBO.lI,HJIHCb 3KCnepHMeHTbI C u.eJIbIO HCCJIe.lI,OBaTb 3aBHCHMOCTb Bem!

'lHHbI H30TonHoro 3<p<peKTa 01' CKOPOCTH 06pa30BaHH5I HOBOH: <pa3bI. Hapa

W.HBaJIC5I aMop<pHbIH: yrJIepo.lI,. CKOPOCTb pOCTa perYJIHpOBaJIaCb .lI,aBJIeHH

eM HCXO.lI,HOrO ra3a (MeTaHa) B 30He peaKu.HH. Pe3YJIbTaTbI 3KcnepHl\<[eHTOB 

npe.lI,CTaBJIeHbI B Ta6JI . 2. 
06HapY)KHBaeTC5I OT'leTJIHB85I 3aBHCHMOCTb . .H30TOnHoro COCTaBa yrJIe

pO.lI,a HOBo06pa30BaHHOH: TBep.lI,OH: <pa3bI OT CKOPOCTH Haparn.HBaHH5I. IlpH

qeM xapaKTep 9TOH: 3aBHCJfMOCTH, HJIJIIOCTpHpyeMOH: KpHBOH: Ha pHC. 3, Ha

XO.lI,HTC5I B COrJIaCHH C npe.lI,CKa3aHHoH (pHC. 2) . Eho MO)KeT paccMaTpHBaTb
ell KaK CBH.lI,eTeJIbCTBO a.lI,9KBaTHOCTH pacCMOTpeIII-IOH BbIll1e ynpow.eI-IHoH MO

.lI,eJIH. 

reOJIOrH'leCIWe 3Ha'leHlie OTMe'lemIOrO 5IBJIeHHlI reTeporeHHoro <ppaK

U.HoHHpoBaHHlI H30TonOB yrJIepo.lI,a cOBepIlleHHo OqeBH.lI,IIO. Bep05ITHO, nOKa 
CJIe.lI,yeT B03.lI,ep)KaTbCli 01' npe.lI,nOJIo}KeHl'!H OTHOCHTeJIbHO POJIH 3TOro 9<p

¢eKTa B npou.ecce KpHCTaJIJIH3au.HH aJIMa30B. Bo-nepBblx, <!JH3HKO-XHMH'le

CKHH CHHTe3 aJIMa30B B03MO)KeH TOJIbKO Ha cyw.ecTBYIOrn.yIO aJIMa3HYlO 

1.000 

CKopocmb pocma, % HOfi. qJa3bljvac 
m 0 m ·5 U 

'J' 0.990-

U,98U-
CI3 Ie 12 HoBou IlJ03bl 

C!3jC"UCIOa. ea3a 

PHC. 3. 3KcnepHMeHTaJIbHa51 3aBHCHMOCTb 

H30TOflHoro COCTaBa HOBoo6pa30BaHHoro 
rpa<j>HTa OT CKOPOCTH ero Hapa~HBaHIHI 

nO.lI,JIo)!{J(Y. Il09TOMY 31'01' npou.ecc 

He peIllaeT npOOJIeMbI c06CTBeHHO 
CHHTe3a npHpO.lI,HbIX aJIMa30B. Pe'lb 

MO)KeT H.lI,TH 0 pOCTe KpHCTaJIJIOB. 

Ho cyrn.eCTByeT MHoro cOMHeHHH B 

OTHOIlleHHH B03MO)KHOCTH peaJIH3a

U.HH MexaHH3Ma 3nHTaKCHaJIbHOrO 

'Ha parn.HBaHHlI aJIMa30B B YCJIOBH5IX 

KHM6epJIHTOBOro npou.ecca, XOT5I 

HeJIb35I 'COBepIlleHHO oTpHu.aTb ee. 

rpa<pHT H HeKpHCTaJIJIHlleClmfr 

yrJIepo.lI, MoryT OCa)K.lI,aTbC5I npaK

THlleCKH Ha JII060H nOBepxHocTH. 

HecoMHeHHo, 3TOT npou.ecc IllHPOKO 

pacnpOCTpaHeH B npHpO.lI,e, npU'leM 

MexaHH3M ero rJIy60Ko OTJIH'leH OT CHHTe3a rpa'<pHTa B pe3YJIbTaTe, J-1anpM

Mep, rJIy<601{oro MeTaMopqJH3Ma opraHH'lecKoro Bern.eCTBa HJIM .lI,pyroro rOMO

reHHoro CKOnJIeHH5:I yrJIepo.lI,a in situ. B nOCJIe.lI,HeM CJIYllae, IWK 6bIJIO nOKa-
3aBO Ha .n:OCTaTO'lHO 60J1bll10M KOJIH'leCTBe npHMepOB, He npOMcxo.n:HT 3aMeT
Horo <ppaKu.HOHHpOBaHH5I H30TonOB yrJIep0.lI.a - yrJIepo.lI. rpa<pHTa no H30Ton

HOMY COCTaBY npaKTHtIeCKH H.n:eHTH'leH HCXO.lI,HOMY yrJIepo.lI,y [4]. I1lIOe .lI.eJIO, 
eCJIH npOHCXO.lI,HT 06pa30BaHHe rpa<pHTa B pe3YJIbTaTe pa3JIH'lHOrO PO.lI.a 
TpaHcnopTHbIX peaKu.HH:. OCa)K.lI,eHHe rpa<pHra, HanpHMep H3 rH.n.pOTepMaJIb

HbIX. pacTBopoB, cO.lI.ep)Karn.I1X HH3KHe KOHu.eHTpau.HH COe.lI.HHeHHH yrJIepo.n:a 
B BH.lI,e CO2 H CH4 HJIH .lI.pyrHe, BnOJIHe aHaJIOrHtfHO OCa)K.lI,eHHIO rpa<pHTa H3 
ra30BOH <pa3bI npH HH3KOM .lI,aBJIemm. 

Y Hac H3Y'laJIC5I H30TonHWH COCTaB HeKOTOpwX rpa<pHTOB H3 rH.lI,pOTep

MaJIbHO H3MeHe.HHbIX ypTHTOB Kl15I-UlaJITblpCKoro rn.eJIOtIHO-OCHOBHoro Mac

CHBa (K.Y3HeU.KHH: AJIaTay) . COfJIaCHO nOJIeBbIM Ha6JIIO.lI,eHH5:lM C. B. I1KOP

CKoro, rpa<pHTOBali MHHepaJIH3au.H5I npHypOqeHa K 30HaM Tpew.FlHOBaTOCTH 

11 KaTaKJIa3a, no KOTOPbIM IIOpO.lI,a nO.lI.BepraJIaCb HHTeHCHBHOH rH.n:pOTep

MaJIbHOH nepepa60TI<e. rpa<pHT 06pa3yeT TOHKHe npo}!{HJIKH, HHOr.lI,a ceKY

llJ,He OT.lI,eJIbHble 3epHa H3MeHeHHoro ae<peJIHHa. I130TonHbIH COCTaB 3TOro 

rpa<pHTa °B pa3JIH'lHbIX 06pa3u.ax KOJIe6JIe'I'c5I B .lI,Han030He 01' '60 3=-1,37 
,ITO -1,54%. M~)K.lI.Y TeM HCTO'lHHKOM yrJIep0.lI,a rH.lI,pOTepMaJIbHbIX paCTB0-

pOB, no BCeH: Bep05:lT,HOCTH, 6bIJIH Kap60lliaTbI OCa.lI,OtIHo-e<p<pY3HBHOH: 

KOH.lI,OMCKOH CBHTbI H CJIO)!{eHHOH MpaMopH30BaHHbIMH H3BeCT!-IliRaMH YCHtI

CKOH (Cm.) CBHTbI, K KOHTaKTY KOTOPbIX npHypO'leH MaCCHB H3Bep)KeHHbIX 

nOpo.lI" T. e. HCXO.lI,HbIH yrJIepO.lI. 6bIJI H30TOnHO-T5I)KeJIbIH, Onpe.lI,eJIeHHe ero 

H30TonHOr.o ,COCTaBa.lI,aJIO BeJIHtIRHY 6C13 = -0,.34 %. Bep05I'DHO, 11 .n:aIfHOM 

cJIy'lae HMeJIO !';teCTO <ppaKu.HOHHpOBaHHe H30TonOB npH6JIH3HTeJIbHO no :rOMY 
\ 
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