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3.M.rAnHMOB,B.C.npOXOPOB, a.B.~EaOCEEB,B.n.BAPHHH 
LM·Galirilo\l v-So rrok.hcrO\) b . lI. fE:.flos~\J) 11,1', \fafnin 

MOCKOBCKUi!. UHcrUTYT HecpTexuMa'teCKoli. u za30BOU npO,ltblUlA/!H.H.Ol-TU, MOCKBa 

06CY)KAaeTCH npeAnOJIaraeMblfl MexaHH3M H B03MO)KllaH pOJIb B reOJlorl1-
4eCKHX npoueccax 06HapY)KeHHOrO panee [1] HBJleHHSl <ppaKUHonHpoBaHHH 
1130TonOB yrJlepoAa npl1 <pH3HKO- xHMH4ecKoM CI1HTe3e aJlMa3a 11 rpa<pHTa H3 
MeTaHa. TIpeAJlaraeTCH MOAeJib npouecca, OCHOBaHHaH Ha npeACTaBJleHHH 0 pa3-
JlH4HOM xapaKTepe npOHBJleHHH KHHeTl14eCKoro H30TonHoro 3<p<peKTa npH pa3-
JlH4HOM COOTHOlIIeHHH CKopocTeH BaH-.llep-BaaJlbCOBCKOH }j aKTHBHpoBaHHol1 

a.llCOp6UHH, KOTopaH n03BOJIHeT 06bHCHHTb, nOqeMY B npoBe.u.eHHblx 3KCnepl1-
MeHTax rpa(jJl1THbIH yrJlepoA o6oralIIaeTcH H30TOnQM CJ2, a aJlMa3HblH - H30-
TOTIOM Cl3 no cpaB'HeHI1IO C yrJlepoAoM 'Hcx'WlHoro ·MeTalHa. TIPHBO.ll'HTCH pHA 
reOJlOI'II400KH'X rrp11 MepuB, B .KOTQPbIX OC06eHJlOCTH H30TonHoro COCTaBa IW'li
P0.llHbIX npa'<pllToB YAOBJleTBOpHTeJlbHO 06bH'CHHIOTCSl npOSlBJleHI1eM paCCM a l'pH
BaeMoro reTeporeHHoro 1130TonHoro 3<p<peKTa. 

B 'COBMeCTJ-IOM HCCJIe,nosamn!, npOBe,neHHOM JIa60paTopHeH MaCC-CneKTpO
MeTpHH MI1HX H rn HM. 11. M_ ry6KHHa H JIa60paTOpHeH nOBepXHOCTHbIX 
5IBJIel-lHH I1cI:>X AH CCCP ObIJIO 06HapY)KeHO 5IBJ1eHI1e <ppaKI1,I10HI1pOBaHlul 
I130TOrrO'B npI1 <pI13HKO-XII1MI1'IeCKOM CI1HTe3e aJIMa3a I13 ra3a (1]. 

,UaHHa5I pa60Ta rrOCB5III1,eHa 06CY}!(.i!.eHHIO npe,z(nOJIaraeMOI'O MexaHH3M a 
<ppaKI1,HOHHpOBaHH5I H30TorrOB H B03MO}!(HOtI pomI rro,n06HbIX .3<p<peKTOB B re
OJIO[,lHlJe'CKHX rrp ()IlJ,eCC ax. CYIl(HOCTb .3KCrrepHMeHTa COCT05IJIa D CJIe.u.YJOll1.eM. 
CHHTes aJIMa3a OCYll1.eCTBJH1JICH H3 MeTaHa npI1 TeMnepaType 1000-10500 C 
H .u.aBJIeHHIH MeTaHa 0,2-0,5 TOP no crroc06y, onHcaHHoMY B pa60Te {2]. 

OCa)K.u.el-lHe BeJIOCb Ha aJIMa3HYIO no.u..I!O)KKY. 06pa30'BaHHe aJIMa3a co
rrpOBO)K.u.aeTC5I CHHXPOHHbIM 06pa30BaHHeM HeaJIMa3Horo yrJIepo.u.a (rpa<pH
Ta HJIH aMop<pHoro yrJIepo.u.a), KOTOPbIH rrepHo.u.H'IeCKH y.u.aJIHJIC5I. Hapall1.H
BaHHe aJIM a3a oCYll(eCTBJIHeTCH nYTeM MHoroKpaTHoro nOB'l'OpeHH5I UI1KJIOB 
CHHTe3a H O'IHCTKH. EC.'IIf He npOH3Bo.u.HTb OtIHCTKY, Hapall1.HBaJ-iHe aJIMa3a 
npeKpall1.aeTC5I H npOHcxo.u.HT TOJIbKO Hapall1.HBaHHe rpa<pHTHoro YTJIepo.u.a-

1130TonHbIH aHaJIH3 yrJIep0.i!.a OCYll1.eCTBJIHJI'cH Ha M acc-'cneKTpoMeTpe 
MI1-1305 C ,nOrpeIllI-IOCTbJO no BocnpOH3Bo.u.HMOCTI1, He npeBblillalOlueH 
±0,02 %. Pe3YJIbTaTbI coo6ruaJOTC5I B BeJIl1tIHHaX 6(13, OTHeceHHbIX J{ CTaH
,n:apTy P .IJ.B. Pe3YJIbTaTbI H30TorrHoro aHaJIH3a yrJIepo.u.a npe,n:cTaBJIeHbl B 
Ta6JIHue. 

npOBO.u.HJIOCb .u.Ba OrrblTa no Hapall1.HBaHIHJO npHpo.u.HbIX aJIMa30B: B o.u.
HOM CJIy'Iae Ha 13, B ,n:pyroM - Ha 60% 01' Beca I1cxo.u.Horo aJIMa3a. 113,oTon
HblH COCTaB aJIMa3HOH TlO.u.JIO)f(KH B 060HX cJIY'Ia5Ix 6blJI npaKTH'IeCKH o.u.HHa
KOB: 6(13=-0,87 H 6CI3=0,86%. YrJIepo.u. MeTaHa, HCnOJIb3yeMoro 
B KatIeCTBe Hcxo.u.Horo .u.JIH cHHTe3a, I1MeJI 1J130TOnHbI}[ cocTaB, xapaKTepH3yl0-
ll1.HHC5I BeJIH'IHHOH 6C 13 = -4,62 %. KOHTPOJIbHbIM 11 Ji3MepeHH5IMH 6bIJIO YCTa
I-IOBJIeHO, 'ITO npoue.u.ypa nponycKaHH5I MeTaHa '-Tepe3 JIOBylliKy C }KH.u.KHM 
a30TOM He BHOCHT H3MeHeHH5I B ero H30TonHblH COCTaB. 

1130TonHbIH . COCTaB yrJIepo.u.a Hapall(eHHbIx aJIMa30B, KaK H CJIe.u.OBaJIO 
O}!(H.u.aTb, 113MeHHJICH: B nepBoM cJIYl!ae.u.o BeJIH'IHHbI 6CI3=-1,02%, BO BTO
POM-;:r.O 6C'3=-1,29%. O.u.llal\o paC'leT nOKa3aJI, "'ITO 1l30TonHbIli COCTaB 
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PesyJlbTaTbl JlSOTOnHOrO aHaJlHaa yrJlep0Jl.a 

!lC". % HO- 13 
N. I1cCJlel\yeMb,lt 06pa3e ~ 60', 'lIo Boc6pa30B. !lC06p .-

6" 
06pa3~a cjJa3b' (pac- ~6C~3H. 4eT) 

1 MeTaH ~4,62 0,00 1,000 

Onblm 1 

2 I-fexOJl.HbIH aJlMaa (npHpOJl.HbIH) -0,87 - - -
3 Hapaw.eHHblH Ha 13% cHHTeaHpOBaHHbIM ~1,02 -2,17 + 2,4 + 1,024 

aJlMaaOM 

Onblm 2 

4 I1cXOJl.HblH aJlMaa (nplIp0Jl.RbIH) -0,86 - - -
5 Hapaw.eRRblH Ha 60% cHHTeaHpOBaHHblM -1,29 -2,01 + 2,6 1,020 

aJlMaaOM 

Onblm 3 

6 I1CXOJl.HblH aJlMaa (cHHTeTHtJecKHM -3,07 ~ ~ - -
7 Hapaw.eHHblH Ha 24% O!HTeaHpOBaHHbIM -2,99 --2 ,65 + 2,0 1,020 

aJlMaaOM 
8 Hapaw.eHHbIH Ha 48% cHHTeaHpoBaHHblM -2,55 - - -

aJlMaaOM 

Onblm 4 

9 I1CXOJl.Hb!i'1 aMopcpHblH yr JlepoJl. (calKa) -2,31 - - --
10 Hapaw.eHHblH Ha 25% aMopcpHblM yrJlepo- -3,17 -6,75 -2,1 0,979 

Jl.OM 

Onblm 5 

11 I1cXOJl.HblH aJlMaa (cHHTeTHtJecKHH) -3,07 - - -
12 Hapaw.eHHblH lIa 24% aMop<pHblM (rpa- -- 3,75 -6,58 ~2,0 0,980 

cpHTHbIM) yr JlepOJl.OM 

"I130TonHb,n £¢cjJeKT ( ~eHHr3eTC" reJlH4H1lOH OTHOWeHH!! 1130,-onHb'X COCT3S0S I<OHe4110ro 
R=(Ct3/C12)npOI\YKTa Jl IICXOI\Horo Ro=(CI3/ C"ucxol\. Sell\eCT"3, T. e. I!.=R/Ro . Tal{ K3K 6=(R/RcT-I).IO· 
II 6o=(Ro/R.cT-1)·]O', TO IIMeeT MeCTO Tal{lKC COOTHOWeH,{e t =I+ (6--~o) · 1O-2 . BeJlU4HH3 RCT I\n !! IlCnOJlb-
3OS31lHOrO RaMI{ CT3HA3pTa P,n:B p3sHa 1123,72·10-'. 

H~Boo6paSOBaBlllerOC51 aJIMa3a He COOTBeTcTByeT H30TOflHOMY COCTaBY HC
xo,n:Horo yr JIepo,n:a MeTaHa oJ1 Oflpe,n:eJUleTCH COOTBeTCTBe!-Il-lO BeJHI'lI1l-1 aMI1 

60 3 =-2,17% 11 -2,01 %. CJIc,n:oBaTeJIbHO, B rrpou.ecce CHHTe3a aJIMa3a 113 

MeTaHa B ra30BOH cpa3e I1MeeT MeCTO 1130TOflHb1I1 3cpcpeKT flO yrJIepo.ll.y. Ko-

3cpcpl1u.11eHT cppaKu.HOHHpOBaHH51 1130TorrOB B 3TOM flpOu.ecce orrpe,n:eJl51e TCH 

BeJIlFI11HOH t<. = 1 + (6Cl3aJlMa3-603CH4) • 1O -2~ 1 ,025. 

C u.eJIbIO rro,n:TBep)K,n:eHHH o6HapY2KeHHoro 3cpcpeKTa 6bIJI rrOCTaBJIeH OflblT 

C Haparu:HBaH11eM C11l-1TeT114eCKoro aJIMa3a JIerI<oro 1130TorrHoro COCTaBa (OflblT 

3). HecMOTP51 Ha TO, 41'0 1130TOTIHO-JIerKaH flo,n:JIO}!{!(a (bC13 = -3,07 %) Ha

paru.11BaJIaCb 3a ClJeT eru.e 60JIee H30TOflHO-JIerKOrO MeTaHa (60 3 = -4,62 %), 

Haparu.eHHble 06pa3UbI Ol\a3aJIHCb H3·OTOJIHO-T51)KeJIee. 06pa3eu., Haparu:eH

HbIH Ha 24%, HMeeT '6CI3=-2,99%, a o6pa3eu., Haparu.eHHblH Ha 48%, xa

paKTepH30BaJIC51 BeJIH4HHOH 603 = -2,55 %. TaKI1M 06pa30M, BO Bcex CJIy

lJa51X Ha6Jl1o,n:aJICH 3cpcpeKT 060raru:eHH51 cHHTe3HpyeMoro H3 raSOBO:H cpa3bl 

aJIMa3a T51)KeJIbIM 1130TOflOM yrJIepOAa 0 3 . 

C u.eJIbIO Y51CHeHH51 B03MO}!{HOro MexaHH3Ma 6bIJI flpoBeAeH OflbIT C Ha

paru.HBaHHeM B Tex )Ke YCJIOBH5IX HeaJIMa3HOro yrJIepo,n:a. B KaqeCTBe l1CXO,n:

Horo 6bIJI BbI6paH aMOPCPHbIW yrJIepo,n: (ca)Ka), HMeBIUHI1 bCI3=-2,31 %. 

B pe3YJIbTaTe Haparu:HBaH,H5£ I-Ia 24% 1130TOflHbIH cocraB 06pa3u.a H3MeHHJIC5I 

AO oCI3=-3,I7%. IKaK JIerKO ,paCClJl1TaTb, HOBO()l6pa30BaHHbIH yrJIepo,n:, 

HYleIOIIlHH H€<H,n:eI-ITHcp,H,u'HpyeMYIO CTPYKTypy (KOTOPYIO YCJIOBHO Ha3bIBaeM 
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rpacpJ1TaM), npHa6peJI H3aTonHbIH ,COCTaB 6CI3=-6,7S% np11 H3.aTaTIHaM ,ca
CTaBe HCX,a,lI.Hara MeTaHa _()CI3=-4,62%. TaKI1M 06paa<OM, B ,lI.aHHaM CJIY

lJae 6bIJI aOHapYiKeH H3aTaTIHbIM 3cpcpeKT oopaTHara 3HaKa, xapaKTepl13YIO

Ill}IikH Ka3CPCPHIJ;HeHTaM cPP aKIJ;naHHpOBaHHH: ~ = 1 + «()03rpa(l)]'lT-~03CH4) • 
. 1 0 - 2"'0,980. . 

AHaJIarHlJHbIM onbIT ObW nanaBJIeH 'C HapaIIl;HBaHiHeM HeaJIMa3Harb yrJIe

pa,lI.a Ha aJIMa3HaH: na,lI.JIa)KI<e. C 3TaM IJ;eJIbla aopa3eu;.NQ 6 (60 3 =-3,07%) 
HapaIII,HBaJIC5j: oe3 alJHCTKH aT rpa'cpH'ra, BCJIe,lI.CTB1fe lJera 0'6pa3aBaHYle aJ,IMa

sa ObIJIO na,lI.aBJIeHa, H B Tex iKe yCJIaBHHX, npl1 KaTapbIX paHee HapaIII,l1'BaJICH 

aJIMa3 (OOp. ,N'Q 7), ObIJIa rraJIY'leHa HaBaaopaaoBaHHe TOJIbKO rpacpHTHara 

yrJIepa,lI.a. ,;:hOT yrJI-epa,lI., KaK BH.l1iHa Ha ,lI.aHHbIX, rrpHBa,lI.HMbIX B Ta6JIIHu;e, 

aKa3aJICH o6orameH H3aTarraM 0 2 (paClJeTHaH BeJIHlJHHa ()CI3 =-6,58 %). 

TaKI1M oopa3aM, BHe aa'BJ.f.CHMOCTH OT xapaKTepa na,lI.JIaiKKM HeaJIMa3HbIM yr

JIepa,lI. (rpacpHT HJIM aMap'cpHbIH yrJIepa.n:) aoOraIII,aeTCH JIerKMM H3aTorraM C12, 
B TO. BpeMH KaK aJIMa3 a6araIII,aeTC51 THiKeJIbIM H30TanaM C13. CJIe.n:yeT OTMe

~HTb, "ITa IM30T,onHble 3cpcpeKTbI Ha aJIMa3e H r ,pa cp<HTe, na-BM,lI.HM'aMY, ·He3aBH

OHMbJ. 

B aTHOllleHMM rpacpHTa 3Ta caBepweHIiO alJeBI1.n:Ha, TaK KaK aH aOaraIII,eH 

JIerKHM H3aTanOM B aTCYTCTBHH CHHTeaa aJIMaaa. qTa lKacaeTCH aJIMa3a, TO. 

era ,rrpaKTHlJeCI<H He y,lI.aeTCH CHHTe3HpaBaTI. oea a.n:HaBpeMeHHora oopa3aBa

HHH rpacpHTa. O,lI.HaKa 060raIII,eHHe aJIMaaa H30TorraM 0\ HeJIbSH paCCMaT

pHBaTb KaK rraOalJHbIM peaYJIbTaT a.n:Ha'BpeMeHHara aoaraIIleHHH rpacpHTa 

JIerKHM 1H3arrarrOM, TaK KaK 3TH cpaSbI HapaIII,HBaIOTCH B He3KBHBaJIeHTHblX Ka

JIH'leCTBaX, B TO. BpeMH KaK H3aTanHbIe 3'cpcpeKTbI npH npaTHBanOJIOiKHaji Ha

rrpaBJIeHHOCTH rra aocomOTHaM BeJIHtIHHe rrpH6,T]H3HTeJIbHO paBHbl (5-11 CTaJI

oe3 Ta'6mIIJ;bI). 

faBopH a BOSMOiKHOM MexaHHaMe Ha6mo,lI.aeMOrO cppaKIJ;HOHHpOBaHHH 

HSOTorrOB, CJIe,lI.yeT cpasy OTBeCTH npe.n:nOJI'OiKeHHe 0 TepMO,lI.HHaMIHlJeCKOM 

H30TOITIIOM 3cpcpeKTe, TaK KaK BeJIHtIflHa I<03CPCPHU;Hel-ITa pa3,lI.eJIeHHH B CHCTe

Me CH4-CaJIMa3 JJPH TeMrrepaType 1050° C, rrpH K01'OPOM Be.n:e'I'CH CHtITe3, 

CTaHaBHT'CH ;npeHe:6peiKHMo MaJIaM [3]. YiKe iTI.pH 326° ,C '3Ta BeJIHlJiHHa paBHa 

1,006 H npO,lI.OJIiKaeT YMeHbwaTbcH C YBeJIHlJeHHeM Tel'vlI1epaTypbl, B TO BpeMH 

KaK Ha6mo.n:aeMbIH Ha '0 11 bITe J<03CPCPHU;HeHT pa3,IT.eJIeHHH paBeH ,npH6JIH3H

TeJlbHO 1,025. K TOMY )Ke rrpH CHHTe3e Ha MeTaHa TepMo.n:HHaMHqeCKHe M30-
1'OI1Hbre 3<p<peKTbl ,n./HI aJIM aaa H rpa<pMTa ,nomKHbl HMeTb o.n:HHaKoBb1I1 3HaK. 

HecaMHeHHa, 'ITO paCCMaTpHBaeMbre H3aTarrHbIe 3cpcpeKTbl IHMerOT KHHeTH-

, 'leCKyro npH'pO,lI.y. ,IlpeiK,lI.e B,ce~o CJle.n:yeT aTM<eTHTb, 'ITO no. a6c.aJIIOTHaH Be
JIHqHHe Ha6JIlO,lI.aeMble 3'cpcpeKTbI ,e.oH3MepHMbI 'C KH,HeTlHqeCKHM IH3aTanHbI'M 

3'cpcpeKTaM rra CBH3'H C~C .nPH ro-+oo. Y 'q,J1TbIBaH BbIcaKYIO TeMnepaTYPY 
onblTa (T =11327° K), MQ)KHa ClIHT aTb, tITa naC:JIe.n:Hee YCJIaBHe BbII1aJIHHeTCH 

C xapo.wHM rrpH6JIHiKeHHeM. B 3TaM cJIyqae KHHeTHtIeCKHM H3aTanHbll1 3CP
cpeKT onHCblBaeTCH BeCbMa npacTblM BblpaiKeHHeM: 

1 

1* (- )2 A _ k13 _ S13512 mI2 
LlC-C - - - --1*- =- , 

k12 5]2S13 \ m1S 
(1) 

r.n:e kl2 - KOHCTaHTa ClKOPOCTH peaKIJ;HH c y 'tIaCTHeM JIerKoro HSTana yrJIepa

,lI.a; k l3 - TO )Ke c Y'llacT,He:vr TH)!~eJIaro H3aTarra yrJIepa,lI.a; Sl2 H SI3 - qHCJIa 

cHMMeTpHH' 'HSaTOrrHbIX CPOPM pearHpYIoIIl;ero ooe.n:HHeHHH; S 1* 11 s # - TO. 
. _ _ 12 13 

iKe ,Il.JIH nepexO,lI.HOro KaMnJIeKCa, m12 H ml3 - TaK HaSbIBaeMbIe 3cpcpeKTHB 

Hble MaCCbI HSOTarrHblX CPOpM rrepexo.n:Haro Ka'MnJIeKCa B.n:aJIb Koop.n:HHaTbl 

paSJlOiKeHHH. I10 CJle,iI.H He, COrJIaCHa CJI.3Tepy, MaryT ObITb 3aMeHeHbl npHBe

,lI.eHHbIMH MaccaMH aTOMOB, 06pa3YIOIII,HX pa3pbIBaeMYlO CBH3b, HarrpHMep 

ml3 ~ mc12 . ma13/mcI2 + mel3. OTHaweHHe lJHCeJI CHMMeTpHH HSOTorrHblx CPOPM 

,lI.JIH COe,lI.HHeHHH, co.n:epiKaIII,HX no a,Il.HaMY aOMeHI1BaIOIII,eMYCH aTOMY, K lJHC

JIY KOTOPblX OTHOCHTCH CH4, paBHO e.n:HHI1IJ;e, T. e. S12: SI3/S 1* : s 1* = 1 OT-
12 13 ' 

ClO,lI.a KHHeTHqeClml1 H30TOnHbII1 3cp¢eKT ,lI.HCCaIJ;HaIJ;HH (oopa30BaHHH) CBHSH 
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C-C, KaK JIerKO nO)l,ct!l1TaTb, 0.npe,ll.eJI5IeTC5I BeJIH'lHHOH: ~c_c=O,980. CJIe,ll.o

BaTeJIbHD, eCJIH HCX,O,ll.HbIM pearHpYIOIIl.HM COe,ll.fIHeHHeM 5IBJI5Ie1'C5I CH4, 'I'D yr

JIepO,ll. B K'OHe'lHOH 'cpOpMe, T. e . . npHCOe,ll.HHeHHbIH yrJIepO,ll. KpHCTaJIJIH'leCKOH 
peUJeTKH ,lI.OJI)f{eH 06e,ll.m!TbCfi npH6mf3HTeJIbHO Ha 2 % H30TonOM CI3, 'lTO no 

nOp5I,lI.KY BeJIH'lHHbI CO'Bna,ll.aCT c Ha-6JIIO,lI.aeMbIMH H30TOnHbIMH 3cpcpeKTaMH 

Ha rpa,cpHTe. ECJIH ,lI.JI5l CJIYllaH c rpacpHTOM 31'0 MOrJI'O 6bI CJIY)f{HTb Y,lI.OBJIeT

BOpHTeJIbHblM 06'bHCHerfHeM, TO B03HHKaeT BonpOC, nO'leMY yrJIep6,l1. a,1IMa3a 

He TOJIb'KD He ·060raIIl.aJIC51 JIerKHM H30TOnOM, HO, HanpOTHB, CYIIl.eCTBeHHO 

D6e,ll.H5IJIC5I HM. 
COBepUJeHHD O'leBH,lI.HO, 'lTO paCCMOTpeHHe H30TonHoro cppaKUHOHHpOBa

HHH B ,lI.aHHOM CJIy'lae TOJIbKD KaK CJIe.n.CTBH5I He06paTHMoro 06pa30BaHHH 

C-C-CBH3eH B npouecce Hap aIIl.HBaHHH 0I{a3bIBae1'C5I Hea,ll.eKBaTHbIM. 

PaCCMOTpHM CJIe,ll.YIOIIl.yIO MO,ll.eJlb 

(pHC. 1). TIYCTb Ha nOBepxHocTH KpH

CTaJIJJa HMeeTC5I a,ll.COp6HpoBaHHbl}r CJlOH, 

'laCTb MOJIeKYJI KOToporo cJla60 CB5I3aHa 

C rroBepxHocTblO, 'lTO COOTBeTcTByeT MO- 7,030 
JJeKYJI5IpHOMY HJIH BaH-,lI.ep-BaaJIbCOBCKu-

t-" 

AnMa3 

My THrry a,ll.COp6UHH (CJlOH 8), ,lI.Pyra5l 
~UO --------------

1,070 

1,000~--~------~----~~ 
0.01 

0.990 

0,980 

PHC. 1 PHC. 2 

PHC. 1. 06cYJK)laeMaH MO)leJ1b reTeporeHHoro <ppaKUHoHllp013aHHH H30TonOB 

PHC. 2. Pac4eTHaH KpHBaH 3aBHCIIMOCTH BeJ1H4HHbl reTeporeHHoro H30TonBoro 

3<p<peKTa OT K03<P<PIH\HeIlTa f )lJ1H npHHHToH MO)leJ1H. TIYHKTHPOM nOKa3aHbi J1H
HHH, OTBe4aJOlll.ne 3KcnepHMeHTaJ1bHO Ha6J1JO)laBlIIHMCl! H30TonHbiM 3<p<peKTaM 

npH CHHTe3e aJlMa3a H rpa¢HTa 

LfaCTb 06pa3yeT C rroBepxHOCTblO rrpO'lHble C-C-CBH3H, 'lTO OTBe'laeT rrpe,ll.
CTaBJIeHHIO 0 XHMHt.IeCKOH HJIH aKTHBHpOBaHHOH. a,ll.COp6UHH (CJIOH c). 

TIpHMeM, 'lTO npouecc HapaIIl.HBa,HH5I Ha rrO,ll.JIO)f{Ke rrpOTeKaeT 'lepe3 rro

CJI e.J.OBaHHble CTa,ll.I1H: rrepex'OJI.a MOJleKYJI H3 ra30BOH cpa3bI B MOJIeKYJI51pHO 
aJI.COp6}1pOBaHHoe COCTOHHHe (a - b-nepexoJI.), JI.aJJee B XHMHl[eCKH CBH3aH

Hoe COCTOHHHe (b - c-rrepexoJI.) H, HaKOHeu, npHCOeJI.HHeHHe aTOMa yrJJep0JI.a 

K KpHCTaJIJIH'leCKOM peUJeTKe (c - d-nepexoJI.). 

TIocMOTPHM KaKoro THna H30TonHoe cppaKUHoHHpoBaHHe MO)f{eT HCTpe

THTbC5I Ha Ka)f{JI.OH H3 3TliX CTaJI.I1M. B npouecce BaH-,lI.ep-BaaJIbCOBCKO}i aJI.

COp6UHH, KaK 3TO CJIeJI.yeT H3 TeOpeTH1'le·cKHx 'H 'HMelOIIl.HXC5I sKonepl1MeHTaJIb

HbTX JI.aHHbIX, H30TorrHbIH 3cpcpeKT 01\CYTcTByeT, HJIH no KpaFIHeM Mepe OqeHb 

MaJl. ECJIH 0603Ha'lHTb 1130TQ1I1HbIM COCTaB M<OJleKYJl B Ta30BoHcpa3e (1'. e. 

H30T,onHbIH CDCTaB HCXO,LI.HOrO MeTaHa) Ra, a B MOJleKYJIHpHO-aJI.cop6HpOBaH

HOM CJIOe-Rb, TO Ra=Rb. 
TIpouecc aKTl1Bl1pOBaHHoro nepexoJI.a b - c, oOnpOBO)f{JI.arOIIl.HHCH 06pa30-

BaHHeM C-C-CBn3H, xllpaiKTepH3yeTC5I, KaK YKa3bIBaJIOCb BbIllIe, cYllI.ecTBeH

HbIM KHHeTH'leCKHM H30TorrHbIM 3cpcpeKToM, T. e. Rb=l=Rc, rJI.e Rc-1130TOrrHbIH 

COCTaB xeMocop6HpoBaHHblx MOJIeKYJl. 

HaKoHeu, npH nepexoJI.e yrJIep0JI.a H3 xeMocop6HpoBaHHoro CJlO5I B pellIeT

Ky (c-d ... nBpeXOJI.) ITIPOl1CXOJI.l1T rrOTep5I BOJI.OPO,ll.HbIX aTO.M'OB, T. e. pa3pbIB 

cBH3eH C-H, 'lTO TaK)f{e nopO)f{.l(aeT KHHeTH'leCKl1H H30TonHbIH 3cp<}:leKT, HO 
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3HatHneJIbHO MeHbrneH BeJ1!flUl.HbI, "IeM .lI,JIH CJIY'laH C-C-CBH311. DOJIb3YHCb 

npI1Be.ueHHOH Bblrne cpOpMyJIOH (1), MO}KHO nOKa3aTb, "ITO 1130TOnHbIH ~cpcpeKT 
B 3TOM CJIy"lae XapaKTepH3yeTcH BeJIH"IHHOH ~c-H=kcl3_H/kc"_H=0,9983. 
T. e. Ha nOpH.lI,OK MeHblIle, "IeM .1C-C. DOJIaraH, 'ITO nepexon: c-d He06paTHM. 

M02KeM 3arrHCaTb Rd=8C-HRc, ,r.lI,e Rd-H30TorrHbIH COCTaB yrJIepO.lI,a, rrpHcoe

n:HHeHHoro K perneTKe. 
Ha6J1lo.uaeMbIH B 3KCnepHMeHTe H30TonHbIH 3cpcpeKT Me>Kn:y Ta30BOH cpa-

30H (Ra) H HapameHHCH "IaeTblO KpHCTaJIJIH"IeCKOH <i>a3bI (Rd) .u0JI}KeH, CJIe

n:OBaTeJIbHO, orrpen:eJIHTbC51 I'JIaBHbIM 06pa30M xapaKTepOM H30TorrHoro <ppaK

UHOtmpOBaHHH B rrpouecce b - c-rrepexo.ua . 

Dpen:CTaBHM .lI,eJIO TaKHM 06pa30M, 'ITO JIHrnb HeKOTopaH ''IaCTb f MOJIe

KyJI CJIOH b nepeXO.ll.HT B aKTHBHpOBaIHlbIH CJIOH c. O.ll.HOBpeMeHHO npOTeKaeT 

06paTHbIH npouec (c - b-nepexo.ll.), npH KOTOPOM lJaCTb f' xeMocop6HpOBaH

HbIX lJaCTHU TepHeT BaJIeHTHYIO CB513b C nOBepXHOCTblO. 

LI.JIH npHMoro rrpouecca MOiKHO 3anHcaTb KI!1HeTH"IeCKHe ypaBHeHHH 1130-

TonHbIX CPOPM B CJIe.ll.YlOmeM BH.lI.e : 

(2) 

r.ll.e bc .. H bo' - rrepBOHalJaJIbHble KOHueHTpauHH H30TorrHbIX CPOPM B CJIoe b, 
npl1'IeM bo,/bc" = Rb 

(3) 

OTHorneHHe KOHCTaHT CKopOCTeH onpe.ll.eJI5leT BeJIH'IHHy KHHeTH'IeCKOrO H30Ton

Horo 3rpcpeKTa B npouecce b-c-rrepexO.ll.a, KOTOPbIH, KaK yKa3blBaJIOCb, paBeH 

~c-c = 0,980. 0603Ha'IHM qepe3 bo - 06mylO Ha'IaJIbHYIO KOHueHTpaUHIO MOJIe

KyJI B CJIoe b, T. e. bo = bc" + bc" , H npoHHTerpHpyeM nOCJIe.ll.Hee ypaBHeHHe B 

npen:eJI:lX OT bo .lI,0 BeJIHqHHbI bo (1 - f), KOTopaH xapaKTepH3yeT qaCTb MOJIe

KyJI, He nepeXO.lI,H~YIO B xeMocop6I1pOBa}[HOe COCTOHHl1e. 

B pe3YJIbTaTe HHTerpHpCJBaHlHI 11 nOCJIe.uYIOllUIX rrpeo6pa30BaHY!f!, rrpY!
.ueM K Bblpa}KeHHIO 

Tn (1 - f) 

R' ' 
In (1-f)-

Rb 

1 

t.c_c 
(4) 

r.ll.e R' - H3CYronBblH COCTaB OCTaBrne HCH lJaCTH MOJIeKYJIHpHo-a.ucop6I1pOBaH

Horo CJIOH. ECJIH 0603HaqHTb lJepe3 Rx - H30TonHbIH COCTaB HOBo06pa30BalI

Horo CJIOH, TO H3 OlJeBH.lI.HbIX C006pail{eHHH H30TOTIHoro 6aJIaHCa HMeeT M eCTO 

COOTHOrneHl1e 

AHaJIOfl1'1HbIM o6pa.'30M ;I,JIH 06paTHoro npouecca (C-8-nepexon:a) 

_1_ = _I n",,:(c...1--.!...f..!...')_ 
R 

In (1- f')_c 
Rx 

(5) 

(6) 

f.ll.e Rc - H30TonHblM C-OCTaB OCTaBrneMC5I nOCJJe 3aBeprneHI1H aKTa 06MeHa 

'IaCTH MOJIeKYJI CJJOH C (KOTopble 3aTeM npl1COe.ll.HHHIOTCH K KpHCTaJI.1HltIecl<oH 

perneTKe). KHHeTH'leCKJ1e 1130TonHbIe 3cprpeKTbI 06pa30BaHHH H paapblBa 

C-C-cBH3eii' paBHbI (T . e. pas'HbI ~c-c B ,npOUeccax 8-C- H C-B-nepeXO.ll.a). 
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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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)Ke MeXaHlfSMY, 'ITO H B JIa60paTOpHOM 3KCrrepI1MeHTe C ClfHTeSOM rpaqllfTa 
lfS raSOBOH ¢aSbI. 

.upyrHM npHMepOM MO)KeT CJIY)KHTb 06pasell. rpa¢i'lTa HS arraTHT-HaTpOJIlf
TOBOH )KlfJIbI r. IOKcrrop B XI16I1HaX, npe.ll.CTaBJIHBlillfH C060H BeCbMa COBep

liIeHHYld nCeB.lI.OMOP¢03Y rro KPHCT3JIJIY 3rHpHHa (06pasell. 11. A. ITeTep
':HJIbe). I1S0TOrrHblH COCTaB 3TOro rpa¢I1Ta Xapalneplf30BaJICH BeJIlf'IlfHOH 

8CI3=-1,52%. MO)KHO rrpe.ll.rrOJIO)KHTb, 'ITO B rrpOll.eCCe 3aMeu.r.eHlf5I 3rHpH

Ha rpa¢HTOM lfMeJlO MeCTO reTepOreHHOe ¢paKlI.HOHHpOBaHlfe lf30TOrrOB yr

JIepO.ll.a, rrpHBe,mliIee K HeKOTOpOMY 0601I'au.r.eHHlO ero JIerKHM lf30TorrOM CI2 
rro cpaBHeHlflO C 60JIee TH)KeJIbIM yrJIep0.ll.OM 3H.lI.OreI1HOH CO2. 

B CHOrrOBH.lI.HO-BOJIOKHHCTOM KHaHlfTOBOM CJIaHlI.e HS illYYPYPTa (UeHT
paJIbHble KeHBbI) 6bIJI BCTpe'leH rpa¢HT, HMeBliIHH BeCbMa He06bI'IHbIH lf30-

TonHbIH COCTaB (8CI3=-4,70%). TaKOH lf30TonHbIH COCTaB xapaKTepeH 

JIlfliIb .lI.,JIH yrJIeBO.ll.0p0.ll.HbIX ra30B BepXHeH 30HbI OCa.ll.OlJHblX nopo.ll., KOTopble 

Bp5I.lI. JIlf MOrJIH lfMeTb OTHowelme K ¢OpMHpOBaHlflO HCCJIe.ll.OBaHI-IOro rpa¢li

Ta. O.ll.HaKO B nop0.ll.ax .lI.OCTaTO'IHO MHoro MaTepI1aJIa, HMelOllJ,ero HSOTOIl

HblH COCTaB B .lI.Hana30He 01' 6CI3=-2,0 .lI.O -3,2% (6HTYMbl, pacceHHHbIH 

yrJIepo.ll., CB060.ll.HbIH MeTaH), KOTOPbIH, Y'IlfTbIBa5I .lI.OrrOJIHlneJIbHOe 060rallJ,e

HMe JIerKlfM I1S0TOrrOM B npoll.ecce reTeporeHHoro ¢paKlI.I10HI1pOBaHH5I, Mor 

rrOCJIY)KI1Tb I1CXO.ll.lIbIM .lI.JIH ynOM5IHYToro rpaqJlfTa. 

B -reOXHMlfH 3H.lI.OreHHOro yrJIepo.ll.a, KaI{ MbI CTpeMI1JII1Cb nOKa3aTb paHee 

[4], cyu.r.ecTByeT HB-HO Bblpa)KeI-rHoe nO.ll.paS.lI.eJIeHHe MHHepaJIOB no H30Torr

HOMY cocTaBY Ha .lI.Be rpyrrrrbl - lf30TOrrHO-T5I)KeJIYlO 8C I3
cp=-0,7% (BYJI

KaHHlJeOKa5I yrJIeKHCJIOTa, aJIMaSbI, Kap60HaTHTbI, IOBeHHJIbHbIH MeTaH) H 

H30TOrrHO-JIerKYlO (paCCe5IHHbIH yrJIepo.ll., 6HTYMbI H3Bep)KeHHbIX nopo.ll.), 

Ka)K.lI.aH HS KOTOPbIX reHeTH'IeCKH CBH3aHa C O.ll.HOH H3 .lI.ByX JIHHrIH 3BOJIlOli.l1H 

yrJIep0.ll.a MaHTHH. • 

fpa¢HTbI, O.ll.HaI<O, BblIla.ll.aJIH HS 3TOH cxeMbl, 06pasYH rrO'ITH HerrpepbIB

HbIH H BeCbMa liIHpOKHH HHTepBaJI3Ha'IeHHH 8C13. B03MO)KHOCTb reTeporeH

HOro ¢paKlI.HOHHp013aHHH H30TonOB yrJIep0.ll.a npH 06pa30BaHHI1 rpa¢HTa. 

nO-BH.lI.HMOMY, rr03BOJIHeT OO'bHCHI1Tb rrpI1'II1Hy 3Toro HBJIeHl1H. He HCKJIlO'leHO, 

'lTO H HeKoTopbIe .lI.pYrHe I130TOrrHO-JIenrne <pOPMbI yrJIep0.ll.a H3Bep)KemlbIX 

H rH.lI.poTepMaJIbHO H3MeHeHHblX nopo.ll., H.lI.eHTH¢lfll.HpyeMble KaK pacceHHHbIH 

yrJIepo.ll. HJII1 6I1TYMbI, MoryT I1MeTb CBOHM HCTO'IHHKOM TH:>KeJIbIH yrJIepo.ll., 

aHaJIOrI1'lHbIH yrJIepo.ll.Y 3H.lI.OreHHOH CO2, a JIerKMM H30TorrHbIM COCTaBOM

(8CI3cp=-2,2-2,8 %), 06H3aHbI paCCMOTpeHHOMY MexaHHSMY ¢paKlI.HOHH
pOBaHHH. 

MbI 60JIee nO.ll.P06HO OCTaH1:)BHJIHCb Ha paCCMOTpeHI1H reTeporeHHoro 

¢paKu.I10HI1pOBaHI1H HSOTorrOB yrJIepO.ll.a, nplfBO.ll.Hru.ero K 060raru.eHlflO TBep

.lI.OH ¢aSbI JIerKHM HSOTonOM (nplf CHHTese rpa¢lfTa). Ho, KaK BH.lI.HO Ha rrpH

Mepe CHHTesa aJIMaSa, 3TOT 3¢<peKT M02KieT npOHBJIHTbC5I H B 060ramemm: 
TBep.ll.oH <paSbI TH)KeJIbIM I130TorrOM. HeT OCHOBaHHH C'lHTaTb, 'ITO 3TOT CJIy~ 
'laH flCQepnbIBaeTC5I aJIMa30M. I 

CJIe.ll.yeT rrO.ll.!.!epI{HYTb, 'ITO paCCMaTpHBaeMbIH MexaHH3M <ppaKu.HOHHPO
BaHI1H HMeeT KlfHeTH'leCKyro npHpO.ll.y If MO)KeT npOHBJIHTCH B OTJIHQHe OT 

TepMO.ll.HHaMlf'leCKHX H30TonHhIX 3¢<peKTOB npH BeCbMa BbICOKI1X TeMnepaTY

pax (iKaK no IHMeJIO MeCTO B '3Kcne-PHMeHTe - 10500 C). IT03TOMY OH MO)KeT 
npe.ll.CTaBJIHTb oc060e 3Ha'IeI-lHe .lI.JIH nOHHMaHlfH <ppaKlI.HoHHpOBaHHH HSOTO

rrOB B 3H.lI.oreHHbIX npOll.eccax. BnOJIHe B03MO)KHO, 'ITO 3<p<peKTbI nO.ll.06Horo 

pO.ll.a 06YCJIOBHJIH .lI.H<p<pepeHlI.HaII,HlO H30TOll'HOrO COCTaBa yrJIepO.ll.co,a:ep)Ka

JII,HX COe.ll.HHeHI1H TaIOKe H B yrJIlfCTbIX XOH.lI.pHTax. 

ITpe.il.CTOHT eu.r.e H3Y'lHTb 3aBHCHMOCTb HanpaBJIeHl1ll Ii Bemr'lHHbI pac

CMOTpeHHoro 3<p<peKTa OT TeMnepaTypbI, CKOpOCTJ-r KpI1CTaJIJIH3all.HH, xapaKTe

pa nO.ll.JIO)KKH, KOHlI.eHTpHpOBaHHH XHMH'IeCKOrO COCTaBa CB060.ll.HOH <pa3bI H 

T. e. 'lTO, nO-BH.lI.HMOMY, 06eu.r.aeT B KOHe'IHOM C'IeTe B03MO)KHOCTb HCnOJIb-

3'OBaHHH reTeporeHHoro <PlpaKlI.H'OHHp0.BaHH5I M30To-nOB yrJIep0.ll.a .lI.JI5I H3y'Ie

HHH IliHpOKoro Kpyra reOJIOlrI1'IeCKHX npOII.eCCOB. 
ITocTynHna B pe.u:aKUHIO 
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HETEROGENOUS ISOTOPIC EFFECTS ACCORDING TO CARBON 
DURING DIAMOND AND GRAPHITE SYNTHESIS FROM GAS 

E. M. GAL/MOV, V. S. PROKHOROV, D. V. FEDOSEEV, V. P. VARNIN 

Moscow Institute of Oil-Chemical and Gas Industry, Moscow 

The supposed mechanism ar.d possible role in geological processes of the earlier de
tected by D. V. Fedoseev, E. M. Galimov, V. P. Yamin and V. S. Prokhorov [1] pheno
menon of carbon isotope fractionation during physico-chemic:!l diamond and graphite 
synthesis from methane is considered. A model of the process is proposed being based on 
the idea about the different character of the kinetic isotope effect display at different rate 
ratio of the Vander Vaal and the activated adsorption, which allows to explain, why in 
the performed experiments graphite carbon is enriched in the l2C isotope and diamond 
carbon - in the l3C isotope in comparison with the carbon of the initial methane. A num
ber of geological examples is given, in which the peculiarities of the isotopic composition 
of natural graphites are satisfactorily explained by the manifestation of the heterogenous 
isotopic effect under consideration. 
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