
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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