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1 - OeCl\BeTHbJe aJlMa3bI; 
2 - OKparneHUhle aJl~m3bI; 
3 - OCanO'IRble KapOOIIaTbI; 
4 - aHnOreHHafl CO.; 
5 - rpaqJI'T pa3J1Il'IHOrO re­

ne3Kca; 
6 - OpraHH'IeCKOe BelI\eCTBO 

II OHTYMbI ocanO'lUblX no-

pan (Talmii me I'30Ton­
Hblii COCTaB HMelOT OI1TY­
MbI 11 paccemIHblJi yrJlc­
pan lf~nepl}{eHHbJX nopon) 

7 - He<jJTb; 
8 - MeTaH ra30He<jJTflHblx Me­

CTOpOl}{neHlfii 

Puc. 2. <DpaRIJ;lWHI1pOBaHlJe 1130TOlJOB yrJIepOAa rrpll o6pa30BaH= amra30B B rr30TOlIHOM pas­

HOBeCl!UI C coeAIIHemHlMH yrJIepoAa: CO~-' CO2, Crpa<jJ;IT' CsH12' CH4 , CO (K OIJ;eHKe B03-

MOmHOCTH 06pa30BamHI aJIMa30B Ji3 pa3JHI'UiOrO TllITa llCXOAHbIX BeIIJ;eCTB). IlpHpOAnaa 
pacrrpOCTpaneHHOCTh II30TOnOS yrJIepOAa B OCHOBHbIX ImaCCaX yrJIepOACOAepmarrvIX Be­
IIJ;eCTB 

nOJIh3YHCh 3THM rpalPHKOM, MOmHO Onpep;eJIHTh, I,aKOBa p;OJImHa 6h1Th Be­

JJH'lHHa H30TOnHOro 3lPlPeKTa H npH KaROH TeMnepaType MoryT 06pa30BaThCH 

aJIM a 31,1 CO Cpep;HRM H30TonHhIM COCTaBOM 8 C I3 = -0,6% H3 pa3JIH'lHhIX 

npHpop;HbIX MaTepHaJIOB. CMem;aH nm aJI hI a 11 8 cta, MomHO onpep;eJIHTh TO 

me caMoe p;mI aJIMa30B JIl060ro H30TonHoro COCTaBa. 

PaccMoTpHM, HCX0l-VI H3 p;HarpaMMbI Ha pHC. 2, B03MomHhle YCJIOBHH 06pa-

30BaHHH aJIMa30B H3 pa3JIH'lHhlX coep;HHeHHH yrJIepop;a, yqHTbIBaH npHpOp;HYIO 

pacnpOCTpaHeHHOCTh H30TonOB yrJIepop;a H p;onYCTHMbIe npep;eJIbI HX lPpaKIl.H­

OHHpOBaHHH. 
CUCTeMa C O 2 - CaJlM • 1I30TonHbJH COCTaB KOMnOHeHTOB paBHoBecHoH 

CIiCTeMbJ onpep;eJIJIeTCH 1I30TOnHbIM COCTaBOM ROJIII'leCTBeJlJlO npe06JIap;awm;ero 

KOMnOJleJlTa H KoacpcpHIJ;HeHTOM pa3p;eJIeHHJI H30TonOB Me}KP;Y p;aHHl>IM COep;IIHe­

HHeM H npe06JIap;aIOm;HM ROMllOHeHTOM . ECJIH paBHOBeClie p;OCTlIrJlYTO, ROHR­

peTHl>IH MexaHH3M o6pa30BaHHJI aJIMa3a He HrpaeT POJIIi. 

Pa3p;eJIeHUe H30TonOB MaRClIll1aJIbHO npll HH3KlIX TeMnepaTypax H aCIDIIlTO­

TII'leCIUI YMeHhmaeTCJI C ee nOBblmeHHeM. n pH TeMnepaType 250 
C 

a (C02/Ca m , ) = 1,014, T. e . yrJIepop; aJIMa3a Ha 1,4 % 060ram;eH H30TonOM 

CI2 OTHOCHTeJIhHO yrJIepop;a CO2; IIpH TeMIIepaType 3000 
C 3TO 0 60ram;eHHe 

COCTaBJIJIeT 0,8 %, IIpli em;e 60JIee BbICOKHX TeMnepaTypax OHO YMeHbmaeTCH 

P;O COThlX p;OJIeH IIpOIJ;eHTa. 
TaK RaK B CIiCTeMe CO 2 - C a.nM yrJIepop; aJIJI1a30B 060rarn:aeTCH 1I30TOnOM 

C12, JI30TOnHO-TJI}KeJIbJe aJJJ"Ia3bI (T. e . t'\C13 = -0,6 %) Hli IIpli RaKlix yCJIO­

BIIJIX He MoryT ClIJlTe3l1pOBaThCJI 113 60JJee JIerROH yrJIeRIICJIOTbI. 

CHcTeMa CaJlM -- CO . XapaKTepHbIM OTJIH'llieM 3TOH CIiCTeMbI OT paccMoT­

peJlHOH Bblme JIBJIJIeTCJI TO, 'lTO npll paBIIOBeCli1i 1I30TOIIJlorO 06l11eIIa B 3TOH 

CIiCTeMe aJIMa3 060ram;aeTCJI TJI}ReJIbIlI1 1I30TOIIOM yrJIepop;a. 8TO 3IIa'lIlT , 

'lTO CIiCTeMa C aJlM - CO Ilpll06peTaeT 3J1a'leHlIe IIpli paCCMOTpeHHH B03MOiKHO­

ro IlPOIlCXQrHp;eHIIJI 1I30TOilHO-TJIiKeJIbJX am.la30B 113 R30TOnHO-JIerRoro IICXOP;­

Horo yrJIepop;a . lIT06bI aJIMa3bI B pe3YJIhTaTe 06MeIIa npll06peJIli 1I30TOnHblH 

COCTaB, xapaKTepIl3YIOrn:IIHCJI BeJJII'lIiHOH ('ICl3 = -0.,6%, npll 1I30TOnJlOM 

COCTaBe IICXOp;HOro (HanpHMep, opranoreIIlIOro) yrJJepop;a, B cpep;HeM paBHOM 
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~C~~ = -2,5% , 06MeHHaH ClICTeMa AOJImHa XapaKTep1I30BaTbCH KOa<p<plITf;lI~ 
eHTOM pa3AeJIeHlIH 1I30TOnOB ex = 1,018. B ClICTeMe C aJIM .:..... GO nOAo6Hoe 

pa3AeJIeHlIe B03MomHO nplI TeMnepaTypax He CBI>lme 260° C (CM. plIC. 2). 
ClICTeMa Calix - CH 4• <llpaKD;lIoHlIpOBaHlIe B 3TOH, ClICTeMe llMeeT TO me 

HanpaBJIeHlIe, 'ITO 11 B ClICTeMe C MM - CO, HO C MeHbnrnM K03<p<pliD;lIeHTOM 

pa3AeJIeHlIH. 

CUCTeMa Call,M - C!'P' ' Pa3AeJIeHlIe 1I30TonOB B 3TOH ClICTeMe He3HaqlITeJIb­

HO (CM. plIC. 1), 3HaqlIT, aJIMa3bI MOrJIlI 06pa30Ba TbCH TOJIbKO 113 rpacPUTa 
aHaJIOrlIqHOro 1I30TonHoro COCTaBa. 

CUCTeMa CO;- - C alDl • Rap60HaTbI B nplIpoAe UMeIOT AOBOJIbHO mlIpOKlIiI 

AlIana30H 1I3MeHeHlIH 1I30TonHoro COCTaBa. 8TO OCJIOmHHeT OAH03Ha'1JHhlH 

aHaJIlIS AaHHOH ClICTeMhl, TaK KaK B nplIpoAe MomHO nOA06paTb Kap60HaThl 

TaKoro }Ke lISOTonHoro COCTaBa, KaK Y aJIMa30B. 

,1];0 Te1>mepaTypbI npU6JI1I31ITeJIbHO 6000 
C <ppaKD;lIoHlIpoBaHlIe B ClICTeMe 

CO;- - C MM AOCTaTOqHO AJIH CMeID;emIH 1I30TonHoro COCTaBa yrJIepOAa 

U3 06JIaCTlI 3HaqeHUH, TlInlIqHbIX AJIH OCalW'IHhlX Kap60HaToB (~C13 = 
-0,1 %), B '06JIaCTb SHaqeHlIiI ~C13, xapaKTepHhlX AJIH aJIMaSOB (~C13 = 

= -0,6%). 
06pa30BaHlIe 1I30TOnHO-JIerKlIX pasHoBlIAHocTeH aJIMa30B B ClICTeMe CO;--

- C allM HeB03MOmHO. 

CUCTeMa CanM - COP!' (C5H12)' Ha :nOH ClICTeMe CJIeAyeT OCTaHOBlITbCH, 

TaK KaK HeKOTOphle lICCJIeAOBaTeJIlI AonycKaIOT B03MOmHOCTb 06paSOBaHlIH 

aJIMa30B 113 OpraHlIqeCKorO BeID;eCTBa OCaAOqHhlX nopoA 11 He<pTU [4]. 
RaI, ynoMlIHaJIOCb, HaMlI C A. A. liB.1IeBbIM lIsyqaJIOCb paSAeJIeHlIe 1I30TO­

nOB yrJIepOAa B ClICTeMe CH4-C2H6-C3Hs-C4HIO. B 3TOH ClICTeMe C 

YBemrqeHlIeM MOJIeKYJIHpHoro 'Boca rOMOJIOrOiB 'K03cPcPlIqJiIeHT pa3AeJIeHlIH ex 

MemAY coceAHlIMlI napaMII YM6HbmaeTCH. HanplIMep, eCJIII B ClICTel\1e 

CH4-C2H 6 nplI 25° C ex = 1,0162, TO 'B OJreTeMe C 4HIO-CsHI2 K03cPcPlID;lIeHT 

paSAeJIeHIIH nplI Tex }I{e YCJIOBlIHX paBen 1,0018. 8TO 3Ha'llIT, 'ITO cnoc06-

HOCTb K 1I30TonHOMY 06Meny B BhlCOKOMOJIeRYJIHpHbJX coeAHHeHIDIX BbIpaBHII­

naeTCH. TI03TOM:Y eCTb OCHOBaHlIH nOJIaraTb, 'ITO TepMOAIlHaMlI'IeCRlIe cPYHK­

D;1I1I HalI60JIee BhTCO'J{OMOJIeKY3JHpilOrO lIS paCC'IIITaHlIhlX AO ClIX nop coeAIIHe­

HlIH, a lIMeHHO CSHI2, C AOCTaTOqHOH CTeneHbIO TOqHOCTII xapaRTeplI3YIOT 

nOBeAeHlIe B IIsoTonHo-o6MeHHhlx peaKD;lIHx BhlCOKOMOJIeKYJIHpHhlX OpraHlIqe­

CIrnX coefl:lIHeHlIH Boo6ID;e (HecPTlI, OpraHII'IeCKOrO BeID;6cTBa) • 

Ha pRC. 2 3aBlIClIMOCTb R03cPcPlIulIeHTa RSOTonHoro 06MeHa C aJIM-CSHI 2 

OT TeMIJepaTYPhl npeACTaBJIeBa COOTBeTCTBYIOID;eH RPHBOH, KOTOpyIO MomHO 

IHITepnpeTlIpOBaTb RaI, TeMIJepaTYpHYIO 3aBlfC.lIMOCTb C aJIM-COpr lIJIlI 

C aJIM-CHeIjJTb. li3 rpacPl!Ra CJIeAYeT, 'ITO B Y CJIOBlIfiX 1I30TOITHOrO paBHOBeClIH 

aJIMaS C 1I30TonHbIM COCTaBOM 6C 13 = -0,6 % B AlIana30He nplIeMJIeMbIX 

TeMnepaTYP (paBHoBecHaH TeMnepaTypa COCTaBJIHeT 80° C) He MomeT 06pa30-

BaTbCH R3 OpraHlIqeCKorO Bem;ecTBa lIJIlI HecPTlI C xapaKTepHbIMlI AJIH HlIX 

SH3'1eHlIHMlI 6C 13 B npeAeJIaX OT - 2,4 AO.-- 3,4 %. HOBo06pa30BaHlIe 1130-

TOnHO-JIeJRIIX paSHOBlIAHOCTeH aJIMaSOB sa C'IeT OpraHlIqeCKOrO yrJIepOAa He 

3anpeID;eHO BO BceM fI:lIana30He TeMnepaTYP BbIme 250° C. PesYJIbTaTbI npo­

BeAeH'Horo BbIme aHaJIlI3a paBHOBeCHbIX ClICTeM nOAhlTomeHhl B Ta6JI. 2. 
B n;eJIOM aJIMaShl no H30TonHOMY COCTaBY He MOry'f saMeTHO OTJIlI'IaThCrr 

OT IIcxOAHoro yrJIepoAa. B npeAeJIbHOM cJIY1!ae, T. e. nplI Ha1I60JIee HR3!KlIX 

TeMnepaTypax, OTRJIOHeHlIe 6Cf3 aJIMa30B OT BeJIlI'IlIHhl 60 3 lIcxoAHoro yrJIepo­

Aa MomeT COCTaBlITb B saBlIClIMOCTlI OT xapaRTepa 06MeHHoH ClICTeMhl ± 0,5 % . 
TeOpeTlI'IeCRlIH aHaJI1I3 TepMOAHHaMlI'IeCROH YCTOH'llIBOCTlI aJIMa30B [23, 

42, 46] 11 OlIIhlTbI no lOOKYOCTBeHHOMY mrHTe3Y [2, 5] IlIQRa3hlBaIOT, 'ITO RpID> 

TaJIJIlISan;lIJI aJIMaSOB oCYID;eC'l'BJIHeTCH B YCJIOBlIHX BhlCOKIIX AaBJIeHlIll 

(P > 50 1£6ap) II TeMnepaTYP (T> 1500° C). B ()TIIX YCJIOBIIHX IISOTonHO-

THmeJIhle aJIMa'3hl (6 C~~ = -0,6 %) npaKTII'IeCRII MorYT 06pa30BhlBaTbcH 
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