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t:. M. Go I i IV1bJ 

3. M. r AJIHMOB 

'PrO IS kh 0 &den i e. 0 krash&enn' kh A (YrI azoV 
llPOHCXO*J];EHIIE OKPAillEHHblX AJIMA30B 

OKpameHIThle aJIMa3hl HBJIHIOTCH OTHOCHTeJIbHO MaJIOpacnpoCTpaJIeHHOH 

pa3HOBH,ll;HOCTbIO ;:lToro MHHepaJIa, npep;CTaBJIeHHOH, 3a pep;RHM HCRJJIO'IeHHeM, 

MeJIRHMH RpHCTaJIJIaMH HeconepmeHHOH CPOPMhl, HMeIOID,HMH D;BeTa HeOJIarO

pOP;HLIX OTTeHROB, 'IaCTO HeIIp03pa'IHbIMll. IIocTaHoBRa Bonpoca 0 npOHCXO}R

p;eHHH HMeHHO ORpameHHbIX pa3HOBHp;HOCTeH aJIMa30B Bhl3BaHa TeM, 'ITO HX 

yrJIepop; HMeeT HeOOhl'IHhlH H30TOIIHhlH COCTaB. OTOT cpaI{T p;OJIrReH HaHTH CBoe 

MeCTO .B paMRax OOID,e.ro npep;CTaBJIeHHH 0 npOH.cxomp;eHHH npHpO,ll;HhlX aJI

Ma30B. 

IIpHBJIe'IeHHe H30TonHoro aHaJIH3a YrJIepop;a, HeCOMHeHHO, OTRPhlJIO HOBbIe 

acneRThl reOXHMHH aJIMa3a. i:ho BnepBhle OhlJIO Cp;eJIaHO A. II. BHHorpap;oBhlM 

Hero cOTPYP;HHRaMH B cepHH paooT [7-9]. PaHee HMeJIHCb JIHmb OTp;eJIbHhle 

onpep;eJIeHHH H3OTonHoro COCTaBa aJIMa30B, BhlnOJIHeHHhle r. KpeiiroM [20] 
H <1>. BHRMaHoM [50] I. 

HaHOOJIee npHMe'IaTeJIbHO nOCTOHHCTBO H,30TOIIIIOI'O COCTaBa aJIMa30B H3 

pa3JIH'IHhlX paHoHoB MHpa. Onpe)l;eJIemm, BbIITOJIHeHHhle Ha oecD;BeTHhlx I{PH

CTaJIJIaX, nOI{a3aJIH, 'ITO yrJIepop; aJIMa30B xapaRTepH3yeTcH cpep;HeH BeJIH'IH

HOH 60 3 = -0,6% npH BeJJH'IHHe CTaHp;apTHoro OTRJIOHeHHH Bcero ±O,15%. 
A. II. BHHorpap;oB [9] H O. II. KponoToBa [21'], HCCJIep;OBaBnrne nOMHM,) 

aJIMa30B p;pyrHe CPOPMhl yrJIepop;a RHMOepJIHTOB, YCTaHOBHJIH, 'ITO H30TonHLlti 

COCTaB yrJIepop;a YTJIeRHCJIOThl, Bhlp;eJIeHHOH H3 RHMoepmrTOB I{HCJIOTHOH oopa

OOTROH (<'Ie 13 = ~68 % ), H3XOP;HTCH B ITOJIHOM COOTBeTCTBHH C H30TOITHhIM 

COCTaBOM aJIMa30B (6e13 = -0,71 %) H3 Tex me TPyOOR. AHaJIOrH'IHhIH H30-

TOnIThlH COCTaB IDieJI rpacpHT H3 YJIbTpaOCHoBHOH nopop;hl: ('le 13 = -0,65 % 
[9, 30]. :::ho n03BOJIHJIO paCCMaTPHBaTh rpacpHT YJIhTpaOCHOBHLIX ITOpOP; MaH

THII, a TaRme 8Hp;oreHrryIO yrJIeRHCJIOTY 13 Ra'IeCTBe Hcxop;Horo yrJIepop;a aJI

Ma30B. 

Op;HaRo B OP;HOH H3 nOCJIe,n;yIOID,HX paooT A . II. BHHorpap;oBhIM, O. II. Kpo

IIOTOBOH, 10. JI. OPJIOBhlM H B. A. rpHHeHRo [8] OhIJIH npHBe,n;eHhl pe3ymTa

Th! )l;ByX onpep;eJI8HHH H30ron:aoro CIOCTarna RapOOHa.!l;O ('IepHOrO IIBeTa) H3 

Bpa3HJIHH C HeOOhl'I'HLIM 1R30TOlIlHhlM COCT3iBOM (60 3 = -2,8 %), no noso,n;y 

'Iero aBTophl OTMeTHJIH, 'ITO (<OTJIH'IHe H30TOnHoro COCTaBa 3THX pa3HOBHp;HO

CTeH aJIMa30B MOa{eT OO'hHCHJlTLCH p;ByMH npH'IHHaMH: JIHOO HCTO'IHHRH yrJIe

pop;a RapooHd;:I;o HHhle, 'IeM OOhl'IHhlX aJIMa30B, JIHOO npH oopa30BaHHH Rap

OOH<mO HMeeT MeCTO RaROR-TO cyrn,eCTBeH¥O HHOR MexaHH3M oopa30BaHHH, 

conpOBom,n;aIOID,HRCH R TOMy me cppaRD;HOHHpOBamleM H30TOITOB yrJIepo,n;a» . 

B. r. BaCHJIbeBhlM, B. B. KOBaJIbCRHM H H. B. qepcRHM [ 4] B CBH3H 

C 3THl>1 OhlJIO c,n;eJIaHO npe,n;nOJIOmeHHe, 'ITO, B03MomHo, H p;pyrHe ORpame1l'Hhle 

pa3HOBHp;HOCTH aJIMa30B HMeIOT H30TonHhlR COCTaB, OTJIH'IHhlR OT YCTaHOB

JlefCHOH cpe,n;HeH BeJlH'IHllhl 6et 3 = -0,6 %. 

I B OTe'leCTBeHHOR JIHTepaType lIO aJIMaaaM IIO'leMY-TO lIOJIY'lllJIa paClIpO.CTpaaeHHe 
CChl.1rna H a pa60TY Heiiray3a H Meiiiepa [46], XOTJI TaM lIMeeTClI JIHIDh KpaTKoe yn(l
MHHaHHe 0 paaJIH'lHH C13/C1 2 aJIMa30B H OpraHI!I"IeCROrO Be~eCTBa co CChlmmMH d& 
nepBOlICTO'lHHIUI: pa60TY r . KpeRra H 1I3BecTHYIO 0630PHYIO pa60TY K. PaHRaMhI. 
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i:)NcncpHMCHTaJIbHbIC AaHHbIC 

IIo npCAJIOmCUHIO B. B. l\oBaJIbCKOrO [19] B HamCH JIaOOpaTopHB ObIJI 

npOaHaJIHSHpOBaH HSOTorrHbIH COCTaB yrJICpOAa CCpHH npC)1;ocTaBJICHHbIX HM 

oI<pamcHHbIx aJIMaSOB HS HI{YTHEI (n6JI. 1) I. H:aK BH)1;HO HS TaOJI. 1, HapH)l;y c · 

BCJIWUIHaJlffi, OObPIHbIMH )1;JIH aJIMaSOB, saqnmcHpoBaHbI SHa'ICHIIH eGI3, OTBC

'Iarom;l1Ic saMCTHOMY oooram;CHHIO aJIMaSOB IISOTorrOM GI2. Bcc 'ICTblPC HPHC

TaJIJIa I1IS MCCTOPOiI{)1;CHI1IH 80::lJIHX 060ram;CHbI JICrHHM HSOTorroi.{ (eGI 3 OT 

-2,14 )1;0 -2,22 %). GpC)l;H aJIMaSOB I1IS TPYOlill «MHP», r)1;C paHCC rrpOanaJIII

<ll1lpOBaHHblii: OCCU;BCTHbIH oopascu; I1IMCJI eGI3 =-0,54 % [9], HaMH B TpCX 

,(mpamCHHbIX oopasu;ax orrpC)1;CJICH aHaJIOrH'IHbIH HSOTorrHbIH COCTaB (eG 13 = 
= -0,50; -0,59 II -0,61 % ), HO TaM }HC OOHapYiI<CH aJIMaS, oTJIH'IaIOII.\HHcB 

.fl.rr0Jl13JlbHO BhICOIWiit HOHU;CHTpaD;l1Icii: JIcmoro HSOTorra (eGl3 = -3,23 % ). 

Ta5J111I~al 

HaoToDubtil COCTBB OJ<paweHllbIX paaHODIIAHOCTefl fil'Y'I'CRIIX ;MMaaOIl 

MeCTOpO}l;AellIIC O"pacJ<a 
IB ec HPIlCT3J1-

Jla, J\tZ lie" , % 

Tpy6J'U «l\1np » CepaJI 82,5 -3,23 
» » » 66,7 -0,59 
» » » 57,0 -0,61 

Tpy6Ka (1 AJiixaJI» 3eJIeIlOBUTO-meJITUJI 56,0 -0,66 
» » iReJITOBaTO-CepaJI 55,0 - 1,07 

» CepaJI 76,0 -0,79 
» » 48,0 -0,52 

MecTop0a\AeIlHe 36aJlJIX TeMIlO-CepUJI 135,8 -2,14 
» » PblmeBaTO-CepaJI 56,0 -2, 18 
» » 48,5 -2,22 
» » 33,0 -2,14 

TaKI1IM oopasoM, OKaSaJIOCb, 'ITO oooram;CHIIOCTb aJIMaSOB HSOTorrOM 0 2 - . 

,n;OCTaTO'IHO pacrrpOCTpaHCHHOC HBJICHHC . XapaHTcpHO, 'ITO npHcym;c OHO, CCJII1I 

HCXO)1;HTb ilIS AO ,crrx nop npOaHaJIHSl1IpOBaHHbIX oopaSU;OB, I1IMCHIIO OI{pamCH

HLIM paSHOBH)1;IIOCTHM. 

Ha pHC. 1 npI1lBC)1;CHbI B BH)1;C rHCTorpaMMbI onYOJIHIWBaIIHbIe PCSYJIbTaTbI 

aIIaJIII3a aJIMaSOB, SaHMCTlBOBaHHblC HS paooT r. l\pcHra [20], BIIHMaHa [50], 
A. II. BHHOrpa)1;OBa C COTpY)1;HlII<aMH [9], O. II. l\ponoToBoH [21], a Tal{mC 

HamlI onpC)1;CJICIIHH. Ol{parnCHHblc paSHOBH)1;HOCTH, BI{JIIO'laH )1;Ba oopasu;a l{ap

OOIIa)1;O, onpC)1;CJICHHbIC B paooTc [8], BbI)1;CJICHbI Sa'lCpHCHHCM. 

GoncpmcHHo OT'lCTJIHBO npOHBJIHCTCH CJIC)1;yIOm;aH SaIWHOMCPHOCTb : B TO 

:npCMH Hal{ 6cCD;BCTHhlM aJIMa3aM HS paSJIII'lHbIX MCCTOPO}H)1;CHHH CBOHCTBCHHO 

Y)1;IIBIITCJIbHOC C,WIHCTBO HSOTonHoro cocTaBa, OI{pamCHHblc pasHoBIIAHOCTH 

xapaJ{TCpHSYIOTCH mHpoHHM pH)1;OM 3Ha'lCHHH eGI3: OT -0,5 )1;0 -3,2%. B cc 

CJIY'laH oco60ro o6oram;cmIH aJIMaSOB JICrHHM HSOTonOM G 12 OTHOCHTCH l{ OHpa

mCHHbIM HpHCTaJIJIaM. IIpH aTOM cym;ecTBeHHa He CTOJIbHO 060ram;eHHOCTb 

1 Orrpep;eJIeHIIJI II30TOIIHoro COCTUBa yrJIepop;u IIpOBOAIiIJUrCb lIa Mucc- crreRTpOMeTpe 
M11-1305 B pea\IlMe rrpeIl,1iI3HOHHbIX 1iI3MepeHlIH C P;BYMJI-TpeMJI HOHTPOJIbHhIMll anaJI.Il.-
3aMlI. BbI'H!CJIennaJI IIorpemnocTb orrpep;eJIenJ1JI ± 0,02 %. llollroToBHa rrpo6 ocyme
CTBJIJIJIaCb Ha YCTalloBHe COm,ReHIlJI no MeTOp,lll{8, omrcaHHoR pa'IIee [11]. DeJI]l'lHHhI 
{lC13 OTBieceHhI K cTanp;aIYTY PDB 1I CBJI3aHbI C BeJI>lI'lIDJOH Cl3jCI2 OOOTHOmeH1reM : 

(

' C13/ C12 ) 
GCl3 = 1123,72.10 5 -1 . 100%. 
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PRe. 1. rHCTorpaMMa pac
upeAeJIemm 1!J30TOUHoro co
CTaBa uPHPOAHhlX aJIUa30B 

1 - OeCl\lleTHl>le amtaSbl, a Taw 

me OopaSl\bI, HOTopble npennoJla
ralOTCIJ GeCl\BeTHbIllUI (B 'rex CJlY

'IalJx" Horna 11 OIDIcamnl HeT 

YHasaHuA); 
2 - OHpameHHble aJl1l1aSbi 

n;BeTHhlX aJIMaaOB JIerKllM H30TOrrOM, CKOJII>KO mHpOIrnii AHarraaOH BapHan;Hii: 
HX HaOTOrrHOrO COCTaBa. 

OlJeBHAHO, OKpameHHOCTI> aJIMaaOB H HeOOI>IlJHhlH HaOTOlIHI>IM COCTaB HX 

yrJIepOAa HaxoAHTcH B orrpeAeJIeHHOH CBHan. Hnme Mhl llorrhlTaeMCH paCCM , 

TpeTb BoaMomHbie ee lIPHlJHHbl. 

lIaoTorrHble paBHoBecHH 

MaoToIIHhlH ,CQCTa!B aJIMa301B M'OmeT' IC;rrymHTI> '1iIiHAHKa'l10pOM HCXOAHoro 

yrJIepOAa. OAHaKo rrpHMhle corrOCTaBJIemIH orraCHhl, TaK KaK B rrpon;ecce Kpn

CTaJIJIllaan;HH BoaMomHO cppaKn;HOHHpOBaHHe HaOTorrOB, BCJI"eACTBHe KOToporo 
HaOTOllHhlH COCTaB aJIMaaOB MomeT OKaaaTI>CH OTJIlllJRhlM OT HaOTorrHoro coc

TaBa YrJIepO'Aa HcxoAHOro Bern;etCTlBa. 

TepMoJ(HHaMnqecKlle CPYHKn;1HIH (~-<paKTophl HJIll O'l1HOmeHHe CTaTCY'MM lIO 

COCTOHHHIO), orrpeAeJIHIOIn;He <ppaKn;HOHHpOBaHHe HaOTOllOB B HaoTollHo-OO

MeHHhlX pea'K1:~~IHX, AJIH 003
2-, .00, CO2, H CaJIM OblJIH iBbli'llIJCJIeHhl IOPH [49], 

a AJIH CH4 - r. Rpeii:roM [20]. B rrOCJIeAHee BpeMH rrOHBHJIaCb BoaMomHOCTI> 
oOJlee lIOAPOOHOrO TepMOAHHaMJrq'eCKoro aHaJIHaa yrJIepOACOAepmarn;HX CHC

TeM. HeAaBHo BOTTHHra [31] BbPIHCJIHJI OTHomeHHe CTaTCYMM A'JIH HaOTorr

HhlX <POPM rpa<pHTa, a B Hameii: JIaOOpaTopHH A. A. MBJIeBbIM pemeHa aaAa

lJa Ollpep;eJIeHHH ~-CPaKTOpOB AJIH MHOrOaTOMHbIX MOJIeKYJI YrJIeBOAOpOAOB 
CH4, C 2H 6, C 3H s, C SHI2, a TaKme OeHaOJIa H To;rryOJIa. 

TaKHM oopaaoM, Terrepl> HaB9CTHbI TepMOAHHaMHlJeCKHe HaOTorrHbie 3<P

<peKThl H aaBHCHMOCTH K3<P<PHn;neHToB paaAeJIeHHH a OT TeMrrepaTyphl AJIH 

OOJIbmHHCTBa coeAHHeHHH yrJIepOAa, KOTOPbIe MOryT ObITb rrpHlJaCTHbI K 00-

paaOBalllJIO lIpHPOAHhlX aJIMaaOB. II03TOMY BoaHHKaeT rrpHHn;HllHaJII>Hall B03-

MomHOCTb YCTaHOBHTb TepMOAHHaMHlJecKH paapemeHHhle T.eMrrepaTypHbIe 

rrpeAeJIbI oopaaoBaHHH aJIMaaOB Ha paaJI:HqHI.IX Bern;eCTB HJIH, HaooopoT, aaAa

BaHCI> TeMrrepaTYPoH, On;eHHTb Kpyr rrpHpop;HbIX OO'.beKTOB, crrocooHbIX ObITb 

HCTOlJHHIWM yrJIepOAa aJIMaaOB. 

RpHBbIe aaBHCHMOCTH OT TeMrrepaTypbI K03<PCPHn;HeHTOB paaAeJIeHHll Hao

TOllOB M:eml];y yrJIepOAOM aJIMaaOB H yrJIepOAOM COOTBeTCTByrorn;ero COeAHHe

HHll lIpHBeAeHbl Ha pHC. 2. 110 OCH OPAHHaT OTJIOmeHa BeJInqHHa (a -1) .102
; 

rrapaJIJIeJIbHO OCH rrpoBeAeHa BepTHKaJIbHaH mKaJIa BeJIHlJHH ' {} C
l3 

H YJ{aaaHbI 

xapaKTepHble rrpeAeJIbI eCTeCTBeHHOH pacrrpOCTPaHeHHOCTH HaOTorrOB B OCHOB

HblX KJIaCCaX yrJIepOACOAepmaIn;HX coeAHHeHHH. TaR RaJ{ ('ll - ('l2 = 
= (a -1) , 102, ooe IIIKaJIhl OTBelJaIOT OAHHaROBOMY MacmTaoy HaMeHeHHII 

HaOTorrHoro COCTaBa. illRaJIhl COBMern;eHbI TaKHM oopaaOM, lJTOObI BeJIHlJHHU 

a = 1,000, T. e. JIHHHH C amr Ha rpa<pHRe RpHBbIX <ppaRn;HOHHpOBaHHH, OTBe

'IaJIa cpeAHeMY HaOTorrHOMY COCTaBY OCHOBHOii: rpyrrlll>I RpHCTaJIJIOB aJIMaaa 

(('lCI3 = -0,6 %) Ha rpa<pHRe rrpHpoAHOii pacrrpocTpaHeHHocTH. 
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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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Tat'iJIlIQa2 

AonYCTllMble TeMnepaTypOLle npeAeJILI 06paaOBaHUII aJIMa30B U3 pa3J11I~HLlX ucxOAOLlX oenwc'TO 

TeMnepa TYPOblii npe)l;eJI TeMnepaTYPHblH npe)l;eJI 
IIpeooJIa)l;aIOlI\utl (B · e) oopaaOBaOUH (B · e) oopaaOBaHl1H U30-

IICXO)l;HbIH yrJIepO)l; I<OMnOHeHT 1130TonHO-THif\eJIbIX TOIIHO- JIerKHX aJIMaaOB 
CHCTeMbl aJlMaaOB (5eg = - 0.6%) (5C6; = -2,2%) 

Rap6oHaTHhli1 ymepop; COs2- ~640 ~25 

(6ClS = -0,1 %) CO2 ~650 HeBo3MotlUTO 
CO HeB03MOH{l,O » 

8Hp;oreHHhrii: yrJIepop; CO2 lIpa JII060ll t > 800 » 
(6 1S = -0,7 %) Crp » » t> 100 » 

CO » 11 t > 900 » 
fpa<pIIT, opraHoreHHblH C5HI 2 (Copr) ~60 IIplI JII060H t > 300 
ymepop; (6CIS = -2,5%) Crp HeBo3MoHHlO » » t > 100 

CO2 » » » t > 560 
CO ~270 » » t > 900 

l\'leTarr ocap;OlIHblE: CH4 ~50 ~140 

(6CIS = -4,5%) CO ~ 125 ~250 

TOJIbHO HS paSJIH'IHhlX <POPM <lHp;OreHHoro yrJIepop;a (() C13 = -0,7 %). AJIMa-

3M, o60ram;eHHMe JIerKHM HSOTOnOM (C YCJIOBHOii: cpeAHeii: BeJIH'IHHoii: () C13= 

= -2,2 %), O'IeBHAHO, HMeIOT CBOHM HCTO'IHH~OM yrJIepop; rpa<pHTOB COOTBeT

CTBYIOm;ero HSOTOnHOrO COCTaBa. 

Ball{Ho OTJlfeTHT:b, 'ITO HHHalme BapHan;HH TeMnepaTypHMX YCJIOBHH HJIll 

KOJlfnOHeHTHOrO COCTaBa He MorYT npHBeCTH K <POpJlfHpOBaBHIO HSOTonHO

THIKeJIMX ({)cg = -0,6%) H HSOTOnHO-JIerI{HX ({)C~~ = -2,2%) nJIMa-

30B HS ep;HHoro Hcxop;Horo ymepop;a. IIocl{oJI:bHY cpep;H OKpameHHMX paSHO

.BHp;HocTeii: aJIMaSOB BCTpe'IaIOTCH HaH Te, Tal{ H P;PyrHe <POpMM, <lTO OSHa'IaeT, 

"lITO HCTO'IHHKOM OKpameHH:blX aJIMaSOB p;ame B npep;eJIax OAHOH TPy6l{H 

BspbIBa (HanpHMep, «Mnp»), 'CJIymHJI yrJIepOlJlH'CTbIH MaTepHaJI paSJIH'IHOH 

npHpOp;:br. B <lTOM COCTOHT cym;ecTBeHHoe OTJIH'lHe OHpameHHbIX aJIMaSOB OT 

6eCn;BeTH:bIX KpHCTaJIJIOB. 
TaHHM 06paSOM, paCCMOTpeHHe H30TonHbIX p;aHHbIX npHBop;HT I{ B:blBOP;Y, 

'ITO 6eCn;BeTHhle aJIMa3hl 06paSYIOTCH HS ep;HHoro HJIH BO BCHl{OM CJIy'Iae XOpO

mo rOMoreIIH3HpOlBaHHoro HCXOAHoro yrJIepop;a. HanpOTHB, YCJIOBHH I{pHCTaJI

JIH3an;HiH OHpameHHMX aJIM·aSOB TaI{oBbI, 'ITO B npon;ecc aJIMa3006pa30BaHHH 

BI{JIIO'IaIOTCH BeCbMa pa3Hopop;Hble HCTO'IHHI{H yrJIepop;a. QT06bI YHCHHTb, 

Kal{HM 06paSOM 3TH YCJIOBHH OKaSMBaIOT BJIHHHHe Ha OHpaCI{y a JIMaSOB, 

Heo6xop;HMO p;aJIee OCTaHOBHTbCH Ha BOSMomHOM MexaHHSMe OHpamHBaHHfl 

aJIMaSOB. 

npHpo~a OKpaCKH aJIMaaOB 

OKpaO'Ka l{pHCTaJIJIOB, KaK HSBeCTKO, 06YCJIOBJLeHa nOrJIOm;eHHeM <lJIeI{TpO

HaMH <POTOHOB, <lHeprHH KOTOP:bIX OTBe'IaeT p;JIHHaM BOJIH BHP;HMOH 'IaCTH 

CneKTpa. B COOTBeTCTBHH C SOHHOii: TeopHeii:, paCnpep;eJIeHHe <lHeprHH <lJIeKTpO

HOB B I{pHCTaJIJIaX o6pasyeT BaJIeHTHYIO sanOJIHeHHYIO SOHY H SOHY npOBOp;H

MOCTH (nYCTYIO B p;H<l.rreKTpHKaX THna 8JIMaSa). IIorJIOm;eHHe <pOTOHa B OCHOB

HOM COCTOHHHH npOHCXOIQ'IT, eCmI ero <lHeprHH: h~ > Eg , rp;e Eg - mHpHH8 

sunpem;eHHoii: SOHbI, HJIH <lHeprHH, Heo6xop;liMUH p;JIH nepeBop;a <lJIeHTpOHa HS 

BaJIeHTHoii: SOHhl B SOHY npOBop;HMOCTI1, T. e. B cBo6o;a;Hoe COCTOHHHe. 

illHpHHa sanpem;eHHoii: SOH:bI aJIMaSa Eg = 5,6 36 [44]. CBHSb MemAY 

Eg (B 36) H P;JIHHOii: BOJIHhl CBeTa, I{BaHT I{OTopOro OTBe'IaeT <lTOii: BeJIH'lHHe, 
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p;aeTCH COOTHomemleM: '}.. = 1,24 ·104/Eg A. Rpaii OOJIaCTH YJIbTpa<pHOJIeTOBO-

1'0 HaJIyqeHHH cooTBeTcTByeT '}.. = 3900 A, T. e. 3,2 38 . TaKHM oopaaOM, B OC

HOBHOM COCTOHHHH aJIMaabI npoapa-'IHbI He TOJIbKO P;JIH BH}l;HMoro CBeTa, HO H 

P;JIH YJIbTpa<pHOJIeTOBOro HaJIyqeHHH. 

RpHCTaJIJIbI , :meprHH aanpem;eHHOH aOHbI KO'1'OPbIX 60JIbme 8HeprHH <p0'1'0-

HOB BHp;HMoro CBeTa, OeCn;BeTHbI. Ho eCJIH B KpHCTaJIJIe HMeIOTCH npHMec.H HJIn: 

p;pyrHe HecoBepmeHcTBa, B aanpem;eHHoH aOHe BoaHHKaIOT JIOKaJIbHbIe ~pOBHR 
8HeprHH, H CTaHOBHTCH BoaMomHbIM nOrJIOm;eHHe <pOTOHOB C MeHbmHM hJ}. HaH

oOJIee pacnpocTpaHeHHoii npH'lHHOii 06paaoBaHHH JIOKaJIbHbIX 8JIeKTpOHHbIX 

ypoBHeH B RpHCTaJIJIaX HBJIHIOTCH aTOMbI XHMJIlIeCKHX rrpHMeCeH. Ho n;eHTpaMH 

3aXBaTa MOryT CJIymHTb TaKme CTPyKTYpHbIe p;e<peKlrbI B KpHCTaJIJIaX, CBHaaH

Hble co CMem;eHHeM aTOMOB B Memp;oyaJIHH H paapbI XJIeHHeM pemeTKH. 

AJIMaabI, rpaHHn;a nOrJIOm;eHHH KOTOPbIX OTBeqaeT OCH;OBHOMY COCTOHHHIO 

Eg = 5,6 38 (2200 A), pep;KH. OHH oeCn;BeTHbI H He JIIOMHHeCn;HpYIOT. 3HaqH

'reJIbHO qam;e BCTpeqaIOTCH KpHCTaJIJIbl, nOrJIOm;aIOm;He .B y JIbTpa<pHOJIe'1'OBOR 

qaCTH, rJIaBHbIM oopaaOM B OOJIaCTH 2850-3000A. OHH TaKme 6eCn;BeTHbI. 

B BH,lI;HMOH qaCTH cneKTpa norJIom;eH1!H ORparneHHbIX aJlMaaOB npHcYTcTBYIOT 

p;Be xapaKTepHble nOJIOCbI: OKOJIO 4152 H 5033A C npHMbIKaIOm;HMH K HHM C 

KOPOTKOBOJIHOBOH CTOPOHbI rpynnaMH 8KBHp;IICTaHTHO (cooTBeTcTBeHHo qepea 

0,04-0,08 38) pacnOJIOJ!<eHHbIX JIHHHii. 8TH me nOJIOCbI C JIHHHHMH, npHMbI

KaIOm;HMH C p;JIHHHOBOJIHOBOH CTOPOHbI, OOYCJIOBJIHBaIOT rOJIyOYIO H meJITO-ae

JIeHYIO JIIOMHHeCn;eHn;HIO aJIMaaOB [15]. B nepBOM npHOJIHmeHHH MomHO CTII

TaTb, 'ITO n;BeT H HHTeHCHBHOCTb OKpaCKH orrpep;eJIHIOTCH Bemf'IiHHoii H BHTeH

CHBHOCTbIO nOrJIOm;eHHH B 8TH X cepHHX [38]. 
B reOJIOrJIlleCKOH JIBTepaType OKpaCKa aJIMaaOB nOqTH Bcerp;a paCCMaTpH

BaeTCH KaK peaYJIbTaT npHCYTCTBHH XHMHqeCKHX npHMeCeH (Fe, Ti, Cr H T. P;.). 
CooTBeTcTBYIOm;HM 06paaoM opHeHTHpOBaHbI H HCCJIep;OBaHlIH npHpop;bI OKpa

CKH. HanpHMep, M. A. rHeBymeB C coaBTopaMH [·14], HayqnBmHe cneKTpbI no

rJIOm;eHHH H1\YTC1\HX aJIMaaOB B CBHaH C COCTaBOM XHMHqeCKHX npHMeceH, Ham

JIH, 'ITO 01\paC1\a J!<eJITbIX H aeJIeHOBaTO- }KeJITbIX ~pHCTaJIJIOB, HMeIOm;HX B cneK

Tpe nOrJIOm;eHHH JIHHHH 415, 450, 480 HM, 06YCJIOBJIeHa npHCYTCTBJileM TPex

naJIeHTHOro meJIeaa. B p;pyrHX oopaan;ax, JilMeIOm;HX nOMHMO MaKCHMYMa B 

OOJIaCTH 450-480 H,},t JIHHHIO npH 640 HM, xPOM0<P0POM npep;nOJIOmHTeJIbHO 

CJIYlliHT THTaH. )J;eJIaJIBCb nOnbITI{H YCTaHOBHTb KOppeJIHD;HIO Mellip;y 01\paCKOH 

aJIMaaOB H KOHn;eHTpaD;Heii: HBROTOPbIX 8JIeMeH1,10B B KHM6epJIlHTax, HaIIpH-

Mep Ti r241. , 
Op;HaKo BO MHorHX CJIyqafIX B OI{pameHHbIX aJIMaaaX He yp;aJIOCb YCTaHO

BHTb npHMeCH, 1\OTOpbIe MOrJIH ObI CJIymHTb XPOMo<popaMH. 8TO OOCTOfITeJIbCT

BO, a TaKme HeOO'bHCHHMaH 1\aKJilMJil-JIH60 XHMHqeCl{HMH rrpHMeCfIMH cnen;H<pHq

HOCTb HaOTonHoro COCTaBa 01\pameHHblx aJIMaaOB aaCTaBJIfIIOT npep;nOJIOmHTb, 

'ITO HaJIHqHe npJilMeceii: HBJIJIleTCH He 6p;HHCT.BeHHoH, a BoaMomHO, H He rJIaSHOH 

npHqHHoii: OKpaCRH npHpop;HbIX aJIMaaOB. 

RaK ynOMIHHaJIOCb, JIORaJIbHbIe YPOB!EfH MorYT c oap;aBaTbCH He TOJIbIW aTO

MaMH rrpHMeceii, -no H BOOOm;e HeperyJIHpHOCTHMH :KpHCTaJIJIHqeCKOH pemeTIGI. 

HaBeCTHbI MHorOqHCJIeHHble npHMepbI, 1\orp;a oeCn;BeTHbIe aJIMaabI npHoopeTa

JIB 01\paC1\y nop; p;eHCTBHeM mecmoro OOJIyqeHHH. 8TO HBJIeHHe ObIJIO YCTaHOB

JIeHO em;e PeHTreHOM H RpYKiCOM. A erp;eiiJI [37], OOJIyqaH aJIMaabI nyqKOM 

8JIe1\TpOHOB C BHeprHeii 3 M3e, rrOJIyqHJI rOJIYoyIO oKpacKy. raMHJIbTOH C coaB

TopaMH [43] npH OOJIyqeHHH p;eHTpoHaMH 20 M 38 H a-qaCTJiln;aMH 40 M 38 

H IIpHHcreiiM r 471 npH OOJIyqeHHH ObICTPhlMH HeHTpOHaMH HaOJIIOp;aJIH nOHB

JIeHHe aeJIeHOH ORpaCKH. IIop; p;eHcTBHeM Y-HaJIyqeHHH 0,8' 109 peHTreH, lIC

TOqHJilKOM ROTOPOI'O cJIymHJI paP;HOaKTHBHbIH ROOaJIbT, IQ3eT aJIMaaa . ObIJI HaMe

HeH OT OJIep;HO-meJITOrO p;o rOJIyoOBaTO-aeJIeHOrO [35]. r. O. rOMOH [16] OOJIY

JIyqaJI rrpOTOHaMH 14,5 M38 B n;HKJIOTpOHe oeCIQ3eTHbIH I{pHCTaJIJI H nOJIyqHJI 

rrHrMeHTaD;HIO rYCTO-ROpHqHeBOrO IQ3eTa. B. H. CnHn;HH C COaBTOpaMH [28] 
HCCJIep;OBaJIH crreKTpbI nOrJIOm;eHHH OKpameHHbIX HI<YTCRHX aJIMaaOB, OOJIY

'IeHHbIX B Hp;epHOM peaKTOpe nOTOROM 1,2 .1013 neuTpono8/c},(,2. ce/'i, B TeqeHHe 
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6-16 'l.ac, R nOJIy'IRJUI BHa'IaJIe yBeJIH'leHlle OnTH'IeCROii nJIOTHOCTll, a rrpH 

llOCJIeP;YIOm;eM 06JIy'IeHllH - H3MeHeHlle ~BeTa RpHCTaJIJIOB . 

B 06JIY'IeHHhlX RpllCTaJIJIaX B03HHRaeT mHpOHaH nOJIoca nOrJIOm;eHHH Mem
l1.Y 1,65 R 2,4 &8 C MaHCHMYMOM OHOJIO 1,68 38 H nOCTeneHHO YBeJIlI'IHBaIOm;HM

eH nOrJIOm;eHlleM OT 2,9 38 P;O CIIJIOmHOro (4,1 38) [34] . r. O. rOMOH [16] 
YHa3bIBaeT Ha B03HHKHOBeHHe nOCJIe 06JIy'IeHHH 6eC~BeTHoro HpHCTaJIJIa nOJIO

Chl 5033 A, 06hl'IHO npHcYTCT13yrom;eii B npHpop;HbIX OHpameHHbIX aJIMa3ax. 

TeOpeTH'IeCHH 6bIJIO nOHasaHO, 'ITO 1130JIHpOBaHHaH Heii1'pOHHaH BaKaHCRH 

n COBepmeHHoii I{pRCTaJIJIH'IeCIWii CTpyRType aJIMa3a MO)l{eT p;aTb nOJIOcy nn

TJlOm;eHRH OKOJlO 2,0 38, 06'bHCHHIOm;yIO rOJIy6yIO OHpaCRY [36]. qeMnHoH [32, 
331 B cepHH pa60T pa3BHJI TeopHIO, COrJIaCHO ROTOpoii oc06eHHOCTH IPHSH'IeCIUIX 

CBoiicTB aJIMaSOB, B TOM 'IHCJIe cneK1'phl JIIOMHHeCu;eHU;HH H nOrJIOm;eHHH, 

MomHO nOCTaBHTb B COOTBeTCT13He C npHCYTCT1311eM H pacnpep;eJIeHlleM B 

HpHCTaJIJIaX BaRaHCHii H Me;Kp;yyseJILHhlX aTOMOB. 

lIHTepeCHble p;aHHhle 6bIJIH nOJIy-qeHhl npH HSY'IeHHH 9ITP-cIIeRTpOB aJI

MaSOB. BeCU;BeTHble, 'IHCTOii BOp;bI paSHOBH,n;HOCTH aJIMaSOB, HMeIOm;Ble Rpaii: 

YJIbTpaIPllOJIeTOBOro nOrJIOm;eHllH 2200 A, T. e. aJIMaSbI I THna, no P06epT

CORY [48], He ,n;aIDT CHrHaJIa 9ITP. B p;pyrHX 06pas~ax y,n;aeTCH Hp;eHTH

IPHD;HpOBaTb cneRTp 9ITP no aTOMy npHMeCH, HanpHMep aSOTY HJIH 60py 

[39] . OHparneHHbIe aJIMaShl ,n;aIOT B OTJIH'IHe OT 6ecU;BeTHbJX BeCbMa CJIOmHblii, 

He IIo,n;,n;aIOlIJ;lIii'CH paCIIUI<ppOBHe cneHTp 9ITP. Ho caMoe HHTepOCHoe, 'ITO 6ec

IJ;BeTm.Ie aJIMaShl nOCJle 06JIy-qeHHH npIH06peTaIOT iBMeCTe C ,0HpacHoii cneRTp 

BITP, no xapaRTepy BeCbMa HanoMHHaIOm;Hii ClleRTp 9ITP eCTeCTBeHHO OI{pa

ill8HBhlX aJIMaSOB [16] . CneiRTphl no,n;BeprmlIX·CH 06JIy-qeHHIO aJIMaSOn co,n;ep

)RaT HHTeHCllBHYIO JIHHHIO C g-IPaHTopOM, 6JIHSKHM R CB060,n;HOMY 3JIeHTpony 

[27], 'ITO M01-KHO HHTepnpeTl'lpOBaTb HaH ,peSYJIbTaT BsaHMop;eiicTBUH He.cna

peHHoro 3JleKTpOHa CO CMem;eHHhlM aTOMOM yrJIepop;a. 

TaKHM 06paSOM, eCTb OCHOBaHllH C'IHTaTb, 'ITO OHpaCRa aJIMaSOB MomeT 

6hlTb 06YCJIOBJIeHa p;eIPeKTaMH CTpyKTyphl HesamlCRMO OT HaJIll'IHH XHMH'IeC

RHX npHMoceii. Bonpoc 0 TOM, BhlSBaHa JIH OKpaCRa CTPYRTYPHblMll ,n;eIPeKTaMH 

llJIH XHM'I'l'IeCI{HMH npHMeCHMH, HMeeT npHHU;HIIllaJIbHOe SHa'IeHHe, TaK Kan 

B nepBOM CJIy-qae 06'bHCHeHHe ORpaCKH CJIe,n;ym HCRaTb B TepMOp;HHaMH'IeCHllX 

YCJIOBlUIX RpHCTamJHSan;HH aJIMaSOB, a BO BTOPOM - B oc06eHHOCTHX XIfMlI

'IeCROrO COCTana cpe.n;hl. 

B npHBe,n;eHHbIX BhlIIIe npHMepax CMem;eH'lle al'OMOB yrJIepop;a B pemeTRax 

aJIMa30B BhlSbIBaJIOCb 60M6ap,n;HpOBROii HX 'IaCnrn;aMH BhlCOKOii 3Heprrm. 

MbI nOJIara.eM, 'ITO npH RpHCTamIHsaU;HH npllpo,n;HhlX aJIMaSOB, npOTeRaIOm;e:i1: 

n YCJIOBHHX BeCbMa BbICOIDIX TeMnepaTYP, aHaJIOrH'IHhle no xapaRTepy ,n;eIPeK
Thl cos,n;aIOTCH sa C'IeT TerrJIOBOro p;BllmeHHH aTOMOB. llpllHllMaH 3TO, HBJIeHHIO 

OHpaCKll MomHO npllp;aTb BeCbMa rrpocTyIO TepMop;HHaMH'IeCRYIO HHTepnpeTa

UHIO. 

I-tar{ HSB8CTHO, COCTOHHHIO paBHOBeCHH OTBe'IaeT MHHHMYM CB060P;HOJ;i 

~:lHeprHll . IToCJIep;HHH CBHsaHa C BHYTpeHHeii 3Heprlleii U, TeMrrepaTypoii T H 

3HTpOIIHeii S COOTHomeHlleM: F = U - TS. BHYTpeHHHH 3Heprr'lH KpllCTaJIJIa 

MHHHMaJIbHa npH npaBllJIbHOM pacnOJIOmellllH aTOMOB B YSJIax pemeTRH. 

lIHa~le rOBopH, HHSROMY cOillepmaHllIO ,n;eIPeHTOB 6JIarOrrpllHTcTByeT RpHCTaJI

JIHSan;HH B YCJIOBHHX TepMO,n;I'lllaMH'IeCHOrO paBHOBeCHH. POJIb TeMrrepaTyphl 

,n;BOHI<a: nOBblmeHMe TeMnepaTyphl cnoc06cTByeT cRopeiimeMY ,n;OCTHmeHHIO 

paBnoneCllH, HO aa C'IeT YBeJIlI'IeHllH 'IJIeHa T S MllHHMyM CB060,n;HOii 3Heprll'll, 

T. e. TepMO,n;I'lHaMR'IeCI<H YCTOH'IHBOe COCTOHHHe, ,n;OCTHraeTCH npH HSBeCTHOR 

AOJIe 6ecnopH,n;Ra, MepOH KOToporo CJIymHT 3HTPOIIHH S. 9HTponHH YMeHbma

eTca, eCJIH paBHOB8CHe C,n;BHHYTO . ,n;aJIeRO B CTOPORY 06paSOBaHHH ,n;aHHoro 

KpllCTaJIJIa. AmI aJIMasa 3TO OSHa'IaeT YBeJIH'IeHHe ,n;aBJIeH'llH. TaI<llM 06pasoM, 

MllIDIMyMy ,n;eIPeKTOB B aJIMaSaX OTBe'IaeT RpHCTaJIJIH3aJ.l;HH HX npH MaRCH

MaJIbHbIX ,n;aBJIeHHHX H OlITHMaJIbHhlX TeMnepaTypax, ,n;OCTaTO'IHhlX P;JIH P;OCTH

meHHH paBHOBeCHH sa BpeMH RpHCTaJIJIHSan;HH. 

ECJIH no,n; 3TllM yrJIOM spemm paccMaTpHBaTb IPOpMHpOBaHHe oRpalCRll 
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aJIMa30B, TO o~eBHp;HO, ~TO 6eCn;BeTHhle aJIMa3hl, T. e. cop;ep}RaID;He MHHHMyM 

p;e<peRTOB, RpHCTaJJJIOrpa<pHlJeCRH .COBepmeHHhle, RaR npaBHJIO, He JIIOMH

Hecn;HpyIOID;l'Ile H He p;aIOID;He cneWPpOB 3llP, 06pa3YIOTCH npH oco6o BbICOruIX 

p;aBJIeHllHX B P - T 06JIaCTH rJIy60RoH TepMO)l;HHaMH~eCROH YCToiilJHBOCTlI 

aJIMa30B. ORpameHHble, T . e. nOrJIOID;aIOID;He B BHP;HMOll: ~aCTl'I cneRTpa, JIIOMH

HecD;lIpyIOID;He H 3IIP-aRTHBHble RpHCTaJIJIbI, I1MeIOT B 3HalJHTeJIbHOii CTeneJi 

HCRaa<eHHYIO pemeTRy. OHH <P0PMH PYIOTCH B MeHee 6JIarOnpHHTHbIX yCJIO

BHllX - npH MeHbIDHX p;aBJIeHHHX, B6JIH3H rpaHHD;bI YCTOHlJHBOCTH CHCTeMbI 
aJIMa3 - rpa<pHT. 

MHorHe HCCJIep;OBaTeJIH YRa3hlBaIOT Ha HBHyIO eBH3b MOp<pOJIOrHIH 11 OR

paCRR aJIMa30B. BeCn;BeTHbIe, ~HCToii BOP;bI RpHCTaJIJIbI, RaR npaBHJIO, HMeIOT 

npaBHJIbHyIO H30Me1'pH~eCRH pa3BHTYIO <P0PMY [26]. ORparneHHble aJIMa3bI 

~aID;e npe)l;CTaBJIHIOT C060H nOJIHI<pHCTaJIJIHlJeCRlIe CpOCTRH. M. A. fHeByrneB 

C coaBTopaMH [14] OTMelJaIOT: «GBH3h Me}Rp;y I(BeTOM aJIMa3a, 3aBlICHID;HM ' OT 

HaJIHlJHH n p H M e C e ii (pa3pHp;Ra MOH.- 9. r .), H oc06eHHcicTHMH ero <poPMhl 

HeCOMHeHBa. IIpHMecH npHBop;HT HJIH R nOJIHOMy H3MeHeHHIO ra6Rryca (B03!.. 

HHRHOBeHHe Ry6H~ecRHx RpHCTaJIJIOB BMeCTO 06bNHbIX P;JIH HRYTCHHX aJIMa-

30B RpHCTaJIJIOB ORTaap;pHlJeCROrO HJIH pOM60p;0p;eRaa)l;pH~eCRoro ra6HTyca). 

HJIH R pa3BHTHIO rpaueii Ry6a H BoaIDmOBeHlIIO cBoe06paaHoro TpHrOHaJIhHOrO 

y30pa Ha rpaHHX ORTaap;pa». B ~aCTHOM CJIyqae B03MomHO BJIlIllHHe npHMe

ceii Ha ra6HTYc I{pHCTaJIJIOB, nOCI(IOJIbRY BHe)l;peHHe ~ymepop;HbIX aTOMOB B 

pemeTRY C03p;aeT p;e<peRTbI CTPYI{TyphI. Ho CJIep;yeT yqHThlBaTh, ~TO 6ecIl;BeT

able RIXHCTaJIJIbI HOpMaJIhHOro ra6Hryca TaRme lJaCTO cop;epmaT 3Ha~TeJIbHOe 
IWJIHlJeCTBO npHMeceii, oc06eHHO Si, AI, B, N. HecoMHeHHo, 60JIee eCTeCTBeH

HbIM HBJIHeTCH 06'.bHCHeHlle oc06eHHOCTell: Mop<pOJIOrHH ORparneHHbIX aJIMaaOB 

oc06eHHOCTHMH YCJIOBri HX RpHCTaJIJIH3an;HH. . 

ECJIH ROHn;eH1'pan;HH )l;e<peRToB oc06eHHo BeJIHRa, TO COOTBeTcTByIOID;1I0 

YlJaCTRH MomHO paCCMaTpHBaTh RaR ~aCT1IlJHO rpa<pRTH3HpOBaHHbre. IIo-BHp;H

MOMY, HMeHHO TaHoe nOHHMaHlle CJIe,ll;Y'8T BHJIap;bIBaTb B npep;nOJIomeHlle 0 

TOM, '~TO 6YPOBaTO-OOpHlJHeBall H p;hI~aTo...,cepaH ORpaORa HeROTophIX m'IJIIOH

CI{HX aJIMa30B «06YCJIOBJIeHa npHCYTCTBHeM B aJIMa3e 6eClJHCJIeHHhlX MeJIb~aH
nmx lJaCTHn; (XJIOnbeB) rpa<pHTa» [1, CTp. 115], HJIH B 06'.bHCHeHHe p;hI~aToii 
OI{pa'CRH HeROTopbIX YipaJIbCRHX aJIM3J30B [22] H <pHOJIel'OBhIX aJIlMa30B Tpy6RH 

«MHP» [14] aa c~eT cOpjepmaHllH B HlIX «TOHHOp;HcnepcHO pacceHHHoro rpa
<PHTa» . ,/J;aJIbHeHmee YBemrqeHHe ,ROHn;eUTpamm p;e<peRToB npHIBop;HT R nOllB

HHIO ~epHoii ORpaCRH, TyrneHllIO JIIOMHHeCn;eHn;HH H HC'le3HOBeHHIO CHrHaJIa 

8llP, T. e. CBoHcTBaM, XapaRTepHbIM P;JIH aJIMa30B THna Rap60Hap;0 [40, 16] . 
B n;eJIOM Bonpoc' 0 xapaHTepe )l;e<peRToB, CJIymaID;Hx n;eHTpaMll 3aXBaTa. 

H HX ROJIe6aTeJIbHOM cneRTpe BeChMa CJIOmeH. HaM BaiRHO JIIDllb nOp;'IepRHYTh

npHHD;HIIHaJIbHOe pa3JIH~He B YCJIOB1IHX 06paaOBaHHH 6eCn;BeTHbI~ 11 oHpa

meHHbIX aJIMa30B, BbITeRaIOID;ee 113 paCCMOTpeHHOH lIHTepnpeTan;HH npHpop;bI 

ORpaCRH aJIMa30B. 

MexaHH3M CPOpMHpOBaUHH aJlMaaOB 

113 ORa3aHHoro nORa He HCHa CBJlI3h 1!'30TOIIHoro COCTaBa H OI<paCKH aJIMa-

30B. IIPIPUIHHOH CBH3H TyT H He MomeT 6hlTh. Op;HaRO B TOM H p;pyroM CJIyqae 

p;eJIO CBO,ll;.HTCH' R YCJIOBHHM RpHCTaJIJIlI3an;HH. CJIep;OBaTeJIbHO, 06'.bHCHeHHe 

oc06eHHOCTeH H30TonHoro COCTaBa ORpameHHbIX RpHCTaJIJIOB CJIep;yeT HCRaTb 

n MexaHH3Me <popMHpOBamm aJIMa30B. B CHHTe3e npHpOp;HbIX aJIMa30B, RaR 

MbI nhlTaJI'HCb nORaaaTh,. pemaIOID;YIO POJIh !HrpaeT rH)l;pop;HHaMlPIeCRHH <paR

TOp, a HMeHHO HBJIeHllle I{3BHTan;HH [12]. Ha aTOM CJIep;yeT OCTaHOBHThCH, 

nOCROJIbRY pe~h Hp;eT He 06 06ID;enpHHHToM npep;CTaBJIeHHH. OTJI~HTeJIbHOK 
oc06eHHocThIO npep;JIOmeHHOro MexaHH3Ma HBJIHeTCH TO, 'ITO He06xo,ll;.HMble 

P;JIH CHHTe3a aJIMa30B CBe.pmbICORHe p;aBJIBHlIH ,H TeMnepaTypbI B03-HlIRaIOT He 

BO BceM 06'.beMe oRpymaloID;eii cpep;hl, a JIHmh B OTp;eJIbHhlX TO'lRax. 

I\aBHTaD;llH B03Hl1RaeT B nOTORe npH pe3Roii CMeHe rpap;neBTOB p;aBJIeHHii. 



Cnoc06HOCTb 1< l<amITaU;HH npHHJITO XapaRTepHaOBaTb lJHCJIOM RaBlITaU;HH: 

Po-P 
Q = Ih pu2 , (1) 

r.n;e Po - HalJaJIbHOe .n;aBJIeHHe B mH.n;ROCTH, P - .n;aBJIeHHe, npH ROTOPOM raa 
nOJIHOCTblO paCTBOpeH (.n;JIJI rOMOreHHOR mH.n;ROCTH - .n;aBJIeHHe napo06paao
BaHHJI) , U - CROPOCTb nOTOI<a, p - nJIOTJ-IOCTb <pJIlOH.n;a. 

IIPH HeRO TOp OM HalJaJIbHOM .n;aBJIeHHH Po nOTOR npe.n;CTaBJIJIeT o.n;Ho<paa

HblH <pJIlOH.n; - raa nOJIHOCTblO paCTBOpeH. CHHmeHHe .n;aBJIeHHII IDIiue RPHTH

lJeCROro ypOBHJI (HJIH COOTBeTCTBYIOlu;ee YBeJIHlJeHHe ClWPOCTH nOTORa) 

npHBO.n;HT 1< 06paaOBaHHlO nepBHlJHbIX nyablpbIWB raaa. ECJIlI aaTeM ,llaBJIeHHe 
BHOBb crloapaCTaeT, llJpHlJeM paHblIIe, lJeM raaOBbIe nyabIpbRIH 06'be.n;UHiITCJI 

B CnJIOlIIHYlO <Pa3Y, npOHaoH.n;eT CXJIOnbIBaHHe nY3bIpbIWB. RpHTHlJeC1<Oe 
aHalJeHHe lJHCJIa I<aBI-lTaU;HH Q* 06bIlJHO JIemIIT B .n;Hana30He aHalJe'::IHH 

0,35 < Q* < 1,0. 

I1PH CXJIOrrbIBaHIFIH rrOBepXHOCTb rryabIpbRa CTJIrHBaeTCJI R u;eHTpy co C1<O

POCTblO, HapacTalOm;eH no CTerreHHOMY 3aROHY. I1epBOHalJaJIbHaJI nOTeHu;rraJIb

HaJI :meprHII nY3bIpbRa rrepexo.n;HT B IHIHeTHlJeCRYlO 1'1 BbI.n;eJIHeTCH B OlJeHb 

He60JIblIIOM 06'beMe, rrpaRTHlJeCI<1I B TOlJ1<e cxom.n;eHHH. BCJIe.n;cTBHe 9Toro 

rrJIOTHOCTb 3HeprHH (.n;aBJIeHHe) B 3TOH 06JIaCTH MHorORpaTHO BoapaCTaeT no 
cpaUHeHHlO C tIIepBOHalJaJIbHoH. T eopeTHlJeCRH 3TO JliBJIeHHe paC'CMaTpHBaeTCJI 

Ra1< c<pepHlJeCRH cxo.n;mu;aHCJI R u;eHTpy y.n;apHaJI BOJIHa. 

B TeXHHRe RaBHTaU;HH HaBeCTHa 1<aR Bpe.n;Hoe HBJIeHHe, CJIymam;ee rrpHlJH

HOH paa'be.n;aHHJI H paapYlIIeHHH JIOnaCTeH rpe6HbIx BHHTOB, Typ6HH, .n;eTaJIeH 

HaCOCOB H Tpy60npoBo.n;oB. RaBHTaU;HoHHoH Roppo'aHH no.n;BepralOTCH MaTepHa
JIhl 'co CTaTHlJeCRHM npe}l;eJIOM Te1<yqacTH 10 4 - 10 5 /'i,Z/CM2, rrpHlJeM pa6OTalO

l.qHe B mH,llI<ocTH, Haxo.n;JIm;eHCH rro.n; .n;aBJIeHHeM 1 aTJlt. I1PH HalJaJIbHOM 

p;aBJIeHHH B JHH.n;1<OCTH rropH.n;Ra 10000 aTJlt Ha <ppoHTe cxO.n;JIm;eilcJI y.n;apHoH 

BOJIHbI rrpH CXJIOnbIBaHHH rryahlpbIwB MomeT 6hlTb .n;OCTHrHYTO .n;aBJIeHHe 
CBbIlIIe 1000 /'i,6ap. 

O.n;HoBpeMeHHo I<a1< peaYJIbTaT rrpou;ecca a.n;Ha6aTl'llJeCIWrO cmaTHll rrpOHC

XO.n;HT HapaCTaHHe TeMrrepaTypbI. A6coJIlOTHaH TeMrreparypa T Ha <ppoHTe 

c<pepHlJeCRH cxo.n;mu;eHcH y.n;apHoH BOJIHbI y.n;OBJIeTBOpHeT ypaBHeHHlO [3]: 

~ _ (Ro )SY-S 
T - R ' (2) 

r.n;e Ro 1'1 R - HalJaJIbHhlH II TeRym;HH pa.n;Hychl nyabIpbRa; To - Te~IIIepaTypa 
ope.n;bI, 'V - rrORa3aTeJIb a.n;na6aTbI, npH6JIH3HTeJIbHO paBHbIH 1,4. 

I1PH HalJaJIbHOH TeMrrepaType To ~ 1000° C 6bICTPO cmHMaeMoe Bem;eCTBO 

ra30HarrOJIHeHHOro nY3bIpb1<a MomeT 6bITb HarpeTO .n;o TeMnepaTypbI B Hec

ROJIbRO ThICHlJ rpa.n;yCOB . 

TaKHM o6pa30M, rrpH cooTBeTcTBYlOm;HX HCXO.n;HbIX rrapaMeTpax rrpOu;et;t;(l 
MexaHH3M RaBHTaU;HH rr03BOJIJIeT .n;OCTHlJb .B 06JIaCTH cmaTHll .n;aBJIeHHH H TeM
rrepaTYP, y.n;oBJIeTBOpHlOm;HX P-T-yCJIOBHHM CHHTe3a aJIMaaOB. I1PHHU;H

rrHaJIbHO Ball<HO 3.n;e r.b , 'ITO rrpH aTOM caM paCIIJIaB OCTaeTCJI B YCJIOBHHX yMe

peHHbIX TeMnepaTYP H .n;aBJIeHHH. (:ITo ' rr03BOJIHeT pa3peIIIHTb O.n;Hy Ha HaH6o
Jlee cym;ecTBeHHbIX Tpy.n;HOCTeH, 1<OTOpall B03HHI{aeT npH paCCMOTpeHHII rrpo6-

JIeMhl rrpOHcxom.n;eHHH aJIMa30B. TaR RaR TeOpeTHlJeCRHe II 3RcnepHMeHTaJlb

HbIe .n;aHHhle YRa3bIBalOT, 'ITO RpHCTaJIJIH3aU;HH aJlMaaa ocym;eCTBJIlleTCH 

B YCJlOBHHX BbICOHHX .n;aBJleHIIR (P> 50 /'i,6ap ) H TeMrreparyp (T> 1500°C). 

reOJIOrlI, eCTeCTBeHHO, o6pam;aJIHCb H TaHHM Mo.n;eJlJIM HHM6epJlHTOBOro npo

u;ecca, ROTopbIe 6bI o6eCnelJHJlH pa3BHTHe He06xo.n;HMhlX y'CJIOBR~i B MarMaTH

lJeCROM paCnJlaBe. O.n;HaHo npH 6J1lImaRIIIeM paCCMOTpeHHH ORa3blBaeTCJI, 'ITO 

B npHpo.n;e OTCYTCTByeT no.n;XO.n;Hm;Hii MexaHHaM .n;JIJI .n;OCTHmeRHll .n;aBJICHHIT 

CBblilie 50 -,;,6ap . Ho caMoe rJIaBHOe, Ha aHaJIHaa MHHepaJIOrH'IeCRHX paBHOBe

CHR CJIe.n;yeT, 'ITO nopO.n;bI, B TOM 'ilicJle HHM6epm1TbI, Boo6m;e He lIcnbITbIBaJiH 

p;aBJleHHH CBblIIIe 20-25 -,;,6ap [12] . Ta1<HM o6paaoM, Heo6xo.n;nMO 6bIJIO 06'bllC-
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HHTb, I{aK KpHCTaHRM am"Iaaa OKaaaHHCb BI{parrJIeHHblMH B rrop>OAY, KOTOPaJI 

caMa He HeceT CHeAOB HarpyaoK, He.o6xOAHMbIX AHH CHHTeaa aJIMa30B. 
RaBHTaIIHOHHhlH MexaHH3M He TOJIbKO paapenraeT aTY rrp06HeMY B npHHIIH

rre, HO rrpHHHMaH BO BHHMaHHe peaHbHhle reOH.orH'leCKHe YCH.oBHH CHHTe3a aH

MaaOB, rroaBOHHeT yna3aTb HeKOTophle KOHKpeTHhle napaMeTpbI aToro npOIIecca. 

SHsprHH, BbIlWHHIOIIIaHCH npH CXHorrbIBaHHH c<pep~ecKoro nY3bIpbl{a, 

rrponOPIIHOHaHbHa Ha'laHbHOMY AaMeHHIO [18]: 
Po4n:R~ 

E= 3 (3) 

ilOKaaaTeHeM Ha~aHbHOFo AaBHeHHH HBHHeTCH Aa~HeHHe KpHCTaRHHa~Hrr 
HaHOOHee Oap0<pHHbHhlX MHHepaHOB-CnYTHHKOB aHMaaa, npemAe Bcero nHpona. 

TaJ{ 1\a1\ nHpon KpHCTaHHlIayeTcH npH AaBHeHHH '" 20 1£6ap, Ha~aHbHoe Aal-l

R~IDIe ,lIOmRHO 6blTh 60Hbnre 20 "fi,6ap. STY BemflIHHY cHeAyeT paCCMaTpHBan 

J{aK MHHBMam:'Hoe aHa~eHBe PO, npH KOTOPOM ::meprHH YAapHOH BOHHbI cra

HOBHTCH A.oCTaTO~HOH .)J;HH KpRCTaHHHaaIIUH aHM~aa. 
CKOPOCTb ABHmeHHH pncnHaBa, OTBe~aIOIIIaH pemHMy - Ha~aHhHOH KaBHTa

IIHH, onpeAeHHeTCH Ra Bblpa;KeHHH (1) AHH ~HCHa KaBHTaIIHH. ilPHHHM3 If 

Q* = 0,5 H y~HTblBa_H Po '" 20 1£6ap H P = 11 1£6ap, HaxOAHM, ~TO CKOPOCTb 

nOTOKa u rv 1200 M/ce1£. 
TeMnepaTypHble YCHOBHH B paCIwaBe HM;eIOT .onTHMaHbHhle npeAeHLJ. 

ilOCHe ,CXHOllhlBaHHH rryaJ>I,pbna rrpOHlCX!O)Ji.HT pacceHHHe YAapHoH BOH'lIhl, co

rrpOBOlliAaIOIIIeOCH 6blClrphlM naAeHHeM AalBHeHHH B To~a.oc KalBHTaIIHH. ECHH 

II.oCJIC CIUITHH AaBHeHH!I KpHCTaHH OKameTCH B pacrrHaBe C BhlC.oKOH TeMrrepa

TYPOH: peIIIeTI{a aHMaaa nepeCTpOHTCH B rpa<pHT. QT06bI -aHMaa 6hm aanaHeR 

B MeTacTa6HHbHoe CPCTOJ1RHe, TeMrrepaTypa cpeAbI He AOJImHa rrpeBhIIJIaTh 

1200 °c, ~TO OTBe~aeT BepxHeii rpaHHIIe yCTO~HBOCTH aHMaaa npn HH3Imx 

lJ;,3,BHeHHfIX. 
H~mHHH Te.r.mepary,pHbIH rrpeAeH mlMMT,HpyeTcH BH3I{oCTblO MariMhl. 

3aAa'lY .0 CXJIDnbI.BRHHH c4>epH'leCKOH rroJlJOcrn C yqeT.oM ,BfLaKOCTll mHAKOCTH 

HccHe,!.oBaH E. II .. 3a6a6axHH [17]. )J;HHaMHRa rrpOllecca B aTOM wyqae 3aBH

CHT -OT BeHH~HHhl ~HCHa PeHHOHbAca: 

' Ro VA Re=-- --
'V p' (4) 

rAe v = T]/p - KHHeMaTH'leCKaH BH3KOCTb. BHaKocTb npenHTcTByeT yCKope
HI1IO mHAKocTH. ilPH HeKoTopOH BeHH'lHHe Re < Re *, rAe Re * - KpHTH'le

CKoe ~HCHO, KyMyJIHIIHH aHeprHH rrOHHOCTbIO YCTpaHHeTcH BH.3nOCTbIO. RPH

TH~eCIwe 3Ha~ellUe ~CHa PeHHoHbAca Re * = 8,4. HPH T ....:.- 1000°C OHHBHHO-

6aaam>ToBbIH papnJ1iaB HMeeT AIDIaMH~ecKyIO BH3nOCTb T] nopHAKa 10 5 nyaa 
[25] H V rropH~Ka 2.104. ilpHHHMaH Po = 20 1£6ap, Q = 2,5 Z/CM3 H 

Ro = 10 CM, rroHy~HM Re ,...., 50, aHa'lHTeHbHO npeBOCx.oAm:n;ee kpHTH'lecKYIO 

BeHH'lHHy,. OARaKo npH T = 700°C ,BHaKOCTb B'03paCTaeT AO TaKOH CTeneHll, 

'lTO AHH pe,aJIbHO AonYCTHMhlX Ha'laHbHblX paAHYcoB ~HCHa PemroHbAca CTa

HOBHTeH HHllie KpHTH~eCKH:X;; TarurM 06paaoM; onTHMaHbHaH 'TeMnepaTypa 

pacnHaBIl, O~eBHAHO, 6HH3Ka K 1000-1100 DC. ilPH .aTOM AaBHeHHe B HeM 

AOJIlliHO 6hlTb ---20 1£6ap, a cnopocTb ABHmeHHH MarMhl ~1200 Jt£/ce1£ . 
" Ellie pa3 no~epKHeM, ~TO caMH no ce5e aTH YCHOBHH HHnOHM 06pa30M He 

OTBe'laIOT YCJIOBHHM CHHTeaa aHMa3a. Ho BOaHHnHOBeHHe pemHMa KaBHTaIII1H 

B' TalWM pacllHaBe npHBOAHT K 06paaoBaHHIO B OTAeJIbHbIX To~nax CBepXBbICO

KllX AaBHeHHH H TeMrrepaTYP, 05ecne~HBaIOIIIHX CHHTea am.ra3a B 05HacTH ero 

my50KoH TepMolUIRa~ElCnoH yOTOH~HBOCTH. 
MomHo ,lIoKaaan, ~TO C H3HomeHHhlX n03HIIHH HaxOAHT eCTeCTBeHHoe 05'[,

HCHeHne MHprHe ,CBOHCTBa npHpOAHhlX aHMa30B H oc06eHHocTH HX pacnpe~e
JleHHH B IwpeHHbIX MeCTopom)J;eHHHX: aHa'lHTemiHhl.e paaMepbI H npHCTaJmO

.rp'a<pH~ecKoe "COBepnreHCTBO npHpDAHbIX aHMaaOB; -npHCYTCTBHe , 'aJrMaaOB 

B nopoAe, KaR. npaBHHO, B BHp;e eAHHH~HbIX KpHCTaHJIOB, paBHOMepHO pacrrpe-
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f);eJIeHHhIX B IIOpOp;e; HaJIJIqHe IlYCThIX 1'1 aJIMaaOHOCHbIX TPYOOK, IIpHypO'leH

HbIX It OP;HOMY nOp;BO)J;JIIlWMy lRaHaJIY; K'pHCTaJIJWrpaIPH'100KaH 11 MOp«p0JIOrH

'100KafI ICIIe~H«pH'1HOCTb aJIMaaOB B paaHbIX Tlpy6Kax; napareHea aJIMaaa C 

MyaccaHlITOM, II1ilPOIIOM 1'1 T. f);. [12]. 
B P;RHHOIl'r CJIY'1ae Hac HHTepecyeT OO'l>fICHeHHe OKpaCKH aJIMaaOB 1'1 CBfIaH 

oe C H30TOIlHbIM COCTaDOM yrJIepop;a. I1a cym;ecTBa MexaHHaMa I{aBHTa~HH 
BbITel{aeT, 'ITO aJIMaabI oopaaYIOTCH Ha yrJIepop;Cop;epIKa~ero Be~eCTBa raa/)

DbIX IIyablpbIWB. raaO'BYIO «paay KHMOepJIHTOBOH MarMbI COCTaBJIHeT yrJIeKHCJIO

Ta. B KapOO:{laTHOH «popMe OHa IIOBceMeCTHO IlPHCYTCTByeT B KHMOepJIHTax. 

A. II. BHHorpap;OB C COTpYP;HHKaMH [9] HCCJIep;OBaJIH ee lIaOTOIIH1>IH COCTaB H 

YCTaHOBll'IJIH BeJI!H'1HHy 6C 13 = -0,68 %, 'ITO npaKTH'1OC'KH TOIKp;eCTBeH'HO .R30-

TOIIHOMY COCTaBY OCHOBHOH rpYIIIlbI f1JIMaaOB (H30TOIIHO-THmeJIbIX; OCI~ = 
= -0,6 %). MCTO'1HMKOM 3TOll: YrJIeKHCJIOTbI CJIymHT KOH~eHTpHpOBaHHaJ{ 
«popMa yrJIepop;a MaHTHH. KaK MbI IIOKaaaJIH paHee [10,11], HCXOP;fI Ha iIIpep;

rrOJIOiKeHHfI 0 gByX JIHHHfIX 3BOJIIO~H YrJIepoga MaHTHH, yrJIepop; B TaKoii 

<popMe xapaKTepHayeTcH BeJIH'lHHOH 6C 13 ~ -0,7 %. B OTJIH'1He OT pacceHH

HOH «pOPMbI yrJIepop;a, !BbIHOCH~eroCfI B aeMHYIO 1R0py TOJIbKO B COCTaBe HH

TpyaHlf H HMeI01.Il;ero IIO aHaJIOrHH C KaMeHHbIMH MeTeopHT~MH 6C 13 = -2,2%, 
yrJIepOA B KOH~eHTpHpoBaHHoH yrJIHCTOH «popMe oOJIee peaKqHoHHocIIocooeH 

H B npo~ecce geraaa~HH H BbIIIJIaBJIeHHH MaHTHH BbIHOCHTCH B aeMHYIO KOpy 

B BHge raaooopaaHbIx coegHHeHu: CO, CO2, CH4• BCJIegcTBHe 3Toro He TOJIl>IW 

aJIMa3bI, HO 11 gpyrHe 3Hp;oreHHbIe !>IHHepaJIbI, reHeTH'1eCKH CBfIaaHHbIe C IIpO

p;YRTaMIf geI'aaa~HH MaHTHH, HMeIOT HaOTOIIHbIH COCTaB yrJIepoga, omlaKHH' l{ 

{)C 13 = -0,7%, HaIIpHMep: KapOOHaTHTLI (6C 13 = -0,6% [7]), BYJIKaHH

'1eCKaH CO2 (6C13 = -0,8% [29]), IOBeHHJIbHbIH MeTaH (6et3 = -0,25 
-1,0 % [ 13] ). B ~eJIOM yrJIepop; aeMHOH KOPbI, oopaaoBaBIIIHHcH, KaK IIO

KaaaJI A. II. BHHorpagoB [6], B IlOp;aBJIfII01.Il;eH '1aCTH aa C'1eT npOP;YKTOB p;era-

3a~HlI MaHTlI'H, Ta.I{me .THmeJlhlH (6C 13cp ~ -0,5 % . [10]). 
IIpHHagJIemHOCTb yrJIepop;a aJIMaaOB 1'1 yrJIeKHCJIOTbI KHMoepmIToB K 3HP;0-

TeHHOM «pOPM@ IIOp;'1epKHBaeTCH e1.Il;e H TeM, 'ITO HaOTorrHbIH COCTaB lIX aaMeTHO 

OTJIHQaeTCH OT HaOTorrHoro COCTaBa p;pyrHx pacnpOCTpaHeHHbIX B aeMHOH Kope 

coegHHeHHH yrJIepop;a, HanpHMep OpraHJIqeCKOrO Be1.Il;eCTBa (6C 13 = -2,5 %), 
He«pm (6C 13 = -2,'9 % ), rrpHpogHoro raaa (oC 13 = -4,1%), KapooHaToB 

(bC 13 = +0,01 %) 1'1 T. p;. 
YgHHHTeJIbHafI OJIHaOCTb HaoToIIHoro COCTaBa oec~BeTHbIx aJIMaaOB Ha 

caMbix paaJIFl'1HbIX MecTopomp;eHHH Mnpa CJIymHT e1.Il;e OgHHM gOKaaaTeJIbCf

BOM TOro, 'ITO HCXOgHbIH P;JIH 3THX aJIMaaOB yrJIepop; 'He CBHaaH C KaKHMH-JIHUO 

JIOKaJIbHbIMH HCTO'1HHKaMH, a HMeeT 001.Il;YIO npHpop;y, T. e. 3TO yrJIepo)J, 3H)l0-

reHHoj.j: yrJIeKHCJIOTbI MaHTHH. 

06paaOB3HHe aJIMaaOB aa C'1eT CIKaTIUI yrJIeKHCJIOTbI B TO'1KaX KaBHTa

I~HH - O(,HOBHPH, HO He ogHHcTBeHHO BoaMOIKHbm IIYTb. AeJIo B TOM, 'ITO rrrH 

CXJIOIIbWaHHliI 'rryablpbKa BoaHHKaeT OTpall{OHHaH OT «pORyca oopaTHafI yp;apHafl 

BOJIHa. TIOaTOMY BbICORHe gaBJIeHIUI H TOMIIepaTypbI oopaaYIOTCH B OJIHmai1-

IIIeH OKpeCTHOCTH OT TO'1eK cxomp;eHHH. MMeHHO BCJIep;CTBHe 3Toro rrpOHcxogHT 

yIIo~uIHyToe Bbl1.Il;epOJIFlBaHHe JIOBOPXHOCTH MeTaJIJIJIqeCKHX p;eTaJIeH, paOOTa

I01.Il;HX B RaBHTHpYI01.Il;eH. mHp;ROCTH. MomHo npep;IIOJIOmH~, 'ITO rrpH CXJIOIILI

BaHHIl IIY3b1pbHa BOJIHaH nOBepXHOCTH HaROrO-JIHOO yrJIepOp;HCToro MaTepHaJIa, 

HarrpHMep rpa«pHTa, ooap;alOTCH P-T -Y'CJIOBHH, gocTaTlO'lHbIe P;JIH nOJIHMOP«P

Horo rrpeBpa1.Il;eHHH rpa<I>'HTa B aJIMa3. B03MOmHOCTl> Henocpep;cTBeHIHOH rrepe

CTPOHI{l'I pemeTl{l'I rpa«pHTa ·B aJIMa3 ObIJIa 1I0RaaaHa JI. <1>. ,Be,pe1.Il;amHbIM C 

COTpyp;HHKaMH [5]. KOHe'1HO, BepOHTHOCTh C03p;aHHH nop;xogH1.Il;HX P - T-yc
JIOBUU: Ha IIeprr«pepHII rryablpbKa aHa'1IITeJIbHO MeHbIII8, '1CM B TO'lKaX KaBH

Ta~InI, HO Bce lI{e '1aCTb aJIMa30B, XOTH 1'1 3aBegoMo He3Ha'lHTeJIbHafI, MomOT 

CJ'IHTe3HpOBaTbCH TaI{HM IIYTeM. O'1eBHp;HO 1'1 p;pyroe - B o01.Il;eM CJIy:'1ae 3Hep

I'MH, rrepegaBaeMaH Ha rrOBepXHOCTb TBepp;oro MaTepHaJIa pacxop;H1.Il;eiicH ygap-

HOH BOJIIIOH, COCTaBJIHeT JIHIITh HeaHa'1HTeJIbHYIO -qaCTh 3Hepnm, BblgeJIHI01.Il;en:

ell B 06JIaCTH CXJIOrrbIBaHHH rrY3b1pbI<a. 
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rpa<pHTbI B 3amicHMOCTH OT reHe3HCa MoryT 'HMeh ipa3JIlJTIHbIH HSOTonHbIiT I 
coeTaB. B rpa<pHTOHocmIX fHeHcax H RpHCTaJIJIlPleCIUIX CJIanu;ax AOReM6pHikI<O-

ro <PYHAaMeHTa lliBe:U;HH raBeJIHH [41] OnpeAeJIl'IJI bCI3 OT -1,54 ;0;0 -3,19% 
npH ,cpeAHeH BeJIH'IHHe 8C 13 = - 2,45 %. JIaHAeprpeH [45],' 'H1CCJIeAOBaBIDHH:

rpa<pH TbI, HaxOAHnrI1:eCH iB aCCOIJ,HaU;HH C meJIe3HC1'blMH ImapUHTaMH H 'H3BeCT

HHRaMH, nOJIy<IHJI BemPIHHbI bCI3 OT -0,67 AO -1,12%. liICRJIIO'IHTeJIbHOe 

pa3Ho06pa3He H30'I'OlIHOrO COCTaBa yrJIepOAa nORa3aJIH rpa<pHTbI H3 nopop; 

m;eJIO'IHO-YJIbl'TpaOCIIOBHbIX MaCCHBOB l\OJIbCIWrO n-OBa H' RY3HeU;Roro AJIaTay. 

~aHmIe, nOJIyqeHHble Har.-m Ha MaTepHaJIe, npep;OCTaBJIeHHOM liI . A. IIeTep

C'HJIbe, nORa3bIBaIOT, '1ro AHana30H BapHaU;HH eSc 13 COCTaBJIHeT OT -0,72 P;() 

'l" a6JI HI\ a 3 

H3OTODHblU: COCTaB HeKOTop'blX HCCJIeJ\OODHHblX PpaofJHTOO 

06paaeI\ 

Rap60uep U3 HaTpoHHTH3HpoBaHHoB no
HeBomnaT-HecpeHHHoBoB · )HHm,r; 30Ha 
PHC'lOPPHTOB 
fpacpHT C arHpHHOM H3 arHpI'lEI"anaTHT
RaTpoHHToBOH mHHLI 
fpacpHT B nerMaTHTe 

illyRrHT H3 MemWITHOB'laTOrO 'IepHoro 
CYHLcpHp;Horo CHaHua, BYHKaaoreaHo-oca
p;O'laaa Tomua (Pt2) 
YrHHCTLIB CPHHHHT, BYHKaHoreHHo-oca
p;O'lHaa Tomua (P~) 
fpacpHT B MeHKOKOHxpeUHOHHOM KHaHH
TOBOM CHaHue 
fpacpHT U3 cuonoBit)l;HO-BOJI:OKH~ICToro' 
KHaHHTOBoro CJlaHua 
PacceHHHLIB yrJlepop; H3 TpaXHTOH)l;HOrO 
xH6HHHTa 
To me 

fpacpHT H3 H3MeHeHHoro ypTHTa 
fpacpHT HB ypTHTa 

YrHepop;HcToe BeruecTBo B MeTaMoPCPH-
1l0BaHHOM HaBeCTHane (Cml) 
fpacpHT C HecpeHHHoM HB HBMeHeHHoro 
ypTHTa 
fpacpHT C HecpeHHHoM 
fpacpHT B MHnponHHHe 

» » 

fpacplIT B nOHeBOM mnaTe C HecpemmoM 
H MOlIH6p;eHHToM 

I MeCTODOJI01HeHHe 

XH6HHhI, ropa KynHCBYM-
'lOpp 

XH6HHhI, ropa lOI{CnOp 

XHC.JilHhI; yrueHLe fanMaHa 
fleqeHra, 03. 110poapBe 

To )l{e 

IJ;eRTpaHLHhIe ReHohI, ropa 
TellhIID-MaToK 

IJ;eHTpaHLHhIe ReHBhI, ropa 
illYYPypTa 
XH6HHhI, XH6Iiffi.HTOBLIB 
l,apbep 
To me, HB P;Pyroro yqaCTna 
KHa-illaHThIpCRnH MaCCHB 

» » 

» » 

» » 
» » 

CaxapBOI{CnnH MaCCHB 
To me, lI3 p;pyroro yqaCTna 
XH6HHhI, xpe6eT TexTap-
.BYM'lOPP 

I OC13, % 

-2,56 

- 1,52 

-1,37 
-2,89 

-2,94 

- 2,92 

-4,70 

-1,93 

- 1,98 
-1,40 
-1,37 

- 2,07 

-1,54 
-1 ,37 
--{)!,76 
-0,72 
-1,43 

-4,70% (Ta6JI. 3) . TaRHM 06pasOM, B Ol'JIH'IHe OT pacTBopeHHoH yrJIeRRCJIO

TbI rpa<pHT H p;pyroH yrJIep0p;HCTbIH MaTe,pHaJI, rrpHcyTCTByIOm;HH B paCnJIaBe, 

HMeeT BecbMa necTpblH H30TonHblH COCTa.B . 

Bee H3JIOrReHHoe OTHOCHTeJI~HO H30TonHoro COCTaBa, npHpop;bI ORpaCRH H 

MexaBH3Ma <pOpMHpoBaHHH aJIMa30B n03BOJIHeT C<P0PMYJIHpOBaTb o6m;ee npep;

CTaBJIeHHe 0 npOHcxomp;eHHH ORpameHHblX aJIMa30B. 

AJIMa3bI, o6pa3yIOm;.n8CH HS ymepoA,a C02-ooAepmallIHx nYSbIpbROB 

nOA p;eHcTBHeM c<pepH'IeCRH CXOAHm;eHcH yp;apHoH BOJIHbI, Haxop;HTCfI B Ha.H6o

JIee 6 .TJarOnpHHrnbIx yCJlOBHHX, C TO'lRH speHHH ' HX RpHCTaJIJIH3aU;HH. IIpH 60JIb

mOM Ha'laJIbHOM AaBJIeHHH H paAHYce RaBHTan;HOHHbIX rry3b1PbROB 3HeprHH, 

ROHn;eHTpHpYIOm;aHcH B TO'lRaX cxomAeHHH, o6eCne'lHBaeT c03p;aHHe MaRCH

MaJIbHbIX TeMuep aTYP H p;aBJIeHHH. IIo3TOMY RpHCTaJIJIH3an;HH ocym;eCTBJIH-
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eTCH B paBI:lOneCHH, ROTopoe p;aJIeRO CP;BHHYTO n CTOPOHY YCToif'IHBOCTil perneT

J\H aJIMa3a. TaIme a JIMa3hl cop;epmaT MHHHMaJIbHOe 'IHCJIO CTPYKTYPHbIX p;e
tPelnOB. rpaHIIu;a HX IIOrJIOrn;emm COOTBeTcTnyeT p;aJIeROH YJIhTpatPHoiIeTO

BOH 06JIa~TH, T. e. Ollli 6eCIJ,BeTHbl, He JIJO,~UlIl()CUHPYJOT R He .n;aJOT CIIeRTpoB 

9I1P, eCJIH, HOHe'IHO, :no ,lie BhI3hIBaeTCH npHCYTCTB>HeM XHM'H'Ie'CHHx npHMe

ceM. I10CROJIbRY HCXO.n;HhIM P;JIH HHX HBJIHeTCH yrJIepop; ra30BOH tPa3hl MarMbT, 

T . e . fJIy60IW rOMoreHH3HpoBaHHhIM U OP;HOpO.n;UhIH no XHMH'IeCHoMy cocTaBY 

II npOJICXmH.n;eHHJO MaTeprraJI, 3TH aJIMaahI OTJIH'IaJOTCH HCI<JIJO'IHTeJIbHO O.n;HO

POP;HbIM rraOTonHhlM COCTaBOM (6C13 = -0,6 %). 
,lJ;PyraH 'IaCTb aJIMaaOB 06paayeTclI npH MeHee 6JIarOnplIHTHbIX YCJIOBlIHX 

B CMhICJIe .n;aBJIeHHH H TeMiIIepaTYP, HanpHMe,p, eCJIIr :mepl1HH CmaTJiUr nyabIpb

JWB yrJIeRHCJlOThI 6hIJIa He.n;OCTaTO'lHO Bemma. I10MHMO yrJleHHCJIOTbI HCTO'l

HHHOM yrJIepo.n;a MoryT 6hlTh rpatPHThI. Cnoc06 HX BOBJIe'IeHHH B npou;ecc aJI

Maao06pa30BaHHH CYIIJ,eCTBeHHO OTJIH'leH. I1pe06pa30namm rpatPHTa, KaR H 

p;pyroro yrJIepOp;UCToro MaTepHaJIa, B aJIMa3 npOHCXOP;HT no.n; .n;eHCTBHeM OTpa

meHHOH OT TOLIeI, RaBHTaIJ,HH 06paTHOH yp;apnoM BOJIHb!. ,lJ;aBJIeHHH H TeMIIe

paTyphI, p;OCTlIraeMhle nop; p;eiiCTBHeM TaROH pacxo.n;RIIJ,eMCH BOJIHbI, npI!lHlvr

ITlIaJIhHO Bcer.n;a aHa'lUTeJIhHO MeHbllle .n;aBJIeHHH n TeMrrepaTYP, pa3BHBaJOIIJ,HX

CH B tPOI<aJIhHOM 06JIaCTJ'I. CXOp;HIIJ,eMCH yp;apHoH BOJIHbI. P - T-napaMeTpLTlI 

3THX cJIYlJaHX OT:neqaJOT norpaHH'IHOM 06JIaCTH YCTOM'IlIBOCTH 0HCTeMI>( rpa

tPIIrr - ' aJIMa3. PerneTI{a 06pa30BaBrnlIXCH TaRHM nYTeM aJIMaaOB co.n;epn(lrr 

OTHOCHTe.lJbHO 60JIhrnOe 'IHCJIO HeperYJIHpHOCTeH, BCJIep;CTBHe 'Iero 06paayJOTCH 

u;eHTpbI aaXBa Ta" 06YCJIOBJIlIBaJOIIJ,He rnHpOlmM cneHTp nOrJfOIIJ,eHHH H JIJOMB

Hecu;eHU;HlI aJIMaaOB. ECJI}I JIHHHH nOrJIOIIJ,eHHH OTBe'13JOT BH)J;liIMOH lJaCTH cneH

Tpa, aJIMa3bI ORaahIBaJOTCH OHparneHHbIMlI HeaaBlICHMO OT npBCYTCTBHH B HHX 

XPOM0tP0PHbIX npHMece11:. I10CROJIhHY HCXOP;HhIM yI'JIepOp;OM .n;JIH HHX MOiHeT 

CJIyiHI1Th R3R yrJIeI<HCJIOTa nyahlphROB, TaI{ H JII060M rpatPHTHCTbIM MaTepHaJI 

B paCnJIaBe, H30TonHhIM COCTaB OHparneHHhIX aJIMaaOB HOJIe6JIeTCH B rnBpOI<OM 

p;HanaaOHe ;SeJIH'llIH 6C 1a, XapaI<TepHOM P;JIH Bcero MHOI'006pa3BH yrJIepo.n;co

p;ep'I<aIIJ,I1X BeIIJ,eCTB, HOTopble MoryT ORaa3TbCH B ctPepe pa3BBTI1H I<HM6epJtfI

TOBoro npou;ecca. 

MOCI>08CI>uii uncTuTYT nerPTexu,ltu'tecI>oii 
u eaao8oii npO~£bW1JLenItOCTU U.M.. 11. M. ry61>UH.t;' 
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