
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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