
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. 


