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OHIWI XAPAKTEPHCTHKA PABOT!i 

AKTySJILHOCTL TeMH. Coe,D;HHeHHJi AIJI.frf HBJIHJJTC.fl ocaoBHliMI! Ma­

TepliIBJ.l8lm 6ypHO pa3BHBallll8rOC.fl B llOCJie.IUDte ro.IUI HanpaBJieH1UI 

no.nynpOBO>UIHROBOit aJieRTpoHlilltH - OllTOSJieKTpOHllIGI. lliHpoRoe npx­

MeHe!Ule ltpHCTSJIJIOB q,oc~a r8JIJIH.fl K q,oc~ KH,JJ;Ptir ~ HSrOTOB­

Jie!Dtll HCTO"IHHROB CllOHTaHHoro H ROrepeHTHOro HSJIYqemm: CT:m.1YJIH­

pyeT Heo6XO,IOIMOCTL 6oJiee ~eTaJILHoro HCCJie~OBaHH.fl OITTH"l8CKHX 

CBOftCTB STHX MB.TepHBJIOB. 

~SH"I8CRHe CBOICTBa TBep~HX TeJI B cyinecTB8HHOI Mepe onpe­

~eJl.flllTC.fl HaJIHtJl!!eM ~e~RTOB B ltpHCTaJIJIH"!eCROA pemeTKe. 06.nyqe­

!Ule llOSBOJI.fleT ROHTpoJrapyeMO BBO,JJ.l'!TL pa,n;RallHOHHRe ~elfieRTli (Pn) 

B RpHCTaJIJIH"IeCRYD pemeTxy TBep~EIX TeJI H B filHPOROM ,D;HarrasoHe 

B8.pLl!pOB8.TL RX ~SH"!ecKl!e CBOICTB8.. 

c ~roA CTOPOHlil, 06JIY"!8HHe .flBJI.fl8TC.fl y~o6HHM cnoco6oM MO­

ll;eJIJ!POBB.HK.fl aMOµl>HHX K pasyno~oqeHHllX TBep~EIX TeJI, Tax KB.R 

B pe sy.IIl>TaTe 06.nyqeHK.f! HB.6JID~aeTC.fl ROMIIeHCallH.fl npOBO~OCTK H 

o6pasoBaHKe "XBOCTOB" ·IUIOTHOC'l'll COCTO.f!HKA B 3arrpemeHHol SOHe. 

0ITTKqec!G!e MeTO.IUI ncc.ne~OBaliltJI ll03BOJIRJ)T ITOJIY"IKTL ~eTa.nLHyD 

HHq,o~KD o cBolcTBaX pa3ynopn~oqeHHllX cKcTeM, qTo axTya.nLHO 

1<aR .ztJI.fl ~LHei!mero ' pasBKTK.fl Teop:im pa,zclallHOHHllX HB.pymeHHI B 

llOJIYrrpOBO~OBllX ltpHC'l'aJ!Jlax, Tax K ~ KsyqeHK.f! HX CBOICTB H 

npl!pO~H. 

AltTyaJI:DHOCTL ~aHHllX HCCJie.n;oBaHKI BliSBaHa TaRXe Heo6XO,JJ.l'!­

MOC'l'bD HsyqeHK.f! pa,D;HallHOHHOI CTOIROCTH npH6opoB, HSrOTOBJI.fl0MEIX 

Ha OCHOBe llOJIYllpoBO~OBllX coe~HeHHI Am-ri'. 

ECJIH onTH"!ecRHe cBolcT:aa RPHCTaJIJIOB Ga As , o6JIY"IeHHEIX 

pas.JIHllllHMH THllaMH qaCT:Jlm, MOlltHO C'IJH'aTD ~OCTaTO"IHO no~06HO 
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H3y'!'eHIWMll'., To onTHqecKHe cBolcTBa KPHCTaJJJioB Ga P z In P , 
CO,IJ;epza!ItHX Pl{, pacCMaTpl'IBSJmC:b TOJI:bKO B 0'1',Il;eJI:bHHX paOoTax: ,ll',lIH 

CHJI:bHO OOJIY'!'eHHHX KPHCTaJJJIOB 6aP ' KOr,IJ;a CaMO nomrTHe "Kpait 

IJJyH,IJ;aMeHTaJI:DHoro norJI0111eIDtR:" TepH.110 CMHCJI, a ;n:JI.a In P BJIH.amre 

oOJiy'!'eHH.ll BWIBJISDIOC:D B ysKoM li!HTepBaJie ,ItJmH BOJIH BCJie,IJ;cTBHe 

MaJioro OllTH'l'eCKoro nponycl.'tElHH.H RCXO.ztHOro KPHCT8.J1Jla B 00.JiaCTl'I 

npHMecaoro norJI0111eHH.H. 

OTcyTCTBYll'.l' TaitJte pa6oTe, paccMaTPKBalll!He ocooeaHocTl'I on­

TH'recIGU CBolcTB OOJIY'!'eH1ua: KPl'ICT8JJJ.IOB Gu P l'I In P B o6JiaCTl'I 

norJIOll(eHl!:.H CBOOO.zumMH HOCH'l'eJI.HMH H BJIH.HHlle Pll H8 MexaHll:3M pac­

cemnra B KBBHTOBOI o6JiaCTH '!'aCTOT ( . h(J) » KoT ) • 

IlpHMeHelme COe.ItHHeHHI AlllaY B OllTOSJie~TpoHHKe BO MHOrOM 

o6yCJIOBJI8HO cpocoOHOCT:bD H8KOTopex np.HMecel oOpa30BHBaT:b ,Il;O­

HOpH0-8.ItilenTopm.re naps.HJIJI SKCHTOHHee KOMIJJieKce, o6ecne'IHB8.H 

H8JIY'l'8'1'eJI:bHyD peKOMOHHaitHD. COCTOJIHl!e STHX KOMILJleRCOB TaRJl:e 

MO~eT H3M0HHT:bCR B pesyJI:DTaTe o6JlyqeHJ!!R. 

BHlicHeHHe aTHX BonpocoB, aecoMHeHHo, npe,IJ;CTaBJIReT OoJI:Dmol 

Ha.y'l'Hwt H IlpaR'.l'H'lecRd ll:HTepec. 

IleJI:b paOOTS. Ha COBpeMeHHOM STane HCCJie,IJ;oBSHHI Teope·u.­

qecxoe paccMoTpeHHe OKOJioxpaeBoro norJI0111eHHR B OOJIY'!'eama: noJiy­

npoBo.ztmmoBHX KPHCTaJJJia.x MOlleT 6en C.I(eJiaHo BeC:DMa npHOJJ:JmeHHo. 

Teopo, paccMaTPKBalll!He BJIHRHRe Pll Ha norJioll(eHJle CBeTa CBOOO'A­

HSMH HOOBTeJJJDm, BOOOll(e OTCYTCTBYD'l'. !IOSTOMY 'AJI.H msyqelDJ.H Pll H 

HX BJIHRHHR Ha 01ITH'i0CKHe CBOICTBB. IlOJIYJIPOBO.ItlDIROB nepBOCTeneH­

HyD BSJ[HOCT:b np206peTaur.aKcnep11MeHT8.Jll.HSe M0TO,I(S HCCJie,I(OBaHJIR. 
' UeJI:Dn HaCTORll(el pacSoTe .aBJi.HJioc:D: 

I. 3KcnepJD1eHTaJI:DHOe HCCJie,IJ;o:eaHJfe oIITJ1111ecitoro norJI0111eHHR 

o6Jlyqemmx 008.B;l!Hemd GaP H lnP B lllllpOROM HH'l'ep:saJie A!DtH 
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BOJIH, saxBaTSBaDUeM oKoJioKpaeBYD o6JiacT:D, o6JiaCT:D npRMecHoro 

norJIOll(eHll:R H OOJiaCT:b norJIOll(eH'W'f Ha CB000.I(HSX HOCHT0JI.HX. 

2. YcTaHoBJieHl'Ie saRoHoMepHOCTll: H npl'I'l'.HHH zsMeHemt.H onTH­

qecRll:X CBoiicTB KPHC.TaJIJIOB GoP H lr1P npH oOJiy'l'eHHli aJieKTpo­

HBMH pa3Jlli'l'HHX aHeprl'II H Hsyqeim:e BJill:RHH.ll Pll Ha MexaH.HSMS pac­

ce.HHH.ll CBOOO.I(HSX HOCHTeJiel B KBSHTOBOI oOJiaCTH '1'8CTO'l'. 

3. HcCJie.I(OBaIDie BJI.HRHHR aJieKTPOHHoro oOJiy'l'eHlIR Ha aKCl'I­

TOHHSe KOMIJJieKce B KPl'ICTaJIJia.x GoP . 
Hay'l'Ha.H HOBH3Ha 38KJID'!'aeTC.H B CJie.I(youeM: 

I. BnepBse zsyqeHs SaKOHOMepHCCTR HSMeHeHHH onTH'!'ecxoro 

norJiomeHHR KPl'IC'l'aJIJIOB 6aP H lnP npH BBe,I(eHl'I.H Kalt TO'!'e'l'HHX 

Pll,TaK H o6JiaCTH pasynop.H.I(o'!'eHJIISI (OP) H noKasaHa onpe.I(e.1IR!:lln8JI 

pOJI:b ,IJ;eqJopM~HOHHHX aqqieK'l'OB B qJopMHpOBaHH.H "XBOCTOBft IlJIOTHOCTl'I 

COCTORHHI. 

2. BnepBee SKCnepHMeHTBJI:bHO YCTaHOBJieHO BJill:RHlie TO'!'e'l'HSX 

Pll Ha 'MexaHHSM pacce.HHH.ll HOCHTeJiel B OOJiaCTH norJiomeHll:R CB0-

00,I(HHMH HOCl'I'l'eJIRMH H npe.n;JIOXeH HOBHI MexaHHSM pacce.HHlI.H Ha "sa­

MOpollteHHHX" l}ioHOHaX (.I(eqJopMaIUm, JIORBJIPISOBaHHee BOJI.H3H Pll), 

06~.HCHSI!OlllHI yMeH:DmeHHe IlOKa3aTeJI.H r B '1'8C'l'OTHOI 38BRCHMOC'l'H 
-r 

o<""' UJ np:H OOJIY'!'emm. IloKasaHo, '!'TO OP OKaSHBalDT MaJioe BJili-

HHHe Ha pacce.HHHe, B TOM 'l'HCJie H B aRTYaJI:bHOI KBSHTOBOI OOJI~C­

'l'H '!'aCTOT ( ff(A) >>K0 T ) . 
3. 3KcnepRMeHTBJIJ>HO onpe.I(eJieHo noJioi1mHHe ypo'BH.H illepMH B 

OP .n;JIR KPHC'l'8.J1JIOB 6aP EF = fc - I,O aB, '!'To oo~.acHReT KoMneH­

c~PID npOBO,ItKMOCTR npl'I OOJIY'!'eHHH BHCOKOSHepreTJII~HSMH '1'8C'l'HUaMH. 

4. !IOKa38HO, '!'TO npMMeCR KHCJIOpO.I(a B npouecce OOJIY'!'eHH.H 

Mory•r HSMeHHTJ> cBoe noJioxeHHe B KPRCTBJIJI.H'!'eCKol peme_TKe GoP, 
nepeXO.I(R HS COC'l'O.HHlIR BHe,I(peHWJ B COCTO.HHHe 3aMell(eHH.H. 
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5. 06HapyxeHH R R3ytieHH neHTpH, OTBeTCTBeHHHe sa BpeMeH­

HyID HeCTa6HJ.IbHOCTh 3JieKTPRtieCKPIX R OilTRtieCKMX CBOttCTB KPRCTM­

JIOB lnP ' 06Jiyt1eHHb!X rrpR IWMHaTHOtt TeMITepaType. 

IlpaKTRtieCKaJI 3Hatll!MOCTh. PesyJihTaTH RCCJie,IJ;OBaHRtt R3Mepe­

HRR OITTRtieCKMX CBOttCTB qioc~~a r~SI R qioc~,n;a HH,IJ;i!:SI ITOCJie 

06.nyt1eHMH tiaCTHUaMH BHCOKPlX 3Heprztt H ITOCJie.JtVl!ll1ero TepMHtieCKOro 

OTJm:ra MOryT 611Tb RCilOJih30BaHH ~SI rrporH03HpOBB.HliUI pa,IU'l'.aIUIOHHHX 

H3MeHeHRtt rrapaMeTpOB rrpn6opoB OITT03JieKTPOHRKR. 

PocT KOHUeHTpaURM neHTPOB Kpacaoro CBetieHHSI ln-0 B KPRO­

T~ax Ga P B pesyJihTaTe 06.nyt1eHRH MOJKeT 611Th HcrroJih30BaHo 

~SI YBP-JIHt[eHRSI 3qxpeKTHBHOCTR R3JIYtieHHH CBeTO~O,IJ;OB Ha OOHOBe 

6aP. 
Ilo.nyt1eHHHit B pa6oTe BHB08 06 orrpe8eJimomett poJIR AelP<JpMaIUI­

oHHHX 3qxpeKTOB B o6pa30BB.HHR 11 XBOOTOB" IJJIOTHOCTR OOCTOSIHRit R 

qaCTOTHOtt 3aBRORMOCTR K03~ReHTa norJiomeHRH B o6JiaOTR rrorJio­

~eHRSI CB060.IJ;HHMR HOCRTeJIHMR MOJKeT flBHTbCSI ~3RtieCKOtt OOHOBOH 

1i;JISI pa3BRTIDI MeTO,IJ;OB KOHTPO~ BffYTpeHHRX ,MexaHRt1eOKRX Hallpfl­

JKP,HRR B no.nyrrpOBO,IJ;HRKOBHX C~TKax. 

OcaoBHHe sanµi:maeMHe noJioxeHRR: 

I. B pesy~~TaTe 06.nyt1eID!SI B 1.UHpoKosoHHHX coe~HeHRRX AmBy 

o6pa3ylOTCSI 11 XBOCTH11 IJJIOTHOCTR COCTClilHRtt, o6yCJIOMeHHHe 8eqJop­

MailROHHHMR sqxpeKTaMR. 

2. HsMeHeHRe MexaHRsMa paooeRHRSI CB060~HHX HOCRTeJiett B 

GaP rrpR 06.nyt1eHRR JIBJIBeTCR CJie,n;cTBReM B03HRKHOBeHIDI JIOKMh­

HHX ~ecpopMauRoHHHX noJiett, cBSisaHHHX c Pn. 

3. YBe~t1eHRe KOHUeHTpauRR .ln-0 KOMMeKcOB B CaP npR 

06.nyt1eHHR o6ycJioMeHo rrepexo,n;oM rrnRMeOR KRMopo~a HS Me~..n;oyseJih· 

•mr" GOCT''.HHRR Ha BaKaHCHIO d ~,.. 

.,r ·> ..... _,) 

~ 
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4. HecTa6HJI1>HOCT:& OBO:ACTB KPHCT~OB lnP ' 06.nyt1eHRHX rrpH 

KoMRaTRo:A TeMnepaType, o6~SicHSieToSI BB98e.HHeM Pn c ypoBHeM 

Ee - 0,98 sB. 

Anpo6ail!J! pa6oTH. OoHOBHHe pesym,TaTH ~ccepTru:niIOHHott pa-

6oTH 80RJIB,D;~C:& H 6~ rrpe8CT~eRH Ha oeCCHR HaytIHHX COBe­

TOB no rrpo6JieMaM Pwrl' AH CCCP H wrr AH YCCP (CeBB.OTOilOJI:&, CeHT. 

I9?6r.), .Ha Me~RaP08HOi1 KOR<l>epem:um: "P~ru:niroHRse sqxpeKTB B 

no.nyrrpoB08HHKa.X" (.l{y6poBRHK - DroMaBIDI, ceHT. I9?6r.), Ha Bee-
~ 

COID3HOi1 KOH<I>epeamnI "P~auHOHHH9 3qxpeKTH B TB9P8HX T~ax" 

(Amxa6a,n;, OKT. I9??r.), Ha Me~Hapo,n;Ho:it KoH<I>epeHnRH ".IJ;e<I>eKTH 

H ~a.IUIOHHHe 3qxpeKTH B no.nyrrpo~08HHKaX" (HHnua - ~alllU!R, 

ceH'l'. I9?8r.), Ra Bceco1>saott KOH<I>epeHnHH "hsztta coe.IJ;HHemtlt 

AmBy " (~eHHHrpa.n, ORT. I9?8r.). 

Ily6.1ll!KaIJ!!H. OOHOBRHe pesym,TaTH pa60TH ony6JIHROBa.HH B OT9-

tI9CTBeHHHX H MeJK,IzyHapo,n;HHX JtYPH~ax. T93HCax 80RJIB,D;OB H MaTepH­

~ BCeCOID3HHX H MeJK,IzyRap08HHX.KOH<I>epeHnHtt (? ny6JI:mta.nHii). 

CIIl!cOR ny6~tt rrpMaraeTcSI. 

CTPYKTYPa H o6~eM .IDlJ'.CCepTag:im; • .IJ;HccepTru:niISJ cocToHT xs BBe-

89HHSI, ITSITH rJiaB, 3W!)t[eHIDI H CUHCI<a JIHTepaTypH; HSJIOlteHa Ha 

I30 cTpB.Bllllax MamHRomroHoro TeRcTa, C089Pl!Cl1!T 4 Ta6Jim:tH H 33 

pzcyHI<a; 6116JIHorpaifmJI B~t1aeT 86 HaHMeHoBB.HHit. 

CO.IJ;EPIAIDIB PAEOTH 

Bo BBe8eHJl!l'I 060CHOBB.Ha aRTyaJil>HOCT:& R3yt1eHHJI P.IJ; B KpHCT~­

Jiax qJoccfE,n;a r8..1.lJIHJI H qJociinma HH,IJ;IDI, IlPHBO,IJ;HTC.II KpaTKOe CO.ztep:m­

Hl:e ,ll;JICcepTB.IUIOID!OI pa60TH, a Taitze OTMetia9TCSI HOBJI3Ha no.nyt1eH­

ma pesynT&90B~ Jlpl[BO,ztHTCJil OCKOBRHe llOJIOXeHJVI, BliHOClDQle as. 
'3811tKTy. 

·-... ,fJ j 
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ITepBaJI r~a.Ba SIBJUieTcH oosopttoa. B Heii paccMoTpeHH oco6ea­

aocTH o6pasoBaHWI Pn B 6nHapawc no.rryrrpoBo.nmrKoBwc coe~HeHHHx 

npll 06.rryqeHHM YCKOpeHHNMH a~eKTPOHaMH, rrpoaH8JIJ!!3HPOBaHa CBH3b 

cTaORJU,HocTn Pn c napa.MeTpru.m KPHCT~nqecKoa pemeTKH B pH.ne 

coe~e1m:a AmBY. KpaTKO oTIHcaHH nsMeHeimH 4l1Ialil'lecKWC cBoftcT~ 

nmpoKosoHHl:lX coe~Hemrli AmBy rrpz Bos.neicTBHH o6~yqeHHH. 

Bo BTopott r~aBe rrpHBO~TCH MSTO~Ka ll TeXHHKa 3KCnepnMeHTa, 

zcno~b30BaHHaH B .n;aHHott pa6oTe. HcCJie,noBaHHe cneKTPOB rror~ome­

HHH B o6~aCTll OT 0,5 .no I5 MKM npOBO~Cb Ha npoMllllIJleHHlilX 

cneKTpo4JoToMeTpax C~-8 n UR -20, B .n;Byx.rryqeBoM peJKHMe. HsMe­

peHHe cneKTpMbHOH 3aBllCIDllOCTll " ~OTOilPOBO~OCTH rrpOH3BO)U!JIOCb 

rrpn ITOCTOHHHOM H MOJzy~pOBaHHOM OCBernelii'IB, liCITO~b3YH MOHOxpo­

MaTop CilSKTpoq,oToMeTpa C~8 . ~aCTOTa rrpepliBamtR CBeTa COCTaB­

n.f!Jia I3,2 I'u . HCTO~KOM CBeTa CJIYl!m~a RaMTia HaKa.JIHBaHHH . 

Hli3ROTeMTiepaTypH1:1e OITTHqecRHe ll3MepelilUI rrpOBO)U!JIHCb B 

RPHOCTaTax. 

06~yqelll!e o6pasuoB rrpoBo.n~ocb Ha ~HeliHoM ycKopnTeRe 

EpeBaHCROro CllHxpoTpO Ha ll Ha MllRPOTpOHe c 3H8pI'HJl:Mll a~eRTPOHOB 

kc MaB n ?,5 MaB, cooTneTCTBeHHo. 06.rryqeHHe a~eKTpoHaMH c aHep­

ea 2,5 MaB rrpoBO,IU!JIOCb Ha ~..nHefllioM YCKOPHTene aneKTPOHOB 

~IY-4 HtcTETyTa tllnanKM AH YCCP. B ::rpouecce o6RyqeHIDI 06paau1:1 

XJiaJimM:l'lCb ::rpo;zyBoM napon lltlUtKOro u.nTa, noimepmraallI.lleM rroc­

HHVRJ Ter.m~paTypy o6paa"-ta 20°c. 

~l!rnl' F~ rrpono,Ull.JICR B J3aRYYMHOA neqpr B HHTepBB.Jie TeMIIepa-

1'-t-f.Ouvc, nepHo.n :11so:tpoHWJ"O tTDra cocTa.MllJI IS MHH. 

P""'»eii :::'XP..Be lIPliU ~.nE E 1:1 

a.JfFTr'OHaMll! ~ aHe 

E!li'le 

~l~&Tu ECCJie.n;OBalf"l!iI BJJHhHHil 

}I 

T~ 

MaB Ha OITTRqec­

i)a3UC>l3 GaP , 
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~erHPOBaHHHX UHHROM ~ Te~poM. B pesy~bTaTe 06.rryqeHJi!H Ha6~ro 

.naeTcR .norro~Hl'!TMbHoe nor~omeHl!!e B oKo~oRpaenoa o6~acTn n yMeHb­

memre rror~omeID'!R B o6~acTH nor~omeH!i!R CB060,nH1:1MH HO CHTeRRMH. 

IlpH MMHX .nosax 06.rryqeHJi!R B KPHCT~a.x 4JopMa KpaH q,yH)lB.M8HTMb­

HOro rror~omeHHR TpaHc4JopMHPJ8TCR ll3 CTeneHHOii B 3KCilOH6HIUfaRb-
1iw- Eg 

HylO o( =o<oexp to , ~o yKa31:1Ba.8T Ha B03Hli!KHOBeHJi!e "XBOCTOB" 

IIJIOTHOCTll COCTORHllii. ~ - HSKOTOpaH xapaKTepHCTHqecKaH 3HeprnR, 

3aBHCHmaH OT TeMITepaTyp1:1 H napaMeTpOB MaTepnMa. IlpH ~bH6H­

meM 06.nyqemm: ~ BospacTaeT ~nHeiiHo c .nosoi B c.rryqae BBe.n;eHID:r 

ToqeqHHX Pn. B rrpHJierannei K KPaJO o6~acTn rrpnMecHoro rror~omeaRH 

.nono~HHTMbHOe rror~omeHHe Bl:lpaltfleTCR 38.BllCllMOCTbIO 0( - exp(/li11J), 
"C')le r He 3aBHCHT OT ,IJ;031:1 06.rryqeHJi!R. 

RcCJie,n;oBB.HHR <floToqyBCTBHTe~bHOCTH 06.rryqeHHHX KP~CT~OB 

Il0Ka38JIJ!!, ~o <floTorrpoBO.n;m.'IOCTb Ha6~10.naeTCR B o6~aCTH .norro~InI­

Te~bHOro nor~omeHHR. IloHBJielilie OCTaTO'IHOH rrpoBO)lllMOCTll H ee 

rameHJ!e yru:i.sl:IBalOT Ha BOSHHKHOBemre noTeHIUIMbHoro pe~be~ soH 

rrpH 06.rryqeHHH. no cneKTpMbHHM 3aBHCHMOCTHM rameHRH OCTaTOqHoi 

rrpoBo~ocTH orrpe.ne~eaa r.rry6naa sMera!Illl! ypoBHH ~PMH B OP 

KPHCT~OB GtJP EF = Ee - I,O sB. 

:3KcnepHMeHTMbHHe peay~TaTs no:itasl:IBalOT, qTo ToqeqH1:1e Pn 
HaMHoro aiP;PeKTHBHett nsMeH.SDJT KP8i oc~oBHoro norRomemur B KPRC­

T~ax Ga P , qeM nerHP:YDllHS rrpmiecR. :Jore yKasHBaeT Ha npeo6-

R~JO po~ ~e<flopM8.lll!OHH!iX aiP;PeKTOB HB,IJ; KY~OHOBCKHM B3aHMO­

~ettcTBHeM B <flopMHpOBaHHH "XBOCTOB" IIJIOTHOCTH CO CTOHHHtt. 

Kosqxf!mnleHT no .... ROIIISHHH B o6~aCTH nor~omemra: CPOOO,!i,HNMY 

HG~'l'\'l.'M J::5 oc 
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KPHCTaJIJioB n-fiaPsHa'IeKHe r Ha.Xo.nzTcSI B KHTep:sa.ne I,B+I,35. 

IlpoBe,D;eHHHe Hru.m 3KcnepKMeHTH ,Il;JISI O,D;HHX K Tex xe o6pasnoB 

n- Go p ' JierxpOBaHHHX TeJIJIYPOM ( no =I' 5+2. 1017 
CM -

3) ' IlOKa3aJIJ/I' 

'ITO npIII yBeJIK'Iemm Ko~eHTp~:im Pn noKasaTeJI:o cTeneHK r yMeH:o­

maeTcSI OT I,8 ~o I,! npK Ko~eHTP~H ,D;eqieKTOB -1017 cM-3• 

3HS.'leHKSI r < I. 5 He 06MCHIDJTCSI HK O'AHHM H3 BH!IleyRasaHHHX Me­

xaHK3MOM. 

Pn .llllJUilOTCSI cTaTx-qecrun.m HecoBepmeHcTBaMK. BoKpyr TaRHX 

~eqieKTOB pemeTRH MOryT B03HKKaT:o IlOJISI CTaTK'l8CKoa ,D;e~opMaUKH, 

KOTOPlllM 6y'}zyT COOTBeTCTBOBaT:O "3aMOpOJlteHHHe" ~HOHI:l. CBSI3a.HHHii 

c HKMJ! ~OilOJIHKTeJI:OHH! IlOT0H!U[aJI ,D;e~p~ B npK~KUe Hl'I'I0M He 

OTJIK'I80TCSI OT IlOTe~aJia ,D;e~p~. o6yCJIOBJI0HHOro, HanpKMep, 

aRJCTH'leCirnMJll ~HOHaMK. Ewio npoBe,D;eHo TeopeT:l'I'IecKoe paccMoT­

peHHe pacceSIHKSI CB060,D;HHX HOCKTeJieii HS. "saMopollteHHHX" ~HOHa.X 

B paMRaX TeopKH ,D;e~pManHOHHoro noTeH!U[aJia. KosqxlJmnl:eHT norJio­

meHKSI pacC'IHTHBaJICS! BO BTOPOM nopSI,D;Re TeOpKK B03MJmeHHii. IlpH 

3TOM Taltllte Y"W'l'HBaJIKC:O npoMeityTO'IHHe COCTOSIHKSI B Bepxaea IlO,ll;-

30He X3, B nponeccax pacceSIHHSI ,Il;JISI n-6aP ( i - pacceSIHKe). 
2 . 

Ilo.nyqeHo, "l'l'O mrreHCHBHOCT:O paccemm.H (A Ja,...f wJJ'- UJ2 , BCJie,D;-

CTBHe 'lero no.nH!il K03~eHT norJiomerom cBo6o:qaliMH HOCKTeJIRMll[ 

npH6JIHJ!teHHO OIIJIICHBaeTCSI 3aBHCl!MOCT:Oll o("' (A)-r. r.D;e -I/2~r~ 7/2. 
IlpK yBeJIHllemm KO~eHTP8.Ulll'f "saMopoxeHHl:lX" ~HOHOB (T.e. 

Ko~eHTPanHH Pn> BKJia.D; 3Toro MexaHHsMa B norJiomeKHe cBo6o~HMK 

HOCHTeJIRMl'I B03pacTaeT. TaKl!M o6pa30M,npe,IVIOllteHHiil MexaHK3M Il03-

BOJISieT o6~SICHHT:O 3KCile'pKMeHTaJI:OHO Ha6JI!l,D;aeMOe JMeH:omeHKe IlORa-

3aTeJISI r B 'IaCTOTHOii 3aBHCHMOCTK K03\PPIUU'[eHTa norJiomeHWI.B 

pe3yJI:&Ta'J.'e 06.ny~eHKH BJIRfIHH0M JIOKBJI:OHHX ,D;e~pMaIU'[OHHHX noJiea 

B6JIK3H TO'Ie'llIHX Pl. 

f 
r 

- II -

OP B KpKCTaJIJiax n - lia P a!M>eKTKBHO JMeHI>mamT KOHUe HTPanHIO 

CB060~HX HOCJrreJiet:i (-~= 30 CM-1), HO .HBJISISIC:O 06JiacTm.m no­

BH!IleHHoro conpoTHBJielilm, oRasl:ffiallT MaJIOe BJIHSIHKe Ha pacceSIHKe, 

B TOM 'qKCJie H B aK'fYaJI:oHOii KBaHTOBOii 06.naCTH 'IaCTOT lieu >>KoT. 

B 'I8TBepToi rJiaBe HCCJI0,ll;OBaHH oco6eRHOCTH BOCCTa.HOBJieHHSI 

onTK'IecKoro norJiomeHHR npz OTlltKre B KPHCTaJIJiax fia P , o6Jiy'IeH­

HHX pa3JIH'llIID.m KHTerpaJI:OHHMH IlOTOKBMH 3JieKTPOHOB c 3Heprxeii 

7,5 K 50 MsB, a TaKl!te BJIKSIHHe 06.ny'IeHHSI H nocJie.ny101Qero OTl!rnra 

Ha IlOBe,D;emie npKMeCK B 3TKX KPHCTaJIJiax. IlORa3a.HO, 'ITO B KPKCTaJI­

Jiax n-6aP, 06.ny'IeHHHX sJieKTPOHaMR c 3Hepruet:i 7 ,5 MaB HHTerpaJI:o­

HHMH IlOTOKaMH ~o 8·Io16aJI/c~. Pn IlOJIHOCT:Oll OTlKl!raIOTCR npK TeM­

nepaTypax ~o 450°c. IlpK o6Jiy'I8HKK KPIIICT8JIJIOB n-liaP He60JI:O!llKMH 

noTOKaMJ/I sJieKTpoaoB c 3Heprzett 50 MsB HapSI.ny c O'l'lltlirOM npn l3.blIIIe­

YRa3aHHHX TeMUepaTypax Ha6JIIO,D;aeTCSI BHCOKOTeMUepaTJpHaSI CTB,D;HR 

OTlltllra B iJITepBaJie TeMUepaTyp 500~600°c. TaK KaK B IlOCJie:qHeM 

CJIY'!ae npz o6Jiy'Iemm: o6pasyllTCR KaK TO'le'IHHe Pl,TaK n OP, TO 

CTa.D;WI npH 500+600°c o6yCJioBJieaa OTlltKroM OP. Ilp6Be,D;eHo.conoc­

TaBJieHHe llOBe,D;eHHR OTJ!tHra ,IVIR pa3JIH'IHHX y'IaCTKOB cneRTpa. IloJiy­

'I0HO, 'ITO B o6JiaCTH KpaR ~CHOBHOrO IlOrJiomeHHSI ( nUJ = 2, 0 3B ) 

Ha6JIIQD;aeTCR MOHOTOHHltlt oorJtGrr. B RHTepBaJie TeMUepaTyp I00+450°c, 

'!To He Il03BOJIRJIO BH,ll;eJIHT:O OT,ll;eJI&Hl:leCTa,n;m>I. B TO lite BpeMR Ha 

KpHBOii OTlll:Kra ,!VIS! o6JiaCTH norJiomeHHSI CB060,D;HHMK HOCHTeJISIMH 

(nUJ= 0,15 sB) BH,ll;0.mmTCR '!0TKKe CTa,n;m>I OT.lltKra IlpH TeMnepaTy-

pax "' 200°c K soo0c. Ha6JIIO,D;aeMI:le 3,D;ec:o TeMUepaTypHO He3aBHCK­

MI:le y'laCTKJI[ YKa3l:lBa!lT Ha TO, 'ITO Ha.PR.DY c 3JI0KTP.l!'l6CKII aRT:ml­

HHMH neHTpaMK, npz o6Jiy'l8Hml BBO.IViTCR Pn, ne BJIIDllOOU'l8 Ha KOH­

~eHTp~ HOCHTeJiea, HO IlpHH.HMall!JlK8 y~aCTHe B :t<JpMxpOBSmm: 

"XBOC~OR" IlJIOTHOCTH COCTORHJ/Iii. 
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IlpB OTJmre B Iq>BCTaJIJiax tia p , 06JIY"l0HHHX 60JI:blllHMI! JIR're­

rpaJI:bllHMR IIOTOKSMB 3JI0RTpOHOB ( - 5• IOI? 3JI/C~) C 8H0prBel ? ,5 

MaB, e:a.6JIIO,zta0'l.'CSI C'l.'8JtllH OTD:ra rrpH 500+600°c , 'IJ'l.'O COB~eT c 

OTlDll'OM OP. Ilo-BB,JO!MOMY, rrpB 60.n:r:.lllll ROHUeHTpaill!SIX TO'le'IJHHX Pll 

B Iq>HC'l.'aJIJiax 6aP o6paayvrcSI cRonneHBH .n:elfleRTOB rro.n;o6ao OP. 

IlpJ! l!CCJie.n;oBaHHB OllTB'IJ0CKOrO nor.nomeHBH H O'l.'lDll'a RpHCTaJI­

JIOB GaP , JierBpOBaHHliX 0~0Bpe11eHHO IUmROM H RHCJiopo.n;oM, oc­

HOBHOe BHHM8.HJle o6P81118Jioc:r:. Ha noBe.n;eH11e no.noes norJiomeHHII rrpH 

'Ii (I.) = 2 • I aB, rrpHH8,ll')lezamel ROMllJieRCSM i'n - 0 • OTBeTC'l.'BeHHHX 

sa Iq>aCHOe CBe'IJeBHe 6aP - CBe'l.'O.InlO,ll;OB. 06HapyllteHO, 'IJTO B pe­

ay.nr.TaTe o6JIY'IJeHHJl'. aJieR'l.'poH8Mll c aaepI'J[el 7,5 MaB KOHUeH'l.'pa!Ul[SI 

ROMUJieRCOB ln-0 B03paCTaeT JIHHelHo c .n:osol. YBeJIJl'IJeBHe ROHUeH­

Tparn!!H l n -0 rrpl! 06JIY'IJemm rrpOllCXO.InIT BCJI0,ll;CTBHe nepexo,zta Mellt­

.n;oyseJI:r:.HOro KHCJIOpo.n;a H8 MeCT0,06paSYD1telCSI rrpH 06JIY"l0HHH,Ba­

ItaHCBH 4Jocq,opa. IloCJie OTlDll'a Pll coxpaHSie'l.'CSI aaa"ll!Te.nr.HM ,acT:r:. 

ROMDJieRcoB Zn-0 , o6paaoBaHHHX npB o6JIY'!'emm. 

HcCJie.n;oBaJioc:r:. BJnUIHBe 06JIY"l81il!JI a.neRTPOHBMl'I aa noBe.n;eBHe 

npBMeCl! aao'l.'a B Iq>HC'l.'aJIJiax GaP . 06HapyllteHo yueH:r:.meHJJe KOH­

ueH'l.'paIU!ll 3RCHTOHOB, CBSISaHHYX H8. a'l.'OMaX asoTa,B HeRO'l.'Opl:lX Iq>HC­

TaJIJiax fiaP(A') rrpH o6JIY"lemm a.neR'l.'poHaMH c aaeprBel 50 MaB 

( ¢ ~ 10I63JI/c~). Ilpe~OJIOJt0HO YtJaCTHe H0ROR'rpOJmpyeWX rrpH­

Mecel H HCXO,ll;HYX .n:elfleRTOB B 8'l.'OM npouecce . 

IlHTM rJIBBa IIOCBSII!l0Ha HSy'IJeHJII) OIITl!1J0CROro nor~omeHl!l! J! 

<lJo'l.'08JieRTPH'!'eCREX CBOIC'l'B RPHCT8JIJIOB lnP • o6JIY'l'eHHHX aJieK'l'po-

ruu.m YKSliaHma: <lHer l"B1!: 6wm: rrp 

ROT 
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Bo Bcex CJIYlffi.RX B peay.nr.TaTe o6Jiy'IJeHRll noSIBJISieTcSI .n:ono.n­

HH'l.'eJI:r:.aoe norJiomeHHe aa Iq>aeM ocaoBHoro nor.nomeHBR, rrpH aToM 

HHTerpaJI:r:.Hoe norJiomeHBe BOapacTae'l.' JIBHeiHo c .n:osol 06JIY'!'emrH. 

B o6JiaCTH RpaSI OCHOBHOro norJiomeBHH, TaR llte,RaR R B CJIY'!'ae 

6aP , :HMeeT MeCTO SRCIIOHeHUHMI>HaJI 3a.BHCHMOCT:b ROS!fximmleHTa 

nor.nomeHHH oT &HepI'Jil'.H 4JoToHa, yRaSlillallllaJI aa BOSHl'IRHOBemre 

"XBOCTOB" IIJIOTHOCTH COCTOsnnUf, 

B KPHCTaJIJiax, 06JIY'l'0HHHX rrpH KOMHB.THOI 'l.'eMIIepaTYpe SJieK­

TpOHaMH c SHeprBel 2,5 MsB, B Te'!'eHJie M0CSII4a IIOCJie 06JIY'!'0HIDI 

rrpoBCXO,IJ;llIT HSMeHeHHe OIITH'!'eCKOro nor.nomemrn, o6ycJIOBJI0HHOe OT­

lDll'OM HecTa6M:r:.HliX PJJ:. Iloxasaao, "ITO sa Ha6JIIO.ztaeMY!O BpeMeHey10 

HecTa6RJI:r:.HocT:r:. onTl!'l'ecRoro nor.nome1DV1 OTBeTcTBeHHH Pll c ypoB­

HeM Ee- 0,98 aB, O'l.'l!Clll'aDitHeca B HHTep:sa.n:e TeMIIepaTYP 30T8o0c. 

AHaJIHs 4JopMH .n;aHHol noJiocH nor.nonteHHR noRasaJI, 'ITO ee mRpo!Gtit 

)T,Il}IHHOBOJlHOBmt Rpai! CBH.n;eTeJil>CTByeT 0 He06XO.n;:HMOCTH y'IeTa 

aJieKTpoH-4x:>HoHHoro BsaRMo.n;elcTBWI IIJll! oneHRe r.ny6zae ypoBHSI 

JIOKaJI:bHOrO U0HTpa. PaCC'Il!TaHHOe 3Ha'IeBHe ROHCTaHTli 3Jl0K'l.'poH­

<lJoHOHHOrO B3ruiMO.n;elCTBHSI COCT8.llJIJI0'l.' - 3,2. 

CpaBHeHBe BemenpBBe.n;e~l:lX pesy.JlbT8TOB c ,ll;B.HlWldH 3J10K'l'pM­

qecRHX zsuapeHJdt noRBs1:maeT, "ITO ueHTpe Ee - 0,96 aB .ztaroT oc­

HOBHOI BRJJa,It B ROMII0HCaJllD) IlPOBO,ZIJD40CTR KPl!CT8.'L1IOB n-.ln/J, o6-

JJY'I6HHWC 9Jl6KTPOHSMll 2+3 MaB,npn KOMHa'l'MO! T0.MI16oa1'Jpe M o6yc­

JiaB.lllmallT Taue Ha6..uulae.mie SaBlICl4MOCTm 3.'IeKTplPleCKJU: CBOllCTB 

OT TeWiepa'i'ype 06.ly'lelll1SI. . 

IloCJ!e OT.Ora HecTa61'JlbH.blX J.te4>eK'fOB B cuewrpa.JbHOil 'JaBHf."­

MOOTB Ko~eHTa norJ1outea6 npoRBJliilll'l'Cfi rnJJocu mw.r.oweHW 

peaoHaHCHOl'O Tl.Ula II,Pli hW = 0, 94 aB H flUJ - [, (: s.b, 1,(,yc..1CB.11C'li­

Hlia BifYTJlBUCHTJ>OB.blMB. nepexo.aaNH 1ID <l.llOllllillX r..... :l'u.iil' 1'I'.-.x r::e-
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Q)e~ToB npoTeRaeT npH TeMIIepairypax 280+36o0c. Ilplll :e:cCJie.n;o:samm 

npouecca BOCCTa.HoBJiemur onTJllqecKoro norJiomeHIDI np:e: HaoxpoHHOM 

oTim:re noJIYqeHo, qTo KB.K B 6a P , TaK H B In P OP RBJimoTc.ff 

60.Jiee TepMocTa6HJihHHMllI, qeM ToqeqHHe Pl. YcTaHoBJieao, ~o ff. 

CJIYqae 60.JihlIIHX KOHUeHTpau:Htt Toqe~HX Pl B KPHCTaJIJiax Ji,/) 06-

paay!O'l'C.ff 60.Jiee TepMOCTa6HJibHlie CKO~eHWI .n;eQ)eKTOB. 

B aaKJIIOqemm: C\llOPMY~OBaHli OCHOBHHe peayJihTaTli, noJIYqeH­

HHe B .n;HCCepTauHOHHOtt pa6oTe: 

l. IloKaaaao, '<rro B peayJihTaTe BBe.n;eHH.ff KaK ToqeqHsx Pl 

TaK :e: OP B nrapoKoaoHHHX coe.n;HHeHH.ffX Ami' o6paayIOTC.ff "XBOCTll" 

MOTHOCTlll COCTO.ffHHft y KpaeB 30H, o6ycJI~aJO!lll!X oco6eHHOCTH 

.n;onoJIHHTSRhHoro onTHqecKoro norJiomemur B o6JIYqeHHHX KPHCTaJIJiax, 

B o6RaCTH aoHHo-aoHHHX nepexo.n;oB H B 06.JiacTH npHMecaoro norJio­

memm. OCHOBHOtt np~HOA B03HHKHOBemuI "XBOCTOB" MOTHOCTl'I coc­

TO.ffHHft np:e: 06JIYqeHKJll .ffBJIRIOTC.ff Bli3BaHHHe pa.n;HauHOHHliMH .n;eQ)eKTaMR 

JIOKaJihHHe .n:e\IJOpMau:e:H KPHCT8..7IJIKqeCKott pemeTK:e:. 

2. BBe.n;ea:e:e Pl B Kp:e:cTaJIJI:e:qeceyIO pemeTey n-6aP ropaa.n;o 

CHJibHee H3MeH.ffeT MexaHH3M pacce.ffmuI CB060.n;HliX HOCl'ITeJiett, qeM 

JI9rHPOB8.HHe XHM:e:qeclO'IMH np:IDJJeC.ffMl!. Ilpe.n;ROXeH HOB!itt Mexa.HH3M 

pacce.ffHH.ff Ha "aaMopoxeHHsx" q,oHoHaX, noaBo~iooni:tt o6'b.ffCHKTh 

YMeRnmeHHe (np:e: 06.nyqeHHH) noKaaaT~ cTeneH:e: B qacTOTHott aa­

BHCHMOCTH K03~9HTa norJiomeHH.ff :s.mtiIHHeM JIOKaJihHliX .n;eq,op­

MauHOHHliX noJiett B6JIH3H ToqeqHIDC Pl. 

3. YcTaHoBJieHO, qTQ OP B KPHCTaJIJiax n-6uPaqxpeKTl!BHO 

yMeHhmaIOT KOHneHTPauHIO CB06o.n;HllX HOCl'ITSRett, HO .!IBR.ff.ffCh 06Jiac­

T.ffMH llOB!lm9HHOr o conpOTHBReHH.ff , OKa31lBBJJT MaROe BJIIDIHHe Ha llX 

pacceHHHe ,B tffi.CTHOCTH,B aKTy8JihHOtt KBa.HTOBOtt 06.JiaCTH qacTOT 

lu.v » K0 T. 
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4. IloKaaaHO, qTQ OilTHqecKMe rrepexo.n;s IlPH 3HeprHHX if>oTOHOB 

n(A) = 0. 94 aB H n(A) = l' 0 aB. B cneKTpe rrorJIOIJl9HH.ff 06.JiyqeHHliX 
' 

KPHCTaJIJIOB In P , ocymecTBJIRIOTC.ff Mel!OJY ocHOBHHM11: H Boa6ylK-

.n;eHHhlMH COCTO.ffHJll.l1Jlin! CJIOlKHliX pa.n;zanHOHHliX .n:eweKTOB. 

5. Onpe.n;SReHH TeMIIepaTypHse HHTepBaJill cTa6EJ.IhHOCTH Pn B 

KPHCTaJIJiax Ga P H lnP . Y cTaHoBJieHo, qTo OP HBRRJOTC.ff 6oJiee 

TepMOCTa6HJlhHl:lMH .n;eQ)eKTaMH, qeM ToqeqHse Pl, O.IJ:HaKO, B CJIYqae 

6aJihIIrnX KaHUeHTpan:e:tt ToqeqHHX Pn B aTHx KpHcTaJIJiax o6paayIOTC.ff 

HX CJIOlltHlie TepMOCTa6HJlhHlie CKOITR9HID1. 

6. 06HapyxeHO yBeJIHqeHH0 if>oToqyBCTBHTSJibHOCTH KpHCTaJIJIOB 

Gui' , co.n;eplKaill:l'lX OP :e: nepexo~ KPHCTaJIJia B cocToHHHe c ocTa-

Toqaott npoBO.n;HMOCThIO c noporoBott aHeprHeli rameHH.ff /j{,t) I,D aB, 

KOTopoe :e: xapaKTepnayeT noJiolKeHHe ypoBH.ff ~epMH B OP. IloJIYqea­

Hoe aHaqeHHe ypoBH.ll <PepMR B OP E~ = Ee - I, 0 aB o6'b.ffCH.ffeT KOM­

neHcanmo npOBO.n;RMO CTH 601' npH 06.JIYqeHHH BllCOK03HepreTHqHHMJI[ 

3JI9KTpOHBMH. 

? • IloRaaaHo , qTo npn 06JIY'IeHHR RpHCTaJIJIOB Ga P , Jier:e:po­

BaHHWC O.n;HOBpeMeHHO UHHK0~1 H KHCJIOPO.D:OM , MeJKn;oyaeJIHHHe aTOMli 

KMCJIOpo.n;a nepexo,nsiT Ha MSCTO Bll6HTWC aTOMOB if>o cif>opa , TeM CaM!lM 

yBeJIH'IHBM KO HUe HTpanHIO 2n-O KOMITRSKCOB. 

8. 06aapyxeHa BpeMeHHM HeCTac5H.JihHOCTh OITTH'ISCKOro norJIO­

meHIDI KpHcTaJIJIOB In P , 06.JIY'ISHHllX npH KOMHaTHOti: TeMIIepaType . 

IloRa3aHo, 'ITO aa Ha6Jiro.n;aeMyro HeCTac5HJihHOCTh OTB8TCTB8HH!l Pn c 

ypoBHeM Ee - 0, 98 aB, MayqeHs xapaRTepncTnKH noJiocu norJiomeHID'I, 

CBH3aHH!le c yRa3aHH!lMH .n;eQ)eRTru.rn; TIOKa3aHC Y'!aCTHe if>oHOHOB B 

onTHqecROM nepexo.n;e. PaCCqHTaHwie 3rm-iemie IWFCTa'ITll ::iJieKTPOH-

\llOHOHHOro B3aHMO,lJilHC'rBIDI COCT[H.J t ·T ....., J, !? , 7 n ::m~p:'IDI 

HO!m38UHH •lE'!!Tila C1CT".' T r, 
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