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l:(OKTOp cpH3.-MaT. Hayi< B .A. rcuopKHll 

BeJzymHH Ha)"!Hb!H COTpyl:(HHK 

OcpHUHa.IlhHbie ormoHeHTbI : AOKTOp cj:>113.-MaT. 11ayi< n .A Ko<1api111 
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AOKTOp cpH3.-MaT. Ha)'K, npocpcccop 
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Beeymrui opra11HJaumi: 06beAHHeHHhlH HH-T HAepHblX m:cneA0Ba1mi1 

na6. BhICOKHX 3Heprni1 (r. lly6Ha. MocK011cKaH o6nacTu) 

3aumrn COCTOIITCH _b__ neKa6pH 2000r. B 14°
0 

'!aCOB Ha Jace):(aHm! 

cneuHa.rr113Hpoaa1111oro cosern (021) npH I1nc11nyre flpHKnaHHbIX IT po6neM 

CflJBHKH HAH PA no a):(pecy: 375014, Epe13aH, y.1i. rp . HepCl!CHll<I. 25. 
c l:(HCCeprnuHew MO)l(HO 03HaKOMl!TbC51 13 6H6mwTeKC I111cnri: ra flpHKna):(HbIX 
flpo6ne~r <PH3HKH HAH PA. 

A13rnpetj)cpaT pa3ocJiaH _/J_ HOH6pH 2000r. ~ 
~Ye111>1~ ccKpeTa'._i- cneu.HaJIH3Hponmrnoro col3cTa . 

r- <111w1na• tj11n.-~1a1 . 11ayK M . . CapKHC5l11 

OEllJ.A51 XAPAKTEPHCTl1KA Jl.11CCEP1'AU110HHOH l'AEOThl 

Ax-ryaJ1t.11oc1b npo6JICMhI. B TeYc1111c 11ccK0111.KHX nccH'ntJ1cT11i1 rpy11naMc11-

TaJ11>11b1c HCCJ!C)lO!la!fHSI ll o6JiaCTH cj:>Il3HKH ·rncpnoro TCJia nll'OTC.l lH K H3Y'ICI!HIO 

MOHCJ!blfblX KpHCTdJU!OIJ c 3KCTpCMaJ!bl!b!MH CllOHCTBaMH, II lJaC'l1!0CTH, 

ll!HpOK0101111blX OKCH):(I!blX MOIIOKpHCTa.JUl013. C llOHBJICllHCM ll01M0)1(110CTH 

HCllOJlb30BallHH CHllXpOTpo1111oro H3Jl)"ICllHH (CV!) 6bIJl cy111ccrnc11110 pac11mpcH 

CllCKTpaJiblfb!H HHanaJOI! HCCJIC):(013a!IHW, a Ta!OKC lfOSllJllJIHCb 11013b!C 

MCTOAHYCCKHC 130JMO)KIIOCTH )J)UI BY<I> cnCKTpOCKonHH, c13513am1b1c, 13 '!ac111ocTH, 

c Hcnon1>Jo13a11HCM HMnyJ1bc110!1 speMe11110!1 cTpyK1ypi,1 CV! . 

B nocnemrne ro):(bl 3anpocb1 conpeMemmi1 l'eXJIHKH C):(enanH oco6e1mo 

aK1YaJibllb!MH HCCJie):(OBaIIHH mep):(b!X ren co CJIO)KllOW 3JleMC11Tap110H H'leHKOH, B 

LfaCTHOCTH, OKCHHOl3 aJllOMHIIHH a-A[i03 H HTl')JHH-a.JIIOMHllHCl30f0 rpaHaTa 

Y3Al50 12 (I1Af), KaK KpHcrarumqecKHe onTH<1ecKHe MaTepH<Uibl, MaTpHUhI 

aKTHBllbIX 3JJeMCHTOB, 13006!.Ue Marep1:1a.rron, Bbl):(ep)l(HBaIOlliHX 60JlbU1HC B!leunme 

uOJnei1cTBHH. KpHCTaJU!bI a-A[z03 (KopynA) 11pHMe1rn10TcH 13 KaYecTBe 

noTeHuHaJibHOro MaTepHana nepBOH CTeHKH repMOH):(epHbIX peaKTOpOB H 

KOIITei::rnepoB JJ)UI CO):(ep)l(aHHH BOAOpO):(a 6naro):(apH ero BbICOKOH pa.o,HauHOHHOH 

CTOHKOCTH H OTpa60TaHHOCTH TeXHOJIOfHH BbipamHBaHHH Kpynnora6apHTHbIX 

MOHOKpHCTaJUJOB. 

KpoMe rnro, HHTepec K HJyqenmo umpoK030HHhIX KpHCTaJUJOB CBHJan c HX 

lIIHpOKHM HCI'IOJib30BaHHHM B cumrmJIJUiuHOHHbIX ):(eTeKTopax, pa60TalOI.UHX B yc­

JIOBHHX 60JiblIIHX 3arp)'30K, nanpHMep, B 3JieKTpOMarHHTHbIX KaJIOpHMeTpaX B 3KC­

nepHMeHTax no cpH3HKe Bb!COKHX 3Heprni1 Ha COBpeMeHHbIX cynepKOJIJiaJ1Aepax. 

MnoroYHCJieHHbie HccneAOBaHHH rroKa3aJIH, ':!TO paAHauHH "oTpHuareJibHo" 

BJIHHeT Ha napaMeTpbl MaTepHaJIOB H ycTpOHCTB Ha HX OCHOBe. 0AHaKO, npH 

onpe):(eneHHbIX ycJIOBHHX noJl)"leHO "noJIO)l(IHeJibHOe" B03):(eHCTBHe Ha 

MaTepHaJibl, 'ITO U03BOJIITT Hcnonb30BaTb HOHH3Hpymmee H3Jl)"IeHHe JJ)UI C03):(aHH51 

pHJla aKTHBHbIX cpeA B OITT03JieKTpOHHbIX CHCTeMax ml3epHbIX 3JieMeHTOB. 

flo:HOMY, B HaCT051lUee BpeMH npOBO):(HTCH HHTeHCHBHOe HCCJie):(OBaJrne He TOJlbKO 

CTOHKOCIB MaTepHa.I!OB K 1303):(eHCTBHIO HOHH3HpyIOUIHX H3Jl)"IeHHH, HO H 

H3y'leHH51 cpH3H'!eCKHX npoueccos nporeKaIOI.UHX fl HHX c ueJibIO BbIBCHeHHH 

MexaHH3MOl3 o6pa3onaHHH H pacna.o.a ):(ecj:>eKTOl3 B KpHcTaJUJax. HecMOTpH Ha 

HaKonJieHHble JIHTeparypHblC ):(aHHbie KaK TeopeTH'!eCKOro, TaK H 3KCnepHMeH­

Ta.IlbHOfO xapaKTepa no H3MeHeHHIO OnTH'leCKHX Cl30HCTB,npoueccbI cj:>opMHpy­

IOUlHe cneKTpaJibHbie CBOHCTBa, KBaHTOBbIH Bb!XO!l H KHHeTHK)' JIIOMHHecueHuHH, 

ocrnBaJIHCb Ma.IIOH3yYeHHb!MH. B qacruocm, ne 6bma noHHTHa npHpona BY<t> 

JllOMHHecue!IUHH H perrn·eHOJIIOMHHecueHUHH npH BbICOK03HepreTH'!eCKOM 

B036)':lK,JJ;eHHH. 

Xon1 13 Hccnenosa1m11 onTH'fecKHx xapaKTep11cn1K KopynAa H I1Ar 6hmH 

JlOC rHfH)'Tbl onpeneneHHblC ycneXH, MHOfHe aonpOCbl, oco6eHHO ll KOpOTKOBOJl­

ll OllOH 06.'iacTH (bv>63B) ocTal3aJIHCb HeHJyYeI111h1MH . B YacruocTH, HC 6hmH 

Bhl~ICHeHbl MexaHII3Mbl !lt:CpeKToo6pa30l3aHHH II o6naCTH, npHJieraio1uei1 K 



KOp<nKOBOJlllOIJOH rpa1mnc 11po lpll'l llll(., 111 I· p111 I illlllOll, 0•1c111. MaJIO ){al!HblX 6hJJIO 

TIOJIY'ICllO 00 '.>Cp<l)CKTl111110C 111 llll l(iy:.KJ\('lllUI lll'lll poll <.:llC'ICllHH Ja KpacM 

<t>YHHaMCl!TaJlbllOJ'O llOrJIOlllCll 11)1, llC (11.111.1 1101111111.1 11p11pona KOMllOllCllT 

JllOMHllCCUCllllHH 110111HKalOlllH x llOH Hcii <.: 111111.:M Kllillll .1 Ll•C 1 <l , a raK;KC BJIH5111HC 

o6JIY'ICllHH llhlCOKO:>llcprcTH'ICCKH:\ 11ac.;·11111 Ila 11011l'pX110(., I Ill.IC c noiicma H 

KHllCntKy 06pa1oua11115l pa1111a111101111i.1x llCll'll1011 OKpaCKH 

I Ip11ncnc11111>1c BbIWC apryMCllTbl JlHK'1y10T 11co6xo)l11Moc11. KOMllJICKc1101 o 11 

UCJICHanpaBJIClllIOro HJ)"ICllHH Oll'lll'ICCK11X CllOHC111 pa)lHallHOllllO-llflHMCCllblX 

nccj1CKTOB B WHpOK0301111blX OKCH)lllblX MOllOKp11CTaJUlaX c HCllOJlbJOBallHCM CV!, 

KaK 11c1aMCllHMOro HHCTp)'MClrra JJ.)JH HCCJICJlOBaJIHH TBCp)lblX TCJJ . 

lleJibIO 11acrowcii pa6m1>1 511JJ151JJOCb npOBCCTl1 CHCTCMaTH'ICCKHC HCCJIC­

JlOBallH51 pa;J.HaUHOHHO-npHMCCllblX nccjx:KTOIJ urnpoK03011HblX MOHOKpHCTaJIJJOll c 

HCl10Jlb30BaHHCM TCXHHKH BblCOKOpa3perne1111oii cneKTpOCKOllHH npH 8036}')1{­

ACHHH Cl1. B 'lac111ocT11, 6bum nocrnn11e11b1 cJJC,[()'IOIUHC Ja,[(a'IH: 

1. Bcecropom1e HCCJJCAOBaTb 3HepreTH'leceym cTpyxiypy no11oc onTM'ICCKoro 

nornomeHH51 H OTpa)f(eHH51 n KpHCTaJUiax KOPYHAa, o6JJ)"leHHbIX 

BbICOK03HepreTH'ICCKHMH qacrnuaMH n w11p0Koii 0611acTH cneKTpa (oT Y<l>, 

BY<l> no penrrenoBcKoii) . 

2. l1ccneJJ,OBaTb oco6eHHOCTH npouecCOB pa3MHO)f(CHH51 3JJCKTpOHHblX 

no36}')1{JleHHH B rn11poK030HHbIX KpHcTaJUiax KOPYHAa H rpaHaTa. 

3. l13)"1HTb peHITCHOJJIOMHHCCUCllUHIO H npouecCbl nepe,[(a'IH 3HeprHH B 

KpHCTaJUiax rpaHaTa c peAK03CMCJJbHblMH HOHaMH . 

4. Bb!HCHHTh npwpo.[(y pa3perne11HbIX no npeMeHH aHHOHHhIX ueHTpOB B 

KpHcTaJIJJax KOpYHAa, 06nana1ow11MH 6bICTpoii Y<l> H BY<l> JIIOMHHecuenuHeii. 

5. HccnenoBaTb no,!(noporoBoe AecpeKToo6pa3oBaHHe B KpHcTannax KOPYHAa c 

HCnOJlh30BaHHCM CHHXpOTpOHHOro H3.ll)"ICHH51. 

6. OnpeACJIHTb ¢YHAaMeHTaJJbH1>1e onTH'ICCKHe cpyi1KUHH B "q11cTu1x" H 

06J1)"1CHHbIX MOHOKpHCTaJJJJax KOp)'Hna. 

Ha)"lllrui: HOBB3Ha. Ha)"IHa51 110BHJHa pa60Tu1 B TOM , 'ITO BnepBbie B 

rnHpoKoii o6nacTH cneKTpa (oT Y<l>, BY<l> no pe111Te11oncKoii) 6hJJJH 

CHCTCMaTH'ICCKH H3)"1CHbl cneKTpaJJbllblC CBOHCTBa (nornowem1e, OTpa)f(CHHC, 

B036}')1{JlCHHC JIIOMHHCCUCHUllH , pC111TCHOJIIOMHIICCUCllUH51 H !lp.) WHpOK030llllblX 

AH3JICKTpHKOB npH HMnyJlbCHOM IJ036}')1{JlCllHH Cl111Xp0Tp01111bl~ HJJJ)"ICllHCM . 

YcrnHon11eH1>1 3aKoHoMepHoc rn BblCOK0:>11eprcn1•1ccKoro ll036}')1{!lemm moMH­

HecueHuHH B o6nacTH ¢yi1.a.aMC11TaJJb11oro nornome11115l .lJUl OKCH.ll.llbIX 

MOHOKpHCTaJUIOll. BceCTopo1111e H3)''-ICIIO yncmi'ICHHC OTplDKemrn B 06ny'ICllHbIX 

KpHCTaJUiax KOpyI!Jla, lJTQ O'ICHb fla)!<J IO c 11p11KJ1an 11or1 TO'IKll 1pemm. 

CTpaKTifClecrn 3Ha'IHMOClb. Halla·1i,1c anTopoM pa6oTbl no 11ccneJJ,0BaHHIO 

OllTH'ICCKHX xapaKTCpHCTH K B lllHpOK0301lllblX OKCHJlHblX KpHCTaJUlaX no cy­

wecTBY CTHMyn11poDan11 pa·rn1mie 111rnoro 1rnnpanneHH5l B 06:1acn1 pan11au1101111oi1 

¢11111K11 TBepnoro TeJ1a CBH3a1111oro <..: npHMCHCIIl1CM CHHXpOTJlOHllOfO H3Y'IC11115l . 

HOBble MCTO!lllKH llCCJIC; lOBallH51 JIIOM1111CCUCHUHH KpHC I <ll!JIOD c ll (.: ll()Jlb30Ba­

IIHCM Cl1HXpOTpo1111oro H3Jl)"ICllH51 llOJBOJJHJ!ll npoBCCTII 111\ ' ICl llll' 110 l0)'".il{HCllH51 

\J'i 

JllOMHllCCl(Clll{HH H pClrlTCllOJllOMl111CCllClll{l1H <.: lll:JlhlO llOJIY'ICllH51 Hfl(pOpMaUHH 

06 '..)JICKTpOIIllOH CTpyK'rypc, a T<ll{)f(C 0 MCXHllHJMaX pa'lMllO;!(ClfHH '.)JICK'lpo1111oro 

ll036y)!(J{CllH51 (P3B), 'ITO llHA<.110 Jl,JIH 11paKHl'll.:CKOl'O 11pHMCllCllHH fl CllHllHIJUHl­

l(HOllllblX J(CTCKTOpax, fl 'laCTllOCTH :>KcnepHMC!ITaX !IO ¢H1HKC flf,!COKHX :.>11cpn1i1 

(n '.JJICK'IPOMarn11·111oii KaJIOpHMCTpHH), a UIK)l(C II Ka'lecrnc OllT11'1CCK11X 

MaTep11ar1011 Jl,Jm KopoTKoflomroBoii 06J1acT11 c11eKrpa . BmKllblM pe1yJ11>rnToM c 

TO'IKH 3pC1IHH ll011CKa l!OllhlX pa.a.Hau11011110-cTOHKHX MaTepHaJIOB 51llJ151CTCH 

pa3pa6oTKa IIOllblX MCTOJJ.OB HCCJ1enonaimii MCXallH1MOll 06pa10Bal!HH J(e<t>cKTOfl ll 

mepnb1x Te1iax c 11c110111>01Ja1111eM c111Ixp0Tpom1oro H3JIY'ICllHH. KpoMe Toro, np11 

o6JIY'IC111111 KOpj'II.l(a 3JJCKTpOllHMl1 c 31Ieprncii 8M3B MCTOnoM pa;J.HaUHOllHOH 

CTHMYJ151UHH H conpOllO)f(JJ.aIOIUHX cro TCpMoc111My1111poBaH1Ib!X npo11eccon , 

BOJMO)f(HO O'IHCTHTb OT HCKOllTpOJIHpyeMblX npHMeceii HOHOB rpynnhl )f(CJIC3a H 

,[(OCTl1'1b 3Ha'IHTenbHOH npo3pa'IHOCTH. 

l1cnoJ1b30Ba1me 06JJ)"leHHblX Kp11CTaJUIOB KOp)'llAa, KaK 3aUil1nmro 3KpaHa 

COJIHC'llIOl'O 3JICMCHTa nOJBOAACT YIJCJJH'll1Tb 1111TCHCHBHOCTl1 113JJ)"ICHl151 

umpOKOnOJIOCHblX TBCpAOTCJlbHblX ACTCKTOpOB. 

0cHOBHbIMbl 3aJ1lHmaCMhlMJI DOJIOJKCIIIDIMH 5IRIDIJOTC51: 

1. HccneJJ,oBaHHe onTH'ICCKHX cnoiicTB a11110H1IbIX F+ - ueHTpOB, HanonHMh1x 

BblCOK03HeprCTH'ICCKl1Ml1 qacTHuaMH Ha OCHOBe 113MepeHH51 CTICKTpOB 

nornorneHH51 n o6nacTH cp)'IIAaMeHTaJlhHOro nornoweHHH. 

2. l13)"1CHHC BJIHHHH51 06JJ)"leHH51 Ha 3HeprCTH'ICCK)'IO C'IJ>YKTYPY MOHOKpHCTan­

JJOB KopyiiJJ,a H 3cpcjx:KT "3epKaJihHoro" OTpa)f(eHH51 OT BY<l> no peHrreHoncKoii 

o6nacrn cneKTpa. KHHeTHKa H3MCHCHHH pam:1au110HHh1x necpeKTOB Ha 

nonepXHOCTH 06JJ)"ICHHhlX KpHCTaJJJIOB KOp)'Hna. 

3. y CTaHOBJICHHC 3aKOHOMCpHOCTCH BbICOK03HepreTH'ICCKOro B036}')1{JleHH51 

JllOMHHCCUCHUHl1 B OKC11AHblX Kp11CTaJUiax B WHpOKOH o6nacTH QJYHJJ.aMCHTaJJb­

Horo nornoweHH51. 

4. CToJJ,noporOBOC necpeKT006pa30BaHHC np11 

H3JJ)"leHHeM. BhrncueH11e MexaHH3MOB 

ACcpCKTOB. 

06JJ)"ICHHH 

06pa1onamrn 

Cl1HXp0TpOHHblM 

paJJ,HaUMOHHblX 

5. Pa3perneHHbie no npeMCHH cneKTpaJJbHhie cnoiicTBa Ko~moHeHT ueHTpOB 

cne'!eHH51 KpHcTannon KOp)'HAa, 0611a;J.a1om11x 6bICTpoi'1 Y<l> H BY<l> 

JIJOMHHCCUCHUHCH. 

6. l13)"1CHHC BJIH51H1151 pCAK03CMCJlbHblX HOHOB Ha peHITCHQ,llOMHHCCUCHUHIO 

rpaHaTa. 

7. OnpeAeneHHe KoMnneKca cpyimaMeHTaJJhHbIX orrn1qecKI1x ¢YHKUI11i 

Kp11cTaJJJ10B B BY<l> o6nacrn. 

Anoo6auH51 pa60Tu1 H rry6n:mgurm:r. OCHoBHbie pe3y11hTaTb1 n11ccepTaUI!OH­

ttol1 pa6oTbI AOK1IaJlbIBam1cb Ha Bceco103ttor1 KottcpepeHu1111 ITO cp11 311Ke 

BaKyyivrnoro y11hTpacp11011eTa H ero BJa11MoJJ,eI1cTBH:e c Bell.leCTBOM (MocKBa , 

1982); Ha Bceco103HOM COBell.laHH:H ITO HC1101lb30llaH1110 CllHXpOTpOHHOfO H 3-

IIY'ICH115! CH-82 ( Ho1Joc 11611pCK, 1982 ); Ha Bceco10JH0~1 ceMHttape n o 

pan 11au110HH01I cpH:3l!KC T13ep JJ,o ro Ten a ( FpenaH, 1985); Ha ~[e;.i-:JJ,)'Hapo .:r Hol1 



KoHcpcpeHu.111-1 no cp11311Ke nouepxHocT11 (5cxyHe, YCCP, 1985 ); Ha VII Bce­
co103HOH KOHQ)CpeH1~1111 no pa}l11au.110HHOH qm:rnKC 11 X11Ml111 HeopraHl1'1CCKl1X 
MaTep11anou, {P11ra, 1989 ); Ha Me)l(}ly11apo1\HL>IX KoHcpepeHu.11nx CV!-86, CV!-
88, CVl-90, (Houorn611pcK, 1986, 1988, MoCKna, 1990); Ha III Me)f(}l}'HapoJJ.HOH 

KOHcpepe11u.1111 no 113Y'ICH1110 DJll1HHl1H Ila CBOHCTBa MaTcp11aJ10D 3Hepre-rw1ec­

Kl1X 11MnynhCOB 11 nr1KOB 3apH)l(CHHblX 'IaCT11U. ()J.pC3JJ.CH, f)J.P, 1989); Ha VIII­
oH: Bcecm03HOl1 KOHrj)epeHu.1111 "<D11311Ka naKyyMHoro ynuTpaqrnone-ra 11 ero 

133a11Mo}lel1crn11e c DCll..(ecrnoM", (HpKyrcK, 1989); Ha V-oi1 Eupocb11311'ICCKO~i 
KOHcpepeHU.1111 no }lecpeKTaM D Jll13JICKTp11'lCCKl1X MaTep11anax (JieoH, 

<DpaHU.11H, 1994); Ha I-oi1 Euponei1cKoi1 KoHcpepeHu.1111 no 11crroni.,3onaH1110 

CH-94 }lJIH 11ccne}lODaHM MaTep11anoB (YeCTep, Ben11Ko6p11TaHl1H, 1994); Ha 

IX-oi1 Mell<J(}'HapoJlHOi1 KOHcpepeHu.1111 no pa.n11au.110HHblM npou.eccaM 
(CTaM6yn, Typu.11n, 1994); Ha XIII-XV-m1: Me)l(.n}'HapoJlHOi1 KOHcpepeHu.1111 no 
np11MeHeH1110 ycKop11TeneA B HaYKe 11 TexH11Ke {Texac, ClllA, 1994, 1996, 1998); 
Ha Me)l(,ll.yttapO/lHOi1 KOHcpepeHu.1111 no J110M11Hecu.eHu.1111 (MocKBa, 1994); Ha 
Me)l(,ll.yttapo.nHoi1 KOHcpepeHu.1111 no BY<D 11 pa.n11au.110HHOi1 cp11311Ke (ToK110, 
JlnoH11n, 1995); Ha Me)l(.nyttapo.nHoi1 KOHcpepeHu.1111 no J1IOM11Hecu.eHu.1111 11 
onT11'!ecKoi1 cneKTpocKon1111 KOHACHc11poBaH11JI Bell..(eCTBa (Dpara, YeXHJI, 

1996); Ha 5-oi1 Esponei1cKoH KoHcpepeHu.1111 no np11MeHeH1110 ycKop11Tenei1 u 
HaYKe 11 TexHonorn11 ()J.enhcpT, H:11.nepnaHAhI, 1997); Ha 13-ol{ Me)l(,ll.yttapo.nHoJ1 

KoHcpepeHu.1111 no aHan113y 110HHhIX nyqKoB (Jll1cca6oH, DopTyTanl1JI, 1997); Ha 
Me)l(,ll.yttapo.nHoM c11Mno3:11yMe no pa.n:11au.:110HHOH TeXHorror:11:11. (3aKonaHe, 

Dorrhwa, 1997); Ha I-oH Hau.110HanhHOH KoHcpepeHu.:1111 no 
norrynpoBOAHHKOBOH MHKpo3rreKTpOHHKe ()J.:11n:11)1(aH, ApMeHHJI, 1997); Ha 
Me)l(,ll.yttapo.nHoH: KOHcpepeHu.:11:11 no rra3epHoH cpH3HKe (AwTapaK, ApMeH11JI, 

1997, 1998); Ha Hau::110HanbHOH KOHcpepeHU:HH no :11ccrre.noBaHHIO MaTep11arroB 
(MocKBa, 1999); Ha Me)l(,ll.yttapo.nHoH KoHcpepeHU:HH no opraHH'IeCKHM 
CLJ.11HTHITITJITOpaM (MocKBa, 1999). 

C1Pyigypa H OOLeM pa6oobr. llHccepTau1rn coCToITT HJ Bse.nemrn, rurrn man, 

CTplUIO)!(eHHJI H 3aK.JIIO'Iel!HJI H COJlep)!(HT 225 CTpaJI11U, BIUIIO'IaJI 80 pHC}'HKOB H 

cnHCOK JIHTeparypbl HJ 206 HaHMeIIOBamn"i. 

JlH-cmbr:H BKJI3JJ; anmpa. llHcceprnm1om1aJI pa6orn JIBJIJieTCH peJynbTaTOM 

11ayqHoH pa6oTur aurnpa B J1a6opaTOpHH paairnu1101111oi1 <f>HJHKH rnepnoro Tena 

EpenaHcKoro <l>HJH'!ecKoro mrcnrryra n Te'IeHHe 20 neT. Anrnp npmmMlliI 

11enocpencrneHHoe yqacrue B pa3pa6oTI<e 11 c03r~a111111 3Kcnep11MeIITaJ11>111>1x 

ycrnHOBOK H MeTOJlHK HJMepeHHH Ha Kattane Cl1 JJleKTpmmo KOJ11>uenoro 

ycKop11TeJ15! "APYC". EonhWa5! qacTb 3Kcnep11MeHTIUibHbIX peJy.'lhTaTOB 

11pencTasne11111>1x B pa6oTe, nonyqeHo JIH'IHO am opoM. OcHOBH1>1e BbIBOllLJ 

;u1ccepTau.1111, B1>moc11M1>1e Ha Jauun)'. noJ1yqeH1>1 np11 ero onpe.uenmoIUeM .'UI'IHO.\I 
y'1acru11. 

,, 

COJJ.EP)l(AHHE JJ.HCCE!YfAU1111 

Bo BllCJ!CIIHH 06ocmrna11a aKIY<UihllOCTb pa6oThI, ccpopMyJ111po11a11a cc 

11aY'111aH 11onwma, npaKTH'ICCKaH 311a•rnMoc-11., Ut:Jm H Ja.ua'IH 11ccne.uona1111i1. 

D p1111CJ!Cll KpaTKHH 0630p pc1ym;raTOll llO HJY'ICllI110 OIITH'IeCKHX CBOHC'l11 

lllHpOKOJOllllblX OKCHJ(Hh!X MOIIOKpHCTaJIJIOll. Vl1rrcpt:c K namIOH npo6J1eMe H ec 

aKlYa.JILHOC'll, onpc.uemUOTCH npHMCIICllHCM lll11pOK030llllblX Marep11anon B 

conpCMCillILIX TCXllOJIOrHHX. B KOllUC ccpopMHpOllClllbl OCllOBHhie IIOJIO)f(t:llliJI, 

BLllIOCHMLie Ha JaIUHTy. 

!Jrana I HJJIO)!(eirn Ha ornose peJyJ11>TI1TOB paooT [ 1-4]. B 11eii .uaH KpaTKHH 

o63op oco6emroCTeH 3JleK-rpOHHOH CTpYKTYPhl umpOKOJOHHblX OKCHJlHblX 

MOHOKpHCTa.JIJIOB,cneKTpOCKOITH'IeCKHX Mern.uon HCCJle}.lOBaHHH, MeTO}lHKe 

o6pa6oTI<H peJyJ11>TaTOB H3MepeHHi1, pac•1ern H noc-rpoeHIDI QJYH.UaMeHTanbHbIX 

OITTH'IeCKHX <f>)'IIKUHH. 

HccnenoBa.JIHCh HOMHHaJlbHO "'IHCThie" (HcJ1ernpoBaHHbie) MOHOKpHCTa.JIJlhl 

Kopyt1.ua - a-A'203, Bbrpamemr1>1e Mero.uoM ropHJ011Tan1>uoli nanpasnerrnofi KpHc­

TIIJIJIHJaUHH (fHK), Blf.[(OHJMe11e1111eM MeTo.uos KHpononoca (fOVI), Bep11ei1JIJI, 

lfoxpanbCKOfO H MOHOKpHCTIIJIJlbl HTTpHH-aJIIOMHimesoro rpaHaTa - Y3Al s012, 

6ecnp11Mecn1>re H nernposaHHbie Nd3
+, BbrpaIUeHI-!hie Mero.uoM lfoxpanbcKoro. 

DosepXHOCTH rpa11eli scex o6paJuos 6h!JIH ·rIUaTeJlbHO o6pa6oraHbI H HMeJIH 

J.lOBOJlbHO xopOW)'IO JepKanbH)'IO nosepXHOCTb. 06pa3Ubl KOpYHJ.la 06J!Y"MH 

3JleKTpoHaMH c 3Heprneli 50M38, peaKTOpHbIMH nei1-rpo11aMH c 3Heprneli 2 M38, 

TH)!(eJlbIMH HOHaMH CBHHUa c 3Heprneli 3,5 M3B/a e.M. H "6enhrM" II}"IKOM Cl1. 
IToKaJaHo, 'ITO yttHKMhHbre csoiicTBa cH11xpo-rpo1111oro HJJ!Y"eHHJI, 

cywecTBCHHO pacwHpl!IOT B03MO)!(HOCTH cneK-rpanbHO-KHHeTI!'IeCKHX MeTO.UOB 

11ccne.uosa11HJI rnep.ubrx Ten. Doapo6110 onHcaH Kattan Cl1 ycKopHTCJIJI "APYC". 

YcrnuosKa J.lJIJI BY<I> cneKTpocKonHH ycKopITTeJIJI "APYC" npe.ucrasJIHeT 

co6oli OIITH'IeCKHH Kattan Cl1 c ycraHOBJlermeM B HeM Blf,[(OHJMeHeHHblM MOHO­

xpoMaTOpOM HOpManbHOro na.ueHHH (yroJI na.ueHIDI OKOJIO I 0°) BMP - 2, 

ITOJBOJIJIIO!UaJI HJMepHTb cneKTpbl nornoweHHJI H 0-rpa)f(eHHH B cneKTpanbHOM 

.uuanaJoHe 4,5 - I 0 38. On11ca11b1 TaK)!(e ycraHOBKH J.lJIJI 11ccne.uosaHHJI cneK-rpoB 

0-rpa)!(eHHJI, cneKTpOB B036)f)K.IleHHJI JIIOMHHecueHUHH rnep}.lb!X Ten, QJyttKllH­

OHHp)'IOll.lHe I-Ia p'occmkKHX H 3apy6e)!(Hb!X HCTO'IHHKax Cl1, Ha KOTOpb!X 

npOBO.UHJ!HCh HJMepeHHH B pa3Jlli'!Hb!X 06J1aCTHX cneK-rpa Ii TeMnepa-ryp, B TOM 

<mcne c speMeHHbIM pa3pewermeM n .u11anaJ0He r= I - 200 HC. 

l1Jnara10TcJI Mern.u1>r 06pa60TI<11 peJynhTaTOB HJMepemu1 cneK-rpos 

nornoIUeHHJI, cneKTpOB OTpa)[(CHHJI, cneKTpOB noJ6)f)K.IleHH5! moM11Hecuemurn H 

cneK-rpOB CBe'IeHHJI. 

PaccMoTpeHa MeTOJlHKa pacqe-ra ¢YI!J.laMeIITanbHbIX oITTHqecKHx ¢YI1Ku11r1 

113 3KcnepHMeHTanbHblX BeJIH<ll!ll K03cP¢~mHeHTa o-rpa)!(eHHJI c HCITOJ!hJOBairnC~! 

nucnepcuon11oro coornoweIIHH KpaMepcaKpmrnra. CTpeJ.lJIO)[(eH 6onee Koppeu­

Hhn1 Mern.u noCTpoemrn .u11arpaMM Aprmr.ua, B KoropoM Y'JHTuIBaeTCJI BKJ1aa 

TOJlbKO O}.lHOfO OCUHJIJIHTOpa. 



fJtana II 11am1ca11a 11a oc11011c peJyJthTaron pa6oT [ 5-14]. B 11eif Hcu1cny1mn1 

MOllOKpHCTaJUlhl Kopy11na. 0611y<1c11111>1c llhlCOKOJlll'Pf'CTlfllCCKlfMlf 'IaCTHltaMlf H 

Cl1-rporn11aMH fl BY(I> 11 BHHHMoif 06m1cT11 . 

Oco6i,1if Htrrepcc 11pcncTa11JrncT HJY'•c1111c 011T11<1ccKHX cnoifcrn Kopy11na n 

Y<I> 11 BY<!> 061iacrnx cneKTpa c qcJihlO 11ccJ1cno11a111151 noJMO)l(]fOCTH co1na11HH 

Jta1cpon, re11epHpy1011111x 11 ::rmx n11a11aJrniax c11cK'rpa. 3'111M o6'hHCllHCTC51 

JaMC'lllhlH pocT :JKCrtCpHMCllTaJlhllhlX H TCOpCTlf'ICCKHX pa6oT no ACTaJlhllOMY 

lfJY'IClllflO cro 3JICKTpOllHOH CTflYK''YPhl. 

Kopy11n fl a-cpa3C II BHJ(C lfCKYClllCllllO l!htpamc11HblX MOHOKpHCTaJIJ!Ofl 

Hn1rn10TCH 11po1pa'II1b1M n BY<!> 0611acTH cneK1pa 11 coxpa1rner :no cnoifcrno npH 

0611yqe11H11 n1>1coK0311epreTH'lllhIMH 'Jacn1uaM11. 61>u10 11a6mone110, '!TO 0611yqe-

1111e 6bICTpblMH 3JICKTpOHaMH c 311eprweli 50 38 npHflOAHT K yneJJH'ICHHIO K03cP­

cPHUHCllTa llOfJJOl.UCllH51 BO BCCM cneKTpC (pwc. l ). 
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Puc. I. CrreKTphI orrTH'!ecKoro nornoweHHH Kopyiuia - rHK: 1-2 - 11eo6Jl)"!e1111h1f1 

Kp11cnuu1; 3-4 - o6JI)"ICHHblH 3JJCKTpOHaMH c 3Heprneli 50M::iB, J(03a 

J. 7·l0
17

::iJJ/cM
2
; 5-6 - ,UOJa 6·l0

17 
3JJ/CM

2
; 7-8 - AOJa 5.6 · l 0

16 
3WCJ\1

2
. 

Ha1160111>wee no1pacraH11e nornowe111151 Ha6monaeTcH n KopoTKOBOJlHonoi'I Y<f> 11 

BY<f> 0611acrnx cneKTpa . R cneKTpe nornoweHHH Hn1-10 BhllleJI51IOTC51 

KOpOTKonom1ou1>1e 1iu:1och1 B o\iJ1acrn 6, 138 - F- ueirrp (F- uenTp - a1-1110111-rn51 

11aKa11c1151cJll!YMH110KaJIHJona11HbIMH 311eK'1po11aMH), 5,4:JJ3; 4,X6::i8 - F ' - t(e1rrp1>1 

(F c - l(Cirl"j) - allHOilliaH naKallClf51 JIOKaJIHJOIJCllIIl<UI OJlllHM :JJICK1p0110M). 

Fe - uc11·1pi,1, 06pa3011a11111>1e n pCJym;raTc 0611y<1c1111H flb1c0Ko:mcprc·rn'tcc­

KHM11 'IaC'll11IaMH, HMCIOT C2 CHMMCTpHIO, llCJICHCTllHC 'ICI'O ll036y)((J(CHllOC COCT0-

5111HC, cornac110 Tcopc·rn<JCCKHM lfCCJICHOBaIIHHM, pacu(eIUrneTC51 Ha T[)lf ypou1rn: 

I 8, 2A, 213, 06yc1101JJIHUm1 TPH oll'rn'ICCKHC 1101rnpHJOBam11,1e no1mc1>1 11ornome­

IIHH. flOCJIC o6Jt)"ICIIH51 6hICTpbIMH 3JJCKTpOHaMlf, llCHTpO!laMH If HOIIaMH B 

CrtCK'l"pC Olf'll1'1CCKOf0 fIOl'JIOIUCI-11151 (Qfl) II051BJIHIOTC51 llOBhlC rtOJIOCbl 6,338 H 

7::i8. flOJIOCa rtOI'JJOIHCHH51 6,3 38 CHJihHO JaBHCHT OT IIanpaBJICI-IH51 IIOJl51p113aUHH 

:meK'IPH'lCCKOro BCKTOpa E Cl1 K OIITH'ICCKOH OCH C3. npw 3TOM wrn IIOJIOCbl 

6,bB A(~a/tml.)<l, a wrn 6,3 3B A>l. 
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Pwc.2. CrreKTphI orrruqecKoro rrornowemrn KOPYHna - BepHei'IIDI: 1-2 - 1-1eo6ny­

'ICHHhlH KpHCTaJJJJ; 3-4 - 06Jl)"ICHHhIH H030H 10
17 

3WCM
2
; 5-6 -

0611yqeHHbIH 2·10
17 

3WCM
2
; 7-8 - 3·10

17 
3WCM

2
. 

Bo31-111K110BeH11e rrpwueneHHhIX u1>1we rro11oc rrornorue111151 o6'hHCHHeTc51 TeM, 

'!TO rrpH 06JJ)"ICHHH yrrpyrne B3aHMOACHCTBH51, HarrpHMep 3JJeK1pOI-10B, c yJeJlbl-lhl­

MH HOHaMH npHBOA5IT K HX CMCl.UCI-IHIO H 06pa1onamuo aHHOIII-lh!X If KaTHOHI-lblX 

naKaHCHH. KpoMe Toro, rrpowcxonHT 1-1eyrrpyme u1a1IMonelicrn11H, KOTOp1>1e tt3MeI-I­

moT 1apHnonoe cocToH1-111e nopan11au1101-1H1>1x necpeKToB F
2
+e-+F+; F

2
+2e-+F, '!TO 

11 np11non11T K 06pa1ona1-1mo F + 11 F- ILCHTflOB, a TalOKe npyrnx ueHTpOB oKpacKH 

(UO). 
l1cc11enonaH11e CITCKTpOB orr BepHCHJJOBCKHX KpHCTa'UIOB o6J!)"ICHI-lhlX 

::i11eKTpo1-1aM11 c 3!!eprHett 50 M::iB, 110Ka3aJJO, '!TO rro11oci,1 11ornomeHH5l 6.1 H 

6.338 l!C pa3pCUlaIOTC51. KaK 11anpHMep, ,UJJ51 KpHCTaJIJJOB fHK (pHC.2). 

9 



3-ro C(;'ll, pcJyrn>raT 60JlhlllOH KOllllCll'lpamrn llCK0111pOJIHpycMr.IX 11pHMecci1 

II CTpyK·1yp11r.1x 11c¢cK·m11, 'lhH '.JllC[lf'HH 0'1Cllb 6JIHJKO paCllOJIO>KCllbl H llC 

IHllUOJl!llOT 11pOHBJICllHC TOllKHX llOJIOC llOl'JH>IUCllHH uo HJ-Ja o6pa30tta!IHH 

110J1oci,1 6 ,0 5 :rn (Cr4 
' ). 

HJlbllaH HllTCllCHllllOC'll, llOl'JIOIHCllHSI, a ·raK)l(C CllCKTpaJlhllhIH a11anw1 

llOK<IJ<IJll1 , •rro II KpHCTaJIJlaX Rcp11CHJIH COHCp)l(allHC npHMCCH xpoMa COCTilllJUICT 

- 1()'3 
Mac % •. ToM ¢aKT, •rro up11 06;1y<1c111111 n Bcp11ei1J1oncKHX KpHcTI1JU1ax 

06paJy10TcH UO nma Cr2
' H Cr4

' , TIOJf.TIICp)l(,JlaCTCH cncTonr.1M OTIKHroM. OmiaKo 

:no paJJIH'IHC m:o6bHCllHJIO cyu1cc·rnc1111oro paJJIH'IHH B HlrfCllCHBllOCTIIX 

11anenc1111oro nornowe11m1 Bcp11eii11oncKoro H fHK KpHCTaJIJIOB. flpH oJ~Hoi1 H TOH 

)l(C noJc 3JtCKTpom1oro o6IIYt.fCHHll Bcp11ci1noucKHC KpHCTilJIJlhI oKpamHBaIOTCll n 

Hila paJa HllTCllCHBllCH, 'ICM o6pa3Uhl fHK. 3-ro CBl1Ja110 ll<UIH'IHCM B 

Bep11ei1J1oncKHx KpHcTrumax uecpcKTOB onpeuenem1oro THna. KOTOphIC 

ynep)l(HBalOT Bbl6HThIH MC)l(JlOYJCJIIIbIH KHCIIOpOU Oi KOTOpaH H npHBOJ:lHT K 

YMCllhWCllHIO 'IHCJla peKoM6mrnpoBaillfhlX oi H naKaHCHH F2
+ B xone o6Jl)''ICHH}I, a 

cJ1enonaTCJih110 H K ynenH•1euH10 HHTeHcHn11ocTH nornoweHH}I n F H F± ue11Tpax. 

flo Tc opHH Xa - caMocornacona1moro noJJH 8 o:-Al20 3 HaH60JihUiall 

8eJIH'IHHa KBaIITa, KOTOpaH COOTBCTCTBYCT onpeueneHHOMY OllTH'ICCKOMY 

nepexouy, ouemrnaeTCH 8 o6nacTH 7:=;hv:=;8 38 . 

HJYt.fCHHe 80JneiicmHH HCHTpOHon H HOIIOB Ha KOPYHJ:l noKaJano, 'ITO nocne 

06JJY4CHHH B CllCKTpC Ofl, KaK H npH 06JJY4CHHH 6hICTphlMH 3JICKTpOHaMH, 

o6Hap}')KCHHhlC IlOJIOChl IlOrJIOIUCHHH o6ycJJOBJICHhl CTpYKTYPHhlMH HapYUICHHHMH 

B aHHOHHOH noupeUICTI<e, nounep)l(JlCHHCM 'ICfO H8HJJCH HJOXpOHHhIH OT)l(Hr 

o6paJuon. TaK KaK npH o6JJY4eHHH HeiiTpoHaMH, KOHUCHTpaUHll UO 6oJihUie, TO 

3TO ll03BOJIHJIO o6Hap~Tb nonocy IlOrJIOIUCHHH -7,9 38, noCJJe TCpMOOT)l(Hfa J:lO 

700°C. H3 CYUiecmyrowHx n JIHTeparype uaHHhIX H 3KcnepHMeHTaJihHHX 

pe3yJihTaT08 cneuyeT, 'ITO n KpHcrnnnax KOPYHJ:la o6JJY4CHHoro 3JICKTpOHaMH , 

11eiiTp01-IaMH, HoHaMH m-myrmpyroTcll aHaJIOrH'IHhre UO 4,86 ; 5 ,4 ; 6 ,3 : 7 38 - F+ -
ueHTphI, a 6 , 1 3B - F - ueHTp. flonoca nornoIUeHHH 7 ,9 38 no xapaKTepy 

no8CJ:lCHHH c onnanaeT c noneueHHCM nonoc F+ - ueHTpa, 'ITO cnenonano HJ • 

npoueccon ¢orncTHMyJJHpo8aHHhtX n3a11MonpenpaIUeHHH. YMeHhIUCHHe 

HHTCHCH8HOCTl1 IlOJIOC F- - UCHTpa (pHC. 3) np011CXOAHT 113-Ja TOro, '!TO npH 

o6JJY4CHl1H )l(CCTKHMH CH cpoTOHaMH ( - 12 K38) B KOPYHAC B03Hl1KaIOT 

cno6onHhlC 3JICKTp0Hhl 11 )lhlpKH. l.facTu 3JICKTpOHOB H )lhlpOK 3aXBaTuIBaIOTCll 

OJlHHO'IHhIM11 11 arperarnhIMH UO, noJIOChI KOTOphIX JIC)l(aT n 6n 11JKoi1 Y<I>, 

BHAHMOH 06.riacTl!x cneKTpa, a ocTaJihHaH 'laCTu - F 11 F+ - ueHTpaMH. 

flpu HCHTpOHHOM H HOHHOM o6JIYlfCHHH HMCCT MCCTO TaK)l(C o6pa30BaHHC 

KJiacTcpa . UJ1u MonenHponaHHll 3TOro pan11au110HHoro npouccca non611panc51 

KJ1acTcp 8 mute Al3+[0
2]r. , '!TO yno6Ho M ll o6bllCHCHHH McxaHl13MOB 11aKonneHHll 

11 aHH30Tpo mm UO n Ko pyr1nc. H c x o Jrn HJ 3TOt1 MOACJIH non po6110 o6bllCHcua 

11p114Hlla TOI o . 'ITO npH llCHTpOllllOM o6ny<ICI-!1!11 CKOpOCTb o6pa308allHH 

;rccpcKTOB 60.,1hwc 'ICM 11p11 3JICKTpOlllI OM 0611)"1e111111 . B cny~iac 11 <.: HTpo1111oro 

0611y<1e111rn c ::i11eprne ~1 2 M38. 11 cJ1cncTBHH KacKan a ynpyrnx c o y;rnpcH1111 

Iii 

KOllHCiripal{HH llbt6mbtX aTOMOll 6oJthlllC, 'ICM llpH :)JICKlpOIIOM o6Jty<ICllHH, H 

fiy11cT cine 6om,rnc, CCJIH y<1ccn, 110Tcp11 oc11m111oi1 'IaCTH :.rncpl'HH :)J!CKTpo11on 

11pH 11cy11pyr'OM pacccmm11 uc11c)lcmHc Ky11011oncKoro 1naHMOHCHcrnHH; no3TOMY 

H KOl!!lCllTpauHH COO'lllCTC'lllCl!!lblX uo llC HHCllTH'llla. 
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3a8HCHMOCTh HancneHHoro nornoIUCHHH OT npcMCIIH CH o6JJYt.feHHll 

KOPYHna - rHK 06JJY4eHHOro HeiiTpoHaMH A030H 10
17 

CM
2

: a - 1-

QTO)l()l(eHHbIH 700°C, 2-o6nYt.fCHHhIH CH ¢ornHaM11-90 ccK., 4-300 ceK., 

5-450 CCK., 6-600 CCK.; 6 - )'BCJIH'ICHHC HHTCHCHBIIOCTH MaKCHMYMOB 

llOJIOC llOrJIOIUCHHH - 205 HM, 255 HM, 302 HM. 

EoM6apn11pyroIUHc 3JICKTpOHhI n o ynpyroro coynap c HHH c aTOMaMH 

KJiacTepa 3Ha'IHTeJihHyrO 'laCTu 3HeprnH TCp5!IOT Ha HOHII3aUHIO, BCJICJICTBHC 'ICfO 

'IHC:IO o6pa30BaHHh!X BaKaHCl1H, MC)l(J:lOY3CJlhHhIX HOHOB KHCJIOpOAa Qi H 

a.mo MHHHH Ali np11 3JICKTpOHHOM o6JJY4CHHH 3Ha'IHTe.rihHO MCHhWC. 'ICM npH 

IICJI rpomIOM HJIH HOHHOM o6ny<ICHHH . 

KouucHTpaum1 aHHOHHbIX ue1rrpon np11 o6JJY4CHHH 50 M:;iB- Hh!MH H 3JICK­

Tpo 11aM11 11 2 M::iB -HhIMH HCHTpOHaMH np11 n o3c o6JJY4CHH51 l 0 17 
qacmu/cM
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l:ii.1;m HCCJICJlOBa11i.1 11pom:cc1>1 cpoToBoJ6)')f(}lCllHH 11ocnc M11or0Kpa·111oro CYI 
0C\.11y•1c11HH, II 'laCHIOCTH, 01.IJIO noKaJallO, 'ITO O]lllOllpCMCllllO c yncJIH<ICllHCM 

11111 c11cHn11ocTH F H F ' - ncirrpon, 11a6monacTcsi H yncJ1H<1e11HH H11Tc11cHn11ocTH 

llOJl()Chl llOl'JIOll!CllHH 4.1 JB (302 HM) (pHC. 3). no;1ocy 4, I '.)ll II JIHTCparypc 

11p111111c1,111a10T MC)l(JlOY3CJ1r,11i.1M 11011aM Al; ;10KaJ1HJ011a11HbIX n6JIH3H a11Ho11111>1x 

m1Ka11c111i - f- 11c11Tpon. Pc1yJ1bT<rlbl HCCJ1cnona11HH 110Ka1rurn, 'ITO HO!lhl 

<UllOMHllllSI JIOKaJIH10llallhl OT allHOllllblX naKallCHH 11a TaKOM paccTOSlllHH, 'ITO 

llJllBlllllC JIOKaJlbllOro 3JICKTPH'ICCKOro nOJIH npHllOJlHT K llCKOTOpoMy HJMCllCllHIO 

'.)11cprc·rnqecKHX cocTOSIHHH 1m11on Al;+. Cy1uccnionamui F - uc1rrpa H UO 4 , I 38 

no 700°C aaeT npano npencranHTh ee n BHJJ.e KOMruieKcon. TaKHM o6paJon, HJ 

npHBCJJ.CllllhlX 3KcnepHMCHTaJlbllHX peJyJihTaTOll C!ICJJ.YCT, 'ITO Ja nonocy 3,5 38 

(358 11M), oT11eTCTBe11e11 ne11-rp nma [Al;° F +]. nonoca 2,75 38 (450 HM) 

npHnHcbmae-rcsi ue11-rpy nma [Alt F +], a nonoca 4, I 38 (302 nM) - [AV F]. 

311cprcn1'1CCKHC COCTOHHHH uo ll OCHOBllOM CllH3aHbl c 3apHJJ.OBhlM COCTOHllHCM 

aJllOMHllHH, Ii MOryr BXOJ.(l!Tu TOJlbKO B KOMfUICKCbl c aHHOllllblMH BaKallCHHMH. 

fJiana fil 1!3JIO)l(CHa Ha OCHOBC peJyJihTaTOB pa6oT (15-27) . 0Ha noCBHWCHa 

HCCJICJJ.OllaHHIO pa.a.11auHOllHhlX uo, HaBCJJ.CHHblX B KpHCTaJI.JlaX Kopyu.a.a 

BhlCOK03HepremqecKHMH <1acmuaM11 no cneK-rpaM o-rpa)l(CHHH B Y<t>, BY<t> 11 

peHTI'CHOBCKOH o6JiaCTSIX cneK-rpa; BJIHHHHH o6nyqeHHH Ha cpyu.a.aMCHTaJlhHblC 

OT111i'ICCKHC cpynKUHH Kpl!CTaJIJIOB . 

06ph1B aTOMHhlX ueno'ICK Ha nosepXHOCn! KpHCTaJIJla npl!BOJJ.HT, KaK 

H3BCCTHO, K cpopMHpOBaHHIO 3JICK-rpOHHhlX COCTOHHHH, a TaK)l(C K HJMCHCHHIO 

nepl!O)J.H'IHOCn! perneTKH Ii 3apHJJ.OBhIM 3cpcpeKTaM . 

lbyqeHHe BOJ)lCHCTBHH 3JICK-rp0HOB, HCHTpOHOB Ii HOHOB Ha MOHOKpl!CTaJI.Jlhl 

Kopyu.a.a BbiparueHHhlX pa3JIH'IHhlMH MCTO)J.aMH, BhIBBHJIO OTJIH'IHC cneK-rpOB 

oTpa)l(CHHH B 1aBHCl!Mocm OT opHCHTauHH 3JICK-rpH'lecKoro seKTopa E CH K oc11 

C
3 

n cneK-rpaJihHOM n11ana1011e 57 30 38. TaKaH aHH3011JOnHOCTh o6ycnosneHa 

c11eu11cp1!KOH 3Heprem'ICCKOro COCTOHHHH nosepXHOCn! OKp~CHHH, CJICJJ.OBa­

TCJlhllO, H CHMMe-rp11eii aHHOHHhIX BaKaHCHH F 11 F+ - ueH-rpon, JIOKaJihHaH 

CHMMC-rpl!H KOTOphlX HCKa)l(Clla no cpaBHCHHIO c o6bCMHOH. 0Tc1ona cne.a.yeT, 'ITO • 

TC llOJIOChl KOTOphIC Ha6moaa10TCH B crreK-rpax nornorueHHH B Kpl!CTaJI.JlaX 

KOpyuaa, MOrYT HC socnpOH3BCC11!Ch B cneK-rpaX OTpa)l(CHl!H. TaK KaK 

nonepXHOCTh Ii o6beM OKa3h!BaIOT B3aHMHOC )lCHCTBHC Ha cpopMHpOBaHHH 

paa11auHOHHblX rrospe)l(JJ.CHHH B OKCl!JlaX, TO OCHOllllblMH nocJIC)lCTBHHMH 

B03)lCHCTBHH Ha nosepXHOCTh Kopyuaa HBJIHIOTCH HapyweHHH CTCXHOMCTPHH B 

KHCJIOpOJlHOH rroapeweTKe. 

YposeHb paa11au110HHhIX Hapywe1111H. 1anHCHT oT lll!Jla HJJIY'ICHHH 11 3TO 

CKa3b!BaCTCH Ha noJIO)l(CHHI! rIOJIOC uo. 
3aTHHYTOCTh B JlJll!HHOBOJll-IOBYIO cropouy B cnci...tpax o-rpa)l(CHl!H , B 

o:.:06e1mocm o6nyqeHllblX Kp11cTaJIJiax, 110JlTllep)l(JJ.aeT 11paBHJ1hnocTh Bb16opa 

napaMe-rpa Kpy11!3Hbl (111< 1) B rrpaBHJie Yp6axa JL151 Al~03 . 8 CJryqae <o< l B 

KpH CTaJUIC Kopyuaa HMCCT CWibHOC 3KCHTOH-<lJ011011llllC IJ3aHMOJlCHCTBHSI Ii 

aH roJIOKaJIH3aUHH 3KCl1TOllOll . 

I ' 

MaKCHMYMbl n cncKrpax o-rpa)l(CllHH 111>n11a111.1 pa3pcme1111b1M11 11cpexonaMH 

II llhlCOKOCHMMCTJHl'lllhlX TO'IKaX 30111>1 6pHJUll0'.)113 , 06ycJIOllJICllllhlMH 2p -

opGHTaJIHMI! a!IHOllOll KHCJIOpOJ.(a 0
2

• Ii 3s - COCTOHllHSIMH aJllOMHllllH. 

E1>u10 11a6monc110, 'ITO noc;1e 06Jl)"1e1111H, 11a<rn11asi c 311eprn11 hv>25 JB 

yuc;1wrnnaeTCH 01pa)l(aTeJ11>11aH cnoco611ocTh KpHCTaJIJIOB. Pe1yJ11>TaTi.1 

HCCJICAOBallllHH o-rpa)l(aTCJlbllOH cnoco611ocm ll o6JiaCTI! 70-550 311 noKa3aJIH, 'I'm 

K03cpcpHUl!CllT 0-rpa)l(CllHH 06J1y<ICllllblX 06pa1uo11 Ha Mnoro llhllllC, 'ICM 

11eo6JiyqeH111>1x. (p11c . 4) 
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P11c . 4. Pe111re110BcK11c cneK-rpbI o-rpa)l(CHHH Kopyuua: a) Heo6nyqe11Hb1t1 

Kp11c-raJIJI; 6) 06ny<1e1111b1H 3JICK-rpOHaM11 50 M3B c no1oi1 6· l 0 17 
3n/cM

2
. 

3-ro CBllHCTCJlbCTByeT 06 "yny<11ueHH1!" nosepXHOCn! KpI!CTaJIJia nOCj lC 

paJJ.I!aIIHOllllOro B03)lCHCTll1!51 T.e. npOI!CXOJlHT Cl!JlbHOe CTCXHOMCTpl!'ICCKOC 

11apywe1rne no HarrpaBJICHlllO K rIOBepXHOCn! 06pa1ua. 1!3-Ja pa3ynopHllO'ICHH51 
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1>.pHC'1cUUIH'ICCKOH CTflYJ<'l)'Pbl 11p1111oncpx.i1oc·moro CJIOSI yueJJl1'1HBaCTCSI 

l>.OllllCllTpaHH.fl naKallCl1H 11 MC)f(J(0)'1CJlhlll.IX 11011011, 'ITO np11110}(11T K 

paJ111a1111011110-C'l11MYJ1Hpoua11110H )lccop6111111 (PC.Il), II pcJ)'JlhTaTC KOTOporo 

llop;nycTc11 uoccrn11011m:1111aH cpa3a Al. 

AmoMH1111i1, uoJHViKm11i1 11 pe1y;11>n1Tc "pa1pyme1111H" no11epx11ocrn, 

lallOJlllSICT Jll1CJIOKal(l101111hlC ne·rn11, 11opr.1, M11KpO'lpC11(1111bl 11 TCM caMblM C03J(aCT 

··1cpK;u11>11y10" nouepxuoc·n,, 6Jmronapl! •1cMy 11a6moJWCTC51 yuc;m<1e1111c 

h'.O:)(jxjiHilHCl!Ta OTpa)f(CllHH ll 11111p0KOH o6JiaCTl1 CllCK'rpa. Bo-BTOpb!X, CMCIUC1111H 

MaKCl1MYMOll Clll!Jallbl c 1101111Jau11ei1 OCllOl!llhlX ypOBllCH Ka'ntOHOIJ T.e. c 

llOBCflXllOCTH )'XOllITT Kl1CJJOpOJl. flp11 3TOM KaTl1011-HOll aJllOMl1111151 HaXOJ.(11TCH B 

llCHTflaJJbllOM COCTOHlll111 11J-Ja Jap51)f(CHllOro COCTOHlll1H 0Kp)')f(Clll1ll (KOMflCHCa­

U1151 3apl!Jl0B ). 

8 o6nacTH 3Heprni1 70-140 38 n cncK-rpax o-rpa)l(eH11l! nol!BJJl!CTCll 

CTflYJ<1ypbl E, - E10. 

OcHOBblBfilICb 11a JJ11Teparyp11b1x llbI'IHcJ1e1111l!x, MaKC11M)'MbI E1 - E10 n 

OCHOBHOM o6ycJJOBJICHbl nepexo)laMl1 Ha 3d 11 4f op611TaJJH Al COOTBeTCTBCHHO. 

Ha6monaeMoe connaneHHe :mepreTH<JeCKHX JHa'!eHHH MaKCHM)'MOB OTfl(l)l(CHHll 

Heo6nyqeHHblX H o6nyqeHHblX KpHCTaJJJIOB o6bllCHl!CTCll TCM, 'ITO pa3peUieHHbie 

no 3ueprnH 3JICKTflOHHbie nepeXOJlbl npoHCXOJll!T c rny6oKHx yponHeH. ArperauHll 

necpeKTOB H MCTaJJ.llH3aUHl! IIpH o6nyqemrn He CTOJlb CHJlbHO HJMCHl!IOT BCJIH'IHHY 

JIOKaJJbHOro 3JICKTflH'ICCKoro IIOJJll, 'IT06bl IIpHBCCTH K CTfl)'KT)'pHblM HapYUICHHl!M 

rrocne panHaUHOHHOro B03JJ:CHCTBHll. 

11JMepeHHe CIICKTflOB OTfl(l)l(CHHll B o6nacTH 3HCprni1 538-548 38 IIOJBOJIHJIH 

o6uap)')f(l1Tb rnHpOKHH MaKCHM)'M c UCHTflOM TIDKCCTH -540 38, 'ITO HaXOJJ:HTCll B 

xopoUieM cornacHJIH co cxeMoH 3HepreTH<JCCKHX yponueli Al 20 3 rrpHneneHHOH B 

JIHTepaT)'Pe H COOTBeTCTByeT K- KpaIO rrornorueuHl! KHCJIOpOJ.(a. 

c IIOMOIUbIO 3JICKTflOHHOH MHKpOCKOIIHH HJ)'lJCHbl rrpouecCbl 

ACcpCKT006paJOBaHHll ua rronepXHOCTH KOp)'Hna. 

OKaJaJJOCb, 'ITO B o6nyqeHHbIX HOHaMH KHCJIOpona (OT+), c 3HeprneH 

200K38, KpHcTaJJJiax KOp)'Hna, rrocne MHoroKparnoro onKHra B BaK)'YMe rrpH • 

900°C, Ha rronepXHOCTH IIOl!BJJl!IOTCll MCJIKllC qepHb!C Ill!IBa, KOTOpblC 

H)lCirrncpHUHpOBaHbl KaK KOMIIJICKCbl TO'IClJHbIX :recpeKTOB BHenpeHHOro THIIa. -

Al. CpeJJ:HHH paJMep MCJIKHX Ill!TCH cocninnl!eT -15 HM, a JJ:HCJIOKaUHOHHbIX 

neTCJib -100 HM. 

6bIJIH orrpe).(CJICHbl H rrpoaHaJJHJHpOBaHbJ onrnqecKHC KOHCTI!HTbl H cp)'HKUHH 

c HcnonhJOBaHHCM J.(HcrrepcHoHHoro coornoweHHll KpaMepca-Kpmrnra .. .Ilanee 

no HJBCC1llblM cpopM)'JiaM pac'!HTb!BaIOTCll JHa'!eHHll OIITH'ICCKHX KOHCTaHT n H k, 
E1 H E1 MOIIOKpHCTaJIJIOB KOp)'Hna . PacqeTul OllTH<JeCKHX cpynKUHH 

xapaKTepHCTH'ICCKHe IIOTCpH (-lm(Er
1
, -{111 (E+ I )" 1

• 061,eMHblC H rIOBCpXllOCTilble 

rIOTCflH, rIO:ITBepJJ:HllH Ha6mouaeMbie llflOl!BJieHllll oco6em10CTCH npHnonepx­

HOC'lllOH 3JieK-rpOHIIOH CTflYJ<T)'pbl, rIOJBOJlllll TCM caMhlM npaBHJlbHO nepenanaTu 

OCllOl!llblC TCll!lCIIU11H B l!3MC1Iem111 aT0Map1101':\ C'l'pYJ<T)'pbl B npouecce 

uccrpy KHHH 06.1 1yqe11HoH nonc:px.i1ocn1 KpHCTa.JLlllB Kopyuua . 8en11<11111a I 11i(E)"
1 

11 

11ponopruw11rurb11a neposmrocTH 110Tcp11 ::i11cprn11 "K11a111c11060J.11mro" 3;1eK-rpo-

11oro ra1a 11 A'203, <rro xapaKTcp111ycT MaKCHMam.11oc Konc6aHHe 311eprn11 

11naJM011a. CncKTp1>1 J.urn uccx Kp11cTa;u1on HMcIOT 0611{)'10 cneuHcpHKy: 

:JKCTpCM)'Mbl HaXOJll!TCH np11 I 0-15 3B 11 22-25 3B. MaKCHMaJibHal! 311eprm1 

06beM11oro nnaJMOlla JlJlll KpHCTaJUla rHK pallllhl COO'llleTCTllCHHO Im(Er' -

24,538; 25 ::>8, a MaKCHM)'Mhl nonepXllOC'lllOro llJlaJMOlla -Im(E+ Ir' - 23,5 3B; 

2438, E..LC3. flpH EIIC3 11 c;1y'iac - IniCE)"
1 

11MccM MaKcHM)'MhI 11p11 23,5 38; 253B, 

a AJJll -Im(E+ Ir' - 23 38; 23,5 3B. 

8 KpHCTaJIJiax 8ep11eHJl51 n cp)'llKUHHX xapaKTep11cmqecKHX norepb HMCCM 

AJJll I111(Er
1 

- 24 38; 24,5 38; Irn(E+l)-
1 

- 24,5 38; 25 38 11 coornen:rneHHo 24,5 

38; 25 38 H 24 38; 25 38 npH EIIC3. KpoMe HJITCHCHBllblX rIJiaJMCHHbIX 

Kone6a11Hfl Ha6monaercl! cna61>1e nHKH u o6;iacTH 9,8; 13; 14,5; 15,5; 20; 21,5 38, 

KOTOpbIC l!BJll!IOTCl! KOM6HHaU1151MH rIOTCpb flJlaJMOllOB aJIIOMHHHll KpHCTaJJJIOB 
KopyHna. 

3cpcpeKTifBHOC KOJIH<JCCTBO BaJJCHTilblX 3JICKTflOHOB, BOBJIClJCHHbJX B 

cpornnepexo).(bl BblBOJJ:HTCll HJ npaBHX C)'MM, BblXOJJ:llll!HX HJ TOro, 'ITO o6mee 

KOJIH'ICCTBO 3JICKTflOHOB JJ:OJDKHO COOTBeTCTBOBaTu BCCM 3cpcpeKTHBHbIM 

3JICKTflOHaM. 8 o6nacTH 3HeprnH flJlaJM011a N:xM> nocmraer 14 3JICKTflOHOB Ha 

"Moneeyny" Al20 3, HMCIOill)'IO 18 naneHTH1>1x 2p - 3JICKTflOHOB. Manoe 

("HeHaCbllUCHHoe") lJHCJIO BaJJCHTIIbIX 3JICKTflOHOB B o6nacTH flJlaJMCHHb!X <JaCTOT 

CBHJJ:eTCJlbCTByeT 0 TOM, lJTO OflTl1lJCCKHe rrepeXOJJ:bl HJ BaJJCHTIIOH JOHbl 

npoHCXOJJ:l!T H rrpH 3Heprnllx E>E11n, 'ITO o6ecne<JHBaeTcl! rrp11 Ev>Eg . 
c UCJlblO TO'IHOro onpene.rreHHl! JHa<JCHHH 3HeprnH: MC)l(JJ:yJOHHbIX rrepexonon 

Ii yqera Bcex OCUWIJlllTOpOB 6bIJI HCrIOJlbJOBaH MCTOJJ: IIOCTflOCHHll JJ:HarpaMM 

ApraHna HJ pacC'IHTaHHbIX nenH<JHH JJ:H3JICKTflH<JeCKHX KOHCTI!HT. 

flpeAJIO)l(CHHbIH MCTOJJ: IIOCTflOCHHll JJ:HarpaMM ApraHna rIOJBOJIHJI paJJIO)l(HTb 

11HTerpaJibHbIC CIICKTflbl cpYHJJ:aMeHTaJJbHb!X cp)'HKUHH Ha MHHHMaJJbHb!H Ha6op. 

CornacHo KaCKa)lHOH reopHH 6hUIH pacC'!HTaHbI TO'le<JHbie necpeKTuI, 

COJJJ:aHHblX Ha C)l,HHHUC nyTH, rJJ,e Ka)l(JJ:bIH HOH CBHHUa Pb208 c 3HeprneH: 3,5 

M3n/ a.e.M HHHUHpyer KacKan cMeIUCHHH arnMon: 420 J]JI5I Al H 233 AJlll 0. 
8b1c0Kal! IIOJ.lBH)l(HOCTh TO<Je<JHbIX 11 CJIO)l(HbIX necpeKTon npHBOJJ:HT K HX 

CTOK)', c o6paJOBaHHCM JIOKaJJbHb!X aMopcpHbIX o6JiaCTeH - JOH. 

PoCT 3TOM CTaHOBHTCl! cyruecTBCHHbIM, KOf)la KOHUCHTpaUHll JOH J.(OCTiffaeT 

60JibWOH BCJIHlJHHbl H o6ycJIOBJICH JOHOH, PO:lK!IaIOIUHXCll BHOBb, JOHaMH 

CYUICCTBOBaBWHMH paHee. flpouecc pa).(HaUHOHHoro pOCTI! npOJJ:OJI)l(aCTCll no Tex 

nop, rIOKa KOHcpHrypaUHll He cnenaeTCl! 3Hepren1qecK11 HC)'CTOH'IHBOH T.e. IIOKa 

He CTaHeT BOJMO)l(HbIM npenparueHHe ee B JJ.pyrol1 necpeKT (JJ:11CJIOKauHOHH)'IO 

nern10 HJIH nopy). CcpopM)'llHpOBaJJH CHCTeMy ypaBHCHHH OIIHCbJJJaIOIUHl: 

KHHCTHKy BOJHHKHOBCHH.ll H CKOflJICHHll JOH H3 HOHOB Al, npoHCXOJlHIUHX ll 

pe1ynbTaTe o6nyqeHHl!. 

Jib peJyJibTaTOB 3KcnepHMCllTaJJbHblX H paCl.JCTiiblX naHHbIX ccpopM)'JIHpoBal! 

HKJJa)l l lB)'X 3cpcpeKTOB Ha 3JICKTflOHH0-3HCprern<reci.::yio CTflYJ<TYPY KOp)'Hua: 

llOJillpIIJaUHOIIHble l!BJICHHll CBl!JaHbl c pacrueIIJierrne~I BaJICHIBblX 2p - COCTOlllll111 
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KllCJlOpona II llOJIHX llH3KOH CHMMCTpHH pemCTKH Kopy11na H H3MCllCllHC 

l IJIO"lllOCTH COCTOSlllHH 3JICKTp011011 II MC)l(J()'3011llhlX m:pcxonax H3-3a )'llCJIH'ICllHH 

l<.lllll(CllTJnlllHH pan11aI(HOllllblX m:cpcKTOll B 11pHIIOBCpXHOC"lllblX CJIOHX. 

r;ia11a JV WlJIO)f{Clfa Ila OCllOBC pc1ym,TaTOB pa60T [28-36]. B llCH 11pCHCTall­

JICllhl pCl)'JlhTll 11>1 HCCJll'!\OllallHH JllOMHllCCUCll'lllblX CllOHCTll MOllOKpHCTaJUIOfl 

Kopy11na . bl>IJIH HCCJICHO!lallbl CllCK'IPhl ll036)"A<,UellmI CHllCH H Y<I) JllOMHllCC­

nc111(HH JUIH 11co6JI)"!CllllblX H o6II)"ICilllblX flhICOKo::rncprCTil'ICCKHMH 'laCTHI(aMH 

KpHCTaJUIOB Kopy11ua II o6JiaCTH cpy11naMCIITaJlbllOfO norJIOIIlCllHH, c UCJibIO 

i.lllaJIHJa HX )"laCTHH fl cpopMHponaHHH KllallTOflOro flbIXOUa JIIOMHIIHCUCllUHH . 

B o6nacTH Y<I> CBC'ICHHH HHTCHCHflllOCTH uo H nocne o6Jl)"ICHHH flb1coKo-

311epren1'1ecKHMH 'lacruuaMH fl nonoce 5,4 38 cosnaua10T, TaK KaK 

n036)')f{UaioTcH 11 co6CTUeHHOH nonoce nornomeHHH 11 np11m1w1c)l(HT F+ - ue11Tpy. 

CHHCC CBC'ICllHC npoHBJIHCTCH fl nonoce fl036)"A<,J:ICllHH 6,3 38, KOTOpaH TaK)f{C 

coomeTcTByeT 11ornomeHHio F+ - ueu-rpa. 
!....-~~~~~~~~~~~~~~~ 
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P11c. 5 . CneK'rpi,1 so36)')f{UeHHH JIIOMHHecue11111111 KopyHJla, o6Jl)"leHHbIX 

HCHTpoHaMH c 3Heprnei1 2 M38: 1 - 11eo6Jl)"ICHHbIH KpHCTaJIJI - 300 

K; 2- o6Jl)"ICHHhIH c UOJOH l · 10
17 

11/ cM
2 

- 300 K; 3 - 06Jl)"ICHHb11i c 

U030H 1·10
17 

HlcM
2 

npH - 90 K. 

I1ccnenosaHHH j])IHHHOBOJIHOBOro KpaH <l?YHJlaMCHTaTJbHOro ITOrIIOIUCHHH IIO­

Ka3aJIH, 'ITO .l!OMHHCCUCHUHH ITOJIOCbl 7 ,538 3cpcpeKTHBHO B036)')f{UaCTCH B o6nac­

TH 8,9-9 ,238. CneKrp fl036)')f{UCHHH 7 ,538 cosna)laeT c Yp6axoncKHM KpaeM. 

B o6nacrn KpM co6cTBettHoro norno1I1eHHH fl o6Jl)"lellHbIX HeHTpoHa~m, 

11011aMH KpHCTaJUiax, HHTCHCHBHbIH pa3)lBOCHHblH ITHK npH :)HCprHH -9,2 J8 

coomcrcTByer cno60.a:HhIM 3KcHT011aM . 8ropoi1 3Kc11TOHHb1!1 n11K npu 8.6-8.7 ·J8 

npeucrnnIIHeT HJ ce6H KHcnopOJlH)'IO uaKancmo runa F - ueirrpa, 1-1aXOJlH1lla>1cH 

no6IIH30CTH BOJO)')K.llCHHbIX HOl!Oll KHC:lOpO)la. (pHc.5) . 

8 Kp11crruuax o6Jl)"ICHllblX 1-1ei1-rpo11aMH na6mo)laeTrn O'ICHb cna6oe cH11,; e 

c13ec1c1111e moM1111ecue1-1111111 F - ucirrpa (3 ,0 38) 11 c ouna.:racT c n11Teparyp11b1\m 

I<• 

I 

.'.\ 

nm1111>1M11. 8 3;1eK1po111m-06;1y4e1111i,1x 06pa1nax, 11ao6opoT 11a6monaeTcH cHJihllaH 

mrre11c111111ocT1. naimoro F - 11c1rrpa. (p11c. 6) 

OKaJru1ocb, 'ITO c;ia6ru1 mrrc11c11n11oc-11, uoJ6yA<J1c1111H moM1111ccnc11u1111 F -
IlCHTpa Cl3HJa110 c 11cpc1mcoM 311eprn11 3;1eKrpo1111oro uo16)')1()1e1mH OT F - uempa 

K MC)l(J(0)'3eJJhllblM Al; • - 11empaM. TaKow 11i.mon cornacyeTCH c 11peJU10)f(e1111oi1 

MOJ(CJiblO, rne HOllbl At;<• pac11o;iara10TCH OKOJIO KHC!IOPOHllOH 13aKaHCHH (F -
uc1rrpa) 11 06paJy10T CJIO)f{)lblH uen-rp [Al;+ F]. 

P11c . 6. 

l . 

hV = J_8 cV / 
I 

/ "/ 

/ 

0 ~ 

5 10 15 20 25 30 
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CneKlphI noJ6)')K.lleHHH JIIOMHHecueu1111 KOp)'Hna, o6Jl)"ICHHhIX 

3nCKrpOHaMH c 3Heprnei1 50 M38: 1 - neo6.l)"leHHhIH KpHCTaJIJI - 300 

K; 2- o6JI)"ICHHhIH c uoJow 6 · 10
17 

3n/cM
2 

- 300 K; 3 - o6Jl)"leHHhIH c 

U030H 6· 10
17 

3n/cM
2 

npH - 90 K. 

,ll.Jrn KpHCTaJIJIOB KOp)'H)la MaKCHM)'M B cneKrpaX B036)')K.llCHHH H 

nIOMHHCCUCHUHH B o6nacTH 9.1 +9.2 38, npOHBJIHCTCH BO BCCX o6pa3uax H HX 

HHTCHCHBHOCTh B 06Jl)"ICHHblX KpHCTaJIJlaX 60JiblIIe, H3-3a HBnCHHH nepenoca 

3Heprni1 3JICKlpOHHbIX B036)')K.!lCHHH K uempaM KaK 6eJ nepenoca 3apH)la, TaK H c 

nepCHOCOM 3apH,Ua. Ha6mo)laCMOC CMCIUCHHC B 06.1acm -9 38 Ha ±0,2 38 

CBHJauo c HJMCHCHHCM sen11<m11b1 3neKrpOCTilTH'leCKoro noIIH E npH o6Jl)"leHHH, 

BJIHHIOillCro Ha COBOKyITHOCTh uecpeKTOB H 3KCHTOHOB. 

KoM6HHHpyH see )'KaJaHI1b1e npoueccb1, a TilK:>E;e npo11eccb1 CBHJaHHbIC c 

npOHHKHOBCHHCM srny6b KpHCTaJIJla KBaHTOB 13 3al3HCHMOCTH OT :::mepmH 

B036)')f{UCHHH, JaKJIIO'laeM, 'ITO JlCHCTBHTeJibHO :no npH130JlHT K HCKOTOpbIM 

auOMaJIHHM no cpaBHeHHIO co CITCKlpaMH orpa)f{emrn (nofJIOIUCHHH). Tipw1eM 

Clp)'KT)'pa CilCKlpOB 13036)')K.lleHHH CHJlbHCC npOHl3.TUieTCH n o6nacTH HHTCIICHBHblX 

ITHKOB IlOrJIOIIlCHHH,OC06CHIIO npH HHJKOH TCMnepaType. 

C uenb10 HJ)"leHHH oco6eHHOcTe11 npoueccou P38 13 o6nacTH 311eprn11 

cpoTOHOfl I 0-30 38 6bIJIH HCC.1e11onaHbl CITCK'fPbl BOJO)"Al(eHHH JIIOMHHCCUCHUHH B 

KpHCTaJIJlaX Kopyi1ua. 

,-



OKaJru1ocb, '-ITO B 061rncTH hv=><9,5-22 38 11a6monaeTcsi pcJKHH cnan 

:.>qxjlcK·rn1mocTH cnc,1c111u1. C11a6ocTpyK·1yp11aH •iacTh KBa1rronoro n1>1xona 

OK<IJhlllHCTCSI JaIHICSllUCH OT :.mcpnm CJICHYIOLUHM oora10M. Ha lfalla.JlbllOM ::>TallC 

m:11ocpenc·me11110 llOCJIC pmt<JlCllHSI, OCllOBllblM KallCUIOM penaKCaUHH nepBH'lllblX 

:>JICKllJOllOll SIHJISICTCH pacCCSlllHH Ila OllTH'ICCKHX <t>o110Hax. 3a 3TO npeMH 

:>m.:Krpo11 H n1>1pKa pa36era10TCH 11a 11cK0Topoe paccTOHHHe, BOJpacnuotnec c 

pOCTOM HX lla'la.JlbllblX ::mcpmH BO npCMH nmpcpYJHH Ila TCnJIOBOM '.)TallC 

pCJiaKcauHH . 

B BY<!> 0611aCTH cncKTpa, Kon1a nornome1me npoucxonHT B TOHKOM 

(-10.(, CM) npHflOBCpXIIOCTIIOM CJIOC KpHClaJIJia, MO)f(CT 11a6monaTbCH JHa'-IHTCJib­

llOC l)'lllCHHC B036pr<.ne1rn51 JIIOMHHecuenuHH. 

C ynenH'-leHHCM Ha'-lan1>11oro pa3JICTa YMCI11>111aeTcH BepmmmcTu peKOM-

61maUHH Ha co6CTBCHHblX CTpYK"YPllblX nccpeKTaX H }'BCJIH'-IHBaeTCH BCpOITT110CTh 

npymx 6eJbl3JIYt.faTeJibHblX npHnOBCpXIIOClllblX KaI-laJIOB penaKCaUHH . 

Onuca1me npHnoncpX11oc-m1>1x norepb npoBOAHJIOCb B paMKax 

nHqxpyJHOHHOH MOACJIH. OKaJaJIOCb, '-ITO cTerreHb npHllOBepXHOC'll-IOro l)'llleHID! 

MaKCHMaJibHa B o6nacm 6oJiblllHX BCJIH'-IHH K03cpcpHUHCHnt rrornomeHH.11 . TaKHM 

o6pa30M TOJlbKO 11p1mOBCpXllOC'lllblMH llOTCp.!IMH HCJlb3.!I ofu.!ICHHTh XO)l crreKTpa 

B036pr<.neHID1 moMHHecucHUHH no Ha'-lana P3B, HecKoppenHpOBaHHblH co 

CTpYK"YPOH K03qxpHUHCHTil llOrJIOLUCHH.11. 

Tiocne rrpoXO:>KACHH.11 rropora P3B Ec""2.5Eg (-22 38), 3JieKTpoH Heyrrpyro 

pacceHBaeTCH Ha 3JICKTpOHax BaJICHTIIOH JOHbI c po)f(ACHHCM HOBOH 3JICKTpOH­

Abip0'-1HOH rrapb!. B6JIHJH rropora Ec<::2Eg BepoITTllOCTh 3JICKTpOH-3JICKTpOHHoro 

pacce.HHIDI Mana, 1103TOMY 3JICKTpOH-cpoHOHHOC pacCC.!IHHe .!IBJI.!ICTC.11 

011peneJI.11IOLUHM, '-ITO H rrpHBOAHT K cnBHrY rropora pa3MHO:lKeHID1 (Ha 1 +2 38) B 

CTOpOHy 6onee BblCOKHX 3HCprHH. 06nacTu hv>22 38 COOTBCTCTBYCT JHa'ICHHIO 

hv=><Eg+Ev (Eg=><9.5 38, Ev=><l2 38), rrpH KOTOpOM CTilHOB.!ITCH 3HeprCTH'ICCKH 

BOJMO:lKHbl rrpouecCbl P3B, H3-3a Toro, 'ITO 3HCprID1 CHC'reMbl HJMCHHCTCH c 

pocToM hv TOJibKO Ja c'-leT 3JICKTpOHOB. CpenH.11.!1 3HeprnH AbIPKH rro'ITH He 

MCHHCTC.11, llOCKOJibKY L(b!pKH B03HHKaIOT BO BCCH B<l.JlCHTIIOH 30HC. 3To rrpHBOAHT • 

K TOMy, 'ITO cpenH.11.!1 AJIHHa pa3nern YMCHbwaeTc.11 nocne rrpoxo)f(AeHH.11 nopora 

P3B, 110 He cKa'-IKOM, a rrpH H3MCHCHHH 3HepmH cpoTOHa. I1pH'IHHa HHJKOH 

HHTCHCHBHOCTH BOJ6pr<.nCHH51 JIIOMHHCCUCHUHH B o6nyqeHHblX KpHCTaJIJiax 

HBHJIOCb necjJeKTIIOCTh rrpHllOBCpXHOCTI-lbIX CJIOCB - BCpOITT110CTh JaxeaTa BTOpH'-1-

HblX 3JICKTpOHOB panHaUHOHHbIMH necpeDaMH H CJIO)f(Hb!MH UCHTpaMH OKpaCKH 

pe3Ko B03pacmeT. 

3aBHCHMOCTh BCpO.!ITIIOCTH BblCB060)f(ACHH51 3.lCKTpOHOB 113 JIOByrnKH OT 

TCMnepa'fYPbl IlOK33aJIO, 'ITO MaKCHMYMbl B CllCKTpaX B036pr<.neHH51 CTaHOBHTCH 

6onee flJJOCKHMH , BCJieL(C'IBHC JlJIHTCJlbHOfO BpCMCllll npe6bmaHH51 Ha JIOByrnKax 

3JICKTpOHOB. 113-Ja qero 3qxpCKTHHHOCTh CBC'-ICHHH yi.1e111>waCTC5! . 

TaKHM o6pa30M, B WHpOKOJOHHblX OKCHJlHbl\ KpHCTaJIJiax Ha6monaeTC51 

3cpcpCKT ynen11qe11ID1 KBaHTonoro Bb1xona moM1111ec ne11u1m B peJyJibTaTe P3B, 

IX 

~ 
[ 

JaBHCHlllHX He C'l'OJlbKO OT 3HeprHH po)f()J.a1011111x qx>TOllOll, a CKOJlbKO OT flOTOKa 

rpO'ro11on 11a o6paJen. 

obum npoBcJ.J,e111>1 Hccnenona11HS1 06pa1011<111Hsi nccpcKTOH B KpHCTaJIJlax 

Kopy11na npH o6Jl)"ICllHH CH, na oc110Be Hc110J1b1ona11HH c·1po6ocK011H'-1ecKoro 

MCTOJW :JJICK'lpOllllO-OllTH'-ICCKOH xponorpacpHH. I1pH 11036y)t<J.{CHHH pemTCHO­

JIIOMHllCCl[Clll[HH MOillllblM llO'l'OKOM CH, HOJa, 11or110111aeMaH o6paJUOM Ja npeMH 

H1MCpC11HH cneKTpa, COCTaBJI.!IJia - 105 
pan (pHC. 7). 

HapHJlY c HJMepeHH.!IMH npeMe11110Ii JaBHCHMOCTH moM1111ecueHUHH, 

H1MCp.HJ!aCh TaK:lKC H 3BOJIIOUHH CflCKTpOB CBC'-ICllHSI c HllTCpBaJIOM 1anepACKH 

( t-41 llC ) . l13Mepe1rn.11 y6enHTCJ!bHO flOKa3aJIH, '!TO KHllCTHKa pCHITCllOJIIOMH­

HCCUCHl\HH ynoBJJCTBOpHCT 3aKOHaM paJropaHHH H JaryxaHHH JllOMHHCCUCHUHH. 
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PHc. 7. Pel-fITeHomoMHHecueHuIDI KpHCTaJIJJOB a-Ali03. 

PeJyJJbTaTuI HccnenoBaHHH noKaJanH, 'ITO "MrnOBCHHb!H" crreKrp 

JIIOMHHCCUCHUHH npencntBJI.!ICT HJ ce6.11 cyrreprrOJHUHIO omCJibHblX o6nacTCH c 

pa3JIH'IHbIMH AJIHTCJibHOCT.!IMH H3JIY'-ICHHH: cBepx6bICTpaH KOMnOHCHTa t~ 1 He; 

6hICTpa51 KOMllOHCIITa 1.2-1 .5 HC H HHCpUHOHHblC KOMilOHCHThl. K 3TOM)' 

KOMllOHCH'fY BpCMCHH OTHOC.!ITCH IlOJIOCbl JIIOMHHCCUCHUHH 550 H 620 HM. 

J1o pe3ynbTaTaM CHCTCM3TH'ICCKHX HCCJJeL(OB3HHH 6bIJIH ccpopMYnHpOBaHbl 

pa3JIH'-1Hb1e MexaHH3Mbl necpeD006paJ0BaHID1. Oco6bIH HHTepec rrpencrnBJL51eT 

TaK HaJbJBaCMblH MCXaHHJM "panHaUHOHHOH Tp51CKH"' B COOTBCTCTBHH c KOTOpblM 

o6paJOBaHHC yrrpyrHX BOJIH rrpOHCXOAHT BCJICL(CTBHC BJaHMOL(eHCTBIDI KB3HTOB c 

peweTI<oii Kopynna, KaK HanpHMep, npH JJaJepHOM Bo36pr<.nCHHH . B pe3ynhTaTe 

OTpa:lKeHH51 yrrpyrHX BOJIH OT aTOMHblX YJJIOB H HX BCTpC'-IH c npHMblMH yrrpyrn~rn 

BOJJHaMH B6.rlH3H aTOMOB peweTKH COJnaeTCH HHTCpcpepeHUHH THna CTOH'-IHX BO.lH. 

KOTOpaH npHBOL(HT K CMCLUCHHIO HOHOB pewenrn c pO:>K.UCHHCM KOpOTI<O)l(HBymHX 

panHau1101mb1x necpeKTOB - cppeHKeJJencKHX nap. MaKCHMYMbl B CHHeH 11 Y<I> 
JllOMHHt.:Cl!CHUHH o6ycJJOBJJeHbl o6pa30BallHCM TaKHX nap. 

I ') 



rJ poUe)ICllllblC HCCJICJIOllallml MCXaHHJMOll o6paJonaHHH llOJlr!OpOl'OBblX 

HCCj">CKH>B 11 111ttpoKoJ011111>1x Kpttcnuurnx 110Ka1a.11tt, 'ITO npttMe11c11ttc CM 11 

CO'l<.:T<lllHH llbl<.:OKO'IYHC'lllHTCJlbllblMH MCTOJ(HKaMH JlCT<.:KTHpona!IHH MQ:;.f(CT C'rall, 

0•1c111, llOJICJllhlM HllCTpyMe!ITOM II HCCJIC[IOlla!IHH MCXa!IH3MOB necpCKT0-

06pa·1011a1111H n rnepJ.-lblX ·re;rnx. 
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PHc. 8. CneKTphr no36)')K.ll:emrn "mrrerpanbHorr" moMHHecueHUHH (a) H (6) 

"Me,UJieHHOrr" KOMIIOHCHTbl JIIOMHHCCUCHUHH KpHCTIIJIJIOB KOpyttua-rHK 

npH 300K H 90K: 1,2 - He06JI)"ICHHbIC KpHCTIIJIJlbl, 3,4 - o6JI)"ICHHbIC 

3J!CKTpOHaMH C U030H 6·10
17 

3J!/CM
2

• 

I1ccneuouaHIDI c npeMeHHhIM pa3perneHHCM BY<l> moMHHecueHUHH nptt 

peHITCHOBCKOM B036)')K,!l;CHHH (hv-1 K3B), 6bIJIH BbinOJIHCHbl .UJUI KpHCTaJIJ!Oll a­

Al203 HC06JI)"ICHHbIX H o6JI)"ICHHbIX 3JICKTpOHa:.rn:, HOHaMH. 0Ka3aJIOCb. qTo 

Ha6mouaeTC5! uua mna IIOJ!OC JIIOMHHCCUCHUHH B o6nacTH 160-410 HM (pHc . 8, 9). 

Ehma 3aperncrpttponaHa HauoceKyttUHa5! BY<l> moMttHecueHUIDI B o6nacm 

cneKrpa 165-170 HM (7 .5 ::iB) u HHTepuane reMncparyp uo 90K H ero pe3Koe 

YMCHbrneune rrptt 300K, 'ITO YKa31>maer Ha npoHuneutte auronoKaJIH3onairnoro 

3KCHTOHa (AJ13) c Uhipoquoft KOMIIOHCHTOH U n KOpytt.ue . PaccMorpeHa 

fH!IOTC3a o6pa30BaHH5! AJ13, KaK KBa3HMOJICKYJibl Al40 B 3JICMCHTapHOH 5!'1CHKC . 

Tiptt C03,UaHHH 3KCHTOHa B KBa3Hl\!OJICKYJIC Al40 3JICKTpOH rrepexo,UHT OT HOHa 

KHCJ!Opo.ua K 0,UHOMY H3 qeTu1pex HOHOll aJIIOJ\IHHH51 , H MO)KCT BparnaTuC5! BllKpyr 

KHcnopo.ua. B xo.ue penaKcaum1 LJ.bipKa MOlKCT cMeIUaTuc5! H3 pammnernoro 

IIOJ!OlKCHl151 B CTOpOHY Oll,HOH 113 CB5!3CH Al-0. 3.1CKTpOH )KC B CBOIO O'ICpCll,b 

J!OKarnnyeTC5! OKOJIO CMCIUCIIIIOll H3 rlOJ!OlKCHl!5! paBllOBCCH5! ,UblpKH . 3KCHTOI! 
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CneKrp1>1 B036)')KJJ;CHH5! "HHTerpanbHoi1" moMHHecuemrntt KpHCTaJIJIOB 

KOp)'l-I,Ua-BepHeHJI51 (a.6) H "61>1crpoi1" H "Me,UJICIIHOH" KOMnoHeHTul 

moMHHccueuuHtt-fOY! (s) nptt T = 90K. 
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o6pa10BaHI1blH HJ TI\KOH J~blpKH " s-::>JH.:KTpo11a HMCL:T COCTOSlllHSI c TCpMaMH H 

no1111oc1010 pac111i..:rnrni..:TcS1 n xoni..: pc1raKca11HH 3KCHTOHa 11 AJl3 "P" 
BJaHMonewcrnHH CJ.1 c MaTpHnew pcmcTKH (pHc. 9). 

Ha6monaeMbIM MaKCHMYM 326 HM (3 .8 38) 06yCJJos11e11 F+ -11e11TpoM . 

Tim11111eHHe F+-Hell'rpa KaK "ob1CTpoi'I" moMH11ccneHUHH (pHc. 9) c JVIHTeJ11>11oc·11>10 

5-6 llC B neo6JIY'ICllllhlX KpHCTaJUiax Cll5!Ja11a c .uopanHaUHOHHhlMH necpeKTaMH, 

11anpHMep F
2 
-1\CirrpoM, KOTOp1>1e npH 111aHMOHCMCTBHH CJ.1 HJMCllHIOT CllOIO 

naJ1e1111mc10 . YneJIH'ICllHC mrre11cHu11ocTH no11ocb1 326 HM, 11 06Jry'lc1111i,1x 

KpHcTa.JUiax, csn1a110 c yuenw1c11HeM Konue11Tpau1rn F"-ue1npon. 

OnHaKo, nonoca n016)')K,lle11m1 moMH11ecuenu"" 326 11M BOJMO)l(HO 

o6ycnonneHa H 3KCHTOllOM THna Sh+c· flpHpona 11011ocb1 Bo36)')K,llellHH 410 HM (3 .0 

3B), HOCHJia nHcKyccttom1b1M xapaKrep. MaKCHMYM 3TOro cneKTpa connanaeT c 

MaKCHMYMOM cpoTomoMH11ecue11uHH F-ue11Tpa. On1rnKo, pe1ynhTaThl HJMepe1mi't 

noKaJaJIH, '!TO nonoca 4 l 0 HM 06ycnonne11a F--UCHTpOM, JaXBaTHBlllHH TpCTHH 

3JJCKTpOH HJ F-ue11Tpa (pttc. 8, 9). Cymecrnona1rne rnnoTCTH'ICCKoro KopoTKO)l(H­

Byrnero F--ueHTpa TeopeTH'!CCKH 6bma npencKaJaHa. 

TaKHM 06pa10M, 06pa1onaHHe F--uenTpa HMCCT Mecro, KaK n pe1ynhTaTe 

OOn)"ICHHH BhJCOK03HeprCTH'!ecKHMH '!aCTHUaMH, TaK " c noMOIUhIO CJ.1 no 

peaKUHH F2+3e~F. 
8 cneKTpaX "Me.u.rreHHOJ:f' KOMfIOHCHThl HOBaSI fIOJIOCa 270 HM (4.6 38) 

COOIBCTCTByeT co6cmeHHOM JIIOMHHCCUCHUHH KpHcraJIJia " o6ycJIOBJICHa 

peKOM6HHauHCM 3JICKTpOHOB BepXHCM BaJICHTHOM 30Hbl c ilblpKOM OCTOBHOM 30Hbl 

(pHC. 8, 9). 
C uenhIO HJ)"ICHHH oco6eHHocrew npH B036)')K,lleHHH 8Y<l>-cporoHaMH, 6hLTII 

llCCJICl\OBaHbl CflCKTpbl B036)')K,l\CHHH JIIOMHHCCIICHUHH (pHC. 10). flonpo6HO 6hLla 

HCCJICJlOBaHa KHHCTHKa JIIOMHHCCUCHIIHH npH B036)')K,l\CHHH c 3HCprHHMH 5.45 38 

11 6.9 38. Ha6monaeMasi HHTerpaJibHaSI moMHHecueHuHH npH BOJ6)"A<.D:CHHH c 

3HeprHCH 5.45 38, BKJIIO'!aeT no nnyx 3JICMCHTapHbIX nonoc 2.9 38 " 3.79 38. 

JlJoMHHecueHIIHH npH 2.9 38 cn»:1a1-1a c noJ6)')K,lleHHeM F-ueHTpa c nocTOHHHOH 

pacnana B MHKpOCCKYHllHOM llHana30HC. flonoca JIIOMHHCCIICHIIHH 3.79 38 

o6yrnoBJJeHa no16)')KlleHHeM BHYTpHIICHTpOBbIX nepexonoB n F+-ueHTpax c 

)l..lHTCJlbHOCThIO H3Jl)"ICllHH '!<4 HC. 

J.13MepeHHH, nponeneHHble npH B036~CHHH 3HCprHeH 6.9 38, a TaK:IKC 

rayccOBCKOe pa3JIO)KCJIHe noKa3aJIH, '!TO cpopMa " 'IHCJIO nonoc co6CIBCHHOH 

JllOMHHCCUCHUHH no HHTCHCHBHOCTH COBnanaIOT. 

8 cneKTpax JIIOMHHecue11uHH nonoca 4.1 38 o6ycnoBJJeHa nepexona~rn c 

ypOBl-UI -'P B OCHOBHOH ypoBCHb l 1A. J1JOMHHCCUCHUHH llOJIOCbl npH 3.67 38 

Clll!JaHa c pacnanoM CBH3aHHoro 3KCHTOHa c nOCJICil)'IOIUCH peKoM6HHaUHcH 

llblpOK c F +-ueHTpOM. WttpoKononocHblH HHTeHCHBHhlH MaKCHMYM npH 2.96 J8 

o6ycnonneH nepexonm1 c ypoBHH 18 n ocHOBHOH yponeHb l 1A. TaKow Bbll3llll 

OOOCHOBaH TCM, 'ITO npH TCMneparype !OK OllTH'ICCKHC cpOHOHbl 110'1'!11 

1aMopm1<eHb1 H cornac 110 3Hepreru'!eCKOMY yposmo o)KHnaeMbIH nepexon c 28 

npH 3.0 38 He 061rnpyA<rmaCTcH. 
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PHc. I 0 . CneKTpbl moMH11ecueHUHH KpHCTa.JUIOB KOpyHna - rHK npH 

no16)')K,lleHHH 8Y<l>-cporoHaMH. 

PeKoM6HHallH51 3apMOB '!epe3 aHHOHHblC BaKaHCHH HMCIOT CBOH 

oco6eHHOCTH, KOTOpblC o6ycJJOBJICHbl pa3!IH'IHblM HX H36bITO'IHblM 3apS1llOM 

OTHOCHTCJlbHO peIUCTKH. ITocKOJJbKY aHHOHHblC BaKaHCHH 3apH)KCHbl 

llOJIO)KHTCJlbHO, ce'leHHC 3aXBaTa 3JICKTp0HOB Ha 3THX IICHTpax cymecmeHHO 

60JJbIUC, CC'ICHHSI 3aXBaTil llblpOK. 
Pe3yJihTilThl noKa3bJBaJOT, 'ITO npH 3axsare 3JJCKTpoHa F+ - ueHTpOM 

o6pa3)'IOTCSI no16)')K,llCHHbie F-ueHTphI " OHH )"lacmyioT B peKoM6HHaUHOHHOM 

npouecce no CJICil)'IOIUHM peaKUHHM, HO c pa3!IH'IHOH )J.JIHTCJlhHOCThlO H3JIY'ICHHH: 

F+e-;F'-;F+hv; F+e-;F'; 
F+h----; (F/ -;F +hv; F' +h----; (F/ -;F +hv. 
8 o6nacru 2 - 15 38 Ha6mona10TcH cne'leHHH n nnyx cneKTpaJJbHbIX o6nacrnx: 

Y<l>-CBC'ICHHC - 330 HM H CHHCC - 420 HM. 

TaK KaK cneKTphI nornomeHHH KOpyHna no'ITH CHM6aTHhI cneKTpy Y<l> 

B036)')K,l\CHHH, TO rnaBHblH BKJJan B 3TOH 0611acrn na10T UCHTpbl c Y<P CBC'lCHHCM. 

CneKTphI cocToITT HJ nonoc 6bICTpOH mOMHHecueHUHH, 06ycnonneHHb1e 

BHYTpHUCHTpOBhIMH nepexonaMH n F +-ueHTpax H nonoc MCJlJICHHOH moMHHecueH­

UHll c nocTOHH110!1 pacnana n MHKpoceKyHHHOM nHana10He. Cmurn moMttHecueH­

UHH 420 HM HMCCT JIHIUb MC)J.JICHHOC CBC'lC!IHC. 

Hccnenonamte JllOMHHCCUCHTiibIX CBOHCIB llOJDl<HO naTh HOB)'IO Ba)!(H)'IO 

mrcpopMaumo 0 311epreTH'ICCKOH CTpYKTYPl: urnpOK030HHblX KpHCTilJIJIOll . 

'1 



f'JiaBa V 11armca11a 11a oc110Bc pcJyrn>nrron paooT [3 7-40] H 11oc1rnrue11a 

HCCJICJIOllalll110 OHTH'ICCKHX CBOHCTII HTlpHtt-aJllOMHllHCllOl'O rpamrra (11Ar) II 

o6JJaCTH cpy11naMCllTaJlbllOfO HOI'JIOIUCllH51 . 

Hcc11enooa11mo 3JICK1pOHHblX BOJ6}')KJWllHH, a TaJOKe 11ecpcKTOB n 11Af­
Y 3Al5012, YHCJl51CTCH 60J1bwoe BllHManm:: 11 cnHJH c HCKJllO'IHTcJrb11oi1 Ba)l(IJOC"n,10 

:noro JIHJJICKTpHKa )1)151 conpeMe1111oi1 na3ep11oif TeXImKH . B BY<I> 06J1acTH 11cc11e­

JlOBaJ1acb 3neK-rpo11110-311epre1w-1ccKa5! CTPYKTYPa '"mcToro" 11Af H 11Af: Nd3 
.. 

no CHCKTpaM mpa)KCllH51 . AHaJll13 crreKTpon OTpa)KCllHH II 06Jracn1 5-3038 
noKa3aJI, 'ITO MaKCHMYMbl ll o6nacTH o6ycJIOIJJiellbl He TOJlbKO co6crne111Ib!M 

nornowe1111eM, 110 H conep)KaT BKna.[I npHMCCllblX HOHOB llCO.[IHMa ll BH.[IC 

"nanJiblllOll" Ha )])IHHHOIJOJIHOIJOM cnanc KpaH llOJIOCbl nornomenHH. 

/, OTH. CA. 

0.2 

0.1 

5 10 15 20 25 30 
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Pwc . 11. CrrCKipbI no36~CHHH moMHHecueHUHH KpHCTilJUIOB HAr. 

DbUIH HCCJIC.[IOBaHbl CTICKTpbl B036~CHH51 JllOMHHCCUCHUHH KpHCTaJUIOB 

HM B o6nacm no 30 38 c UCJibIO aHaJIH3a npoueccos P3B H poJib np11~1ern n 

npoueccax P3B. Pe3yJI1>TaTbI HCCJICJlOBaHHH noKaJaJIH, )1)l5I neaKTHBHpOBaHHbIX 

HM o6Hap~CHHbIC TIOJIOCbl 6.8 H 7.2 38 B CTICKipaX B036Y'A<JlCHH51 JllOMHHCC­

UCHUHH COOTBCTCTBYJOT CBC'ICHH51M 4.2 H 4 .9 38, KOTOpblC B036~aIOTC51 B 

o6Jiacm cpyi-1aaMCHTaJibHOro nornowe1111H E~6.5 3B (pHc . 11 ). HI-1Te11CHBHOCTu 

lIOJIOC B036~CHH51 ll HOMHHaJibHO "'fl!CTOM,, KpHCTaJUIC YMCHbW3CTCH 6onee 'ICM 

B .[Illa pa3a npH 90K, H3-3a Toro, 'ITO CKOpOCTb pacnana 3KCHTOHa 3Ha'!HTCJlbHO 

MCHbwe. obIJIO noKa3a110, 'ITO pe.TJaKcauHH 3JICKTpOHHbIX B036y)K)leHm1, cpopMH­

pyiowwx yp6axoscKHif Kpail npoTeKaeT no rwYM KaHaJiaM . cornacao TeopHH 

CYMH. c 06pa3ooa1-111eM AJ13 )1)l5I HAr. MaKCHMYM npH -7.2 38 coorneTcrnyeT 

AJ13 ·nma S"' (4 .9 38) . 8Topott MaKCH~IYM - 6.8 38 - BOJHHKaCT npH peKO~lfoma-

2 I 

IIHH 3JICK'!p0110B oc11060111111111eHC5I HJ JIOBYlllKH c anTOJIOKaJll130llallllhlMH l~hlpKa­

MH KHCJ10po11a . cocranm110111aH COCT0511111C nrna Shi" (4 .2 3B). 

Boc11c1111c np11Mcc11i.rx Ho11011 Nd' 
1 

11 11Af 110Jnom1cT nap1>11pooa·11, 11 

umpoKHX 11pene.nax JllOMHllCCUCll'lllblC CllOHC"ma, uanpHMcp, llH}lOH3MCllSfl1> 

c11eKTp 110J6~e1mH, yJ1y4111a1b cpHJH'ICCKHe xapaKTCp1tcTHKH. Pc11K<l3eMem.11bIC 

110111>1 NdH H30Mopcp110 JaMe1ua51 110111>1 Y' ', np111101J,srr K JIOKaJlhHOMY no1My111e-

111110 Ma·1pttUbl pcmeTKH H TCM caMblM c11oco6cTI1yIOT yneJJH'ICllHIO CKOpOCTH 

pacnana 3KCHT011on S"' co11ponO)KJ1a1omaH :)(pcpeKTHBllOtt 11111yqa-reJ11>11oi1 pcKoM-

6tt11autteH . CTpn yiieJIH'ICllHH K0Huc11Tpautttt Nd
3
+ ao I%, 3cpcpeKTHlllIOC1b 

Jl!OMHllCCUCIIUHH CHJlbHt:C JIO Kpa51 cpy11naMeHTaJlbHOfO llOrJIOIUCIIHH, H1-3a Toro, 

'ITO B nouepXIIOC111blX H 11pttnOBCpXHOCll-lblX CJIOHX npttMCCH 3Ha'IHTeJlbHO UblWC 

cpenHeil no o6bCMY H H03TOMY nepenaqa 3HCprttH B036~CHHH K uempaM 

CllC'ICHHH 6yneT 6onee 3cpcpCKTIIBHOH (pHC . 11, 12). 

Pttc . 

I, OTH. eA. 
0.2~ 

0.1 

5 10 15 

2 

20 25 30 
£,38 

12. CncKipbI B036~eHHH moMHHecueHUHH KpHcTaJIJIOB HAf: Nd
3
- : 

1, 2 - Ko1-1uempaum1 Nd3
+ (1 %) npH 300 K H 90 K; 

3, 4 - KOHUCHTpaUH51 Nd3
- (0,5%) npH 300 K H 90 K. 

Y<l> JIIOMHHCCUCHUH51 npH hv- 5.2 38 CBH3aHo c B036~e1me\1 4f-5d 
nepcXO)lOB HOHOB Nd3+ , a TaK)KC c BOJMYWCHHCM pcIIICTKH c C03)laHHCM AJ13 

nma shk HMCHHO nocpencmoM B036~CHH51 pacCMOTpCHHOH JIIOMl!HecueHUHH 

llOJI)"-IHJIH O)lHH H3 HaH60JICC Ba)!(HblX apfYMCHTOB B TIOJ!b3Y cywecrnonaHml 

3KCHTOHOU ll KpHcTannax l1Af' co CTOJlb 1-1exapaKTCpHblM CITCKTpOM 3 KC!ffOilHOrO 

nornOIUCHHH. 
C 11enb10 H3Y'teHHH oco6e1mocTe i1 npoueccon P3R 61>IJIH n c c.1eaoBaHbI 

c 11 eK-rpb1 noJ6~e1111H YlAf, 1-1caKTHn11pona1-1HbIX 11 aKnmttponaHHbIX Nd
3
+ c 

~5 



paJJ1111111oii K011ue1rrpau11cii. OKa'.laJIOCh, 'ITO 11 00J1acn1 MC)KJOllHh!X nepcxonoB 

CBC'ICllHH uoJ6)')1<.nacTCH c Mru1oii :.icjxpcKnrn11ocT1>10. KaK 110Ka1ru1 a11ru1111 

amUIOl'H'lllhlX HBJ1e1mii II lllHpOKO'.lOllllblX KpHC'l«UIJlaX, :::rro CJICJlYCT C4HTaTh 

6cJhl3Jl)'4aTeJ1bHblC npmmucpx11oc·111r,1e pcKoM6mra111111, uepmrrnocn. KOTOp1>1x 

pe3KO BO'.lpacTaeT npH 60JlblllHX KO'.:lCpCpHllHCllTaX llOl'JIOll{CllHH H MaJIOH rny61111e 

npoHHKllOBCllHH cpOTOHa II KpHCTaJUI. np11cyicm11c 11011011 Nd3
' yneJIH4HIJaCT 

UC111'pbl 6C'.lbl3Jl)"IaTCJlbll01'0 pacna,J(a :JJICKTflOllllblX ll0'.16}"'..KCJ:(IIHH 113-Ja nerpana­

llHH '.)llCprHH ll036)')KJ~ellHH 4CpCJ npHMCCH. np11 hv~ 17 38 (Ec~2,5Eg), 60JICC 

BbICOKaH HOJJ.llH)f(llOC1b 3JICKTp01111hlX BOJ6)')1{].(CllHH npH IlOllbllIICHHH TCM­

nepaiypbl 0111a11aCT YBCJIH4CllHC cpen11ero pacCTOHllHH Me)l(,[(y HOHaMH (Nd3
+)* H 

BTOPH'lllblMH 3JICKTpo11111>1MH noJ6y)l(,[(c1IHHMH, <rro npHBOJJ.HT K ocna6J1e111110 

iyweHHH. OJ:maKo, npH hv~ 17 38, 11a6monacTCH pocT BblXOJia CBC4CllHH, B oco-

6cmmcTH ll KpHCTaJlJlaX c RE3
+ -UClll'paMH. nocKOJlhKY KOHUeHl'paUH.ll npHMCCllO­

ro HOiia B HCCJieJ]yCMbIX KpHCTaJUJaX 6bUia J]OCTaT04110 BhlCOKa, TO pOCT BblXOJ]a 

CBC4CHH51 (hv>283B) CB5!Ja11a c MeXallHJMOM paJMHO)l(CHHH 3JICKTpOHHblX B03-

6y)l(JJ,CHHH T.e. B036y)l(,[(CHHeM uelll'pOB CBC4CllH51 3JICK1'pOH-J]blp04HblMH napaMH. 

Ha6monaeMaH rroporoBM 3HeprHH cBe11e1111H RE3
+-HOHOB xopowo cornacyeTCH c 

"TCopem11ecK11M" rroporoM Mexa11111Ma pa3MHO)KCHHH Eg+hv (hv - 3HCprHH 

BH}'TPHUCHTflOBOro B036y)l(JJ,CHH51 CBC4CHH51 HOHa). l-13-3a YMCHb!IICHH.ll J]HcpcpyJHH 

HOCHTCJICH 3apHJ]a rrpH 90K, "CilCKTflbl B036y)l(JJ,CHHll CTaHOBHTCH 6onee l'UlOCKHMH . 

Y11HTuIBaH rrpaKTIIqecKYJO 1naq11Moc10 KpHcTaJUia HAI', 61>mH rrpoBeJICHbl 

HCCJICJ]OBaHH.ll CilCKlpaJibHO-KHHCTH4CCKHX COOHCTB no peHITCHOJIIOMHHCCUCHUHH 

o·o6nacTH crreKl'pa (200-520 HM). Oco6eHHOCThIO TaKoro crroco6a B036}"'A<J1CHHH 

CI1-cpoTOHaMH, HBJI51CTCH yqacTHe 3JICKTflOHHblX 0016y)l(,[(eHHii (3KCHTOHOB, 

3JICK1'pOHOB, J]blpOK), B036y)l(JJ,CHHC rrpHMCCHblX HOl!OB H co6CTBCHHOH CTflYJ<TYpbl 

KpHCTaJlJIH'lCCKOH pe!IICTKH HAI'. 
IloJIOCbl peHTreHOJIIOMHHCCUCHUHH B o6nacTH 2.5-4.8 38 - 3TO MHO)l(CCTBO 

nepeKpbIBaIO!IIHXCH cepHCH IlOJIOC rrepeXOJ]OB MC)l(Jly pa3JIHqHblMH ypOBHHMH 
2F{2)sn I-Ia OCHOBHOH ypoBCHb 

4
Jj=l l /2,l 3/2,l 5/2· 8 OTJIH'IHC OT HCCKOJlbKO 

JHatIHTCJibHO 6onee yJKHX JIHHHH B o6nacm cneKl'pa 3.5-6.2 38 np11 90K, • 

Ha6monaeMblH !IIHpOKOilOJICHblH MaKCHMYM B03pacraeT H CMC!IIaCTCH JlO 4.8 :=iB. 

Pe1yn1>TaTu1 111MepeH11ii rroKaJanH, 'ITO rrpH 06nyqe1m11 CI1-KBaHTaMH 06pa1y10Tcll 

3JICKTflOHHO-IlblpO'IHblC rrapbl, KOTOpblC MOryT JIOKaJIH30BaTuCll Ha aTOMHblX 

naKaHcHHX pe!IIeTKH, rrp11tieM TaKHe necpeKTu1 MoryT Haxon1110cH p5IIIOM c IIBYMH 

6JIH3KO pacrroJio)l(eHHhIMH HOHaMH an10MHHH.ll. CH no16y)l(JJ,en11e ~fO)l(CT 

rrpHBCCTH K IICJIOKaJIH3aUHH 3axna'ICHHOl'O 3JICKTpOHa H pCKOM6HHaUHH ero c 

IlblpKOH, aBTOJIOKaJIH30BaHHOH Ha HOI-IC KHCJIOpOLl,a 0-. ITepCXOJ] 0- - C B036y)l(JJ,Cll­

HOl'O COCTOHHH.ll B OCHOBHOC, corrpono)l(JlaCTCll :=icptj1CKTHBHOH JIIOMHHCCUCHUHCli B 

WHpOKOH o6JiaCTH CilCKlpa. 

YBem111eH11e CBC'ICHHll o cneKipax I1Af' c 11p11Mec1>10 np11 90K CBl!Ja110 c 

TCM, 'ITO coo6oJ]HbIC 3JICKTflOHbl pCKOM6HHHPYIOT c necpeKTaMH OCHOllbl. a 

311Cpnrn peKOM61111au1111 ncpcJ]aCTCll HOHaMH llCOJ]HMa. IJ036y)l(JJ,a51 llX 

:u, 

pcmn.:llOJIIOMHllCCllt:lll{HIO, T.C. 11poHcXO){HT 11cpcna•rn :JllCprHH ::>JICK'lpOlll lOl'O 

BOJOY)f()lCllHH. 

ylJ amu111Ja CllCK'q1011 pcll'ITCllOJllOMHl!CCllClll{HH CJICJJYCT, 'ITO unapKOLIC­

KHC paCU{Cll!ICllHH B MYJlbTHllJICTaX llCO){HMa llC O'ICllb BCJIHKH, 110:.>TOMY 

O'll{CJlhllhlC KOMllOllCil11>1 llJ1H HJJIY'IaTCJlhllhlX 11cpcxom1x 11p05111Jl5110TC51 II llHJ(t: 

y11111pc11111>1x cyMMapHblX 110J1oc cuc11c1111H. 

I1pollCJ.lCllllbIC HCCJICHOBaimll noKaJaJIH, •rm 11p11Mc11c1111c CH no1noJ1s1cT 

ni,1mnrn, 06paJona1111c c111yK"1yp111>1x nccpcKTon 11 Kp11cTru1J1ax HAr B Y<l>-BY<l> 
06J1acrn . 

B 3aK.Jnoqc11HH ccpopMyJmpoBa111>1 oc1101J111>1c pc1y11bTaThI 11 BblIIOJlhI 

J]HCCCpTaUHH. 

OCHOBHhIE PE3YJibTAThl l1 BbIBO.Ubl lU1CCEPTAl.Jl1l1 

I. E11aronapH np11Mettenm-0 ytt11KallbHblX 3Kcnep11MeHTallbHblX ycTaHOBOK, 

ocHoBaHHbIX Ha 11cno111>30Ban1111 CJ1, o6ttap)')KeHbI HOBbte no11ocb1 

onT11'leCKOfO nornoll.(eHHJI B MOHOKpHCTaJI/laX HOMl1Ha/lbHO 'll1CTOro KOpyttJia 

( Al20 3), 0611yqettHoro 311eKTpoHaM11 c 3HeprneH: 50 M3B, peaKTopHbIMl1 

HeH:TpoHaM11 c 3Hepr11eH: 2 M3B 11 110HaM11 CBHHua c 3HeprneH: 3.5 M3B/a.e.M. 

IToKa3aHo, qTo B Kopyttne 11HJl)'Ul1P}'IOTCH ueHTpbt 0KpacK11 c rro11ocaM11 

onTH'!ecKoro nornomeH11H 4.86, 5.4, 6.3, 7 3B p+ - ueHTpa, 11 6.1 3B F - ueHTpa, 

B03HHKa10m11e sc11e,n:cTB11e Bb1611BaH11H aTOMOB 113 HOpMallbHhIX y3110B B 

aH110HHOH nonpelllCTKe. 

BnepBbie 3Kcnep11MeHTallbHO o6ttap)')KeHa c1111bHaH aH1130Tpon11H JllUI 

no11ocb1 nornomemur 6.3 3B- f+ - ueHTp. 

B crreKTpax OIITl1"!eCKOro rror11omeHl15! o6Hap)')KeHa HOBaH IlO/IOCa B 

0611aCTl1 8 3B (7.9 3B), KOTOpa51 l1J]eHTmp11u11poBaHa KaK np11HaJ]/le)!(amaH f+ 
- U:CHTPY B 0611yqeHHblX HeH:TpoHaM11 11 110HaMl1 Kp11CTaJI/lax KOpyttJia, OHa 

6bl11a rrpe,n:cKa3aHa TeopeT11qecK11. 

DoKa3aHO, 'ITO CKOpOCTb BBeneHl151 necpeKTOB B KOpyttne, 0611yqeHHOM 

6b1CTpbIMl1 311eKTpoHaM11 c 3Hepr11eH: 50 M3B MCHblllC, qeM B tteH:TpoHHO 

0611yqeHHOM Kp11CTa/l/IC. '111c110 11 11HTeHCl1BHOCTb Ha6monaeMblX no11oc 

rrornomeHl151 Cl1/lbHO 3aBHC51T OT J:(03bl 11 Bl1J]a 0611yqett115!. 

2. y CTaHOB/leHO, •no B Kp11cTa1111ax KOpyttJia IIOC/le 0611yqeHl15! 

3/leKTpoHaMl1, HHTCHCHBHOCTb nornomeHl151 F - ueHTpOB yMeHblllaeTCH 

CH/lbHee, 'leM B f+ - uettTpOB. 

noKa3aHO, 'ITO B HeH:TpOHHO 0611yqeHHOM Kp11CTa/l/IC IIp11 HOBTOpHOM 

0611yqett1111 )!(eCTK11Ml1 cpoT0HaM11 - CH, 11HTeHcHBHOCTb nornomeHHH f+ -
uettTpoB yMepeHHO yMeHbwaeTrn, a F - ueHTpoB - )'BC1111q11saeTrn. 

Ha octt0Batt1111 3Kc nep11MeHTanbHbIX pe3y11bTaTOB 11 1111TepaTypHblX 

)]aHHbIX rroKa3aHo, 'ITO rrp11 MHOroKparHoM CH 0611yqett1111 B pe3y11bTaTe poCTa 

K<JHueHTpau1111 3/leK-rpoH -:lblpO'IHblX rrap npOHCXOJ:(HT nepe3ap51JI1'a 11CX0}1Hb!X 

JlOpaJ,11au110HHblX necpenoB. YCTaHOB/leHO, 'ITO 3a 110/IOCbl 302, 358 H 455 HM 



OTBCTCTBeHHbI l(eHTpbl OKpacKH THna [AI;+F]. [Ati°F+J 11 IAt;-t r+J, 
COOTDCTCTI3eHHO. 

3. Ilo 113MCpc1nrnM cnCKTpon OTp:l)[(CllHH B WHpOKOi"! o6nacTH 3Hcpr1111: 5-

30 3B; 70-200 ci13 JI 530-550 3B, HCCiIC}J,OI3aHJ,J OllTH'!eCKHC rnoiicrna H 

3ileKTpoHHan :rncprenP1ecKan CTPYKTypa KpHCTaTliIOU 1<opytt1~a, 06nY'1emioro 

DbICOK03HepreTl1'1CCKllMH '!aCTHuaMH. 06HapyA<Cllhl llOI3hle llOiIOCL! ( 6.3, 7 H 

8 ::iB) Ila noucpx110CTll, KOTopaH nO/~TDCp:n<1~aCT, 'ITO o6iI}"IeHHe npHUOJ1HT I( 

06pa3ona111110 a111-10HHbIX naKaHcHI1 THna F+ - uc11Tpa, a Tat<)f(C nponnneHHIO 

nomip113aUHOHllOi1 aHJ130TpO!lHH BhlCOK03HepreTH'!HblX nonoc. 

y CTaHODllello, 'ITO nocne o6iI}"IeHHH npoHCXO/~HT CHilbHOe yuenwieHHe 

HHTeHCHBHOCTH nonoc OTpa)[(eHHH. Jlb-3a HapyweHl1H nouepxHOCTH 

KpHCTailllOB )'CHiIHBaCTCH npol(ecc pa3ynopnAO'leHHH KpHCTannw1ecKot1 

CTpYJ<TYPbl rrpH!lOBepxHOCTHOro CiIOH I3CileJlCTBHe 06pa3onaHl1H TO'le'IHbIX, 

CllO)f(HbIX [Ali F], KilaCTepHbIX uecpeKTOB, aMopcpttbIX 30H, T.e 11MeeT MeCTo 

npol(ecc pap;Hal(HOHHO-CTHMYiIHpOBaHHOt1 n;ecop6uHH (PC,IJ,), KOTOpaH 

CBH3atta c HOHH3au11et1 OCHOBHblX ypoBHet1 KaTHOHOB, B pe3YilbTaTe KOTOporo 

Ha nouepxHOCTH 06pa3yeTrn uoccTaHOBJieHHaH cpa3a Al. PC,Il, npHnOAHT K 

H3MeHeHHIO ()'BellH'leHHIO) OTpa)[(aTel!bHOH cnoco6HOCTH o6nyqeHHbIX 

KpHcTanrroB 11 rrpoJ1BJieH1110 3cpcpeKTa "3epKailbttoro" oTpa)[(eHHH B BY<I>, 11 n 

oco6eHHOCTH, peHTreHOBCKOH o6rraCTHX cneKTpa. 

4. Pac'lHTaH nOl!Hb!W KOMnileKC cpyttp;aMeHTailbHhIX OIITH'leCKl1X cpyttKl(HH 

)J,iIH Heo6rryqeHHhIX H o6nyqettHb!X (:meKTpottaMH, HeI1TpottaM11) KpHcTallJIOB 

KopyttAa Ha ocHoBe H3MepettHH cneKTpos oTpa)f(eHHH B BY<I> o6nacTH. 

BbI'lHCl!eHbI pe3ottaHCHhie 'IaCTOThI Me){(Ay3oHHhIX nepexouos H nocTpoetthI 

uwarpaMMhI Aprattp;a. 

y CTaHOBl!etto, 'ITO BeJIH'lHHbl cpyttKl(HH xapaKTepHCTH'leCKHX noTepb -

Jm( )- 1, Jm( +1)- 1 o6'beMHbIX l1 !IOBepxHOCTHbIX nna3MOHOB Cl1ilhHO 3aBHCHT 

He TOilbKO OT op11ettTau11H Cl1 K C 3, HO H OT BHAa pap;Hal(HOHttoro 

B03AeI1cTBHH, KOTopoe npHBO)J,HT K H3MeHeHHHM nl!OTHOCTH 31IeKTpOHHhIX 

COCTOHHHH H3-3a )'Bel!H'IeHHH KOHueHTpal(Hl1 necj:>eKTOB B np11noBepxHOCTHbIX 

CiIOHX KpHCTanrra. 

IlorrHpH3al(HOHHbie HBJieHl1H CBH3aHbl c pacwenneH11eM BaileHTHb!X 2p -

COCTOHHl1H KHCl!Opoua B IIOlIHX Hl13KHX CHMMeTpHI1 peweTKH KOpyttua. 

5 . y CTaHOBl!eHbl 3aKOHOMepHOCTl1 cpopMHpOBaHl1H cneKTpOB 

B036Y*,JJ,eHHH illOMHHecl(eHl(l1H B o6naCTll KpaH cpyttJJ,aMeHTailbHOro 

nornoll(eHHH )J,l!H KpHCTaJil!OB KOpyttua. 

a) HCCJie)l;OBatta KoppeiIHUHH crreKTp0 13 CBe'leHl1H H IIOfiIOI.l.\eHHH 

(oTpa)[(eHHH) B Heo6nyqeHHhIX H o6rryqeHHbIX (3neKTpottaMH, HeI1TpOHaMH, 

110HaMH) KpHCTannax KOpyttua, B CHHeI1 H Yer> o6naCTHX, KOTOpbie 

o6yrnasrrHBaJOT B036~eH11e iIIOMHHecuettuHH F - ue11Tpa (3.0 3B) 11 p+ -
UettTpa (3.8 3B). 

6 ) no1<a3a110, 'ITO cBe'lett11e 01ttel1 n10Ml!HecueHu1m F - ueHTpa O'IeHb 

rna6oe B Het1TpOHHO-o6rryqeHHhIX KpHCTailil clX, B TO >Ke speMH CHilbHaH 

HHTeHcHBHOCTb F - l(ettTpa npoHBl!HeTrn B Cil \'!ae 3rreKTpottttoro o6nyqemrn, 

'ITO CBH3aHo c rrepeHOCOM 311epr1111 3ileKTpOHHoro so36v-A<:i:e tt1IH OT F - l(eHTpa 
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K MC)f(J\oyaenbHbIM AI;+ - I~eHTpaM c 06pa:m11a1111cM c11o>K1Ioro ueinpa [Alt F]. 
ili.rnoH cornacycTrn c IrnacTcp11oi1 MOJ\Cilt.JO AP 1 : I 0 2 I,,. 

6. k!Jy•ICllbI oco6eHHOCTl1 rrpOI(CCCOB pa:1Mt1o>KClll1H ;~neKTpOHHblX 

uoa6y)[<;lCllHH D WHpOK030HHbIX KpHCTal!JlaX H UTl11JllillC o61!Y'ICHHH Ha 3TH 

rrpouccci,1. 

y CTallOUiICllO, 'ITO 3HepITTH'ICCKHH BbIXO/l 13 UhICOKO:c>HCprerwieCKOW 06-

nacTH 3a 1<pacM cl)YHflaMeHTam,11oro nornowctt11J1 c11J13a11 c 6c3hl31lY'IaTeilbHOi1 

rrp11noncpXHOCTllOt1 peKOM6HirnI~HCH 3apHAOB, ucpOllTllOCTb KOTOpbIX pe3KO 

B03paCTaeT np11 6oni,w11x K03cpqma11ewrax nornoweirnn H rrp11 )'Benw1ett1111 

KOHl\eHTpau1111 pan11al(HOHHbIX JJ,e<!)eKTon n 1<p11cTa1111ax. B qacTHOCTH, 

nnepI3ble }J,nJ[ MOHOKpHCTaiITIOI3 KOpyttJJ,a nOKa3aHO, ' ITO npH 3HeprHH 

no36Y*AaJOw11x KBaHTOB E ~ 2Eg 3cpcpeKTHBHOCTb rne,1ett11i1 pe3KO IJ03pacTaCT 

3a C'!CT MexaHH3Ma pa3MHO)f(eHHJI 3JleKTpOHHb!X B036Y*}J,eHHI1, a TaK)f(e 

yqacTHH o6'beMHbIX IJ036~eHHt1, KOTOpbie )'BeiIH'lI1BaJOT 3cpcpeKTHBHOCTb 

peKoM611ttau110HHOro CBe'leHHH. 

7. BnepBbie c 11cnol!h30BaHHeM ornxpoTpottttoro 113nyqeHHH 11ccneJJ,0Batto 

noJJ,noporoBoe JJ,ecpeKTOo6pa30Batt11e B KpHCTaililaX Kopyttna. IloKa3aHO, 'ITO B 

HOMHHailbHO 'lHCTbIX MOHOKpHcTaililaX KOpyttJJ,a np11 B036)')[<.Il:eHHH Cl1-

K3BHbIMH KBaHTaMH Ilb!COKOI1 niIOTHOCTH, B MaTpHl(e KpHCTanna HH}J,~Hpy­

IOTCH CB060JJ,Hb!e HOCHTelIH 3apHJJ,a, B pe3yllbTaTe qero B KHHCTHKe 

lIIOMHHeCl(eHl(HH Ha6moJJ,aJOTCH pa3JlH'lHbie no }J,lIHTelibHOCTH H3l!Y'feHHH 

nonochr cBe'leHHH. PeHTreHOBCKHe Cl1-KBaHThI, rrpHBOJJ,HT K cMeweHHIO 

HOHOB peweTKH c o6pa3oBaHHeM KOpOTKO)f(HByw11x reHeTH'leCKHX 

cppeHKeneBCKHX nap H ll:pyrnx UO THIIa [Ali F]. 
8. J13yqeHa pa3peweHHaH no BpeMeHH peHTreHOllIOMHHecl(eHuHH KpHc­

TannoB Kopyttua c wcnorrb30BaHHeM HMnynhcHot1 BpeMeHHOI1 cTPYKTYPhI Cl1. 

YcTaHoBrreHo, 'ITO npH Bo36Y*AeHH peHTreHOBCKHMH KBaHTaMH B 

cneKTpax llIOMHHecl(eHl(HH B Y<I> H BY<I> o6nacTHX, o6HapY*HBaIOTCH 

«6bICTpbie» H «Mep;neHHb!e» KOMITOHeHThl CBe'IeHHH. EbICTpaH 

n10M1111ecl(eHuHH (3.8 3B) npwn11caHa K f+ - ueHTpy, mr6o K 3KCHTOHaM Sh+e 

c AllHTellbHOCThlO H3nyqeHHH B mrnna30He - 5-6 HC. 

Ilonoca CBe'leHHH np11 3.0 3B ( 41 OHM) o6ycnoBrretta KopoTKO){<HBywHM 

l(eHTpOM - THIIa p- - l(eHTP- B o6rryqeHHhIX KpHcTarrrrax o6pa3oBaHHe p- -

l(eHTpa CI3Jl3aHO c 3aXBaTOM Tpex 3JieKTpOHOB c aHHOHHhIX BaKaHCHH. 

B BY<I> o6rracTH JIIOMHHecl(eHUHH 7.5 3B JIB,1HeTrn AJI3 c AhipO'IHOI1 

KOMnOHeHTOH Q-. 

9. Ilp11 B036~eHHH BY<I> - cpoToHaMH B cneKTpax BY<I> l!IOMHHecl(eH­

LlHH Kp11cTannoB Kopyttua, o6HapY*eHo cocywecrnoBaHHe norroc 6b1CTporo H 

Mep;rreHHOro CBe'leHHH, npHpoua KOTOpbIX HHTeprrpeT11poBaHa Ha OCHOBaHHH 

CTp)'l<Typbl 3HepreTH'leCKHX ypoIJHeI1 H3llf'laIOWHX aHHOHHhlX l(ettTpOB. 

10. Ha OCHOBe H3MepeHHW crreKTpOB OTpa>KeHJ !fl KpHCTal!l!OB l1Af 11 l1Af: 

REH yCTa110Bne110, 'ITO B 06rracn1 cpyttp;a1>1eHTa.1bttoro nornoweHHH MaKCHM)'­

MbI B crreKTpax OTpa)[(eHHH o6ycnoBneHhl COOCTBeHHbIM H npHMeCHhlM 

norrrowett11e~1. 
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11. I lpi-t 1-1ccne1tonatt1-11-1 3qicpeKTH1111ocT11 1.1036}"A</le1·mn 1110M11ttecuettu,11H 
1q>11ll\lJlllOl3 VI/\!' (11eaKTHBHpo11aHllbIX H aKTHB11po11aH11i.1x RE31- ) ofo1ap~e11 
p11n oco6e11HocTei1: 

a) 113Me11e1111e l11ITel1Clll3HOCTl1 H CMelll,eJ-me MaKCHMYMOB no11oc 
l.I036YJKJ~CHl1H 11 IOMHllecueHU,H It. 

6) pe11a1<cau11H 311e1<Tpo1-111i,1x no36y-A<1tett11i1 npoTeKaeT no /lBYM 1<a11a11aM: 
3KCl1TOIIHOMY- Sex 11 peKOM61!HaU,HOlll IOMY - Sh +c, Ha 11HTeHCl113HOCTb c13e•1e­
Hl1H KOTOpblX BllHHeT KOHU,CHTpau11n np11MeCHhIX HOHOB Heo1~11Ma, KOTopan 
conpol.IO)l()l.aeTCH 3cpcpeKTl1BHOli 11311)"IaTellbHOi1 peKOM6J.rnau11ei1. 

B) nponn11eH11e B cneKTpax B036}"A</ieHHH lllOMHHecueHU,1111 6e3bl311Y­
'{aTellbHblX np11nonepxttoCTHblX KaHanou pe11a1<cau1111. Bb1co1<an 1<ottueHTpau11n 
np11MeCHbIX 11otton y-ne11u•111naeT ueHTpb1 6e3bI311J"IaTellbHoro pacnaJ(a 311e1<­
TpOHHhIX no36~JteH11i1: 113-3a nerpa)l.au,1111 3ttepn111: no36~J(eH11n qepe3 N d3+. 

r) B03pacTaH11e B BblCOK03HepreTl1'1eCKOi1 0611aCTl1 3cpcpeKTl1BHOCTl1 
CBe'!eHl1H l1IOMJ1Hecuettu1111 06yrnou11eHO nponn11eH11eM pa3MHO)l(eHl1H 
311eKTpOHHblX B036YJKJleH11i1: 11 peKoM611Hau11ei1: np11MeCHbIX HOHOB. 

12. I1cC11eJ(OBaHa peHTreH011lOM11HecueHU.11H Kp11CTaJil10B I1Ar np11 B03-
6~)l.eHHl111 CI1. B HeaKT11n11ponaHHbIX 1<p11cTa1111ax I1Af, o6ttap~eHa no11oca 
3KCHTOHHoi1: rr10M11HecueHu1111 n y11bTpacp11011cronoi1: 0611acT11 np11 4.6 3B. 

Y cTaHonrretto, 'ITO n Kp11cTa11rrax I1Ar : RE3+ np11 H3MeHeH1111 TeMnepaTy­
pbI np011CXOJ(l1T nepeJ(a'{a 3Hepr1111 311eKTpOHHOro B036yiKJleHIDI, T.e. 
nepepacnpeJte1leH11e 11HTeHC11BHOCTei1: 311eKTpOHHOi1: CHCTeMbl - 311eKTpOHHbIX 
1111Hl111 np11Mec11 110Ha 11 311eKTpOH-KOJ1e6aTellbHOi1: CHCTeMbl MaTpHU.bl 
Kp11CTaJIJ111'1eCKOi1: peIIIeTKl1. 
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