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PASPYWEHHUE F-LUEHTPOB B HIEJIOYHO-ITAJIOUAHbBIX
KPUCTAJIJIAX PEHTTEHOBCKUMH JIYYAMHU

M. M. APUHIITENMH, U $I. MEJIUK-TAMKA3SIH

B pesysbraTe neficTBUST MOHH3HPYIONIETO H3JAYUeHHs Ha IIEA0YHO-Ta-
JIOUJHBIE KDHCTANJAbl B HHX NPOHCXOJAT 3JAEKTPOHHO-JABIPOUHBIE MPOIECCHE
JIBYX THIIOB: 00OpasoBaHHe LEHTPOB OKpPacKH M OOpaTHBId Mpouecc—ux
paspymenHe. YuyeT npoueccoB pa3pylieHuss LEHTPOB OKPACKH HEOOXOJMM,
JUIs NPaBUJABLHOrO OOBACHEHHA KHHETHKH HX Hakomaeuus. B paGore [1]
NpeJI0XKEHO KHHeTHUECKOe YDaBHEHMe, COJEepkKallee KOHCTAHTH, omnpeje-
JSIOIIMEe CKOPOCTh 00pa3oBaHHUS H paspyluieHus F-IeHTpOB:
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1, — MepBOHAYAJbHAS NJOTHOCTb BAKAHCHH B KpHUCTaaAne;
b — koHCTaHTa, ompejeasomas CKOPOCTb o0pa3oBaHusi F-1LEHTPOB;
o — KOHCTaHTa o0OeClBeUYHBaAHHUS,

o LR
LA ’
c+B
@ — CKOPOCTh 00pa30BaHHsl HOBBIX BaKaHCHH;
¢ — CKOPOCTh T peBpallleHus] HOBBIX BaKaHCHH B F-LEHTDHI;
B — KoHCTaHTa MX O0ECLBeYHBaHHUS.

Jlasg  onpenesneHus MO 3IKCNEPUMEHTAJNbHBIM JaHHBIM BeauuuH 0Oe3
3Be3l0ueK HeoOXOJUMO elle OJHO ypaBueHue. B paGore [1] mpeamoso-

’KEHO, 4TO
gL e. (2)

W3 toro, uto @* ~ 1%, oun 3axaouua, uto a ~ [. A6pamcon u Kacnapu [2]
II0KA3aJ/11 3KCIepPHMEeHTaAbHO, UYTO @~ [/, H YCOMHMJIHCb B IPaBUJIbHOCTH
npeanoaoxenns: (2). B pa6ore [3] B kauecTBe AOMOJHHUTE/JBHOIO YypaBHe-
HHUSl BHIODAHO YCJIOBHE @~ ] W Ha OCHOBE CPABHEHUS JABYX KHHETHUECKHX
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KPUBBIX IIPH PA3HBIX MHTEHCHBHOCTSIX pAacCUUTaHa BeJHYHHA KOHCTAHTHI
paspyuieHus: § a8 KPUCTAJLIOB Pa3HOTO XMMHUYECKOTO COCTaBa.

B pane pa6or 06Hapy>KeH npsimMoil addexT BHICBEUHBAIOIIETO HeHCT-
BUSl PEHTreHOBLIX JAyYeH IJ51 aTOMapHHX U F-UEHTPOB, TreHEpHpYeMbIX
TUMH K€ JyYyaMH B IIEJOYHO-TaJOHAHBIX KpucTaaniax [4—12].

[lpn paccMOTpeHUH KHHETHKH peNaKCallMOHHBIX IIPOLECCOB B IIE/10Y-
HO-rasouJHblX ¢ochopax Y. B. Jlymuk n ero COTpYyAHHKH HCC/I€L0BAIH
pacnpejeseHde 3JeKTPOHOB M JLIPOK II0 YPOBHAM 3axBara.

Beiio 06Hapyx€HO, YTO [OJHOTO 3alo/JHeHHs AaKTHBATOPHBIX ypos-
Hell 3axBaTa 3J€KTPOHAMHM He MPOHUCXOAUT. ECauU nmoc/ae BBIKJIIOYEHUS BO3-
O6yxaeHus docopa PEeHTTeHOBHIMH Jy4aMH OCBETHTb ero B F-moJoce, TO
MPOUCXOJUT JajbHefilllee 3amoJHeHHe VPOBHEH 3aXBaTa 3JeKTPOHAMH.
[ToBTOpHAs peHTreHu3auus CHOBA yMEHBIIAET CTENeHb 3anOJHEeHHs YPOB-
Hefl 3axBaTa 3JeKTPOHAMH. ITOT OMNbLIT SABJAACTCA NPAMBIM J0Ka3aTe/bCT-
BOM BBLICBEUHBAIOIIEr0 AEHCTBHS PEHTTeHOBHIX Jyueidl. Hannume BnicBeun-
BalOLero AefCTBUsl PEHTIT€HOBBIX Jyueil IPUBOAUT K HEBO3MOXKHOCTH NOJIHOTO
3an0J/IHeHHsl YPOBHE 3axBara 3JeKTpOHaMH. IOTH JaHHBIe TOATBEDPKIAAIOT
uaen AHTOHOBA-POMaHOBCKOTO O pOJiM BHICBEUHBAKIILEIO JeficTBHS BO3OYXk-
Jlaioulero cBera.

OueBHEHO, YTO 3TO OTHOCHTCSI HE TOJbBKO K aKTHBATOPHBLIM YPOBHAM,
HO M K aHMOHHBIM BaKaHCHAM.

Eciu B peHTreHH30BaHHBIX KPHCTa1aX MOCJAe OKOHUAHHS PEHTreHu3a-
IIHN HJIH BO BpeMs €e NpH MOMOUIM J06aBOYHOro (paKTopa Co3jaTh CBEPX-
PABHOBECHYIO KCHUEHTPANMIO OMNpeJe/JeHHLX LEeHTPOB I[OrMOLLeHus, TO,
noc/ae CHATHA  J00aBOUHOro (akropa, NPOJO/KEHHE DEHTreHH3ALHH
BbI30OBET YMEHbLIEHHEe KOHIIEHTPAlMH 3THX LEHTPOB A0 TeX I0p, II0Ka
KOHIEHTPAIlHsI HE CTAaHeT PABHOBECHOI.

B onmrax, mnpoeaennnix Y. B. Jlymukom u ero CcoOTpyAHHKAMH,
CBEpXPAaBHOBECHAS KOHUENTpauus F-1eHTPOB Co3aaBaJjach Gsaaromaps Ioa-
cBeTkaM B [-, M - u aTtoMapHBIX 110/10CaX B TMpoliecce OOJyueHHS KpHC-
taJaaa. [Tocne npexkpamenus noaCBeTKH KOHIEHTPALHS 3THX IIEHTPOB YMEHb-
11aeTCsl B IIpollecce noc/aeayioumero 06/y4eHHss PEHTTeHOBBIMU JYYdMH.

B omnwitax Xaprena cBepxpaBHOBecHasi KOHIleHTpauus F-LeHTPOB IO
CPaBHEHHIO C KOHIEHTpalHell NpH KOMHATHOM! Temneparype Obli1a JOCTHTHYTA
obayuenueM Kpucraana npu remneparype—20°C. HarpeBauue kpucranaaa 10
KOMHATHOH TeMIlepaTypsl pa3pyllaeT 4acTb LEHTPOB, HO KOHLEHTpaUHs HX
BCE K€ OCTaeTcs BBIIIE, YeM HpH OOJYUEHHH IIPH KOMHATHO# TeMmnepary-

JlanpHefimasg peHTreHn3aluus KpHUCTaJdJa I[OHMXKAET KOHILEHTPAILHIo
F-uenTpoB, ycTpemJssi ee K PaBHOBECHOMY 3HAUE€HHIO, COOTBETCTBYIOLIE-
MYy KOMHATHOH TeMmmeparype.

B pa6ore ['appucona BhiCBeuuBalollee AeHCTBHE PEHTTeHOBLIX Jyuel
OBlI0O OGHAPYKEHO NIPU yMEHbIIeHHH HHTEHCHBHOCTH oOayueHus. [appu-
cOoH pasBuBact uneto Beaap [14] u Tlpxkubpama [15] o ToM, uTO ypOBEHBb
HACLIUEHHS KOHUEHTPpAauun F-1leHTPOB—3TO YPOBEHb pPABHOBECUS MEWKLY
o6pa3oBaHHeM F-LeHTPOB MU HX paspylleHHeM, 3aBHUCAIIUI OT HHTEHCHB-
HOCTH 00/1yuenns. Toraa BeqiMunHa BHICBEUHBAIOWIETO NeCTBUS PEHTI@HOBbIX
JAydeil Npu YMEHbIIeHHH HHTEHCHBHOCTH OT /, 10 [, MOXeT OBITh IpejcKa-
3aHa MCXOJ5 M3 YPOBHS HACHIIIEHHS NMPH OOJYUEHUH C MHTEHCHBHOCTBIO /.

IT0T 3(hdeKT NPosIBASIETCS HA BCEX CTAAMSIX OKDAIIMBAHHS MOCJAE JI0-
CTHXKEHHS HaCHIIeHUs. %

Hamu cpenana nonbiTka NpocieauTh Npouecc pa3pyueHus F-1eHTpoB
IpH NE€pexoje OT MALKOrO K KeCTKOMY DEeHTTeHOBCKOMY H3/1yYeHHIO.

[Ipn nmoOCTaHOBKE HAUIMX ONBITOR MBI HCXOAMJH M3 CJ€AYIOIHX CO00-
paxxeHuid: B pesyJ/bTaTe IMOIVIOIIEHHSI DPEHTreHOBLIX Jyuell B KpHCTalae
BO3HUKAIOT CBOOOAHBIE 3JMEKTPOHBI, JBIPKH H 3KCUTOHBL. Jlokasusanus
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3JIeKTPOHOB Ha LIEHTPaX 3aXBaTa, NPEUMYLIeCTBEHHO Ha AHMOHHLIX BaKaH-
CHSIX, NMPUCYTCTBYIOIIMX B KpHCTaMIaX a0 OOJy4YeHHs B COCTaBe CBA30K
BAKAHCHH, a TakkKe HA BAKAHCHAX, redepupyemblX OO0JyYeHHEM, MPUBOJMT
K o6pasoBannio F-unenrposB. OaHoBpeMeHHO ¢ 0Opa3oBaHueM [-LEHTPOB
HPOMCXOAUT U WX paspyluieHue, npuueM (akTopbl BO3OYKJIEHUS H NEBO3-
Oy K JIeHUs OMPee/IeHHOIO0 KPHUCTaJl/1a ABASIOTCS B JAHHBIX YCJAOBHSIX OIBITA
byHKIHeH! KEeCTKOCTH HW3JAy4YeHHs. ITO MOXKeT ObITh O00YCJAOB/IEHO pas-
JUYHOIl 3aBUCHMOCTBIO OT 3HEPTHH KBAHTA CEUEHHS 00pPa3oBaHUS 3INEKTPO-
HOB, JBIPOK W 3KCHUTOHOB M CE€YeHHs PaJHaLMOHHOTO pa3pyuleHus F-uen-
TpoB. Kpome Toro, 3To mMoxer OBbITh BBI3BAHO HM3MEHEHHEM YCJAOBHH JiO-
KaJU3aluH JbIPOK MPU H3MEHEHHH KeCTKOCTH DEHTI€HOBCKOIO H3JyueHHd,
a TaKxKe pas3/IuuueM B 3KCHTOHHBIX
B gt COCTOSIHHSIX KPHCTa/JIa.
F g OnbITE NPOBOJXUANCH C YHCTHI-
MH U aKTHBHPOBAHHBIMH KPHCTAJI-
aamu KCl mapxun XY npu xomuar-
Hoil Temneparype. O6pa3usl BbIKa-
4 JUBaMUChL ToamuHow 0,2—0,3 .
VICTOYHHKOM pPEHTIeHOBHIX Jyueil
cayxusaa ycraHopka YPC-70 ¢

5

4 4 AP TPpyOKaMH € MeIHLIM AHTHKATOJIOM
| (msirkoe u3ayueHue), paboTaiomueii

2 — B pexume 47 kV, 15 mA, u ¢ Bonb-
/ 1/ (GpaMOBBHIM AHTHKATOAOM (:KeCTKOe

1 s u3ayuenne), paboTalouieil B pexu-

me 63 xkV, 8 mA. Tlpu paGote
¢ BObPPaMOBO#l TPyOKOH H3/IyUe-

? 4 b S -HHE Q)I/IJII)TPOBHJIOCB AJIIOMHUHHEBBIM

T ¢uabTpoM TOaWHHOIO 2,04 MM,

CnekTp NOrJIOIEeHUsT H3MepsiJCs Ha

Puc.1. 1 — KPHBAs HAKOMICHHS F-uenrt- cnektpodporomMerpe Cd-4. Omnwr

pos B KCI, obayuennom wectkumu MOKA3LIBAET, UTO €CJH B O0JyUYeH-
PEHTTEHOBBIMU JyUYaMH; 2 — TO ke —

MATKMMH DEHTTeHOBBIMH Jy4aMH. HOM MATKHMH DEHTTE€HOBCKHMHU JY-

3 — paspyuieHne F-IEHTPOB IKECTKUMH gyaMu KpHuCTaJ/jie AOCTUTHYTa Ipe-

PEHTTE€HOBBIMH JyyaMH. JeJbHasi KOHUEeHTpaunus F-HEHTPOB,

TO BO3J€HCTBHE HA 3TOT KPHCTAAJ KECTKOH pajuHaluM MPUBELET K HX
pazpyuenuio (puc. 1). Jlis BLIsIBA€HHs TOrO, KaK BJIMAET U3MEHEHHE HH-
TEHCUBHOCTH OGJy4YeHHsl B YCJOBHAX HAIIETO ONbiTa, NPOBOAUIOCH YMEHB-
IIeHHe MHTEHCHBHOCTH XKECTKOro u3/aydeHusa B 9 pas. Pasanuue pesy.b-
TATOB [UJIsl HCIOJb30BAHHOIO BPEMEHM 3KCIO3MLHMH JEXHT B IIpejaesax
OIKOOK OINbITA, YTO YKA3bIBAET HA 3HAUHTEJLHO 00J€e CHABHOE BJAHSIHHE
M3MEHEHHsT XKECTKOCTH. Bbliepxkka KpucraaaoB B TeMHote oT 12 no 36
4acoB BbI3BAaJia He3HAUYMTeAbHOE 06eCUBEUMBAHHE MO CPABHEHHIO C OIHCAH-
HBIM BhIIIE 3(DPeKToM.

BricBeunBaloomeg AeiCTBHE DPEHTT@HOBBHIX Jyueil B 3HAUHTEJNBHOH CTe-
IeHH BaBHCHT OT YHCTOTHl KPHUCTAMAOB. ITOT 3P(PeKT yBeauuuBaeTcs
B KpuCTra/Jaax, aKTHBHPOBAHHHEIX A00aBKaMu, 00/aAAIOIMIMMH BHICOKHMH aK-
IeNTOPHBIMH CBOHCTBAMHU IO OTHOLIEHHIO K 3JEKTPOHAM (pHC. 2), U yMEHb-
IIaeTCsi B KPHCTa/NJAaX, aKTHBHPOBAHHEIX J00aBKaMH, Y/AYUIIAIOMUMH yCJIO-
BHUS JIOKa/au3auuu Iuipox (puc. 3) [16].

Takum o0pasom, Ham ONBLIT NOKA3bLIBA€T, YTO YPOBEHb DPaBHOBECHs
ME:KJy IMpOolecCaMH TeHepauuH M paspylieHdss F-1EHTPOB 3aBHUCHT HE
TONBKO OT MHTeHCHBHOCTA [12] mium Temneparypwl [11], a Takxke or paja
JPYTHX YCJOBHH, B TOM UYHCJE OT JKECTKOCTH HU3JYYeHHs. YCTaHOBJEHHE
IOJBHXXHOIO PABHOBECHSl MEX/Yy reHepaunei u obecuBeunBaHuem F-1eHT-
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peB OyJeT MPOUCXOJAHUTH B JIOGOM C/ayuae, eCqH B HAU4/JIbHBIA MOMEHT 3TO
paBHOBecHe HapymeHO JI00HM 06pa3oM. [IpuBeseT Ju yCTAaHOB/IEHHE pPaB-

HOBECHSI K OKpAaIIUBAHUIO HWJIH
obeciBeUHBaHHUIO KpHUCTaAaa 3a-
BHCHT OT TOI'0, B KaKylO CTOpO-
HY OTJIHYaJdach HepaBHOBECHad
KoHneHTpauusa F-1meHTpoB  OT
PaBHOBECHOM.

DTOT Npolecc MOXKHO OIH-
caTh ¢ momoiuplo auddepeHLn-
anbHOTO ypaBHeHHs [l]

dllp
dt

rjge n, — IJOTHOCTb BaKaHCHI,
KOTOpPBIE MOTYT IIPEeBPATHTHCH
B F-meurpsl. Bo Bcex paccmor-
pPEHHKIX OMNBITaX BapHauus yc-
JIOBUI 00/1yUeHHsI MPOU3BOAUTCS
mocJsie TOro, Kak HacTylaer pas-
HOBECHe MEXJYy YHC/IOM [-IeH-
TPOB, CO3JAaHHBIX M3 [E€PBHYHBIX
BaKaHCHil, u F-1eHTpOB, pa3py-
meHHbIX u3aydenuem. Kpowme
TOro, pPAaCCMOTPUM Ipouecc 3a
OTPe30K BpeMeHH, J0CTAaTOYHO

(3)

= bn;i—a nF,

Hymom

10

Yach

Puc. 2.1 — kpuBas HaxonaeHus F-IeHTPOB B
KClI-Sr, 061yueHHOM KeCTKHMH PEHTIeHOBBI-
MM JIyuyaMH; 2 — TO e — MATKHMH peHTre-
HOBBIMHU J1yuaMu; 3 — pa3pyuieHue F-LIleHTPOB
KECTKHMH DEHTIeHOBBIMH JYYaMH.

8

MaJjiblii, 4TOOBL MOXHO OBLIO npeHeOpeub reHepanueil Bakaucuii. Torxaa

ni=ny,— nr

HF mm_'
st .| u ypaBuenue (3) mpumer BHX
J BI08 b oY )
/‘ dt
4
‘ /3 3 Pemenue  3TOr0  ypaBHEHHS
{7; oyner
/ np=n' —[n' — nr(0)] e, (5)
T
2 | /—‘L/ — rme nr(0)—HauaJabHAA JIOTHOCTD
{ / 1 F-uenrtpos.
1 PaBHoBecHad IJIOTHOCTD
[ F-uentpoB n° pocturaercsi npu
JLOCTaTOYHO OOJBIIOM BpeMeHHU
p) 4 6 g OOnyuenws. OHa 3aBHCHT OT OT-
Yack, HOIIEHUST KOHCTAHT 06eCIBEYHBa-
HUSL W TeHepanuud F-LeHTPOB.
Puc. 3.1 —kpusaa nakonnenus F-uentpos VI3MeHeHue yca0BUH 00/yueHuUs

KClI- Pb 00JyUeHHOM KECTKMMH PEHTIeHOBDI-

MH JIyuaMmMH; 2 — TO e — MATKHMH DeHTre-

HOBBIMU Jiyuamu; 3 — paspymeHue F-ueHTpPOB
KECTKHMH DEHTI€HOBBIMH JIyuaMH.

MEHSIeT 3TH KOHCTAHTHI, YTO

NPUBOJUT K H3MEHEHHI0 7' H

CKOPOCTH Tpomecca b*.
HauanbubiM ycaoBueM 7 (0)

AL HOBOH CTajuu mpouecca OyJAeT KOHEUHOE 7F NMpPeibayllell CTamuu.
Ilpu n* > nrp(0) ypaBHeHHE (D) OMHCHIBAET KHHETHKY POCTA IJIOTHO-
cru F-uentpos, npu n° < nr(0) — KHHETHKY MX Pa3pylIeHHUS.
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Ecau ot6pocuTh chenaHHoe HaMu npH nepexone or (3) x (4) vmpo-
nieHue, To pe3yabrar Oyner 6ojee TPOMO3JAKHM, HO KayeCTBEHHO TeM ke
CaMBbIM. '

B Hamiefi mocTaHOBKe ONbITA M3MEHS/IMCh KAK HHTEHCHUBHOCTb, TaK
U KEeCTKOCTh HM3JyueHHsl, 4YTO NPHUBEJO K M3MeHEeHHI0 mapamerpa &, mpo-
MOPLHOHAIBHOTO MHTEHCHBHOCTH H3/1yueHHs [2], a Takxe K YyBeJIHUCHHIO
mapaMerpa o, He 3aBHCAIIEro OT HHTEHCHBHOCTH.

B nacrosiuiee BpeMs TPyJAHO HOHSATh NPHYHUHY YBEJIMUYCHUSA KOHCTAHTHI
pajHalHOHHOI'O paclaja C NOBBILIEHHEM 3HEPTUH KBaHTA. MOXHO JHIIb
NpPeANONOKUTh, UTO C NOBLIIIEHHEM 3HEPruud KBAaHTA PACTET J0Jisl SHEPIHH,
pacxoayemasi H3/JydeHHeM Ha Ipolecc BO30YKJIEeHUsi MO CPaBHEHHIO C MPO-
neccom unoHudauuu. C Apyrofi CTOPOHBI, 3KCUTOHBI, T€HEpHpyeMule MpH
BO30YXEHUH HOHOB peIleTKH, MOrLYT, B3auMogeiicTBys ¢ F-ueHTpami,
MOHN30BaTh MOCAEIHHE, YTO TpPHUBEJET K HMHTeHCH(HKAUMH Ipolecca pa-
JHALHOHHOTO paspylueHuss [-UeHTPoB.
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