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OGHapy:eH HanpaBleHHbIH epeHOC HEPTUH, BEIACIAONMEeNCA B IPOIlecce CIIMHOBO-3aBUCUMOI TYHHEIbHOM
peKoMGUHALUM 3IEKTPOHHO-JLIPOUHBIX [Ap M aBTONOKATM30BAHHBIX 3KCHUTOHOB B MOHHON KPUCTALINYECKOHR
MaTpulle K BCTPOEHHBIM B MaTPHUIy B pe3ylIbTaTe CAMOOPraHM30BAHHOIO POCTA MONYIPOBOJHUKOBBIM HU3KO-
pasmepHbIiM cTpyKTypaM. CrekTpel JIIP 31eKTPOHHBIX M ABIPOYHBIX LEHTPOB B MaTPUYHOM KpucTaiie GbLin
3aperuCcTPUPOBaHbI 10 TYHHEILHOMY MOCIECBEYEHUIO U (OTOCTUMYIUPOBAHHON TIOMUHECHEHINN, Bo30y#aae-

MBIM B HU3KOpa3MepHOH CTPYKTYype.

PACS: 71.35.Ee. 73.22.—f, 61.46.+w

B Hamps#eHHRIX reTepocUcTeMax CYLIeCTBYIOT Me-
XaHU3Mbl, IPUBOAAIIME K CAMOOPTaHM30BaHHOMY POCTY
OPUEHTUPOBAaHHBIX MUKPO- M HAHOKPUCTAJLIOB, BCTPOEH-
HBIX B peuieTKy o6beMHoro Marepuana (MaTpuusl). Oco-
6blif MHTEpec MNPEJCTABIAIOT MOXYNPOBOAHUKOBLIE Ha-
HOCTPYKTYPbI, B KOTOPbIX KBaHTOBbIN 3 derT KoHbail-
MEeHTa HOCUTelleill U SKCUTOHOB IPUBOAUT K BBICOKOH 3¢-
¢exTuBHOCTH M3iny4enus [1]. Ty ABIEHUA MOryT GBITH
WCTONb30BaHbI MPH CO3[aHUU PA3NUYHBIX ONTUYECKUX
CHCTEM [JIfl KBAHTOBOU 3IEKTPOHUKM, a TaKMe ABIAIOT-
Cfl IEPCHEKTUBHBIMU NpPU pa3paboTKE ONTUYECKUX Ma-
TepuanoB, NIPUMEHAEMbIX B KOMIbLIOTEPHONH PEHTTeHOB-
croit paguorpadun (X-ray storage phosphors) [2]. Tax,
B wenoyHo-ranounnerx Kpucramnax (IIIT'K) Tuna NaCl ¢
IpUMeEChIO MeIu uiu cepeGpa OpUEeHTUPOBAHHbIE MUKPO-
¥ HaHOKPHCTAIIBI raloreHuI0B Meau u cepebpa, BCTPO-
€HHbIe B KPUCTAINYECKYIO PEMIETKY MaTpuIlbl, 06pa3y-
IOTCA B pe3yJbTaTe caMoOpraHM30BaHHOro pocta [3—6],
B KpucTannax co crpyktypoit CsCl o6pasyoTca MUKpo-
n HaHokpucramibl CsPbCly (CsPbBrs) [7]. Berpoes-
Hble HAHOKPUCTALIbI UMEIOT MIUPUHY 3alpeljeHHoi 30-
HbI IpUMepPHO Ha 5 3B, MeHbIIYIO M0 CpaBHEHUIO C MaT-
PUYHBIM KPHUCTAJIOM, [03TOMY CHUCTEMbI TAKMX HAHO-
KPHCTANJIOB MOT'yT pacCMaTpPUBaTbCA KAK MacCUBbI OpU-
eHTHUPOBaHHBIX KBAaHTOBLIX TOUeK. B cucTemMax, B KOTO-
PhIX 3aMeIaloTCA aTOMbI OJHON TPyMNIbl MEepUOANYEC-
koii Tabnuner Tuna NaCl ¢ nmpumeckio Meau (cepeGpa)
uin InAs/GaAs, MexaHN3M caMOOPraHM30BaHHOIO POC-
Ta obGycnoBinen Hanps;enuaMu. B [IT'K ¢ npumechio
Pb2t, Mn?t, Eu?t u gp. uMeeTcsa TeHJeHNUA K o6pa-
30BaHUIO NPUMECHBIX HAHOKIACTEPOB Jiae NP1 KOMHAT-
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HOll TeMmepaType BCIeACTBUE HATNYNA KATUOHHLIX Ba-
KaHCHil, KOMIIEHCUPYIOIUX U3GbITOUHBIN MONOMKUTENb-
HbI 3apAJ, ¥ TaKie HAHOKIACTephl CYLUIECTBYIOT B BUJe
¢asbl Cynsyrn (Suzuki phase) [8] B MaTpuuHbIX KpHC-
tannax Tuna NaCl u B Bujile HAHOKPUCTAIIOB B MaTPU4-
Heix kpuctannax tuna CsCl.

B rauecTBe 06'HEKTOB HACTOAUUX UCCIEJOBAaHUI BhI-
6paubr cuctembl CsBr:Pb (mepcnexTuBHBIE A1 KOM-
NbIOTEPHON DPEHTTEeHOBCKOW ToMorpaguu), B KOTOPBIX
paHee ObLIM U3yYeHbI ONTHYECKUE CBOWCTBA HAHOKpPHUC-
tannoB CsPbBr; [7] u KBr:Ag, B KoTopeix paHee Gbl-
U M3ydeHbl cBojicTBa HaHOoKpuctamrioB AgBr [5, 6].
Kpucranaer CsBr:Pb (0.02-0.2% PbBrp B pacniase)
n KBr:Ag (1-2% AgBr B pacnnase) GbLIM BbIpallleHbI
metogoM Bpumsmena (Bridgman). Ilocne pentreHos-
croro obnyuenua npu 77H B aTUX cucremax HaGmio-
Janoch IauTenbHOe TyHHelbHoe mnociecBeuenue (TII)
(tunneling afterglow — TA) npu HU3KMUX TemmepaTypax
(1.5-80 K), oGycnoBieHHOe TyHHENbHOM peroMOMHanue
MeM /Iy SIeKTPOHHBIMU M IbIPOYHBIMHU LEHTpPaMH, Ha-
BEJIEHHBIMU PEHTTEHOBCKUM 00nyueHueM. J[nuHHOBOI-
HOBOE ONTUYECKOe Bo30y#H#JeHNe B M0J0cax MOrIoleHus
OT/ENbHBIX paAualUOHHBIX Ae(DEeKTOB, HANPUMEp LEHT-
pOB oKpacKku Tuna F-1eHTPoB, IPUBOAUT K POTOCTUMY-
nuposanHoit momuHectuennuu (PCJ) (photo-stimulated
luminescence — PSL) ¢ Gonee KOpOTKUMHU JIUHAMY BOIH,
KOTOpad o0ycClIOBlEeHa Pa3IMYHbBIMU PEKOMOUHAIMOHHBI-
MM TIpolleccaMM, BRIIOYafd PEKOMOGUHAINIO SKCHTOHOB.
Nmenno ®CJI ucnonbayercA B KOMNbIOTEPHOI peHTre-
HOBCKOM paguorpadpuu. bBraromapAa CHMHOBOI 3aBUCH-
moctu TII u ®CJI 6pu paspaboTaHbl METOABI OMTH-
YeCKON perucTpanuu MarHuTHbIX pe3oHancoB (OJIMP)
(optically-detected magnetic resonance — ODMR) pe-
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KOMOMHUPYIOIUX IeHTPOB U 3kcuToHOB mo TII u ®CJI
[9, 10].

Ha puc.1 noxaszausr cnextper TII (1), u ®CJ (2),
3aperucTprupoBaHHble B Kpucramiax CsBr:Pb, noasepr-
HYTBIX PEHTreHOBcKoMy oOmyuenuto npu 77 K. Cnextp
TII mor HaGmogaThCA B MONHOW TEMHOTE MpPU HUIKOM
TeMnepaType B Te4eHUUM ~ 104 moclie KpaTKOBpEeMeH-
Horo (10 muH) pentreHoBckoro ofnyvenus mpu 77K,
npuueM (opMa creKkTpa He 3aBucela 0T TeMIepaTypbl
B npegenax 1.5-80 K. Cnektp ®CJI Bo36ymganca caaboii
N0/JICBETKOM KpacHbIM cBeToM (650 HM) B o61acTu norio-
menusa F-ueHTpoB u Tak#e ero ¢dopMa He 3aBUCela OT
Temnepatyphl B npenenax 1.5-80K. B o6oux ciyuasx
HaGniofaeTcA [Ba TUMA CIEKTPOB U3NYyUEHUA: HIMPOKUE
U CPaBHUTENbHO y3KUe MOJOChl. Y3Kafd moioca coBnaja-
€T ¢ IMHUAMH, 3aperucTPUPOBaHHBIMU B paboTax [7] no
doroniomunecnennuu (@J) (photoluminescence — PL)
U TOTNIOIEHNIO U MPUNUCAHHBIM 3KCUTOHAM B MHKPO-
u HaHokpuctamnax CsPbBr;, BcTpoeHHBIM B pelieTky
CsBr. [lna cpaBHenus Ha puc.l npencrabnel cnerTp @JI

CsBr:Pb
77K

CsPbBr;
|

1 (arb. units)

E (eV)

Puc.1l. CnexTpsl TyHHenhHoro mocnecBeuenusa (1) u do-
(2) B cucreme
CsBr:Pb, 3aperucTpupoBaHHbIe NIOCIe PEHTTEHOBCKOT0 06-

TOCTPIMyJ'[PIpOBaHHOﬁ JIOMHUHEeCHEeHIINN

nydenus npu 77 K. BepTukaibHbIMY IMHUAMHU OTMeYeHbI
M3Iy4YeHUe SKCUTOHOB B HaHokpuctaniax CsPbBrs u aB-
TOJIOKaIN30BaHHBIX BKCUTOHOB B Kpucramre CsBr, momoca
M3IYy4YeHUA KOTOPHIX BblfeleHa MyHKTHUpoM. [lnA cpaBHe-
HUf [I0Ka3aHa IWHUA GoTonoMuHecueHnuu (3)

(3), nabaionaemsrii B HeoGayyennom kpucraiine CsBr:Pb
IpU ONTUYECKOM BO36y:#AeHUHU B yIbTpadroaeToBoii 06-
JIacTU CBETOM JelTepueBoil namnel. BuaHa TONbKO y3-
Kaf IUHUA, IPUHAa/JIexalas, coriacHo [7], MUKpo- U Ha-
Hoxpuctaniam CsPbBrs, BcTpoenHbIM B pemeTky CsBr.
IlMuporue nonocer B TII o6yciioBieHbl HeMOCPeACTBEH-
HO peKoMOWHAlUell 3NeKTPOHHBIX M [BIPOYHBIX [EHT-
poB (electron-hole recombination — EHR), HaBexeHHbIX
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PEHTTeHOBCKUM 001ydeHMeM B MaTPUYHOM KpHCTalie
CsBr. ManoBepoaTHO, YTO B HaHOKpUCTalIax obpasy-
IOTCA 3JIEKTPOHHBIE M JBIPOYHBLIE IIEHTPhI, PeKOMGUHA-
IUA MeMAY KOTOPLIMM NPUBOJUT K AIUTEILHOMY TYH-
HEJNBHOMY TOCIECBEUYEHUIO, MOCKONbKY Mallble pa3Mephl
HAHOKPHUCTAIJIOB OTPaHUYMBAIOT PACCTOAHUE MEMAY pe-
KOMOMHUpPYIOIUMK napTHepamu. HKpome Toro, monoG-
Hble mupokue noiock! TII Habaoganuck HAMU U B KpHC-
tannax CsBr ¢ npumechbio Ipyrux sIeMeHTOB, TO €CThb,
no Kpaiineit mepe, yactuuHo TII o6ycioBieHO peKOM-
6uHanueil cob6cTBeHHBIX JNederToB Matpuibl. Tarum
o6pa3omM, Bo30y:eHNe MOCIeCBEYeHUA B MUKPO- U Ha-
HOKpHUCTAaNllaX, BCTPOEHHBIX B MaTpPULlY, CBUAETENbCT-
ByeT O HamnpaBIEeHHOM MepeHoce YHEepPruu SIEKTPOHHO-
JBIPDOYHON peKoOMOMHAINM, NPOUCXOJALIEN B MaTpulle
(CsBr), & HaHokpucranry uepes unrepdeiic. Panee Mb1
Habniojanyu nepeHoC »HEPruM TYHHeNbHOH peroMOuHa-
IIUY 3IeKTPOHHO-ABIPOYHKIX ap B KPUCTANIE K IPUMeC-
HeIM pefKosemenbHbiM oHam (Ert), kortopeie, mono6-
HO HaHOKpPUCTALJIaM, HEeNOCPeJCTBEHHO He Y4acTBYIOT
B pexomOunaunuu [11]. B cnexrpe ®CJI Hapsaxy c no-
nocamu, npucymumu TII u cBA3aHHBIMU C BIEKTPOHHO-
abipouHoii perombunanueii (EHR), nabniogaerca gonon-
HUTeNbHad Moloca, OGYCNOBIEHHAA WM3IyYeHUEeM TpHU-
IIIETHBIX aBTONOKAIN30BaHHbIX 3KcUTOHOB (self-trapped
excitons — STE), woropbkle 06pa3yioTca B pe3yibTaTe
3axBaTa BIEKTPOHOB, OCBOGO#JAaeMBIX U3 BO3GYyMmOeH-
HbIX F-1eHTpOB, aBTONOKaNN30BaHHBIMY AbIpKamu (self-
trapped holes — STH). ®opmupoBanue aBTOIOKANIN30-
BaHHBIX YKCUTOHOB NPU GOTOCTUMYIALUU OGIYUEHHBIX
MOHHBIX KpucTalioB Gbuio nokasano metonom OIMP B
pabore [10]. Y3ras nomoca, npuHaaiemsaliasa SKCUTOHAM
B HaHokpuctamnax CsPbBrs, BCTpoeHHBIM B pelIeTKY
CsBr, umeet ogunaroByio ¢opmy B cnekrpe ®CJI u TII.
Taxum o6pazom, B ciyuae ®CJI, kark u ana TII, umeer
MeCTO HanpaBlIeHHBIH [EPEeHOC PHEPruM peKoMOMHaNuu
OT MaTpUIbl K HAHOKpPUCTANIaM. YBelINYeHUe SHepruu
SKCUTOHHOH nonock! B HaHokpuctainie CsPbBrs AFE ot-
HOCUTENBHO DHEPIUU SKCHUTOHA B 00beMHOM KpHCTalle,
paBHoi#t 2.3223B [7, 12], no3BonfeT oLeHUTHL pa3Mep Ha-
HOKpucTamia (KBaHTOBOI TOYKHU) B COOTBETCTBUE C BbI-
pameHueM

AE = ’n?/2uL3) p,

rjge apdenTuBHaa Macca axcuToHa pu = 0.52m,, a Lgp
AIBIIfleTCA NJIMHOI IpaHU B cly4ae NpejcTaBleHUA KBaH-
TOBOI TOYKM B Buae Ky6a. CaBur sHeprum nsnydeHUsA
B CTOPOHY BBICOKHMX 3HEPrHil OTHOCHUTEIBHO 00BEMHBIX
KPUCTaJIOB B CIEKTpe, NpeJCTaBIeHHOM Ha puc.l, co-
craBnan 0.0863B, Takum o6pasomM, pa3mMep HaHOKpPHC-
tanioB CsPbBrs B o6pasue 6b11 paBeH NPpUMEPHO 3 HM.
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Ilpu o6ayyeHUUM HOMMHAILHO YUCTOTO KpHUCTAla
CsBr mpu HHM3KOII TemMnepatype B NepByIO 04Yepeib
o6pa3yioTca aBTONOKANW30BaHHbIE ABIpKU (Brs- wiam
Vk-UeHTphI) U DIEKTPOHHbIE LEHTPHI OKpacKW THUMa
F-uentpoB. B aKTUBHPOBaHHBIX NPUMECAMH KpuC-
Tamnax o6pa3yloTCA TaKMe SIeKTPOHHbIE UM [HIPOY-
Hble IIEHTPBI, CBA3aHHbIE C NpuMecAMH. PexomGuHa-
U MeHJy HaBeJeHHbIMU PEHTTEeHOBCKUM OOGIydYeHU-
eM [IeHTpaMu, POUCXOfAllasa MPU HU3KOI TemMnepaType,
0py KOTOPON TepPMOaKTHUBALMOHHBIE MPOLECCHI 3aMOPO-
EHBI, TPUBOAUT K COUHOBO-3aBUCUMOMY TYHHEILHOMY
nocliecBeyeHuio. B pesynbraTe, B CUIbHBIX MAarHUTHBIX
MONAX ¥ NPU HU3KUX TeMIepaTypax h3-3a Moafdpusaniu
ANEKTPOHHBIX CIUHOB 3MEKTPOHHLIX U ALIPOYHBIX LEHT-
POB B COOTBETCTBUMU C pacnpejeneHreM BonbinMana Ha-
GniogaercA MarHuTHoe Tyumenue (magnetic quenching)
TYHHEJBHOI'O TociecBeueHUu. ITOT 3HEGEKRT MNO3BOMUN
no Bo3pacranuio untencupuoct TII B MoMeHT pe3oHaH-
ca BCIIe/ICTBUE epeopUeHTAallY CIIHA OJHOTO U3 PEKOM-
OMHUpYIOIKNX NapTHepoB peructpupoBatb IIIP saen-
TPOHHBIX U [BIPOYHBIX LEHTPOB, Y4YacTBYIOWUX B pe-
KOMOWHAILUYU, U TEeM CaMbIM UAEHTUPUIMPOBATEL 3TH Jie-
t¢erTol. Bomee Toro, BechMa MEepPCHEKTUBHON ABIAET-
CAl MOTeHIUAaNhHAA BO3MOMHOCTb PErucTpaluu THOMU-
HECLEHIINY, BbI3BAHHOM eJUHUYHBIMU aKTaMu peKoMOu-
HalWK, BBULY BbICOKOM UYBCTBUTENLHOCTU NAHHON Me-
TOAUKU BCIEJICTBUE OTCYTCTBUA BO30YH IAIOIIEro cBeTa
npu TII unu Becbma cnaGoit AITMHOBONHOBOUN MOJCBET-
Ke (HempepbIBHOM Wi uMnyibcHoi) npu ®CJL. Crenyer
HNOAYEPKHYTh, 4T0 nonock! ®CJI cymecTBEHHO UHTEHCH-
BHee (Gonee ueM Ha nopsanok) momoc TII.

Ha puc.2 nokasaHo ymeHbllleHMe UHTEHCHMBHOCTU [
TI B maruuTHOM mnone npu temneparype 1.8 K. Xapak-
Tep TYLIEHUA COOTBETCTBYET PEKOMOMHALUU ABYX LEHT-
POB C 3neKTPOHHBIMU g-parTopamu 2.0 u cniuHamu S =
= 1/2 B cooTBeTcTBUY C BhipamenueM I = Iy(1— P.Py),
rae Iy — unteHcuBHocTh TII B HyneBoM MarHMTHOM IO-
ne, P, u P, — nonApusanuy COUHOB 3IEKTPOHHBIX U
IOBIPOYHBIX LEHTPOB B MarHUTHOM IOJie, COOTBETCTBEH-
HO (pacueTHas 3aBUCMMOCTDb NOKa3aHa WITPUXOBOH JH-
uueii). Ilpunosenne MUKPOBOJIHOBOrO monf (4acToTa
35I'Tn) npuBoauT K yBenuuenuto untencusHoctu TII B
MarHUTHBIX MONAX, cooTBeTcTByomux JIP-nepexonam
I 3IEKTPOHHBIX U ABIPOYHBIX LIEHTPOB, BCIEACTBHE Te-
peopuUeHTalnUy 3NeKTPOHHOrO CIMHA M BRIIOYEHUA pe-
MUMa PeKOMOUHAIIUY, TO €CTh UMEET MECTO ONTUUECKOe
DeTEKTUPOBaHUE MarHUTHOro pe3oHaHca. Ha BcraBke
puc.2 npeactapnensl cniekTpbl O[IMP, 3apeructpupoBan-
Hble [0 TOMHOMY MoclecBeyeHHio (1) U N0 U3NYYeHHIO
HaHOKPUCTALIOB (2). ITH CHEKTPLI UMEIOT OJMHAKOBYIO
tdopmy u coctoAT u3 curnanos P F-uenTpoB u aBTO-
noxanu3oBaHubxX AbIpok (Vi-uentpos). Ha puc.2 npu-

CsBr:Pb

1.0

I,

0.5

1 (arb. units)

Magnetic field (T)

Puc.2. 3aBucumocts unteHcuBHocTy TII or MaruuTHOro
nmona npu temneparype 1.8 K B kpucranne CsBr:Pb, pac-
YeTHafA 3aBUCHMOCTh AIA PeKOMOMHAIMM JBYX IIEHTPOB C
S = 1/2 n g = 2.0 nokasaHa mrpuxoBoii nuHueii. Ha
BcTaBke mpeacrtaBieH curHan OJIMP nHa uwactore 35T
npu 1.8 K, 3apeructprpoBaHHbIii 10 norHOMY cnektpy TII
(1) u mo yskoit muuuu HaHo-kpuctantoB CsPbBrs c suep-
rueit 2.48 3B. BHu3y nokasaHbl CUMYJIMPOBaHHbIE CIIEKTPBI
OIOMP F-uentpoB u Vk-uentpoB B CsBr misa opuentanum
KpHUCTalla B MarHUTHoM nole B||[100]

BOAATCA cUMyinupoBaHHble curHanbl AP F-ueHTpoB u
VKk-UeHTPOB ANl OpUeHTalUU KPUCTALla B MarHUTHOM
none BJ|[100] ¢ ucnonn3oBaHMEM M3BECTHBIX MapaMeT-
poB ana F-uentpoB u Vik-uentpoB B kpucramie CsBr
[13, 14]. Buano, uTo cMMynMpoBaHHbIE CIEKTPhI GIU3-
KU K SKCIEPUMEHTANbHO HabGmogaeMbIM. Perucrtpanusd
curHanoB JIIP, perom6uHupytomux B Matpune F- u Vi-
[EHTPOB, 10 UHTEHCUBHOCTH WM3NyYEeHUA MHUKpPO- U Ha-
HOKPUCTAIIOB, BCTPOEHHBIX B PENIETKY MaTpPUIbI, OJHO-
3HAYHO CBU/ETENLCTBYET O TOM, YTO 3TO U3J1YyUYEHHE BO3-
Gy#aaeTcA peKOMOGUHAIIMOHHBIMU TPOIIECCAMM B MaTpPH-
ne. BBugy mManbix pa3amMepoB HAHOKPHUCTAIIOB M MalbIX
paccTofAHuUi, HA KOTOPhIE MEPEHOCUTCA HHEpPruf, BechMa
BEPOATHO, YTO NlepeHoC 3Hepruu 00y CclIoBIeH B3auMoeii-
CTBUfIMHU [0 MeXaHU3My OnuiHero noid 6e3 M3ny4eHusn
¢oToHOB Bo BHewHiolO cpeny (near-field interactions).
B nono6Hoit cucteme xBaHTOBbIX Touek CuCl, BeTpoen-
ubix B Kpuctamn NaCl, nenaBHo [15] meTonamu cnekT-
pockonuu Gaumuero mona (near-field spectroscopy) Ha-
61r0falCA MEPEHOC SHEPTUM OT KBAHTOBBIX TOYEK MEHb-
HIAX pa3MepoB K KBAHTOBBIX TOYKaM GONLIIKUX pa3Me-
POB C MOHUMEHUEM FHEPTUU, UIN TAK HA3bIBaeMbIi “Ha-
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HodouTan”. B HacTofeit paGoTe MokazaHo, UTO BHEP-
rUA peKoMOMHaNMKM B MaTpHIle CAMONPOM3BOILHO U Ha-
NpaBleHHO MepefaeTcA K KBAHTOBOUN TOUKe, KOTOpas fB-
NfeTCA HAaHOKOIIEKTOPOM Bo3GyHiieHuii (cBoeoGpasHbIM
“HaHOCTOKOM”) U3 JOCTATOYHO GonbINOoit 061acTu, ORpy-
sKaroleil KkBaHToBYI0 Touky. He mckmioueno, uto nocine-
Iylolllee B3aMOJeiiCTBIE Me Iy KBAHTOBBIMU TOUKaMU
MpUBOAUT K 0Opa3oBaHUIO “HaHOGOHTaHa” MO MeXaHU3-
My, npefnoxeHHOMY B [15], ofHaKo clleayeT OTMETUTH,
YTO B HaCTOALIEM DKCIEPHUMEHTE OTCYTCTBYET BHEIIHee
onTuYecKoe Bo3GyIeHNe U BCe MPOIECChl MPOUCXOIAT
CHOHTaHHO.

NutencuBHocTh mupokoit nonocekl TII u ®@CJI moskeT
ObITH yBelWYeHa TOYTH Ha MOPAMNOK TMocle 3aKkalku o6-
pasua ot Temnepatrypsl 800 K no 77 K. 3akanka u oTxur
KPUCTAIJIOB CYUIECTBEHHO U3MEHAIOT XapaKTep PEeKOM-
6MHAlOHHBIX NPOIleCCOB B KpHUCTallax, YTOo o0ycloB-
JeHO CTPYKTYPHBIMU M3MEHEHUAMHU UCCIEIYEMBIX CHUC-
TeM. Tak, Npu 3aKanke YMEHBIIAIOTCA pa3Mephl MUKPO-
U HAHOKPUCTAJIOB U yBelIUYUBAETCA KOHIEHTpalUUA TO-
YEYHBIX NPUMECHBIX Ae(eKTOB, CIy:;KalluX JOBYIIKaMu
IJAl BIEKTPOHOB WU ABIPOK U CTUMYIMPYIOMUX YBEIU-
YyeHUe KOHIEHTPaluu pafiualloHHBIX JedEeKTOB, y4yacT-
BYIOIIMX B peKOMOWHANNY, HANPUMEpP aBTONOKAaN30BaH-
HBIX ABIPOK (M, KaKk ClIeJCTBHE, aBTOIOKATN30BAHHBIX
skcuToHOB) unu F-neutpoB. Ha puc.3 npexpcraBneHs

CsPbBr, CsBr:Pb
i\ 77K
quenched

I (arb. units)

as grown

2 3 4
E (eV)

Puc.3. Cnextps! TII (cnaomssre auaun) u @JI (mrprxossbie
anaun) B kpucranize CsBr:Pb: po 3akankm (1) u 3akaneH-
HoMm ot 800K (2)

cnektpel TII (cnnomusie nunuu) u OJI (TpuxoBLIE MH-
HUM), 3aperucTpupoBanHble B Kpuctaniax CsBr:Pb go
3akanky (1) u nocue 3axkanky ot 800K xo 77K (2). Bug-
HO, YTO CPaBHUTENbHO y3Kaf Molloca U3INY4eHHs, NpHU-
Haanemamasa HaHokpuctannam CsPbBrs, BcTpoeHHBIM
B pemerky CsBr, ymupsercsa u caBuraerc B o6racThb
BBICOKUX DHEPrUil Mocle 3aKkaiku. AHalOrMyHbIE U3Me-
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HeHUA 3apeructpupoBansl B cnekTpax ®CJI. o 3akan-
KU TONOMeHre y3Koil nmonockl Kak B cnekTpe @JI, Tak u
B cnexTpe TII cooTBeTCTBYyeT CpaBHUTENLHO GOMLUIINM
paszMepaM HaHOKPHCTAJIOB, BILIOThH A0 MUKDOKpPUCTAI-
10B CsPbBr3, Bcrpoennsix B pemerky CsBr. B pe-
3yNbTaTe 3aKalKy NPOUCXOAUT yMEeHbIIeHNe HaHOKPHC-
TalloB JO pa3MepoB 3-6 HM M yBelnueHue pasbpoca Imo
pasMepaM, YTO U HPUBOJUT K BBICOKOIHEPre€THYECKO-
MY CABUTY IMHUN WU3Ty4YeHUA U YUIMPEHWUIO, COOTBET-
CTBEeHHO. BaHO, 4TO aHalOruyHble NU3MEHEHUHA IPOKC-
xomAaT B cnexTpe @JI ¢ ogHON CTOPOHBI M B CHEKTpax
TII u ®CJ ¢ gpyroit. IToT pe3ynbTaT NOKa3bIBaeT,
yto geiictBuTenbHo B ciyuyae TII u @CJI B HaHOKpuUC-
tannax CsPbBrs, BcTpoennbix B pemetry CsBr, Bos-
Oy#JaeTca usnydeHue, o0yciloBleHHOe peKoMOuHanuei
ANEeKTPOHHO-AbIPOUHbIX nap B maTpuue CsBr.

B cnexTpax TII B kpucramnax KBr:Ag, B koTo-
pBIX paHee ObLIM U3yYeHBI CBONHCTBA HAHOKPUCTAIJOB
AgBr [5], nabmioganach WMIUpPOKAasA MOIOCA C MaKCUMY-
MoMm 2.345 3B u nonymupunoii 0.45 3B, sHeprusa roropoit
MeHbllle IIMPUHBI 3anpelleHHoi 30HpI KpucTamta AgBr
(2.6813B). Bruio 3apeructpupoauo Tyuenue TII B mar-
HUTHOM NOJe NPU HU3KOI TeMmepaType U HaGMOJalNCh
cnekTpbl OJIMP HaBe#eHHBIX PEHTTE€HOBCKUM H3Iy4e-
HueM 1eHTpoB B KBr, yyacTByomux B pekoMOGuHaINM:
F-nenTpoB, aToMapHbIX 1eHTpoB cepe6pa Ag® u aBTo-
nokanusoBanubix AbIpoK (Vk). B oramume ot cucre-
Mel CsBr:Pb, y3kas nonoca, npucyTcTByIoOIad B CIEKT-
pe @®JI KBr:Ag v npunajne;aiias 5KCUTOHAM B HaHO-
kpuctannax AgBr, ve Bo36ysnanace B cnektpe TII. dTo,
BEepOATHO, 06yCIOBIEHO TeM, YTO DHEpPruf Y3KOi BKCU-
TOHHO! MoJMOCkI, paBHasA 2.93B, cyuecTBeHHO NpeBkbIiIa-
€T BHEPruIO, BHIAENAIOMYIOCA IPU PEKOMOMHAIINY DIEK-
TPOHHBIX U JBIPOYHBIX IEHTPOB, TOrjJa Kak B CHCTEMe
HaHokpuctannoB CsPbBr; B CsBr umeer mecto o6Gpart-
HOE COOTHOIIEHUE.

B 3annioueHne oTMETHM, YTO peKOMOMHANUMOHHBIE
nponecchl Gbinmu usyuenol B cucteme CsBr:Pb, B ko-
TOpOif B pe3ylbTaTe CaMOOPraHM30BaHHOIO pocTa 06-
pasoBanuchk Hanokpuctamninsl CsPbBrs ¢ pasamepamu 4—
9 M, BcTpoeHHkIe B pemeTRy CsBr. Usnyuyenne mukpo-
u nanorkpuctamioB CsPbBrs 6bu10 06Hapy:KeHO B TYH-
HEeNbHOM TOCNeCBeUYeHUU U (HOTOCTUMYINPOBAHHOM NIO-
mubecuennuu. Mertogom OJMP no TII 6su10 moxasza-
HO, YTO peKoMOUHAaNUA COGCTBEHHBIX PaJUallMOHHBIX Je-
¢erToB (F-LEHTPOB U aBTONOKATU30BAHHBIX ALIPOK) B
Marpune CsBr Bo3Gy:#/aeT n3iyyeHne HAHOKPUCTAIIOB
CsPbBrz. ®CJI ofycnoBiena Kak TYHHENbHOH pEKOM-
O6uHanMell BNEKTPOHHBIX U JABIPOYHBLIX IEHTPOB, Tak U
o6pa3oBaHiEM aBTOJOKATU30BaHHBIX YKCHUTOHOB B MaT-
pune CsBr ¢ nocnenyomuM HanpaBlIeHHBIM MEPEHOCOM
sHepruu pexoMOuHanuu K HaHokpuctamiam CsPbBrs.
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9TH DKCNEPUMEHThI OJNHO3HAYHO CBUIETENLCTBYIOT O
HanpaBlIeHHOM NEePEHOCE PHEPTUM PEKOMOMHAINY DIEK-
TPOHHBIX U TBIPOYHEIX IIeHTPOoB B MaTpulie CsBr k HaHO-
rpuctrannam CsPbBrs. Becbma BepoATHO, UTO mepeHOC
SHEPruu o0yCcIOBIeH B3aNMOJEHCTBUAMY 110 MEXaHU3MY
O6nuHero noia 6e3 m3nydeHuA (POTOHOB BO BHENIHIOIO
cpeny. IlpuHnunel nepeHoca ®Heprud MOryT ObITH DK-
BUBaJIeHTHEI TIpolleccaM, NPOUCXOAAMUM B Guonormnyec-
kux ¢oro-cucremax [15]. Bricokas uyBcTBUTENBHOCTH
peructpauuu TII u ®CJI BcneacTBue OTCYTCTBUA BO3-
Gy naomero csera (TII) unu BecbMa cna6oii IIUHOBOI-
HoBoii noaceetke (OCJI) MosteT KaTh BO3MOMHOCTE pe-
rUcTpanuy eJUHUYHbIX (single) aKkTOB peroMOMHAUUU U
nepefauy BhIAENAIONIeCA NPU 3TOM 3HEPrUU OT MaTpU-
el K HaHokpuctamny. I[Ipu 3ToM B KauecTBe 3amycka-
IOIIET0 ONTUYECKOE U3NYyUYEHUE TPUTTEPOM MOKET CIIy-
JMUTh PE30HAHCHBIH MUKPOBOJIHOBBIN KBaHT.
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