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Hccnenorana cnekTpanbHaA 3aBUCHMOCTb CUTHala (OTOMPOBOJUMOCTU B TeTMPOBAaHHOM Yy3KOIIEIeBOM IT0-
nynpoBoaHuke Pbg.75Sng.25Te(In) npu temneparypax 4.2-30 K mpu BosmeficTBMM UMIOYIbLCOB TeparepLoBOro
nasepHoro mamyueHud. I[fokasaHo, 4TO cHeKTp (HOTOMPOBOAMMOCTH MOMYNPOBOJHUKA NPOCTHPAETCA, 1O Kpaii-
Hell Mepe, Ao anuHbl BoaHbl 500 MEM. IITa BennumHa Golee ueM B ABa pa3a HpeBbIMIaeT AIUHY BOIHBI Kpac-
Holi rpaHuIs! GoToadderTa quaA HauGolee JIMHHOBOIHOBBIX U3 U3BECTHBIX BBICOKOUYBCTBUTEILHBIX (GOTOHHBIX
IPUEMHUKOB U3IyYeHNA Ha OCHOBe 0QHOOCHO nerupoBanHoro Ge(Ga) — 220 MmeMm. OBcy:IalOTCA MeXaHU3MBI,
OTBeTCTBeHHbIE 3a (poTouyBcTBUTEnbHOCTE PbSnTe(In) B TepareprioBoii ciekTpanbHoit obracTu.

JlerupoBaHue y3KONIENEBBIX MONYNPOBOTHIUKOB Ha
OCHOBe TelIypuia CBHHIA HEKOTOPBIMU 3leMeHTaMu
IIT rpynnel OpUBOOUT K KayeCTBEHHOMY W3MEHEHUIO
CBOMCTB MCXOJHOro MaTepuana. Tak, OpHU JlerupoBa-
Huu cnnasoB Pb;_,Me,Te (Me=Sn, Ge, Mn) unguem
HabnonaercA apderT crabunusanuu ypoBHa @epmu, a
TaK:;Ke JOJAroBpeMeHHbIe pejlakcallMOHHbIe [IpollecChl IPU
HU3KUX TeMmmeparypax [1].

Oco6eHHOCTY NPUMECHBIX COCTOAHUN UHIUA BO MHO-
rom oOyclOBIeHbI CBOMCTBAMU KPUCTANNUUECKON Mat-
pullpl Tellypuja CBHHIA, B 4YacTHOCTH, 4Ype3Bbluaii-
HO BBICOKMM 3HaueHHeM CTaTUYECKOl OUAIeKTpuuec-
Koii mponunaemocTu € ~ 10° u, Kark clejicTBHe, BHI-
COKOU MONAPU3YEMOCTBIO pelleTKU. BaaumMoneiicTBUA B
crucTeMe NpPHMeCcHbIl LeHTp — Giuskaiiliee KpUcCTallu-
YecKoe OKpY:KeHUe NMPUBOAAT K (OPMHPOBAHUIO LEHT-
pPOB ¢ oTpullaTelbHON KoppenAnuoHHoi 3Heprueit. Oc-
HOBHOE COCTOfHME NMPUMECHOIo IIeHTpa, OTBETCTBEHHOE
3a crtabunmusanuio ypoBHa ®epmu, ABIAETCA NBYXdIEK-
TpoHHbIM. OJHAKO MHOYLMPOBAHHOE BHEIIHUMU BO3JeM-
CTBUAMHU BO30y:JeHUEe IEKTPOHOB NPOMCXOIUT uepe3
IPOMEKYTOUHOE OJHOANIEKTPOHHOE COCTOAHUE MPUMeECH,
pacrnoioeHHOe MO0 SHEPruy BhIlIe JHA 30HBI IPOBOAU-
Moctu. Ecnu kBasuypoBenb @epMu pacmoinoeH HUKE,
yeM YPOBeHb OJHOIEKTPOHHOI'O COCTOAHUSA, BO3HUKAET
pekoMOMHALMOHHBIN Gapbep, MPeNATCTBYIOMUN ObICT-
poii pelakcanuyu HepaBHOBECHBIX HOCUTeNEel NpU HU3KUX
Temmeparypax [2].
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ITomMumo 3TOrO, B CIEKTpE MONYyNPOBOAHUKA dOpMU-
PYIOTCA NMpUMecCHbIe MeTacTabulbHble COCTOAHUA, pac-
NOJIOKEeHHbIe 110 DHepruy BOMU3U JHA 30HbI IPOBOIUMOC-
T [2]. YKa3aHHbIE COCTOAHKA NPOABIAIOT ce0f B LEI0M
pAne s3pderToB, HabMIOJAIOMUXCA NTPU HU3KUX TeMIIe-
parypax. Cpeiu HUX FUTaHTCKOe OTpHIATElLHOE Mar-
HUTOCONPOTHUBJEHNe ¢ aMmIuTyaoil 6onee 106 [3], cru-
MYJIALUA KBaHTOBOH 3((PeKTHUBHOCTYU [0 3HAUEHUHN Io-
panka 102 nox meiicTBUEM pajHOYacTOTHOI'O MMITYIhCa
[4], ruranTCcKas oUaNEeKTpUYECKas aHOMAlWHA, MPOABIA-
IolasaceA B NOBbINIeHUY 3 )EeKTUBHOI IU3IEeKTPUUeCKOit
IpOHMIIAeMOCTH 10 3HaueHuii mopaaka 10° mox peitcr-
BUeM MHGPaKPacHOTO U3Ny4eHud [5], U MHOTHE ApyTHe.

N3BecTHBI OBa noaxoda K HCCIeI0BaHUIO (OTORIEK-
TPUYECKUX fIBIEHUI B paccMaTpuBaeMbIX MaTepuaiax.
IepBbIit U3 HUX, “HU3KOGOHOBBIN”, MpednoiaraeT MOJN-
HOe BKpaHMpoBaHue oOpaslia OT (POHOBOrO TEMIOBOIO
usnyuenusa. HMeHHO B paMKaXx Takoro mojaxona GObI-
J0 IOKa3aHOo, YTO TOKOBaA 4YyBCTBUTEIbHOCTh (OTO-
NpUEMHON CHCTeMbl TepareploBoro guamna3oHa Ha 6a-
3e Pb;_,Sn,Te(In) 3ameTHO npeBbIIaeT COOTBETCTBYO-
ye napaMeTphbl IyUlIKX MHPOBBLIX aHAJIOroB Ha OCHOBE
7ernpoBaHHOro KpeMHuA U repmanus [6]. IlenoctaTrom
HU3KO(OHOBOTO MOAXO0Ja ABINAETCA CIOKHOCTb (HOPMHU-
pOBaHUA CIEKTPalbHOI'O cocTaBa Najaiollero Ha obpa-
3ell U3Ny4YeHUA U, COOTBETCTBEHHO, ONpelelieHus CIeK-
TpalbHBIX XapaKTepucTuk doTonpueMHuka. IIToT He-
IOCTaTOK MPeofoNieBaeTCA NPU HCHONb30BaHUM “BBICO-
Ko(OHOBOI” MeTOANKY, Korja obpasel He SKpaHUPYETCA
oT oHOBOr0 U3nyuYeHusa. B aToM ciyuae MOHHO UCIONb-
30BaTh BHEUIHWE MUCTOUHUKU M3IYUYeHUA ¢ KanubpoBaH-
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HO¥ MHTEHCUBHOCTHIO U CIIEKTPAlbHBIM COCTABOM, OJIHA-
KO OHU JONKHBI GbITh JOCTATOUHO MOIIHBIMU Il TOTO,
4yT0OBI aMIIUTYyAa PoTOOTKIKUKA ObINna 3aMeTHOR Ha (o-
He cuUrHana, o6ycIOBIEHHOr0 cBOOOIHBIMU HepaBHOBeC-
HBIMU HOCUTENAMU 3apfa, Bo30Y#IEeHHBIMU (HOHOBBIM
uznyuenueM. J[aHHBIN MOAXON MPUMEHANCA ANA aHANU-
3a MexaHu3MoB (oronposopumoctd B Pby_,Sn,Te(In)
MoA JefiCTBUEM UMIYIhLCOB Ja3epHOr0 U3TYUYEHUA C IIU-
HOUl BonHbI, Bapbupyiouieiica oT 90 no 280 MKM B TeM-
neparypuom untepsane 4.2-300K [7]. Ibuio mokasano,
YTO MOJNOMKUTENbHaA 3aiepaHHafg (OTONPOBOJUMOCTD,
HabmonatomiasacAa npu Temnepatypax T' < 10K, caza-
Ha ¢ (oTonoHM3anMeil MeTacTabUIbHBIX MPUMECHBIX CO-
CTOAHM, B TO BpeMA KaK oTpulaTelbHasA (HOTONPOBO-
JUMOCTh C MajlbIM BpEMeHeM pelakcaluu, IpeBalupyo-
mas npu 6onee Beicokux TeMnepatypax 1 ~ 25K, o6y-
CJIOBJIEHA Pa30TrPeBOM CBOOOJHBIX BIIEKTPOHOB J1a3epHBIM
uMnynbcoMm. B To e BpeMA cneKkTpalbHasA 3aBUCUMOCTh
aMnIuTynoel GOTOOTKIMKA He McclefoBanack. Ilactod-
mas paboTa MOCBALlEHA U3YUYEHUIO CIIeKTPalbHON 3aBU-
cumoctu (oronpoBogumoctu B Pby_,Sn,Te(In) B aua-
naszoHe aauH BoiH OoT 90 mo 496 MKM mpu uU3MeHEeHUU
TeMnepaTypsl o6pasua ot 4.2 go 30 K.

Cocras o6pasuos Pby_,Sn,Te(In), z = 0.25, u ypo-
BeHb JerupoBanua Np, ~ 0.5atr.% Obuin BeIGpaHbI Ta-
KUM 00pa3oM, uToObI 06ecneyuTh cTabuAU3alnuio ypPoB-
HA ®epmu Ha 20 M3B HUke DHA 30HBI NPOBOJUMOCTH U,
TeM caMbIM, pealu3aliio MONyU30JIHPYIOMIEro COCTOA-
HUA MaTepuajia npyu HU3KuX TeMneparypax [1]. Xomnos-
CKafd MOJBUKHOCTH CBOGOOHBIX 3TEKTPOHOB MpEBHINIA-
na 10° cm?/B-c npu TemmepaType munkoro renus. 06-
pasubl MOMeIANNCch B ONTHYECKUI KPUOCTAT C OKHAMU
U3 KpUCTalInyecKkoro KBapua. TemmepaTypa oGpasnoB
BapbupoBanack ot 4.2 go 30 K. Cregyer oTMeTuTh, UTO
ONTHYECKNE OKHA ABIAINCH UCTOYHNKOM (DOHOBOI'O TEl-
JOBOTO M3Ny4YeHUf, KOTOPOe MOCTOAHHO BO3[eiicTBOBa-
no Ha o6pa3ubl B Xole sKclepuMeHTa. B pesyinbrare
npu T < 25K B ob6pasmax reHepupOBaNNChH JOITOMU-
Byue GoToBo306yxIeHHbIe CBOGOJHBIE DIEKTPOHEI, UTO
MPUBOJUIO K CHUMEHUIO YIENhHOr'0 COMPOTUBIEHUA Ha
HECKONbKO MOPAJKOB BENUYUHBI OTHOCHUTENBHO TEMHO-
Boro 3HaueHuA. @oTonpoBoguMocTh Bo30yKaanach UM-
MyJnbcaMU TepareplioBOro ra3oBOro ja3epa ¢ ONTHYECKOR
HaKauKoil AauTenbHOCThIO 0Kkoao 100 He [8]. Huuua Boi-
HbI u3nyueHusa cocraBudana 90, 148, 280 unu 496 MEM
npu MollHOocTH B uMmmyibce 00 30 kBtr. MomHocTh na-
3epHOT0 U3NyUYeHUA BapbUpoBaiach MyTeM BBeJeHUA aT-
TEHIOATOPOB B J1a3epPHBIi MYYO0K.

3HauMTeNbHBIA cUrHal (QOTOMPOBOAMMOCTHU HabmIio-
JajcA TpU BceX AJNMHAX BOJH JIa3€pHOT0 U3NYyYeHUA
BIioTh 10 496 M. Kak u B paGore [7], kuHeTura ¢o-
TONPOBOJUMOCTH U €€ 3HAK 3aBUCENU OT TeMIepaTyphl

o6pasna. Ilpu T = 4.2 K nabaiomanach MojaoKuTeNbHaA
3amep#anHaf HOTONPOBOAUMOCTD C XapaKTepHbIM Bpe-
MEeHEeM pellaKCcaliy, CYLUIeCTBEHHO HPeBBIMIAIONEM [JIH-
TEeNbHOCTh la3epPHOro UMNynbca. 1Ipy MoBhIIEHUU TeM-
nepaTtyps! 1o T = 25 K 3Hak curnHana goromnpoBogumMoc-
TH MEHANCA Ha OTpUIAaTeNbHbIN, a BpeMeHHO Mpoduib
CUT'Hajla MOBTOPAN BPeMeHHOU NPoduib 1a3epHOro UM-
nynhbca.

IlonomurenbHaa gorompoBoauMocThb mpu T < 10 K,
KaKk moKasaHo B paGore [7], cBfzaHa ¢ (oTOMOHU3ALM-
eil MeTacTabUIbHBIX NMpUMecHbIX cocTofAHuil. CrenoBa-
TelbHO, B IAHHOM clIyuae pedb UJET O (HOTOHHOM MpPU-
eMHHKe u3nydeHuA. [nuHa BONHBI, COOTBETCTBYIOUIAA
KpacHoii rpaHulie poToaderTa A1a TaKoro NprueMHUKA,
IpeBbINIAET, M0 KpaiiHeil Mepe, 496 MmrM. Ilta Benuuuna
Gonee ueM B [IBa pa3a MpeBhHINIAeT AIUHY BOTHBI Kpac-
Ho# rpaHunsl ¢potosdderta A = 220 MKM AnA OJHOOC-
HO nedpopmupoBanHoro Ge(Ga) [9], KoTtopas cunraerca
MaKCUMAaTbHO AN BHICOKOUYBCTBUTENbLHBIX (POTOHHBIX
HPUEMHUKOB U3IMyYeHUs.

AmnnuTtyna cursHana ¢poTONPOBOAMMOCTY MU3MEHAET-
CAl IPU Bapualuy MOLIHOCTY nmafatomuiero uanyuenus. Ila
puc.l mpuBeJeHa 3aBUCHUMOCTb OTHOMIEHUA aMILIUTYIbI
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IIuc.1. 3aBucuMocTh aMMIIUTYAbBI (GOTONPOBOIUMOCTU

Acg /oo oT KOIMYeCTBa KBAaHTOB Na3epHOro U3LyuyeHud N,
najalomux Ha o6pasell B eJUHUIy BpeMeHU, IIA pasnud-
HBIX JIUH BOJH Ja3epPHOr0 U3Ny4YeHUs (MUdPHI Y KPUBLIX).
Temnepatypa o6pasua: 4.2 K ana nonoxutenbHoit ¢oTo-
npoBoAuMOCTH (BepXHAA YacTh pucyHka), 25 K gua otpu-
naTenbHON (POTONPOBOAMMOCTH (HMKHAA YaCTh PUCYHKA)

M3MeHeHUA NPoBoAuMOcTH Ao K HaualbHOMY 3HAYEHUIO
NPOBOJMMOCTHU NpPU JaHHON TeMIlepaType gy B 3aBUCHU-
MocTu OoT N — KolMuecTBa KBAaHTOB JIa3ePHOr0 U3IYUe-
HUfA, Najamomux Ha o6pasel] B eJUHULY BpemeHu. Bun-
HO, UTO €ClU JJIfl CUTHANa MO0 UTEeNbHOM 3aiep#aHHOii
(oTompoBoAUMOCTH, Habmopatomeiica npu T = 4.2 K,
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Buj 3aBucumoct Ag/oo(N) cuibHO MEHAETCA PU U3-
MEHEHUY [IMHBI BOJHbI U3MyUYeHNs, TO LA OTPULATENb-
Ho#t ¢doTonposopumoctu (T = 25K) skcnepumeHTanb-
HbIe TOYKM Ul Pa3HBIX NJINH BONH MPaKTHYECKH IIO-
#aTCA HA ONHY M TY e KpPUBYIO, [0 KpaiiHe#l Mepe,
B 061acTH ManbIxX 3HaueHuiit N.

ITa puc.2 npepcraBieHa 3aBucUMOCTb Ag /o 0T Yac-
TOThHI Majaloero M3Iy4YeHUA w NpH (HUKCHPOBAHHOM
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Muc.2. 3aBucuMoOCTb aMIIUTYObl (POTONPOBOAUMOCTU
Ag /oo OT 4acTOTHI MafaloOMero U3IyUYeHNA w MpU HUKCH-
POBaHHOM MIOTHOCTH TMOToKa KBaHTOoB N = 6 - 10%%c¢™! n
Temnepatrype o6pasua T = 4.2 K. [Tudps! y sxcnepumen-
TalbHBIX TOYEK COOTBETCTBYIOT [IMHE BOIHBI lTa3epHOro

HU3Iy4YeHUuA

L u Temme-

IIOTHOCTH TOTOKAa KBaHToB N = 6 - 1023 ¢~
patype obopasna T' = 4.2 K, To ecTb AJfl MOJOKUTENbHOM
3aflepRaHHoii (HoTOMpoBOAMMOCTU. BumHo, uTo 3aBuCH-
MocTh Ao /op(w) Guuska K nuueitnoit. Ilpamas nuHuA
Ha puc.2 mpoBefleHa Yyepe3 DKCIEPUMEHTalbHbIE TOUKU
0 MeTOAy HAaUMEeHbLIIUX KBaApaToB. IIKcTpamnonfnua
ATON TUHUU K HyleBoMy curdanry Ac = 0 naet 6Iu3KyIO
K HYJIO 4acTOTY, COOTBETCTBYIOIIYIO KPacHOW T'paHulle
poTosapderTa.
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Taxkum obpa3om, maHHble HacToAleil paGOTHI CBUIE-
TeNbCTBYIOT O TOM, UTO JJIWHA BOJHBLI KpacHON rpaHu-
1161 (GoTO3d(dEeKrTa, COOTBETCTBYIONAA NOHU3AIUU MeTa-
cTabUIbHBIX IPUMECHBIX cocTofAHMI B Pby_,Sn, Te(In),
OTBEYAIOMINX 3a MONOMUTEIbHYIO 3alep#aHHyo (HoTo-
MPOBOJUMOCTL B TepareploBoil CeKTpanbHO 06lacTH,
npeBbimaer 496 mxMm. Kpome Toro, umeroTcsa ocHOBa-
HUA ToJNlaraTh, UTO YHEPrud WOHU3AIUKU MeTacTabuilb-
HBIX MPUMECHBIX COCTOAHUWI OMIM3Ka K Hymo. B Ta-
KOM cllyyae cIeKTpalibHaf o6nacTh (HOTOUYBCTBUTEb-
HOCTHM paccMaTpUBaeMbIX MaTepHajloB MOMET O0XBaThI-
BaTh Bech TepareplioBbIi AMaMa3oH.

ITa6oTa BhIMONHEHA MPU YacTUYHOMN MOAAEPKKe TpaH-
toB “Linkage Grant of IB of BMBF at DLR”, Iloccuii-
cxoro ¢oHAa GyHIaMeHTalbHBIX UccaeqoBaHuit ## 07-
02-01406-a, 08-02-00306-a, 08-02-90104-Moxn_a, a Takxe
rocyzapcTBeHHOro KoutpakTa 02.513.12.3100.
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