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BJMSHUE JIETUPYIOIIUX ITPUMECEM
HA CETHETORJIEKTPUYECKHME ®A30BBIE ITEPEXO/BI
B PbTe,_,S, U Pb,_Ge,Te

A. H. Jlebedes, H. A. Cayyunckas

UsyueHO BIMAHME HEM3031eKTPOHHbIx mnpumecest Cd, Ga, In, Tl, Sb, Biu Mn: Ha Temneparypy
cerHeToanekTpuueckoro (asosoro mnepexoma (@IT), wmumyumposanmoro B kpucrasuiax PbTe; Sy n
Pby_,Ge,Te HeuenrpansHbiMu npumecamu (HIT) S u Ge. Ilokasano, uro nopobHo Bamaumio Gecnopsaka
3aMemieHus BBefieHUe B 00pasilbl HEM303JMEKTPOHHBIX NpuMecel noHukaer temnepatypy ®IT T, npuuem
BAMSIHUE 3APAKEHHBIX TPUMECEN OKa3biBAETCH 00see CWILHBIM MO CPABHEHUIO € HEJIEKTPOAKTUBHBIMH
npumecsimu. TTounxenue T, 00bACHIETCS BIMAHHEM Ha yHIOPSAOYeHHe RMnonbHbix MoMenToB HIT coryuaiineix
3MEXTPUYECKMX W NePOPMALMOHHBIX TNONEH, CO3NABAEMBIX HEM303JEKTPOHHBIMM HpumecsMu. Benmumna
KOHKpeTHOro 3GdeKTa paanvMuHa ISl KaXA0# NPUMECH M ONpenesercs €e 3apsaoBbIM COCTOSHMEM,
FeOMETPUUECKMMH Pa3MepaMM M MosioxeHueM B pemerke. IToOka3aHOo, 4TO M3yUEHHE BIMSHHMS OTKJIOHEHHS
oT ctexuomeTpum Ha T, B JerupoBaHHbx 06pasuax nossojseT noayuuTh Gonee peTatbHyr HMHbOPMALMIO
0 MMKPOCKOITMUYECKOM COCTOSIHMM NMPUMECH B KPUCTAILIE.

OnHuM U3 COBPEMEHHHX HanpassieHUM (PU3MKHM TBEPAOTO TEJIA SBJISETCS U3yueHHE
usHueckux gBJEHUN B HeDEKTHHX KPHCTa/UIaX. B 3TOM IUTaHe OKa3HBAIOTCA BaX-
HEMM paboTH, CBS3aHHHE C M3YYEHWEM BIMAHHA DAa3NUYHBIX AeHEKTOB HA IPOTE-
Kamomue B Kpucrasnax (paszosnie mepexoan (PIT).

IMposenensnie B paborax ['~*] mccnemoBamus BANSHHS HW30INEKTPOHHOIO 3ame-
meHus Ha cerHeroanextpuueckue OIl, WHIYIMPOBAHHHE B TBEPABIX PAcTBOpax Co-
enunenuit A*B° meuenrpanbumMu npuMmecamu (HIT), o6HapyXuwiu CHIbHOE BJIMSHHUE
6ecnopsnxa samemenud ua OI1. Tak, BBefeHNE H302JEKTPOHHHX NPAMECEN B KPHCTAJ~
au PbTe,_,S, u Pby_,Ge, Te (HIT —S u Ge) npusomwio K CHIbHOMY MNOHHXCHHIO
temnepatypsl @IT T, B ueTBEpHHX TBEPAHX PAcTBOPAX BIUIOTH JO TIOJIHOTO IONABICHHS
®I1 [?]. Tounmxenme T, COMPOBOXAAIOCH TNOSIBJCHAEM IMCTEPE3NCHHX IeTedb Ha
TEMIICPATYPHHX 3aBHCHMOCTSX YHENBHOrO compoTusieHus p (7) B obmacTd NHKA
AHOMAJILHOTO pPacCesHus (CBHMAECTEIbCTBYIOMHUX O CHIBHOM 3aTOPMAXHBAHMH TIPOLLECCOB
YCTAHOBJAECHHUS PABHOBECHS B JHUIIOJBHOM IOACHCTEME), @ TAKXE 3aMETHHIM BO3pa-
CTAaHHEM pACCESHMS HOCHTENEW B BHIPOXAECHHBIX o0pasuax NpH NOHMXEHHM TeMme-
paTypHl. ITH SBJACHUS OOBACHSIHUCH BIUIHUEM HEYHNOPSIOYCHHOH CTPYKTYPH TBEPAOTO
pacteopa Ha OII: u3-3a XaOTHUECKONO paCIHOJIOXEHHS ATOMOB 3aMEIIEHMS BOKPYT
HIT sxBuBaneHTHOCTh pasmuunux cvemennii HI1 wapymaercs, npuueM BO3HHKAOMEES
OpH 3TOM BO3MYINEHHE MOXHO ONWCATH, BBOAA B KaXAei ysen, 3adstai HII,
CIyyadHOE MMOJie, COMPSKEHHOE MapaMeTpy NOpsfaKa.

B paMkax 5TOM IHIOTE3H MOXHO ORUTO OXHIATh, YTO JICTHPYIOMHE (HEH303/IEK-
TPOHHBIE) NPMMECH TaKXe NOJXHH OKa3WBaTh CHIbHOE BiausHue Ha OII B kpucrawiax
¢ HII. C npyroi cropons, He ObUIA MCKIIOYEHA BO3MOXHOCTH TOTO, UTO HEKOTOPHE
U3 HEM303JEKTPOHHBIX IPHUMECEH MOryT OKAa3aTbCS HEUEHTPAIbHBIMH.

B Hacrosmeit paboTe CHCTEMATHYECKH MCCIEKOBAIOCh BIMSHHE LEJIOT0 PAaa HEH30-
SNEKTPOHHHX NpHMece# Ha cerHeroanekrpuyeckue QI B PbTe, .S, n Pb;_,Ge,Te.
BeutH M3y4yeHH 3JEKTPHYECKHE CBOMCTBA MOHO- M NOJMKPUCTALIMYECKMX 00pa3lioB
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Puc. 1. TemnepatypHbie 3aBucuMoctu p (T) MOHOKpuCTan-
noe Pby_,Ge,Te, neruposanubix 2 at.% In (8 wmxre).
x: 1 — 0.033,2 — 0.05, 3 — 0.06. Bce KpHBbie HOPMHPOBAHKI N0 BEHUHHE
npouaponHoit do/dT nph 125 K, a kpuBbie I H 2 NONOHHTEHHO CABHHYTH
BBEPX COOTBETCTBEHHO Ha 35 1 20 nesienit. CTpeIKaMH OKA3aHO Hanpas-
NieHHE HIMEHEHUS TEMNEPATYPhI TPH 3ANTHCH KPHBLIX.

PbTeo.gzso.og H Pbg_g4Geo~06Te, JICTUPOBAHHBIX
npumecamu Cd, Ga, In, Tl, Sb, Bi u Mn.
MOHOKPHMCTA/UTHL [OY4aInCh METOAOM Cy6-
MUMAaLMH, JErdpyrouiass TNpUMMEch BBOAWIACH
npsMo B WMXTy. [lonMKpHCTA/LIHYECKHE OOpas-
I TIOMYYAIHMCh CIUIaBJICHHEM INPENBAPUTE/IBHO
o CHHTE3HPOBAHHBIX CTEXHOMETPHYECKHX TBEPABIX
40 80 120 pacteopoB PbGeTe wimu PbTeS ¢ resnypunamu
T,K cootsercreyomux mnpumeceit (CdTe, GaTe,
InTe, TITe, Sb,Tes, Bi,Te;, MnTe). Onnodas-
HOCTb OOpPA3LOB KOHTPOJMPOBANACH PEHTIEHOBCKMM METOAOM. YacTh HMCCIENOBAHMI
Gsuta mpoBeneHa Ha obpasuax PbggsGegosTe(In) m PbTeqs;S00s(Bi) € oTkIoHeHHEM
OT CTEXHOMETPHH, OTKJOHEHME AOCTHTAJNOCh MyTeM J00aBieHHs B INPEIBAaPUTEIBHO
CHHTE3HPOBAHHBIC JIETHPOBAHHBIE 00pa3Lbl CBEPXCTEXMOMETPHUECKHMX INEMECHTAPHBIX
Pb wm Te.

Ha puc. 1 nokasanbl TeMnepaTypHbie 3aBHCHMOCTH YAEJIBHOTO CONMPOTHUBJICHHUS P
(T) tpex momokpuctamnos Pb,_,Ge, Te pasHoro cocrasa, JErHpoBaHHBIX 2 aT.% In
(8 muxre). ! JIng 3TMX OOpa3LOB XapaKTEpPHbl BCE SBJICHHMS, HAGJIONABIIMECH IIPH
JIETHPOBAHUM TBEPABIX PACTBOPOB HM303/1EKTPOHHHIMH NpPHMECAMM: NOHUXeHue T, H
IOSIBJICHHE NETeab ructepesuca B6ausu T.. XoTs B JIETHPOBAHHHX MHAMEM obpasuax
KOHIEHTPALUs 3JIEKTPOHOB H3MEHSETCA C TeMnepaTypoi, mis obpasua ¢ x = 0.033
3T0 U3MEHEHHE CPABHHTEJIbHO HEBEJIHUKO [*] ¥ nosromy u3 noseneHus xpusoit p (T)
NPY HASKMX TEMIEPATYPAX MOXHO CAE€JaTh KAYECTBEHHHIH BBIBOX M O CYMECTBOBAHHH
JOTOJTHHUTEJBHOTO HM3KOTEMIIEPATYPHONO PacCEsHHS.

Ha puc. 2, a nokasaHn TeMmmnepaTypHuie 3aBucumoctu p (T) pnd cepud noJu-
Kpucrautuueckux  o0pasnoB  PbTegg,Sp0s € pasnMuHOd  KOHUEHTpauuen
nervpyromeit npumec In. Mamenenns, HaOmogaembie B 00pasuax C POCTOM KOH-
LCHTpAlLMK NpUMECH: NOHMXeHue T, MOSBJACHUE CHJIbHBIX IHCTEPE3MCHBIX SBJIEHHH
M HH3KOTEMIIEPATYPHOrO pAacCesHusi, ObLIM COBEpPIIEHHO AHAJOTHYHBI SBJICHHSM,
Hab10MaeMbiM [P YBEJMUEHMHM AMIUIUTYABl CIyyaiHbIX TOJIEH B KpHMCTa/Lax ¢
M303/1EKTPOHHBIM 3aMelnenueM (puc. 2, 6; cm. takxe [ 2)). Kak u B cayuae
kpucrauio Pb,_,Ge, Te(In), KOHUEHTpauMs 3JEKTPOHOB B 3THX 00pasnax mH3Mme-
HAETCS C TEMIMEpaTypod, OOHAKO U3-32  BHICOKOIO  MOJOXEHHS  yDPOBHS
crabwmsamuu B obpasuax (n,; = 10'° cM™3) oTHOCHTENBHOE M3MEHEHHE KOHIIEHT-
palMH C TEMIOEPaTypod HEBEJUKO U HE MOXET NOBJMSATh HA BBHIBOX O MOSBJICHHH
DOTOJHUTENLHOTO HHM3KOTEMIIEPATYPHOrO paccesHusa. KoInmuecTBEHHOE CpaBHEHHE
BausHua npuMmecu In m w3osnexTponHoit mnpumecu Se HA T, B PbTeq 5008 (PHC.
2) 1NOKa3HBAET, YTO BJAUSHHME TpPUMECH HWHAWS oOKaswiBaercs B 60 pas Gosee
CHJBHBIM N0 CPAaBHEHHIO C BIHSHHEM Se.

3aBucumMocth T, OT XOHUEHTPALMHU DA3NUYHBIX JIETHPYIOMIUX mNpuMeced N; B
noaukpuacramnax PbTepg,So0s ¥ PbggsGegosTe mokasana Ha puc. 3. Bumno, urto

1 Cpasuenue 3uauenuit T, B 3TMX KpUCTAIax M moamkpucramnax PbgosGegoeTe ¢ M3BECTHBIM
comepxxanuem In (puc. 3) ykasbisaer Ha GAM3OCTb KOHUEHTPAuUMi In B 1UMXTE M BHIPALUEHHbIX U3 Hee
KpUCTaANax.
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Puc. 2. Temnepatypubie 3asucumoctut p (7).

@ — s 06pasuos PbTeq 9280.08, eruposainbix Muamem Nip (at.%): 1 — 0,147, 2 — 0.307, 3 — 0.487, ¢ — 0.713; 6 — nna obpas-
uos Pb(Te; __ 48e4)0.9280.08. x (Mon.%): 5 —21, 6 —27, 7 — 34, 8 — 40, 9 — 46. Bce KpHBble HOPMHPOBAHKI MO BETHWIHE
npousponHoi dp/dT npu 105K, a kpusele 2, 3, 4, 6, 7, 8, 9 NONOTHHTEITLHO CABHHYTHE BBEPX COOTBETCTBEHHO Ha 25, 45, 50, 40, 60, 100
H 120 nenenuii. .

BBEJCHME JIETHPYIOWMX NpuMeceit B o6a TBEpAbIX PacTBOpPa MOHMXAET TEMMEPATYDY
O®I1, npuuem 3aBUCHMOCTH T, (N;) OKa3blBAKOTCA HEMMHEHHBIMA (YTO HE OUYEHD
TUIIHYHO U1 CECHETOIJIEKTPHKOB) M DPasHbIMH IJISl PA3HbIX MPHMECE.

Ckopocty usmeHeHuss temmepatyput OIl B 3TUX KpucTainax mnpH  MX
aeruposanuu Cd, Mn u npumecamu Il u V rpynn npusenenn B Tabmuue. dua
CPaBHCHHMs B Tab/IMIly BKJIIOYEHbl JAHHBIE O BJIMSHHM HM302JEKTPOHHBIX IIPHMeECEi
Ha T. ConocraBjeHHE 3THUX NAaHHBIX TNOKA3bIBAET, YTO HEM303JEKTPOHHBIE NPHUMECH
Baug0T Ha Temmepatypy ®IT cunbHee, yeM H30I1eKTPOHHBIE mpumecH. Ecnu mpu
M303JIEKTPOHHOM JIETUPOBAaHMH Pbgo,GegosT€ MakcuManbHAs CKOPOCTh MOHMXEHHS
T. cocraasina 11 K/ar.9% npu neruposanuu cepoif, TO HEN303JEKTPOHHbIE
npuMecH noHmxkawor T, co ckopocteio o S0 K/ar.%. Auanoruunas kapruHa Ha-
6monaerca u B PbTey 4,505

Kak cnenyer m3 aHanmaa TabaMuBl, MEXIY CKOPOCTHIO MOHMXXEHHMS TEMIIEPATYpPbI
@I1 ¥ 31eKTPUUECKONM AKTUBHOCTBIO NPMMECH B PEIETKE HAGMI0AAETCS ONMpeaeacHHAas
koppensuus. Bugso, uro anekrpoakTuBHbie npumeck (In, Sb, Bi) oxaswiBaror Ha T

Te K
E;K a1 ;6‘0
80 a 3%
s 4
x5
n o6
*Q\\<\ 07
wh X
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Puc. 3. 3asucumoctnp Temnepatypbl ®IT OT KOHUEHTPAUMM DPA3TUUHBIX HEW3ODJEKTPOHHBIX NpuUMeceH B
kpucramnax PbTeg92S0.08 (@) y PboosGegosTe (6).

!1—Cd,2--Ga,3—1In,4—Tl,5—Sb,6—Bi,7 —Mn.
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CKOpOCTo> M3MEHEHMS TEMNEPATyPhl CErHETOIEKYPUUECKOro &Il 8 TBepnbix pacTBopax Pbo.osGeposTe
u PbTep9280.08, NEFMPOBAHHBIX M303/EKTPOHHBIMM M HEW303MEKTPOHHBIMU (nerupyommMM) IPUMECHMU

W30aNeKTPOHHbIE IPUMECH JlerupyrotHe NpUMecH
bIA
Tocpnbii pacrop fIpHMEES A, K/at. % NpHMeCh A, K/at. %
Pbg.94G Te Sn 0 Cd —10
0.940€0.66 Se 0 in Y
S —11 Tl —50
Sb —40
Bi —43*
Mn —30
PbTep.92S Sn —2.5 Cd —20*
0.9250.08 o T o -2
Se —1 In —80*
Tt —20*
Sb —30
Bi —26
Mn —10

* KOHLieHTpALIHOHHBIE 3ABUCHMOCTH To [ 9THX MNpHMeCeH CIUILHO HEJMHEMHDI; JaHHble MPHBOAITCA U4 COREPXKAHHS
npumech |1 at. %. ** HaGmopaemuti poct T CB®aaH € HeueHTpamHocThio atoma Ge.

Gosee CHAbHCE BAMAHME, YeM HeanekTpoaktupHne npumecd (Cd, Mn). Oto Moxer
CBUETEILCTBOBATh O 3aMETHOM POJIM KYJIOHOBCKHX MOJIEH, KOTOPHE MOIyT HOJSpPH30-
path HIl B ciyuadiHHX HanpaBjeHUSX U TEM CaMHM MOHUXaTh 7.

Mbl cyuraeM, YTO HAID BHBOX O CYI(ECTBOBAHHM KYJIOHOBCKHX MOJIEH NpHMECEH
HE MPOTMBOPEYHT H3BECTHOMY (PAKTY O HE3HAUHTEILHOCTH NMPHMECHOIO PACCESIHHS B
noaymnpoBogHuKax rpymmm  A‘B®. W3-3a CHIBHOTO SKPAHMDOBAHHMS PEMIETKOM
HOTCHIMA TIPEMECH OKA3HBAETCH KOPOTKONEHCTBYIOIMIEM, NJMHHOBOJHOBHE KOMIIO-
HEHTH JTON0 HOTCHUMana C1abHW ¥ MOJTOMYy pacCedHHE HAa HEM INPAKTHYECKH HE
ourymaercs CBOGONHBIMH HOCHTENSIMH. B TO Xe BPEMA Ha MaJIHX PACCTOSHHSIX MEXAY
HII ¥ 3apsXeHHHMH aToMaMu (CPeNHEE PAcCTOSHME MEXAy HumHu =~ 18 A npu xom-
ueHTpauuu npuMecd 1 ar.%) BelMYMHA 3TOrO NMOTEHIHANA BIOJHE NOCTATOYHA /IS
nongpusanuu HIL.

ABHasm3 tabnuun mokasweaer, yro sausHue Ha T, aromoB Cd u Mn, xoro-
pHe, CyAs N0 JMTEPATYPHRIM NAHHKM, 3jICKTPOHEHTPANBHH B XaJbKOr€HHIOAX
CBHMHUA, TAaKXe OK33WBAETCS CHJIbHEE BJUSHHAS W30JIEKTPOHHHX IpHUMECEH.
IpuyvHo# Gonece CUIBHOTO NOHMXEHMs 7T, B TAKHX KPHCTA/UIAX MOXeT OuTh
B3aMMOZEUCTBHE KBAaApPyHosbHHX ynpyrux momenroB HII co cryuaiimMu snoxans-
HEME AedopMauMSIMM, CO3JABAEMHMH HEH30IMEKTPOHHHMMH TipuMecaMu. ITockois-
Ky xapaktep xumuueckoit cBa3u B CdTe u MnTe u ee sHeprua (ompenensiomas,
HampuMep, TEMIIEPaTypy IUIABJIEHHS COCAMHEHMSA) CWIBHO OTIMYAKIOTCH OT XHMMHYeE-
CKOM CBY3M B XaJbKOrEHHNAX CBHHUA, MOXHO OXHAATb, UTO BOKDPYr HEM303JEKT-
POHHHX mpuMeceil 3amemeHus OyxyT BO3HHKAaTh Oojee CHIBHHE JIOKAJIbHHE Ie-
dopmanuu pemeTky, YTO M ompenenser ux Gonee cuibHOe BiusHue Ha T. Kpome
TOr0, BO3MOXHO, YTO HEHM303JEKTPOHHHE MNPHMECH MOTYT BXOAHTh ¥ B HApYyrue
CTPYKTYPHHE TO3MIMM B pEmeTKe, HANpUMeEp, B  MEXOOY3/JIHd, CO3HABas eie
66nbmue JOKaNbHEE ASOpMALIMH.

O6GcymuM Temepp BO3MOXHHE NPHUYMHH HEJAHEHHOIO XapaKTepa 3aBMCMMOCTH
T. (N;) B XpuCrauiax npy HeGONBIION KOHLUEHTPALUMM NpUMECH. 3Ta OCOBEHHOCTH
Haubosiee sgpko BHpaxeHa mna nmpumecn Cd s PbTe, S, (puc. 3). Kak cuenyer
43 3TOr0 DpHCYHKAa, npH Ngy<0.3 ar.9% smusane Cd Ha T, HEOTJHYHUMO OT
BJIMSHHS 3apsxeHHHX npumeceit In, Tl, Sb. Oto nossonser npeanosoXuTh, YTO B
oToii ofsmactH KOHueHTpaumii atoMn Cd TakXe OKAa3HBAIOTCH 3apSXKCHHBIMU B
pemetke. IIpu Gonee BHCOKMX Ngy CKOPOCTH NMOHMXEHHS T, CHJIBHO yMEHBIIAETCH,
yKasHBas Ha TO, 4yto Tenepp atoMu Cd BXomaT B pemeTky B BHAES HEHTPANbHHIX
aTOMOB.

632



\
%
5]
7
o

X
\ §>‘<-x.x
01 X \
\

X_/X/X’ 50

60
! { J L ! 1 1 | i !
1 0 1 2 0.4 0.4
pr,am.% N-re,am. o/o pr,am.°/o N-re,am. o/o

Puc. 4. Uamenenne temnepatypst PIT 8 neruposanHbix 06pasuax npu OTKJAOHEHMH COCTaBa 00pasuoB OT
CTEXMOMETPHH.

a — obpaauml Pbg 95Geq o5Te, nerupobanusie 2Mon. % InTe; 6 — obpasust PbTeg,9280.08, lerposannbie 0.67 mon. % BiTe.

Mbl cumTaeM, YTO Da3NMYHBIM 3apaaOBBIM cocrosHuaM mnpumecn Cd orseuvaror
IOBE pa3MuYHbIE CTPYKTYPHBIE MO3UUMHM B pelerke. IIpH HU3KOM KOHUEHTpAUHUH
arombt Cd npeuMymecTBEHHO 3aHHMAKOT TETPA3APUYECKHE MO3MDuM (KaK B peuer-
ke CdTe), B KOTOpHIX OHM MPOSIBJLIOT AOHOPHBIE CBOMCTBA. Bosjee jerkoMy BXOX-
nesmio aromMoB Cd B MeXHOy3aMs CHOCOOCTBYET WX MEHBIOMH pasMep Mo Cpas-
HeHHI0 ¢ aromMamu Pb. Ilockospky KOHIEHTpAanHMs 3JIEKTPOHOB B KpHCTA/LIaX
MPaKTHUECKH HE 3aBUCHT OT Ngy, IMEKTPUYECKAs AKTHUBHOCTD MEXAOY3ETBHOIO
KaIMHUd KOMIIEHCHPYETCS ONHOBPEMEHHO BO3HHMKAIOLIMMH AKIENTOPHBIMHU YPOBHSIMH
BAKAHCHM METasia; 3TOT pPOCT MOJHOM KOHUEHTPAUMHM 3apSKCHHBIX LEHTPOB H
NpOSBASETCS B HAWIMX JKCOEPUMEHTaX Kak CwibHoe mnoHuxenue T, Tlpu
JOCTMXKEHMM TIPENENa PacTBOPDMMOCTH Kaamus B Mexaoysnusax arome Cd HauuHa-
0T 3aHMMATh IPEMMYLIECTBEHHO Y3/0BbiE NO3MNUM, HE NPOSBALS TaM HUKaKO#
3JEKTPHUECKOH akTuBHOCTH. Hamie 3akioueHMe O BO3pACTaHHM KOHLIEHTPAlMH 3a-
PAXEHHBIX LEHTPOB NpH JETMPOBAHMH KAAMHMEM COLJIACyeTcsi C JaHHBIMH pabOoTH
[°], B xoTopoit o6HapyxeHo 3amerHoe (Ha 0.16 3B) ymeHbweHue 3Heprum obpaso-
BaHHs nap nedexkToB B JermpoBaHHoM kagmuem PbTe.

CornlacHO HAIIUM PACCYXIOECHHUSIM, KPOME 3apSXEHHBIX TPUMECEH Ha TEMIEPATYpY
@I B KpuCTa/LTaX MOTYT BJIMSTH M OPYIHE 3aPAKEHHHIE TOYEYHHE NEEKTH, TaKHE
KaK BakaHcud. Bimaume Takux aedexkros Ha OII B Henermposannom Pb,_,Ge,Te
oTMeuanoce B pabore [’], rme 6euio obmapyxeHo monmxenue T, Ha =8 K mpm
YBEJIMUEHHM TEMMEPATYPH TepMOOGPabOTKH KPHCTA/UIOB, PH KOTOPOH KOHIEHTpAuus
Toyeunnix AedekToR Bo3pacrana. Ilockonbky B HenermpoBaHHbix PbGeTe u PbTeS
TPYHHO CO3A4Th BBHICOKYI0 KOHUEHTPALHIO TOYCUHHIX AE(PEKTOB IyTEM OTKJIOHCHHS
HX COCTaBa OT CTEXMOMETPUH H3-3a BBJIEJECHUS M3GHITOUHBIX KOMIIOHEHTOB BO BTODYIO
a3y, GbLI0 PEMIEHO U3YUUTDH BJIUSHHE BAKAHCHIL B CHJILHO JIETHPOBAHHHIX KPUCTAILIAX.
B rtakux kpucrawiax o001acTb TOMOrEHHOCTH CYNIECTBEHHO IIHpE, MOITOMY MBI
HAOESIMCh MYyTEM JONOJHHUTENLHOIO OTKJIOHEHHS COCTaBa OT CTEXMOMETPHM CO3MaTh
CyIWECTBEHHO GOsIee BHICOKYIO KOHUEHTpAuuo AedekToB 3a cyeT 3(PdeKToB KOMIEH-
canmMu. DTH MCCIEROBaHMS OBUIM TPOBENEHH HA KpucTawiax PbggsGegosTe(n) u
PbTe;.0280.08(Bi).

Uccnenosanne cepun o6pasunoB PbggsGegosTe, merupoBanHux 2 Mon % InTe,
NOKa3aJ0, 4TO mpH (UKCHpoBaHHOM coaepxaHunm In m Ge OTKIOHEHHE COCTaBa
KPHCTa/L1a OT CTEXHOMETDMH B CTOpOHy HM30mTKa Teanypa nommxaer T, ma 20 K
(puc. 4, a). ITonyyeHHNE PE3y/IBTATH, MO HANIEMY MHEHHIO, OAHAKO, HE MOTYT OHTDH
ONHO3HAUHO OOBACHEHH OAHMM TOJBKO BJIMSHUEM BAaKAHCHH; MH CUMTAEM, YTO MX
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MOXHO 6oJee TOCTEIOBATEIbHO OOBACHUTH, TPEANOJaras BO3MOXHOCTh BXOXIACHHS
atoMoB In B HECKOJNBKO CTPYKTYPHHIX TIOJIOXEHMH B pemerke. Bonee noxpoSHo ator
Boripoc GyNeT OCBEImEH B OTAEIBHON MyGaMKauuu.

B rtpex cepusx o6pasuoB PbTey0:S00s(Bi), B KaxXJ0Hd M3 KOTOPHIX KOHLIEHT-
pauus npumecu Gbita 0.44, 0.67 u 0.91 ar.%, Temnepartypa OIT TakXke yMeHb-
manace Ha =10 K npu OTK/IOHEHMM COCTABA KPHCTa/LIa OT CTEXHOMETPHH B CTO-
poHy wusbmTtka Temnypa (puc. 4, 0). JloGommTHO, uTO nobasnenne M3OHITOUHOTO
Te/typa B 00pasuBl COMPOBOXIANOCH BO3PACTAHMEM KOHIEHTDALMH 3JIEKTPOHOB.
Ananoruursii ekt pasee Habmopancs B kpucraax PbTe(Bi, Te) B paGore
[6] u obbsicHsiics Tam amdOTEPHOCTbIO MpuMecH Bi, cOCOOHOH BXOOMTH KaK B y3-
am Pb, Tak un B y3nm Te. Bonee Buicokas T, B 006pasuax, JIETMPOBAHHBIX MO
crexuoMeTpuueckoMy paspedy PbTe—BiTe (xoropeie xapakTepH3yroTCs Gosee
HM3KOM KOHILEHTPALMEH J7EKTPOHOB), MOXET yKa3hiBaTh HA TO, YTO YacTh aTOMOB
Bi HAXODMTCS B MOAPEWIETKE Te/UTypa, B KOTOPOH OHM OKa3mBaloTca Ha Gosee na-
JI€KOM MHMHMMAJBHOM paccrossmu ot HII cepbl u, crenosaTenpHo, ciabee BAMSIOT
Ha T,

TlpoBeneHHblE HAMM MCCJIENOBAHHMS INOKA3HBAIOT, UYTO BCE M3YUCHHBIE NpUMECH
B kpuctawiax PbTegg;Soos M PbggiGeposTe monmxaror T,. Ilo-Buaumomy, cpeau
MCCIEI0BAHHBIX TPHMeEcedl HET HM OOHOM, Koropas Owuta Ob HereHTpanabHOid. He-
YHIAUHBIMM OKa3aiuch M TOMKTKH OGHApyXuTh cerHerodnektpuyeckue OIT wm
4BJIEHNS, KOTOpPHE yKasmBanu O Ha nossiaenue munoned HII [*] ® xpucramnax
PbTe, JerMpoBaHHHMX aTOMaMH Manoro paguyca —Be m Mg. Drto osnauaer, uro
reoMeTpuueckuit (hakTop, BEPOATHO, HE SBJISETCH CAMBIM CYLIECTBEHHBIM IJIS MOSB-
nenuss HII. IlpuumuO# TOrO, UTO CpeOM HEHW303NEKTPOHHHX NPHUMECEH OTCYTCTBYIOT
HII, no-BuauMOMY, SBJASETCA KAUECTBEHHO MHAs NPHPONA XHMHUYECKHX CBs3ed, xa-
paxkTEpHas A8 XaJbKOTEHHIOB ITHX I/IEMEHTOB NO. CPABHEHHIO C XATbKOTEHUIAMH
ceunna. Tak, coenuHedns BeTe m CsTe KpHCTA/UIH3YIOTCS B CTPYKType UMHKOBOH
obManku, a MgTe—B CTpyKType BIOpUHMTA, HAJS KOTODHIX XapaKTEpHA TeTpa-
SIpAUecKas KOODOWHAIMS aTroMa Metamia [*]. DTH KPHCTA/LTMYECKHE CTPYKTYpbL
XapaKTepHH IS TOJMYIPOBOOHMKOB C NpeobiafaHHEeM KOBAJEHTHOM COCTaBJISIOLIEH
cesizu. Opmako, kKak oTMeyasnoch B pabore ['°], Gosbmas XeCTKOCTbh KOBAJEHTHOM
CBS3M IO OTHOMICHMIO K M3MEHEHHIO YIJIOB MOXET CHJIBHO NPENSTCTBOBaTh 00paso-
saumio HII.

TakuM 06pa3soM, MCCACIOBAHHOE B HACTOAMEN pabore BAMSHHE HEHU303JCKTPOH-
HHX TnpuMeced Ha cerderoasnekrpuueckue OII B TBEpmBX pacTBOpax COEOMHEHHI
rpynns A*BS ¢ HIT ymaeTcs KauecTBEHHO OOBSCHHTB, PACCMOTPEB BJMSHHME CIIy-
YAWHBIX 3JEKTPHYECKUX M AeDOPMAIUOHHHIX IM0JIE, BOSHMKAIOMIUX BOKPYr HEH30-
anexTpoHHHX npuMeceit, Ha aromsl HII. Kak u B ciyyae Gecnopsapka 3aMelueHus,
otd nons nossipudyior HIT u, ocnabnas sbdexkTuBHOE B3aHMONEHCTBHE MEXAY
HuMH, noHmxamr temmneparypy OII. Benuuwmna koHkperHoro addekra Ans Kax-
O TIpAMECH 3aBHCHT OT TOIO, KAKOBHl €€ 3apsiiOBOE COCTOSIHME, PEOMETPHYECKHE
pasMepn M MOJOXEHHE B pemeTke oTHocuresbHo HII. B 3akmioueHue oTMETHM,
yTO M3yuenue BmMsHMA mpumeceir Ha OI1 B TBepaBXx pacTsopax A*B° npencrasns-
er co0oif HOBHIA METOX WCC/IEAOBAHHMS 9THX KPHCTAJUIOB, NO3BOJASIOWIME Ompe-
HEJUTh MHUKPOCKOMAUECKOE COCTOSHME IPUMECH B KDHCTa/UIMYECKOH pelieTke
(IONIOXEHHE, 33aPSHOBOE COCTOSIHHE).

ABTOpH BHpaxaior OnaropapHocte E. M. CiamHBKO 3a HpemoCTaBjeHHE IOBYX
MoHokpucrauioB PbGeTe(In) mag uccrenosaHus.
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