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B pabore ob6cyxmaeTcst TexHOJOrus GOpMUPOBaHUS (POTOPE3UCTUBHBIX COCNMHEHUIT HA
OCHOBE KOMIIO3MTa U3 CeJICHUAA U CeJIEHUTa CBUHIIA, KOTOpbIe ObUTM ChOPMUPOBAHBI ITy-
TeM OKHCJICHUSI MOJMKPUCTALIMYECKUX TUIeHOK #n-PbSe. MexaHusm mMonudukanum mo-
BEPXHOCTHU TJIEHOK #1-PbSe rccienoBaH ¢ MOMOIIBIO CKAHUPYIOIIETO 3JIeKTPOHHOTO MUK-
pockona (COM) Zeiss Merlin. IlpencraBieHbl pe3yabTaTbl MeXaHU3Ma OKHUCICHUS
n-PbSe, BMecTe ¢ ux 6oJjiee paHHUMU MyOJUKALIMSIMU, UCCIENOBaHa UX COIIACOBAHHOCTh
Mexy coboii. [IpennoxeHa TeopeTndeckast Monesb (TUIOTe3a) MOTEHITUATBHOTO Tpodu-
7151 POTOYYBCTBUTEIHLHOTO FeTeporepexoaa, B KOTOPOM KaxKIblii KpUCTAJLI TUIeHKH 7- PbSe
BO BpeMsI OKMCJIEHMSsI B aTMOoc(depe cyXxoro Bo3ayxa oOpasyeT Ha MOBEPXHOCTH CILIOLIHYIO
o6osouky p-PbSeO;. B nanHoii pabore paccMOTpeHa IMIIOTe3a O CTPYKTYPHOI Mozmenu
G OTOUYBCTBUTENIBHOTO reTeporiepexoa, MpealoXeHHas ApyruMM aBTOpaMM, Ha OCHOBA-
HUM MeXaHM3Ma OKUCJICHUS, MPEIJIOKEHHOTO HaMM, TTPaKTUYECKH TOATBEPXKIeHA B Ha-
CTOSsIIIIEeH paboTe.

KioueBsbie ciioBa: 1oTypOBOIHUKOBBIE TIJIEHKHU, (hOTOIMPOBOAMMOCTD, CEJICHU, CBUHIIA,
CeJICHUT CBUHIIA, ABYX(a3HbI KOMITO3UT, YALTpaGHOJIET, OIITUYECKOE U3TyUYEeHUE, UCTOU-
HMK noHOB Ga ™
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BBEAEHUME

Matepuaisl, YyBCTBUTEIbHBIE K yabTpaduonetoBomy (YD) uzitydeHUI0, HAXOASITCS IO,
MPUCTAIbHBIM BHUMaHUEM M3-3a PacTyllleil MOTPeOHOCTU MPOMBILIIEHHOCTU, MEAULIUHBI,
9KOJIOTUU U APYTUuX cep AesATeIbHOCTU YeJoBeKa B MOJYIIPOBOAHUKOBBIX (hOTONETEKTOpaX
st YO cnekrpa [1-4].

JIIMHHOBOJIHOBAsI TpaHU1Ia uaeaaibHOro dotonaerekropa s Y® crieKTpaibHOI obiacTu
IIOJKHA COOTBETCTBOBATH 3HaYeHUIO A = 380 HM, T.e. KOOSOULMEHT IOIVIOIIEHNUS CBETA B
HMCXOIHOM IIOJYIIPOBOAHMUKE JOJDKEH ObITh KaK MOXHO MEHbIIMM Ipu A > 380 HM U Kak
MOXHO GosbinuM 1pu A < 380 uM [5]. Beayliue HaydHbIe LHEHTPHI AKTUBHO pabGOTaIOT HaJl
pa3paboTKoii moaynpoBoaHUKOBBIX YD-cBeTonnonos (CJ) u potonuonos (PI) Ha ocHOBe
HaHoreTepocTpyKTyp AlGaN ¢ aInMHOM BOJIHBI n3nydeHus ot 210 uMm [6, 7]. JIast npou3sBom-
ctBa Y@ doToneTeKTopoB TakKe ucroib3ytoTcs coenuHenus 11—V (GaP, GaN, AIN, SiC u
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T.1.), coequHeHus 11—VI nmuHKoBBIE XaJIbKOT€HUIbI, KaAMUEBBIE XaJdbKoreHuabl, ZnO u ai-
Ma3 [1—13]. OcoOblit MHTEpeC NPEeaCTaBIISIIOT MaTepUAJIbl, KOTOPHIC He IIPOSBIISIIOT IyBCTBH -
TEJIbHOCTHU B BUIMMOM JIMaIla30He, HO MOTYT MPOSIBISATH ee B YD nuamna3oHe.

Llenp HacTosIIETrO MCCIEAOBAHUS U3YYEeHUE MEXaHM3Ma OKUCICHUS MOJIUKPUCTATUITNYE-
ckoii ruieHKU n-PbSe B atmMochepe Bozmyxa 1 mogydyeHre KOMIIO3UTa CO CIUIONITHOM 000104~
Koil p-PbSeO;.

OKCIIEPUMEHTAJIBHAA YACTb

st monydyeHus: 6osiee TOJHON KapTUHbI, CBSI3aHHON ¢ MEXaHU3MOM OKHUCJIEHUS TOJIU-
KpucTauimyeckoil ruieHku PbSe B atMocdepe Bo3myxa, B KauecTBe UCXOAHBIX MaTEPHUAIOB
TS JAjJbHEUIINX MCCAEAOBAHUN ObUIM MCMOJIB30BaHbl HEOKWCJIEHHbIE 00pa3lbl #-TUIA
PbSe, Tuir mpoBoAMMOCTH KOTOPBIX OB 00YCIOBJIEH COOCTBEHHBIMU AedekTaMu. OOpa3iibl
WCCJeI0BAJIM B BUJIE TIOPOIIIKA U TUIEHOK, TTOJIyYeHHBIX B CXOMHBIX TEXHOJIOTUUECKUX YCIIO-
Busix. [IpoBeneHHbIe paHee KOMIUJIEKCHBIE MCCIIEIOBAaHUS 10 U3YYEHUIO MEXaHU3Ma OKMC-
JIEHUSI Ha MIOPOLIKAaX U MOJUKPUCTATUTMYECKUX TIEHKaX MoKa3aau OAUHAKOBbIA MEXaHU3M
okuciaeHus yactuil [15, 16].

IInenku n-PbSe TommmHoNM 1—2 MKM OBLIM ITOJYYEHBI IIyTEM TEPMUYECKOIO pacIibLie-
HUS CIIPECCOBAHHOM M3 mopollka TadneTku PbSe, nnameTrpoM 6 MM 1 BBICOTOM 3 MM, Ha
CTEeKJISTHHBIX MOJIOXKKAX B BaKyyMe.

Bce nopoiiku #-PbSe ObUTM NMPUTOTOBJIEHBI M3 OOBEMHOTO CJIUTKA CUHTE3MPOBAHHOTO
MaTeprajia CTeXMOMETPUUYECKOro cocTaBa MyTeM U3MeJIbUeHUSI B araToBoil cTynke. Pazmep
3epeH IopolkKa 0bu1 paBeH 0.5—12 MKM.

[Tocnemytolliee OKHUCIEHUE TUIEHOK U MOPOIIKOB #-PbSe Ha Bo3myxe MpOUCXOAUIO B My-
denbHOI BIIeKTpUYeCcKOii eun mpu remmneparype 500°C.

MopdoJsiorusi OTASIbHBIX YACTULL U TUIEHOK #-PbSe, Kak MCXOMHBIX, TaK Y OKUCICHHBIX,
OBLIM M3yYe€Hbl METOJOM CKaHMPYIOIIEH 2JIEKTPOHHOU MuKpockornmuu (COM) ¢ UCIoab30-
BaHMeM MUKpockoIia Zeiss Merlin. McciienoBanre coctaBa 06pa3oB OBLIO BEIIIOJIHEHO Me-
TOJIOM 3HEProAMCIIEPCUOHHOTO peHTreHoBcKoro MukpoaHanusa (EDX) ¢ moMoibio npu-
craBku Oxford Instruments INCAX-Act yctaHoBiaeHHoi Ha COM Zeiss Merlin. I1pu nmpoBe-
IIEHUU WCCIEAOBaHMUIA KaK CcoCTaBa, TaKk U MOpPQdOJOTUU, BeJIMYMHA YCKOPSIOIIETO
HarnpsikeHust coctapisiia 10 kB.

BbL1 ncnonb30BaH CKaHUPYIOLIUI 371eKTPpOHHBIA MuKpockon (PUIT-COM) Zeiss Auriga
C XKMIKOMETALIMYECKUM UCTOYHMKOM MOHOB rayuius [17]. Tok MOHHOro Mmy4ykKa COCTaBJISLT
BesmuurHy oT 600 IMA 11 3TaIroB ObICTPOro TpasieHus, u 20 A — IS TTOJUPOBKU ITOBEPX-
HOCTH TOJIyYeHHBIX CPE30B.

OBCYXIEHHNE

Ha puc. 1a noka3zana MukpogoTorpacdus IIOBEpXHOCTH UCXOTHOM TUIeHKU #-PbSe. Bun-
HO, YTO TTOBEPXHOCTb COCTOUT U3 OTIAEIbHBIX OJIM3KO PACITOJIOXKEHHBIX KPUCTAJUIOB KyOrde-
CcKoii hopMbI TUTIMYHOI 1711 PbSe. PazMepsl KpUCTa/IOB BapbUpyIOTCs B quarazoHe 150—
200 HM.

Ha puc. 16 mokaszana mukpodoTtorpadusi moBepxXHOCTH MJIeHKH n-PbSe, okucneHHOIT
npu temieparype 500°C B Teuenue 30 MuH. B paborax [15, 16, 18] moka3aHo, 4TO B IPUIO-
BEPXHOCTHOM 00JIaCTH BO BpeMsI Ipoliecca OKMCIICHMST Kaxble 1Ba aToMa Pb u Se mipuco-
eIUHSIIOT K cebe TpU aToMma KUciopona, obpasys coennHeHue PbSeO; Ha moBepXHOCTH
(oboouke) kpuctaiuia PbSe (saapa).

MOXHO 3aMETUTh, UTO MOBEPXHOCTH IIJICHKH TTOCIIe TEPMOOOPaboTKM B aTMOCcdepe BO3-
JlyXa He CONEePKUT KPUCTAJIJIbI KyOMUeCKO CUHTOHUM, HO HAOJTI0Iat0TCSl KPUCTAJIIBI IPYTOi
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Puc. 1. Mopdosorust moBepxXHOCTEM UCXOMHOM (@) M OKUCIIEHHOI (6) TiIeHOK n-PbSe.

dopmbl. Kpucramibl MMEIOT ciy4aiiHYI0 OpUEHTALIMIO, UX pa3Mep B TMpPOoLiecce OKUCICHMUS
yBeIM4uiIcsa B 2—3 pas3a Mo CpaBHEHUIO C KPUCTAJUIAaMU Ha TTOBEPXHOCTU UCXOMHOM TUIEHKU
(puc. 1a) u umeer nuana3zoH usmeHeHus 250—500 HM, UYTO MOXKET SIBJISITHCS CBUIETEIbCTBOM
OKUCJIEHUs] TUIEHKH 10 CPABHEHMIO C UCXOTHOIA.

Ha puc. 2a u 6 npeacTaBieHbl CNIEKTPbl PEHTTEHOBCKOTO M3JIyYEHMSI TTO JTaHHBIM MUKPO-
aHaJn3a B yKa3zaHHbBIX 00jacTsax ucxomHoit (Criexktp 1) u okuciaeHHbIX (CnekTp 2) IUIEHOK
n-PbSe. W3 pe3ynbpTaToB, NpUBENCHHBIX Ha pUC. 2a, CIEOyeT, YTO B YKa3aHHOM 00acTu
TJIEHKA COIEPXKUT MPEeuMYIIeCTBEHHO aTOMBI Pb 1 Se ¢ HeOoJIbIIMM collepXKaHUEM CJIEIOB
atomos O.

DKCIpecc-aHalu3 3JIEMEHTHOIO ColepXKaHusl BIOpaHHo# o61acty (CriekTp 1) nCXOmHOM
ieHku n-PbSe mokasan cienyioiine 3HadeHust: 43 £ 4% Pb, 44 £ 5% Se, 10 £ 6% O. Ha
puc. 26 ToKa3aHbl PE3YJIBTAThl PEHTIEHOBCKOIO CIIEKTPAJILHOIO MUKPOAHAIN3a TTIOBEPXHO-
CTU OKMCJIEHHOH TIeHKU (CrieKTp 2), KOTOPhIE YKa3bIBAIOT, YTO B BEIOPAHHOI 00J1aCTH CO-
JepKaTcsd aTOMbl CBUHIIA, CeJIEHAa M KUCJIopoAa. DTU aTOMBI B Mpeaeaax dKCIepUMeEH-
TaJbHOM TOYHOCTU U3MEPEHU COOTBETCTBYIOT XMMUYECKOI (hOpMYJIe ceJleHUTa CBUHLIA
(PbSe03) coorBercTBeHHO: 22 + 4% Pb, 21 + 4% Se, 60 + 15% O (ans Cniektpa 2).

Y1006BI MOApOOHEE N3YYUTh MEXaHU3M OKUCIeHUs n-PbSe, a Takke 3KCIIepUMEHTaIbHO
TMONTBEPANTH MPEMAJIOKEHHYIO NpyruMu aBropamu [14, 19] TeopeTudyeckyto Moneiab MOTeH-
1uajabHOro npoduist GOTOUYBCTBUTEIBLHOTO reTepornepexoia, B KOTOPOoil MpoLecc OKuce-
HUSI OOBSICHEH C MOMOIIIBIO CCHUIKM Ha MPENbIAYIIYI0 paboTy aBTOPOB HACTOSIIEH CTaTbu
[15], B paboTe TakKe McCiaeqoBaHbl OTOEIbHBIE YaCTUIILI ITOpoIIKa #-PbSe kak B nucxomHoM,
TaK U B OKMCJICHHOM COCTOSIHUU.

Hccnenopanue nnposonuiau MmerogoM ®UII (pokycupyeMblit MOHHbBIA My40K) MUKPOCKO-
nuu [17], npu KOTOPOM BHauaje OCYIIECTBISJIOCH MOCAOHHOE CTpaBIMBaHUE HAHOMETPO-
BBIX CJIOEB MaTeprajia ¢ TOBEPXHOCTH ISl TOTO, YTOOBI Ha TOMEPEYHOM Cpe3e MCCIe0BaTh
KakK MOp(dOJIOTHIo, TaK 1 3JIEMEHTHBINM COCTAaB UCXOMHBIX M OKUCICHHBIX YaCTHII.

Ha puc. 3a—6 nipencrasieHbl cpe3bl (parMeHTOB 3epeH MCXOMHOI IIeHKH n-PbSe, a Ha
puc. 3e—e, okuciieHHbIE B cyxoM Bosayxe nipu 7= 500°C B teueHue 10 MuH. Pexxum npenu-
3MOHHOTIO TpaBJieHUs oOpaslia OCYIIECTBISJIU YCKOPEHHBIM 1O 3HauyeHUsl dHepruii 1—
30 k3B my4ykoM MOHOB TaJUIKsI.

ITpu 3TOM peXuM BBICOKMX YCKOPSIOIIMX HAMPSIKEHUI UCMOAb30BAIU ISl OBICTPOTO U
MPEM3MOHHOTO TpaBJieHUs 06pasiia, a peXXUM HU3KHUX YCKOPSIOIINX HATTPSKEHWM UCITONb-
30BaJIy JJIS1 TIOJIMPOBKU M OYMCTKU TTOBEPXHOCTH IMOCJIE TPABJIEHUS.
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Puc. 2. DiieMeHTHBII COCTaB MOBEPXHOCTEI UCXOMHOM (@) U OKUCeHHOI (6) reHoK n-PbSe.

Ha puc. 4 npencrasieH monepevyHbiii pa3pe3 okuciaeHHout nipu 7= 500°C B TeueHue

10 MuH yacTuubl #-PbSe, MOIydeHHBIH MTOCIOMHBIM CTpaBIMBaHUEM cioeB noHamu Ga®.
Ha cpese HabmogaeTcst KOHTPACT, MO3BOJISIONINI MPEATOI0XUTh, YTO COCTaB MPUITOBEPX-
HOCTHOTO CJIOSI-000JI0YKY OTJIMYAETCSl OT COCTaBa siapa YaCTUIIBI.

Ha puc. Sa—e, npencrapieHbl CIIeKTpbl pEHTTEHOBCKOTO U3JIyYeHUs 10 TaHHBIM MUKPO-
aHaJu3a B yKa3aHHbBIX TOUYKAX, PACIIOJIOXEHHbIX B cepenrHe yactuliibl (CriekTp 1), BHYTpU
o6onouku (CriekTp 2) 1 Ha rmoBepxHocTu 9YacTunbl (CriekTp 3). Y3 pe3ynbraToB, IIpUBEICH-
HBIX Ha pUC. 5a, ClIeNyeT, YTO BHYTPU OOOJIOYKY B YKa3aHHOM 00JIaCTU YaCTHIIA CONEPXKUT
MPEUMYIIECTBEHHO aTOMbI Pb 1 Se ¢ HeGobIIMM coaepkaHueM ciaeaoB aToMOB O.

DKcIpecc-aHalIu3 2JIEMEHTHOTO cofiepKaHusl BbIopaHHoi obactu (CriekTp 1) oKuciaeH-
Ho¥t TieHKHu n-PbSe (puc. 5a) nokaszan cienyroomve 3HadeHus: 44 + 4% Pb, 45 £ 5% Se,
10 = 6% O. Ha puc. 56 u ¢ ToKazaHbI pe3yIbTaTbl PEHTTEHOBCKOTO CITIEKTPAJIbHOTO MUKPO-
aHanu3a BHyTpU 000j04ku (CrnekTp 2) U Ha nmoBepxHOCTH YyacTulbl (CriekTp 3), KOTopbie
YKa3bIBaIOT, YTO BHYTPY 0O0JIOYKH M HA TTIOBEPXHOCTHU YACTUIIBI COIEPXKATCS aTOMBI CBUHIIA,
ceJieHa U KHUCJIopoa.

DTH aTOMBI B Mpeneiax dKCIepUMEHTATBHONM TOUHOCTU M3MEPEHUI COOTBETCTBYIOT XU-
Mudeckoit popmyiie ceseHura cBuHLa (PbSeOs) coorBercTBeHHO: 21 + 4% Pb, 22 + 4% Se,
61 + 15% O (s Crniektpa 2); 20 + 4% Pb, 20 + 4% Se, 58 + 15% O (mai1s Cnekrpa 3).

B HacTosIeit pabotre Ha OCHOBaHUY PEHTTEHOBCKOTO MUKpOaHaIn3a IToKa3aHo, YTO BCe
3epHa UCXOIHBIX 00pa3lIoB B BUIIE MOPOIIKA U TTOJIMKPUCTAJUIMYECKUX TIJICHOK, COCTOSIIIME U3
KpUCTaJUTOB n-TUNa PbSe, mocie TepMUUECKOro OKMCIEHUsT coaepxKaT 00010uky u3 PbSeOs,
TOJIIIMHA KOTOPOM MOXET YBEJIMYMBATBCS C YBEJIMYEHHEM BpEeMEHU TepMOOOPaOOTKH.

PesynbraTel padot Xamdpu u np. [20—22] cBUIeTebCTBYIOT O TOM, UTO IPU TEpMOOOpa-
60TKe 00pa3loB n-PbSe KUCIOpOIOM, CEpOii, CEJICHOM M rajoreHamMu, OHU BCE NEUCTBYIOT
Ha MaTepuall Kak aKklleNTOpHas IPUMeCh, BBI3bIBasI MpeBpalleHre MPOBOAUMOCTHU /-TUIIA B
MMPOBOJIUMOCTb p-TUMA. DTO MPUBOANUT K BOZBHUKHOBEHUIO LIECHTPOB YyBCTBUTEIbHOCTHU JIJISI
NIBIPOYHOI MPOBOAUMOCTH (9TU LIEHTPHI JIETKO 3aXBaThIBAIOT 3JEKTPOHBI U XapaKTepU3YIOT-
CsI MaJIOM BePOSITHOCTBIO IMOCIICAYIONIEro 3axBaTa IbIpoK) [21].

B npyroii pabote [23] coobmaercs, uTo mieHKH PbSe, okwucisssch mpu TemIiieparype
200°C, yBeaMYMBaId CBETOUYYBCTBUTEJIHHOCTh. MaKCUMaJIbHAsI CBETOYYBCTBUTEIHLHOCTH
ObL1a MOJydyeHa B cJ1a00 JIerMpoBaHHOI ob6actu p-turia. B 3Toit obmactu Bpemst peakiuu IieH-
KM cocTaBsuio okoso 200 MKc mpy TeMiepaType XKuakoro azora. C Ipyroii CTOpOHBI, B 00J1aCT
p-THIa OBUTO 3aMeYEHO ITOCIIe BBIKITIOUEHUS CBETa JJTUTEIbHOE BOCCTAaHOBJIEHHE (hOTOTOKA.

DTOT (heHOMEH 3aMeIeHNSI CKOPOCTU PEAKIINU MOXKET OBITh BHI3BaH TIIYOOKMMU JIOBYIII -
KaMU ISl 3JIEKTPOHOB, BO30YKIEHHbBIX ONTUYECKU B p-TUIIE TJIEHKU, KOTOPble OOHAPYXU-
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. + N N
Puc. 3. MukpodoTtorpaduu mocIoiHO CTpaBJIeHHBIX cJloeB noHaMu Ga MCXOIHOM (a, 6, 8) 1 OKUCIICHHOI (2, d, e)

yactuu n-PbSe.

BalOTCA IMyTeM U3MEPEHUST TEPMUUECKU CTUMYIUMPYEMOTO ToKa. [JyOrHa JIOBYIIEK COCTaB-
Jstna okoJio 0.15 3B Huke 1HA 30HBI TIPOBOAMMOCTH.

O6nactb romoreHHocTu Wist PbSe [24, 25], pacmipocTpaHsaeTCs NOYTU CUMMETPUIHO U
coenuHeHue PbSe kpucramimsyercst co 3HAUMTEIbHBIMU OTKJIOHEHUSIMU OT CTEXUOMETPUU.
CoOGcTBeHHbIE AeeKThI (MTPEerMYIIeCTBEHHO BAKAHCUU, XOTSI HE UCKITIOUarOTCs NeheKThI 1O
DpeHkeno) 3IeKTPUIEeCKH aKTUBHBI. PaBHOBeCHBIE KOHIICHTpAIIMM BaKaHCHI B TTOpEIIIeT-

K€ CBHUHIA (aKIIEeNTOpOB) M IIOApEIIeTKE cejieHa (IOHOPOB) OOBIYHO BapbUPYIOTCS B

amamnasone 108—102 cm—3. KoHueHrtpaumio Hocuteseii 3apsina 1o yposust 100—10"7 cm—3

MOKHO CHU3UTDH pa3/IMUYHbIMUN TEXHOJIOTMYCCKMUMU ITpUCMaMMU.
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Puc. 5. DieMeHTHBII cOCTaB OKMCJIEHHO YacTULIBI B TOUKaX B cepennHe yacTulbl (CriekTp 1), BHyTpH 000JI0UKH

(CrniexTp 2) 1 Ha ToBepXHOCTH YacTUlbl (CriekTp 3).
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Puc. 6. 3aBUcCMOCTb CONMPOTUBJICHUA HAa ITOCTOSAHHOM TOKE COIMPOTUBJICHUS TNICHKW OT TEMITEPATYpPBI n-PbSe B ar-

mocdepe cyxoro Boszayxa [15, 16].

Ha puc. 6 cornacHo maHHbIM [15, 16] mpencTaBiieHa 3aBUCUMOCTb 3JEKTPUUECKOTO CO-
MIPOTHUBJICHHMS TIEHKU #-PbSe oT TeMmnepaTyphl B aTMocdepe Bo3ayxa Ha MOCTOSTHHOM TOKe.
Ha navyanpHO# craguu HarpeBaHus (1 Harp., puc. 6) cOnpoTUBIEHUE IIEHKY IIJIABHO BO3-
pacTaeT B CBSI3M C TeM, UTO aKIENTOPHbIE TPUMECH KHUCJIOpOAa SBJISIOTCS JIOBYIIKAMU ISt
25IeKTpOoHOB B n-PbSe. [1pu Temmneparype 378 + 25 K y miieHKM ITOSIBUICSI aHOMAJILHBINA CKa-
YOK COTIPOTHUBIICHUSI, KOTOPbIi1, MO BCeit BUAMMOCTH, CBSI3aH ¢ HaTuuueM ¢ha3oBoOro rnepexo-
ma. I1pu 443 K BBEIKITIOUAIN I1€9b 1 IUIEHKY MCCISIOBANIM IIPY OXJIAXICHUH 10 KOMHATHOM
TeMmepaTtypsl (2 oxJI., puc. 6).

XapakTep 3aBUCMMOCTHU COMIPOTUBJIEHUS OT TEMIIEPATYPbHI MOXKET OOBSICHSTHCS KaK KOM-
MeHcaleil JOHOPOB 3a CUeT aKIENTOPHOM MPUMECH KUCIopoa Mo 00beMy YacTUll, TaK 1
BO3HUMKHOBEHMEM 0apbepoOB Ha IPaHMIIAX OTIAEIbHBIX YACTUIL B PE3yJbTaTe MHBEPCUM THUTIA
MMPOBOIMMOCTH BOJIM3M IMOBEPXHOCTH, KOTOpas onurcaHa B pabote [19]. Takoe oObsAcHeHNE
He yuuThlBaeT oopasoBaHue PbSeOs, Tak 4TO MOXKET OBbITh CIIPABEMLIMBBLIM TOJILKO B HayaJe
npolecca TepMOOOPaOOTKHU.

[Tpy MOBTOPHOM HarpeBaHUM MOJUKPUCTA/UIMYECKOM TIeHKHU (3 Harp., puc. 6) mo 473 K
MPOUCXOAUT AOMOJHUTENHHOE YBEJUYEHUE COMPOTUBIEHUSI, CBSI3aHHOE C TMOSIBJIEHUEM
OKUCJIeHHOM (Da3bl Ha TOBEPXHOCTH TUICHKU 1 Ha TpPaHUIIaX 3epeH. 3HaUYeHUe yIla HaKJIOHa,
CBSI3aHHOTO C SHEPrueit akTuBaluu yeaunuubaetrcs. [Tocnenyolme mpoiecchl OXIaxKaeHUs
TuieHKH (4 oxJ1., puc. 6) u HarpeBaHus (5 HArp., puc. 6) MOKa3ajau, YTO HAKJIOH 3aBUCUMO-
CTell COMPOTHUBJICHUST OT TeMIIepaTyphbl TPAKTUYECKU HEe MEHSETCS, KaK M caMO 3HaueHUe
conpoTuBieHus. Ha 3akiounTebHOl cTanuu TepMooOpadboTKU 15 TUIEHKU B aTMocdepe
CYXOro BO3/yXa B yKa3aHHOM TeMIIepaTypHOM AUaIia3oHe JajbHelillee OKMCIeHUe MPaKTh-
YeCKU OTCYTCTBYET.

ComlacHO HallUM NpPEnnoyioXeHusiM, ciioii PbSeO;, obpaszoBaBlumiicss Ha rpaHULIAx 3e-
peH PbSe B pe3ynbTaTte OKHUCIESHUS, UTPAST POJIb MOTEHIIMAIBHOTO Oapbhepa, OrpaHUYNBaIO-
mero nposoauMocTs. [lluprna 3anpenieHHoit 30Hpl PbSeO; nopsinka 3 3B, uto Ha mopsaok
oompiie, yeM B PbSe (puc. 7).

Ha ocHoOBaHMM MOCTPOEHHBIX ITMArpaMM, HamboJiee BEPOSITHBIM MEXaHU3MOM MOXKET
SIBJISITHCSI TIEPEXO]I IBIPOK M3 IIMPOKO30HHOTO MaTepuaja B Y3KO30HHBIH, ITOCKOJIbKY Tepe-
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E, 5B
PbSe E, =0.2735B PbSeO3 E, = 3.17 5B PbSe PbSeOs5
25B
] 1
35B
Ec=3.653B
Ec=4.213B Er=4.265B
4B | —_— ..
—|
Ey=4.485B
59B
Ep=576pm == mm———
63B
Ey=06.3825B
be3 HanpsixxeHust Ha rereporpanuiie 6e3 HanpsiKeHUs.

Puc. 7. CxeMbl 9HepreTUYECKMX 30H, TOCTPOSHHbIC HA OCHOBAaHWHU JaHHBIX padort [14—19].
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Puc. 8. Tunoresza o6pazoBanua o6omoukn p-PbSeO3 Ha moBepxHocTH KpucTamios n-PbSe (a) n hbopmMuposanue
IIBOMHBIX TETEPOIEPEXOIOB, B KOTOPHIX Y3KO30HHBIE 3epHa 7-PbSe 3akioueHbl B [BOMHBIC IIMPOKO30OHHBIE 000-
nouku p-PbSeO3 [14, 19].

XOJI BJIEKTPOHOB B IIMPOKO30HHBIN MaTepuas TpeOyeT Gobllieil SHepruyu aKTUBALMU, a UX
KOHILIEHTpAalIUsl y TPaHUII CHIXKEeHA U3-3a aKIENTOPHOM posin Kucjaopoaa. BeposiTHee Bcero
B MMOJIMKPUCTAJUINIECKUX TUICHKAX KaXXIbIid KPUCTAJLI ILIEHKU #1-PbSe Bo BpeMst oKuCIIeHUs
00pa3yeT Ha CBOEIi MOBEPXHOCTH CILIOLIHYIO 000710uKy p-PbSeO;. I1pennoxeHnHast aBropa-
mu [14, 19] Ha ocHOBaHMM MeXaHU3Ma oKucieHus [15, 16, 18] TeopeTnueckast Moaenb GoTo-
YyBCTBUTEJIBHOTO TeTepoliepexona (CM. puc. 8a u 6), B KOTOPbIX Y3KO30HHbBIe 3epHa n-PbSe
3aKJIIOYEHBI B IBOIIHbBIE LIIMPOKO30HHbIE 0060704KU p-PbSeO5 u3-3a repmuueckoin auddy-

3umn O, Ha rpaHuiie 3epHa n-PbSe, MpakTUYeCKy MONTBEPKAaeTCs B HACTOsIILEH paboTe.
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Heo6xoa1MMo OTMETUTh, UTO BIIEPBbIE COCTOSITEILHOCTh TEOPETUIYECKOM MOIE/IN, BhICKA-
3aHHOI B paborax [14, 19] akcriepuMeHTAIbHO MOATBEepKAeHAa B padboTe [26], rme Takxke mo-
Ka3aHo, 4TO IJICHOYHBIE CTPYKTYPhl HA OCHOBE KOMIIO3UTa CeJIEHUAA CBMHLIA U CeJIEHUTa
CBMHLA NIOKa3bIBAIOT BBICOKYIO (POTOUYBCTBUTENBHOCTD ISl KOMNIOHEHTa PbSeO; B Giinxk-
Heit YD obmactu (krp vy = 0.39 MKM), MOTYT ee TOKa3biBaTh B cpenHeil nHbpakpacHoOn
(UK) obnacTtu criekTpa st KomroHeHTa PbSe (krp MK) = 4.52 MKM), HO HE B BUITUMOM Jiua-
asoHe.

SAKITIOYEHUE

B paGote noJiydeHbl HOBbIE TTPAKTUYECKUE PE3YIbTAaThl UCCIETOBAHUSI OKUCICHUS TTOJIM -
Kpuctayuimueckux reHok PbSe. Kaxnwiii kpuctamn n-PbSe Bo Bpemsi okucaeHUs oopa3yeT
Ha IMOBEPXHOCTH CIUIOLIHYIO 0005104Ky p-PbSeO;.
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DKcriepuMeHTaJIbHBIE PEe3yJIbTaThI ITOJyUYeHbI C UCTIOJIb30BaHEM 000pynoBaHus MeXIuCIUIII-
HApHOTO PeCypCHOro LeHTpa o HampasiaeHuto “HaHoTtexHonorun” Hayunoro mapka CaHkr-Iletep-
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