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Hocnimkeno xiMidHU# 1 Ha30BUl CKIaqH, KPUCTANIYHY CTPYKTYpPY, CICKTPUYHI MapaMeTpH IUTIBOK TEITypHILY
CBUHIIIO, BIIIAJIEHWX Ha MOBITPI i Bakyymi. BcraHOBIeHO, IO CKIamHUM XapakTep 3MIHM IUX BIACTHBOCTEH,
OB’ sI3aHMH 3 IPOLlecaMt B3a€MOJIT 13 aTMOC(EPHIUM KHUCHEM Ha ITOBITpi Ta IecopOILi€lo Teypy i KHCHIO Y BaKyyMi.
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Beryn

ToHKi TUIiBKK TeMypHIy CBUHIIO 3HAHIUIN LIMPOKE
3acTOCyBaHHA B  iH(QpadepBOHIA  TeXHIIi  Ta
TEPMOCTIEKTPHUII [1-4]. Temypun CBUHIIIO
XapaKTepPU3yEThCS JBOCTOPOHHBOIO obJacTio

TOMOTEHHOCTI, sika csrae npu 1048 K Big 49,994 mo
50,013 ar. % Te [5]. Lle 00yMOBIIIO€ N-THIT TIPOBIAHOCTI
IIPH TIEPEBAYKAHHI CBHHIIO BIIHOCHO CTEXIOMETPHYHOIO
CKJaxy, 4Yd p-THI NOpH HAAIUImKy tenypy [5].He
JUBJITYKCH HA BXXE JJOCTATHHO TPUBAII TOCIIKCHHS, 1IE
1 3apa3 HeMae €IUHOI JyMKH BIJJHOCHO BHAY |1
3apsIOBOTO CTaHy BJACHUX TOYKOBHX ae(exTiB [6].
BBaxkaroTh, 0 B 3aJ€KHOCTI BiJl TEXHOJOTIUYHUX
(hakTopiB omepkaHHS 1 BiAmaxy MOXKe ICHYBaTH
MIUPOKUN CHEKTP 3apsIOBUX CTAaHIB TOUYKOBHX Ae(eKTiB
— BiJl eNEKTPOHEUTPALHUX [0 JBOKPATHO 3apsKEHUX
[6]. TepmooOpoOka mIiBOK B arMocdepi KHUCHIO 1

BaKyyMi CYTT€BO BIUIMBAaE Ha 3MiHM JedekTHOl
MiACHCTEMH Ta X BIACTHBOCTI [7].

Y  poboTi  JOCHIKEHO TMPOLECH JAerpaaarii
BJIACTMBOCTEH  TOJIIKPUCTAJIIYHUX IUIIBOK  TEIYpUIY
CBHHLIIO, sIKi Bi/INIAJICHI Ha MOBITPI 1 BaKyyMi.

I. Meroanka ekcriepuMeHTy

[TniBkn TENypUIY CBHHIIIO OTpUMYBaIIU
BUIIAPOBYBAaHHAM y BakyyMi IIOpOIIKY i3 Hamepen
CHHTE30BaHOI  CHOJyKM. B sKocTi  miaKiIagok
BUKOPHCTOBYBAINCSl CKJISIHI IUIACTUHKH, MOIEPEIHbO
XiMIYHO OYMIIICHI. Temneparypa 0CaPKEHHS

BUTpHMYBaJacs Ouns KiMHaTHOI. TOBIIMHA IUTIBOK csraia
500-1000 A. Yactuma TwIiBOK Tcos  OTpUMAHHS
BUMaracs i3 BaKyyMHOI KaMepH i migaBaiacs BiImaiy
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Ha TOBITPL.Y Bakyymi TNpOBOIMBCS  Bigmai sk
eKCIIOHOBAaHMX  Ha  MOBITpI  IUIIBOK, TaK 1
CBIKOBUPOIIICHUX.

XimiuHui 1 (a30BUil CKIIaAM TUIIBOK KOHTPOIOBAIIKCS

MeTOoAaMu €JIEKTPOHHOI Orke-CIIeKTPOCKOTTiT i
PEHTIeHIBCbKOT nudpaxkromerpii. Enextpuuni
BJIACTUBOCTI IUTIBOK BHMIPIOBAIA KOMIICHCAIIHHIM
METOJIOM.

I1. Ximiunwuii i pazoBuii ckiaam miIiBok

B3aemoniss mmiBok PbTe i3 armocdepHuM KucHeM
NPU3BOIUTE 70  ICTOTHOTO  IEPepo3Noiily  SK
€JIEMEHTHOT'O CKJIay MaTepiaiy, Tak i IiJIoro KOMIUIEKCY
foro ¢i3uKo-xiMidHNX BiacTuBOCTEM (pHc. 1 — puc. 5).
Anamiz  ckmagy — meromoMm  Oxe-elIeKTpOHHOI

dN(E)
dE

Te

Te Te

d
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Puc. 1. Oxe-cnextpu miiBok PbTe: a - BuxiHi, 0 -
MIPOTPABJICHH] Ha IPOTI3i 2 XB.
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CHEKTPOCKOMII BEIHMKOI KUTBKOCTI IDTBOK IO TOBIIWHI
JIO3BOJIMB BCTAHOBUTH JESKi 3arajibHi 3aKOHOMIPHOCTI.
Tak, 30Kpema, Ha TOBEpXHI BCiX 3paskiB (puc. 1)
BUSIBJICHUH TOHKHWH Imap TOBIMHOW 65-130 A, ckman
SKOrO 3HAYHO BIAPI3HAETHCS BIJ CKIAny BHXITHOL
MaTpHUIl 1 Mae JOMINIKA KHCHIO. B psai BuUmaukis,
noBepxHs IIiBok PbTe 30araueHa moMmimikamu XJopy
(puc. 1). IIpu cTpaBmoBaHHI HOBEpXHI IUIIBKM Mae Micle
Oe3mepepBHE 3MCHINCHHS KOHIICHTpAIii KUCHIO Ta
30UIbIIEHHS] KOHLIEHTPALil OCHOBHUX KOMIIOHEHTIB - Pb i
Te (puc. 1, 6). BuTpumka TUTiIBOK Ha TOBITPi, YU THM
Oinmpmre iX Biamam, oOyMOBIIOE 3POCTaHHS KOHIIEHTpAIIil
KHCHIO Ha MoBepxHi miiBok (puc. 2, 3). Lle miarBepmkye
TOM (haKT, 110 afACOPOIlisl KUCHIO MMEPEBAXKHO MPOXOIUTH

N(E). Big.on.
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Puc. 2. 3anexHicTh iHTeHCHBHOCTI miky O s

TUTIBOK TEJTyPHJly CBUHIIIO BiJl EKCIIO3MIIIi B KHCHI.

6
. 0
:ﬂ r
r Pb
4
3
24
1] Te
373 473 513 673 73 T,K

Puc. 3. 3anexHicTh BIAHOCHMX 3HAYEHb AMILTIITY/
Oxe-cniektpie Pb, Te i O mmiBok PbTe Big
TEeMIIepaTypy I130XpOHHOTO Bianmamy B arMmocdepi
KUCHH).

Ha TIOBEPXHi.

TepmooOpoOka cyTTeBO He cripusie AUdy3ii KUCHIO Yy
cepenuHy IUIiBKH. [liIBUIEHHS TeMmeparypu Bifmany
MPU3BOJIUTh /IO IMIABUIIEHHS iKYy KHCHIO B Oxe-
cinektpax (puc. 3). [lpu oMy, SKIIO IHTEHCHUBHICTH
niky cBuHIIO B OjKe-CleKTpax 3pocTae, TO TeIypy
Maibke He 3MiHIeThest  (puc. 3).Ile MOXHA TOSCHUTH
TUM, IO TMpPH BiIalli KACCHb B3a€MOJII€ TEPEBAXKHO 13
CBUHIIEM, KOHIICHTpAIlil SKOTO Ha IIOBEPXHI 3pocTae
yepe3 mudysito i3 rmbuHM 1uiiBok. Pesynbrar anamizy
IUTIBOK METOAOM PEHTTeHIBCBKOI  (POTOEIEKTPOHHOL
CIEKTPOCKOMil BKa3ylOTh Ha Te, M0 CHeKTp Pbyg
3CYBa€ThCS B 00J1aCTh BEIMKUX SHEPTii, SIKKIA BiAMOBIga€e
yrBopenHio okcuay PbO. Kpim toro y chnekrpi Tesq
3°SIBIISIETHCS MK, MOB's3aHui 13 TeO,. [4]
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TakpuM 4YHHOM, B3Aa€EMOJII0 KHCHIO 13 IUIIBKAMH
TENypUIy CBUHIII0O MOXXHA PO3IUIMTH Ha JBi cTajii. Ha
nepiii crauii KHCeHb acopOyeThCs Ha MOBEPXHI ITIBOK
HepeBa)XHO Ha 3epHaX. EsexTponm i3 30H abo 3
JIOMIIIKOBHUX PIBHIB 3aXOIUTIOETHCSI XiMaJCOPOOBAaHUM
KACHEM 1 Ha TIOBEPXHI YTBOPIOETBCS HETaTUBHHUA
3apsKCHUI 11ap, a y IPUIIOBEPXHEBOMY IIapi — 00J1acTh
i3 MO3UTHBHUM 3apsfoM. [lpyra cTajis HAcTymae Impu
JesKii KPUTHYHIA KIJIBKOCTI KHCHIO, SIKa CHPUYMHIOE
po3puB ximiuHmx 3B’s3kiB Pb-Te 1 mepeOynoBy
MOBEPXHI, aHAJOTiYHO 10 ¢a3oBoro mepexomy. [lpm
IIBOMY XEeMOCOPOIIisl KHCHIO Pi3KO 3pOCTa€, IO BEAE IO
YTBOPEHHS OKCHAIB CBUHIIO 1 TEIypYy.

I11. EteKTpu4Hi BJI1aCTUBOCTI IJIIBOK

ExcrioHyBaHHS TOHKHX IUIIBOK Ha  IOBITpI
00yMOBIIFOE€ 30UIBIIEHHS IX OMOpy Ha 2-3 TOPSAKH
BEIMYMHA TO-BiIHOIIEHHIO 10 CBIKOBHPOIIECHUX (pHC.
4,5). Hacrynmuuii Biamanm TakuX IUTIBOK Yy BakyyMi
MPHU3BOIANWTE 0 CKIAIHOI 3aJe)KHOCTI MPOBIXHOCTI Bix
temneparypu(puc. 4, kpuBa la). 3okpema  micuA
MOYaTKOBOTO pi3koro 3pOCTaHHS MTUTOMOT
€JIEKTPOIIPOBIIHOCTI, B iHTEepBaii Temneparyp (300-320)
K mae micne 11 moBunbHinIe 3pocranns npu (320-420) K
i3 HaCTYHMHUM pI3KUM 3MeHUIeHHsM npu (420-450) K.
KpuBa 0X0J0/KEHHSI €KCIIOHOBAHOI Ha IMOBITPI IUIIBKU
PbTe BimmoBimae HamiBIPOBITHHKOBOMY XapakTepy
3MiHH €JIEKTPONPOBIHICT ~ 3MEHIIYEThCA i3
MOHKEHHAM Temriepatypu (puc. 4, kpusa 1 0). [lpu
[IbOMY ITOYAaTKOBi 3HA4YEHHS OIOPIB TOHKHX IUIIBOK IO
MOYATKy HarpiBaHHs 1 WICIs OXOJOMKEHHS CYTTEBO
BIIPI3HAIOTECA. [IOBTOpPHE ‘“HArpiBaHHSI-OXOJIOIKECHHS

NPU3BOJAWTHE 1O 3MCHIICHHSA  a0CONIOTHOI  3MiHH
BEJIMUMHH oropy (puc. 5, kpusa 1)
Ha  TtemneparypHux 3aJIEKHOCTSIX MMATOMOT

€JIEKTPOIIPOBITHOCTI CBIKOBUPOIEHUX HEEKCIIOHOBAHUX
Ha IIOBITPi IUIIBOK IpM HAarpiBaHHI CIIOCTEPIraeThCs

JCAKE II04YaTKOBEC 3pOCTaHHsA HpOBiZ[HOCTi npu
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Puc. 4. 3anexHicTh NHUTOMOI €JIEKTPOIPOBIAHOCTI
eKCIIOHOBaHMX Ha  moBitpi  (kpuBi 1) i
cBbkoBupomeHnx (kpuBi 2) mmiBok p-PbTe Bix
TeMIepaTypu Bimmamy y Bakyymi: la i2a
HarpiBaHHS; 10 i 20 — OXOJOMKESHHS.
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Puc. 5. 3anexHicTb BEMIUYUMHM BiIHOCHOI 3MIHH
OIOpYy eKCIIOHOBaHMX Ha TOBITpi (kpuBa 1) i
cBbKOBHpoIeHnX (kpuBa 2) miiBok p-PbTe Bix
HOPSAKY UMKIIB «HarpiBaHHSI-OXOJIOMKECHHS» IPH
330 K.

HacTynmHoMy ii pi3komy cnajaaHHi (puc. 4, kpuBa 2a).
KpuBa 0X0N0OMKEHHSI Ma€ YHCTO HariBIPOBITHUKOBHNA
xapakrep (puc. 4, kpuBa 20).

Piznuii 3MIHU

KpuBa la) 00yMOBIIEHUI JecOpOIIi€r0 KUCHIO 1 TeIypy i3
MDK3EpEHHUX MEX, Ka BUMarae OiIbIINX €HEePreTHIHNUX
3arpar.

Crix TakoX 3ayBaXKHTH, IO BITHOCHA 3MiHA OIOpPY
CBKOBHMPOILEHUX ILUTIBOK HpPHU Tpolecax ‘‘HarpiBaHHs-
OXOJIOJDKCHHS” 3HAYHO MEHIIIA HIX CKCIIOHOBAHUX Ha
noBiTpi (puc. 5).

Enepris  axtuBamii, BU3HAaYeHAa i3  KpUBHUX
OXOJIOJDKCHHS Il SKCIIOHOBAHWX HAa TMOBITPI IUTIBOK
3QJIEKUTH BiJ X TOBIIMHH 1 3MiHIOETHCS B Mexkax 0,3-
0,4 eB. Lle moB’s3aHO i3 pi3HUM XapakTepOM MPOIIECiB
B3a€MOJii KHUCHIO 13 MaTepiasoM TuTBOK. Jlis
CBDKOBHPOIIECHHX IUTIBOK €HEPris aKTHUBAIlil CKiIagae
~ 0,34 ¢B, o cmiBmaaae i3 MIMPUHOO 3a00POHEHOT 30HH

[5].

BucunoBku

[IpuBeneHo pe3ynbTaTH JOCTIHKEHHS XIMIYHOTO i
¢dazoBoro  ckmamy, a  TaKOX  EJIEKTPUYHHX
BJIACTUBOCTEH BUTPUMAaHHX HOBITpi
MOJIIKPUCTANIYHKX TUIiBOK p-PbTe.

Ha

) Xapakrep . [UTOMOL 3 [loka3aHo, 110 MOBEPXHS EKCTIOHOBAHHX HA MOBITpi
CHICKTPOTIPOBIIHOCTL (,G) . CBDKOBHPOIICHHX 1 IITBOK HACHYEHA AaKICNTOPHOK JIOMIIIKOIO —
CKCTIOHOBAHMX Ha TIOBITPi MIIiBOK Mpu ix HarpiBaHHI y KHCHEM, SKMif, KpiM TOro, yIBoproe okcumu PbO i
BakyyMi (puc. 4) MOXHa MOSICHUTH TIPOIECaMu AecopOii TeO.

KHCHIO i Gimbm netiodoi KOMIIOHCHTH — TCIYPY. Tax, 3 Bakyymuuil Bifnan BUTpUMaHUX Ha IOBITpI IIIBOK P-
30KpEMa, 3MCHIICHHS G CBLKO BHPOLICHHUX ILIBOK IpH PbTe 06yMOBIIOE CKIAIHMIT XapaKTep 3MiHH MHTOMOT
HarpiBasHi (puc. 4, KprBa 2a) CIIiJ BIIHECTH 32 PaXyHOK €JEKTPONIPOBIHOCTI i3 TEMIIEpATYPOFO, 1O TIOB’SI3aHO
Aecopbuii Tenypy i3 nosepxui MIBOK, 10 0GyMOBIIOE i3 mporecamMu 1ecopbIii KHCHIO i Telypy Ta HposiBoM
YTBOPCHHSA Ef_l(a.HCII/I B aHIOHHIM mMArparul 1 SMCHIICHHA BJIACHOT HpOBiZ[HOCTi.

KoHuenTpauii aipox y p-PbTe. IIpu uboMy 3MEHIICHHA 4 Berapopneno, mo 3MiHH EICKTPHYHHX BIACTHBOCTEN

KOHIICHTpAIii JIpOK 3a paxyHOK JIecopOIii Temypy
3HAYHO TIEPEBUILNYE X 3POCTaHHA 3a PAaXyHOK BIACHOI
npoBigHOCTI. Lle 1 € MPUYNHOI0 3HAYHOTO CTIaay MUTOMOI
eJNeKTPOIpOBiAHOCTI. I TUTIBOK BUTPUMAaHUX Ha
MOBITPi Yepe3 YTBOPEHHS Ha IMPHUIIOBEPXHEBUX IIapax
okcuaHuXx (a3, gecopOuis Tenypy 1 KHCHIO, SIKI €
aKIenTopaM, [Jemo 3aTpygHeHa 1 ToMmy  picT
EJIEKTPOIIPOBIIHOCTI i3 MiJBHUIIEHHSIM TeMIIepaTypu
nepeBaxkae (puc. 4, kpuBa la). 3MeHIIEHHS MHUTOMOI
€JIEKTPOIIPOBIHOCTI B 00JacTi BHCOKHX TeMIleparyp
(420-450) K excrioHoBaHMX Ha MOBITPi IUIBOK (puc. 4,

cBbXoBUpoIeHnX iiBok PbTe mpu Bigmami y Bakyymi
00yMOBJIEHI JlecopOLi€0 Teurypy 3 iX HOBEpXHi Ta
HPOSIBOM BJIACHOT ITPOBITHOCTI.

Poboma uacmroeo ¢hinancyemovca MOH Yxpainu
(Heporcasnuii peecmpayivnutt Homep 0106U00220) ma
ADPD MOH Ykpainu (npoexm Ne 14.1/028).
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Degradation of PbTe Films Under Burning on Air and Vacuum
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Chemical and phase compositions, crystalline structure, electric properties of lead teluridude films, annealed on
air and vacuum has been investigated. It have been studied, that difficult character of properties changing of PbTe

films is related to the processes of exposing on atmospheric oxygen on air and desorption of telurude and oxygen in a
vacuum.

Key words: thin films,lead teluride, degradation, oxygen.
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