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I. Beryn

CereHiJl CBHHIIIO KPHUCTATI3YEThCS y TpaTHi THUILY
NaCl,xapakrepHoi mi1s iHmMX KpuctaiiB. [Ipupoxa
XIMIYHOTO 3B’SI3Ky JOCHUTH CKJIaJHa 1 BiAINIOBijae
3MILIAHOMY  10HHO-KOBQJICHTHO-METAIIYHOMY  THITY.
loHHiCTH TpaTKM BU3HAaya€ 3HauyHy (HAa TOPSAAOK 1
OiIbIIIe) PI3HUIIO MK CTATHYHOIO &) 1 BHCOKOYACTOTHOIO
€, HTICTCKTPUIHUMHU TPOHUKHOCTsIMA [1]. Jns ceneHimy
CBUHITIO XapaKTepPHO iCHYBaHHS JIBOCTOPOHHBOI 00IacTi
TOMOTEHHOCTI 1 3HaYHE BiIXHJICHHS BiJ CTEXiOMeTpii, 1o
00yMOBIIIOE  HASBHICTH BENMKOI KimpkocTi (~ 10'-
10 cM™) eNeKTpHYHO AKTHBHHX BIACHHX TOYKOBHX
nedekTiB, n- 1 p-Tumn nporigaocTi (puc. 1) [2].

He nuBnsauch Ha Te, M0 y JOCIHIIKEHHI eeKTHOT
MiJICUCTEMH CEJICHIly CBHHII0O HAKOMUYCHO 3HAYHHIA
TCOPSTUYHHUN 1 eKCIEepUMEHTabHUI Martepian [3]. Ha

T,K
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Puc. 1. T-x - npoexkiiist P-T-x-giarpamu PbSe [2].

Liipplill
oS

JAaHWI 4Yac y MUTaHHAX Ha BUA 1 3apsloBHH CTaH
aTOMHUX JIe]eKTiB € 3HayHa cymnepeuHicTs. Tak, 3rigHo
[4,5]Bakancii XanbKoreHy VX2+ 1 CBHHIIO Vﬁg €
JBOKPATHO 3aps/DKCHHUMH JOHOPaMH 1 aKLeNTOpamH,
BiqnoBigHO. Lli pe3ynbraT MigTBEpIKEHI KIACTCPHUMHU
1 aHANITHYHUMH  pPO3paxyHKaMH Yy  HaOImKeHHi
HEHTPAILHO-CUMETPHUYHOTO OTOYCHHS IedeKTiB. 30BCIM
MPOTHIICKHOI AYMKH NOTPUMYIOTBCS aBTOPH PoOIT [6]
NpU  TOSCHEHHI TPOLECIB BiANMaly KpUCTaNiB Ta
0COOJMBOCTEH [iarpaM piBHOBArd: TLTBKH OJHO3aPSIHI

- . . . +
BakaHcii Vp, 1 Mix Bysmoei aromu Pb; cBuHio.

Enepretnuny Jiarpamy PiBHIB 3aCeJICHOCTI
XaJBbKOTEHIIIB CBUHIIIO HaBeneHo Ha puc. 1 [7]. PiBenn

E, meB
800 FEy,
400 | -
Epy o —— -
0 —Eal/ — — =
L\
400 I pyre PbSe PbS
| | |
-800 "E
a2 ] ] ] —T
0,8 1,0 1,2 14  16A,eB

Puc. 2. Eneprerniyna miarpama piBHIB 3aceCHOCTI
PbTe, PbSe i PbS (A — mapamerp i0HHOCTI, IITPUXOBI
JIHIT — Kpai 3a00poHeHOT 30HU) [5].
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E

OIHOKPATHOTO Yy JIBOKPATHHII akuenTopHuii cran, B, —

. BiomoBinae mnepexomy BakaHcii Meranmy V. 3

Hepexoy BakaHCI XaubkoreHy V, 3 OJHOKPATHOTO Y
E, i Ey
po3tamosani naneko (0,6-0,8 eB) Big kpaiB 3a00poHEeHOT

JBOKpaTHUW JOHOpHUI cTaH. PiBHi

30oHH. Skmo piBens Pepmi E. nexwuts BHme E, ),
BaKaHCIs Vl\z/[; nae nBi pipku. Kom E , <E . <E,,

Ma€eMO OIHO3apsAMHUH akuentop V. . IIpu neperuni

E. piBaa E,, Bakancisz mepexomuTs y HEUTpaIbHHIA
F a2

0 . .
craH V), . AHaJOTiYHYy CHTYyallil0 MaeMoO JUIs BaKaHCIi

XaJIbKOTCHY VX , AKa HOCJ'IiZ[OBHO MpoOXOaUTh CTaH JBO-,
OJTHO3aPSAHOTO JIOHOpa 1 MPOXOAUTh y HEUTpaIbHUA
crad, ko piBenr Pepmi E, pyxarouucs Bropy 3a
eneprieto, nepernnae pisai E,; 1 E, .MixBy3noBuii
aTOM  XaJIbKOTeHY OUIBIIICTh  aBTOPIB  BBaXalOTh
enektpuyHo  HeiitpanpHuM  [8].  Io  crocyerbes
AQHTUCTPYKTYPHUX JedeKTiB, To 3rigHo [3,6,8]cBuHELH
Ha MiCli XaJIbKOT€HY JIBOKPATHO 3apsKEHUH aKkIenTop,
a xajpkoreH Ha wmicui Pb — nBokpaTHO 3apsimkeHHit
noHop. [lpn npoMy Oinblia yacTMHA HA/UIMIIKOBOTO
3apsay 2e abo € pO3MoNICHAa Ha BEIHKHX BiICTaHSIX
HABKOJIO TOYKOBOTO Aedekry [5,8].

3ayBa)kUMO, IO  BJIACTHBOCTI  KPHCTATIYHHUX
MaTepiaiB PbSe (dhopmyroTECS HE TITBKH
eNeKTPOAKTUBHUMH TOYKOBUMH Jedexramu, a H
MACHBHUMH B €JIEKTPUYHOMY BiTHOIIEHHI aedexTamu
THIIy TPELUINTATiB BIACHMX KOMIIOHEHTIB 4HM IX

3
Ny CM

KOHTJIOMEpAaTiB.

II. ExcnepumeHT

[ImiBKK cemleHiqy CBUHIIO BHPOIIYBAIH 3 MapOBOi
(hazu metomom raps4oi cTiHkH [9]. B sKOCTI OCHOBHOI
HABAXKM BHKOPHCTOBYBAJIM Hamepel CHHTE30BaHI
KpucTanu n-PbSe 3 mouaTKOBOIO KOHIICHTPAIIEID HOCIIB

~2:10"cem™. Jlisk 10IaTKOBOTO JKEpeda CIIYKUB
MOPOIIOK YuCcTOro ceieHy mapku XY. Iligkmagkamu
Oysm cBixi ckomu (111) BaF2. Temneparypa ocHOBHOTO
JUKepena — TeMIeparypa BHUIIApOBYBaHHS — Oyia

T, =820K,
T, =850K . Temneparypy minkmagox T, BapiroBanu B

TemmepaTypa  CTIHOK  KaMepu  —

mexax T, =420—700K . Temmeparypolo 101aTKOBOro
BUIIAPHUKA MOXKHa OyJIO 3MIHIOBaTH MapLiaibHUH THCK
napu ceneHy Pg, B 30Hi ocampxenns miiBok. [IIBuakicTs

pocTy muiBok ckafana ~ 3 Ac-1, a ix ToBimmHa 2-5 MKM.
CrpykTypa IDIIBOK  OCHIDKyBamxacsi METOAOM
JIBOKPUCTANBHOI ~ PEHTICHIBCHKOI  CHEKTPOMETpii, a
€JIEKTPUYHI BIACTHBOCTI — KOMIICHCALIHHIUM METOJIOM Y
MOCTIAHKX €JICKTPUYHUX 1 MATHITHHUX ITOJISAX.
PesynpraTaMy e€KCIEPUMEHTIB BCTAHOBIEHO, ILO
TUTIBKM OC3KYIOThCS Y BUTJISIII MO3ai4YHUX KPUCTAIIB 13
cepefHiMu  JiHIMHEUMU posmipamu  0,2-0,5 MM,  sKi
opienToBaHi ronHamu (111) nmapanesnsHo 10 MoBepxHi
migKIagkd. T MPOBIMHOCTI 1 KOHIEHTpAIlSl HOCIiB
3apsly  IUTBOK  BU3HAYAIOTHCS — TEXHOJIOTIYHUMH
(akropamu BUpOLIyBaHHA. [IpM HH3BKMX THCKax Iapu

10"

1018

10"

10"

1 1
500 550

Puc. 3. 3anexnicTh KOHLIEHTpaLii HOCI{B 3apsaay N, B mwIiBKax PbSe Bin TemmnepaTypu ocamkeHHs

T, ,~excniepumenTanbHi pe3yibrarTy;

(D- P, =1Ila, T, =820K; 2)- P =10Ila, T, =820K; (3)— Py, =10Ila, T, =800K.
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ceneny Pg, =(1 0™ —10") Ila popmytoTbCs MIBKH N-

tuiy. [lonanpie migBUIIEHHS TUCKY ITApH XAJIBKOTEHY Y
30HI  OC/DKEHHS  NPUBOAMTH 1O  3MEHILUCHHS
KOHIICHTpAIil eIeKTPOHIB Ta iHBEpCii THUITy MPOBITHOCTI
3 HACTYNIHUM 3pPOCTaHHSAM  KOHIIGHTpalii  IipoOK.
AHanoriyei  3MiHH ~ OOyMOBJNIOE 1  MiABHIICHHA

TEMIIepPaTypH OCADKEHHS 1, IpU MOCTiHHOMY 3HAYEHHIO
Pscz (puc. 3).

III. KBa3iximist nedgekTiB 3 BpaxXyBaHHAM
CKJIATHOTO CIIEKTPAa 3apsAI0BUX
CTaHIiB

PosrnsHeMO KBa3iXiMiYHYy MOJIENb, sSKa BpPaXOBYE

MOXITHUBICTh TEPMOJIMHAMIYHOTO MPOLECY 3 YTBOPEHHSAM
PI3HUX 3apsAIOBUX CTaHIB BIACHUX TOYKOBHX NE(EKTIB y
KaTioHHIA migrparmi 1wiBok PbX (me X=Te, Se, S):

. L . +
MIDKBY3JIOBUHHHX aTOMiB i BakaHciii cBuuuio (Pb;,

Pb’", Pb), V,,. Vi, Vg, ). lpunycrumo, mo ckiaz
3pa3KiB y 30HI BUIIAPOBYBAHHS BiAIOBiZa€ MiHIMyMy
3arajbHOrO TUCKY. Tozl mpu oxepaHHi IuiiBok PbX 3
napoBoi a3y B TEXHOJOTIi rapsiyoi CTIHKM piBHOBAary
CHUCTEM ,HaBaXKa-miapa” 1 ,,J1apa-KOHJICHCAT  MOXHa
ommcatu 3rimHO Meromy Kperepa [54] cucremoro
KBa3IXIMIYHUX PEaKI[ii:

PbX® <> Pb" +%X¥, Kppx (T) =Py, 'P>1</22; ()
PbY <> Pb; +e7, Kpyy(T,)=[Pb/]-n-Pr; (2

VXY © Vg + X% +h%, Ky () =[Vi]-p- P 3)
PbY &> Pb}* +2e7, Ky, y(T,)=[Pbi"]-n’-Ppy; (4)
%sz o Vi + X% +2h", Ky y(T)=[Va 1-p* - P2 (5)
Tyr n — KOHIEHTpamis eJIeKTPOHiB, p — Ant +Bn®=Cn-D=0 (14)
KOHIIGHTpAIlil [ipOK, KBAJAPaTHAUMH JyXKamMu |[...] o ’
MO3HAYCHO KOHICHTpalilo jaedekriB, iHAEKC .8 A

BigHOCHTBCA 10 TBepnoi Gasmy, ,,v”° — 1o mapooi. Ppy i

PXZ — mapuianbHi TUCKH HapiB CBUHIIO 1 XaJbKOTEHY

. . - ..
BianoBinHo, € — enexkrporu, h™ — mipku, K — koHcTanTn
piBHOBaru. PiBHAHHS (1) BuM3HAUae pIBHOBAry CHCTEMH

»HaBaXKa-mapa” mpu po3kiaai TBepaoro PbX 'y
BHIIADHUKY NPH TEMIIEpaTypi BHIApOBYBaHHA 1.
Peaxnii (2)-(5) xapakTepu3yloTh piBHOBary ,Iapa-
KOHJICHCAT”, BIANOBIZAJIbHY 3a YTBOPEHHS BJIACHHUX
aTOMHUX Je(eKTiB TNpH TemrepaTypi OCaKCHHS
(mipxaamox) T . TIposiBu BnacHoi mpoBinHOCTI 1 pi3HHX
pexomoOiHaIii

mporeciB  ioHizamii  Ta nedexTiB

OHI/ICy}OTbCH piBH}IHHSIMI/II
"0"=e +h", K,=n-p; (6)
Pbp, = Vi, +Pb!, Ki(T)=[VgIPb/; (7
Pbp, =V, +Pb", Ki(T)=[Va I[Pb']; (8
Pb! <> Pb; +e-, K,(T,)=[Pb/In/[Pb}]; (9
Vi, © Voo +h%, Ky (T) = [V, Ip/[ Vi s (10)
Pb! <> Pb’" +2¢”, K,(T,)=[Pb}"In*/[Pb]];(11)
Vi, © Vi, +20", K(T,) =[Vi; Ip° [V ] (12)
3arajbHa yMOBA €1€KTPOHEHTPaIbHOCTI Ma€e BUTIISL!
p+[Pb; 1+2[Pb 1=n+[Vy]+2[Viy . (13)
3 (1)-(13) omep>kuMo pIBHSAHHS [Jisi BU3HAYCHHS

KOHLIEHTpAIlil HOCIiB (n) 4Yepe3 KOHCTAHTH piBHOBaru
KBa3ixiMiyHMX peakuii K 1 mapmianbHuid THCK mapu

xanpkoreny Py

" ) /2 . ) _
A= 2KXZ,VKF 'P>1<2 '(KPbXKPb,VKXZ,VKi) l;
" opl/2 ' -1,
B=1+Kg Py (KppxKppv) s
C=K;+ KPbXK'Pb,V ’Pizl/z; (15)
D= 2KPbXK'l"b,V 'Pizm-
ExcriepumeHTanbHO BH3HaueHa 3 edekty Xosuia
KOHIICHTpALisl HOCIiB CTpyMy
ng=n-p=n-K,-n". (16)

PiBHOBaXXHI KOHIIEHTpAIii 3aPSHKEHIX i
EJIEKTPOHEHTPaIbHUX 1e(EKTIB JOPIBHIOIOTS!

[Pb; ]= Kpbe'Pb,vn_lpizl/z;
[Pb12+] = KPbXK;’b,Vn_zp)zzl/z;
[Vep]= KF ‘n- P>1</22 (KPbXK;’b,V )71 5
[Vrgt:] = K;(Z,VK;? -n’ 'P>l</22 (KPbXKVPb,VKIXz,VKi)il; 17
[Pb?] = KPbXK'Pb,VKa_IP)EZl/Z;
[Vlg)b] = KYFKiP)l(/Zz (KPbX K'Pb,VKb )71 :

Otpumani 3araneHi Gopmyiu (14), (5) i (17) natots
MOXJIMBICTh PO3pPaxyBaTh KOHLEHTPALIl HOCIIB CTpyMYy 1
nedeKTiB y 3aleXHOCTI BiJl TEXHOJIOTIUYHHX (HaKTOpiB

(mapmiagpHOTO THCKY TapH XaIbKOTE€HY PX2 B 30HI

OCa/DKCHHS 1 TEMIEpaTypHUX YMOB BHUPOILIYBaHHS),
SKIIO TUTBKM  BiOMi KOHCTaHTH piBHOBarm K
BpaxOBaHMWX y MOJENI KBa3iXiMiYHHX peakimii. Hiokde
BUKOPUCTOBYIOTBCS ~ KOHCTaHTH,  BHU3HAUeHi Ui
kpucranie PbSe (Tab6m. 1). TlopiBHAHHS TEOPETUIHUX
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Ta6auus 1
Koncranru pieHoaru kBasiximiunnx peakuiii K =K, exp(~AH/KT) mus PbSe
Koncranra K, AH,eB
3/2 19
KPbSe ) Ha 1,61 * ].O 3986
! -6 -1 19 3/2
Koy, oM *Tla 1,72-10" - T ~1,9
! -6 1/2 35 3/2
K., y,cm Tl 7,07-10% - T 0,13
" -9 1 47
" -9 1/2 58
K., vsem~°Tla 1,57-10 0,49
K,.K,,cm™ 1,75-10%' 0,14
pe3yibTaTiB 3  EKCHEPUMEHTOM  JIa€  MOMKIIMBICTh YMOBH N=P:
YTOUHEHHS MX KOHCTAHT [JIsl IUTiBOK.
Tuck mapu ceneny PS*ez , TIPH SIKOMY BiJIOyBa€eThCs
mepexix Big n- IO pP-TUIMY MPOBITHOCTi, 3HAHAEHO 3
' -1/2 " -1
o KoppseKpp v K7 + 2K pyge Kpp, v K (18)
Se, T 12 Tl " ' ' ' 1
KK (KppseKpp ) + 2K, vKp(Kppse Kpy vKse, v)
ofHO3apsANHUX  BakaHcih  [Vp,] 1 nBo3apsmHuX

IV.PiBHOBaHa KOHIeHTPaLis Ae(eKTiB

Bapuuni sanexnocri ny(Pg, ) cynposomwkyioTbes

NECBHUMH 3MiHAMH PIBHOBKHUX KOHIICHTpaIlill 1e(heKTiB
Pi3HMX 3apsAnoBUX cTaHiB (puc. 4). XapakTepHOIO PHCOI0
mwiiBok PbSe € gocTaTHRO BenMKa KOHICHTpAIiS

. . 2+ . .
MDKBY3TOBHHHMX atoMiB [Pb;™ ] cBuHIrO, sIKi Ha Kinbka
TIOPS/IKIB TIEPEBHUIYIOTH KOHIIEHTPAIIii JeEeKTiB 1HIITIX

0 2-
Vebs  Vip )-

HEUTpaIbHUX

sapsimosux  cramis  (Pb, Pb;,

Haitamxdgoro € KOHIICHTpAIIis

. . 0 .
MDKBY3JIOBUHHHUX aTOMI1B CBHUHIIIO Pb1 , & KOHIOEHTpamid

(Pb,], Ver 1, PB ], Ve o oM™ (PBT, Ve 1. 107 cm”

1 020

1018

10" -

1014

1012 [

1.6

4 1.2

0.8

0.4

g Pse,, MNa

Puc. 4. 3anexHicte KoHueHTpauii xedekriB y mmiBkax PbSe Bixg THcky mapu ceneny. Temmneparypa
sumapoByBauus 1, =800K, temmeparypa ocamxenns T, =653K . Cyuineni ninil Bixmosigarors

onuosapsinaum jedexram [Pb. ] (1) Ta [Vp,] (3), nyHKTHpHI NiHii — ABO3apsHuM Aedektam [be 1@

Ta [Vgg ] (4), wTpHUX-MYHKTHPHI — HEHTpaIbHUM JedeKTam [Pb? 1), [ng
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, 2P HVey ) [PD 121V ], om”

210
110"
|
oo T~
|
|
|
19 !
-110 |
|
|
|
|
19 |
210 B0y e
4 -2 0 2
Ig Pg,,.Ma
Puc.5. 3anexHicTh  po3paxoBaHMX  3HAUYCHb

KOHLIeHTpauii nedekTiB y riiBkax PbSe Bing tucky
napu ceneny. T, =800K, T, = 653K.

Jlinis (1) Bimmosinae 2[Pb; " 1—[Vy, ],
niis (2)- [Pb{ 1-2[Vpy 1.

. - 0 .
HECUTPAJIBbHUX BaKaHC1N VPb € CYMIPHOIO 3

. - 2-

KOHIIGHTPAIi€0 JBO3apsAOHUX BakaHcid Vp, . Jua
MOSICHEHHsT 1HBepcii THWITy TPOBIOHOCTI Ha pHC. 5
no0yoBaHO OapH4HI 3aJISKHOCTI areOpaiyHol I'yCTHHU
3apsiny (B OJMHUIIX €IEMEHTapHOro 3apsiy), OB si3aHi
i3 CyMIpHHMH 32 TOPSAKOM BETHMYUHH KOHIIEHTPAIlisIMH

3apSDKEHIX nedeKTiB: 2[Pb; " 1-[Vpy] i
[ij]—z[vﬁg ]. B posrmsiHyTOMY [iama3oHi THCKiB
P, [Pb;1-2[ Vs, 1<0 (puc. 5, kpuBa 2), mo crpuse

BUHUKHCHHIO P-TUITY HpOBiHHOCTi, ajIe 3 pOCTOM THUCKY

[Pb; ]—2[V§b_ ] cyrreBo 3menmyersca. B obmacri

2[Pb*1-[Vp 10, mo crpuse
MPOBIAHOCTI N-THITY; MpH 30UTBIICHHI THUCKY IIei BUpa3
3MIHIOE€ CBiff 3HAaK Ha NPOTHJICKHHM, 3POCTAIOYH 34
a0COJIFOTHOIO BEITMYMHOIO 1 AI0YM BXKE B HANPSMKY p-
TUIly npoBigHOCTI (pHc. 5, kpuBa 1). OTxke, To4Yka n-p -

*

tHcKy  Pg

HHM3BKHX THCKIB

iHBepcii  BiAmoBinae ., Tpu sKOMY
2

2[Pb 1= [ Vi 1= —(IPb; 1-2[ Vi, 1)

JIiHIsI HA puC. 5).
[epeBaxkannst B PbSe koHueHTpauii oqHO3apsAHUX

(BepTHKaIBEHA

. - - .
BakaHCill Vp, Ham nBo3apsnHUMH Vp, € HacIiIKoM
menmoi eHranenii AH yrBopenns Vp, mnopiBHAHO 3
2— . .
Vp,, 1o BinoOpaxxeHO B YTOYHEHOMY 3HA4€HHI
KOHCTaHTH pPIiBHOBaru Ksez v [3]. La BigMmiHHiCTE B
SHTAJbIIISIX YTBOPEHHS BaKaHCIH MeTally BUSBILIETHCS

takox i B CdSe [10], ne oxHo3apsanHuX BakaHCiil Vi

6i ik A\
JIBIIC, HDK ABO3APSTHUX V(i -

(P61, Ve 1 1PB], Vey Dy om™  ([PB ] [V, 1), 107 om”

1.50

10l 1.25

/||

10" F

\ ] 0.75

\ .

15

107 \ ]
=0.50

10° | ]
—0.25

1011 PN SR TR S (NN SR TN SN TN N | ITT-I_I_I-I_'I_' =

600 650 700 750
T. K

Puc. 6. 3anexHicTh  po3paxOBaHUX  3HAYCHD
KoHUeHTpauii gedekTiB y miiBkax PbSe Bifg

temmnepaTypu ocamxernts 1. T, =800K, PSez =107
IMa. CyuinpHi JiHIi BIANOBIAAIOTH OJHO3APSIHUM
nedexram [Pb;] (1) ta [Vp,] (3), myskrupHi minii
— nBo3apsAanHuM nedeKTam [Pbi2+] (2) Ta [Vﬁb_ 1 @),
LITPUX-TIYHKTUPHI — HEUTpaIbHUM Ae(erTam [Pb?]

(5), [Vpo] (6).

Po3zpaxoBani 3aJI€XKHOCTI KOHIICHTpALif

piBHOBaXKHMX Je(eKTiB Bi TemmepaTypu miakmnagka T,

MOKAa3aHO Ha pHUC. 6, HA OCHOBI SKHX MOXHA TaKOX
MOSICHUTH BHHUKHEHHsI I1HBEpCii THIy TNPOBIAHOCTI B

PbSe. I3 teMmnepatypu |

301IbLIEHHSAM S

ILTIBLI

KOHIIEHTpaIlis HEWTpanbHUX BaKaHCiii V}?b 3pocrae
(puc. 6, kpuBa 6), a KOHICHTpauii iHIUX Ae(eKTiB
CMaJaroTh.

OTpuMaHi eKcrnepruMeHTalbHI JaHi 1 TeopeTHdHi
PO3paxyHKH KOHIIEHTpALi{ HOCIiB CTpyMy
HIITBEPDKYIOTE MOJENb PO3YNOPSIKYBaHHS KaTiOHHOT
miarpatkn XC 3a wexaHisMoM @penkens. Tak,
HalpUKIIAL, 3aly4eHHS 10 pO3IIIAY JOJATKOBHX
KBa3iXIMIYHMX pEaKilid, IOB'I3aHUX 3 OePEKTaMH B
aHiOHHIH  migrparmi  (3apsSUKEHUMH  BaKaHCISIMH

2+ + .
xanpkoreny Vi, Vy Ta  eneKTpoHeiTpanibHUMH

BaKaHCIIMH V)(z 1 MDDKBY3JIOBUHHUMHU aTOMaMH X?)
Pb' < Pb), + VY,
Vg < Vy +e,
VY & Vit +2e,
%Xg o X, X+ Vy o X5 (19)
eJIEKTPOHEHTPaIBHOCTI

Opu  3arajibHii  yMOBI
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Taoauns 2
3aexHOCTi KOHIEHTpalii HOCI{B CTpyMy i1 1e(eKTiB Biji THCKY XaJIbKOTEHY IPH PI3HUX MapLidlIbHUX yMOBax
€JIEKTPOHEHTPAIBHOCTI
VMOBa Iloka3HuK cTeneHs napuiaabHOro TUCKy Xanbkorena (Py )
HEHTPANBHOCTI | [Pb/] | [Pb*] | n | P | [Vy] | [Val | [X(] | [Vi] | [VX']
[Vp, ]1=[Pb/] 0 +1/2 -2 | +1/2 0 -172 +1/2 0 +1/2
2[V,, 1=[Pb; ] -1/6 +1/6 -1/3 | +1/3 +1/6 -1/6 +1/2 -1/6 +1/6
n=[Pb/] -1/4 0 14 | +1/4 | +1/4 0 +1/2 -1/4 0
[Vo 1= Z[Pbi2+] -1/6 +1/6 -1/3 | +1/3 +1/6 -1/6 +1/2 -1/6 +1/6
[Vie1=[Pb"] -1/4 0 14 | +1/4 | +1/4 0 +12 | -1/4 0
n= 2[Pbi2+] -1/3 -1/6 -1/6 | +1/6 +1/3 +1/6 +1/2 -1/3 -1/6
[Vi]=p -1/4 0 -1/4 | +1/4 +1/4 0 +1/2 -1/4 0
2[V§b_] =p -1/3 -1/6 -1/6 | +1/6 +1/3 +1/6 +1/2 -1/3 -1/6
n=p -1/2 -1/2 0 0 +1/2 +1/2 +1/2 -172 -1/2
[Vo 1=[Vx] 0 +1/2 -2 | +172 0 -1/2 +1/2 0 +1/2
2[V§b_] =[V] -1/6 +1/6 -1/3 | +1/3 +1/6 -1/6 +1/2 -1/6 +1/6
n= [V;] -1/4 0 -1/4 | +1/4 +1/4 0 +1/2 -1/4 0
[Van 1=2[Vx'] -1/6 +1/6 | <13 | +13 | +1/6 16 | +12 | -6 | +1/6
[Vo1=[Vi'] -1/4 0 /4 | +1/4 | +1/4 0 +1/2 | -1/4 0
n= 2[V§+] -1/3 -1/6 -1/6 | +1/6 +1/3 +1/6 +1/2 -1/3 -1/6
[Vi]+ 2LV, 1+ n=[Pb; ]+ 2P 1+ p+ [V ]+ 2L Vy ] (20)
1 BIJIOMUX 3HaYECHHSIX KOHCTAHT piBHOBary [3] npuBoasiTh ,»apuianbHuX” yMOBax HEWTPaJIILHOCTI, K1

JIMIIE J0 HE3HAYHMX 3MIH XOJUTIBCHKOI KOHIIEHTpAIIil
HOCIIB cTpyMy. Y HaBeJeHil HIbKe TaOJuIi. 2 OTpHUMaHO
BCI MOXKJIMBI THITH OAapUYHUX 3aJIS)KHOCTEH PIBHOBaYKHUX
KOHILIEHTpaliil nedekTiB 1 HOCIIB CTpyMy INpH HEBHUX
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Puc. 7. 3anexHicTe THCKY PSBZ, 10 BIANOBIIAE N-p—
iHBepcil NpoBinHOCTI, Bix TemmepaTyp ocaikeHHS Tg i

BHIIApoBYBaHHs T, .
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Y3rOKYIOTBCS 13 3arajabHOI0 YMOBOIO (20).
. * .
3aIexHICTh TUCKY Psez BIiJI TEMIIEPATYPH OCAKSHHS
* .
Ty i
300pakeHHi Ha puc. 7.
OTpuMaHi  3aKOHOMIPHOCTI
BU3HAYNUTH TEXHOJOTIYHI

IUTIBKKM 13 Hamepen
BJIACTUBOCTSIMHU.

BHUIIAPOBYBAaHHS IIOKAa3aHO Ha IPOCTOPOBOMY

MOJKJIUBICTH
(dopmyBaHHs
EJIEKTPUYHUMHU

Jar0Th
YMOBU Ui
3aJaHUMH

V. BucHoBku

pO3paxoBaHo
TEPMOJAUHAMIUHY MOJENb
nedexroyTBopeHHs 3a  MexaHi3smMom ~ DpeHkens B
KaTIOHHIA  mArpaTmi  IUIBOK — CEJICHiAy  CBHUHIIIO
BUPOIIEHUX i3 mapoBoi (asd 3  OJHOYACHUM
ypaxyBaHHSM CKJIAJHOTO CIEKTpa 3apsiOBUX CTaHIB
BJIACHUX TOYKOBHX JTE(EKTIB.

2.  Ha ocHOBiI IpOBENEHOTO EKCIIEPUMEHTAIHLHOTO
JIOCTIDKEHHS OTPUMaHUX 3 TMapoBoi (a3d MEeTOAOM
rapsiuoi CTiHKH IUTiBOK PbSe 1 TeopeTHuHOro po3paxyHKy
MOIENI 13 CKIQJIHHAM CIIEKTPOM 3apsiIOBMX CTaHIB
Je(eKTiB  MpOaHATi30BAaHO  OCHOBHI  MEXaHi3MH

1. Bmepuie 3anpomnoHoBaHo i
KPHUCTAJIOXIMIYHY i



ATtomHi nedexTd i (i3uKOo-XIMiYHI IPOLECH Y TOHKHX IUTIBKaX...

neeKTOyTBOpEHHs B KaTiOHHINA miarpatmi miiBok PbSe.
IToka3aHo, MO0 THII MPOBIAHOCTI 1 KOHIIEHTpPAILsS HOCIiB
3apsily BH3HAYAIOThCS TEXHOJOTIYHUMH (haKTopamu
BUPOILIYBaHHS IUTIBOK, SIKi BU3HAYAIOTh IEPEBaKAIOUNIl
BUJI 1 3apsIIOBHIA CTaH aTOMHUX JTE(EKTIB.

3. bapmuni i Temmeparyphi 3anexHocTi Ny

CYIPOBOIKYIOTHCS XapaKTepHUMHU 3MiHaMH
PIBHOB&)KHHMX KOHLIEHTpALiil 1eeKTiB Pi3HUX 3apsJOBUX

craniB. [lepeBaxxarounmu aedexkramu B IutiBKax PbSe

BUSIBIISIIOTHCS OJTHO3aPSAHI BakaHcii Vi 1

. . 2+
MIXKBY3JI0BHHHI aToMu cBuHIO Pb;

4. JlaHO TOSICHEHHS IHBEpCii THITy NIPOBITHOCTI B
PbSe 3a yuactio sk ABO3apsAHUX, TaK 1 OJHO3APSIIHUX
neheKTiB.
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Atomic defects and physical-chemical processes on lead selenide thin films at the
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On the crystal-chemical, quasichemical on thermodynamic methods, and from analyses of physical processes the
mechanism of influence of atomic defects on electrical properties of thin films, growth from vapour phase is describe.
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