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I. Beryn

Tenypua CBUHIIO NpHBEpTaE yBary AOCIIIHHKIB Y
3B’A3Ky 13  IIUPOKMMH  MOXIIMBOCTSMH  HOTO
BUKOPHCTaHHS IIPU CTBOPEHHI  TEPMOEJIEKTPUYHHUX
NIepeTBOPIOBaUiB B IHTEPBaJIl TEMIIEpaTyp BiJ KIMHATHOI
10 800-900 K [1], a TakoX B SIKOCTI aKTUBHUX €JIEMEHTIB
NPWIAJHUX CTPYKTYyp iH(pauepBoHOi TexHiku [2].
TBepai po3unMHN Ha HOTO OCHOBI 3HAYHO PO3IIHPIOIOTH
MOJKJIMBOCTI MIPaKTUYHOTO BUKOPHUCTaHHA Matepiany [3].

Ha npanmii yac y nurtaHHI AOCHIKEHHs Ie(eKTHOT
HiJICHCTEMH XaJbKOTEHINIB CBHHIIO HAKOIIMYEeHa 3Ha4YHA
KUIBKICTh ~ TEOPETHUYHUX i eKCIIepUMEHTATLHUX
JOCIHI/KeHb, SIKI  YacTKOBO  CHCTEMaTH30BaHO Y
OMIIOBUX CTarTsX 1 MoHorpadisx [4,5]. Ane, sx
MoKa3ye aHajli3 HaBEACHUX JDKepel, IIe 1 Temep
3IMINAOTECA  JUCKYCIHHUMH TNUTaHHA MPHPOIH 1
3aps0BOrO CTAHY BJIACHUX AaTOMHUX JAC(EeKTiB sK Y
KpHUCTAJIaX YHCTHX MOHOXAJIBKOTCHIIB CBHHIIIO, TaK 1 y
TBEPIUX PO3UYMHAX HA TX OCHOBI.

Y po6oTi Ha OCHOBI KPHCTAIOBA3iXiMIYHUX PiBHSHB
3aMpOIIOHOBAHO MO Ne(EeKTHOI MiICUCTEMH TBEPINX
posuunie  PbTe — GayTe; , 110 MOSCHIOKOTH
eKCIICPMMEHTAIIbHI JaHi.

II. dizuxko-ximiuni BiaactuBocrti PbTe i
GazTe3

PbTe mnnaBuThCs KOHTYPEHTHO IIpH TeMIlepaTypi
1190 K. Temypun CBUHIIO KPUCTATI3Y€ETHCS ¥ CTPYKTYpi
ity NaCl, npoctoposa rpyna Fm3m-0,’ 3 napamerpom

rpatku a=6,452A [1]. V rpatui € oxraeapuuHi
MOPOXKHUHU (BakaHCii CBUHIO (TeIypy) B OTOYEHHI
Tenypy (CBHHIIIO)) Ta TETpaeApUYHI ITOPOKHHHH B
otoueHHI Temypy (cBuHIIO). Ga,Te; mmaBuUTBCA mpH
temnepatypi 1065 K, xpucramizyeTscsi y CTPYKTypi

TK
1173

973
at
773

ST3m oty

{ | | 1 |

PbTe 20 40 60 80Ga,Te,

Puc. 1. ®a3osa niarpama piBHoBaru cuctemu PbTe-
GazTe3 [9]

chameputy 3 mapameTpoM  rpaTku  a=5,890 A,
npocroposa rpyna Ty*-F 43m, koopauHaniiine uucio 4
[8]. Y kpucrani Ga,Te; TpeTuna By3IiB HiArpaTKy rajiiro
(TeTpaeqpuUHi TOPOKHUHH) HE3aIMOBHECHA BiIMOBIIHUMHU
aToOMaMH, TOMY CTPYKTYpa € TeeKTHOIo [§].

Kgazibinapua cuctema PbTe-Ga,Te; mae xapakrep
eBTEeTHKH 3 OOMEKEHOI 00JacTI0O  PO3YMHHOCTI
Tenypuny ranito 10 4 moi.% Ga,Te; Ha OCHOBI TemypuLy
cBHHIIO (puc. 1).
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a, A

6,445
6,444

6,443 L

6,442

6,441 I

Hy, k[/mm’

1

2

3 Ga,Te;, Mot %

Puc. 2. 3anexuicts napamerpa rparku (a-1) i mikporepnocti (H-2)
TBepnoro po3unHy PbTe-Ga,Tes.

-1

o, MK B/K c,0M cM % *10° kan/cm c K
390 10°430
380 129
370 51028
360 127
350 10°-26
| | 1
p-PbTe 1 2 3 4  GaTe,

Puc. 3. 3anexHicTth enekrponposigHocTi (6-1), koedinieHTta Tepmo-e.p.c. (0-2) Ta
koedimienTa TerutonpoBigHocTi ((-3) TBeproro po3unny p- PbTe—Ga,Te; npu kiMHaTHIH
Temnepatypi [9].

30inpmenas BMmicty Ga,Te; y TBepmomy po3dnHi
0o0yMOBIIIOE 3MEHIIEHHS IapaMeTpa rpaTtku (puc. 2-
KpuBa 1) 1 3pocTaHHs MIKpPOTBepAOCTi (pHC. 2-KpuBa 2).
Ga,Te; y Tenypu/ii CBUHILIO MPOSBIISE AaKUECTITOPHY iFO.
3rigno [9] npu nerysanHi Tenypuay cBuHiio Ga,Te; B
00acTi PO3YMHHOCTI, Ma€ MICIIC 3MCHIICHHS, MTHUTOMOI
€JIEKTPOIPOBIAHOCTI (o) Ta KoedirieHTa
TEIIONPOBITHOCTI ()), @ TAaKOX 3pOCTaHHA KoediuieHTa
TepMo-e.p.c. (o) I TBEPAMX PO3YHMHIB 3 P-THIIOM
MpOBiTHOCTI (puc. 3).

III. KpucragoksasixiMiyauii  aHaJi3
nedeKTHOI miacucTeMH.
B ocHOBy MeTOAy TOKIAJCHO CYMEPIO3UIIii0

KPHUCTAJIOKBA3iXiMIYHUX KJIACTEPIiB OCHOBHOI MaTpuIli 1

JETYIO4YOro  E€JEMEHTa,  YTBOPEHHX  HAa  OCHOBI
AQHTHCTPYKTYpH DX croilyk [13]. AHTHCTPYKTypoOIo

e Vo, 1 Vo, —
JIBOKPATHO3apSDKCHI HETaTHMBHA BAaKaHCIs CBUHIMIO i

MO3UTHBHA BaKaHCis Temypy, ,,/ ” i ,,”” — HEraTUBHHH 1
MMO3UTHUBHUI 3apsaH BiAIOBIIHO.

TeJypULy CBHHLIO € raeHit Vo, Vi,

KpucrangokBazixiMiaHuit 3armc n-PbTe
(HagcTexioMeTpis CBUHIIO) Oy/ie HACTYITHUM:
" - o " .-
Vi, Vi, +Pb° = Pb,, V.. (1)

€09

Tyt — HyJIbOBHUH 3apsin, Pbp, — cBUHEND y By3ii
KpUCTAIYHOI rpatku, Pb® — HeliTpaabHuil aTOM CBUHILIO.
Cynepnosumiisi  kiactepa (1) i3 KBa3iXiMiyHOIO

. . X X
(hopMyII0I0 OCHOBHOI MAaTpHIIi PbeTeTe ONHCYETHCS

3riHO:

(1-)Pb}, Te3, +afPby, Vi, ) (Pby Pb), ),, (Ter Vi) —

— Pby, (Tefl_a)V('x' )Te +20€
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X9

e 0. — MOJBHI JOJ JETyH4Yoi KOMIOHEHTH,
HEHTpalbHUI CTaH aroma. 3rimHo (2) crae OYCBHIHHUM,
IO HA/UIMIIOK CBUHIIO [PHU3BOAUTH JO YTBOPEHHS

noxarkosux BaxaHciit Tenypy ((V.)y,) i 36iaburyerses

KOHIEHTpAllis BUIBHUX eNexTpoHiB (201 ) ski i

CHPUYHHSIOTH N-THIT IPOBiTHOCTI Matepiamy [11].

KpucranoksazixiMmiune MPEICTaBICHHS
HecrexiomerpuyHoro p-PbTe (Hamnuimok tenypy y
IPaHMUIPIX 00JIaCTI TOMOI€HHOCTI) OIHCYEThCS TAKHUMHU
MPpEeACTaBIICHHAMU

Vo Vi, +Te’ — Vi Ter,
(1-a)Pby, Tey, +o(Vp, Ter, ) > (Pb, V), Ter, +2ah . 3)

Tyt be)b, Te}e

KPHUCTAIIYHOI rpaTku, h' — KoHIeHTpamis aipok. JipkoBa
MPOBIHICTH TETYPUIY CBUHIIIO [TOB’s3aHa i3 BaKaHCISIMU
y KaTiOHHIN MiArparii, Ta 3pOCTaHHAM BUIBHUX IiPOK.

Ockinbku y Ga,Te; Ha OIMH aTOM Tajlit0 MPUIANAE
HIBTOpU aToMa Telypy, TO MH OylIeMo pO3rjsiiaTy JiBa
BUIAJKK: cTexiomeTpii 3a MeTanoM (A) Ta crexiomeTpil
3a xaimpKoreHoMm (B).

- CBUHEUb 1 Temyp y By3iax

BKODIHGHHSI Talil0 Yy TeTpaelApHuHi MOPOKHHHHU
tenypuny cBuHIio (I) Ta MexaHi3M 3aMillleHHS! Talilo
BaKaHCI CBUHIIIO — OKTa€APHUYHMUX HMOPOKHHH ILIUIBHOT
YIIaKOBKH aTOMIB TEIypy KPUCTAIIUYHOT IPATKHU TEITypPHILY
ceuHIo (II). KpucranoksasixiMiduHi piBHSHHS JIETYBaHHS
tenypuny cBuHIio Ga,Te; OymyTh MaTH HacTyITHHH
BUTIISL.

Mexanizm (I A). Jleryroumii kmactep Oyne MaTh
BUTJIS;

KpucranoksazixiMivni MEXaHi3MH  JIETyBaHHS
tenypuny cBuHIo Ga,Te; HacTymHI:  MeXaHi3M
Vi Vi 4L Gad'Te? V), Tel,(Te' ), (Ga~ 4
P Vre T ay Tey” =V, Teq ( el)i( a”);. “)
2
Jdns  p-Tumy POBITHOCTI  KPHUCTAJIOKBA3iXiMiuHi BUTJISA;

PIBHAHHS YTBOPEHHS TBEPIOrO PO3UMHY OYyIyThb MaTu

(I- X){(Pbl—aV:)Pb Tel, +2ah'} + X{V}:bTe')l("e (Te'; );i(Ga),} —

2

- [szl—u)(l—x)va(l—x)ﬂ Ipy TeTe (Telx )i (Gay); +2a(1-x)h'. (5)
2

Y 1upoMy BUNAmKy BigOyBaeTbCs — 3POCTaHHS Jns n-TMIy TPOBIZHOCTI  TeMypuIy CBHHIIO

KaTiOHHUX BaKaHCIH V;( x> V; , 3MCHIICHHS OTPHUMAEMO:

konuentpaii gipox 20.(1—x)h > 2ah’.
(I-x) {Pb;b [Tez(l—a)vt.y: Ie +20e } + X{VPbTe")lEe (Tel )i(Ga™),} —
2
- [Pbé—x)Vx | [Teé—a)a—x)ﬂvé(l—x) Tre (Telx )i (Gay), +2a(l-x)e . (6)
2

Tyt BigOyBaeThCs 3pOCTaHHA KaTiOHHMX BaKaHCIH

"

VX, 3MEHIIEHHST aHIOHHUX BaKaHCIH V{;(H) < V[;Ta

KOHLEHTpaLi] eneKTpoHiB 20 1-x).

Mexanizm (Il A). AHanoriaHo 10 MOMEPEIHBOTO:

" 1 ]
Vi, Vi +5Ga§*Te§’ — Gayp, Ter (Te)). )

I[Ipn B3aemomii KiacTepa 3 p-THIOM TEIYPULY
CBUHIIIO Oy/ie 3pOocTaTH KUTBKICTh BUTBHHUX HOCIIB 3apsay

2

(ipox):
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(1=x){(Pb,_, V;)p, TeT, +2xh '} +x{Gay, Ter, (Te )} —

2

" " 2
X X X . .
= [PD gy Vo Gy Iy Ter. (Te, ), +2a(1=x)h + EXh : ®)
2
Cyneprno3uiiiero JEryrduoro KiacTtepa 3 OCHOBHOIO JIOJTATKOBI aHIOHHI BaKaHCIl, 0 3MCHINYE aKICITOPHY
Matpurero n-PbTe omepkumo, M0 BHHUKAIOTH BLIBHI JIIO TeTIYPHITY TaJIito.

IIpKH Ta 332 paxyHOK JOOYIOBU KAaTiOHHOI MiATPaTKH —
(1=x){Pbp,[Te(_) V; Tre +20e } +x{Gap, Ter (Te, ) } >
2

= [Pbi_Ga T [T (a1 ix Voo Jre (Te'ix ); +2a(l-x)e +xh'. (€]
2

3ayBaMMO, IO Yy MeXaHi3Max 3aMillleHHsS Ta (Te" ).
BKOpDIHEHHSI TaJlilo, IIPH CTEeXioMeTpii y Jeryrodomy L

. . > 2
KIIaCTepl 3a MCTAJIOM  YTBOPIHOETHCA  MIKBY3JIOBUU

Mexanizm (I B):

. 1 .
Vi, Vi, +§Ga§+Te; — Vp, Teq (Gaj);. (13)

3

s tBepaoro po3unny p-PbTe orpumaemo:
(1=3){(Pb, , Vi )p, Te, +2xh '} +x{Vp, Tey, (Gajz),} —

3

- [Pb?l—a)(l—x)va(l—x)er Teo[TeT, ](Gaéx )i +2a(l-x)h". (14)
3
Tyt cmocrepiraetbCsi 3HAYHOOLUIBIE 3POCTAHHS Jnst TBEpAOrO pO3YMHY N—THIIOM, 33 PaxyHOK
KaTIOHHUX BaKaHCi, HK 3MEHIICHHS KOHIICHTpaMii MOOyIOBH aHIOHHOI MiArpaTke, OyOyTh 3pOCTaTH
nipok  (x>>0), mo Oyle NpuU3BOIUTH JO IiPKOBOI KaTiOHHI ~BakKaHCii, 0 Npu3BeAC OO0 3MCHIICHHS
MIPOBIIHOCTI Marepiany. OCHOBHHX HOCIiB:

(1-x) {Pby, [Tef_,,) Vy Ir + 20 } +x{Vy, Ter, (Gay) ) >

3

- [sz(l—x)V): Ieo [Tez(l—a)(l—x)+xv(;(l—x) Tre (Gaéx ); +20(1- X)e' . (15)
3
Mexanizm (Il B):
V,, Vi, +%Ga‘;’+Te§ —(Ga,V,),, Tel.. (10)
3 3

Tomi yTBOpPEeHHS TBEPIAOrO PO3YUHY  P-THUILY
OIUILIETHCS PIBHSIHHSIM:
(1-X){(Pb,_, V) Te}, +2xh"} +x{(Ga, V) )y, Tek, ) —
303

—[Pb;, \'4 Gaj ]y, Tel, +2a(l1-x)h’ +§Xh'. (11)
gx

(I—a)(1-x) a(l—x)-*%x

Tyt Mae Micue 3pOCTaHHS KaTiOHHHX BakaHCId

\Y% , >V, Ta BIJIBHUX IipoK
a(l—x)+§x

2
2ah + (EX —2ax)h >2ah’, x>o.
Jlis TBepaoro po3unHy Ha 0a3i n—TuImy:
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(L= X){Pb},[Te}_,, Vi Ty, +20e} +x{(Gay V) )y, Tel ) —

(1-x)

3 3

X " X X . ! 2 .
—[Pb leGagX Tpo[Te 1_gyxex Vaiox Jre + 2001 =X)e + 3 xh". (12)

3 3

MaemMo  3MEHIIEHHS ~ KOHLEHTpalii  BUIBHHX

enekTpoHiB (2006 —20X€ <20l ) Ta 3pOCTaHHSA
JIIPOK.

IV. O0roBopenHsi pe3yJbTaTiB

3rizgHo HaBEIEHUX KPHUCTaJIOKBA3iXiMITHUX
piBHSHb Je(EKTHOTO CTaHy TBEPAOrO PO3YMHY
akuenropHa mgis  Ga,Te; MPOSBISIETBCS TMPH  BCIX
MexaHizmax JeryBaHHs (5), (6), (7), (8), (10), (11),
(13), (14). Tlomanbuii  yTOYHEHHS  MeXaHi3MY
JICTYBaHHS MOXXHA OTPHUMATH HA OCHOBI CIIBCTABJICHHS
napameTpa rpatku (puc.2), eJIEeKTPUYHHX IapaMeTpiB
(puc.3) Ta paxgiyciB aromiB (Tabmurs) [14].

3rigHo [10], BmIMB Tiei YW IHIIOL JOMIIIKH
HEOOXITHO PO3MIISAIATH Y 3B’SI3Ky 3 OCOOJIHMBOCTIMU
B3a€MO/IiT aTOMIB ITi€] JOMIIIKH 3 aTOMaMU MaTepiainy,
Mo JeryeTbCs. Y  BHUMAAKy JeryBaHHS PbTe
MiBTOPUTEIYPUIOM Tallito B 00J1acTi TOMOTEHHOCTI (10
4%) ocHoBHOW B3aemomicio € Ga-Te, Tak sk 3 Pb ramii
He yTBoptoe XimiuHux crnonyk. Ockinbku Ga,Te;
KPHUCTATI3y€eThCA y CTPYKTYypi cdaneputry (ZnS), To
NP JIETyBaHHI HUM TEIypUIy CBUHIIO aTOMH TaJlifo
OynyTh TIparHyTH 3ailHATH TIOJIOKEHHS OCHOBHOL
marpuui (Ga,Tes;). [Ipore xoopanHaLiiiHe OTOYECHHS B
PbTe Binpi3userscs Big oroueHHs B Ga,Te;. CrinbHHAN
NposSiB IIUX 000X TEHJACHIH Oyxe TPHBOAUTH MO
HECHMETPUYHOTO TepeKpuTTss p-ctaHiB Ga i1 Te i

JIESTKOTO 3MIICHHST aTOMIB Taliito 3 By3JiB rpaTku. Lle
NOBHHHO MPU3BOJAMTH JO TOTO, W0 AaTOMH Tallilo
OyayTh  MaTH  CXWIBHICTH 1O  3allOBHEHHSI
TeTpaeAPUIHUX MOPOKHUH B OTOUYEHHI TENypy, SKi €
HeszaiiHaTUMH y cTpyKTypi PbTe (Mexanizmu 1A, IB).
I[le i oOymoBIOE 30UIbIICHHS KOHIEHTpAILil
OCHOBHHUX HOCIiB CTpyMy y Marepiani p-tumy 1 ix
3MEHIIICHHS Yy n-Tumy BigmoBigHo (puc. 4). Ilpu
peanizauii mexanizmy (IA), ToOTO BKOpiHEHHI raiito y
TETPAOPOKHUHM  LIUIBHOI ~ YNAKOBKH  TEIypy
KpucranmiuHoi rpatku PbTe Mmae Micue yTBOpeHHS
mixBysnosux iouis rexypy (Te ), srizno (8), (9). Lie
2
NOBHHHO MPU3BOJMTH JO 3POCTaHHS Mapamerpa
rpaTkd, M[I0 CYIEpPEYUTb eKCIIEPUMEHTY (puc.2-
kpuBa.l). Y Bumamky crexioMeTpil 3a XaJbKOreHOM
(mexanizm IIA) BinOyBaeThcsi 3pOCTaHHS KaTIOHHUX
BaKaHCIH, sKi € OKTaeOPUYHUMH IIOPOKHHHAMHU Y
LIJIbHIA ~ yaKoBLI  TENypy KpPUCTAIIB  TEIypumy

ceunmo  (V, >V,), mWo € nupUYHHO0

(1-x)+x
CIIOCTEPEKYBAaHOTO 3MEHIICHHS TMapaMeTpa TpaTKd
(puc. 2-kpuBa 1). BkopiHeHHs Traiilo 32 yMOBH Majoro
ionnoro paniyca (0,62A, Tabmuus) y nopiBHAHHI i3
pasiycoM TeTpaeapuuHoi noposxkuunu (2,15A) cyrreBo
HC BIUIMBATUME Ha 3MiHy napamMeTpa rpaTtku.

Taoauns

EnexktponHa ctpykTypa Ta pagiycu Pb, Te i Ga [14]

W Pb Ga Te

r, A 4£*5d"%6s%6p* 3d"%4s%4p' 4d"%5s%5p"
ATOMHI 1,81 1,30 1,42
Kosanenrni 1,47 1,26 1,36
TonHi 1,26 (2+) 0,62 (3+) 2,11 (2)
Io 1,62 1,16 1,64
I 1,46 - 1,34

V. BucHoBku

3anpornoHoBaHi KPUCTAIOKBa3iXiMiuHI MeXaHi3MH
YTBOpEHHS TBepaoro po3unny PbTe — Ga,Te;.

[ToxazaHo, 1m0 MexXaHi3M BKOPiHEHHS i0HIB Tallilo y
MDKBY3JSL — TETpacOpuWyHi TOPOXHWHH  IIUTBHOI

ynakoBku Tenypy v PbTe € mepeBaxkarouanm.

Pe3ynbTaTi  KpUCTANIOKBA3iXIMIYHHX PO3paxyHKIiB

MIITBEPXKYIOTHCSL aHATI30M T'€OMETPHYHHUX (aKTOpIB 1
3MiHH ITapamMeTpa KPUCTATIYHOT MPATKH.
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Crystal-Quasichemical reactions of own atomic defects formation on lead telluride with solid solution formation
PbTe-Ga,Te; is proposed.



