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I. Beryn

[Ipupona TBepAWX pO3YMHIB y CHCTEMI
SnTe-InTe, He AuUBIAYHMCHL Ha JETAJIbHI
nociipKeHHs [1-6], 10 1bOTO Yacy 3aIuIIaeTh-
sl AUCKYCIHHOIO.

Tenypun omnoBa BiTHOCHTBCSA 10 (a3 Te-
PEMIHHOTO CKJaIy, 3MIIIEHOI Ha OiK HAATUIIKY
tenypy [7, 8]. HasBHicTh mmpokoi obmacTi ro-
MoreHHocTi (710 ~1 ar.% Te) oO0ymoBit0€ p-THIl
MPOBIHOCTI 1 BHMCOKY KOHIIEHTpAIl0 AIpOK
(10%°-10%" em™) [9]. Tenypun onoBa kpucrai-
3yeTbcss B cTpykTypi Tumy NaCl, mapamerp
TpaTKU SIKOT 3MEHINYETbCA 13 30UIbLICHHSIM
BMICTY TEIypy B IpaHHIIX 00JacTi TOMOTEH-
HocTi [3]. OctaHHe MATBEpIKYE Te, 1m0 nede-
KTaMu HectexiomerpuuHoro SnTe € BakaHcii
onosa ( Vg, ) — okraeapuuni nopoxxauau (OIT)

y LIUIbHIM yMakoBIl aToMiB Tenypy. Terpaen-
pUYHE LIIJIbHE OTOYEHHS aToMiB Te Xapakrepu-
3yeTbes TeTpaeqpuyHuMu nopoxkuuHamu (TII),
AKi y crexiomerpuaHoMmy SnTe € He3alHATHMH.

InTe mae 00’eMOLIEHTPOBaHY TeTparoHalb-
Hy rparky tumy TISe i3 mapamerpamu:
a=8,437E; c=7,136 E. YV xpucraniuuiii rpa-
tii InTe € aromu iHAIFO ABOX COPTiB. ATOMHU
InI oToyeni y TeTparoHanbpHii mo3uiii 8 aTo-
mamu Te na Bigcrani 3,53 E. Atomu Inll —
TeTpaepuyHO oToueHi 4 aromamu Te i3 Haii-
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MeHIuMH Biactansmu 2,84 E [4].

3rigHO pe3yabTaTiB AochigxkeHb [1-5] Bu-
SIBJICHO, 110 MeXa 00JIacTI TOMOTE€HHOCT1 TBEP-
mux posuuHiB SnTe-InTe mpocrtsaraerbes A0
~35m0n.% InTe. Ilpu upoMy KOHIEHTpaLis
OCHOBHHUX HOCIiB 3pOcCTa€ 13 301IbIIEHHSIM BMi-
CTy Jerytodoi gomimku (puc.l — xpusi 1, 2)
[1,10], mo Bka3ye Ha BUKIIOYHO AKUEHNTOPHY
nito aromiB iHAito. [lapameTp rpatku TBEpIOTO
pPO3UMHY NpH LBOMY 3MEHIIyeThcs (puc. 1. —
KpuBa 3), 10 MIATBEPIKYE MPOIEC TeHEPyBaH-
HSl BaKaHCIM y KPUCTAIIYHIN CTPYKTypl OCHOB-
HOi MaTpuli. ABTOpH poOiT [2-5], netanizyroun
KOHIICHTpAIlIHI 3aJIe)KHOCTI B MeXax 005acTi
TOMOTEHHOCTi, BUAUIIOTE TPU XapaKTEpHI
inrepBanu: 0-0,4; 0,4-3,0 1 3,0-35 mon.% InTe.
B inTepBani pos0aBieHUX TBEPAUX PO3UHHIB
(o ~ 0,4 mon.%) KOHIEHTpallisl HOCIiB pocTe 1
IHAI BUCTymae gk akuentop (puc.2 — Kpu-
Ba 1). Jlna 0,4-3,0 mon.% InTe mae wmicue ne-
SKE€ 3MEHIIEHHS KOHIIEHTpalii IipoK, TOOTO
1HII TposBisie TOHOPHHUM XapakTtep (puc. 2 —
kpuBa 1). 3MiHU apaMmeTpa rpaTku y KOHIIEHT-
pauiiinomy iHTepBani 0-3 moxn. % InTe HecyT-
TeBi (pHC. 2 — kpuBa 2). Y TPeTbOMY KOHIICHT-
paiiiiHoMy iHTepBaji 1HAIM 3HOBY MPOSBISE
aKIENTOPHI BIACTUBOCTI 1 KOHIEHTPAIIiSI JIPOK
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Puc 1. 3anexnicth KoHIEHTpamii Aipok (p — 1,2) 1 mapamerpa rpaTku (a — 3) TBEpAUX PO3UUHIB
SnTe-InTe Bix Bmicty InTe: o — gani poboru [1]; « — nani podotu [10].
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Puc. 2. 3anexHicTh KOHIIEHTpaIlil Aipok (kpuBa 1) i mapameTpa rpatku (kpusa 2) 3a podotoro [4].

3pocrace (puc. 2 — kpusa 1), a mapamerp rpatkn  II. KpucranokBasixiMmiunuii onuc mpo-

3MEHIy€eThes (puc. 2 — Kpusa 2). necy JeryBaHHsi
VY naniii poOOTi HA OCHOBI KpUCTaJIOKBa3i-
ximiyHoro migxoxy [11] po3rissHyTO MOKIHBI B ocHOBY MeTOy MOKIaZeHa CYNEPIIO3HIIis

MEXaHI3MH YTBOPEHHS TBEPAUX PO3YMHIB  KPHCTAJOXIMIYHOTO CKJIAAy JIETYHOYOi CIIOIYKH

SnTe-InTe Tta QopmyBaHHs y HUX AeDEKTHOI i aHTHCTPYKTypd OCHOBHOI Marpwii [11]. Pos-

I ICICTEMH. [JISHEMO PI3HI MOJIeNli YTBOPEHHS TBEPOTO
po3unny SnTe-InTe:

aTOMH 1HJIII0 3aMIIAIOTh AaTOMHU 0JIOBA Y BY-
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37MaX  KPHUCTATYHOI TpaTKH, 3allOBHIOIOYH
KaTiOHHI BaKaHCii, TOOTO OKTaeApUYHI MOPOK-
Hunn (In—OIl, mexanizm A);

In" 3aiiMae OKTaeIpPUUHi TIOPOKHUHH IiJl-
rparkn  tenypy (In*—OIl), a In’" -
terpaeapuuni (In’ —TII) (Mexanizm B).

Cnonyky In”"Te”, 3rifHO 3 BUIICBKA3aHIMHE

" - + 3+ 2—-
Van Vi +1IngsIngsTe

ne VI — V.. — IBOKpaTHO3apsKEHi HEraTH-
BHA BaKaHCIA OJIOBA 1 ITO3UTHMBHA BaKaHCIA Te-
Typy.

KpucranokBasixiMidHe mpecTaBICHHS

" - 0 " .
Vg, Vi +Te” = Vg Ter,,

MIpKyBaHHSIMU MO>KHA IMPEJICTAaBUTH y BUTIIAIL
In*"Te’— (Inj ;In)Te’ . YV Bunagky mexani-
3My (A) mpu HaKIaIaHHI JaHOTO KPUCTAIIOXi-
MIYHOTO CKJIaAy Ha aHTHCTPYKTYPY MOHOTENY-
puay oioBa Vg V.. OTPEMAEMO KPHCTAIOKBA-
31XIMIYHHH KJIacTep

= (In;),SIn'O,S)Sn Te;e > e))

HECTEXIOMETPUYHOTO TEeNypHUay OJOoBa 3 HaJ-
JUIIKOM TEIypy B TPaHMIIX OOJacTi romo-
TEHHOCTI OIUCY€EThCSI TAKUMHU PIBHSHHIMHU:

@)

(1-a)Sng, Te, +aVg, Ter, — (Sn;  V)), Ter. +2ah.

Tyt 6 — BiAXUJICHHS B CTEX10METpii.

Sk Gaummo 3 (2), HeCTeXiOMeTpisi MOHOTE-
JTypuay 0J0Ba MOB’S3aHAa 3 HAUIUIIKOM TEIypy
1 00yMOBJIeHa KaTIOHHUMH BaKaHCIAIMH V¢, .

CyMileHHs JaHOTO KPHCTAIOKBA31XiMi4HO-

N10%,em

ro KJIacTepy i3 OCHOBHOIO MaTpHIICIO y po3pa-
XYHKY Ha | MOJIb CITOJyKH OIMCY€THCSI HACTY-
ITHUM PIBHSHHSM

0 5 10 15

20 25 Mos1.% InTe

Puc. 3. Konuenrpauist Bakanciii (kpuBa 2) i HOCIiB 3apsiay (kpuBa 1) mpu MexaHi3Mmi 3aMillleHHSI.
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(1 - X)[(SnrfaV:)Sn Te;e + 2a’h] + X[(In;),SInb S)Sn Te;e] -

X 1 .
(Sn(lfot)(lfx)Ino,SXIno,Sx

(Sn(l —a)(1-x)

3rigHo (3), 3aMilIeHHs B KaTiOHHIN miarpa-
Tii In — Sn npu3BOAUTH 10 3MEHIICHHS KiJb-
KOCTI KaTiOHHMX BaKaHCIf 1 KOHIEHTpamii Ji-
pok (2a(l—x)). V Bumagky mexanizmy (B)

a(l-x

))SHTeTe+2a(1 x)h — 3)
In* V"(l x))SnTeTe +Qa(l- X)+—)h 4 x e

nporecu AePeKTOYTBOPEHHSI OMUCYIOThCS Ta-
KHUMH KPUCTATOKBA31XIMIYHIUMH PIBHSIHHSIMH:

V¢, Vi, + In0 slnogTez_ = (Ino SV(;IS)Sn In0 sLiTer.
(1- y)[(Snlx_mV”)Sn Ter, +2ah’]+ y[(In0 5 0 s)salIng s Ter ] — . 4)

(01 NG5, V

[Ipu naHoMy MexaHi3Mi YTBOPEHHS TBEpAO-
IO PO3YMHY CHOCTEPIra€ThCsl 3pOCTaHHS KOH-
HeHTpauii KaTIOHHUX BakaHCIi 3a paxyHOK
BKOPIHEHHsI aTOMIB 1HAIIO (3T1IHO MPUHIIUITY
Jle lllaTenne).

II1. Anani3 pe3yabTaTtiB q0C/TiTKeHD

Ha ocHoBi nanux excnepumeHty (puc. 1, 2),
a TaKOX KPHCTAIOKBA3iXiMIYHUX PpIBHSHB
MOYKHa MTPUNUTH 10 TAKUX BUCHOBKIB.

Axuenropra nist InTe B SnTe nosicHIOeThCs
M, mo In®" posummsieThest B crami In', a g0-
HOpHA — B cTaHi In>* 3rifmo:

)Sn [In0 Sy] TeTe + 2(1(1 Y)h

In** +e—>1In",

In*" —e—>In’"

Bepyun nmo yBarm okraenpuuHi Ta TeTpaea-
pUYHI pajilycu TOPOKHUH KpucTaimiyHoro SnTe
y WUIBHIA ynakoBui miarpatku Tenypy (Rom =
1,58A i Rep =1,37A) [9] i paniyen In'
(1,65E) Ta In* (1,27 E) MmoxxHa CTBEpIXKyBaTH,
mo In" OyJie 3aIIOBHIOBATH OKTACIPHYHI MTOPO-
KHIHH, 3aiiMAloul TIOJOKEHHS ON0Ba, a In’" —
TETpaeIpUYHI MOPOKHUHU, 110 OMHUCYETHCS Pi-
BHAHHAM (4). [Ipu my>xe Manux KOHIEHTpAIisx
InTe BkOpinenHs In’" B TeTpaempuuHi MOPOX-
HUHU HE BUKIIMKA€ BEJIMKUX CIIOTBOPEHb KPHC-
TaniyHol rpatku (puc. 1 — xpuBa 3; puc.2 —

S DD B~ N

0 1 2

3 M0JL.% InTe

Puc. 4. Konnenrpartist HociiB 3apsiay (kpusa 1), BakaHCi#t ojioBa (KpruBa 2) Ta BKOPIHEHHX aTOMIB In
(xpuBa 3) mpu BpaxyBaHHI Pi3HOI JoKaJi3alii aToMiB 1HJIIIO.
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kpuBa 1). KpiM TOoro, Ha mOYaTKOBHX CTaJisAX
HE BiIOYBAa€ThCS B3AEMOJIiI MK BIACHUMH 1
nomimkoBuMHu nedexramu. lle nae MOXIHBICTH

(S g1y [N sy

a(

Ax 6aunmo, npu 1ILOMY BiZIOYBAETHCS 3POC-
TaHHS KOHIIEHTpAlii HOCIiB p-TUITy, IO CBiJ-
9uTh Mpo aknentopHy Aito InTe B SnTe Ha mo-
YaTKOBHX CTa/isIX JIeTyBaHHs (puC. 4).

HasiBHicTh BenMKOi KUIBKOCTI BIACHUX TOY-
KOBUX Je(KTIB (3aps/KEHIX BaKaHCiH 0JI0Ba) 1
nomimkoBux aromie Bropinenus (In®" B TII)

X X " "
(Sn aeo(- Mo sy Vaaoy) )sn [( Ing 5, Vis,

OTxe, mpu 3B’3yBaHHI In*" B kommmexcu
CIIOCTEPIraeThCs 3MEHIICHHS KUTBKOCTI BakKaH-
Cili B KaTIOHHIN MATpaTIli, a TAKOX KOHIICHT-
pattii HOCIiB 3apsy, IO CBIAYUTH MPO JTOHOP-
HUH XapakTep Aii TeaypuIy 1HIiI0 B OCHOBHIN
Matpuiii (puc. 5).

[Tpu nonanpiomMy 30UIBIIEHHI KOHLIEHTpa-
uii InTe yrBopenHst xommuiekciB In,Tes crae
YOro HE CIIOCTEPIraeTbcs Ha EKCHEPUMEHTI.

)Te?)]cTeffy +2a(l—y)h’ +%e’

MpUIYCTUTH, 110 BXxopKkeHHs In 1 Te BimOyBa-
€ThCS HE3aJeXKHO OaHe Bix omuoro. Toml Ha
OCHOBI PIBHSHHS 4) OTPUMAEMO:

Vsl 1 Ter +[ 20 -y) +y o (5)

MOXe OOYMOBHUTH B3a€MOJiI0 MUX Ne(EKTIB 3
YTBOPEHHSM HEUTpanbHuX KoMmIuiekciB In,Tes
31 CTPYKTYpOIO ZnS 13 3a7y4eHHIM JT0JaTKOBUX
BAKaHCIiH, AKi yTBOPHIIUCS BHACTIIOK JOOYI0BU
TEIypOM aHIOHHOI MiATPaTKH, MO0 OMHUCYBATH-
METbCS PIBHSIHHSM:

(6)

HEMOKJIMBUM Y 3B’SI3KY 3 HEIOCTATHBOIO KiJIb-
KICTIO BaKaHCIH, HEOOXITHMX 11 KOMILIEKCO-
YTBOPEHHS, & TaKOXX BHACIIJOK 3MEHIICHHS
CTYTEHS BIIXHJICHHS BiJl CTEXIOMETpIii 3a paxy-
HOK 3aIlOBHEHHS KAaTIOHHMX BaKaHCIil 10HaMU
In". KpiM Toro, BKOpiHEHHS iHif0 B JyXke Be-
JUKUX KUIBKOCTSAX TPU3BOJUTH 10 3HAYHOTO
CIIOTBOPCHHS KPUCTATIYHOT IPaTKH,
aTOMIB 1HJIIO 3aMOBHIOIOTH OKTAEIpPHYHI TIO-

OTxe, MOXHA NPHUIYCTUTH, IO OUIBIIICTE  POXHUHU MIATPATKHA TEIYPY, YTBOPIOIOYU KOM-
N, 10% em™
5 ¢—
4 F 1
—e

3 I
2 | 2
1 1 1 1 1 ]

0 2 4 8 MoJ1. % InTe

Puc. 5. Konuenrpauist HociiB 3apsay (kpuBa 1) Ta BakaHCii (KpuBa 2) pH yTBOPEHHI
koMrIuiekciB In,Tes.
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miexcu InTe ([ Ing sIng [Te), sixi we Brum-

BAIOTh HA KOHLIEHTpAIil0 HOCIiB 3apsaay. OTxe,
OCHOBHHI BKJIA]] B TIPOBITHICTh BHOCSATH aTOMHU
1H/1I0 B TeTpaeApUUHUX MopokHUHaX. KoHie-
HTpAIlisl HOCIiB U LILOMY 3pOCTaTHME, IO T'0-
BOPUTH TIPO aKkienTopHy Aito InTe.

Peanizawist mpsivoro 3amimensst In™ i In™
OKTAEJPUYHUX TOPOXHHUH ILIUIBHOI YNAaKOBKU
atomiB Te y ctpykrypi SnTe 3rigHo cxemu, Ky
npenacTaBisie  piBHAHHA (2) MaloiiMOBipHa,
OCKIUTBKY TIPU3BOJUTH /10 3MEHIICHHS KOHIICH-
Tpamii gipok (puc.3 — KpuBa 2), 1m0 cymnepe-
YUTh pe3yibTaTaM ekcrnepumeHnty (puc. 1,2 —
KpuBa 3)

IV.BucHoBkn

1. Y1BOopenHs tBepaoro po3umHy SnTe-
InTe BinOyBaeThCs 3a [BOMA MEXaHI3MaMU: 3a-
MIIIIEHHs B KaTIOHHIA MiATpaTI 1HII€EM BaKaH-
ciif os10Ba 1 BKOPIHEHHS aTOMIB 1HJIIO.

2. AToMM 1HAIIO y KPHUCTATIYHIA TpaTIi
SnTe nepeOyBaioTh y BOX 3apsAIOBUX CTaHAX
In"ilIn*"

3. Atomu In", po3minieHi B OKTaepUIHIX
MOPOXKHUHAX MIATPATKH TEIypy, OEPyTh y4acTh
B yTBOpeHHi koMIutekciB InTe.

4. Atomu In*" MIPH BIJIMIOBITHOMY CITIBBII-
HOIIEHH] JOMIIIKOBUX aTOMIB 1 KaTIOHHUX Ba-
KaHCIi 3aliMaloTh TETpaeApHyYHI TOPONKHHU
IIIJIbHOT YMakoBKM aToMiB Te KpHCTaaidyHOl
ctpyktypu SnTe 3 yTBOpEHHSM KOMILIEKCIB
In,Tes.
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By the crystalloquasichemical method the analysis of probable mechanisms of solid solution
formation in SnTe-InTe system is given. Is shown, that in SnTe crystal lattice the Indium atoms
are in two charging states In" and In*".
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