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I. Beryn
Tenypua CBUHIO BiTHOCHUTBCS JO CEPEIHBO-
TEeMIIEpAaTypHUX  TEPMOEJIEKTPUYHUX  MarepialiB 3

HIMPUHOIO 3a00poHeHoi 30Hu Ag = (0,32 ¢B mpu 300 K i
KpucraniyHoto Tparkoo Tuimy NaCl 3 mapamerpom
a=6,461 A.  Temmeparypa  TmaBjeHHA  CKiIajae
Tu=1190 K.  [IBocTOpOHHS 001acTh TOMOTCHHOCTI
PbTe cnpusie BITXUICHHIO BiJf CTEXiOMETPHYHOTO CKIATY
K y OiKk Meramy, Tak i y OiK XaJbKOTeHy. Y IMepiomy
BUNAAKy IIEPEBAKAIOUYUMH  Ae(EeKTaMu  SBISIOTHCS
BaKaHCIi XaJbKOTEHY, 5Ki OOyMOBIIOIOTH E€JIEKTPOHHY

MpOBIOHICTE ~ MaTepiawy. Y  OpyroMy  BHIIAAKY
NepeBaKaloTh ~ BakaHCIl MeTaly 1  peai3yerbcs
NpoBigHICTh p-THITY [1, 2].

EdexruBnicth BUKOPUCTAHHS Mmarepiaity

BH3HAYAETHCS MOXKIMBOCTSIMHA  JIOCSITHEHHSI  BHCOKHX
3HAUYEHb TEPMOENEKTPHUYHHX HapameTpi: o, ¢ i o’c,
Z = o oy’ [3], a Takoxk HOro CTIHKICTIO 5K 10 TEIIOBHX
TIOJIIB, TaK i 10 aTMocdepHuX raziB. OHUM i3 MOKINBUX
LOUISXIB  TOKPAIEHHS BKa3aHUX XapakTEPUCTHK €
BBEICHHA TCTCPOBAICHTHHX AaTOMIB 3aMilllEHHA IMpH
YTBOPEHHI TBEpAUX PO3UUHIB [3].

3a kpucTanoximMivHUMH mapamerpaMu a0 PbTe myxe
ONMU3pKI TEMypPHIM TMEPeXifHUX METaliB, Yy HaIIOMy
Bumnaaky CrTe [4].

Y poOoTi 3ampoONOHOBAaHO KPHCTAIOKBA3iXiMiuHI
PIBHSIHHSL yTBOpPEHHS Ae(EKTIB Yy TBEpAUX PO3UMHAX
PbTe-CrTe, Ha OCHOBI SKHX IIOSICHEHO 3aJIEKHICTH
TEPMOEJIEKTPUYHHX ITapaMeTpiB Bij X CKIIATy.

II. MeToanka ekcnepuMeHTY i OCHOBHi
pe3yabTaTi

I[J'ISI OACPIKaHHA CILIABIB CHCTEMU TCIypud CBUHIIO-
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TENypUJ  XpOMY  BHKOPHCTOBYBadM  3rimHO  [4]
noriepeqHbo cuHTe30BaHi kpuctamu PbTe i CrTe i3
cBuHIO C-00, OYHIIEHOTO BUTATYBAaHHSAM 33 METOIIOM
HoxpalbChKOTO Y BOIHI;, TeMypy Mapku T-1, ountenoro
BaKyyMHOIO JUCTHJIALIEIO; EIEKTPOJIITHYHOTO XPOMY 3
BMmictoM 99,9 mon. % ocHOBHOI pe4yoBunu. CruiaBu
orpumyBanu B rpaditoBux Turisx npu 1500K B
aTMocdepi redxito mig Tuckom 5 Mlla 3 nepeminryBaHHM
posruiaBy. 3IMTKM  TOApIOHIOBaNM B iHEPTHOMY
cepenoBuIli y BiOpauiiHOMy MIHMHKY. Opepxani
MeTaloKepaMivyHi 3pas3ky, BimnamoBamun npu 1100 K
npoTsiroM 200 roA. 3 HaCTYIIHUM 3arapTyBaHHSIM.

T,K
1100 o o o X X

800 -7 O x X

500 Fo o|x X X

[ | | |

1 2 3 CrTe, Mmon.%
Puc. 1. TemmnepaTypHa 3aJe)XHICTh TI'paHHLI
00J1acTi TOMOTEHHOCTI CIiIaBiB cucremu PbTe-
CrTe (1 — onnodasHi, 2 — nBodasHi crulaBm)

[4].

Pentrenorpadiunuii  aHamiz ~ TpoOBOAWIM  Ha
ycranomi  JIPOH-0,5 B Cu K,-BUnpomiHtoBaHHi,
napaMeTp eJeMEeHTapHOI KOMIPKH BHU3HAYald METOJ0M
rpadiuHOi eKcTpanojsiuii 3 BUKOPHCTaHHSIM (yHKLIT
Henbcona-Paiini [5], mo npu 3HaueHHsX ® B iHTepBaii
Binm 30 mo 63° 3abe3meuyBajo BHU3HAYCHHS MapaMeTpa
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rpatku 3 TounicTio +£0,0009 A. MikpocTpykTypHuii
aHaI3 301HCHIOBAIU MIKPOCKOIIOM MIM-8M,
enekTpodhi3uyHI mapamMeTpH, BUMIPIOBAIU 38 METOAMKOIO

n-10", cm’ a A
40 5
B 6,47
20
., . o1 645
0 I S N B

0 2 4 6 8 10 CrTe, mon. %

Puc. 2. 3anexnicts mapamerpa rparku (1) Ta KOHIICH-
Tpanii HociiB (2) Big Bmicty CrTe y cucremi PbTe-
CrTe.

[5].

Pentrenodasnuii aHai3 mokasas, IO MICHI TPAHHUII
PO3YMHHOCTI TEIypuay XpoMy Yy TEIypual CBUHIIO
BUAUIMTBCA Opyra ¢aza. Y obmacti ckmamis (1o
70 Mo % CrTe ), moO IOCHIMKYETHCA, L€ € TEIypUA

c-10%, | o'c10;, |
o, MKB/K Om'cm’ Btem™K
7] 3,0
300
12,5
-12,0
200
11,5
-11,0
100 Jos

PbTe CrTe, mon.%
Puc. 3. 3amexHicte koedimieHTa Tepmo-e.p.c.
(1-a), mmTOMOI enmekTpompoBimHocTI (2-6) i1
MUTOMOI TEPMOENIEKTPHYHOT MOoTyKHOCTI (3-
o’c) Bizx Bmicty CrTe y cucremi PbTe-CrTe.

XpOMy.

Ha puc. 1 nokazano rpanuni oxHogazHoi obnacti y
TBEpJIOMY CTaHi, BU3HAUE€HI PI3HUMH MeToJuKaMu [4].
Pozunnnicte CrTe B PbTe HeBenmuka i ¢j1a00 3MiHIOETHCS
BiJl TEMIIepaTypH.

MPAaKTUIHO HE3MIiHHOIO.

TakuM YWHOM, JaHI PEHTreHO()A3HOro aHalizy
BKa3zywTh, 10 cucreMa PbTe-CrTe, cminaBu sKkoi
CKJIaZIal0ThCs 3 CYMIIl TEJypHIy CBHHIO 1 TeIypumy
XpoMy — KBa3ibiHapHa.

BceranoBieno, mo a1 o0iacTi TOMOTEHHOCTI 13
3pOCTaHHSM BMICTY TEJIYpHIYy XpOMY KOHLIEHTpaLlis
OCHOBHHX HOCIIB CTpyMy 3MEHIIYEThCS (pUC. 2 — KpHUBa
2). Takox BH3HAYCHO, IO KOEeIilieHT TepMmo-e.p.c. (o)
Ipu I1OMY 3pOCTa€, a MHUTOMa TEPMOEJIEKTPUYHA
notyxuicth  (¢’6) i NHTOMA  eIEKTPONPOBITHICTH
cnamatote (puc.3 — kpuBi 2 1 1). Ilpm mocsrHeHHi
IPaHMIl PO3YMHHOCTI CIIOCTEPIra€ThCs 3BOPOTHIH Xix
BKa3zaHWX BeauuunH  (puc.3). 3paskd  BOJIOMIIOTH
€JIEKTPOHHOIO IPOBIIHICTIO.

II1. KpucrajgoxkBa3siximist nedgexrin

Just  BUSICHEHHS TPHPOJM TBEPAOTO  PO3UHHY
(PbTe);(CrTe)y, HamMu  BHKOPHCTAaHO  KPHCTAJIO-
kBaziximiuauit miaxix [7]. Crpykrypa tumy NaCl
xapaktepusyeTbesi okraenpuunumM (O) i TeTpaeApuIHAM
(T) oroyeHHsIM aToMiB CBUHILIO 1 Tenypy. OKTaeapuyHi i

TeTpaelpuuHi pajiyCH aroMiB CBUHLIO, 1 TeIypy
Tabauus
EsrextponHa cTpykTypa i aromHi paaiycu Pb, Te i Cr [8].
€JIeMEHTHU Pb Cr Te
1, A 4f%5d4"%s’6p” | 3d*4s® | 4d"%5s%5p*
AToMHI 1,81 1,40 1,42
KosanenTsi | 1,47 1,18 1,36
loHHI 1,26 (2+) 0,83(2+) | 2,11 (2-)
o 1,62 - 1,64
It 1,46 - 1,34
CKJIaIAI0Th (TaOHIIs):
Topp = 1,62 A, ToTe = 1,64 A, I'rpp = 1,46 A,

rrre= 1,34 A, Binnosinuo [8]. Kpim Toro, ajis cTpykTypH
KyXOHHOI comi icHyooTh okraeapmyni (OIT) i
terpaeapuudi (TII) mopoxuman. IIpu mpomy OIl — e
BaKaHCIi1 Tenmypy y KarioHHii (Pb) 4 cBUHIIO B aHIOHHIH
(Te) migrpaTkax Bigmoimao (ron= 3,25 A). Tertpa-
eIpUYHI  MOPOKHUHM  —  He3alHATI  Micust  y
TeTpaeIpUYHOMY OTOYEHHI CBHHLIO YU  TeIypy
(rr= 2,81 A) [8]. KpucranoksasixiMiunuii MeTos1 onucy
MpoIeCiB  J1e(DEKTOYTBOPCHHSL MOJIATa€ y HaKJIaJaHHI
KPHUCTAIIOXIMIYHOTO KJIACTEPY Ha OCHOBHY MAaTpHUILIO.

Ha puc. 2 (xpuBa 1) 300paxkeHa 3aJ€XHICTh Iapa- KpucranoksazixiMmiune MIPECTABICHHS TENypUIy
MeTpa eJeMEHTapHOi KOMIpKHM BiJ CKJIaxy 3paska. CBUHIIO nN-THNy (HAUIMIIOK CBUHLIO) 1 p-TUIY
Crnioyarky i3 30UIBLIEHHSM BMICTY TEIypHILY XpOMY (HagmumoKk  Texypy) ~— OTPUMAEMO  HaKJIaJaHHAM
CTajla KPUCTATIYHOI TpaTKM 3MEHIIYETHCS 1 ICIs KPHCTAJIOXIMIYHUX  CKJIQLOBUX HAa  aHTHCTPYKTYpY
JOCSITHEHHSI ~ TPaHUII  PO3YMHHOCTI  3aJIMIIA€THCS V7 V.. cnonykn PbTe. ITpu HauiiIKy CBHHIIO:

" . 0 ” .
PbVTc +Pb" —> P PbVTc’
x x " - X X - ’
(1-B)Pby, Ter, +B(Pby, Vi) = Pby, (Tey j Vi) +2PBe€". (D)

IIpu HapnuIKy TENypy:

” - 0 " -
Vi, Vi + Tew = V, Te,,
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(1-B)Pbj, Te}, +B(ViTes,) = (Pb, , Vi), Ter, +2Bh'. @

”n . .
Tyr Vp, — [BOKpaTHO iOHi30BaHAa HEraTHBHA

BaKaHCis CBHHIIO (KaTioHHa BakaHcisn); Vi,

JIBOKPATHO 10HI30BaHA T[O3WTHBHA BaKaHCIA TEIypy
(anmionHa Bakaucis); h° — koHuenrtpauis aipok; e' —
KOHILIEHTpALlisl ~ €JEeKTPOHIB; [ — BIIXWICHHS BiJ
CTEXIOMETIi.

I3 cniBBimHOmeHHs (1) BUAHO, IIO €NEKTPOHHA
NPOBIHICTh TEIYypUAY CBHHIIO IIOB’s3aHa 13 3apsKe-
HMMM BaKaHCisMHM B aHiOHHiM migrparii (VL; e, @

JipKoBa — i3 3aps/DKEHMMM BaKaHCIIMM y KaTiOHHIN

. . n . e
MIATpaTIi (VB )pb- Y HAIIOMY HPEICTABICHHI BaKaHCIi

. " o - . .
tenypy Vp. (cBuHmio Vp,), Haii6inbm iMOBIpHO, € He

0 iHIIE SK OKTAeAPHYHI IyCTOTH B OTOYEHHI CBUHIIIO
(Temypy).

VYTBOpPEHHS TBEPAOrO PO3YHMHY 3 KPUCTAJIOKBa3i-
XIMIYHOTO ~ THOTJISILy MOXe  BigOyBaTHCS — pI3HHUMH
MexaHi3Mamu. HaiiOinpin iMOBipHMMH € Taki JBa:

3aMilllEHHsST aTOMaMHM XpOMY OKTAaEAPHUYHHUX HOPOKHHH
(Bakanciii csuHIr0) (I) Ta BKOpIHEHHS aTOMIB XpoMy Y
MDKBY37Ts, TOOTO Terpaeapuuni nopoxauHu  (II).
[IpoananizyeM0 KpHCTATOKBa3iXiMidHI pEaKIlii Ui mUX
MEXaHi3MiB.

3.1. Mexanizm 3amiwgenna (I). Cymnepmnosuiis
KPUCTAJIOXIMIYHOTO  CKJIAAy  JIETYI0UOi  CIOJYKH

(CerrTez*) Ha AaHTHCTPYKTYpy OCHOBHOI MaTpulii

(Vi Vi) yTBOpIOE KpHCTATOXIMIUHHIA KITaCTep:
" - 2+ 2— X X
Vi Vi +Cr7Te™ — Cry Te, . 3)

KpucranokBazixiMidyHe  pIiBHAHHS, SIKE OIHKCY€
HaKJIQJaHH [bOr0 KJIacTepa Ha KPHUCTAJIOXIMiuHE
NPE/ICTAaBICHHS] OCHOBHOI MaTrpulli n-Tumy Oyne Martu
BUTIIAL:

(I1=x)[Pbyp, (Te; ; Vi), +2Be’]+x[Cry, Teg, ] =

X X X
- [Pb(lfx)crx | [Te(l—[})(l—x)ﬂ(

B npomy Bumnanky (I) Mae micie npsiMe 3amillieHHs
Cr oxTaepu4HUX NMOPOXXHUH Pb 1 3MeHIIEHHS aHIOHHUX
BaKaHCIH 1, K HACTIIOK, 3MCHIICHHS KOHIICHTpPAIii

(1-2)[(Pb; s Vy)p, Ter, +2Bh ']+ 2[Crp TeT, ] >
TS, +2B(1—2)h

X X n
= [Pb1_g1-,CL, Vi)

TakuM 4uMHOM, y MiArparii Metanxy KpiM HpsSMOro
3aMiOIEHHS XPOMOM CBHHIIO, 3MEHIIYEThCS YHCIIO
BakaHciii. OcramHe 1 OOYMOBIIOE  3MCHIICHHS
KOHIICHTpALIi AipOK.

3.2. Mexanizm exopinennsa (II). Jleryrounii Kiactep

Voo 1+2B(1-x)e’

4)
B(1-x)

OCHOBHHX HOCIiB. [Ipy HakIamaHHI JETyHOYOro Kiacrepa
Ha KpPHUCTAJIOXIMIYHE MPEICTaBICHHS OCHOBHOI MAaTpPHIIi
P-THITYy OJIEP’KUMO BiAIOBIIHO:

CY)

Oyze MaTH BUIIIAL:
2+ 2— " = " X -
Cr™Te™ +V, V;, =V, Tel . (Cr),. (5)
KpucranoksazixiMiyHa peakiist yTBOpeHHs ne]eKTiB
y TBepaomy pozunHi PbTe-CrTe n-Tumy 3anumierscs sik:

(1= y)[Pby, (Te; ; Vi )r, +2Be']+ y[ Vg, Te (Cr7) ] -

- [PbZI—y)V;]Pb [TeZI—B)(l—y)erV[;(l—y) Lre[Cry ] +2B(1 - y)e' .

[Ipy 1poMy MexaHi3Mi YTBOPEHHS  TBEPIHX
PO34YHHIB, MAIOTh MICIIE: 3pOCTaHHS KiJIbKOCTI KaTIOHHHX
Ta 3MEHIIEHHs aHIOHHUX BaKaHCiH, sIKi, B CBOIO 4epry
NPU3BOISITE 70 3MCHIICHHS KOHIICHTPAIlIl CJIEKTPOHIB, a
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(6)

TaKOXX, BKOPIHEHHS XpOMY Y TE€TpaeApUIHI NOPOKHHUHH,
SIKAW € aKIIENTOPOM.
VY BumazaKy Marepiany p-THILY:
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(1=K)[(Pby_ Vg)p, Ter, +2Bh ]+ k[ Vg, Ter (Cr'), ] -

(6"

- [PbZI—B)(l—k)VL;'(]—ka Ipy TeT[Cri ], + 2B(1 - k)h'

3rigHo (6'), BHACTIOK NEpepo3NOATy BaKaHCIH y
KaTiOHHIHN MiArpaTi, KOHIEHTPAIis TipOK 3MEHIITY€EThCS.

IV.O0roBopenHs pe3y/jbTaTiB

KpucranoksazixiMidHuil aHali3 mpoueciB 1edexTo-
yTBOpeHHs y TBepaux posumHax PbTe-CrTe Bkasye Ha
MOJJIMBICTh peaiizamii sSK MeXaHi3My 3aMilieHHsS (4),
Tak 1 MexaHi3My BKOpiHeHHA (6) Xpomy, sKi Ui

€IeKTPOHHOTO TeNypuay CBHHIIO (1) BHSABISIOTH
aKIEeNnToOpHy [Jif0 — OOYMOBIIOIOTH  3MCHIICHHS
KOHIIEHTpAIlli eNeKTPOHIB, IO CIIOCTEPIraeThCs Ha

excriepumenti. JlilicHo, 3rimHo (4) 1 (6) KoHueHTpauil
CJIEKTPOHIB y BuXIinHIH Mmarpuui (2Pe') Oinbiua HiX y
TBepAoMy po3uuHi (2P(1-x)e', 2B(1-y)e"), Tak sk x(y) < 1.
YTOUHUTH  TEpeBaKalOUMi  MEXaHi3M  YTBOPEHHs
nedexrHoi mizcucremu TBepaux po3unHiB PbTe-CrTe
MOXKHA Ha TIJACTaBi KOHIEHTPAWiHHUX 3aJeKHOCTEH
(isuko-xiMiyHUX TapameTrpiB (puc. 2,3) Ta CHiB CcTaB-
JICHHS TEOMETPUYHHUX (PAKTOPiB (TaOIHIIs).

Tak, 30Kkpema, B3MEHIIEHHS IIapameTpa TI'PaTKH
TBEPIOTO PO3YMHY B TPAHHUIAX OO0JIACTI TOMOTEHHOCTI
(puc. 2 — xpuBa 1) MOXXe CBIAUMTH MPO Te€, IO MOKIIHU-
BUH TUTbKH MEXaHI3M 3aMIIIECHHS XPOMOM OKTaCAPUIHUX
NOPOXKHMH  IIUIBHOI ~ YHAaKOBKM  aTOMIB  Telypy
KpucTainiuHoi cTpyktypu PbTe — Bakanciit cBunmo. Le
MOTO/KYETHCSI 13 3HAYEHHSAMH aTOMHHMX 1 KOBaJICHTHHX
paniyciB Pb i Cr (tabmuus). Tak, sk aTOMHUIT paaiyc
XpOMY 3Ha4YHO MEHIIMH 3a aTOMHHH pajliyc CBHHIIIO, TO
pearizamisi BiI3HAYCHOTO MEXaHI3MYy 3aMilleHHA Oyze
NPUYMHOI0 3MEHIICHHS Iapamerpa IpaTKd. MexaHi3M
BKOpiHEHH:, 0e3 CyMHiBY, Oy/Ae CIIPHYMHATH 3POCTaHHS

napamerpa IpaTky,
(puc. 2 — xpuna 1).

Crnig TakoXX 3ayBaXHUTH Te, IO MAaKCHMyM
MUTOMOI TEPMOETIEKTPUIHOI MTOTY>KHOCTI (o*) Mae micue
3a MeXaMH 00JIacTi FOMOT'€HHOCTI TBEPJOr0 pPO3UMHY
(puc.3 — kpusa 3). lle mor’s3aHO 1Ie i3 JOCTAaTHBHO
BEJIMKMM 3Ha4YeHHsIM KoedilieHnra Tepmo-e.p.c. (puc. 3 —
KpuBa 1) 1 3pOCTaHHSM NHHUTOMOI E€JIEKTPOIPOBIIHOCTI
(puc. 3 — xpusa 2).

0 CYNEpPe4YnuTh EKCIHECPHUMEHTY

V. BucHoBkHu

1. 3anponoHoBaHUH KPHCTaJIOKBA3iXiMIYHUIH
MeXaHi3M yTBOpeHHs TBepanx po3unHiB PbTe-CrTe.

2.IlokazaHo, 10 NepeBaXkae IPOLEC 3aMIlIEHHS
XpOMOM BaKaHCiii CBUHIFO B OCHOBHIA MaTpHIIi
TeNypuAy CBHHII, IO OOYMOBIIOE 3MEHIICHHS
KOHIICHTpAIIii eIEKTPOHIB 1 MapaMeTpa TPaTKH.
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It is proposed crystal-quasichemical formation mechanism of solid solution and analyzed its defect subsystem.



