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I. Beryn

Tenmypun CBHHIIIO BiTHOCUTBCS IO Cepe-
HbOTEMIIEPAaTyPHUX TEPMOEIEKTPUYHUX Ma-
TepiajgiB 3 MIMPUHOIO 3a00pPOHEHOI 30HU
Aeg =0,32 eB npu 300 K 1 kpucraniuaoro rpa-
tkoro Ty NaCl 3 mapamerpom a = 6,45 A.
Temmeparypa TUTABIICHHS CKJIaJIae
Tu= 1190 K. JIBocTOpoHHS 007acTh TOMO-
rerHocTi PbTe cripusie BiAXWiIeHHIO Bix cTe-
X1OMETPUYHOTO CKJIaay sK y OlK MeTamy, TakK i
y OIK XaJIbKOreHy. Y NeplioMy BUNAJAKY Ie-
peBaXkaloUMMu J1e(heKTaMH SBISIOTHCSI BaKaH-
Cii XaJIbKOTeHY, SKi 0OYMOBIIIOIOTH EJIEKTPO-
HHY TPOBIIHICTh MaTepiany. Y Ipyromy BH-
naJIKy MepeBaXxaroTh BakaHCii MeTaly i pealti-
3Y€ThCS MPOBIAHICTE P-THITY [2].

EdexTuBHICTh BUKOPUCTAHHS Marepiaity
BU3HAYAETHCSI MOJKJIMBOCTSIMU  JIOCSITHEHHS
BUCOKHMX 3HA4YE€Hb TEPMOENEKTPUYHHUX Mapa-
METpiB: O, O 1 o’c [1], a Takox #oro criiikic-
TIO SIK 10 TETJIOBHX TMOJIB, TaK 1 10 aTMocde-
pHUX Ta3iB. OQHUM i3 MOXIIMBHX IIIISXIB ITO-
KpallleHHs] BKa3aHUX XapaKTePUCTUK € BBe-
JICHHS TETEPOBAJCHTHUX aTOMIB 3aMillIeHHS
py yTBOPEHHI TBEpAUX po3uuHiB [3].

3a KpHCTAIOXIMIYHUMHU TapaMeTpaMu [0

PbTe nyxe Onu3bKi TEIXypUIH PiAKiCHO3EMe-
JBHUX METaJIiB, B TaHOMY BHUMaaky SmTe [4].
Tenypun camapito KpUCTaNi3y€eTbCs y CTPYK-
typi tHny NaCl, a=6,59 A, T,,=2253 K
(4, 5].

B poboti gochimkeHo 3ai1ekXHICTh TEPMO-
SJIEKTPUYHHX TapaMeTpiB 1 JeQeKTHOT MmiJICH-
ctemu TBepAaux po3uuHiB PbTe-SmTe Bim ix
CKJIamy.

II. MeToanka ekciepuMeHTYy i OCHOBHI
pe3yJIbTaTH

JlJis IpOBEIEHHST CUHTE3Y TBEPIUX PO3UH-
HiB SmTe B PbTe BukopucToBYBa)IN: CBUHEIIb
—mapku 000, camapiit — 99,9 %, temyp —
99,93 %. CuHTe3 mpoBOAMIM y BaKyyMOBa-
HUX KBapIEBHX aMmyJjiaX, IPUYOMY aMITyTy
BCEpEIMHI TOKPUBAIM IIAPOM IMIPOBYTIIEITIO.
Bakyywm cknanaB ~ 10 Ta. Bracmigok Benu-
KOi XIMIYHOI aKTHBHOCTI PiJKICHO3EMEIbHUX
€JIEMEHTIB CHUHTE3 MPOBOAMIM y JBI CTajii:
CIOYATKY CIUIABIISUIM Y HEOOXITHUX MPOTOp-
misgsx Pb i Sm, a motiM — oTpuMaHMii CIijiaB 3
tenypoMm. Cunrte3 nposonunu npu 1400 K.
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T, K

1373

1273

1173

1073

973

0 5
PbTe

X, MOJL.%

10 15
SmTe

Puc. 1. ®azosa niarpama piBHoBaru cuctemu PbTe-SmTe.

I'oMoHi3yroumii Biaman KpUCTaNiB 3A1MCHIO-
Baym nipu 970 K wa npotssi 500 rox. Mikpo-
CTPYKTYpHUM 1 PEHTreHO(}a30BUM aHalli30M
BCTaHOBJICHO, [0 OTPHMAaHI CIUIAaBU OJHOPIJI-
Hi 1 ogHodaszHi 10 10 Mmon.% SmTe B PbTe. 3a
JAaHUMHU TEPMIYHOTO aHaJi3y i3 BpaxyBaHHSIM
pe3ynbTaTiB peHTreHo(})a30BOro i MiKpoCTpy-
KTypHOTO METOIB, yTOYHEHA JiarpamMa CTaHy
cucremu PbTe-SmTe (puc. 1). 3ayBaxumo,
0 pe3yIbTaTH HAIIUX JOCITIDKEHB ITiITBEp-
JDKYIOTh AaHi podoTH [5].

TepmoenekTpuuHi TapamMeTpu: IMHUTOMY
€JIEKTPONPOBIAHICTE (G), KoediuieHT Xouaa
(Rg), Tepmo-e.p.c. (o) 1 TEIIOMPOBIAHICTH (7))

c&¢,la%4¢,z
o, MKkB/K Om cMm Brem K
a 47 s
40 - A
14
30 - , A5
[0 e) a 43
207 s 13 42
10 ) ]
— 1 1
| 1 1 | ] 0

0 2 4 6 8 10
PbTe X, MOJL.% SmTe

Puc. 2. 3anexHicts koedirmierTa repmo-e.p.c. (o),
MMUTOMOT eNIEKTPONPOBITHOCTI (G) i MUTOMOT Tep-
MOEJIEKTPHYHOI IOTYKHOCTI (0’G) TBEpIHUX PO3-
guHiB PbTe-SmTe Bix ckimamy.
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BH3HAYAJIH 3T1THO METOIMKH [6].

Y pe3ynbrari NpPOBEAEHUX TOCHIIKEHb
BHUSBIICHO, 11O 3aJICXKHICTh G Bi BMicTy SmTe
y TeTypHUl CBHHIIO Ma€ MaKCUMyM, a Koedi-
IIEHT TEPMO-E.p.C. Ma€ MIHIMYM B 00JacTi
6inms ~ 3 mon.% SmTe (puc.2). Koedimienrt
TETJIOTPOBITHOCTI ~ 3MeHIIyeThbest  (puc. 3).
[Tpu nboMy, SKIIO MHTOMA TEPMOEIEKTPUIHA
MOTY>KHICTh Ma€ MiHIMaJbHE 3HAYCHHS B 00-
Jacti KoHueHTtpaui ~3 mMoi1.% SmTe uepes
MaJjie 3HauY€HHS TEPMOEJIEKTPOPYIIIHHOT CHUIIH
(puc. 2), TO TepMoOeNeKTpuuHa IOOPOTHICTH
(Z = o’c/y) 1 Ge3po3MipHa TepMOCIEKTPHYHA
no0potHicTs (ZT) MatoTh MiHIMYM 011 KOH-

.
mﬁ&hﬁ z10, K" ZT-10'
L 71, 125 o6
’ 42,0 Hos
2T Z 15 Ho04
L8 410 Ho3
Lo v Hos 402
B T T E— s 10 O
PbTe X, MOJI.% SmTe

Puc. 3. 3anexnicts KoedilieHTa TEIIONPOBIIHO-
cTi (), TepMOoeneKTpUIHOi JoOpoTHOCTI (Z) 1 6e3-
po3MipHOI TepMoeNeKTpuaHOi 100poTHOCTI (ZT)
TBepaux po3unHiB PbTe-SmTe Bin cknagy npu
300 K.
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neHTpariiHoi odmacti ~ 3 moa.% SmTe.
Ile 00OyMOBJIEHO XapakTepoM 3MiHH Koe-
diienta Tepmo-e.p.c. (puc. 2 — KpuBa o).

I11. Kpucranoksa3iximis 1edexrin

Jlnsi BUSICHEHHSI TIPUPOJIU TBEPAOTO PO3-
gyuny (PbTe);«(SmTe)x HamMu BukoOpucCTaHO
KpHcTanokBasixiMiunuid miaxin [7]. Ctpykry-
pa turmy NaCl xapakTepu3yeThcsi OKTaeapuy-
HuM (O) 1 terpaenpuunuM (T) orodeHHsIM
aToMiB CBUHIIIO (camapito) 1 tenypy [8]. Oxk-
TaelpUyHi 1 TETpaeApUdYHI pajiyCH aToMiB
CBHHIIIO, CaMapilo 1 TeIypy CKIaIal0Th
Topb = 1,62 A, Tosm ™= 1,65 A, ToTe = 1,64 A,
I'TPb — 1,46 A, I'TSm = 1,52 A, ITTe = 1,34 A,
BianoBigHo [9]. Kpim Toro, mis cTpykTypu
KyXOHHOI comi icHyroTh okTaeapuuHni (OII) 1
terpaeapuuHi (TII) mopoxxuunu. Ilpu pomy
OII — ne Bakancii Tenypy y karionsiit (Pb) un
cBuHIlO B aHioHHIi (Te) miarparkax Bigmosi-
nHo (ror= 3,25 A). Terpaenpuuni mopoxHU-
HU — HE3alHATI MiCUs y TeTpaeIpHuHOMY
OTOYEHHI CBHMHIO uM Temypy (rrp= 2,81 A)
[9]. KpucranokBa3ixiMiYHHI METOJl OMHUCY

a, l& . n-lO’zO, cM’

16

6,46
4

6,43
2

6,40
0 2 4 6 8 100
PbTe X, MOIL.% SmTe

Puc. 4. 3amexHicTs mapaMmerpa rpaTtku (a) i KOH-
HEHTpallii eJeKTPOHIB (n) TBEPAWX PO3YHHIB
PbTe-SmTe Big cxiany.

mpoueciB AeQeKTOyTBOPEHHS TMOJsIrae y Ha-
KJIAJaHHl KPUCTAJIOXIMIYHOTO KjacTepy Ha
OCHOBHY Martpuio. Kpucranokpaziximiune
MPEJICTABJICHHS TEIYPUAY CBUHITIO N-TUITY
(HaIIMIIOK CBUHINO) 1 p-TUMy (HAIJIUILIOK
TENypy) OTPUMAEMO HAKJIAJaHHIM KpPUCTAJIO-
XIMIYHUX CKJIQJIOBUX HAa AaHTHUCTPYKTYpPY

V5, V;, crionyku PbTe BiamosingHo:

V) Vi +Pb’ — Pb}, Vi,

(1-B)Pby, Ter, +B(Pbp, Vr,) = Pby, (Te ; Vi)r, +2B¢”.

Vi Vi +Te’ — Vi Te;.,

(1-PB)Pbp, Teq, +B(Vp, Ter,) = (Pby_Vi)y, Ter, +2ph.

Tyt V;, — IBOKpaTHO i0HI30BaHAa HEraTWBHA

BaKaHCIs CBUHLIO (KaTIOHHA BakaHcCifA); Vi, —

JIBOKPATHO 10HI30BaHa MO3UTHBHA BaKaHCIs
Tenypy (aHiOHHa BakaHcis); h' — KOHIIEHTpa-
Iis1 TipOK; €' — KOHIIEHTPAIIiS SJICKTPOHIB; B —
BIIXWJICHHS BiJl CTEX1OMETPIii.

I3 cmiBBimHOMIeHHs (1) BUAHO, MO €JIEKT-
pOHHa  TPOBIAHICTL  TENYPUAY  CBHUHIIO
MOB’si3aHa 13 3aps/DKEHUMHU BaKaHCISIMH B
aHIOHHIN TiATpaTII (V[; )Te, @ TIPKOBA — 13 3a-
PSKEHUMHU BaKaHCISIMU y KaTiOHHIHN miarpa-
Tl (VB" )pb. Y HAIIOMY TpE/ICTaBJICHHI BaKaH-

cii Temypy V;, (cBuHIIO Vy ), HAHOLIBII iMO-

BIpHO, € HE IO 1HIIE SIK OKTACIPUYHI MTyCTOTH
B OTOUYEHHI CBUHIIIO (TEIypY).

YTBOpeHHs TBEPAOrO0 PO3UYMHY 3 KpHCTa-
JIOKBA3iXiMIYHOTO TMOTJISAY MOKE BiOyBaTH-
csl piI3HMUMH MexaHi3Mamu. Haitbinbmn iMoBip-
HUMU € Taki J[Ba: 3aMillIEHHs aTOMaMH cama-
P10 OKTaeAPUYHUX MOPOKHUH (BaKaHCIHA CBU-
Hiro) (I) Ta BKOpiHEHHS aTOMIB caMapiio y
MDKBY3JIsS, TOOTO TETpaeApyuyHi MMOPOKHUHU
(II). TIIpoananizyeMO KpHCTaJIOKBa3iXiMiuHi
peaxIii A UX MEXaHI3MIB.

3.1. Mexanism 3amimenns (I). Cynepnosu-
i KPUCTAIOXIMIYHOTO CKJIaAy JIETYHUOi

cronyku (Sm**Te® ) Ha aHTHCTPYKTYpy Oc-
HOBHOT Marputi (Vp, Vy.) YTBOpPIOE KpuCTa-
JOXIMIYHHH KJ1acTep:

Sm**Te*” + V). V;, — Smj, Tel, . (3)

KpucranokBasixiMmiune  piBHSHHSA, SIKE
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OIMMCY€ HAKJIaJaHHA IbOT'0 KJIACTEPpa HAa KPUC-
TaJIOXIMIUHE MNpCACTaBJICHHA OCHOBHOI MaTt-

(I-x)[Pb3, (TCT—ﬁV;; 1o +2Pe'T+x[Smy, Tel, ] —
N [Pb(x1—x)sm>x( Teo [Te?l—ﬁ)(l—x)+xV[;(l—x) 1+2p(1—x)e’

B upomy Bumnanky (I) mae miciie mpsime 3ami-
MIEHHS Sm OKTaeApUYHUX TOpPOXXHUH Pb 1
3MEHILICHHS aHIOHHUX BaKaHCIM 1, K HACIIi-
JIOK, 3MCHIIICHHS KOHIIEHTPAIlli OCHOBHUX HO-

(1-2)[(Pb}, Vi), T, +2Bh 1+ 2[Smj, Tel ] —
I Tes +2B(1-2)h"

—[Pb’,

X 14
(-1 S, Y,

B(-z)

TakuMm ynHOM, y TIATpaTIi METaIy KpiM Mpsi-
MOT0 3aMiIlleHHs caMapieM CBHHIIIO, 3MEHIITY-
€TbCS YUCIIO BakaHCid. OcTaHHE 1 00YMOBIIIOE
3MCHIIICHHS KOHIICHTpAIIi1 TipOK.

3.2. Mexanism Bkopinennst (II). Jleryroumii
KJ1acTep OyJie MaTH BUIJISIA:

(1= y)[Pbp, (Tey Vi )y, +2Be']+ y[Vp, Ter (Sm™), ] >
[P V! T[T pyiyrey Vi Jre[ST T, + 2B(1 = y)e'

-y) "y

[Ipu 1bOMy MexaHi3Mi YTBOPEHHS TBEp-
JTUX PO3YMHIB, MAIOTh MICIIC: 3pOCTAHHS KiJlb-
KOCTI KaTIOHHUX Ta 3MEHIICHHS aHIOHHHUX Ba-
KaHCIf, $IKi, B CBOIO 4epry IMpHU3BOIATH 0

(1=K (P Vi)p, Tery, +2Bh ]+k[Vp, Ter, (Sm™); ] -

pHIll N-TUITY OyJ1e MaTH BUTJIS;

ciiB. [Ipu HakaaHH1 JIETyI04Oro Kiacrepa Ha
KPUCTAJIOXIMIYHE TIPEJICTABJICHHS OCHOBHOI
MaTpHIIl p-TUITY OJAEPKUMO BiJIOBITHO:

Sm**Te*” + V, V., = V) Ter (Sm),.  (5)

KpucranokBasixiMidyHa peakxiiisi yTBOpEHHS
nedexTiB y TBepaomy po3unHi PbTe-SmTe n-
TUITY 3aIUILIETHCS SIK:

3MEHIICHHS! KOHLIEHTpPALii eJEeKTPOHIB, a Ta-
KOXX, BKOpDIHEHHS camapilo y TeTpaeapudHi
HOPOXKHUHH, SKHU € aKI[ETITOPOM.

VY BUMaaKy MaTepiany p-THITY:

- [bel—ﬁ)(l—k) é’(l—k)+k Tpp Te[Smy J; +2B(1—k)h’

3rigHo (6'), BHACTIAOK IMEpEepo3NOALTy BaKaH-
Ciil y KaTiOHHIM MiArparii, KOHIEHTpAIis Mi-
POK 3MEHIIYEThCS.

IV.O0roBopenns pe3y/bTaTiB

XapakTep 3MiHH TEPMOCTICKTPUYHUX MapaMe-
TpiB BiA ckiaay (puc. 3, 4) rOBOPUTH PO ABa
pI3HUX MeXaHI3MHU YTBOPEHHS TBEPAUX PO3-
ypuHiB PbTe-SmTe. JlomaTkoBi JOCHIIKCHHS
10 BHIMIPIOBaHHI cTanoi rpatku (puc.4 —

96

KpUBa a) 1 XOJUTIBCbKOi KOHIIEHTpallii HOCIiB
cTpymy (puc.4 — KpuBan) MiATBEPIKYIOTH
IO TyMKY.

3pocTaHHS KOHILIEHTpAIlil HOCIiB CTpyMy i
3MEHIIIEHHS MapaMeTpa rpaTKu TBEPJOro po3-
yuHy 710 ~ 3 Moi.% SmTe He BKIagaroThes Y
paMK{ KPUCTAIOKBA31XIMIYHUX IMPE/ICTABICHb
PIBHSHHSIMHU JJIS1 N-TUIY TMPOBIIHOCTI OCHOB-
Hoi MaTpuii (4), (6). Taki 3MiHH XapaKTepHc-
TUK (puc. 2-4) MOXHa TOACHUTU TAKUM YH-
HOM. Y BIJIBHOMY CTaHI aTOMH CaMapiio Ma-
I0Th KOHQIrypaIfito BaJICHTHUX EJCKTPOHIB

(4)

4

(6)

(6"
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4f%s>. v cronrytii SmTe aTomu camapito aBidi
10HI30BaHI 3 EJEKTPOHHOK KOH(DIrypariieo
4f'6s*. V tBepmomy posunni PbTe-SmTe Bo-
HU CTalOTh TpU4l iOHI30BaHMMH (Sm™) i3
KOH(Iirypari€ero  BaJIGHTHUX  €JEKTPOHIB

4£6s”. 1le MOXIMBO IPH MEXaHi3Mi BKOpi-
uenns (II).

Y 1poMy BHMAAKy KpHCTAJIOKBa3iXiMIUHI
PIBHSHHSA JUIs MaTepialy n-Tumy OyIyTh MaTH
BUTJISI:

(1-y)|Pb, (Ter, Vi ). +2Be! |+ y[ Vi, Ter, (Sm ) | >

"

- [P bV, ]Pb [Teil—mu—y)w ]Te (Sm} )i +2B+y(1-2p).

Bunno, mo mpu 1mpoMy y KpUCTaIIYHIN
rpartiii OyIyTh YTBOPIOBATHCS HOBI HE3B s3aHi
enektponn  (2B+y(1-2B)>>2B, P<<y
[1,6]), sixi 1 OyxyTh 0OyMOBIIIOBATH 3pOCTaH-
Hs iX KoHueHtparii. Ile cmocrepiraerbcs Ha
EKCHePUMEHTI MPU MaJIOMy BMICTI JIETYIOUOi
nomimku (puc. 4 — kpusa n). JlogatkoBe 3po-
CTaHHS BaKaHCI y MiArpaTii MeTany IpH
IIbOMY MEXaHi3Ml yYTBOPEHHS TBEPIOTO PO3-
YHHY, TI0 BiJHOIIEHHIO A0 0a30BOro Marepia-
ay (1), oOyMOBIIIOE CIIOCTEPEKYBaHE 3MEH-
IIEHHS MapaMeTpa rpaTtku (puc. 4 — KpuBa a).
MoOXIHBICTh MOTPIHHOT 10HI3AIlT aTOMIB ca-
Mapilo y TBEpAOMY pPO3UHMHIi 1 iX pO3MILLIECHHS
y TeTpaeApPUIHUX MOPOKHUHAX TEIYypy KpHC-
taniyHoi rpatku PbTe minTBepmkyerhes 1

TUM, 10 10HHMH paailyc Sm~ € MEHIIUM Bij

Sm~, 1,47 A 11,65 A, BignosigHo.
36iunbmenHs BMicTy camapiio y PbTe Bene
0 3MIHM MeEXaHI3My YTBOPEHHS TBEPAOTO
po3unHy. HaitOimpin iMOBIpHO, IO BiH peati-
3Y€EThCA 32 CXEMOIO, 1110 OMHUCYETHCS KpHUCTa-
JIOKBA31XIMIYHUM PIBHSIHHAM (6), 3T1IHO SKO-
ro KOHIIEHTpallis BUIBHUX EJEKTPOHIB KpHC-
TamiyHoi rpatku 3MmeHmyetbes (2B(1-y)<2p),
a mapameTp rpatku Oyne 3poctatu uepes Oi-
JBIIUN 10HHUKA pajiiyc JBOBAJIEHTHOTO CamMa-
piI0 OPIBHSHO 3 TPbOXBAJIIEHTHUM.
Kpucranokpa3ziximMiuHi miaxoau go0pe mo-
TOJUKYIOThCS 13 MIpPKYBaHHSIMH aBTOpiB [5],
IO TPYHTYIOTHCS HA aHaTi3i CHEePreTUIHHX
criBcTaBieHb. Tak, 3rigHo [5] 4f-piBHi aToMiB
Sm po3mimieni no6au3y JAHa 30HU TPOBiTHOC-
Ti. [Ipu 30ibIIeHH] KOHLIEHTpALii caMapiio y

(6")

TBepaomy posunHi PbTe-SmTe mae micrie mo-
IUOJICHHS 1X EHEpreTUYHHUX piBHIB. 301Ib-
IIEHHSI €HEepTii aKTUBAIlil IIUX PIBHIB MPHBO-
ISTh 10 3MEHILIEHHS KOHLEHTpAIil eleKTpo-
HiB (puc. 4 — KpuBa n).

V. BucHoBkun

1. 3anmponoHOBaHUN KPHUCTAIOKBA3iXiMid-
HUI MEXaHi3M YTBOPEHHS TBEPAMX PO3YHHIB
PbTe-SmTe.

2. ITokasaHo, mo mig o0jacTi CKIagiB 10
~3M0n.% SmTe TpbOXBaJlleHTHI aTOMH ca-
Mapilo, 3a paxyHOK ioHizamii 4f-piBHs, po3-
MIIIYIOTBCSL Y TETPAaCAPUYHUX TMOPOKHUHAX
aTOMIB TeNypy KPHUCTAIIYHOI TPATKU TEIypy
cBuHITO. [{e 00yMOBITIOE 301ITBIIICHHS] KOHIIC-
HTpamii HOCIiB CTpyMy B €JIEKTPOHHOMY Ma-
Tepiaji i 3SMEHIIICHHS TTapaMeTpa rpaTKH.

3.V tBepaux po3umHax PbTe-SmTe i3
BMICTOM camapito Oinbmie 3 Mon.% aTomu
caMapilo y TETPamno3uIlisiX OTOYCHHS TEIypy
crpykrypu PbTe — nBoBanentHi. [Ipu mpomy
KOHLICHTpALlisl ENeKTPOHIB 3MEHIIYEThCS, a
napameTp TPaTKH 3pOCTaE.

B.M. Knaniuka — x.¢p.-m.H., doyenm, Oekan @hizuxo-
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The dependence of thermoelectric parameters from composite of solid solution PbTe-
SmTe is investigated. Is proposed crystal quasi-chemical mechanism formation of solid solu-
tion, its defect subsystem analyses making.



