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PospaxoBaHO TepMoerneKkTpudHi koedinientu mist PbTeSh ta PoTeBi y temneparypHoMy intepBati (77-
800) K. BcraHoBineHO Xapakrep HMOBEIiHKH 0e3pO3MipHOI TEPMOEIEKTPUYHOI TOOPOTHOCTI 3aJ€XKHO BiJ BMICTY
nomimku ((1, 1.5Ta 2) ar. % Shbi (0.25, 0.5, 1 Ta 2) ar. % Bi). IIpoBeaeHO NOpiBHUIEHUI aHA3 BIUIUBY JETYFOUUX
nowminiok (Sb, Bi) dikcoBaHoro BMicTy Ha 6e3p03MipHY TEPMOEIEKTPHYHY TOOPOTHICTh KPUCTAIIYHOTO INTIOMOYM
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Beryn
[Ipobnema  BupoOHMIITBA  OLIBII  SPEKTHBHHUX
TEPMOCTICKTPUYHUAX TPWIALiB Oyaa 1 3ajIHMIIaeThCs

BXJIMBOIO 1 HEBIIKIAMHO Tpo0JIeMOrd B 00JacTi
¢i3uku 1 TexHOJNOrii HamiBIIPOBITHUKIB. BupimeHHs
JaHoi Mmpo0eMu Oe3MOCcCepeHbO 3ANISKUTD BiJ| MPOIIECY
OTpUMaHHSA  TEpMOETEeKTpHYHuX Matepiamis  [1,2].
IepcriektBM B Wil oOyacti 3a3BH4Yail TOB'A3YIOTH 3
CTBOPEHHSIM HOBHUX OLIbII e(EeKTHBHUX MaTepiaiB.
[Ipore, mopsim 3 TOIIYKOM HOBHX BHCOKOE(EKTUBHHX
TEpPMOENIEKTPUYHUX ~ MaTepiayiB  MOTpiOHO  OUIbII
peTeNbHO  BHBYMTH  MOXJIMBOCTI  yXe  ICHYFOUHX
Mmarepianis [3].

EdextuBHi TepMoOeneKTpUdHI MaTepiadd IOBHHHI
BOJIOAITH BHCOKMMH 3HAYEHHSIMU €JIEKTPOINPOBiTHOCTI
S Ta koedimienta Tepmo-EPC a, a Takok HHU3BKI
3HAQYEHHs  TEIUIONPOBIMHOCTI C. Y  KIACHMYHHUX
MaTepiajax picT S  CYHNPOBOXKYETHCS 3HWKEHHSIM
koedirieata TepMo-EPC 1 30UIbIICHHSIM €IEKTPOHHOI
TEIUIONPOBiAHOCTI C,, a picT a 3HIKEHHAM
eNEKTPOIPOBIHOCTI BiAOBiAHO [2,4].

VY renepimmHiii yac TUIIOMOYM Tenypun 1 TBepi

pO3YMHM Ha WOro OCHOBI BIZHOCATBCA N0 YHCIA
MEepCIIEeKTUBHUX ~ MarepialiB s BUTOTOBJIIEHHS
TEpMOIIEPETBOPIOBAYiB, M0 MpPALIOIOTh B CEPEAHBO
TeMIepaTypHoMy intepBaii [5-9].

3aJIeXHICTD KIHETUYHUX Koe]iIieHTIB BiJ
KOHIICHTpAIlii BUIBHUX HOCIIB  3apsmy O3BOJIIE,
MPOBIBIIM  ONTUMI3alilo, JOCSITHYTH  MAaKCUMYMY
Z=a’s/c. Sk

IS KOXXHOTO

TEPMOCTICKTPUYHOT  TOOPOTHOCTI

MPaBWJIO  ONTHMI3alil0  MPOBOAATH
MaTepialy BITOK  TepMoOelieMEeHTa  OKpeMo,  WI0
3a0e3nedye MaKCUMyM JOOPOTHOCTI TepMoelleMeHTa
saraiom [10]. Came TOMy BaXKIMBO BHBYATH BILIUB
JIeTYBaHHS Ha KIHETUYHI MapaMeTpy Martepiaiy.
BBenenns pomimku crubito i OicMyry poOuTh
MOXIIUBHM KOHTPOJIb KOHIIEHTpAIlii EeJIEeKTPOHIB SIK Y
KpHCTalaX Tak i TOHKOIUTIBKOBUX CTpyKTypax PbTe [11]
Ui onTuMmizamii  Ha X OCHOBI, IapamerpiB
MepeTBOPIOBAaYiB  TEPMOEJEKTpUYHOI  eHeprii, N-p
MepeXo/IiB Ui Ja3epHUx mioais, Torro [12]. Kpim Toro,
JIOMIIIKK T’ ATOI TPYNU IEPiOANYHOI TabJMIl HalaroTh
KPHUCTAJIYHOMY IUIIOMOYM  TeNypuay HaJI3BUYalHO
HM3bKOI TPaTKOBOi CKIIAJOBOi TEIUIOMPOBITHOCTI C,,
[13]. 3HmwKeHHS TPaTKOBOI TEILIONPOBIAHOCTI B MEPIIyY

Taoauus 1
Tepmoenektpuuni koedimientu POTe, neropanoro crubieMm SD rmpu pisHUX KOHIEHTPAIIAX JOMIIIKH
lat.% Sb 2ar.% Sb
T,K | 0,0m"cem® | a,mMxB/K | C, MBrem KT T,K | 6,0m"cm™ | @a,MxB/K | C, MBrem KT
77 7023,83 33,88 8,05 77 4864,34 33,86 5,57
200 3164,72 57,60 9,42 200 3221,01 57,72 9,58
300 2680,%4 71,86 12,00 300 2607,47 71,89 11,60
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Tabauus 2
TepmoenektpuuHi koedimientu POTe, neropanoro 6icmyroM Bi mpH pisHUX KOHIEHTPAISX JOMIIIKA
0,25 a1.% Sb 1ar.% Sh
T,K | o,0m%cm? | a,mxB/K | ¢,mBreM™ K" | T,K | o,Omem? | @, MxB/K | €, MBrem K™
450 1152,81 82,69 7,72 450 986,73 81,34 6,61
600 615,31 91,92 5,49 600 502,69 90,25 4,49
800 380,93 101,02 4,53 800 272,20 99,01 3,24
4yepry TOB's3aHO i3 MPUCYTHICTIO B CKJIaJi CIIOIYKH Binemana-®pana [8,14-15]:
TSOKKHX aToMiB, a TaKoX 13 3HAYHUM CTyIIEHEM c,=LsT, (3)
po3nopsIKyBaHHs KPHCTaﬂilIHo'l' TPaTKH 33 PaxyHOK ne L — umcno JlopeHma, sfke IS HEBHPOIKEHHUX
BHCOKOI KOHIEHTpAILii TouK0BHX sieexis [2,9)]. HaITiBIIPOBi IHHUKIB BU3HAYAETHCS i3 BUpasy
M pobori MPOBEICHO PO3paxyHOK L=(r+2)(k,/€)®>, r — mnapamerp po3citoBaHHI —

TEPMOCIIEKTPUIHUX KoedimieHTiB 3pa3kie PbTeBi Ta
PbTeSb anst pissoro Bmicty mominiok. Ha ocHOBi
OTPUMaHHX PE3YNIbTATIB 3MOJICIHOBAHO MApaMEeTPH IS
mmpokoro  iHtepBany — Temmeparyp  (77-800) K.
ITpoBeneHo MOPIBHIHHS TEPMOCIEKTPUIHOI J0OPOTHOCTI
3paskie PbTe, nerosanux Bi, Sb ¢ikcoBanoro Bmicry
JIOMIIIIKH.

|. EneMeHTH Teopii po3paxyHky
TeIJIONPOBIAHOCTI

Po3paxyHKH eJEeKTPONpPOBIAHOCTI MPOBOAMIHCA 13
BUKOpHCTaHHAM (opmyiu [8]:
S =men, (@D}
ne I — pyXJHBiCTh, € — 3apsii 1 N — KOHIEHTpais
HOCITB CTpyMY BiJIIIOBiTHO.
Po3spaxyHok Tepmo-EPC IIPOBOJIUBCS i3
BUKODHCTaHHSIM BHpa3y, SKUH [O3BOJSE BU3HAUUTH Il
CKITIQJIOBI JUTI KOHKPETHOTO MeXaHi3My po3citoBans [8]:

= F  F oy
E E, =
kaZTgr+§- SF 3 gF i
2 1+— 21+E—i
a= : 22 (2)
3eF

ne K — crana bonpumana, ' — mapamerp po3cCiroBaHHS,
F —enepria ®epwmi, Ey — mmpnna 3a60poHeH0i 30HH.

MOKAa3HUK CTEMEeHs Yy 3aIeKHOCTI TOBXKHUHU BUIBHOTO
npoGiry Bin eneprii, K, — crama Bonbumana, e — 3apsn
eNIEKTpOHa, S — KoedimieHT enexrponposimHocTti, T —
abCcoJII0THA TeMIlepaTypa.

Po3paxyHOK IpaTKOBOI CKJIAJOBOI TEILIONPOBITHOCTI
MPOBOJIMBCS 3 BHUKOPUCTAHHSIM EMIPUYHOTO BHpa3y
[16]:

2k0Ca1
Clp = " (4)
ae- 2k,

EmmipuuHi BUpasw JUis PO3PaxyHKY TIPaTKOBOI
CKJIAJI0BOI TEIUIONPOBiAHOCTI 3rigHo [3,16] natots mo0pe
Y3TOKEHHS 13 eKCIEPHMEHTOM.

TepmoenexkTpuuHa 100pOTHICTH po3paxoByBajacs i3
BUKOPHMCTaHHSIM Bupasy [7-9]:

a’s
Cc
Ae C=C, +C_ —CymapHa TEIUIONPOBIAHICTb.

Jasi, HeoOXiHi IS PO3paxyHKyY
TEPMOENIEKTPUYHHUX KOE(illiEHTIB Ta TEPMOEIEKTPUIHOI
JOOpPOTHOCTI  Opasiuch 13  IONepenHiX pO3paxyHKIB,
BHUCBITIICHUX Yy poboTax [17-20].

ZT = T,

(5)

1. Pe3yabTaTu 10CHiIKeHHS Ta IX
aHaJi3

Ha ocHoBI monepeaHix po3paxyHKiB, BUCBITJICHUX Y

Cymapue sHauenns Tepmo-EPC PO3paxoByBan podorax [17-20] 6ymo 3MOAENLOBAHO  3HAYEHHS
LUIIXOM CyMYBaHHs KOXKHOI i1 CKazoBoi a = g @; - eJIEKTPONPOBIAHOCTI,  KoedimieHTy Tepmo-EPC  Ta
i Koe(illieHTy  TEIUIONPOBIJHOCTI,  BHUKOPUCTOBYIOUH
Po3paxyHox €JIEKTPOHHOI CKJIaIOBOI Bupasun  (1)-(4). MopemoBanas ~ 0a3yBajgoch  Ha
TEIUTONPOB1THOCTI MIPOBOUBCS 3TITHO  3aKOHY BHSBJICHUX OCOOJMBOCTSX IMOBEHIHKH ©()EeKTUBHOI MacH
Tabauns 3
3HaveHHsT 6€3p0O3MipHOI TEpMOETEKTpUYHOI o0poTHOCTI ZT jerosanoro PbTe Bi(Sh), sanexto Bia BMicTy JOMIilIKH
0 77K | 200K | 300K | 450K | 600K | 800K
at. % Bi
0,25 0,072 0,208 0,291 0,460 0,568 0,686
0,5 0,073 0,206 0,293 0,452 0,558 0,672
1 0,073 0,207 0,294 0,445 0,548 0,659
2 0,074 0,208 0,323 0,704 1,21 2,09
Sb
1 0,077 0,223 0,347 0,774 0,842 0,923
1,5 0,076 0,223 0,347 0,771 0,847 0,929
2 0,077 0,224 0,347 0,764 0,848 0,920
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Pucynok. TemnepatypHi 3aexHOCTI 6€3p03MipHOT TepMOEIeKTpUIHOI 100poTHOCTI ZT ms 3paskis PbTe:Bi(Sh)
BMicT momimku 1 at. % (a) ta 2 at. % (6): 1 —3pa3ku neroani cTudieM, 2 — 3pa3Ku JieroBaHi 6icMyToM.

Ta eHeprii ®depmi B 3aJEXKHOCTI BiIl 3MIHH BMICTY
JIETYI04oi TOMIIIKA Ta 3MiHM TemIepaTypd. OTprUMaHo
3HAYCHHS TEPMOCIEKTPUIHUX Koedirientis mis PbTe:Sh
B Temmeparypuomy intepBami (77-300) K i Bwmicry
momimku (1, 1.5 ta 2)ar. % Sb ta mis PbTeBi B
TemmepatypHomy iHTepBami (450-800) K Ta BMmicTi
nmomimku (0,25, 0,5, ta 1) at. % Bi Bignosiano. deski i3
pe3ynbTatiB HaBezeHi B Tabn. 11 2.

Sk BuAHO 13 Taba. 11 2, miABUINEHHS TEMIIEpaTypu
00YMOBJIIO€ 3MEHIIEHHS BEIMYMHH €JIEKTPONPOBiTHOCTI
1 TCIUIONMPOBIAHOCTI Ta  30UIBIICHHS  3HAYCHHS
koedinienty repmo-EPC st ycix po3riisiHyTHX 3pa3KiB.

Bukopucrosyroun Bupas (5) BH3HAYCHO 3HAYCHHS
0e3p03MIipHOT TEepPMOECICKTPUUHOI J00poTHOCTI ZT s
BCIX 3pa3KiB JUI1 BCHOI'O TEMIICPATYPHOrO IHTEPBATY
(tabm. 3). Sk BHAHO, i3 30iJBLICHHSIM TEMIEPATYPH
3HaueHHs ZT 3pocTae Ha BCbOMY TEMIIEPATYPHOMY
IHTEpBaJi 1 VIS YCiX pO3MIISIHYTHX 3pa3kiB. JlaHuii daxr
miATBepIKye, Te 1o cooiayku |V-VI HaiOumsmn
epeKTUBHI Uil CeperHbOTEMIEPATypHOro [iara3oHy
(600-850) K [21-24].

I3 rtemmeparypHOi  3anexHOCTI  0Oe3po3MipHOI
TepMOCIEKTPUYHOI T0o0poTHOCTI ZT (puc.) momiueHo,
mo A8 3pas3kiB  JieroBaHux  crubiem  (kpuBi 1)
XapakTepHuii cTpuboK 3HaveHb B obmacti (400-450) K.
[Mpuuomy 3HaueHHs ZT CyTTEBO He 3MIHIOETBCS 13
3MIHOKO BMICTY JOMImKu. J[as 3paskiB, JICTOBaHUX
6icmyroMm GaunMmo (puc. KpuBa 2) MIaBHY 3MiHY 3HAYECHb,
ane mpu BMicti gominiku 1 at. % Bi (puc.,a) 3anexHicTh
nminiiiHa, a mpu BMmicti 2at. % Bi (puc.,0) — HOcUTh
HeNHIHHNN XapakTep. Taky MOBeIiHKY MOXKHA ITOSICHUTH
aM(OTEpHUMH BJIACTHBOCTSIMH €JIeMEHTIB V TpyIH,
TOOTO TIPU PI3HOMY BMICTi JOMIIIKH 1i aTOMH 3aiMalOTh
Pi3HI MiCIIS y KPUCTaTIYHIH CTPYKTYPI CIIOIYKH.

3 pHUCYHKa SBHO IIOMITHO, IIO TP BMICTi JOMIIITKA

lar. % crubiii nposBiIsie Kpalli TepMOEIEKTPHYHI
XapaKTEpPUCTHKUA, a Tpd BMIcTi momimkua 2at. % —
OicmyT, nocsratoun Makcumymy ZT. Ha  ocHoBi
BHUIIIECKA3aHOTO  CTa€  3pPO3YMIJOI0  Ba)JIUBICTh
JIOCII/DKEHb TPOLIECIB JIETyBaHHA Ta iX BIUIUB Ha
TEPMOENIEKTPUYHI KoeillieHTH.

BucHoBkn

1. Cunre3oBaHo 3pa3ku KpucTamiyaux PbTeBi Ta
PbTeSb i3 pisaum BmicTom gomimku Oicmyty (0,25,
0,5, 1 ta 2) at. % Bi ta ctu6io (1, 1,5 ta 2) at. % Sh.

2. BukoHaHO MOJICITIOBAHHSI TEPMOCITICKTPUUHUX
koepimientie PbTeBi ta PbTeSb mis pisHoro
BMICTy JIOMIIIIOK JUIS BCHOT'O Jiama3oHy TeMIIEpaTyp
(77-800) K.

3. TIpoBeneHo MOPiBHSHHSI TEPMOECITIEKTPUYHOT
nmobporHocti  3paskiB  PbTe, meroBanmx Bi, Sb,
(biIKCOBaHOTO BMICTY JOMIIIIKH.

Aemopu BUCTOBTIOIOMb B0sIUHICMIb npog.
@peixky JI.M. 3a nocmanogxy szadau O00CHOdNCEHb mMA
002080penHs IX pe3yibmamia.
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R.O. Dzumedzey, L.I. Nukuruy, Yu.V. Bandura, T.P. Gevak

Thermoelectricity of Doped Crystals PbTe:Bi(Sh)
in a Wide Temper ature Range

Vasyl Sefanyk PreCarpathian National University
57, Shevchenko Str., Ivano-Frankivsk, 76018, Ukraine, E-mail: fcss@pu.if.ua

Calculated thermoelectric coefficients for PbTe:Sb and PbTe:Bi in the temperature range (77-800) K. The type
of behavior dimensionless thermoelectric figure of merit depending on the content of impurities ((1, 1.5 and 2)
at.% Sb and (0.25, 0.5, 1 and 2) at.% Bi). A comparative analysis of the influence of alloying additives (Sh, Bi) fixed
content dimensionless thermoelectric figure of merit crystalline lead telluride.

Key words: |ead telluride, doping, thermoel ectric coefficient, thermoel ectric figure of merit.
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