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V cTaTTi ONnMcaHO TEPMOCIEKTPHYHI XapaKTePHCTUKH TEIYPHIY CBHHIIO. [ToKa3aHo, BIUIMB JICTYIOUHX JOMIIIOK
Ha 3MiHy mUTOMOro onopy (I ), koediuienta TemionposiaHocti (C) Ta koediienra repmo-EPC (a) Bix Temieparypu.
KuarouoBi ciioBa: Texnounoris cuntesy, PbTe, repmoenement, Tepmo-EPC, nuromuii orrip, TEIIONPOBIAHICTb.
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Po3poOka TepMOCIEKTPUIHAX MOIYIIB € OJHHUM i3
HAMOUIBII MEepPCIeKTUBHUX HANpPsSMKIB B CTBOPEHHI
€KOJIOTI4YHO YHCTHX OXOJIO/IKYIOUUX CHCTEM.
TepMoesekTpiuHa TeXHika Bce Oiablme 1 OiibIIe
3aBOMOBYE MIDKHAPOJHHUH pHHOK, SIK ajbTepHATHUBA
ICHYIOUMM Ta30BOMY a00 pIIMHHOMY XOJOAWIBHUKY,
KOH/THLIi OHEPY.

lay3i 3acTocyBaHHS TEPMOENEKTPHYHHUX PUCTPOIB
BKJIIOYAIOTh JIOCUTH 0arato HampsIMKIB: IIpeuusiiiHe
BUMIpPIOBaHHSI TEMIIEPAaTypH, T€HEPYBaHHS EIEKTPHUYHOT
€Heprii, TeIIOBI HACOCH MPAMOi i OOEpHEHOI Iii TOIIOo
[1,2]. ¥V GinbmiocTi BUMAAKIB Taki MPUCTPOI HE MAarOTh
aJbTepHATMBHOI 3aMiHM i3 6araTbOX MNPUYMH. IX
mepeBara IOJIATa€ y BHCOKIH HamiWHOCTI poOOTH 1
MOXIIMBOCTI THYYKOi 3MiHM IapamMmerpiB, sK 3a
MOTY)XKHICTIO, Jlialla30HOM  TeMIeparyp, Tak 1 3a
TEOMETPIEI0 TEXHIYHUX pileHb. Tomy mHed Hampsm
HAyKOBUX 1 KOHCTPYKTOPCHKUX JIOCIIJDKEHb 3aCIIyrOBYE
0COOJIMBOI yBary.

XaupKoreHiiu CBUHIIIO - MIepPCIIEKTUBHI
HABIPOBIIHMKOBI ~ MaTepiaju  JJIsi  CTBOPEHHS
TEPMOEJIEKTPUYHUX MOAYJIIB, SIKi MPALIOIOTh B iHTEpBai
Temmepatyp Bim kimMHatHOi g0 900 K [3-6].
EdexTuBHiCTh ~ BUKOPHCTaHHS  TEPMOEIEKTPHYHOTO
MaTepiady Iepll 3a BCE BHU3HAYAETHCS MOMIIUBICTIO
JIOCSITHEHHS BHCOKHX 3HAYEHb OCHOBHUX
TEPMOENIEKTPUYHUX MapaMeTpiB. Koe(illieHTa TepMo-
EPC, IIUTOMOI €JIEKTPOIPOBITHOCTI, IIUTOMOI
TEPMOENIEKTPUYHOI ~ TOTY)KHOCTI, ~ TEPMOEJIEKTPUYHOI
nmobpotHocTi  Tomo. OmHUM 13 MOXIIMBUX IUIAXIB
MOKPALEeHHsT ~ TEPMOECJNEKTPUYHUX  MapamerpiB €
BBEICHHS I30BAJICHTHUX AaTOMIB 3aMillleHHS TNpHU
YTBOPEHHI TBepauX po3uuHiB [5, 7 - §].

B gamii  po0OOTI  JOCHIIKEHO  3aJICKHICTh
TEpMOENIEKTPUUHKUX BiactuBocteii PbTe Bim ckiamy

JIETYI04oi JOMIIIKH, a TaKOoX MPOBEAECHO PO3PaxyHOK
rapameTpiB TEPMOETCKTPUYHUX BiTOK.

Bukopucranns TEPMOEIEKTPUIHUX SIBUIIL
Opi€HTOBaHE Ha TaKuX TPHU OCHOBHHX HAIPSIMKH:
TeHEpYBaHHs EJIEKTPUYHOI eHeprii, TepMOeNeKTpuiHe
HarpiBaHHA 1 TEPMOEJIEKTPUYHE OXOJOMKeHHs. Cxemu
IMX MpUCTpOiB mMmokaszaHi Ha puc.1l [9]. B ocHOBI
KO)KHOTO TPHUCTPOIO JISKUTH TEPMOIAPHUN €JIEeMEHT,
SKAH MICTUTh JIBi BIiTKH 3 pi3HOpiAHHX MaTepianiB (abo
MarepiaiB 3 pI3HUM THIOM EIEKTPOMPOBiTHOCTI),
3’ €/IHAHUX B €JIEKTPUYHE KOJIO i JIBa Pe3epByapH TEILUIOTH
3 PI3HUMH TeMIepaTypaMu (Ha cxemax He MOKa3aHi).

B ocHOBi poboTu TepMoreHepaTopa JIEKUTh e(eKT
3eebeKa, CyTh SKOTO IMOJISrae y TOMY, IO ITPY HasIBHOCTI
rpajieHra TeMIepaTyp BUHUKAE CTOPOHHE

} G | Q

Puc. 1. BapianT BUKOPHCTaHHA TEPMOIIAPHOTO
eJIEMEHTA. a) — TEPMOreHepaTop, 0) —
TEpMOOXOJIO/DKYBay, B) —TepMoHarpiBau. 1,2 —
BITKM TEPMOEIIEMEHTa, 3 — JDKEpPENio J>KUBJICHHS,
R - 30BHilIHE HaBaHTa)KeHHS (CITOXKHMBAY), Th, Tc—
TeMIepaTypd TapsYux 1  XOJOJHHMX  CHaiB
BiMOBiTHO, Q - TIOTOKH TEIUIOBOI €HEprii.
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TEPMOEJIEKTPUYHE T0JIe, HANPYKEHICTh SIKOTO!
€ =aimﬂxﬂ’ (1)
m
Jle € —KOMIIOHEHTa HAaIPYXXEHOCTi, &jm— KOMIIOHEHTa
tenzopa tepmo-EPC, T —abconrorHa Temmneparypa, X —
JIeKapTOB1 KOOPIMHATH.

Ipuctpoi 6) i B) Ha puc. 1. mpamio0Th Ha OCHOBI
epexry IlenbThe, skuii moNATae y TOMY, IO TIpU
MIPOXOKEHHI €IeKTPUYHOI0 CTPyMY 4epe3 aHI30TpOIHE
CepeloBUILlE Y HbOMY BUHUKA€ HaJUIMIIKOBA TEIJIOBa
€Heprisi HaJ| Ti€l0, SIKa ONMHCYEThCS 3aKOHOM J[xoyis—
Jlenma. Ig Temnora MoXe BHALIATUCH a00 MOTTIMHATUCH
B 3QJIEXKHOCTI BiJl HampsMKy CTPyMY, SIKHH MpOTiKae
yepe3 tepMmoenemeHT. Kinbkicts Temnotu Ilenbrhe, mo
BHUIUIAETHCS B OJMHUIN 00'€My 3a OJMHUINO 4Yacy,
OITUCYETHCS BUPA30OM:

H:&WkiQ R Sl S
= = I
Sﬂxk a1 Sﬂxk ar

ne Iy i ajx — komrnoHeHTn TeHzopa I[lenbThe i TEpMO-
EPC, jj— KOMIIOHEHTa TYCTHHHU CTPYMY, X — KOOp/IHHATA.

Koeoginient Ienbthe I1 3B's3anmii 3 koedinieHTOM
3eeOeka a CIiBBiAHOMIEHHAM

PaB=Q2pg- (3)

ne A 1 B — BennunHM, 110 BHU3HAYAIOTHh BJIACTHBOCTI
MaTtepiaiy TepmoeneMenTta, T — TeMneparypa KOHTAKTY.

(2

q

Ty +T, _
Mm% =1+ H_Can|+fph?icnr 2+ (e pr )V 2172,

ne a — xoedinient tepmo-EPC, r - mmromwuii ormip, C -
KOe(iLiEHT TEIJIONPOBIHOCTI.

Uum Oinble 3Ha4YeHHs mapamerpa M, TUM Kpamii
XapaKTePUCTUKH TEPMOEIEKTPUYHHUX I1E€PETBOPIOBAYIB.
OCKUIBKH TOUIYK 1 pO3pOOKY KOXKHOI BITKH NPOBOASITH
OKpPEMO, TO JUIS OIIHKH SKOCTI MaTepiary OyJIo BBEICHO
KpuTepiii  TepMoeneKTpuyHOi  edeKkTUBHOCTI  abo
JIobpoTHOCTI Z:

Z:a2(0><r)'1 8
SIkuro 3HaYeHHs KpUTEpilo MaTepiaiiB P i N BIiTOK

BIIPI3HSIOTBECA Majo, TO BEeMMYUHA M BH3HAYAETHCA il
yCepEeIHEHUM 3HAUYECHHSIM:

M =%\/4+(zp+zn)(rH +To) =V1+ZT. 9)

Tomy anst oUiHKY epEeKTUBHOCTI TepMOETEKTPHIHIX
MaTepiaJiB  4yacTo  KOPHUCTYIOTbCA  0Oe3pO3MipHHM
napameTpoMm ZT.

Koeoinientn a, C Ta I 3aiexath BiJ 0COOTUBOCTEH
MIepEeHECEeHHS HOCIiB 3apany y MaTtepiaii
HAITIBIIPOBIIHMKA TiJl €0 ENEeKTPUYHHUX 1 TEIUIOBHX
TIOJIB.

3 aHamizy BHpa3iB BHIUIMBAE, 0 HAHOLIBII
eQEeKTUBHI TEePMOENIEKTPUYHI NapaMeTpu MOBUHHI MaTh
HAITIBIIPOBIIHUKH, SIKI MarOTh HU3bKY TEIUIONPOBIIHICTH
1 BHCOKY PYXJIMBICTH HOCIiB 3apsmy. Came 10 Takux
Cmonyk HaJdexuTh POTE, Hu3bka TEIUIONpOBIAHICTH
SIKOTO OOYMOBJIEHA 3HAYHOIO T'YCTUHOIO KOMIIOHEHTIB, a
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EdexTuBHICTh TEPMOENIEKTPUYHUX TEPETBOPIOBAYIB
€Heprii BU3HAYAETHCS TAKUMH OCHOBHHMHU NapaMeTpaMu:
KOe(iIliEHTOM KOPHUCHOI Iii N, MakCUMaIbHO JOCSHKHUM
nepenagom  temmeparyp DTlpax 1 XOJOAMIBHHM
KOe(IIEHTOM  Kpgy. MakcuManbHi  3HAYEHHS — IMX
napamMerpiB BU3HaYarThes 3 Bupasis [10]:

T, -T

(4)

h =-H Cc, M1 _ W
T oy TH Q4
Tc
M2-1 5)
DTmax =Th - Tc =Tc—=—
1+i
Tc
STH
ke =6 =€, Tc (6)
HTW Ty T M+l

ne T, 1 T, — TemnepaTypu rapsdux i XOJOJHUX CHAIB,
W —renepoBana abo CITOJKMBaHA CIICKTPUYHA
MOTYXKHICTh, Q — TemIoBa MOTYXHICTh JuKepena, Q. —
XOJIONONPOAYKTUBHICTE. [Tapamerp M y naHuX BUpaszax
BU3HAYAETHCS KIHETUYHUMU KoedilieHTaMu
TEPMOETIEKTPUIHHUX MaTepiajiB JIiPKOBOT'O Ta
€JIEKTPOHHOTO THIIIB IPOBITHOCTI A P 1 N BITOK
BIJIIOBiAHO:

(")

PYXJIMBICTh HOCIIB 3apsiy Ma€ JOCUTh BUCOKI 3HAYECHHS.

Ha pwuc.2 mnokazaHi TOpIBHMIBHI —3aJIXKHOCTI
koediuienty mneperBopeHHs TepMo-EPC s oxpemux
THITIB TepMoOIap.

[Momryxosi JIOCITiJPKEHHS y CTBOpPEHHI
TEPMOENIEKTPUYHUX TPUCTPOIB HA OCHOBI  IHIIUX
Mmatepianis [10], cBiguute mpo Te, mo PbTe crBoproe
JIOCTaTHIO KOHKYPEHIIIO Ccepel TEePMOENEKTPUIHUX

MmatepianiB. Jlins mnpukmamy y T1abn. 1 HaBemeHi
MOPIBHSUIBHI  MapaMeTpu  JesIKMX —TepMOENIEKTPHYHHUX
MarepiaiB.

Jns  OWIHKKM  TEpMOENEKTPUYHOI  e(EeKTHBHOCTI
Marepialy HEOOXiIHO BHMKOHATH EKCIEPUMEHTAJIbHI
JIOCITiJPKEHHS KoedimieHTy tepmo - EPC,
TEIUIONPOBITHOCTI, THMTOMOTIO OIOpPY, KOHIIEHTpAIii

HOCITB 3apsiy Ta PyXJIMBOCTI.

Cepex MeTOHNIB BU3HAYCHHS TEPMOEIEKTPUUHHX
Koe(illieHTIB tepmo - EPC, TEIIO - Ta
€JIEKTPOIPOBITHOCTI OCOOJIMBY yBary 3BepTalOTh Ha
Meron XapMmaHa, 3a JIOIOMOTOI0 SIKOTO MOXKHa I
BEJIMYMHHA BHMIPIOBATH OJHOYACHO B YChOMY iHTEpBalI
TemriepaTyp. HemomikoM MeTony € 3MEHIIEHHS! TOYHOCTI
pe3yabTaTiB 3 MiABUIICHHAM  TEMIEpaTypH, IO
00yMOBJIEHO TIOSIBOIO BTpAaTH TEIUIOBOI €Heprii uepes
BunpomiHtoBanHs. [Ipore, no Temneparyp 623 — 673 K
TOYHICTh 3aJIMIIAETBCS JOCTATHHOIO 1 TIOXWMOKa He
niepesuinye 6 %.
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Puc. 2. BanexHicts Koedirienta Tepmo-EPC st mesikux MartepiaiiB Bij pisHuii temnepatyp crnais [10].
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Puc. 3. TemneparypHa 3ae)KHICTh TATOMOT'O OIIOPY.

CaMe Ha ONTUMI3alil0 IMX BEJIWYWHH, B MEPUIY
4yepry, cHpsiMOBaHi TexHojoriuHi mnpouecu. CTpykrypa
eHepreTuuHux 30H PbTe 3a0esnedye MOXKIHBICTH
LJISIXOM JIETYBaHHS JOCATTU crabimizamii piBHsS Depwmi,
IO COpUsI€ TiJBUILEHHIO OJHOPIAHOCTI KOHIEHTpALii
HOCITB 3apsily B JIOCHUTH LIMPOKOMY TEMIIEPATYPHOMY
iHTepBajgi. B TOH ’ke 4Yac HasBHICTH JOMIIIKOBUX
€HEepreTUYHUX 30H TMPHUBOJUTH JIO PE30HAHCHOTO
PO3CISTHHSL HOCITB 3apsijy, IO T€X BapTO BPaxOBYBaTU y
MPOrHO3yBaHHI  BiacTHBOCTei MarepiaiiB. lupoki
MOXITUBOCTI JUISl ILOTO BIJJKPUBAE 1 OTPUMAHHS TBEPIUX
PO3UHMHIB 5K IO KOMIIOHEHTI A, TaK i IT0 KOMIIOHEHTI B.

3pasku Ui IOCIIPKEHHS] CUHTE3YBalIM 13 OKPEMHX
eNIEMEHTIB BHCOKOTO CTYIEHS 4YHUCTOTH (HE HIDKYe
99,9999 % OCHOBHOTO KOMIIOHEHTY) y BaKyyMOBaHHX
(10*-10° ITa) kBapuoBux ammynax [11 - 12].

Po3paxyHok mapaMmeTpiB BITOK TepMOEIeMeHTa
npoBeneHuit 3a wmertomukoro [13]. YwmcmoBi maHi
TEMIIEpaTypHOi 3MIHM IHTOMOTO OIIOpY, KoedilieHTa
TEIUTONPOBIMHOCTI Ta KoedimienTa 3eebeka OTpUMaHi
eKCIIEpUMEHTAJIBHO METO/IOM XapMaHa.

TemrnepaTypHi 3anexHocTi muromoro omopy (r),
koedimienta TtemronpoBigHocTi (C) Ta KoedirieHTa
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tepmo-EPC (@) mast oTpuMaHuMX CIIOAYK IOKa3aHi
rpadiuHo Ha puc. 3 - 5 BiIIOBITHO.
Pospaxynok KK/I BiTok npoBomuiu 3a GopmyInoro:

o/
h=1"ToM"-1 (10)

T M+
e M/ = 1+TZ, .
TepmoenektpuuHy e(peKTUBHICTh Z, BHU3HAYalId 3
BHpa3sy:
aq+a
1,2
Va7
ae Zy :(alz)/(rlxcl) v 2o = (a%)/(r 2%Co) .
I'padiuna 3anexuocti KKJ| Bim Temmeparypu
HABEJICHUX BHIIIEC TEPMOCIEMEHTIB MOKa3aHa Ha puc. 6.
Baunmo, mo tepmoenement N-PbTe 0,01 PbJ2 — p-
PbTe0,3 Na mMae 3Ha4HO Kpallli XapaKTepUCTHUKH 3a N-
PbTe0,01 PbJ2 p-PbTe1l,0Na, wmakcumainbHe

snauennss KKJI mpu Temneparypi rapsidoro crnato 773 K
(pizauus temmepatyp 523 K).

(11)



M.I. Boiiko, C.M. JleBunpkuii, O.1. Bnacenko, I1.A. Kpucbkos

2.2 4

2,04

1.8

»

1.6 4

7, X 10° Briem K

1.4 4

1.2 T

T
500 600

400 4

300 4

B/K

£

N
—m— PbTe 1 0.01FbJ,
--#--- PhTe 1,0 Ma
& FbhTe : 0,32 Na
T T T '
FO0 200

T, K
Puc. 4. TemnepatypHa 3ae)KHicTh KOe(illiEHTY TEIUIONPOBiTHOCTI.
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Puc. 6. Temneparypna 3anexuicts KKJI mis map repmoernementis N-PhTe0,01 Pb, — p-PbTe: 1,0 Na (1);
n-PbTe 0,01 Pbk,—p-PbTe0,3Na(2)

Hapeneni pe3ynbTaTH JOCHTIKEHb 3 TEXHOJOTIT
OTPUMaHHS TENypPHIY CBUHIO Ta HOCTIKEHHS HOro
BJIACTHBOCTEH 1 BIUIMBY HAa HHUX JIET'YIOUMX JIOMIIIOK
CBiYaTh TpOo Te, IO Lel MaTepial € KOHKYPEHTHO
3ATHUM Cepell 3HAYHOI KiJIBKOCTI HalliBIIPOBITHUKOBHX
CIOJIYK, SIKI TPUIATHI JJIsi BUKOPHUCTAaHHsS Yy pO3pOOKax
TEPMOENIEKTPUYHHUX ITPUCTPOIB.
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AwHani3 nitepaTypHUX NaHWUX CBIAYUTH HPO TeE, IO
OCHOBHI (I3MYHI MPOIECH TEPMOEIEKTPUYHHUX SIBHII
BUBYEHI [IOCTaTHbO. BJOCKOHaJeHHS pO3poOOK Ta
KOHCTPYIOBaHHs TEPMOCIEKTPUIHHIX MIPUCTPOIB
CIpsIMOBaHI Ha ONTUMI3aliio (I3MYHUX TapaMeTpiB
MaTepiajiB eJIeKTpOHHOI 1 JIpKOBOI MpOBIAHOCTI, €
mepeBara  HaJae€ThCd  TEIYpUAY  CBHHIO,  Xoua
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Taoauus 1
IMapamerpu pisaux Tepmornap [10]
___ Marepian W, MBr h, % S\/S, Wi/m, Br/r
N - BiTKa | p - BiTKa

Poboua obmacts 350 — 600 K
Bi,(TeSe); (BiSh),Tes 75,6 7,6 1 0,24
PbTe PbTe 71,1 59 1 0,21
PbSe PbSe 40,1 4,0 1 0,12
Mg,(SiSn) HMS 45,1 4,2 0,7 0,32
CoSi HMS 34,3 31 0,15 0,23

Poboua obmacts 350 — 900 K
PbTe PbTe 293 12,4 1 0,86
PbSe PbSe 176 8,7 1 0,52

MOCTIDKYIOTBCS W iHmI  OiHApHI Ta  TOTpIiiHI napamMeTpaMyd KOHKYPYIOTh 3 COHSYHMMHM €JIE€MEHTaMH.

HAITIBIIPOBITHMKOBI CIIOJIYKH 1 iX TBEp/Ii pO3UUHH.

[HOMH HanpsM  OCIIPKEHb CTOCYEThCS TOIIYKY
METOMIB  KOMyTalii  BiTOK  TEpMOEIEMEHTIB  Ta
IHKEHEPHUX PpO3POOOK  3[EUIEBIICHHS] BUTOTOBJICHHS
KOHTaKTiB Ta 3MEHIIEHHs TeMIy aerpanauii. s nporo
PO3POOJISIOTHECA HOBI TEXHOJIOTIT 3BaproBaHHA. I OTOBI
MIPUCTPOI PO3MIILLYIOTBCSl Y TEPMETH30BaHI KOHTEHHEPH,
SIKi 3alOBHIOIOTBCS a30TOM a00 1HEPTHUM Ta3oM JIIs
YHUKHEHHSI OKHCHHX TIPOIIECIB.

[Mopsin 3 UMM TEpMOENEKTPUYHI MPHUCTPOI CIYXKATh
ITFOCTPAIi€l0 MOKIIMBOCTEH PO3POOKH aabTepHATUBHHUX
MAaJIONOTY)KHUX JDKEPEN JKUBIICHHS, SIKI 32 OKPEMHUMH

30kpema, y CBOili po0OOTI BOHHM BUKOPHCTOBYIOTH
€HEepriro, sKa BHKUAAETHCS TPALIOIOYMMHU CHIOBHUMHU
npucTpossMH  (IBUTYHaMH, TypOiHAMH  TOWIO) Y
HaBKOJIMIIIHE CEPENOBHILE.

Bnacenxko O.I. — pokrop ¢i3.-mat. Hayk, npod.,
3aCT. AUPEKTOpA, 3aB. BLAILIOM,;

Jesuyvkuii C.M. — HayKOBUi CHIBPOOITHUK;

bouiko M.I. — Monoammii HAyKOBUH;

Kpucwkos I].A. — xauauaar ¢i3.-MaT. HayK, JOIEHT,
3aBiqyBay KadeapHu.
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Development and Resear ch of the Ther moelectric M odules on the Basis of PbTe
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In the article thermoelectrics descriptions of telluride lead are described. It is shown, influence of alloying
admixtures on the change of specific resistance (r), coefficient of heat conductivity (c) and coefficient of thermo-
EMF (a) from atemperature.

Key words: technology of synthesis, PbTe, thermocouple, termo-EMF, specific resistance, heat conductivity.
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