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BIIJINB YN CJIA KAHAJIIB HA EOEKTUBHICTbH
MNPOHUKHUX TEPMOEJIEMEHTIB 3 MATEPIAJIIB
HA OCHOBI Bi-Te-Se-Sb

IIposedeno ananiz 0CHOGHUX 61ACMUBOCHEN MEPMO eLeKMPULHUX Mamepiani6. s npoHUKHO20
mepmoenemenmy 3 mamepianié na ocHosi Bi-Te-Se-Sb npusedeno ¢hizuuny modenv ma oano
Mamemamuunuil onuc. 3poOneHo Komn’lomepHuti po3paxyHox napamempis Oasi NpOHUKHUX
mepmoenemenmis, wo euecomoeieni Ha ocHosi Bi-Te-Se-Sb. Ilpeocmasneno epaghiunuil euensno
sanexcnocmi KKJ[ i nomyocHocmi nporukuoeo, aka eewepyemvcsi W 6i0 uucia kauanie Ni.
bi6n. 5, puc. 2.

Karouosi cioBa: tepmoenekrpuuni Marepiamu, KK/ reHepaTopy, nmpoekTyBaHHS MPOHUKHOTO
CEerMEeHTHOTO TepMoeneMeHTa, TepMoEPC.

BcTtyn

[IpoHMKHI TEPMOETEKTPUYHI €IEMEHTH XapaKTepU3yIOThCS HAABHICTIO B X CTPYKTYpi KaHaJliB
JUTsl TIPOKAYyBaHHS MO0 HUM DIJIMHHOIO a00 Ta3omnoi0HOro TerioHocis. HasBHICTh TemiooOMiHy B
o0cs13i  TiIIKM  MiBHIIYE IHTCHCHUBHICTH TeIUIONeEpeladi, NPU3BOJUTH JIO  MEPepo3NojIiry
TEMIIEPaTypHUX IIOMIB, TOTEHINIANIB 1 TEIIOBUX ITOTOKIB, BIUNIMBAIOYM THM CAMHM 1 Ha €HEpreTH4Hi
XapakTepuUCTUKU  TepMmoenemeHnTa. Kepyoun TemnogiznyHuMH — mapaMerpamMyd  (IIBHAKICTIO
MPOKaYyBaHHS TEIUIOHOCISI, IHTEHCHBHICTIO TETNIOOOMiHY, HIUIBHICTIO €NEKTPUIHOTO CTPYMY) MOKHA
peaylizyBaTH Taki yMOBH poOOTH, MpH SKUX OyJie TOKpalleHa eHepreThyHa e(EeKTUBHICTh
nepeTBopeHHs eneprii [1].

[lepmi TeopeTuuHi HOCTIHKEHHS MPOHUKHHUX TEPMOEIEMEHTIB ISl MOTOKIB ra3iB IMOKa3aiu
MEPCIEKTUBHICT, 1X CTBOpPEHHS, mepemdadaroun migsuineHHs xomoawibH 20—30% mpu
BUKOPHCTAaHHS HU3BKOTIOTEHIIIHOT TEMJIOBOI €Heprii ra3iB. BUKOpHCTaHHS MPOHUKHHUX CTPYKTYpP B
TEPMOEJIEKTPUYHHX eneMeHTax 3 Bi-Te no3Bossie mokpamuTi epeKTUBHICTD NEpEeTBOPEHHS eHeprii Ha
30% [2]. Omnak Taki AociifkeHHS OyiaM NPOBEACHI Ul HAMMPOCTIMIOI MOJENi NPOHHKHOTO
TEpMOeJIeMEHTa B OJHOMIpDHOMY HaONIDKeHHI 0e3 ypaxyBaHHS TeMIIEpaTypHUX 3aleXHOCTeH
napamMeTpiB MaTepiary, KOMyTalliiHAX TETUIONEePEXOIiB.

[IpoTsiroM ocTaHHBOTO ACCATHIITTA Bce Oinblia yBara JOCTITHUKIB 3a1y4aloTh NEPCHEKTUBHI
TEPMOEJIEKTPUYHI MaTepiaian Ha ocHOBI Bi-Te-Se-Sb. Bonu € Oe3neuHrMu 3 eKOJIOTiYHOT TOYKH 30PY 1
XapaKTepU3yIOThCS BUCOKUMH 3HaueHHAMH KoedimieHTiB Tepmo-EPC 1 emexTpompoBigHOCTI 3
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MaKCUMAIbHIUMH 3HAYEHHAMH O€3pO3MIpHOTO ITapameTpa TepMOCIeKTpudHol moopotHocTi ZT Ha

piBHi 1-1.1 B miana3oni remnepatyp 300-600 K.

®di3nyHa mogens i il MaTemaTU4yHMM onuc
di3uyHa MOJIEIb MPOHUKHOTO TEPMOCIIEMEHTa 3 MaTepiaiB Ha OCHOBI Bi-Te-Se-Sh B pexxumi

TeHepalii eNeKTPUIHOI eHeprii npeAcTaBieHa Ha puc. 1.

Puc. 1. @izuuna mooens NPOHUKHO20 CE2MEHMHO20 MePMOeNEMEHNTY
1, 2 — komymayitini niacmunu, 3, 4 — komymayiiuni wapu, 5 — ceemenmu (cexyii)
2InKU n-muny npogioHocmi,; 6, 7, 8 — ceemenmu (cexyii) einku

p-muny npogionocmi; 9 — menionocill.

Takuii TepMOENEMEHT CKIIATAETHCSA 3 TLIOK N — 1 P-TUMIB TPOBITHOCTI, (i3WYHI BIACTUBOCTI
SAKAX 3aJeXaTh BiJg Temrepatypu. IligBeIeHHs Temiia 3OIHCHIOEThCS MIISXOM IPOITYCKAaHHS
TEIJIOHOCIS Kpi3hb TUIkKM depe3 kaHayiu (rmopu). KokHa rimka ckiamaerbes 3 Nn — 1 Np — cerMeHTiB
BIJINOBIIHO, KOHTAaKTHHH OIip 3’€JHAaHHA To. biuHAa MOBEpXHsS TUIOK aiadaTHYHO 130J1bOBAHA,
TeMIlepaTypa TEIUIOHOCISI Ha BXOJi B TEPMOEJIEMEHT Im 3amaHa. TemmepaTypa XolomHHX cmaiB Tc
TEpPMOCTaTOBaHa.

CucreMa audepeHIialbHIX PiBHSHB, IO OMMCY€E PO3MOJILUT TEMIIEPATYP 1 TEIJIOBUX MOTOKIB B
CTaIliOHAPHOMY OAHOBMMIPHOMY BMITIAJIKY, B HECKIHYEHHO Majiii yacThHi dX KOKHOTO K-To cermeHTa
T1JIOK N — 1 P-TUIMIB MPOBIAHOCTI, B 0€3p03MIpHIX KOOPAMHATAX JAETHCS CIiBBIIHOIEHHSIMU [2].

K, K,

o ‘ LN k=1,..N
ﬁ=MT+akj q+jpk+w(t_]*)’ -V p
dc  x, Ky (S-S.)Jj X, <x<x,
ﬂ:_aTH]l(NKlk (t'T)

dx Ge, ’ )
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ne IT'k-mepumerp kxanamy; Nk — 4Mcio KaHamiB; Sk — IUIOIIA NMEPETHHY BCiX KaHAIIB;
S — mepeTuH Trilku pa3oM 3 kaHanamu; G — BUTparTa TEIIOHOCIS B KaHajax; Cy — MUTOMA TEIIOEMHICTh
TEIIoOHOCIsL, t — Temmeparypa TEIUIOHOCIs B Toulli X; T — TemmepaTypa TiIKH B TOYIl X;
aT — koedilieHT TemoBignayi; o i K — koediuieHTn TepMoEPC i TemnonpoBinHOCTI, a p — TUTOMUI
OTIip MaTepiaiy TijIKu.

ITuToMi TIOTOKH TerIa ( i MPUBEICHA NIUTbHICTh €JIEKTPUYHOTO CTPYMY j BU3HAYAIOTHCS Yepe3
TaKUW BUPA3:

0 I
qg=—, J= Y
1 S

ne Q — MOTYXHICTh TEIUVIOBOTO TOTOKY, IIO MPOXOAWTH Yepe3 TiNKy TepMmoerneMeHTa; | — cuma

EJIEKTPUYHOTO CTPYMY; S — IUIOIIIA MOMEePEYHOTO0 Mepepi3y rijIoK TepMOEIIEMEHTA.

HeoOxigni i BHUpilleHHS B PiBHSHHI TPaHUYHI YMOBHM 3 ypaxyBaHHSM BHIUICHHS Ternia
xoyns-Jlenna, oOyMOBIEHOTO KOHTakTHHM omopoM 10 B MICIX 3’€IJHAHHS CETMEHTIB TLIOK,
(hOpMYITIOIOTECS Y BUTIIAI:

L,00)=7,  1,(1)=T, q,,(1)=0,
T (x)=T (x “)= N+ g
np (xk )7 n,p (x.l'c )7 qn,p (xk)iqn,p (x.f( )+ S Ed
np
ne ingexcd " — " 1" + " mo3Ha4aroTh 3HauYeHHs (DYHKIIH Oe3MmocepeHbO 3J1iBa 1 crpaBa BiJ MExi

3ITKHEHHs cerMeHTiB Xk, K = 1,..., N — iHzeKc, 1110 BU3HA4Ya€ HOMEP CErMEHTA T1IKH.

VY BHIAAKY MOIIYKY ONTHMAJIBHUX KOHLEHTPALill JETylouuX JOMILIOK, L0 BH3HAYaIOTh
KOHIIEHTpAIlii HOCIiB CTpyMy B CEerMEHTaX TiJIOK, HEOOXIJHO 3aJaTH 3aJIeKHOCTI TapaMeTpiB
MarepialiB o, K, p BiJl TEMIIEpaTypH i KOHIEHTpaIlii HOCI{B cTpyMy (200 TOMIIIOK).

OcHOBHE 3aB/IaHHS IPOCKTYBAaHHS IPOHUKHOTO CETMEHTHOT'O T€HEPATOPHOTO TEPMOEIEeMEHTa
— BHU3HAQUCHHS TaKHX Y3TOKCHHX MapaMeTpiB (HaBeIeHa WIUIBHICT CTPyMY | B BiTKax, BUTpATH
TETUIOHOCIA B KaHanax G, KOHIEHTpaIlii JISTYIOUUX JOMIMIOK B MaTrepiajaX KOXXKHOTO CerMEeHTa), IpH
skux KK/ TepmoenemenTa mocsirac MaKCUMaJIBHOTO 3HaUeHHS [3].

Busznaunmo KKJI dyepe3 BiJHOIIGHHS EIEKTPUYHOI MOTY)XHOCTI P, 110 TeHepyeThCs
TEPMOEJIEMEHTOM, JIO 3MiHHM €HTANbITIi TETUIOHOCIS:

2

P
‘r':
2.Ge, (T, - 1)

n.p

a Ioro MakCUMyM 3BeJIEMO JI0 JOCATHEHHS MiHIMyMY (pyHKIIIOHAITY:

(S-S, ~
J=In| 3 {Ge, (T, -T,)} |-In| Y GcP(Tm—t(O))+q(O)J(Z")—1 SLM;L

np n.p n P

Jis BuUpillieHHS TaKOTO 3aBJaHHS BHKOPUCTAHWN NpuHIMI Makcumymy [loHTpsiriHa, Ha
OCHOBI SIKOTO OTpWMaHI CIIBBIJHOIICHHS, IO 3aJal0Th HEOOXIigHI yMOBHM onTUMalibHOCTI. Taka
METOJIMKAa B 3aCTOCYBaHHI JI0 TEPMOECJCKTPUYHOTO IEPETBOPEHHS EHEprii omucaHa B 0araThox
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poborax, Hampukiam, [4]. BoHa X BHKOpHCTaHA 1 IJII CTBOPEHHS KOMII FOTEPHOI IMporpamMu Ta
JIOCITiIPKEHHS TPOHUKHOTO TEPMOEIEMEHTA 3 TEPMOEIEKTPHYHNX MaTepiailiB Ha ocHoBi Bi-Te-Se-Sb [5].

Pe3ynbTatu BUpilleHHA 3aBAaHHA

Pesynbratn po3paxyHKy NPOHHKHOTO TEPMOEIEKTPUYHOIO TeHeparopa MHpOBOAMIOCT 3
ypaxyBaHHSM BTpaT TeIIa 3 BIIXIJIHUMHU ra3aMy 1 TaKMMH BUXIJIHUMHU JIaHUMH, SK ONTHMI3aIlis
IIUTBHOCTI CTPYyMY 1 BHTpATi TEIUIOHOCIS Ta ONTHMI3allis 3a OJHAKOBOIO KOHIIEHTPAIIIEI0 B CEKINSNX
TUIKH 13 BBeIeHHAM Komiutekcy — G. brahch :=G - ¢p. Sk. Nk.

Bukopucrano taki BuxinHi nani. Temmeparypa teruonocis Ha Bxoai — 600 K, temmnepatypa
xonogHux cnaiB Tepmoenementy — 300 K; miamerp kamamy — 0.01 cMm; mepumerp  KaHainy
(oxpyxHnicts) — 0.031416 cm; mioma nonepednoro mepepisy Beix Ni-kanamis — 0.0024 ¢cm?; KinbKicTb
ceknii B 1 rinku — 1 mT; BucoTa rinok — 20 cM; IJioma MOMepevHoro mepepizy MaTepiany TUTKH —
0,9976 cm?.

TeMnepaTypHi 3aJIe)KHOCTI MapaMeTpiB o, G, K, MarepiaqiB Ha ocHOBi Bi-Ti-Se-Sb Oymu

BHKOPHCTAHI [T pOo3paxyHKiB. [5]
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Puc. 2. 3anesicnocmi KK/ i nomyacnocmi npoHUKHO20 mepmoenemenma
Ha ocHogiBi-Te-Se-Sb, saxa cenepyemucs W 6i0 uucna kananie Nk,

Bugno, mo KKJ[ mnponumkKHOro TepMmoergeMeHTa Ha OCHOBI Bi-Te-Se-Sb 3pocrae mpwm
30ibIeHH] KinbKocTi kaHaimiB. Makcumym KK/ 3naxomutses B obOsacti Bix 25 mo 80 kaHaliB Ha
lem?, a motyxuocti Big 25 mo 60. IlurtoMa eneKTpHYHA TOTYKHICTH Ma€ MAaKCHMyM, B JAHOMY
Bunaaky npu 40 xananax Ha 1 cm? i cranosuts P = 1.57 Br. Tomy, paiiioHalbHe 4MCIIO KaHAB Ha
OIMHHMIIIO TuTOLi OyJe mepedyBaTu B Mexkax 25 — 60 .

Otpumani mani cBiguath, mo KKJI 3pocrae 3 30iIbIIEHHSAM YHCIa KaHATIB 1 JOCSATae
HaHO1IBIIOrO 3HAYCHHS, 5K 1 B IBOX IOMEPEIHIX BUIIAIKaX, IPH TEMIIEPATypi TEIIOHOCIA Tn = 600 K
i craHoBUTh 1 = 6.8 %. IlinBumenns KK moxe nocsratu 1.32 pa3u B MOpiBHSIHHI 3 KJIACHYHUM

TCPMOCICMCHTOM.
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BucHoBOK

TakuMm 4uHOM, AN PI3HUX YMOB POOOTH MPOHMKHOTO TE€HEPATOPHOTO TEpMOENEeMEHTa 3
marepialiB Ha OCHOBI Bi-Te-Se-Sb HeoOXiTHO BU3HAYATH CBOT ONTUMANIbHI KOHCTPYKIIiHHI TapaMeTpH
(BucoTa TiKH, IiaMeTp KaHaTIB 1 iX 4MCIO0), P AKUX OyAe OTpuMaHa MaKCHMaibHa e()eKTHBHICTh
MIEPETBOPEHHS CHEPTii Ta eekTpuuHa noTyxHicTh. KKJ[ B onTMMansHUX yMOBaxX poOOTH BUINE, HIXk
y KiacuqaHOTo TepmoeneMenTa B 1.32 pasu. [lopiusuus 3 KK/ kmacnaaOrO TepMOEneMenTy Mo, 10
NpaIioe B aHAIOTIYHAX YMOBaX, BKa3ye€ TakoX Ha MOxIUBICTh miaBunieHHs KKJ[ mpoHHKHOTO
TEPMOECIIEMEHTY Ha OCHOBI Bi-Te-Se-Sh npu nepeTBopeHHi eHeprii npubnu3Ho Ha 32 %.

Jlitepatypa

1. Amnareuyk JLU. Tepmonnektpuueckue mnpeoOpazoBatenu osuHeprun / JLU. Amnatbrayk //
TepmonnektpruaectBo. Towm II. YepHoBust: bykpek, 2003. 376 c.

2. Amnarnmuyk JLI., Yepkes P.I. IlpoHWKHWII CerMEHTHHH TEpMOEIEMEHT y PpPEeXHMi TeHeparii
enekTpudHoi eneprii // Tepmoenextpuka. — 2010. — Ne3. - C.5-12.

3. Cherkez R. G. (2012). Energy possibilities of permeable generator thermoelements based on
segmented legs. AlP Conf. Proc. 1449, 443, pp. 439-442;
doi:http://dx.doi.org/10.1063/1.4731590

4. Tloutpsrun JI.C. Matematnueckas Teopus onTuManbHbIX mponeccos. / JI.C. Tlonrpsarun, B.T.
Bonrsuckuii, P.®. N'amkpenunse, E.®. Mumenko // — M.:Hayka, 1976. — 392 c.

5. byb6muk B.T. O0beMHBII HAHOCTPYKTYPHUPOBAHHBIN TEPMODIIEKTPHUECKUH MaTepral Ha OCHOBE
(Bi, Sh);Tes, momy4eHHbIii METOIOM HCKpPOBOrO IuiasmeHHoro crekanusi (SPS) / B.T.ByGunuk,

N.A Apabkun, B.B.Kapataes [u np.] // Tepmoanekrpuku u nxnpumenenue:nokia. XIII Mexroc.
cemunapa. CI106. 2012. C. 70-75.

Hanitinuta no pemakiii 03.07.2019

Yepkes P.I'., ook. ¢pus.-mam. nayx, 6.0. npogecop*?
Moxap E.B.2, )Kykosa A.C.%, Xpbikos B.K.?

MucturyT Tepmosnextpuaectea HAH n MOH Ykpaubi,
yi. Hayku, 1, YepHoBipl, 58029, Ykpauna,
e-mail: anatych@gmail.com;
2YepHOBULIKMI HAIIMOHATLHBIN YHUBEPCUTET
uM. IOpus ®denpkoBuya, yi. Komrobuuckoro, 2,
Yepuosupl, 58012, Ykpanna

BJIMSIHUE UNCJIA KAHAJIOB HA DO®EKTUBHOCTD
INPOHULAEMBIX TEPMOJJIEMEHTOB U3 MATEPHUAJIOB
HA OCHOBE Bi-Te-Se-Sb

Hpoeeden AHANU3 OCHOBHBIX CBOUCME MEePMOIJIEKMPUUECKUX MamepUualos. ons nporuyaemozco

mepmodemenma u3 mamepuanos na ocnoge Bi-Te-Se-Sb, npusedena guszuueckas mooenv u 0ano
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ee mamemamuyeckoe onucanue. Coenan KOMNbIOMEPHI pacyem napamempos npoHUYaemulx
MepMOIIeMEHMO8, U320MOGIeHHbLIX Ha ocHoee Bi-Te-Se-Sb. Ilpedcmasnenvt  epagpuuecku
sasucumocmu KIIJT u mownocmu, nponuyaemozo eenepupyemozo W eud uucna xamanog Ni.
bubn. 5, puc. 2.

KiiroueBble cJioBa: TepModsiekTpuueckue Mmatepuansl, KIIJ[ reHepatopa, HpoeKTUpOBaHUE
MIPOHUIIAEMOT0 CETMEHTHOT0 TepMo3eMeHTa, TepMoIJIC.
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INFLUENCE OF THE NUMBER OF CHANNELS
ON THE EFFICIENCY OF PERMEABLE THERMOELEMENTS
OF Bi-Te-Se-Sh BASED MATERIALS

The basic properties of thermoelectric materials are analyzed. For a permeable thermoelement of
Bi-Te-Se-Sb based materials a physical model is presented and a mathematical description is
given. Computer calculation of parameters for Bi-Te-Se-Sb based permeable thermoelements is
made. The dependence of permeable thermoelement efficiency and its generated power W on the
number of channels Ny is presented graphically. Bibl. 5, Fig. 2.

Key words: Thermoelectric materials, generator efficiency, design of permeable segmented
thermoelement, thermoEMF
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