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ITPO EEKTUBHICTDH CIIIPAJIBHUX I'TPOTPOITHUX
TEPMOEJIEMEHTIB Y PEXXUMI OXOJIOJ’KEHHSA

Posensinymo xapaxmepucmuxu mamepianie BiSb, Ag>Te i InSb 6 nocmivinomy macrHimnomy noii.
Jocniooiceno ocHo6HI  cniGiOHOWEHHST Ol PO3PAXVHKY ONMUMATbHUX NAPAMEmpI8 CRIPATbHUX
2IPOMPONHUX MEPMOENIEMEHMIB ) PEHCUME OXONOO0INHCEHHS, AHATIMUYHUMY MA YUCTOBUMU MEMOOAMU.
Ompumano 3anexiCHOCmi MAKCUMATbHOL PisHUYl memnepamip O 2ipOMPONHUX MEPMOEeMEHMIE
pisHux gopm. Ilokazano, wjo npu ROCMIUHUX MASHIMHUX NOJAX QOYLIbHO eukopucmogysamu BiSh
memnepamypromy oianasoni 80— 120 K, a Ag>Te ons2 150 — 300 K. Bion. 13, puc 4.

KoarouoBi ciioBa: ripoTpornHe cepesoBHile, IHAYKI[IS MATHITHOTO TI0JIsl, CHIpaJIbHUN TiPOTPONHUI
TEPMOEIIEMEHT.

Bctyn

Bigomo, 1110 TepMOENeKTpHYHI MPUIAAN IUPOKO 3aCTOCOBYIOTHCS B €HEPTeTHIIl, XOJIOIMIbHIH
Ta BHUMIpIOBaJIbHIM TexHiui. OOHAK MOMIIMBOCTI IMPAKTUYHOTO BUKOPUCTAHHS TEPMOEJIEKTPUKU
3aNekarh BiJ Tporpecy y (i3uili TEPMOEIEKTPUIHOTO MEPETBOPEHHS €HEpPTii, OCKIIEKH OCHOBHOIO
BJIACTUBICTIO TEPMOENEKTPUYHUX MPWIAIB € 3JaTHICTh BUKOPUCTOBYBATH B3a€MHI TMEPETBOPEHHS
enekTpuyHoi Ta TerioBoi eHepriii [1— 12]. T'onoBHI JOCSATHEHHS TEPMOCIEKTPUKH B 00JacTi
MpIIaA00yyBaHHS, B OCHOBHOMY, 3100y Ti Ha 0a3i (i3uKN TepMONapHUX TepMoeneMeHTiB. Po3poOka
METO/IiB BIAKPHUTTS HOBUX THUIIIB TEPMOEIEMEHTIB 0a3yeThCcsi HA BHKOPHCTAHHI y3arallbHEHOI Teopii
TEPMOCNICKTPUKH. BHHAWTH, CTBOPUTH Ta JOCHIOZUTH HU3KY TNPHHIHUIIOBO HOBUX THIIIB
TEPMOETIEMEHTIB 3 YHIKaJbHUMHU BJIACTUBOCTSMH, IIOMOTJIO 3aCTOCYBaHHS IIMX METOJIB [0
AHI30TPOIHUX CEPENIOBHUII, YUM ICTOTHO PO3IIUPHIIA MOXKIIMBOCTI TEPMOEICKTPUKUA. TOMY OJHUM 3
HalKpalux HampsMKiB PO3BUTKY NPHKIAIHOTO 3aCTOCYBAHHS TEPMOENEKTPUKH € TOIIYK HOBUX THIIB
TEPMOEJIEMEHTIB 3 BHKOPHUCTaHHAM TIpOTPOITHUX CEpPEJOBHIL. Taki MOJMJIMBOCTI Maibke He
JIOCITIKYBAITUCh, a X peati3allisi I03BOJUTh 301IBIIHTH €JIeMEHTHY 0a3y TepMOEJIEKTPUKH, CTBOPIOBATH
MIPOAYKIIIIO IMiJIBUIIEHOI SKOCTI HAa IX OCHOBI Ta IIJBUIIMTH KOHKYPEHTHY CIHPOMOXKHICTh TaKHX
MepeTBOPIOBAYIB €HEPTil

AKTyanbHUM € MOXJIHUBICTD 301bIICHHS €(EKTHBHOCTI Ta HAIIHHOCTI TEPMOEIEKTPHUYHHX
MIEPETBOPIOBAYIB €Heprii 3 METOI BUKOPHCTAaHHS I1X B mpmiagoOymyBaHHI. Takoxk mepeBaroro
BUKOPUCTAHHS TiPOTPOITHMX TEPMOEIIEMEHTIB € BIJICYTHICTh BHYTPILIHIX CIAiB, 10 3a0e3neuye
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HAJIMHICTh 1 TEXHOJIOTIYHICTh, MOXJIMBICTh O€3CMaifHOTO 3€JHAHHA KiJIEIh Y MPOCTOPOBY CIHipalbHY
CTPYKTYpy, IO iCTOTHO 30iNbInye (YHKIIOHAIBbHI MOXKINBOCTI TEPMOEJIEMEHTa, OCOOIMBO TpH iX
BUKOPHUCTaHHI y XOJOAMUIBbHIN Ta BUMIPIOBANBHIN TEXHIII.

Mertoto poboTH € oOLiHKa e(EeKTHUBHOCTI CHipajJbHUX TiPOTPOMHUX TEPMOEIEMEHTIB B PEXKUMI
OXOJIOKEHHS, IS TIOTAIBIIIOT0 BUKOPHUCTAHHS iX B XOJIOAMIbHIN Ta BUMIPIOBAIBHIN TEXHIIII.

MaTtemaTuyHa mogenb

Bigomo, mo misi OTHOPIAHOTO TipPOTPOITHOTO CEPEAOBHINA PIBHIHHS TEINIONPOBITHOCTI Mae
HacTynHuM Burisn [1]:

. . or . oT
KAT+pOJZ+2aB(Jy&_JxEj:01 (1)

Ie p, — MUTOMHUH €JIEKTPUYHHUM OMip TiPOTPOIHOIO CEPEAOBHUINA; K — KOe]ili€HT TEIIONPOBIIHOCTI;
J — Momynmb BEKTOpa IyCTMHH €IEKTPUYHOTO CTPYMY; J,, ], — TPOEKLii BEKTOpa ] B NEKapTOBil
cucreMi koopamHat; o =Q,B — acumerpmuna wactmHa TeHzopa TepMOoEPC; Q. — xoedimieHTt

Hepncra-Etrinrcraysena; B — imayknis marHiTHoro moms. Tenzop TepmoEPC, y riporpomHomy
CEPEIOBHILII MA€ BUIJIST

oa=|-ag o, 0 |. (2)
0 0 o
Y nonsipHii cucTeMi KOOpAWHAT, BPaXOBYIOUH aKCiaJlbHy CUMETPII0 CHCTEMHU, MaEMO
. . 0T, oT
KAT +p,j* +2Q,B| j, ———-— |=0, 3
Pol"+2Q, (J‘P or r an )

Jie I — pajiiyc TEPMOENIEMENT; |, , |, — pajliaibHa Ta a3uMyTallbHa CKJIAIOBI BEKTOPA I'YCTHHU CTPYMY.

PeXxum oxonogxeHHs

Po3rmstHyTo HU3KY JiTepaTypHUX JDKEpen, SIKi OIMMCYIOTh BIIACTHBOCTI TIPOTPOITHHX MaTepialliB
[1—8]. st marepianiB BiSb, Agz7e ta InSb Ha siki mie craige marHiTHe mosie, MOOYIOBAHO 3aIE€KHOCTI
J0OpOTHOCTI Bijl Temriepatypw [ 1 —4].
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Puc. 1. 3anesxcnicms 006pomnocmi 2ipomponnux mamepianie 6i0 memnepamypu

(1-BiSh, 2—Ag.Te, 3—InSh) [1 - 4].
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Jam mpoBemeHO MOJENIOBaHHS TIPOTPOIMHHUX TepMoeleMeHTiB it marepiamy Ag.7e. Ha
TEPMOEJIEMEHTH JIisI0 MarHiTHe noJje 3 iHaykniero B =1 Tn . Ha puc. 2 HaBeneHO TpUBUMIPHI MOJIEINb

PO3MOALTY TEMIIEpaTypH y CHipaIbHOMY TipOTPOITHOMY TepMOEIeMeHTi (Kpyrnuii nepepis) [13].
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Puc. 2. Mooenwv posnodiny memnepamypu 8 cnipanioHomy
2IPOMPONHOMY mepMoenemMenmi (Kpyenuil nepepiz)

Ha pwuc.3 m©HaBemeHo TpHBHMIpHI MOAETh PO3MOMUTY TeMIEpaTypH Yy CIipalbHOMY
TipOTPOITHOMY TEPMOECIIEMEHTI (KBaIpaTHUH mepepi3)
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Puc. 3. Modenwv po3nodiny memnepamypu 8 CRipaibHOMY 2ipOmponHomy

mepmoenemenmi (keadpamuuil nepepis)

SIKIIO TPUTTYCTHTH, 110 Tapsiya CTOPOHA CIIPaIBbHOTO TipOTPOITHOTO TePMOelIeMEeHTa aJliadaTuIHO
13071b0BaHA Ta HEXTYBaTH BTpaTaMH dYepe3 OiYHI TOBEpXHI TepMOeJIeMEHTa, MOXXKHA CKOPHCTaTHCS
(OpMyIIOI0 ISl PO3PaXyHKY MaKCUMAIIBHOI Pi3HHIN TeMmrepatyp ATmax MDK CTOpPOHAMH CITipaJbHOTO
TIpOTPOITHOTO TepMoeneMenTa [5]. BukopucToByroun aaHi, peCcTaBieH] Ha puc. 1, MOXXHA OTpUMAaTH
3aJIe)KHICTh MAaKCUMAaJIbHOI PI3HUL TEMIIEpaTyp Bij TeMIlepaTypH rapsiioi CTOPOHHU TepMOEJIEMEHTa IS
BiSh, Ag.Te ta InSb (puc. 4).
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Puc. 4. 3anescricme maxcumanvuoi piznuyi memnepamyp ATma 6i0 memnepamypu
2opsuoi cmoponu (1 — BiSh, 2 — Ag.Te, 3—InSh)

3 puc. 4 BuOHO, MO BUKOpHCTaHHA Marepiany Ag.7e B miamazoni temmeparyp 200—300 K mae
HaitouTbi 3HauCHHS (AT)max, Tpu 72> =300 K 3HaueHust (AT)max~ 37 K. A 3uaunts Ag.Te nomiibHiie
BUKOPHCTOBYBATH B IbOMY Jlialla3OHi TeMmIeparyp, a B TemmeparypHoMy miamasoni 80 —120K

BiSb— (AT ), _ =17 K s kpyruioro nepepisy.

BucHoBKM

JocrimpkeHi OCHOBHI CITIBBIIHOIIEHHS JUISl PO3PAaXyHKIB ONTUMAIBHUX MapaMeTpiB TipOTPOIMHHUX
TEPMOEJIEMEHTIB y PEKUMI OXOJIOKEHHS, aHATITHYHAMH W YUCTIOBIUMH MetojaMu. [l Marepiamy AgQqTe
HPOBE/ICHO KOMITIOTEPHE MOJCIIOBAaHHA I OTPHMaHi pO3MOJUIM TEMIEpaTypH B TipOTPOIHHX
TEpPMOCIIEMEHTAX.

INoka3zaHo, 1110 BUKOpucTaHHS Matepiany AgQqTe nouibHie B mianasoHi Temreparyp 200 —300 K

(AT)mex=37K, a B intepBani Temmeparyp 80—120K kpame sacrocoBysatn BiSh — (AT )maxz 17K
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OB DOPEKTUBHOCTHU CIITUPAJIBHBIX 'NPOTPOITHBIX
TEPMOJ3JIEMEHTOB B PEXKUME OXJIAKAEHUWSA

Paccmompenvr xapaxmepucmuku mamepuanos BiSb, Ag>Te u InSb 6 nocmoaunom macnumuom
none. Hccnedoganvl 0ocCHOBHbIE COOMHOWEHUA O PACUEMO8 ONMUMANLHBIX NAPAMEmMpPos
CNUPATbHBIX SUPOMPONHLIX MEPMOIIEMEHMOB 8 Dedcume OXAANCOeHUS, AHATUMUYECKUMU U
yucnogeimu memooamu. Ilonyuenvl 3a8ucumocmu MakKCUMaibHO20 nepenada memnepamyp OJis
SUPOMPONHBIX  MEPMOIIEMEHMO8 paA3IuyHou ¢opmul. Ilokazano, umo npu NOCMOSHHBIX
MASHUMHBIX NOJSX Yeaecoodpasto ucnoav3osams BiSb ¢ memnepamypnom ouanasone 80 — 120 K, a
Ag2Te oz 150 — 300 K.

KawueBble ciaoBa: TUPOTpPONHAs cpelna, WHAYKIUS MAarHUTHOTO TMOJIs, CIHPAJIbHbIHA
THPOTPOIHBII TEPMOIJIEMEHT.
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In this paper, the characteristics of BiSh, Ag2Te and InSb materials in constant magnetic field
were considered. Analytical and numerical methods were used to study the basic relations for
the calculation of optimal parameters of spiral gyrotropic thermoelements in cooling mode. The
dependences of maximum temperature difference for gyrotropic thermoelements of various
shapes were obtained. It was shown that at constant magnetic fields the use of BiSb is more
reasonable in the temperature range of 80-120 K, whereas in the range of 200 — 300 K it is
worthwhile to use Ag.Te.

Keywords: gyrotropic medium, magnetic field induction, spiral gyrotropic thermoelement.
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