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AHM3O0TPOITHBI TEPMOXJIEMEHT
B PEXXUME I'EHEPALIMU 5/1C U TOKA

Paspabomanvl komnvromepHvle memoowl u
npocpammol, NO360IAI0OWUE NPOBECMU ON-
MUMUZAYUIO KOHCMPYKYUU AHUZOMPONHO-
20 mepmodiemMenma, HanpaeieHuylo Ha
nogvluleHue e2o0 IHepPemuyecKux xXapax-
mepucmux.

B nacrosmee Bpemst U1 TEPMOIIEKTPUIECKOTO TIpe-
00pa3zoBaHus SHEPTUU HanboJIee MUPOKO UCTIONB3YIOT-
Cs1 TEPMOMapHbIE HIEMEHTBI, KOTOPBIM HapsIy ¢ HECOM-
HEHHBIMH JOCTOMHCTBAMH MIPUCYILI U HEOCTATKHU, CBS-
3aHHBIC C TEM, UTO IS OTYyYCHNS HEOOXOIUMBIX DJICKT-
PHYCCKUX HAMIPSHKEHUH HX HEOOXOANMO COSTHHATE B MO~
CIICOBATENIbHBIC LIETH. JTO MPUBOAUT K YCIONKHEHHIO
KOHCTPYKLIUH ¥ CHU)KEHUIO UX HaZIeXKHOCTH. Taxoke uMe-
I0TCSI TEXHOJOTNYECKUE U 3KCILTyaTallUOHHBIE TPYIHO-
CTH, CBSI3aHHbIE C COEIMHEHNEM MaTepUaJIoB TepMOIIap.
Bce 310 cTUMynupyeT oMCK MHBIX TEPMO3JIEKTPUUIECKUX
mpeoOpa3oBaTeneii SHeprum.

OnHuM U3 MpeoOpa3zoBaTesiei, KOTOPHIH HE COTECPKHUT
MPUBEACHHBIX BBIIIE HEOCTATKOB, SABISETCS aHU30TPOII-
Hbll TepmoanieMeHT (AT). OH npencrasiser codoil BbI-
PE3aHHBIN COOTBETCTBYIOIINM 00pa3oM OpyCOK U3 aHU-
30TPOIHOIO MaTepuasa 1 I03TOMY, B OTIIMUUE OT TEPMO-
nap, 3/1ech He HMeeTCs podIeM ¢ KoMMyTaluei. Pas-
BUBaeMast UM TEPMO-37IC 3aBUCHT OT TCOMETPUIECKHX Pa3-
MEpOB KpHUCTaJIa, T. €. MOXKET BO3pacTaTh 710 HEOOXOAHU-
MOH BEIUYUHBI IPU HPOCTOM YBEIHUCHUU OTHOIICHHUSI
pa3sMepoB €ro Ce4eHus.

Pacyeram OCHOBHBIX ITapaMeTPOB aHU30TPOIHOT'O TeP-
MOJJIEMEHTA TOCBSIIEHO JOCTATOYHO OONBITOE KOJTHYIe-
CTBO IyOJIMKAIMHA, OJJHAKO BCE OHU IPOBOIIIINCE C Ka-
KAMH-TH00 TPHONMKEHISIMH U yIpoiieHusMu. Tak, Ha-
npumep, B [1—3 u 1p.] He yUUTHIBAIOCH HAIMYNE TOKO-
BbIX KOHTAKTOB, a B [4, 5 1 ip.] paccMaTpUBalOTCs TOJb-
KO TOY€YHbIE KOHTAKTHI; B [5, 6] pacCMOTpEHbI CILIOLNI-
HBIC KOHTAKTHI 0€3 ydeTa MPOTEeKaH!s 110 HAM TeIia OT
Harpesaress K XoJaoauiabHuky. B [1—4, 6 u np.] He yuu-
TBIBAIOTCS TEMIIEPATYPHBIC 3aBUCUMOCTH KMHETHUECKUX
ko3 dunmenToB Marepuana; B [5 u ap.] TOAbKO MpuoIIu-
JKEHHO YYMTBIBAIOTCS TEMIEPATYPHbIC 3aBUCUMOCTH
CBOWCTB MaTepHaa.

Takast cuTyanus Jerko oOBSICHIMA, TOCKOJIBKY HC-
MOJIb3YEMBIC B M3BECTHBIX paboTax aHAIUTHYECKHUE Me-
TO/IbI HAXOXKJICHUSI PACIIPE/ICICHHS TETIJIOBBIX TOTOKOB U
3NEKTPUUECKOTO MOTEHIMANIa UK BOOOIIE HEe MO3BOJIS-
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0T MOy YU Th TPEOyeMbIe PEIICHHs, HJTH HE JTAF0T HeoOXO0-
JUMOK TouHOCTU. [103TOMY, HECMOTpSl Ha JJOCTATOYHO
00JIBILIOE YHCIIO UCCIIEI0BAHUM, 10 HACTOSIIETO BpeMe-
HU He CO3/[aHa JOCTAaTO4HO MosHas Moaenb AT, rie yuu-
TBHIBAIUCH OBl OTHOBPEMEHHO 1 TEMIIEPaTyPHEIC 3aBUCH-
MOCTH CBOMCTB Marepuaia, ¥ BIUSHUE PEaTbHBIX KOH-
TaKTOB KOHKPETHOU KOH(UTypaIHHL.

Lenbro HAacTOSIIIEH PAOOTHI SIBJISIETCS UCCIICAOBAHHUE
cBoiicTB AT ¢ mpuMeHEeHHEM KOMIBIOTEPHBIX METO/I0B
BBIUMCIICHUS JJIS1 CO3JIaHMsI TOCTATOYHO TOJIHBIX MOJIe-
JIel aHM30TPOITHOI'O TEPMOIJIEMEHTA B peXKUMe reHepa-
nu DJIC u Toka.

n3nyeckas mozenb AT nmpezacrasiena Ha puc. 1.

Ha BepxHeli rpaHun aHU30TPOMHOTO Opycka 2
pa3MelleH HarpeBarelb /, KOTOPBIH CO3aeT B HEM Of1-
HOPOJHBIN TEIIOBOM MOTOK. Ha HibkHel cropoHe Opyc-
Ka pa3MelIeH TepMOCTaT 6, KOTOPbI nMeeT OoiblIue,
YeM HIDKHSSL CTOpOHa OpycKa, pa3Mephl 1 HaXOIUTCS B
TETJIOBOM KOHTAKTE C TOKOBBIMH IPOBOIHUKAMH 4, HJICKT-
PUUECKH U30JIMPOBAHHBIMU OT TEPMOCTATA U30JIALUEH 5.
Mesxay HarpeBaresieM /, TepMOCTaToM 6 U Opyckom 2
pasMmeleHa snekTpuueckas u3omsuug /. Ha GokoBbIX
rpansax Opycka 2 pa3MelleHbl TOKOBbIE INIaCTUHBI 3, pa3-
MepbI KOTOPBIX B HAaIIPaBJICHUU OCH Y MEHBIIIE, UEM pas3-
Mepbl OOKOBBIX TIOBEPXHOCTEH aHU30TPOITHOTO OpycKa.
Tok OT aHM30TPOIMTHOTO TEPMOIIIEMEHTA OTBOAUTCS MPO-
BOJIHUKaMU 4 BO BHEIIHIOIO 1IeTIb C CONIPOTUBIICHUEM R.
Bokosble rpanu AT n3oinpoBaHbl Kak 110 TeMIeparype,
TaK U 3JIEKTPUUECKH.
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Puc. 1. AHM30TPONHBIN TEPMOIIEMEHT:

1 — HarpeBarteib; 2 — aHU30TPOIHEIN OPYCOK; 3 — TOKOBBIE TIJIa-
CTUHBI; 4 — TOKOBBIC IPOBOIHUKH; 5 — dJICKTpHYCCKas H30JIAIHs
IIPOBOJJHUKOB; 6 — TEPMOCTAT; 7 — DIEKTPUUECcKast U30JISLHs Tep-
MOCTaTa M HarpeBaTes; X, X,, — KPUCTAIIOrpapuiecKue ocu;
R — BHEIIHSS HATpY3Ka
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Pacripenenenus moteHImana u TOKa B TepMO3JIEMEH-
T€ OMUCHIBAIOTCS BhIpAXKEHUSIMU [ 7]

-V [(f((r) + 06T + &(T)Ué(T))VT] -
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~V(6@VT)-V (6@VU)=0, 2

TIOJTy9YCHHBIMHA U3 3aKOHOB COXPaHEHHS YHEPTUH U AIICK-
TPUYECKOTO 3apsi/ia, COOTBETCTBEHHO (V — BEKTOPHBIH
nuddepeHimanbHpi oneparop; & ,6,K — koshdunu-
SHTBI TEPMO-3IC, MCKTPOIIPOBOAUMOCTH U TEILIOIPOBOI-
HoctH). [IprBeieHHbIC ypaBHEHUS SBISOTCS AuddepeH-
[[HAJIbHBIMU YPABHEHHSIMU BTOPOT'O MOPSAKA B YaCTHBIX
MPOM3BOIHBIX U1 HCKOMBIX (DYHKIIUIT 2JIEKTPUIECKOTO
noteHuuana U u temreparypsl 7, KOTOpbIe HEOOXOIMMO
peIIaTh ¢ COOTBETCTBYIOIINMH IPAHIIHBIMHE yCIIOBUSMU.

[t nocTpoeHws KOMITBIOTEPHOM MOJIEIHN OBLT HCTIONb-
30BaH IMaKeT MPHUKJIAAHBIX mporpamMM Comsol Multi-
physic, 4T0 aeT BO3MOKHOCTh CMOJICITHPOBATh 33139y
B BHJIE KpaeBoil 3a1a4un
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Koaddurmentsr mopenn C omyvaoTcs CpaBHEHHEM
ypaBuenuii (1) u (2) ¢ ypaBHenuewm (3).
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Puc. 2. Pacnpenenenue Temneparypsl (a) U 3JIEKTPUYECKO-
ro noreHnuana (6) B AT (JIMHUK COOTBETCTBYIOT M30TEPMHU-
YECKUM (@) U dKBUMNOTEHUHAIBHBIM (6) TOBEPXHOCTSM)

6)

Puc. 3. JIuHMM TIIOTHOCTH SIIEKTPUYECKOTO TOKA (a) U BUX-
PEBBIX TEPMOBIEKTPUUECKUX TOKOB (0)
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Monenupopanue puzmdeckux nosnei B AT mo3Bods-
€T OIPEJICNIUTh PacCpeACTICHUS TEMIICPATYPbl, JICKTPH-
YEeCKOTO MOTEHIIMAJA U TOKA JIJIsl TEPMOIJIEMEHTOB MPO-
M3BOJIbHBIX pa3MepoB. Ha puc. 2, 3 npuBeseHs! npume-
PBI TAKUX pacHpeaeseHni A7 TepMOdJIEeMEHTa pa3Mepa-
MU a=20 MM, b=3 MM IIpH IIeperajie TEMIIEPaTyphl B HEM
AT=50 K. Marepuai TepMo3JIeMEHTa — MOHOKPUCTAILI
CdSb, crinonrabie TOKOBbIE KOHTAKTE — MEIHEIE.

Ha puc. 3, a B o0nactu, COOTBETCTBYIONIIEH pa3Me-
LICHUIO JIEKTPUYECKUX KOHTAKTOB, HAOIIOMAeTCs BO3-
MYILEHHUE JIUHUHN IJIOTHOCTH JIEKTPHUUECKOI0 TOKA, YTO
BBI3BaHO HAJIMYUEM BUXPEBBIX TEPMOIIEKTPUUECKUX TO-
koB. [Ipu moMomu cnienuaabHON TexHONOTHUH [7] ObLITO
MIPOBEJICHO «pa3/ielieHIe TOKOBY U MOTy4eHbI JIMHUHU Pac-
MpeJIeNICHUs TUIOTHOCTHU TMOCIIETHETO (CM. puc. 3, 0).

Ha ocHOoBaHMM MOJTy4YeHHBIX pacipeaeIeHUIA TOTEeH-
1ana v Toka 6nuta mposeneHa ontumusanus AT. C atoit
LIEJIBIO ONPEAEIISUINCH 3aBUCMMOCTH OCHOBHBIX dHEpre-
TUYECKUX XapakTepucTuk AT oT niepenaza TemMreparypsl
B TEPMODJIEMEHTE, €r0 Pa3MepOB U pa3MeEIIeHUs TOKO-
BbIX KOHTaKTOB.

Kak cienyer u3 puc. 4 u 5, B 3aJaHHOM HHTEpBaJie
temrieparyp BenmunHbl JJ]C u KIIJ{ AT Bo3pacrarot ¢
YBEJIMYEHUEM IIE€penajia TEMIIEPATyPhbl B TEPMOIIEMEH-
te. [Toy4eHHbIe 3aBUCHMOCTH TIPUOJIMKEHHO MOKHO TI0-
JTYYUTh aHATTUTHYECKUM CIIOCOO0M, KaK 3TO MOKAa3aHO B
[8]. Pacuerst KITJ] AT ObLi1 mpOBEEHBI C yUETOM U 0€3
ydeTa KOHTaKTHOT'O 3JIeKTPUYECKOr0 CONPOTUBIICHUS Ha
rpaHMLIE aHU30TPOITHOM MJIACTUHBI U METAJUTUYECKHUX TO-
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Puc. 4. 3aBucumocts OJIC AT ot nepenaja TeMmneparypbl
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Puc. 5. 3aBucumocts Bemmunasl KITJ AT ot mepemana tem-
nieparypsl 6e3 ydera (/) u ¢ yueTom (2) KOHTAKTHOTO COIPO-
THBJICHUS
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Puc. 6. 3aBucumocts KII/| AT ot miauHBI ¢ TepModIeMeHTa
IPHU Pa3HBIX 3HAUYEHUSIX TOJLIMHBI d TOKOBBIX KOHTAKTOB

KOBBIX KOHTAKTOB (CM. pHC. 5). YCTaHOBIICHO, YTO HaJIU-
4M€ KOHTAKTHOTO CONPOTHBIEHUS (P, =5 107 Om-cm?)
npuBoauT K ymenblienuto KIT AT na 3%. To ectb oue-
BHJIHO, 9TO onTuMu3anus AT JoimKHa BKIIIOYATh B ce0s
MTOMCK ONTHUMAIBHBIX Pa3MEPOB M MECTa Pa3MEIICHUS
TOKOBBIX KOHTAKTOM.

W3 npencraBieHHbIX HA pHUc. 6 3aBUCHMOCTEN BU-
HO, YTO IPY OJJMHAKOBBIX 3HAYEHUSX JUIMHBI aHU30TPOII-
HOTO TEPMORJIEMEHTA YMEHBIIICHUE TOJIUHBI TOKOBBIX
KOHTaKTOB IpUBOIUT K yMeHbmeHuto KI1/1, cesizanHOoMy
C YBEJIMYCHUEM TEIJIIOBBIX TIOTEPb.
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Puc. 7. 3aBucumocts KIIJ[ AT oT mupuHBI ¢ TOKOBBIX KOH-
TAaKTOB NPHU pa3HbIX 3HAYCHUAX NJIHUHBI @ aHU30TPOIIHOTO
TEPMORJIEMEHTA IUPUHON 3 MM
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AHanu3 IpuBEICHHBIX HA PHUC. 7 3aBUCUMOCTEH I10-
KazaJl, YTO ONTUMAIIbHAS ITUPHHA TOKOBBIX KOHTAKTOB HE
3aBUCHT OT JUIMHBI TEPMODIIEMEHTA M COCTABIISET 2,2 MM.
‘YCTaHOBIIEHO, YTO TAKOE COOTHOIIEHHE ONTUMAILHOM 1K~
PHHBI KOHTaKTa U IUpUHBI AT (mpubau3uTensHo 2/3) co-
XpaHsETCs U IIPU APYTHX pazMepax TEPMOIJIEMEHTA B UC-
cJIeJTlyeMOM HHTEpBaJIe TEMITEPATYPhI.

Taroke mpoBeIeHa ONITUMH3AIIHS MECTa Pa3MeIlCHHS
TOKOBBIX KOHTAKTOB (PACCTOSHUS /1 OT Kpasi TepMOIJIEMEH-
Ta) Ha OOKOBBIX I'PaHsIX aHU30TPOITHOTO OpycKa (puc. 8).
YcTaHOBIIEHO, UTO IIPU Pa3MEILEHUH TOKOBBIX KOHTAKTOB
B HIDKHEH 9aCcTH TEPMOdIIEMEHTa (BO3JIE XOJIOIHOTO Tep-
MOCTaTa) TEIUIOBBIC MOTEPH Yepe3 KOHTAKThl YMEHbIIIA-
I0TCS, 4TO IIPUBOAUT K yBenndenuro KITJI.
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Puc. 8. 3aBucumocts Benmuunbl KIIJ| AT ot pasmemenus
TOKOBBIX KOHTaKTOB (PMKCHPOBAaHHOTO pa3mepa

Ha ocHoBanuu pacueToB OBLT BEIOpaH BApHAHT HaH-
6onee apdexTrBHON KOHCTPYKIMHU AT C KOHTaKTaMH OII-
THMAJILHBIX Pa3MEepOB, PACIOJIOKEHHBIMH B HIDKHEH Ya-
CTH TepMO3JIeMeHTa. DT0 1o3BosmIo nosicuTs K11/ ann-
30TPOIHOI0 TepMO3IeMeHTa Ha 15%.

Takxum 00pa3om, pa3paboTaHHBIE KOMITBIOTEPHBIE Me-
TOJIbI ¥ IPOTPAMMBI ITO3BOJISIIOT IIPOBECTH ONTHMHU3ALIIIO
KOHCTPYKI[H aHH30TPOITHOTO TEPMOIIEMEHTA, HAPaB-
JICHHYIO HA TTOBBINICHUE €r0 YHEPreTHUECKNX XapaKTe-
PHCTHK.

NCITOJIbB3OBAHHBIE UICTOYHMKHA

1. Cuapckuii A. A., Tpodumos C. C. // Dusmka u TeXHHKa HOITY-
npoBogHUKOB.— 1983.— T. 17, Ne 5. — C. 951—953. [Snarskii A.
A., Trofimov S. S. // Fizika i tekhnika poluprovodnikov. 1983. Vol.
17, N 5. P. 951]

2. Camotiinouy A. I, Ciurmaenko B. H. // ®u3nka u TexHUKa 11071y
npoBoaHukoB.—1981.— T. 15, Ne 50.— C. 965—967. [Samoilovich
A. G., Slipchenko V. N. // Fizika i tekhnika poluprovodnikov. 1981.
Vol. 15, N 50. P. 965]

3. berrenckuit JI. U, I'yaxun T. C., Uopnanumsunu E. K., @uc-
kuHn E. D. // ®usnka u TeXHUKA TOTYIPOBOIHUKOB.— 1978.— T. 12,
Ne 3. — C. 538—542. [Bytenskii L. 1., Gudkin T. S., lordanishvili
E. K., Fiskind E. E. // Fizika i tekhnika poluprovodnikov. 1978. Vol.
12, N 3. P. 538]

4. Oxpem O. A. EPC BUXpOBOTro aHI30TPOITHOTO TepMOeIeMeHTa //
Tepmoenexrpuka.— 2002.— Ne 1.— C. 18—23. [Okhrem O. A. //
Termoelektrika. 2002. N 1. P. 18]

5. Cuapckuii A. A., [Tanst A. M., Ateynos A. A. AHH30TpOII-
Hble TepMo3JieMeHThl. O030p // Pu3KKa U TEXHHUKA MMOJTYIPOBOIHH-
koB.— 1997.— T. 31, Ne 11.— C. 1281—1298. [Snarskii A. A.,
Pal’ti A. M., Ashcheulov A. A.// Fizika i tekhnika poluprovodnikov.
1997. Vol. 31, N 11. P. 1281]

6. Kopomok C. JI., ITunar U. M., Camoiinosuu A. I u ap. //
®duznka ¥ TeXHUKA NONYNpoBOAHUKOB.— 1973.— T. 7, Ne 4— C.
725—734. [ Korolyuk S. L., Pilat I. M., Samoilovich A. G. i dr. //
Fizika i tekhnika poluprovodnikov. 1973. Vol. 7, N 4. P. 725]

7. Ilpubuna A. B. OcoO6IuBOCTI TepMOETEKTPHYHUX SBUI Y
clipaJIbHOMY IPSIMOKYTHOMY aHi30TPOITHOMY T€PMOCIEMEHTI HOIIe-
peunoro tuny // Tepmoenekrpuka.— 2006.— Nel.— C. 19—23.
[Pribila A. V. // Termoelektrika. 2006. N 1. P. 19]

8. Camoiinosud A. I. TepMonneKkTpudecKkie U TePMOMAarHUTHBIE
METOIBl mpeBpamenus dHerprun.— Yepuosusl: Pyta, 2006.
[Samoilovich A. G. Chernovtsy. Ruta. 2006]

TexHOI0rHs ¥ KOHCTPYHPOBAHHE B YJIEKTPOHHOM anmaparype, 2011, Ne 3

19



