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A large temperature gradient can be realized in submicron and nanoscale structures. In the present paper a tem-
perature field for a semiconductor contact «a cone - a plate» was calculated by the method of finite elements. It
is shown, that under certain conditions the thermoelectric phenomena in such systems become nonlinear.
Keywords: thermoelectric transformation of energy, volume nanostructures, nanocomposites, big gradient of tempera-
ture, nonlinearity, method of final elements.
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06beMHbie HaHOCTpYKTypbl, B TOM lB1:CJIe HaHO-

KOM n0311Tbl, 51BJUIIOTC5InepCn~KTJ.1BHbIMJ.1 TepM03JIeK-

Tpl1 KaMI1, TaK KaK I1X TepM03JIeKTpWleCKa51 )J,06po-

THOCTb MO)f(eT cymecTBeHHO npeBblwaTb )J,06pOTHOCTb

I1CXO)J,HbIX KPI1CTaJIJIl1lJeCKJ.1X MaTepl1aJIOB [1, 2].

M3MeHeHI1e CBOHCTB MaTepl1aJIOB npl1 HaHocTpyK-

Typl1poBaHl111 HalB1HaIOTC5I TOma, Kor)J,a pa3MepbI

CTPYKTypHbIX 3JIeMeHTOB 1 (HanpJ.1Mep, HaH03epeH)

CTaHOB5ITC5I C0I13MepI1MbIMJ.1 C MJ.1KpOCKOnWIeCKJ.1MJ.1

)J,J1I1HaMI1, CBOHCTBeHHbIMI1 )J,aHHoMy MaTepJ.1aJIy -

)J,J1I1HaMI1 cB060)J,Horo np06era 3JIeKTpOHOB, )J,blPOK,

cPOHOHOB, )J,J1I1HOH OCTbIBaHI151 HOCI1TeJIeH 3ap5l)J,a Lo
11 T. n. [3]. Hanpl1Mep, eCJII1 cpe)J,H5I5I )J,J1J.1HacB060)J,-

Horo np06era cPOHOHOB C0I13MepJ.1Ma C pa3MepaMI1

HaH03epeH 1 B 06beMHbIX TepM03JIeKTpJ.1KaX Ha oc-

HOBe TeJIJIypl1)J,a BI1CMYTa, TO paCCe5lHI1e cPOHOHOB

cymecTBeHHO YCI1JI11BaeTC5I, n03TOMY YMeHbwaeTC5I

peWeTOlJHa51 TenJIOnpOBO)J,HOCTb MaTepl1aJIa [2,4].

C )J,pyroH CTOPOHbI, B Cy6MI1KpOHHbIX 11 Ha-

HOCTPYKTYPHblX 06beKTaX B03MO)f(H0 np05IBJIeHI1e

el.Ue O)J,Horo cP113J.1lJeCKOrO5IBJIeHI15I. IIpl1 MJ.1Hl1aTIOpl1-

3aUl111 TepM03JIeMeHTOB)J,JUI COXpaHeHJ.15I J.1X3HepreTI1-

lJecKJ.1X napaMeTpOB TPe6yeTc5I C03)J,aHJ.1e )J,OCTaTOlJHO

60JIbWI1X rpa)),J.1eHTOB TeMnepaTypbI. Tor)J,a, eCJII1 MI1K-

pOCKOnWleCKJ.1e )J,J1I1Hbl)J,aHHoro MaTepl1aJIa CTaHyT co-

113Mepl1MbIMI1 C xapaKTepHOH )J,J1I1HOH113MeHeHJ.15I TeM-

T
nepaTypbI Lr = IV'TI ' (T - a6COJIIOTHa5I TeMnepaTypa)

TO )J,OJI)f(Hbl np05IBI1TbC5I HOBbIe 5IBJIeHI15I - HeJII1HeH-

Hble [3, 5-8]. B TOM lJI1CJIe, 3TO 3cPcPeKT 6eHe)J,I1KCa [7]

11 I1HBepCI10HHbIH TepM03JIeKTpJ.1QeCKJ.1M 3cPcPeKT [8],

COBOKYnHOCTb HOBbIX aHJ.130TpOnHbIX TepM03JIeKTpJ.1-

yecKJ.1X 11 TenJIOnpOBO)J,HbIX 51BJleHI1M [3]. ECTeCTBeH-

HO, 3TI1 51BJleHI15I OKa3bIBaIOT BJll15IHI1e J.1Ha CBOHCTBa

TepM03JleKTpl1lJeCKI1X npe06pa30BaTeJleH [9].

B pa3Jll1lJHbIX Cy6MI1KPOHHbIX 11 HaHOCTPyKTypax

(He TOJlbKO B TepM03JleKTpJ.1lJeCKI1X npe06pa30BaTe-

Jl5lX) )J,OJI)f(HbI peaJIl130BbIBaTbC5I )J,Be rpynnbI 51BJIe-

HI1H:

a) lJl1CTO pa3MepHbIe 5IBJleHI151 Ha )J,JlI1He I;
6) HeJlI1HeHHble 51BJleHI15I Ha MI1He LT'

ECJlJ1 nepBa51 rpynna 51BJleHl1ti )J,eTaJIbHO I1CCJle-

)J,yeTc5I B 60JIbWOM KOJll1lJeCTBe pa60T, nOCB5Il.UeHHbIX

HaHOCTpYKTypaM, TO BTOpa51 rpynna 51BJIeHI1H OCTa-

eTC5I MeHee J.13yqeHHoti. TaK, HeJII1HeHHble 51BJIeHI15I

B TepM03JIeKTpl1lJeCTBe aHaJII13I1pYIOTC5I B [3, 5-9],

CM. TaK)f(e JlI1TepaTypy B 3TI1X pa60Tax.

,UJl51 BbI5ICHeHI151, Kor)J,a HaMe)f(I1T npJ.1HI1MaTb

BO BHI1MaHl1e HeJIJ.1HeHHbIe 51BJleHJ.15IHa )J,J1I1He 113Me-

HeHI15I TeMnepaTypbl, He06xo)J,J.1MO B Ka)f()J,OM KOHK-

peTHOM CJlyqae M5I 3a)),aHHoti reOMeTpl111 3a)),alJl1 HaH-

TI1 npOCTpaHCTBeHHoe pacnpe)J,eneHl1e TeMnepaTypbl

11 ee rpa)),l1eHTa, 3aTeM BbIlJJ.1CJlJ.1Tb LT, 11 CpaBHI1Tb

C Hal160Jlbweti J.13 MI1KpOCKOnl1lJeCKJ.1X )J,J1J.1H- )J,J111-

HOH OCTbIBaHI15I Lo [3]. 3HalJeHJ.15I Lo M5I HeKOTopblX

MaTepl1aJIOB npJ.1Be)J,eHO B [6].

B HaCT05lmeH pa60Te B KalJeCTBe npl1Mepa BbI-

nOJlHeH paClJeT TeMnepaTYpHoro nOJI5I 11 )J,J1I1HbI LT

)J,J151KOHTaKTa «ycelJeHHbIHKoHyc- nJlaCTI1Ha,) (pl1c.l).

TaKoti KOHTaKT 51BJ15IeTC5I Tl1nJ.1lJHOH MO)J,eJIbIO, KO-

TOpa5I, Bo-nepBbIX, MO)f(eT npJ.1BeCTJ.1 K n05IBJleHJ.1IO

60JlblliJ.1X rpa)),l1eHTOB TeMnepaTypbI B 06naCTJ.1 KOH-

TaKTa [6], BO-BTOPbIX, XopOWO MO)J,eJll1pyeT peaJIbHble

KOHTaKTbI B 06beMHbiX HaHOCTpYKTypHbIX J.1KOMno-

3l1THbIX MaTepJ.1aJIaX [10], a TaK)f(e Onl1CbIBaeT HeKO-

Topble peaJIbHble TepM03neMeHTbI C BbICOKOH Tep-

M03JleKTpl1lJeCKOM )J,06pOTHOCTbIO [11]. IIycTb Ha-

rpeB KOHTaKTa ocymecTBJ15IeTC5I C nOMOl.UbIO TenJla

A)f(oyJl5l, M5I C03)J,aH115I 3J1eKTpJ.1lJeCKOrO TOKa Me)f()J,y

BepHeti lJaCTbIO KOHyca J.1HJ{)I(HeH lJaCTbIO nJlaCTI1HbI

(CM. PJ.1C. 1) npI1KJla)),bIBaeTC5I 3JleKTpl1yeCKOe Hanp5I-

)f(eHl1e VpaBHoe 50, 75,100,12511 130 B. TeMnepaTypa

BepHeti lJaCTbIO KOHyca J.1HJ{)I(Heti lJaCTbIO nJIaCTI1HbI

nOMep)f(l1BaeTC5I nOCT05lHHOM J.1paBHoM 300 K. 60-

KOBble nOBepXHOCTI1 KOHYCa 11 nJlaCTI1HbI ClJJ.1TalOTC5I

TenJlO- 113JleKTp0I130JIl1pOBaHHbIMI1. IIpouecc - CTa-

UJ.10HapHbIH. 3a)),aBaJIJ.1Cb pa3JlJ.1lJHble 3HayeHJ.151 nJlO-

l.Ua)),11 KOHTaKTa yceyeHHOrO KOHyca C nJlaCTI1HoH.

B KalJeCTBe MaTepJ.1aJIa KOHYca J.1nJlaCTI1HbI Bbl6paH

XopOWO 113yqeHHbIH nonynpOBO)J,HJ.1K n-Ge; 6bIJll1

J.1CnOJlb30BaHbI 3HayeHJ.15I K03cPcPJ.1Ul1eHTa TenJIOnpo-

BO)J,HOCTI1 60,2BT/(M . K) 11 K03cPcP11UJ.1eHTa ::lJleKTpO-

npoBo)J,HOCTI1 paBHoe 10 CM/M.



OYeBI1)),HO, YTO eCJII1 pa3MepbI d nepeWeHKa

«yceyeHHbIH KOHyC - nJIaCTI1Ha» MaJIhI no cpaBHe-

HI1IO C JII1HeHHbIMI1 pa3MepaMI1 D, H, a (d « D, H,
a), TO 3TI1 JII1HeHHble pa3MepbI He 6y,nyr OKa3bIBaTb

BJII151.Hl1e Ha TeMnepaTypHoe nOJIe B 06naCTI1 nepe-

weHKa. Ho )J,JI5I KOMnblOTepHoro Mo)),eJIl1pOBaHI15I.

He06xo)),I1MO 3MaTb Bce reOMeTpl1yeCIG1e pa3MepbI,

n03TOMY Ha PI1C. 1 )J,JI5Inpl1Mepa npl1Be)),eHbI 3TI1 YI1C-

neHHble 3HayeHl15I, KOTopble Ha Tpl1 nOp5I)),Ka MeHbwe,

yeM pa3MepbI nepeweHKa d.
PaCyeT TenJIOBbIX nOJIeH nOKa3aJI, YTO xapaKTep

3aBI1CI1MOCTI1 TeMnepaTypHoro non51. 11 nOJI5I rpMI1-

eHTa TeMnepaTypbI OT pa3MepoB neperneHKa «yceYeH-

HbIH KOHyC - nJIaCTI1Ha» l1)),eHTl1yeH )J,JI5I.pa3JII1YHhIX

HanpmKeHI1H. MaKCI1MaJIbHa51. TeMnepaTypa B 06JIac-

TI1 nepeweHKa (KoHTaKTa) npl1 <t>I1KCl1pOBaHHoM Ha-

np5I)f(eHI1I1 npaKTl1yeCIG1 He 3aBI1CI1T OT pa3MepOB ne-

peweHKa. ECTeCTBeHHO, OHa YBeJII1YI1BaeTC5I npl1 no-

BbIWeHl111 npI1JIO)f(eHHOrO Hanp5I)f(eHI151., npl1'ieM

npl1 Hal160nbWeM paCCMOTpeHHOM 3HayeHI111 130 B

paCCYI1TaHHa5I TeMnepaTypa )),a)f(e HeCKOJIhKO npeBhI-

waeTTeMnepaTypy nJIaBJIeH1151 repMaHI15I (Tnn =937 °C).

IT03TOMY )),aJIbHeHWee YBeJIJ1LIeHl1e Hanp5I)f(eHI15I

CTaHOBI1TC5I HeueJIeco06pa3HbIM, TaK KaK npl1Be)),eT

K eLUe 60JIee BbICOKOH TeMnepaType.

B paCCMaTpl1BaeMbIX ycnoBI151.X rpMl1eHT TeMne-

paTypbI B 06naCTI1 nepeweHKa 113MeH5IJIC5I B )),l1ana30-

HeOT 108)),08' 108 K/CM. 3Ha51. rpMl1eHTTeMnepaTypbI,

nerKO onpe)),eJII1Tb xapaKTepHyK) )J,JII1HY ee 113MeHe-

HI15I LT, cOOTBeTcTByK)LUl1e 3Hal.feHI15I. B 3aBI1CI1MOCTI1

OT )),l1aMeTpa nepeweHKa npl1 pa3nl1l.fHhIX 3Hal.feHI15IX

Hanp5I)f(eHI151. nOKa3aHbI Ha PI1C. 2. ITOH5ITHO, l.fTO LT

YMeHbWaeTC5I C YBeJII1l.feHl1eM npI1JIO)f(eHHOrO Hanp5I-

)f(eHI15I.

Ha rpa<t>11Ke BI1)),HO, l.fTO Hal1MeHbWee 3Hal.feHl1e LT

)),OCTl1raeTC5I npl1 MI1HI1MaJIbHOM paCCMOTpeHHOM

)),l1aMeTpe KOHTaKTa d = 2,8 MKM 11 MeH5I.eTC5I. B 3a-

BI1CI1MOCTI1 OT Hanp5I)f(eHI151. OT 1,3 MKM )),0 7,8 MKM,

B TO BpeM5I KaK )J,JII1Ha OCThIBaHI151. )J,JI5I.n-Ge L
o

= 1,7

MKM [6]. 3TO 03HayaeT, l.fTO )J,JII1Ha OCTbIBaHI151. 11 xa-

paKTepHa5I )J,JII1Ha 113MeHeHI15I TeMnepaTypbI BnOJIHe
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Puc. 2. XapaKmepHGJl JlluHa U3MeHeHUfl meMnepamypbl 63a6UCUMOC-

mu om JUaMempa nepelUeUKa npu pa3llUlfHbIX 3HGlfeHUfIX HGnpflJICeHUfl

conOCTaBI1Mbl. To eCTb B paCCMaTpl1BaeMbIX YCJIOBI151.X

npOIJ,eCCbI nepeHoca TenJIa 11 3JIeKTpl1l.feCKoro 3ap5I-

)),a CTaHOB5I.TC5I. HeJII1HeHHhIMI1. Tenepb HepaBeHCTBO

Lo < < LT He BbITIOJIH5I.eTC5I., 11 MhI He I1MeeM npaBO I1C-

nOJIh30BaTh 06bIl.fHble JII1HeHHbIe ypaBHeHI15I nepeHO-

ca, TaIG1e KaK 0606LUeHHhIe 3aKOHbI OMa 11<PYPbe.

KpOMe HeJII1HeHHOCTI1 c06CTBeHHO TepM03neKT-

pl1l.feCKI1X 5I.BJIeHI1H, B03MO)f(eH 60JIee WI1POIG1H KJIaCC

HeJII1HeHHhIX IG1HeTI1l.feCKl1b 5IBneHI1H B YCJIOBI15IX

60JIhWl1X rpa)),l1eHTOB TeMnepaTyp, cOOTBeTCTByK)-

LUI1X reOMeTpl1yeCKOH Mo)),eJII1 «KOHyC - nnaCTI1Ha».

)J,ei1cTBI1TeJIbHO, HaHO- 11cy6MI1KpoHHhIe nepeWeHIG1

C 60JIhWl1MI1 rpMl1eHTaMI1 TeMnepaTyp MorYT B03HI1-

KaTb B nepKOJI5I.IJ,110HHbIX CI1CTeMaX B6nl1311 nopora

npOTeKaHI15I, npl1 I1CKpOBOM nJIa3MeHHOM CneKaH1111

11 B p5I)),e )),PYTI1X cJIYyaeB, KOTopbIe He I1MeIOT Henoc-

pe)),CTBeHHoro OTHOWeHI151. K TepM03JIeKTpl1YKCI1M

5IBJIeHI15IM. Bo Bcex no)),06HbIX 3Mal.faX npl1 nOCT-

pOeH1111 TeOp1111 I1JII1 I1HTepnpeTaUl111 3KCnep11MeH-

TaJIhHbIX pe3YJIhTaTOB CJIe)),yeT B nepBylO OlIepe)),h

BbI5I.CH5I.Th, I1MeeT JII1 MeCTO HeJII1HeHHOCTb 5IBneHI1H

nepeHoca. q I1CJIeHHOe Mo)),eJIl1pOBaHl1e C nOMOLUblO

MeTo)),a KOHelfHhIX 3JIeMeHTOB 5I.BJI5IeTC5I.BeCbMa y)),o6-

HhIM)J,JI5I. BhI5IBJIeHI15I CTeneHI1 Henl1HeHHOCTI1 K3)f()J,OH

KOHKpeTHoi1 3Mal.fl1.
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