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BBELAECHWNEC

B0o3MOXHO, Hac Oy T HOBblE MECTOPOXAEHUS HEATU U YIMS U TaKMX Marno pa3BedaHHbIX panoHax, kak ABctpanus, Caxapa nnu
AHTapkTMKa. Kpome Toro, MAHTEHCUMBHO pa3pabaTtbiBaloTCs M OCBanUBaOTCA HOBbIE TEXHOOMMN A00bIYM YINSA U3 TOHKUX U
rnyboKux nnacToB, a Takke HeEPTU N3 MOPCKUX MECTOPOXKAEHUI.HET COMHEHNA B TOM, 4YTO ByayT paspaboTaHbl NPUHLUNNANbHO
HoBble, bonee ahdekTBHbIE CNOCOBLI NCMOMB30BaHNA MCKOMAEMbIX BUAOB TOMNMBA. TpaanuMOHHbBIA MHOTOCTYNeHYaTbIn
npoLuecc, Korga TONfMBO CXKUratoT, YTobbl MONy4YMTb BOASHOM Nap, KOTOPbLIN HanpasnsieTca Ha BpalleHne TypbuHbl reHepaTopa,
BblpabaTbIBalOLLIErO 3M1EKTPUYECTBO, COMPSXKEH C OFPOMHbLIMU NMOTEPAMN IHEPTUN. BonbLUEN YacTu 3TUX NOTEPb MOXHO
n3bexartb, ECNN Hay4nUTbCA NpeBpaLlaTb TEMMNO HENOCPEACTBEHHO B ANIEKTPUYECTBO. [epBbiM BO3MOXXHOCTb TaKOro npolecca
oBHapyxun Hemeuknin pnsuk T. 3eebek B ganekom 1823 roay. [NNoTHO coeanHMB NpoBOAa ABYX Pa3HbIX METANNOB B 3aMKHYTYHO
Lienb M HarpeB MecTO CTblKa, OH 3aMeTUI, Kak ApOrHyna cTpesnka, HaxoausLIEerocs psiaomM Komnaca. 9To 03Ha4varo, 4YTo noa
AenCcTBMEM TeNna B Lenu BO3HNKaN 3NeKTPUYEeCKNn ToK (TepmoanekTpmnyectso). OgHako caMm aBTOp HEBEPHO UCTONKOBAn
pesynbratbl COBCTBEHHOMO OMbITA, U O €0 OTKPbLITUM HAZO0Mro 3abbinu.

OpHako ¢ nosiBNeHMeM noslynpoBOLHUKOBLIX MaTtepuanoB 1 TeXHONormmn 3abbiTbin adhekT 3eebeka CHOBa NPUBIIEK BHUMaHWE
y4yeHbIX. M B pesynbrate Obinn paspaboTaHbl TEPMO3SIEKTPUYECKME YCTPOMCTBA HA OCHOBE MOMyNpPOBOAHUKOBLIX MaTepuarnos.
[Mpu HarpeBaHMM OOHOIO KOHLLA MOMYNPOBOAHMKA B HEM MOSABIIAETCS 9NeKTPUYeCcKn notTeHuman: B nonynpoBOAHUKE p-TUna Ha
XON04HOM KOHLE BO3HUKAET oTpuLaTesibHbIV 3apsif, a B n-ariekTpoae - NonoXxuTtensHbln. Ecnn aBa aTux anekTpoga coeaHUTb B
dopme U-06pasHOM KOHCTPYKLUKM C n-p-NepexooM B HUXKHEN YacTK, TO HarpeBaHWe 3TOro CTblka NpUBEAET K TOMY, YTO Ha
BEPXHEM KOHLE p-ariekTpoga byaeT HakannmBaTbCs OTpULATENbHbIN 3apsag, a Ha BEPXHEM KOHLIE n-3neKkTpoaa -
NONOXUTENbHbIN.

B utore mexay HAMU NoTeyeT anekTPUYECKUn TOK, MpudemM 3ToT npoLiecc OyaeT NpoaomKkaTbcs 40 TeX Nop, Noka
NnoaAepXXMBaeTcs pasHoCTb TeMnepaTyp. (M HaobopoT, nponyckaHne Yepes TEPMOINIEMEHT SNEKTPUYECKOro TOKa Bbi3biBaeT
MOTNOLLEHME TeNma 1 NOHMWKEeHne TemnepaTtypbl, MO3TOMY ero MOXXHO UCMoMb30BaTh B KAYECTBE XONOAMUIbHOMO YCTPONCTBA.)

TepMO3NeKTPUYECKNI ANIEMEHT - OYEHb KOMMNAKTHbIN, HE TPEBYIOLWMIA HM OPOrOCTOSILLIErO reHepaTopa, H1 rPOMO34KOro
MapoBOro ABUraTesisi - MOXHO Nerko YCTaHOBUTb NPaKTUYeCckun B NitoboM MecTe 1 Nonb30BaTh B Ka4ecTBe YA0OHOro MCTOUHMKA
aHeprun. Bce, yto emy TpebyeTcs, - 3T0 BHELLHUIW oborpeBaTtenb, HanpMMep KepoCcuHHasa roperka.

3P EKT TEPMOINEKTPUYECKUI 3eebeK TOK.



1. MepBoOTKpbIBaTEND ABMEHMS TEPMOINEKTPUYECTBA

3eebek (Seebek) Tomac MoraHH (9. 1V.1770 - 10. X11.1831) - HeMeuKknn dounsuk, uneH bepnmuHckon AH (1814) P. B
PeBene (Tenepb TannuH). Yunnca B beprnimHckom v ['€TTUHIEHCKOM YHTax, B nocrneaHem nony4unn B 1802
cTeneHb gokTopa. Pabotan B MeHe, B 20-x rogax B bepnuHe.

PaboTbl NOCBALLEHbI ANIEKTPUYECTBY, MarHeTnamy, ontuke. OTKpbIN B 1821 ABNeHne TepMOo3sSieKTpuyecTBa (B
nape "Menb - BACMYT"), NOCTPOUN TepMonapy U Ncnonb3oBarn ee A5 usMmepeHus temneparypsl. [epsbin
NPUMEHWN XXene3Hble ONMUITKN N4 onpeaeneHna popMbl CUNOBbLIX FIMHUW MarHUTHOIO nond. M3yyan marHntHoe
OenCTBUe ToKa, XpoMaTMUYECKY0 NONApu3aumnio U pacnpenerieHme Tensa B npuamMaTnyeckom crnekTpe.
OB6Hapyxun nonspusaunoHHble CBOMCTBA TypMarnunHa (1813). [epeoTKpbln MHGpaKpacHbIe Nyyu, KpyroByro
Nonsipu3aunto, HamarHnyYnBaHme Xxernesa n ctanu B61M3n NPoOBOLAHNKA C TOKOM.

B 1821 rogy 6epnnHcKknin y4€Hbin YneH bepnmnHckon Akagemum Hayk 3eebek (1770-1831) peLunn BOCMPON3BECTU
onbIT JpcTeaa No BO3OeNCTBMIO NOCTOAHHOIO 3NEKTPUYECKOro ToKa Ha MarHUTHYHO CTPenky. Ho MCTOYHMKOM
TOKa bblna He ranbBaHM4veckas 6atapes, a cyxon 6e3 Kakoro-nmbo aneKkTponnTa KOHTaKT ABYX METanos.
3eebek ycTaHOoBWMI, YTO MarHUTHasi CTpesika pearmpoBarna Tofibko B TOT MOMEHT, Korfa akcnepmMmeHTaTop
npuKacancsa K MecTy KOHTakTa pykaMmu. Npuy4ém He nrpano HUKaKon ponu, 6u1nmn Ny pykn CyxXmmm nnu
BNaXXHbIMW. QPG EKT OTCYTCTBOBAI AaXe B TOM Crlydae, Korga KOHTaKT CXXUMarica pykamu Yepes BraXKHyto
Bymary. Ho npu cxxatmm yepes CTEKNO Unn MeTarnn CTpenka oTKnoHsinack. [NpoBeast MHOrOYNCIIEHHbIE
aKkcnepumMmeHTbl, 3eebek ybeamncs, 4To CyTb ABMEHNUS B TENNE PYK, KOTOPbIMU 3TOT KOHTAKT Cxmnmaricsi. [loatomy
3TOT 3P eKT BbIN Ha3BaH TEPMOMArHUTHbIM.

OTN 3KCNEPUMEHTLI Dbl BCKOpe noaTeBepXaeHbl Apcteaom n dypbe. BoiIsCHUNOCL, YTO anemMeHT 3eebeka He
TONbLKO CO34aET MarHUTHOE Mone, HO U cnocobeH pasnaraTb XMMUYECKUE COeQNHEHNS. DTUM OH ynogoobnseTcs
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3eebek OOCTUI HeEMATbIX PE3YNLTATOB B (PM3NYECKOU ONTUKE, PU3NYECKOU XUMUKN U OPYIUX HayKaX,
HO M3BECTHOCTb YY4EHOMY MPUHEC BbllLEONUCAHHBIN 3MEKT, HOCALLNN €r0 NMS.

A ekt 3eebeka - nepexoq ANEKTPUYECKON SHEPTN B TEMMOBYHO 1 0DPATHO - HALLEN LUMPOKOE
NPUMEHEHME B TEXHUKE. Ha ero ocHoBe paboTaloT TepmMonpeobpasoBartenu - TepmMonapsl.
bonblas YacTtb BCcex TemnepaTypHbIX U3BMEPEHNN NPUXOANTCS HA OO0 TEPMOINEKTPUYECKUX
npeobpasoBaTenei, NPUHLMN AENCTBUS, KOTOPbIX OCHOBaH Ha ABneHun 3eebeka.

B 1821 rooy HEMeUKUI y4eHbIn, ypoxeHel . Pesena (HblHe TannuH), T.. 3eebek (1770-1831)
OBHapyXun, 4To ecrnn cnauv AByx pasHOPOAHbIX METAsNOB, 06pasyoLLMX 3aMKHYTYHO
9NIEKTPUYECKYIO Lienb, UMEIT HEOAMHAKOBYO TEMIMEPATYPY, TO B LLENU MPOTEKAET INEKTPUYECKNN
TOK. AI3MeHeHMe 3Haka y pasHOCTU TeMrepaTyp craeB CONPOBOXAAETCA NU3MEHEHNEM
HanpaBneHust TOKa.

OTOT haKT NOCyXnUn oCHOBOM A1 co34aHnNsA YCTPOMUCTBA, YyBCTBUTENBHbLIM 3JIEMEHTOM KOTOPOro
SBNSIETCSA TepMonapa - ABa NpoBoAgHMKa N3 pasHOPOAHbLIX MaTepuarnoB, COeAUHEHHbIX MeEXAy
cobon Ha ogHoM (paboyem) KoHue, aApyrue asa (cBoboaHble) KOHLA MPOBOAHMKOB MNOAKITOYAOTCA B
N3MEPUTESbHYIO LeNb NN HENOCPEACTBEHHO K U3MEPUTENBLHOMY NpUbopy, Nnpuyem Temnepartypa
CcBODOOHbLIX KOHLOB 3apaHee n3BecTHa. Tepmonapa obpasyeT yCTPOUCTBO (MM ero YacTb),
NCNOSb3yloLLlee TePMOINeKTpUIeCcKknn 3 deKT anga namepeHmnsa temnepartypsol. [log
TEPMO3INEKTPUYECKUM 3PDEKTOM NOHNMAETCS reHEPUPOBaAHNE TEPMOINEKTPOABUKYLLEN CUMBI
(Tepmo3C), BO3HMKaAOLWEN U3-3a PA3HOCTM TeMNepaTyp Mexay ABYMS COEANHEHUAMN PaA3STUYHbIX
METanoB 1 cniasoB (puc.1), 0bpasyroLLmnx YacTb OOAHOMN N TOM XKe LEeNnM.



2. O6LMe cBeaeHNs 0 BO3HUKHOBEHUM SMNEKTPOABMXKYLLEN CUTbI

B metannax nosiyrnpoBoaHuKax rnpouecchbl nepeHoca 3ap4aa08 (C-)J'IeKTpVI‘-IeCKVII7I TOK) U SHEPIrnn B3anMocBA3aHbl, Tak KaK OCYLLECTBITIAKOTCA
nocpencTtBoM nepemMelleHna noaBmxHbIX HOCUTEneun Toka - ANEKTPOHOB NPOBOANMOCTU 1 ObIPOK. OTa B3anMocCBA3b o6ycnaBn|/|BaeT pAan SABNEHNN
(3ee6e|<a, MNenbTbe, 1 ToMcoHa), KOTOpPbIE€ Ha3blBAOT TEPMOINIEKTPUHECKNMU ABJTEHUAMMN.

AppekT 3eebeka COCTOUT B TOM, YTO B 3aMKHYTOWN INEKTPUYECKON Lienu N3 pasHOPOAHbIX METANIOB BO3HUKAET TEPMO 3. A. C. €CNN MeCTa KOHTaKTOB
NoAAepXNBAOTCS NpuU pasHbIX Temnepa - Typax. 3ta 3C 3aBUCUT TONBKO OT TEMNepaTypbl 1 OT NPUPOALI MaTepmnanos, COCTaBNAIOLLNX
TepMoanemeHT. Tepmo 3. 4. €. 4Ns nap MeTanioB MOXeT gocturatb 50 MkB/rpagyc; B cnydyae nonynpoBOAHMKOBbLIX MaTtepuarnos BeNn4MHa Tepmo 3 4
c BbiWwe (10 BO 2-o1 + 10 B 3-en MkB/rpagyc).

SﬂeKTpOTepMW-IeCKI/IVI cnocob ,D,ereKTOCKOI'II/II/I, 3aKJI4aLWNNCS B TOM, YTO KOHTPONMpyemMyr 30HYy HarpeBatoT, Nporyckad 4epe3 Hee B Te4EeHNe
onpeaeneHHoro BpeMeHu" NOCTOSIHHbLIW NO BESINYNHE SJ'IeKTpW-IeCKVIVI TOK, USMEPAIOT NMpn NOMOLLM TepMONapbl-AaTyka TemMnepaTtypbl €e Harpesa n
CyaAT O Hanm4ynum ,u,ecbeKTa MO OTKINOHEHUIO 3TOU TeMneparypbl OT TeMnepaTtypbl Harpesa 663,D,€CbeKTHOIZ 30HbI CBaAapHOro coeamHeHuns,
OTNNYaLWMNCS TEM, YTO C Lesbto KOHTPOJA 30HblI CBAPHOIo CoeaANHEHNA ABYX PA3HbIX METAlJ10B, HAaNnpnMep, KOHTakKTHbIX y3/10B pa,n,vlo,quaneVl, B
Ka4dyecTBe TepMonapbl-gat4ynka ncnonb3yrT TepmMmonapy, o6pasoBaHHy+o coeanHeHHbIMU MeTallJlaMn.

[na MPOBEPKN Ka4eCTBa CBApPHOro wBa CHAMAKT pacnpeaerneHne TepMoaJieKTpn4eCcKoro rnoTeHumnana nonepek waa. Nrkn 1 BnaguHbl Ha KPpUBbIX
pacnpeneneHna roeopAT 0 HeOAHOPOOHOCTU LWBa, a UX BENIM4nHa - 0 ctTeneHn HeogHOPOAHOCTU. BbICTpO 1N HarmaagHo.

Ecnu B pa3pbiB 04HOM 13 BETBEN TEPMOINEMEHTA BKIHOYUTL NOCIEAoBaTeNbHO Noboe YMCo NPOBOAHUKOB Mo6oro cocrtaea, Bce crnauv (KOHTaKThbl)
KOTOPbIX NOAAEPXKMBAOTCS NPY OAHOM U TOM XXe TeMnepaType, TO TePMO 3. [. C. B TaKOM cucteme GyaeT paBHa TEPMO3/C MCXOAHOrO arieMeHTa.

Tepmonapa, cogepXxallad 3alMTHbIN Yexon, TEPMOIJIEKTPOObLI C SﬂeKTpMHeCKOﬁ nsonsaumen, pa6oq|/|e KOHLbI, KOTOPbIX CHabXeHbl, CHabXeHbl
TOKOI'IpOBO,EI,FIU_l,eﬁ HepeMbILIKOIZ, 06pasyrou4e|7| I/13Mepl/ITeJ'IbeIl7I cnam, oTNNYarLLKNINCS TEM, YTO C LieSblo yBeIln4yeHund Cpoka CJ'Iy)K6bI TepmMonapbl B
yCInoBuUdAx NOBbILLEHHON B|/|6pau,|/||/| n 60nbLINX CKOpOCTeIZ Harpesa, l/I3MepI/ITeJ'IbeIIZ cnau TepmMonapbl BbINMOJIHEH B BUAE CI104 I'IOpOLLIKOO6pa3HOFO
mMeTarnmna,pacnosio)keHHOro Ha AHe 3allMTHOro Yexna.

rlpl/l n3amepeHmnmn (t)l/I3VI‘-IeCKOFO COCTOAHNA BELWECTB, y4aCTBYOLWNX B KOHTAKTE USMEHAETCA U BEJNTMYMHA TEPMO 3. [. C.



Cnocob pacno3HaBaHMsl CUCTEM C OrpaHUYEHHON N HEOrPaAHNYEHHOW B3aMMHOM
PaCTBOPUMOCTbIO KOMMOHEHTOB MO TeMNepaTypHOU 3aBUCUMOCTU TEPMO 3. A. C.,
OTNUYaKLENCS TEM, YTO C LIENbIO NOBbILLEHUA HAAEXKHOCTM pacrno3HaBaHUA N3MepSItoT
TEPMO 3. A. C. KOH - TakTa ABYX uccrnegyemMsix obpasuoB Mexay metannom, cxaTbim
BCECTOPOHHEM AiaBNEeHNEM, N TEM Xe MeTanmnom, HaxoasaLwemca Nnpm HopmMmanbHOM
OAaBNEeHN ToXXe BO3HMKAET TepMO 3. A. C.

Hanpumep, ansa xxenesa npu temneparype 100 rpagycos C n gasneHnn 12 kbap,
TepmMoaac pasHa 12,8 MkB. pu HacbkILWEeHX MeTanna unm cnnasa B MarHUTHOM Mosie
OTHOCUTENbBHO TOro Xe BellecTBa 6€3 MarHUTHOro rnosig BO3HMKAET TEPMOI3C nopsiaka
09MKB/rpaayc.



3. [ToHaTHe TepmoanekTpuveckoro adpdekra 3eebeka

[ycTb TemnepaTtypa TO Bo Bcex ToYKax 0gHOPOAHOro MeTanmnyeckoro
CTEPXHSA (PUC.2) OAMHAKOBA; 3HAYUT, MOBCHOAY OAVMHAKOBbLI KOHLIEHTpaLuu,
cpeaHue 3HepPrnm N CKOPOCTN CBOOOOHbIX 3MEKTPOHOB.

Harpeem oguH KOHEL, CTEPXKHSA 1 OyaeM ero nogaepXmeatb npu
nocToaHHOM Temniepatype T>TO. [poTMBONONOXHbLIN XXe KOHeL, byaem
HenpepbIBHO OxXnaXaaTtb Tak, YToObI ero TemnepaTypa T0 octaBanach
HE3MEHHOW. Torga B CTEpXXHE YCTAHOBUTCA rpagmMeHT TemnepaTypbl, U
4yepes Hero dyaeT AT NOCTOSAHHLIN NOTOK Tenna. [NepeHoc Tenna B
MeTanfax oCyLleCcTBNAETCS B OCHOBHOM ABMXEHMEM CBODOAHbIX
9NeKTPOHOB. [1pn 3TOM 3NEKTPOHbI, Npoxoasilme yepes cevyeHne 1-1 u3
obnacTtu c bonee BLICOKOM TEMepaTypon, NnepeHocAaT ¢ cobon borbLue
SHEepPrmun, YeMm SreKTPOHbI, NPOXoaALLNE Yepes TO XKe CeYeHne B
NPOTMBOMNOSOXHOM HarnpasneHun. BecrieacTemne pasnnyns CKopocTen
9JIEKTPOHOB, HaxoOALWmMXcHa B 06r1acTsax ¢ pasfiMiHbIMU TeMnepaTtypamu,
OKaXKeTCS pasrnMyHbIM 1 YNCNO SMEKTPOHOB, MPOXOASALLNX Yepes ceveHne 1
- 1 B NPOTUBOMOMOXHbIX HanpapneHusax. Takmm obpasom, B paBHOBECHOM
COCTOSHUWN HaNM4uune rpagneHTa temnepaTtypbl BOOMNb CTEPXKHA co3naeT



XapakTepuayeT Bo3pacTaHne TEpMOSAC 4S5 JaHHOM napbl MeTasnsioB Npu HarpeBaHMM O4HOro 13 cnaes Ha 1° 1 00bl4HO BECbMa
mMana. [1ns nap eneso - Mefb, XXeneso - KOHCTaHTaH, LUMPOKO NPUMEHSIEMbIX B TEXHUKE MPU U3MEPEeHUn Temneparyp, el, 2
nmeeT nopsaok 50 Mke/rpag. [nsa BeiCOKOTEMNEPATYPHOM Napbl NiaTuHa-NnaTMHOPOAVEBLIM CNnaB 3TOT KO3 PULUMEHT
npumMepHO B 10 pa3 MeHbLLUE.

N3mepss BenuyumHy TepMO3C, MOXHO ONpenenTb pasHOCTb TeMnepatyp Mexay cnasimu, noMeLLeHHbIMN B pasfinyHble
pesepByapsbl. 19 Taknx npakTU4ecknx NnpUMeHeHnn nogbupatoT Tepmonapsbl, y KOTOPbIX KO3 MOULNEHT €1,2 B LUMPOKOM
WHTepBarne TemMneparyp octaeTcs NpakTUYeCcKn NoCTossHHbIM. B 3TOM cnyyae 3. 4. ¢. npsAMOo nponopLmMoHarbHa pasHoCTuU
TemnepaTyp rops4yero u XxornogHoro craes:

el,2 =constn.

HeobxoamMmo nogyepkHyTb NPUHLMNMANbHYIO pasHULY MeXay KOHTaKkTHOM pa3HOCTLIO MOTEHLNANOB U TEPMOSNEKTPUYECKUMU
ABNeHnaMn. KoHTakTHble NoTeHUMarbl UMEKT CpaBHUTENbHO 6ONbLLYI0 BENUYMHY (MOpsiaKa HECKOSbKNX BOMLT) U
XapaKkTepusytoT SreKTpmuyecKoe nosie BHe NPOBOLAHNKOB MEXAY Hapy>XHbIMU NOBEPXHOCTAMMU nocneaHnx. KoHtakTHas pasHoCTb
NoTeHUMarnoB eCTb CTaTU4eCKMn 9PdEKT, HE nCUHE3aLWMIA 1 NPU aDCONMOTHOM Hyne TeMmnepaTypbl. B NpoTMBONONOXHOCTL
39TOMY TEPMOINEKTPUYECKNE ABNEHUS NPEACTaBMSAT COB0MN YNCTO KMHETUYECKNEe adhdekTbl, HabnogaemMble Npu Hann4nmn
NMOTOKOB Tenna unu 3apsaaa (T.e. Toka). BosHukaroLwme npu aToM pasHOCTM NOTEHLUMANoB No abCcontoTHOM BENMYNHE Marbl (40NN
Munnueoneta). lNpu abCcontoTHOM Hyne KONIMYECTBO ANEKTPOHOB n', 06ycnoBnuBatoLLmnX 3T 3 eKTbl, paBHO HYMO U BCE
TEPMO3SEKTPUYECKME ABNEHNSA UCHE3AIOT.

[MOCTOSAHCTBO €1,2 U NUHeKrnHasi 3aBUCMMOCTb COBnoaaloTCa Aaneko He BCerga u He BO BCEM MHTepBarne temnepatyp. na psga
CUCTEM C NOBbILLEHNEM TEeMMNepaTypbl rOPAYEro cnas TepMO34C N3MEHAETCH He MOHOTOHHO, CHavasia Bo3pacTaeT, a 3aTeM
ybbIBaeT 1 aaxke nepexoauT Yepes Hyrb (Touka nHBepcumn). Kpome Toro, BennimHa Tepmoasc (M koadpdpuumeHTta MNenbTbe)
YyBCTBUTESNbHA K BHELLHMM MEeXaHUYeCKNM BO3OENCTBUAM, UCKaXKatoLMM CTPYKTYPY MeTarnsia u aHepreTmyeckme ypoBHm
9NEKTPOHOB. [103TOMY NPUMEHSIEMbIE B TEXHUKE U NS HAyYHbIX UCCNeLoBaHUN TepMonapbl BCerga Hy>XXaatoTcs B TLaTEeNbHON
NHOMBUOYarbHOW rpagynpoBKe.

C opyrov CTOpOHbI, TEPMO3AC UMEET LUMPOKOE MONe3Hoe NpakTuyeckoe NpuMeHeHne, Kak NpoCTON 3reKTPUYECKNA MeTos,
namepeHna Temnepatyp. lNpn NogobHbIX HAMEPEHUAX C NOMOLLIbIO TepMonap UM TEPMO3NEMEHTOB OHM U3 CraeB
nogaepXXmBaeTcs nNpu BrorHe onpeneneHHon NocToaHHOM TeMmnepaType TO (HanpumMep, NoOMeLLaeTCs B TaroLWmii nes) v
namepseTcs ngywmm B 3aMKHYTON Lenu TepMOTOK .



4. NpumeHenne adbdekta 3eebeka

AeneHne 3eebeka He NPOTUBOPEYUT BTOPOMY Hayany TepMoamMHaMUKK, Tak Kak B JAHHOM Cryyae BHYTPEHHSS
9Heprusi npeobpasyeTca B ANEKTPUYECKYI0, 411 Yero Cnonb3yeTca ABa UCTOYHMKA TENJIOThI (ABa KOHTaKTa).
CnepoBaTenbHO, AN noaaep»xaHnsa NOCTOSHHOMO Toka B paccMaTpyvBaeMon Lienn HeobxoamMmo NoaaepXnBatb
MOCTOSIHCTBO Pa3HOCTM TEMMepaTyp KOHTAKTOB: K Oornee HarpeToMy KOHTaKTy HenpepbiBHO NOABOAUTbL TEMNIOTY,
a OT XONOAHOrO - HeNpPepbIBHO ee OTBOAUTb.

AeneHune 3eebeka ncnonb3yeTcs Ans 3MepeHns Temnepartypbl. [nsi 3TOro NpUMMeHsItoTCS TEPMOINIEMEHTHI,
UnNu TepmMonapsbl - 4aTYNKN TeMHepaTXF, COCTOSILLME U3 ABYX COEAUHEHHbIX MEXAY HUM C MEXO0Y3EMNbHbIMU
pPacCTOAHNAMM B peLueTke metanna. Y4cno anekTpoHOB, y4acTBYOLMX B AN dY31Mn Yepes KOHTaKTHbIN CIOW,
COCTaBMSET MPMMEPHO 2 % OT OOLLEro Yncna aNeKkTPOHOB, HAaXoOALMXCS Ha MOBEPXHOCTM MeTanna. Ctonb
HEe3HauYNTENbHOE U3MEHEHNE KOHLIEHTPAaLIMM ANEKTPOHOB B KOHTAKTHOM Crl0€, C O4HOW CTOPOHbI, 1 Marnas no
CpaBHEHMIO C ANNHOM cBOBOAHOrO Npobera aneKkTpoHa ero TOMLWMHA - C APYrow, He MOTYT NPUBECTY K
3aMETHOMY U3MEHEHUIO NPOBOAUMOCTU KOHTAKTHOIO CMOsi MO CPaBHEHWMIO € OCTarNbHOMW YacTbio MeTanna.
CnepoBatenbHO, ANEKTPUYECKUI TOK Yepes KOHTaKT ABYX MeTannoB NpoXoauT Tak Xe Nerko, kKak u Yepes camu
MeTansbl, T.. KOHTAKTHbIN COW NPOBOAMT ANEKTPUYECKUIN TOK B 060MX HanpaBneHusx (1—2 n 2—1) oguHaKkoBo
He aaet achpekTa BbINPAMMIEHNS, KOTOPbIN BCcerga cBsi3aH C OAHOCTOPOHHEWN NPOBOANMOCTLIO.

C nomoLubto siBneHna 3eebeka, NOMMMO TemMrneparypbl, MOXXHO ornpeanendatb n gpyrme ch3V|qu|<|/|e BEJIMYNHDI,
N3MepeHne KOToOpPbIX MOXET ObITb CBEOEHO K N3MEepPEHUKO TeMIepartyp: CUJibl NEPEMEHHOIO TOKA, NOTOKA
JIYYNUCTOUN SHEPTUN, AaBJ1€HUA ra3a N 1.4.

Onsi yBenu4eHnsa 4yBCTBUTENBbHOCTM TEPMO3NEMEHTBI COEAUHSIIOT NocregoBaTernbHO B TepMmobaTtapen. Mpu
9TOM, BCE YETHbIE CMaun NoaaepXNBaKTCS NMPU OQHON TemMMNepaType, a BCE HEYETHbIE - NPU APYTron. I4C Takown
G6aTapen paBHa CyMMe TEPMO3C OTAENbHbIX ANTEMEHTOB.

MVIHVIaTPOprIe TepM06aTape|/| (Tak Ha3biBaemMble TepMOCTOJ'I6VIKl/I) C ycrnexom npnmMeHArT 414 USMepeHud
MHTEHCMBHOCTU CBETA (KvaK BUAOMMOrO, TaK U HeBnagmmoro). B coeanHeHunn c YyBCTBUTEJIbHbIM raj/ibBaHOMETPOM
OHUN o6na,1:|,a+0] OrpPOMHOUN HYBCTBUTEJIbHOCTBLIO: OOHAPY>XXUBAKOT, HANMNpumMep, TernyioBoe nasjtydeHne
HerlioBe4eCKOU PYKN.

TepmobaTapes npeacTaBnseT MHTEPEC U KaK reHepaTop anekTpuyeckoro toka. OgHako ncnorb3oBaHue
MEeTannMyecknx TepMoarieMeHToB HeaddEKTUBHO, NOITOMY A1 Npeobpa3oBaHNS TEMNIIOBOW 3HEPTUN B
3MNEKTPUYECKYIO MCMNOMb3YTCHA NONYyNPOBOAHNKOBbLIE MaTepuarnsi.



Co3paHune BbICOKO3I(AEKTUBHBIX TEPMOSSIEKTPUYECKUX NpeobpasoBaTenemn aHeprum
SABNAETCA OQHOM U3 aKTyalbHbIX TEXHUYECKNX 3aday. PyHOaMeHTarbHbIE N NPUKNagHble
nccrieqoBaHus, HanpasreHHbIe Ha e€ pelleHne, BeayTCs Kak B YHUBEPCUTETCKUX
nabopaTtopusax, Tak U B UCCNeaoBaTeNbCKNX LeHTpax oupmM 3aHUMaOLLIMXCS
NPOWU3BOACTBOM 3fIEKTPOHMKN, aBTOMATUKU U OPYTON BbICOKOTEXHONMOMMYHOW NMPOaYKLUN,
PaboTkl BeayTCcs B pasfiMyHbIX HanpasneHUsix, HaunHasi OT uccriegoBaHus
TEPMOISIEKTPNYECKNX CBONCTB reTEPOCTPYKTYP M 3aKaH4YMBas co3gaHnUeM
TEPMOINEKTPUYECKNX NPUBOPOB, KOTOPLIE HAXOAAT BCe bonee LNpoKoe NPUMEHEHNE B
ObITYy, Ha TPaHCNOPTE, B 9HeEpreTuke. NpnMeHeHe TEPMOINEKTPNYECKUX
npeobpasoBaTtenien 3HeEPrnm CBsI3aHO C reHepaLunen areKTpPUYecKoro Toka,
MCNOSib30BaHMEM B XonoaubHUKaX, KOHOULWOHepaX, perynaropax TemneparTypbil,
ocywunTtensix u 1.n. B mmpe Habntogaetca HenpepbIBHbIN POCT MHTEpeca K
TEPMOISIEKTPUYECKNM YCTpOMCTBaM. [1OCTOAHHO HapalmMBaTCA 0ObEMbI BbINMyCKaeMbIX
TEPMO3IEMEHTOB U NPNOOPOB Ha NX OCHOBE. OTO ODYCITOBIIEHO TEM, YTO CYLLECTBYIOT
HarnpaBreHus, B KOTOPbIX MPeUMYyLLECTBA TEPMOISIEKTPUYECKMX CNOCOb0B
npeobpasoBaHMA 3HEPINK SBNAKOTCA HEOCNOPUMbIMU. B nepByto ovepensb - 310
3NeKTponMTaHme aBToOMaToB, MCMNOMb3YLLUXCA ANS uccnegoBaHna ganbHero Kocmoca,
aBTOHOMHbIE YCTPOMNCTBA CEMCMNYECKOWN pa3BeaKkn, 00yCTPONCTBO KaTo4HOM 3aLlMUThI
HedoTe - 1 ra3onpoBoaoB. Ha MMPOBOM PbIHKE MOCTOAHHO PacTET CNPOC Ha
TEPMOINEKTPUYECKNE MaTepManbl U TEPMOINEKTPUYECKNE NpeobpasoBartenmu
Pa3NYHOro HasHa4YeHuq.



B cBA3K ¢ aTM B fabopaTtopum TEpMOINEKTPUYECKOro MaTepuanoseaeHns npoBoasTcs
aKCnepuMeHTasibHble 1 NpUKnagHble nccnegoBaHns B Crieqyrowmnx HanpasneHuax:

ccnenoBaHne 3aKkOHOMEPHOCTEN NM3MEHEHUSA MAarHUTHOW BOCNPUNUMYNUBOCTU TEPMOISTEKTPUYECKNX
MaTtepunanoB Ha OCHOBE BUCMYTA, CypbMbl U Tensiypa B 3aBMCUMOCTM OT KONIM4YecTBa 1 Tuna
nernpyroLien NnpMMecu ¢ Lienbio onpeaenieHna XMM1M4eckoro coctaBa KpuctansioB C aHoMarnmamu B
BeNuuunHe psiga pusndecknx BesimvmH, obycrioBNeHHbIX MHTEHCUBHLIM 3S1EKTPOH-Ma3MOHHbIM
B3anMOOENCTBUEM.

AccnepoBaHue 3aBUCUMOCTU BENMYNHBI KOS MPULIMEHTOB 3MNEKTPO - N TENsonepeHoca B
nerMpoBaHHbIX KpucTanmax nosiynpoBOgHUKOB.

CosgaHue onbITHbIX 00pa3LoB TEPMOINEKTPUYECKNX NpeobpasoBaTesien aHeprum ans LWMUpPOKOro
avanasoHa Temnepartyp.

OnpepgerneHne onTuMarsnbHbIX YCNOBUIA NpoLecca BblpallnBaHUS KPUCTaSINIOB TEPMOSSIEKTPUYECKNX
mMaTtepunanos, Ha OCHOBE NonyMeTansioB BUCMYTa, CypbMbl U UX CMSIABOB METOAOM 30HHOW MI1aBKMW.
3yyeHne BNNSHNA B3anMogencTBUA arieMeHTapHbIX BO30Y>XAeHNN 3M1EKTPOHHOM U MOHHOM
CUCTEMBbI KpUCTana Ha BefIM4nHy TepmMoarneKkTpuyeckon apdpekTmBHOCTN MaTtepuana.
OnpeperneHve oakTopoB BIIMAHUA Ha XapakTePUCTUKN 3MEeKTPOHHOW CUCTEMBI KpucTanna,
CMOCOBCTBYHOLLMX KOOPANHALMK NOTOKOB TEMSIOBON U SNEKTPUYECKON SHEPTUN.

ccnenoBaHue BNUAHUS SNEKTPOH-MNasMOHHOIo B3auMoaencTBnA Ha omsanyeckme CBomcTea
LLIMPOKOIO KJlacca BbICOKOSIErMPOBaHHbLIX MOMYNPOBOAHMKOB, TAKUX, Kak coeanHeHns A3B5, A2B6,
Bi2Te3 .



OdKJIHOHEeRUE

OdhekT 3eebeka, kKak 1 gpyrme TeEPMOISIEKTPNYECKNE ABIEHUSA, UMEET (PeHOMEHONOrNYeCcKnm
XapakTep.

Tak Kak B ANEKTPUNYECKUNX CXEMaX U I'IpVI60an BCerga MMerTCA Crnant U KOHTaKThbl Pa3rimimvHbIX
MPOBOAOHNKOB, TO MNpu KonebaHusIx TemMneparypbl B MECTAX KOHTAKTOB BO3HUKAKOT TEpMO34C,
KOTOpPbIE Heobxoanmo Y4nUTbIBATb NPU TOYHbLIX N3MEPEHUAX.

C Oopyrov CTOpOHbI, TEPMO3AC HAaXoAUT LLUMPOKOE rnpakTuyeckoe npumeHeHne. 3pdekT 3eebeka B
MeTannax ncnonb3yeTcs B TepMmonapax ans namepeHma temnepartyp. Uto kacaetcs
TEPMOINEKTPUYECKNX FEHEPATOPOB, B KOTOPbLIX TEMNNOBAdA 3HEPINUst HENOCPEACTBEHHO
npeobpasyeTcsi B 3NEKTPUYECKYIO, TO B HUX MCMOSb3YHTCS NONYNPOBOAHMKOBbLIE TEPMOISTIEMEHTHI,
obnagatowme ropasngo 6onbwnMm TeEpMO3/cC.
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