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BCTYII
[opiune cBiToBe croxuBaHHs eHeprii ekBiBaieHTHO 13 TBtT (TW). Jlo kiHIg 1b0T0
CTOJIITTS, IPOTHO30BaHAa YUCENIbHICTh HACEIEHHS Ta €KOHOMIUHE 3pOCTaHHs MiJIBUIIAThCS OlbIIe
HDXK y TpU pasu, L0 MPHU3BEAE 0 BIANOBIIHOIO 301IBIIEHHS CBITOBOIO CIOXHBaHHS eHeprii [1].
Bce me, a takox 3arpo3a 1io0anbHOI 3MIHM KIIMaTy, CTaBIsATh HOB1 BUKIWKH, SIKI BH3HAIOThH
SHEepPreTUKy SK TMPIOPUTETHY OCHOBY CHOTOJCHHS: TIIONIYK HOBUX, EKOJOTIYHO YHCTUX Ta
MIOHOBJIIOBAHUX MEPCIEKTUBHUX JIXKEpeJ eHeprii.

E€pporneiickka Kowmiciss Harosomrye, mo eHepreThuyHa Oe3neka ‘‘BH3HA4ya€ 3aJl0BOJICHHS
€HepreTMYHUX MOTped SK 3a paxyHOK BUKOPHCTAHHS aJ€KBAaTHUX BHYTPIIIHIX pPECYpCIB, fKI
PO3pOOIIAIOTECSI €KOHOMIYHO OOIPYHTOBAHMM YMHOM YU TaKHUX, HI0 MIATPUMYIOTHCS B SKOCTI
CTpPATETiYHOr0 pe3epBy, TaK 1 3a PaXyHOK JOCTYINHHX Ta CTaOUIbHUX 30BHILIHIX JKEpen, sKi 3a
HEOOX1THOCTI MOKYTh OyTH JTOTIOBHEHI CTpaTeriyHuMu pe3epBamu’ [2].

Eneprernuna Oe3neka — 1€ pO3BUTOK HETPATULINHUX, 30KpeMa, BiIHOBIIOBAHUX JKEpel
eneprii. ToMy, BupimeHHs NOpoOJEeMHU EHEPreTUYHOI Oe3MeKW uepe3 IMABHUIINCHHS 3HAYeHHS
aJIbTEPHATHBHOI €HEPrii € KJIIYOBUM MUTAHHSAM SIK HayKH, Tak 1 eKoHOMiKku. KpiMm Toro, Ko e
1o noyatky 2000 p. OCHOBHOIO BUMOIOI0 Oyi0 30UIbIIEHHS BUPOOHMITBA €IEKTPOEHEprii, TO B
OCTaHH1 2-3 POKM Ha IMepesHil MjaH BUXOAATH J10IaTKOBI YMOBH: €HEprisi MOBUHHA BUPOOISTUCS
€KOJIOTIYHO YMCTHM IIUIIXOM, Ma€ OyTH BIJIHOBIIIOBaHA Ta HE MOB'sI3aHA 3 BYyrJieneM. BiamosinHO,
3ycujulg 0araTbOX BYEHHMX CIPSMOBaHI HAa PO3BUTOK «3€JIEHOI» E€HEPreTHKH, B SIKiH 0COOIMBO

rocTpo BimuyBaroTh notpedy B €Bpomi ta CIIA [3]. TepmoenekTpuuHa reHepallis € OIHUM i3



NEPCHEKTUBHUX, a B JIEAKUX BHIAJKaX €IMHO JOCTYHUM JDKEPEJIOM MEpEeTBOPEHHs TEIIOBOL
eHeprii B eJeKTpuuHy. [ eHepaTopH, CTBOpPEHI Ha OCHOBI TEPMOEICKTPUYHOTO eQeKTy,
BUKOPHUCTOBYIOTh HE JIMIIE IS TEPETBOPEHHS COHSYHOTO TEIJIa B €JIEKTPUKY, ale i Temia, sike
BHJIUIAETHCS BiJ 0ararbox IHIIUX JDKEpes, SK HaIpHKJad, aBTOMOOIILHUX BiANpPalbOBAaHUX Tas3iB,
TepMaJbHUX BOJ, TPOMHUCIOBUX IPOIIECIB arperaTiB, HABITh JIIOJCHKOTO Tija Y OKPEMHUX HOTO
oprauiB. 3 iHIIOr0 OOKy, TEPMOEIEKTPUYHI MOAYJIiI MOXYTh OyTH BUKOPUCTaHI I CHCTEM
OXOJIOJDKEHHS, B TOMY UHCII, XOJOAWJIBHHUKIB. BpaxoByioum BKpail BHCOKY HafiifHICTh
TEPMOEJIEKTPUYHUX MPUCTPOIB (TBEPAOTIILHI MPUCTPOi O€3 pPyXOMHUX UYaCTHUH), BOHH MAalOTh
IIMPOKE 3aCTOCYBaHHS B SKOCTI OXOJO/XKYyBauiB 1H(PAuepBOHUX JATUYHKIB, KOMI IOTEPHHUX
MIPOLIECOPIB, TOIIO.

3a ocTaHHI NECATUIITTA B PI3HUX INPOMHUCIOBO PO3BHHEHHMX KpaiHax Oyiu po3poOiieHi,
BUIIPOOYBaHI 1 IOCTaBjeHI Ha cepiiiHe BHpPOOHUNUTBO TepMoenekTpuuHi reneparopu (TEID)
HNOTYXKHICTIO BiJl JEKIIBKOX MIKpOBaT 10 AecATKiB KinoBaT. binbmicts TEIT mpusHayeni ans tak
3BaHOI «Majioi €HepreTHKW». BOHM BOJIOAIIOTH TAaKUMHM YHIKAJbHUMM SKOCTSMM, SK IIOBHA
ABTOHOMHICTh, BUCOKa HAJIHHICTh, TPOCTOTA EKCIUTyaTaIlii, 0e3NIyMHICTh Ta MOBroBiuHICTh. TEI"
BUKOPHUCTOBYIOTBCS JUIsI €HEPTOMOCTauyaHHs O00'€KTIB, BiAJAJIEHUX BiJ JIHIA eleKTporepenadi, a
TaKOX IPH LIJIOMY Psiii YMOB, KOJIM BOHH € €IMHO MOXIIMBUM JDKEPEIIOM EIeKTPHYHOT eHepril [4].

TEI' MOXHa 3aCTOCOBYBAaTH NpH PI3HUX Iepemnajax TeMIepaTyp, XO4da 4acTO BBaXKaloTh,
reaepaTop Oyjae eKOHOMIYHO €(EeKTUBHUM, SIKIIO PI3HUIS TeMIeparyp Oyae He HUXKYOI 32
50 rpamyciB. AJe s BaXKO JOCTYITHHUX MICIh IIEH KPUTEPIl € TaTeKo He BU3HAYAILHUM. 30BCIM
HE/IaBHO NPAaKTUYHE 3aCTOCYBaHHA OTPUMAIM MPHUCTPOi, SIKI YTUII3yIOTh EHEpPrilo TEeIUIOBUX
NOTOKIB Tpu mnepenani Ttemmnepatyp MeHmie 10°C. BuxopucTaHHS >X HEBHCOKHX PI3HHIb
TEMIIepaTyp CTa€ aKTyaJbHHM, SIKIIO BpaxyBatd, mo a0 90 % TemmoBoi eHeprii BUALISETBCS Ha

MIPOMHUCIIOBHX 00'€KTax Ta YCTaTKyBaHHI MPH TemiepaTypi moBepxous 10 300°C (puc. 1) [3].
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Puc. 1. Po3noain Temnepatyp Ha NOBEPXHi NPOMUCAOBUX arperartis [3].

TakuM 4YHMHOM, IS BUPOOJIEHHS JOCTAaTHBOI KIIBKOCTI EJNEKTPUYHOI €Heprii moTpiOHa

3HayHa pisHung Temmeparyp (Bemuki  AT). HeoOxigHy TteMmmeparypy Trapsidoi CTOPOHH
2



TEPMOECJIEMEHTa MOJKE 3a0€3MeUYNTH BUKOPUCTAHHS 1H(paYepBOHOI 00J1aCTi COHAYHOTO cniekTpa. Lle
BOXIUBE MO Ti mpuyuHi, mo [Y-BUIOPOMIHIOBaHHA MOXKE BHPOOJIATH TEINIO y 3BHYATHOMY

HaMIBIPOBIIHUKY HAa OCHOBI COHSIYHUX (POTOCTIEMEHTIB.
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Puc. 2. Enepris constunoro sunpomintoBants mpu 6000°C aist abcomroTHO YopHOT Gataped i3
PO3/IIICHHSM YaCTHUH €HEprii B ynbTpadioeToBiii Ta iHppadepBoHii o0nacTsx crekTpy [5].
Taoauus 1.
CriBBiHOLIEHHS MK (DOTOCTIEKTPUYHOIO Ta TEPMOEIEKTPUIHOI0 yacTuHaMu (y %)

BUITPOMIHIOBAHOT'O COHSYHOTO Teruia [5].

JloBxxrHa XBHIII CrnekTtp %
doToeneKTpuIHe ~200-800 Vﬂpra(pione?OBe 58
MIEPETBOPEHHS Ta BUAMME CBITJIO
T I i
€PMOEIIEKTPUYHE ~800-3000 m Hq)p?qepBOHHH 42
MIEPETBOPEHHS Jiarma3oH

Ho cepenunn XX CTONITTS TEPMOENIEKTPUKA JyXKe€ TOBIUIBHO pO3BUBAiacs, OJHAK,
BUKOPHUCTAHHS HAMIBIPOBITHUKOBUX MaTepianiB COPUYUHIIO HIMPOKE MPAKTUYHE 3aCTOBYBAHHS
TaKuX TreHepaTopiB. HemomikoM nmux mpuUCTpoOiB 1€ i Ha ChOTOAHI € iX HU3bKa e(PeKTUBHICTH — BiJ 3
0 8%, mo oOMexye OTBII IHMPOKE MPAKTHYHE 3aCTOCYBaHHs. SIKIIO BIACTBCA CYTTEBO
MOKPAIlUTH  TEPMOENEKTPUUHY  €(EeKTHBHICTb, TOAI  HPUCTPOi, sKI  0a3yroThCs  Ha
TEPMOEIEKTPUYHOMY €(EeKTi, 3MOXKYTh CTaTH BAXKIWBOIO YAaCTUHOIO BHPIIICHHS EHEPTreTUYHOI
poOJIEMH CHOTOJICHHS.

Crin 3a3Ha4YMTH, IO ICHYIOTH 00JIacTi, Jie TePMOEJTIEKTPUKA € HEOOX1THOK Ta HE3aMIHUMOIO.
Taki mnepeTBOpIOBauYl BHUKOPUCTOBYIOThCS SK JDKEpesa €JIeKTPUKHM Ha KOCMIYHHMX arapartax,
3aCTOCOBYIOTHCSI B TIOPTATHBHUX XOJOAWIBHUX arperarax y mo0yTi, B €IeKTPOHHOMY, MEAUYHOMY
i HayKOBOMY YCTAaTKyBaHHI, 30KpeMa JUId OXOJIO/DKEHHS iH(pauyepBOHMX MpHHMaviB 1
ONTOCTIEKTPOHHUX O0JIa/IHAHb, IJI1 OTPUMAaHHS KOPUCHOI €HEPrii 3a paxXyHOK BiJIIpaIllbOBAaHUX Ta3iB

B aBTOMOOLIAX. OpHaK i1 HOBHUX Ta €EKOHOMIYHO BUTIJIHMX IPOMHCIOBHX 3aCTOCYBaHb
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TEPMOCJICKTPUYHHX TIEPETBOPIOBAYIB €HEPrii HEOOXITHO ICTOTHE MiABUIICHHS iX eekTuBHOCTI. B
[3] HaBemeHO y3araJbHEHHMH TMEpeNiK TPAKTHYHOTO BUKOPHCTaHHS  TEPMOECICKTPHYHUX
MEPETBOPIOBAYIB!

- BUKOPHCTAHHS BiAIPaI[bOBAHOIO TEILIa IBUT'YHIB (aBTOMOOLIBHIX, KOpaOEIbHUX Ta iH.);

- ABTOHOMHI JpKepena eJeKTpoeHeprii /uis 3abe3rneueHHs poOOTH KOTENEeHb, YCTAHOBOK 3
nepepoOKH BiIXOIIB Ta iH.;

- JOKepeIna )KUBJICHHS ISl KATOJJHOTO 3aXUCTy Ha(TO-1 ra30IPOBOIIB;

- MEPETBOPEHHS TeIUIa MPUPOJAHUX JKEpeN (HalpHUKiaa, TeoTepMalbHUX BOJ) B CICKTPUUHY
EHEePTiio;

- 3a0e3MeueHHs] JKUBJICHHS pPI3HUX NPUCTPOIB TeleMeTpii Ta aBTOMATHKM Ha 00'e€KTax,
BiJITAJICHUX BIJ JIIHIN eleKTporepeaayi;

- BHUMIPIOBAaHHSI TEIUIOBUX MOTOKIB (TEIUIOTH);

- 3a0e3MeyeHHs] aBTOHOMHHUM JKHUBIICHHSIM  MAJIOTIOTY)KHUX  E€JIEKTPOHHUX TMPHUCTPOIB
(06e31poTOBl JIaTYMKHU) 3a pPaxXyHOK HAKOMHMYyBaHOi eHeprii, ska 30uUpaeTbcs 3a HAsBHOCTI
MiHIMaJBHUX TiepenaiB Temmnepatyp (menme 10°C);

- OTPUMAaHHS EJEKTPUYHOI eHeprii Ha COHSYHMX KOHIIGHTpPAaTOopax 3a pPaxyHOK pi3HUII
TEMIIEPATyp Trapsdoro i 0XOJIO0HKEHOTO TEIIIOHOCISI B KOHTYPI.

VY naHoMy Orjsiii OKpPEecleHO 1CTOPUYHI ACHEKTH PO3BUTKY JAOCIHIIKEHb y TEPMOEIEKTPHIII.
Takwii aHami3 JO3BOJMTH PO3TJISHYTH 3arajbHy CTpPATETil0 IIJIBUIICHHS TEPMOEIEKTPUIHOT
€(eKTUBHOCTI BHUXOJSYM 13 MEPIIMX NPUHLIUIIB TEPMOEIEKTPUKU, a TAaKOXX CTaBUTh Ha MeETI
MOMYJSIpU3yBaTH  MUTAaHHS  TEPMOENEKTPUKH, IIUPIIE PO3KPUTH ACHEKTH MPAKTHIHOTO

BUKOPUCTAaHHA LBOTO SIBHUIIA.

1. Edexr 3eedexa

Sk cporogHi A00pe BiZOMO, ICHYIOTH TPH B@XKJIMBI €QEKTH, sKi 3aKjaJeHi B OCHOBY
TepMOeeKTpUYHUX sABUIL: 3eeOeka, [lenbThe Ta Tomcona. Y 1821 poui 3eebex mpoBiB 1ociiau, 3a
pe3ynbraTtamu gkux y 1822 p. omy6uikyBaB y aomnoBifsax Ilpyccbkoi akagemii Hayk cBOi HayKOBI
pe3yibTaTH, Ae Oyino BiA3HAYEHO, IO MPH 3aMHUKaHHI KOJIa, SKe CKIAAAJIOCs 13 ABOX PI3HOPITHUX
METAJIYHUX MPOBIAHMKIB, IO MIATPUMYBAIMCS TNPH PI3HUX TeMIlepaTypax, MarHiTHa CTpLIKa
MIOBOJIUTH cede Tak caMo, SIK i 32 HasIBHOCTI MarHity (puc. 3). 3ee0ek po3paxyBas, 10 KYT, Ha KU
MOBEPTAETHCS CTPUIKA, MOB’SI3aHUI 13 BEIUYMHOIO PI3HUIN TeMmieparyp y kom. lle sBuime
OTPUMAJIO Ha3BY «e(ekTy 3ec0eka» 1 MaTeMaTUYHO MOTO MOYKHA 3aIMCaTH Y BUTJISII:

Eas =Sas AT

ne Sag — koedinient Tepmo-EPC (koedimient 3eebeka), AT — rpasieHT TeMuepaTypH.



Tomac locann 3ecoex (Thomas Johann Seebeck)

(1770-1831) A (Vj

Puc. 3. a — nemoncrparis edpekry 3eedeka (14 B
rpyans 1820 poky);
T,

0 — mpuHIUTIOBa cxeMa edekTy 3eedeka.

OnHak, caM BYEHHUH HE IMOTO/KYBaBCs MOETHATH JIO 1IbOTO SBUIIA BUHUKHEHHS CTpyMy. Y
crarTi «Jlo NMUTaHHS MpPO MAarHiTHY MOJSAPHU3ALiI0 JESIKUX MeTaliB Ta pyJl, sKa BHUHUKAE 3a
HasIBHOCT1 PI3HHULI TemrepaTyp» Oyl0 HaBeJE€HO MOSCHEHHS, 3T1IHO SKOro, pI3HMIS TeMIepaTyp
BUKJIMKaJa HaMarHiuyBaHHs MatepianiB [6]. BiamoBimHo, BiH BBIB TEpMiH «T€pPMOMArHETH3M.
Tepmin «repmoenexkTpukay Brepuie BBiB naTcbkuil ¢isuk 'anc Kpicrian Epcren, sikuit kpiM Toro
TAaKO’XX CTBOPUB MEPIIMH TEpPMOEIEMEHT Ta BHHAWIIOB IMEpIly TEPMOEIEKTPUUHY Oarapero
(reHepaTop) Ha OCHOBI Mapu MeETaliB IUTFOMOYyM-OicMyT. 3e€OeK YacTo KOHCYJIbTYBaBCS 13
Epcrenom, sikuii Ha Toi yac yxke OyB BIIOMUM (PI3UKOM 13 aBTOPUTETHOIO JAYMKOIO Yy HayYKOBHUX
konax. He3Bakarounm Ha HajgaHi KOoHcynbTauii, Epcren Hikomu He mifiaBaB CyMHIBY BIIKPHTTS
TEPMOEJIEKTPUKH came 3e€0eKOM.

BupoOnena Hampyra B edekri 3ee0eka € MponopuiiHO0 A0 PI3HULI TeMIlepaTyp MiX JABOMa
nepexonamu. Koedimient npomopiiitHocTi (S abo o) Bimomuit sik koedimieHT 3eedeka. Yacto ioro
Ha3uBaioTh TepMo-E.P.C., xoua Oijbllie BiH BIIHOCHUTHCS A0 MOTEHIiany, HK cwid. Y 1851 pomi
I'ycraB Marnyc BifKpuB, 110 Harpyra 3ee0eka He 3aJIeKUTh BiJ PO3NONALTY TEMIIEpaTypu Mix
KOHTaKTaMu MetaiiB [7], mo cigummo mpo te, mo tepmo-E.P.C. € TepMoarHaMidHO0 (YHKITIEIO
crany (puc.4). Ile cramo (Qi3UYHOIO OCHOBOIO JUIS CTBOPEHHS TepMoOIap, sKi aKTHBHO
BUKOPUCTOBYIOTH JUIsl BUMIPIOBAaHHSI TEMIIEPaTYpH.
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V = o (Th - T¢)

Puc. 4. Pi3zuuug norenmiamis, V, ska BUHHUKAaE Ha
PO3IMKHYTOMY KiHIIl KOJIa, 110 CKJIAJa€ThCs i3 JBOX

Tocmae Maznyc (Heinrich-Gustav Magnus) pizHOpimHUX MeTamiB A i1 B, micus koHTakTy sSKuX
(1802-1870) 3HAXOJAThCSI MHPU PI3HUX TEMIeparypax, MpsIMO
NPOMOpLiHA PI3HMLI MK Tapsdol0 Ta XOJIOIHOIO

Temriepatypamu rnepexoxy Th - Tc [7].

2. Edexr lleabThbe

[Tpotunexxuum 1o edpexry 3eebeka € «edekt [lenbThey, BinkpuTHil ¢paniry3om YKaHoM-
[apaewm IMenbtre (1785-1845 p.) y 1834 pori [8]. IIpu mpoBeseHHI OAHOTO i3 €KCIIEPUMEHTIB BiH
MIPONYCTHB EJEKTPUYHHUN CTPYM Yepe3 BICMYT 3 NPUEIHAHUMH 0 HHOTO MITHMMHU TPOBITHUKAMHU
(puc. 5). B xoxi excriepuMeHTy 0yJ10 BUSIBICHO, IO OJMH CIail BICMYyT-MiJlb HarpiBa€ThCs, TOI SIK
iHIMH — oxonokyeTbes. lpupony mporo siBuma noscHuB y 1838 p. pociiicekuit ¢izuk Emine
JleHt, SIKUil €KCIIEPUMEHTYBAB 3 KPaIljielo BOJIU, MTOMIIIEHOO Ha MEXI JIBOX MPOBIJHUKIB — BICMYTY
Ta cypmu. [Ipu mponyckaHHi CTpyMy B OZHOMY HAIpSIMKY Kparuisi BOJH 3amep3aja, a B iHIIOMY
HaNpsSIMKy CTpyMY — BHUIapoByBayiacsi. TuM caMuM OyJO BCTaHOBJIEHO MOTJIMHAHHS YU BUIJICHHS
TeIUIa MpHU MPOXOKEHHI CTPyMy uepe3 KOHTAaKT JBOX NpoBiaHuKIB. Lle sBuie Oyno Ha3zBaHO
«epexrom [lenbThe.

Krnacuuna teopis nosicuroe «edekt [leapThe» THM, 110 MPHU Mepexo/l eNeKTPOHIB MPOBIIHOCTI
13 OJIHOTO MeTaly B IHIIMA iX PyX TPUCKOPIOETHCS a0 CIOBLIBHIOETHCS dYepe3 HasBHICTH
BHYTPIIIHBOI KOHTAKTHOI PI3HUII MOTEHLIANB MDK MeTaJaMH. Y BHUMAAKy IPHCKOPEHHS,
KIHETUYHA EHEprisl eNeKTPOHIB 30UIbIIYEThCS, IO MPOSBISAETHCS Yy BUDSLAI Temma. Y
MPOTHJIS)KHOMY BHUIAJKy KIHETHYHA €HEPTisl 3MEHIIYEThCS, TIPH [ILOMY €HEpTisl MOMOBHIOETHCS 32
paxyHOK €Heprii TEIUIOBHX KOJIMBaHh aTOMIB JIPYyroro MPOBITHUKA 1 TIOYHMHAETHCS TIPOIEC
0x0J10/pKeHHS. [Ipu O1IbII TOBHOMY PO3IJISAl BPaxOBYETHCS 3MiHA HE TUIBKM NMOTEHIIAJIBHOI, ane i

MMOBHO{ €Heprii.



VYoxe B XX cTomiTTi Oysi0 moka3aHo, 1mo edekt [lenpThe 3HaYHO CHIIBbHIIIE TPOSIBIISETHCS Ha
Crasgx pi3HUX TUIIB HAMIBIPOBIAHUKIB. 3aJIe)KHO BiJl HAPSMKY MPOTIKAHHS €JIEKTPUUYHOTO CTPYMY
gepes p-N-Tepexon BHACTIAOK B3aeMOJIi €NeKTPoHiB (n) 1 AIpoK (p), a TaKOXK iX peKOMOIHAIIO,
eHeprisi ab0 MOTTMUHAEThCA, a00 BUAUIAETHCS, B 3B’A3KY 13 UMM MOTJIMHAETHCA a00 BUAUISAETHCS
teruto. CUCTEMHU HaMiBIPOBIIHUKOBUX IAp pP- Ta N-THILY JO3BOJISIOTH CTBOPIOBATH OXOJIOKYIOUI
€IEMEHTH — TepMoeleKTpuuHi Moayni I[lenpThe MOCTaTHBRO Benukoi moTyxkHocTi. Y 1938 pori
Ewmine Jlenn Ha edexri [lenbThe qociikyBaB NMOTTMHAHHS Ta BUAUICHHS TEIUIA MPH MPOMYCKaHH]

CTpyMy 4epe3 KOHTAKT ABOX MaTepiaiB.
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Puc. 5. JlemoHCTpaIlisi TEPMOCIICKTPHUUHOTO OXOJIO/HKCHHS (e(heKT

[MenbThE, 1834 p.).

Kan LHlapnw [lenvmove
(Jean-Charles Peltier) (1785-1845).

Ha Binminy Bin Tenma [xoyns-Jlenma, ske nporopiiitno kBagpary cumm crpymy (Q = I°Rt),

teruio [lenbThe mpomnopiiiiHe cuili cTpyMmy 1 MoXke OyTH BUpaskeHe (popMyIioro:

QP=P.q! (2)

e q— 3apsi, SKU MPOXOIUTh 4epe3 KOHTakT, P — koedimient [lenbThe, KUl BH3HAYAETHCS

MIPUPO/IOI0 MaTEPIajiB HAa KOHTAKTI Ta X TeMIIEpaTypaMu.

3. Edext Tomcona

VY 1856 p. Binbsim ToMCOH BCTaHOBUB, 1110 32 YMOBH, KOJU B3JI0BX IPOBIHUKA, MO SKOMY
MIPOTIKA€E CTPYM, MPUKIIACTH TPAJIEHT TEMIIEPATYPH, IPUUOMY HANPSIM CTPYMY BIATIOBIIaTUME PyXY
€JICKTPOHIB BIJ TapsYOro KIHIS 10 XOJIOAHOTO, TO TPH MEPEX0i BiJl OUIBII Tapsyoro mepepizy 10

OUThII XOJOAHOTO (pHC. 6), CIEKTPOHH MEPEIAlOTh HAUIMIIKOBY CHEPIil0 OTOYYIOYMM aTOMaM



(BUIUISETBCS TEIJIOTA), a Y 3BOPOTHOMY HAMNPSIMKY CTPYMY, PYXalOUWUCh BiJl OLIBIIT XOJOIHOI
JTUISTHKA 70 OiNbII rapsiaoi, BOHM TOMOBHIOIOTH CBOIO €HEPril0 32 PaxXyHOK OTOYYIOUHMX aTOMIB
(Terutora moriMHAETHCS Marepianom) [9].

VY HamiBOpOBiAHMKAX BaXIUBUM € TOH (DakT, 110 KOHIEHTpalis BUIBHUX HOCIIB Y HHUX
3aleXUTh B1Jl TemrepaTypu. SIKIIO HamiBOPOBITHUK HArpiTH HEpPIBHOMIPHO, TO KOHIEHTpAIlis
HOCIIB 3apsmy Oumbmior0 Oyne Tam, [e BHINA TemIeparypa, TOMY TpaJi€HT TeMIEpaTypu
MPU3BOAUTH JIO TPAII€HTy KOHIICHTpAIlil, BHACTIJIOK YOro BUHHKAE MUQY3IHHUI MOTIK HOCIIB
3apsiay. Lle mpu3BOAMTE 10 MOIUTY 3apsiiiB, SIKUM CHPUYMHIOE BHHUKHEHHS €JICKTPHUYHOTO TIOJIS,
sIKe HaNpsSIMIICHE MMPOTHIICKHO. TaKuM YHMHOM, SKIIO B HAIIBIPOBIAHUKY € TPATIEHT TEMIIEPATypH,
TO B HbOMY BHHUKHE 00’ €MHe enekTpuyne nojue E’.

B 3arampHOMYy BHINAIKy, KUTBKICTh TEIUIOTH, SKa BUAUIAETbCS a00 TOTJMHAETHCS MOXKHA
BHU3HAUWTH Yepe3 CHiBBITHOIICHHS:

d0 = o1 I ax @3)
dx

ne dQ — KibKICTh TEIUIOTH, SKa BHIISETHCS a00 MOTJIMHAETHCA Ha AUISHIN mpoBigHuka dx, I-—

cuna ctpymy, T — Temnepatypa, 6 — koediieHT ToMcoHa.

Binvam Tomcon, nopo Kénvein (anen. William Thomson, 1st Baron Kelvin) (1824-1907)

Heat Liberated

rritt

Electric current

Conductor

T > T+AT

Heat flow




Puc. 6. Cxema nocniny, sikuit ieMmoHcTpye edext Tomcona.

Sxmio aHanmizyBaTd BCl JeTalli CTAHOBJICHHS TEPMOEICKTPUKH, TO CIIiJ BIJI3HAYUTH TAKOXK 1
BHECKM IHIIMX BIZOMHX Ha TOW 4ac HaykoBHiB y ii po3Burok [10]. Tak, y 1823 p. Anryan
bexkepens (1788—1878 pp.) cTBOpIOE TEPMOCIEMEHT JJIs TOCIIDKEHHS TEMITEpaTypHOT 3aJIeKHOCT1
tepMo-EPC «minb-3ami3Hoi» Tepmonapu, a B 1826 p. BUroTOBIIsIE TIepIry TepMOIIapy 3 IBOX Pi3HUX
3pa3kKiB MiatuHu. Y CBiii yac HaBiTh ['eopr Om (1787-1854 pp.) BHKOpHUCTOBYBaB TepMoOaTapero
JUISL CBOIX JOCIHIMIB 1 (pOpMYITFOBaHHS BIOMOTOo Ha chorojHi 3akoHy Owma. Y 1830 p. Jleomonbn
Ho6ini Bmepiie BUKOPUCTAB TEpMOIIapu JJisi BUMIPIOBAaHHS TeMmIiiepaTypH, a y 1856 p. berxkamin
[Maiik cucTeMaTH3yBaB NPUKIAIHI TEXHIYHI Marepiaid, y TOMY 4YMCIi i TepMmoenektpuuHi [11].
JIlxon Peneit y 1885 p. chopmyinroBaB OCHOBHI BHMOTH JO MaTepialliB JJIsi TEPMOCICKTPHYHUX
Oarapeil: Bucoki 3HadeHHs Koedimienta TepMmo-EPC (koediuienta 3eebeka abo TepMocHiu
(mo3HauaroTh o a0o S)) 1 eneKTponpoBiAHOCTI (G) Ta HU3bKI 3HAYEHHS TEIUIOMPOBIAHOCTI ()} 200 K).
Bin Bnepiue 3anponoHyBaB BUKOPUCTOBYBATH edekT 3eeOeka A reHepyBaHHs elleKTpoeHeprii. 3
1886 p. Gepe CBili MOYATOK Cy4acHA TEPMOCIEKTPUIHA TEPMOMETPIs Ta IPOMUCIIOBE BUPOOHHUIITBO
TEPMOECTIEKTPUIHHUX TEPMOMETPIB 3aBISIKM CHCTEMHOMY BUBYEHHIO TepMmornap AHpi sie [laTense.

[Ile ogHMM BaXJIMBHM pe3yibTaToM 3B’s3Ky MK bepininom Ta Benukoro bputaniero Oyna
po6ota Enmynaa AnteHkipya, sIKUil IepIiuM CKOHCTPYIOBAaB MOJIENb, 110 J03BOJISIIA BIITBOPIOBAHO
OTPUMYBAaTU MaKCHUMaJbHY €()EKTUBHICTh TepMoOeleKTpuuHoro reHeparopa (1909 p.), a Takox
po3pobuB oxosokyBad (1911 p.), MOBHICTIO ONITUMI30BaHMA IS 3aaHUX YMOB eKcIuTyarartii [12].
Taka «onmTumizalis» MmaTepiany Mmi3Hile neperBopuiacs Ha "noOpoTHicTs" ZT, sika BKazye, 10
100pi TepMOENEKTPUYHI MaTepialy MOBUHHI MaTH BUCOKe 3HAaUeHHs KoedilieHTa 3ee0eka, BUCOKY
€JIEKTPONPOBIAHICTD (11 3MEHIIEHHs] HarpiBaHHs J[KOyis yepe3 eNeKTpUYHMI OIip) Ta HU3BKY
TEIUIONPOBIIHICTh ([UIsl 3BEEHHS 1O MIHIMyMY BTpaT Teruia). Xoda, caMe AJNTEHKIPY MepIINM
Bka3aB Ha HeBHCOKi epekTuBHOCTI (KK]I) TepMoenekTpuyHOro reHepyBaHHs €Heprii, 1o, Ha HOoro
AYMKY, HE MOTJIO MaTH MIMPOKOTO MPaKTUYHOTrO BuKopucTanHs. Jlemo misHime Eiiken Ta Kyn [13]
IIpY BUMIPIOBAaHHI MPOBIAHOCTI TBEPAMX TIJ 3’ACYBaJH, 110 TOYKOBI JIe(EKTH, SIKI MPOSBIAIOTH Y
TBEpAMX PO3UYMHAX 3HAYHO MOHIXKYIOTh TPAaTKOBY TEIUIONPOBIAHICTh. Taka cTpareris 1 Ha
CHOTOJIHIIIHIH IEHb € Ba)KJIMBOIO JJIsi TEPMOCIEKTPHUHUX MaTepialib.

IikaBoro € i cama icTopis migdoOpy TepMOeNIeKTpUUHUX MarepiaiiB. Tak, 3eebex migdupas
pi3HI MaTepiajiv: eJIeMEHTH Ta MIHEpalii, B TOMY YHCJIl aHTUMOHIJ IUHKY, XaJIbKOTEH1H1 MiHEpaIn
(taxi sik PbS), apcenin ko0anbTy (MOXKIHMBO, 11e OyB CKYTTEPYAUT) Ta 37IHCHUB Ha iX OCHOBI SIKICHE
MOSICHEHHS Binmkputoro HUM edekry. Y 1910 p. Bepuep Xaxken, micist nocnimkenns ZnSb i CdSb

bekkepenem [14], kinbKicHO XapakTepu3yBaB KoedillieHT 3eeOeka Ta eIeKTPOIPOBIIHICTD OaraTbox



CJIEMCHTIB, CIUIABIB 1 CITOJYK Ha OCHOBI TaKMX TEPMOCICKTPUYHHMX MarepianiB sk ShpTes, BiyTes,
BiggSbo 1, SnTe, Cu-Ni, nasits BuBuaB PbTe [15].

Kopxxyesum M.A. ta Karinum I.B [16].

Ne 3/

SIK MiJCYMOK IIOAO BIAKPUTTS TEPMOCIEKTPHUYHUX SBUIL, MO>KHA HaBECTH TalI. 2, CKIaJeHY

Taoauus 2.
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(Di3nuHwMiA, KIOHHUNY,
«MOCUIICHUI» (ha30BUM
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IUTaBJICHHS)
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D — amopdHi
TICIIEKTPUKH 3
MOJISIPHUMH
MOJICKYJIaMK

0,1-10
(10°-10°)
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JIATIOJIIB

KoporkoTpusane

(mpu I £0)
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a) raJIbBaHOMETPUYHUH
dT—-(M/E/M) —U, |
(XimivHHMH, I0HHO-
€JIEKTPOHHUH,
«IOCUJICHUID
XIMIYHOIO PEaKIi€elo
M—M);

0) 00’emuwmit 3eedeka
dT—-M) -U, |
(DiznuHMH,
«EJEKTPOHHUII»)

Heonno-
pinae

TanbBaHiuHUI
€JIEMEHT
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~0,1
(10%
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€JIeKTPOHHI
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IMocriline mose
10HHOTO ¥
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~0,001-0,01

(80)

[Moctiiinuii cTpym
€JIEKTPOHIB
(3amMKHYTHI

KOHTYD)

ITocriiine moJre
€JIEKTPOHHOTO
CTpyMy

Bkazani y Ta0i1. 2 «i0HHI» Ta «eJleKTpOHHO-10HHI» edekTn Eminyca, Binbke it BonbTa MaoTh

OBy BEIMYMHY 1 TOMY OyJu BUSBIIEHI y nepiry depry. TepmoenekTpuuHuil egekT 3eebeka Mae

CYTO «EJIEKTPOHHY» NMPUPOIY Ta MaJly BEITUUHHY.

4. A.D.Iodgde i HaniBNPOBIAHMKOBI TepMOeJEKTPUYHI MaTepiaan
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He nuBisunch Ha JOBry ICTOPII0 TEPMOENEKTPUYHHUX SIBHIL, L€ A0 ChOTOAHIIIHBOTO IHS
BOHHM BIJJHOCSTHCS 1O PO3PALY aJbTEePHATHBHOI €HEPreTHKH, XOuYa MHUTOMAa pOJb 1 €KOHOMidHE
3HAUeHHS 3pOCTalOTh 3 POKy B pik. Hacammepen ne 3ymomieno tuMm, mo KKJI meprmmx
TEPMOEJIEKTPUYHUX IPUCTPOIB He nepeBulryBasio 2—3% (xoua Take 3HaueHHs Ha 31ami XIX-XX
cToiiTh ¥ Oyno 3Hauno BummM 3a KKJ[ nmepmmx temmoBux mammu). CyTTEBI MiHU BiIOyaucs B
cepenui XX cropiuus, komu akaaeMik A.D. lopde 3ampornoHyBaB BHKOPHUCTOBYBATH
HaIIBIPOBIIHUKOBI TEPMOENEKTPUYHI TE€HEPAaTOpPH, SKI CHOTOAHI MAalOTh psj IepeBar Imepen
TPaAULIHHUMU ENEKTPUYHUMH TE€HEpaTOpaMu: MPOCTOTa KOHCTPYKLIi, BIJICYTHICTh YAacTHUH, WIO
pyXarThCs, OE3MyMHICTh pOOOTH, BUCOKAa HAAIMHICTh, MOXIIMBICTh MiHiaTIOpu3allii 0e3 BTpaTh
epeKTUBHOCTI. BOHUM BUKOPUCTOBYIOTHCS TaKOX 1 B €KOJIOTIYHO YMCTUX XOJOJMJIBHHUX arperarax,

OCKUTBKU TIEPETBOPEHHS €HEPTii 3 IXHBOIO TOTIOMOT'0I0 MOKJIMBE B 000X HaIPSIMKaXx.

I“%lﬁ

Abpam Dedoposuu loghghe (1880-1960).
[Ticns nporo, B cepenuHi 1950-ux pokiB e(EeKTUBHICTb TEPMOEIEKTPUUHUX T'€HEpaToOpiB

nocaria S5 %.

Y 1949p. Ab6pam @PenopoBuu lodde po3pobUB cydacHy TeEOpil0 TEPMOETIEKTPUKU
BUKOPHUCTOBYIOUHM MOHATTS "noOpotHicte" ZT. OcHoBu apocmijxkeHs lodpde Oynu BukimageHi y
1956 p. B Mmonorpadii “Hamnienposigaukosi Tepmoeiemertu” [17]. lopde i fioro iHctutyT B CaHKT-
[letepOyp3i akTHUBHO MPOBOJMIM TEPMOEJIEKTPUUYHI JOCHikeHHs W po3poOku B CPCP, mio
MPU3BENIO 10 CTBOPEHHS MNEPUIMX KOMEpIIHHMX T'€HEepaTopiB Ta OXOJOKYBAIBHUX INPHUCTPOIB
HOBOTO TMOKOJiHHA. lodde OyB OAHMM 13 MEPIIUX, XTO 3 METOI 3MEHIICHHS TEeIJIOMPOBITHOCTI

3ampoIOHYBaB BBEJICHHSI JIETYIOUHMX JOMIIIOK B IKOCTI TOYKOBUX JI€(PEKTIB PEITITKH.

5. JLI. AHaTu4yk i 00’€1HaHa TepMOeJIeKTPUYHA Teopis
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OmHuM 13 TMEpPCNEeKTUBHUX HAIPSMKIB MIABUIICHHS €()EKTUBHOCTI TEPMOEICKTPUIHOTO
MIEPETBOPEHHS €HEPTii € BUKOPUCTaHHS HOBUX MiJXO[iB, 3aCHOBAHUX Ha BUCHOBKAX, IO CIiTyIOTh
13 y3araibHEHOI Teopii TEPMOEIEKTPUKU 3 BHUKOPHCTAaHHAM chopmynboBanoro JI.I. AHaTHuykoM
3aKOHYy TepMmoenekTpuuHoi iHaykmii [18]. Hacmigkom miei Teopii craga moBHaA Kiacudikallis BCiX
BUJIB TEPMOECIICKTPUYHOTO TIEPETBOPEHHS CHEPrii, SIKy BAAJOCS 3BECTH y €IMHY TAOJHIIO, IO
anasnorii no IlepiognyHoi Tabmuii XiMiYHHX eneMeHTIB. Taka kiacudikaris nana MOMIHBICTh
MIPOTHO3YBATH HOBI BapiaHTH TEPMOEJICKTPUIHUX MIEPETBOPIOBAYIB Ta 3MIMCHUTHA CUCTEMHHIA ITiX1]T
NPy TUTAaHYBaHHI JOCHIIKEHb y TEPMOEICKTpHIll. BiAmoBiAHO 10 y3arajabHEHOI Teopii, Oyiu
po3po0JieHI METOAM BIIKPUTTS MPUHIIUIIOBO HOBUX THIIIB TEPMOCIIEMEHTIB, SKi 0a3ylOThCS Ha
IHAYKIIT TepMOeNeKTpuyHOro crpymy. Takum ymHOM Oyino 3HaiineHo Oinbiie 20 HOBUX THIIIB
TepMoesIeMeHTiB, 3anarenroBanux y CIIA, SAnownii, Aarmiii, @paniii, Tomo. CyTTeBO po3ImMpUIacs

00s1acTh 3aCTOCYBaHHs TepMoesekTpuku [19].

JIyk san leanosuy Anamuuyx (Lukjan Anatychuk, Ukraine)

3 pospobsieHoro Jly’sHoMm IBaHOBMYEM MigXOAYy BHIUIMBA€E, IO TepPMONapHa MOJIENb
MEepEeTBOPIOBaYa E€HEPrii € TUIbKM YacTKOBMM BHUIMAIKOM 13 0araThbOX MOXJIMBUX BapilaHTIB
MIEpPETBOPIOBAYIB €HEprii, 1 10 MOJANbIINN MPOTPeC y TEPMOEIEKTPHIIl MOB’SI3aHUN HE TIIBKH 3
3pOCTaHHIM JOOPOTHOCTI TEPMOETIEKTPUYHUX MaTepiajiiB, a H 3 BUKOPUCTAHHSAM HOBUX (DI3MUHHMX
MiAXO0JIB NP (POPMYBaHHI palliOHATBHUX (I3UYHUX MOENCH TepMOEIEeKTPUYHUX MEPETBOPIOBAYIB
eHeprii. ToOTo, IiCHYIOTh IO KpalHIi Mipl JBa HaNpSAMKH MIIBUIICHHS e(EeKTUBHOCTI
TEPMOEJIEKTPUYHOTO  TEpPEeTBOPEHHS  €Heprii:  mepmuid  oOyMOBIEHUH  NIEPEeXoJOoM  Bij
TEPMOENIEKTPUYHOTO CEPEOBHUIIA 3 PI3KO BUPAKEHOI HEOJHOPIIHICTIO (KITacH4Ha TepMornapa), 10
CEepEeIOBUIL 3 MPOCTOPOBOIO HEOJAHOPITHICTIO, KA BUKIIMKAE MOSIBY 00’ €MHUX TEPMOENEKTPUUHHUX
edexris [19].

[ukn poOiT, MPUCBIYEHUN JOCTIIKEHHIO TaKUX MartepianiB, sKi Ha3BaHO (YHKIIIOHAIbHO-
TPaliECHTHUMH, JO3BOJIMB 3JIMCHUTH peajbHI 3pYIIEHHS Yy MiABUIIEHHI €(EeKTHBHOCTI

TEPMOENIEKTPUYHHX TTEPETBOPIOBAYIB SHEPTIi.
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JlpyruM HampsIMKOM TIOKpAIIeHHS €(QEeKTUBHOCTI TEPMOEIEKTPUYHUX TIEPETBOPIOBAYIB
eHeprii € BUKOPUCTAaHHS OUIBII 3arajlbHUX (PI3SUUHUX MOJIENIEH MEepPEeTBOPIOBAYIB €HEPTii, y AKHUX
TEIUIOBI CTOKM Ta BHUTOKM HE JIOKQJII30BaHI y MICHSAX HEOJHOPIIHOCTEH, a € MPOCTOPOBUMHU
¢dbyHkIisiMU KoopauHaT. Bapiantamu peamizainiii Takux MojeNiel € MPOHUKHI TEPMOEIEMEHTH, SKi
MPEJCTABISIOTH COOO0 TEPMOCTICKTPUYHI MaTepiaiy 3 KaHaJaMH (IIOPaMH), 110 STKUX ITIEPEHOCHTHCS
TEIUIOHOCIH (pigumHa abo ra3). bylmo BCTaHOBIEHO, HI0 BHKOPUCTAHHS TAaKUX IPOCTOPOBUX
PO3MOALTIB JKEpesl Temja Ta CTOKIB JI03BOJSE MIABUILUTH €(PEKTUBHICTD TEPMOEICKTPUUHUX

neperBoproBauiB eneprii [20].

6. Auaeccanapo BoabTa — nepmoBigkpuBa4 TepMoeIeKTPUKH

OpnHak 30BCIM HEAABHO YKpPATHCHhKi HAYKOBII, aHATI3yIOUH JOPOOOK IHIIOTO BiJOMOTO (i3nKka
— Aneccanapo Bonbra, gociiauny, mo e y naiexomy 1794 p., B kauzi Mapio ['mo33i «Storia della
Fisica» Bmepmie Oyna npeacraBieHa it podora A. Bonbra. ¥V Hiii iTamienp onucyBas, sk OpaB IBi
CKIISIHKM 3 BOJOI0 W MK HHMMH PO3MIIyBaB TpenapoBaHy a0y, M0 CIyryBaja CBOEPIHUM

IHIMKATOPOM CIIA0KHX EIEKTPUYHUX CHTHAMIB [4].

Aneccanopo Borema (Alessandro Giuseppe Antonio Anastasio Volta) (1745-1827)

[Ticna po3irpiBaHHs OJHOTO KiHIIS 3ai3HOI IyTH y KUIUIAYiN BOJI Ta HACTYITHOTO 3aHYPEHHS
KIHIIIB JIyTW Yy JBl CKJISIHKM, BIH TIOMITHB, SIK jka0a modaia cMukaTucs. BombTa 3ammcaB: «S1
1o0aymB, sk xaba CKOPOUYETHCS AOTH, IIOKH TEMIIepaTypa Ha KIHISIX JyI'd HE BUPIBHIOETbCS». [Ipu
bOMY HUM OyJi0 3p00JI€HO BHCHOBOK PO MPOXO/KEHHS CTpyMy. biibiie Toro, BiH momivae e
Ol TOHKE siBUIIE: «[HOMI 1 6auuB, K HaBITH O€3 po3irpiBy kaba ckopouyBanacs. S 3po3yMmiB,
10 MaB HEOJHOPIJHE 31130 — MepIla YaCTHHA YUMOCh BiApI3HATAcA B ApPYyroi...». AHami3yroun
nporo Jucra, aupekrop IHcTuTyry Tepmoenektpukn HAH 1 MOHwmononscnopty VYkpainw,

akanemik JI.I. AHaTudyk 3poOMB BHCHOBOK, II0 came Asieccanapo BoibTa € mepmioBigkpuBadem
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KOHTAKTHOI PI3HUIII MOTEHIaiB. Pe3ynbTaTel iCTOPpUYHOTO TOCIHIDKEHHS OyJIO TMOBIJIOMJICHO Ha
Mixnapoaaomy (opymi 3 TepmoenekTpuku B UepHiBLsax. TaM ke MpUWHATO pILICHHS YBIYHUTH
nam’sTh BonbTa, micis 4oro 4eproBuii MKHAPOMHUN (BOpyM 3 TEPMOENEKTPUKH BiTOYBCS Y
pimHomy micti Bonsra — Komo (ITaimist), e Oyna BcTaHOBJIEHA BiANOBIAHA MEMOpiaidbHa JIOIIKA Ha

OyauHKy-My3ei Bounbra.

7. BHeckHW BUEHHMX Yy HOBIiTHi JOCSAITrHEHHSI TEPMOEJIEKTPUKHU

3 BIZKPUTTSAM HOBHMX MarepiaiiB, mo BoiomiroTh Bumumu ZT (manpukiam, ZT > 1),
BIIKPWJIMCS HOBI MOJKJIMBOCTI 3aCTOCYBaHHSI TEPMOCJICKTPUYHUX TEXHOJOTiH. [Ipo 1e CBiguMThH
BEJIMYE3HUH 1HTEpEC A0 TEPMOCIEKTPUYHUX MaTepialiB y TEMaTHUYHUX MmyOmikaimisx (puc. 7). Y To
gac sk B 1970 — 1990 p., KiJBbKICTh cTaTe MPAKTHYHO 3aJMINANACS CTaJO0, € JIBa MOMITHUX
nepiogu, KoM 4YHCIo myOmikamid pisko 3poctae: 3 1955p. mo 1965 p. KinmbkicTh pooOiT
30UIbIIy€eThCS JTiHIIHO, B pik Onu3bko 100 (puc. 7, vactuna I); 3 1995 p. mo TtemepimiHii dac
KUJIBKICTh MyOJTiKaIliii 3 TEPMOEIEKTPUKHU 3pOCTAE Y TeOMETPHUHii mporpecii (puc. 7, yactuna II). 3
[IBOTO PUCYHKY YiTKO BHJHO, IO TEPMOEJIEKTPHYHI MaTepialii BUKIMKAIOTH 70 cebe Bce OimbIie
3alliKaBJICHHS.

A
350+
300 (11)
= 250 ¢F
200
150

100F (1)
L

0
1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005
Year

Number of papers

Puc. 7. PicT xinmpKoCTi myOmiKailiii, ki BIIHOCATBCS 10 TEPMOETEKTPHUKH y Tiepiof 3 1955 p.

no 2007 p. [21].

Crig TakoX 3a3HAYUTH, 10 B OUTBIIOCTI MOCKIAHb [22, 23], akIleHT pOOUTHCS HA TOMY, IO
epexT 3eeOexa 3aleKUTh TUIBKM BiJl PI3HMII TEeMIEpaTyp MDK MMH JABOMa IepexoJamMH 3
PI3HOPIIHUX Ta OJHOPITHUX MPOBINHUKIB. [Ipu 1IbOMYy HE BpaxoOBYETbCS PO3MOJLI TEMIIEpaTypu
(TOOTO TpajieHT TeMIlepaTypu) BCepelrHI LUX NpoBigHUKIB. L{g rimore3a BigoMa K 3aKOH
Marnyca. [30TpomHICTh Ta OHOPIAHICTH METaly BHUMArarTh JOTPUMAHHS IOTO 3aKOHY IS
npoBigHUKIB. O/IHAK, OCKUIBKH ICHYIOTh HampyrH 1 aqedopmarii y 0yab-sKoMy TBEpPIOMY MeTaji 3a
rpajiieHTa TEMIEPaTypH, YHIBEPCAIbHICTh 3aCTOCYBaHHS 3aKOHY IOBUHHO OYTH TIOCTABJICHE Tif

CYMHIB.
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benenikc [24] cTBepmKyBaB, IO ICHYBaHHS IHIIUX TEPMOECIEKTPUUHUX €(EKTIiB, SK
MPaBUJIO, HE CiJ mpuiiMaTH A0 yBaru. Cepell LHMX TEPMOETEKTPUYHUX €(PEKTIB Mae Micue i1 Tak
3BaHUN “ONHOPIAHMN TEPMOENEKTPUYHHMNA e(eKT”, 3TigHO SKOro, pI3HUIM TeMIeparyp Y
CTaOUTPHOMY CTaHI MIX KIHIISIMH JIOBFOTO IPOBITHHWKA MPHU3BOJIUTH 10 cTadimizamii ctpymy. Lli
eeKTH, K IPABUIIO, BBAKAIOTHCS IOCUTh MAJTUMH, 1110 HUMU MOYKHa HEXTYBAaTH.

TepmoenekTpuuHi eQeKTH, ONUCaHi BHIIE, € OCHOBOIO JJIsI MOOYIOBH TEPMOEIEKTPUIHOTO
MOJIyJIsI, IKHH TIEPETBOPIOE TEIUIOBY €HEPTil0 B €NEKTpUUHY (puc. 8, a) a00 cUCTEMH OXOJIOKCHHSI
(puc. 8, 6). EdekTuBHICTP TEPMOCIECKTPHYHHMX IPUCTPOIB XapaKTEPUIYETHCA OE3pO3MIpHOIO
BEJIMYMHOI0 — JOOPOTHICTIO TEPMOCIICKTPHYHOro Mmatepiany [25, 26], ska € ¢yHKIieo Bia
JEKITbKOX KOe(IIli€HTIB IEPEHOCY:

B ST
Ko, (4)

€ O — eJNeKTPONpOBIAHICTh, S — KoeodimieHT 3eebexa, T — pobouya Temmeparypa, K-—

ZT

TEIUIONPOBIHICTh. UMM BHIA TOOPOTHICTH, THM BHILOK € €(PEKTHBHICTH TEPMOECIECKTPHYHOTO
MaTepially 4u eleKTporeHeparopa. TakuM YWHOM, iICHYE€ 3HAYHHN IHTEpPEC O MiJABHUINCHHS SKOCTI
TEPMOCJIEKTPUYHUX MarepiaiiB B 0araTboX MPOMHUCIOBHX Ta €HEPreTHYHUX Mporpamax. AHai3

icTOpii pO3BUTKY TEPMOEIIEKTPUYHUX MaTepianiB nokasye 36uabinenns ZT (puc. 9).

Active cooling

Heat source

Heat sink

Heat rejection

| VAV

(@ (b)

Puc. 8 Cxemarnune 300pakeHHs TEPMOCICKTPUIHUX MOAYJIIB: (&) MOIYJIb OXOJIOKEHHS,

(b) Momynp reHepyBaHHS €IEKTPOSHEPTii.
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Puc. 9. Pict ZT 6aratb0X THIIOBHX TEPMOEIEKTPHYHUX MaTepiaiis 3 yacom [27, 28].

OpHy i3 mepmux JEMOHCTPAIi TEPMOCICKTPUIHOTO OXOJOKeHHS 3aidcHuB . Jlkymian
Conpewmit, sikuit 'y 1954 p. BUKOpUCTaB TepMoeaeMeHTH Ha ocHOBI BipTe; [29]. Takox ognum 3
MEepIInX BiH BUKOPUCTAB TEPMOEICKTPUYHY HOOPOTHICTH MaTepiany, SK CIIBBIIHOIICHHS MIiX
MOEJJHAHHSAM BHUCOKHX PYXJIUBOCTI, €(EKTUBHOI Macu Ta HHU3bKOI TEIUIONPOBIIHICTIO TPATKH.

TonacmiT € aBTopoM Oaratbox (hyHIAaMEHTAIBHUX POOIT y raiy3i TepmoenekTpuku [30-32].

Horcynian T'onoemim (H. Julian Goldsmid, Sydney, Australia)

VY mnomykax marepianiB 13 BUCOKMMHU ZT 3arajibHa cTpaTeris CHpsSMOBaHa Y HaNpsMKY
JOCTIPKEHHSI HaMiBIPOBIHUKIB 13 BaXKUX €JIEMEHTIB, 110 XapaKTepU3YIOThCS MaJIOI0 MIMPUHOIO
3abopoHeHoi 30HH. ['en Crek mizcyMyBaB, 110 Kpallli MaTepiajiu MOBUHHI HECTH Y c001 KOHIIETILIIIO
"(hOHOHHE CKJIO — ENEeKTPOHHMUH KpHUCTan', sKa IoJiArae y TOMY, IO (OHOHM MOBHHHI OyTH
PO3YIOPSJIKOBaHI, SIK Yy CKJi, a €JIeKTPOHU IMOBHHHI MAaTH BHCOKY PYXJHBICTh, IIO BIIACTHUBO

KpHCTAJIIYHUM HamiBrpoBiaHuKam [33].

7.1. Cmanoenenns meopemuynux 0CHO8 MePMOEIEKMPULHO20 MAMEPIAIOZHAECMEA
BHecok y JOCHIDKEHHSI Cy4acHHUX TEpMOECJIEKTPUYHUX MarepiajliB BHecja Iila KOropra

HayKOBIIIB 3 pIi3HUX JAepxaB. Ilepmri HaykoBi poOOTH y HampsMKy HamiBIPOBIIHUKOBOTO
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TEPMOECIICKTPUYHOTO MaTepialo3HAaBCTBa OEpyTh IOYATOK, SK YK€ 3TaJyBajiocs, 3 CEpeAMHU

MHUHYJIOTO CTOJIITTS, 30Kpema, 31 mkoiau A.D. lodde.

Camoiinosuy Anamoniti I pueoposuu Jles Kopenbnum Tiyy /Imumpo Bacunvosuu
(Anatoliy Samoylovich) (Lev Korenblit, Israel) (Dmytro Gitsu, Chisinau,
Moldova)

OaHUMH 13 TepIINX, XTO PO3POOUB TEOPit0 TEPMOEIEKTPUUHUX MaTepialiB, Oynu AHaTOIIN
I'puroposuu Camoiinouu Ta Jle JleitboBuu Kopeno6mit. 3 1952 p. A.I'. CamoitnoBuy 3a mopajoro
akanemika A.®D. lodhde 3BepHYB CBOIO yBary Ha po3B’s3aHHS MPOOJIEM TEOpii HAIMIBIPOBITHUKIB.
3aranpHoBU3HAaHUMU € pe3ynbratu A.l. CamoiinmoBuya Tta JIJI. KopenOGmiita momo MarHiTHHX
BJIACTUBOCTEH, TEOpii €KCUTOHIB, 30HHOI TeOpii, 3arajbHOi Teopii KIHETHYHHUX, a TAKOX Teopii
aHI30TPOMil eNeKTPUYHMX, MAarHiTHUX 1 TEIUIOBHX BJIACTUBOCTEH HaIiIBIPOBIJHUKIB. 3HAuHUIl
BHECOK BOHM BHECIM 1 B TEOPII0 TEPMOEIEKTPUKU. 30Kpema, CIiJ BII3HAYUTH JIOCIIIKEHHS
TEPMOEJIEKTPUYHUX SBUIL B (¢epoMarHetukax mnobmuzy Toukn Kropi Ta B aHI30TpOIHUX
HaIIBIPOBIIHUKAX, TEOPII0 BHUXPOBHUX CTPYMIB, TEOpII0 AaHI30TPOIHOIO PO3CIIOBAaHHS, TEOPIIO
TEPMOENEKTPUYHHUX SIBHMI Y BICMYTI Ta B TBEpIMX pPO3YMHAX HA OCHOBI TEIypHUIy BICMYTY,
JOCHIJKeHHsl aHi3oTponii m’e30tepmo-E.P.C. y KpeMHil0 Ta repMaHilo, TEOpil0 aHI30TPOITHOIO
TEPMOEJIEMEHTA Ta 17ICF0 CTBOPEHHS MOJIYJIiB Ha Horo ocHoBi [34-36].

[lle omni€r0 MPUUKMHOIO OYPXJIMBOTO PO3BUTKY TEPMOEIEKTpUKH, 30kpema, B CPCP, Gymno
CTBOPEHHS YMCICHHUX (Pi1iii HAYKOBHX 1 BUPOOHWYMX YCTaHOB MO BCiil KpaiHi. Haitbinbin nmotyxHa
bt mepmmMx JOCHiTHO-BUPOOHMYMX MiANpUEMCTB Oyna cTBopeHa y Momnosi. Haiikpame
00’ eHATH 3yCUIUIST MOJJIOBCHKHUX BUYeHHX 3Mir akajgeMik AH Momnnosu JImutpo BacunsoBuy [y
[37]. Bin cTBOpHMB MiKHApOIHY J1a0OpaTOPiF0 BHCOKOTEMIIEPATYpPHUX HAIMIBIPOBIAHUKIB Ta
TBEPJOTUIILHOI €NEKTPOHIKH, OYB TUPEKTOPOM [HCTUTYTY iHXKEHEPHOI eNeKTpoHiku. Came 3aBIsKH
oMy TaM Oyna CTBOpPEHa LIKOJIa TEPMOEIEKTPUYHOTO HAIiBIIPOBITHUKOBOTO MaTepialo3HABCTBA,
sIKa Ha ChOTOJHI BKJIIOUae y cebe OaraTo 3HaAHUX IO IIJIOMY CBITI JOKTOPIB 1 KaHAHWIATIB HAYK.
Tenep IHCTUTYT, IKMM BiH KEpyBaB, HOCUTh HOTO iM’51.
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Bbapancovrkuii Ilempo leanosuy @peik [Imumpo Muxatinosuu
(Petro Ivnovych Baranskiy, Kuis, Yxpaina) (Dmytro Mykhaylovych Freik, Isano-@panxiscok,
Ykpaina)

B VYkpaini Baromuii BHECOK B PO3BUTOK OJHOTO 3 HAHOIIBII aKTya bHUX HANPSAMKIB (Pi3UKH
HaMIBIOPOBIHUKIB, TOB'A3aHOTO0 3 TEOPETUYHUMHM Ta EKCHEPUMEHTAIbHUMHU JIOCIIIKEHHAMU
KIHETUYHUX SBUI y OaratomonuHHux HamiBrnposinHukax BHIiC [1.I. Bapancekuii. [lle Ha moyarky
CBO€I HAYKOBOi Kap’e€pW BiH, JOCHI[UKYIOUH TEPMOEIEKTPUYHI BIACTHBOCTI MOHOKPHCTATY
repMaHito, BUsSBUB HEBUKOHAHHSI Ipyroro npuHnuny repmoanHamiku [38]. Lle Oyio cencariero. Sk
BUSBHJIOCH, MPUUYUHOIO Oyna HEOMHOPIIHICT, MOHOKpHcTanmy. [li3Himme HuM Oynu po3poOieHi
METOAMKHA  JIOCTIDKCHHS  HEOJHOPITHOCTEH  HAIBIOPOBIIHMKOBUX  KPUCTAJIiB Ha  OCHOBI
TEPMOEJIEKTPUYHUX, MArHITOCNIEKTPUYHUX Ta 1HIIMX iX (I3MYHUX BiacTuBocTel. OcobIuBO ciif
3a3HaunTH, 1o [lerpo IBaHOBMY pPO3BHHYB HOBHMI HampsiM — (i3MKa Tpa/lleHTHO-HEOJHOPITHUX
cTpykTyp. HuM mnpoBeneHoO 3icTaBi€HHS AOCIHIAHMX JAHUX 3 TEOPETHUYHUMM pe3ylbTaTaMH, Je
MIOCTIIOBHO BPAaxOBaHO €(eKT eNeKTPOH-()OTOHHOI B3a€MOJIl (3aXOIUIEHHS) SK MpPU BIJACYTHOCTI,
Tak 1 3a HasBHOCTI JOBUIBHOI 3a BEIMYMHOK OJHOCHPSIMOBAaHOI NpYyXKHOIO Jedopmarii i
MarHiTHOTO TOJIsL, JIOBUTLHO OPi€HTOBAHOTO BIJIHOCHO KpHcTanorpadiunux ocei [39-41].

BaxunBi NTOCATHEHHS Yy pO3BUTKY MEPCIEKTUBHUX TEPMOEIEKTPUUHUX MaTepiaiiB Ha
ocHoBi crnonyk II-VI, IV-VI ta ix TBepaux po3uuHiB 3poOuB mpodecop Amutpo Muxaitnosuu
Opeik. Bin 3yMiB MoeAHAaTH y €IMHOMY KOMILIEKCI TEPMOAMHAMIUHUN, KPHUCTAJIOXIMIYHHM,
KBa3IXIMIYHHM Ta KPHUCTAJIOKBA3IXIMIYHUNA TIAXOAM, WO JO3BOJIAIO PO3BUHYTH 3 BHCOKOIO
TOYHICTIO 1H)KEHEepito Je(eKTHOI MiJCHCTeMU HaIliBOpOBIMHUKOBUX MarepiamiB [42]. TloemHanHs
TAKOro MiAXOJY 13 PO3POOKOI0 TEXHOJOTIM CHHTE3y Ta BiANady KpUCTAJiB, a TAaKOX MapogazHux
METO/IB OTPUMAaHHS TOHKMX IUIIBOK NPHU3BENO 1O peecTpaiii HUM OJU3bKO COTHI MAaTEHTIB Ha
TEXHOJIOTIi HOBHMX MaTepialiB i3 BHCOKHMH 3HAYCHHSIMH TEepPMOEIEKTpUUHOI mo0poTHOCTI [43].
Kpim Toro, JImMutpo MuxaiinoBuu 3amo4yaTKyBaB HOBHM HAayKOBUH HampsM — (i3HMKO-XIMIYHI
OCHOBH MaTepiajO3HaBCTBA HAHOCTPYKTYP, TOHKHX IUTIBOK 1 KpHCTaliB Ha OCHOBI cronyk V-V,
MEPCIEKTUBHUX ISl aKTUBHUX EJIIEMEHTIB ONTO-, MIKPOEIEKTPOHIKH, iH(PpauepBOHOI TEXHIKH 1

TepmoenekTpuku [44-46].
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Typesuuy FOpiii I'enpixoeuu bynam Jleg [lemposuu Cabo Eseeniti llasnosuu
(Yuriy Gurevich, Mexiko, (Canxm-Ilemepoype, Pociiicbka (Cyxymi, Abxaszia)
Mexcuxa) Dedepayis)

Bimomuii  ¢izuk-teoperuk 1O.I'. 'ypeBud po3poOWB HemiHIHHY TEOPil0 NOUIMPEHHS
€JIEKTPOMArHiTHUX XBUJIb Yy HAaIlIBIPOBIAHHMKAX 1 IJIa3Mi; TEOPII0 SBUII MEPEHOCY OOMEKEHHX
HaMiBIPOBIIHUKIB B CHJIBHUX TEMIIEPAaTypHUX 1 €JIEKTPUYHUX IOJSIX; TOCIIIUB HOBI MEXaHI3MH
TCHEepYBaHHs TepMO- 1 (HOTOTaNbBaHIKM B HAIMIBIPOBIIHUKAX; EJICKTPUYHY HECTIHKICTh B
HAIIBOPOBIIHUKAX; BU3HAYMB 3aKOHU TONIMPEHHS €JIEKTPOHHHUX 1 ()OHOHHUX TEIUIOBHX XBWIb Y
HamiBrpoBigHuKax [47-49]. A pe3ynbpTaToM HOro KepyBaHHS YCIIIIHUMHA MKHAPOTHHUMHU HAYKOBO-
JOCHITHUIBKUMH HPOEKTAMHU CTajl0 CTBOPEHHS TEPMOEIEKTPUYHHUX Ta EKOJOTIYHO YHCTUX
(bOTOETEKTPUYHHX TIEPETBOPIOBAYIB.

Binomum HaykoBuEM, KMl B OCTaHHI POKM BHIC YU HE HAHOUIBLIMI BHECOK Y PO3BHUTOK
TEPMOENEKTPUYHUX cucTeM oxoiiojukeHHs € JleB IlerpoBuu bymar. OpgHak, BiioMHM BiH CTaB
3HA4YHO paHille, KOJIU po3poOMB SKICHO HOBI MIJXOJIU 10 TEOPETUYHOTO JIOCTIKEHHS KIHETHUHUX
SBHI B KOHJCHCOBAaHHMX CEPEIOBHINAX B YMOBAaX BEIMKHUX TPAIICHTIB TEMIIEPAaTypH, BUSBUB
JIECSITKM HOBUX HENIHIMHUX 1 HEJNOKaJIbHUX e(ekTiB. Jledki 3 1mux eQexTiB Oynu MiaTBEepIKeH]
ekcriepuMeHTanbHo. [1okasas, 110 Mae miclie 06'eMHa Ta MOBEPXHEBA HEY3TOKEHICTh TEMIIEPATyp
(oHOHIB 1 HOCI{B 3apsay B yMOBax pI3KHX TEMJOBHUX HeoaHopiaHocTed. Hum 3amponoHoBaHa
Teopid, sIKa BHU3HAYa€E MEXY TEPMOEIEKTPUYHOI JOOPOTHOCTI MEPETBOPIOBAYIB Ha OCHOBI
MPOCTOPOBO OoAHOPiAHMX MaTepianiB. CmimbHo 3 koseramu JLII. Bynatr po3poGuB Teopito
TEPMOENEKTPUYHUX SBUII B 00'€eMHUX HAHOKPUCTAIIYHUX CTPYKTypax 13 BpaxyBaHHSIM
TYHEJIIOBaHHS Ta EHEepPreTH4Hoi (inbTparii HOCIiB CTpyMy, poO3CiloBaHHA HOCIiB 1 (pOHOHIB Ha
rpaHuipix HanosepeH [50-52].

Ille omuH BUeHMA, IKOTO MOTPIOHO Bim3HAuUMTH, IIe €BreHii [laBmoBuy Cabo, KUl BUSIBUB
POJIb JIETYIOUMX JOMIIIOK 1 CKJIaay 3epHOrpaHMYHUX (Pa3 Ha KOHIEHTPALII0 BIACHUX TOYKOBHX
nedeKTiB, BU3HAYHB POJIb PE30HAHCHHUX CTAHIB y BCTAHOBJIEHHI PIBHOBa)KHOI KOHIIEHTpALlii HOCIIB

3apsily Ta iX PO3CISHHI, IO BHU3HAYAIOTh TEPMOEJIEKTPUYHY E(PEKTHBHICTh XaJIbKOTCHIIHUX
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MarepianiB. KpiM Toro, HuM BU3Ha4€HO KPUTEPii MiAOOPY KOMIIOHEHTIB TBEPAUX PO3UYHMHIB 3 METOIO
MiABUILEHHS TepMOETIeKTpU4HOI edekTtuBHOCTI. [Ipu AOCHiTKEHHI HOBITHIX TEPMOEIEKTPHYHHX
MmatepianiB €.I1. Cabo 3anmponoHyBaB METOJ ITiIBHIIEHHS CTaOUIBHOCTI Ta MEXaHIYHOI MIIHOCTI
TENypUAYy CBHUHIIO P-TUIY TIPOBIIHOCTI Yepe3 BBEACHHS 3CpHOIPaHUYHOI (a3u ITUTEITypPHIY

kobOanbTy [53-56].

7.2. Hanocmpykmypoesani mepmoenekmpuyuni mamepianiu

[{ikaBUM € TOCITIIPKEHHSI BHECKY JKIHOK Y TepMoelieKTpuIli. OcoOaruBO MpuBEpTaE yBary Tou
(dhakT, 1o HaNOUIBII 3HAYHI PE3YyIbTaTH IIPH JTOCITIPKEHHI HAHOCUCTEM OyJIM OTpHMaHi caMe HUMU.

Tak, 30kpema, mpocdecop MacauycceTchbkoro yHiBepcuteTy Minapen Jlpeccenbxayc
3po0OMiia BEIMKAKA BHECOK y BUBYCHHS TEPMOCJIECKTPUKH, BIIACTHBOCTEH TpadiTy, rpadiToBHX
QJUIOTPONHUX CIOJYK, BYIJIELEBUX HAaHOTpYOOk. KepoBaHa Hero rpyma BUEHMX BHUKOPHUCTOBYE
METOAM PO3pPaxyHKY 30HHOI CTPYKTYPH, PaMaHIBCHKOI'O PpO3CiIOBaHHS Ta MarHiTOTPaHCIOPTHI
METO/IU y BUCOKUX MOJIAIX. [i iHTepecH B ramysi HAyKOBHX JIOCIIKEHb — 1€ €IeKTPOHHI MaTepiajy,
30KpeMa HAHOHAYKW 1 HAHOTEXHOJIOTii, HANpHKIAJ, HAHOHUTKHA BICMYTYy YM BUKOPUCTAHHS
HAHOCTPYKTYp B HU3bKOBHUMIpHIN Tepmoenektpuui [57-59]. Bona TpuBanmii 4yac ovosroBajia
aMepUKaHCbKe (I3MYHE TOBAPHCTBO. 3 HENABHBOIO Yacy CHUIBHO OYOJMJIA JEeCSITUpIUHE
nociipkeHHs HanioHaneHOT akageMii Hayk o0 «KOHJICHCOBaHMX pEUYOBHHAX Ta (i3ULl MaTepialiBy.

[Tpotsirom 2000-2005 p.p. 3a miarpumkun CRDF B pamkax [Iporpamu ciibHUX HayKOBHX
MPOEKTIB, Yy PE3yNbTaTl CHUIBHUX JOCHIIKEHh HayKOBLIB HallloHadIpHOTO TEXHIYHOTO
yHiBepcuTeTy ‘“XapKiBCbKMHM MOJITEXHIUYHUI IHCTUTYT  MiA KepiBHMLTBOM mpodecopa OneHu
IBaniBHM PorayoBoi 13 amepuKaHCHKUMHM Kojeramu 3 MaccauyceTcbkoro TexHOJIOTriuHOro
IncTuTyty (;maboparopis npod. M. Jlpeccenxayc) Oyno BUSABICHO psif HOBUX (Pi3MUHUX €(EKTIB y
rajgy3i TepMOEIeKTPUUHOI eHepreTuku [60].

OtpumaHi  pe3ynbTaTH  CTOCOBHO  MiABUINEHHA  €(EKTUBHOCTI 1  TMOJIMIIEHHS
eKCIUTyaTal[iiHUX BJIACTUBOCTEH TEPMOEIEKTPUUYHUX MaTepiasliB CTald BAXJIMBUM KPOKOM Ha
NUIIXY 110 PO3pOOKK (i3MYHHX OCHOB KEPYBaHHS TEPMOCICKTPUYHUMHU  BIIACTHBOCTSIMHU
HU3BKOPO3MIPHHUX CTPYKTYP, OCKUIBKH JI€MOHCTPYIOTh MOKJIMBICTh CTBOPEHHS HOBUX MaTepialiB 3
BHCOKOIO TEPMOEJIEKTPHUYHOIO €(EKTUBHICTIO, MPUUYOMY Jiama30H MPAKTUYHOTO BUKOPUCTAHHS
TEPMOEJIEKTPUYHUX JIKEpeNl eHeprii JOCTaTHbO BEJIMKHUU: BiJl €HEpronocTadyaHHs aBTOMAaTHMYHHX
METEOCTaHIIM, TiaporpadiyHuX 1 HaBIraliiHUX MOPCHKUX OyiB 10 3a0e3MeueHHs EHEpriero

KOCMIYHHX amaparis.
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Minopeo Jlpeccenvxayc Onena Isanisua Poeauosa Hikonaesa Anvbina
(Mildred Dresselhaus, (Olena Ivanivna Rogachova, Onexcanopiena
Maccauycemcoxuil yrigepcumem, Xapkis, Yrpaina) (Albina Nikolaeva, Kuwmunis,
CILIA) Mondosa)

Ili pe3ynbTaTh 3acBIMYWIM  peajbHy MOMJIMBICTH  MiJBULICHHS  e()EeKTHUBHOCTI
TEPMOENIEKTPUYHUX MaTepialiB LUIAXOM BHKOPHCTAHHS HU3BKOPO3MIPHUX CTPYKTYp, WLIO €
CTUMYJIOM 70 TOJAIBIIMNX TEOPETHYHUX, CKCIIEPHUMEHTAIPHUX Ta MPHKIAAHUX JOCIIKEHb 3
BUKOPHUCTaHHA HAHOTEXHOJIOTI Yy TepMOeNeKTpuuHiid eHepretumi. OgHUM 13 HaHOUIBII
PE30HAHCHUX Pe3yJbTaTiB TAKUX CHUIBHUX JOCIIUKEHb € BU3HAYEHHS Ta MOSICHEHHS KBAaHTOBUX
OCIIMJIALIH TEPMOEIEKTPUYHUX TapaMETPiB HammiBIpoBiaHukiB [61, 62].

SlckpaBum mpenctaBHUKOM mKoau nipodecopa Iy € mpodecop Anp6ina Hikonaera. Hero
BIIEpIIIE pO3pOOJIEHa TEXHOJIOTIS Ta OTPMMaHI MOHOKPHUCTAIIYHI HAHOHUTKU Ha OCHOB1 Bi Ta #oro
CIUTaBIB Yy CKJIsIHIM oOoJoHIll, miameTrpoM 10 40 HM, Ha SKHX BHSBJICHI TPOSBU KBaHTOBOTO
po3MipHOro eQeKTy B 3aJEeKHOCTSAX €JIEeKTpoomnopy, Marsitroonopy Tta Tepmo-E.P.C. Big
TeMIlepaTypu, TOBIIMHH i fedopmariii i kpucranorpadivHoi opienrarii [63, 64].

Binomi Takoxx poGOTH MO BU3HAUYEHHIO 3aKOHOMIPHOCTEW 3MIHM (PI3UYHUX BIIACTUBOCTEH
(BKJIIOYAaOUM TEPMOEJEKTPUYHI BJIACTUBOCTI) MpPU MEPEXOAl BiJl MAaCUBHHUX MOHOKPHUCTAIIB J10
HU3BKOPO3MIPHUX CTPYKTYp 1 HaHOCTPYKTyp, BUKOHaHI B.M.I'pa6oBum. Hum mnposeneHo
JOCITIJIKEHHS 3aKOHOMIPHOCTEH 3MIHU CTPYKTYpPH, SIBUIL IEPEHOCY, TEPMOEIEKTPUYHHX SBUII] IIPU
Mepexo/ii BiJ MACUBHUX MOHOKPHUCTAJIB 10 HU3bKOPO3MIPHUX CTPYKTYp 1 HAHOCTPYKTYpP Ha OCHOBI
BICMYTY Ta TBEpJMX PO3YMHIB BicMyT-cypMa [65]. 3acHOBaHO HAayKOBHil HAMpPsIM, SIKMI JTOCIIKY€E
3aKOHOMIPHOCTI HOBOTO KJIacy Iepei0aueHuX Ta eKCliepuMeHTalnbHO BUsiBieHuX B.M. I'paboBum i3
CHIBpOOITHUKAMH, KIHETUYHHUX SBUIL, HA3BAaHUX TEPMOEIEKTPOKIHETUUHUMH SIBHILAMH, IO
(hOpPMYIOTBECST ¥ B'SI3KMX €IIEKTPOIPOBIIHUX CEPEIOBUINAX 32 HASIBHOCTI MEPEHOCY MAaCH, TETUIOTH,
EIIEKTPUYHOTO 3apsay B TEPMOAMHAMIYHO HEPIBHOBAXHHX YMOBaX, BKIIOYAIOUYH YMOBHU
(dbopmyBaHHS MpolieciB camoopraHizarii [66].

I'pyHTOBHI JOCHI)KEHHS HAHOKPHCTAIIYHUX HAIIBIPOBITHUKOBUX IUIIBOK B YHIBEPCHTETI

ben-I'ypiona mig xkepiBHHITBOM mpodecopa 3.M. JlameBchbKOro mpu3BENIH 10 PO3POOKH
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TEOPETUYHUX OCHOB Ta CTBOPEHHS MIHIATIOPHUX TEPMOEIEKTPUYHUX TE€HEepaTopiB Ha TOHKHUX

utiBkax [67-69].

I'paboe Bonooumup Munosuu Haweescokuii 3unosii Moticetiosuu
(Grabov Vladimir Minovich, Cauxm-Ilemep6ype, (Dashevskiy Zinoviy, Bip Illise, I3pains)
Pociiicoxa @edepayis)

Tpimm Teppi Kacisn Anamoniu Ippadionosuy - Jpyorcunin Anamoniii
(Tritt Terri, Knemccoxuii (Anatoliy Kasian, Kuwunis, Onexcanoposuu (Anatoliy
yrieepcumem, CIIIA) Monoosa) Druzhynin, Jlssie, YKpaina)

HiseHicTh me omnoro npencraBHuka CIIA — mpodecopa Teppi Tpitra, skuii neTaibHO
BUBYAB EJIEKTPUYHI Ta TEPMIUHI TPAHCIOPTHI BIACTHBOCTI H SBHWINA y HOBHX MaTepianax,
30Cepe/PKeHa B OCHOBHOMY, HAa CHHTE31 Ta BH3HAUEHHI XapaKTEPUCTHK TEPMOEIEKTPHUYHHX
HaHOMaTepiajliB 1 HaHOKOMIIO3MTIB, a TaKOXX XapaKTEPUCTUK IMapaMeTpiB TEPMOEIEKTPUYHOIO
Matepiany, ocobmauBo TemionposigHocTi [70, 71]. Cam »xe T. TpitT Mae 3HA4HHN JOCBIA Yy
BUMIPIOBAJIbHIA TEXHIIll, 3aBJSIKM YOMY BIH 1 CTBOPHB BCECBITHHO BIJOMY JIaOOpaTOpPItO ISt
MIPOBE/ICHHS BUMIpPIOBaHb.

[Ile ogHuM mnpencTaBHUKOM MOJIOBH, SKHH BHUBYaE€ Ta OTPUMAB Baromi pe3yiabTaTd B
JOCITIJKEHHI HU3BbKOPO3MipHUX CTPYKTYp € A.l. KacisH, sikuii BUBYa€ OJMHUYHI Ta MepiogudH1 P-N-
romo- i rereporepexou [68].

Hum  BiZKpuUTO HOBHMII MeXaHi3M BHMHUKHEHHS TEPMOCJCKTPUYHOI HANpyrd Ha
noTeHIiabkHOMY Oap'epi, sika 00ymoBiIeHa Tepmoandysieto HociiB 3apsny. Edekr nmonarae B Tomy,

IIo Mpu MNCBHUX YMOBax TepMOZ[I/Iq)YBuiH HOCIIB NpU3BOAUTL HC N0 3MCHIICHHA, a 10 3POCTaHHSA
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HNOTEHIIaIbHOro Oap'epy Ta JO BUHMKHEHHS Ha HbOMY TEPMOEJIEKTPUYHOI HAIpPYrd 31 3HAKOM,
NPOTHJICKHUM 3BHYAiHIA QoTroenekTpuuHiii Hanpysi. CremianpHO 37iMCHEHI eKCIIepUMEHTH
MIATBEPIMIH [IeH TEOPSTUYHUN BUCHOBOK.

Takox, HMM Oyno MOKa3aHo, WO B CTPYKTypax 13 p-N Ta P-N-p-mepexojamu, Ha
HNOTEHIIAIbHUX Oap'epax BUHMKAIOTh TEPMOEJIEKTPUYHI HANpyrw, IO 3HAYHO IEPEBUILYIOTH,
HaNpyTrd Ha KIHIAX CTPYKTYpH. BOHU MOXYTh OYTH BUKOPHCTaH| y TEPMOEIEKTPUIHHUX MPUCTPOSIX,
a TaKOX TIOBHHHI OyTH BpaxoBaHi /I 3a0e3MeYCHHS HAIIHHOCTI MIKPOEIEKTPOHHUX MPUIIA/IIB, 1110
IIPALIOIOTh B HE130TEPMIYHUX YMOBaX.

Bynu BH3HAayeHI TEOPETUYHO ONTUMAJbHI MapaMeTpd 1 MaKCHMalbHI 3HA4Y€HHS
0e3p0o3MipHOT TEPMOEIEKTPUIHOI J0OpoTHOCTI ZT B KBaHTOBUX siMax n-1 p-tuity PbTe / PbEuTe B
OUTBII peaTicCTUYHOT MOJETII.

Ha nuisxy 10 nouryky nepcnekTUBHUX TepMoeneKTpuuHux MartepianiB A.l. KacisHom Oyna
3arporoHOBaHa 1 AOCIII)KeHa HOBa, O1IbIII MOBHA MOEIb KBa310AHOMIPHOTO OPraHiuHOTO y B SKIiH
BpaxoBaHO 1HTEP(EPEHIiI0 ABOX TOJOBHUX MEXaHI3MIB €JIEKTPOH-(POHOHHOI B3aeMOAiil. 3aBIsSKu
iHTepdepeHIlii, yac penakcarii HOCIIB sK (QYHKIIis BiJ eHeprii HaOyBae pi3KOr0 MaKCUMyMY, THITY
Jlopenmiana. Hocii B nmmx cranax OyayTh MaTH BHCOKY pPYXJIMBICTh, a KPHCTal — BHCOKY
€JIEKTPONPOBIAHICTD. 3 1HIIIOI CTOPOHH, pi3Ka 3aJeKHICTh Yacy pelsakcailii BiJ eHeprii 3a0e3meunuThb
BUCOKI 3HaueHHs TepMmo-E.P.C., mo nae MOXIUBICTH peanizyBaTW B NEBHMX KBa310JHOMIPHHUX
OpraHiyHHX KpHCTaJlaX BUCOKI 3HAYCHHS (paKTopa MOTYKHOCTI [72].

Excnepumenrtarop Ta Martepiano3HaBelb A.O. [[pyXMHIH BHUSIBUB Ta BUBUUB IPHUHIIUIIOBO
HOB1 MEXaHI3MHU BIUIMBY (I3MYHUX BEIMYUH HA YYTJIUBI €JIEMEHTH MIKPOEJIEKTPOHHUX CEHCOPIB,
0 Ja€ MOJIMBICTh LIJIECHPSIMOBAHO PO3POOUTH MIKpO-1 HAHOCTPYKTYpOBaHI Marepiaiu Ta
CTPYKTYpU Ha iX OCHOBI, a TaKOX 3aCTOCOBYBAaTH HOBI ()13MYHI HMPUHLMUIHN Ta HAYKOBO-TEXHIYHI
MIIXOA BUTOTOBJICHHS MIKPOEJIEKTPOHHUX CEHCOPIB 13 ICTOTHO MIJABUIIIEHUMHU OCHOBHHUMH

XapaKTePUCTHKAMH - Yy TIMBICTIO, CTA0UIBHICTIO Ta JIOBroBiuHicTIO [73, 74].

7.3. Ilpuknaoui docaznenus y mepmoenekmpuui

[Tepui TepmoenexktpuuHi reneparopu (TEID), mo mnpaioroTh 3 BUKOPHUCTaHHSAM e(eKTy
3eebeka, Oynu cTBopeHi mie HampukiHmi XIX cTomiTTs fK pKepena eNeKTPUYHOI eHeprii B
noOyToBUX Ta TexHIYHMX HUAX. Y mux TED epexkTuBHICTH NEpeTBOPEHHS TEIUIOBOI eHeprii B
enextpuuny (KK/) nHe mepesunryBana 1%, OCKIIBKH BITKM TEPMOEIEMEHTIB OYyJIM BHTOTOBJICHI 3
METaJIiB Y METAJIEBUX CIUIaBiB. TOMY, B IIEpIIy Yepry, TEPMOEIEKTPUKA 3HANUIIIA BUKOPUCTAHHS Y
METPOJIOTii, TPH BUMIPIOBaHHI TEMIIEpaTypH 3a JTOIOMOTOI0 METaIEBUX TEPMOIIap.

3 kiHug 1950-xX pokiB, IpU JOCHIIHKEHHSX HAMiBIPOBIIHUKOBUX TepMomap 3'sIBHIIUCS

MOBIJOMJICHHS TIPO 3aCTOCYBaHHS HaIlIBIPOBIAHUKOBUX TEPMOEIEKTPUYHUX MPUCTPOIB ISl CHCTEM
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OXOJIOJKEHHSI Ta BHUPOOJICHHS EJEKTPOCHEPrii, a Mi3HIIe IJIs BUPOOJIEHHS EJIeKTPOCHEprii y
KOCMOCi, 1[0 YCHIIIHO KOHKYPYB&JIO y TOPIBHAHHI 3 IHIIMMH BHJAMH HEBEJIHKHX
enekrporeneparopie  [75]. YV 1990-x pokax Ha puHKY BxKe Oyna BeluKa KUIBKICTh
TEPMOEJIEKTPUYHUX XOJOJWIbHUKIB, 1, MouuHarouu npubausHo 3 2000 p., TepMoeneKkTpHUyHi
TEXHOJIOTI1 YCITIIIHO MOYaJid BUKOPUCTOBYBATUCS Y aBTOMOO1IEOYIyBaHHI JJIsI CTBOPEHHS CHCTEM
TEPMOECIIEKTPUYIHOTO OXOJIOJDKECHHSI, TAIrPpiBY CUIIHB [ 76].

3 [pakTHYHOI TOYKM 30py, IHTCHCUBHUI PpO3BUTOK TEPMOECICKTPUKU BiIOYBCS B
konumHboMy CPCP 3aBnsku akamemiky lodde. BiH mporrHo3yBaB BenuKi TNMEPCHEKTUBH IS
TEPMOEJIEKTPUKM Y HapOJHOMY TIOCHOJApCTBI, HaBiThb 3yMiB IepekoHaTH y Lpomy CraniHa.
BinmosigHo, micas po3moBu 31 Craninum y 1951 p. Oyna gaHa AMPEKTHUBA BIAKPUTH MPOMHUCIIOBE
BUPOOHUIITBO JIKEPEJ KUBJICHHS Ha OCHOBI TepMoeneMeHTiB [77]. IlepumM qUpEeKTOpOM Takoro
BUpOOHULITBA Oyi10 npu3HayeHo Mukony Crenanosuya JlinopeHka.

H.C.Jlinopenko OyB BHIaTHHUM OpraHi3aTOpOM cydacHOro BupoOHunTBa. Ilig ioro
KEepIBHULTBOM 13 3BHYaiHOi s1aboparopii Oyno cTBopeHo 3aBoj «TepmoreHeparop», BeJHKa
KUTBKICTh HAYKOBUX TPyII 1 Jabopatopiii. Jlexuit gac nmumie y MOCKBI KiIBbKICTh MpaIiBHUKIB TaKol
crpykrypu csrana 11 000 gonogik. Ili3HinIe miAIpHEMCTBO PO3MIMPHIIOCS HACTUIBKH, IO HA HOTO
OCHOBI Oajy CTBOpEHI Ta MpaIfoBajM JACCITKH OKPEeMHX 3aBOJIIB 1 HaykoBuX (imiid. HaiiOiipmi 3
HUX — MongaBcbka ¢urtis y M. Kumunesi, Jleninrpaaceka ¢inis, Ha 6a3i SKOi BUHUKIO HayKOBO-
BUpOOHNYE MiAIpueMcTBO «KpioTepm», sike YCHIIIHO MpaLloe i Ha TaHUH yac.

ITin xepiBuuuTBoM M.C. Jlinopenka Oynau JOCATHYTI 3HauHI ycHiXu B o0macti
TEPMOENIEKTPUYHOI0 MaTepiaJO3HAaBCTBA. OINTHUMI30BaHI HAMIBIPOBIIHUKOBI CIIJIaBM Ha OCHOBI
XaJIbKOTEHI/IIB CBUHIIO, T€PMaHII0 Ta OJIOBAa, BUPILICHI MUTAHHSA (I3UKO-XIMIYHOI CYMICHOCTI
MaTepiajiB B TepMOeIeMeHTaX, po3po0JeHl MaTepiaau A aHTUANPY31iMHUX Oap'epiB, TEXHOJOTI]
HAHECCHHS eJIeKTPOI30JIAIMHIX MOKPUTTIB Ha ruta3MotpoHax [78, 79]. Lle mo3Bonuiio mepeiT Ha
BUITYCK TEPMOEJIEKTPUYHUX T'eHepaTopiB noTyxHicTio 150 1 200 Bt 3 TepminoMm ciayx0u 15 pokis.
3araibHa KUIBKICTh TEPMOEJIEKTPUYHUX T'€HEpaTopiB, pO3pOOJIEHHUX Ha ra3olpoBOjAaX KpaiHH B
ymoBax Kpaitawoi [liBHOUi, Cubipy i BaXXKKOJOCTYIMHUX paiioHax neHTpy Pocii, carama 10 000 mTyk
Hum OyB oTpumanuii kputepiil, HazBaHuUl «kputTepieM JIiTOpEeHKO», SKHI TO3BOJIUB CTBOPUTHU
TEPMOEJICKTPUYHI T'€HEepaTopu MAarHiTHOrO TOJs, 3/aTHI MpauioBaTH y BHCOKOTEMIIEpaTypHil
TUTIa3Mi.

TexHoNOr1uH1 YCHiXy J03BOJMWIM HAYyKOBOMY BUPOOHUITBY CTBOPUTH YHIKaJIbHY, HaBITH 3a
CBOTOIHIIIHIM pIBHEM, TEpPMOEIEeKTpUuHy OOpTOBY enekTpoctadiito — TEI-150 3 aromHo-
PEaKTOpHUM HarpiBaHHsAM HoTyXkHicTIo 150 kBt mns atomHoro minBoaHoro 4oBHa. [Hm Horo
PO3pOOKH BHUKOPUCTOBYBAJIUCS, SIK aBTOHOMHI JDKEpena €JIEKTPOXKUBICHHS M pamiopeleHux

JHIA MaricTpaJbHUX TPyOONpoOBOIiB, po3TamoBaHux y panoHax Kpaitapoi IliBHOui, Cubipy, y
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BAKKOJIOCTYIMHUX paioHax meHTpy Pocii Tta myctemsx Cepennpoi A3ii. Ilig #oro kepiBHHUIITBOM
Oynu po3poOJeHi 130TOMHI TePMOEIEKTPUYHI OOPTOBI JpKepena eneKTpuyHoi eHeprii «Opion» Ha
nosionii Poy1o. BecTanoBneni Ha MBOX IITy4yHHMX cynmyTHUKax 3emii «Ctpijma-1» BOHHM yCHIITHO
BIAMpaIlOBaIM TapaHTIHHUNA TepMiH. B  pesymbTaTi, ana CTBOpeHHsS OOpPTOBOTO JpKepesa
€JICKTPOKUBIICHHSI TTOTY>KHICTIO KIJIbKa KUIOBAT OYJI0 BiIJIaHO IEpEeBary siICPHUM CHEPreTHYHHM
YCTaHOBKaM.

I'pomagsuaceka nmosuniss M.C. Jlizopenka 4iTKo BKa3zyBaja Ha HEOOXiJHICTh BUKOPUCTAHHS
CKOJIOTIYHO HE IIKI[UIMBUX BH/IB CHEPIii, 10 SKOi BigHOCHTHCA 1 Tepmoenektpuuna [80]. Tomy,
JIOTIYHUM KPOKOM CTaJl0 CTBOPEHHS TEPMOCICKTPUYHUX T'€HEPATOpiB HA3eMHOTO 1 KOCMIYHOTO
0a3yBaHHsI, SKI IPAIIOIOTh 3a PaXyHOK HArpiBy BiJ BUKOPUCTAaHHS COHSYHOI eHeprii. CoHsUHMIA
TEPMOETIEKTPUYHHI TEHEPATOP € TIOHOBIIOBAHUM JKEPETIOM EJEKTPUYHOI eHeprii, KU He 3aBaae
IIKOJIM €KOJIOT1 1 BKa3ye Ha HOBUM €Tall PO3BUTKY aBTOHOMHOT €HEPIeTHKH.

Po3BuTOoK mociikeHb W po3pOOKHM HAMIBIPOBIAHUKOBUX KacKagHUX TepMoOarapei, o
MPAIIOITh B PEKUMAX TEHepalii CTpyMy i OXOJIOJDKCHHSI Y 3HAYHIA Mipi BU3HAYMBCS TaKOX 1
BHeckoM €preHa KoctsatuHoBHua lopnmanimBimi. BiH akTuBHO 3aiiMaBCs OCIIIKCHHSIM
IMIIYJIBCHUX PEXHMIB TEPMOCIEKTPHYHOTO OXOJIO/KEHHS, HECTAlllOHAPHUX IPOLECIB B CUCTEMAax
IPSIMOTO TIEPETBOPEHHS €Heprii CBiTIa B (hOTOTEPMOCIEKTPUUYHHX MepeTBoproBadax [81]. Yuenwuii
BHIC 3HAQUHMA BHECOK Yy CTBOPEHHS TEPMOENEKTPUYHUX MPUIAAIB  KPIOMEIHYHOTO,
3arajIbHOTEXHIYHOTO Ta CIIEHIaTbHOTO TMPH3HAYCHHS, armaparypu s 3a0e3ledyeHHsT HayKOBHX

eKCIIEPUMEHTIB Ha OOPTy KOCMiYHMX KopaOimiB [82-84].

-
&

=
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Jlioopenxo Mukona Cmenanoguy lopoaniweini €ezen Kocmanmunosuu
(M.S. Lidorenko, 1916-2009, (E.K. lordanishvili, 1928-2010,
Mocksa, Pociticoka @edepayis) Canxm-Ilemepbype, Pociiicbxa @edepayist)

€Bred KOCTIHTHHOBUY aKTHUBHO 3aiiMaBCs 1 3araJlbpHUMMU TIUTAHHAMH PO3BUTKY Ta
nonyJisipu3arii TepMoeneKTpuku. 30kpema, B cTaTTi «Tepmoenektpuka XXI cromiTTs — 3MiHA
napagurm, abo TOBUTPHE CXOIKCHHS?» 3'ICOBYBAIMCS MPHYUHHM, IO MEPEIIKOKAIOTh HE TUTBKU
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TexHoyioram, a ¥ (i3ukaM 3AIHCHUTH 3HAYHHN MPOPUB Yy CTBOPEHHI HOBUX, BUCOKOC(HEKTHUBHUX
TepMoeNeKTpuyHuX MarepianiB [85]. OcHOBHY (i3nuHy MPUYHHY 1€l MEPEIIKOAN aBTOP BOAYaB y
TOMY, IO €HEpPreTHMYHi NapamMeTpu JABOX THUMIB pPyXy (CIPsIMOBAaHOIO IOTOKY YAacCTHHOK 1
XAO0THYHOTO TEIJIOBOTO PYXY), SIKI OJJHOYACHO 1 CIIPUSAIOTh, 1 MEPEIIKOKAIOTh TEPMOCICKTPHIHOMY
MIEPETBOPEHHIO €HEPTii, PO3PI3HAIOTHCSA 32 MaclTabaMu B THCSYl 1 HABITH MUIbHOHM pasiB. Ilpu
TaKUX pealisx, Ha JYMKY aBTOpa, BUKOPUCTAHHS KJIACHYHUX METOMIB MiABUINCHHS €(PEKTUBHOCTI
MaTepiajliB MOXe MaTH JIMOIe CKPOMHI MEepCHeKTHBH. ['OBOpsiuM Mpo 3MiHY MapagurM B
TEPMOECIICKTPHIII, aBTOP HABIB apI'yMEHTH HA KOPUCTh, Ha MEPIINHA OIS TTapaJ0KCaIbHOT i1ei po
MOXUIMBICTh BTPYYaHHS B TEPMOAMHAMIYHUN Xaoc 3 METOK Horo, xodya O MiHIMaJIbHOTO,
«IIPUPYUYCHHS» Ui TEPETBOPEHHS TEIUIOBOI €Heprii B eNeKTpu4Hy. ABTOp BKa3aB TaKOX 1 Ha
00CTaBUHU HE (I3UYHOTO, @ METOJUYHOTO 1 MCHXOJOTIYHOTO XapakTepy, SIKi MEepemIKoIKaroTh
KapJMHAIBHUM 3aMiHaM TPAJAMLIAHUX I TEPMOCIICKTPUKH IMOHATh 1 mnpuHOumiB. o HuX
BITHOCATBHCSI 3pYYHI JUISi TEOPETHYHOTO aHali3y, aje HEe MAaKTh PEAbHOro (i3UYHOTO CEHCY
BIpTyaJIbHI TIOHATTSI T MPEICTABICHHS.

[Ile ogHUM BiJOMUM EKCIIEPUMEHTATOPOM Y TEPMOCNIEKTPHI € (paHIly3bKHil BUCHHI Ta

imkenep Jl>xon CTOKTOIbM.

v

Jloicon Cmokeonvm Jlasuo Maiixn Poy Dinin Cepeiit Onezosuy (Filin
(John Stockgolm, Marvel (David Mickle Rowe, Cardiff, UK) Sergey, Szczecin, Poland)
Thermoelectrics Sarl, France)

3 1981 JIx. CTOKrospbM 3aiiMaBCs TEPMOEIEKTPUIHUM BOJSHUM OXOJIO/DKCHHSIM ISt
KOHJIUIIIOHYBAaHHS TIOBITPS 3 BIABEJACHHSM TeIIa B MOPCHKY BOXIY JJIsi BIHCHKOBO-MOPCHKOTO
bmoty. 3 Takorw X HaAlMHICTIO Oyra BiAmpalboBaHa TEXHOJOTIA IJs 3ami3Hulli. JlocmimKkeHHs Ta
BUNIPOOYBaHHS TpuUBaJIM |5 poOKiB, Mmicas SKUX BCTAHOBJIEHO MLy HHU3KY MNpUCTpoiB. byno
JOCIIJPKEHO KOHAMIIIOBaHHS MOBITPs JokoMOoTHBHHX KabiH B CHIA. KpiMm TOro, HuM ofgHuMm i3
MEPIINX 3/11CHEHO TEXHIKO-€KOHOMIYHE OOTrpyHTYBaHHS TEPMOEIIEKTPUKHU JUTS
aBTOMOO1I€OY 1yBaHHs [86-88].

C.O. ®iniH BiTHOCUTHCS 70 THX, XTO B YHCII MEPIIUX 3MIT pO3pOOUTH cripaBi eeKTUBHI

TEPMOENIEKTPUYHI X0JI0A0TeHepaTopy. [Ipu BUKOpHUCTaHHI CEpIHHUX TEPMOEIEKTPUYHUX MOJYIIIB
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HUM JIOBEJCHA TEXHIYHA Ta EKOHOMIYHA JOIUIBHICTh PO3IIMPEHHS ianma3oHy 3acTOCYBaHHS
TEPMOEJIEKTPUYHUX arperaTiB B Oik Benmukux o00’emiB kamep (mo 200 miTpiB) Ta BHCOKOL
X0JoopoAyKTUBHOCTI (0 200 BT), Xoua mie ¥ Ha CHOTOAHINIHI J€Hb MEpPEeBaXKHA OUTBINICTh
BUPOOHMKIB BMITYCKAlOTh TEPMOXOJOIWILHUKKA HeBeaukux o00’emiB  [89]. Bim Bmepiue
€KCIIEPUMEHTAJIbHO JIOBIB KOHKYPEHTHO3/IaTHICTh TEPMOEJIEKTPUYHOIO CIIOCO0Y OXOJOKEHHS B
XOJOAUIIBHHUKAX, BITPUHAX Ta JILOJOTEHEPATOPAX y MOPIBHIHHI i3 BUKOPUCTAHHAM KOMIIPECOPHOTO
OXOJIOJDKEHHS, a OTpUMaHi TIOKa3HUKH HAaBEACHOI CIOXHMBAHOI TOTYXHOCTI 3raJaHuX
TEPMOECIICKTPUYHHUX BHPOOIB CTAIN KpaIllMMH, HK Yy KOMIIpecopHux aHaioris [90].

[TpakTHuHe 3aCTOCYBaHHS TEPMOEIEKTPUKH YacTO CTABUThH 3aBJAHHS LIOJ0 OXOJIOMKEHHS
MIPUCTPOIB HEBEJIMKOTO po3Mipy. Y mpomy HanpsMmky npodecop Jasua Maiiki Poy i3 Yenscbkoro
yHiBepcuTeTy y 1986 p. oTpuMaB Ta 3amaTeHTYBaB MEPIIMN MIHIATIOPHUI TEPMOEIEKTPHYHHUHA
0araTo KackaJHUN €JIeMEHT, IKUW MIT OyTH BIIPOBA/IKEHUM B IHTETPAIIbHY CXEMY.

I'pyna naykoBuiB 13 Kapaidbda pasom i3 Poy Bmepmie mnpoBena IOCHITKEHHS 3
TEPMOEJIEKTPUYHOI pereHepallii BiAMpanboBaHOro Teria. ['eHepyroda cucrema, sika >KUBUTHCA Bij
Teroi BoaW, Oyla MPOJEMOHCTPOBaHA HA EHEPreTUYHOMY CaMiTi 3 TNHTaHb TIJI00AJLHOTO
norerniHHsa B Kioto (1997 p.). ¥ 2000 p. mpocdecop Poy y cmiBaBTOpPCTBI CTBOpHB NepIInid
TEPMOEJIEKTPUYHUIN TeHepaTop, 10 BUKOPUCTOBYBAB TEIJIO BiJl IedYi, SKa MpalioBalia Ha POBaXx,
Uit 3a0e3MeUeHHs eIEKTPOCHEPTIEI0 CUITbCHKOI MICIIEBOCTI.

[Ipodecop Poy OyB He nuiie n0OpUM E€KCIIEPUMEHTATOPOM, aje W BIJIOMUM HAYKOBIIEM,
SIKUN TOCIIPKYBaB BJIACTUBOCTI TEPMOEIEKTPUUHUX MaTepiaiiB. Bin me y 80-ux pokax MUHYJIOTO
CTOJIITTS MTOYaB OTPUMYBATH HOBI MaTepiajd 13 Ay>Ke MaJIMMHU BKIIOYEHHSMH Yy iX CTPYKTYpI, 5Kl

Terep BiTHOCAThCS 10 chepu HaHOoMatepianis [91-93].

8. ®opymu Ta KOH(pepeHLii 3 TepMoeJIeKTPUKHU

OxpemMo cimiJl 3a3HauUTH OpraHizamii, sKi [pPONaryioTh MJOCHI[DKEHHS B Taiysi
TEPMOEJIEKTPUKHU B CBIiTi, 3aiiMalOThCS 00’ €THAHHSAM 3YCHJIb PI3HUX YHIBEPCUTETIB, HAYKOBUX LKL
Ta okpemux BueHux. Hacammepen, xouemo BkasaTu Ha 3ycwuid JIyk’ssHa [BaHoBMuYa AHaTudyka,
akuil Ha 0Oa3i 3acHoBaHoro HuM y YepniBusx (Ykpaina) Incrtutyry tepmoenektpukun HAH 1
MOHMonoascniopTy YKpaiHM 3yMiB OpraHizyBaTH KiuIbKa pPIi3HUX I1HCTUTYLIH, SIKI CHpPUSIOTH
PO3BHUTKY TepMoenekTpuku. Lle 1 Mi>kHapoiHa TepMOEIEKTpUYHA aKaeMis, sika 00’ €JHye 3yCHUIIS
MPOBITHUX CIEMIATICTIB B 00JIACTI TEPMOCIEKTPUKHU I CIIPHUSHHS TPOTPECy B IIbOMY HAYKOBO-
TEXHIYHOMY HANpsIMKY, KOHIEHTpaLlii IX HAyKOBOT0 MOTEHI1a]y Ha BUPIIIEHH] TEPMOEIEKTPUUHIX
npobieM, 10 MalTh MDKHApOJHY 3HAYMMICTh, 1 MEpiOAWYHI MDKHapoAHi dopymu 3

TEPMOECIICKTPUKH 1 MKHAPOTHHI HayKOBUHl )ypHan «Tepmoenektpukay [94].
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Skmo 3BepHyTHCS 10 icTOpii MikHapoaHux (HopyMiB, TO BOHU OepyTh movaTtok 3 1974 p.
CriouaTky 1ie Oynu IIKOJH, Ha AK1 3aIpONIyBaIl MPOBiIHUX (PaxiBIiB 3 OTJISAIOBUMH JOTOBIISIMU —
JEKIISIMH 3 aKTyaJIbHUX HalpPSIMKIB TEPMOETIEKTPUKH ISl MOJIOJMX BUCHHX, CTY/ACHTIB, 1H)KECHEPIB.
KopoTko ictopis Takux ¢gopymiB HaBeneHa Ha puc. 10, Ae BKa3aHO SK POKU MPOBEJEHHS (HOPYMIB,

TaK 1 KUTbKICTh YYaCHUKIB.

A - ] 1 A 5 .
H (Lo 3 TepMoeneKTPUk H H dopymu j-x»

e e 1 l T l T . | = e

50 11 = e 1 I I - [ £ B I VO i | 1

1975 1980 1985 1990 1995 2000 2005 2010 2015

Puc. 10. MixxaapoaHi popyMu 3 TEPMOCICKTPHUKH, OpraHi3oBaHi kKadeaporo TEPMOSIEKTPUKH Ta

Iactutyrom Tepmoenektpuku HAH i MOHwmonoascnoty Yipaiau [94].

HisimpHicTh MiKHApOIHOT TEPMOETEKTPUYHOI akKaaeMii ChOTOAHI TEX PO3ropHyJacs IO

BChOMY CBiTi. BoHa Temnep Haiuye 78 nmpoBiHUX BUEHUX i3 24 kpaiH (puc. 11).

Mekcuka —

Amy MRACHL

“Mozam6ik

'Aecrpénia

Kpaix: 24 Unenie: 78

Puc. 11. ['eorpadiunmii ciekTp AisIbHOCTI MiXKHAPOAHOT TepMOEIEKTPUIHOI akaaemii [94].
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[likaBuM € aHaji3 CTaHy TEPMOEJICKTPUYHHX MpoOJeM, BHKOHAHWN Ha 0a3i [HCcTUTYT
TEPMOEJIEKTPUKH. 30KpeMa, OyJI0 BCTAHOBJICHO, 1[0 HAa JaHUW Yac TEPMOEIIEKTPUKOIO 3aiMalOThCs
(IK HAYKOBMMHM JOCHTIJDKCHHSMH, TaK 1 cepiiiHUM BupoOHuuTBOM) moHan 900 opranizamiii mo
BCbOMY CBiTy (Tabi. 3). TakuM ke BaKIMBHM aHATITHYHUM JOCTIKCHHIM € BHIAHHS TOBiIHUKA

«XTO € XTO B TepMoOeIeKTpuii» [95].

Tabanns 3.
KinbkicTh opraHizaiii, sSiKi 3aiiMalOThCsSI TEPMOCICKTPHUKOIO.
Snonis 118 | ABcrpadnis 14 Komymb6is 5 Oiminmien 1
Himeuunna 94 Kanana 13 Jamnis 5 V36ekicTan 1
CIIA 85 IBewnisa 12 SR INNES 4 TypkMeHicTan 1
Pocis 76 TailiBanb 12 Manaiizis 4 CnoBauy4ynHa 1
Kurait 70 Tainang 11 [opTtyranis 3 Hoga 3enangis | 1
Ykpaina 44 I'pernis 11 Momnnosa 3 Mo3am0ik 1
Opantis 42 I3painb 10 Ipan 3 Mapokko 1
Kopes 27 PymyHnis 8 I'pysis 3 JlrokcemOypr 1
AHTIIA 27 bimopych 8 YropmuHa 3 JlutBa 1
Tanis 25 €rurmer 7 Bipmenis 3 JlixTeHnIreiy 1
benbris 24 Mekxkcuka 6 AszepOaitmkan | 3 Kimp 1
Itamis 22 Yexis 5 CayniBcbka 2 Iaonesis 1
Icnanis 22 Typeuyunna 5 Apasis I'oHrkonr 1
seitmapis 16 Cinramyp 5 Kazaxcran 2 Benecyena 1
Hinepnannn 15 ITomnbima 5 EcrtoHis 1 Bpazuiis 1
ABcTpis 15 Hopgeris 5 Xopsaris 1 1

Takox moTpiOHO BKa3aTh Ha AISUIBHICTE MIDKHApOAHOTO TEPMOEIEKTPUYHOTO TOBApHUCTBA
(International Thermoelectric Society: www.its.org).
Mixnapoane tepmoenektpuuHe ToBapuctBo (ITS) € HexomepiiiiHOIO oprasizaui€ro, sKa
00’enHye mpodeciiiHi ToBapUCTBA, OPraHi30BaHI JJIs:
- COpPHUSHHS PO3yMIHHS POJIi TEPMOCIEKTPHYHUX TEXHOJOTIH ISl HABKOJIUIITHBOTO
CepeIOBHILA Ta ITOM’SIKIIEHHS HACIIAKIB IN100albHOI 3MIHU KJIIMary;
- TOJIMNIIEHHS cepr TePMOENEeKTPUYHOI HAYKH 1 TEXHIKH;
- crpusiHHSA 300py Ta 0OMiHY iHPOPMAITIET0, a TAKOXK JIIs MOKPAIICHHS HAaBYaHHS, SIKE TMijie Ha
KOPHCTh TEPMOEIIEKTPHYHOTO CITIBTOBAPUCTBA,;
- CIpUSHHS CHUCTeMaTu3allii METO/11B BUMIPIOBAHHS Ta MOPIBHIHHS MaTepialliB 1 IPUCTPOIB;
- MiJABUILEHHs 0013HAHOCTI MPO OUTBII MIUPOKI KOJIA, IPHUYETHI O TEPMOECIEKTPUKH Ta

3aJy4eHHs OUTBII MIMPOKOI y4acTi 1HIINUX OpraHi3awii;
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- CHpUSHHS PO3BUTKY OOMiHY 1H(OPMAIIIEO 1 JOCATHEHb Yepe3 OpraHizallito pi3HuX (Gpopymis,;
- CIpPHUSHHS MEXaHi3MiB KOOpIMHALIi Ta MPOBEACHHS KOH(EPEHIIIi;

- 1HmI OyiiarofiiHi 3aX0/1H, OB’ I3aHi 13 HUIIMH TEPMOCIEKTPUKH.

9. HoBiTHI BUKJIMKH VISl TEPMOEJIEKTPUKH

Temso rpae BaxJIMBY pojb B CBITOBOMY CHOXKMBaHHI eHeprii. Temo sk came mo cobi Moxke
OyTH KIHIIEBUM 00’ €KTOM BHUKOPUCTAHHS €HEprii (HampuKIIa, )KUTIOBE ONMAICHHS), TaK 1 TOOIYHHM
IOPOAYKTOM B TMpOIECi MEpeTBOPEHHS EHeprii, HampuKiIad, y BHPOOHHUITBI Ta mepenadi
€JIEKTPOCHEPT 1.

ITonang 60% BupoOneHOI eHeprii, sKa BWAUIAETBCS Yy BHIJISAAI TeIJia, HIKOJIW HE
BUKOPUCTOBYETbCS Yy CBIiTi. TepMmoeneKkTpuyHi MaTepiaid JI03BOJISAIOTH 3A1MCHIOBATH IpsMe
NIEPETBOPEHHS. MIDK TEIUIOBOIO Ta EJIEKTPUYHOIO EHEPriiMH, TOMY BOHHU MOXYTb CIPHITH
BIJIHOBJICHHIO YacTHHM Ii€i BTpayeHoi eHeprii. Cepea cydyacHUX BUKIIHMKIB, HaWOUIbIII BTpaTH
TeIula iCHYIOTh Y TPAHCIIOPTHOMY ceKTopi, e auuie 20% eHeprii naiauBa BUKOPUCTOBYIOTBCS IS
BUPOOJICHHS] KOPUCHOT €Heprii.

TeroBa eHeprisi € CHONXYYHOIO JIAHKOIO MK OararbMa Buaamu eHeprii. Lle o3Hauae, mo
e(peKTHUBHE TIEPETBOPEHHS TEIJIOBOI €Heprii B ENEeKTPUYHY CTBOPUTH HOBHUH KPOK MO0
MIOJIIIIIIEHHS! BAKOPUCTAHHS eHeprii. BiTHOBICHHS )X YaCTUHU TEIlIa € YePrOBUM KPOKOM Ha IUIIXY
710 3MEHILIEHHS OTpeOd JII0JICTBA Yy €Heprii.

[TonimmeHHs BKka3zaHOi e(heKTUBHOCTI Yy pallioHaJIbHOMY BUKOPUCTAHHI TEIUIOBOI €Heprii cTtae
OCHOBHMM (DaKTOPOM JJIsi CKOPOUECHHSI BUKUIB BYTJICKUCIIOTO Trasy.

[TpukiaoM BUCOKOTO CIIOXKHBAaHHS €HEPTii 3 HU3bKOIO e(hEeKTUBHICTIO € aBTOMOOUII. bian3pko
75 % eHeprii, sika BUpOOJISIETHCA MIPU CMIATIOBAaHHI MAJIMBa, BUTPAYAETHCS Yepe3 BiANpaIlbOBaH1 ra3u
Ta OXOJIOJKYIOUl PIAMHU. BUKOPUCTOBYHOUM YacTHHY Il€l BTpAayeHOi TEIUIOBOI €Heprii MoKHa
CYTTEBO TOKPAIIUTH €KOHOMIIO TaJbHOTO, 3/1IHCHIOBATH 3apsAAKy aKyMylsiTopa 0e3 BUKOPUCTAHHS
rereparopa (110 y CBOIO 4YEpry CTBOPIOE 0JIaTKOBI HaBaHTaXXCHHs IS JBHWIyHA). 3arajibHa K
eKOHOMIsl nanuBa Moke OyTu 30inbiieHa npubiau3Ho Ha 10%. KpiMm Toro, TepmoenekTpuyHi
TeHEepaTOpH 1/1€aNbHO MIAXOAATh AJII MacoOBOTO BUKOPHMCTaHHS 4yepe3 CBOI HEBEJIMKI pO3MipH Ta
BIJICYTHICTh pyXOoMHUX 4acTuH. Tak, Ha aBToMoOimsix Chrysler tepmoenekTpuyHi cucteMu KiiMaTt-
KOHTpOJ0 BopoBaawin e y 1954 p. ¥V npaHuit dyac ycHilmHO MNpamiorTh 0araTo CUCTEM
TEPMOEJIEKTPUYHOTO KIIMAaT-KOHTPOJIIO IS MiJITPIBY CUAIHb, SIKI CIYXaTh 1 IK OXOJIOJKYBayl, 1 K
migirpiBadi cuaiab. KpiM Toro, MiTbHOHH TEPMOENIEKTPUYHUX MOJYJIB BHKOPHCTOBYIOTH IS
OXOJIODKEHHS HaIlO1B.

Takox TEpMOENEKTPUYHI CHUCTEMH € 1/IeaJbHUM PIIIEHHSM [JI1 HEBEITUKHX OyaiBeb,
Hampukian, OyauHKy s ofHiei cim'i. HaBiTh He JUBISYKMCH, HA TEMEPINIHIO HEBUCOKY
e(EeKTUBHICTh TAKHX CHUCTEM, y MOPIBHSIHHI 13 AMHAMIYHUMH TEIUIOBUMH JBUTYHAMH, €JIEKTPUKA
Oyzne BUPOOIATHCS 13 BHCOKOKW e()eKTHUBHICTIO (y CIIBBIIHOIICHHI E€IEKTpoeHepris / moJaTKkoBe
CMOKMBAHHS NAJIMBA), OCKUIBKU He Oyjie CyTTEBUX HepalliOHAIbHUX BTPAT Teria.

[Ile oOHMM TNEpPCHEKTHMBHUM TMPHUKJIAIOM BHUKOPHUCTAaHHS TEPMOENEKTPUKU € HapydHi
roquHHuKK Seiko 1 Citizen, a TakoXx O10TEPMOENEKTPUYHI KaplOCTUMYISATOPHU, Kl ChOTOMIHI
Mpaliol0Th Ha Jy’K€ HE3HAuHId pI3HMII TeMmIepaTyp BCEpelrHI Tijla JIOJUHH a00 MK TIJIOM 1
HaBKOJIUIIHIM CEPEIOBUILIEM.
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BaxnuBumu 3100yTKaMU TEPMOEJIEKTPHUKHU, SIKI MOTPEOYIOTh MOMAIBIINX JOCIIIXKEHb 1
PO3BHUTKY € 3aCTOCYBaHHS TaKMX MPUCTPOIB y MeauuuHI. Came TepMOENEKTPUYHE OXOJIOIKECHHS
ChOTOJIHI € TIpiOpUTETHUM Y 1iH chepi. Cepen mepeBar TepMOCIEKTPUKH TYT Ciiijl 3a3HaunTH [85]:

- MOJJIMBOCTI MPAKTHYHO MUTTEBOI 3MIHU PEKUMY OXOJIOKEHHS HA PEXKUM HarpiBaHHS;

- MOJJIMBOCTI JOCATaTH BUCOKUX 3HAYECHD MUTOMOI XOJIOAONPOAYKTHBHOCTI Yepes
30ubIIeHHs criiBBigHOMIEHHs S/L (TyT S — tutoma TepmoenemMenty, L — BucoTa Horo BIiTOK);

- 3HIKCHHS TEIJIOBOI 1HEPLIHHOCTI TEPMOEIEKTPUYHUX IIPUCTPOIB IPOCTUM 3MEHILECHHIM
BHUCOTH BITOK TEPMOEJIEMEHTIB;

- I'PaHUYHO IIPOCTE YNPaBJIIHHSA MPOLIECAMH 0XO0JIOJKEHHA-HArpiBy 4epe3 3MiHy CTpyMy
€HEePrO>KHUBIICHHS.

3aBIaHHAMH, SKi OKPECTIOIOTHCS CHOTOJHI B O0JIACTI TEPMOENCKTPUKH ISl MEIUIUHU €
CTBOPEHHSI MaJIOTa0APUTHUX TEPMOEIIEKTPUYHUX KOHTEHHEpiB 13 aBTOHOMHHMM KHBJICHHSM, a
TAaKOX, IO MOXIUBO, HAWOLIBII aKTyalbHE, BIPOBADKCHHSM Yy TEPANEBTHUHY MPAKTHKY
Kp10aKyIIyHKTYpPH, OCKIIBKH TIepeBaru TEPMOCICKTPUYHMX KPIO3OHIIB CTAIOTh HE3alepEeUHUMH Ta
IPAKTUYHO MOHOIOJbHUMHU.

[lle oqHUM aKTyaJIbHUM BUKJIMKOM JJIS1 TEPMOEIEKTPUKH € MO€THAHHS (POTOCIEKTPUUHOIO Ta
TEPMOCIICKTPHUYHOI'O METO/IB, OCKIJILKH CBITJIOBHH IMOTIK € OJHOYACHO 1 TOTOKOM TEIJIOBOI EHEprii.

I, Ha KiHenb, BpaxOBYKYM ICHYIOUY BaXJIMBICTh 3aCTOCYBAaHHS TEPMOEJIEKTPUUYHHUX
MEePETBOPIOBAYIB y KOCMOCi, MOTPIOHO 3MIMCHIOBATH TMOIIYK HOBHX BHCOKOTEMIIEPATYPHHX
TEPMOECTIEKTPUYHHUX MaTepiajiiB, OCKIIbKH, €HEPTis, SKa BUAUISETHCS B PE3yIbTaTi ACPHUX PEaKIii
MPU3BOJUTH JI0 OTPHMAHHS BUCOKUX TEMIIEPATYp 1 TEPMOETICKTPUYHI TeHEPATOPH TYT MOXKYTh OyTH
HaOUTbII HaJiiiHUMKH repeTBoproBadyamu. OpHak, cucremu Si-Ge, ski 3apa3 BBa)XKalOThCS
HAOIIBII ~ BUCOKOTEMIIEPATYPHHUMH  TEPMOCNEKTPUKAMU  XapaKTEPU3YIOThCS  poOOUYMMHU
Temmneparypamu nopsaxy 900°C.

3 TOYKM 3K 30pY TEOPETHYHUX JIOCHiIKEeHb, MalOyTHE PpO3IMIMPEHHS BHUKOPHCTAHHS
NIEPETBOPEHHS EHEprii 4epe3 TepMOENEKTPUYHI TEXHOJOril MOB’sf3aHe, Yy Mepury uvepry, i3
MiABUILEHHSIM TPOJYKTUBHOCTI caMe MarepiajiB Ta IOKpAlleHUM YIPABIIHHAM TEIIOBUMHU
notokamu. Kpamuili TepMoenekTpuuHuil Matepiajl MOBUHEH MICTUTH cOOl1 SKOCTI Marepiajly THILY
«(pOHOHHE-CKJIO EJIEKTPOHHUM-KPUCTA», TOOTO, BIH TOBHHEH JIEMOHCTPYBAaTH MiHIMAJIbHHUI
PO3KH/] €JIEKTPOHIB, 1110 BJIACTUBO KPUCTAIIYHINA pEYOBHHI Ta €(EKTUBHO pO3CioBaTH (JOHOHH, 110
criocTepiraetThcss B amopdHiii pedoBuHI. J[OCHITHUKM MarepiajiB BHUBYAIOTH PIi3HI CHCTEMHU
MaTepialliB, BKJIIOYAIOYM TUIOBI BY3bKOLIUIMHHI HaMiBIPOBIAHWKH, OKCHAM, Ta HOBI CTPYKTYpHU
MaTepialiB (CKyTTepyaiTH 1 kinatpaT). EQEeKTHMBHHMH BBaXalOTbCsd MaTepiajid i3 MOHMKEHOIO
PO3MIpHICTIO, Y TOMY YHCIi HaArpaTK{, KBAHTOBI TOUKM Ta HAHOAPOTH CHNKHX MaTepianiiB. Kpim
TOTO, OCTaHHI JIOCSATHEHHS B 00JIaCTI HAHOKOMIIO3UTIB YW CyMillli HaHOMAaTepiaiiB, BUKIUKAIH
3HAYHUI IHTEpec Ta Jaju HaJli Ha MEepCHNeKTUBHICTh IIMX MaTepialiB AJisi TepMOEIeKTpUKHU. Taki
HAaHOKOMIIO3UTH MOXYTh MaTH OuIbll BUCOKI 3HadeHHs ZT 3a paxyHOK MOHM)KEHHS
TETUTOTIPOBITHOCTI TIPH 30€PEKEHHI BUCOKUX €IEKTPOHHUX BIACTUBOCTEH.
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Achievements and Problems of Thermoelectricity
a. Historical Aspects

There is a review of historical aspects of thermoelectricity. Determined the most important contributions of
famous scientists in field of thermoelectricity who formed the modern fundamentals of thermoelectricity,
analyzed the activity of the most famous schools in thermoelectricity, engaged in a form its theoretical
foundations, research in the field of thermoelectric material science from the first binary bulk material to new
low-dimensional structures. Outlined the current challenges for next solution should be directed efforts of
scientists.

36



