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1.1. Epexm 3ecoexa
1.2. Eghexm Ilenvmoe
1.3. Egpexm Tomcona

1. O6' emni mepmoenexmpuuni epekmu y HeoOHOPIOHUX mamepianax

1. IHapamempu mepmoenekmpuuHux mamepianie

V. Epekmuenicmp mepmoenekmpuunozo nepemeopenHts enepeii

Bucnoexku
Jimepamypa

Beryn

OpHi€ro 13 HaWOIIBII aKTyaJIbHUX IPOOJIEM HAIIOro
Yacy € TOIIYK EKOJIOTIYHO YHCTHX aJbTepPHATUBHHUX
Jokepen eHeprii. TepMoeneKkTpHka OINUCYE TPOIECH
TIEPEeTBOPEHHST TEIUIOBOI €Heprii B ENEKTpUYHY Ta
HaBMakd. BoHa TPYHTYeTbCS Ha TPbOX BAKIMBUX
edekrax: 3eecOeka, Ilenpthe Ta Tomcona. Ilpu mpomy
OCHOBHOIO  33Ja4el0 €  BHUPOOHHMITBO  "4UCTOI"
CICKTPOCHEPTii, a TakoX  BHUKOHAHHA  (PYHKIIT
OXoJIoJDKeHHs. Jo IHIMX TepeBar TepMOENEKTPHYHHUX
MPUCTPOIB  CHiJ  BiAHECTH  OE3MIyMHY  poOOOTY
(BiACYTHICTP ~PYXOMHX UYACTHH) Ta OaraTopiuHy
CTa0lIBHICT (yHKI[IOHYBaHHSI. Enepreruuna
e(EeKTUBHICTH TEPMOEIEKTPUYHUX MIPUCTPOIB
BU3HAYAETHCS SKICTIO TEPMOEIIEKTPUIHUX MaTepiaiB.

[IporioHOBaHa POOOTAa € JIOTIYHUM ITPOJOBKCHHIM
Hamioi mepmroi cratti [1], mpecBsdeHid PO3KPUTTIO
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ICTOPUYHHX €TaliB PO3BUTKY TEPMOEIIEKTPHUKH SIK HAYKH
Tax i i mpeIMETHUX CTOPIH.

|. TepmoejieKTpU4Hi ABUIIA B
OJHOPIIHMX MaTepiagax

1.1. Epexm 3ecoexa

V 1821 p. mimenpkuii dizux Tomac Moran 3eeGex
BIEpIlC BUSBUB BHHHKHEHHS HAMPYTH MiX JBOMa
KIHIIIMH METAJIEBOI'O CTEP)KHS MPH HASBHOCTI IpamieHTa
TeMrepatypd B3moBxk Hboro [11]. TIlismime Gymo
MOKa3aHo, M0 CTpUIKa KOMIaca BIAXWISETHCS, SIKIIO
BOHA po3MilleHa ONM3BKO BiJ 3aMKHYTOI'O KOJa, SIKE
CKJIAZIA€ThCS 13 JBOX PI3HOPIMTHUX METAJTIB 3 DI3HUIIECIO
TeMIiepaTyp Mix KoHTakTamu. Lle cBimuuTh mpo Te, 110
CTPYM, SIKH MPOTia€ MO 3aMKHYTOMY KOJY, 3yMOBIICHUH
pisHuIeI0 Temmeparyp. Pi3HHILI Temmeparyp BUKIHKA€e
PyX HOCIIB 3apsay (eJ€KTPOHIB UM JipOK) B MaTepiaii Bif
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rapsuoi CTopoHH 10 xonoaHoi (puc. 1).

Puc. 1. Edexr 3eebexa y 3amMmkHyTOMYy KOHTYpi. A, B —
JIBa TPOBITHHUKH, 1 Ta T, — TEMIEPATypH Yy MiCILIX IX
3’ € IHAHHS.

A

I

b

Puc. 2. Epexr 3eebeka y po3iMKHyTOMY KOIi. a i b — nBa
PO3IMKHYTI KiHIII KOJa.

a

Pyxomi Hocii 3apsiay mepemilnyloThCsi Ha XOJIOIHY
CTOpOHY Ta CTBOPIOIOTH TaM HaJUIMIIOK BiJIIOBIIHOTO
3apsLy BiTHOCHO HEPYXOMHX HOCIIB Ha rapsdiil CTOpOHI,
IO TOPOKYE BHHUKHEHHS TEPMOEIEKTPUYHOI Pi3HMII
moreHmianie AV. HakonwueHHs 3apsay Ha XOJOIHIN
CTOPOHI TPUITUHIETHCSA, KOJIM Taka * KUIBKICTh HOCITB

3apsmy TO4YHEe JpeddyBaTH 10 Tapsdoi CTOPOHHU
BHACIIIOK Jii EJIEKTPUYHOTrO TOJs, CTBOPEHOrO MM
posmoziniom 3apsaiB. [Ipu 11boMy Martepian nepexoauTh
o0 cralbinpHOrO craHy. Jluime 30iIbIICHHS pPi3HUII
TeMIepaTyp MOXKE BIJHOBHUTH PICT KUIBKOCTI HOCITB
3apsiLy Ha XOJIOJHIH CTOPOHI 1, TAKMM YHHOM, ITPU3BECTH
0O 3pOCTaHHA TEPMOEJEKTpHUYHOI Hampyru. Taka
pI3HUIII TOTEHINANiB Ha3uBaeTbess TepMo-EPC  Ta
CTBOPIOETHCSL  PI3HHUILICI0  TeMIlepaTyp MK JBOMa
PI3HOPITHUMH MaTepiajgaMmu (mMeramamu qu
HamiBOpoBigHuKamu). [Ipy bOMY BHUHHKA€E MOCTIHHUI
CTpYM, SIKUH TPOTIKAa€e 4epe3 MPOBiMHHUKH, SKIIO X cral
3HAXOAATHCS MPH pi3HUX Temmeparypax Ty i Tp (puc. 1).

Sxmo mudepenmiiauii koedirieHt 3eedeka Mixk A i
B (Sag) mosuruBHuii, yepe3 crnail 1 10 2 M0 MPOBiTHUKY
A (32 TOOWHHHUKOBOI CTPLIKOI) MPOTIKAE CTPYM
| (S,s >0; T, >T,). Y BUIaAKy PO3iMKHYTOro Koina, sK
MOKa3aHo Ha pHC. 2, cTBOproeThes Hampyra (AU) mix a i
b:

Tl Tl
DV=V,-V,=5:dT- (S, - S)dT.
T2 T2

Tyr Sa Ta Sz — koedimientu 3eebexa (abCOMOTHI)
Matepiany A i B, BimnmoBinHo, a T 1 T, — TeMmepatypu
Ha cnasx 11 2.

D)

1.2 Epexm Ilenvmoe

[Iporiec TepeTBOPEHHSA CICKTPUYHOI EHEeprii B
temioBy Brepiire BusBuB y 1834 p. XKau Ilenpthe [12].
Moro MoXHa pO3IIAfaTH, K 3BOPOTHHIL 10 edexTy

I

— A

B

T

Puc. 3. [Ipuknan peanizauii edexry [lenbrbe.

Konu enexTpuyHHMil CTpyM INIPOXOAWTH 4epe3 JBa
pisHOpimHi Matepianu (Meranu abo HAMiBIPOBIIHUKH),
OIMH 3 SIKMX Mae jBa crmai (puc. 3), To Ha OJHOMY cral
TerIo Oy[e MOTJIMHATHCS, a Ha 1HIIOMY — BHIUISTHUCS.
I[Ipu nboMy oOmMH cHail OXONOMKYeThCS, a APYrHi
HarpiBa€ThCs, 3aJI€KHO BiJl HATIPSIMKY CTPYMY.

HarpiBanHs  (OXONO/DKCHHs) KOHTAKTy MOXKHA
posrnsjaTd 3 TOYKM  30py — HOIJMHHS — 4H
BUIPOMiHIOBaHHs eHeprii (puc. 4), abo X 3amaBaTH sK
TIOTIK €JIEKTPOHIB, IO PYXarOThCS 13 HAIIBIIPOBIIHUKA B
MertanmiuHi enmektpoau (i HaBMAakd) Ha iX KOHTAKTI
(puc. 5).

Leit mporec € OOOPOTHUM: ENEKTPUYHUI CTPYM
MOXE TOJaBaTHCS 4epe3 KOHTAKT JUIsi CTBOPEHHS
rpamieHTa Temrepatypu (a OTKe i TEemIoBOro MOTOKY),
a0o K rpajlieHT TEMIIEPaTypu MOXKe BUKOPUCTOBYBATHCS
IUTSl TEHEPYBAHHS €JICKTPUYHOTO cTpyMmYy (puc. 6).
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3eebeka. Edexr [enbThe € OCHOBHOIO
TEPMOENIEKTPUYHOT'O OX OJIOKEHHSI.
A —»
T
TornuHaHER
ﬂ Temna ﬂ
] ! | E
Banposinio-
E4HHA TCILna
Puc. 4. Cxema TOMMMHAHHS 1 BUIPOMiHIOBaHHS

EHeprii Ha KOHTaKTaX JABOX HAIIBIPOBITHHKIB.
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Puc. 5. Cxema nporieciB nornuHanus (a), (6) Ta BunpominroBanus (B), (I) TEIUI0BOI €HEPril 3 TOUKHU 30py HEPEXOIY
enekTpoHiB (0), () Ta mipok (a), (B) uepe3 KOHTAKTH MiX HAITiBIIPOBiTHUKOM i MeTanoM. Er — enepris depwmi,
AE; p —3MimenHs eneprii ®@epMi Ha KOHTAKTi «MeTal-HAIlBIPOBIIHUK», BigHOCHO eHepril ®epmi y merai [13].

Komu crpym mNpoXomuTh dYepe3 KOO, TEIUIO
IIOIVIMHAETHCA Ha KOHTAKTI T 1 BUAIIACTHCS Ha KOHTAKTL
T,, sxmo mudepenmitinmii koedinieHt Ilenpthe [lag —
neratuBuuii. Temnora Iensthe (Q), sIKa MOMTTHHAETHCS
Ha XOJIOMHOMY CHa B OJWHUINO Yacy BU3HAYAETHCS
3TiIHO BUpa3y:

1.3 E¢pexm Tomcona

EdexT Ha3BaHO Ha yecTh Binbsima ToMcoHa, mi3HiIIe
BimoMoro, sk yopa KensBiH. BiH BH3Hauae Teruio, Imio
BUALISAETbCS a00 TIOINIMHAETHCS Yy MPOBIAHUKY 31
CTPYMOM,  B3IOBX SKOrO TPHUKIAAEHO  TPali€eHT
Temmepatypu [14].

T,

11

R

o

Puc. 6. TepmoeneKTpuYHUN MOIYINb, SIKMH NEPETBOPIOE
TEIJIOBH TOTIK y €IEKTPHYHHUHN CTPYM.
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d_Q:~AB|:(OA-OB)I! ()

ne Ila ta Ilg — xoedimientu IlenpThe MaTepianiB A 1 B,
BIJIIOBiAHO.

Taki MeTany, HaNpUKIAJ, SK IUHK Ta MiIb MalOTh
OiJIbII BUCOKHH TIOTEHI[Ial HAa rapsaoMy KiHIl Ta 3HAYHO
HIDKYMA Ha XojogHoMmy. Komu cTpyMm mpoTikae Bifg
rapsgoro KiHIf JO XOJOJHOrO, TO BiH NPU I[BOMY
MPOXOAUTHh BiJl BHCOKOIO JIO HH3BKOI'O ITOTEHINAIY,
TOOTO,  cIocTepiraerbcst  BUmiieHHs — Tera. e
HA3WUBAEThCS TMO3UTUBHUM edexkToM Tomcona. Taki x
METaJIM, K KOOalbT, HIKeIb, 3aj1i30, HAaBIAKH, MaloTh
OUTBIII BUCOKWI TIOTEHI[iA)l Ha XOJOAHOMY cIai Ta
HIDKYHUIA Ha TapsaoMy. TOMy, SKIIO CTPYM IPOTIKAaE Bif
rapsgoro KiHI JO0 XOJOJHOTO, TO BiH NMPOXOAMUTH BiX
HU3BKOTO bi (o) BHCOKOTO MOTEHIIIATY, 1o
CYMPOBOKYETHCS TOTTIMHAHHAM Teruia. 1le Ha3uBaeThCs
HeraTUBHUM eektoM ToMmcoHa. J[Jis1 neskux MaTtepiaiis,
Hanpukian, cBuHmo, edekr TomcoHa € mpuOIM3HO
HYTHOBUM [15].

Slkmo d4epe3 OJHOPIMHUKA IPOBIMTHHK IIPOTiKa€e
CTPpyM, TYCTHHOIO J TO B OJUHUIII 00'€MYy BUIUIAETHCS
temio Q:

Q=r¥- ©)
ne p — omip marepiany, dT/dX — rpagieHT TemmepaTypu
B3JI0BK ITPOBIIHUKA, a |l — KoedilieHT ToMcoHa.

mdl,
dx
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Iepumii momanox y dopmym (3) r? =RI?/V €
temto Jlxoyns Ha omuHumio o6'eMy. BoHO He Moxke

N dT
MaTd HEraTUBHOIO 3Haky. Jpyruil momaHok de— -
X

Ter1o ToMcoHa, sIKe MOYKe 3MIHIOBATH CBill 3HAK, AKIIO J
sMmiHoe HampsM. Koedimient 3eebexa S, koedilieHT
[enbrbe I1 Ta KoedimienT Tomcona p nMoB's3aHi OauH i3
OJIHUM CIiBBiHOIIEHHIMHU Tomcona [14]:

O

S:?, (4)

dS_m

ar T ®)

1. O6’ emHo-rpagieHTHI
TepMOeJIeKTPUYHi edexkTH y
HEOHOPITHUX MaTepiagax

OO0’ eMHO-TPaJliEHTHI ~ TEpPMOENEKTPHYHI  edekTn
3eebexa 1 [lenbThe BUHUKAIOTH BCEPEIMHI HEOAHOPITHIX
cepenosuil. Tak, 3a HaABHOCTI Ha AUIAHIN OX rpamgieHTa
temneparypu dT, B 00'emi dN BuHHKae 00 eMHO-
rpagieatHa  tepmo-EPC  (dE =dS-dT), 3ymoBiena
3MiHo0 Koedimienra tepmMo-EPC dS ma wiit minsHIi
(puc. 7)

v
[EN SN N 2

-'_.-_.-.. ..... -. .. § .'.. -. A '. . .- .. . . s

E 0 ge, 4T = R

Puc. 7. O6’emna tepmo-EPC B HeomHopimHii BiTII
TepMoeNieMeHTa: 1— eNeKTpUYHWil KOHTaKkT, 2 —
HEOJIHOPITHHI TEPMOCTICKTPUUHUI MaTepia.

OO0’ eMHMiA, a00 Tak 3BaHUW PO3MOALTICHUH edeKT
[lenbThe, BUHMKAE B HEOMHOPIAHIA BITII  MpH
MIPOIYCKaHHI uepe3 Hel eIEKTPUIHOI0 CTPYMY T'yCTHHOIO
j- Y upomy Bumaaky B 06'emi dV mornumHaeTscst abo
Buaiastetbes Terwio Ilensthe dQp, sKe MPU3BOAUTH 10
BHHUKHEHHS rpaieHTy Temmepatyp AT Ha il miisHIi

(puc. 8). O6’emui Tepmo-EPC abo Ttemio IlenbThe
MOXYTh MIJICHIIIOBATH 3BHYaliHI KOHTaKTHI e(eKTH,
T IBUIIYFOU M THUM caMHuM e(eKTUBHICTH
TEPMOEJIEKTPUYHOT'O IIEPETBOPEHHS €HEepTii.
dN
—] .
+Qn —QP
el b o SZpEi le s
1 AN 2
El 0 dx| |dT Eg X

Puc. 8. O0’emumii edexr IlensThe B HeomHOpPIAHIN
BITII TepMoeneMeHTa: 1 — eneKkTpuyHul KOHTakKT, 2 —
HEO/IHOPITHUH TePMOENIEKTPUYHHII MaTepia.
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TeopeTndHi OCHOBU TEPMOEIEKTPUYHUX €(PEKTIB Ha
HEOJHOPITHOCTSAX MaTepialliB BIJHOCATHCS 10 MOYATKY
50-x pokiB mBamusToro cromitrs [16-19]. 3okpema,
aBropu [16] 3 mo3uIli TepMOAMHAMIKH HE3BOPOTHHX
NPOLIECIB  OMHUCATM  TEPMOENEKTPUYHI  sSBUIIA Y
tepmonapax. A.I'. CamoiinmoBnu i JI.JI. KopenOmit y
cBoemy o [17] BuBeaM 3aKoH 30epeXKEHHS €HEPTii €
JUISE TEPMOEJIEKTPUYHOI'O CEpe/IOBHINA 13 BpaxyBaHHSIM
Toro, mo koedimieHT Ilenprhe II 3aJeKUTH K Bifg
KOOpJIHUHAT, TaK i Temmepatypu [17]:

d—e:div
dt

2:2 ..
(kNT)+eTJ- e(NPj)- egi—i- ag(jNT), (6)
(e — 3apsn enexkrpona). TyT HepHINiA JOAaHOK BH3HAYAE
BHUIUICHHS  €Heprii  BHACTIAOK  TEIUIOMPOBIIHOCTI;
npyruii — temo Jxoyms, Tperii — temwio IlenbThe, a
OCTaHHIH, yeTBepTHii — Ter1o ToMcoHa. Y I[bOMY 3aKOHI

(6) MHOYKHHK

Q, =- (NPj) (7)
Bu3Hauae 00’ eMHuit eexr IlenpThe.

VY poborti [18] y3araabHEHO 3aKOHH TEPMOIUHAMIKK
HE3BOPOTHUX NPOLECIB Ha TEPMOENIEKTPUYHI edekTn B
HEO/IHOPITHUX i aHI30TPOITHUX cepeoBUIIAX.
3a3HayuMo, IO SKIIO CEPEeJOBHIIE HEOTHOpIJHE, TO
icHye 00’ emHuii edekr IlenbThe, SKUH OMUCYETHCS
BHPa30M

(8)
e
ge Lij— maTpuns mepeHocy EHTpOIii, sfka BiANOBimae
MaTpui KoedinieHTiB Tepmo-EPC

(9)

Bupaz (8) mms Terua IlenbThe  eKBiBalEHTHHI
Bupazy (7) B anajoriunomy 3akoHi (6) mis Oijgbin
3arajJbHUX HECTALlIOHAPHHUX YMOB.

OO0’ emuwmii edext IlenbThe mIe NMPUHHATO HA3UBATH
HeriepepBHuM  [16]  a6Go  posmomiieHUM — eEKTOM.
O0’emue Terio Ilenbrhe Qp mpomopiiiiHe 3MiHI

koedinienta Tepmo-EPC. Takum umHOM, uel edekT
3YMOBIIIOE Oy/Ib-siIKa HEOTHOPIJIHICTh, SKa TPU3BOAUTH
koedimieHTa

0  3aJIEKHOCTI BiJ

KOOpJAWHATH.

tepmo-EPC

Puc. 9. Kiblie 3 HEOMHOPITHOTO HAMIBIIPOBIAHUKA.
X — KOOpauHaTa, N(X) — 3MiHA KOHIIEHTpAIlii HOCIiB
crpymy, (Tp—T;)— mepemam Ttemmepatypu, U —
TepMOeNIEKTpopyIiiiHa cuia [4].
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Edexr 3ecOexa y HEOTHOPIAHOMY HaIiBIIPOBITHUKY
BIEepIIe pO3DIsHYTO y pobori [19], Tepmo-EPC U
HEOTHOPITHOTO KNI MOXKE BU3HAYATUCS BHPA3aMH:

1~S
=- = daT, 10
eﬁ); (10)
1 d &850
= 2T — 22 Daix, 11
Lt @

TyT S— KoedimieHt Tepmo-EPC Ha ocHoBi nux BHpasiB
3p00JIeHO BHCHOBOK, 1110 TepMo-EPC BinMiHHa Bix HyIns
JIMIIE Y BUMAAKY, KOJNM y HAIBIOPOBITHUKY HASBHHMA
Hepenaj Temneparyp i 3mina Benuuunan S/ T 3anexuts
B[ X.

L=L{x,T} =
s -
_E
i,
|- 4
o AP o -
Ty

Puc. 10. Pi3Huns mnoreHmianiB A¢ y XiMiYHO

HEO/IHOP1THOMY HAITiBIIPOBITHUKY [5]. R—-
OITHOPIHUH MIPOBIIHHUK, X — HEOIHOPITHHUH
npoBinuuk, L — mepenecenns euntpomii, (Tr-T)—

PI3HUIIS TEMIIEPATYD.

VY poborti [19] Takox posrismaerses epekT IlenbThe,
KM BHHUKAaE B HEOJHOPITHOMY HAIliBIPOBITHUKY.
Hudpepenmian temwrorun dQ, ska reHepyeThCs B €lEMEHTI

3  pI3HUICIO  MOTEHINanmy A@  HEOJHOPITHOTO
HAIIIBIPOBITHUKA BU3HAYAETHCS CITiBBIHONICHHM:
d a5¢
do =190 (12)
e dx ST g
[Misuimie aBtopamu [47] pO3MISIHYTO — Pi3HHUINO

MOTEHI[IAJIIB Yy 130TPOITHIA JIPOTHHI i3 HEOAHOPIAHOTO
Mmatepiainy (puc. 10), Bu3HaUMBIIH i 5K:

1 dr
=- ~-(x,T)—dx,
eod_( )dx

Jie TIEPEHECCHH CHTPOIIl L 3a1eKUTh BiJ KOOPIUHATH i
TemriepaTypu. BpaxoByroun, mo enrpomist L Biamosinae
koedimienty 3eebexka S (9), dopmyna (13), mo cyri,
BU3Haudae 00’ eMHO-rpagieHTHY TepMo-EPC, ska BuHMKae
y HEOJHOPIIHOMY CEpeJOBHIII BHACTIIOK 00 €MHOTO
edekry 3eebOexka.

(13)

[11.IlapamMeTpn TepMoeJeKTPUYHNX

MarepiaJjiB
ITokasHUK  JOOPOTHOCTI TEPMOEIICKTPUIHOTO
Marepiany BU3HAYa€ThCs BUpa3oM [21]:
2
z=3 =, (14)

ne S— koedimieHt 3eedexa, 6 — €IEKTPOIPOBIAHICTE, K —

koedimieHT TemwronpoBigHocTi. Ockimbku  Z  Mae
. . -1 .

po3MipHicTh K™, 4acTo BUKOPHUCTOBYIOTH O€3pO3MipHY
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nooporricte ZT. JloOporHicts ZT € CTaHAApPTHOIO
Miporo TepMoeJ'IeKTpI/IlIHOI edexruBHOCTI Martepiaiy. ZT
Oe3nocepeHbO TOB'sI3aHa i3 €(QEeKTHBHICTIO
TIepEeTBOPEHHS TEIUIOBOI eHeprii 1. Buli 3HaueHHs ZT
NPU3BOIATE 110 Oinbll  epEeKTUBHOTO TEPETBOPEHHS
eHeprii.

Jl71s1 cripoleHoi TeOpeTUIHOI MO, sIKa BpaxoBYe
mapaboiiuHi 30HM Ta OJHY CQEpUYHY JOJUHY
HAMiBIPOBiMHUKIB, ZT MOXHA 3amucatd y Burisiai [16—

20]:
50 02

% 25

ZT = ,
a‘?+79+(bexp(x))'1

&

IS b BU3HAYAETHCA 31"iZ[HO BHUpasy.

(15)

.3/2 P/h

,am* 0
gmo g M
Tyt & — eneprii ®epmi B omunuisx KgT (EfKgT), r—

b=57440°T"

mapaMeTp po3CiroBaHHS; M*, M, ﬂ/i , ML, kg —edexrupna
Maca, Maca BIJBHOTO €JIEKTPOHA, PYXJIUBICT HOCIIB
3apsy, TPaTkoBa CKJaJoBa TEILIONPOBIIHOCTI Ta craia
BonbiMaHa, BigmoBiHO. B TakoX BHKOPHCTOBYIOTH B
SIKOCTI 1HOMKaTOopa e(QEeKTUBHOCTI TEPMOEIEKTPUYHOI'O
Matepiaiy. [Ipu cTporux TeopeTMuHUX po3paxyHkax Z
npuiiMae IOCHTh CKIJIQJHY MareMaTuuHy QopMmy, ska
BpPaXxOBYE C€KBIBAJICHTHI JIOJHHU, MOXJIMBI MiJTOJUHHI
MEXaHI3MH PO3CIIOBaHHS Ta PO3CIIOBaHHS BCEpEIUHI
camol JIONMHH, HenapaOoiuHy MPHPOAY CHEPreTHUYHHX
30H HOCIiB 3apsly, a TakoX MOXJIHMBHH BHECOK
HEOCHOBHHUX HOCI{B.

TakuM 4YuHOM, NOOpI TEPMOENEKTPHYHI Martepianu
BOJIOZIIOTh BUCOKHM KOE(]IIEHTOM TEPMOEIEKTPHYHOT
MTOTY>KHOCTI (S2 G) Ta HHU3BKOI TEIUIOMPOBIIHICTIO.
IcHyIOYI TeOpeTHYHI JOCHTIHKEHHS Ta eKCIIEPUMEHTAIbHI
pe3yNbTaTH MoKa3ally, o JesKi HalliBIIPOBIIHUKU 100pe
BIJIMIOBIIAIOTh  TIOCTABJIIEHMUM JIO TEPMOEJIEKTPUUHHUX
MaTepiaiaiB BumoraMm [22—23]. HemaBHi JOCTiIKEHHS B
TEPMOEJIEKTPHIII B OCHOBHOMY OYJM 30Cepe/keHa Ha
oInTHMi3alii poOOTH X TEPMOECIEKTPUIHHIA MaTepiaiB.
OpHuM 13 crocoOiB 301IbIICHHS EIEKTPOIPOBIIHOCTI €

neryBaHHs MatepianiB. OpHaxk, CHJIbHE JIETYBaHHs
smeHmye  tepMo-EPC,  ockinbku piBenp  Depwmi
3MIIIyeTbCsl ONMKYE [0 Kparo BiJIOBITHOI 30HH.

BamuBuM € 3HAXOMKEHHS pPIBHA JIETYBaHHs, IO
BIIIIOBiAa€ ONTUMI30BaHOMY KoeQiIieHTy
TEPMOCTICKTPUYHOI  MTOTY)KHOCTI . EdexTuBHe

JIETYBaHHS JI03BOJISIE 30LIBIIMTH KOE(Ili€HT MOTYXHOCTI
S, Wwo HeoOXigHO Wi MiATPUMKH BHCOKOI PYXJIHBOCTI
HOCIIB.

JI7st 3MEHIIEHHS TEIUIONPOBIAHOCTI IOIIUPCHUM
MiIXOMOM € BBEACHHS JOJATKOBHX PO3YIIOPSIKYBaHb
KPUCTATIYHOI CTPYKTYpH. 3 IHIIOI CTOPOHH, TakKe
PO3YIOPSIIKYBaHHS YCKJIATHIOE TICPEHECEHHS 3apsiIy, 10
MIPU3BOJMTL O 3MCHIICHHS eIeKTpoIpoBigHocTi. 11100
MiHIMI3yBaTd  pO3CiIOBaHHS  HOCIIB, (bopMyIOTH
MaTepiaiy MUITXOM 3aMIICHHS aTOMIB Ha 130€JICKTPOHHI
enemeHTH. Yepe3 pi3HI po3Mipu Ta MacH, aTroMHu
3aMIlICHHS E€(EKTHBHO pO3CIIOIOTh KOPOTKOXBHJIHOBI
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(OHOHHM, THM CaMUM HOHI)KYIOUH TEIJIONPOBIIHICTH
TBepauX Tii. st 30inbmenHst ZT Oynu 3amporoHOBaHi
Kinpka igedl. OpHiei 13 HUX € TaxK 3BaHAa KOHIIEIMIS
«eNMeKTpOHHUH KpucTan — pononne ckio» (ECPG) [24].
Ile o3Hauae, 1m0 iZ€aNbHI TEPMOEIEKTPUYHI MaTepianu
TIOBUHHI BOJIOZITH YyJIOBUMH €JIEKTPOHHUMHU
BJIACTHBOCTSIMH, aJieé BOJHOYAC, BECTH cede, K CKIO 3
TOYKH 30py nepenadi Terua.

TemnonpoBiAHICTE TPaTKu MOXKHA 3MEHIIUTH Oe3

pi3KOro TOHIKEHHS KOoe(illieHTa TepMOEIEKTPUIHOI
MOTY)KHOCTI. [HImMIA MmiaxXing mojsrae B 301IbIICHHI
Koe(illieHTa TOTY)KHOCTI uYepe3 peryiioBaHHsS T'yCTHHHU
enektpounux  ctaHiB  (DOS) 3 BHKOpPHCTaHHAM
HU3BKOPO3MIPDHUX e(eKTiB KBAaHTOBUX OOMEKEHb Y
TaKUX Marepiajiax, SK HaArPaTKU KBAaHTOBUX TOYOK,
HAHOHHTKH Ta KBAHTOBI siMu [25-26)].

Taoauus 1

3HauYeHHS IIMPHUHU 3a00POHEHOT 30HH, IPATKOBOI TEILUTOMPOBIIHOCTI Ta MapaMeTpa TEPMOCICKTPUIHOTO MaTepiaty o
IpY KIMHATHHUX TeMIieparypax [28].

.. I'patkoBa
. [ITupuHa 3a00pOHEHOT 30HH, L. 0,
Marepian E B TEIJIONPOBI THICTB, BY2B1 1y
@ k, Br-mtK?

GaSb 0,67 27 0,101
Bi,Tes 0,15 1,6 0,81
Sb,Te; 0,30 24 0,76
PbTe 0,32 2,0 0,94
PbSe 0,25 1,7 0,98
CdTe 1,50 7,5 0,54
InAs 0,35 29 0,068
InSb 0,17 15 0,092
ZnSb 0,6 17 0,16
InP 1,25 80 0,047
Ge 0,65 63 0,043
Si 1,15 113 0,032
Si-Gel 0,97 7,6 0,0432
Si-Ge2 0,97 33 0,99
Mg,Ge 0,60 13 0,20
Mg,S 0,70 10,5 0,26
Mg,Sn 0,30 16 0,114
AgPb,gSbT ey 0,30 1,99 0,92
GaAs 1,42 37 0,107

TeMIepaTypHUX Jiama3oHiB. Marepiaid Ha OCHOBI
CyuacHi JOCTI/DKEHHS TMOa3aid, M0 3aBJAsSKU TENypUay BICMYTy MalOTh HaWBUII 3HAa4YeHHA Z TpHU

BKIIIOUYEHHIO HAHOYACTHMHOK Y CIUIABU Ha OCHOBI
XaJIbKOTEHIJIIB CBHHIIO MOXXHa CYTTE€BO MOHH3HUTH
TEIUTONPOBIIHICT, IO MPU3BOAMTE JO MOKpamieHHs ZT
mux  crnoiyk. Cepen  IHIIMX — TEPMOENEKTPUYHHX
MarepialmiB  BHUAUIIIOTBCS  TaKOX, 1 TaK  3BaHi,
ckyTTepyaitH, tuny sk CoOSbs, y sSKux mofBiiiHe
3aMOBHEHHS «PYXJIUBUMH» aTOMaMH TPHU3BOIUTH 10
takoi ok wmeru [27]. KiitkomomibHa cTpyKTypa
CKYTEpYy/HTIB MIPU3BOJHUTH bi(s) HU3BKOI
TEIUIONPOBITHOCTI, TaK caMo, 5K 1€ BiIOYBa€eTbCs Yy
PiAKiCHO3EMEIBHUX CIIONyKax Ha OcHOBI pyreHito. Lli
MaTepiaJd TeX MOXYTh BB@KATHUCS  IOTEHLIIHO
JIOOPUMU JUTS TEPMOEJIEKTPUKH.

SIkmo akumeHTyBaTH yBary Ha Marepianax, TO JO
TPpOX  HAWBIAOMIMMX  TPyH  TEPMOEIEKTPUYHUX
MaTepiajiB BIIHOCSTHCS TEIYPUAU BICMYTY, TEIypHI
CBUHIIO, @ TaKOX CIUIABU Ha OCHOBI KpEMHII0 YH

repmanito. OpHak, I BCi MaTepiaJiMH  CYTTEBO
BIPI3HSIOTBCS 32  BEIMYMHOIO  TOKa3HUKAa  iX
TEPMOETIEKTPUIHOI JI0OpOTHOCTI JUIS pi3HHX
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KiIMHaTHIN TeMmImepaTypi, a CIIOJYKH Ha OCHOBI KPEMHIIO
(repmaniro) HaiiBuie 3HadeHHs MaroTh pu 1300 K. [lns
npoMixkHoro  iHTepBany  temmeparyp  (400-800 K)
HaMKpalyMy TEPMOEJIETUKAMH BBaXKAIOThCS MaTepiain
Ha OCHOBI Telxypuay cBuHIO. OfHAK, KOJIM BHpaXKaTh
eQeKTUBHICTh MaTepialdy y Oe3po3MipHiii H00poTHOCTI
ZT, 10 iX 3HaYeHHs OyIyTh MPUOIU3HO OIHAKOBUMH.
Takum unHOM, Oe3po3MipHa AOOPOTHICTH SIBIISIE COOOIO

yHipiKOBaHy  BEIMYUHY, sKa  BHpaXkae  SKICTb
TEPMOCTICKTPUYHOTO MaTepiay.
OpmHak, s BUSIBJICHHS MMOTEHIIMHUX

TEpPMOENIEKTPUYHUX MaTepialiB, 4acTo Yy JiTepaTypi
BiACYTHS HeoOXimHa iHQopmamis I BCIX TpPbOX
napamerTpiB o, 6 Ta A. Y IbOMY BHIIQJIKYy JIOLLJIBHO
BUKOPDHCTOBYBAaTH  IHIIE  IPOCTE  CITIiBBIJHOLICHHS

, () . .
Eg / JJIA MOonepeaAHLOIr 0 aHamsy SIKOCT1

TEepMOeNIEKTPUYHOro Marepiainy. [Ipu mpomMy HeoOXimHO
3HATH IIMPUHY 3a00pOHEHOI 30HU Eg.
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Puc. 11. 3anexHicTh TapaMeTpy MaTepiany o BiJ NIMPHUHU 3a00POHEHOT 30HH ESIKUX HAIiBIPOBIAHUKIB [28].
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Puc. 12. Be3po3mipHa JOOPOTHICTH TEPMOCTEKTPHIHNX MaTepiamis [8].
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Sko BUpazuTH oy Br/MmK, a Ey B enekrpon-

BosibTax (eB), BkasaHe criBBiAHONICHHS HaOyBae Maibke
OJIHAKOBE 3HAYEHHs JIA CIUIaBiB Ha ocHOBI BiyTe;, PbTe
ta SiGe. [IpunyckardH, 10 TPaTKOBa TEMIONPOBIIHICTh
NIpY KIMHATHIA Ta BUIIUX TEMIIEpaTypax 3MiHIOEThCS SIK
T Ta HexTyl0uH 3MiHOO E, i3 Temnepatyporo, Kpamum
rnapamMeTpoM  IOJO  BHOOPDY  TEpMOEIEKTPHYHOTO
MaTepialy Moxe OyTH BelMuuHA d:(\/Eg /1 LT) A0*, sKa

MPaKTHYHO HE 3aJIeKUTh Bix Temmeparypu [28]. Binbiie
TOro, mapamerp o Ui Kpamyx TEePMOEIEKTPUIHUX
MaTepiajiB HaONMKAETbCS 10 OMWHUIN 3HU3Y Ta Jae
JI00pe Y3TOKEHHS 13 MaKCUMaJbHUMH 3HaueHHAMU ZT
IUT UX MatepiaiiB. Y TaOnuimi 1 HaBEICHO 3HAYCHHS
Eg, A\, Ta & mua nmeskux HamiBmpoBimHukie [4-7]. Ha
puc. 11, 6 naBnmeHo 3anexHicte & Big EQ mis pizHux
MarepiamiB. Bucokwmu, OJU3BKMMH 10  OJUHHMIII
3HaYeHHA O, SK TPABWIO, BOJOMIIOTH  SKICHI
TEPMOEJIEKTPUYHI MaTepialiu.

Ha puc. 12 naBeneno pesynbratu miaBuiieHHs ZT,
orpumadi 3a octanHi 70 pokiB. Cuigye, mo me y 50-70
POKax MHUHYJIOTO CTONITTS BIAJOCS 3HAYHO 301IBIIUTH
0e3po3MipHYy TEPMOCIICKTPUIHY IOOPOTHICTH
KPHUCTAJIYHUX HAIliBIPOBIJHUKIB, BUKOPUCTOBYIOUH JIJISI
LBOr0 KJIaCHYHI METONM CTBOPEHHS OINTHMAIbHUX
KOHLIEHTpaliil HOCIIB CTpyMy Ta 30iJbIICHHS BHECKY
(oHOHHOrO poO3citoBaHHS. bynn HOCATHYTI 3HAuYEHHS
nmapameTrpiB  ZT ~1.6—1.7, onpHak, Hamaai TeMml
I ABUILIEHHS JIOOPOTHOCTI IIOMITHO 3HU3UBCS.
[IpomMucIOBEe 3acCTOCYBaHHSA 3HAWILIM MaTepiald Ha
ocHoBi cuctem Bi-Te, Pb-Te, Ge-Si, y skux 3HaueHHS
nobporHocti ZT nemio HIKYE, HDK OTpUMaHi B
na00paTopisx.

Bunukae npupoaHe 3amMTaHHS — SIKI IEPCHEKTUBU
MOJaNbIIoro mifBumicHHs ZT? Pe3yabTath aHamisy

JIOOpPOTHOCTI OJTHOPIHUX KPHCTAJIIYHUX
HAMIBIPOBIMHUKOBUX CTPYKTYp, BHKIameHi B [29],
NPUBOAATH O BHCHOBKY TIpO Te, WIO HaWOuIbIIe

3HAYEHHs TEPMOENEKTPUYHOi noOporHocti ZT, sike
BIJMIOBIIa€  iZlGAIbHOMY  IIOEAHAHHIO  ITapaMeTpiB
MaTepiaiy, Mae Mexy B OKOI (ZT)max < 3. I, OCKiIbKH B
peaJbHMX MaTepianax Take iJeajbHEe IIOEJHAHHSI B
TIOBHI# Mipi He peaizyeTbcsi, TO Mexi mokpamieHHs ZT,
HaBeleHI Ha puc. 12, ciig cnpuiiMaTé sk OJMHM3bKI 10O
MaKCHMaJIbHO MOYJIMBUX JUTS KPUCTAJIIYHUX MaTepiaiB.

VY 3B'S3KY i3 I[M, B OCTaHHI JECATIITTA BCe OLbIe
yBaru TPHUIUIIETECS TEPMOCIEKTPHYHUM Martepianam,
CTPYKTYpa SIKMX BiJIPi3HAEThCSA BiJ KpuUCTaNidHOl [29—
31]. Jlo HHX BIiZHOCATBHCS KOMIIO3HTH, IOPOIIKOBI
MaTepiaiu, CTPYKTypH Ha OCHOBI HAATPaTOK, MaTepiaju
3 KBAaHTOBHMHU SIMaMH, OpT'aHiYHI HAIliBIPOBIJHUKH Ta iH.

Oco0imBi Hafii MOKIANalOTh Ha HAHOCTPYKTYPHI
MaTepiaim — HaHOILTiBKH, HaHOJPOTHHH,
nanokomnosutd [31]. TlpeactaBieni Ha puc. 12 nasi
MiATBEPKYIOTh, IO 3HAYEHHS JOOPOTHOCTI OKPEMHX
HAHOCTPYKTYPHHX MaTepiajliB CIHpaBji IepeBepIIyIOTh
ZT 00’ eMHUX KPHCTaIIB.

[TinBumeHHs JI0OOpOTHOCTI HaHOCTPYKTYP
3YMOBJIEHO JIBOMa OCHOBHMMH (akropamu. Ilepmmit
[I0B’ sI3aHUN 3 3MEHIIEHHIM TEIUTONPOBIAHOCTI

BHACNIJIOK 3pOCTaHHSA (POHOHHOTO pO3CIIOBaHHA Ha
TPaHMIPIX IIApiB y HAHOILIIBII YM HAaHOAPOTI abo Ha
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Mexax 3epeH B 00 eMHHMX HaHOKoMmmosuTax. [pyruit
(akTop 3YMOBJICHWI MiJBUIICHHSIM 3HAYEHHS TEPMO-
EPC KBaHTOBO-PO3MipHHUX HaHOCTPYKTYpP
(HAHOCTPYKTYp 3 KBAHTOBUMH SIMaMH), SIKa 3AJISKHUTH BiJ|
3pOCTaHHS TYCTHHHM CTaHiB HOCIiiB 3apsamy [32] y 2D-
HajArpaTtkax 3 KBaHTOBUMH siMamu, B 1D-kBaHTOBHX
Iporax Ta y HaHokommo3utaX 3 OD-KBaHTOBHUMH
Toukamu. He3Baxxaroun Ha 3HAUHY KiIBKICTh JJOCIIIXKEHb
TaKUX CTPYKTYp, CIPOOM TPaKTHYHOTO BHKOPHCTAHHS
LIMX MaTepialliB IIOKH HE Aal0Th OYiKyBaHHUX PE3YJIbTATIB.

[Ipote, € ¥ iHIMIA NUIX TiABUIICHHS ¢()eKTHBHOCTI
TEPMOENIEKTPUYHOTO  MEPETBOpEHHs1  eHeprii.  BiH
3aCHOBaHMH Ha BKIIOYEHHI [OAATKOBHUX (hi3UUHHX
e(peKTiB, K1 BHUHHKAIOTH B HEOHOPITHUX
TEPMOCTICKTPUYHUX Marepianax. lle o0 emHi edekru
3eebexka 1 Ilempthe. Ilpum mpaBmiIbHOMY BHOOpI
HEO/IHOPITHOCTI Yy BiTKaX, I 00 €MHI e(peKkTH MOXYyTh
nokpamutd KK/ TepMoenekTpuyHOro mMepeTBOPEHHS
eneprii. Ha Taky moxuBicte BkazyBas me A.D. lodde
[33].

OueBUIHO, 10 Taka HEOTHOPIIHICTH HE MOXKE OyTH
JIOBiUTBHOW.  [lyisi  palioHanbHOrO  BUKOPHCTaHHS
HEOJHOPITHUX MaTepiaiiB CiiJ 3HATH, sKa (QYHKIIS
HEO/IHOPITHOCTI MPU3BOJUTH 10 JOCATHEHHS HaMKpammx
pe3yabpTaTiB. Y  TepMOEIEMEHTax i3  OIHOPIIHHUX
MarepiaiiB, 00'€KTOM ONTHMIi3alll € YUCIa — BEITUUNHH
KOHLIEHTpAIil HOCIiB CTpyMY UM 130BaJICHTHUX aTOMiB. ¥
HEOJHOPIMHMX  MaTepianax 00 €KTOM  ONTHMI3allii
CTaroTh (YHKINI, SKi ONUCYIOTh 3MiHH KOe(IIli€HTIB
TepMo-EPC, enexTpomnpoBiIHOCTI Ta TEIUIONPOBiTHOCTI
B3/IOBX HANPSIMKy BEKTOPIB EIIEKTPUYHOIO CTPyMy 1
TEIIOBOI'O MOTOKY. Taki 3MiHM MOXYTb JOCATAaTUCS SIK
BIJIMIOBITHMM PO3IIOAIJIOM KOHIEHTpalil JOMIIIOK YHu
CKIamy MaTepially, TaK 1 BIUIMBOM Ha MaTepiail
30BHIMIHIX (I3UYHMUX TMONIB — MArHiTHUX, CHJIOBHX YH
iHmmx. OTpuMaHi TakuM YHHOM MaTepiaji NpPUIHATO
Ha3uBaTH QYHKIIIOHABHO-TpagieHTHUMHE (DT TM).

3aJeKHO BiJl KOHKPETHHX 3aBAaHb (HOCSTHEHHS
makcumanbHoro KKJI, wmiHiManeHOI — TemriepaTypu
OXONIO/KCHHS, MAaKCHMAaJbHOI  IIBUAKOMil,  TOIIO),
ONTHMaJbHI (YHKIIT HEOAHOPIMHOCTI MaTepiaiiB abo
30BHIIHIX BIUTUBIB MOXYTh OyTH pisHuMu. Y [34]
HABEACHO KIACHU(IKAII0 TAaKUX ONTUMI3alliiHUX 3a1ad
Ta BCTAHOBJIEHO, 1110 1X yucio ciarae 150.

[Momyku ontumanbHuX (YHKIIH € CKIaIHUMHU
MaTeMaTUYHUMU 3aBAAHHAMH. BOHHM BUpPINIYIOTHCS
piznumu  meroxamu. Cepex  HHX e(DEKTHBHUM €
MaTeMaTU4YHUA  METOA  ONTHMAJIBFHOTO  KEpyBaHHS

[34,35].

V. EdexTuBHICTH TEPMOEIEKTPUYHOI O
NepeTBOPEeHHs eHeprii

TepMmoenekTpu4HUIT TeHEpaTOp MPAIfOE Ha PI3HUILI
JIBOX TEMIIepaTyp, 1 Tak camo, SK TeIUIOBa MalllhHa,
MIEpETBOPIOE TEIUIO B elNeKTpu4Hy eHepriroo. Koedimient
MEepPEeTBOPEeHHsT Tpuiaany (BIHOIICHHS eIeKTPOCHEpTii,
10 BUPOOJISIETHCS, A0 TEIUIa, IOTJIMHYTOrO Ha TapsidoMy
CMar) MOXHA BHPA3UTH Yy TEepMiHaX e(EeKTHBHOCTI
Kapmo:
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h=P/Q,, (16)
JIe CNICKTPUYHA TIOTY)KHICTh 3aa€ThCs, K P = IZR0

(Ro — ormip HaBaHTaXKEHHS).

TemoBuii MOTiK Ha TapsA4iil CTOPOHI CKIAagaeThes 13
TPbOX  KOMIIOHEHTIB:  TEIUIOBUH  IOTIK  4epe3
TEpPMOCNIEKTPUYHUNA ~ Martepian, SKHA  BU3HAYAETHCS
TEIUIONPOBIIHICTIO MaTepiany KAT, MorjauHeHe Ternsia Ha
raps4iii CTOpOHI TIepexoiy, IO BU3HAYAETHCS uepe3
koedirrient [lenbthe I1 =S Ty, Ta TewIo, sKe HAAXOTUTH

HAa rapsdy CTOpoHy y BHrasmi Tera JDkoyms I°R,
TepMoeNeKTpuIHOro matepiainy (17) 3 mpumyiieHHsIM,
0 IOJIOBUHA IIbOI0 TEIUIa Iile Ha rapgdy CTOpPOHY, a
MOJIOBMHA HA XOJOAHY CTOpoHY Moayis. Omip camux
TEPMOENIEKTPUYHHIX MaTepiaiiB TyT R.

1

Q, =KkDT +ST,| - EFR. (17)

Puc. 13. HamiBnpoBiguukoBa TepMonapa 1 Ta TepMoeneKTpuIHui Moayib 2, chopMoBaHuii i3 nux Tepmonap; 3 —
MeTaliuHi KOMYTaIliiiHi MIacTHHH, 4 — KepaMiuHi eeKTPOi30I0r0Yi Ta TEILIONPOBiAHi iactuuu [37].

CTONITTS  aKajeMik
UL TEpMOEJIEMEHTA
3  IIBOX  TLJOK,

Ile B cepemuni XX-ro
A.®.lopde [33] mokaszas, mIO0
(puc. 13), sKkMit  CKIaJa€THCS
BUTOTOBIICHUX i3  OJIHOPIJHHUX  TEPMOCIEKTPUUHUX
MaTepiaiiB, BJIACTUBOCTI SKHX HE 3alieKaTh Bif
Temmepatyp, Kkoedimient kopucuoi mii  (KKJ)
BU3HAYAETHCS 3T1JHO BHPA3y:.

h = 1T - TzzT

Tl
ne T1 — TeMmepaTypa raps4oi CTOpPOHHHU TEPMOETIEMEHTA,
Ty — TEeMIIEpaTypa XOJIOJHO1 CTOpPOHH,

T=(T,-T,)/2. z
BJIACTUBOCTEH MaTepiaJIy BiTOK TepMOCJ’IeMEHTa:

JZ= S-S

(18)

Bennunna 3aJIEKUTh  Bif

) 19
EE o
7,255 7,-5% (20

VY mux Bupazax S, S,— koedinientu tepmo-E.P.C.
MmartepialiB N- Ta p-THIy NPOBIJHOCTI, Gp, Cp— iX
KoedillieHTH eTeKTPONpPOBIAHOCTI Kn, Kp— KoedilieHTn
TEIIONPOBITHOCTI.

Takum uunoMm, KK B (24) okpiM TpaauIiiHOTo

hy =—T1%T2 :
1
JOOPOTHICTIO TEPMOEIEKTPUYHUX MaTepianiB Z, Ta Zy,.

Pe3ynpraTi mepmmx TEOPETHYHHX JOCITIHKEHb
CEeKIIMHUX TEPMOEIEMEHTIB JUIs TEHEPaTOPiB HABEICHO Yy
poborax [30-34]. Merox po3paxyHKy CeKIiHHOTO
TepMmoenemenTa 3amnpornonosano y [30, 31], ska motiM
BBilinIa g0 30ipku crateir [31]. Y mumx pobGorax
HaBEJICHO YHMCENbHUN METOJ ITOCIIJIOBHUX HaONMKEeHb
IS po3paxyHky MakcumanbHoro KKJI ta ontumansHux
CHiBBIJIHOIIEHh ~ T€OMETPUYHUX  PO3MIpIB  CeKIii
TepMOeNIeMeHTa. AJITOpUTM MeTony 0a3yeTbest Ha

KK mukny Kapho BU3HAYAETHCH,
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PO3B’si3aHHI CUCTEMH anreOpaiyHuX piBHSIHB TEIJIOBOTO
0aJaHCy MIXK CEeKIIsSIMH 13 BpaxyBaHHSM YCEpeJIHEHUX 10
TeMIlepaTypi 3HaueHb IapaMeTpiB MarepiayliB KOXXHOI
ceKIii Ta KOHTaKTHHX ONOpiB MDK HUMHU. B 00’ emi
CeKIii BpaxoByBayu Termio TomcoHa Ta Temio IlenabpThe
Ha MEXI MK HUMH.

Skmo  TepMoeneMeHT  CKIAJAaeThesi 3 PI3HUX
MaTepiajiB, TO Uil KOXKHOI cekmii crpym [ Moxe
BiJIPI3HATHUCS BiJl OIITUMAJIEHOTO BHACHIZIOK

CTpHOKOIOAIOHOT 3MIHM BIIACTMBOCTEH Marepialy Bif
CeKIii 70 cekiii. Y oMy BHUIAIKY, sIK MOKa3aHo B [35],
KK/ 1, TepMOeNeKTpuIHOi BITKH MOKHA BU3HAYHUTH 32
dhopmyIoro

h =1- exp dT M-1 dh © 21)
§ T M+ldh, 3
ne  BTpata  e(EeKTUBHOCTI  uepe3  HEey3TOPKEHHs
MaTepiajiB CeKiili BpaXOBYEThCS OMPABKOIO
dh _z(M+]-Z2*
= ( ) (22)
dh,, 1+z(M-1
[ —
Y (28) z=—, M=+v1+ZT, Z- cepenne

opt
3Ha4YeHHs1 aO0COMIOTHOI JOOPOTHOCTI Matepially BITKH,

T — cepenus TemmepaTypa BiTKH.

OntumanbHe 3HAYEHHS CTPYMY |lopy AT TUISTHKH
BiTKH TepmoenaeMenta OX BpaxoBye B3a€MO3B’ 30K
rpagierra temmepatypu dT/dX [33] 3 BmactuBocTIMHU
MaTtepiaiy:
kZo dT
T dX
Zo — e mepepi3 BiTKH.

VY cekuiiHOMY TepMOEJIEMEHTI CTPYM, IO MPOTIKaEe
y WOro BIiTKaX, NMOBHHEH OYTH OIHAKOBHUM I BCIiX
CeKIIi{, a MOTIK TeIula Ha MeXaX CEeKLiN — HellepepBHUM.
BukonanHs 1HMX JABOX yYMOB IIpH  30epexeHHi
ONTUMAJBHOTO PEXHMY pOOOTH KOXKHOI CeKIii €

—(M-1), (23)

ot



JlocsirHeHHS 1 Tpo0JIEMH TEPMOETIEKTPUKH. ..

HAWOIIBII CKIAJHUM 3aBOAHHAM. SIKIIO BpaxyBaTd IIIC
onHe HaONWKEHHs, a came, HI0 TeIUIOTH, 3yMOBJICHI
temonposignictio  QF, vy CEKITisX

BiIPi3HSAIOTHCS HE3HAYHO, TOOTO Q! » const , TO CTpyM,

CYMIKHHUX

SIKMH TIPOTIKAa€ y KOXHIH 13 CeKIii Oyne ONM3bKUM 110
OINTHUMAJIbHOI BEIMYNHA

|
ZQ
opt
(1+m™)s
JIUIIIE Y TOMY BHIAJKY, SKIIO BiJHOIICHHS JTOOPOTHOCTI
Z, no xoeoimienra tepmo-E.P.C. S matepianiB cekiii

IIPAKTUYHO OJTHAKOBE:
Z, 1S »const, (25)

ne M =\1+ZT — onrtumanehmii KoedirmieHT
BiJTHOCHOT'O HaBaHTa)KEHHS CEKIIil.

Crin 3ayBakuTH, IO VISl PEKUMY MaKCHMaJbHOTO
KKJI cekrifiHOro reHeparopa OUIBII TOYHOI YMOBOIO
Y3TOJDKEHHSI MaTepiaiB CEeKLil € PIBHICTh AJIsI KOXKHOI

Z
CeKIIli BeTUYUHU ( !

1+1/1+zii)sl'

OueBuaHoO, 1O caMe Taka ymoBa ciiaye i3 (30) B
HaOKeHHI

opt _
¥ =

(24)

QIk » const . (26)

PoGoui Temneparypu MiXK CEKILISIMU IJIsl MaTepiaiiB,
SKi Y3TO/pKeHI yMOBOW (25), MOBHHHI BHOHMpAaTHCS Ha
nepeTuHi TemmepaTypHux 3aiexuocreit Zi(T). OnHak y
pAAl  BUMAAKIB Taka MDKCEKIIHHA  TeMIlepaTypa
BU3HAYAETHCS 13 MaKCUMaJlbHOI pOO0YOi TeMIiepaTypu
HU3BKOTEMIIEPATYPHOI CEKIii 3a YMOBH, IO MNpH Wi
TemrepaTypi  JOOpOTHICTh  HHU3BKOTEMIIEPAaTypPHOTO
MaTepiajiy BUIIA, HDK BUCOKOTEMIIEPATYPHOTO.

[Ticnst BU3HAUEHHS BCIX TEMIIEpAaTYpHUX iHTEpBaJIiB
Ta CepeHiX TEPMOEIEKTPUYHUX MapaMeTpiB MaTepiaiiB
B [MX IHTEpBaJax, MOXKHa OOYMCIUTU PO3MIpH CEKIIii
TepMoeneMeHTa (30Kpema, MOBKHHY | mpu 3amaHomy

TIONIEpEYHOMY TIepepisi Z) [Ipu 3amaHOMy TEIUIOBOMY

MOTOIIl JDKepena Temwia O, JMOBXKHHA | HaiGimbIn
BHUCOKOTEMITEPATYPHOI  CEKI[ii ~ BU3HAYAETHCA 32
dhopmyIoro
DTk, & 2ZT zpr, U
l[,=—ré&+——2"h - E 120. (27)
qhzlg 1+M, 2(1+M1) g

JIoBXMHM BCiX iHIMX ceKuii |, Bu3HauarThCA i3

YMOBH HEIIEPEPBHOCTI TOIUIOBOTO IIOTOKY Ha MEXi
CEKIIIi:

e c u
sorl,a+ ol . 2PN g
| g 1M 2(1+M ) g 29
L +1 ¢ z.T z.DT, U
S|+1DTi+1I - Z|+1T|+1 _ Z|+1DT|+1 5 l:l
a 1+M,, 2(1+|\/|i+1)g
Meroa  yTOYHEHHMX TeIIoBUX OanaHciB  [34]
IO3BOJIAE  HAOMMKEHO  BpaxyBaTd  TEMIIEpPATypHi

3aJIeKHOCTI OCHOBHHMX MapaMeTpiB TEPMOEIEKTPUUYHHUX
MaTepiajiB cekuid. BiH momsrae B OUTBII TOYHOMY
BH3HAYCHHI po3moauty TernoTu Jlxoyns i ToMcoHa mix
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raps'YuM 1 XOJIOAHHUM CIasIMH CEKITiH.

Omucani B [9, 10, 34] w™eroau poO3paxyHKY
TEHEpaTOpHUX  TEPMOENIEMEHTIB i3  JHMCKpPETHO-
HEOJHOPITHUX MaTepialiB MaloTh 3arajbHy OCHOBY, a
camMe — cucTeMy anreOpaiuyHuX piBHSHb TEIJIOBOTO
OajaHCy IIpU 3a/JaHUX TeMIlepaTypax Ha MeXi MK
cekiisMu. HesBakarounm Ha psg OOMEKeHb, I
HaOMKeHI METOAU A0 IBOr0 4Yacy BUKOPHCTOBYIOTHCS
npu MIPOEKTYBaHHI CEeKIIHHIX reHepaTOpPHUX
TEPMOCIICMEHTIB.

IIpu BuOOpi MarepianiB 3 XapaKTEPUCTUKAMH,
NPUAATHAMH Ul JABOCEKIIHHOTO  TepMOeNeMEeHTa,
3aIpOIOHOBaHO CKOPHCTATUCS HaOIMKEHOI0
TeopernuHoi 3anexuictio ZT =f(8) mna BupomxeHnX
HAITBIPOBITHUKIB

S

T=
1G(r+3/2) ' (29)
- = T =4 |_o
b F.y(X)
ne S, =Se/k, — 6e3po3mipuuii koediient Tepmo-EPC,
B— Oe3po3MipHMii mmapaMeTp, MO 3aJCKUTh BiX

OCHOBHOT'O CKJIaJy Matepiaiy, € — aOCOJIOTHa BeJHMYHHA
3apsany enektpona, Ko— mocrifina Bombrvana, X —
npuBeneHnii  moreHmian — depmi, f—  mapamerp
posciroBanns, F (x), I'(S), Lo~ inTerpan ®epwmi-/ipaka,
rama-QyHKIis, 0e3po3MipHe yncino JIopeHia BiAmoBiIHO
[10].

Pe3ysnpraTi mepmmux JIOCTIIHKEHb OXOJOKYIOUHX
TEPMOCJICMCHTIB, OTPHUMaHI Ha CEKIIHHUX TiIKaXx,
MIPOJIEMOHCTPYBaIIH MOXITUBOCTI MOKpAaIIEHHS
XapaKTEePUCTUK OXOJIOPKEHHS 32 paXyHOK BUKOPHCTAHHS
00’ emHOro edekty IlenpThe. OmHaK, Take MOKpAICHHS
MOXIIUBE JIMIIE TIPHU ITIEBHIH 3MiHI TEPMOENEKTPUUYHHUX
rapameTpiB MaTepiany B3JIOBX BUCOTH riiok. O4eBU/IHO,
0 JUIs  JOCSATHEHHS  MaKCUMallbHOrO  e(eKTy
OXOJIOJDKEHHST HEOOXIMHO IIyKAaTH ONTUMAabHI (PyHKIT
po3ToNiay IMapaMeTpiB  Marepialy B3JOBX  BITOK
TEepMOEJIEMEHTA.

BucHoBkHu

1. TIlpencraBieHO eNEeMEHTH Teopii OCHOBHHX
TepMmoenekTpudHuX  edekriB  (3ebeka,  I[lemethe,
TomcoHa) s  OMHOPIAHMX Ta  (DYHKINOHAIBHO-
rpajlicHTHUX MaTepiaiB.

2. HaBeneHO OCHOBHI  XapaKTEPUCTUKH  JUIS
TEpPMOENIEKTPUYHHIX MaTepialliB, 10 BU3HAYa MPAKTUYHY
1X IIHHICTb.

3. [Hana XapaKTepUCTUKA e EeKTUBHOCTI
NPETBOPEHHSI  TEIUIOBOI  €Heprii B EJNEKTPUUYHY
OJTHOCEKIIHHMX Ta 0araTOCEKIiIHUX TEePMOEIEKTPUIHIX
MOJIYJIIB.
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An overview of classical thermoel ectric effects, Fundamentals of the theory and its implementation for the bulk
of homogeneous and heterogeneous materias. The parameters as a thermoelectric material and indicated on ways to
optimize them. These characteritics thermoel ectric efficiency power converters.
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