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TEPMOIIAPU VIS TEPMOIIEPETBOPIOBAYIB

METPOJIOI'TYHOT'O NIPUZHAYEHHSA

Muxumiox O.1O.

Y oamuii  pobomi pozenamymo cnocobu 30inbUuleHHSs  UYMAUBOCMI  MEPMOENEKMPUUHOO0

nepemeoproeada MempOJlOZi'{HOZO NPUSHAYEHHA 34 PpAXYHOK KOHCMPYKMUGHUX y()OCKOHaJleHb

MepMOeNeKmMPUIHO20 Nepemeopiogayd ma onmumizayii meniosux pescumie pobomu. Iloxazano

ocobausocmi 8uMo2 00 MEPMOENEKMPUYHOSO MAMeEPIany, HPUSHAYEHO20 0N KOHCMPYIOGAHHS.

MepMOeneKMPULHUX Nepemeoplosais AK euMipioganbhux npunadis. bion. 11, puc. 1.

KiaruoBi cioBa:

TEPMOCJIEKTPUYHUI IIEpEeTBOPIOBAY, HATPIBHMUK, TepMOIapa,

TEpMOCIIEKTPUIHUI MaTepial

Bctyn

CTBOpEeHHSI BUCOKOTOUHUX HPUJIAAIB JUIsl BUMIPIOBAHHS BEIWYHH 3MIHHOTO CTPYMY € BaXXIIMBUM
3aBJAaHHAM CY4aCHOTO TEPMOEJIEKTPHYHOro mpuiaano0ynyBaHHs. [ligBUINEHHS YYTJIMBOCTI TaKUX

npuiIaiB 0e3MmocepeHbO OB A3aHe 3 MIABUIICHHSIM YYTJIMBOCTI TEPMOCICKTPUIHOTIO TIEpEeTBOPIOBayYa

(TIT) MeTposOriuHOrO MPU3HAYEHHS.

30utbmenHs uyrMBocTi TII, B OCHOBHOMY, OCATA€ThCS 3a PaxyHOK IOKpAallaHHS IapameTpiB
tepmoenekrpuaroro marepiany (TEM). Onnak, nmopsn 3 momrykom HoBuX TEM 1 mokpamiaHHsIM sIKOCT1
BIZIOMUX MaTepiaiiB, MOXIUBOCTI 30UIbIIEHHSA JOOPOTHOCTI (Z) SKMX HAa JAHOMY €Tari MPaKTUYHO
BUYEpIaHi, ICHYIOTh MOXJIMBOCTI mHifBuileHHs mapamerpiB TII 3a paxyHOK iX KOHCTPYKTHBHHX

YIIOCKOHAJIEHb, ONTHMi3allii TEIUIOBUX pEXUMIB poOOTH 3 METOI 30UIbIICHHS e()EeKTUBHOCTI

IyTIIUBICTS,
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BUKOPUCTAHHS TeIja, IO BUAUIIEThCS HarpiBHUKOM TII. AKTyanbHUM 3aJIMIIA€THCS 3aBIAHHS
ontuManbHOTO 3actocyBaHHs TEM came mis TII, OCKinbKM y JaHOMY BHIIQJKy ICHYE CYTT€Ba
BIIMIHHICTH Bijf BUKopuctanHs TEM i HIIMX TEPMOENEKTPUYHUX HPUCTPOIB — TEPMOreHEepaTopiB
(TET), npuiiMa4iB BUIIPOMIHIOBaHHS, OXOJIOKYBadiB Ta iH.

ToMy BaXJTMBUM 3aBIIaHHSM 1 METOO JTaHOT pOOOTH € BCTAHOBJICHHST OCOOIMBOCTEH 3aCTOCYBaHHS

TEM came nipu po3po6iri TII.

Binminnocti y Bu6opi TEM puis1 pisHEX THIIIB TepMOeIeKTPUYHHUX IIPUCTPOIB.

Binomo [2], mo 3acTocyBaHHs HamiBIPOBIAHUKOBOIO MaTepiany JUls NEepeTBOPIOBAYIB TEILIIOBOI
€Heprii B eJIeKTPUYHY MPHUBE3JI0 0 PI3KOro MOKpamanHa ixHporo koedimienty xopucHoi mii (KKJ) i
CTBOPMJIO XOpOIIl TEpPeIyMOBH Ui LIMPOKOrO BHUKOPUCTaHHS TAKUX MEPETBOPIOBAYiB. Y 3HAYHO
MEHIII Mipi BUBUEH1 MOXJINBOCTI MoKpamianHs napamerpiB TII meTposnoriunoro npusnadeHHs. Yacro
cnpoOu BUKOpHUCTaHHS TepMoenekTpuuHux MatepianiB (TEM), po3poOneHux mnsi eHepreTuyHuX
BUKOPUCTaHb HE MalM ouikyBaHoro ycmixy. Lle 3ymoBieno tum, mo TEM, npusHaueni mis
BHUMIPIOBAJIBHOI TEXHIKM 1 METPOJIOrii, TMOBUHHI BIJNOBIZATH psAAYy IONATKOBUX BHMOT, IO HE
BpaxoBYIOThCs pu po3poditi TEM mnst inmmx 3actocyBanb. Hanpuknan, mist TED, TepmoenexTpuaHmx
xononunbHUKIB (TEO) 1 mpucTpoiB TepMOeneKTpUUHOr0 HarpiBaHHs.

ITpu BuGopi TEM nmns tepmonapu TII BumosminiootoTses kputepii ontumizanii TEM. B TET,
TEO 1 npucTposix Ui TepMOEIEKTPUYHOI0 HarpiBaHHs, OCHOBHUM [IapaMeTPOM, 1110 BU3HAYAE IX SKICTh
e KK. Jnst TED KKJI (#yax) B peKHUMiI MAKCUMAIIbHOT MTOTYKHOCTI BU3BHAYAETHCS BUpa3oM [3]:

1 T -T, (1)

T] ; = — 2
max 2 2 1
L+—-—(1,-T,)
z 4

ne T) 1 T, — TeMriepaTypH rapsiuux i XOJIOAHUX CHaiB, BIANOBIAHO, Z — TEPMOEIEKTPUYHA JOOPOTHICTD

TEM, 1o Bu3Ha4aeThes 3a HOpMYIIOr0:

; )

ne o — xoedirienT TepMoEPC, o — enekTponpoBiHICTb, X — TEIUIONPOBIHICTS.
s xapakrtepuctuk TEO BUKOPHCTOBYIOTh XOJOAMIIBHUM KOSDILIEHT Eyay, 110 BU3HAYAETHCS 3

piBHsIHHS [4]:

T, 14057, +T,)-T,/T,
T,-T, \J1+0.52(T,+T,) +T,/T,

3)

max

OmnamoBanbHuil KoediieHT Kt Ui MPUCTPOIB TEPMOEIEKTPUYHOI0 HAarpiBaHHS BU3HAYAETHCS
Tak [5]:
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1. T, T-T,
K. =—(2_h7%, 4
r 4(2 sz) 4)

®opmymu (1), (2), (3), (4) 3anumIarOThCs MPABUIBHUMH HE3aJEKHO BiJl TOTO, IKUW THII MPUCTPOIO
13 BHILNE3TalaHuX pO3IVIsAaeThes. Y IuX (GopMylax OCHOBHUM IapaMeTpOM, IO XapaKTepU3ye
€(eKTUBHICTh MPUCTPOIO, € z. TOMY OCHOBHOIO BUMOTOIO, 110 BUCYBa€eThCs 10 TEM, € mocsrHeHHS
MaKCHUMaJIbHO MOXJIMBOTO 3HAaYEHHS Z.

[HIIOI0, HE MEHII BaXKJIMBOIO, BUMOTOI € 30epexeHHss nobporHocti TEM y mupokomy
iHTEepBaJli TEeMIEpaTypH.

Jlume 1 HEBENMKOI IpyNH BUMIPIOBAJIBHUX MNPUIAAiB — NpUHMaviB BUIPOMIHIOBAHHS,
MIKpOKaJOpUMETPiB, TepMOINap — 3HANICHO CIIBBIIHOWIEHHS, 3 SKUX BHU3HAYAETHCS 3B'SI30K MIXK
napamerpamd TEM 1 OCHOBHMMH XapaKTE€pUCTHKaMHM NPUCTPOIO 3 BPAaxXyBaHHSAM MOKJIHMBOCTI
JOCSITHEHHSI HUMU I'PaHUYHUX 3HA4€Hb, OOMEKEHHX JIMIIIE TEIIOBUMH 1 TEMIIEPAaTypHUMH IIyMamH [5].

OCHOBHUMH IapaMeTpaMM, IO ONUCYIOTh NpUKMadi BUIPOMIHIOBaHHS, € 3JATHICTH [0
BUSIBJICHHSI CHUTHAJy Ta BOJIbT-BAaTHA YYTJIMBICTh. JlJIS MIKPOKaJIOpPHMETPIB BBOASTHCS aHAJIOIIUHI
napametpu. L{i mapamerpu gaBHO IOCHiKeH1 1 onucadi B podorax [3, 4]. MaTemaTH4H1 BUpas3u yis
BU3HAYEHHs LIMX IapaMeTpiB HE BPAaxXOBYIOTh LIUIUH PsI JOJATKOBUX (AKTOPIB, BIACTHBHX PI3HUM
TEPMOEIEKTPUYHUM IPUCTPOsM. Bupasu mi1s peaqbHUX KOHCTPYKIIiH € 3HauyHO ckiaaHimumu [5]. B
HUX y pI3HUX KoMOiHamisx BxomsaTeh mapametpu TEM: a, o, x. KpiM BuUMOr mgocCsSTHEHHs
MakcuMmanbHOl uyyrnuBocTi 10 TEM Tta TII BucyBaerhcs 1 psig JOJATKOBUX YMOB: CTaOUIBHICTH y
3a/IaHOMY Jliara3oHi TeMIlepaTypH, BUCOKAa YacoBa CTa0UIBHICTD Ta iH.

I3 HaBeleHOr0 BUIHO, 1110 BUMOTH, KOTpi BucyBatoThes 10 TEM, npusnauenux ana TEL, TEO
1 TEIUIOBUX HACOCIB, CYTTEBO BiAPI3HAIOTHCS Bif BUMOT 10 TEM, npu3HaueHuX JUisi KOHCTPYIOBAHHS
TII sx BumiptoBanbHUX npunaniB. Hampukmnax, nodpotHicte TEM € Busznawanenow s TED 1 11
KK npu manux 3HadeHHSAX z7 3aleXuTh BiA JOOPOTHOCTI a 3aKOHOM, OJM3BKUM J0 JIHIHHOTrO.
Toxi AK UIsi BUMIPIOBJIBHMX MPHJIAJIB BUPa3d, B SIKI BXOAUTHh zZ, BHU3HAUYAIOTHCS CTEIEHEBOIO
3anexHicTio [6] 1 iHmmMMH koedimieHTamu. 3 1iei mpuunHH yMoBH ontumizanii TEM s
JOCATHEHHS MAaKCHUMAJIbHOI'O 3HAYEHHS YYTJIMBOCTI, MIBHUIKOMAII Ta iH., OyAyTh BiAPIZHATHUCA MIXK
coboro. Kpim Toro mae wmicre BigMmiHHICTh y BuMorax a0 TEM 1 mis pi3HUX BHMIPIOBaJIbHHUX
npwianiB [7]. Uepe3 ne He Moxe OyTu cTBOopeHui yHiBepcainbHuii TEM, mpuaaTHuil nis pisHHX
TEPMOETIEKTPUYHUX BUPOOIB.

VY BuMiplOBaJbHUX cucTeMax 3 BukopuctaHHsaM TII, koTpa B 3HauHii Mipi BH3HAYAETHCA
BiactuBocTsIMH TEM. Opnak, BuUMoru, mo BHCyBaroTbes 10 TEM st NOCATHEHHS TI'PaHUYHO
BaxiauBux napametpis TII, abo He B MOBHiil Mipi IOCHIiIKEHI Ta BU3Ha4YeHl, a0 BUOUpAIOThCA 3
MIpKyBaHb, IO HE 3aBXKIM BUIUIMBAIOTh 13 (i3muHux npuHounis podotu TII, a obGymoBueHi
eKCIUTyaTalllHHUMH MiaxoJaMu. Y 3B’S3Ky 3 IIMM YacTO BUHUKAIOTh TPYAHOIII 3 BHOOpOM

ontumansHoro Bapianty TEM nns TII.
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3B'A30Kk ocHOoBHUX napameTpiB Tl 3 BnactuBoctamu TEM

Jlns BUu3HaueHHs Metonuku Buoopy 1 ontumizanii TEM mns TII po3risiHeMo OCHOBHI apamMeTpu
TII.

HaiiBruimBoBimMMy napamMmeTpamMu, 1o onucyroTh BiacTuBocTi TII, € Ti, 1110 BU3HAYAIOTh 3B'S30K
MDK BUXITHUMH BeJIMYMHaMH (Cuia CTpyMmy, Hampyra) 1 BuxigHumu (TepmoEPC  Ttepmonapw,
TEPMOEJIEKTPUYHUI CTPYM, MOTYXKHICTh B KOJIi TepMonapH). i onucy 1poro 3B’ 13Ky B Jiitepatypi [5]
NPUNHHATI:

a) YyTJIMBICTB §, = OF; Sk BimgomieHHs mnpupocty TepMoEPC Ttepmomapm FE,. 10 HOIPUPOCT
yr T pupocty TEp p p T pupocty
H

cTpyMy /,, depe3 HarpiBHUK ;

OF,
oU

0) 49yTnmBICTE S, = , fK BigHoweHHs npupocty TepMoEPC Ttepmonapu E, 10 mpupocty

H
Hanpyru U, ;
. ET . . . .
B) UyTJIUBICTb S, = 5 K BIAHOUIEHHs E . 10 MOTYKHOCTI P, , 0 PO3CIFOETHCSI HArPIBHUKOM.
H

Jns BusHaueHHs S, 1 S, BUKopucToByroTh Gpopmynu [10, 11]:
S, =2K1,, (%)
S, =2K,U,, . (6)
Koeoiuientu nepersopenHs K, 1 K, 3B’s3aHi CIIIBBIAHOLICHHM:
K, =K,R;, (7)

ne R, — OITip HarpiBHHKA.
KoeoiuieHnT nepersopenns K, HaOIMKEHO MOXKHA 3anucaty y Burisai [10]:
R,

K, ==, 8
1= (8)

1e S — IOBEpXHs TEII000MIHY, A — Koe(illi€HT TEeTJIOBiAIai.

Bupasu (5) 1 (6) s uyrmBocti S, 1 S, BKI0YaoTh aume oquH napamerp TEM — a. ®dopmynn
(5) 1 (7) BipHi Tutbku ans peskux TamiB TII, y Skux BimBix Temia HArpiBHUKOM 3HAYHO OUTBIIUH, HIXK
BIJIBiJI TETIJIa TEPMOIIAPOIO.

V Gunbmocti koHcTpykuii TII Tepmornapa 1 HarpiBHUK MOAIOH1 SIK 32 TEOMETPUYHUMHU PO3MipamH,

TaxK 1 3a TemIogi3NYHUMHU apamerpaMu Marepianis. [Ipu npomy, sk mokaszano y [8], TENIONPOBIAHICTD
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TepMoIIapy BIUIMBAE HA PO3MOILI TEMIIEpaTypH B3/10BXK HarpiBHUKa. Tomy Bupasu (5) i (6) He MOBHICTIO
BpaxoBYIOTh (hi3M4HI IpoIiecH, 110 MaroTh Micie B TII.

Bonbr-BaTHA 9yTAMBICTH [9] IS ManuX mepenaaiB TeMIIEpaTypu JOPiBHIOE

ar.
S, =—=, 9
s 9)

1€ ¥, — TEIUIOBUH OMip TepMONapH, KU BU3HAYAETHCSA 32 HOPMYJIOL0:

ry = , (10)

ne I, i S, - nowxuHa i nepepis BiTKu TepMonapu.

BoubT-BaTHA 4yTIIMBICTH 3B’s13aHa 3 Koe(ilieHTOM 1eperBopeHHs K | CliBBiIHOICHHSM:

S, =—1. (11)

(12)

Takum umHOM BuUpa3 (12) BU3HAYae 3B'I30K MK OCHOBHHMH MapaMmeTpamu Tepmomnapu. I3
dopmynu (12) BupHO, moO S, A03BOISE€ 3 OUIBIIOI BHU3HAYEHICTIO BCTAHOBUTH 3aJIEKHICTh
Biactusocter TII Bin mapamerpis TEM, oqHak 1 4yTaMBICTh S, HE XapaKTepU3ye iX y HOBHIN Mipi.

Jlns HaWnmoBHIMIOTO BU3HAaYeHHA 3ajiexkHocTi napametpiB TII Bing BiactuBocteit TEM BBenemo

napaMeTp 4yTIUBOCTI
P
S, =—-, (13)
PH

SIKUil € BITHOIIEHHSM IOTY)KHOCTI, OTPUMAHOI Ha EJIEKTPUYHOMY HABAHTAKEHHI TEPMOEJIEMEHTY /0

migseneHoi 10 TII enekTpuyHOi MOTYXKHOCTI 3MIHHOrO CTpymy. i 3HAXOIKEHHS S,7 pO3rISTHEMO

€KBIBaJIEHTHY cxeMy Oe3koHTakTHOro TII 3 HaBaHTaXeHHsM 7, , puc. 1.
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Puc. 1. Cxema 6esxonmaxmmnozo TII 3 nasanmasicenusim.

SIKIO omip HaBaHTa)KEHHs Y3TO/UKEHMH 3 omopoM Tepmonapu (7, = R, ), To TII mpautoe B

pexxumi 6iin3bKkoMy 10 pexxumy MakcumaiabHoro KKJI 1 roai

E2

S, :—4R RT 28 (14)
T"*H™H

3 iHmO{ CTOPOHM BaTr-BaTHA YYTJIUBICTbH ST7 MoXe OyTu 3amMcaHa uepe3 Tertogi3nyHi

napametrpu TEM Tepmonapu y BUIIISIL:

T, -T.
‘S’7 — Z( 1 2) , (15)
4F,
pe F, — KoediuieHT, 0 XapaKTepusye pPaLliOHAIbHICTh BHKOPMCTAHHS TEIUIA, LIO BHUILISETHCS
HarpiBaukoM y TII. [Ipuuomy
2P
F =00 (16)
T] -T 2

®opmyna (15) 3rigao [3] BiamoBimae Bupaszy mins KKJ[ TEI' mpu ymoBi mManmx mepemnaiiB
TeMIepaTypd B TepMorapi Ta mpu ymoBi, mo mapamerpu TEM uis Tepmomapu He 3ajexaTb Bif

Temneparypu. binbue Toro, Bupas mis S, moxe OyTu 3anucanuii [5]y Burisui:

(T, = T,)N1+ 2T -1
SI _77: .
© (@ e T - TT)F,

(17)

58 Tepmoenexmpuxa Ne3, 2021 ISSN 1726-7714



Muxumiox I1/]., Muxumiox O.FO.
o numanns eubopy mamepiany mepmonapu Osi MepmMonepemeopro8ayis Mempoio2iuHo20 NPUHA4eHHs

I3 amamizy (15) i (17) cmimye, mo OCHOBHI ekcrutyaramiiiHi mapametpu TII 3amaroThes
TepMoeneKTpuuHo n00poTHicTio TEM z, pobouum mepenagom AT =T, —T, 1 xoediuieHTom F),,
3aexHUM Bif kKoHueHTpauii TII.

Otxe, 30utpmeHHs uyyrmBocTi TII Moxke pocsratucs sk 30iumbmeHHsM z 1 AT, Tak 1
3MEHIIEHHAM KoediuieHty F,. Opnak, 30umbmieHHs AT omHo3HauHO moripimye napamerpu TII:
KBaJPaTHUYHICTh IepeTBopeHHs (koedinieHT K; y ¢dopmyni (5) cTae 3amexHUM BiJ TeMmIepaTypu),
3ATHOCTI JI0 MEPEBAHTAXKEHb 110 CTPYMY, CTAOUIBHICTH y Yaci Yepe3 CTapiHHA MeTally HarpiBHUKA Ta
IPUCKOpPEHHs nporeciB Audy3ii Ha cnasx Tepmonapu. Tomy cyrreBe 30utbieHH AT € HeTOUUIBHUM.

Ominka panioHanbHOCTI KoHCTpYKLii TII, 1110 BpaxoBye MOXKIUBICTh 3MEHIIIEHHS TETIJIOBUX BTpAT
3a paxyHOK Bakyywmizamii kopmycy TII abo HamoBHEHHS WOro IHEpTHMMH Ta3aMH 3 MAaJIOo
TEIUIONPOBITHICTIO (Hampukian, KceHoHoMm) [10], onTuManbHE CHIBBIIHOMICHHS TE€OMETPHUYHUX
pPO3MIpiB HarpiBHHKa 1 TEpMONapH, BHUKOPUCTAHHS HArpiBHMKa 31 3MIHHMM nepepizom [11], mo
ONTHMIi3y€ BUKOPHUCTaHHS Telja BiJ] HarpiBHUKa Ta 1H. CYTITE€BO IOKpamryloTh napamerpu TII, Ane
OCHOBHE 30UIBLIEHHS YYyTJIMBOCTI BcCe K 3a0e3MedyeThcsi NUIAXOM BHKopucTaHHsIM TEM 13

MaKCHMaJIbHUM 3HaueHH:M z 1 koedinieHToM TepMoEPC a.

BucHoBoOK

IToennanHs pi3HUX BapiaHTiB miaBUIIeHHs mnapamerpiB TII 3 BHKOpUCTaHHAM e(EKTUBHHX
MmarepiaiaiB Ha OCHOB1 BiTe; CTBOPIOE CHPUATIMBI MOXIUBOCTI a1t po3podku TII 3 rpanndHuMu

3HAYCHHAMU I'IyT.HI/IBOCTi.
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K BOIIPOCY BbIBOPA MATEPHAJIA
TEPMOIIAPHI 1)1 TEPMOITPEOBPA3OBATEJIEN
METPOJIOI'MYECKOI'O HABHAYEHUSA

B oannoti pabome paccmompenvl cnocodwl yeeruieHus vy8cmeumeabHOCu mepModIeKmpUuiecko2o
npeobpasosamenst MEMPONOSUYECKO20 HA3HAYEHUs 3a cuem KOHCIPYKIMUBHBIX
VCOBEPUICHCMBOBAHUTI  MEPMOINIEKMPUYECKO20 Npeodpazosamensi U ONMUMUSAYUU MENTOBbIX
peosicumog pabomwi. [lokazanvl ocobeHnocmu mpebosanuil K mepMoINeKmpuieckomy Mamepuay,
NPEOHASHAYEHHOMY Ol KOHCMPYUPOBAHUS — MEPMOINIEKMPUYECKUX — npeobpazoeameneii  Kax
usmepumenvhulx npubopos. bion. 11, puc. 1.
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ON THE ISSUE OF CHOOSING THERMOCOUPLE
MATERIAL FOR THERMAL CONVERTERS OF
METROLOGICAL PURPOSE

In this paper, we consider ways to increase the sensitivity of a thermoelectric converter for
metrological purposes due to design improvements in the thermoelectric converter and optimization
of thermal operating modes. The features of the requirements for thermoelectric material intended
for designing thermoelectric converters as measuring instruments are shown. Bibl. 11, Fig. 1.

Key words: thermoelectric converter, heater, thermocouple, sensitivity, thermoelectric material
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