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EKCIIEPUMEHTAJIBHI JOCJIIKEHHSA
TEPMOEJIEKTPUYHOI'O /UKEPEJIA CTPYMY
3 KIVIBIIEBOIO TEPMOEJIEKTPUYHOIO BATAPEETIO

Hageoeno pesymomamu docnioxcenv mepmoenexmpuunozo oxcepena cmpymy (4C) ooHopazosoi Oii 3
Kilbyegoio mepmoesekmpudnoio oamapecio. Pesynomamu 0ocriodcens niomeepounu npaye30amuicms
makemuux 3paskie [C 3 kinvyegoro mepmobamapecio (TEB) i 6i0nogionicme ix enekmpuyHux
napamempis 6UMo2am mexHiuHo20 3a80anHs 3a doeosopom 3/2019. bion. 2, puc. 6, mabn. 1.

Karouosi cjoBa: TepMmoenektpuuHa Oarapesi, JKepelo CTPyMy, HOMIHalIbHA HAMpyra, BHXiTHA

MIOTYKHICTb.

Bectyn

BignosinHo no Ttexuiynoro 3apmanus(T3) 3a morosopom 3/2019 Bim 16.04.2019 p. Oyimo
HEOOXIJJTHO BUTOTOBUTH 1 JOCHIIUTH TepMoeiekTpuuHe Jpkepesio crpymy (JIC) 3  kijbiieBoro
tepmobaTapeero. TepmoenekTpuunmii iepeTBoproBad st [IC KOHCTPYKTUBHO MaB OyTH BUTOTOBIICHHIA
Yy BUTJISII TOPOIMHOTO KIIBIA i3 30BHIIIHIM 1 BHyTpimmHIM miamerpamu 50 i 39 mw, BimmoBigHO, i
mmpuHoto 16.5 mm Ilpn npomy JIC moBuHeH 3a0e3neunTy BUXigHY MOTYXHICTh He MeHmie 20 Bt npu
Harpy3i 5 B. Pobouwnii nepenan remneparypu AT npu iboMy He noBruHeH nepesuiyBatu 300 K.

DocnigxeHHs enemMeHTapHUX TepmobaTtapen ana kinbueBoi TEB

Ha xoxxHOMY eTari BUTOTOBJICHHSI CKJIaJI0OBOi YaCTHHH KilbLIEBOI TepMoOartapei 3ailicHIoBaBCs
micisonepauiiHui - Bi3yalbHUM KOHTpOJIb TiNOK TepMmoeneMeHTiB aiast JC — enemMeHTapHHX
omHopsimaux TEB 3 BinOpakyBaHHSIM Je(EKTHHUX €INEeMEHTIB TI0 TEOMETPUYHUX PO3Mipax, TaKoXK
MPOBOIMIIOCH PO30paKyBaHHS 32 ONOPOM T'iJIOK TEPMOECIEMEHTIB.

Koxna TED, cknanena 3 rijok, ki NpOHIUIN MicasonepaniiHuid KOHTpoib (puc. 1), 1 sika, B
CBOI0 4epry, € ckiagoBoto dacTuHowo KingbueBoi TEB mna JC, mpoxoamna BunpoOyBaHHSA i
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BinOupanacs micis BuMipy I1i OCHOBHMX MapaMeTpiB Ha CHelialibHO CTBOpeHid B I[HCTUTYTI
TEpPMOETIEKTPUKH ycTaHoBLI "Antek-10002", 30BHIIHII BUTTISAA AKOT MOKa3aHUK Ha puc. 2.

Puc. 1. 3oeuiwniii uensio enemenmaprux TEP.
1 — zinku mepmoenemenma n - i p- munie npogiOHoOcmi,
2 - kepamiuni niacmunu, 3 — MIOHI KOMYyMayiuHi nIacmuHu.

I[fo yCTaHOBKY TNpH3HAYEHO JUIi BH3HAYEHHS ENEKTPHYHUX 1 TEIUIOBUX IapaMeTpiB
TEPMOEJEKTPUIHUX MOMAYIIB, K1 MPAIFOIOTh B TEHEPATOPHOMY PEXKHMI.

Puc. 2. Yemanosxa «Anmex-10002».

[punnun xii ycranoBku npwu ii BukopucTanHi st BuMmipy TEB monsrae B mpsmomy BUMIpi
TepMoEPC  ab6o wHampyrm Ha 3amaHomy HaBantaxkeHHi TEB. TEB posmimyerscs wix
TEII00OMIHHUKAaMH, SIKi CTBOPIOIOTH PEryJIbOBAHWI CTAl[iOHApPHUM TEINIOBHH MOTIK. YCTaHOBKa
TaKO J03BOJISIE BUKOHYBAaTH BUMIpH CTpyMy B Kojii HaBaHTaxkeHHs TED, TemioBoro moroky, sikuit
npotikae yepe3 TED i BuzHadenHs ii norysxuocti i KK/ Ha BcTaHOBIIEHOMY HaBaHTaXCHHI.

VY xoni 1abopaTOpHUX AOCHIKCHb Ha BHUMIPIOBAIBbHIA YCTaHOBIII BiATBOPIOBAJIMCS TEIIOBI
YMOBH, aHaIOriyHi 3aganuM B T3. MeTow Takux JOCHiKeHb OyJl0o TOYHE 3aBIaHHS POOOYOro
nepenany temmepatyp AT na TEB, npusHaueHux [uIsl CKIafaHHsl MakeTHHUX 3pa3kiB KinbueBoi TED i
BU3HAYEHHS X MOYATKOBUX XapaKTEPHUCTHUK.

[Min enementapHoto TEB posminiyerscs TEIUIoMip — TPUCTPIH Ul BEMIPIOBAHHS TEIIOBOTO
MIOTOKY, SIKHH CTBOPIOETHCS IEPENajoM Temiieparyp MiX poboummu nosepxHsimu TEB. Termomip €
CYKYTIHICTIO MiIHMX CTEPKHIB OZJHAKOBOI JIOBXKHMHH 1 IIJIOILI MOIIEPEYHOro Nepepizy, y O14HUX MOBEPXHSIX
SKMX Ha OJIHAKOBIM BiJICTaHI Bl TOPIIIB BMOHTOBAaHO aud)epeHIianbHi TepMonapu. [Ijis 301IbIICHHS
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YyTIAMBOCTI TEIUIOMipa Ii TEPMONApH CHONY4YEeHI MK COOO0 TOCTiJOBHO. TemoBHid MOTIK, SIKUA
MPOXOANTH Y3J0BX CTEPXHIB, CTBOPIOE B MICIIIX PO3MIIIEHHSI TEpMOIap 3afaHy Pi3HHUIIO TeMIEpaTyp
AT, ska mpomnopmiiHa 0 BEIWYWHU TEIIOBOTO TOTOKY. KoedimieHT mpomopmiiHOCTI A7 KOXKHOTO
PO3MIpy TEIUIOMipa PO3paxOBaHWH 1 3aJ€XKHTH Bil TEOMETPUYHUX PO3MIPIB i KOHCTaHT MaTepiamiB, 3
SKHUX BiH BUTOTOBIICHUH. TopIIi CTEPKHIB 3 IBOX CTOPiH BNASHO y TETUIOBUPIBHIOIOYI MiTHI IIACTHHH, SIKi
€ ocHoBamu Temomipa. Ha BepxHili OCHOBI TeluoMipa BOYAZOBaHO CIail BHUMipIOBAILHOI
mdepenmiansaoi TepMorapu. EPC miel Tepmonapu BimoOpaxkae temmneparypy xonoaaoi croponu TED.
Te, mo TeromMip 3HaxoaAuThCS 3 XomogHoro 6oky TEB, mo3Boisie 3HaYHO 301MBIIATH TOYHICTH BHEMIPY
TEMJIOBOT'O MOTOKY, OCKLIBKH TETUIOBI BTPATH 3 TEIIOMipa NP IbOMY MiHIMaJIbHI.

lapsiumii TernooOMiHHMK 1 TeruioMip 3MiHHI 1 BUOMparoThes BiamoBinHO a0 posMmipiB TEDB, ski
BHUMIPIOIOTHCS.

Jus edpexTuBHIIOro TemiooOMiHy Mik TeruiooOMiHHMKamu i TEB 3ycwmis mputucky ik
HUMU Ma€ OyTH ONTHMIi30BaHUM 1 KOHTpPOJIbOBaHMM. lle mocsraeThcs 3a JOIMOMOTOK BaXKiJIBHO-
THPBOBOTO TPHUCTPOIO, po0OTa SIKOTO 3pO3yMilla 3 CXEMH CTEHAYy. 3YCHIUIsl MPHUTUCKY Mae OyTh
oOMexeHe MIIHICTIO 3acTocoBaHuX B cTBopeHHI TED marepianiB (ans BixTes — HaliMeHIT MIIHOTO
MaTepiaiy 3 IKOro 3po0JIeHi TLIK| MOy, 3ycuiuIs Mae OyTn He 6inbme 20 k[/cm?).

B npoueci BuMipiB A5 Bu3HaueHHs BenuyrHU cTpyMy TEDB TpebGa HaBaHTaxyBaTH 30BHIIIHIM
oropoM. /J[7sl IbOTO B YCTaHOBII BUKOPHCTOBYETHCSI PEOCTAT 3 JIIHIMHUMHU MPOBITHUKAMU BHUCOKOTO
muToMoro omopy. Taka c¢opma peocraTy BHOpaHa miisi 3pYYHOCTI TOYHOTO MimOOpy oOIopy
HaBaHTaXeHHs. [Ipy BUMIipi TEIUIOBUX BEJIIMYMH MOXMOKH B OCHOBHOMY BH3HAYAIOTHCS BTpaTaMy Ha
TEIUIoNEepexoaXx MK TepMomapaMHu i TUMH 00'€éKTaMu, KyJd BOHHM BMOHTOBaHi. SIKiCTh TEIJIOBOTO
KOHTAaKTy TaKOX 3aJeKUTh Bifg uucToTH 00poOkm moBepxoHb TEB. Mae wicue Takox i
HEKOHTPOIILOBaHA BTpaTa Tema 3 OiYHOi TMOBEpXHI TeIUioMipa 3a paxyHOK IMiABHUIIEHOTO
KOHBEKTHBHOTO TEIIOOOMiHY i BHIIPOMIHIOBAaHHSI TEIUIa 3 TIOBEPXHI TEIUIOMipa B JOBKUJUISA, SKIIO
TeMIeparypa XoJ0AHOT CTOPOHU MOJTyJIsl 3HAYHO BiIPI3HSETHCS BiJl KIMHATHOI.

Ha ycranosmi "Antek-10002" Oyiio mochimkeHo i Bigiopano no 36 wrt. 3pa3kiB TEB (3 BucoToro
5.5 MM 1 3aBmoBxkKH 16.5 Mm) utst ckiaganas kinblieBux TED ams maketHux 3paskiB JIC. XapakrepHi
napametpu i xapakrepuctuku TED mis kinbiieBoi 6aTapei HaBeieHO B TaOMHIII.

Tabnuys
Tapamempu enemenmapnux TED

No

R, Om AT, °C U,B W, Bt M, %

MOJIYJIS
2 3 4 5 6

1 0.026 270 0.123 0.351 3.78
2 0.025 270 0.130 0.384 3.77
3 0.023 270 0.109 0.327 3.25
4 0.025 270 0.130 0.384 3.93
5 0.025 270 0.118 0.313 3.62
6 0.025 270 0.130 0.357 3.54
7 0.025 270 0.132 0.403 3.94
8 0.024 270 0.132 0.409 3.82
9 0.026 270 0.120 0.306 3.28
10 0.025 270 0.129 0.348 3.49

ISSN 1726-7714 Tepmoerexmpuxa Ne2, 2019 81



Anamuuyk JLIL, Muxumrox I1J]., Muxumiox O.1O.,
Excnepumenmanvhi 0ocniodicenns mepmoenreKmpuiHo2o 0xcepend Cmpymy 3 Kilbyesoro ...

IIpoooesorcenns mabauyi

11 0.024 270 0.128 0.365 3.31
12 0.025 270 0.123 0.326 3.55
13 0.026 270 0.120 0.282 3.39
14 0.024 270 0.125 0.331 3.43
15 0.026 270 0.131 0.347 3.65
16 0.025 270 0.134 0.395 3.81
17 0.025 270 0.127 0.381 3.78
18 0.025 270 0.126 0.359 3.75
19 0.026 270 0.131 0.367 3.69
20 0.025 270 0.122 0.329 3.51
21 0.025 270 0.132 0.383 3.77
22 0.025 270 0.133 0.392 3.72
23 0.025 270 0.128 0.333 3.35
24 0.025 270 0.135 0.398 3.86
25 0.024 270 0.127 0.349 3.59
26 0.028 270 0.110 0.242 2.90
27 0.026 270 0.119 0.292 3.01
28 0.027 270 0.121 0.296 3.39
29 0.024 270 0.107 0.256 3.13
30 0.026 270 0.128 0.346 3.60
31 0.028 270 0.132 0.343 3.61
32 0.027 270 0.128 0.339 3.56
33 0.026 270 0.128 0.358 3.59
34 0.026 270 0.118 0.301 3.43
35 0.025 270 0.123 0.338 3.50
36 0.025 270 0.121 0.296 3.25

ne R — omip TEB, AT — pobounit nepenan temrnieparypu Ha TEB, U - Haripyra, renepoBana TEb, W —

notyxHicte TEB, 1 — KK TEb. 3 ognopsagaux TEB Oyno Burorosneno xinbuesi TODB, 30BHIWHII

BUIJISAJ SIKUX [TOKa3aHO Ha puc. 3.

Puc. 3 — Cxemamuune 306pascenns xinoyesuti TEB : 1 — kinvyesa mepmoenekmpuuna

bamapesi; 2 - Kinvbye 2apauo2o menioooMiHHUKa; 3 — Kiibye X0100H020 MEeni00OMIHHUKA
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[MpuBeneHi B TabmuIl AaHi MiATBEPIPKYIOTH mpare3qatHicte TEB BigiOpaHux miis KuTbIeBOL

TEB, a Takox MOXIUBICTD 3a0€3MEUCHHS NPH iX BUKOPUCTAHHI BUXIAHUX XapaKTEPHUCTHUK MAaKETHUX

3paskiB JIC Ha piBHI, HeoOXiTHOMY Y BinnoBigHocTi 3 T3 3a moroBopom 3/2019.

DocnipkxeHHA MakeTHMX 3pa3kiB IT

Hocnimkenns wMakeTHux 3paskiB JIC mpoBoamnucss y BIANOBIAHOCTI 3 PO3pPOOICHOIO

MPOrpaMoOI0 Ta METOJUKOI0 MOMEPEIHIX BUIPOOYyBaHb [2]. Sk Ikepeno Teria BUKOPUCTOBYBABCS

PE3UCTUBHUMA IMITaTOp TEIUIOBOTO HABAaHTAXXEHHA. B X0 JOCHIIKEHb eNeKTPUYHUX IapaMmeTpiB

makeTHux 3paskiB JIC Ha BigmoBimHicTe BHMoOTaM 13 BH3HA4YamWCs 3alIeKHOCTI BHXITHHAX

eJIEKTPUYHUX NapameTpiB(motyskHocTi P i Hanpyru U) Bin nepemnany temnepatrypu AT.

Hocnimkenns makeTHUX 3pa3kiB JIC 3nilicHIOBaTNCS Ha €KCIIEPUMEHTAIBHOMY CTEH/, CXeMY 1

30BHIIIHIH BUTIIST IKOTO HaBeJIeHO Ha puc. 4.

a)

0)

Puc. 4. Cxema (a) i 308HiwHIl 6u2tsi0(0) eKCNepUMEHMANIbHO20 CMEHOY

0151 docniocennss makemuux 3paskie J[C :
1 — maxemnuii 3pasox JJC; 2 - mynemumemp, 3 - amnepmemp;
4 — mazazun onopie; 5 - OIOK dHcugieHHs,; 6 - nepemMuray mepmonap;
7 - yugposuii éonvmmemp,; 8 — nocyouna J{vroapa 3 16000M.
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3rigno T3 BuXiAHA eleKTpUYHA NOTYXKHICTh P i enextpuuHa Harnpyra U maketHoro 3paszka J1C
noBuHHI ckimagatd 2 Bt 1 5 B. 3 ypaxyBanHsM HaBeeHuX B T3 eNeKTpUYHHUX MapaMeTpis,
BUTNIPOOYBaHHsT MakeTHOTO 3pa3ka JIC mpoBoaMIIHCS 32 3HAYCHHS 30BHINIHBOTO omopy R = 12.5 Owm,
gKe 3amaBajiocs MarasuHoM omopiB 4. IloTyXHICTH iMmiTaTopa TEIJIOBOTO HaBaHTAKEHHS
30iibLIyBanacsi OJOKOM JKHBICHHA 5. 3a JOMOMOrOl0 mMepeMuKada 6 i BONBTMETpa 7, XpOMeIb-
KOTIEJICBUMHU TepMoIiapaMH BUMiproBaiuca temmeparypu Th, Tc Temooominaukis JAC 3 moganbmmm
BHU3HAYEHHSIM poOoOYoro mepemnamy temmeparypu A7 Ha KinbleBiii Tepmobarapei. Ilpu mpomy crait
ONIHIET TEepMOIIapH pPO3TAIIOBYBaBCS OE3MOCEpeHh0 Ha TapsSdoMy TEIIOOOMIHHUKY, a 1HIIO1
TEpMOMapu — Ha XOJOAHOMY TEIUIOOOMIHHHMKY. [HIIMI cmail TepMomnapy BMIIyBaBCcsi B MOCYIUHY
Hproapa 3 npomom 8. MynbTuMeTpoM 2 1 aMIiepMeTpoM 3 BHUMIpIOBajMCS BHXiJHA €NEKTPUYHA
HampyTa i ciiia cTpyMmy MakeTHoro 3paska IT.

Pesynprati excnepuMEHTaIbHUX MOCHiKeHb MakeTHoro 3paska JIC 1 3amexHOoCTi #ioro
SJNIEKTPUYHHX MTApaMeTPiB BiJ mepemnany temmepatypu AT HaBeleHO Ha puUC. 5.

" 6
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1 " 1 " 1 " 1 1 1 L 1 L 1 " 1 " 1 "

140 160 180 200 220 240 260 280 300 320
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0)

Puc. 5. 3anexcnicmo enexkmpuunoi nanpyeu U (a) i nomyoscnocmi P (6)

Mmaxemnoezo spasxa J]{C 6i0 pobouoco epadienma memnepamypu AT.
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3 puc. 5 BUmHO, w0 31 30imbIIeHHSIM TpagieHta Temmepatypu AT Ha TepMmobarapei
CIIOCTEPIraeThes 3pOCTaHHA eNleKTpUIHOl Hanpyrd U 1 mOTyXHOCTI P MakeTHUX 3pa3KiB. 30Kpema, A
JC neoOximHi y BimmoBigHocTi 3 T3 BUXimHI MapamMeTpl AOCATAIOTHCA BXKE 32 POOOYOMY Tepenamy
temmeparyp 200 K. IIpu mpoMy enexTpudHa MOTYXHICTh 1 HAIpyra MakeTHOTO 3pa3ka CKIaaloTh
2 Br i 5 B. 3i 30inpmennsm AT BuxigHi xapakTepucTuku J[C TOKpaIIyroThCs, NEPEBUIIYIOUH
HeoOXi/Hi y BinnoBigHOCTI 3 T3 3HaYCHHS.

[Ipore, crmig BpaxoByBaTH, IO y MPOIIECi BHUIEONUCcaHNX gociimkeHs J{C BUKOpHUCTOBYBaBCA
IMITATOp TEIUIOBOTO HaBaHTAXEHH:, KWW 3a0e3rmeuye MpakTUIHO KBa3iCTAaiOHAPHUHN PEXXUM poOOTH
JC. Takuii pesxuM He 3a0e31euyBaTUMEThCSl IPU BUKOPHUCTaHHi mipoTexHiyHoro enementy (I1E). Ilpu
BukopuctanHi [IE matumyTh Micue Oinbln >kopcTki pexumu podotu JC, ans 3abesnedeHHs SKUX
3HaM00NThCS Oiblna KiIbKICTh Ternia. IlepenbadyBana 3aieKHICTh TEIIOBOI MOTYXXHOCTI JDKepera
terwta (I1E) Big wacy mpuBeneHa Ha puc. 6.

Q. Br
3000 A

2500 -
2000 -
1500 -
1000 -

500 A

o

o

N
N

6 8 10 12 14 16 18 20 ¢, c

Puc. 6. 3anesxcnuicmo mennosoi nomyosicnocmi I1E — doicepena menaa 8io uacy.

BucHoBKM

PesynpraTty mocmimkeHb MiATBEPIMIN Mpale31aTHICTh MakeTHUX 3pa3kiB [T i BiAMOBigHICTE 1X
CJICKTPUYHUX MapaMeTpiB BUMoram T3, BUKIIAJACHUM B 10AaTKy 1 10 gorosopy 3/2019.
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SKCIEPUMEHTAJIBHBIE UCCJIEJOBAHUS
TEPMOJJIEKTPHYECKOTI' O HICTOYHHUKA TOKA
C KOJIBLIIEBOM TEPMODXJIEKTPUYECKOM FATAPEEN

Ilpusedenvt  pezynbmamvl  UCCIEO08AHULL  TMEPMOITEKMPULecKoeo  ucmounuka moxa (M)
00HOPA308020 Oelicm8Us ¢ KObYegol mepmodiekmpudeckoli bamapeeil. Pezyiomamul ucciedosarnutl
noomeepounu pabomocnocobnocmes makemuwvix oopasyos UT ¢ xonvyesoi mepmobamapeeti (TOF) u
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EXPERIMENTAL STUDIES OF A THERMOELECTRIC
CURRENT SOURCE WITH AN ANNULAR THERMOPILE

The results of studies of a single-acting thermoelectric current source with an annular thermopile
are presented. The research results confirmed the efficiency of current source breadboard models
with an annular thermopile and the compliance of their electrical parameters with the
requirements of the Performance Specification under Contract 3/2019. Bibl. 2, Fig. 6, Tabl. 1.

Key words: thermoelectric battery, current source, voltage, output power.
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