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EKCIIEPUMEHTAJIBHI JOCJIPKEHH A
TEPMOEJIEKTPUYHOI O JIZKEPEJIA CTPYMY
3 KIVIBHEBOIO TEPMOEJIEKTPUYHOIO BATAPE€1IO

Hageoeno pesynomamu Oocniodicenv mepmMoeneKmpuyHo2o 0dcepena Cmpymy 0O0HOPA3080i Oii 3
Kiblegoo mepmoenekmpuyHor bamapeero. Pe3ynomamu oocniodcens niomsepounu npaye30amHicns
maxemuux 3paskie J{C 3 «kinbyesoro mepmooamapecto (TEB) i 6ionogionicms ix enexmpuuHux
napamempie 6UMoeam MexHiYHo20 3a80anHs 3a doeosopom 3/2019. bion. 2, puc. 6, mabn. 1.

KoarouoBi cioBa: TepmoenekTpuuHa Oarapesi, JKepeyno CTpyMy, HOMiHalbHA Hampyra, BHXiIHa
MTOTYKHICTB.

Bctyn

BignosinHo no Ttexuiunoro 3amanus(T3) 3a morosopom 3/2019 Bim 16.04.2019 p. Oyimo
HEOOXiTHO BHUIOTOBUTH 1 JOCHIOUTH TepMoesekTpuuHe mxepeno crpymy (HAC) 3  KinbLeBoro
Tepmobatapeeto. TepmoenekTpuunuii nepersoproBad i IC KOHCTPYKTHBHO MaB OyTH BUTOTOBJICHHUIN
Yy BUTJISII TOPOIMHOTO KUIBIA i3 30BHIMIHIM 1 BHyTpimHIM miamerpamu 50 i 39 mw, BiamosigHO, i
mmprHOto 16.5 MM [Ipu upomy JIC moBHHEH 3a0e3NeunTH BUXIJHY TMOTYXHIcTH He meHIe 20 Br 3a
Hanpyr# 5 B. Po6ounii nepeman remneparypu A7 ipu npomy He ioBuHeH niepesuirysatu 300 K.

[DocnigxeHHs enemeHTapHUX TepmobaTtapen ana KinbueBoi TEB

Ha xoxxHOMY eTari BUTOTOBIJICHHSI CKJIaJI0OBOi YaCTHHH KibLIEBOI TepMoOarapei 3ailicHIoBaBCs
MIC/ISONEPaiiHUN  Bi3yaJbHUH KOHTPOJb TiJOK TepMoeneMeHTiB s JIC — eleMeHTapHHX
omHopsimaux TEB 3 BinOpakyBaHHAM JeEeKTHHUX €NEeMEHTIB 10 TEOMETPUYHUX PO3Mipax, TaKoXK
MPOBOJMIIOCH pO30paKyBaHHS 3a OMOPOM TiJIOK TEPMOEIIEMEHTIB.

Koxna TED, cknanena 3 rijok, sKi NPOHIUIN MicasonepauiiHuid KOHTpoib (puc. 1), i sika, B
CBOIO Hepry, € ckiajoBoro dactuHOowo KinbieBoi TEB mna JC, npoxomuna BUIPOOYBaHHS i
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BinOupanacs micis BuMipy I1i OCHOBHMX MapaMeTpiB Ha CHelialibHO CTBOpeHid B I[HCTUTYTI
TEepPMOETIEKTPUKH ycTaHoBLI "Antek-10002", 30BHIIHII BUTTISAA SKOT MOKa3aHUK Ha puc. 2.

Puc. 1. 3oeuiwniii uensio enemenmaprux TEP.
1 — zinku mepmoenemenma n - i p- munie npogiOHOCMI,
2 - kepamiuni naacmunu, 3 — MIOHI KOMYymMayitiHi NIACMUHLU.

Ilfo ycTaHOBKY MpHU3HAYEHO [UIsi BU3HAUCHHS EJIEKTPUYHUX 1 TEIUIOBUX IapaMeTpiB
TEPMOEIEKTPUIHUX MOMAYIIB, K1 MPAIFOIOTh B TEHEPATOPHOMY PEXKHMI.

Puc. 2. Yemanosxa «Anmex-10002».

[punnun xii ycranoBku npu ii BukopucTtanHi st BuMmipy TEB monsirae B mpsiMmomy BUMIpi
TepMoEPC  abo wHampyrm Ha 3amaHomy HaBantakeHHi TEB. TEbB posmimyerscs Mix
TEII00OMIHHUKAMH, SIKi CTBOPIOIOTH PEryJIbOBAHWI CTAl[iOHApPHUM TEINIOBHH MOTIK. YCTaHOBKa
TaKOX JI03BOJISIE BUKOHYBATH BUMIpU CTpyMy B Koii HaBaHTaxkeHHs TEB, TerioBoro moroky, sikui
npotikae yepe3 TED i BuzHadenHs ii norysxuocti i KK/ Ha BcTaHOBIIEHOMY HaBaHTaXCHHI.

Y xoni 1abopaTOpHUX AOCHIKEHh Ha BHUMIPIOBAIBHIA YCTaHOBII BiATBOPIOBAIIMCS TEIUIOBI
YMOBH, aHalOriyHi 3aganuM B T3. MeTow Takux JOCHiKeHb OyJlo TOYHE 3aBIaHHS POOOYOro
nepernanay Temrneparyp AT Ha TEB, npusHaueHux ajis CKJIagaHHsI MakeTHUX 3pa3kiB KiiblieBoi TED i
BU3HAUEHHS X MOYATKOBUX XapaKTEPHUCTHUK.
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[lin enemenrapHoro TEB po3mimiyeTbcs TeruioMip — MPHUCTPiM A7l BUMIPIOBaHHS TEILIOBOTO
MOTOKY, SIKHA CTBOPIOETHCA TEpemnazoM Temreparyp Mix pobounmmu moBepxHsmu TEB. Temmomip €
CYKYTHICTIO MIJTHUX CTEPKHIB OTHAKOBOI JJOBXKHHH 1 TUIOIII TTOTIEPEIHOTO TIepepizy, Y OIYHNX TTOBEPXHIX
SIKHX Ha OIHAKOBIH BIICTaHI BiX TOPIIiB BMOHTOBaHO auepeHIianbHi TepMomnapu. s 301IbImeHHs
YyTIAMBOCTI TEIUIOMipa IIi TEPMONApPH CHONY4YEeHI MK COOO0 TOCTIJOBHO. TemioBHiA MOTIK, SIKUA
MPOXOAUTH Y3J0BX CTEPHIB, CTBOPIOE B MICIIIX PO3MIIIEHHSI TEpMOIap 3afaHy Pi3HHUIIO TeMIEpaTyp
AT, ska mpomopmiiHa A0 BETWYWHU TEIIOBOTO TMOTOKY. KoedimieHT mpomopmiiHOCTI A KOXKHOTO
PO3MIpy TEIUIOMipa PO3paxOBaHWH 1 3aJ€XKHUTH Bil TEOMETPUYHUX PO3MIPIB i KOHCTaHT MaTepiamiB, 3
SKHUX BiH BUTOTOBIICHUH. TopIIi CTEPKHIB 3 IBOX CTOPiH BNASHO y TETUIOBUPIBHIOIOYI MiTHI IIIACTHHH, SIKi
€ ocHoBamH Temiomipa. Ha BepxHii OCHOBI TeluoMipa BOYZOBaHO CHAil BHUMIPIOBAIBHOT
mdepermiansaoi Tepmorapu. EPC miel Tepmomnapy BinoOpakae Temrmeparypy xonoanoi ctoporn TED.
Te, mo TermomMip 3Hax0auThCS 3 XomogHoro 6oky TEB, mo3Boisie 3HaYHO 301UMBIIATH TOYHICTH BHEMIPY
TEMJIOBOT'O MOTOKY, OCKLIBKHM TEIUIOB] BTPATH 3 TEIIOMipa MU [[bOMY MiHIMaJTbHI.

lapsiumii TernooOMiHHMK 1 TeruIoMip 3MiHHI 1 BUOMparoThes BiamosinHO a0 posMmipiB TEB, siki
BHAMIPIOIOTHCSI.

Jus edpexTuBHIIOro TemiooOMiHy Mik TeruiooOMiHHMKamu i TEB 3ycwmis mputucky ik
HUMH Ma€ OyTHM ONTHMI30BaHMM 1 KOHTpOJIbOBaHUM. Lle mocsaraeTbcst 3a JOMOMOTOIO BaXKiTBHO-
THPBOBOTO TPHCTPOIO, po0OTa SIKOTO 3pO3yMilla 3 CXEMH CTEHAy. 3YCHIUIsl MPHUTUCKY Mae OyTh
oOMexeHe MIIHICTIO 3acTocoBaHuX B cTBopeHHI TED marepianiB (ans BixTes — HaliMEeHIT MIIHOTO
MaTepiaiy 3 IKOro 3po0JIeHi TiLIK| MOLYJIsl, 3ycuiuIs Mae OyTn He G6inbme 20 kI/cm?).

B npoueci BuMipiB assi Bu3HaueHHs BenuyrHU cTpyMy TEDB TpebGa HaBaHTaxyBaTH 30BHIIIHIM
oropoM. /J[7isl IbOTO B YCTaHOBIII BUKOPHCTOBYETHCSI PEOCTAT 3 JIIHIMHUMHU MPOBITHUKAMU BHUCOKOTO
muToMoro omopy. Taka c¢dopma peoctraTy BHOpaHa miisi 3pYYHOCTI TOYHOTO MimOOpy oOIOpy
HaBaHTaXeHHs. [Ipy BUMIpi TEIUIOBUX BEJIMYMH MOXMOKH B OCHOBHOMY BH3HAYAIOTHCS BTpaTaMy Ha
TEIUIoNEepexoaXx MK TepMorapaMHu i TUMH 00'€éKTaMH, KyJd BOHHM BMOHTOBaHI. SIKiCTh TEIJIOBOTO
KOHTAaKTy TaKOX 3aJieKUTh BiJ uucToTH 00poOkm moBepxoHb TEB. Mae wicue Takox i
HEKOHTPOJILOBAaHAa BTpara Telua 3 OiYHOI TOBEpXHI TeIIoMipa 3a pPaxyHOK IMiJIBUILEHOTO
KOHBEKTHBHOTO TEIIOOOMiHY i BHIIPOMIHIOBaHHS TEIUIa 3 TIOBEPXHI TEIUIOMipa B JOBKUJUISA, SKIIO
TeMIeparypa XoJ0AHOT CTOPOHU MOJTyJIsl 3HAYHO BiIPI3HSETHCS BiJ] KIMHATHOT.

Ha ycranosmi "Antek-10002" Oyiio mociimkeHo i BigiopaHo mo 36 wrt. 3pa3kiB TEB (3 BucoToro
5.5 MM 1 3aBmoBxkKH 16.5 Mm) mutst ckiaganas kinblieBux TED anms maketHux 3paskiB JIC. XapakrepHi
napametpu i xapakrepuctuku TED mis kinbiieBoi 6aTapei HaBeieHO B TaOIHIII.

Tabnuys
Hapamempu enemenmapnux TEE
Ne R, Om AT, °C U,B W, Br %
MOYJIsI
1 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
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IIpoodoesorcenns mabauyi

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
11 0.024 270 0.128 0.365 331
12 0.025 270 0.123 0.326 355
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 0.395 381
17 0.025 270 0.127 0.381 378
18 0.025 270 0.126 0.359 375
19 0.026 270 0.131 0.367 3.69
20 0.025 270 0.122 0.329 351
21 0.025 270 0.132 0.383 377
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 0.349 359
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 0.343 361
32 0.027 270 0.128 0.339 3.56
33 0.026 270 0.128 0.358 359
34 0.026 270 0.118 0.301 343
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 — pobounii nepenax remmneparypu Ha TED, U - namipyra, renepoBana TEb, W —
notyxHicte TEB, n — KKJI TEB. 3 omnopsamuux TEB Oyno BurorosneHo kinbesi TOb, 30BHIimHII
BUTJIAJ SIKUX [TOKa3aHO Ha puC. 3.
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Puc. 3 — Cxemamuune 300padicenns

xinoyesuti TEF : 1 — kinoyesa mepmoenrekmpuuna
bamapes; 2 - Kinvye 2apa4020 Men1000MIHHUKA,
3 — Kkinbye xon100H020 Meni00O MIHHUKA

[IpuBeneni B Tabnuui AaHi miaTBepAXyOTh mnpauesnatHicts TED BimiOpaHux amis KiibLeBoi
TEB, a Takox MOXIHUBICTD 3a0€3MEUCHHS MPH iX BUKOPUCTAHHI BUXIJHUX XapaKTEPHUCTUK MAaKETHUX
3pa3kiB JIC Ha piBHi, HeoOXigHOMY Y BifnosigHocTi 3 T3 3a norosopom 3/2019.

DocnigkxeHHA makeTHMX 3pa3kiB IT

HocnimkenHs MaketHux 3paskiB JC mnpoBoamnucs y BIONOBIAHOCTI 3 PO3pOOJICHOIO
MPOTrpaMoI0 Ta METOJUKOIO TONepenHiX BuIpoOyBaHb [2]. Sk JKepeno Teria BUKOPUCTOBYBABCS
PE3UCTUBHUI IMITATOp TEIJIOBOTO HABaHTaXEHHS. B XOJi JMOCHIKEHb EJIIEKTPUYHUX MapaMeTpiB
MakeTHuX 3paskiB JIC Ha BianmoBijHICT, BHMOraMm T3 BH3HAYAIMCSA 3aJICKHOCTI BUXIJIHUX
eJIEKTPUYHUX NapameTpis(rotykHocTi P i Hanpyru U) Bix nepenany remneparypu AT.

HocnimkeHHs MakeTHUX 3pa3kiB J{C 3aiicHIOBaIUCS HAa €KCIIEPUMEHTAIBHOMY CTEHA1, CXeMy 1
30BHIIIHIH BUIJISIT IKOTO HaBEJICHO HA puC. 4.
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0)

Puc. 4. Cxema (a) i 306niwHitl 6ueis10(0) ekcnepumeHmaibHo20 cmeroy
01 docnioxcenus makemuux 3paskig JC :
1 — maxemnuii 3pazok J[C; 2 - mynemumemp, 3 - amnepmemp;
4 — mazazun onopie; 5 - 610K JHcugieH s, 6 - nepemMuKay mepmonap;
7 - yugposuti éonommemp, 8 — nocyouna /Jvroapa 3 16000M.

3rigno T3 BuXigHa eleKTpUYHA NOTYXKHICTh P 1 enexTpuuna Harnpyra U maketHoro 3paszka J1C
noBuHHI ckinagatd 2 Bt 1 5 B. 3 ypaxyBanHsM HaBeneHux B T3 eNeKTpUYHHX IapaMeTpis,
BUTNIpoOyBaHHST MakeTHOTO 3pa3ka JIC mpoBoamiucs 3a 3Ha4eHHS 30BHIMIHBOTO omopy R = 12.5 Owm,
gKe 3afaBajocsi MarazuHoMm oropiB 4. [loTyxHICTh iMiTaropa TEIIOBOTO HAaBaHTAXKCHHS
30iblLIyBanacss OJOKOM JKMBJICHHS 5. 3a JOIOMOrO0 INepeMuKada 6 i BOJBTMETpa 7, XpOMEIb-
KOIIEJIEBUMHU TepMoIlapaMH BUMiproBaiucsa temneparypu Tn, Tc TermooominaukiB JAC 3 moganbmnm
BU3HAUYEHHSIM poboyoro mepenaay temmeparypu AT Ha KinblieBiii TepmoOarapei. [Ipu npomy crait
onHIET TepMomapu pO3TalIOBYBaBCs Oe3lMOocepeHbO Ha TrapsuoMy TeIIOOOMiHHHMKY, a 1HIIOT
TEpMOIapu — Ha XOJOAHOMY TEIUIOOOMIHHHKY. IHIMI cnail Tepmoriapy BMILyBaBCSi B MOCYIUHY
Hbroapa 3 npomom 8. MynbTuMeTpoM 2 1 aMrmepMeTpoM 3 BHUMIpIOBaJHCS BHXiIHA €NEKTPUYHA
Harmpyra i cuiia cTpyMy MakeTHoro 3paska IT.

Pesynbratn ekcrnepuMeHTAIBHUX JOCHIDKeHb MakeTHoro 3paska JIC i 3ajexHocTi Horo
SJIGKTPUYHMX [TapaMeTpiB Bij nepenany temmepatypu A7 HaBeleHO Ha puc. 5.

1 " 1 " 1 " 1 " 1 " 1 i 1 " 1 " 1

140 160 180 200 220 240 260 280 300 320
AT, K

a)
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P, Bm
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0)

Puc. 5. 3anexncnicmo enexmpuunoi nanpyeu U (a) i nomyowcnocmi P (6)
maxemnozo 3pasxa []C 6i0 pobouoeo epadienma memnepamypu AT.

3 puc. 5 BuAHO, W0 3i 30UMBIICHHAM TpamieHTa Temnepatypu AT Ha TepmoOarapei
CIIOCTEPIracThes 3pOCTaHHs eneKTpuyHoi Hanpyru U i moTy»)HOCTi P MakeTHUX 3pa3KiB. 30KpeMa, It
JC HeoOximHi y BimmoBigHOCTi 3 T3 BUXiIHI MapamMeTpH JOCATAIOTHCS BXKE 3a POOOYOMY mepenamy
temneparyp 200 K. [Ipu npoMmy enekTpudHa MOTY>KHICTH 1 Hampyra MakeTHOTO 3pa3ka CKJIAIaloTh
2 Br i 5 B. 3i 30inpmenasm A7 BuxigHi xapakTepucTuku J[C TOKpaIIyroThCs, NMEPEeBUIIYIOUH
HeoOXimHi y BinnmoBigHOCTI 3 T3 3HaYeHHS.

[Ipote, cmig BpaxoByBaTH, 10 y MpoOlLeci BUIEONHcaHNX AociimkeHb JJC BUKOpUCTOBYBaBCS
IMITaToOp TETJIOBOTO HaBaHTAKEHHS, SIKM 3a0e3ledye MPakTHYHO KBa3icTalllOHApHHUNA PeXXUM POOOTH
JC. Takuii pexxum He 3abe31euyBaTUMEThCS IPU BUKOpPHUCTaHHI mipoTexHiyHoro enementy (I1E). Ilpu
BukopuctanHi IIE matumyTts Mmicue Oinbln sxopcTki pexumu podoru JC, ans 3a0e3nedeHHs SKUX
3HaJ00HUThCS OllblIa KinbKicTh Teruia. [lepenbavyBaHa 3aJIe)KHICTh TETUIOBOI MOTYKHOCTI JKepena
teruia (I1E) Big yacy npuBenena na puc. 6.

Q. Br
3000 A

2500
2000 -
1500 -
1000 -

500 A

(e}

(o] 2 <4 6 8 10 12 14 16 18 20 ¢, c

Puc. 6. 3anexcnicmo mennosoi nomyscrnocmi I1E — odcepena menaa 6io uacy.

BucHoBKMu

PesysbraTtu mociimKeHsb MiATBEPAMIN Mpale31aTHICTh MakeTHUX 3pa3kiB IT i BIAMOBIAHICTD 1X
SJIEKTPUYHUX MapameTpiB BuMoram T3, BUKIIaJeHUM B 1oaaTKy 1 1o morosopy 3/2019.
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EXPERIMENTAL STUDIES OF A THERMOELECTRIC
CURRENT SOURCE WITH AN ANNULAR THERMORPILE

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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