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CPABHI/ITE]Ibeluﬁ AHAJIN3 OCHOBHbBIX ITAPAMETPOB
11 IIOKASATEJIEMT HAJE/XHOCTU ABYXKACKAIHDBIX
TIY C PAS/IMUHOU TEOMETPUEN BETBEUN

TEPMOSJIEMEHTOB B PASJIMYHDBIX PE;JKNMAX PABOTbI

Iposeden cpasnumesvnvill aHAIU3 OCHOBHLIX NAPAMEMPOS U NOKA3AMeEAeU HAJeKHOCMU 08YXKACKAOHIX
TOY npu sapuayuu zeomempuu 6emeeil. MepMOINEMEHINOE 8 KACKAAX U nepenados memnepamypol 0Jis
XAPAKMEPHBLX MOKOBHIX PEKUMOE pAbOMbL NPU YCI068UU 00UHAKOBOU KOHDUzYypauuu eemsei 6 KACKAJax.
IIpedaoskensvt kKpumepuu, no3goasOUUe secmu nocmpoenue 06yxkackaonvx TIY noseviuennoi nadexno-
cmu, 6vloupas MoKoGvlll pexum pabomul npu 3d0aAHHOU 2eOMEMPUU BEeMEell MePMOIIEMEHMOE 8 KACKADAX
C Yuemom 6ecOMOCMU KaAK0020 U3 0ZPAHUUMETLHBIY PaAKMOPOS.

Knioueswie crosa: mepmModJlIeKmpudecroe OX/ld)lC&d?Omee ycmpoﬁcmeo, MEePMOIIEMEHM, Z2eOMEMPUSL 6ETNEU,
MOKOBbL peKum pd607’)’lbl, noxazamenu HaoeKHoCmu.

B nacrosmiee BpeMs i o6ecriedeHUsT TEIIo-
BbiX peskuMoB (OTP) 5/1eMEHTOB U COCTABHbBIX Ya-
cTell paano3JeKTPOHHON alllapaTypbl IIHPOKOE
MIPpUMEHEHNEe HAIIA TEPMOSJIEKTPUIYECKIE YCTPOii-
ctBa (TAY), obaagaromue TaKUMHU [TOCTOMHCTBA-
MU, KaK BBICOKAs HA/IEKHOCTDb, OTCYTCTBHE IITyMa
u BUOpanuii, KOMIIAKTHOCTD, 9KOJOTHYHOCTD U JP.
[1—3]. Ilockoabky mOKa3aTesn HAJEKHOCTU TTPU-
MmensieMbIx cucteM OTP 10/xkHBI COOTBETCTBOBATD
MPebBISIEMBIM K allliapaType TpeGOBAHUIM, OIle-
HUBATb UX HEOOXOJMMO BMECTE C OXJIKAAIOUIMMU
BO3MOKHOCTSIMU YK€ HA 3Tarie TPOeKTHPOBAHMS.

B TepmoasiekTpuuecKoM NPUOOPOCTPOCHUU JIJISI
KOHCTPYUPOBAHUSA OJIHO- M MHOTOKacKaJHbIX TIY
UCIIOJIb3YIOTCST TEPMOSJIEKTPUUYECKIE MOJYJIU Pas-
JIMYHBIX TUTIOPA3MEPOB H 3JIEKTPUYECKON MOITHOCTH.
B stom ciaydae nepen paspaGOTUYMKOM CTOUT IIPO-
6sieMa BbI60OpA PAIIMOHATBHOTO BAPUAHTA TEOMETPUU
BETBEil TEPMO3JIEMEHTOB M TOKOBOTO peXXuMa pabo-
Tl TIY g onTUMATBHOTO pelieHus TMOCTaBJIeH-
HOU 33/1a4M C YUeTOM 3a/[aHHBIX OrpaHndeHnii (sHep-
ronorpebJenue, BendrHa paGoyero TOKa U HaIpsi-
JKEHMsI, KOJIMUECTBO TEPMO3JIEMEHTOB, Macca U ra-
GapuTHBIE Pa3Mepbl, YPOBEHb HAJIEIKHOCTH U T. JI.).

[lespto HAcTOsMIIEl PAGOTHI SBJISIETCS YCTAHOBIIE-
HUe BAUSHUSI KOH(PUTYPAITUU BETBEN TePMO3JIeMeH-
TOB Ha OCHOBHbIE ITapaMeTPbl U II0Ka3aTeJIn HaJeK-
HOCTH JBYXKAacKaAHBbIX TOY u mpoBeneHne cpas-
HUTEJBHOTO aHAJIN3a UX XapaKTePUCTUK B Pa3jiny-
HBIX peKMMax paloThl.

OcHoBHbIE IIapaMeTpbl U II0Ka3aTe/l HaJesKHO-
cTi ABYXKackajaHoro TOY 6bliu paccuutaHbl st
YeThIPEX TOKOBBIX PEKUMOB PA0OTbI: MAKCHMAIbHON
X0J10401POU3BOAUTENBHOCTH (Qypay) ¥ MUHUMAJIb-
HOIl MHTeHCHBHOCTH OTKa30B (A;,), a Takke mpo-
MeskyTOuHbIX PeskuMoB (Qo/Dpax 1 (Qo/1%) pax-

Pacuerbl TPOBOIUINCDH JIJIST PA3JUYHBIX 3HAYE-
HUI OTHOTIEHUS BBICOTHI BETBM KacKaja [ K TLIO-
Q1 ee TONEPEYHOro ceueHus S MpU yCJOBUH,
YTO TeOMeTpUS BETBEH B KAacKajaxX OJMHAKOBA,
1.e. (1/S)=(/S),=1/S, npu creayiomux uc-
XOJTHBIX JIAHHBIX:

— XOJIOJIOTIPOU3BOIUTENBHOCTD Qg = 2 BrT;

— TeMIepaTypa TEILTOBBIIESIONETO CIIas

T = 300 K;

— JINATIa30H U3MeHEeHUs OOIIETO Teperaia TeM-
nepatypsl AT = 60—90 K;

— JIMala30H U3MEHeHUsI TeOMETPUU BETBel

/S =2-20cm 1
— HOMUHAJIbHASI MHTEHCUBHOCTb OTKA30B
Ao = 31081 /u;

— HasHayeHHbli pecypc t = 104 u.

BbruncsieHust IpOBOAMINCH 110 COOTHOIIEHUSIM,
MPUBENEHHBIM B [4, 5], [/ cieayomux BeJuInH
(i B 0603HAYEHUAX O3HAYAELT IPUHAJIEKHOCTD T1a-
pamMeTpa K COOTBETCTBYIOIIEMY KAaCKajly):

I — pa6ounit Tok TIY;

B; — oTHOCHTEIHHBIN pabouMii TOK;
I 0xi — MaKCUMaJIbHBIA paboumii TOK;
1; — KOJMYECTBO TEPMO3JIEMEHTOB;

Ty — TeMmepaTypa TerIonorJonaroIero cmasi, K;

T\ — mpoMeXyTO4Has TeMIepaTypa;

©; — OTHOCHTEJbHBIH TIeperaj TeMIepaTyphl;

Ws — moimHocTb niorpebienus TIY;

E — xonogunbublil ko3 dunuent;

Us — mangenne HanpspKeHus Ha TIY;

A — UHTEHCHUBHOCTb OTKa30B TIY;

A/Ag — OTHOCHUTE/bHAS BEJUYNHA WHTEHCHUBHO-
CTH OTKa30B TIY;

P — BepositHOCTH 6e30TKa3Hoii padorer TIY.
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OBECIIEYEHUE TEIIJIOBbBIX PEKUMOB

PesyibTarhl pacyeToB NpUBeAeHbI B Taba. 1—4.

AHam3 pacyeTHBIX JaHHBIX MOKa3aJ, 4TO JJIsS
BCEX WCCJEIOBAHHBIX PEKUMOB PabOThI JBYXKa-
ckagHbIX TOY 1pu 3aJJaHHON TEIJIOBOI Harpyske
Qg ¢ ymenvuenuem omuouenus /S nisa pasand-
HBIX 3HAUYeHUH mepernaza TeMieparypol AT

— yBesimumBaeTcs pabounit Tok [;

— YBEJIMYMBAETCS MAaKCUMAJIbHBIN PabOUMii TOK
I,,.x; B KacKajax;

— yMeHbInaercs obiee naienne Harpsikennst Us;

— YMEHBIIIAeTCsl CyMMapHOe KOJUYECTBO TEPMO-
JJIEMEHTOB 71 + Ny;

— yMEHbBIITAeTCs] MHTEHCUBHOCTD OTKA30B A,;

— YBEJMYMBAETCS BEPOSITHOCTH GE30TKA3HOMN
pa6otsl P.

[Ipu aToM cyieryeT OTMETHTD, YTO OT TEOMETPHUH
BETBEIl TEPMO3JIEMEHTOB He 3aBUCAT TaKUe BeJTUUN-
HBI, KaK MMPOMeKyTouHas TeMmeparypa 1y, oTHOCH-
TeJIbHBIN pab0uMii TOK KacKaja B;, OTHOCUTEJbHbII
reperaj TeMIepaTypsl B Kackajax ©;, cyMMapHas

MOIHOCTD oTpebennst Wy, XOJ0UIbHBIN KO3(-
urment E, oTHOIIEHNE KOJINYECTBA TEPMO3IEMEH-
TOB B KacKaJax fy,/ns.

[l Beex mccieTOBAaHHBIX TOKOBBIX PEKUMOB pa-
60TBI AByXKacKaHoro TOY 1mpu 3aaHHO TETIo-
BOI Harpyske Qg ¢ pocmom nepenada memnepamy-
pot AT 1151 pa3JIMyHbIX 3HaYeHuii oTHommenus [/S:

— yMeHbIAaeTCd MPOMEKYTOYHAs TeMIepaTy-
pa Ty (puc. 1), KOTOpasi He 3aBUCUT OT PEKUMA
paboThI;

— OTHOCHUTEJbHBIH Paboumii TOK B KacKajax
YBEJUYUBAETCS BO BCEX PACCMOTPEHHBIX PEXKUMAX,
KpoMe pexxknmMa Qonax, TA€ By ocTaeTcs mocCTOsH-
HbIM, a B, ymenbinaercs (puc. 2);

— BeJnunHA paboyero TOKa I yBEJUYMBAETCS
BO BCEX PACCMOTPEHHBIX PEXNMAaX, KPOME PeXKU-
Ma Qonax, A€ I yMenbuiaercs;

— MaKCUMaJIbHbBII pabourii TOK B KacKajax He-
3HAYNTETbHO YMEHDIIAETCST,;

— CyMMapHOE KOJUYECTBO TEPMOIJIEMEHTOB yBe-
mmunBaerca (cM. pue. 3, rze IpeAcTaB/IeHbl AaH-

Ta6muma 1

Ocnoguvie napamempvl u nokasameiu nadexnocmu osyxkackaduozo TIY, noaryuennvie Oas pasiuumnolx
pesxunos pabomor npu T = 300 K; AT = 60 K; Qy =2 Bm; T; =267 K; ©;, = 0,426, ©, = 0,39

ot | o By | Ba [ LA| B e | M| B G, | P
Oomas 1,0 10,97 [ 1,20 | 68,2 | 249,0| 0,27 | 317,2 | 41,4 | 34,8 | 0,048 |292,0 | 0,9162
10 (Oo/Duae | 0,65 0,630,811 81,8 | 199,5 | 0,41 | 281,3 | 17,1 | 21,2 | 0,117 | 45,7 | 0,9864
(Oo/I)pax | 0,43 10,41 0,50 160 |339,2| 0,47 | 500 |13,4|26,7| 0,150 | 13,3 | 0,9960
Anin 0,33 10,32 [0,39] 320 | 730 | 0,44 | 1050 | 17,9 | 45,8 | 0,112 | 9,2 | 0,9972
Oumas 1,0 10,97 [ 2,40 | 34,1 | 124,4 | 0,27 | 158,5 | 41,4 | 17,5 | 0,048 | 146 | 0,9572
”0 (Qo/Dax | 0,65]0,63[1,61| 40,8 | 100,0 | 0,41 | 140,8 | 17,1 [ 10,6 | 0,117 | 22,8 | 0,9932
(Qo/Ipax | 0,43 10,41 | 1,0 | 80,0 | 170 | 0,47 | 250 |13,4|13,4| 0,150 | 6,65 | 0,9980
Amin 0,33 10,32 |0,78 | 160,4 | 366,5 | 0,44 | 527 |17,9]22,9| 0,112 | 4,6 | 0,9986
Oomas 1,0 10,97 | 4,75| 17,0 | 62,0 | 0,27 | 79,0 |41,4| 8,7 | 0,048 | 72,7 | 0,9784
0 (Oo/Diax 10,65]0,63(3,20( 20,4 | 50,0 | 0,41 | 70,4 |17,1| 5,3 | 0,117 | 11,4 | 0,9966
(Qo/T)max | 0,43 0,41 | 2,0 | 40,0 | 84,6 | 0,47 | 125 |13,4|6,61| 0,150 | 3,33 | 0,9990
A 0,33 10,32 1,56 | 80,0 | 181 | 0,44 | 261 |17,9| 11,4 | 0,112 | 2,3 | 0,99931
Oomax 1,0 (0,97 |10,6| 7,6 | 27,9 | 0,27 | 35,5 |41,4| 3,9 | 0,048 | 32,8 | 0,9902
L5 (Qo/Dpax 10,650,633 72] 92 | 22,5 (0,41 | 31,7 |17,1] 2,4 | 0,117 | 5,1 | 0,0085
00/ T | 0,43 0,41 | 4,5 | 17,9 | 38,0 | 0,47 | 55,9 [ 13,4 3,0 | 0,150 | 1,5 |0,99955
Amin 0,33]0,32]3,5359| 81,6044 | 1176 [17,9| 52 | 0,112 | 1,0 | 0,99969
Oomax 1,0 (0,97 |23,7| 3,4 | 12,4 | 0,27 | 15,8 | 41,4 | 1,74 | 0,048 | 14,0 | 0,9958
’0 (Qo/Dupax | 0,65]0,63|16,1| 40 | 98 |0,41 | 13,8 [17,1]1,06| 0,117 | 2,3 | 0,99932
" 10/ Ty | 0,43 10,41 10,1 8,0 | 17,0 | 0,47 | 25,0 | 13,4 1,32 0,150 | 0,67 | 0,99980
Aomin 0,330,321 7,8 | 16,0 | 36,5 | 0,44 | 52,5 [17,9]2,30 | 0,112 | 0,56 | 0,99986
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Ta6aumna 2

Ocnognoie napamempvl u noxasameau naodexnocmu 0syxxackaduozo TIY, noryuennvie Oas pasiuuHolx
pexumos pabomut npu T = 300 K; AT =70 K; Qy=2 Bm; T; =262 K; ©;, = 0,56; ©, = 0,47

Ol e T IO B A B B A Rl B B I R R T
Oomas 1,0 | 0,96 | 1,17 | 96,6 | 376,8 | 0,256 | 473,4 | 60,0 | 51,3 | 0,033 |427,8| 0,8796
4o Q0D [ 0,65 0,63 | 0,90 | 110,4| 3146 | 0,351 | 425 | 31,5350 | 0,0635 | 116,0| 0,9656
(Oo/T x| 0,56 | 0,54 | 0,65 | 172,6 | 424,6 | 0,40 | 587,2 | 25,8 [ 39,7 | 0,0775 | 52,9 | 0,99842
A 0,46 | 0,44 | 0,53 | 300,4| 733 | 0,41 | 1033 | 30,7 | 57,9 | 0,0652 | 37,4 | 0,9886
Oumax 1,0 | 0,96 | 2,33 | 48,3 | 188,4 | 0,256 | 236,7 | 60,0 | 25,7 | 0,033 |213,9| 0,9379
5o QoD 0,65 0,63 | 1,80 | 55,2 | 157,3 | 0,351 | 212,5 | 31,5 | 17,6 | 0,0635 | 58,2 | 0,9828
(Oo/T)ax | 0,56 | 0,54 | 1,31 | 86,3 | 212,6 | 0,40 | 299,0 | 25,8 | 19,7 | 0,0775 | 26,47 | 0,9921
Amin 0,46 | 0,44 | 1,06 | 150,2 | 366 | 0,41 | 516,3 | 30,7 | 28,9 | 0,0652 | 18,7 | 0,9944
Oomas 1,0 | 0,96 | 4,65 | 24,3 | 94,7 | 0,256 | 119,0 | 60,0 | 12,9 | 0,033 | 107,7 | 0,9682
0 (Oo/Dax | 0,650,631 3,60 | 27,6 | 78,7 | 0,351 | 106,3 | 31,5 | 8,76 | 0,0635 | 29,1 | 0,9914
(Oo/T)ax | 0,56 | 0,54 | 2,61 | 43,2 [ 106,4 | 0,40 | 149,6 | 25,8 [ 9,90 | 0,0775 | 13,25| 0,9960
A 0,46 | 0,44 | 2,12 | 75,4 | 183 | 0,41 | 258,5 | 30,7 | 14,5 | 0,0652 | 9,4 | 0,9972
Oomas 1,0 [ 0,96 [10,35] 10,9 | 42,5 | 0,256 | 53,4 | 60,0 | 5,8 | 0,033 | 48,4 | 0,9856
is (Qo/Diax | 0,6510,63| 8,0 | 12,4 | 353 | 0,351 | 47,7 | 31,5|3,94 |0,0635 | 13,1 | 0,9963
" 10/ T ) | 0,56 | 0,54 | 5,81 | 19,4 | 47,7 | 0,40 | 67,1 | 25,8 4,45 |0,0775| 5,94 | 0,9982
Amin 0,46 | 0,44 | 4,71 | 33,9 | 82,0 | 0,41 | 115,9 (30,7 | 6,5 | 0,0652 | 4,23 | 0,9987
Oomax 1,0 [0,96| 23,3 | 4,8 | 18,8 0,256 | 23,6 | 60,0 |2,56 | 0,033 | 21,5 | 0,9936
5o QoD | 0651063 | 180 | 56 | 160 |0351] 21,6 |31,5] 1,76 | 0,0635 | 5,9 | 0,9982
Q0T pax | 0,56 10,54 | 13,1 | 8,6 | 21,2 | 0,40 | 29,8 | 25,8 1,97 | 0,0775 | 2,64 | 0,99921
Aonin 0,46 | 0,44 | 10,6 | 15,0 | 36,6 | 0,41 | 51,6 | 30,7 | 2,9 |0,0652 | 1,87 | 0,99944

Hble 171 pesknMa Qgpax, AJS OCTAIBHBIX PEKNMOB
XapakTep 3aBUCHMOCTEll aHAJIOTMYHbIIT);

— YBEJMUYUBAETCS OTHOCUTENbHBIH TTEperna/| TeM-
neparypbl B Kackajgax (puc. 4);

— YMEHbIAeTCs XOJOANIbHBIH K03 PUIIUEHT
(puc. 5);

— YMEHbIIIAeTCs OTHOIIEHNE KOJTMYECTBA TEPMO-
5JIEMEHTOB B KacKajax n{,/n, (puc. 6).

[IpuBeieHHbIE pacueTHBIE JJAHHBIE YKA3bIBAIOT
Ha TO, YyTO Ha napaMerpbl TOY Q0CTATOYHO CUJIb-
HO BJIMSIET KaK TeOMETPHUs BeTBEll TEPMO3JIEMEHTOB,
TaK ¥ peskuM paboThl. Takum o6pa3oM, OYEBUJIHO,
4TO pa3paboTYMKaM KacKaJHbIX TOY MpUXOAUTCS
pelarb MHOTOKPUTEPHATbHYIO 334y, MOCKOJIb-
Ky OOBIYHO TIPU UX TIPOEKTUPOBAHUY CTPEMSTCS K:

— CHIDKeHUIo pabovero Toka [;

— TIOBBIINIEHUIO TTajieHus Hanpsikenus U,

— YBEJIMYEHUTO XOJIOIUIbHOTO KoaddurmenTa E;

— YMEHBIIEHWI0O CyMMapHOTO KOJMYECTBAa Tep-
MO3JIEMEHTOB 711+1y;

— yMEHBIIIEHUIO UHTEHCUBHOCTH OTKA30B A, a
CJIeJIOBATEJbHO K YBEJUUEHUIO BEPOSITHOCTH (GE30T-
Ka3HoU paboThl P.

IIpu panuonasbHoM mnoctpoeHuu TIY reome-
TPUIO TEPMO3JIEMEHTOB U TOKOBBIN PEKUM CJIETYET
BBIGUPATH C YUETOM BECOMOCTU KAaXKJOTO U3 Iepe-
YHICJIEHHBIX TIapaMeTPOB, U JJIs1 BO3MOKHOCTH TIPO-
BeJIEHUSI CPAaBHUTEJBHOTO aHAIN3A IPEJIaraercs
UCTI0JIb30BATD CJEyIoNne KPUTEPUH:

| Uj
KI — >"min; KU = J X
IJ Xmin
K :M' _%
n (n1+n2)>"min a (?\./}\40)]

r/le WHEKC Ay, O3HAYAET, 4TO PACCMaTPUBAEMBbIIl
napaMetp ObLT TIOJIyYeH B peKUMe MUHUMAJIbHOIT
MHTEHCUBHOCTH OTKA30B, a WHJEKC | — B JIOOOM
JIPYTOM PEXIME.

ITU KPUTEPUHU TIPEJCTABJAIIOT cO60H OTHOCHU-
TeJIbHbIE BEJIMYNHBI, COCTABJIEHHbBIE C YYETOM TOTO,
YTO B PEKUME Api, 00€CIEUnBAIOTCS HauOOJIbIINE
10 CPABHEHUIO C [PYTUMHU PEKUMaMK 3HAYEHSI T1a-
JIEHVST HATIPSDKEHUST U CYMMAPHOTO KOJITYECTBA Tep-
MO3JIEMEHTOB W HAWMEHbIITE 3HAYeHUs] PaGOvero
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Ta6uuma 3

OcHosnvle napamempol U NOKA3AMEAU HADCKHOCU 08YXKACKAOH020 TOY, noayuennvie 018 pA3IUUHOIX PeKi-
moe pabomwvt npu T = 300 K; AT =80 K; Qy=2 Bm; T, =256 K; ©,=0,716; ©,= 0,57

Puc. 1. 3aBucuMocTb IpOMeEKyTOUHOU TeMIepaTypel 1
JaByxkackajanoro TAY ot obiiero nepenaja teMnepary-
pet AT ipu T = 300 K; Qy = 2 Br

Got| pagoms | Bo | Be [La| ni |y M e G B s | P
Ouomax 1,0 | 0,94 | 1,12 [169,2| 734 | 0,23 | 903,2 | 107,5| 96,0 | 0,0186 | 776 | 0,7923
(Qo/Dpax | 0,8310,78 (0,98 |165,4| 612 | 0,27 | 777,4 | 68,4 | 70,1 | 0,0292 | 322,4 | 0,9078

0 (Qo/T)pax | 0,721 0,67 | 0,80 |234,4|752,4| 0,31 | 986,6 | 63,2 | 79,0 | 0,0316 | 229,4 | 0,9335
Aumin 0,63]0,59 0,71 | 325 | 1008 | 0,32 | 1333 | 67,4 | 95,0 | 0,0297 | 183 |0,9466
Oomax 1,0 | 0,94 | 2,24 | 84,6 | 376,0 | 0,23 | 451,4 | 107,5| 48,0 | 0,0186 | 388 | 0,8900
(Qo/Dpax | 0,83]0,78 1,95 82,6 [ 305,6 | 0,27 | 388,1 | 68,4 |35,1]0,0292 | 161,4 | 0,9528

20 (Qo/T)pax | 0,7210,67 | 1,61 [117,2]376,2| 0,31 | 493,4 | 63,2 | 39,3 | 0,0316 | 114,7 | 0,9662
Aumin 0,631 0,59 | 1,41 [162,5|502,2 | 0,32 | 664,7 | 67,4 | 47,8 | 0,0297 | 91,5 | 0,9729
Qomax 1,0 | 0,94 | 4,49 | 41,9 [ 182,0 | 0,23 | 223,9 | 107,5 | 23,9 | 0,0186 | 193 |0,9438
(Qo/Dpax | 0,83]0,78 (3,90 | 41,4 | 153,2 | 0,27 | 194,6 | 68,4 | 17,6 | 0,0292 | 81,0 |0,9760

10 (Qo/T)pax | 0,72 10,67 | 3,21 | 58,6 | 188,1 | 0,31 | 246,7 | 63,2 | 19,7 | 0,0316 | 57,4 | 0,9829
Aumin 0,63 0,59 | 2,83 | 81,0 | 250,1 | 0,32 | 331,1 | 67,4 | 23,8 |0,0297 | 45,6 | 0,9864
Oomax 1,0 10,94 (9,97 | 18,9 | 81,9 | 0,23 | 100,8 | 107,5| 10,8 | 0,0186 | 86,8 |0,9743
(Qo/Dpax | 0,83 0,78 8,67| 18,6 | 68,4 | 0,27 | 87,0 | 68,4 7,89 ]0,0292 | 36,4 |0,9891

o (Qo/T)pax | 0,721 0,67 | 7,14 | 26,4 | 84,7 | 0,31 | 111,0 | 63,2 | 8,9 [0,0316 | 25,8 | 0,9923
Aomin 0,63 10,59 | 6,28 | 40,5 | 125,5| 0,32 | 166,0 | 67,4 | 10,7 [ 0,0297 | 22,8 | 0,9932
Qomax 1,0 10,94 [22,4| 84 | 36,5 | 0,23 | 44,9 |107,5| 4,8 | 0,0186 | 39,7 |0,9882
(Qo/Dipax | 0,83 10,78 [19,5| 82 | 30,3 | 0,27 | 38,5 | 68,4 | 3,5 [0,0292| 16,2 | 0,9952

20 (Qo/T)pax | 0,7210,67 [ 16,0 9,1 | 29,3 | 0,31 | 38,4 | 63,2 | 3,96 | 0,0316 | 9,8 |0,9971
Aomin 0,63]0,59 [ 14,1] 16,2 | 50,3 | 0,32 | 66,5 | 67,4 | 4,8 [0,0297 | 9,0 |0,9973

Ty, K - B B, 1

0,9
265 0,8
0,7
260 - 06
255 - 0,5
04
250 T T T T T | 0,3
60 65 70 75 8 85 ATK 60 65 70 75 80 85 ATK

Puc. 2. 3aBucmMOCTb OTHOCHTEJIHHOTO paboyero TOKa
nepsoro (B;) u Broporo (B,) KacKaloB ABYXKaCKa[-
Horo TOY or obiiero nepenaga temieparypbsl AT 1pu
T =300 K; Qg =2 Bt a/1s1 pa3/iuyHbIX PEKUMOB PAGOTBHI:

17— QOmax; 2 — (QO/I)max; 3 - (QO/Iz)max; 4 — ?\'min
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Tabuuia 4

Ocnosnoie napamempol u noxazamenu nadexnocmu 0eyxxackaonozo TIY, noayuennoie 0N pASIUMHOIY PEKU-
moe pabomut npu T =300 K; T =90 K; Qy=2 Bm; T; =250 K; ©,=0,91; ©, = 0,68

O R T P B B Y el O S B T
Oomax 1,0 0,91 | 1,1 | 582 | 3054 | 0,19 | 3636 |402,0|373,6 | 0,0050 | 2862 | 0,4238
40 (Qo/Dpax 10,95 0,87 [ 1,07 | 572 | 2860 | 0,20 | 3432 |359,0 | 335,6 | 0,00557 | 2236 | 0,5113
(Qo/T)max | 0,91 0,83 0,98 | 643,8| 3019 | 0,21 | 3663 |338,6 | 347,3 | 0,00591 | 2000 | 0,5488
Aumin 0,87 0,80 | 0,94 [ 701,4| 3226 | 0,22 | 3928 |339,0|361,0 | 0,0059 | 1849 | 0,5742
Oomas 1,0 0,91 2,15 | 291 | 1527 | 0,19 | 1818 [402,0|186,8 | 0,0050 | 1431 | 0,6510

(Qo/Dmax 10,95]0,87 [ 2,13 | 286 | 1430 | 0,20 | 1716 |359,0| 168,5 | 0,00557 | 1118 | 0,7150
(Qo/T ) max 10,911 0,83 1,95 |321,9| 1510 | 0,21 | 1832 |338,6| 173,6 | 0,00591 | 988,9 | 0,7410
Aonin 0,87 0,80 | 1,88 (350,7 | 1613 | 0,22 | 1964 |339,0|180,3 | 0,0059 |924,6|0,7578
Oomax 1,0 | 0,91 | 4,31 [145,0| 763 | 0,19 | 908,7 | 402,0 | 93,4 | 0,0050 | 715 |0,8069
(Qo/Dumax |0,95] 0,87 | 4,26 |143,0| 715 | 0,20 | 858 [359,0| 84,3 |0,00557 | 558 | 0,8459
(Qo/T ) max | 0,91 0,83 [ 3,90 |160,6| 753,7 | 0,21 | 914,3 | 338,6| 86,8 |0,00591 | 500 | 0,8607
Anin 0,87 0,80 | 3,76 | 175,4 | 808 | 0,22 | 983,0 [339,0| 90,1 | 0,0059 | 463 |0,8704
Oomas 1,0 | 0,91(9,57 | 65,2 | 342 | 0,19 | 407,0 |402,0| 42,0 | 0,0050 |320,9 |0,9082
(Qo/Dmax 0,95 0,87 [ 9,47 | 64,4 | 322 | 0,20 | 386,4 359,0| 37,9 |0,00557 | 251,4 | 0,9274
(Qo/T ) max | 0,911 0,83 8,86 | 72,2 | 338,7 | 0,21 | 410,9 |338,6| 39,0 |0,00591 | 224,7 | 0,9348
Aunin 0,87|0,80 | 8,40 | 78,9 | 363 | 0,22 | 441,8 [339,0| 40,6 | 0,0059 |208,0|0,9395
Oomax 1,0 10,91 (21,5] 29,1 |152,7| 0,19 | 181,8 [402,0| 18,7 | 0,0050 | 144 |0,9577
(Qo/Dmax 0,95 0,87 [ 21,3 | 38,6 | 143,0 | 0,20 | 171,6 [359,0| 16,9 |0,00557 | 112 | 0,9670
(Qo/Tpax 10,911 0,83 (19,5 32,0 | 150,0 | 0,21 | 182,0 | 338,6| 17,4 |0,00591 | 97,6 | 0,9711
Aunin 0,87|0,80 | 18,8 | 35,1 | 161,5| 0,22 | 196,6 [339,0| 18,0 | 0,0059 | 92,6 | 0,9725

20

10

4,5

2,0

H|+n3, ]
WT. | //S=40 cm™'
400
300

200

100

0 T T T T T 1 T Ll T T I 1

60 65 70 75 80 85 AT K 60 65 70 75 80 85 AT K

Puc. 3. 3aBucumoctb CyMMapHOIo KOJMYeCTBa TepMO- Puc. 4. 3aBUCUMOCTD OTHOCHTENBHOTO MEPETaia
3JIEMEHTOB AByXKackagHoro TOY ot obuiero nepenana TEMIIEPATYPbI B KacKaiax AByXKackaaHoro TOY
TeMmItepaTypbl AT /11 pa3/IMYHbIX 3HAUEHUH OTHOLICHNS ot o61ero nepernajaa remneparypbt AT

/S npu T =300 K; Qg = 2 Br B pesxume Qppax npu T = 300 K; Qp = 2 Br
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0,10

0,05

O 1 1 1 1 T 1
60 65 70 75 80 85 AT, K

Puc. 5. 3aBucuMocTb XOJ0AMIBHOTO Koadduitnenta E
nByxkackajgnoro TOY or obriero mnepenaja TemMiepary-
pot AT [71s1 pasyIMuHbIX PEKUMOB PAbOTHI U KOHPUTYpa-
nmu BetBeit TepmoasieMenToB nipu T = 300 K; Qg = 2 Br:

1 — QOmax; 2 — (QO/I)max; 3 - (QO/Iz)max; 4 — A’min

TOKa 1 MHTEHCUBHOCTU OTKA30B. ¥ 1OOCTBO OIIEPH-
POBAHUS TAKUMH KPUTEPUSAMU OOYCJOBJIEHO TEM,
YTO OHHU HE 3aBHCIT OT T€OMETPHH BETBEH TepPMO-
2JIEMEHTOB U IIO3BOJIAIOT OLICHUTb U3MEHEHUs Be-
COMBIX IIAPAMETPOB IIPH IIEPEXOIE OT PEXKUMA Api,
K KaKoMy-JHu00 IpyTroMy.

W3 npeacrasiaennbix Ha puc. 7—10 3aBucumo-
CTell MOJKHO YBU/IETh, HACKOJIBKO TP (PUKCUPOBAH-

K; n
0,8 1 3
0,6 1
2
0.4 11
60 65 70 75 80 85 AT K

Puc. 7. 3aBucumocts kputepusi K; ot o6iero nepemnazaa
temrnepatypbl AT npu T = 300 K; Qy = 2 BT:

I

|
1_ KI — kmin ’2_ KI — I min ’
Qo (@),
I I
3_KI — >"min ‘4_ KI — 7Lmm

I7Lmin

H[f‘r."?g

0,] T T T T T 1
60 65 85 || AT K

Puc. 6. 3aBUCHMOCTD OTHOIIEHUS KOJUYECTBA TEPMO-
3JIEMEHTOB B CMEXHbBIX KacKaJax nq,/Ny ABYXKacKaj-
Horo TOY ot obmero nepenaja temrepaTypbl AT s
PA3JIMYHBIX PEKUMOB PaGOThl M T€OMeTPUU BeTBeil Tep-
moasiemenToB 1ipu T = 300 K; Qg = 2 Br:
1 — Q()max; 2 — (Q()/I)max; 3 — (QO/[Z)max; 4 — )\'min
HOM Tiepena/jie TemrepaTypbl AT U IPOYUX PABHBIX
yCJIOBUSAX 3HaueHus I, ny+ny, U, A/ Ay B BbIOpaH-
HOM PeXUMeE OTJUYAIOTCS OT 3THX 3HAUEHWH B pe-
KuMe Api,. Hanpumep, npu AT = 70 K no cpas-
HEHUIO C PEXXUMOM Ayin:

— pabounii TOK B pesxumMe Qgy.x YBEJIMUNBAET-
ca B 2,2 pasa, B pesKine (Oo/Dpax — B 1,7 pas,
B pesxnme (Qq/1?)nax — B 1,23 pasa (puc. 7);

— CyMMapHOe KOJITYECTBO TEPMO3JIEMEHTOB B Pe-
skuMe Q. YBETMUUBaeTcS B 2,2 pasa, B PGH(I/IMG
(QO/])max —B24 pasa, B pexuMme (QO/I max
B 1,7 pas (puc. 8);

— raJieare HanpsikeHust Ha TIY B peskume Qomax
ymenbinaercst B 1,2 pasa, B pexknve (Qy/1)pax —

B 2,9 pas, B pesxxkume (Qy/I?)p. — B 1,9 pas
(puc. 9);
Kn 4
0,8 -
0,6 -
3
0,4 - 1
0,2 2 T T T T T 1
60 65 70 75 80 85 AT K

Puc. 8. 3aBucumoctnb kpurepusi K, oT 00I1Iero mnepemnaia
temrnepatypbl AT pu T = 300 K; Qy = 2 BT:

n +n (m+ny)
1— Kn:%;z_ Kn:w ;
(np+ny )kmm (np+ny )%mm
(M1 ) g2 no+n
3_KI’]:M;4_ Kn:( 1 2))”min
(“1”‘2)1 (n1+n2)x

min min
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0,6

0.4

0,2 1

=
o0
L
\\*

0 T T T T T 1
60 65 70 75 80 85 AT, K

Puc. 9. 3aBucumoctb kputepus Ky ot o6Iiero nepenaja
temmiepatypsl AT ipu T = 300 K; Qy = 2 Br:

Yioun), .

u
1— Ky :%;2— Ky =

7Lmin xmin
Ui 2
QI U,
S—KU :%;4_KU: 7“m|n
Amin xmin
Ky
4
1,0 |LiHEHE Y e
1
0,8 -
3
0,6 1
i I
0,4 . | | | | |
60 65 70 75 80 851 AT

Puc. 10. 3aBucumoctb Kputepust Ky ot o611ero meperna-
na temneparypol AT mpu T = 300 K; Q¢ = 2 Br:

e A
1_KL:%;2_K;\4= ( O)Xmin :
(A 2o)g, (Mxo)(QO“) ]
(}‘/}‘O)x i (7“/7"0);\ '
I—Ky =y —; N min
(x/xo)(Qo,,z)W (A 12o),

— WHTEHCHBHOCTH OTKa30B B peskuMe Qopax
yBesmmuuBaercst B 11 pas, B peskume (Qq/ 1) pax —
B 3,1 pasa, B pexxnme (Qy/1?) . — B 1,7 pasa
(puc. 10).

& % %

Takum o6pasoM, MPOBEJEHHbIN aHAIU3 IOKaA-
3aJl 3aBUCUMOCTb OCHOBHBIX MApaMeTPOB M IIOKa-
3aTeJiell HaJIe’KHOCTU AByXKackagHoro TIY u ot
TeOMEeTPUU BETBEH TeEPMOIJIEMEHTOB, U OT TOKOBOTO
pexxuma paborol. [Ipeioskennble KPUTEPUU OTIEH-
KI BECOMBIX XapakTepucTuk TIAY moMoryT paspa-
60TYMKAM TPOBO/IUTH PAIMOHAJIBHOE MOCTPOEHUE
TEPMOIJIEKTPUIECKUX OXJIAXKIAIOMINX IBYXKACKA/I-
HBIX YCTPOHCTB, 06ECIIEYMBAIONINX BBICOKYIO Ha-
JIE3KHOCTb TPU TIPUEMJIEMOM 3HEPronoTpebeHuu
U MaJibiX raGapuTHBIX pazMepax.
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BUX PeKUMI8 PoOOMU 3d YMOB8U 00HAK0680T KOHGizypauil 2iiok 6 Kackadax. 3anponoHoeano Kkpumepii, wo 0o-
3gonsoms gecmu no6ydosy deokackadnux TEY nidsuwenol naditinocmi, eubupaiouu cmpymoeutl pexxum pobo-
mu npu 3a0anii zeomempii ziloK MePMOEICMEHMIE 6 KACKAOAX 3 YPAXYEANHIAM 6AZOMOCE KOKHO20 3 00MEKY-
GANLHUX UUHHUKIE.
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COMPARATIVE ANALYSIS OF THE MAIN RELIABILITY INDICES

AND PARAMETERS OF TWO-STAGE THERMOELECTRIC DEVICES

WITH DIFFERENT GEOMETRY OF THE BRANCHES OF THERMOELEMENTS
IN VARIOUS OPERATING MODES

The paper presents a comparative analysis of the main parameters and reliability indices of two-stage
thermoelectric devices with a variation in the geometry of the branches of thermoelements in cascades and
temperature drops for characteristic current operating modes under the condition of identical configuration of
branches in cascades. The authors propose criteria that allow building two-stage high-reliability thermoelectric
devices choosing the current operation mode for a given geometry of the branches of thermoelements in
cascades, considering the significance of each of the limiting factors.

Key words: thermoelectric cooling device, thermoelement, branch geometry, current operation mode, reliability
indicators.
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