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j(azecmaHclCuu zocyaapcm8eHHbiu meXHUlteCICUUyHu8epcumem

A mathematical model of a thermoelectrlcal system for cryogenic thermal
application has been considered. Results of II numerical experiment are
presented.

EHononUI H Me.uHQHHa C caMoro HatIana npaKTHtIeCKOrO

Hcnonb30Ba""UI 3cPcPeKTaIleJIbTbe 51BJI5IIOTC5I06naCT5IMH

ero 3cPcPeKTHBHoro npHJIO)l(eHH5I. TaKHe npeHMyw.eCTBa

TepM03JIeKTpHtIeCKHX CHCTeM (T3C), KaK 6ecwyMHoCTb,

OTCYTCTBHe.uBJ1)I(YW.HXC5ItIaCTeH H TOKCHtIHblX xna.uareH-

TOB, a TaK)l(e BbICOKa51Ha.ue)l(HOCTb, npe.uonpe.ueJIHJIH HX

HCnOJIb30BaHHe B PaJJIHtIHbIX HanpaBJIeHH5IX Me.uHQHHbI H

6HOJIOrHH[1].
Cpe.uH cyw.ecTBylOLQHX B HaCTOjlLQee BpeM5I 06JIaCTeH

npHMeHeHH5I T3C B Me.uHl.l,HHe He06xo.uHMO Bbl.ueJIHTb

npe)I(LJ.eBcero npOl.l,e.uypbI, CB5I3aHHble C JIOKanbHbIM Ten-

JIOBbIM B03.ueHcTBHeM (KpHoTepMOannJIHKal.l,HIO). 3TO B

HaHBbIcweH CTeneHH cooTBeTcTByeT npHpo.ue 3cPcPeKTa

IleJIbTbe KaK JIOKanbHOro HCTOtIHHKa TenJIOTbI H XOJIo.uaH

WHpOKOHCnOJIb3yeTc5IB cPH3HOTepanHH, XHpyprHH, HeBpo-

naroJIOrHH, KOCMeTonorHH.

EOJIbWYIO POJIb B aHanH3e pa60TbI T3C, npHMeH5IeMbiX

.un51 KpHOTepMOannnl1Kal.l,l1H, I1rpaeT 3HaHI1e He TOJIbKOCTa-

QI10HapHbIX xapaKTepl1CTI1K npl160pa, HO 11oc06eHHocTeH

nepexo.uHbIX npOl.l,eCCOBCI1CTeMbI npl160p - o6beKT B03-

.ueHCTBH5I.3T0 CB5I3aHOC He06xo.uI1MOCTblO Ol.l,eHKI1TaKO-

ro nOKaJaTeJIjI cPYHKl.I,I10Hl1pOBaHI151T3C, KaK npoNm)l(l1-

TeJIbHOCTbBbIxo.ua Ha 3a.uaHHbIH pe)l(l1M pa60Tbl, a TaK)l(e

onpe.ueJIeHHjI .uI1HaMl1tIeCKHX xapaKTepl1CTI1K npl160pa.

,l:VllI Ol.l,eHKHYKaJaHHbIX nOKaJaTeJIeH nocTPoeHa KBaJl1-

CTal.l,l10HapHMMo.ueJIbnepexo.uHoro np0l.l,ecca, KOTOpM pac-

cMaTPHBaeT T3C KaK e.uHl1YlO cOBoKynHocTb 3JIeMeHTOB-

Tenno06MeHHbIX yCTpOHCTB (pa.uHaropoB), TepM03JIeKTPI1-

tIeCKOH6aTapeH (T3E), TenJI0I130JI5Il.I,HH,06eCnetIHBalOLQHX

CHJ1)I(eHHeTeMneparypbI 6HOJIOrl1tIeCKOrO 06beKTa .uo He-

06XO.uHMOHBeJIHtII1Hbl 3a Tpe6yeMoe BpeM5I.

PaCcMoTPHM T3C .uJI5IKpHoTepMOannJIHKal.l,HH, TenJIO-

Ba51Mo.ueJIb KOTOpOH 11306p~eHa Ha pHc.I. B HeH T3E

PoiJuomop (Tp2)

TepM03I1eKmpU'leCKOR 6omopeR -<::

PoiJuomop (Tp1, cp1' apl)
Q.

to

KO:JICHbIUnOKpoB (TK, cK,aK) "to

MbIWe'lHOR mKOHb (TTK' CrK' aTK) "c.¢

tIepe3 pa.uHaTop C TenJIOeMKOCTblO Cp1 H TenJIOBOH npo-

BO.uHMOCTblO(Jpl nepBbIM (BHYTpeHHHM) cnaeM conp5l)J(e-

Ha C 06beKToM B03.ueHcTBH5I, ynpOLQeHHO npe.ucTaBneH-

HbIM B BH.ue.uByxcnoHHoH CTPYKTYpbI, COCT05lLQeHH3 KO)J(-

Horo nOKpoBa 11MbIWetIHOH TKaHI1, HMelOLQHX COOTBeT-

CTBeHHO TenJIOeMKOCTb CK, CTK H TenJIOBylO npoBo.uH-

MOCTb (JK' (JTK' TeMnepaTypa BHeWHero cna51T3E nocpe.u-

CTBOMB03.uywHoro nH60 )l(H.uKOCTHOro Tenno06MeHHoro

annapaTa (pa.ul1aTopa) nOMep)l(HBaeTC5I npH onpe.ueJIeH-

HOH He 113MeHjlIOll.I,eHC5IBO BpeMeHH BeJIHtIHHe Tp2' Qepe3

T3E npOTeKaeT TOK nOCTOjlHHOH nnOTHOCTHj. KpoMe Toro,

npe.unOJIaraeTCjI, tITO TenJIo06MeH Me)l(.uy TKaHblO H KpO-

BblO npOHcxo.uHT B nlO60H TOtIKe paCCMaTpHBaeMoro 6HO-

JIOrHtIeCKOrO 06beKTa 11xapaKTepH3yeTc5I y.ueJIbHOH MOLQ-

HOCTblO 06beMHbIX HCTOtIHHKOB TenJIOTbI COOTBeTCTBeH-

HO .unjl KO)J(Horo nOKpOBa PK H MbIWetIHOH TKaHH PTK'

~aTeMaTI1~eCKa51 peaJIH3al.l,H5I Mo.ueJIH onpe.ueJI5IeTC5I

CHCTeMOHCJIe.uyIOw.I1X.ul1cPcPepeHl.I,HanbHbIXypaBHeHHH [2]:

dTp' [1 [. 1.2 A ]-= -crp\(T
K

- Tp,)+ qe]Tpl +-] ph+-(Tp2 -Tp') +
dr Cp1 2 h

+ap,(Tcp-Tp,)];

dTK =J....[apl(Tpl-TK)+ac(TT. -T.)+P.J; (1)
dr C.

dTTK= _I_[aK(T. - Tn)+ PT.J,
dr C.••

r.ll.e T
p1

- TeMneparypa pa.ll.l1aTOpa, HMelOLQerO TenJIOBOH

KOHTaKT C 6HOJIOmtIeCKHM 06beKTOM;

T
K

- TeMnepaTypa KO)l(HOrO nOKpOBa;

q :::-1 npH cPYHKl.I,I10HHpOBaHI1HT3E B pe)J(I1Me ox-

JIa)J(,lJ.eHH5Io6beKTa B03.ueHCTBH5I, q :::1 - B pe)l(HMe

HarpeBa 06beKTa B03.ueHCTBH5I;

e - K03cPqmQI1eHT TepMo-3,aC TepM03JIeMeHTOB B

T3E;

P - y.ueJIbHOe 3neKTpl1tIeCKOe COnpOTI1BJIeHl1e T3E;

h - BblCOTa TepM03neMeHTOB B T3E;

A - K03cPcPI1QI1eHT TenJIOnpOBo.uHOCTI1 MaTepl1ana

T3E;
Tcp - TeMnepaTypa OKpY)l(alOLQeH Cpe.ll.bl;

T - TeMnepaTypa MblWetIHOH TKaHI1.

Ha4~bHbIe ycnoBI151 3a.uaIOTC5I, HCX0.ll.51113npe.unono-

)J(eHI15I, 'ITO B Ha4anbHbIH MOMeHT BpeMeHH T3C Haxo-



~HTCjI B TepMO~HHaMH'IeCKOM paBHOBeCHH C OKpY)l{alO-

rueH Cpe~OH H T~~nepaTypa BCeX TOqeK CHCTeMhI paBHa

TeMneparype cpe~bI, a 06beKT B03~eHCTBHjI HMeeT TeM-

neparypy, paBHylO 309 K.

PeweHHe CHCTeMhI (I) oCylll,eCTBJIeHO qHCJIeHHbIM 06-

Pa30M B naKeTe npHKJla~HhIX nporpaMM MA THCAD C

npHMeHeHHeM aJIropHTMa PYHre-Kyrra qeTBepToro no-

pjl~Ka. B paCqeTaX HCnOJIh30BaJIH CJIe~YIOlll,He HCXOk

HhIe ~aHHhIe:

e = 350.10-6 BIK; h = 0,002 M; A = 3 BT/(M·K);

p = 0,0001 OM·M; C = 380 )VK/(Kr·K);

C
K
= 3600 )VK/(Kr.K); CTK= 3458 )VK/(Kr·K).

TIPH 3TOM TenJIOBhIe npoBo~HMOCTH onpe~eJIjlJIH no

cPoPMYJIaM:

. AolS A.S . A""S (2)
0"01 =~; 0". =T' 0""" = 8"" '

r~e Api' AK, ~ - K03cPcPHl.\HeHTTenJIOnpOBO~HOCTHCOOT-

BeTCTBeHHOpa~HaTopa, KO)l{HOrOnOKpoBa H MhIWeq-

HOHTKaHH;

S - nJIorua~h nOBepxHocTH conpHKocHOBeHH5I T3C
M5I KpHoTepMOannJlHKaQHHH 6HOJlOrHqeCKoro 06beK-

Ta B03~eHCTBH5I,M2;

0pl, OK' 0TK - TOJlruHHa COOTBeTCTBeHHOpa~HaTopa,
KO)i{HOrOnOKpOBa H CJl051MhIWeqHOH TKaHH, M.

llHCJleHHhle 3Hal.JeHH5IHCXO~HhIXBeJlHqHH B BbIp~eHH-

51X(2) npHHHMaJIHCbcJle~YIOlll,HMH:

Api = 200 BT/(M·K); AK = 0,389 BT/(M·K);

~= 0,2 BT/(M-K); S= 0,015 M2; 0pl = 0,02 M;

0K= 0,002 M; 0mK=0,03 M.
Ha pHC. 2, 3 npHBe~eHhI pe3YJlhTaThI paCl.JeTaTenJlOBO-

ro nOJl51CHCTeMhInpH60p - 06beKT B03~eHCTBH5IB 3aBH-

CHMOCTHOT BpeMeHH npH Tcp = Tp2= 293 K ~JI5I cJlYl.Ja51

cPYHKQHOHHpOBaHH5IT3C B pe)l{HMe OXJl~eHH5I (pHc.2)

Hpe)l{HMe HarpeBa (pHc.3) 6HOJlOrH'IecKoro 06beKTa. Pac-

cMoTpeH BpeMeHHoH XO~ TeMnepaTyphI pa~HaTopa Ha

BHyTpeHHeM cnae T3E, KO)l{HOro nOKpoBa H MhIwel.lHoH

TKaHH. KaK CJle~yeT H3 npe~CTaBJleHHhIX ~aHHhIX, 3aBH-

CHMOCTHHOC5ITMOHOTOHHhIHxapaKTep - y6hlBalOlll,HH npH

pa60Te T3E Bpe)l{HMe OXJl~eHH5I H B03paCTalOlll,HH npH

HCnOJlh30BaHHHT3E B pe)l{HMe HarpeBa 6HOJlOrHI.JeCKOrO

06beKTa. ComaCHO npHBe~eHHhIM rpacPHKaMTeMneparypa

pa~HaTopa H KO)l{HOro nOKpOBa ~OCTaTOI.JHO6bICTpO CTa-

6HJIH3HpyeTc5I (B paCCMOTpeHHOMCJIyl.JaenpH OXJl~e-

HHH npO~OJI)l{HTeJIhHOCTbBhIxo~a Ha CTaQHOHapHhIH pe-

)l{HMTeMneparyphI pa~HaTopa H KO)i{HOro nOKpOBa COCTaB-

JI5IeTCOOTBeTCTBeHHO93 H 120 c, a npH Harpe Be- 72 H96 c),

'ITO CB5I3aHOC MaJIOHTellJIOeMKOCThlO H BhICOKOHTenJIO-

BOHnpoBo~HMOCThlO pa~HaTopa, a TaK)l{e MaJIOHTOJIlll,H-

HOHKO)l{HOrOnOKpoBa. KO)l{HhIH nOKpOB HaChIlll,eH TenJIO-

BhIMH peQenTopaMH H 51BJIjleTC5IHenocpe~cTBeHHhIM

06beKTOMKpHoTepMOannJIHKaQHH.HecoMHeHHhle npeHMY-

lll,eCTBa npHMeHeHH5I T3C ~JI5I KpHoTepMOannJIHKaQHH

CB5I3aHhInpe~e Bcero CMaJIOHHHepQHoHHOCThlO TenJIO-

Boro B03~eHCTBH5I.

Ha pHC. 4 H306pa)J(eHbI rpacPHl.JeCKHe3aBHCHMOCTHH3-

MeHeHH5I BO BpeMeHH TeMnepaTypbI KO)l{HOrO nOKpoBa
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PUC. 2. 113MeHeHue meMnepamypbl paauamopa npu menlloeOM
KOHmaKme C 6UollozulfecKuM 06oeKmoM, KOJICHOZOnOKpoea,
MbIUle'lHOU mKaHU eo epeMeHU npu pa60me T3C e peJICUMe
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PUC. 3. }f3MeHeHue meMnepamypbl paauamopa npu menlloeOM
KOHmaKme C 6UOIlOZU'IeCKUM 06oeKmoM, KOJICHOZOnOKpoea,
MbIUle'lHOU mKaHU eo epeMeHU npu pa60me T3C e peJICUMe

Hazpeea

npH Pa3JIHYHhIX BeJlH4HHaX TOKa nHTaHHjI T3E J (j = f) .
)J;aHHhlenpHBe~eHhI M5I CJlYl.Ja51JlOKaJIhHOroOXJl~eHHjl H

HarpeBa 06beKTa B03~eHCTBHjl. KaK CJIe~eT H3 paCCMOT-

peHHhlX 3aBHCHMOCTeHnpO~OJl)l{HTeJIhHOCThcTa6HJlH3aQHH

TeMneparyphI KO)l{HOro nOKpOBa B paCCMOTpeHHOM~Hana-

30He TOKOBnOCT05IHHaH COCTaBJl5leTOKOJIO120 c. Ha pHC. 4

xopowo npOCJle)l{HBaeTC5I3aBHCHMOCThypOBHH OXJl~~e-

HH5IKO)l{HOro nOKpoBa OTBeJlH'IHHhI TOKanHTaHHjl.113 rpa-

cPHKOB,onHChIBalOlll,HX BpeMeHHoH XO~TeMneparyphI KO)l{-

Horo nOKpoBa, CJle~yeT, 4TO npH H3MeHemm CHJlhITOKaOT

o ~o OnTHMaJIbHOrO 3Ha4eHH5I, npH KOTOpOMnpoHcxo~HT

MaKCHMaJIhHOe nOHH)J(eHHe TeMneparyphI Ha XOJlO~HOM

cnae T3E (B ~aHHOM CJlY4ae 2 A), OTHoweHHe H3MeHe-

HH5ITeMneparyphI K H3MeHeHHIO CHJlhI TOKa yMeHbwaeT-

C5I.TaK, .AJl51YKa3aHHoro cJlYl.Ja51(no .AOCTH)l{eHHHCTaQH-

270 o
1=2A
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PUC. 4. }f3MeHeHue meMnepamypbl KOJICHOZOnOKpoea eo
epeMeHU npu pa31lUlfHbiX eellU'IUHax mOKa numaHUR



18

TK, K

312

304

296

288

280
0

Tp2=300 K

Tp2=295 K

Tp2,=290K ._---
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Puc. 5. Jf3MeHeHue meMnepamypbl KOJICH020 nOKp08a 80
8peMeHU npu pa31/U~HblX meMnepamypax paiJuamopa Ha

8HeUJHeM Cl/oe T3C

OHapHoro pe)l(HMa) npH yBeJIHtleHHH TOKa nHTaHHji C 0,5

)].0 1A TeMneparypa KO)I(HOronOKpOBanOHH)I(aeTCji C286,5

)].0282,5 K, YBeJIHlJeHHeCHJlblTOKaC 1 )].0 1,5 A nOHH)I(aeT

TeMneparypy C282,5 )].0 280 K, a nOBblllleHHe TOKa nHTa-

HHji C 1,5)].02 A CHH)I(aeTTeMneparypy)].o 279,5 K. ,lJ;aJIb-

HeHlllee YBeJIHlJeHHeCHJIbl TOKa BbI3blBaeT npeBaJIHpOBa-

HHeTennOTbl ,lVKoyJIji Ha)].TennOTOH DeJIbTbe, nOBblllialO-

mee TeMneparypy 06beKTa B03)].eHcTBHji. TaKHM 06pa-

30M, npH epHKCHpOBaHHOHTeMneparype Tp2 T3C npe)].eJIb-

Hoe CHH)I(eHHe TeMneparypbl 6HOJIOrHlJeCKoro 06beKTa

orpaHHlJeHO BeJlHlJHHOHOnTHMaJIbHOrO )].JIji )].aHHoro THna

T3E TOKa nHTaHHH. DOJIYlJHTb 60JIee my60Koe nOHmKe-

HHe TeMneparypbl 06beKTa B03)].eHCTBHji MO)l(HO, yMeHb-

WHB 3HalJeHHe TpZ. Ha pHC. 5 nOKaJaHO H3MeHeHHe TeM-

neparypbl KO)l(HOrOnOKpoBa BO BpeMeHH )].llji pa311l1lJHblX

3HalJeHHHTpz npH pa60Te T3C B pe)l(HMe OXJla)l()J,eHHHH

HarpeBa (TOK nHTaHHH - 0,9 A). DPH paccMoTpeHHH )].aH-

HblX, npe)].cTaBlleHHblx Ha pHC. 4 H 5, clle)].yeT, lJTO )].llH

nOHH)l(eHHjiTel\meparypbl KO)l(HOronOKpOBa,HanpHMep,)].O

280 K npH TeMneparype Tpz= 290 K HY)I(eH TOK Ha 0,6 A
MeHbwe, lJeM npH cTa6HllH3a~HH Tpz Ha ypoBHe 293 K.
BMecTe CTeM YMeHbllleHHe TeMneparypbl BHelliHero cnaji

(Tp2) Tpe6yeT YBeJIHlJeHHji TOKa nHTaHHji T3E npH ee pa-

60Te Bpe)l(HMe HarpeBa 6HOJIOrHlJeCKoro 06beKTa)J,Jlji no-

llYlJeHHji TaKOH )I(e TeMneparypbl KO)l(HOro nOKpoBa. 0)).-

HaKOTpe6yeMoe YBeJIHlJeHHe TOKa nHTaHHji T3E He3Ha-

lJHTeJIbHO.DPH 3TOM nOTpe611eHHe 311eKTpHlJeCKOH3Hep-

rHH npH pa60Te T3C B pe)l(HMe OXJl~)].eHHji HaMHoro

MeHbwe, lJeM npH pa60Te T3C B pe)l(HMe HarpeBa 6HOllO-

rHlJeCKOrO 06beKTa.
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