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The paper contains the analysis of operation of a thermoelectric refrigerator
at a bang-bang control of temperature in the cabinet with usage of so-called
current of a pause -Ip. The obtained effect of a diminuation of a refrigerator
power consumption depends on an exact selecting of an evocative current,
which as contrasted to by condition of regulating ON - OFF makes 1,5 - 2
times. The algorithm of calculation Ip, for a stationary and non-stationary
mode of refrigerator operation, based on a method of thermal balances and
load characteristics of the thermoelectric modules, is represented.

TepM03JIeKTpH'IeCKHe arperaTbl llIHpOKO HCnOJIb3YIOTCSI

.nnSl no.n.nep)f(aHHSI TeMneparypbl OT 0 .no 12°C B TpaHc-

nopTHbIX xono.nHnbHHKax 06beMoM .no 200 JI. B nOCJIe.nHee

BpeMSIHaMeTHJIaCbTeH.neHUH5InOCTeneHHoro BbITeCHeHH5I

a6cop6UHOHHbIX H KOMnpeccopHblX XOJIO.nHJIbHbIXarpera-

TOBTepM03JIeKTPH4ecKHMH H B .npyrHx 06JIaCT5IX npHMe-

HeHHSI:0<pHcHaSl TeXHHKa, XOJIO.nHJIbHHKH.nJUI rOCTHHHU,

BCTPoeHHble B Me6eJIb MHHH-6apbl [1, 3, 6]. 06 3TOM )f(e

CBH.LJ.eTeJIbCTByeTpacryIUee Ha eBponeHcKoM pblHKe npe.n-

JIO)f(eHHe TepM03JIeKTpH4eCKHX XOJIO.nHJIbHHKOB(T3X)
o6beMoM CBbIllIe 30 JI pOCCHHCKHX, llIBe.nCKHX, HeMeUKHX

H HcnaHCKHX npoH3Bo.nHTeJIeH.

B 6bITOBbIX XOJIO.nHJlbHHKaXH TepMocTaTHpylOIUHx Ka-

Mepax TeMneparypa 06bI4HO no.n.nep)f(HBaeTCSI C nOMO-

~blO MaHOMeTpH4ecKoro .naT'IHKa-peJIe TeMneparypbl, B

o6Hxo.ne Ha3blBaeMblX «TepMOCTaTaMH» (He nyTaTb C

TepMOCTaTH4eCKHMH KaMepaMH), HanpHMep TepMOCTaTa-

MH cepHH TAM npoH3Bo.ncTBa OpJIOBCKOro AO «OpJI3KC».

)J:aT4HK ocy~eCTBJI5IeT nycK - oCTaHoBKY XOJIO.nHJIbHOH

MaWHHbl npH .nOCTH)f(eHHHTeMnepaTypoH COOTBeTCTBeH-

HO BepxHero H HH)f(HerO npe.neJIoB HacTpoHKH .naT4HKa. B
OTnH4He OTTepMocTaTHpylOIUHx KaMep, r.ne HY)f(Ha BbICO-

KaHT04HOCTb peryJIHpOBaHHSI, B 06bI4HbiX XOJIo.nHnbHHKax

nepexo.n K HCnOJIb30BaHHIOTepM03JIeKTpH4eCKoro arperaTa

He Tpe6yeT 06S13aTeJIbHOH3aMeHbI .naT4HKa-peJIe TeMne-

parypbl Ha .npyroH THn, qTO .nHKTyeTC5I npe)f(.LJ.eBcero 3KO-

HOMHlfeCKHMHc006p~eHH5IMH. CTOHMOCTb COBpeMeHHbIX

TepM03JIeKTpHqeCKHX arperaTOB HH)f(e, 4eM KOMnpeccop-

HbIX HJIHa6cop6UHOHHblX o.nHHaKOBoHnpOH3Bo.nHTeJIbHOC-

TH, H HMeeT yCTOHqHBylO TeH.neHUHIO .naJIbHeHWero CHH-

)f(eHHSI.fI03ToMy OTHOCHTeJIbHOey,D,ellIeBJIeHHe XOJIO.nHJIb-

HHKa He MO)f(eT 6blTb CBe.neHO Ha «HeT» YCJIO)f(HeHHeM H

COOTBeTCTBeHHO y.nop0)f(aHHeM perYJI5ITOpa TeMnepary-

pbI. HJIJIIOCTpaUHeH 3TOMy CJIy)f(HT pSl.n TepM03JIeKTpH-

4eCKHX XOJIO.nHJIbHHKOB HeMeUKOH <pHpMbl United AC,

npe,D,CTaBneHHblX Ha BblCTaBKe IKK2002. B HHX HCnOJIb-

30BaH cnO)J<HbIH 3JIeKTpOHHblH perYJI5ITOp TeMneparypbI,

B pe3YJIbTaTe 4ero ueHa 3THX XOJIO.nHJIbHHKOBOKa3a:laCb

Ha 20 - 30 % Bblwe, 4eM KOMnpeccopHblX aHaJIoroB Toro

)f(e H3rOTOBHTeJI5I.

fIpH UHKJIH4eCKOH pa60Te TepM03JIeKTpH4eCKoro arpe-

raTa C .naT4HKOM-peJIe TeMneparypbI B nepHO.n OTKJIIOqe-

HH5Iero TOKa nHTaHH5I (BpeMSI naY3bl) npOHcxo.nHT HHTeH-

CHBHoe nepeTeKaHHe TenJIOTbI OT pa,D,HaTOparopSl4eH CTO-

POHbI arperaTa K pa,D,HaTopy XOJIO,D,HOHCTOpOHbI. 3Ha4H-

TeJIbHa51.n0JISI3THX YTeqeK npOHcxo.nHT HenOCpe,D,CTBeHHO

no BeTBSlMTepM06aTapeH, KOTopble npe.nCTaBJI5IIOT C060H

TenJIOBbie MOCTbi. B pe3YJIbTaTe TeMneparypbl .nByX pa-

,D,HaTOpOB6b1CTpO BblpaBHHBaIOTCSI. YCTaHOBKa 4yBCTBH-

TeJIbHOrO 3JIeMeHTa TepMOCTaTa Ha pa.nHaTope, T.e. KOC-

BeHHa51peryn5lUHSI, HaH60JIee pacnpOCTpaHeHa Ha npaKTH-

Ke [3TO 03Ha4aeT KOpOTKa51naY3a H COOTBeTCTBeHHOBbl-

COKHH K03,h,hHUHeHT pa604ero BpeMeHH (k = 't 6!'t >'i!\.p pB pa UHKJ1a

0,85 ... 0,9)]. fIplof TaKHX3Ha4CHHSIXkpB Tpa.nHUlofOHHaH.nByx-

n03lofUlofOHHa51peryJI5IUHSI TeMneparypbI THna ON-OFF Ma-

JI03KOHOMlof4Ha, T.e. npaKTlof4eCKlof He ,D,aeTBbIHrpbIllIa no

cpaBHeHHIO C pe)f(HMOM nOCT05lHHOrO BKJII04eHHSIarperara.

TIocTaHoBKa 3a.na'lH
Pe3YJIbTaTbl 3KcnepHMeHTaJIbHoro HCCJIe,D,OBaHHSIpe)f(H-

MOB pa60TbI TepM03JIeKTplof4eCKoro XOJIO,D,lofJIbHlofKa



XTT-60 npe~CTaBJIeHbI B pa60Tax [7, 8]. IlpH HCnOJIb30-

Bam-m~Byxn03HI.{HOHHOHperymll.{HH TeMneparypbI TepMo-

:meKTpHtleCKHH arperaT B MOMeHT naY3bI nepeKJIlOLfaeTCR

Ha YMeHbweHHoe 3HaLfeHHeTOKa In' EJIarO~apR 3TOMy 3Ha-

LfeHHekpB CHIDKaeTCR~o 0,25 ... 0,3, a npH onpe~eJIeHHhIX

BeJIHLfHHaXIn - ~IDKe ~o HYJIR,T.e. XOJIO~HJIbHHKno ~OCTH-

)l(eHHH B KaMepe 3a~aHHoH TeMneparypbI nepexo~HT Ha

HenpepblBHYlO pa60ry npH MeHbweM TOKe naY3bI. IlpH

3TOM3HepronOTpe6JIeHHe CHH)I(aeTCRnpHMepHO B 2 pa3a

no cpaBHeHHlO C peryJIRI.{HeH THna ON-OFF. )];aHHble pe-

3YJIbTaTbinonyqeHbl npH HCnOJIb30BaHHHB KOHcTpymHH xo-

JIO~HJIbHHKa ynoMRHyToro Bblwe TepMoperYJIRTOpa

TAM! i2 H npH MHHHMaJIbHbIX H3MeHeHHRXB 3JIeKTpHLfeC-

KOHcxeMe nHTaHHR TepM03JIeKTpH4ecKoro arperaTa.

BMeCTe C TeM npoBe~eHHbIe 3KcnepHMeHTbi nOKa He

OXBaTbIBalOTBcero ~Hana30Ha H3MeHeHHH yCJIOBHHpa6o-

TbI XOJIO~HJIbHHKa,HanpHMep TeMneparypy OKpY)l(alOmeH

cpe~bI ToKP' HacTpoHKy TepMoperyJIRTOpa, CTeneHb 3arpy-

)l(eHHOCTHXOJIO~HJIbHHKa.)];onOJIHHTeJIbHbIe orpaHHLfeHHR

Ha BbI60p BeJIHLfHHbITOKa B MOMeHT naY3b1 HaKJIa~bIBaeT

YBR3Kapa60TbI BeHTHJIRTOpaCnpOl.{eCCOMperyJIHpOBaHHR

TeMneparypbl ~JIR BblpaBHHBaHHR TeMneparypbl ropRLfeH

CTOpOHblTepM03JIeKTpHLfecKoro arperaTa B nepHO~ pa60-

Tbl H naY3bl [7]. B CBR3HC3THM BnOJIHeonpaB~aHHoH H JIO-

rHtIHOH npe~CTaBllReTCRnOnblTKa C03~aHHR paC4eTHO-TeO-

peTH4eCKOHMo~ellH ~aHHoro cnoco6a peryJIHpOBaHHRTeM-

neparypbl B T3X.

I1cxo~Hble ~aHHbIe pacLfeTHoH MO~eJIH HlllllOcTpHpylOT-

CRpHC. I. ComaCHO HopMaTHBHbIM ~OKYMeHTaM, KacalO-

~HMCR T3X MaJIOrOo6beMa H MHHH-6apoB, cpe~HRR TeM-

neparypa B KaMepe XOJIO~HJIbHHKaT
K

He ~Oll)l(Ha npeBbI-

maTh 2 ... 6 °C. HacTpoHKa TepMoperYJIRTOpa ~Oll)l(Ha

06ecneLfHBaTb KOJIe6aHHRcpe~HeH TeMneparyphI B 3TOM

~Hana30He B pe)l(HMe I.{HKJIHLfHOHpa60TbI I 6/ I .HaH6o-
pa n

llee 3KOHOMHLfHbIMpe)l(HMOM pa60Tbi T3X RBJIReTCRno-

CTORHHaRpa60Ta T3X npH TOKe naY3bl In' 3a HCKJIlOLfeHH-

eM cnyLfaeB YBellHLfeHHR TennOBOH HarpY3KH (OTKpbITHe

~BepH, BllO)l(eHHe B KaMepy TenJIblX npO~YKTOB). B 3TOM

CllY4ae T3X Ha HeKoTopoe BpeMR nepexo~HT Ha I.{HKJIH4-

HblH pe)l(HM ~o BOCCTaHOBlleHHRTenJIOBOrO paBHOBeCH5I,

nOClle 4ero I.{HKllH4eCKaR perYllRI.{H5I npeKpamaeTc5I H xo-

1l0~HllbHHK CHOBa pa60TaeT B pe)l(HMe I .3TO 03HaLfaeT,
n

4TO BellH4HHa In ~OJI)KHa 06ecneLfHTb nOMep)l(aHHe TeM-

neparypbl B KaMepe B HenpepbIBHOM pe)l<HMe pa60Tbi B

npe~eJIax YKa3aHHOrO~Hana30Ha, T.e. Ix_> In > I
K
+, r~e I.- H

IK+ - BellHLfHHbl TOKa nHTaHHR, COOTBeTcTBylOW.HeBepx-

HeH H HH)I(HeH~OnyCTHMOH TeMneparype. 3TO nepBoe H3

rpex orpaHHLfeHHH, nOKa3aHHOe Ha OCHITpeyroJIbHHKaMH

(CM. pHc.I). BTOpoe rpaHHLfHoe YCllOBHe I > I 03HaLfa-
n BeHT

eT, LfTOTOK naY3bI H CBR3aHHoe C HHM OTHOCHTeJIbHOeHa-

npR)I(eHHe ~Oll)l(Hbl 6bITb 60JIbllIe KpHTHLfeCKOHBeJIH4H-

Hbl, npH KOTOpOHoceBOH BeHTHllRTOP XOJIO~HllbHoro arpe-

raTa y)l(e He 06ecneLfHBaeT BpameHHR KpbIJIbLfaTKH. )];n51

BeHTHJI5ITOpOBTHna B80 Hero 3apy6e)l(HbIX aHaJIOrOB Ha-

np5l)l(eHHe rapaHTHpoBaHHoro 3anycKa COCTaBJIReTOKOllO

50 % HOMHHaJIbHOrO,HJIH~JI5IHawero cnyLfa516 ± 0,5 B, H3
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K
, Txp U I U ux U3MeHeHue 60 6peMeHu:

I, l'- coom6emcm6eHHO meopemu'!eCKQJI U
3KcnepUMeHmallbHQJI 3a6UCUMocmu mOKa nUmaHUJI 60
6peMeHU npu a6yxn03u~UOHHOM pezyllup06aHuu (I < I j;
2, 2' - coom6emcm6eHHO meopemu'!eCKaJl U n H

3KcnepUMeHmallbHQJI 3a6UCUMocmu mOKa nUmaHUJI 60
6peMeHU npu Henpepbl6HOU pa60me azpezama Ha mOKe nay3bl
(In' > Ix); 3 - coom6emcm6YIOU{ee KpU6blM I U3MeHeHue 60
6peMeHU (OCb T.) CpeaHeU meMnepamypbl6 KQMepe npu
a6yxn03U/.{UOHHOM pezyllup06aHUU; 4 - coom6emcm6YIOU{ee
KpU6blM 2 U3MeHeHue cpeaHeu meMnepamypbl 6 KQMepe noclle
nepeK/lIO'!eHUJI 6 MOMeHm T., mOKa C I

pa6
Ha In';

5 - coom6emcm6YIOU{ee KpU6bIM I, 3 U3MeHeHue
meMnepamypbl zopJl'!ezo paauamopa;
6 - coom6emcm6YIOU{ee KpU6b1M 2, 4 U3MeHeHue
meMnepamypbl zopJl'!ezo paauamopa (OCmallbHble
0603Ha'!eHUJI paCIUU(jJp06aHbl 6 meKCme)



'1ero CJIe,ll,yeT, '1TO U IU 6> 0,542 H I II 6> 0,542. Tpe-
n pa " pa

The rpaHH'1HOe yCJIOBHe I > I (r,ll,e I - TOK HacTpoHKH
n H.p H.p

peryJIllTopa) YB5I3bIBaeT BeJIHqHH)' In C TeMneparypoH B

KaMepe qepe3 TeMneparypy XOJIO,ll,HOrOpa,ll,HaTOpa Txp H

JIHMHTHpyeT TaIOKe HacTpoHKy TepMoperYJI5ITopa. I1Hbl-

MH CJIOBaMH,TeMneparypa XOJIO,ll,HOrOpa,ll,HaTOpa B pe)f(H-

Me In He ,ll,OJI)f(HanpeBbIllIaTb TeMneparypy 1',+ cpa6aTbI-

BaHH5ITepMoperymlTopa Ha BKJIIOqeHHe pa6oqero TOKaIpoo'

qTO rapaHTHpyeT HeB03Bpa~eHHe arperaTa K He)f(eJIaTeJIb-

HOMY IJ;HKJIHqHOMYpe)f(HMy pa60TbI. lllKaJIbI TeMneparyp

Ha OC5IXT H T C,ll,BHUVTbI OTHOCHTeJIbHO ,ll,pyr ,ll,pyra Haxp k &a.) •.

BeJIHqHH)' I1Txp(In '), npe,ll,CTaBJI5IIO~YIO C060H Pa3HOCTb

Cpe,ll,HHXBO BpeMeHH H no nOBepXHOCTH TeMneparyp B Ka-

Mepe H XOJIO,ll,HOMpa,ll,HaTOpe npH TOKe naY3bI. BeJIHqHHa

I1Tx 3aBHCHT OTTOKa nHTaHH5I, a ,ll,JI5IIJ;HKJIHqHOrO pe)f(HMa

Bo06llJ,e 51BJI5IeTC5InepeMeHHoH, HO ,ll,JI5Iynpo~eHH5I ,ll,aJIb-

HeHlllero aHaJIH3a npHHHMaeM ee "nOCT05lHHOH H He 3aBH-

C5IllJ,eHOT In' Ha OCHOBaHHH3KcnepHMeHTaJIbHbIX ,ll,aHHbIX,

nOJIyqeHHblX Ha pa3HbiX MO,ll,eJI5IXT3X [4], Pa3HOCTb TeM-

neparyp rop5lqero pa,ll,HaTOpa H OKpY)f(aIO~eH Cpe,ll,bl, T.e.

I1T , TaIOKe MO)f(HOnpHH5ITb nOCT05lHHOH B cpaBHHTeJIbHO
rp

Y3KOM ,ll,Hana30He H3MeHeHH5I TOKa naY3bI. ,ll;aHHoe ,ll,ony-

llJ,eHHe, KaK H BTopoe rpaHHqHOe YCJIOBHe, CnpaBe,ll,JIHBbl

,L(JI5InpOCTOH napaJIJIeJIbHOH cxeMbI nHTaHH5I BeHTHmlTOpa

H TepM03JIeKTpHqeCKoro MO,ll,YJI5I(rpynnbI MO,ll,YJIeH), KO-

TOpa51npHMeH51eTC5IB nO,ll,aBJI5I:IO~eM 60JIblllHHCTBe KOH-

CTpyKIJ;HHT3X.

IlpUHJlmbie oonyU/eHUJl.
XOJIO,ll,HJIbHHK pa60TaeT OT ceTH nepeMeHHoro TOKa

U = 220 B H 3anHTbIBaeTC5I: qepe3 npeo6pa30BaTeJIb

-220 B/= 24 B, HMeIOllJ,HH nOCT05lHHbIH KIl,ll; npeo6pa3o-

BaHH5I, KOTOpblH B ,ll,aHHOHMO,ll,eJIHHe yqHTbIBaeTC5I.

B paCCMaTpHBaeMOM ,ll,Hana30He H3MeHeHH5I: napaMeT-

POB CHCTeMbl nOCT05l:HHbIMH npHHHMaIOTC5I: Hanp5l)f(eHHe

ceTH; Hanp5l:)f(eHH5I:Upa6, Un Ha BbIXO,ll,e HCTOqHHKa nHTa-

HH5IB pe)f(HMaX pa60TbI H naY3bI; BeJIH'mHbI Ipa6, In (Cpek

HHe 3a BpeM5I pa60TbI H naY3bI COOTBeTCTBeHHO); TeMne-

parypa oKpY)f(aIO~eH Cpe,ll,bI TOKP; 30Ha HeqyBcTBHTeJIb-

HOCTHTepMOCTaTa 11Th BeJIHqHHbI 11Txp H I1Trp; K03<l>qm-

IJ;HeHTK TenJIOnepe,ll,aqH lllKa<l>a T3X.

HacTpOHKa TepMoperyJI5I:TOpa COOTBeTcTByeT YCJIOBHIO:

(Tt+ - T( ) E I1TK(tlOn), qTO OTpa)f(eHO Ha pHc.l.

XOJIO,ll,HbIHpa,D,HaTOppa60TaeT B TaK Ha3bIBaeMOM nJIa-

qy~eM pe)f(HMe, T.e. HHeH Ha HeM He 06pa3yeTC5I:.

BJIarOBbma,ll,eHHe He yqHTbIBaJIH.

~aTeMaTHqeCKaH MOAeJIb
L!;eJlbIO C03,ll,aBaeMOH MO,ll,eJlH 51BJl5leTCHMHHHMH3aIJ;H5I

CyTOqHOrO 3HepronOTpe6JIeHH5I T3X nyTeM yCTaHOBJIeHH5I

3aBHCHMOCTHcyrOqHOrO 3HepronOTpe6JleHHH XOJlO,ll,HJlbHH-

Ka OT BeJlHqHHbI TOKa naY3bI. B paMKax MO,ll,eJIHCJIe,ll,yeT

paCCMOTpeTb OT,ll,eJlbHOCTaIJ;HOHapHbIH(npH pa60Te Ha TOKe

In') H HeCTaIJ;HOHapHbIH (Ha TOKe Ipa6) pe)f(HMbI pa60TbI XO-

JlO,ll,HJlbHHKa.

CyTO'1HOe 3HepronOTpe6JIeHHe E XOJIO,ll,HJlbHHKa

(KBT''1/cYT)

E= Epa6 + E naY3bl = ~a6'tpa6 + Wn (24 - 'tpa6), (1)
r,ll,e 'tpa6 - cyMMapHoe BpeMH pa60Tbi XOJIO,ll,HJlbHHKanpH

pa60qeM TOKe nHTaHH5I:, q.

,ll;n51pe)l(HMOB pa60TbI H naY3bI MO~HOCTb, nOTpe6JI5Ie-

Ma51XOJlO,ll,HJlbHHKOMOT ceTH nOCTOHHHoro TOKa, onpe,ll,e-

JI5IeTC5IBblpa)f(eHHeM

W= NWM + ~eHT' (2)
r,ll,e WM, WBeHT - MO~HOCTH, nOTpe6JIHeMbie MO,ll,yJIeM H

BeHTHJl5lTOpOM.

B CBOIO Oqepe,ll,b,

WM = UI = 12/ R(t) = U2/ R(t); (3)
WBeHT= UI= U2/Rw, (4)

r,ll,e R(t) - 3JleKTpH'1eCKOe conpOTHBJIeHHe MO,ll,YJl51B COOT-

BeTCTBYIO~HX YCJIOBH5I:Xpa6oTbI;

Rw - 3JleKTpH'1eCKOe COnpOTHBJIeHHe BeHTHJl5I:TOpa,KO-

Topoe TaIOKe npHHHMaeM nOCTOHHHbIM H He 3aBHC5I-

~HM OT Hanp5l)f(eHH5I nHTaHHH.

CxeMa BKJIIO'1eHH5I BeHTHJIHTOpa B arperaTe COOTBeT-

cTByeT YCJlOBHIO

UBeHT= NUM/2, (5)
r.ue N - KOJIHqeCTBO MO,ll,yJIeH B arperaTe.

Pacttem cmaljuoHapHo2o peJICUMapa60mbl. KaK nOKa-

3bIBaeT npe,ll,BapHTeJIbHbIH aHaJIH3 (CM. pHc.l), npH npaBHJlb-

HOH HacTpoHKe TepMocTaTa HaH60Jlblllee OrpaHHqeHHe Ha

MHHHMaJIbHO B03MO)l(HOe 3HaqeHHe TOKa naY3bI HaKJIa,D,bl-

BaeT YCJlOBHe nOMep)f(aHHH TeMneparypbI B KaMepe B npe-

,ll,eJlax YCTaHOBJleHHOrO,ll,Hana30Ha. D03TOMY nepBoH HarneH

3a,ll,a'1eH 51BJl5leTC5Ionpe,ll,eJIeHHe 3HaqeHH5I 11<+ ,ll,JI5Io6ecne-

qeHH5I HenpepbIBHoH pa60Tbi arperaTa Ha 3TOM TOKe.

B 06llJ,eM BH,ll,eTenJIOBOH 6aJIaHC XOJIO,ll,HJIbHHKaB CTa-

IJ;HOHapHoM pe)l(HMe 3anl1CbIBaeTC5I:CJIe,ll,YIO~HM 06pa30M:

LQj= Qo, (6)
me Qo - XOJlO,ll,OnpOH3BO,ll,HTeJlbHOCTbarperaTa B ,ll,aHHOM

pe)l(HMe pa6oTbI;

LQj- cyMMa TenJIOnpHTOKOB K KaMepe XOJIO,ll,HJlbHHKa.

YqHTbIBa5l, qTO B CTaIJ;HOHapHOM pe)f(HMe pa60Tbi ,ll,Be-

pH XOJlO,ll,HJlbHHKaHe OTKpbIBaIOTCH, HOBbIe npO,ll,yKTbI He

3arpY)f(aIOTC5I, a BH)'TpeHHHX HCTOqHHKOB TenJIOTbI B Ka-

Mepe HeT, ynoM5I:H)'Ta51 cyMMa CBO,ll,HTC}JK MO~HOCTH Ten-

JlOnpHTOKOB qepe3 H30JI5IIJ;HIO.Tor,ll,a



r,ne F - cpe,nmul nOBepXHOCTb TenJIoo6MeHa qepe3 CTeH-

KH Me)l(,ll.y KaMepOH T3X H OKpY)l(alOmeH Cpe,nOH;

TOKP - TeMneparypa OKpY)l(alOmeH Cpe,nbI (nOMeme-

HIDI);

TK - TeKymaJl cpe,nHJIJl TeMneparypa * B03,nyxa B Ka-

Mepe XOJIO,nHJIbHHKa.

ComacHo [1,8] xOJIo,nonpoH3Bo,nHTeJIbHOCTb MO,nyJIJI

MO)l(HOBblpa3HTb qepe3 ero HarpY30qHYIO xapaKTepHcTH-

Ky H nacnopTHble ,naHHble B BH,ne 3aBHCHMOCTH

Q. ~ +~T.+ -(1- LJ'" ]-c,(1:, - T.)-c,(T.-T~+(8)

me IOnT - OnTHMaJIbHbIH TOK nHTaHHJI (npH KOTOpOM,noc-

THraeTCJI ~Tmax);

cti = QOMax/~Tmax;

cj, ct- 3MnHpHqeCKHe K03<P<PHL(HeHTbI;

~Tmax - MaKCHMaJIbHaJI Pa3HOCTb TeMneparyp, co-

3,naBaeMaJl Mo,nyJIeM npH HYJIeBOH TenJIOBOH Harpy3-

Ke (Qo= 0);
Tw - onpe,neJIJllOmaJl TeMneparypa (TeMneparypa ro-

pJlqero pa,nHaTopa, npH KOTOpOH onpe,neJIJlIOTCJI

~TmaxH QOmaJ;

Trp, Txp - cpe,nHJIJI TeMnepaTypa nOBepXHOCTH COOT-

BeTCTBeHHOropJlqero H XOJIo,nHoro pa.nHaTOpOB.

<1>opMyJIa(8) peKoMeH,nyeTcJI ,nJIJIHCnOJIb30BaHHJI B ,nH-

ana30He TOKOBnHTaHHJI (0,3 - 0,9)IOnT' KOTOpbIH nOKpblBa-

eT HHTepecylOmHH Hac ,nHana30H. fIpHpaBHJlB (6) H (7) H

pelllaJI ypaBHeHHe OTHOCHTeJIbHOTeKymero TOKa I C yqe-

TOM Toro, qTO

~TM = ~TxOJl + ~Trp + ~Txp, (9)

r,ne ~TM - TeKymaJl pa3HHL(a TeMneparyp (6pyTTO) Tep-

M03JIeKTpHqeCKOrO MO,nyJIJI (Me)l(,ll.y nOBepXHOCT5IMH

pa,nHaTopOB);

~Txp - pa3HHL(a TeMneparyp B KaMepe H XOJIo,nHoro

pa,nHaTopa;

~Trp - pa3HHQa TeMneparyp ropJlqero pa,nHaTopa H

oKpY)l(alOIUeH cpe,nbI;

~TxOJl - nepena,n TeMneparyp, c03,naBaeMbIH XOJIO-

,nHJJbHHKOM,

nOCJIe npe06pa30BaHHH nonyqaeM HCKOMylO3aBHCHMOCTb

(10), r,ne B npaBoH qaCTH nepeMeHHoH BeJIHqHHOH JlBJI5IeT-

CJITOJIhKOTeMneparypa XOJIo,nHoro pa,nHaTopa, CBJl3aHHaJI

C TeMneparypoH KaMepbI Bblp~eHHeM (11):

*Jl.aJlee « meKcme noiJ meMnepamypoii « KaMepe UMeemCR « «uiJy
cpeiJHRR meMnepamypa, eCJlu He ozo«opeHo UHa~e. MemoiJuKa ee U3Me-
peHuR U ycpeiJHeHuR onucaHa « [1].

{ [
NC!!.T -KF(T -T -!!.T )

I(T)=l
o
,,", 1- 6, mIL' 0"" xp xp_

NC6,!!.Tmax

Nc,(T", - Trp) - Nc6, (Trp - Txp)]2~C'}. (10)
NC6,!!.Tmax '

TK = Txp + t1Txp- (11)

HeemaljUOllapllblU peJICUMpa6ombl.
B03HHKaeT B pe3YJIbTaTe HapYllleHH5I TenJIOBoro paBHO-

BeCHJIB KaMepe nOCJIe OTKpbITH5I ,nBepH H BJIO)l(eHHJI B Hee

TenJIbIX npo,nyKTOB (HMelOmHx TeMneparypy TOKp)' Cnyc-

TJI HeKOTopoe BpeM5I nOCJIe 3Toro TeMneparypa B KaMepe

nOBbllllaeTCJI OT TK ,no TK2• ECJIH TK2 > THp, cpa6aTbIBaeT

TepMOCTaT Ha BKJIlOqeHHe H TOK nHTaHH5I nepeKJIIOl.J.aeTCJI

C In Ha Ipa6'

B HeCTaL(HOHapHOMpe)l(J1MeXOJIo,nonpOH3Bo,nHTeJIbHOCTh

Qo arperaTa BbIllle CYMMhI TenJIOnpHTOKOB "LQ;, a pa3HH-

L(a Me)l(,ll.y 3THMH ,nByM5I BeJIHqHHaMH H,neT Ha oXJJa)I(,ll.e-

HHe npo,nyKToB H B03,nyxa B KaMepe. TaKHM 06pa30M, Ten-

JIOBOH6aJIaHC 3Toro pe)l(HMa 3anHlIIeTCJI B BH,ne

Qu -LQI =_m_e_(T_o",,~-_T_._) , (12)
T

r,ne 1: - BpeM5I OXJJa)I(,ll.eHHJInpo,nyKTOB OT TeMneparyphI

T ,no T.
OKp Ie

J1cKOMOH BeJIHqHHOH npH paCqeTe 3Toro pe)l(HMa JlBJIJI-

eTCJI BpeMJI 1:pa6 H3 3aBHCHMOCTH (1). OrclO,na

me(T.,.p - T.)
T=

Q _ kF (T _ T. +T.2 ) •
II OKp 2

3,neCh TeMneparypa T
K

3aBHCHT OT TOKa nHTaHH5I arpe-

raTa, a Qo = (QOt + Qo2)/2, npHqeM

Q" ~ N1C.AT_[I-( 1-Lr]-c,(1;, -T.I -c.(T. -1;,1); (14)

Qm = N 1c6tiT""x [1-( 1- I:J
2

+

C

' ]-C,(Tw - Trp) - c6 (Trp - T,P2»)' (15)

B CBOIOOqepe,nb, T 2 = T - !:iT, a T = T - !:iT. TTa-xp Ie x xpl K2 x ,t-\
JIee CJIe,nyeT onpe,neJIHTb T

K2
•

ComacHo [2] 3TO )l(e BpeMJI npH 60JIee TOl.J.HOMpaCqeTe

MO)l(eT 6hITh HaH,neHo H3 Bblp~eHHJI

me I QUIT= n-,
n(a/+k) Qu

r,ne n - KOJIHqeCTBO TepM03JIeMeHTOB;

a - K03<P<PHL(HeHTTepMo3.D:C;

Q01 H Qo - xOJIo,nonpoH3Bo,nHTeJIhHOCTH arperaTa B

HaqaJIhHhIH H KOHel.J.HbIHMOMeHT BpeMeHH.

B 3aBHCHMOCT5IX (13) H (16) no,n me CJIe,nyeT nOHH-

MaTb nOJIHylO MaccoBylO TenJIOeMKOCTb HOBbIX npo,nyK-



TOB m e H B03,ll.yxa B KaMepe. IIpHHHMaeM, tITO H3-
H.np H.np

3a KpaTKOBpeMeHHOrO OTKpbITHH ,ll.BepH TeMneparypa CTe-

HOK KaMepbI H BHyTpeHHHX, KOHCTpyKTHBHbIX 3JIeMeHTOB

(HanpHMep, nOJIKH) He ycneBaeT H3MeHHTbCH, O,ll.HaKOBO

BpeMH O,ll.HOrOOTKpbITHH ,ll.BepH npOHCXO,ll.HT nOJIHaH O,ll.-

HOKpaTHaH 3aMeHa B03,ll.yxa B KaMepe, tITO OTpa)l(eHO B

epopMyJIe

me=m e + Vip eN
H.np H.Op 8 8 /J.'

r,ll.e N - tIHCJIO OTKPbITHH ,ll.BepH 3a HCKOMoe BpeMH 't;.a

V - 06'beM KaMepbI;

p B - nJIOTHOCTb B03,ll.yxa B KaMepe.

IIOCKOJIbKY tIHCJIO OTKpbITHH ,ll.BepH B cpaBHHTeJIbHO

KOpOTi<HHoTpe30K BpeMeHH 06bItIHO He npeBbIWaeT ,ll.BYX,

a TenJIOeMKOCTb B03,ll.yxa MaJIa no cpaBHeHHlO C TenJIO-

eMKOCTblO npO,ll.yKTOB, BTOPbIM tIJIeHOM B BbIpa)l(eHHH

(17) B ,ll.aJIbHeHWHx pacyeTax MO)l(HO npeHe6petIb. OT-

ClO,ll.a)l(e CJIe,ll.yeT, tITO ,ll.JIHonpe,ll.eJIeHHH \06 npHHI..{HnH-

aJIbHOe 3HayeHHe HMeeT He caMO OTKpbITHe ,ll.BepH, a

epaKT BJIO)l(eHHH HOBbIX npO,ll.yKTOB. IIpe,ll.nOJIO)l(HB, YTO

3arpY3Ka XOJIO,ll.HJIbHHKaHOBbIMH npO,ll.yKTaMH npOHCXO-

,ll.HTO,ll.HHpa3 B ,ll.eHb, onpe,ll.eJIHM CTeneHb HX BJIHHHHH

Ha TeMnepaTypy Tk2.

IIepeKJIlOtIeHHe pe)[(HMa nHTaHHH arperaTa C In Ha Ip06

npOHCXO,ll.HTHe Cpa3Y, a CnyCTH HeKOTopoe BpeMH nOCJIe

3arpY3KH TenJIbIX npOAYKTOB. 3'r0 03HatIaeT, tITO XOJIO,ll.O-

npOH3BO,ll.HTeJIbHOCTbarperaTa B 3TOT OTpe30K BpeMeHH

paCXOAYeTCHHa noraweHHe TenJIOnpHTOKOB H3BHe H no-

3BOJIHeTHaM 3anHcaTb TenJIOBOH 6anaHc KaMephI B CJIe-

,ll.ylOllIeM BH,ll.e:

MCT + meT = (MC + me)1'..o,
k OKp ••••

oTKy,ll.a

T 2 = MCT, + meTo'p (19)
, MC+me

r,ll.eMC - nOJIHaH MaCCOBaHTenJIOeMKOCTb CO,ll.ep)l(HMOrO

KaMepbI XOJIO,ll.HJIbHHKa,B TOM tIHCJIe «CTapbIX» npO,ll.yK-

TOB.

BeJIHtIHHY m MO)l(HOonpe,ll.eJIHTb, HCXO,ll.HH3 HOpM ,ll.HeB-

Horo paI..{HOHanHTaHHH tIeJIOBeKa, B KOTOpOM OXJIa)[(,ll.eH-

HbIe npOAYKTbI COCTaBJIHlOTnpHMepHo 1,5 Kr Ha tIeJIOBe-

Ka. ECJIH XOJIO,ll.HJIbHHKOMnOJIb3YlOTCH ,ll.BOe,TO m = 3 Kr.

Onpe,ll.eJIHTb m MO)[(HO TaK)[(e, HCnOJIb3yH B paCtIeTe CJIe-

AYlOIl.(He BeJIHtIHHbI:

K03epepHl.(HeHT3anOJIHeHHH 06'beMa k
3an

(06bItIHO npHHH-

MaeTCH B npe,ll.eJIax 0,2 - 0,35 Kr/,ll.MJ);

K03epepHUHeHTo6opoTa npO,ll.yKTOB ko6oP' T.e. BeJIHtIHHa,

06paTHaH KOJIHyeCTBY,ll.HeH, B TeyeHHe KOTOpbIX nOJIHOC-

TblO 06HOBJIHeTCHCO,ll.ep)l(HMOeXOJIO,ll.HJIbHHKa.

IIpHHHMaH ,ll.JI5IXOJIO,ll.HJIbHHKaManoro 06'beMa BeJIHtIH-

HbI k = 0,25 H k 60 = 0,2, nOJIytIaeM:
3an 0 p

m = V k k = 60·0 25·0 2 = 3 Kr. (20)un o6op "

22
20

1
18

4
Txp, ·C

Puc.2. PaClfemHaJI 3aeUCUMocmb mOKa nay3bl I om
meMnepamypbl XOIIOOH020paouamopa 1'"p u meMn;pamYPbl

oKpYJlCalOUI,eucpeobl T""p

Tor,ll.a Macca «CTaPbIX» npo.n.yKTOBJl,f* = Vk - m = 12 Kr.
Jon

Macca M B BbIp~eHHH (19) CKJIa,ll.bIBaeTC5IH3 nOJIO-

BHHbI MaCCbI H30JI5II..{HHXOJIO,ll.HJIhHOHKaMephI M
H3

, MaCCbI

3JIeMeHTOB arperaTa (XOJIOAHOrO pa,ll.HaTopa) M , Haxo-
kp

MIl.(HXC5I B KaMepe, MaCCbI 06opYAoBaHHH KaMepbI (no-

JIOK) Mo60p H MaCChI npO,ll.yKTOB A1*:
M= M 12 + M + Mo6o + A1*. (21)

H3 xp P

IIpHMeHHTeJIhHO K paccMaTpHBaeMoMY XOJIOAHJIbHHKY

XTT-60 MO)l(HO, HanpHMep, 3anHcaTb, YTO

M= 1,8 + 1,3 + 0,3 + 12 = 15,4 Kr.

BBOA5I nOH5ITHe OTHOCHTeJIbHOH MaCChI <p= M/m (<p~ 5)

H eIl.(e O,ll.HOynpOIl.(eHHe, YTO TenJIOeMKOCTH C H e paBHbI

(3TO MO)l(HO yTBep)l(,ll.aTb C norpeWHOCTblO, He npeBblwa-

lOIl.(eH 5 - 6 %), nOJIyYHM

T = <pTk + T.kP = <pT,.+ T, + /!,T,on = T + _1_ T (22)
,2 <p + 1 <p + 1 ' <p + 1 /!, xon'

HJIH AJI5I Hawero CJIyYaH

T
2

= T + /)"T 16.
K K xon

IIpHMepbl paCQCTOB

IIPH paCtIeTe pe)l(HMOB pa60TbI XOJIO,ll.HJIbHHKaXTT-60

no BbIweonHcaHHOH MeTO,ll.HKe H C yqeTOM paHee npOBe-

,ll.eHHbIX HcnbITaHHH [7, 8] 6bIJIH npHHHTbI CJIe,ll.ylOIl.(HeHC-

XOAHbIe ,ll.aHHbIe:

/)"T = 4 2 °C' /)"T = 5 °C' k= 0 9 BT/(M2·K)· F= 107 M2•
xp , , rp " "

Pe3YJIbTaTbI paCtIeTOB npe,ll.CTaBJIeHbI Ha PHC.2. ,[{rrH T =
Okp

22°C HH)l(Hee rpaHHYHOe 3HatIeHHe TOKa naY3hI, onpe,ll.e-

JIeHHOe no 3aBHCHMOCTH(10), COCTaBJI5IeTI = 1,66 A. ,[{rr5I
n

3TOro 3HayeHH5I BbInOJIH5I1OTC5IBce rpaHHtIHbIe yCJIOBH5I,a

TeMnepaTypa nOBepxHocTH XOJIO,ll.HOrOpa,ll.HaTOpa COCTaB-

JIHeT T = 1,8 °C (T = 6°C). Onpe,ll.eJIeHHOe paCtIeTHbIM
xp k



rryTeM 3HaqeHHe XOpOIllO comacyeTcH C ,n:aHHbIMH 3KCrre-

pHMeHToB [7, 8]. ~ 3TOro 3HaqeHHH BpeMH OXml)K,n:eHHH

rrpo.n:yKToB, paCCqHTaHHOe rro BbIIllerrpHBe,n:eHHoM MeTO,n:HKe,

COCTaBJUlcr't = 1,96 q, a CYTOqHbIMpacxo,n: 3JIeKTpo3HeprnH

E = 0,613 Klh·q 6e3 yqcra 3Hepr~ecKHx rrOTepb B 6JIOKe

rrHTaHHH TepM03JIeKTpHqeCKoro arperaTa, KOTOpbIe MOryT

COCTaBJIHTbOT 7 - 8 ,n:o 25 % B 3aBHCHMOCTHOT THrra HC-

rrOJIb3yeMoro rrpeo6paJoBaTeJIH HarrpIDKeHHH.

TaKHM 06paJOM, c,n:eJIaHa rrOrrbITKa C03,n:aHHHrrOJIy3MrrH-

pHqeCKOM paCqeTHO-TeOpeTHqeCKOM Mo,n:eJIH TepM03JIeKT-

pHqeCKoro XOJIO,n:HJIbHHKaC,n:Byxrro3HIIHoHHOM peryJIHIIHeM

TeMrreparypbI B KaMepe rrpH HCrrOJIb30BamIH TaK HaJbIBae-

MOro TOKa rray3bI. C03,n:aHHYIO yrrpoIIIeHHylO Mo,n:eJIb MO:>K-

HOpaccMaTpHBaTb KaK rrepBbIM 3Tarr C03,n:aHHH60JIee CJIO:>K-

HOM H 60JIee a,n:eKBaTHoMMo,n:eJIHpa60TbI XOJIO,n:HJIbHHKa.

Y,n:oBJIeTBOpHTeJIbHOe COBrra,n:eHHerrOJIyqeHHbIX paCqeT-

HbIX H 3KcrrepHMeHTaJIbHbIX ,n:aHHbIX CBH,n:eTeJIbCTByeT 0

rrpHHIIHrrHaJIbHOM B03MO:>KHOCTHpaCqeTHOrO orrpe,n:eJIeHHH

TOKa rraY3bI rrOCJIe HCrrbITaHHM XOJIO,n:HJIbHHKa.fpaHHIIbI

rrpHMeHHMocTH ,n:aHHoM MeTo,n:HKH rro,n:JIe:>KaTYTOqHeHHIO

B ,n:aJIbHeHIllHx HCCJIe,n:OBaHHHX.
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