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The design of the device for the freezing of fish working on a dioxide of carbon is resulted. On freezing of fish
researches are conducted in it in which result, character of change of a temperature field and process of a heat-
conducting path are received, at freezing of carcasses of fish by a dioxide of carbon with temperatures in the
device -30 'C,-50 'C and -70 'C. Values of density of a thermal stream and factor of a heat-conducting path are
defined at these temperatures in the device. It is established that decrease in temperature in the device at freez-
ing.offish, allows to reduce duration offreezing and to lower a difference in rate of decrease in temperature, the
top and bottom layers of fish, but thus the consumption of dioxide of carbon increases.
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B 90-e rO,ll,bI B POCCI1I1 6bIJIa OTMey.eHa yCTOMy'I1-

Ba51 TeH,ll,eHUI151 K na,ll,eHI1IO 06beMoB ,ll,06bTY.11I1 rrOT-

pe6JIeHI151 MOpenpO,ll,yr<TOB. PbI6HbIM npOMbICeJI

B OTKpbITbIX patioHax MI1POBOfO OKeaHa COKpaTI1JIC5I
3a 3TOT nepl1o,ll, nOy.TI1 B 10 pa3. 06beM np0I13BO,ll,CTBa

B ueJIOM 3a 3TO BpeM51 YMeHblllI1JIC5I nOy.TI1 B 3 pa3a.
O,ll,HaKO B nOCJIe,ll,Hl1e rO,ll,bI cl1TyaUI151 CTaJIa yJIYY.-

lllaTbC5I, lJeJIOBel.[eCTBO CTaJIO y,ll,eJI5lTb60JIbllle BHI1Ma-

HI151cBoeMy 3,ll,OPOBbIO. IT03TOMY YBeJII1l.[I1JIC5Icrrpoc

Ha rrp0I13BO,ll,CTBO PbI6bI KaK B OXJlIDK,ll,eHHOM, TaK

113aMopo)J(eH HOM COCT05IHI1I1.

C TOLIKl13peHI151 nl1ll.I,eBOH ueHHOCTI1 M51COPbI6bI

He yCTynaeT M5ICYTenJIOKpOBHbIX )J(l1BOTHbIX, a B He-

KOTOpbIX napaMeTpax I1 rrpeBOCXO,ll,I1T ero. PbI6a CJIy-

)J(I1T I1CTOlJHI1KOM nOJIHOueHHOfO JIefKOYCB05IeMO-

fO 6eJIKa, 06JIa,ll,aeT BbICOKOM rrl1ll.I,eBOM ueHHocTbIO

3a CLIeT cO,ll,ep)J(aHI151 He3aMeHl1MbIX aMI1HOKI1CJIOT,

HeHaCblIJ.~eH HbIX )J(l1pHbIX Kl1CJIOT, MI1Kp03JIeMeHTOB,
a TaK)J(e OTJIWl3eTC5I HI13Kl1M cO,ll,ep)J(aHl1eM COe,ll,I1HI1-

TeJIbHoti TKaHI1 I1 Bblp3)J(eHHbIM JIl1rrOTpOnHbIM ,ll,eHC-

TBl1eM [I].
,LLnI1TeJIbHbIH CpOK XpaHeHl15I 3aMopo)J(eHHOM

PbI6bI ,ll,aeT 60JIblllOe npel1M)'lI..I,ecTBo Ha,ll, OXJlIDK,ll,eH-

HOH, Y.TOBCBOIOOl.[epe,ll,b rrpI1BO,ll,I1TK 60JIee Wl1pOKOMY

pacrrpocTpaHeHI1IO 3aMopO)J(eHHoti PbI6bI Ha pbIHKe.

Tpe60BaHI15I, rrpe,ll,b5IBJI5leMbIe K 3aMopo)J(eH-

HOtf pbI6e, 113JIO)J(eHbI B p5I,ll,e MI1POBbIX CTaH,ll,apToB.

O,ll,HI1M 113 06513aTeJIbHbIX Tpe60BaHl1ti 51BJI5leTC5ITO,

Y.TOTeMrrepaTypa PbI6bI rro xpe6Ty B pe3YJIbTaTe 3aMO-

P03Kl1 ,ll,oJI)J(Ha COCTaBJI5lTb -18°C; MaJIetflllee OTKJIO-

HeHl1e B TeMneparype CBI1,ll,eTeJIbCTByeT 0 HapyweHl111

TeXHOJIOrl1l1.

C ueJIbIO ,ll,OCTJ1)((eHl15I,ll,aHHOrO Tpe60BaHl15I B03-

HI1KJIa He06xo,ll,I1MOCTb B I1CrrOJIb30BaHl1l1 crroc060B

Kpl10reHHOro 3aMOp3)J(l1BaHI15I. 111l1poKoe npl1MeHe-

Hl1e Kpl10reHHOro cnoc06a OTHOCI1TC5IK 3KcnopTHoM

pbl6e. B POCCI1I1 nOKa rrp0I13BO,ll,I1TeJII1 3aMOpO)[(eH-

HOtf PbI6bI He pelliaeTC5I Ha rrpl106peTeHI1e JII1HI1M

Kpl10reHHotf 3aMOp03Kl1, T. K. OHI1 51BJI5IIOTC5I,ll,0PO-

fOCT05Ill.I,I1MI1 [2].
)J,JI5I CHJ1)((eHl15I 3aTpaT Ha 3aMOp3)J(l1BaHl1e

I1 npl1 3TOM nOMep)[(aHl1e MI1POBbIX CTaH,ll,ap-

TOB K pbI6e, Hal160JIee rrepCrreKTI1BHbIM 51BJI5IeTC5I
rrp"MeHeHl1e ,ll,110KCI1,ll,ayrJIepo,ll,a )l,Jl5I KOHTaKTHoro

3aMOp3)J(l1BaHI151 PbI6bI.

):(JI5I npOBe,ll,eHI151 I1CCJIe,ll,OBaHl1tf B 3TOM HanpaB-

JIeHl1l16bIJI pa3pa60TaH CKOPOMOP0311JIbHbIti anrrapaT,
pa60TaIOIll.J-1tf Ha ,ll,110KCI1,ll,eyrJIepo,ll,a )l,Jl513aMOp3)J(l1-

BaHl15I PbI6bI PI1C. 1.
ArrrrapaT COCTOI1T113HenO,ll,Bl1)J(HOrO 1130JIl1pOBaH-

Horo Kopnyca I, BHYTpeHH5I5I 06111I1BKa KOTOpOfO 113fO-
TOBJIeHa 113JII1CTOBOMHep)J(aBeIOIII,etf CTaJIl1, a Hapy)J(-

Ha5I - 113 JII1CTOBOfO aJIIOMI1Hl15I. Me)((,[(y 06Wl1BKaMl1

YJIO)J(eHa TenJI0I130JI5lIJ;l15I. B BepXHetf 11Hl1)J(Hetf y.aCTI1

Kopnyca annapaTa I1MeeTC5IOKHO,ll,JI5I3arpY3KI1 211 OKHO

3,ll,JI51 pa3rpy3Kl1 npO,ll,yKTa. B 1130JII1pOBaHHOM Kopny-

ce HaXO,ll,I1TC5IBepTI1KaJIbHbIM BI1HTOBOti KOHBetiep 4.
):(JI5IToro, y.T06bI I1CKJIIOY.l1Tbrrpl1Mep3aHl1e npO.JJ:YKTOB

K rroBepXHOCTI1 BI1HTOBOro KOHBetfepa, OH nOKpbrr CJIO-

eM HMcPJIOHa. BI1HTOBOMKOHBeMep npI1BO,ll,I1TC5IBOBpa-
ll.I,aTeJIbHOe ,ll,Bl1)J(eHl1e rrpl1 rrOMOll.I,11MHOfOCKOpOCTHO-

fO ,ll,Bl1faTeJI5I 5 rrOCpe,ll,CTBOM peMeHHotf rrepe,ll,ay.11 6.
qacToTa Bpall.I,eHl15I lllHeKa 3aBl1Cl1T OT MaCCbI npo.JJ:YKTa

I1 KOHey.HoH TeMITepaTYPbI, ,ll,0 KOTOpOtf He06xo,ll,I1MO

np0I13BO,ll,I1Tb 3aMOp3)J(l1BaHl1e. ITo Bcetf ,ll,JII1He 1130-

JIl1pOBaHHofo Kopnyca C y.eTbIpeX CTOpOH arrrrapaTa

pacrrOJIo)J(eHbl cPoPCYHKl1 7, 113fOTOBJIeHHbIe 113Hep)J(a-

BeIOIII,etf CTaJIl1 11COe,ll,I1HeHHbIe Me)((,[(y c060tf Tpy60n-

pOBO,ll,OM8, no KOTOpOMY rrocrynaeT )[(I1,ll,Kl1M,ll,l10KCI1,ll,

yrJIepo,ll,a, npe06pa3YIOll.I,l1MC5I B Hl1X 113)[(l1,ll,KOCTI1B,ll,Be

cPa3bI: TBep,ll,YIO11ra3006pa3HYIQ.):(JI5I orpaHMy.eHl15I pa-

60y.etf nOJIOCTI1 no Hapy)[(HOMy ,ll,l1aMeTpy BI1HTOBOfO

KOHBeMepa B Kopnyce arrrrapaTa yCTaHOBJIeHa Ul1JlI1H,ll,-

pl1Y.eCK35I nepcP0pl1pOBaHH35I peweTKa 9. ):(11513arpy3Kl1

I1 pa3rpy3Kl1 annapaTa npe.n:yCMOTpeH 3arpY30l.[HbrH 10
I1 pa3fpY30Y.HbIM II KOHBettepbI.



PUC. I. CxeMa ICpuozeHHozo annapama OJlJl 3GMOpaJIC1I6aHUJI Pbl6bl: 1- U30JlUp06aHHblu lCopnyc;
2, 3 - OICHa oJlJl3azpY3ICu U PG3ZPY3ICU Pbl6bl; 4 - 6uHmo6ou lCoH6euep; 5 - MHOZOclCopocmHou 06UZameJ1b; 6 - peMeHHGfI nepeoa'1a;

7- cPOPCYHICU;8 - mpy6onpo6oo; 9- tl,UJlUHOpU'1eCICGfInepcPopup06aHHGfI pewemlCa; 10, 11- 3azpY301JHbiU U PG3ZPY30LIHbIU lCoH6euepbl

OpO.uYKT nOcTYrraeT B arrrrapaT no 3arpY30lfHOMY
KOHBeHepy 1011 lfepe3 3arpy30'-IHOe OKHO 2 norra.uaeT

Ha BI1HTOBOHKOHBeHep 4, KOTOpblH BpauJ,a5lCb, nepe-
MeIlJ,aeT3aMOp3)!(J1BaeMb1Hrrpo.uYKT B pa60lfeH nOJlOC-

TI1, OrpaHI14eHHOH nepcPopl1pOBaHHoH peweTKoH 9.
TpaHcnopTl1pyeMblH rrpo.uYKT opOWaeTC5I .u110KCI1.uOM

yrJlepo.ua, BnpblCKI1BaeMblM B arrrrapaT lfepe3 p5l.ucPop-
CyHOK7,coe.u11HeHHblXMe)[().J,yc060HTpy60npoBo.uoM 8,
no KOTOpOMy nocTynaeT )I(l1.uKI1H CO2. 3aMOpO)«eH-

HblH npo.uyKT 4epe3 OKHO pa3rpY3KI1 3 rrona.uaeT

Ha pa3rpY304HblH KOHBeHep 11.
B lI,eJl5lX peam13all,l1l1 pa3pa60TaHHoro arrrrapaTa

Bpbl60nepepa6aTblBalOIlJ,eH npOMblillJleHHOCTI1, HaMI1

npoBe.ueHbl I1CCJle.uOBaHI151rro 3aMOp3)l(l1BaHl1lO PbI6bI

B HeM. OCHOBHOH 3a.ualfeH 3KCrrepl1MeHTOB 51BlliIJlOCb

YCTaHOBJleHl1exapaKTepa 113MeHeHIUI TeMrrepaTypHO-
ro nOJl5l, OTJll1lfl1e TeMrrepaTypHoro rrOlliI Me)((.ll,yBep-

XHeHI1 HJ1)((HeH4aCTblO TyrnKM pbl6bl, a TaK)«e OTJlI1-

lfl1e BpeMeHI1 3aMOp3)l(l1BaHl15I 11 pacxo.ua .u110KCl1.ll,a

yrJlepo.ua npl1 3aMOp3)l(l1BaHl1l1 Pbl6bl C Pa3JlI1l.JHbIMI1

TeMnepaTypaMI1 B arrrrapaTe.

I1cCJle.uOBaHI151rrpOBo.uI1Jll1CbC pbl60H ceMeHCTBa

KapnOBblX (KapnOM), MaCCOH0,6±0,050Kr, rro CTerre-
HI1 yrrl1TaHHOCTI1OTHOC5UlJ,eHCHKO BTOpOH rpynrre.

113MepeHI151 TeMrrepaTypHoro rrOlliI Pbl6bI rrpo-

H3BO.uI1JlI1npl1 nOMOIlJ,11XpOMeJlb-KOrreJleBbIX TepMO-

nap, no.uKJI104eHHb1XK 113Mepl1TeJlbHOMYKOMrrJleKcy.

TIapaJIJleJlbHO rrpOBo.uI1JlI1Cb 113MepeHI151nJlOTHOCTI1

TerrJlOBOrO nOTOKa, C Hap~OH nOBepXHOCTI1 TyrnKI1

pbI6bI, rrpl1 nOMOIlJ,11113Mep"TeJl51 rrJlOTHOCTI1TerrJlO-

Boro rrOTOKa I1TITI-2.

Bo BpeM51HCCJle.uoBaHI1H6bma rrpOBe.ueHa Cepl1H

3KCrrepl1MeHTOB rrpl1 pa3Jll1lfHbiX TeMnepaTypax B arr-

rrapaTe: nepBble rrpl1 TeMrrepaType -30°C; rrOCJle.uylO-
IlJ,l1e npl1 -50°C 11-70°C.

CxeMa pacrrOJlO)«eHI151TepMonap 11TepMorpaMMa

npolJ,eCca 3aMOp3)((I1BaHl15I TyrnKM Pbl6bl npl1 TeMrre-

paType B anrrapaTe -30°C rrOKa3aHa Ha pHC. 2.
BpeM5I 3aMOp3)l(l1BaHl1H PbI6bl B 3TOM CJlYlfae co-

CTaBI1JlOOKOJlO255 MI1H. Pacxo.u .u110KCI1.uayrJlepo.ua

COCTaBI1Jl0,94 Kr. AHaJII13I1PY51nOJlYlfeHHbie 1130TepMbI
MO)((HOc.ueJlaTb BblBO.u, lfTO rrpoll,eCC 3aMOp3)l(l1BaHI151

BepXHI1X 11HJ1)((HI1XCJlOeBPbl6bI aHaJIOrH4eH.

Ha rrepBOM YlfaCTKe rrpOI1Cxo.uI1T .uOBOJlbHO I1H-

TeHCI1BHOe OXJl3)((.ll,eHl1eCJlOeBPbI6bl .uo .uOCTJ1)((eHl15I

Kpl10CKOrrl1lfeCKOH TeMnepaTypbI, rrOCJle lfero Halfl1-

HaeT rrpOI1Cxo.uI1Tb cPa30BbIH rrepexo.u BO.ubl B Jle.u,

lfTO BJle4eT 3a C060H BbmeJleHl1e CKpblTOH TerrJlOTbl
KPl1CTaJIJll13all,l1H 11, KaK CJle.ucTBl1e, CHJ1)((eHl1eTeM-

rra rrOHl1)((eHI151TeMrrepaTypbl. 3TO rrpHBo.uI1T K TOMy,

'-ITOlJ,eHTpaJIbHa51'-IaCTbTYillKM OXJl3)((.ll,aeTC5I.uo KPI10-

CKOnl14eCKOH TeMrrepaTYpbI 3a.uOJlro.u0 TOro, KaK rpa-
HI1lJ,a pa3.ueJla cPa3 rrepeMeCTHTC5I K lI,eHTpy Pbl6bI.

Ha TeMrrepaTypHbIX 1130TepMax lI,eHTpaJIbHbIX CJlOeB

(Pl1c. 2), B03Hl1KaeT rrOlfTI1 rOpl130HTaJIbHa51 rrJlOIlJ,a.u-

Ka rrpl1 TeMrrepaType, 6Jll13KOH K KpI10CKOrrHlfecKoH-

BTOpOH YlfaCTOK. IIHa rrOCJle.uHeMYlfaCTKe 1130TepMbI

rrOKa3blBalOT 113MeHeHl1e TeMrrepaTypbl TyrnKI1 rrOCJle
BbIMep3aHI151OCHOBHOHlfaCTI1 BO.ubl. 3.uecb CHOBa YC-

KOp5leTC5ITeMrr rrOHl1)((eHI151TeMrrepaTypbl.
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ITPI1 paCCMOTpeHJ111 TepMOrpaMMbI 3a<!>I1KCJ1pO-

BaHO, '-ITO 3aMOp3)[(I1BaHJ1e Hap)')KHOrO CJI05I TYIllKJ1

npOJ1CXO,lJ,I1T J1HTeHCI1BHee, '-IeM BHyrpeHHerO. 3TO

CB5I3aHO C TeM, '-ITO B KOHTaKTe C Hap)')KHbIMJ1 CJI05I-

MI1 TYIllKJ1 PbI6bI HaXOLI,I1TC5I ra3006pa3HbIH LI,J10KCI1LI,

yrJIepO,lJ,a B 60JIbIlleM 06beMe, '-IeM C BHyrpeHHeH no-

BepXHOCTJ1, T. K. Hap)')KH35I nOBepxHOCTb PbI6bI 3Ha-

'-Il1TeJIbHO npeBbIwaeT BHyrpeHHIOIO, '-ITO npJ1BO,lJ,J1T

K 60JIee I1HTeHCJ1BHOH TenJIOOT,lJ,a'-ll1 OT Hapy)((J-[blx

CJIOeB TYIllKI1.

ITpJ1l.(I1HOH MeHee J1HTeHCi1BHOrO CHJ1)((eHI15I TeM-

nepaTYPbI BHyrpeHHI1X CJIOeB PbI6bI 5IBJI5IeTC5IelIle J1reM-

nepaTYPHbIH HanOp Me)(()J,)' TeMnepaTYPOH B annapaTe

J1 BHyrpeHHeH nOJIOCTblO PbI6bI -30°C J1 -20°C COOT-

BeTCTBeHHO.

B 3KCnepl1MeHTax TaIOKe 3a<!>I1KCl1pOBaHbI pa3JIJ1-

'-I115I B J1HTeHCI1BHOCTI1 na,lJ,eHI15I TeMnepaTyp BepxHI1X

11 HJ1)((J-[I1X CJIOeB. 3TO CB5I3aHO C TeM, '-ITO BepXHIDl

'-IaCTb PbI6bI HaxO,lJ,J1TC5IB HenOCpeLI,CTBeHHoM KOHTaKTe

C r33006p33HbIM ,lJ,110KCJ1,lJ,OMyrJIepOLI,a, a HIDKI-I.5I5I JIe-

)((J1T Ha nOBepXHOCTI1 IllHeKa, KOTOpbIM C03,lJ,aeT ,lJ,onOJI-

HJ1TeJIbHOe TepMwlecKoe COnpOHtBJIeHJ1e OTBOLI,y Ten-

JIOTbI. ITPI1 aHaJIl13e Kpl1BbIX C BepXHeH '-IaCTJ1 TYIllKJ1

PbI6bI J1HJ1)((J-[eH MO)((HO Ha6JIIO,lJ,aTb HepaBHOMepHOCTb

na,lJ,eHYUI TeMnepaTypbI (B npeLI,eJIax 3-4 0q, '-ITO npJ1-

BO,lJ,I1TK HepaBHOMepHoMyTenJIOOTBOLI,y J1YBeJIJ1'-1eHJ1lO

BpeMeHJ1 3aMOp3)((J1BaHI15I HJ1)((J-[I1X CJIOeB Ha 15 MJ1H.

Kpl1Ba5I 113MeHeHJ15I TIJIOTHOCTJ1 TenJIOBOrO nOTO-

Ka OT Hap)')KHOH nOBepXHOCTI1 (PJ1c. 3) nOKa3bIBaeT,

'-ITO MaKCJ1MaJIbHbIH TenJIOOTBO,lJ, npOJ1CXO,lJ,J1T B nep-

BOHa'-laJIbHbIH MOMeHT, T. K. pa3HOCTb TeMnepaTyp

MaKCJ1MaJIbHa J1 nJIOTHOCTb TenJIOBOrO nOTOKa q co-

CTaBJI5IeT 930 BT/M2• IToCJIe 3Toro npOJ1CXO,lJ,J1Tpe3Koe

na,lJ,em1e nJIOTHOCTJ1 TenJIOBOrO nOTOKa, BbI3BaHHoe

CHl1)((eHl1eM TeMnepaTypbI nOBepXHOCTI1. 3aTeM q
cTa6l1JIJ13J1pyeTC5I J1 npJ1 ,lJ,OCTl1)((eHJ1J1 cpe,lJ,He06beM-

HOH TeMnepaTypbI B TyWKJ1 PbI6bI MJ1HYC 18°C npJ1-

6JIl1)((aeTC5I K 50 BT/M2• IIpl1 3TOM Cpe,lJ,HeJ1HTerpaJIb-

Ha5I BeJIJ1'-1J1Ha nJIOTHOCTJ1 TenJIOBOrO nOTOKa COCTaB-

JI5IeT 131 BT/M2•

K03<!><!>I1IIl1eHT TeTIJIOOTLI,al.(J1 paCCl.(J1TbmaJIM, J1C-

nOJIb3Y5I 3KCnepJ1MeHTaJIbHO n0JIY'-leHHbIe 3Ha'-leHl15I

nJIOTHOCTl1 TeTIJIOBOrO nOTOKa no ypaBHeHJ1lO HblOToHa.

Cpe,lJ,Hel1HTerpaJIbHa5I BemI'-Il1Ha K03<!><!>l1l..I,J1eHTa

TenJIOOT,lJ,a'-ll1 OT Hap)')KHOH nOBepXHOCTl1 npl1 3TOM
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PliC. 3. ffJlOmHocmb mennoeoco nomOlCG npll 3aMOpaJICUeaHUU
pb/6b/ c meMnepamypou e lCaMepe -30 ·C

COCTaBJI5IeT 4,6 BT/(M2 • K).

BpeM5I 3aMOpa)l(l1BaHl15I PbI6bI C TeMnepaTypoH

B annapaTe -50°C COCTaBMJIO 175 Ml1H (PJ1c. 4). Pac-

XOLI,,lJ,l10KCJ1LI,ayrJIepo,lJ,a - 1,27 Kr.

AHaJIl13J1PY5I n0JIY'-leHHble KpJ1Bble MO)((J-[O C,lJ,eJIaTb

BbIBO,lJ" '-ITO 60JIee J1HTeHCI1BHOe na,lJ,eHl1e TeMnepa-

Typbl npOl1CXO,lJ,J1T OT Hap)')KHblX CJIOeB TYIllKJ1, 3a C'-IeT

OTBO,lJ,a TenJIOTbI ra3006pa3HbIM CO2, Hap)')KHble

CJIOI1, B LI,aHHOM CJIY'-lae, nO,lJ,Bep)l(eHbl 3aMOp3)((J1-

BaHJ1lO B03)l,YIllHO-ra30BOH CpeLI,OH C 60JIee HJ13KOM

TeMnepaTypoH, B annapaTe, 3a C'-IeT '-Iera TenJIo06MeH

npOl1CXO,lJ,I1T 60JIee l1HTeHCl1BHO, a T. K. TeMnepaTYP-

HblM Hanop Me)l()l,y TeMnepaTYPOM B annapaTe l1 BHyr-

peHHeM nOJIOCTblO PbI6bl COCTaBJI5IeT -50°C l1 -32°C,

'-ITO npl1BO,lJ,l1T K MeHee l1HTeHCl1BHOMY CHl1)((eHJ11O

TeMnepaTypbl BHyrpeHHI1X" CJIOeB Pbl6bI. KOJIl1'-1eCTBO

OTBeLI,eHHOH TenJIOTbI OT PbI6bl B nepBOHa'-laJIbHbIH

MOMeHT J1 Ha BceM npOMe)l(YfKe BpeMeHJ1 XOJIOLI,MJIb-

HOH 06pa60TKJ1 60JIbWe, B OTJIl1'-1l1e OT npeLI,bI)l,YIllero

3KCnepl1MeHTa C TeMnepaTypoH B annapaTe -30°C.

Pa3HOCTb B CHJ1)((eHl1l1 TeMnepaTypbI BepXHl1X

l1 HI1)((J-[l1X CJIOeB TyIllKJ1 Pbl6bI COCTaBI1JIa OKOJIO 3°C,

npJ1 3TOM np0l130WJIO CHl1)((eHl1e BpeMeHl1 3aMopa-

)((J1BaHl15I BepXHl1X CJIOeB Ha 15 Ml1H.

06 3TOM TaIOKe CBJ1LI,eTeJIbCTByeT 11 KJ1HeTl1Ka

TenJIOOTBOLI,a (PJ1c. 5). Cpe,lJ,Hel1HTerpaJIbHOe 3Ha-

'-IeHl1e nJIOTHOCTl1 TenJIOBOrO nOTOKa OT Hapy)l(HoH

nOBepXHOCTJ1 paBHO 241 BT / M2, a CpeLI,HeJ1HTe-

rpaJIbHOe 3Ha'-leHl1e K03<!><!>l1l..I,l1eHTa TenJIOOT,lJ,a'-ll1

paBHO 6,2 BT/(M2• K).
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PUC. 5. nllomHocmb menl1060cO nomOKa npu 3aMOpaJICU6aHUU
pb/6b/ c meMnepamypou 6 KGMepe -50°C

C ,UaJIbHeHWI1M CHJ1)f(eHl1eM TeMnepaTyphI B arr-

napaTe TeH,UeHLI,I15I.K YMeHhllIeH1110 BpeMeHl1 3aMO-

p(l)l(l1BaHI151Pbl6bl COXpaH5IJIaCh.TaK, 6hIJIO yCTaHoB-

JIeHO, lITO npl1 TeMrrepaType B arrrrapaTe -70°C BpeM5I
3aMOp3)l(I1BaHI151COCTaBJI5IeT120 MI1H. Pacxo,U ,U110K-
Cl1,Uaymepo,Ua ,UOCTl1raJI1,79 Kr. TeMrrepaTypHbIH Ha-

rrop Me)(()J.yTeMnepaTypoH B anrrapaTe 11BHYTpeHHeH
rrOJIOCThlOPbl6bl -70°C 11-39 °C COOTBeTCTBeHHO.

TeMnepaTypa B TylliKe PbI6hl rrpl1 3aMOp3)l(l1Ba-
HI1I1COCTaBJI5IeT-39°C.

P33HOCTb B CHJ1)f(eHl1l1 TeMrrepaTypbI BepXHl1X

11HIDKHI1X CJIOeBTYllIKl1 PhI6bI COCTaBl1JIaOKOJIO2°C,
npl1 3TOM BpeM5I 3aMOp3)l(l1BaHl15I HIDKHI1X 11BepXHliX

CJIOeB6blJIO O,UHHaKOBhIM.

3HayeHl1e MaKCl1MaJIhHOH rrJIOTHOCTH TerrJIOBO-

ro nOTOKa OT Hapy)KHOH rrOBepXHOCTI1 COCTaBJI5IeT
1920 BT/M2, a cpe,UHel1HTerpaJIhHOe 3HayeHl1e K03cP-

cPHLI,HeHTaTerrJIOOT,UaYl1OT Hapy)KHOH rrOBepXHOCTl1

11,2 BT/(M2• K).

Ha OCHOBaHHl1 rrOnyYeHHhlX 3KcnepHMeHTaJIh-

HhIX ,UaHHblX 6blJIa COCTaBJIeHaTa6JIl1L1,a,KOTOpa5Irr03-

BOMeT orrpe,UeJI5ITbpacxo,U ,U110KCI1,UayrJIepo,Ua C yYe-

TOM K03cPcPI1L1,l1eHTaKOppeJI5IU:l1l1(KKOP)' BpeM5I 3aMO-
p(l)l(l1BaHI151,UOcpe,UHe06beMHOH TeMrrepaTypbI -18°C
rrpl1 TeMnepaType B arrrrapaTe OT -30,U0 -70 T.
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TaKl1M 06pa30M, rrOHIDKeHl1e TeMnepaTypbl B arr-

rrapaTe npH 3aMOp3)l(l1BaHl1l1 pbI6bl, rr03BOJI5IeT co-
KpaTl1Tb rrpO,UOJDKHTeJIhHOCThrrpOLl,ecca 3aMOp3)l(l1-

BaHl15I, CHI1311Tbpa3Hl1L1,y B TeMne rrOHJ1)f(eHl15ITeM-

rrepaTypbl BepXHI1X H HIDKHl1X CJIOeB PhI6hI. O,UHaKO
rrpl1 3TOM pacxo,U ,U110KCl1,UayrJIepo,Ua YBeJIWIl1BaeTC5I.

II03TOMY ,UJI5I3cPcPeKTl1BHOH3KCrrJIyaTaLl,Hl1 arrrrapa-

Ta, pa60TalOUJ,ero Ha JJ:110KCl1JJ:eyrJIepoJJ:a He06xoJJ:l1MO

yYl1ThIBaTb 3TY JJ:HHaMl1KY.

IIpeMaraeMhIH CKOPOMOP03l1JIbHhIH arrrrapaT
rrpl1 yCJIOBHI1 Bbl60pa OrrTl1MaJIbHhlX YCJIOBl1Hpa60-

ThI, 06eCneYl1BaeT 3cPcPeKTl1BHOe npl1MeHeHHe KpH-

oareHTa, paBHOMepHoe H l1HTeHCHBHoe 3aMOpa)l(Jo[Ba-

HHe. AnrrapaT KOMrraKTeH, 'KOHCTPYKu:I15Iero rrpOCTa
11y,U06Ha B 3KCrrJIyaTaU:1111.
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