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CaHKm -Ilemep6YP2cKuu 20cyaapcmeeHHbiu yHueepcumem

HU3KomeMnepamypHbIX u nuU{eeblX mexHoAo2UU
C.H.rOPH:AHoB

KOMnaHuJI «IlapHac-xoAauH2»

The two-stage defreezing of foodstuffs, Including Irrigation by water on the
first stage and blowing by air on the second stage Is considered. It is shown,
that the optimal ratio between the durations of this two stages, which minimized
the hole de freezing time is exist. Theoretical results are comared with
experimental data for thigh quarters of beefs defeezlng.

llpH JJ.e<ppocTaUHHnmueBhlX npoJJ.yKToB (MjlCHhIX ryw,

nOJlYryw, I.JeTBepniH, 6JlOKOB MjlCa, Phl6hl H np.) He06xo-

JJ.HMO,C OJJ.HOHCTOpOHbl, no B03MO)f(HOCTH 6hlCTpO npoBo-

JJ.HThnpouecc, a C JJ.pyroH - 06eCneI.JHTh JJ.ocTaTOI.JHOBhl-

COKoe KaI.JeCTBOOTTajlBWerO npoJJ.YKTa. TeMneparypa OT-

Ta5IBWeH I.JaCTHB xOJJ.e npouecca He JJ.0Jl)f(HanpeBhlwaTh

onpeJJ.eJleHHOH BeJlHI.JHHhI (JJ.JljlMjlCa 3TO 15... 18 °C). 0)].-

HaKO 3TH JJ.BaTpe60BaHlUI npOTHBOpeI.JaT JJ.pyr JJ.pyry: l.JeM

XOJl0JJ.HeenOBepXHOCTh npo.n;yKTa (HMeHHO OHa 06Jla.n;aeT

MaKCHMaJIhHOH TeMneparypoH B npouecce .n;e<ppOCTaUHH),

TeM JJ.0JlhWe npoTeKaeT npouecc. I103TOMy JJ.Jljl MaKCH-

MaJIhHOro yCKopeHlUI npouecca )f(eJlaTeJlhHO nOMep)f(HBaTb

TeMneparypy nOBepxHocTH npoJJ.yKTa npH HeH3MeHHoH,

MaKCHMaJIhHO B03MO)f(HOH TeMneparype (HanpHMep, JJ.Jljl

M~ca 15... 18 °C). OI.JeBHJJ.Ho,I.JTOnpH HeH3MeHHOH TeMne-

parype HarpeBalOIUero areHTa (B03JJ.yxa HJlH BOJJ.hI)3TO-

ro JJ.OCTHI.JhHeJlh3j1 - TeMneparypa nOBepxHocTH npoJJ.yK-

Ta 6y.n;eT nOBhlWaThCjI B xOJJ.e npouecca. QT06hl TeMne-

parypa nOBepxHocTH npoJJ.yKTa He H3MeHjlJlaCh, CJle.n;yeT

nOCTOjlHHO H3MelUlTh TeMneparypy HarpeBalOIUero areH-

Ta. 31'0 Tpe6yeT CJlO)f(HOH CHCTeMhI aBTOMaTHI.JeCKOrOpe-

ryJlHpOBaHlUI. XOTjI no.n;06Hhle yCTpoHcTBa H npe.n;Jlara-

JlHCh [1], npOMhIlllJleHHOrO npHMeHeHHjI OHH He HaWJlH H3-

3a JJ.oporOBH3HhI H HeHaJJ.e)f(HOCTHB 3KCnJlyaTaUHH.

Mhl npeJJ.J1araeM npOBo.n;HTh JJ.e<pPOCTaUHlOnpo.n;yKTa B

JJ.Ba 3Tana: Ha nepBOM - npOJJ.yKT opOWaeTCjI BO.n;OHC

<pHKCHpOBaHHOHTeMneparypoH nyTeM a3P030JlhHOrO pac-

nhIJleHH}J C HCnOJlh30BaHHeM nHeBManfI.JeCKOH <POPCYHKH

C MeJlKo.n;HcnepCHhIM paCnhlJlOM; Ha BTOpOM - 06JJ.yBaeT-

C~ B03JJ.YXOMTaK)f(e C <pHKCHpOBaHHOH, HO Y)f(e, B03MO)f(-

HO, C HHOH TeMneparypoH. 3T0, C OJJ.HOHCTOpOHhI, n03BO-

JljleT nocpeJJ.CTBOM nOJJ.60pa TeMneparyphl BOJJ.bIH B03-

JJ.yxa H np0JJ.OJl)f(HTeJlhHOCTH nepBoro H BToporo 3TanOB

YMeHbWHTb .n;JlHTeJlhHOCTh npouecca npH coxpaHeHHH

BbICOKoro KaI.JeCTBa npOJJ.yKTa. C .n;pyroH CTOpOHbI, Ta-

Kajl opraHH3aulUl npouecca n03BOJljleT HCKJllOI.JHTbMOHKy

H o6cywKY npoJJ.YKTa nOCJle .n;e<ppOCTaUHH,nOCKOJlbKY OHH

aBTOMaTHI.JeCKH OCYIUeCTBJljllOTCjI BO BpeM>I .n;e<pPOCTa-

llHH. MeJ1KOJJ.HcnepCHbIH )f(e paCnbIJl BO.n;hInHeBMaTHI.JeC-

KOH <pOpCyHKOHn03BOJljleT C03.n;aBaTbOI.JeHbTOHKylO BO.n;j1-

HYIO nJleHKY Ha nOBepXHOCTH npoJJ.yKTa (l 00 - 150 MKM) H

YMeHbwHTb pacxoJJ. nHTbeBOH BOJJ.blJJ.O10 - 15 r/c Ha 1 M2

nOBepxHocTH npoJJ.yKTa.

O.n;HaKo JJ.J1j1npaKTHI.JeCKOH peaJlH3allHH 3TOro MeTo.n;a

Heo6xo.n;HMO JJ.OCTaTOI.JHOTOI.JHO paCCI.JHTbIBaTb .n;onyc-

THMylO TeMneparypy BOJJ.bIH B03.n;yxa, a TaK)f(e npo.n;oJl-

)f(HTeJlhHOCTb nepBoro H BToporo 3TanOB npouecca, I.JTO

n03B0J1j1eT MHHHMH3HpoBaTb cyMMapHYIO np0JJ.OJl)f(HTeJlh-

HOCTh OTTaHBaHH>I. I1YCTb Ha nepBOH CTa)].HHnpoJJ.YKT OpO-

WaeTCjI BOJJ.oH,HMelOIUeH TeMneparypy t 1 (OC), npH 3TOM

K03<P<PHUHeTTenJlOOTJJ.aI.JHOT nOBepXHOCTH ryWH COCTaB-

JljleT HeKoTopylO BeJlHI.JHHY U1 [BT/(M2.0C)]; Ha BTOPOH

)f(e CTa.n;HH npoJJ.yKT 06.n;yBaeTcjI B03JJ.YXOM, HMelOIUHM

TeMneparypy t2, K03<p<PHllHeHT TeTIJlOOTJJ.aI.JH- COOTBeT-

CTBeHHO U2. I1pH 3TOM TeMneparypa nOBepXHOCTH ryWH B

Jl1060H MOMeHT BpeMeHH He .n;OJl)f(HanpeBblwaTh HeKOTO-

POH <pHKCHpOBaHHOHBeJlHI.JHHbIto (OC). Pa3YMeeTCjI, to> te,.,
me ter - KpHOCKOnHI.JeCKajl TeMneparypa, °C. TeMnepary-

pa BOJJ.bIH B03JJ.yxa, a TaK)f(e np0JJ.OJl)f(HTeJlbHOCTh 3Ta-

nOB opOWeHHjI H 06JJ.yBa'tJ H 't2 (c) BhI6HpalOTCjI TaKHM

06pa30M, '-IT06hI cyMMapHa5I np0JJ.OJl)f(HTeJlhHOCTbnpouec-

ca OTTaHBaHHjI 't = 't1 + 't2 6hIJla MHHHMaJIbHOH (K03<p<PH-

UHeHTbI TenJlOoTJJ.aI.JHnOJlaralOTCjI 3aJJ.aHHbIMH).

,I:(JIjI peWeHHjI 3TOH 3aJJ.aI.JHBOCnOJlb3yeMcjI CJ1eJJ.YlOIUH-

MH COOTHOWeHHjlMH [7]. TeMneparypa nOBepxHocTH B

xo.n;e orraHBaHHjI ts (OC) paBHa:



Pa3Aen 2. nHlllEBblE TEXHOIlOrHH

I,(~)=I .{I_~;~~/R)2-1/1b}; Bi=a).R; <1>=~, (1)
I+BI ------

2-1/<1>

r.n:ed - TOJIIUHHa OTHulBllleH 4aCTH rynIH, M;

t - TeMneparypa HarpeBalOlUerO areHTa (T.e. tl H t2
Ha nepBOM H BTOpOM 3Tanax npou,ecca COOTBeTCTBeH-

HO),OC;
R - XapaKTepHblH pa3Mep rylliH (paCCTOSlHHe OT no-

BepxHOcTH .n:0 HaH60JIee y.n:aJIeHHOH OT Hee TOlIKH

BH)'TpH rylllH), M;

Bi - 6e3pa3MepHOe lIHCJIO EHo;

U - K03<pqmu,HeHT TenJIOOT.n:aI.IH (T.e. U\ HJIH U2),

BT/(M2.oC);

A, - K03<p<PHu,HeHTTenJIOnpOBO.n:HOCTH OTTaSlBllleH lIa-

CTH TeJIa, BT/(M'°C);

<1>- 6e3pa3MepHhlH K03<p<PHL~He,HT<pOPMhI;

V - 06'beM rylllH, M3;

S- nJI0lUa.n:h nOBepxHOCTH rylllH, M2.

H3 (1) nOJIylIaeM yCJIOBHe .n:JISIonpe.n:eJIeHHSI TeMnepa-

TYPbl HarpeBaIOlUerO areHTa:

I I -I", < I
.{I-(l-M R)2-1/1b} - 0

I+BI 2-1/<1>

HJlH, npe06pa3ySl H BBO.n:SI6e3pa3MepHyIO TeMnepaTypy

areHTa 8:
I-I 2-1/<1> ~0=_c_r <1+ ----; 8=- (2)
lo-Icr - Bi[I-(l-8)2-1/1b] R'

r.n:e S - 6e3pa3MepHaSi TOJIIUHHa OTTaSl.BllleH 4aCTH (S = 0
OTBe4aeT Ha4aJIY npOI~ecca OTTaHBaHHSI, S = 1 - KOHu,y).

CKOpOCTh npou,ecca .n:e<ppoCTau,HH onpe.n:emleTcSI CJIe-

.n:yIOIUHM COOTHOllleHHeM [2]:

~; =i{(I-8)1/1b-IUi + 2-~/<1»- 2~~~<1>};

Fo = (to -I,r)).r, (3)
qpR2

r.n:e Fo - 6e3pa3MepHOe BpeMSI (KpHTepHH <1>ypbe);

't - BpeMSI., npollle.n:lllee C Ha4aJIa npou,ecca, c;

q - y.n:eJIhHaSiTenJIOTa nJIaBJIeHHSI.JIb.n:aB TeJIe, ,[QK/Kr;

p - nJIOTHOCTh TeJIa, Kr/M3.

HeTpy.n:Ho BH.n:eTh, 4TO eCJIH BMeCTO 8 no.n:CTaBHM B

(3) BepXHIOIO rpaHHu,y H3 (2), TO nOJIy4HM:

dFo = (I-O)I/Ib-I_I+O. Fo= IfdFo do= <1>. (4)
do 2 -I I <1>' () do 2

3TO MHHHMaJIbHO .n:OcTH:>KHMaSl.npo.n:OJI:>KHTeJIbHOCTb

npOI~ecca OTTaHBaHHSI npH BhlUOJIHeHHH yCJIOBHg (2). O.n:-

HaKO npaKTH4eCKH .n:OCTH4b TaKoH npo.n:OJI:>KHTeJIbHOCTH

.n:OCTaTOlIHO CJIO:>KHO,nOCKOJIbKY .n:JIg 3Toro He06xo.n:HMO,

KaK CJIe.n:yeT H3 (1), nOCTOSlHHO MeHSl.Th TeMneparypy Ha-

rpeBaIOlUero areHTa, npH4eM .n:OBOJIhHOCJIO:>KHhIM06pa-

30M. Mbl:>Ke nOJIaraeM, 4TO Ha Ka:>K.D:OM3Tane npou,ecca

TeMnepaTypa areHTa nOCTOgHHa .

.HTaK, nYCTb Ha nepBOM 3Tane npou,ecca OTTaSlBIIIHH CJIOH

.n:OCTHraeT HeKOTOpOH 6e3pa3MepHOH TOJIIUHHbI S = d, a

Ha BTOpOM - OTTaHBaeT CJIOH TOJIIUHHOH OT S = d .n:o S = 1.
[lOCKOJIbKY comaCHO (2) BepXHSl.g rpaHHu,a .n:JISITeMnepa-

rypbI areHTa - MOHOTOHHO y6hIBalOlUaSi <PYHKU,HgOT 8, TO

MbI .n:omKHbI BbI6HpaTb TeMnepaTypy BO.n:bI H B03.n:yxa

TaKHM 06pa30M, lIT06bI TeMnepaTypa nOBepxHocTH no

OKOHl.{aHHI1 o60l1x 3TanOB 6bIJIa paBHa to, T.e.:

2-1/<1> . al2Ro -I+-----~· BI =-'-'
I - Bl

1
[ 1- (1_ d)2-1/1b]' 1,2 ).'

{

I +_2-_1_1_<1>; <1>~1/2} 2-1/<1>
O2= Bi2 =1+~X(<1>-1/2),

I; <1>~ 1/2 2

r.n:e x(x) - cryneHbKa XeBHcaH.n:a, T.e. x(x) = 1 npH x > 0

H X(x) = 0 npH x < O.
Heo.n:H03Hal.{HOCTb B Bblpa:>KeHHH .n:JIg82 B03HHKaeT H3-

3a Toro, lITO npaBaSi. lIaCTb Bhlpa:>KeHHSI (2) HMeeT pa3-

JIHl.{HbIH npe.n:eJI npH 8 ~ 1 B 3aBHCHMOCTH OT 3HaKa Bhl-

p(l)l(eHHSI 2 - 1/<1>.Tenepb, no.n:CTaBJIgSi.(5) B (3) H HHTer-

pHpyg no 8, nOJIyl.{HM npo.n:OJI:>KHTeJIhHOCTH06eHX CTa.n:HH

npou,ecca, a CJIe.n:OBaTeJIbHO, H cyMMapHYIO ero npo.n:OJI-

:>KHTeJIbHOCTb,KaK <PYHKU,HIOd:

<1>{(_I + ~)[ 1- (1_ d)l/lb] 1- (1- d)2}
Bil 2<1>-1 2(2<1>-1) .

F01 = 2-1/<1>
I+-----~

Bi
l
[1- (1- d)2-1/1b]

<1>{(_I_ + ~) (1_ d)1/1b_ (1- d)2 }
Bi2 2<1>-I 2(2<1>-I)

Fo2= 2-1/<1> ;
1+--. -'X(<1>-1/2)

B12

Fo = FOl + F02. (6)
Pe3YJ1bTaThI 4HCJ1eHHOrO ClIeTa no COOTHOllleHHgM (6)

nOKa3bIBaIOT, l.{TO cjJYHKU,HSI.Fo(d) npH J1I06hIX 3Ha4eHHSl.X

napaMeTpoB Bi1,2 H <1>HMeeT MHHHMyM BHYTpH OTpe3Ka

[0,1], KOTOpblH 11onpe.n:eJISl.eT OnTHMaJIbHOe COOTHOllleHHe

npo.n:oml<HTeJ1bHOCTeH cTa.n:HH npou,ecca. HTaK, aJIrOpHTM

paCl.{eTa CJ1e.n:YIOIUHH: no COOTHOllleHHSl.M (6) CTpOHM 3a-

BHCHMOCTb Fo(d), onpe.n:eJ1S1.eM3Ha4eHHe d, npH KOTOpOM

OHa HMeeT MHHHMyM; no.n:CTaBmieM 3TO 3HaqeHHe B (6),
Haxo.n:HM He06xo.n:HMble TeMneparypbl BO.n:hI H B03.n:yxa;



3aTeM no ypaBHeHHlO (6) HaXO.D,HMnpO.D,OJDKHTeJ1hHOCTb

06eHX CTa,ll.HHnpou.ecca.

~ml npoBepKH B03MO)l(HOCTH npHMeHeHHjI HCXO,ll.HhIX

CooTHolIIeHHH (1) H (3) (3TH COOTHOlIIeHHjI nOJ1yqeHhI Ha

OCHOBe H3BeCTHOH epOPMYJ1hIIl.rraHKa, KOTOpaji jlBJ1j1eTCjI

BeChMa npH6J1H)I(eHHOH) MhI npOBeJ1H 3KcnepHMeHThI no

.D,eeppOCTau.HHqeTBepTHH roBjI)I(hHX rylli (6e.D,peHHaji

qaCTh) B03,ll.YlIIHhIM H .D,ByxcTyneHqaThIM cnoc060M.

napaMeTphI npO,ll.yKTa CJ1e.D,YIOmHe[2, 5, 6]: Macca 50 Kr,

K03epepHU.HeHTepOPMhI<1>= 0,56; xapaKTepHhIH pa3Mep (no-

J10BHHa TOJ1mHHbl 6e.D,peHHOH 9acTH) R = 0,1 M; nJ10T-

HOCrb P = 1030 Kr/M3; TenJ10npOBO.D,HOCTb Ona5IBWeU

lJaCTH A = 0,465 BT/(M·DC); BJla)l(HOCTh W = 0,74; KpHO-

CKOnHqeCKajl TeMneparypa ter = - 2 DC. Ha nepBOM 3Ta-

ne B pe3YJ1hTaTe opOWeHHjI BO.D,OU(6 r/c) qeTBepTHH ryw

Ha nOBepxHocTH npO,ll.yKTa C0:3.D,aBaJ1aChnJ1eHKa TOJ1mH-

HOU 100 MKM. K03epepHu.HeHT TenJ100T.D,aqH Ha 3Tane opo-

lIIeHUjI, BhIqHCJ1eHHhIHno H3BeCTHhIM COOTHOlIIeHHjlM [3J:
a1 = 35 BT/(M2.DC). Ha BTOpOM 3Tane qeTBepTHHhI 06,ll.y-

BaIOTCjI B03)l.yXOM co CKOpOCThIO 1,5 M/c, K03epepHU.HeHT

TenJ100T.D,aqHCOCTaBHT[4]: az = 14 BT/(M2.DC), qHCJ1anHO

Bi1 = 8 H Bi2 = 3,2. B nepBhlx .D,ByX3KcnepHMeHTax Ha-

qanhHM TeMneparypa npo)l.yKTa COCTaBJ1j1J1a-12 DC H npo-

,ll.yKT 06,ll.YBaJ1CjI B03,ll.yXOM C TeMneparypoH 15 DC B nep-

BOM H 20 DC BO BTOpOM 3KcnepHMeHTax COOTBeTCTBeH-

HO. B npou.ecce .D,eeppoCTau.HH H3MepjlJ1H TeMnepaTypy B

ueHTpe rylliH (lJT06bI 3aepHKcHpoBaTb MOMeHT npoxo)l(.D,e-

HHjI epa30BOro nepexo.D,a B u.eHTpe TeJ1a) H Ha ee nOBepx-

HOCTH. BpeMjI ,ll.eeppocTau.HH COCTaBJ1j1J1035 q B nepBOM H

27 q BO BTOpOM 3KcnepHMeHTax. Ha pHC. 1 H 2 TOqKaMH

nOKa3auhI 3HaqeHUjI TeMneparyphI nOBepxuocTH npo)l.yKTa

B nepBoM H BO BTOpOM 3KcnepHMeHTax B XO,ll.enpou.eccoB

BKyne C TeOpeTHqeCKHMH KpHBbIMH, paCCqHTaHHhIMH no

COOTHOlIIeHUjlM (1) H (3). Ha6J1IO,ll.aeTCjI .D,OCTaTOqHOxo-

pOlIIee COOTBeTCTBHeTeopHH 3KcnepHMeHry, qTO n03BO-

J1j1eTC,ll.eJ1aThBhIBO.D,0 npHMeHHMOCTH 3THX COOTHowe-

HHH. MaKCHMaJ1hHaji TeMneparypa nOBepxHocTH npO,ll.yK-

Ta B KOHu.e npou.ecca COCTaBHJ1a13 DC B nepBOM H 17 DC
BO BTOpOM 3KcnepHMeHTax.

npOBe.D,eHbl TaK)I(e .D,Ba3KcnepHMeHTa no .D,By;ccTyneH-

lJaTOH ,ll.eeppOCTaUHHqeTBepTHH rylli. B nepBOM HalJaJ1h-

Hajl TeMneparypa npO,ll.yKTa COCTaBJ1j1J1a-18 DC, npo-

)l.yKT B TeqeHHe 3,8 q 0POlIIaJ1CjI BO.D,OHC TeMnepaTypoM

20 DC, a 3aTeM 06,ll.YBaJ1CjIB03,ll.yXOM TOM )I(e TeMnepaTy-

phI. Bo BTOpOM 3KcnepHMeHTe HaqaJ1hHaji TeMnepaTypa

npO,ll.yKTa COCTaBJ151J1a-14 DC, opOlIIeHHe npOBO,ll.HJ1HB

TelJeHHe 5 9, TeMneparyphI B03.D,yxa H BO.D,bITaK)l(e CO-

CTaBJ151J1H20°C. np0.D,0J1)1(HTeJ1bHOCThnpou.ecca COCTaB-

mlJIa 24 q B nepBoM H 23,5 q BO BTOpOM 3KcnepHMeHTax.

Ha pHC. 3 H 4 nOKa3aHhI 3KcnepHMeHTaJ1hHhIe (TOqKaMH)

H TeOpeTHqeCKHe 3HaqeHHjI TeMneparyphI nOBepxHocTH

npO,ll.yKTa B nepBoM H BO BTOpOM 3KcnepHMeHTax COOT-

BeTCTBeHHO. Ha6J1IO.D,aJ1aChTaK)l(e xopolIIa51 KOppeJ1j1u.HjI

3KcnepHMeHTaJlbHhlX H paCqeTHhIX .D,aHHhIX.B KOHue opo-

Puc. I. B03iJyulHoe OXllaJICiJeHuelfemeepmUHbl myulU
(meMnepamypa e03iJyxa 15 T)

o 5 10 15 20 25 30 1, 'I

Puc. 2. B03iJYIUHoeOXllaJICiJeHuelfemeepmUHbl mylUu
(meMnepamypa e03iJyxa 20 ·C)



WeHHJI TeMneparypa nOBepXHOCTH COCTaBJIJlJIa 14°C B

nepBOM H 15°C BO BTOpOM 3KcnepHMeHTax, a B KOHl.(e

06jJ,yBa 17 H 16°C COOTBeTCTBeHHO.

Teneph paCCMOTpHM onTHMH3aI ..(HfO npouecca OTIaHBa-

Hf15l6ejJ,peHHhlx '-IeTBepTHH rOBJI)J(hl1X ryw no npejJ,JIO)J(eH-

HOH Bblwe MeTOjJ,HKe. TeMneparypy B03jJ,yxa onpejJ,eJIJI-

eM no COOTHoweHHfO (5): '2 = 16°C. Ha pHC. 5 H306pa)J(e-

Ha 3aBHCHMOCTh Fo(d) jJ,JI5l BhlweYKa3aHHhlx napaMeTpoB.

Puc. J. j{eyxcmyneHlfamaR ae¢pocmau,uJI IfemeepmUHbl
mymu (npoaOA:>ICUmeAbHocmb opOmeHUJI J,8 If)

Puc. 4. j{eyxcmyneHlfamaR ae¢pocmau,uJI IfemeepmUHbl
mymu (npoaOA:>ICUmeAbHocmb opOmeHUJI 5 If)

Fa
0,44

Puc. 5. 3aeucuMocmb Fo om aOAu mOAlU,UHbl IfemeepmUHbl
mymu, ae¢pocmupoeaemeu Ha 3mane opOmeHUJI

BH,lI.HO, '-ITO Fo HMeeT BhIpa)J(eHHhIH MHHHMyM npH d =

= 0,80, npH 3TOM Fo, = 0,27 H F02 = 0,06. TaKHM 06pa30M,

He06xo,lI.HMaJi np0jJ,OJI)J(HTeJ1hHOCTb opOWeHHJI H 06jJ,yBa

COCTaBJIJlJ1a 11= 20,5 '-I H 12= 5 l.J. He06xojJ,HMaJi TeMne-

paTypa BOjJ,bl 'I = 16,5 °C; cyMMapHaJi np0,lI.0J1)J(HTeJIh-

HOCTb npouecca 1= 25,5 4. OTMeTHM, 4TO npH OjJ,HOCTa-

jJ,HHHOM OTIaHBaHHH TOJ1bKO BOjJ,OH np0jJ,0J1)J(HTeJ1bHOCTh

npouecca COCTaBHJ1a 6bl OK0J10 26,5 4, a npH OTIaHBaHHH

TOJ1hKO B03jJ,YXOM - OK0J10 33 4. MHHHMaJIbHO B03MO)J(HaJi

np0,lI.OJI)J(HTeJ1bHOCTh npouecca (4), KOTOpyfO MO)J(HO jJ,OC-

THl.Jb, J1HWb nOCTOJlHHO MeHJIJI TeMneparypy HarpeBalO-

w,ero areHTa, COCTaBHT OK0J10 21,5 4.
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