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A two-stage defrosting of meat blocks consisting in their spraying with water
at the first stage and air flowing at the second stage is considered. The
calculated relationships for determination of the time of both stages of
defrosting process are offered. Theoretical results are compared with
experimental data.

PaHee Bpa60Te [6] HaMH paCCMaTpHBarrCH HOBhIti .uByxCTa-
.uHtiHhIti m.upoa3p030JIhHhIti MeTo.upaJMOpmKHBaHHH nHme-
BhIX npo.uy:KTOB. Cyrh MeTo.ua 3aKJlIOlJ:aeTCHBTOM, lJ:TOHa nep-

BOM3Tane npO.uyKT OpOIIIaeTCH BO.uOti<pHKCHpoBaHHoti TeM-

nepaTyphI nyreM a3p030JIhHOrO paCnhIJIeHHH CHCnOJIh30Ba-
HHeM nHeBMaTHlJ:eCKoti <pOpCYHKHCMeJIKO.uHCnepCHhIM pac-
nhIJIOM; Ha BTOpOM - 06.uyBaeTcH B03.uYXOMTaIOKe <pHKCHpO-
BaHHoti, HO B 06meM CJIyqae HHOti TeMnepaTyphI. 3TO, CO.u-
HOti CTOPOHhI, n03BOJIReT nOCpe.uCTBOM no.u60pa TeMnepa-
Typ BO.uhIH B03.uyxa H npO.uOJDKHTeJIhHOcTeti nepBOrO H BTO-

poro 3TanOB YMeHhIIIHThMHTeJIhHOCTh npouecca npH coxpa-
HeHHH BhICOKOro KalJ:eCTBanpoL(y:KTa. C.upyroti CTOpOHhI, Ta-

KaH OpraHH3aUHH npouecca n03BOJIHeT HCKJIIOlJ:HThMOtiKY H

06CYIIIKY np0L(yKTa nOCJIe paJMOpa)l(HBaHHH, nOCKOJIhKY3TH
OnepaUHH aBTOMaTHlJ:eCKHnpoBOMTCH BO BpeMH npouecca

oTTatiKH.
MeJIKO.uHCnepcHhIti paCnhIJI BO.uhInHeBMaTHlJ:eCKoti <pOp-

CyHKOti C03.uaeT TOHKYJOBOMHyIO nJIeHKY Ha nOBepXHOCTH

npo.uyKTa (20 - 50 MKM), lJ:TOn03BOJIHeT YMeHhIIIHTh pac-
xo.u nHTheBoti BO.uhI .uo 15 - 25 r/c Ha 1 M2 nOBepXHOCTH

npo.uyKTa.

B HacToHIUeti pa60Te MhI npeMaraeM MeTo.uHKy paClJ:eTa
.uByXCTa.uHtiHoro pa3MOpa)l(HBaHHH MHCHhIX 6JIOKOB. Tpy.u-
HOCTh 3Toti 3a.ualJ:H 3aKJIIOlJ:aeTCH B TOM, lJ:TOnpH paClJ:eTe

npo.uOJI)I(HTeJIhHOcTeti nepBoti H BTopoti CTa.uHti npouecca
(CHJIhHO pa3JIHlJ:aIOmHXCH no 3HalJ:eHHIO K03<P<PHUHeHTa
TenJIOOT.ualJ:H) He06xo.uHMO HMeTh COOTHOIIIeHHe .uJIHCKO-

pOCTH .uBH)I(eHHH <ppOHTa npOMOpa)l(HBaHHH. B pa60Te [5]
nOJIylJ:eHO COOTHOIIIeHHe MH BpeMeHH pa3MOpa)l(HBaHHH
.uBH)I(eHHH <ppoHTa B KBa3Ho.uHoMepHoM npH6JIH)I(eHHH:

r.ue 1" - BpeM5I, npOlUe.ulUee C HalJ:arra npouecca paJMOpa)l(H-
BaHHH, c;
t1- TOJIIUHHa OTTaHBlUeti lJ:aCTHTeJIa, M;
q - y.ueJIhHaH TenJIOTa nnaBJIeHH5I JIh.uaBTeJIe, )],)I(/Kr;
p - nJIOTHOCTh TeJIa, Kr/M3;
R - xapaKTepHhIti pa3Mep TeJIa, npe.ucTaBJIHIOIUHti co-
60ti paCCTOHHHeOTnOBepXHOCTH TeJIa.uo HaH60JIee y.ua-
JIeHHoti OTHee TOlJ:KHBHyrpH TeJIa, M;
A - TenJIOnpOBo.uHOCTh OTTaHBlUeti lJ:aCTH TeJIa,
BT/(MX);

terH ta - KpHOCKOnHlJ:eCKaH TeMnepaTypa H TeMnepaTypa
Cpe.uhI COOTBeTCTBeHHO, ·C;

a - K03<P<PHUHeHT TenJIOOT.ualJ:HC nOBepXHOCTH TeJIa,

BT/(M2X);
<I> = VI( SR) - 6e3paJMepHhIti K03<P<PHUHeHT<pOPMhI;
V - 06'heM TeJIa, M3;
S- nJIOIIIa.uh nOBepXHOCTH TeJIa, M2.

O.uHaKO Bpa60Te [4]6hIJIO nOKaJaHO, lJ:TOKBaJHo.uHOMepHoe
npH6J1H)1(eHHe.uJIHTeJI, HMeIOIUHx <pOPMYnapaJIJIeJIenHne.ua (a

HMeHHO TaKYJO<pOPMYHMeIOT MHCHhIe 6JIOKH), CJIHlUKOMHe-
TO'IHO H.ua)l(e npHBOL(HTK HeKOTOphIM napa.uOKcarrhHhIM BhIBO-
.uaM (HanpHMep, K paBeHCTBy BpeMeH paJMOpa)I(HBaHHH KY6a H

BnHcaHHoro BHero IIIapa). IIpeMararrach 60JIee TOlJ:HaH<poPMY-
JIa.uJIHBpeMeHH PaJMOPmKHBaHHH napaJIJIeJIenHne.ua:

1" = qpR (Q~+<I>~J; <I>= f31f32
fer - fa 2').. a f31f32+ f31+ f32

Q = f31f32
f31f32+ 0,7(f31 + f32) -0,15

f31= RJ R3 > f32 = ~ / R3 > 1,
r.ue R1, R2 H R3 = R - nOJIOBHHhI 60JIhIIIeti, cpe.uHeti H MeHh-
lUeti CTOpOH napaJIJIeJIenHne.ua COOTBeTCTBeHHO, M.

,ll,JIH HaIIIHX ueJIeti He06xo.uHMO OTKOppeKTHpOBaTh ypaB-
HeHHe .uBH)I(eHH5I <ppoHTa (1) TaKHM 06paJOM, lJ:T06hI npH
HHTerpHpOBaHHH ero no t1 B npe.ueJIax OT0 .uo R nOJIyqarrach
6hI <popMYJIa (2). 3TO MO)l(HO c.ueJIaTh CJIe.uYIOIUHMo6pa30M:

d1" qp
-=--x
d/1 fer -fa

f( /1 J1/<I>-1 [ 1 QR) Q (R - /1))
Xll- R ex. + ')..(2<1>-1) - ')..(2<1>-1) .

IIycTh Ha nepBOM 3Tane pa3MOpa)l(HBaHHH - OpOCHTeJIh-
HOM - K03<P<PHUHeHT TenJIOOT.ualJ:H H TeMnepaTypa cpe.uhI
paBHhI 0.1H tl cOOTBeTCTBeHHO, aHa BTOpOM3Tane - 06.uyaa -

0.2H t2• Ha nepBOM 3Tane TOJIIUHHa OTTaHBlUeti lJ:aCTHpaCTeT
OTO.uo 8, Ha BTOpOM - OT8.u0 R. Tor.ua, HHTerpHpyH BhIpa)l(e-

HHe (3), nOJIyqHM npo.uOJI)I(HTeJIhHOCTh nepBoro H BTOpOro

3TanOB 1"( H 1"2:



't'2 = qpR {<I>[_1 + QR ]x
f2 - fer (X. 2 1.(2<1>-1)

x(I-8/R)1/<J>-Q (R-8)2 }.
2AR(2<1>-1)

,Un5I npOBepKH npeMO)KeHHhIX COOTHOllIeHHH HaMH npo-

BO.nHJIHCh 3KcnepHMeHThI no .nByxCTa.D:HHHOMy pa3MOpa)KH-

BaHHIO 6eCKOCTHOH rOB5I.nHHhI B 6JIOKaX (npoH3Bo.ncTBa Hc-
naHHH). Ha nepBoH - opOCHTeJIhHOH - CTa.D:HHnpo.nYKT pa3-

MOpa)l(HBaJIC5I .no onpe.neJIeHHOH TOJIIIIHHhI (.nocTH)KeHHe

<ppOHTOM pa3.neJIa <pa3 3a.naHHoH TOJIIIIHHhI <pHKCHpOBaJIOCh

TepMonapoH), aHa BTOpOH CTa.D:HH.nopmMOpa)l(HBaJIC5I B03-

.nyxOM. feOMeTpH'IeCKHe napaMeTphI 6JIOKOB H TeMnepaTyphI

npoueCCOB npHBe.neHhI B Ta6JI. 1.
OTMeTHM, l.J:TOK03<P<PHUHeHT Q npeBhIllIaeT K03<P<PHUH-

eHT <pOPMhI <1>B cpe.nHeM Ha 20 %. 3TO Be.neT K 3aMeTHOMY
YBeJIHl.J:eHHIO paCl.J:eTHOH npo.nOJI)KHTeJIhHOCTH pmMOpa)l(H-

BaHH5I no cpaBHeHHIO C KJIaCCHl.J:eCKOH <pOpMyJIOH IIJIaHKa,

nOJIyl.J:aeMoH HHTerpHpOBaHHeM CooTHOllIeHH5I (1), oco6eH-
HO Ha nepBOM opOCHTeJIhHOM 3Tane, nOCKOJIhKY l.J:eMBhIllIe

K03<P<PHUHeHTTellJlOoT.nal.J:H, TeM CHJIhHee COOTHOIIIeHHe (3)
OTJIHl.J:aeTC5IOT (l).
TellJI0<pH3Hl.J:eCKHe napaMeTphI npo.nyKTa TaKOBhI (CM. [1,

7]): nJIOTHOCTh p = 1030 Kr/M3; TenJIOnpOBo.nHOCTh OTTa5IB-

llIeH l.J:aCTHA = 0,46 BT/(M' K); OTHOCHTeJIhHa5I BJIa)KHOCTh

W= 0,74; KpHOCKOnHl.J:eCKa5I TeMnepaTypa tcr= - 0,8 °e. Ha
nepBOM 3Tane 6JIOKH opOllIaIOTC5I BO.nOH C pacxo.nOM 5 r/c,
l.J:TOC03.naeT Ha nOBepXHOCTH npo.nyKTa nJIeHKY TOJIIUHHOH

OKOJIO 100 MKM. K03<P<PHUHeHT TenJIOOmal.J:H Ha 3Tane opo-

llIeHH5I, BhIl.J:HCJIeHHhIH no H3BeCTHhIM COOTHOllIeHH5IM [3],
paBeH (X.l = 40 BT/(M2. K).
Ha BTOpOM 3Tane 6JIOKH o6.nYBaIOTC5I B03.nYXOM co CKO-

POCThIO 1,5 M/C, K03<P<PHUHeHT TenJIOOT.nal.J:H COCTaBHT [2]
(X.2 = 15 BT/(M2 ·K). B npouecce pa3MOpa)l(HBaHH5I H3Mep5I-

JIH TeMnepaTypy B l.J:eThIpeX TOl.J:KaX 6JIOKa, OTCT05IIUHX OT
nOBepXHOCTH Ha pa3JIH'-IHhIe paCCT05IHH5I (l.J:To6hI 3a<pHK-

Ta6Jluu,a 2. 3KcnepUMeHmGilbHbie U meopemU'IeCKUe
3HG'IeHUJI npoooJlJICUmeJlbHOCmeu nep60eo U 6mopoeo

3man06 pa3MOpaJICU6aHUJI

TIpo,n:OJDIGITeJlbHOCTb ::lTanOB

Pa3MOp~BaHHH, ~
HOMep d/R,
6J10Ka % 3KcnepHMeHT Pac~eT

't, 't2 't, 't2

1 0 - 16,7 - 17,5

2 0 - 17,7 - 18,3

3 32 5,0 16,0 4,3 15,2

4 32 5,0 15,0 4,2 14,7

5 45 6,0 13,0 5,2 14,4

6 70 7,0 2,2 7,6 2,8

7 75 7,0 2,0 7,4 2,6

8 100 14,2 - 13,4 -
9 100 1l,9 - 10,9 -

CHpOBaTh MOMeHT npOXO)I(JJ:eHH5I <pa30Boro nepexo.na). OT-

HOCHTeJIhHa5I BeJIHl.J:HHa OTTa5IBIIIeH Ha nepBoM 3Tane TOJI-

IUHHhI 8/R, a TaK)l(e 3KcnepHMeHTaJIhHhIe H paCl.J:eTHhIe 3Ha-

l.J:eHH5I npo.nOJI)I(HTeJIhHOCTeH nepBoro H BToporo 3TanOB

npHBe.neHhI B Ta6JI. 2.
Ha6JIIO.naeTC5I .nOCTaTOl.J:HOxopOIIIee COOTBeTCTBHe Teope-

THl.J:eCKHXH 3KcnepHMeHTaJIhHhIX .naHHhIX no npo.nOJI)l(HTeJIh-

HOCTH o6ollx 3TanOB pmMOpa)l(HBaHH5I. Heo6xo.nllMO TaK)l(e

OTMeTHTh, l.J:TOpa3MOpa)l(HBaHHe Ha 70 - 75 % TOJIIIIHHhI Ha
nepBOM (opoCHTeJIhHoM) 3Tane COKpaIUaeT 06IIIYIO npo.nOJI-

)I(HTeJIhHOCTh npouecca Ha 25 - 35 % no cpaBHeHHIO C l.J:HCTO
B03.nYIIIHhIM cnoco60M.

Ta6Jluu,a I. flapaMempbl 6JlOK06 e06J10UHbl U meMnepamypbl npou,eCC06
o6yxcmaiJuuHoeo pa3MOpaJICU6GHUJI

HOMep )lJJHHa lllHpHHa BbICOTa <I> Q TeMnepa1Y- TeMnepa1Y-
6J10Ka 6J10Ka, M 6J10Ka, M 6J10Ka, M pa BOJJ:bI,°C pa B03.n:yxa, °C

1 0,35 0,23 0,16 0,46 0,57 - 19,2

2 0,37 0,24 0,17 0,46 0,57 - 19,2

3 0,40 0,32 0,25 0,42 0,52 20,2 20,2

4 0,38 0,28 0,24 0,40 0,51 20,2 20,2

5 0,52 0,38 0,18 0,55 0,65 19,5 19,9

6 0,40 0,18 0,15 0,45 0,56 22,1 20,2

7 0,30 0,20 0,14 0,46 0,57 22,1 20,2

8 0,40 0,28 0,16 0,51 0,61 20,6 -

9 0,34 0,24 0,15 0,48 0,59 20,6 -
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