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CaHKm-Ilemep6ypzcKuu zocyaapcm6eHHblu yHu6epcumem HU3KOmeMnepamypHbIX U nU/J4e6bIXmexHoAozuU

In the article a new way of cooling of sausages has been suggested, which
allows to intensify the process and to reduce expenditures. Gist of the method
consists in drifting of air dispersion of water on the cooling object with following
its evaporation. Havebeen listed calculation ratios of time of the process and
object's temperature, which were correlated with results of experiment.

113BecTHo, lJTOKalJeCTBOH CpOKH xpaHemul KOJI6aCHbIX

H3~eJIHHB 3HalJHTeJIhHOHCTeneHH 3aBHCRTOTTeXHOJIOrHH

I1XOXJIIDK)J.eHHRnOCJIeTepMo06pa60TKH. Ha 60JIhlllHHCTBe

npe~npHRTHH B HaCTORll.leeBpeMR ~JIR OXJIa)l{,L\eHHRKOJI-

6acHhlx H3~eJIHH B nOJIHaMH~HoH 060JIOlJKe npHMeHRIOT

opollleHHe BO~OH, npH 3TOM HCnOJIh3YlOTpaCnhIJIHTeJIH C

KaneJIhHhIM pacnbInoM. KanJIH 60JIhlllHX pa3MepOB, nona-

~alOll.lHe Ha nOBepxuocTh 6aToHa, CKaThIBalOTCRno nOJIH-

aMH~HoH 060JIOlJKe B CBR3H C MaJIhIM K03<l><l>HQHeHTOM

rpeHHR H 60JIhlllOH MaccoH KanJIH. He60JIhlllaR nJIOll.la~h

H MaJIOe BpeMR KOHTaKTa Kanmt: C nOBepxHocThlO 06yc-

JIOBJIHBalOTMaJIYIO 3<l><l>eKTHBHoCTh3Toro MeTo~a. TIPH

opollleHHH BO~OHnpO~OJDKI1TeJIhHOCThOXJIa)I(,AeHHRBeJIH-

Ka H npoQecc OXJIIDK~eHHRCTaHOBHTCRJIHMHrnpylOll.leH

cTa~HeH B npoH3Bo~cTBe KOJI6aCHhlx H3~eJIHH. Tpe60Ba-

HHe)l(e Hepa3phIBHOCTHTeXUOJIOrHlJeCKOHQenH npHBo~HT

K TOMy, lJTO npo~YKT nocrynaeT B KaMephI xpaHeHHR He-

~OOXJIIDK)J.eHHhIM,B pe3YJIhTaTe lJero npH nocrynJIeHHH B

KaMephI xpaHeHHR YBeJIHlJHBaeTCRHarpy3Ka Ha XOJIO~HJIh-

Hoe 060pY~OBaHHe, He paCClJHTaHHOeHa TaKHe TenJIOnpH-

TOKH. 31'0 npHBO~HT K nOBhIllIeHHIO TeMneparyphI B Ka-

Mepe XpaHeHHRH B03MO)I(HOCrnMHKp06HOJIOmlJeCKOHnop-

lJH npO~KTa. HeJIh3R 3a6hIBaTh H 0 60JIhlllHX pacxo~ax

OXJIIDK)J.alOll.leHBO~hI.

TaKHM 06pa30M, B03HHKaeT He06xo~HMOCTh pa3pa60T-

KH HOBOHTeXHOJIOrHH OXJIa)I(,AeHHRKOJI6aCHhIXH3~eJIHH.

CYTh npe~JIaraeMOro MeTo~a 3aKJIIOlJaeTCR B yBeJIHlJe-

HHH K03<l><l>HQHeHTaTenJIOOT~alJHOTnpo~YKTa K OXJIIDK~a-

lOll.leH cpe~e 3a ClJeT nepHO~HlJeCKOrO HanbIJIeHHR Ha no-

BepXHOCTh npO~YKTa B BH~e a3p030JIH BO~bI C <l>HKCHpO-

BaHHhIMH TeMneparypoH H paCXO~OM, C nOCJIe~YIOll.lHM

06~BOM B03~YXOM, TaK)l(e C <l>HKcHpoBaHHhIMHTeMnepa-

ryPOH H CKOpOCThlO~O Tex nop, nOKa Bo~a He HcnapHTCH C

nOBepXHocnt: 6aTOHa. ,naJIee QHKJInOBTopReTCH. TIpHlJeM

npO~OJI)l(HTeJIhHOCThMe~ HanhIJIeHHRMH B03paCTaeT no

Mepe OXJIa)I(,AeHHR6aTOHa.

Ha HcnapeHHe BO~bI 3aTpalJHBaeTCR 3HalJHTeJIhHOe KO-

JIHlJeCTBOTenJIOThl, KOTopaR OTHHMaeTCR OT npO~YKTa.

TIoBepxHOCTh npo~YKTa He06xo~HMO nOCTORHHOno~~ep-

)l(HBaTh BJIa)l(HoH. HanhIJIeHHe TOHKO~HcneprHpOBaHHOH

BJIarH oCYll.leCTBJIReTCRH3 0pHrHHaJIhHhIX <l>OPCYUOKnHeB-

MarnlJeCKoro rnna, nOCKOJIhKYnpH HCnOJIh30BaHHHpacnhI-

JIHTeJIeH~pyroro THna CTOJIhTOHKoro paCnhlJIeHHR BJIarH

~06HThCH ~OCTaTOlJHOrpy~HO. TOHKO~HcnepCHoe pacnhI-

JIeHHe BO~bI oc06eHHO Ba)l(HO npH OXJIa)I(,AeHHHnpo~YKTa

B nylJKe (6aTOHhi Ha paMe). qeM MeJIhlJe paCnhIJIeHHe

BO~hI, TeM JIYlJllIe BJIara npOHHKaeT BHYrph nylJKa H paB-

HOMepHee oce~aeT Ha Bcex 061>eKTax. 3TOT MeTO~ ~oc-

TaTOlJHO npOCT ~JIH npHMeHeHHR B npOMhllllJIeHHOM npo-

H3BO~CTBe.

CJIO)l(HOCThpaclJeTa BpeMeHH OXJIa)l(,AeHHRrH~p0a3pO-

30JIhHhlM cnoc060M COCTOHTB TOM, lJTO BpeMR, 3a KOTO-

poe HcnapReTCR Bo~a, 3aBHCHT OT TeMneparyphI nOBepx-

HOCTHcaMoro 6aTOHa H COOTBeTCTBeHHOno Mepe OXJIa)l(-

~eHHR naY3hI Me~ HanhIJIeHHeM BO~hI 6y~YT yBeJIHlJH-

BaThCR.,nJIR MaTeMarnlJeCKOrO onHcaHHR TaKoro npoQec-

ca 6bIJI npe~JIO)l(eH CJIe~YIOll.lHH aJIropHTM paClJeTa.

1. BhI6HpaeM llIar no BpeMeHH ~-r.
2. Onpe~eJIReM K03<l><l>HQHeHTTenJIOOT~alJH C YlJeTOM

HCnapHIOll.leHCR BJIarH (TaK Ha3hIBaeMbIH «BJIa)l(HhIH» KO-

3<l><l>HQHeHTTenJIOOT~alJH) no cJIe~YIOll.leH <l>opMyJIe:

aBJI (TnoB - Tcp) = acyx (TnoB - Tcp) + t3(dnoB - dcp)r, (l)
r~e r - y~eJIhHaR TenJIOTa napo06pa30BaHHR BO~bI,

r= 2,3.106 ,lVKIKf;
~JI H acyx - COOTBeTCTBeHHO«CyxOH» H «BJIIDKHhIH»

K03<l><l>HQHeHThITeriJIOOT~alJH, BT/(M2·K);
dnoB H dcp - a6COJIIOTHaRBJIa)l(HOCThB03~yxa Henoc-

pe~cTBeHHo y nOBepxHocTH TeJIa H B H~pe OMbIBalO-

ll.lero nOTOKa COOTBeTCTBeHHO,Kf/M3.

TnoB - TeMneparypa nOBepxHocTH TeJIa (paBHa TeM-

neparype TeJIa B HalJaJIe npoQecca), K;

Tcp - TeMneparypa XJIa~OHOCHTeJIR(B03~yxa), K;
~ - K03<l><l>HQHeHTMaCCOOT~alJH,M/c.

3. 113ypaBHeHHR, nOJIylJeHHOrO npH BhIBo~e <l>OpMyJIhI

peryJIHpHOrO TenJIOBOrO pe)l(HMa, onpe~eJIReM ~T06:
!1T06 = -(THaq - Tcp)exp( -m-r)m!1-r, (2)

r~e T 06 - cpe~He061>eMHaR TeMneparypa OXJIIDK)J.aeMOrO

TeJIa, °C (B HalJaJIhHhIH MOMeHT BpeMeHH T06 = THa'l);



asm - TeMn OXJIa)f()J.eHHR,m = -- \jf,
Vep

F[( ~K J+1,437(~K )+{"
c - y~eJIhHaR TenJIOeMKOCThTeJIa, .ll;)f(/(Kr·oC);

p - ero nJIOTHOCTh,Kr/M3;

V - 061>eM TeJIa, M3;

a- K03<l><l>Hl\HeHTTenJIOOT~aqH,BT/(M2.OC);

f... - K03<l><l>Hl\HeHTTenJIOnpOBO~HocmTeJIaBT/(M'oC);

S- nJIOll\a~h nOBepXHOCTH TeJIa, M2;

.ll;JIR KOHeqHoro l\HJIHH~pa pa~HYCOM R H BhICOTOHH
HaXO~HM K03<l><l>Hl\HeHT<l>OPMhIK B TeopHH peryAApHoro

TenJIOBOrOpe)l(HMa:

K = {5, 783 + n
2 }-l

R2 H2

4. 113 ypaBHeHHR TenJIOBoro 6aJIaHCa HaXO~HM HOBoe

3HaqeHHe TnoB qepe3 BpeMR ~'t:

cpV ~To6 = -as(TnoB - Tcp)~r, (5)
5. PaCCqHThIBaeM y6hIJIh MaCChI BO~hI !:!.M 3a BpeMR ~'t:

acyx
11M= ---[d(TnoB) -<pd(Tcp)]S~r. (6)

CB03JlPB03Jl

6. Onpe~eJIReM 3HaqeHHe «BJIa)I(HOro» K03<l><l>Hl\HeHTa

TenJIOOT~aqH no <l>opMyJIe(1) C HCnOJIh30BaHHeM HOBOro

3HaqeHHR TnoB'

«BJIa)I(HhIH» K03<l><l>Hl\HeHTTenJIOOT~aqHB HeCKOJIhKOpaJ

60JIhllle «cyxoro» K03<l><l>Hl\HeHTaTenJIOOT~aqH [npH CKO-

pOCTHB03~yxa 1,5 M/C H TeMneparype nOBepxHocTH 73 °C

ex = 10 BT/(M·K) H ex = 68 BT/(M·K)]. TIPH 3TOM npo-
cyx M

,AOJI)l(HTeJIhHOCThOXJIa)f()J.eHHRYMeHhlllaeTCR C yBeJIHqe-

HHeM K03<l><l>Hl\HeHTaTenJIOOT~aqH. KpoMe Toro, TaK KaK

nOBepXHOCTh 6aToHa OCTaeTCRyBJIa)I(HeHHOH, HCKJIIOqa-

eTCRYCYlliKa npO~YKTa.

.ll;JIR npoBepKH MeTO~HKH paCqeTa npol\ecca m~poa3-

P030JIhHO-HCnapHTeJIhHoro OXJIa)I(~eHHRKOJI6aCHhIx H3~e-

JIHH6hIJIH npoBe~eHhI 3KcnepHMeHThI Ha OAO «TIapHac -

M» . .ll;JIR 3Toro 6hIJIa paJpa60TaHa H CKoHcTpyHpoBaHa

Cnel\HaJIhHaR yCTaHoBKa ~JIR OXJIa)I(~eHHj{ KOJI6ac C ra6a-

pHTHhIMH paJMepaMH 1640 x 1640 x 2200 MM. OHa BKJIIO-

qaeT B ce6R (pHC. 1) KaMepy 1, BeHTHAATop 2 npoH3Bo~H-

TeJIhHOCThlO 260 M3/q, H3MepHTeJIh pacxo~a B03~yxa 3,
cPHJIhTP~JIR OqHCTKH nO,AaBaeMOro B03~yxa B KaMepy 4,
,ABaB03~yxopacnpe~eJIHTeJIR 5, naTpy6KH ~JIR BBo~a BO~hI

H C)I(aTOrO B03~yxa 6, ~Ba CMOTpOBhIX OKHa 7, B03~YXO-

BO~ 8, ~Beph 9.
KaMepa BhInOJIHeHa H3 C3H~BHq-naHeJIeH «TenJIaM»,

H3rOTOBJIeHHhIXH3BcneHeHHoro nOJIHcmpOJIa (TIllC) nJIOT-

HOCThlO20 - 25 Kr/M3 caM03aTyxaIOll(HX MapOK (TICE-C

25), 06JIHQOBaHHhIx C ,ABYX CTOpOH ~eKopHpoBaHHhIMH

CTaJIhHhIMH JIHCTaMH TOJIll(HHOH 0,5 MM. .ll;JIRBH3yaJIhHO-

ro KOHTpOJIR3a XO~OM npoQecca OXJIa)l(~eHHR B KaMepe

npe~YCMOTpeHhI ~Ba OKHa, npe~CTaBJIjfIOll(He C060H ~BYX-

KaMepHhIe CTeKJIOnaKeThI co CTeKJIaMH TOJIll(HHOH 4 MM.

MaTepHaJIhI, H3 KOTOPhIXBhInOJIHeHhI CTeHhI H OKHa KaMe-

phI, n03BOAAIOT, Bo-nepBhIX, CHH3HTh ~O MHHHMyMa Ten-

JIOBOHnOTOK qepe3 Orpa)f()J.eHHjf; BO-BTOphIX, YMeHhlllHTh

IIIYM OT pa60ThI paCnhIJIHTeJIhHhIX <l>OpCyHOKH B03~YXO-

3a60pHhIX pellieTOK.

BeHmJIRl\HOHHhIH KOHryp OCHall(eH CHCTeMOHaBTOMa-

TH3al\HH, KOTOpajf n03BOJIjfeT nOMep)l(HBaTh TeMnepary-

py B03~yxa B KaMepe C norpelliHOCThIO ± 0,5 °C. OHa )l(e

pemCTpHpyeT TeMneparypy B JII06hIX 9 TOqKaX KaMephI H

nOKaJhIBaeT ee Ha MOHHTope, pacnOJIO)l(eHHOM Ha HapY)l(-

HOH CTeHKe KaMephI. PeryJIHpOBaHHe TeMneparyphI ocy-

ll(eCTBJIjfeTCjf no 3aKOHY IllfJl:-peryJIHpOBaHI1j{ npH60poM

TPMlO (KJIacc TOqHOCTH0,5/0,25; cepm<l>HKaT NQ 17023 -

98 B rocy~apCTBeHHOM peeCTpe cpe~CTB H3MepeHHH).

BXO~HhIM CHrHaJIOM peryJIjfTOpa jfBJIjfeTCjf TeMneparypa

BXO~jfll(ero B KaMepy B03~yxa. TIepBHqHhIMH npe06pa30-

BaTeJIjfMH TeMneparyphI CJIy)l(aT XpOMeJIh-KOneJIeBhle Tep-

MOnaphI. TaKHe TepMonaphI BMeCTe C H3MepHTeJIhHhIM

npH60poM YKT 38 n03BOJIjfIOT H3MepHh TeMneparypy OT

o ~o 100°C C norpelliHocThIO ± 0,1 0c. KpoMe TOro, npH-

60p YKT 38 nepe~aeT H3MepeHHYIO HH<l>opMaQHIOHa KOM-

nhlOTep, KOTOphIH, B CBOIOOqepe~h, perHcTpHpyeT B na-

MRTH BClO H3MepeHHYlO HH<l>opMaQHIO (TeMneparypa H

BpeMjf) H oTpa)l(aeT ee Ha MOHHTope.

B KaqeCTBe 061>eKTOB OXJIa)l(~eHHR 6bIJIH BhI6paHbI

6aToHbI KOJI6ac ~HaMeTpOM 65 MM. OnbITbI npOBO~HJIH

npH Tpex PaJJIHqHbIX CKOpOCTJIX~BH)I(eHHjf OXJIa)f()J.alOll(eH

cpe~hI (B03~yxa): 0,7; 1,1 H 1,5 M/C. Ka)l(~hIH OnbIT no-

BTOPjfJIH no 3 paJa. TIocJIe TepMo06pa60TKH KOJI6aCHhIe

H3~eJIHjf nOMell(aJIH B KaMepy OXJIa)l(,AeHHjf. BHyTph 06-

paJQa nOMell(aJIH TepMonapbI (pHC. 2). Cpa3Y nOCJIe BKJIIO-

qeHHjf BeHTHJIRTOpaBHYTpH KaMephI KOMnhlOTep HaqHHaJI

<l>HKcHpoBaTb TeMneparypy H TeKyll(ee BpeMR.
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PUC. 2. CxeMa pa3Me~eHUJl mepMOnap 8 uCCAeayeMblx
06pa3~aX

)J;JUIou.eHKH rH~pOa3p030JIbHO-HCnapHTeJIbHOrO cno-

co6a OXJIa)K~eHHH npOBeJIH CepHIO onbITOB no KOM6H-

HHpOBaHHoMy OXJIa)K~eHHJO KOJI6ac, npHMeHHeMoMy Ha

3aBo~e «I1apHac - M». CYTb KOM6HHHpOBaHHoro Me-

To~a 3a-KJIlOqaeTCH B HanbIJIeHHH KaneJIbHOH BJIarH B

TeqeHHe 20 MHH C nocJIe~YIOIl.J.HM npo~YBoM B03~YXOM

B TeqeHHe 2 MHH. OCHOBHbIM OTJIHqHeM OT rH~poa3po-

30JIbHOrO OXJIa)K~eHHH HBJIHeTCH KaneJIbHOe paCnbIJIe-

HHe BJIarH <pHKcHpoBaHHbIMH nay3aMH Me)K~y HanbIJIe-

HHHMH no 2 MHH.

Ha rpa<pHKe (pHC. 3) B~HO xopornee COOTBeTCTBHepe-

3YJIbTaTOB paCqeTOB 3KcnepHMeHTaJIbHbIM ~aHHbIM.

A6coJIIOTHaH norpernHocTb 3KcnepHMeHTa He npeBbIrna-

eT 0,5 DC. I1pH 3TOM,cpaBHHBaH KOM6HHHpOBaHHbIHH rH~-

P0a3P030JIbHbIH MeTO~bI, Heo6xo~HMO OTMeTHTb, qTO rH~-

P0a3P030JIbHbIH MeTO~ n03BOJIHeT npaKrnqeCKH B 2 paJa

o T3,W=I,5Mle
- Tp,W=I,5Mlc
" T3,W=I,1 Mle

- Tp,W= 1,1 Mle
o T3,W=O,7 Mlc

- Tp, W=O,7 M Ie
" TKOM6

100 150
BpeMJI, MUH

PUC. 3. 3a8ucUMocmb 3/{cnepUMeHmaJIbHblX Upac'temHblX
3Ha'teHUU cpeaHeo6oeMHblX meMnepamyp 6amOHa /{oA6acbl

am 8peMeHU:
~ U T,- coom8emcm8eHHO paC'temHble U

3/{cnepUMeHmaJIbHble meMnepamypbl npu ZUapoa3po30AbHOM
OXAaJICaeHUU;T'

OM6
- 3/{cnepUMeHmaJIbHble meMnepamypbl

npu /{oM6uHupo8aHHoM OXAaJICaeHUU

COKpaTHTb npO~OJI)KHTeJIbHOCTb OXJIa)K~eHHH npo~YKTa.

3aBHcHMoCTb )Ke BpeMeHH npou.ecca OT CKOpOCTHB03~y-

xa npH rH~poa3p030JIbHOM OXJIa)K~eHHH He HBJIHeTCH3Ha-

qHTeJIbHOH, H ee H3MeHeHHe B npe~eJIax OT 0, 7 ~o 1,5 M/C

He OKaJbIBaeT CYIl.J.eCTBeHHoroBJIHHHHH.

I1pH rH~p0a3p030JIbHO-HCnapHTeJIbHOM MeTo~e OCHOB-

HOHCOCTaBJIHIOIl.J.eHnpH OXJI~eHHH HBJIHeTCHOTBO~Ten-

JIOTbI 3a CqeT HcnapeHHH BJIarH C nOBepXHOCTH 6aTOHOB,

oc06eHHO B nepBbIH nepHO~ npou.ecca. I1HTeHcHBHoe HC-

napeHHe O~HOBpeMeHHOco Bcex 6aTOHOB,pacnOJIO)KeHHbIX

B nyqKe, cnOC06CTByeT paBHOMepHoMy OXJIa~eHHIO npo-

~YKTa B KaMepe, qero npH ~pyrHx MeTo~ax ~06HTbCH

CJIO)KHO.

I10 HarneMY MHeHHIO, cYIl.J.eCTByeTB03MO)KHOCTbHCnOJIb-

30BaHHH ~aHHoro MeTo~a ~JUI OXJI~eHHH BapeHbIX KOJI-

6ac B HarypaJIbHOH 060JIOqKe, a TaK)Ke COCHCOK, cap~e-

JIeK H nonyKOnqeHbIX (BapeHO-KOrrqeHbIX) KOJI6acB npOHH-

u.aeMbIX 060JIOqKax. OCHOBHoe Tpe60BaHHe K OXJI~e-

HHIO TaKoro po~a npo~Ku.HH - npHcyTcTBHe KOnTHJIbHbIX

BeIl.J.eCTBHa nOBepXHOCTH 6aTOHOB, KOTOpbIe MOryT CMbI-

BaTbCHnpH oporneHHH. Oc06eHHOCTblO rH~p0a3p030JIbHO-

ro MeTo~a HBJIHeTCHTO, qTO Bo~a He CTeKaeT no nOBepx-

HOCTHnpO~KTa H He CMbIBaeT~bIM, HaHeceHHbIH npH Kon-

qeHHH. O~HaKO nOCJIe~Hee nOJIO)KeHHeTpe6yeT ~OnOJIHH-

TeJIbHOH3KcnepHMeHTaJIbHOH npOBepKH.

TaKHM 06paJOM, npou.ecc OXJIa~eHHH KOJI6aCHbIX H3-

~eJIHH B03MO)KHOHHTeHCH<pHu.HpOBaTbnocpe~CTBOM rHk

P0a3P030JIbHOrO OXJI~eHHjJ C nepHO~HqeCKHM oporneHH-

eM TOHKO~HcneprHpOBaHHOH BJIaroH H nOCJIe~YIOIl.J.HM06-

~YBOM B03~YXOM.

I1pe~JIO)KeH HOBbIH cnoc06 OXJIa~eHHH KOJI6aCHbIXH3-

~eJIHH, n03BOJIHIOIl.J.HHHHTeHcH<pHu.HpoBaTbnpou.ecc H co-

KpaTHTb 3aTpaTbI. CYTb MeTo~a 3aKJIIOqaeTCH B HanbIJIe-

HHH MeJIKO~HCnepcHoH BJIarH Ha nOBepXHOCTbnpO~YKTa H

B nOCJIe~YIOIl.J.eMee HcnapeHHH. I1pHBe~eHbI COOTHorne-

HHH~JIH paCqeTa BpeMeHH npou.ecca H TeMneparypbI npo-

~YKTa, CKOppeJIHpOBaHHbIe C 3KcnepHMeHTaJIbHbIMH ~aH-

HbIMH.
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