
TEMOTOOTECKHE OCQEEHHOCTM KPHOrEHHOrO 3AM0PAIHBAHHH MflCA 
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HEAT-PHYSICAL PECULIARITIES OF CRYOGENIC FREEZING OF MEAT 
AND RAW ENDOCRINE-ENZYMATIC MATERIALS

MHOrne rOAR Be#eTCH AHCKyCCHH 0 B03M0KH0CTH BHTpH(|)HICanHH 
(nepexoAa b CTeKAOBHAHoe, T .e .  aMop$Hoe cocTogHHe) boar h 
odBeKTOB dHOAorMqecicoro npoHcxoscAeHMH npH yABTpaHH3 KHx TeM- 
nepaTypax.

MiieeTCH rKnoTeTH^eoKoe npeanoAoaeHiae o tom, qTo 3aMopa- 
KHBaHHeM odteKTa npa yABTpabmcqkhx ckopocthx moxho M3 dejftaTB 
neperpynniflpoBKy MOAeicyA bosh no onpeAeAeHHOMy CTepeoMeTpu- 
necKOMy nAaHyf HCKAroqHB TaKHM odpa30M odpa30BaHMe KpMCTanAOB 
AB A3 •

B 3 tom CAyqae MoneKyAH boar, ToqHee TicaneBoii » hakocth, 
dysyT 3a$HKCKpOBaHtJ & TOM B33HMH0M pacnOAOieHHH, B KOTOpOM 
ohm HaxoAMAHCB ao HaqaAa 3aMopaHHB8HHH, T .e .  BAara ocTaeTcn 
B aMOp$HOM COCTOHHHH / I ,  2 / .

^eM coBepineHHee npoBeAeH nponecc cTeKA00dpa30BaHHH, TeM 
doAee peaABHa bo3 moxhoctb coxpaHeHMH dHOAorMqecKoa aKTHBHOOTH 
OdieKTOB paCTHTeABHOrO M KHBOTHOrO npOHCXOKAOHMĤ KMBtK KAe- 
TOK.

Ilpn 3T0M BepoHTHocTB CTeKAoodp830BaHHH TeM doABiue, qeM 
MeHBUie CKOpOCTB KpHCTaAAH3aiiHH H qeM BHUie BH3K0CTB JKHAKOCTH.

CKOPOCTB KpMCTaAAH3aiU4M BOAR npM 33M0paJICMB8HHH MHUienHOM 

TK8HH 3HanMTeABH0 HMXe CKOpOCTH KpHCTaAAM3ai{MM HMCTO0 BOAR, 

CAeAOBaTeABHO, H BMTpH$HKanHH.||03ReT HaCTynHTB 3HaqMT6ABH0 dH - 
c T p e e .

B HacTonmee BpeMH npe act a bach He o bmt pH$HKaiiHH da3HpyeTCH 
b ochobhom Ha HMCTO BHefflHHx npoqHocTHHx ocodeHHocTHx npoAyKTa, 
3aMopoieHHoro ao oqeHB hh3khx TeMnepaTyp (HanpHMep c noMouiBio 
KHAKoro a30Ta ao - I 9 6 ° C ) .

STM OCOdeHHOCTH npOHBAHIOTOH B TOM, qTO npOAyKT CTaHOBMTCfl 
xpynKHM, npnodpeTaeTohk Ha3UBaeMyio ,,CTeaAOBMAHyionxpynKocTB / 6 / .

MHorAa b KaqecTBe KpMTepHH, xapaKTepH3yjomero nponecc 
"BHTpM$MKanHMn, npMHHMaiOT GTeneHB BRKMBaeMOCTM odBercra. OntlT, 
oAHaKO, noKa3biBaeT, uto b HeKOTopux cnyqamc BbixHBaeMOCTB mo-  
»eT Chtb AocTMrHyTa Aase b CAyqae BUMopaxMBaHMH 4 0 -5 0 % cBodoA- 
Hoa BAarH, coAepacameiiCH b od-beicTe / I / .

TaKMM 0dpa30M BHXHBaHHe MMKp00praHH3M0B H KAeTOK Hej£B3H 
npH3H3TB KpHTepHeM, xapaKTepH3yioiiuiM HaAHqne ham OTcyTCTBHe
BMTpH$HKaiiMM.
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ÜOJIHyiO BHTpH$HKaiíH», T .e .  OTGyTCTBHe MHKpOCKOnMqeCKHX 
HJIH CydMHKpOCKOnHqeCKHX KpHCTaJMOB, BepOHTHO, M03KH0 BHflBHTL 
c noMontBK) peHTreHocTpyKTypHoro aHaaa3a, aaeKTpoHHoM mhkpocko-  
nHH HJIH npn dOJIBIJIKX yBeJÜMMeHIÍHX B $a30B0-K0HTpaCTH0M MHKPO- 
CKone.

O^HaKO T3KHe MeTOSH HCCJieflOBaHHH flJIH TJiy(30K03aM0p0KeHH0- 
ro  npoayKTa CBH33HH c sejiHM pason TexHanecKax TpysHocTeft. 
IIonHTKH, npe^npMHHTue b stom HanpaBJieHHH nona sajía jiaint od - 
HaflexHBaiomiíe pe3yjn>TaTu.

B jiadopaiopaa MocicoBCKoro TexHosoranecKoro HHCTHTyTa 
MHCHOñ H MOJIOnHOÍÍ npOMHUIJieHHOCTH <5HJM npOBeseHbl HCCJieaOBaHHfl 
no onpesejieHaio bht pánica mía npa 3aMopaHHBaHaa Maca a nosxe- 
jiysonHoü sejie3H.

M eiosaxa BbiHBjieHHH bht palmea ñau dbiJia ocHOBaHa Ha odme- 
npH3HaHHoií xapaKTepHoií ocodeHHocTa nepexosa b awop$Hoe coctoh-  
Hae -  naaBHOM H3MeHeHaa TenjioemcocTa, KOTopaa odBHCHaeTca ot— 
cyTCTBH6M nepocTpoiíKH b onpesajieHHHü nopasoic pacnojioaceHaa 
MoaeKyji ehskocth.

B OTsanae ot aToro, iípacTajunreaiiaa xapaKTepHa CKanKootí- 
pa3HHM H3MeHeHHeM TenJIOeMKOCTH, BH3BaHHilM 3K30TepMHneCKMM 
npoLtGccoM nepecTpoüKH a opraHH3aiíaa cTporo onpesajiGHHoro no— 
PHflKa pacnoaoieHMH MoaeKyji /2/.

B ocHOBy MeToaa accjiesoBaHaa npouecca dua nojioaeH 3aMep 
ysejiBHoro paexosa xJiasareHTa npa 3aMopaa£HBaHaa.

B KanecTBe xjiasareHTa acnoji£30Baaa ihskmíí a30T b $peoH 
F -12. TeMnepaTypa KaneHaa npa aTMOc$epHOM saBJieHaa acasicoro 
aaoTa -I96°C, $peoHa F  -1 2 , t -29,8°C.

BaacHUM odcToaTeaBCTBOM b npesciaBJieHHOM cnocode onpese- 
JieHHH $a30Boro nepexosa HBjiaeTca to, xito ysea£üHft paexos 
xjiaaareHTa npaMO CBa33H c a3ueHGHaeu TenaoeMKOcTa nposyKTa.
3Haa paexos xjiasareHTa ^ x«. , Maccy nposyKTa ( / ^ / , ) , uosho

onpeaejiaTB TenjioeMKOCTB ( C ) c noMomiio odmea3BecTHux $opMya 
npa Jnodoft 3asaHHoM pa3H0CTa TGMnepaTyp 3aMopasaBaHaa nposyK- 
Ta.

y^ejiLHm paexos ( ) xojioaajiBHoro areHTa Ha 3aMopa-
MBaHae nposyKTa, noHaaeHae TeiínepaTypu nposyKTa ot+I7 so 
-29,8 C y r -12 a so -I96°C y acasKoro a30Ta, a Taicace so npo- 
MeacyTonHtix TeidnepaTyp onpesesajia caesyioiHHM odpa30M.
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M3 nposyKTa BHpe3anü o<5pa3es b $opMe KyOHKa (aun .khskocth

MOKHO HCn0JIB30BaT£ 6MK0CTB H3 TOHKOÜ JIHCTOBOfl ÓyMarH)* 3aTeM
Ha Beca Tuna BTK-500, no3 BOJiHiomHe fHKCHpoBaTt M3ueHeHne Beca 
C TOHHOCTBIO so ^0 , 1  r ,  yCTaHaBJIHBaJIH IJHJIHHSPHHeCKHií cocys 
ftbDapa eMKOCTL» O ,4- .n c KpnoreHHoM khskoctbiq ( / - t- I 2  hsh a3 0 T ).

IlpesBapHTejiBHO B3BemeHHHíí odpa3en ocHamanH TepMonapaMH, 
nocjie ñero norpymaJiH b KpHoreHHyio khskoctb, HaxosnmyiocH b co-  
cyse Ztbioapa. BpeMH BHsepsKH o(5pa3na b KpnoreHHoM khskocth 
3aBHceso ot T oro , KaKyio KOHeqHyio TewnepaTypy 3aMopaKHBaHHH 
HyacHO Ó u iio  nojiynHTB. C aToií nejiBio nepe3 onpeseneHHoe BpeMH 
npOSyKT BbIHHMaJIH H3 KpHOreHHOÜ KHSKOCTH H BHSepKHBaJIH BHyTpH 
cocysa frbioapa Has noBepxHocTBio khskocth so nojraoro BupaBHHBa- 
hhh (cTadHJiH3asHH) TeMnepaTypH no BceMy o<5i>eMy oÓpa3ija. Bpe­
MH norpyKeHHH b KpHoreHHyio khskoctb h BupaBHHBaHHH TeMnepa­
TypH no oÓseMy o<5pa3ita $HKCHpoBajm, a p acxo s KpnoreHHoM khs­
kocth perHCTpnpoBaJiH no noKa3aHHE) BecoB.

BpeMH 3aMopaKHBaHHH nposyKTa onpeseJiHJiH c noMoim>io TepMO— 
nap, nosKHíoneHHHx k noTeHSHOMeTpy h no yÓHJiH Beca a30T a. 

ysejiBHHíí p acxos xjiasareHTa onpesesnjiH no $opMyjie:

,1 ,
t  itr/K r'

rs e  M xcl.  -  pacxos xojiosHJiBHoro areH ia, kt;
h i n ,  -  Macea 3aMopaKHBaeMoro nposyKTa, k t .

C nesijo yqeTa noTept KpHoreHHOfó khskocth 3a c ^ e i  ecT ecT - 
BeHHHx TenjionpHTOKOB H3 OKpyKa»meft cpesu, npoBosMH 3aMepu 
ydnjiH KHSKoro a30Ta h F -12 H3 cocysa fltioapa. ta a30Ta no- 
TepH C0CT3BHJIH 0 ,8  t/ mhh. ,  sjih F- 1 2  -  0 , 2  t/ mhh.

B pe3yji£TaTe BHnojiHeHHoM padoTH <3hjih nojiyneHH saHHne, 
onpeseJiHiomHe ysejiBHHii p acxos F  -1 2  h KHSKoro a30Ta npn 3aM0- 
paKHBaHHH pa3JIHHHHX nHmeBHX npOSyKTOB (p n c• I ) .

G*/1

Phc. I .  OKcnepHMeHTaJiBHHe saHHHe paexosa xJiasareHTa b 3 3 bh—
CHMOCTH OT CKOpOCTH 3aM0paffiHB3HHH H KOHenHOÜ

TeunepaTypH ( ssh tobhshhh) :
I  -  b khskom a30Te; 2 -  bo $peoH e-I2
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Ha QCH0B8HHH pe3yJLbTaT0B H3MepeHHË nOCTpoeHH rpa$HKH 
(p ue. 2 ) ,  E KOTopbix OTJioieHo no ocn op^imaT 3Ha^eHHe Tewne- 
paTypH npoayKTa, a no ogh aócm icc -  TenjioeMKOCTB n po^K T a, 
paccnHTaHHaH no ysejiBHOMy pacxoay xJiaaareH Ta. rpa$HKH cBHse- 
TGHBOTByiOT o tom, nTO b saHHOM cjiynae npn 3aMopaEHBaHHH bo 
F -1 2  npoMcxo£HT Tunanmiä $a30Bua nepexoa nepBoro posa (Kpuc- 
TajiJiH3anHfl) -  CKanKOOÖpa3Hoe H3MeHeHne TenjioeMKOcTii npoayic- 
Tay~ a npn 3auopaaj!BaHHH b khækom a30Te -  öojiee njiaBHoe U3- 
MeHeHne TenjioeMKocTH.

Phc. 2 .  M3MeHeHne TenjioeMKocTH roBHSHHH b  n p o n ecce  3aw opa-

I B
KHB8HHHÎ

khäkom asoT e; 2 bo $peoH e-I2

\
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Kpoue Toro, tpaaoBiae nepexosH, KaK sto bhsho m  rpa$HKOB, 
OTjiH^aroTCH xapaKTepoM noHHxeHHH TeimepaTypn (p u c. 3 ) .  P a3y -  
MeeTCH, OTcyTCTBiie cKa^Ka b TepMorpaMMe hbjiaotch jihiiib qshhm 
H3 npH3HaK0B B03M0XH0Ü BHTpH$HKaiiHH.

Puc. 3 .  M3 MeHöHHe TeiraepaTypn roBHflHHH b npoitecce
3 a mo pa so a  huh:

I  -  b EHflKOM a30Te; 2 -  bo $peoH e-I2

nojiy^eHHHe pe3yjn>TaTbi no3BOJiHJiH bítchcjihtb 3HaM0HHH Tenjio-
eMKOCTH npoayKTa b 3aaaHH0M MHTepBajie TeMneparyp (puc. 2 ) .  
ÁH3J1H3 nojiyqeHHOü 3 aK0H0MepH0CTH #aeT ocHOBamifl npesnojiaraTB, 
MTO npM 3 aM0paXHBaHHH MACa B XMflKOM a30Te M3M6H6HHe TenJIOeM- 
KOCTH, KaK $yHKiiHA TôMiiepaTypH (c 00pa30BaHHeu MaKCKMyMa), 
npoTeKaeT b socTaTOAHO mnpoKOM SMana30He TeMnepaTyp (ot -10 
ao -60°C).

'OQ



( 3 5 8 )

TaKan 3aBHCMM0CTB TeruioeMKOGTH ot TeMnepaTypti xapaKTepHa 
TyiH $a30BHx nepexoflOB BToporo posa* IIpH stom c ycKopeHHeM 

npoiiecca oxjiaacseHHH MaKCHMyMa HadjuoflaeTCfi TeHfleHijHH k coKpa- 

meHHio. 3to 03HaqaeT, m o  HadjnoaaeMHfi xapaKTep 3 3 bhchmocth 
TenjioeMKocTM unca ot TeMnepaTypa HBJineTCH pe3yjiBTaT0M He 
TOJIBKO naCTHMHOfl KpHGTaJIJIH3amiH BJiarH B npoayKTe, HO H HaJIO- 
seHHH pejiaKcaiiHOHHHx npoijeccoB, npoMcxoAHiijHx b HeM.

B bl B 0 bl

1. Pa3padoTaH cnocod KanecTBeHHoa h KOjnmecTBeHHoa ouchkh 
CTeneHH BHTpM$HKaijHH BJiarH b nHmeBbix npo#yKTax, HanpHMep 
MHca npH 3aMopasHBaHHH.

2. Ha 3Toa ocHOBe npejuioseH MeTO« onpesejieHHH TenjioeMKO- 
cth npo^yKTa npn ero  3aMopajKHBaHHH b hihpokom HHTepBajie Tewne- 
paTyp.

3. BHHBJieHO, mo TenjioeMKOcTB nposyKTa aaBMCHT He tojibko 
ot TeMnepaTypa, ho m ot ckopocth noHHieHHH TeMnepaTypa npH 
nponitx paBHHx ycjioBHHx. TaK npn 3auopaxHBaHHH ô Ha nacTB 
BJiam (MHCHoro coKa) MoaceT nepexo^HTB b aMop$noe cocTOHHHe,
a apyrafl -  b KpHCTajuiHnecKoe. KojiHqecTBeHHoe cooTHomeHHe 
M ew 3TMMH qaCTHMH 33BHCHT OT MHOXeCTBa $aKTOpOB,B TOM tJHC- 

Jie I CKOpOCTH 3aM0paZHBaHMfl, BJiaSHOCTH, $OpMH CBH3H BJiarH c 
npoayKTOM, BH3K0CTH npo,nyKTa H T .n .
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LIST OF FIGURES

FIG.1. Experimental data on refrigerant consumption as
related to freezing rate and the ultimate tempera­
ture (for beef):
1 - liquid nitrogen
2 - Freon-12

FIG.2. Beef heat capaoity changes in the process of freezing:
1 — in liquid nitrogen
2 - in Freon-12

FIG.3. Beef temperature changes during freezing:
1 - in liquid nitrogen
2 - in Freon-12
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