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Theoretische und experimentelle Grundlagen für die Berechnung von wärmephysikalischen 
Charakteristiken hei Fleisch- und. Fleischwaren

G.D.KONTSCHAKOW, W.A.ROGOSJANOW, G.A.JASCHIN, N.N.MISEREZKIJ und M.N.USTINOW 

Allunions-Forschungsinstitut für Fleischindustrie, Moskau, UdSSR

Es wurde von Autoren die analytische Abhängigkeit C=f(T) auf der Grundlage der verallgemei­
nerten Liouville-Gleichung (mit Berücksichtigung von potentiellen,kooperativen und unpoten­
tiellen Kräften) angeboten die es ermöglicht, wärmephysikalische Charakteristiken bei 
Fleischwaren, d.h. die Bindungsenergie im elementaren Prozess des Phasenüberganges, rech­
nerisch zu ermitteln. Die Rechnungsergebnisse stimmen mit den experimentellen Angaben übe­
rein.

Theoretical and experimental bases for calculating heat-physical characteristics of meat 
and meat products

G.D.KONTCHAKOV, V.A.ROGOZYANOV, G.A.YASHIN, N.N.MIZERETSKY and M.N.USTINOV 
The Moscow Technological Institute of Meat & Dairy Industries, Moscow, USSR

The authors offer an analytical relation C—f(T) based upon Liouville's generalized equation 
(with regard for potential, cooperation and non—potential forces) and allowing to calculate 
meat heat—physical characteristics, in particular, bonding energy during the elementary pro­
cess of phase transition. Calculation results are in a good agreement with the experimental 
data.
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I’.JUKOH’ÏAKOB, B.A.H)r03HHDB, r.A.HMH, H.H.MK3EPEIIKK2Ï, M.H.7CTHH0B
BcecoK3HH0 Haybho- bcczenoBaTejiBCkh® HHCTHTyt mhcho® npoMHnuieHHOCTH, r.M o cK B a, CCCP

ABTopaMH npejyioseHa aHanaraBecKan 3aBacaM0CTB C= f  (T) Ha <5ase oóoÓmeHHoro ypaBHeHHa 

JlayBHjuuî (c  yqeTOM noTeHuaajiBHHx, KoonepamBHax a HenoTeHuaajiBHux ca ji), no3BOjiH:Dmas on- 

pesejiHTi. pacaeTHHM nyTeM Teiuo$H3HBecKBe xapaKTepacTBKB MHConpoayKTOB a , b BacTHOCTB, 

3Hepra» cbh3H b ajisMeHTapHOM aaTe $a30Boro nepexoaa. Pe3yjiBTara pacqeTa xopomo coraacynT- 

Cfl C BKCne pHMeHTajIBHBIMH flaHHHMH .

G.D.KQNTCHAKOV, V.A.ROGOZJAtTOV, M.ÎUOUSTHîOV et N .N .MIZERETSKY

Institut technologique de l’Industrie de la Viande et du Lait, Moscou, URSS

Les auteurs proposent la fonction analytique C=f(T) basée sur l’équation Liouville géné- 
3?alise© Ç conrote "fcAnn H a s P*r\T*r* a q t'va +■ -t--? a h  « __*  l_ - ,

calcul sont bien concordés aux données expérimentales.

a MflCOIIDO.HVKTOBTeopeTaqecKae a 3KcnepHMeHTajiBHne ochobh pacqeTa Teimô E3aqecKBx xapaKTepacTHK Maca
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TeopeTHHecmie h 3KcnepnMeHTajiBHbie o ch ob h pacneTa TenJioii«3HHecKKx xapaKTepucniK Maca 
H lAHCOnpQjyKTOB

r .f i. KOHHAKOB, B.A. POrOSfiHOB, r.A. HflMH, H.H. MH3EPEIIKHM, M.H. yCTMHOB

MOCKOBCKH0 TeXHOJIOrHHeCKH2 HHCTHTyT ivLHCHO® K MOJIOHHOH npOMHmJieHHOCTH, r.ttiOCKBa, CCCP

OTcyTCTBHe eflHHoro ypaBHeHKH c oc to h hk h BemecTBa, nparojuioro m s . onacaHHH ocotfeHHOcTefi 
noBefleHHH peaJiBHHX ra30B, raAKocTeS a TBep,n.HX Tea (M.n.ByKaaoBHH, M.M.Ho b h k o b , 1372; 
3.3.Hlnn.nBpaiiH1 M.n.KecceJiBMaH, 1977), ocTaBJweT npodjiea/iy aHajmTHHecKoro pacneTa TepMO- 
SHHaMHHecKHX npopeccoB b m h c h oS npoMtmuieHHOCTH HepemeHHOH.
Ha nyra peaieHHH ptoS npodjieMH BaatHoS BexoS HBJLseTCH b n b o a ypaBHeHHH JlayBamH, onpeae- 
raiomero 3aK0H aEOJmmra $yHKmra pacnpenejeHHH aHcaMfijia Tm66ca b $q 30bom npocTpaHCTBe 
(M.n.IIaBJiouKHfi, 1973), b npe&noxeHMi, hto Kaamafl cyHKUHH coctohhhh *  ( f l  • tepMOitaHa mh - 
HeCKOH C0CT6MH KaK peryJiapHafl £yHKU;HH HeKOTOpot KOHCTaHTH B3aaMOfle2CTBHB MOSCeT
<5ntb pa3JioaceHa b pafl no '¿¿f ", He coaepacaumi raaBHoa Haora.
Pa3BHBafi HAeH K.n.naBJiomcoro, BBeasM b paccMOTpeHae noHnrae reTeporeHHoro pima:

' * ) f >
rfte f - $yHKUHH nopasKa;

uv - nocTeHOM;
Z - KOMMeKCHaa nepeMeHHaa; 

- peHTp pa3JiojseHHH.

(I)

Ilpa KOHCTpyupoBaHHH p w ,a  ( I )  acno^B30BaH npimmin MaraecceHa. Pas ( I )  no3BoaseT Jierico 
nocTpoHTB Tarae pa3JKmeHHfl, naK ^P ( / ”) .  i  = ^  ( T ) , C ( T )  h T .n . JBw npime-
pa KOHKpeTHue pa3aojKeHHH ysejiBHOii TenjioeMKocra HeKOTopux MaconpofiyicTOB npHBeaeHH b 
Ta ta .  I .  noJiaraa ( ?  -  a) h yanTHBaa, hto npntanaceHHO I / j  = 137, a b tauiee rp y - 
5om npHC5jiH2teHHH I  / f t  -  k -IO ( / f ) , mojkho nepeiira a k pa3JrojKeHUBM no ^  , k a
Ocotaii HHTepec npeflCTaBaaeT HaxoacneHne $yHHHH0HaJiBH02 3aBH0HM0CTn Meawy KaJiopjaneckhmh 
H TepMKHeCKHMH XapaKTepHCTHKB-MH HpH npOXOaweHHH TepMOflHHaMZHeCKO® CMCTeMbi Hep63 TOHKy 
$a30Boro nepexoaa (Tata.I).
Table I Tatfjnma I

IIpOAyKT
Product

C = f  (T)
B T ---------- :-----------ri A i

--------- ,----------

A j Ar(T - a) f(T-b)* j (T-a)2 |

Cyxafl ode3.rapeHHafl cbh- 
HHH8 0

i ii i 
1 0 i

f
997-I0-3  iI74*I0_5T

Dry defatted pork i i i ij j
iii

TOBOTHfi 3C0P C $a30BHM 4,282 ! 2,242 !.
f

-3072•I0-  ̂j 7008*I0_6T 
i i j

nepexoHOM
Beef fat with a phase transition

4,28+0,0I(T-32I)^ • 2,24+0,02(1-286,95)^1
i j
j __________________ L

Cbhho2 rap c $a30BHM i

C\2lO

i ĈOc-CO 4I8'I0- 3  j367-I0'5*T
ii

nepexoflOMPork fat with a phase transition
4,5+0,15(1-300^ i 3,73+0,05(1-274,33)^1 j j
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MoxHO noKa3aTB, h t o  oôoômeHHoe ypaBHeHHe EoaBirwaHa-JlHyBHaaH (H.H.Ma3epeu-
k h ë , 1973) no3BOJiHeT HaËTH nepexosHyio $yH ruhjo J w ä o x  TepMOSHHaMHaecKOË c h c t c m h
npaaeM cneKTpaJiBHaa naoTHocTB ( v d )  m o j k b t ö h t b  HaËseHa saate, ecan^yHicuHH B3aHMo- 
ÄeücTBHH He HMeeT upon3BOÄHHX BiiJioTB so t r i  - ro  nopassa , h o  HHTerpaa / r£ j >(o O )o tu ) ¿  

cymecTByeT. g '
o o

PaccMOTpeHHe KaatsoË TepMOSHHaMHaecKOË CHCTeMH c $830bhm nepexosoM KaK KoaeôaTeaBHOË 
ÄaeT ocHOBaHHe HHTepnperapoBaTB HBaeHHe $a30Boro nepexojja KaK HBaeHHe pe30HaHca h boc-  
noJiB30BaTBCH «aa onpeseaeHHH nepexosHOË $yHKmra chctomh ypaBHeHneM BHHyatseHHHX Koaeôa­
HHË, hto He npoTHBopeaHT (JiayKTyaiiHOHHOË TeopHH KpHTHaecKHX aBaeHHË (A.3.naTamHHCKHË, 
B.JI.IIokpobckhë, 1975).
OnapaacB Ha ranoTe3y MacmTaÖHoro nosoöna $ayKTyaiíHÉ, mosho noita 3aTB, hto  pocT $ayKTya- 
iíh ® no Mepe npaönmeHHa h 0H$ypKaiyiOHHoe H3MeneHHe cbh3hocth  ( ^ -  B  ) TepMOSHHaMH-
aecKoä CHCTeMH b caMOÄ Toase $a30Boro nepexosa MoryT Öhtb npescTaBaeHH MaTeNiaTHaecKOfi 
MOÂ6ÆBJO, b KOTopoä MaTeMaraaecKHM MexBHH3MOM $a30Boro nepexosa asaaeTca acrnraTOTHaecKoe 
BHpoaweHHe MaKCHMaaBHoro cotícTBeHHoro 3HaaeHHa cooTBeTCTByiomero HHHeËHoro onepaTopa 
(M.Kap, 1973) c ecTecTBeHHHM noaBaeioieM CHHryaapHocTeË b  TOHKe $a30Boro nepexosa 
(M.$nmep, 1973).
ÄJia toto, htoöh ocTaTBca b paMitax TexHHaecKOË Teopnn (Tax KaK TexHHKa h TexHoaorna mhc-  
hoë npoMHUiaeHHOCTH He HMeiQT seaa  c öecKOHeanocTaMH) , mh BocnoaB3yeMca otkphthmh H.IIph-  
rOXHHHM (1947) ÄHCCHnaTHBHHMH CTpyKTypaMH, HTO n03B0aHT BnoaHe KOppeKTHO npHMeHHTB MO­
TOS cKB03Horo caeTa.
CaesyeT otmcthtb, hto BBeaeHHe b MaTeMaraaecKyio Moseaa SHCcunaTHBHHX saeMeHTOB cBa3H, 
xoTa h cnocoöcTByeT Hcae3HOBeHHJO cHHryaapHOCTeË ( npn 3aMeae 0 Ha a ) , ho hphbosht b pa­
se  cayaaeB k noTepe yHHTapHocTH (P.QeËHMaH, 1965). 3to aBaeHHe aHaaornaHO paccearajo
3.HeprH0 TenaoBoË BoaHH H3-3a B03HHKH0BeHHa TeMnepaTypHHX tokob npn ee pacnpocTpaHeHHH
b HecoBepmeHHOM TenaoH3oaaTope, npnaeM cTeneHB 3aBepnieHHOCTn nosoÖHux npopeccoB hbhh-  
eTca $yHKUHeË ancaa ÄBapMara.
npH HeöoaBfflHx 3HaaeHHax " a "  nopasnacL  , / (  , Maco h waconposyKTH, a Tame Bee
TexHoaorHaecKHe npoueccH h  oöopynoBaHHe m h c h o ë  npoMHuiaeHHOcTH c b h c o k o ë  cTeneHBio t o h - 
h o c t h  aBaaioTca yHHTapHHMH h  MOiyr ö h t b  cMoseanpoBaHH c homoiiíbíd rpynnu pemamainx pacnpe- 
seaeHHË, npescTaBaaeMOË 3aKOHOM pacnpeseaeHHa BepoaTHOCTeË:

P - 4 -  ( V W , ) 4 J <?( *•■>( }

4 ( h i ¿ + h ¿ i  t  h h i )

(2)

CnpaBesaHBOCTB BHSBHHyTux noaojKeHHË noicasceM Ha nprnepe onpeseaeHHa 3aBHCHMOCTH Meacsy 
CMeujeHHeM ny  HeKOTopoË KoaeôaioiiieËca TepMosuHaMnaecKoË chctcmh ot 3asaHHoro noaojfteHHa 
paBHOBecna h TeMnepaTypoË "T", no aaraa , hto "M" -  HHepsHOHHocTB CHCTeMH, h -
cooTBeTCTBeHHO SHCcHHaTHBHOcTB h ynpyrocTB BHemHHX cBa3eË, f  -  aMnaHTysa BHemHHX ne- 
paosHaecKHx B03seËcTBnË Ha cncTeMy, a ( û  = 2 /f /^ "  -  KpyroBaa aacTOTa, rs e  R F  -  nepnos
KoaeôaHHË TeMnepaTypu. üo aaraa , hto $yHRUHHÿ  = / (T) ysoBaeTBopaeT ypaBHeHHio BHHyat- 
seHHHX KoaeôaHHË ( b caay 3aBHCHMOCTH 1=jf (t ) ) ,  noayaHM:

-h  f & y  ï Q y  ~ F c e r i t f t  O )
PemeHHe ypaBHeHHa (3) H3BecTHO O.KaMKe, 1971). CoraacHO 3T0My pemeHHio aMnaHTysa bh-  
HyacseHHHx KoaeôaHHË chctcmh J /  ( u ) )  MoæeT Ôhtb npescTaBaeHa b bhss:

~ j T  )
rse U) 0 -  KpyroBaa aacTOTa coÔcTBeHHHx KoaeôaHHË chctcmh ( -  i  J
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Ĵ jih npuMepa HHTepnperapyeM 3bbhchmoctb ^  ( .o J )  KaK C JlerKO noKa3aTB, hto Ha
OCHOBaHHH ( 4) npH OTCyTCTBHH flHCCHnaTHBHHX 3JI6MeHTOB BHeEIHHX CBH3eS ( -  0) 3HaneHHe
TenJXOeMKOCTK TepMOflHHaMHUeCKO® CHCTeMH CTaHOBHTCH CHHryJLHpHHM (C = 0 0 ) B MOMeHT $a30- 
Boro nepexoaa (T  = T Q) . B TexHHKe see h TexHoaorHH mhchoS npoMHnuieHHOCTH ( . /  0 ) a

npH T=Tq 3HaneHHe TenaoeMKOCTH ( b odmeM cjiyuae h BHeproeMKOcra) TepMOAHHamnecKofi 
CHCTeMH OCTaeTCH KOHeHHHM (C = £ = c o ) .

IIoaTOMy flocTaTOHHHfi HHTepec npeacTaBJiaeT onpeseJieHHe OHepniH cbh3h b ajieMeHTapHOM aKTe 
$a30Boro nepexo.na. JUlh npHMepa onpeflenHM sHepram cbh3h npz KOHseHcamaH sByxBHsepHoii 
CHCTeMH C OflHHM 3JieKTpOHOM (CM. Tadjl.2) , HCnOJIB3yfl flJIH 3TOrO 3aBZCHM0CTB:

^  CP) -
Table 2

- S - 3 e ~ o , m p  £ (5)

TadjiHita 2

ẐCOIO flHCKpeTHHX OJieMeHTOB 
Number of discrete elements

!
i PI

\
! I 
\

1
i
I 2

l
i
i 3 4

Pa3MepHOCTB CHCTeMH
Units of measurement of the
system

P-I
I

j o 
i

!
i
i
i

I
1
i
j
j

2 3

ĤCJIO CBH3efi 
Humber of links

1
! P(P-I) 
! ----Z-T

-----1-------------
! 0 t
i

—1—  
i 
1
j

I
— 1—

j
i
j

3 6

Odutee HHcao aneMeHTOB
The total number of elements ! aP-i

i

T
| I 
j

—1—
i
i
i

3
— !—  i 

i 
i

7 15

Kan iiOKa3HBaK3T pacneTH (n p H ^ = 2 , Eyj = - l £ y )  , BHepraa cbh3h cocTaBafleT ECB= 0 ,2  (L< j  , 
HTO HaXO.UHTCfl B nOJIHOM COOTB6TCTBHH C 3KCtiepHMeHTaJIBHHMH HaHHHMH ( A.C. JaBHAOB, 1973).
Bee BunieH3Jio*eHHoe AaeT HaM ocHOBaHne csejiaTB bhboa; o tom, hto <pi3HHecKHM Mexara3MOM 
$a30Boro nepexo.ua aBJineTcn HHCCHnaTHBHoe H3MeHeHHe cbh3hocth Meswy 3JieMeHTaMH MaTepn- 
aJIBHOii CHCTeMH, BeJIHHHHa KOTOpOrO B paMKaX ododmeHHOrO ypaBHeHHH TepMOHHHaMHKH MOSteT 
(3htb HaliseHa Kan Ha MaKpo-, TaK h Ha MHKpocKonHHecKOM ypoBHe.
Bhcokhh 3$$eKTHBHocTB npejyiosceHHOii pemaiomeii CHCTeMH b nepBysa onepeflB onpeaeJiaeTCH ee 

eCTeCTBCHHOH npHCIIOCOdjieHHOCTBK) K BHIIOJIHeHHfO IIOCTaBJieHHHX MACHOS npOMHUJieHHOCTBD n e -

p e j;  TexHHHecKKMH HayKaMH 3a flan , TaK KaK to jibko  M aTewaTHnecKoe MoseJinpoBaHHe peaaBHKX 

HBJieHH0 n o 3BOJiaeT ocTaBaTBCH C Tp oro  b  npeaeJ iax  t exHHnec k h x  T eop n fl. IIoaTOMy Bnojm e 

3aK0H0MepH0, h to  M aTeM arauecKoe MOfleJinposaHHe, He aBJuromeecH no coBpeMeHHHM n p ea cT a B - 

jieHH.HM hh pa3.ne.noM, hh 3aflaaei3: MaTeMaTHKH (JI.A .K yflpH B ueB , 1 9 7 7 ) ,  oTH eceH o b  HacToam ee 

BpeMH K OdaaCTH TeXHHHeCKHX 3H3HHH, a pa3padO TKa Odmeft TeopHH MaTeMSTHHeCKOrO MOfleJIH- 

poBaHHH odteK TO B  MHCHofi npoMHnuieHHocTH npeflCTaBJiaeT c o d o n  HayHHysD npodneM y.


