
the Influence o f pressure on the rh eolog ica l propert ie s  o f sausage meat__havlng d if ferent
water and fa t  contents
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A viscom eter, developed and designed by the authors to study the rh eolog ica l properties  
o f sausage meat under the atmospheric and gauge pressures, served the b a sis  to derive  
gen era lis in g  a n a ly t ica l r e la tio n s  in  order to  determine the c r i t ic a l  shear s tr e s s , p la s t ic  
and e f fe c t iv e  v i s c o s i t ie s  o f sausage meat having d ifferen t  water and f a t  contents. These 
data are needed fo r  ca lcu la tio n s when designing and improving sausage equipment. H istolo­
g ic a l examinations helped revea l the mechanism o f in tern a l processes.
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E ffe t de la  p ression  sur le s  cara ctér istiq u es rhéologiques dea pâtes de charcuterie 
aine d lfféren tea  teneurs en eau e t en gra isse
V.M.GORBATOV
I n s t itu t  de recherches pour l' in d u s tr ie  de viande de l'URSS, Moscou, URSS
A.V.GORBATOV, V.D.KOSOJ e t  Ja.I.VINOGRADOV
I n s t itu t  technologique de Moscou pour l' in d u s tr ie  de viande e t  de l a i t ,  Moscou, URSS
A la  base de notre v iscosim ètre, élaboré e t  con stru it pour étudier le s  cara ctér istiq u es  
rhéologiques des pâtes de charcuterie à p ression  atmosphérique e t  à surpression, on a 
obtenu le s  dépendances analytiques gén éra lisées pour déterminer la  contrainte lim ite  du 
déplacement e t la  v is c o s it é  p la stiq u e e t  e f fe c t iv e  des pâtes de charcuterie aux d if fé ­
ren tes teneurs en eau e t  en g ra isse  e t  aux d ifféren te s  p ression s. Ces données Bont in ­
dispensables pour des ca lcu ls  au cours de construction e t  de perfectionnement de l'é q u i­
pement pour la  production de ch arcu terie. L'étude hiBtologique a permis de rév é ler  le  
mécanisme des processus in tern es.
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Firhhbb jaaneHMH Ha DeoaoranecKae CBoncTBa KOJiÔacHHX ftapinefl npa pa3juiHHHX BJiarocojepaamia
Ü KB PHOCTH

B .M .  TO PE A T O B
BceCOK )3H HÎl H ay R H O —H CCJieÆ 0 B8 T 6 JIRCKHH H H C TH T yT MHCHOfl npO M HIM ieHH OCTH , M 0C K B 3, CCCP 
A .B .r O P B A T O B , B .Æ .K O C C Ü  H H .M .B M H 0 IP A J1 0 B
MOCKOBCKH0 TeX H O JlO rH U eCR H M  H H C TH T yT MHCHOfl H MOJlOHHOfl npOMHŒUieHHOCTH,  MOCKBfl, CCCP

Ha 6338 pa3paôoTaHHoro h CKOHCTpyapoBâHHoro Haim BHCK03HMeTpa aah acc.ne,noBaHHH peonorane- 
ckhx cboActb KOJiÛacaux $apmeft npa aTMOctJiepHOM a h3Ûutohhom .naBneaaa nojiyveati oôoôiuarauwe 
aHaJWTHqecKKe 3aBacaMocTa rrh onpê ejiamiH npenejiBHoro HanpanteaiiH ĉ nara, nnacTaiecKOfl a 
3$$eKTaBHoa bîi3koct0 KOAôacHux $apiueü npa pa3JiauHnx BJiarocoaepsaHiia, sapHocTa a aaBneaaa- 
3th AaHHue HeoCxojuiMH ana pacaeTOB npa KOHCTpyapoBaHaa a coBepmeHCTBOBaHaa oCopyflOBaaaa 
KonôacHoro npoa3BoncTBa. racTonoranecKae acGJienoBaaaa noMorna pacKpuTB MexaH03M BHyrpeH- 
Hax nponeccoB.
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Eromme jaBJieHKa Ha peojioraaecKae CBoftcTBa KOJiöacHHX dianne it maa ra3roaHax Brorocojeimamm h 
tophocth
B.M. rOPEATOB
Bcecoio3HHfl Haymio-HccjiefloBaTejrbCKHlI HHCTHTyT mhchoä npoMHinroHHocTH, MocKBa, CCCP 
A.B. rOPEATOB, B.fl. KOCOH h H.H. BMHOrPAÄOB
MockobckhR TexHOJiorimecKHft hhcthtyt mhchoR h MoroaHofl npoMHinroHHocTH, MocKBa, CCCP

Ha Kâ ecTBeHHHe xapaKTepHCTKKH KOJiöacHoro $apma h, cooTBeTCTBeHHo, roTOBoro npox/KTa hs 
Hero, cymecTBeHHoe Bromina 0Ka3HBaroT coaepacaHHe btoth h shphoctb. KpoMe Toro, npa onTHMaro- 
Hoft CTeneHH H3Mejn>aeHHH \ I\ cTpyKTypa, KOHCHCTeHmm h bhxoä roTOBtnc KOJidac b 3Hawre;n,Hott 
Mepe onpesejimorcH norooTofi .neaapaiura caporo $apma h nparoaeHHHM k HeMy runpocTaTimecKHM BaB- 
jieKBteM. Arperaraoe cocTomme $apma pa3roaHoro cocTaBa h ero CTpyKTypa MoryT öhtb c bhcokhm 
noK33aTejeM nocTOBepHOCTH onpeaeroHH c noMomBio H3MepeHHfi ero peojionmecKHx xapaKTepucTHK.

TaKHM 0Öpa30M, BeromiHH peororaaecKax cboäctb KOJidacHHX $apraeft Moryr CTaTB saaneita hmh 
noKa3aTejiHMH, npeÄonpeÄeroionjHMH KaaecTBO totobmx KoxdacHax H3Beroft, cjtyaHTB opaeHTapoM äto 
KoppeKTupoBKH TexHororaa npnroTOBJieHHH $apma Ha CTanro ero H3Mem>HeHHH, npa HadaBKe b odo- 
jiomcy aro $opMy, MoryT c5htb acnojn>30BaHa npa pacaeTe TpaHcnopTapoBKH ero no TpydonpoBOÄaM, 
koHBTpyHpoBaHHz Manuni Kojidacaoro npoa3BOÄCTBa \ 2 \. >

B 3aflaay HacToamroc accroflOBaHaii bxoähto onpefleroHHe BeroaaH peorornaecKinc cboRctb $ap- 
tneR pa3romnix BJiamiocTH h khphocth npa hsöhtohhom ÄaBroHKH h, Ha otoR ocnoBe, nojiyaeHHe rpa- 
$o-aHaroTHaecKHx aaBacaMOCTefl jvh pacaeTa BaxHeftmax peororaaecKax napaMeTpoB capax $apmefl. 
Eftanne 3THX napaMeTpoB noaaoroeT onTHMH3irpoBaTB npoqecc $aptnenparoTOBroHHH, hto odecneaaflaeT 
nojiyaeHHe totoboR npoÄyKrom BHCOKoro KaaecTsa npa noBmneHHHX bhxobsx.

HccroBOBaHHH Banoroena c noMonp.n paapadoTaHHHX h3mh ycTpoftcTB - BHCK03HMeTpa, h BaTaima 
BBBJieHHH. IlepeB HaaaxoM 3KcnepaMeHT0B npadopa TapapoBarocB. MeTOÄaxa accroÄOBaHaft coctohto 
b cjiesyraieM. Ilpody $apma iuiotho de3 nycTOT 3aKroÄaBaro b KoaKcaajr&HHR 3a3op BHCK03HMeTpa, b 
kotopom 3a caeT nepeMemenaH nopraHH coaflaBaro HeodxoÄHMoe, nocTommoe no BceMy odteMy K3da- 
ToaHoe ranpocTaTHaecKoe naBJieHHe nro BaKyyM.

Bo BpeMH HccjieÄOBaHHÄ oTdnparo npodH $apma aepe3 KpaH, nocro aero bhobb ycTaHaBroBaro 
saflaHHoe ÄSBroHae. npa accroÄOBaHaa BaKyyMapoBamioro $apma, BacK03BMeTp nomuroaaro k BaKy- 
yMHoft CHCTeMe aepea cneimajiBHHft naTpydOK; kohtpojib TeMnepaTypa HccrojiyeMoro $apma ocymecT- 
btoto o noMomBB TepMonap. Ilocro ycTäHOBroHHH sajiaHHHX H3dnToaHoro ÄaBJieHHH, BanyyMa h TeM- 
neparypH npadop Harpyacaro paBHHMH no Beroame rpy3HKaMH h H3MepHro aacTory Bpamemm poropa 
cnermajiBHHM npacnocodroHiieM, KOTopoe odecneaHBajio oflHOBpeMeHHocTB naaaro BpamemM poTopa 
BHCKOSHMeTpa h 3anycK ceKyHjioMepa. Äns HccroroBaHHH btohhhh saBxeHHH Ha peorornaecKHe oboR- 
CTBa KOJidacHHX $apmeS o paaroanmi corop*aHneM ropa h BJiarH dnro BHdpaHH roBHXBH h OBHHHe 
capseJtBKH, pyccime cochckh h flOKTopcKaH KOJidaca, b kotophx BJiaroconepxaHHe h3M6hhjiocb ot I 
AO 4, a KZPHOCTB OT 0,12 ro 0,37 ro-n.eÄ. B Tanoft mirpoimft HHTepBaji TexHororHaecraix nepeMen- 
hhx bxoäht noaTH Bce BtTTm KOJidacHHX $apmeft. Ilpoda $apma dparo npa onTHMajiBHofi creneH* H3- 
MeroaeHHH h nccrojoBaro npii TeMneparjipe 20-22 C h flaBJieHim ot 0 äo 1,0 Miia. B pe3yxBTaTe 
duro onpeflejieHH Beroamm CÄeÄynmix peororiraecKHX napaMeTpoB: irpeÄOÄBHoro HanproeHHH CÄBirra 

Q , nrocTuaecKoR bhskocth  ̂ , 3$$eKTHBHoft bhskocth ib
! - 3$$eKTHBHaa bhskoctb npa eÄinmaHoS caopocTa, T.e. npa 1 m/c; tn- rem pa3p̂ ieHHH
j CTpyKTypa;V/- oKprraaH ckopoctb daaoBoft noBepxHocTa poropa BHCKOsaMeTpa, m/o,
! b nocroroeft $opMyro oJ-  yrjioBaa ckopoctb, h i- aacTOTa BpameHaa poTopa. Ära BacK03HMeTpa c 
KoaKcaajiBHHMH naroHÄpaMH (pa3Mep uaroHÄpa/̂ H = 0,019 a poTopa, f { B = 0,01605̂ 0KpyxHy® cko-̂
! pocTB moxho BapasHTB aepe3 rpaÄHeHT cKopocTa no croÄyraiefl 3aBHCHM0CTa: £ = ^ 434*
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BameneperacjieHHue cBoficTBa paccuHTHBam jyis JiaBHHHoro paspymemra cTpyKTypH. MaTeMaTnaecKaa 
oópaóoTKa BKcnepKMeHTajiBHHx naHHHx , BunojiHeHHaa no peorpaMMaM TeueKM, nosBojnuia nojiyuHTB 
3aBHCHM0CTH H3MeHeHHH CTpyKTypHO—MeXaHHHeCKHX CBOfiCTB OT BJiaTOCOflepXaHM , XKpHOCTH f  H
âBJieHHH P:

go = exp {(7 ,3  + 7«f) -  (27V + 0,3)l( • I  a
B° = exp f 3,4 -  (K 'í2 + 0,5)U -U  -  (0,1 + O .f f f f l^ íp -  IO“ 5 + I ) ]
M = ¿0,74 + 4 ,6( f -  0 ,24)2J  + £0,045 + 3( f -  0 , 2 4 ) ^  (p • IO" 5 + I)
h = /"exp [ (5 ,9  -  I4f) -  (1,05 -  2,44Y)J}- ( I  + I 0~7p)

npH*f OT 0 flO 0,15 -  n
h = fexp [(7 6 ,5?2 -  50,5 + 9,85) -  (13 ,T T  -  9,05 Y + 1,75)«]} ( I  + 10 p)

npn OT 0,15 no 0,40 ____
OTKJioHeme pacneTHHX Bejuram no npHBenemiHM $opMyjiaM ot 8KcnepuMeHT0jn>HHX Bejnram coc- 

TaBmio w¡a 0 -  (npn noBHineHHHX saBJieHHnx ro -  8$ ) , <j> — 8$, B ~ - 7% (npoMe cbhhhx cap-
neJieK, rse  npn noBHineHHHX ^asjiemuDC, onmdKa ÄOCTHTJia flo -  15$), h i- -% • ItoepecHO saMeTHTB, 
too noHTH Bo Bcex 3KcnePHMeHTax c yBejunenneM ÄaBjienHH z  khphocth $apma otkjiohchhh nospac- 

1 Ta™. 3to cBfi3aHo c BUflejieHneM senpä Ha noBepxHocTB poTopa sa cneT MexaHnuecKoro pa3pymeHKH 
¡$apma b BHCKOSHMeTpe. CjieflOBaTejiBHO, zeu  Öojn,me snipHocTB $apma, TeM MeHBme äojdkho öhtb ro-  
nycKaeMoe naBJieHjie b paöounx opranax Manuin h annapaTOB.

! no pacneTHHM sem H aM  nocTpoeHH rpa$nnecKHe noBepxHOCTHHfe sbbhohmocth HSMeHeHHH cTpyn- 
i TTPHO—MexaHHHeCKKX CBOfiCTB OTU ,? H  P (pHCyHOK B.Ö .B .r), no KOTOpUM MOXHO CyflHTB O CBOfiCT- 
! Bax KOJitíacHHX $apmefi b innpoKOM HHTepBajie nepeMeHHHX. Ilo othm rpa$HKaM mojkho, aaaaBaHCB nyx- 
hhmh GBoficTBaMH, onpeflemTB BJiarocoaepscaHne h khphoctb, r a  naoÖopoT, aaaaBancB U , T h Pv
onpenejniTB HHTepecyiomHe cBoficTBa. • •PaccMOTpeB nojiyneHHHe saBucroiocTH, mojkho cflejiaTB ojie^sanne bhboäh: I) iuracTHuecKan bhs
koctb HesHanirrejiBHO nsMemeTCH ot RSBRenm. npn novmienm Rasjiemm ro 1,0 MOa bhskoctb yse- 
jnnHBaeTcn Bcero Ha I ($ , hto no3BOJUUio anpoKCHMHpoBaTB 9Ty 3aBHCHM0CTB; 2) irpefleJiBHoe Ha- 
npHxeHHe cjmnra G z  3$$eKTHBHah bhskoctb npn enranroot ckopooth B 3HawrejiBH0 sbbhcht ot 
naBJieHHH p ¿43. npn noBHmeHHn flasjiemiH ot 0 *o 1,0 MHa (9 yBe ™ a e T c n  b 2*3 pasa, a npn 
; 0 35 * 0,37 -  Bcero b 1,7 + 2 pasa, B yBejnroiBaeTCH b 1,5 + 2,5 pasa, a npn Y = u, jö * 
. n 17  b 3 5 x 4 5 pasa. XapaKTep H3MeHeHiw sthx BeJumnH ot xaBJieKHH aHajiorneH h hx 3Hane-

- f  I  -  CO -  « , W f < P -  IO’5 . g  ' m e ! °  ~ V * -  firaeBT, 3aBH0MfflS M  «asJieinK H pasen w  0- 0,49, B - 0,l! C¡ - KosMroeHT, aaaiMimS o 
SHPHOCTH japm K jaMenm H paamä JOT 0 - I, B - 0,8. Tam paap^enm otpjktwh o jTBeXHM-
HHeM nasjieHHH BospacTaeT no Jiorapn^MHHecKOMy 3aK0Hy. ___

3aBHCHMOCTB CTpyKTyPHOHnexaHKHeCKHX CBOfiCTB OT BJiaTOCOflepXaHHH HOfllHHHeTCH SKCnOHeHHH-
^ H7 fle T - T ^ H ^ ¡ x Ba^ecK H e csoficTsa ( 6 , ^  , B), f . e .  ancTpeMa^HHe ananenm npn
OHTHMalHofi W ^ e ^ H O C T H  KyTTepoBSHHH, A, B -  BMirapunecKne ko^ hth » e  co- 
oTBeTCTBeHHO ot smpHOCTH k BJiarocoHepKaHHH $apma, KOTopae p a c c n n r ^ T  no íopwyjiaM.

A  =  ); ),
; a . a ,  , a L €,<€,,4 x r  sMirapiraecKHe K03$$nmieHTH, SHaneHiw kotophx m i  paajnriHHX cboäctb
npuBeaeHH b Taöjome.
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0,10 0,20 0,30 —  Y  ^
P h c j t h o k . H 3 T,ieHeHHe C T p y K T ^ n o —NiexamrcecKiix c b o | c t b  K o ^ d a c m x  iapmeii 

npH pagjtmtHux BJtarocoaepxarara, x h p h o c t h  h  .naBjreaaa: I - 0; 2  -  2 -1™ ; 3 - 5- 10 ;
4 _  TQ»TTr. . __________a - npê eibHoe Hanpaxeroie cjtBura; 6 - imacTzaecKaH bhskocti.; b - &<ixi>3kt&BHaa bhskoctb npH 
8jpitHHTOoS~cKopbctH ; t - tern paapyrneffiKi cipyKTypa.F ig . Change a in  the structuro-m achanical propertiee o f  sauaages m^ate R e l a t e d  to water

speed; d -  the rate  o f  structure breakage.



Tojnmma npocjioen b nepHoa HHTeHCHBHoro HacumemiH Bjiarofl mhiochhhx bojiokoh yBejnrnmaeTCH 
HesHaaHTejtbHo, a 3aTeM, no Mepe HacumeHHH, pe3Ko B03pacTaet. OpineM, tohkh nepernöa kphbhx 
Teraa HaöyxaHHH MHmeHHHx bojiokoh h yBejnraeHHH Tojnmoni BOÄHo-öejiKOBo-coJieBux npocjioeK coBna-aaioT.

PaCCMOTpHM rpa^HK H3M6H6HRH CBOftCTB OT XHpHOCTH, 3HaHeHHH npejieJIBHOrO HaHpfCleHHH CÄBH- 
ra , ocoöeHHO y $apma c hh3khm BJiaroconepxaHKeM, npa yBejnnemni ihphocth äo 0 ,15 B03pacTaKT, 
a 3aTeM yMeHimaraTCfl. 3to, BepoaTHO, oöiHCHHeTCH TeM, hto (papin c hhskhm BJiarocoÄepxaHHeM hmg— 
eT He3HaaiiTeJii.HyK) BOÄHO-öejntOBym npocjioäKy, auip, oÖBOJiaKHBaa MHmeHHyn TKaHB, yBejnrmBaeT ch-  
Jiy cnenjremm Messy hhmh, h BHBHBaeT yBejmeHHe cäbhtobhx ycsumfi; npa ÄajrbHeftmeM yBejumeHun 
ÄHpHOCTH h BjrarocoÄepxaHHH BOÄHo-ÖGJncoBaH npocjiofcca BospacTaeT, ciuia cneruieiniH mb »ny HacTH- 
n a m  nanaeT, CÄBHroBHe CBoitcTBa yMentmanTCH.

Bejnroraai^H3MeHHeTOH ot xhphocth no napaöojcnecKOMy 3aKOHy, miea KpHTiniecnyn Toany npn 
^f= 0 ,2 4 , paBHyr 0 ,7 4 . B pe3yjn>TaTe BHnojraeHHoö paÖOTH noJiyneHH oöoÖmannjHe rpaipireecKHe h 
aHaÄHTHMecKHe 3aBHCHM0CTH, BCKpuTa $H3inecKaH cynmooTi. H3MeHeHHfi b $apme npn pasjuroncc BJia- 
rocoHepsaHOT, xhphocth h HaBJieHim. 3th .namme MoryT öhtb Hcnojn.30BaHH b KanecTBe pacaeTHux 
MH oöecneneHHH TexHOJionm HsroTOBJieHHH BucoKOKanecTBeHHHx KOJiöac, a tsk «e npa KOHCTpyHpo- 
BaHHH psma MamKH KOJtöacHoro npoH3B0ÄCTBa.
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