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MCCne,n;OBaHMe B5I3KOCTHbIX XapaKTepMCTMK
u

M KaCaTenbHbIX Harrp.IDKeHMM CMeTaHbI

C cO,n;ep)l(aHMeM )l(JlIpa 10 %
KaHa. meXH. HayK B.JI. HHKOJIAEB

CaHKm- llemep6ypzcKUU zocyaapcm6eHHblU yHu6epcumem
HU3KomeMnepamypHbIX U nUl.qe6bIX meXHO/lOZUU

Experimental researches of rheology characteristics of a 10% fat sour cream
are instanced at its various temperatures and in a wide range of changes of
a velocity gradient. The received data aI/ow is proved to carry out thermal
and hydraUlic calculations.

OnpeueJIeHHe OnTHMaJIbHbIX yCJIOBHM pa60TbI 060pyuo-

BaHJ.UI,npHMewleMOrO.LJ.]UI npoH3BoUCTBa cMeTaHbI, a TaK-

)I(e TpaHcnopTHpoBaHHe CbIP.b51no Tpy60npoBouaM CB5I3a-

HOco 3HaHHeM TaKHX peOJIOrHqeCKHX xapaKTepHcTHK CMe-

TaHbI, KaK KaCaTeJIbHOe Hanp5J)l(eHHe H 3<p<peKTHBHa5I B5I3-

KOCTb.

CneUH<pHqeCKHe oc06eHHocTH CMeTaHbI 06yCJIOBJIeHbI

TeM, qTO OHa 06JIauaeT aHOMaJIHeM B5I3KOCTH. .nJI5I TaKHX

npOUYKTOB BBOUHTC5InOH5ITHe 3<p<peKTHBHOM, HJIH Ka)l(y-

meMC5I, B5I3KOCTH, npH npOqHX paBHbIX YCJIOBH5IX3aBHC5I-

meM OTUByx napaMeTpOB - rpauHeHTa CKOpOCTH H TeMne-

paTYPbI. 3TH napaMeTpbI He06xoUHMO yqHTbIBaTb npH pac-

lIeTe KaK TenJIOBOrO, TaK H MeXaHHqeCKOrO 060pyuoBaHH5I,

TO eCTb B Tex CJIyqa5IX, KOma npoUyKT B npouecce npOH3-

BOUCTBa nepeMeUIHBaeTC5I, HarpeBaeTC5I, OXJIa)I(llaeTC5I,

HCTeKaeT qepe3U03HpYIOIUHe yCTpOMCTBa H TpaHcnopTH-

pyeTc5I no Tpy60npoBouy.

I1cCJIeUOBaHHe peOJIOmqeCKHX xapaKTepHCTHK CMeTaHbI
/

OCYIUeCTBJI5IJIOCbHa pOTaUHOHHOM KOaKCHaJIbHOM BHCKO-

3HMeTpe MapKH «PeOTeCT». OnbITbI npOBOllHJIH npH TeMne-

paTYPax CMeTaHbI 12,2; 21,5; 32,1 H 40,2 °C H rpauHeHTaX

CKOpOCTHBUHana30He 1,5 ... 1312 c·l. TeMnepaTypa HCCJIe-

uyeMoM CMeTaHbI nOuuep)l(lolBaJIaCb CTOqHOCTbIO ±O, 1 0c.
fIPHBOU BHcK03HMeTpa n03BOJI5IJI yCTaHaBJIHBaTb 24 pa3-

JIHlIHbIe lIaCTOTbI BpaIUeHH5I UHJIHHllpay, HJIH 24 CKOpOCTH

CUBHra npoUYKTa. B 3aBHCHMOCTH OTUHana30Ha H3MeHe-

HH5I3<p<peKTHBHOMB5I3KOCTHCMeTaHbI H KaCaTeJIbHoro Ha-

np5l)l(eHH5I HCnOJIb30BaJIH OUHH H3 lIeTbIpex pOTOpOB, BXO-

MIUHX B KOMnJIeKT npH60pa.

.no HallaJIa H3MepeHHM np06a CMeTaHbI TepMocTaTHpo-

BaJIaCbBTelleHHe 20 MHH npH OUHOMH3 YKa3aHHbIX TeMne-

paTyp BTepMocTaTHpYIOIUeM cocyue, nOCJIe qero npOBOUH-

JIH H3MepeHH5I KaCaTeJIbHOrO Hanp5l)l(eHH5I H 3<p<peKTHB-

HOM B5I3KOCTH HCCJIeuyeMor~ npoUyKTa npH B03paCTaIO-

IUHX 3HaqeHH5IX qaCTOTbI BpaIUeHH5I UHJIHHllpa. PaBHOMep-

Ha51H nOCT05lHHa51 TeMnepaTYpa np06bI B npouecce 3aMe-

poB nouuep)l(lolBaJIaCb nyTeM nOuaqH B Hap~bIM UHJIHHllP

CTeMnepHpYIOIUHM pe3epByapoM )I(IoIUKOCTHH3 UHpKyJI5I-

UHOHHoro TepMOCTaTa. IIpH 3TOM np06a npoUyKTa Haxo-

UHJIaCb B KOJIbueBOM 3a30pe Me)l():{y UHJIHHllpaMH.

IIpH KIDl<L{OMHCCJIeayeMoM TeMnepa1)'pe HCnOJIb30BaJIH HO-

BYIO nopUHIO CMeTaHbI. IIOrpelliHOCTb H3MepeHHM npH on-

peueJIeHHH KaCaTeJIbHoro Hanp5J)l(eHH5I H ::xt><PeKTHBHOMB5I3-

KOCTHnpoayKTa He npeBbIllIaJIa ±4 %.

I1cCJIeuyeMbIM npOUYKT H3rOTOBJIeH H3 HOpMaJIH30BaH-

HbIX CJIHBOK, cyxoro MOJIOKa H 3aKBaCKH. B 100 r npouYK-

Ta COuep)l(lolTC5I 10 r )I(Hpa, 3 r 6eJIKOB, 2,9 r yrJIeBOUOB.

3HepreTHqeCKa5I ueHHOCTb 100 r npOllYKTa 115 KKaJI.

Pe3YJIbTaTbI HCCJIeUOBaHH5I KaCaTeJIbHbIX Hanp5J)l(eHHM

1"H 3<p<peKTHBHoM B5I3KOCTH I..l. CMeTaHbI C cOuep)l(aHHeM

)I(Hpa 10% npHBeueHbI B Ta6JIHue.

DOJIbllIOM UHana30H H3MeHeHH5I CKOpOCTH CUBHra npo-

UyKTa - OT 1,5uo 1312 c-1 (60JIee lIeM B-870 pa3) - no-

3BOJIHJI onpeueJIHTb HCCJIeuyeMble napaMeTpbI npaKTH-

qeCKH UJI5I Bcex B03MO)l(HbIX CJIyqaeB, HMeIOllIHX MeCTO

Ha npaKTHKe. II03ToMY nOJIyqeHHble pe3YJIbTaTbI MO)l(HO

HCnOJIb30BaTb M5I ueJIoro p5lua TeXHOJIOrHlIeCKHX one-

paUHM npH npoH3BoucTBe CMeTaHbI, a HMeHHO M5I nepe-

MellIHBaHH5I npoUyKTa B eMKOCTHOM 060pyuoBamIH, ro-

MoreHH3aUHl1, U03peBaHH5I H HCTelleHH5I npoUyKTa lIe-

pe3 HacaUOK, M5I UBH)I(eHH5I npoUyKTa no Tpy60npoBou-

HOM CHCTeMe.



Pe3YAbmambi UCCAea06aHUJIpeOAOlU'IeCKUX XapaKmepUCmUK

CMemaHbI C COaepJICaHUeM JlCupa 10 %

TeMnepaTYPa y
't, TIa !-t, y, c-I !-t,

CMeTaHhl, ·C c-I TIa'c 't, TIa TIa'c

1,5 9,045 6,027 72,9 36,16 0,496
2,7 10,74 3,976 121,5 39,61 0,326

12,2 4,5 11,87 2,637 218,7 53,14 0,243
8,1 14,13 1,744 364,5 59,78 0,164
13,5 16,96 1,256 656 67,57 0,103
24,3 21,48 0,884 - - -

2,7 7,911 2,930 72,9 25,95 0,356
4,5 9,040 2,009 121,5 30,50 0,251

21,5 8,1 11,30 1,395 218,7 36,09 0,165
13,5 13,55 1,004 364,5 41,92 0,115
24,3 18,08 0,744 656 49,86 0,076
40,5 21,47 0,530 1312 57,73 0,044

1,5 4,520 3,913 72,9 16,99 0,233
2,7 5,651 2,093 121,5 19,20 0,158
4,5 6,782 1,50? 218,7 22,53 0,103

32,1 8,1 7,914 0,977 364,5 25,88 0,071
13,5 10,17 0,753 656,0 31,49 0,048
24,3 12,44 0,512 729,0 32,81 0,045
40,5 14,70 0,363 1312 39,36 0,030

218,7 10,28 0,047 729,0 14,58 0,020
40,2 364,5 11,30 0,Q31 1312 18,37 0,014

656,0 13,78 0,021 - - -

BbInOJIHeHHbIe HCCJIe,UOBaHIDIn03BOJIHJIH BbUIBHTb cYlUe-

cTBeHHyro JaBMCMMOCTb 3<p<peKTHBHOH BH3KOCTH H Kaca-

TeJIbHOrO HanpIDKeHHH OTCKOPOCTHc,UBHra npo.uyKTa. TaK,

HanpHMep, 3<p<peKTHBHaH BH3KOCTb cMeTaHbI, HMeIOmeH

TeMnepaTypy 32, 1·C, npH B03paCTaHHH CKOPOCTHOT 1,5,U0

1312 c-I YMeHbllIaeTCH OT 3,013,ll0 0,030 TIa'c, TO eCTb 60-

JIee lJeM B 100 pa3.

I13BecTHo, lJTO,UJIH cpe,U C nceB,UonJIaCTHlJHbIMH CBOH-

CTBaMH, K KOTOpbIM OTHOCHTCH H CMeTaHa, YMeHbllIeHHe

3<p<peKTHBHOH BH3KOCTHnpo.uyKTa 06yCJIOBJIeHO pa3pYllIe-

HHeM ero CTpYKTypbI [1,3], H lJeM MeHbllIe 3<p<peKTHBHaH

BH3KOCTb npO'uYKTa, TeM (npH npOlJHX paBHbIX yCJIOBHHX)

CHJIbHee pa3pYllIeHa ero cTpYKTYpa. TIo Mepe B03paCTaHHH

CKOpOCTHaCHMMeTpWIHbIe MOJIeKYJIbI nO,UBepraIOTCH yno-

p5IllOlJeHHIO, pacnOJIaraHCb no 60JIee ,UJIHHHOH OCH B Ha-

npaBJIeHHH nOTOKa. B pe3YJIbTaTe CHH)I(aeTCH HanpH)I(eHHe

C,UBHra, a CJIe,UOBaTeJIbHO, H 3<p<peKTHBHaH BH3KOCTb npo-

,UyKTa. TIPH 60JIbllIHX 3HalJeHHHX CKOpOCTH npouecc yno-

pMOlJeHHH npaKTHlJeCKM npeKpamaeTcH [3]. TIPHBo,UHMbIe

B Ta6JIHue ,UaHHble nO,UTBep)I(,UaIOT 3TO. TaK, HanpHMep,

npH CKOpOCTHX656 H 1312 c-I 3<p<peKTHBHaH BH3KOCTb CMe-

BECTHII1K MAX

TaHbI He3HalJHTeJIbHa, lJTO MO)I(HO 06'bHCHHTb CYlUeCTBeH-

HbIM pa3pYllIeHHeM ee CTpYKTypbI.

MCCJIe,UOBaHHe peOJIOrHlJeCKHX xapaKTepHCTHK CMeTa-

HbI n03BOJIHJIO yCTaHoBHTb 3aBHCHMOCTb KaCaTeJIbHbIX Ha-

npH)I(eHHH H 3<p<peKTHBHOH BH3KOCTH TaK)l(e H OT TeMne-

paTypbI npO,UyKTa. TaK, HanpHMep, npH O,UHOH H TOH )l(e

CKOpOCTH, paBHoH 656 c-l, npH B03paCTaHHH TeMnepaTY-

pbI npO,UYKTa OT 12,2,U0 40,2 °C 3<p<peKTHBHa5I BH3KOCTb

CMeTaHbI YMeHbllIaeTCH OT 0,103,U0 0,021 TIa'c, TO eCTb B

4,9 pa3a.

TaKMM 06pa30M, npH pa3JIHlJHbIX paClJeTaX 060py,UoBa-

HHH H TpaHcnopTHpyromHX CHCTeM He06xo,UHMO yqHTbI-

BaTb KaK BeJIHlJHHY rpauHeHTa CKOpOCTH, TaK H TeMnepa-

TYPY 06pa6aTbIBaeMoro np0.uyKTa.

BWBO,lJ.W

1. MCCJIe,UoBaHHH CMeTaHbI C co,Uep)l(aHHeM )I(J1pa 10 %,
npOBe,UeHHbIe C nOMOmbIO pOTaUHoHHoro BHCK03HMeTpa

npH H3MeHeHHH CKOpOCTH C,UBHra OT 1,5,U0 1312 C- I B HH-

TepBaJIe TeMnepaTyp OT 12,2,U0 40,2°C, n03BOJIHJIH nOJIy-

lJHTb KOJIHlJeCTBeHHyro oueHKY peOJIOrHlJeCKMX napaMeT-

pOB, lJTO,UaeTB03MO)I(HOCTb 060CHOBaHHO npOBO,UHTb Ten-

JIOBbIe H MeXaHHlJeCKHe paClJeTbI 060py,UoBaHIDI.

2. TIPHBo,UHMbIe pe3YJIbTaTbI HCCJIe,UoBaHHH HMeIOT He

TOJIbKO TeOpeTHlJeCKOe, HO H npaKTHlJeCKOe 3HalJeHHe.

KaK BbIHBJIeHO, npH npOlJHX paBHbIX yCJIOBHHX C B03pac-

TaHHeM CKOpOCTH YMeHbllIaeTCH 3<p<peKTHBHaH BH3KOCTb

CMeTaHbI, a CJIe,UOBaTeJIbHO, npOHCXO,UHT lJaCTHlJHOe pa3-

PYllIeHHe CTPYKTypbI npO,UyKTa. B pe3YJIbTaTe 3Toro B03-

MO)l(HO OT,UeJIeHHe CbIBOpOTKH H3 crYCTKa, lJTO He)l(eJIa-

TeJIbHO. TI03TOMY He06xo,UHMO C OC060H TllI,aTeJIbHOCTbIO

nO,UXO,UHTb K BbI60py lJaCTOTbI BpameHHH nepeMellIHBa-

IOmHX yCTpOHCTB, TaK KaK npH npOlJHX paBHbIX yCJIOBH-

HX BeJIHlJHHa CKOpOCTH C,UBHra npHMO nponOpUHOHaJIbHa

3TOH lJaCTOTe.
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