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Pedepar. Mccnenopanus Tennopu3nueckux U peoNOrHIECKHX CBOMCTB CIMBOYHO-PACTUTENBHBIX CHPEIOB HEOOXOAUMO AT Hayd-
HOT0 000CHOBaHUS IpoIecca UX MOTYUCHNUS, a IMEHHO IIPOIIECCOB NEpEMENINBAHUS U KpUCTAJUIM3AlHK. B kauecTBe 00beKTa Mccie-
JOBaHUsI OBUI BHIOpAH CIIMBOYHO-PACTHTEINIBHBIN CIIPENl, IMEIOIINI cieayromuii coctaB: Macio apaxucoBoe 10%; Maciio 3apojsImeit
nmenunsl 10%; macno npHsiHOE 20%); cnuBoyHOe Macio 59,8%; smynbratop 0,2%. C nomouibio NojlydeHHbIX JaHHBIX, B IIpolecce
HCCIIEOBAHUS PEOJIOTHIECKUX CBOMCTB CIMBOYHO-PACTUTENHHOTO CIPE/a, MOKHO B MOCIHEIYIOMEM c(hOPMUPOBATh PEKOMEH JAIlH
M0 ONTUMHM3AIMH TEXHOJIOTHYECKHX PEXKUMOB IIPOU3BOJICTBA. B uacTHOCTH, 060CHOBAaHO pelIaTh BOMPOCH HHTEHCU(DHKALIMU THIPO-
MEXaHHYECKHUX U TEMJIOBBIX MIPOLIECCOB, IPOBOS UX MPH TaKOH TEMIIEPATYpe U YaCTOTE BPAIIEHHUS, MPU KOTOPBIX OYIET 1OCTUTaThCs
MaKCHMaJIbHOE COXPaHEHHE CTPYKTYPbI POU3BOJUMOTO mpoaykra. OnpezneneHue TemoQu3nIecKuX XapakKTepUCTUK OCYIECTBIIS-
JIOCh Ha YCTaHOBKE JUISl MCCIIEIOBAHUS TEIUIO(U3UUECKUX U PEOIOTHYECKIX XapaKTePUCTHK Bi3Koynpyrux skuakocreit Coesfeld RT-
1394H. Peonoruueckue Uccief0BaHUs CIMBOYHO-PACTUTEIILHOIO CIpPEAa POBOJMINCE Ha BUCKo3uMmeTpax cepur SV-10 u PB-8m.
Ilo ombITHBIM JaHHEIM OBLIM MOCTPOCHBI rpad)UKH 3aBUCHMOCTH AWHAMHYECKOH BSI3KOCTH CIIpPela OT TEMIIEPaTypHhl, M 3aBUCHMOCTh
3¢ QeKTHBHOM BI3KOCTH CIIPEaa U PACTUTENHHBIX Macel OT CKOPOCTH caBura. IlorydeHHbIe JaHHBIC TO3BOJISIOT PAlMOHAIBHO BBHIOH-
path 000pynoBaHHE JUIS TePepaOOTKH M NPOU3BOACTBA CIMBOYHO-PACTUTENIHHOTO CIIPea, MOACIHPOBATE IIPOIECCH IPOUCXOISIINE
B IIpOIIeCcce MPOU3BO/ICTBA, 0O0CHOBAHHO PEIIATh BOIPOCH HHTCHCH(UKAIMN TEIUIOBBIX U THAPOMEXaHNYECKUX ITPOLECCOB, IPOBOIS
TpoLECC TPOU3BOJICTBA MPU TEMIEPATYPaX, HE BBI3bIBAIONINX PA3pPYLIEHHE CTPYKTYPHI TPOIYKTA.
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Summary. Researches of thermal and rheological properties of cream- and vegetable spread are necessary for the scientific substan-
tiation of their obtaining process, hamely mixing and crystallization processes. As the object of research, we chose a cream- and
vegetable spread, with the following composition: peanut butter 10%; wheat germ oil 10%; linseed oil 20%; butter 59.8%; emulsifier
0.2%. With the data obtained in the course of research of the rheological properties of cream- and vegetable spread, one can subse-
quently generate recommendations for optimization of technological modes of production. In particular, one can solve problems
of intensification of hydro-mechanical and thermal processes by carrying them out at such a temperature and speed when the
maximum preservation of the produced product structure will be achieved. Determination of thermal characteristics was carried
out in the apparatus for the study of thermal and rheological properties of viscoelastic liquids Coesfeld RT-1394H. Rheological
researches of cream- and vegetable spread were carried out on a series of viscometers SV-10 and PB-8m. The graphs of spread
dynamic viscosity dependence on the temperature, and the dependence of the effective viscosity of the spread and vegetable oils
on the shear rate were built according to experimental data. The data obtained is rational to choose the equipment for processing
and production of cream- and vegetable spread, to simulate processes taking place in the production process, to solve problems of
intensification of thermal and hydro-mechanical processes reasonably, by conducting the production process at temperatures that do
not cause the destruction of the product structure.
Keywords: spread, thermal properties, coefficient of temperature conductivity, mass specific heat, thermal conductivity, rheology, the
velocity gradient, the effective viscosity, dynamic viscosity, temperature control

Jlist uuTHpOBaHUS For citation
Octpukos A. H., lop6arosa A. B., ®ununuos I1. B. Uccnenosanus te-  Ostrikov A. N., Gorbatova A. V., Filiptsov P. V. Researches of heatphys-
IO(GU3UIECKUX U PEOJIOTHICCKUX CBOWCTB cimBOYHO-pactutensHoro ical and rheological properties of creamy and vegetable spread. Vestnik
crpena // Becrauk BI'YUT. 2016. Ne 2. C 22-27. d0i:10.20914/2310- VSUET [Proceedings of VSUET]. 2016. no2 pp. 22-27 (in Russ.).
1202-2016-2-22-27 doi:10.20914/2310-1202-2016-2-22-27

22 BJ1 Agris



Becmuux BTYHIIT/Proceedings of VSUET, Me 2, 2016

BBenenne

Co3/1anue HOBBIX PEIENTyp CIPEIOB HA OC-
HOBE KyIaka paCTHTEJILHBIX MACEIl SBIISETCS Tep-
CIICKTUBHBIM HAIPABIICHUEM Pa3BUTHS OMYIIbCH-
OHHBIX MPOJYKTOB, C TO3WIMH YIYYIICHUS HX
YKHPHO-KHCIOTHOTO cocTaBa [1]. Beibop omru-
MaJIbHBIX TapaMeTpOB Mpolecca MOTyUYEeHUs CIIH-
BOYHO-PACTHUTENBHBIX CIIPEJOB HEBO3MOXKEH 0e3
3HaHUSI €ro TEIUIOPU3INUECKUX M PEOJIOTHIECCKUX
CBOMCTB. PexxuM paboThl MCIIOJIB3yeMOro 000py-
JOBaHMSI TAKXKE 3aBHCUT OT €r0 PEOJIOTHYECKHUX U
TermIoGu3nIecKuX Xapakrepuctuk [2-4,7,8]. B
nmpoliecce TPOU3BOJICTBA HAa CHPEAbl BO3ICHUCT-
BYIOT pa3iMYHBIMH BUJaMU OOPaOOTKH, TaKUMH
KaK OXJIaKICHUE, HarPeB, IEpEMEIINBaHUE, TPAHC-
MOPTHPOBAHKE TI0 TPYOONIPOBOIaM, UCTCUCHUE U3
JO3UPYIOIIET0 yCTPOUCTBA i HATHETAHUE U JIP.

B kauecTBe 00beKTa UCCIICIOBAHUS ObLT BbI-
OpaH CIIMBOYHO-PACTUTEIbHBIN CIIPE]l, UMCIOIIHMIA
clenyomui cocran: Macia apaxucosoe 10%, 3a-
ponermeit reHutsr 10%, neastHOE 20%), crnuBoY-
Hoe 59,8%; smynbrarop 0,2%.

Ternohusnyeckrne cBolicTBa OBUIM HCCIEIO-
Banbl Ha ycranoBke Coesfeld RT-1394H (National
Instruments) (pucynok 1). V3amepurenbHOe YCTPOii-
CTBO COCTOMT W3 JBYX KOAKCHaJBHO PaCIOJIOKEH-
HBIX MHIPOB 1 1 2 (pucyHOK 2). BHyTpeHHAwMit -
nvHIp | M3roToBNeH U3 KarnponaoHa. OH COCTOUT U3
TPEX KOAKCHAIBHBIX HMWIMHIPUUECKUX CIIOEB U yCTa-
HOBJICH COOCHO TI0 OTHOLICHHIO K HAapy>KHOMY IIH-
JIMHJIPY 2 MPYU IOMOILY MOIIUITHUKOB 9.

e L——

Pucynok 1. Coesfeld RT-1394H (National Instruments)
Figure 1. Coesfeld RT-1394H (National Instruments)

TepmorpeoOpa3zoBaTellb  CONMPOTHBICHHUS |
ANEKTPUUYECKUI HarpeBaTeilb HAMOTAHBI IO CIIMPAIU
MEHBIM ¥ MaHTaHWHOBBIM TIPOBOJIOM Ha BHEIITHEH
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MOBEPXHOCTH  BHYTPEHHET0  KOAKCHAJIbHOTO
UMJIMHAPUYECKOTO Cllosl. Yepes KaHal Ha HapyKHOH
TIOBEPXHOCTH IIMJIMHAPA TPOMYIIEHB! BBIBOABI OT
3NEKTPUYECKOTO HAarpeBaTeNs U TEPMHUUECKOTO IIpe-
o0pazoBareis COMPOTHBIICHUS, MOAKITIOUYEHHBIE K
pazséMy 8. OT aHATM3UPYEMOTO ITPOTYKTA TEPMOTIPE-
00pazoBateib CONPOTHBICHUS] U HarpeBarTesb OTIe-
JICHBI TUJIL30M, U3TOTOBJICHHOM U3 KaIlpoJioHa 4.

Hroxuuii Topen 5 BHyTpEeHHET 0 IUIIMHIPA BbI-
noyHeH monycdepuueckuM. Takoe KOHCTPYKTOp-
CKOE pEIICHHE CIIOCOOCTBYEeT Hamboiee YCTOWYH-
BOMY PEXHUMY TCUCHHS BSI3KOYTIPYTHX KHUIKOCTEH B
3a30pe MeKAY KOAKCHATbHBIMU IIIUHAPAMH.

M3mepurtenbHas ycTaHOBKA JIsl UCCIEAOBA-
HUS TEIIO(U3NYECKUX CBOMCTB MHIIEBHIX IPO-
JIYKTOB BBIMIOJIHEHA B COOTBETCTBHM CO CXEMOM,
n300pakE€HHOM Ha pHUCYHKE 3.

Pucynok 2. I3MepuTeabHOE YCTPOWCTBO
Figure 2. Measuring device

Mertorka pOBEICHNS UCCIICIOBaHHI TEILIO-
(hm3MYeCKUX XapaKTEPUCTHK BKITFOYACT B ceOs Clie-
IyIoIue NieicTBrs. B momycdeprdeckoe pacimpe-
HFE BHEIIHETO IWJIMH/IPA YCTAaHOBKH ITOMEIIAI0OT Ha-
BECKY 3a1aHHOM Macchl (15 T.) uccnemyemoro oopasia
cnpena. [locie yero ycraHaBIMBatOT BHYTPEHHUM 11~
JIMHJIP ¥ BKIIIOYaroT TepMocTar. [I[puBosT Bo Bpalie-
HHE BHEITHUH IWIMHIP U3MEPUTENHLHOTO YCTPOHCTBA
¢ yry0Boii ckopocthio o = 0,1 ¢, koTopas 1aéT Bo3-
MO>KHOCTB CO3/IaHHSI B CJIO€ MCCIIEyEeMOM KUAKOCTH
3aJ]aHHON CKOPOCTH cliBura y = 2,5 ¢ L. Barem BKITHO-
YaIOT HarpeBaTellb M3MEPHUTEIBHOTO YCTPOIMCTBA U
BBITIOJTHSIOT PErMCTPALIMI0 YCTAHOBHUBILICHCS CpeHE
MHTETPaJIbHON TEMITepaTyphl B CIIOE HAarpeBaTesst u3-
MEPHTEIIBHOTO YCTPOMCTBA Yepe3 33/IaHHBIN TpoMe-
xyTok Bpemenu At = 10 mun. Ilocne yero neo6xo-
JIUMO OTKJIFOYWUTH MPUBOJ BHEIIHETO LMINHAPA [PU
JIOCTYDKEHUH CTallHOHAPHOM TeMITepaTyphl.
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Pucynok 3. ®yHKITHOHAIBHAS CXEeMa W3MEPUTEIIBHOM yC-
TaHOBKU: | — M3MEPUTEIHEHOE YCTPOHCTBO; 2 — KUAKOCT-
HBI TepMOCTaT, 3 — SIIEKTPOABUTATENlb MOCTOSHHOTO
TOKa; 4 — ycunuTens MomHocTH Y-13H; 5 — nmpeobpazosa-
TEJTh YTIIOBOM CKOPOCTH; 6 — BUOPOYAaCTOTHBIH Mpeodpaso-
BaTelb; { — TPOC; 8 — phIYaXKHAS CUCTEMA; 9 — YCHIIUTEIIb;
10 — BempsimuTesp; 11 — 610k muTanust; 12 — KOMITbIOTED,
OCHAIIEHHBIH MHOTO(QYHKIIMOHAJIBHOW TUIaToil cOopa
manubix PCI MIO-16E-1

Figure 3. Functional sheme of measuring setup: 1 — meas-
uring device; 2 — liquid thermostat; 3 — the direct current
motor; 4 — power amplifier U-13H; 5 - angular velocity
convertor; 6— vibration-frequency power converter;
7 —cable; 8 — lever system; 9 —amplifier; 10 — straightener;
11— power supply; 12— PC with data acquisition
multi-function card PCI MIO-16E-1

Ecnu Bce 3T omepamyy INpojeNaHbl, TO
MOYKHO OTIPECITUTh TeIUIOYU3NUECKHE XapaKTePH-
CTHKH UCCIIEIYeMOTO CIIPEa 10 SKCIICPUMEHTAb-
HOH mH(MOPMAITIH C UCIIOIB30BAHUEM PAaCUETHBIX
JaHHBIX, KOTOPBIEC TIOJIYYaOT B MPOLIECCE PEIICHHUS
o0paTHOH 3a/1a4i TEILIONPOBOAHOCTH C IIPHUMEHE-
HUeM nakeTa nporpamM Lab View 7.0.

Peonornueckue ucciieoBaHHs CIMBOYHO-
PacTUTENLHOTO CIpe/ia IPOBOMINCH HA BUOPOBU-
ckozumerpe cepun SV -10 (pucynok 4). [Tpunumn
ero paboThl OCHOBaH Ha HCIOJIb30BaHHE METOJNA
KaMepHO# BUOparyu. [ 1aBHBIM OTIIMYHEM OT JpY-
T'nX POTAIMOHHBIX BHUCKO3UMETPOB SABJIACTCA TO,
4yro 0€3 3aMEHbI CEHCOPHBIX TUIACTHH BO3MOXKHO
HETIPEPHIBHO U3MEPATH AMHAMUUYECKYIO BI3KOCTh B
HIMPOKHX JHANa30Hax.

Peonornyeckue cBOICTBA CIMBOYHO-PACTH-
TEIBHBIX CIIPEIOB TPAHCHOPMUPYIOTCS HE TOIBKO
NPY U3MEHEHHHU TeMIIepaTyphl, HO H TIPH Pa3ind-
HBIX CKOPOCTSIX TpaJMeHTa CKOPOCTH CIBHIA.
Cpenu OCHOBHBIX PEOJIOTHUECKUX CBOHCTB Hanbo-
Jiee CyIIECTBEHHOE BIMSHHE Ha THAPOMEXaHUYE-
CKH€ TPOIIECCHl IPH BBIPAOOTKE CHPEIOB OKa3bl-
BalOT WX BI3KOCTHEIE CBOiicTBA [4, 5].

Peomornyeckue nccieioBaHusI CIIMBOYHO-PAC-
THUTENBHOTO CIIPE/Ia, a TAKKE BXOAIINX B €r0 COCTaB
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PaCTUTENBHBIX Mace (apaxrucoBOE, JILHIHOE H MACIIO
3apOJIBIIICH  IMIICHUIIBI), OBUTM  JIOTIOJHUTEIIHLHO
HPOU3BE/ICHbI HA POTALMOHHOM HOIyC(EpOLMIMHI-
puueckoM Brcko3umetpe PB-8M (pucyHok 5).

1-|-[

Pucynok 4. Bubposuckosumerp SV-10
Figure 4. Vibroviscometer SV-10
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Pucynox 5. Buckozumerp PB-8m
Figure 5. Vibroviscometer RV-8m

[IpuaIMn ompeneneHust BA3KOCTH HA POTa-
IIMOHHOM BHCKO3UMeTpe PB-8M ocHOBaH Ha m3Me-
PEHUU CKOPOCTH BpAILCHUS BHYTPCHHETO I[UJIMH-
npa (mpy HEMOABUKHOM BHEIITHEM) B HCITBITYEMOM
Marepualie rnoJj AeiCTBUEM ONPEeIENEHHOTO IPpy3a.

Tenmodusnveckne CBOWCTBA CIpesa, MoIy-
YEHHBIE BO BPEMS JKCIEPUMEHTa COIMOCTABJICHBI
rpaduyecku ¢ IUTepaTypHBIMH TaHHBIMH [T Map-
rapuHa, IpuBeIEHHBIMHE B [6].

3aBUCUMOCTh KO3 (UIIMEHTA TEeMIIepaTy-
pONPOBOAHOCTH CIUBOYHO-PACTUTEIBHOTO
cripena W MaprapuHa, IpeAcTaBlieHa Ha pH-
cynke 6. Ha pucyHke 7 mpeicTaBiieHa 3aBUCH-
MOCTh KO3(UIIMeHTa TEIIONPOBOIHOCTH 00-
pasiia CIMBOYHO-PACTUTENBHOTO CIIPeia U Mapra-
puHa oT TeMreparypsl. Ha pucynke 8 mpeacras-
JIeHA 3aBUCUMOCTPH YJEIbHON TEIIIOEMKOCTH 00-
paslia cripeia 1 MaprapuHa OT TEMIEPaTyphl.
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PucyHok 6. 3aBHCHMOCTE KOI(PQHUIIMEHTa TEMIICPATYy-
POIPOBOHOCTH CIIPE/a U MaprapuHa

Figure 6. The dependence of spread and margarine
thermal diffusivity
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Pucynox 7. 3aBucuMMOCTh KOI(QHIMEHTa TEIUIONpO-
BOJIHOCTH CIIpeJia U MaprapiHa OT TeMIIepaTypbl

Figure 7. The dependence of spread and margarine
thermal conductivity coefficient from temperature
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Pucynok 8. 3aBHCHMMOCTb YJIEIbHOW TEIUIOEMKOCTH
crpena ¥ Maprapita OT TeMIIepaTyphbl

Figure 8. The dependence of spread and margarine spe-
cific heat capacity from temperature
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Bo Bpems sxcniepuMenTa OBbUTO TTOTYy4YEHO, YTO
C TIOIBEMOM TEMITEPATYPhI TIPOUCXOTHUT YBETUUCHUES
TaKUX TCIUTOMH3UUCCKHUX XapAKTEPUCTHK, KaK y/ICTb-
HOW TETIOEMKOCTH U KOd((HIMEHTa TEIUIONPOBOI-
HocTH. CleioBaTeIbHO, MOYKHO CJICTIATh BHIBOJ] O TOM,
YTO CIIOCOOHOCTH CIIMBOYHO-PACTUTENHHOTO CIIpea
TIPOBOJTUTH TEIUIOTY BO3PACTALT [0 MEPE YBEIUUCHHS
€ro TeMIepaTypbl. ITO 00YCIIABIMBACTCS YMCEHBIIIC-
HHUEM ITUIOTHOCTH TNpojAyKTa. [loBbIlIeHHE TeMrepa-
TYpBHl eIUHHIBI 00bEMA CIMBOYHO-PACTUTENHHOTO
cripenia B pe3ylibTare MPUTOKA Terlia CHUDKACTCS C
YMEHBIIIEHHEM TEMIIEPaTyphl, 3TO CJIEAYeT W3 TOrO,
910 KO((GUIMEHT TEMITepaTypOIIPOBOAHOCTH 00-
pasiia CIMBOYHO-PACTHTENBHOTO CIpeAa IO Mepe
pocTa TemIiepaTypbl yMEHbIIAeTCs. JTO TakkKe Mpo-
HCXOJIUT C YMEHBIIICHHEM TIIOTHOCTH MPOIYKTA.

IMony4yeHHbIe AaHHBIC B PE3yNbTaTe UCCIIC-
JIOBaHWI Ha BHUOPOBHCKO3UMETpE ObuIM 00pabdo-
TaHbl U MPEJCTABICHBI B BUje rpaduka. I'papuk
3aBUCHMOCTH JMHAMHUYECKON BSI3KOCTH CITHBOYHO-
pPacTUTENHHOTO CHpeAa OT TeMIepaTyphl Mpe-
CTaBIICH Ha pUCYHKe 9.
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Pucynok 9. M3MeHeHne qUHAMAYECKOM BSI3KOCTH CIIMBOYHO-
PACTHTENBHOTO CIPEa B 3aBUCUMOCTH OT TEMITEPATYPhI

Figure 9. The change of dynamic viscosity creamy-plant
spread, depending from temperature

XapaxkTep U3MEHEHHUsI BSI3KOCTA UMEET CTe-
MICHHYIO 3aBHCUMOCTH. B manmpHeieM BO3MOXKCH
BEIOOP HEOOXOIUMBIX PEIKUMOB JIBIDKEHUS U TEM-
meparyp 0oOpabOTKH  CIMBOYHO-PACTUTEIHHBIX
CIIPEIOB B IPOIIECCe MPOU3BOICTBA ¥ TPAHCIIOPTH-
POBKH TOTOBOTO MTPOAYKTA, C YIETOM ITOTyYE€HHBIX
3HAYEHUN TMHAMUYECKON BSI3KOCTH.
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Pucynok 10. 3aBucumoctb 3(QeKTHBHONH BA3KOCTH
CTIpelia U PaCTUTENBHBIX Macel OT CKOPOCTH CIBUTA

Figure 10. Dependence of effective viscosity spread and
plant oils shear rate
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JlaHHBIE, MOYyYEHHBIC BO BPEMs DKCIICPH-
MEHTa Ha BUCKo3uMeTpe PB-8wm, mpencrarieHs! B
BujE rpadrKa 3aBUCUMOCTH 3P PEKTUBHON BI3KO-
CTH HCCJICTyEeMBIX IPOJYKTOB OT CKOPOCTH CJ[BUTA
mpu KoMHaTHOM Temnepatype 20 °C (pucysoxk 10).

3akiIoyenue

[lomy4yeHHsle OaHHBIE IO3BOJSIOT —PAaLHo-
HaJIbHO BBIOMPATh 000pYAOBaHKE AT EepepadOTKH
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U TPOU3BOJACTBA  CIMBOYHO-PACTUTEIBHOIO
cripesa, MOJEIHPOBATH TMPOIECCH], MPOUCXOIS-
e BO BpeMsA TEXHOJOTHYECKUX OIeparyii,
000CHOBaHHO pelaTh BONPOCH HHTEHCH()UKAINN
TEIJIOBBIX W THAPOMEXaHHYECKHX IIPOIECCOB
MPOU3BOJICTBA NIPU TEMIIEpaTypax, HE BHI3BIBAIO-
IIUX pa3pylIEHUE CTPYKTYpPHI IPOAYKTa.
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