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Biusinue HAJI0KeHNS HU3KOYACTOTHBIX MEeXaHNYEeCKHX KoJIe0aHui HA

3¢ PeKTUBHOCTH IKCTPATUPOBAHUS
1

IOnuan U. Hlumankuit
Cepreii A. Hukenp
Anexcannp B. bynanos
Opuii H. Briacos
L BopoHEXCKHii FOCY1apCTBEHHBIN YHUBEPCHTET MHKEHEPHBIX TEXHOJIOTHI, np-T Pepommonuu, 19, r. Boponex, 394036, Poccus
Pedepar. [TokasaHo, 4To 3Q)EKTUBHBINH NEPEHOC LIEIEBOr0 KOMIIOHEHTA U3 CHIPbS IIPOUCXOAUT B YCIOBHAX TypOYJIEHTHOTO PeXHUMA,
o0ecreyrBacMoro HaJOKCHHEM MEXaHWYECKHX KoleOaHWi Ha IBYX(a3HYIO CHCTEMY: TBEpIOE TeJO - >KUAKOCTb. 3a CUeT TaKou
THAPOMHAMHIECKOH OOCTaHOBKM B HKCTPAKTOPE MHTEHCH(HIMPYIOTCS HE TONBKO BHEIIHSSA, HO W BHYTpeHHss auddysus. V3yuen
Crrocod MHTEHCHU(HKAIMK Ipollecca SKCTParupoBaHUs C IOMONIBI0 HU3KOYACTOTHBIX MEXaHHYECKHX KoyieOaHWI B cilydae, KOrjaa
KoJiebaTeNIbHOe ABIDKEHHE COBEpINAET aIlapar ¢ IOJCHIPHOI CBIBOPOTKOH, cozeprkamieil B3BEIIEHHbBIE OPHCThIE JacTHIBL. OIBITHI
HPOBOJMIINCE HA JJADOPATOPHBIX YCTAHOBKAX C ITOABOIOM K ABYX()a3HOM CHCTEME SHEPTUH U3BHE, HCTOYHUKOM KOTOPOH B IIEPBOM CITydae
SIBIISUICS DJICKTPOMArHUT, BO BTOPOM — MEXaHHYECKHil PUBOJ] ¢ 3KCLEHTPHKOBBIM YCTPOHWCTBOM. IIpencTaBiieHbI CXEMbl YCTAHOBOK.
PexxumHBIE TapaMeTpsl H3MEHSUTNCH B THana3oHax: Temmeparypa ot 40 go 60 °C, gacrorta konebanuii ot 30 1o 40 Koi/c, aMIIUTyAa OT
1 10 6,5 MM. B mporiecce SKCTparnpoBaHus TEKYIask KOHICHTPALUS SKCTPAKTHBHBIX BEILIECTB HAXOJUJIACh U3 YPABHEHHS MATEPUATBHOTO
Gananca. [IpuBeaeHbI SKCTPAKIIMOHHEIE KPUBBIE, MOTy4YEHHBIE 110 SKCIIEPUMEHTAIBHBIM TaHHBIM. Habonanocs HapacTaHue H3BIIeYeHHs
SKCTPAKTHBHBIX BEIIECTB BO BPEMEHH, PHYEM OHO OBUIO MHTCHCHUBHEE C YBEJIMYEHHEM YacTOTHI KOJIeOaHHH. Y CTaHOBICHO, YTO POCT
aAMIUTMTYBl HE OKa3bIBaeT CTOJb CYIIECTBEHHOTO BIIMSHMS Ha WM3MEHEHWE YKa3aHHBIX IoOKazaresed. HTeHCHMBHOCTH KoneGaHui
cocraBsuia 10 260 mm/c. IIpy 3TOM BBIXOJ SKCTPaKTHBHBIX BEIIECTB B YaCTHOCTH W3 JIONHMHA B (hopMe KpYIKU paBHsuIcsA 25 %, a
TIPOIOIDKUTENBHOCTD Tporiecca 18 MuH. DKCIIEpIMEHTHI TIOKa3aId, YTO IPIMEHEHHE BEIOPAHHOTO CII0c0o0a SKCTParnpoOBaHuUs MPUBOAUT
K 3HAUUTEIIFHOMY YCKOPEHHIO mporecca (10 2,5 pa3) Mo CpaBHEHHIO C HKCTParupoBaHUHEM B ILIOTHOM cjoe. CaenaH BBIBOJ, YTO
BCJIC/ICTBHE HAJIOXKCHHUS HA CHCTEMY MEXaHHYECKHMX KOJNCOAaHMH Ha MOBEPXHOCTH M B MOpax TBEpAOil (a3bl BOHHKAIOT KojIeOaHMUS
JTABJICHUS, OTHOCHUTEJIBHBIX CKOPOCTEH, a TakKe KOHIICHTpALMi IeIeBBIX KOMIIOHEHTOB JIBYyX(asHol cucreMbl. B wrore cosmarorcs
MaKCHMaJIEHO BO3MOJKHBIE JJIsI HCCIIEIOBAHHOTO MPOIEcca IPaNEHTHI OTHX 1apaMeTPOB.
KunioueBsbie c10Ba: SKCTparnpoBaHye, KHHETHYECKUE 3aKOHOMEPHOCTH, JIFOIIHH, IOACHIPHAsi CHIBOPOTKA, MEXaHWYECKHe KOoyeOaHus,
MHTCHCH(UKALHSI BBIX0JIa KOMIIOHEHTOB

Effect of the imposition of low-frequency mechanical oscillations on
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Summary. It was shown that the effective transfer of the target component from the raw material occurs under a turbulent regime
conditions provided by applying mechanical oscillations to a two-phase system: solid-liquid. Due to this hydrodynamic situation, not
only external but also internal diffusion is intensified in the extractor. The method for intensifying the extraction process using low-
frequency mechanical oscillations in the case when the vibrational motion is performed by a device with a cheese whey containing
suspended porous particles was studied in the work. The experiments were carried out on the laboratory equipment with a supply to a
two-phase energy system from the outside, the source of which in the first case was an electromagnet, in the second - a mechanical
drive with an eccentric device. Schemes of equipment were also presented in the work. The regime parameters varied in the following
ranges: temperature - 40-60 °C, oscillation frequency - 30 - 40 osc / s, amplitude - 1 - 6.5 mm. In the extraction process, the current
concentration of extractive substances was obtained from the material balance equation. Extraction curves obtained from experimental
data were presented. Increasing extraction of extractive substances in time was observed, it being more intense with the increasing
frequency of oscillations. It was found that the growth of the amplitude does not have a significant influence on the change of these
indices. The intensity of oscillations was up to 260 mm / s. At the same time, the yield of extractive substances in particular from
lupine in the form of grits was 25%, and the duration of the process was 18 min. The experiments showed that the application of the
chosen extraction method results into a significant acceleration of the process (up to 2.5 times) as compared to extraction in a dense
layer. It is concluded that due to the imposition of mechanical oscillations on the surface and in the pores of the solid phase, there arise
oscillations of pressure, relative velocities, as well as the concentrations of the target components of the two-phase system. As a result,
the gradients of these parameters that are maximally possible for the investigated process were created.
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BBenenune

DKcTparupoBaHie HaJIOKEHUEM TTOJIST MeXa-
HUYECKUX KOJIEeOaHUH MPOTEKAET B YCIOBUIX TYp-
OyJeHTHOTO ABW)XEHUS cIutonrHou ¢a3sl. [lepenoc
LEJIEBOTO KOMIIOHEHTA PEAIM3yeTcs 3a CUET Xao-
THYECKOTO TIEpEMEIICHUs DIIEMEHTApHBIX BUXpeEl
COBMECTHO C MaKPOCKOIMYECKIMH 00beMaMU YKUITKOH
cpenpl [3,5]. [Tpr 3TOM YMEHBIITAFOTCS WK TIOTTHOCTHIO
YCTPaHSIIOTCS 3aCTOMHBIC 30HBI B aIlapaTte, a TakKe
yBenruuBaeTcsi kKo3hduuueHT maccoobMeHa, 3a-
BHUCSIIIMA OT OTHOCUTENBHOM CKOPOCTH JBUKEHUS
TBEPIBIX YACTHIl U UJIKOCTH U B 3HAYUTEIHbHOU
CTEIICHHU OT aKTUBHO MoBepXHOCTH [1].

OHeprusi  KojaeOaTembHOTO  JIBIDKEHUS,
KaK TPaBWJIO TPOMOPIHOHATHFHA TPON3BEICHHIO
aMIUTUTYIBI KosleOaHuil A Ha ux 9actoTy N. CorsiacHo
3aKOHY  COXpaHEHHMs DdHeprun  An=Const.
OueBHIHO, YTO YACTOTA KOJIeOaHUH 00pPaTHO TPO-
mopiroHagbHa uX Macirady [2]. [lpu HamoxxeHun
MEXaHW4YeCKUX KojeOaHuil B ympyrou cpeme pas-
BUBAIOTCA MYyJbCAallUM PA3JIUYHBIX MaCHITa6OB,
MPU 3TOM KPYMHOMACIITaOHbIE TIEPEXOIAT B MEJ-
KOMAcCIITa0HBIE, TO €CTh BO3HHUKAET HEpapXus
kojeOanuii. UeM MeHbIlle maciutab KojeOaHHI,
TeM OOJIBbIIIYI0 TYpOYJIM3allUIO MTOTOKA BBI3BIBAIOT
OHU B YCThE KaWJUIAPOB. 3a CUET TAKOW TUAPOIU-
HaAMUYeCKOH OOCTaHOBKH B OOJbBIIEH CTENeHU
WHTEHCU(QHUIUPYIOTCS HE TONBKO BHEUIHSAA, HO U
BHyTpeHH: nudy3us.

MartepuaJibl 1 METOABI

Hamu wu3ydeH crmoco® wuHTeHCH(UKAIAN
Tpoliecca 3KCTParupoBaHus C MOMOIIBI0 HHU3KOYa-
CTOTHBIX MEXaHUYIECKHX KOIeOaHuil B cirydae, Koraa
KoneOaTenpHOe JIBIDKEHHME COBEpIIaeT —armapar
C MOJICBIPHOM CHIBOPOTKOM, COZIEPKAIIEH B3BELICHHBIE
TBEPABIE YACTHLIBI JIFOMMHA. CIOKHOCT TAKOM CUTYalU
orpesieNnsieTcs: COUYeTaHUEM JIBYX PEKHMOB: HHEPLIH-
OHHOTO peXHMa BCIIe/ICTBHE KOJieOaHM TIOACBIPHOM
CBIBOPOTKH M B3BELLIEHHOI'O COCTOSIHHS YaCTHII.

OmnbITEl MPOBOIWIIMCH Ha JIAOOPAaTOPHBIX
YCTaHOBKax C MOJIBOJIOM K JByx(a3Hol cpefe dHep-
TWH W3BHE B BHJ/IE HU3KOYACTOTHBIX MEXaHHMYECKHX
KoJ1e0aHM, NICTOYHUKOM KOTOPBIX SIBJISUICS JIEKTPO-
MarHuTHBIA (PUCYHOK 1) M MeXaHWYeCKHUH TPHUBOL
C 9KCIIEHTPHKOBBIM YCTPOHCTBOM (PHCYHOK 2).

OKCTPaKTOp COCTOUT M3 CTAaHWHBI 1, HA KOTO-
POii 3aKPEIUISICS 3IEKTPOMArHUT 2 U IUIOCKHE Npy-
xunbl 3. K ipyrkrHam 3 kpenuiach IAIHHAPUYEcKast
MOJIBYDKHAS Tiatdopma 4 ¢ pe3NHOBBIM KOBPHKOM 5
Ha ee JHHMIIIE, a TaKKe (PUKCUPYIOLINIA AUCK 6 ¢ 0TBep-
CTUSIMH,  PACIONIOKEHHBIMH IO  OKPY>KHOCTH
JUISI YCTAHOBKH B HUX CTaKaHOB / C MPOOKaMH.
B ¢ukcupyromem nucke 6 KOHUEHTPUYHO YCTa-
HaBJIMBAJICS HarpeBaTebHbIH srement 10.
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Pucynok 1. O0mmmii Buz (2) ¥ cxema 3KCIepUMEHTAIBLHON
ycraHoBku (0): 1 — cranmHa; 2 — D3JIEKTPOMArHHT;
3 — mockue NpyKHHBL, 4 — TOABWXHAs TuiaTdopma;
5 — pe3uHOBHI KOBpHK; 6 — (PUKCHPYIOMIHN IICK;
7 — CTEeKJSIHHBIA cTakaH Cc MpoOKoil; 8 — cChIpbe;
9 — oskcrparent; 10 — HarpeBaTenmbHBIN 37eMeHT; 11 —
KpeIUIeHHe HarpeBaTeIbHOro dJIeMeHTa; 12 — TepMonapa;
13 — ynmBepcanpHbii m3meputens OBEH 2TPM; 14 —
YaCTOTHBIH Mpeodpa3oBatenb; 15 — aBroTpancdopmarop;
16 — TymMOnep BKIFOYCHUS YCTAHOBKH, 17 — CHTHAIBHAS
JIaMIIa BKJTFOUSHUS

Figure 1. Main view (a) and experimental setup (b): 1 —
frame; 2 — solenoid; 3 — flat spring; 4 — movable
platform; 5 — the rubber Mat; 6 — locking disc; 7 — glass
beaker with a stopper; 8 — raw material; 9 — extractant;
10 heater; 11 — fastening of the heating element;
12 — thermocouples; 13 — meter universal ARIES
2TPM; 14 — frequency Converter; 15 — autotransformer;
16 — switch setting; 17 — signal lamp turn

OnBITHI TPOBOIMINCH CIECAYIOLMM 00pa3oM.
B noxBmxnyro mnardopmy 4 3anuBanack Boaa. 13-
MEJTbUEHHBIA JIOMMH W IKCTPareHT (MOJACHIpHAS
CBIBOPOTKA) 3arpy’>Kajiich B CTAaKaHbI /, KOTOpbIE
3aKphIBaIACH ITpoOkamu. [locie 3Toro BKITFOUaMCh
B paboTy HarpeBareibHbI 3neMeHT 10, 3aTem
ANIEKTPOMArHuT 2. 3alaHHas Temreparypa BOJbI
B TOJBWXHOH mnardpopMme TOEpKUBAIach
MOCTOSSHHOW B TPOIIECCE  OKCTPAarupOBaHMSL.
OnHa wn3Mepsiach TepMONapod M KOHTPOJIUPOBA-
nace u3Meputens-perynsitopom OBEH 2TPMI.
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YacroTa BUOpaIuu 3ajaBajiack YaCTOTHBIM IIPE00-
pasoBareneM U psAAoM (PUKCHPOBAHHBIX 3HAYCHUI
ammuty 1. COOTHOILIEHHE TBEPAOH U KUAKOH (a3
B OKCTpaKTOpe cOCTaBIsUIO 1:5—1:6. OnbIThI NPOBOIU-
ek pu Temreparype 4060 °C, yactoTe koneOaHuit
ot 30 1o 40 xoir/c, amrmTyie oT 1 710 6,5 MM.

YacTram JIoNyHa Mpe/IBapUTeNIHHO MpHIaBa-
nack popma kpyrku. [IpoOsI 3KCTpakTa OTOUPATUCH
yepe3 HHTEePBaJbl BpeMeHHU OT 1 10 5 MUH crienu-
aTBHBIM IIIpHuIeM. B oToOpaHHBIX TTpo0ax orpe-
Jesaach MaccoBast OISl CYXHUX BEILECTB.

Psn ombiTOB mpoOBOAMIIMCH HA YCTAHOBKE
(pucyHOK 2), oTInHUaroIeics TeM, 9To KoneOaHus
00€eCIeUnBaIHCh PUBOIOM OT DJIICKTpoaABHraTeis 18.
[puBox BKIrOYaN B cebsi, KpOME SIIEKTPOABUIATENs,
KIIMHOpPEMEHHYI0 Tiepenady 19, perymnupyemoe
SKCIeHTpUKOBOE ycTpoicTBo 20, maryH 21, Muk-
POMETPUYECKUI U3MEPUTENH 22. DKCIEHTPHUKOBOE
YCTPOMCTBO BMECTE C MIATYHOM COOOIIATIO BO3BPATHO-
MOCTYMaTeIbHOE JBIDKCHHE B BEPTUKATLHOM
HarnpasjieHun mwiarpopme 4 (pucyHok 1, b).

Yacrora xonebaHuii M3MEHsIach B 3ajaH-
HOM JIMana3oHe C TOMOIIBI0 3JICKTPOJABHUIATEINS
nepemeHHoro Toka 18 m peocrara. s 3amepa
aMIUTUTYIBl KOJIEOaHUH HCIOB30BaJIOCh MHKPO-
METPHUYECKOE YCTPOUCTBO 22.

1 =n L1

PucyHOK 2. DKCTpaKTOp C MEXaHHYECKHUM IPHBOIOM:
1 — snekTponBUTaTENh; 2 — KIMHOPEMEHHAsI Tiepeiayva;
3 — perymupyeMoe SKCUSHTPHKOBOE YCTPOWCTBO;
21 — martyH; 4 — MUKPOMETPUUYECKOE YCTPOWCTBO

Figure 2. Extractor with mechanical operation: 1 — motor;
2 — belt transmission; 3 — adjustable eccentric device;
21 — connecting rod; 4 — a micrometric device

W ieHTHYHOCTD MIPUBEACHHBIX HIKE PE3YJib-
TaTOB MCCJICAOBAHHMN, BBIMOJHEHHBIX Ha O00EHX
YCTaHOBKaX, JIAI0T OCHOBAHHE CYMTATH 3TH PE3YJIbTAThI
JOCTOBEPHBIMH.

B miporiecce uccienoBaHust TEKyIIas KOHICH-
TpaIWsi SKCTPAKTHBHBIX BellecTB C1 HAXO/IMIIACh U3
ypaBHEHHsI MaTepHaIbHOrO Oananca [4].

Jlnst csi3m ¢ penakuueit: post@vestnik-vsuet.ru

C =C,+8-(C-0); 1)
B=Mm_/ pW | @)

rae C, — HavaibHas KOHIEHTPALWS LEEBBIX KOMIIO-
HEHTOB B 9KcTparente; C; — TeKyIas KOHIEHTpaIii

[CJIICBBIX KOMIIOHCHTOB B 3KCTPArcHTC, CO -

HavaJbHas KOHIICHTPAIHS IIeJIEBBIX KOMIOHEHTOB
B nopax yactull; C — ocpeJHEeHHas! KOHLICHTpalus
IIEJIEBBIX KOMIIOHEHTOB B ITOPaX YacTHIL B KaXKIbIi
MOMEHT BpeMeHHu; M — macca TBEpJIOW YacTHIIbI;

mn — 00BbeMHast A0JI1 IOP, o — INIOTHOCTDH YaCTHULL

Mmarepuana 10 3arpy3ku B ammapar; W — oObema
IKCTpareHTa; S — Ko PUIMEHT MacCOOTAAYH.

Pe3yabTaThl u 00cyxaeHue

Habnronanoce HapacTaHWe KOHIEHTPALH
9KCTPAKTUBHLIX BCHIECTBO BO BPEMCHU, IIPUIEM OHO
ObLIO MHTEHCHBHEE C YBEJIMUIEHHEM YacTOThI Kojieba-
U (pucyHok 3-5). Mcmonp3oBanue TypOyiIeHTHOM
IIyJIbCAlMY IIPU OKCTPArupOBaHUH U3 JIIOIHHA I103-
BOJIMJIO YBCJIMYUTH BBIXOJ HEJICBBIX KOMIIOHCHTOB
332 CYET CO3/IaHUsI AKTUBHBIX THAPOAMHAMUYECKHX
SIBIICHU BOIV3M OTBEpCTHs Karmwuiapa. Hamoxkerue
MEXaHHYEeCKIX KOJUIeOaHM Ha CUCTEMY NPHUBOIUT K
cHATHIO TUQy3HOHHOTO Oapbepa ¢ MOBEPXHOCTH
TBepAol ¢a3bl U BHIPABHUBAHUIO KOHIEHTPAIUI
BEIIECTB B IO/ICKIPHOM CHIBOPOTKE.

C,Mac. %
25 -
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PI/ICYHOK 3. Kunernueckue KpUBBIC H3BJICUCHUA
OKCTPAKTHBHBIX BEHICCTB M3 JIFOIIMHA MPHU MEXaHUICCKUX
kosiebanusax N, koa/c: 1 —3;2—-6;3-10; A =55 mm;
t =50 °C; dpopma Tena — xkpymnka

Figure 3. Kinetic curves of extraction of extractives from
lupine in mechanical oscillations n, number/s: 1 —3; 2 — 6;
3-10; A =5.5 mm; t =50 °C; body shape — crumb
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Pucynox 4. KuHeTuuyeckue KpUBBIE H3BIICUECHUS
9KCTPAKTUBHBIX  BEHNIECTB M3  JIIONHHA  TIpH
MeXaHW4ecKux kojebanuii (0e3 yuera conepxkanus CB
B IIOACBIPHOM CBIBOPOTKE), N, Koi/c: 1 —3; 2 — 6: 3 - 10;
A =5,5mm; t =50 °C; dpopma Tena — kpymnka

Figure 4. Kinetic curves of extraction of extractives
from lupine when mechanical vibrations (excluding the
DM content in cheese whey), n, number/s: 1 — 3; 2 — 6:
3-10; A =5.5 mm; t =50 °C; body shape — crumb

[IpuMenenne BBHIOpaHHOTO METOAA MHTEH-
cuUKaIUH IPUBOJUT K YCKOPEHUIO mporiecca (10
2,5 paz). OOmiast 3aKOHOMEPHOCTH, KOTOpast ObIIa
YCTAaHOBJICHA B PE3yJIbTaTe KCIEPUMEHTAIBHOTO
uccnenoBanus, cnenyromas. C yBelInyeHneM 4a-
CTOTBHI KOJIe0aHUH MPOAOIKUTENBHOCTE MpoIecca
COKpAILAeTCsl U BBIXOJA SKCTPAKTUBHBIX BELIECTB
CYIIECTBEHHO YyBeJIHYHMBaeTcs. BnumsHue pocra
aMIUIUTYIbl HE OKa3bIBAET CTOJb 3HAYUTEIHLHOIO
BJIMSIHUSL HA M3MEHEHUE YKa3aHHBIX IMOKa3aTeleH.
HNuTencuBHOCTH KONMEOaHWH cocTaBisiia OoT 3 10
260 mm/c. B mocnenHem cirydae BBIXOJ SKCTPAKTHB-
HBIX BEILECTB VISl YacCTHUIl B BUIE KPYIKH PaBHsIICS
25 %, a MpoAOHKUTETBHOCTH Tipotiecca 18 MuH.

BcrnencrBue HanmoXeHHss MEXaHUUECKHX KO-
neGaHMii Ha TOBEPXHOCTH U B ITOpax TBEPOH (a3bl
BO3HHKAIOT KOJIeOaHHs 1aBJIECHUS, OTHOCUTEIbHBIX
CKOpPOCTEH, a TakXke KOHLEHTpauui. B wurore
CO3JaI0TCsl MAKCUMAIbHO BO3MOMKHBIE JUISI HCCIIEIO-
BaHHOTO MpoIIecca rPaJueHThI 3THX TapaMeTPOB.

XaoTUYECKOE JBHXKCHHE COBOKYITHOCTU
qacTULl TBepAOil (a3bl B IKCTPAKTOPE HOATBEP-
KJIATOCh TOBEJICHNEM MEUEHBIX YacTHI] JIFOMUHA.
B pesynabrate paccMOTpeHHsST WHTEHCHUBHOCTH
Xa0THYECKOTO JIBHKEHHSI CIUIONTHOM W JTUCTIEPTH-
poBanHOH (a3 [IpoTOABIKOHOBEIM C COaBTOpaMH
TIOJTY9eHO COOTHOIICHHE [6]:

12 1V 1d? 2d? )"
i 2] AR A2 3
B {l{ﬁzj 274(“ 12vj ’ ®)

e ls v |y — THTEeHCUBHOCTH Xa0THYECKOTO JIBIKEHHUS
CIUIONTHON (PKHIIKOM) M JAWCTICPTHPOBAHHON (TBEPIOH)
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Pucynox 5. KwuHernueckue KpuBBIE H3MEHEHUS
KOHIOCHTPpAaU SKCTPAKTUBHBIX BCIICCTB B JIIONWHE
(ucTomaroniee KCTparupoBaHUe) MPU MEXaHUUYECKUX
KoseOaHUAX MeXaHW4deckuX) N, kou/c: 1 —3; 2 — 6; 3 —
10; A = 5,5 MM; opma Tena — Kpynka

Figure 5. Kinetic curves of changes in the concentration
of extractives in lupine (exhaustive extraction) in
mechanical vibrations mechanical) n, number/s: 1 — 3;
2 —6; 3-10; A=5.5mm, body shape — crumb

¢az; y — OTHOILICHUE TUIOTHOCTEH TBEPIIOH U KHUAKON
¢a3; Ai — HEKOTOpbIe TOCTOSHHBIE; d — pa3Mep wuc-
TIEPCHOMN YACTHIIBL; V — BI3KOCTD KHUAKOCTH.

Otmeuaercs, 4to Ko3hHImeHT TypOyIeHTHOM
T dy3un kakaoi u3 (as nponopioHaieH HHTEHCHB-
HOCTH XaOTHYECKOTO JIBWXKCHHS COOTBETCTBYIOIICH
¢azbl. [Toaromy dhopmyna (3) O3BONISAET OLICHUTH OT-
HomeHre KoduieHToB TypOyIeHTHOM tuddy3nn
JKUZIKOW U IMCTIEPrUpOBaHHOM (pa3 B armapare.

B Hamem cimydyae OTHOIICHWE TMIIOTHOCTEH
Y = po/px > 1. OuU3MUECKUN CMBICT 3aKITIOUAETCS
B TOM, YTO €CJM IUIOTHOCTU TBEPAOW U KUJKOU
(a3 pasHATCS, TO CIEAYET OXKUAATh HEKOTOPOTO
YBEJTUYEHHsI OTHOCHTEIBHOW CKOPOCTH UX JIBIKE-
HUSI, 9TO MPHUBEJET K yBeIMUeHHI0 Koddduimenrta
Macconepenaud. MHTEHCHBHOCTh XaOTHYECKOTO
JBIDKEHUS (a3 He OyIeT OIMHAKOBOM, paBHO KaK U
KO3 GUITUEHTHI TypOYIeHTHOU muddy3un.

3akioueHue

Takum 00pa3oM, IPUMEHEHHE TIPe/yIaracMoro
nporiecca SKCTParupoBaHUS TO3BOJISET OOECIICUHTh
MaKCHMAaJIbHOE M3BIIEUEHHE IIEJIEBBIX KOMIIOHEHTOB M3
CBIPbsI PACTHTENHHOTO MPOUCXOMKICHHSI, THTEHCH(DUIIV-
pOBaTh TPOIIECC AKCTPArkpOBaHMUs, MPUYEM CTEIEHb
WHTEHCU(HKAIH B TOJIe HU3KOYACTOTHBIX KOJICOaHMIA
OTIPEIENAETCS CKOPOCTHIO ITyJIbCHPYIOIINX TTOTOKOB
TP pa3BUTOI TypOynenTHocTH. [Ipn 3TOM yBemum-
BAeTCA MOBEPXHOCTh KOHTAKTa (a3 TBEpIOE TEI0 —
xuaKocTh. [Ipoucxomaut cHsTHE MUd(Y3HOHHOTO
Oapbepa 3a cueT yBeNMYeHHsI OTHOCUTEIBHBIX CKO-
pocTeii IBMKEHUs B IBYX-(ha3HOW CUCTEME U aKTH-
BH3HPYETCS IOBEPXHOCTh MacCoTepenadn.



Becmuux BTYHIIT/Proceedings of VSUET, IIT. 80, Ne 1, 2018

JUTEPATYPA

1 Kacarkun A.I. OcHOBHBIE NpOLIECCHI U amma-
paThl XUMUYecKo TexHomnoruu. M. : Anbsiac, 2014. 752 c.

2 OctpuxoB A.H., A6pamoB O.B., Jlorunos
A.B. u gp. Ilpoueccsl U annmaparbl NHUIIEBBIX MPOU3-
Boacts. CII6.: TUOP/I, 2012. 616 c.

3 Bo6mikosa T.B., ImskoB C.H., [Tepmsikos A.B.
Iporeccr! U anmapaTsl MUIIEBBIX MPOM3BOICTB: yaeOHOEe
niocobue. Craspornonb: AIPYC CraBpomnosbsckoro roc. ar-
papsoro yn-Ta, 2013. 212c.

4 mmanxwuii FO.U., UBanos C.C., [Imoxa C.IO.
KuHerrka W3BieYEHHs! IKCTPAKTHBHBIX BEIIECTB M3 JIO-
NMHA C Pa3IM4HOI reomerpuyecko opmoii // BectHnk
BOpOHEKCKOTO TOCYJapCTBEHHOTO YHHBEPCHTETa HHKEHEp-
HBIX TexHojormit. 2014. Ne 1. C. 36-39.

5 Zayas J. F. Functionality of proteins in food //
Springer Science & Business Media. 2012.

6 Ackaah-Gyasi N. A. et al. Improving and Tai-
loring Enzymes for Food Quality and Functionality //
McGill University (Macdonald Campus), Montreal, QC,
Canada. 2015. P. 103.

7 ClarkS.,Jung S., Lamsal B. et al. Food processing:
principles and applications. John Wiley & Sons, 2014.

8 Taheri F. Applications of Nanoparticles in
AdhesivesCurrent Status // Handbook of Adhesive
Technology. 2017.

9 IllernoB A.A., Iepkarocosa A.A., Kopotaea A.A.,
Hatnosa C.A. KuneTnyeckue 3aKOHOMEPHOCTH U ONTH-
MH3alHs TPOoIecca CYIIKH )KOoMa KpacHOTro kiesepa //
Bectank BopoHeKCKoro rocy1apcTBeHHOTO YHUBEPCHTETA
nHKeHepHBIX TexHonorui. 2013. Ne 4 (58). C. 41-46.

10Jeltema M. A., Beckley J. B., Vahalik J. Im-
portance of Understanding Mouth Behavior when Opti-
mizing Product Texture now and in the future // Food
texture design and optimization. 2014. P. 423-442.

11 Imutpues E. A. SIBieHus nepeHoca Macchl B
mpUMepax M 3ajavax: yuyeoHoe mocooue. M.: Jlupekt —
Menua, 2015. 104 c.

12 Tpunmn H. C,, Tlonukapos NI, TTonvkapos C.H.,
I'pymn JILH. Dxcrpakiys B nosie nepeMeHHsIx cuil. ['uapo-
JIMHAMUKa, Maccoriepenaya, armapatbl. Kazanp: W3marems-
ctBo KazaH. Hail. uccnen. TexHon. yH-T, 2012. 468 c.

CBEJEHUS Ob ABTOPAX

KOmman U. HInmankuii 1.17.H., npodeccop, kapenpa du-
3MKH, TEIJIOTEXHUKH U TEIUI0IHEpreTuku, Boponexckuii rocy-
JIAPCTBEHHBIN YHUBEPCUTET MHKEHEPHBIX TEXHOJIOIUH, Ip-T PeBo-
monny, 19, r. Boponex, 394036, Poccust
Cepreii A. Huxesb K.T.H., TOUEHT, Kadenpa GU3NKY, TEIUIOTEX-
HHKU U TEIUIOOHEPIeTHKY, BopoHeKcKuii rocy1apCTBEHHbIN YHU-
BEPCHUTET HHKEHEPHBIX TEXHOJIOTHH, Tp-T PeBomormy, 19, T. Bo-
ponex, 394036, Poccus, sergei.nickel@yandex.ru
Adgexcangp B. ByaanoB a.1.H., npodeccop, xadenpa ¢u-
3MKH, TEIUIOTEXHUKH U TEIUIO3HEpreTHKH, BopoHexckuii rocy-
JIAPCTBEHHBIN YHUBEPCUTET WHKEHEPHBIX TEXHOJIOTHH, 1p-T Pe-
Bomonuy, 19, r. Boponex, 394036, Poccus
IOpuii H. BracoB k.¢-M.H., noueHt, kadenpa Gusuky, Tem-
JIOTEXHUKHU U TEIUIO3HEPreTHKH, BopoHexckuii rocyiapcTBeH-
HBII YHUBEPCUTET HMHKEHEPHBIX TEXHOJIOIHH, Np-T PeBoronny,
19, r. Boponex, 394036, Poccus

KPUTEPUIL ABTOPCTBA
Bce aBTOPBI B paBHOﬁ CTCIICHU IIPUHUMAJIA Y4aCTHUC B HAIllMCaHUU
PYKOIIMCH U HECYT OTBECTCTBCHHOCTD 3a IlJIaruaTt

KOH®JIUKT HHTEPECOB

ABTOpBI 3aBILIIOT 00 OTCYTCTBHU KOH(IUKTA HHTEPECOB.

MMOCTYIINJIA 28.01.2018
MPUHSATA B IIEYATD 16.02.2018

Jlnst csi3m ¢ penakuueit: post@vestnik-vsuet.ru

REFERENCES

1 Kasatkin A.G. Osnovnye protsessy | apparaty
[Basic processes and apparatuses of chemical technol-
ogy] Moscow, Al’yans, 2014. 752 p. (in Russian)

2 Ostrikov A.N., Abramov O.V., Loginov A.V.
et al. Protsessy | apparaty pishchevykh [Processes and
devices of food production] Saint-Petersburg, GIORD,
2012. 616 p. (in Russian)

3 Voblikova T.V., Shlykov S.N., Permyakov A.V.
Protsessy | apparaty [Processes and Apparatuses of Food
Production] Stavropol, AGRUS, 2013. 212 p. (in Russian)

4 Shishatsky Yu.l., lvanov S.S., Plyukh S.Yu.
Kinetics of extraction of extractive substances from lu-
pine with different geometric shapes. Vestnik VGUIT
[Proceedings of VVoronezh State University of Engineer-
ing Technologies] 2014. no. 1. pp. 36-39. (in Russian)

5 Zayas J. F. Functionality of proteins in food.
Springer Science & Business Media. 2012.

6 Ackaah-Gyasi N. A. et al. Improving and Tai-
loring Enzymes for Food Quality and Functionality.
McGill University (Macdonald Campus), Montreal, QC,
Canada. 2015. pp. 103.

7 ClarkS.,Jung S., Lamsal B. et al. Food processing:
principles and applications. John Wiley & Sons, 2014.

8 Taheri F. Applications of Nanoparticles in Adhe-
sives Current Status. Handbook of Adhesive Technology. 2017.

9 Shevtsov A/A, Derkanosova A.A., Korotaeva AA,
Dyatlova S.A. Kinetic regularities and optimization of
drying process of red clover pulp. . Vestnik VGUIT [Pro-
ceedings of Voronezh State University of Engineering
Technologies] 2013. no. 4 (58). pp. 41-46. (in Russian)

10Jeltema M. A., Beckley J. B., Vahalik J. Im-
portance of Understanding Mouth Behavior when Opti-
mizing Product Texture now and in the future. Food tex-
ture design and optimization. 2014. pp. 423-442.

11 Dmitriev E.A. Yavleniya perenosa massy
[Phenomenon of mass transfer in examples and tasks]
Moscow, Direct - Media, 2015. 104 p. (in Russian)

12 Grishin N.S., Ponikarov L.l., Ponikarov S.I, Grishin
D.N. Ekstraktsiya v pole peremennykh sil [Extraction in the
field of variable forces. Hydrodynamics, mass transfer, ap-
paratuses] Kazan, KNITU, 2012. 468 p. (in Russian)

INFORMATION ABOUT AUTHORS

Julian 1. Shitshatskij Dr. Sci. (Engin.), professor, physics,

heat engineering and heat power engineering department, VVo-

ronezh state university of engineering technologies, Revolu-

tion Av., 19 Voronezh, 394036, Russia

Sergey A. Nikel' Cand. Sci. (Engin.), associate professor, physics,

heat engineering and heat power engineering department, \Voronezh

state university of engineering technologies, Revolution Av., 19

Voronezh, 394036, Russia, sergei.nickel@yandex.ru

Aleksandr V. Budanov Dr. Sci. (Engin.), professor, physics,

heat engineering and heat power engineering department, VVo-

ronezh state university of engineering technologies, Revolu-

tion Av., 19 Voronezh, 394036, Russia

Yuti N. Vlasov Cand. Sci. (Phys.+-math.), associate professor,

physics, heat engineering and heat power engineering depart-

ment, Voronezh state university of engineering technolo-

gies, Revolution Av., 19 Voronezh, 394036, Russia
CONTRIBUTION

All authors equally participated in writing the manuscript and

responsible for the plagiarism

CONFLICT OF INTEREST
The authors declare no conflict of interest.
RECEIVED 1.28.2018
ACCEPTED 2.16.2018

29



