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TepmoauHamuka HeuzorepmMudeckoi 1udpdy3un
MPH IKCTPArMPOBAHUHU U3 JIIONMHA MOJACHIPHON CHIBOPOTKOM
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1 BopoHEXCKHI TOCYAapCTBEHHBI YHUBEPCUTET HHXKEHEPHBIX TEXHOJIOTHH, p-T PeBosmtormu, 19, r. Boponex, 394036, Poccust
AHHoTanus. Bo MHOTHX clTydasx 3KCTparupoBaHHIO COITyTCTBYIOT TEIUIOBBIE siBIeHNs1. Hamu ycTaHOBIIEHa BO3MOXKHOCTS HHTEHCH(DUKALINH
mporiecca 3a CYeT HCIOJIb30BAaHUS HArpeToil MOJACHIPHOW CHIBOPOTKH. JIFONMMH pasimuuHOi reomerpudeckoit Gopmsl (chepa, IMHAID,
IUIACTUHA) 3arpyXXajcsi B OKCTPAKTOP, 3aMOJHEHHBIN MOJCHIPHOM CHIBOPOTKOH. BenencTBue pasHOCTH TeMmmeparyp TBEpPIOro Tela U
JKUJIKOCTH BO3HUKAN TeMIepaTypHbIid rpamueHT. Ilo Mepe mporpeBaHus Tela IpafdeHT TEMIEpaTyphbl yMEHBIIAICI, a 3aTeM Hcuesall.
TemmeparypHBIi TpagueHT OyIeT COXpaHATBCS, €CNIM B allapaTe HEeNpephIBHOTO JIEHCTBHS, HAlpHUMep, OPraHW30BaH CTYNEHYATHIH
TeMIiepaTypHbIii pekuM. OIHAKO TaKoH PEXUM JIOJDKEH OBITh TEXHOJIOTMYECKH M SHEpPreTHYecKH 00OCHOBaH. TakuM oOpasoMm, Hpu
SKCTParupoOBaHUH MIMEET MECTO IIEPHOJ TEMIICPaTypHOH HECTAIOHAPHOCTH. BO3HMKHOBEHHE 3TOTO MEpHoa OTMeYaeTcs B psijge paboT.
3arricaHo BeIpaKeHHE JUIsI IPUPOCTA SHTPOITHH B eMHUITY BpeMeHH. C ydeToM H3MEHEHHMsI SHTPOIIHH 3aIicaHo ypaBHeHHe ['no6ca. OcHoBol
YpaBHEHHH SBIIETCS BTOPOH 3aKOH TEPMOANHAMUKH, & CAMH YPaBHEHUS — OCHOBOH JUTs BEIOOpA MOTOKOB U TEPMOIMHAMIYECKUX CHIL. M3
TIPUBE/ICHHBIX YPaBHEHUH 3aKIII09AETCs, YTO IPOU3BEICHHE CKOPOCTH Ha a0COIIOTHYIO TEMIIEPATypy PaBHO CyMME IPOM3BEIECHUN TOTOKOB
Ha COOTBETCTBYIOLIHE TEPMOIMHAMUYCCKIE ABMIKYIIE CHIBL. 3alMCaHbl ypaBHEHHUS IIEPEHOCA SHEPTUH (TEIUIOTHI) U Macchl BernectBa. O0e
TepMOIMHAMUYECKUE CHIIBI BHOCST BKJIaJ B 00pa30oBaHKe MOTOKA TEIUIOTHI M IIOTOKA Macchl BelecTBa. [10TOK Macchl BEllecTBa 3aBHCHT He
TOJIFKO OT IpajiieHTa noTeHimana (auddysus), HO ¥ OT rpaareHTa TeMrepatryp (TepMoaupdysust). IIoTOK TEIIOoTH! OnpenessieTcs Kak
TPaJieHTOM TEMIIepaTyphbl, TaK M TPAJUEHTOM XHMHYecKoro mnoteHimana (mupdysns). JuddepeHnransHple ypaBHEHUS TEIUIO- H
MaccorepeHoca JIbIkoBa Iepernrcansl ¢ yIeToM nporiecca SKeTparupoBanust. C YHCIeHHBIMY 3HAYeHUAMH K0dddrimenToB D 1 ac csi3aHa
oueHKa BIUAHHUA 3(pQekToB HamokeHHs (TepMomuddysus U IudQy3uoHHas TEMIONPOBOAHOCTE). D(M(PEKTOM HAIOKEHUS MOKHO
npeHeOpedb, MOCKOJIBKY CPAaBHUTENBHO Majlbl TPAJUEHTHI TEMIIEpaTyp M KOHILEHTpAIWii, BOSHHMKAIOMMX B JomuHe. OTMedaercs, 4to
BO3MOXHOCTbH YTIPOIIEHHs T {epeHIanbHbIX ypaBHEHNH CBsI3aHA ¢ MaJbIMM 3HadeHMsIMH kputepus JIpikoBa. M3 storo cnemyer, 4ro
KOHIICHTPALIOHHOE ToJie OoJiee HHEPLHOHHO, YeM TeMIIEpaTypHOe, a B PO TeMIepaTypHON HECTAIMOHAPHOCTH COCTABISET MAaylo
YacTb OT BCEro IIEPUO/a SKCTPArHPOBaHHL.
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Abstract. In many cases, extraction is accompanied by thermal phenomena. We have established the possibility of intensifying the
process through the use of heated cheese whey. Lupine has a geometric shape (sphere, cylinder, plate) loaded into an extractor filled
with cheese whey. Due to the temperature difference between the solid and the liquid, temperature gradients are observed. As the body
warms up, the temperature gradient decreases and then disappears. For example, an organized step temperature mode. However, such
a regime should be technologically and energetically justified. Thus, during extraction there is a periodic non-stationarity. The
emergence of this period is noted in the main works. The expression for the increase in entropy per unit time is written. Given the
changes in entropy, the Gibbs equation is written. The basics of equations are the second laws of thermodynamics. As a result, the
results obtained as a result of thermodynamic driving forces were obtained. The equations of energy (heat) and mass transfer of
substances are written. Thermodynamic forces contribute to the formation of heat flux and mass flow of substances. The consumption
of a substance depends not only on the gradient (diffusion), but also on the temperature gradient (thermal diffusion). Air temperature
is defined as a temperature gradient. The differential equations of heat and mass transfer of Lykov were rewritten taking into account
the extraction process. The numerical values of the coefficients D: and ac they relate to the assessment of the effect of superposition
effects (thermal diffusion and diffusion thermal conductivity). The overlay effect can be neglected, since the relatively small gradients
of temperatures and concentrations arising in the lupine. It is noted that the possibility of simplified differential equations is associated
with small values of the Lykov criterion. Because of this, there should be little.
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BBenenune

B GonpmmHCTBE ciiyyaeB 3KCTparupoBaHUIO
COMYTCTBYIOT TEIUIOBHIE siBJieHMs. Hamm ycTaHOB-
JICHO, YTO MHTCHCH(UKALIMS MpoLecca JOCTHIaeTCs,
B YaCTHOCTH, IPUMEHEHNEM B KaueCTBE IKCTpareHTa
Harpetoir 10 50-60 °C moachIpHOM CHIBOPOTKH.
[pwu 3arpy3ke B 3KCTPAKTOP JIFOMHHA, I3METBYEHHOTO
B pa3iiMyHbIC reoMerpudeckue Gopmel (chepy, 1m-
JIFH/IP YJIA HEOT PAaHWIEHHYO IDIACTHHY ), ¥ BBEICHUN
TTOJICBIPHOM CBHIBOPOTKH C TIOCTOSTHHOM W Oolee
BBICOKOHM TeMIlepaTypoli OYeBHUIHO BO3HUKHOBEHHE
TeMriepatypHoro rpagueHTa. [lo mepe mporpeBanust
Tela TpaIieHT TEMITEPaTyphl yMEHBIIIAeTCs, a 3aTeEM
ucuesaeT. TemneparypHslii iepenas OyaeT BOHUKATB,
€CITi, HalpHuMep, B anmapare HEMpPepbIBHOTO Jcii-
CTBUS OPTaHU30BaH CTYNEHYAThIN TEMIIEPAaTypHbII
pexum. [ocnenuuii TOmKEH OBITH TEXHOJIOTMYCCKH
M SHEPreTHYeCcKH 1enecoodpaseH [7—11].

[Ipu 3amomHEHWN KXUAKOCTHIO KaMWILUISPOB
JIFOTIMHA TBEP/IbIC YACTHIIHI [IEJIEBHIX KOMITOHEHTOB
OBICTPO pacTBOpsItOTCSI. He HMCKIIIOYeHO OJHAaKOo,
910 1pr AU PY3MOHHOM H3BJICUCHUH KOMIIOHEHTOB
HEKOTOpBIE M3 HUX OKAKYTCA Ha TMOBEPXHOCTH
Teja B BUJE TBep/1oi (pa3bl. Torma Ha MOBEpXHOCTH
pacTBOpeHHs MOTIIONIAETCS TEIIOTa PACTBOPEHHUSL.
W3 n31moxeHHOT0 CleyeT, 9To P SKCTParupOBaHUN
HMEET MECTO TIEPHO]] TEMITEPaTYpHOH HEeCTAIMOHAP-
HOCTH. BO3HHKHOBEHHE ATOTO MEPHOJIAa OTMEYALTCS,
B 4aCTHOCTH, B pabotax [1] u [2].

Oo6cyxknenue

[o On3arepy BeIpakeHHE IS IEPUOIA TIPHPO-
CTa DHTPOITUU B SIMHUIY BPEMEHHU (BO3HUKHOBCHVIC
SHTPOIWH) 3anuinercs Tax [3, 12]:

Loy, @

I S — DHTPOIUS; | — IMOTOK MAacChl BEIIECTBa;
X — TepMOIMHAMUYECKas JBMKYIIAs CUIIA.

C y4eToM M3MEHEHUs SHTPOIHMH YpaBHEHUE
I'u606ca umeet Bux [4]:

795 _4u+ pav - ZﬁdM (2)
d T

i=1
rae T — abcomoTHas Temmepatypa; U — BHyTpeH-
Hsis1 SHEPTHsl, M — Macca BellecTBa; p — JaBlICHUE;
V — 00beM; | — XUMHYECKHUI TOTCHIIAAI.

OcHoBott ypaaeruii (1) u (2) sBisiercs BTopoi
3aKOH TePMOJIMHAMUKH, & CAMU YPAaBHEHUS — OCHOBA
JUIsL BHIOOpA IMOTOKOB U TEPMOJMHAMUYECKUX CHIL
Onyckast HEKOTOpbIE PeoOpPa30BaHNS, 3AITUIIICM:

e
i

Takum 00pa3oM, NPOHU3BEJICHHE CKOPOCTH
BO3HHKHOBEHHS JHTPONHMHM Ha aOCOJIIOTHYIO
TeMIIepaTypy PaBHO CYMMe TPOH3BENICHUI TOTOKOB
Ha COOTBETCTBYIOILINE ABHKYIIINE CHUJIIBL.
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B cooTBeTcTBIY C NPUHIUIIAMH TEPMOINHA-
MHUKH HEPaBHOMEPHBIX COCTOSHMM W 3alMICAHHBIM
onpeAeNeHNeM TePMOAMHAMUYECKHE CHIIBI TIepe-
HOCA SHEPTUH (TETUIOTHI) Xy M MacChl BEIIECTBa Xy
110 JIBIKOBY paBHBI:

1
rae V — cuMBOJI, 3aMeHsrormii grad.
Toraa MIOTHOCTh MOTOKA TEILIOTH U TUIOT-
HOCTB TTOTOKA BELIECTBA ONPEACSICTCS PHHIMITOM
muHeinocTn On3arepa [3]:

o AT C) IO

i =iVTL22TV(ﬁj. (4)
T T

U3 ypasuenuii (3) u (4) cnenyer, uto obe
TEepMOANHAMUYECKHE CHIIBI BHOCST BKJIAJ B 00pa-
30BaHME IIOTOKA TEIUIOTHI M MAacChl BEIIECTBA.
[MoTok MacchI BelecTBa 3aBUCUT HE TOJIBKO OT ITPajiu-
eHTa moTeHIana | (udQysus), HO U OT TPaJUeHTa
temneparyp (tepmomuddysus). [loTok TemmoTsr
ompenenseTcss KaK TPAJAUCHTOM TEeMIepaTyphl
(TEeruIonpOBOTHOCTD), TaK U TPaAUEHTOM XHMHUYe-
CKOTro moTeHrmana (quddysus).

B cooTBeTCTBIM C COOTHOIIIEHHEM B3aUMHOCTH
(TIpUHIMIT CUMMETPUU KUHETHYEeCKNX K03 dumm-
€HTOB) 3aIUILIEM:

L, =Ly

A.B. JIpikoB 3anmcan auddepeHnuaibHbe
ypaBHEHMS TEIUIO- U MAaCCOIEPEHOca B paCTBOpax:

:—t = apVZt +oDk,VZpy,
o NG
% =DV?p, +oDV%

T

rae 0=D+/D (xoapdunment Cope); Dt — koaduru-
eHT TepMOIMHaMUKH; K1 — koaduiment, onpezerns-
IOIUI CBSI3b MEXIy TEMIIEPATYpPOH, XMMUYECKUM
MOTEHIIMAIIOM PAaCTBOPEHHOTO BEIIECTBA U IUIOT-
HOCTBIO pacTBopa; D — koadduruent auddysuu.

Cucrema ypaBHeHHH (5) HTPUMEHHUTENBHO
K MIPOIIECCY IKCTParupOBaHUSI HMEET BUJL:

dT

— =av’T +a.VC
dr

€ _pvecs D, V2T
dr

riie a — KOOQQHUIMEHT TeMIIEPaTypOIPOBOAHOCTH;
ac — Ko3(hUIUEHT, ONpEeAeNIeMbIi COOTHOIIIE-
HueM [5]:

_biT Ky
¢, ocT

TJIE Cp — TEIIOEMKOCTb pacTBopa; o —
pacTBOpHUTETS.
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C 9uCrIeHHBIMH 3HaYCHUSIMH K03 PHIIeHTOB
Dr u ac cBsa3aHa oreHKa BIUSHHUS J(PHEKTOB
Hanoxenns (tepmomuddysus u auddy3noHHAS
TeronpoBoHOcTh). I1o A.B. JIbikoBy, B pacTBOpax
Dr B 10°-10° pa3 mensmie D. O6paboTka SKCIiepuMeH-
TaJbHBIX JTAHHBIX 1O SKCTPAarUpPOBAHUIO M3 JIOMMHA
MOACBIPHOM CBIBOPOTKOM C LEJIBI0 IOIYYEHUS
MOJIOYHO-PACTUTEIBLHOTO IKCTPAKTa HANIOKEHHEM
HU3KOYACTOTHBIX MEXaHHYECKHX KOJEeOaHHH 103-
BOJIWJIA TIOJYYUTh 3HaUeHHe kodddunuenta aud-
¢y3um D = 3,2:10! M%/c. Dpdexramu HamOKEHUS
MOKHO TpeHeOpedb, MOCKOIBKY CPaBHUTEIHHO
MaJIbl TPAJMEHTHl TEMIIEPATyp W KOHIICHTPAIIW,
BO3HHKAOIIUX B JIIOIMHMHE KaK B KaIHJUIIPHO-TIOPH-
cTom Tene [6].

Torma cucremy nuddepeHnnanbHbIX ypaB-
HEHUU MOXHO YIPOCTHUTH:

ar _ avaT
o . (6)
—=D(T)VC
dr
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TpyanocTu pemieHust cucTeMsl (6) 00yca0B-
JICHbl 3aBHCHUMOCTBIO Kodduumenta audpdy3un
ot temmeparypel D(7). B [5] ormeuaetcs, 4To
BO3MOXHOCTb JTAJIbHEHIIETO YIPOIIEHHS CBS3aHa
C MaJIbIMH 3HaYeHUSIMH KpuTepus JIbikoBa:

Lu=D/a.

Kputepuii B YCIOBHSX BKCTParMpOBaHHUs
umeer 3Hadenus 102...10°. U3 sroro cremyer,
YTO KOHIIEHTPAILIMOHHOE T0JIe G0JIee MHEPIIMOHHO,
4eM TEMIIEPATYPHOE, a B IEPHOJI TEMIIEPATYPHOM
HECTAIIMOHAPHOCTH COCTABJISIET MANYIO0 4acTh OT
BCETO MePHO/Ia SKCTPArMpOBAHHS.

3akiaouenue

ITponomKUTENBHOCT IEPHONA 3aBUCHUT: OT
BEJIMYMHBI pa3HOCTU TEMIIEPATYpP CUCTEMBI «TBEPOE
TEJNO-KHUIKOCTH»; OT TIOBEPXHOCTH KOHTaKTa (ha3;
CTPOEHUSI TIOPUCTOTO TeJa; CBOMCTB AKCTPAreHTa,;
MHTEHCUBHOCTH SKCTparupoBaHus u np. OgHaKo
MMOHUMaHUE TEPMOANHAMUYECKON CYIIHOCTH TEM-
nepaTypHOH HECTAlIHOHAPHOCTH BECbMa Ba)KHO.
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