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Aimomauuﬂ. B cmamve paccmompenbl MUKPOBOJIHOBblE MEXHOI0cUU uHmechqbuKauuu npoyeccoe KOhyenmpu-
POBAHUSL DIKCMPAKMOE8 apomamudecKux u OUON02UYEeCKU-AKINUGHBIX eewecms. ﬂ]lﬂ uHmechqbuKauuu npoyecca ea-
KYYM-8bINAPKU npediazaemcsi 00ecnedums pagHOMePHOCHb N00800A IHEPSUL U UCKTIOUUMb NPOMENCYMOUHbBIL Men-
JIOHOCcumelb 3d c4em UCnol1b3068AHUL MUKPOBOJHOBbIX mexuono2ull. Imo 0CHOBAHO HA MOM qﬁakme, umo MUKpOe60.JHbl
Oeticmeyiom 6 nepsyio ouepedb Ha MOJIeKYbl NOJAPHO20 PACMEOPUMEs, MAK020 Kak 600a. Mcnoavzosanue Mukpo-
B0IHOBLIX MEXHOI02UTL MOdcem 0becnedums 00beMHbLU N00B00 dHepauu K npodykmy. [Ipusedenvt pezyibmamol 3Kc-
NnepUMenmanbHbiX UCCIe008aHULL KOHYeHMpuposanus skcmpaxkmos Stevia Rebaudiana, koge, pacmseopos caxapa u
NaCl. Dxcnepumenmor nposoounucy npu oasnenuu 0,009...0,011 Mlla, memnepamypa npoyecca He npesvliuaid
50 °C. Yemanoeneno, umo pasnuya pacxo0o8 KOHOeHCcama Osi pacCMOMPEHHbIX pACMEopO8 HesHauumelvha. B ka-
yecmee MOOEIbHO20 pacmeopad UCNOIb30841Cs pacmeop caxapa. Ilokazano enusHue y0erbH020 3Hep2ono08ood, 0as-
JIEHUs 6 annapame, I’lJlOLL;(lal/l noeepxnocmu ucnaperust Ha UHmMeHCu6HoCmby npoyecca KOHYeHmpupoeanusl nuulesoblx
npooyKmoe na npumepe pacmeopa caxapa. Mnmencuenocms npoyecca oyeHusaIach no cpeoHemy pacxooy KoHoeH-
camd. CKOpOCWlb npomexKaHusl npoyeccoe eblnapuedrus 6 YCi06UlAX MUKPOBOJIHOB6020 n006800a oHepeuu onpeaeﬂﬂ—
emcst CILOJNCHLIMU 63AUMOOCUCMBUSIMU MHO2UX (PAKMOPOs, Yuecns KOMmopbie 6 00HOU YHUBEPCAIbHOU O/ 8CeX ClLy-
uaee Mooenu HeO3MONICHO. Memooom ananusza pasmepHocmell YCmanosieH 00uuil U0 KPUMEPUALIbHO20 YPAGHEHUS
npoyecca. B 05W€M suoe nHa np0u3800umeﬂbHocm1) annapamad no Kom)encamy GIUAIOM KOJAUYeCcmeo Mqu060JZH06012
9Hepauu, yoeibHas Menioma napooobpazoeanus pacmeopumens, KOMopbiil YOaisemcsi, NiOmMHOCHb PACMEOPUMeIis,
niowads 3eprana npodyKkma 6 annapame, ypogenb NpoOyKma 6 annapame, 06vem npooykma, 0asieHue 8 annapame
u Oprafca}omeit cpeabz. Yucno SHepeemu4ecKoco deﬁcmeuﬂ, Komopoe ycmanaeiueaenm cCOOmHowerHue MOuHocmu
MUKPOBOIHOBO20 NOJISL U IHEPUU, KOMOPAsL He0OX00UMAa 0151 Nepesooa pacmeopumens 6 nap, onpeoeisiemcs 6e3pas-
MEPHbIM Kpumepuem niowaou u de3pasmephvim 0aeieHuem 8 annapame. B pesynomame obpabomxu sxcnepumen-
MATbHBIX OAHHBIX NOLYYEHbl KOIDDUYUEeHMbl KPUMEPUATbHO20 YPABHEHUSL.

Abstract. In current paper microwave technologies of flavor and biologically active substances extracts concen-
tration intensification are considered. For vacuum evaporation process intensification it is offered to provide energy
supply evenness and exclude intermediate heat medium by microwave technologies. It is based on the fact that micro-
wave energy acts directly on molecules of polar solvent, such as water for most dry substances are transparent to
radio waves. Use of microwave technology can provide volumetric energy supply to product. The results of experi-
mental researches of coffee, Stevia Rebaudiana extracts and sugar and NaCl solutions concentration are given. La-
boratory tests were executed at pressure 0,009...0,011 MPa and temperature about 50 °C. 1t is found out that differ-
ence between condensate rates for considered solutions is not essential. Sugar solution of 5% concentration was used
as a model solution. The influence of specific energy supply, pressure in the apparatus, evaporation surface area on
food products concentration process is shown on the example of sugar solution. The most essential influence on pro-
cess rate is caused by energy supply and evaporation surface. Process intensity was estimated by condensate average
rate. The rate of evaporation processes under microwave energy supply conditions is determined by complex interac-
tions of various factors to take into account which is difficult in one model suitable for all cases is impossible. General
form of process criterion equation is established by the method of dimensional analysis. In general view microwave
energy quantity, solvent specific heat of vaporization, solvent density, product mirror surface, product level in appa-
ratus, product volume, pressure in apparatus and environment affect apparatus productivity. Energy action number
which determines the ratio of microwave field power and energy that is necessary for solvent conversion to vapour,
is determined by dimensionless surface criterion and dimensionless pressure in apparatus. As a result of experimental
data processing the coefficients of criterion equation are received.

KiroueBbie cj10Ba: MUKPOBOJIHOBOE 110JI€, BAKYYM-BBIIIAPHBIE aIlllapaThl, CaXapHbIE paCTBOPBHI, CTEBU.

Keywords: microwave field, vacuum evaporators, sugar solutions, stevia.
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Beenenne. [Ipoiecc BbINAPKHU SIBISETCS KIKOYEBBIM B TEXHOJOTHSX LEIOTO Psijia MUIIEBBIX HPOAYKTOB. M3-
BECTHO, YTO TEIUIONPOBOAHOCTD HHIIEBBIX MPOLYKTOB (COKH, KCTPAKTBI) C YBEIHMICHHEM CONCPXKAHUS CyXUX Be-
IIECTB MOHIKACTCS. 3a CUET 9TOr0 B GOJBIIMHCTBE CYLIECTBYIOMINX BBIIAPHBIX AllapaToB He 00ECICYNBACTCS PaB-
HOMEPHBIII [TO/IBOJ YHEPTHH K IIPOYKTY, YTO BEET K €r0 IIPUTOPAHHIO, T.€. TEPMUUECKOMY [IOBPEKICHHIO, & TAKIKE
CHIJKAET YHEPTeTHIECKYIO 3P PeKTHBHOCTE mporiecca [1].

B T0 5%¢ BpeMst HU3K¥E TeMIIepaTypbl 00pabOTKU He MO3BOJISIOT HHAKTUBUPOBATH BCIO MIATOTCHHYIO MUKPO(IOpY
B [IPOJIYKTE, 4TO CHIDKACT CPOKH €TI0 XPAHCHHS U BBIHYKJAST HCIIOIB30BATh KOHCEPBAHTHL. Psit paboT moaTBepkaaet
3 (HEKTUBHOCTh HU3KOTEMIICPATYPHON MACTEPH3AIMA M CTEPHIM3ALMU [HIIEBBIX HPOAYKTOB B MHKPOBOJIHOBOM
none [2]. KpoMe TOro MEKpOBOJIHOBOE I10JI€, BO3AEHCTBYsI Ha TIOJIAPHBIE MOJIEKYJIbI CBIPBs (BOJIA, STAHOJ U T.I1.) HHH-
UUPYIOT 0CcO0bIH 0apoanddy3HOHHBIN MOTOK IKCTPAKTHBHBIX BEIIECTB U3 MUKPO- M HAHOCTPYKYP CBIPbS B 9KCTPa-
rexr. 3a cuer sBieHust 6apoauddy3un pa3pymarTes KIETOUHbIC CTEHKH ChIPbs, a TAKIKE TYpOYIN3yeTcs morpaHuy-

HBIH ciok [3].

) 8 # Ilp¥ KOHIEHTPUPOBAHMU BbINIAPUBA-
g " X HHEM NPOo0JIEMY PAaBHOMEPHOCTH MOABOIA
2 6 SHEPTUH TAKIKE MOKHO PELIUTD C MCIIOJIb-
% % 4 ecaxap || 30BaHUEM MUKDPOBOJIHOBBIX TEXHOJIOTH.
g s ®corms Ip1 MUKPOBOJIHOBOM TOJBOJIE SHEP-
5 E ) AcTeBus| | TUsl TIOJIBOJJUTCS HETOCPEACTBEHHO K MO-
X xxode JIeKyJIaM BOJIbI B IPOYKTE, TaK Kak CyXHe
& . ‘ BELIECTBA KAK TPABHIIO PaJHOIPO3PAYHBI.

0 0 = 20 40 60 8‘0 100 Ouaru mapooOpa3oBaHUs. BO3HUKAKOT BO
— BCEM 00BEME W BBIIOJHAIOT (DYHKIHUIO

rperonield moBepxHoctu. Takum oOpazom

Puc. 1. 3aBucHMOCTH pacxofa KOHAEHCATa OT XapaKrTepa OCYIIECTBIACTCH ~ OOBEMHBIH  MOIBOJ

pacTBopa. SHEpruu K pactBopy. Peanmsyercs cxema
MOZIBO/IAa SHEPTUH, TIOKa3aBIIasi BEICOKYIO 3()()EeKTHBHOCTD B TEXHOJOTUSIX CYIIKH [4, 5].

OcHoBHas1 YacTh. TeXHOIOTMH MUKPOBOJIHOBOIH BaKyyM-BBIITapK{ OBUTM MPUMEHEHBI AJIsI KOHIICHTPHUPOBAHHS
9KCTPAKTOB cTeBHH Stevia Rebaudiana — npupoxHoro caxapo3ameHurens, KOQEHHOTo IKCTpaKTa, paCTBOPOB caxapa
u NaCl (puc. 1). DxcnepumenTs! npoBoamuck npu aasieand 0,009...0,011 MIla, TemnepaTypa mporiecca He mpe-
Bormana 50 °C.

Kaxk BuiHO 13 rpaduKoB, pa3HHIa pacX0J0B KOHAEHCATA IS pACCMOTPEHHBIX PACTBOPOB HE3HAUNTEbHA. Takum
00pa3oM MOJICJIBHBIM PACTBOPOM JIJIsl U3yUYEHUsI BIUSHHS HA KHHETUKY KOHIIGHTPUPOBaHHS TaKuX (paKTOPOB KaK 1aB-
JICHUE B aIlapare, yJaeJIbHbIH SHEProMo/1BO/I, IUIOLIA b MOBEPXHOCTH UCTIApEHHs B anapare ObUT BRIOpaH caxapHbIi
pacTBopa HayaIbHOU KOHIIEHTpaIwmei 5 %.

OTMeueHo, YTO BO BCEX OMBITAax pacxoi KoHaeHcarta B TeueHue 10...20 MUHYT ZOCTHTral IOCTOSHHBIX 3HAYCHUI],
T.€. YCTAaHOBKA BBIXOJUT Ha CTAI[MOHAPHBIN pexuM. Takum 00pa3oM HarJIsiHO OLEHHUTH BIMSHHE ITapaMeTpOB IIPo-
1jecca Ha MHTCHCUBHOCTD KOHIICHTPUPOBAHMUS MOYKHO BBEJIs IIOHSTHE CPETHETr0 pacxoja KoHIeHcaTa (puc. 2).
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Puc. 2. Binsgaue napaMeTpoB npoiecca Ha CpeJHHI pacxo] KOHIeHcAaTa.
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UccnenoBanue BIUSHUS YIEIBHOTO HEPToOnoABoaa mposoauiocs npu Aasienun 0,009 Mlla u miomanu 3ep-
xana 0,02 M2 V3ydeHue BIMAHHUA [JaBJ€HUS B aNlapare W ILIOMIAAM IOBEPXHOCTH MCHAPEHHUs IPOBOAUIOCH IIPH
yIenpHOM 3Hepromnoasoae 495 BT/kr. YcTaHOBIEHO, YTO yBENWYEHHE IMOBEPXHOCTH HCIIAPEHMS MPU MOCTOSHHOM
00beMe MPOIYKTa BEAET K YBEIMUICHUIO pacXoaa KOHACHCaTa.

IMomyuennas 6a3a 3KCIEPHUMEHTAIBHBIX IaHHBIX ObLIA NCIIOJIB30BaHA AJISI IOCTPOCHUS MATEMaTHIECKONH MOJIETTH
nporecca.

CKOpoCTh MPOTEKaHMS MPOIIECCOB BBHITAPUBAHMA B YCIOBUSIX MUKPOBOJIHOBOTO ITOJJBOA SHEPTUH ONIPEIEISIETCS
CJIOYKHBIMU B3aMMOJICHCTBUSMHI MHOTHX (DaKTOPOB, YUE€CTh KOTOPBIE B OJTHOI YHUBEPCAIILHOM ISl BCEX CIIy4aeB MO-
JIeJIi HEBO3MOXKHO.

ITomy4yuTs CTpYKTYpy KPUTEPHATBHOTO YPaBHEHHUS ATl pacueTa MUKPOBOJIHOBBIX BaKyyM-BBIIIAPHBIX allllapaToB
HEePUOIMIECKOTO ACHCTBHSA MOKHO METOIOM aHajH3a pasMepHocTeid [6].

B o6miem Bue Ha NPOXU3BOIUTENBHOCTD arapara 1o KOHJACHCATy V BIUSIOT KOJIMYEeCTBO MUKPOBOJIHOBOH 3HEp-
run N, yJenpHas TeIoTa napoo0pa3oBaHus PaCTBOPUTEINS, KOTOPBIN yAauseTcs I, INIOTHOCTb PACTBOPUTENS O, IUIO-
a1 3epKasia MpoAyKTa B ammapare S, ypoBeHb NpoayKTa B anmaparte h, o6bem npoaykra V,,, JaBleHHE B anmapare
1 oKpyxaromieii cpenst P u Ps. Toraa moiydaeM CIIieAyIONIyI0 3aBUCHMOCTD B O0IIIEM BHJIE:

v=~f(N,r, oS, h V,, P Ps. 1)

[lepedyens mapamMeTpoB IpUBEACH B Ta0M. 1.

Tabauna 1 — Cnucok napamMeTrpos

ITapametp CumMBOI PasmepHoCcTh
[Tpou3BOIUTENEHOCTD YCTAHOBKH IO KOH/ICHCATY v M- ¢t
[TnoTHOCTH pacTBOPUTEI el KT - M7
[Tnomaas MOBEPXHOCTH MPOAYKTA S M
YpoBeHb MPOAYKTa B anmapare h M
JaBieHue B annapare P kr - M? - c?
bazoBoe naBienue Ps kr - Ml c?
MOIIHOCTh MUKPOBOJIHOBOT'O TOJIS N Kr - m2-c?
O6beM NpoayKTa V. M

V enbHas TENIoTa napoodpasoBaHus PACTBOPHUTES r M2 - ¢?

Bce mapameTpsl cOCTOST U3 TpeX OCHOBHBIX pa3MepHOCTei: JIMHBI (M), Macchl (KT) U BpeMeHH (¢). Mcnons3ys
METO]l aHAJIN3a pa3MepHOCTeil MOKHO (QYHKIHMIO (1) 3aMEHHUTh 3aBUCUMOCTBIO MEXy YuciaMu noaoous. CornacHo
T-TEOpeMe ONpeesieM KOJIMUECTBO Oe3pa3MepHBIX KOMIIIEKCOB, KOTOPBIE OMHCHIBAIOT Iporecc. [lockombKy ducio
MEepeMEHHBIX N = 9, YKUCII0 eAMHUI] U3MEepeHUst M = 3, KOJIMYEeCTBO Oe3pa3MepHbBIX KOMILIEKCOB, KOTOPHIE OMHCHIBAIOT
nporiecc pasasercs (N —m) = 6.

[MpuBenem (yHKINIO B CTEIEHHOM BHJIE:

V=ANArb peSihey, f popyn @)
CocraBisieM ypaBHEHHE Pa3MEPHOCTEH:
3 2\? 2\° ¢ g n
M Ke*M M Ke 2 \d e 3\f K2 Ke
= | | W) ) ] ®)
Cc C C M M:C M- C

CocraBisieM MaTpHILy pasMepHOCTel Ui ypaBHEHUsI (2):

Tadauna2 — Marpuua pa3MmepHocTei

a b c d e f g n v
M 2 2 -3 2 1 3 -1 -1 3
KT 1 1 1 -1 0
c -3 -2 -2 -2 -1

CocrasiisieM CHUCTEMY ypaBHeHI/Iﬁ JJ1s1 OCHOBHBIX CIMHMIIL:
K 3=2a+2b-3c+2d +e+3f —g—n

r —-1=-3a-2b—-2g-2n

c O=a+c+g-n

B »10i1 cucteme § HemsBecTHBIX. JII0OBIE TpH M3 HUX MOKHO BBIPA3HUTh Y€pe3 YETBEPTYI0. Tak BO BTOPOM
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YPaBHCHUH BbIpaKa€M 4C€pPE3 OCTAJIbHBIC MHOXKHUTECIIN:
n=a+c+g.
"3 TPETHETO YpPaBHCHUA Haﬁ[[eM €, U II0ACTaBUB d Nnojxyvdacm:
b=-25a-2g-c+0,5.
W3 nepBoro ypaBHeHuUS:

e=2+2a+2g+4c—2d —-3f.

Ilepenumem ypaBHeHHe (2) B CI€AYIOLUIEM BUIE:

V = A-N?, r25a29-c+05 p° Sd h2+2a+2g+4c2d-3f \ff pg p arcty, )
O0beanHsIeM MapaMeTphl IT0 OAMHAKOBBIM ITOKA3aTeIsIM CTEIICHU:
a c h
voroshzo o [NNR Y (p:ht R (Sj m P-P, -h” ©)
25 2 3 2
r r h h r

Komruiekcsl, osrydeHHble B ypaBHEHHH (5) MCIOIb3YyeM JUIsl TOUCKa KOMOWHALM, KOTOpBIE JaayT CTPYK-
Typy KPUTE€PHUAIbHOTO YpPaBHEHHUS.

h?.r® N-h>P, ' r N _
v r**  p-h*.P, v.r-p

BI(E)2

Kommnekc F — yunTriBaeT BIUsSHIE IUIOMAAN IOBEPXHOCTH PacTBOPA.
BnusiHue naBneHus yuuThIBaeTcs KOMOMHaNUEH:
2 2
PRAIR | _P @®)
r? rr] P

Takum 00pa3oM mojIyvaeM CIeayrolee YpaBHEHHE B 0000IICHHBIX IEPEMCHHBIX |

Bu = A-(F)" .(g)m, ©)

a

Bu. (6)

KoncranTtsr A, N, M ONpEeACIIIIOTCS YKCICPUMEHTAIBHO.
O6pa60TI<a MacCCHUBaA SKCICPHUMCHTAJIbHBIX TaHHBIX TO3BOJIACT pCKOMCHAOBATH JJId paCcuCTa NPOLCCcCa BbIIa-
pyuBaHuA B MUKPOBOJHOBOM BAaKyyM-BbIIIAPHOM allapaTe CICAYONICC YPaBHCHUC!

Bu =4,326-F % (i)o'12 (10)
P

BeiBoabl. B TeXHOMOrMsIX KOHIEHTPHPOBAHMS PACTBOPOB MHKPOBOJHOBBII IMOJBOA PHEPIHU ITO3BOJIAET JI0-
O6uThCS 00BEMHOTO TIOABO/IA YHEPTHH K NPOAYKTY B BHITAPHOM arapare U UCKIIOYUTH IPOMEKYTOUHBIH TEIIOHO-
curesb. [Ipn 3TOM 3HEprus MOJBOAMUTCS HETIOCPEICTBEHHO K BOJIE (ITIOJIIPHOMY KCTPAreHTY) B IPOJYKTE.

Ha nHTEHCHBHOCTD HCIIapeHMs] TIOMUMO IUIOTHOCTH TT0JIBOJIA SHEPTHU M AABJIECHUS TaKKe OKa3bIBAcT BIIMSIHUE
TUTONIAJb TOBEPXHOCTH NCTIAPEHHUSL.

CTpyKTypa KpUTEpHaIbHOTO YpaBHEHHS ONpe/iesieHa METOI0M aHaIn3a pa3MepHoCTeld. UHCIIO SHEPTeTHIeCKOTo
JIEHCTBHUSA, KOTOPOE YCTaHABIMBAET COOTHOIICHNE MOIIHOCTH MHUKPOBOJIHOBOTO IOJII M 9HEPTHH, KOTOpast HeoOXo-
JIMa IS TIepeBOia PaCTBOPHUTES B Iap, oIpeaenseTcs 6e3pa3MepHbIM KPUTEPHEM IUTONIaan U Oe3pa3MepHbIM JaB-
JIeHUeM B arnapare. B pe3ynbraTe 00paboTKH KCIIEpUMEHTATbHBIX IAHHBIX HOIYYeHbI KO PHUIUESHTHI KPUTEPHATIb-
Horo ypaBHeHHs. Hanbosnbiee BIMAHNE HA HHTCHCUBHOCTD BBITAPHBAHUS OKa3bIBAIOT MOITHOCTh MHUKPOBOJIHOBOIO
MOJISL ¥ TUTOIIA/Ib IOBEPXHOCTH UCIIAPEHUS.
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Anomauyin. Ilpoananizosano npobaemu MoOen08aAKHs NPOYECy eKCMPA2y8aAHHs Y YMOBAX NPOMUMEYIUHO20 PYXY
excmpazeHmy i meepooi asu 8 ymosax Mikpoxeunbo8o2o nois. OOTpyHmMoaHo OOYIbHICHb POPAXYHKY Md ONMu-
Mi3ayii MIKpOX6UTbOBUX eKCMPAaKmopig. Busnaueno ocHoHI napamempu 015 pO3PAXYHKY MACONEPEHOCY 8 eKCMPAK-
mopi. 3a 00nomMo2or MemoouKu ananizy posmiprocmetl 12 wykanux napamempie 36e0eHo 00 3. Y3aeanvHeHo pe3yib-
mamu cepii 00CiOHCeHb, NPOBEOCHUX 3 BUKOPUCTIAHHAM MeNleHoi kKasu. Ompumano Mmamemamuiny mMooeib y Kpume-
pianbHoMy eueasndi 015 MIKpOXeUIboeo2o ekcmpaxkmopa. IIposedeno nopienanns uucen Cmanmona po3paxyHKogux
ma OompumMaHux Ha 0CHO8I excnepumenmanvrux oanux. Q6IpyHmosano eudip napamempis onmumizayii. Busnaueno
yinvosy @yuxyito onmumizayii. Pozpobaeno npoepamy onmumizayii cmeopeny na 6asi mosu npoepamysanns Borland
Delphi.

Abstract. The problems of modeling the extraction process under the conditions of the countercurrent motion of
the extragent and the solid phase in the conditions of the microwave field are analyzed. The expediency of calculation
and optimization of microwave extractors is substantiated. The basic parameters for calculation of mass transfer in
the extractor are determined. On input — indicators characterizing the extractant (initial and final temperature, vis-
cosity, specific heat, density), solid phase (concentration of extractives, density, porosity and thickness of the layer,
equivalent diameter of the particle), apparatus (mass and dimensions, extraction of extractant and product), power
supply system (rated power, frequency and number of radiators). At the output — the concentration of the extract and
specific power. The parameters for calculating the microwave extractor are determined. Using the method of analysis
of the dimensions of 12 required parameters is reduced to 3. The results of a series of studies conducted with ground
coffee are summarized. The results are presented in the form of tables and charts. The calculations were carried out
with using the theory of similarity and dimensional analysis method. The results of calculations of the concentration
differences in the solid phase and in the extract, relative error, mass flow, effective mass transfer coefficient, Reynolds
and Stanton numbers, etc. are presented, under the influence of the microwave field. Dependences of the parameters
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