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Open Access

B pabome npedcmasner Kpumuyeckuli aHAIU3 MEXHONOZUL IKCMPAZUPOSAHUR U3 IEKAPCMBEHHO20 DACMUMENbHOZ0
ceipoba. Tlokaszano, ¥mo 8 pasnuyHbIx OMPACIAX MEeXHUKYU Npeonoymenie omoaemecs MUKPOgOIHOEbLM CROCODAM ROOBO-
da snepzuu. [Ipusedensl pe3ynbmamsl KOMIIEKCHBIX IKCREPUMEHMAIbHbIX UCCEO08AHUT NPOYECCO8 IKCMPAZUPOSAHLS
U3 KAIOKGbL, KANUHBL, YEPHONAOOHOU pAGUHLL u wunosHuka. Oneimsl npogoduiuce Ha 3 cmendax — 8 mepmocmame, &
MUKDOBOIHOBOM IKCMPAKIMOPE 8 HENOOSUNCHOM CNIOE U 8 MUKDOBONHOB0M IKCMPAKMOPe NpU YUPKYIAYUU IKCMPAer-
ma. Memooduxa npedycmampueana onpedeenie KOHYeHmpayuy IKCMpakma, memnepamypsl Rio008 U ROMoKa, 0agie-
HUA 8 peakyuoHHOM 0Dbeme, nompebnsiemol mouwnocmu 80 epemeni. IIpogedeno cpagHeHue KUHEMUYECKUX 3a8UCUMO-
cmetl HACLIYEHU DKCINPAKMA YeNe6bMU KOMAOHEHMAMU N0 MPAOUYUOHHOU MEXHONOSUU U 8 MUKDOBOIHOBOM IKC-
mpakmope. YcmanoeneHo enusnue euda SHep2uU, meMnepamypsl, 640d Colpbs, 2UOPOMOOYIA U pacxoda SKcmpazenma
HA UHMeHCcusHocme macconeperoca. Pesynemamel onvimos npugeoensl 6 gude 3a8ucumocmeni 80 6peMeHU KOHYeRmpa-
Yuu IKCMPAKMA Om MOUHOCIU MUKPOBOIHOB020 NOJIS, MeMAEpAmypbl, 2U0pomModyis, pasmepa niodd U pacxooa no-
moka. JgexmusHocms IKCMPAZUPOBAHUS OYEHUBAIACL C NOMOWBIO CREKMPATbHbIX 3a6ucumocmei. OBOCHO6aHb!
6b1600bI U PEKOMEHOAYUL NO OP2aHU3AYUU NPOYECCA IKCMPAZUPOSAHUS U3 IEKAPCMBEHHO20 PACMUMENbHOZ0 CbiPbs 6
MUKDOBOTHOBOM ROJE.

Critical analisys of medicinal plant raw material extraction techology is presented. It is shown, that in different
technology sectors favour microvare method of energy supply. Results of complex experimental researchings of cran-
berry, guelder rose, chockeberry and rose hip extraction processes are given. The tests were organised on three stands
— on the thermostat, microve extractor with fixed layer and microvave extractor with extagent circulation. The
methodics inciudes the definition of extract concentration, temperatures of fruits and flow, preasure in the recreational
volume, power consumption in time. The kinetic dependences of extract saturation with target components on tradition-
al technologies and at the microvare extractor were compared. The impact of energy type, temperature, raw material
type, hydromodule and extragent consumption on mass transfer intensity is indentified. The results are submitted in the
form of dependences in time between extract concentation and microwave field capacity, temperature, hydromodule,
fruit size and flow consumption. The extraction effectiveness was measured through the spectral dependences. The con-
clusions and recommendations on organisation of process of medicinal plant raw material extraction in the microwave
field are justified.

Kawyessie cioBa; JickapcrBeHHOE PacTHTENBHOE CHIPBE, SKCTPAarHpoBaHKe, MHKPOBOITHOBOH YKCTPAKTOp, IKCIie-
PUMCHTAIIBHOS MOAETHAPOBaHHE.

Key words: medicinal plant raw material, extraction, microvave extractor, experimental simulation.

BBepenue. CoBpeMeHHas 3M0Xa XapakTepH3yeTCA OYPHBIM PasBHTHEM HHHOBALMOHHBIX TEXHOIOIHMH B OTPAaciH
TIMIIEBOM 1 TIepepabaThIBAIOIEH IPOMBIIUIEHHOCTH, B TOM THCIIe OHO- H HAaHOTEXHOIOTHH, TO3BOLIIONINX 3HAYHTE -
HO PaCIIMPHTh BHPabOTKY TPOIYKTOB HOBOro MOKONEHHS C 3aJaHHEIMH KadeCTBEHHBIMH XapaKTCPUCTHKAMH, NedebHo-
TpoQHIAKTHYECKIX, TEPOHTONOTHIECKIX U IPYTHX ClCHHaIH3HPOBaHHBIX NPORYKTOB. Pa3paborka TexHONOINH 1 060-
PYAOBaHUA IS MPOM3BOACTBA (QYHKIMOHATBHBIX POJYKTOB SBIACTCH BaXKHBIM M aKTyalbHBIM HAIpaBlieHHEM Hay4-
HBIX HCCHECAOBAaHHWA. B pamkax crpaTerny pasBuTHS IIMIICBOH U nepepabaTeiBaiomieil MPOMBIIUICHHOCTH Y KpaWHB Ha
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Odecbra HAYIOHATLHA aKAOEMIA XAPHOBUX MEXHONOZIU

TEOPETUYHI TA EKCIIEPUMEHTAJILHI JOCAIDKEHHSA HPOILIECIB
XAPYOBHUX TEXHOJOT'TH

nieprop ao 2020 ropa mocTaBneHa [enb, 3aKTIoUalonascs B obecnedeHi i rapaHTHPOBAHHOTO ¥ YCTOHIHBOro cHabXKe-
HUS HaCEeTICHHs CTpaHbl 0e30MacHBIM H KadeCTBEHHBIM IPOJOBOIBCTBHEM.

Habmionaercs ycroiunpas TEHAECHIMA POCTa HHTEPECA H K IIPENAPATaM U3 HEKAPCTBEHHOTO PACTHTENLHOIO ChIPhS
(JIPC) [1]. BosMOXHOCTh AIHTENBHOIO 0E30MACHOr0 NPUMEHCHHS [IPENapaToB PACTHUTENEHOTO NPOUCXMKACHHS Ona-
Toaps MSTKOMY TepalleBTUYeCKOMY JIEHCTBHIO, MHHIUMU3AMY MPOTHBOTIOKA3aHMI HapAAY ¢ BHICOKOH dddeKTHBHO-
CTBIO, OIPABABIBAET MX HIMPOKOE HCIOIB30BAHNE TIPH JISUSHUH pa3siMdHbIX 3aboneBaumii. OnBako, HECMOTPS HA HEOC-
[IOpHMBIC TIPEUMYIIECTBA, CIPOC HA OTEYECTBEHHBbIC (HUTONpPENapaTsl NPEBLIIIACT HX HAJHYHe, 4TO OOBICHACT aKTy-
aNBHOCTE Pa3paboTKH HOBHIX IperapaToR Ha ocHose JIPC.

Cama wupes ¢uToTepanuy IIHPOKO IOMAEPKHBacTCA BceemupHol opranmsaumed 3apaBooxpanenus (BO3). ITo
MHEHHIO €€ DKCIIEPTOB, B JICYCHUM NPUMEPHO 75% OONBHBIX LieIeco00pasHO NPUMEHATH IPENapaThl PACTHTENHHOIO
MIPOMCXOXKICHUS; 3aadcii MEAHIMHCKOH HAyKH B 9TOM CIydYae CTAHOBHTCHA OpPraHMYHAas HHTIErpamps QUToTepandd B
cHcTeMy 3/ipaBooxpaneHus. BO3 mzfarorcs crienuanpHbie MOHOrpadyH O JICKApCTBCHHBIX PACTCHHAX, COACpKaNIHe
3KCMEPUMEHTANEHYIO M KIMHHYECKYI0 OKa3aTensHyo 0a3y o KaXIoMy H3 BKITIOUCHHBIX HanOonee IHUPOKO UCIIONb-
3yembIX 235 pacteryii. Monorpaduu o JICKapCTBEHHBIX PACTEHUAX M3JAI0TCA Takke EBponefckuM HaydHBIM 00BEH-
HenueM 1o ¢urorepannu (European Scientific Cooperative On Phytotherapy). B cocrase Esponeiickoro MeuimucKo-
TO areHTCTBA 10 neKapcTseHHBIM cpencTBaM (European Medicines Agency) dynxkuuornpyeT KoMHTET TI0 JIeKapCTBEH-
HOH NIPOJYKIMHA PACTUTENHHOTO MPOHCXOMKACHMS, OCHOBHEIM OOBEKTOM AEATENLHOCTH KOTOPOTr'0 ABIAETCS H3ydeHHe
OpUMEHEHHs JIeKapCTBEHHBIX PacTeHWH B mpaktudeckoil Mexumune. Kpome Toro, BO3 paspaboraHbl COOTBETCTBYIO-
IfMe HOPMATHBHEIC JIOKYMEHTHI, IomaepxuBaiourie kounenmo GMP (Good Medical Practice) u orosapusatoniue
HeoOxoMuMBle TpeOoBaHUI K Hajulexallel IIpakTuke KyIsTHBAPOBaHWA U cbopa mekapcTBeHHBIX pacTeHuil (Good
Agricultural and Collection Practices — GACP) (World Health Organization, 2003) [2].

B pabore npecTaBieHsl pe3yisTaThl KOMILTCKCHBIX MCCIENOBAHHH TE€XHONOTHH 3KCTpParupoBaHMA U3 Haubolce
PACIPOCTPaHEHHOTO CHIPh: UIMIIOBHHKA H YePHOIUIOAHOK psaOurst {3]. Mpusenenst

AHaIN3 THTEPaTYPHLIX HCTOYHHKOB H GopMyadpoBKa npobdiemsbl. TeopeTHdeckye OCHOBEI IPOIECca YKCTpPa-
CHPOBAHUA M3JOKEHBI B MHOTOYHCIIEHHBIX paborax, Hanpumep B {4 - 9] SddexTusHOCTh IKCTParHpOBaHUSA B 3HATH-
TE/IBHOMN CTEIIEHH 3ABHCHT OT CIIoco0a IOATOTOBKM CHIPBS K 9TOMY IPOLECCY, MOCKONBKY KISTOYHAS MPOHHUAEMOCTh
CHIPBS CyHIECTBEHHO ONpeenieTcs GopMoi H pasMepoM JIICTIEPCHOr0 COCTaBa YacTHIL.

MexaHu4ecKHe METONB! MHTECHCH(HKALMM Ha CTaJUH IOATOTOBKH CHIPhS HEOOXOIHMMBI [JIA yBEIUYCHHUS IOBEPX-
HOCTH KOHTakTa (a3, 4TO JOCTHIacTCs 3a CYET YMEHbLICHHS pasMepa dactull. OAHAaKo THAPOAHHAMHYECKHE YCIOBHA
(WIBTPOBAHMS DKCTPAreHTa 4Yepe3 CHOH YaCTHI[ II0 MEpe YMEHbIICHHS WX Pa3Mepa 3HAYMTENIBHO YyXyAHIAKTCA. ODTO
3HAYHT, 9TO UL KAXKAOTO BHA CHIphS M YCIOBHH NMPOTEKaHM IpoIiecca SKCTPArnpoOBAHMS CYIECTBYET Oflpe/Ie/IeHHbIHA
PaUMOHATIbHEIA pa3Mep YacTHll, Op¥ KOTOPOM CyMMapHOe BHYTpEHHee ¥ BHemHee IUPPY3MOHHOE CONPOTHBICHHE
ABIAETCA MPHHMAITLHBIM.

Ha cragmy moAroTOBKH CBIPbS K 3KCTPArMPOBAHHUIO TEPMHUUYECKHE METOABI TAKKE HAIPABICHBI HA YMEHbIUCHHE
BHYTpeHHero autdy3uonHoro conporusienys. OHA CHIDKAIOT YCTONYABOCTD UNTOMIIA3MATHYECKHX MeMOpaH, NpHBO-
JAT K pasphiBy KIETOK CHIPbS, 3KCTpareHT Oollee cBOOONHO MPOHUKAET B KICTKY W YBEHUYHBACTCA KOHTAKT CBIPBS C
pacteopurenem [10]. JeiictBue teruoBoii 06paboTky OCHOBAHO Ha KOAryJIMPYIOMIEM H O0E3BOXHBAIOLIEM BO3AEHCT-
BUHX Ha OenKoBBIE BEIIECTBA, YTO BHI3BIBAET rU0ens pacTHTensHOM KieTky. HarpepaHue IOBBIIAET BRIXO COKa, HHAK-
TUBUPYET BHYTPUTKAHEBBIE OKHCIUTENbHBIE (PEPMEHTH], YMEHBIIAET MUKPOOHYI0 00CEMEHEHHOCTb, Pa3pylillaeT BOCKO-
ByI0 000JI09KYy, YaCTHYHO AEHATYypHpYeT Oelk# 000NOUYKH CHIphS ¥ YBEIWYHBACT IPOHHIAaeMOCcTh TKauu [11]. Tepmu-
YecKHe METOAb! HHTCHCH(DHKAIUH Ha CTa/IHM IPOBEJCHH TIPOIeCcCca HATIPaBJICHb! Ha YBENH4IcHUE koadduimenta qud-
tyznu SKkcTparupyeMoro semectsa. OHAKO BO3JEHCTBHE BEICOKHX TEMIICPATYP MOXET TIPHBECTH K YXYIUICHHIO Kade-
CTBA MOJYYaEMOro IKCTPaKTa Nub0 M3MEHEHHIO GU3HYECKUX CBOHCTB wacTu. Tak, HanpuMep, TOX ASHCTBHEM BBICO-
KHX TEMIEPATYp MOTYT HU3MEHATHCS YIPYTHE CBOHCTBA CHIPhA, UTO MOXET IIPUBECTH K YXYRIIEHHIO YCIOBHI MaccooT-
Ja4M ¥ COOTBETCTBYIOHIEMY YBEIHYECHHIO BHEMIHEro AM(p(Y3HOHHOrO CONPOTHBIEHHUS, BCIENCTBHE 9Ero CyMMapHOe
I y3HOHHOE COIIPOTHBICHUE OKAXETCA HE MEHBIINM, a GonbHIM. [103TOMY TepMHUYECKHE METOIBI HA JaHHOM CTa-
JIM HENb34 CIWTAThL CYHICCTBEHHBIM CPEICTBOM HHTeHCHUKanuuy nporecca [10, 11].

Hcrnons3opanne MHKpOBONHOBBIX TexHonoruit (MBT) no3eonmno uHTEHCHGUITMPOBATE IIPOLIECC TEINOBOH 00pa-
60TKU CHIPES M IKCTPArupOBaHHE YCTONYMBBIX PACTBOPHMEIX BELICCTE BONHOM cpenoii. IlonoxuTenbHEle pe3ynbTaTsl
KCIIONB30BAHMA 3IEKTPOMArHHTHOTO HMIIYISCHOrO H3JIy4eHUA OBUIH IONYYCHBI: IIPH IPOM3BOACTBE HHINEBBIX KPacu-
Texeit U3 cBexinl [12], wiogoBo-ArogHOro ceipes [13], B cxeMe yCKOPEHHOro JO3peBaHHS KOHBAYHBIX cruptoB [17],
TIpH M3BJICICHHAM KEAPOBOTO Macia M3 CeMSH COCcHBI cuOupckoi [15], B mabopaTopHEIX YCITOBHMAX UL YCKOPEHHS H3-
BIIeYeHNs QYHTHITNIOB U3 RPEBECHRIX MaTepuanos [16], mpu nonyyeHun coeporo Macna {17], mpu U3BIeYeHHH Macen
U3 JUCTBEB MATHI, PO3MapHHa, YaifHOro Aepesa, canjala U Apyrux pacteHuH [15], mpy sKCTparupoBaHMH HUKOTHHA W3
TabavyHoro ceipes [19].

CoBepIIEHCTBOBAHK B TEXHOIOIMH SKCTParupOBaHWA HPOMCXOAUT HA TPEX OCHOBHBIX CTa[HAX: CTa[HA IOATO-
TOBKH CBIPBSA; CTaIMA IKCTPAarupoBaHMs; CTaAns JanbHedmed oGpaborku pactsopa. Ha mepBoii cTagum 1y nossiie-

Hayxogi npani,Tom 80, Bumycxk 1 60 Scientific Works, Volume 80, Issue 1



Odecvka nHayioHANbHA AKAOEMIA XAPHOBUX MEXHON02IU
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HHA BBIXO/Ia PaCTBOPHMBIX BEIIECTB HMCTIONB3YIOT TIporecchl ¢ 3ieKToM B3PHIBHOrO HabyxaHms, 9TO COCOGCTBYET
YBENMYEHNIO YIETBHOMR MOBEPXHOCTH M CO3AHMIO pasBUTOH ropuctocTy [20]. Tipumerstor 06paboTky GepMeHTHEIMHU
npenapaTamu (KCriorLoxanohoeTuaut) [21], yBIaxHsIOT 3epHa ¢ HOCHeAYIOnHM ero nabyxamiem [22], ero uamesns-
YeHHE, BBEICHHE ONaropoiHsIX ra3oB JUIs OBBINICHHS apoMaTuKH [23]. )

Ha BTOpOIi CTaiuy OCHOBHOH YIIOP JeNaeTCa Ha HHTEHCH(HUKAIMIo Macconeperoca. Yante Bcero aroro qo0uBasoT-
csl, I3MEHSS IM/IPOAMHAMUYECKHE YCIIOBHS 33 CUET MepeMEeIIMBAaHMA IKCTParupyeMoit maccel [24}], ucrionsaya neucr-
BHE TIEHTPOOEXKHBIX cwil B UEHTpHbyrax [25], Y3-BomHBI, BO3NEHCTRIE BHICOKOROJLTHBIX HMITYIIGCHBIX DaspSIOB.
Kpome Toro, moBENLAIOT KaBJICHHE BHYTpH armaparta (0,3 Mlla...1,2 Mlla), yBeTHYHBAIOT [UIHTEILHOCTE B3aUMOeH-
ctBus bas (24...48 vacoB), UCHONB3YIOT 00OraliaoUlKii PaCTBOP PACTBOPAMOL0 KOMIIOHEHTa [26].

Ha nocneneit 3akiirounTeIbHOM CTaquu THABHO 3a/a9ei ABIIACTC COXPAHEHHE BCEX CBOWCTB TOTOBOIO IIPOAYK-
1a. JITA 3T0ro pacmsUIMTENBHYIO CYHIKY 3aMeHSIOT CyONMMAlMOHHOM, CHHXKAIONIYIO II0TEpH IEHHBIX BemecTs. [lpu
9TOM MOXXET TIPOBOAUTHCA, HAMPUMED, BCrleHMBaHMe [27], HHM3KOTEMIeparypHast TEXHOIOTHS PaCBUIATENBHOR CYyNIKY
(mpu 140 °C), xoTopas no3BOIAET B 3HAUNTENHLHOM Mepe COXPauuTh apoMart {28, 29].

Tlo pesynpraram mpoBefeHHOTO BhIlie 0030pa JIUTEPATYPHBIX M [IATEHTHBIX HCTOYHHUKOB MOXKHO CACIATh CHELYIO-
[I1€ BBIBOJLI.

1. llpumeps! uHTEHCHPUKAIMH IEKTPOQUIHICCKUMH METO/IAMH POLIECCOB MEPEHOCA [P IKCTPATHPOBAHNUK U
MHPOBO# onpIT IpuMenerus MBT B MuinessiX TEXHONIOTHAX ONPEASISIOT HeXeco00pasHoCTs HCCIeIOBAHUH B TAHHOM
HAIpaBIeHUH ¥ Ipy ipomzeoacTee JIPC.

2. CpaBHWTENbHBIA aHaMU3 [IOKA3EIBACT MEPCHEKTHBHOCTL HOBOro IpH mpomn3BoacTee JIPC HampaBieHHs: HH-
TeHCH(}UKAIUs MacComepeHoca IIPY HCIIONE30BaHHH MUKPOBOJIHOBBIX TEXHONOIH) HA CTA MU DKCTPaTrHpOBAHHA.

3. Ha ceropmsummu#i JeHs IKCTPAKUMOHHBIC anapaTsl KOMOHMHAPOBAHHOIO ACHCTBHA U METO/(bI HX pacyera oT-
cyrcrBy10T. IIpHMepoB npaxkTrdeckoro uenonssosanns MBT B rexnomormax monyqenns sxcrpaxros u3z JIPC 8 nute-
partype He o0Hapyxeno. OxHaKo, JaHHbIe, IPUBEACHHEIC BhIIIE, CBHICTEILCTBYIOT 00 akTHBHOH paboTe HAjl CO3AaHH-
€M OKCTPaKTOpoB, Ucrmons3yromux MBT.

J1s TpaIMIMOHHETX TEXHOIOTHH IPOM3BOACTBA IKCTPakToB M3 JIPC xapakTepHsi Cephe3HbIC HAYIHO-TEXHUYCCKIE
nporuBopeurs. C OfHOM CTOPOHBI LA COXpaHCHUA HeNeOHBIX KaYecTB pEeNapaToB, KOTOphIe B GONBIIHHCTBE ClIy4acB
SIBISIOTCA TEPMONAOUILHBIMY, OIPAHHYMBAIOTCS YPOBHH TEPMHUYECKOTO BO3IEHCTBUS B MpoIlecce Maccolepesoca. A
3TO IPUBOAKT K TOMY, 4TO IKCTParupoBaHue OpoAoIDKacTes HefenAMy. Penenue 3THX IPOTUBOPEYHiT MEXHUT B ILIOC-
KOCTH HPHUMEHEHVs MHHOBAUMOHHBIX 3MeKTPOQU3NUECKIX TEXHONOMMH aapecHoi nocrasky sdeprun [30 - 33] « or-
nensHemM snementam JIPC. TlpensapuTensupie paboTsl aBTOPOB B 3TOM HamparieHun [34] mOATBEpXAAOT HEepCIeK-
THBHOCTD 3aABIICHHOr0 HalpaslicHUs.

IKenepuMeHTANBHbIE CTEHbI H METOAMKA HecuexoBaHuii. Bo Bcex ONBITaxX IOAAEPKUBAJICH CIETYIOIIHUIH MMO-
PSAOK BBIIOJIHEHHA MCCIEIOBAHMM.

Ha nepeom 3T2ne npoBogiiacs MOAIOTOBKA 00pa31LoB ¥ CTEHAA, KOTOPas BKIIIOYANA CACAYIOIHE OHEePALIAH:
H3MepeHre Macchl wiogos (M) u okctparenta (MB); ycTaHaBIMBaIach MOWHOCTH MarHerpoHa (Nm). B mpouecce
OIIBITOB C MOMOIIIBIO MUPOMETPA M TEPMONap H3MEPSUTHCE TEMIIEPATYPHI INIOAOB B PEAKIMOHHOM 00BEME H KCTPakTa
Ha BXOJE ¥ BEIXOAC M3 Kamephl. Pacxon skcrparenTa (V) onpefessuics BECOBEIM METOAOM, 8  ONTMYeEcKas IUIOT-
HocTs 3xcrpakta (JI) ¢ momomsio dotokanopumerpa Spekol. Berbopouno ompenensiack KOHIEHTPAaIMH KCTPAKTa
KIIACCHYECKHM METOJIOM BBICYIIHBAHHA 10 NOCTOAHHOro Beca. KoHuenTpanus skcrpaxra (X3) onpenensiiach 110 Tapu-
poBouHo# 3asucumoctu Xo = f{J1).

MeTtopauka 06paborku pe3yTsTaTOB HaOIIOAeHUIA BKITIOYANA!
pacdeT Macch nepeieIumx B PACTBOP BelIecTB ¥ KOHIIEHTPAIHH [EEBRIX KOMIIOHEHTOB B IIO/IAX

m= X5Vapa Ci=Cua— X/, T =Mn/Ms (1)

pacuer koadduarenTa MACCOOTAATH:

_ B=Vs X3 (Xu-Xa)/F, F=nf ¥))
pacdeT CKOPOCTH IIOTOKa ¥ 9ucia Pefinonsaca:
W= L Re=wd/ v 3)
p.*S, :

B (1) — (3) npussATO: p3 — ILIOTHOCTS 3KCTPpakTa; CH — HAYATLHOE COMEPXKAaHUE LIENEBRIX KOMIIOHEHTOB B I104ax; F
- TUTOMAb TOBEPXHOCTH (a3oBOro KOHTAKTa; N — YHCIIO JacTHll, f— cpexras noomans noBepxHocTd 1 dacTumsl; Q, —
MaCCOBBUA PACXOJ DKCTPArenTa; Py —~ INIOTHOCTD DKCTPareHTa; Sy — MWIOHAs OPUCTOCTH; d — AMAMETp NOPUCTOCTH; V —
BA3KOCTH DKCTPArcHTa.

Kunetndeckue 3aBUCHMMOCTH IIOTY4eHsI [ 3 pasHbIX CIOCOOO0B 3KCTParupOBaHMsA, KOTOPBIE PEANH3YIOTCS Ha yC-
TaHOBKax (puc. 1):
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Oodecvra HayioHaNbHA axadeMmisi XapyosuUx mexHonozit

TEOPETHYHI TA EKCITEPUMEHTAJIBHI JOCAI/UKEHHS IPOLIECIB
XAPYOBUX TEXHOJIOT'TH

- Ha 6a3ze TepMocTaTa (MMUTHPYET TPAAHMLUHOHHbIE MPHHIMIE AKCTPArupoBaHud, puc. 1, a);
- Ha 0a3e MHKPOBOIHOBOH KaMephI PH HETIOABIKHOM CIOE IUIO0B ynoBHuKa (puc. 1, 6);
- B MUKPOBOJITHOBOM 3Kcrpaxrope koucrpykiu OHAIIT ¢ nupKynaumroHHsIM KoHTypom (pHc. 1, B).

a) 6) 6
1 — peakyuonnviil 06vem,; 2 — naodvl, 3 — 800aHan baHn,; 4 — MUKPOGOHOBAA Kamepa;
5 ~ oxnadumens, 6 — Xon00uIPHAA MAMUHA; T — YUPKYIAYUOHHbIU HACOC
Puc. 1 —-DxcnepaMeHTaNIbHBIE CTEHABI

CreHp ¢ NHPKY/IAIMOHHBIM KOHTYPOM M XONOQHIGHOW MalmmHOH (pHc. 1,B) HO3BO/ISUI IIOCTOSHHO ITOJACPKUBATE
TCMIIEpPaTypy B peakMOHHOM oObeMe Ha ypoBHe 30 ... 45 °C, 9T0 CYmIeCTBEHHO VIS COXPaHHOCTH TIUIIEBOH LEHHOCTH
TpoAyKTa. B KadecTBE 3KCTpareHTa UCCICA0BANACch BOJA.

OnbIThE NPOBOAMIIKCH B IIHPOKOM [(UAIIA30HE U3MEHEHHA TapaMeTpos (tabn. 1).

Tadanua 1 — {nanazod IKCHePHMEHTAILHOTO MOJETHPOBAHUS

Csipbé Jasnenne, MIIa | Temneparypa, °C | Konuentpawas, % | ugpomonyns
[IunosHuK 0,01 -0,1 45 -90 8 1/1...1/4
Yepromnongas psOuHa 0,1 40 - 100 9 2/1...172
Kamna 0,1 60 6,3 1/2
Kiroxsa 0,1 60 6 172

OMnsITH IPOBONHITHCE ¢ HENTBIMH M PACIUTIONICHHBIMH IUTOIAMH, HX JaCTAMH.

O0cyxIeHne pe3yabTATOB IKCIEPUMEHTATLHOr0 Modeanposadns. Ilporpamva OIbBITOB CTPOMNACE TAK, YTOOLI
6bUT1a BOSMOXKHOCTh @aHAIM3HPOBATH JAHHBIE IKCIHEPHMEHTOB HPH NMOCTOSHHBIX 3HadeHusx V3, I, NM, F u3 xoropsix
GOpMHUPYIOTCSL KHHETHYIECKUE 3aBICHMOCTH KIIOYEBOro mapamerpa - koaduimenta maccootiadn (B, m/c): B=f(Va);
B=f@); B=1f®Nm); B=1() B = f (F). D10 no3porser OHEHATH BIHIAHIEC OCHOBHBIX (aKTOPOB Ha HHTEHCHB-
HOCTB MacCOIEepeHoca.

Bausinue dneKTpoMarHuTHOTo mojs. Ha mepBoM 3Tanme ycraHapiIMBanoch BiAMsHHC Buia sHepruu. CpapHuBa-
JIMCh OIBITHI IIPH TPAaJHIIOHHOM M MUKPOBONHOBOM MOZBONE 3HeprHH (pUC. 2). OmbITHl C YEPHOIMOIHONR pabuHOH
TIOKa3alH, 4TO IIp¥ SKCTparupoBanun B MB-mione HaOmiofaercs 3HAYMTENBHOE YBENHYECHUE 3HAUCHUH ONTHYECKOH
[JIOTHOCTH [ONYYSHHBIX IKCTPAKTOB. B Tabnuue 1 mpuBencHB! pe3ybTaTsl 3HAUCHUA CONEPKAHUS CyXUX BEIECTB B
HONy4eHHbIX JKCTpakTax. CozlepikaHne CYXUX BEIECTB B IKCTPAKTaX, MONyIeHHBIX npu obpaborke B MB-mone nHa
TIOpsJOK BhIe. Jlaxe IPH JUIMTEIBHOM JKCTPAardpoBaHWH TPAAUIHOHHBIMH METOAAMH (IIPH MPOJOMIKHTEILHOCTH
mpoitecca B 60 MUHYT), BRIXO/| IKCTPAKTHBHEIX BEIIECTB OKA3asics B 2 pasa MeHblIe. Bropoil BEIBOJ M3 HPOBEACHHBIX
OIIBITOB MOYKHO CAENaTh O palMOHAILHOM BPEMEHH Qpolecca, # BOSMOXKHOM orpaHudeHMu ero 30 munyramu. Bonee
TOrO, SKCTPAKT U3 YEPHOILIOAHOMH pA6HHEl, MOMydeHHbIH npy 06pabotke 8 MB-none obnafaet 6onee BRICOKMMY Kaye-
CTBEHHBIMH NIOKA3aTEIIMH, YEM SKCTPAKT, IIOIyICHHbIH TPaHIOHHBIM CIIOCOOOM.

Tabauuna 2 — CpaBHATEIbHAN XaPAKTEPACTHKA KAa4eCTBA IKCTPAKTOB YePHOILIOAHOH PAGHHBI IIpH
Pa3THYHOH NPOXOIKATEILHOCTH NPOHecea

KoHijeHTpalms cyxux BemecTs, % (9kcTparuposanye npu 40 °C)

MB-06paboTka
(30 mum)

TpaavmHoHHEL cIToco6
(30 mun)

MB-o06paboTka
(60 Mun)

TpapmmonsEf crrocod
(60 muH)

10%

1%

11%

2%

AHaJIOrH9HbIE PE3yabTaTaM MONYYeHSI H [IPH MCCIeAOBAHHH SKCTPAaTUpOBaHHA NIHIOBHUKA (pHC. 2).

Ousrrst (puc. 2) nposoawnucek Ha cregaax Nel u No2 ¢ mensiMe II0faM¥ IIMIOBHUKA IIPH ruapoMonyne 1:3 u
teMuepatype 65 °C. Bumno (puc. 2), 9T0 Ha NPOTSHKEHHH BCETO IKCIIEPHMENTa NpuMenenne MB- renepatopa HHTEH-
cHHUHPYET NPOLECC MACCONIEPEHOCA B paskl. [lomydeHo M THKpaTHOE IOBBLIEHAE BHIXOAA IIETIEBbIX KOMIOHEHTOB.
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Odechka HAYIOHANBLHA AKAOEMIS XAPHOBUX MEXHONOZIl

TEOPETHYHI TA EKC‘HEPI/IMEHTAJII)HI JTOCJIIKEHHS ITPOLECIB
XAPYOBHX TEXHOJIOI'THA

Baustuue pazmepa miaona. Ussecrro [30], uto addexruHocTs auddy3un 3asucut oT pasMepa gactuil, C TOYKH
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Puc. 2 — CpaBHeRHe HHTCHCHBHOCTH Mac-
colepeHoCca MPH SKCTPArupoBaRHH IIH-
nosunka: 1 — creng Nel (repmocrar); 2 —
crernt Ne2 (MHKpOBOTHOBASA KaMepa)

3peHus TGP Y3HOHHOr0 U3BICUeHHs Hanbonee H>QPEKTHBHO IKCT-
parupoBaHHe M3 HacTvL Ooliee «TOHKOro» nomosa. D10 cafA3ano ¢
TEM, 9TO YMEHBIHCHHE Pa3Mepa YacTHIl cokpamaet 1ryTh qaddyn-
JUPYIOIIHX MONEKY], YBEIHYHBAEICA TOBEPXHOCTh KOHTAaKTa
TBep/IbIX YacTHL ¢ XHIKocThio. Ho, ¢ Apyroit cropousi, Oonee
«TOHKHH» TIOMOT B PAZIE CAYYaeB NPUBOIUT M K YXYAUICHHIO PO~
Liecca M3BJIEYEHUsT BOJOPACTBOPUMBIX BELHCCTB M3 3€pHA, Tak Kak
TIPH 3TOM MO)XET YMEHBIIATHCA CMAaYHUBAEMOCTD [BUTEBHHAIX Hac-
THI], IPOHCXOAUTS WX B3aumuas Onoxnposka. Ha puc. 3 npusenena
3aBUCHMOCTb THAPOMOAYIIA H CTEIECHH M3MENbYEHUA SArof IepHO-
IDIONHOH PSOWHEI Ha COIEPKAHHE CYXUX BEUIECTB B ITONYIEHHBIX
obpasnax skcrpakra. C TOYKH 3peHUs KOHLIEHTPALMH HKCTPAKTa
JYYUIAM SBAETCS oOpaszel] ¢ H3MeNbYCHHBIMH STONAMH H COOTHO-
HIEHHEM ATOABI - 3KcTpareHT 2:1. OgHaKo npH 3TOM IIPOLECC TIPO-
TeKaeT IIDH MEHbINeH BenvuuHe aBKywed cwibt. Ilosromy, me
BCE IKCTPArUpyeMble BEMIECTBA MOryT HEePEeXOAUTh B OKCTPAKT, TO
ecTh OyRyT HAONIOAATHCA MOTEPU HENEBLIX KOMIIOHEHTOB CHIPHI.
CBHUnETENBCTBOM JTOTO ABINAIOTCA PE3YNBTATHl OIBITOB, MOJMYHCH-
HEIX Ha creHze Ne2, xoTopsii ObUT cHaOXeH OOpaTHBIM XOJIOTHITE-
HHKOM M BaKyyM HacOCOM. DTO MO3BOILUIO IPOBOJUTE MCCIIEN0BA-
HISL TPOIEcca IKCTPATHPOBaHMA B pexkuMme kunenus (puc.3), Ho

TpH NIOHIDKEHHBIX TeMuepatypax (35 ... 50 °C). [lostomy, He BCe
IKCTPArHpyEMBIE BEIIECTBA MOTYT HEPEXONHTh B 3KCTPAKT, TO €CTh OyAyT HaONIOZAThCSA TOTEPH [ENEBHIX KOMIIOHCH-
T0B CHIpBS. CBHAETENECTBOM 3TOTO ABJSIOTCS PE3YNbTATHl OMBITOB, IIONYYCHHBIX Ha cTeHae Ne2, KOTOpHIi ObuT cHAO-
Wed 00PATHRIM XONMOMUILHUKOM | BaKyyM HACOCOM. DTO MO3BONAMIO IIPOBOAUTE UCCIEOBAHUS MIPOTECca IKCTPArUPO-
BAHUS B peXuMe KMUeHus (DHC.3), HO I NOHMKEHHBIX TeMneparypax (35 ... 50 °C).

IMocne uccrenoBanua KUHETAKA SKCTPArupoOBaHus B BaKkyyme (pHc. 4, muand 1) miofsl BTOPHIHO 3aJHBATHCE BO-
IO, M3MEPSNKUCH W3MEHEHIT BO BpEMEHH KOHIEHTPAIINY IKCTpakTa (puc. 4, e 2). DKCTparupoBaHue IPOBOAHIOCH
B HEMOABIKHOM ciioe (t = 45-50 °C). Axanornyso IOTy4eH4 3aBUCHMOCTh H [UIA TPeThero 3amupa (puc. 4, muHug 3).
BuHO, 4T0 HE BCE HENEeBHIE KOMITOHSHTH H3BJICHEHBI TIOCTE TEPBOro onbiTa. [ToaToMy, KOpPEKTHBIH BBIBOJ O BIMSAHIN
THAPOMOIYI MOXHO CAENaTh 1o BenuvuHe Ko3pdHIMeHTa MacCOOTAaYy H Ha OCHOBE aHANH3a JIMHHH HCTOIEHMA
TBEPAOH ;'Iza%h :
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IKCTPRrHPOERKHESA, MHE €, wac
1 —yenvie 1:1; 2 —usmenvuennvie 1:2;

3 — usmenvuennvie 1:1; 4 — usmenvyennvie 2: 1.,
Puc. 3 — BausiHue rHIPOMORYJIA H CTCHECHHA H3-
MeNbYeHUA ATO) HA KHHETHKY DKCTPATHPOBANKS
YEePHONJIONHOH pAGHHBI

Puc. 4 - M3avmeHenne KOHIEHTPANMH JKCTPAKTA
INHTTOBHHKA

Bnusane BHOa 3HEPTMM M pa3Mepa IUIOJa HIUIIOCTPUpY-
eTCs ONBITAMHM C MMHOBHUKOM (puc. 5). HMccienoBanuce 1ensie 3epHa B TepMocTare (mama 1) u B MB-okcrpakrope
(mvaus 2). MHTEHCHBHOCTE MacCoMEpeHoca U3 OJIOBUHOK 3€PEH PacTer B passl (pHc. 5, nmuHus 3).
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Oodecbka HayioHANbHA AKAOEMIA XAPHOBUX MEXHOA0ZIY

TEOPETHYHI TA EKCIIEPUMEHTAJISHI JOCAKERHS HPOHECIB
XAPYOBMX TEXHOJIOI'TH

KomnaexkcHoe BausHue TemMitepaTypst ¥ MomgpocTu MB — nonsa. V3BecTHo, 9T0 TeMIepartypa saBuseTcs (akro-

3 5 pPOM, 3HAYUTENBHO HHTCHCHOUIUPYIONIUM NIPOLECC U3BICUCHUA BO-

oA 3 ,,). JOPacTBOPHUMBIX BELIECTB, TAK KaK €¢ yBEIHYCHUC PUBOAUT K BO3-

2.5 re4 PAcTaHHI0 CKOPOCTH dKcTparupopanus [7]. OnHako, cIEKTpalibHbIE

/ - /r/ KPHBEIC 3KCTPAKTa W3 YEPHOUTOAHON pAOHHEI, IpABEACHHAIC HA PHC.

6 IMOKa3BLIBAIOT, YTO MPOBEACHHUE MpOLECcCa 3KCTPardpoBaHMi IpU

}/ /4 BEBICOKHX TEMIEPATYPaX TIPHBOIHUT K Pa3pyIICHHIOKOMIIIEKca Ouomo-

THYCCKA-aKTUBHEIX BEHIECTR CHIpbi. IIpoBenchue mpouecca B MB-

/ none npu temueparype 40 °C paer pesyabTarsi Jiydlle, 4eM IIPH

BBICOKHX TCMIEPATYpax, TAaK KaK Py 3TOM HE HPOMCXOIT (PHUINKO-

XMMHUYECKHE H3MEHEHUS CBIPHS, YTO MOBAULAET (YHKIMOHAIBHEIE
CBOMCTBA TOTOBOro NPOIYKTA.

B ompiTax ¢ neasiMu INIONAMYU LUMIOBHHKOM B HENOABHXHOM

¢ 100 208 380 s0e 500 oo cioe (creHmst Nel u Ne2) cpaBHUBANOCH KOMIUIEKCHOE BIIUAHME TEM-

Ty MMM

[

X, %
ot
w

A

1

mepatypsl U Biga Heprun. OKa3anoch, 4TO 33 OFIMHAKOBOE BpPEMs
SKCTPArHPOBAHUA KOHIECHTPAIMA pacTBopa Oslla paBHOH M s Tpa-
JUIMOHHON TEXHOJIOTHM, ¥ IUIs Tiporecca B MB — skcTpakrope (puc.
7). OnuaKo omsITH Ha crerze Nel OpOBOIMIIMCE DK YPOBHE TeMIle-
paryp 70 °C (puc. 7, 1), a na crenzge Ne2 - npu 20 °C (puc. 7, 2). DHeproeMkocTsb npoecca MB — skcTparuposanus
cocrasmina 0,3 M/Ix Ha 1 kr mwionos. IIpu MB — akcrparuposanun Ha yposse temueparyp 70 °C (puc. 7, 3) auepro-
€MKOCTH BEIpOCa B 4 pa3a, a BBIXOJ IIEJIeBEIX KOMITOHEHTOB — B 3,5 pa3a.

Puc. 5 - Biusnue sua JHepruay u
pa3Mepa IwiojoB
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1100 °C; 2-40°C; 3-80°C; 4— CBY40°C.
Puc. 6 - CnexkTpanpHbie XapaKTePACTAKH Puc. 7 —Bnausinue BHAA SHEPTHU H TeMIIepPaTypbl
IKCTPAKTOB YEPHOIUIOAHON pAGHHDI Ha KHHETHKY JKCTPArHPOBAHMA LIMIOBHHK

MoxHO cfieraTh BBHIROM, YTO ACHCTBYME MHKPOBOJIHOBOTO OIS BIIMAET Ha CKOPOCTh 3KCTParMpOBAHMA B OoNbmIe
Mepe, YeM TeMIepaTypa npouecca (puc. 6, 7).

BanAanne Buaa ceipbi. Paspaborka TEXHONOIMM M3BICYEHHS SKCTPAKTHBHBIX BELICCTB M3 PACTHICIBHOIO ChipbA
JOIKHA IPOBOAMTECA ¢ y4ETOM MHUHHMM3AIIMU BpeMEHU IPOBEACHUS Iporecca ¥ aHepro3arpar. Ilomydennsnit mpo-
IYKT JAOIDKEH OBITh Ge30laceH B IMIIEBOM OTHOLIEHHH [0 MUKPOOHONOTHYECKMM ¥ (DH3HKO-XUMHYECKHM I1OKa3aTe-
TsiM; a paspaboTaHHas TEXHOIOTHS JJOIKHA ObITh NOCTYIIHOW JUIst MPEANpHATHI MHUILEBOH U nepepabarbiBatomei mpo-
MBIIWICHHOCTH, | JIETKO BHEPAEMOH y)Ke B CYIIECTBYIONIME TEXHONOTHYECKHE TMHMM MPOU3BOZCTBA IPOYKTOB MHTa-
HuA. O6BeKTaMM MCCICIOBaHHI ONPENENeHbI: YepHOIUIOAHas pabHHa, KITIOKBA KallMHa. AHATM3UPOBANHCE CIEKTPATh-
HEBl€ XapaKTEPHCTHKH DKCTPAKToB (pHUC.8).

OKCTpaxT U3 YEPHOILIOKHOH paOuHE uMmeeT OomnbLiee 3HaYeHUEe ONTHYECKOH wioTHOCTH (prc. 8). YepHorutonHas
psabura cofepxut BuTaMuHEL (A, B, C, PP), MuxposnemedTr (ko6aibT, MeAb, LIHHK, XKeJIe30 U T.X.), aMUHOKHCIIOTEI,
OpraHMYecKHe KHCIIOTHI, aHTOIHaHb!, TaHuHBI, GuiaBoHousl. OcoOeHHON IIEHHOCTBIO ABICTCA €€ CocOGHOCTD KOH-
HEHTPHPOBaTh CeNleH M HakarmuBath #ox. Cosmepxanue itofa B meit 0,005...0,01 Mr/100r, CTONBKO €r0 CONEPKHUTCS B
KpacHOHM CMOpOJHHE ¥ XypMe, a onblre B Iutogax (eiixoa, KOTOPHIE M3BECTHHI KAK JYHIIMEC KOHIEHTPATOPBI 3TOTO
snemenra. Ho camoii LeHHO! cOCTaBIIONICH 9EPHOIUTOAHOM PAGHHBI ABNAIOTC OMO(IaBOHOMIBI, KOTOPEIE HMEIOT P-
BUTaMUHHBIE CBOHCTBA — KaTeXHHbI, (naBoHONb!, aHtoumansi [38-40].. To ecrb, uepHOIUIOAHAA PAOHHA COAEPIKHUT
Gosnbllie BCETO KPacANIMX BEINECTB H (YHKIMOHAIBHEIX KOMIOHEHTOB H, COOTBETCTBEHHO, ICHHAS KaK CBHIPbE JUIA 1IO-
Ny9eHNs PACTHTENHEHOTO JKCTPaKTa.
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Odecvka HayioHaNbHa AKA0eMis XapUosux mexHonozil

TEOPETHYHI TA EKCITEPUMEHTAJIBHI JOCJIKEHHSI ITPOTIECIB

XAPHOBUX TEXHOJIOT'ITA
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Puc. 8 — Biusinue BH/Ia CHIPbA HA ONTHYECKYI0 Puc. 9 — Bansinue pacxoia 3KCTPareHTa Ha
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Yucao Peitnoabaca Re

Puc. 10 — 3agucumocts K03pGHIHEHTA MACCOOTAAYHM OT uKcaa Pefinonpaca

Binsinne CKOpOCTH MOTOKA SKCTparedTa. 3afadeil 3To CepUH OMBITOB ABNUIOCH YCTAHOBHTb HEMIOCPEACTBECH-
HOC BIMAHKE HA MacCOMEPEHOC CKOPOCTH IIOTOKA 3KeTparenTa. OMNbIThI NPOBOAMIMCE Ha cTenfe Ne3 ¢ uensiMu 1mioaa-
MU IIHIIOBHHKA.

Pe3ynbTaTsl ONBITOB MO3BOJSIOT CACHATH BBIBOJ, YTO C YBEIHICHHEM PacXoza B 5 pa3s, BBIXOfl IKCTPAKTHBHbLIX BE-
II{eCTB pacteT MPAKTHIECKA HA TopsAAoK (puc. 9). OGbACHUTS ITOT HAKT MOXKHO TeM, UTO YMCHRINAETCA TOMIMHEA Jud-
bY3UOHHOr0 TOTPAHHYHOrO CIOA U YBENHYUBACTCA TWIOLIAAE IOBEPXHOCTH (a3z0BOro KOHTAKTA «IUIOZ - DKCTPAreHT».
BMecre ¢ TeM pexuMEl TeYeHHSA B CIIOE MIOJAOB ObUTH SaMUHAPHEIE, O YEM CBHAETENILCTBYIOT 3Ha4CHWS ducen Peit-
HompAca (puc. 10). :

Tonyuennas 3arucumocts {puc. 10) MoxeT MCHOIE30BATECA NPH HPOEKTHPOBAHMH MHKPOBOIHOBBIX JKCTPAKTO-
POB.

BoiBogsl. MUKPOBOIIHOBBIE TEXHONOMHM SBISIOTCS NEPCIEKTHBHBIM CPEICTBOM IepepaboTKd JIEKapCTBEHHOIO
PACTUTENILHOTO CHIPbA B MPOLIECCAX SKCTPATHPOBAHWA. be3rpafieHTHBI IIOBOZ DHEPTHH BO BCEM 00BbEME ILIOMOB
TIO3BONIAET OPraH30BaTh MATKHE PEXHMEI IKCTPArHPOBAHMA, TIONYIHTh KaYeCTBEHHBIH MPOAYKT IPH CHIDKEHHUH SHEp-
FEeTMYECKMX 3aTpaT. BEIXOA LE/IEeBbIX KOMIOHEHTOB OCYIIECTBIAETCS NpU Temueparypax xo 50 °C, mpomombkurens-
HOCTb IIPOLECCA COKPAINAETCS B Pasbl, a, HHOT/AA, H Ha HOPsIOK.
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B cmamve paccmompenvi MuxpogonHo8ble mexHOIOZUU UHMEHCUGUKAYUU NpOYECCcO8 IKCMPAZUPOBAHUA BKYCOBBIX

U APOMAMUYECKUX KOMNOHEHMO8 U3 KOQDEUHO20 Colpbsa U KOHYEHMPUPOBAHUS IKCMPAKINOE APOMAMUYECKUX U 6UOn0-
2uyecku-akmuenblx gewjecms. Ilokazano enuanue MUKpoGoIHO8020 NOOE00A IHEP2UU HA BLIXO0 YENE8020 KOMNOHEHMA
u3 xoghevinvix 3epen Coffea arabica L. Ycmanoesneno nosvlueniue 8u1x00a IKCMpaKmugHsix 8€upecms npu MUKpOGOANo-
80m nodeode snepeuu. Iloxazana OuHAMUKA bIX00a YeNesblX Gewecms U3 KODEeUuHbix 3epeH npu MUKDOSOTHOBOM U
MPAOUYUOKHOM MENN08OM nooeode nepzuu. IIposedenbl UCCIE00BAHUL MENNOE020 NOMOKA 8 KACCEMAX NPOMUBO-
MOYHO20 MUKPOBONHOE020 sxcmpaxmopa. Ioryuenvl 3a8ucumocmu 014 6MUsHUS KOTUYECM8A NOOBe0EHHON SHEp2un,
DACxXo0a IKCmpazeRma u CA0A RPOOYKMA 8 IKCMPAKIMOPE KA 86IX00 YENE8020 KOMNOHEHMA.

s unmencuguxayuu npoyecca 8axkyym-euinapku npednazaemcs obecneuums pagHomMepHOCMb n00600a IHEP2UU

U UCKTIOYUMb RPOMENCYMOYHbIL MENIOHOCUMENb 3G CHEM UCNOb3I0BAHUA MUKDPOBOHOGHIX. mexnonrozuu. Ilpusedensl
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TEOPETHYHI TA EKCIIEPUMEHTAJIBHI TOCIIJOKEHHS IPOIIECIB
XAPYOBHX TEXHOJOTI'IA

pe3ybmamyl IKCREPUMEHMATLHBIX UCCACO08AHUY KOHYEHMPUPOBAHUA IKCMPAKMOE cmesul, koge, caxapa. Tlokasano
IUSIHUE YOENIbHO20 3Hep2on00600a, 0asnenus 8 annapame, RAOWAOU NOBEPXHOCIMY UCRAPERUA HA CKOPOCMb npoyecca
KOHYEHMPUPOSAHUA NUESHIX DACMEOPOE HA APUMEDE CAXAPHO20 PACMSEopa.
IHonyuennvie axcnepumenmanshvle 308UCUMOCMU MOZYM Gbimb UCNONB308AHbL ONA OANbHelel OnMUMU3AYUY
MUKPOBOHOB0Z0 IKCMPAKYUOHHOZO U 8bINAPHOZ0 0BOPYOOSAHUL.

In current paper microwave technologies of coffee raw taste and flavor components extraction and flavor and bio-
logically active substances extracts concentration intensification are considered. The influence of microwave energy
supply on target component yield from Coffea arabica L. seeds is shown. The increase of extractive substances yield
under microwave energy supply is ascertained. The dynamics of target components yield from coffee seeds under mi-
crowave energy supply is shown. Researches of heat flow in counterflow microwave extractor cartridges are done. The
relations for influence of energy supply, extractant flow rate, product layer thickness in extractor on target component
yield. For vacuum evaporation process intensification it is offered to provide energy supply evenness and exclude in-
termediate heat medium by microwave technologies. The results of experimental researches of coffe, stevia extracts and
sugar solutions concentration are given. The influence of specific energy supply, pressure in apparatus, evaporation
surface area on process rate is shown by example of sugar solutions.

Received experimental relations can be used for further optimization of microwave extraction and vaporizing
equipment. '

Kurouesnie coBa: kode, MHKPOBOTHOBBIH HHTCHCH(HKATOp, YKCTPaIHPOBAHHE, BAKYyM-BBIIADHBIE ANHapaThl,
CTEBHL.

Keywords: coffee, microwave intensifier, extraction, vacuum vaporizers, stevia.

KonueHTpupoBastble U CyXHe 3KCTPAKIbI BKYCOBEIX, aDOMATHYCCKHX ¥ OHUOIOrHdecKd aKTHBHBIX BEIECTB U3 J0-
POTOCTOALIET0 PACTHTEIBHOTO CHIPhs, 00/IAAI0T [UIHTENBHBIMI CPOKAMU XPAaHEHHUS, YIOOHBI [yl TPAHCIIOPTUPOBKH H
MCHONB30BAHMA KakK B IMINEBBIX M (hapMareBTHIECKMX NPOU3BOACTBAX, TAK U B ObITy. OCHOBHLIE JTAIlbl TEXHONOTHH
TIOITy4eHUs TAaKHX KOHIEHTPAaTOB 3TO JKCTPATHPOBAHME M YIANeHHe 3KCTpareHTa (Bsinapka, cymka). Oba npouecca
XapaKTepU3yIOTCA BBICOKOH 3HeproemkocTsio. [Iporece skcTparuposaHust HHTEHCHOHIPYETCS, KaK IPaBUIIo, 32 cyeT
TIOBBIWICHUS TEMIIEPATYPHI M AABICHWS B alllapare, YTO HEraTHBHO CKa3BIBAa€TCA Ha KadecTBe MpoIykTa. B mpouecce
KOHLIEHTPHPOBAHMA IKCTPAKTOB BBINIAPMBAHHEM KX TEIUIONPOBOMHOCTL C YBEIHMYCHHEM COACPIKAHHA CYXMX BEILECTB
[IOHIDKAETCA. 3a CYET ITOro B OONBIIHHCTBE CYLIECTBYIOMMX BEIIAPHBIX allIapaToB He o0ccleynBacTCd PaBHOMEPHDIH
TIOZIBOJY SHEPTHH K HPOAYKTY, YTO BEAET K ero «pUrOPaHUION, T.¢. TEPMHUECKOMY IOBPEXJCHHIO, 4 TAKXKE CHIKAET
IHepreTHYecKyo 3ddekruBHOCTb IIporecca.

B T0 e BpeMs HU3KHE TeMIEepaTypsl 00paboTKu He HO3BONIAIOT HHAKTHUBHPOBATH BCIO HATOreHHYI0 MEKpodIopy B
TIPOAYKTE, 4TO CHIDKAET CPOKM €T0 XpaHEHWS ¥ BRIHYX/3eT HCIONB30BaTh KOHCepBaHTHL Pay pabor noxreepxpaer
3¢ (exTHBHOCTE HH3KOTCMIICPaTYPHOH NaCTEPH3AUHH H CTEPHAN3AIHN IHILEBRIX HPOAYKTOB B MHKPOBOIHOBOM II0JIE
{1]. Kpome Toro MUKpOBOIHOBOE TI0JI€, BO3ACHCTRBYS Ha HOJIAPHBIE MOICKYIBI CHIPbA (BOAR, STAHON | T.II.) HHHUIIHHPY-
10T 0cobbI# bapoautdy3HOHHBIN HOTOK SKCTPAKTUBHEIX BEILECTB W3 MHUKPO- H HAHOCTPYKYP CHIPbS B 3KCTpareHr. 3a
cqet sBneHms Oaporubdy3u pa3pyLIarOTCs KIESTOYHBIE CTEHKH CHIPhs, a Talkoke TypOynu3yeTcs morpaHudHeni croit [2].

Ipennaraercs HCIONB30BATE MUKPOBOHOBEIE TEXHOIOTHH [UTs HHTEHCHQUKAIIMK [IPOIIECCa DKCTParupOBaHuUs BO-
JIOPACTBOPHMEIX BKYCOBBIX M apOMATHYECKHX BELIECTB Kope.

JAna  ¢opMupoBaHHs aJeKBATHOH OLCHKH

6 3¢ eKTHBHOCTH OCYIIECTBICHHS IPOIECcca 3KCT-
- M MUKPOBOITHEL ParupoBaHuid HEOOXOHMMO MMETh TOYHOE Hpen-
ES B TepmoCTAT i CTaBAEHHE O COMEPKAHHM B HMCXOHHOM CBIPbE
é’, 4 A PACTBOPHMEIX KOMIIOHEHTOB, KOTOPHIE BO3MOXKHO
3 p3Breys. C [Ensio OTpeneneHus COAepKaHust
3 CYXHX BeIectB (C.B.) B CHIpb€ OBUIM IIPOBEAEHEI
i l SKCUEPHMEHTHI ¢ HCIIOMB30BAHUEM OGKAPEHHOTO
92 - monotoro xode copra apabuxa (Coffea arabica
¢ L.) B COOTBETCTBHH C METOIMKOH, H3/I0KEHHOH B
§ 1 1 nutepatype [3]. DKCTparHpoBaHWe BOXOH OCY-

0 HIECTBIIAIOCH ABYMS criocobaMu: B TEPMOCTATE H

B MHKPOBOITHOBOW Kamepe (HOMHHANbHAf MOII-
1234567 8951011121314151617181920 HOCTH MarHerpona 1043 Br) ¢ ucmonbsosanueM

HomMep 3xcuepumenTta HABECKH IpoayKTa Maccoil 50 r u ruapoMoayneM
1:4. JIna SKcTparupoBaHuss B MMKPOBOITHOBOM
MOJIe MCHOAB30BAICA PEXHM, IPH KOTOPOM MHK-
POBOJIHEI BO3JCHCTROBAIM HA IIPOAYKT 8 ¢ B MH-

Puc. 1- JInRaMuKa HCYePUAHAST CYXHX BEIECTB U3
' Ko eHnbIX 3epeH
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TEOPETHYHI TA EKCIEPUMEHTAJIBHI TOCAUIKEHHSA ITPOLECIB
XAPYOBUX TEXHOJIOI'TA

HyTy. [IpousBeneHo 20 3ammBoB BOI0H MONOTHIX KodeHHBIX 3epeH ¢ auaMeTpoM Hacrurl 6=1...2 mM. Konba ¢ nponyk-
TOM HarpeBalack B TedeHHH 5 MuHyT 1o 60 °C I1a XaxIoH TouxH 3KcmepnMeHTa. B MukpooiaHoBoM (MB) rone u3
3epeH 6buT0 M3BNedeHo 27,76 % cyxux semects (13,8 r), B Tepmocrate — 21,65 % (10,82 1). Ha puc. 1. Ilokazana mu-
HaMHKa HCYEPIIaHUs CYXUX BEINECTB U3 3epEH.

KagectBenno onennts 3¢ eKTHBHOCTL METOJMKHA IKCTPArHPOBAHKS, TO3BOIACT UCCICHAOBAHUE YICIBbHBIX 3aTpaT
Ha MPOU3BOACTRO MpoayKTa. C LEOpo [OMYYCHHST IKCICPHMEHTAIBHBIX AaHHbIX OBUIM [IPOBEAEHBI MCCASHOBAHMS TEll-
JOBOTO [OTOKA B KACCETaX NPOTHBOTOYHOrO MHKPOBOIHOBOIO DKCTPakIopa. J[iis mpoBefeHus dKCIEpHMEHTa Kamepa
OKCTPaKTOpa ObLTa 3aI0MHEHA KacceTaMu {6 IITYK), 9epe3 KOTOPHIE IPOXONUI IKCTPAreHT. YCTaHOBKa CHalXeHa Mar-
HETPOHOM C HOMHHANBHOH Momuoctsio 900 BT n npenycmorpero 5 pexxumor paborsr: 10 %, 30 %, 50% ; 70 % u
100 % oT HOMWHAILHON MOIHOCTH MarHeTpoHa. ONBITH IPOBOAMINCE C H3MEHEHHEM PacXola 3KCTParcHTa B [uaria-
3oue 1,8 ... 15 - 10 m%c. [t ka0 TOUKH SKCIIEPUMEHTA OIBIT HPOBOIMIICS B Te4cHHH 3 MHHYT. Temmeparypa u3-

MEpAIACh Ha BBIXOAEC U3 TIECTOM KaCCEeThI.

Taénuua 1 — Pe3yasTarthl Ka10puMeTpUPOBaHHs 6J10Ka M3 6-TH KACCET HPU pa3HOM pacxo/e H MOIIHOCTH

Gi(m’ /e 10°)\P; 10 % 30 % 50 % 70 % 100 %
1.8 AT=4,7 AT=8,1 AT=20,5 AT=25 AT=345
) Q=29,6 Br Q=61,5Br | Q=155,6 Bt Q=189,7Br | Q=261,8 Bt
37 AT=3.9 AT=17,5 AT=13.2 AT=18,8 AT=30
’ Q=373 Br Q=989 Br Q=202,2 Br Q=336,2Br | Q=512,1 Br
56 AT=1,7 AT=4,5 AT=9,2 AT=153 AT=345
’ Q=725 Br Q=117,3 Br | Q=203,7 Br Q=290,1 Br | Q=462,9 Br
15 AT=1,1 AT=33 AT=43 AT=8,8 AT=179
Q=689 Br (0=206,8 Br | Q=269,5 Br Q=551,4 Br | Q=821,6 Br
36 . C yBenuueHHeM pacXoAa SKCTPAareHTa
- )tf’ 10% CHIDKaercss TeMIIEpaTypa Ha BBIXOJE M3
éo 30 s ¢ — - froxa Kaccer MHKpDOBONHOBOIO 3KCTPAK-
5o, ~ad ] e 30% TOpa, HKCTPAreHT HE YCIEBACT 3HAYMTEID-
E‘: 24 il X =~ HO Harperbcd. I WHTEHCHOUKAKHU IKC-
zZE A i U TParupoBaHus M3 pACTUTENBHOrO CHIPHA
e 18 S N iR HeoOXOAUMO TOBBILICHHE TEMTEPATYPHL,
% §.12 ATt nd — TaK KaK C €¢ MHOBLINIEHHEM YIy4Ilaercs
53 Al Tl - \a( PACTBOPHMOCTh BEINECTB, KOTOPHIE HAXO0-
;" LI R.....nm.. - S EETITTT v =<2 JATCSL B ChIPBE, MEHAIOTCSA BA3KOCTH JKCT-
cer iTima pareHTa, 4Yro MO3BOJAET eMy Oomee -
0 0 s . ~ 0 e (eKTHRHO MPOHUKATH B KADMLIADLI CHIPBS.

OnHako, Heperpes dKCTPaKTa TIPUBOIMAT K
nerpagargn OHONIOrMIeCKH-aKTHBHBIX
KOMIIOHEHTOR, YXYIIICHHAID OPTaHOICHTH-
YECKUX KayecTB rOTOBOro IpoayKra [3, 4].

6 8
Pacxopn axcrparenta G, -10%3/c

Puc. 2 — TemmepaTypsl Ha BbIX0e H3 §/I0KA KacCeT NPH Pa3HoM
pacxoje IKcTparesTa

Jns Toro, 4To0k! MCCIIENOBATh Pacipe/ielCHIE TeMIIepaTyp B 6noke xaccer MB akcTpakTopa OBLIH CHATHI [TOKa3a-
HUs TEMIIEPATyp B KaxoH xaccere Gnoka K6. CaMBle BRICOKME 3HAUECHHSA TEMIIEPATYp JOCTHUTATICH B HIDKHEH Kaccere
6noka. Bepxuue xaccers! 610ka, B ToM 4ncre kacceta K3, koropas HaXxoAWTCs HAaNpOTHB MarHeTpoOHA, HarpeBaercs
ciraee 3a CYeT HOCTOAHHOIO MPHTOKA XOMOAHOI0 IKCTparenTa (puc. 2 — 4). )

Tabauua 2 — Pacopege/iesne TEMHIEPATyp B KacceTax B 0fHo# kamepe MB 3xcTpakTopa npu
MAKCHMATbHOH MOHIHOCTH MAarHETPOHA

AT\G(m’/c10°) 15 6 4 3 1,75 1,2
Kl 4,1 5,6 8,6 7.3 10 28,4
K2 5,7 6,2 10,7 95 16,1 30,3
K3 6,2 10 16,3 18,3 21,4 35,4
K4 9.3 15,3 18,6 20,9 28,1 454
K5 14,1 19,5 242 255 36 46,4
K6 15,5 22,7 259 | 293 392 49 4
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-
[end

n
(=]

H3MmeHeHMe TEeMIIEPATYPEI
sxcrparenra AT, °C
(933
(=]

—
[=]

Pacxon sxcrparenra G, -106m3/c
Puc. 3 — Tepmorpamma pacnpeieleHAsi Temnepatyp B kaccerax MB skcTpakTopa 1pu pa3sHom pacxoeje

Taxoxe ObL1 MPOBEACH IKCIIEPUMEHT 110 ONPE/ICACHUIO TEMIIEPATYPEI B KACCETE C NPOAYKTOM HPH Pa3HBIX PSKAMax
paborst MB sxcrpakropa. [t 3KCHEPHMEHTa HCIIOIB30BAICH MONOTHIE Kobe (m=50T, 3=1...2 MM) mpHu pacxoxe
G=1,2-10° M’/c u HaganpHOK TemuepaType 3kcTparenTa 20°C. Ha TepMorpaMmax mpouecca BUHO, YTO IPH HEW3MEH-
HOM PacXoJie TeMIIEpaTypa BEIXOHT Ha HEKOTOPHIH YCTaHOBMBINHHCS YpoBeHb. ClielyeT OTMETUTD, YTO UL PEXMMOB
pabotsr MarHerporna 70 % m 100 % xapakTepHHIM TIpH JIaHHOM pacxozie OBLT IeperpeB KacCeThl W 3aKWIaHde B HeH
3KCTpareHTa. '

80
K
70 X
3 7
5960 - = 10%,
@ °.
S
2 1o R e
g 8 ‘.o .&... A'
Q
E |l
g S i -]
10 rp—ms
X i ol 4
0 500 1000 1500 2000 2500 3000 3500 4000

Bpems 06paboTku T, €

Puc. 4 — A3meHenHe TeMAepaTyp B KacceTe ¢ POAYKTOM IPH Pa3HbIX peskHMax poGoTsl
MHKPOBOJHOBO# KaMephl

Jist mormydenns KodeiHOro sKcTpakTa H0raToro apoMaTHIeCKAMH M OMONOrHYeCKH aKTHBHBIMH BEIICCTBAMHU He-
JKeNaTelLHO MOBBIIEHAE TeMrepaTyph Beie 100 °C. CornacHo NHTepaTypHBIM AaHHBIM, IpH 0bpaboTke HaTypansb-
HOI'0 MOJIOTOro Kodie xenarenpHo, yToObl Boga uMena temireparypy 50...80 °C [4-6]. IIpu neperpese kodehnpid Ha-
IHTOK NPHOOPETAET HEIPUMATHBIH PE3KUil BKYC, a JIETKOIETY4HE apOMATHIECKHE KOMIIOHEHTHI TOKUNAIOT IKCTPakT [4].

HUccnenopanse BIUSHAE MOIIHOCTH H PACXOA2 HA TEMOEPATYPHBIH PEXUM B KacceTax ¢ NPOTYKTOM CBHIETENbCT-
BYET, 4TO JUI TOTO, 9TOOLI OH COOTBETCTBOBAN TEXHONOTHYECKHM TPeOOBAHMAM M HO3BOILUI HOAYJaTh Ka4ECTBEHHBIH
DPOAYKT HEO6XOUMO YIUTHIBATE, UTO IPH YMEHBIICHHN PacXoa MPOAYKT CHIIbHEE HATPEBAETCS M HeoOXommMo Habe-
TaTh MOBLIIICHUA MOIIHOCTH NPH YMEHBIICHUH pacxofa. C NeNbio ONpeeiieHus MOTHOTH! H3BACUCHHA CYXHX BEHIECTB
u3 koe (m=50 r, §=1...2 Mm) nipu pasHoM pacxoze GbUTH [TPOBE/IEHbI IKCIIEPHMEHTDI IIPH pexkuMe paboTel MUKpPOBOII-
HoBo#t kaMeps! 30 %. Pesymsratsl IKCIIEpMMEHTOB 110Ka3ankl Ha puc. 5. [Ipu MaoMm pacxoge skcTparenTa obecrevnBa-
ercs foliee IONHOE M3BJICIEHME CYXUX BEUIECTB H3 CHIPbA, a CaM IKCTPAKT Golee HACHILEH, YTO YIIPOIAET €ro MoCie-
OYIOIIYIO TepepaboTKy.
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Puc. 5 — H3Biieyenue CyXux BelleCTB U3 MOJIOTOro Koe NpH pasHoM pacxojie IKCTparenTa

Baxno YYHUTBIBATL, YTO OPH IKCTPATUPOBAHUM W3 PACTHTCILHOIO ChIPphA OombIIoe 3Ha9CHHE UMECT COOTHOIICHHE
ChIPBEIIKCTPAreHT. I[Hf( OUCHKHY BJIHMAHHA TaxKOro COOTHOMICHHA IIPOBOIMIHCH JKCICPUMMCHTANBHLIE HUCCIICAOBAHUA
IIpoifecca IKCTparupoBanusi U3 KO(i)C IIpH pasimHOM THAPOMOAYIIC. SKCHCPHMCHTLX IIPOBOAMIHCE B HCIIOABYOKHOM

CIIO€ C HCHONB30BaHUEM MOIOTOTO Kode (6=1..

.2 MM) Ha 1abOpaTOPHOM CTEH/IE KOTOPKIH COCTONI U3 MHUKPOBOTHOBO#

KaMepslI ¢ OJI0KOM peryjiiHpoBaHus MOIMHOCTH MB-1I0JA ¥ paHOTIPO3patHON €MKOCTH ¢ 00pPATHBIM XONIOMMWILHUKOM,
6maroziapst KOTOPOMY COXpPaHsIcs MOCTOSHHBIH 00beM 3KcTparedTa u coctarmsut 200 mi. Konugecrso Momnororo kode
cocraBmsno 2, 10 u 50 r pns rufipomozyneit 1:100, 1:20 u 1:4 cooTBeTCTBEHHO. AHATNU3 [IONYYEHHBIX SKCIEPUMEH-
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Puc. 6 — DxcTparupoBanue U3 MoJIoTOro Koge ¢ pasHhimM
THAPOMOXYJAeM

TalbHBIX JAHHBIX MOKa3hIBAET, YTO [OJIHOTA H3-
Bieuenus coctaBunaa 20 %, 15% u 12 % cyxux
BEIECTB, 9TO CBUICTEILCTBYET O TOM, 4YTO TPH
HCITONE30BaHHN DONBIIEro THAPOMOAYIs obecre-
quBaeTcs OoNee MONHOE W3BNEYCHUE KOMIOHEH-
TOB U3 ChIpbA. OJ{HAKO, BO3HHKAET NPOOIeMa pas-
JEHEHUs W3BICYCHHBIX KOMIIOHEHTOB U pPacTBO-
pUTENA, TaK KakK HOMYYSHHBIA JKCTPAKT HMeeT
HeOONBLIYI0 KOHUEHTPAIMIO CYXHX BELIECTB I10-
Tpebyercs  [OIONHHUTESBHEIE JHEPreTHYECKUE
3aTpaThl Ha CYMIKY HIH CTYHICHWE 3KCTPaKTa
{(puc.6).

Tak Kax IpPOLIECC SKCTPATHPOBAHHA B MHKpO-
BOJIHOBOM 3JKCTPaKTOpe NPEIIoIaracT NpOTHBO-

TOYHOE [BIDKEHHME MPOAYKTa U 3KCTPAreHTa C IeIbI0 UCCIEA0BaHNUS POIIECCOB B KACCETE C POMYKTOM Obla IpoBeste-
Ha CEpPUs IKCIIEPHMEHTOR C Pa3HOM TOJMI[MHO C10s IPOLYKTa B KACCETE IIPH ABMXEHUH SKCTpPareHTa 4epes CioH mpo-
IYKTa, TAK KaK IPH TaKoil OpraHU3arUd HpoIecca CIOXHO OIPEAENHTh 3HAUCHHE THAPOM OIS,
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Puc. 7 — Bansinue TOJIHAHBI CJI0% DPOAYKTA HA KOHICHTPANHIO CYXHX BEHIECTB B pacTeope

Haiirgue Ha rpaduxe (puc. 7) cBocobpasHBIX ITHKOB MOXHO OOBACHHMTH TEM, YTO IIPH TOHKOM CIOE IPOAYKTA B
KacceTe yBeIMyeHa IUIONIaIb KOHTakTa (a3 M pacTBOPHTEND JIETKO HOMAJaeT K NPOAyKTy. B cimydae, xorma cnoi npo-
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AYKTa yYBCIHINBACTCA — PACTBOPUTECIIO CIIOKHEC HalTH nyTh K 1IPOJ
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Puc. 8 — 3apucnMocTh pacxofa KOHIEHCATA 0T XapaKrepa

pacTBoOpa

YKTY, KOrja paCTBOPHUTEIb HIOTIAJACT K HOBOH Tiop-

MM OPOAYKTa, TO KOHIEHTPAlHA dKCTPAKTHB-
HBIX BEHIECTB B PaCTBOPE YBEAMYMBAETCH.

Janbreiitunm 3TanmoM mepepaboTKH pacTu-
TENMBHBIX JKCTPAKTOB, B T.4. ¥ KodeiHOoro ABIA-
ercs KOHIeHTpUpoBauue. [IpH KOHHIEHTPHpO-
BaHWU BLITIAPMBAHUEM TPODIIEMY PaBHOMEPHO-
CTH TOJBO/(A SHEPTHH TaKKe MOXHO PEIIMTH C
KCIIONE30BAHMEM MMKPOBOIHOBBIX —TEXHOJO-
THI.

IIpd MHUKpPOBONHOBOM TIOABOAE JHEPrHsd
TIOBOIUTCA HETIOCPEACTBEHHO K MOJIEKyIaM
BOIIBI B TPOAYKTE, TaK KaK CyXHe BEIIECTRA Kak
mpaBuwiIo pazuonpospadnsl. Odary mapoobGpa-
30BaHUA BOZHUKAIOT BO BCEM 00beME U BBIIOJ-

HAIOT GYHKIHIO IPeromei noBepxHocTy. Taxum 06pa3oM Irioiia b IOBEPXHOCTH TemnoobMeHa OMKHA BO3PacTaTh Ha

nopsaky. Peanuayercs cxema I0[BOJa SHEPIUM, I0Ka3aBilas BHICOKYIO 3¢ (eKTHBHOCTD B TEXHONOIHAX CymkH [7, 8].
TexHOMOrMKH MHKPOBOIHOBOH BaKyyM-BBIMAPKH OBUTA NPHMEHEHH! IS KOHLEHTPHPOBAaHHA 3KCTPAKTOB CTEBUHU

Stevia Rebaudiana — npuponHoro caxaposamennrens, kodeitHoro skcrpaxra, pacrsopos caxapa u NaCl (puc. 8). Oxc-

Pacxox xongencara,
MIU/MHH

TICPUMCHTHI OPOBOAWIUCE IIPH [aB-
nennn 0,009...0,011 MIla, Temnepa-
Typa npoLecca He Ipersnuana 50 °C.
Kak BuzgHO u3 rpaduxoB, pazHu-
I[@a pacxofoB ANI PacCMOTPEHHBIX
pacTBOpOB  HE3HA4MTENbHa. Takum
00pa3oM MOACIBHEIM PAcTBOPOM IS
H3Y4YCHHA BIMAHUA HA KHHCTHKY
KOHIICHTPHPOBaHUA Takux (axTopos
KaK JABJICHUE B QIIapare, yAeIbHbIH

100 150 200
T, MMH 0 JHEPromofBOA, IUIONIAgs IOBEPXHO-
CTH HCHApEeHUs B amnmapaTe OBLI Bbi-
Puc. 9 - Bausinae yaeJbHOro JHeProuoaBoIa Ha pacxo KOHIeHcaTa: 6pan caxapHpId pacTBopa Ha4ajlbHOM

1 -570 Br/kr; 2 — 495 Br/kr; 3 ~296 Br/kr

KoHueHTpanuei 5 %.
VBenudeHue KOINYeCTBa MOIBO-

AMMOH K TIPOJAYKTY DHEPIUMM YBEIHYHBAET CKOPOCTH NPOIECCa, MOCKOILKY BO3pAcTaeT KOIHYECTBO 04aroB napoobpa-
3opanns (Puc. 9). Dxcepumentsl nposoxwiuch npu aasiedun 0,009...0,011 MIla.

Onuaxo Npu a”anuse TepMorpamm nponecca (puc. 10) ycraHOBIEHO, 9TO NPy MorHOCTH 570 BT/KT Temnepatypa
TPOAYKTA NOCTOAHHO PacTeT.
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Puc. 10 - TepmorpaMmel Iipoliecca KOHICHTPAPOBAHKIA B 3aBHCHMOCTH OT YAeJILHOT0 JHEPronoiBoaa

DT ykaspiBaeT Ha TO, YTO He BCA ITOABOMMAs IHEPTHA PaCXOAYETC HA HCHAPEHHE BOJEI, COOTBETCTREHHO TAKOM
PEXHUM JHEPreTHYECKH HeadGeKTHBEH.

OrMeueHo, 4TO BO BCEX OMBITAX Pacxof KoujeHcara B Tedenue 10...20 MUHYT JOCTHTAN] IIOCTOSHHBLIX 3HAYEHU,
T.C. YCTRHOBKA BBIXO[HUT HA CTAIMOHAPHEIH pe&XuM. TakuM 006pa3oM HarmsIHO OLEHUTH BIMAHKE HAPaMETPOB IPOLIECCa
Ha MHTCHCUBHOCTE KOHIICHTPUPOBAHKs MOXKHO BBE/I IIOHATHE CPEAHETO pacxoja kouzieHcara (puc. 11)
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Puc. 11 — Bansnne napamMeTpoB fpoiecca Ha Pacxo] KOHAEHCATa: a) YAeAbHbIH JHePronoIBoi:
0) AaBJieHNE; B) IUIOHIAAS TOBEPXHOCTH HCTIADEHHS

W3yyenne BIHAHUA 1aBJIEHKA B allapaTe W IUTOINA 1 IOBEPXHOCTH HCTIAPEHNA IPOBOAIOCE NIPH YACTBHOM JHEp-
rorioaBone 495 BT/kr. YcTaHOBIEHO, YTO YREIWYEHHE ITOBEPXHOCTH MCHApEHHS TIPH MOCTOAHHOM 00beMe NpOofyKTa
BEJET K YBEIMYEHIO Pac X0la KOHAEHCATA.

Brisoasl. Ilpumenenne MAKPOBOMHOBBIX TEXHONIOIMA ITO3BOINET JIOOWTHCA IIOBBILICHMS BBIXOAA UE/IEBBIX KOM-
TIOHEHTOB ¥ CYIIECTBEHHO UHTEHCHOUINPOBATE MPOIECC IKCTParuporanms. Ha WMHTEHCHBHOCTE npoyecca BNUsACT HE
TOBKO KOITMYECTBO ITO/IBEJEHHON DHEPIHH, HO M TOMNIIMHA CJIOA IPOAYKTa B DKCTPAKTOpe, pacxo sKkctparexTa. [omy-
YEHHBIC IKCIICPHMEHTANBHEIC 3aBHCHMOCTY MOryT OBITH MCITONB30BAHE! AU JacHEHIICH OITHMH3AL(HH.

B TeXHONOTWsIX KOHUECHTPHPOBAHUA 3KCTPAKTOBR MUKPOBONHOBBIN IOIBOA JHEPTHH HO3BONAET HOOUTHCH PaBHO-
MEPHOCTHU IIOJIBOJA DHEPIHYU K IPOJYKTY B BHITAPHOM alIiapaTe U UCKIIOYATE TIPOMEXYTOUHBI TelmoHocuTens. I1lpn
3TOM DHEPTHUA HOABOAUTICA HEHOCPEACTBCHHO K BOJC (O/APHOMY FKCTPATEHTY) B IIPOJYKTE.

3a cueT Toro, yTO 10 BCeMY 00BEMy BEIIIAPHBAEMOI'0 IPOAYKTa BOZHHKAIOT 0Y9ArH MapooOpa3oBaHMs, Ha MOPAJIKH
BO3pacTaeT HOBEPXHOCTh TeILIOOOMeHa B ammapare. TemrepaTypa BEITapHBaEMOroO MPOAYKTa 3aBHCHT HE TOJIBKO OT
JaBIICHHA B allapare, HO M OT KOJIWYECTRA MOABEACHHON MHKPOBOIHOBOH SHEPIHMH H MOXET 3HAUHTENBHO ITPEBBINIATE
TeMIepaTypy KumeHHsi. B To ke BpeMs, MHTCHCHBHOE HCIIapEHHE BOAB! M3 B YCHOBUAX MHKPOBOJIHOBOTO IIOABOAR
SHEPruy HIPOMCXOTHT HpH oOulel TeMnepaType pacIBOpa HIDKE TEMIEPATypEl KMIeHUs pacTBoputens. Ha uurencus-
HOCTBb MCTIADEHMA TOMMMO 3HEPTOHOBO/IA ¥ IABJICHHUE TAKKE OKa3biBacT BIIMAHYE IUIONIA/b TOBEPXHOCTH HCIIapeHus.
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Arnomayia. Posznanymi nedonixu yemamiy8anis OnA mepMoMeXanivnoi o0pobxu xapuosux npodyxmie. Ilponony-
JOMbCA WIAXU PIUEHHS. EHEPZEMUYHUX NPoONeM 8 MEXHONOZIAX MepMOObPOOKU XAPHOBUX DIOUH, CYUiHHA OUCREPCHUX
npodyxkmie. Ilpedcmasneni xoncmpyxyii cywapox i anapamis o1s mepmoobpobru na 6azi mepmocugonis, wo obep-
maiomscs. Tlpusedeni pesytemamu excnepumMeHMAnbHUX OOCTIONCERb NPOYECI8 CYUIHHA, MEpMOOBPOOKU XAPYO8UX
npodyKkmie 6 anapamax 3 mepmocugoramy, wo obepmaiomsca. Ipononytomecsa modeni 8 yucaax nodiGrocmi, 014 pos-
PAXYHKY RPOYECi8 menio- Maconepenocy npy mepmoobpodyi i cyminni Xapuosux npooyKmie 6 nepepaxosanux anapa-
max. 3anpononoeani KpumepianeHi pigHanHA ONA NPOEKMY8anHs | onmumizayii nodibHozo Kracy mauwut. 3anponoto-
gani koHcmpykyil anapamie 30amHui 3abesneyumu eekmusHuli menionepenoc npu 06pobyi 8'askux i ducnepcrux xap-
408UX NPOOYKMIs npu 3meHuienni enepzemuynux empam 00 30%.

Abstract. Consider defects the equipment for thermomechanical treatment of food products. The ways of solving of
energy problems in technology heat treatment of food liquids, drying of dispersed products. Designs of dryers and
apparatus for heat treatment on the basis of rotating thermosiphons. The results of experimental studies of the drying
process, the heat treatment of foods in the machines with rotating thermosyphon. The models for the calculation of heat
and mass transfer processes in heat treatment and drying of food products in these devices. Suggested criterial
equations for the design and optimization of this class of machines. The proposed design of devices capable of
providing effective heat transfer and in the processing of viscous foodstuffs dispersed while reducing the energy loss of
up to 30%.

Kmovosi ciioBa: TepMoMexaniia 06poOKa, eHepris, XapuoBi TeXHONOT1], MOXEIIOBAHHA.

Keywords: thermomechanical processing, energy, food technology, modeling.

BeTyn. VeraTkyBaHHS, K€ BHKOPUCTOBYETHCA B Xap40Bii IIPOMHUCIIOBOCTI /% MeXaHi4HOI 1 TepMoMexanidnoi 06-
poOxyu XapyOBOl CHPOBUEM € OIHMM 3 HaMGLIbI eHEPrOBUTPATHHX. PO3IIAHYTI JOCTOIHCTBA I HEAOMIKA TEPMOMEXaHi-
YHOrO YCTAaTKyBaHHA A4/11 00pOOKHM JUCIIEPCHUX NPOLYKTIB | HEHBIOTOHIBCHKHX PifMH.

OcHoBHUMHE TIpoCNIEMaMH, IO BHHHKAIOTh NPH TEIUIOBIA 00poOLi Xap4oBMX HeHbIOTOHIBCHKMX piguH (HHP), €
3MiHa AKOCTI HPOAYKTY 3a€XHO Bif TPHBAJOCTI TEIUIOBOI Aif; mpolec IHTEHCHBHOrO YTBOpEHHS Haxwy. Jns supi-
meHHs npodnem TepmMooOpobku xapuorux HHP 3actocoByroTs TepMomexaniuni arperata (TMA). CnabkuM enemes-
toM TMA € By3on ylinsHeHHs IijBefcHHs [AapH 1 BiIBeneHHs KoHAcHcaTy. I'epMerH3aulis By3na 3'€IHaHHA pOTOpA,
mo 06epTaEThes, 3 HEPYXOMUM IAPOIPOBOLOM | KOHIACHCATONPOBOJOM € TEXHIYHO CKIIAHUM 3aBJAHHAM.

Anali3 CTaHy 3¢pHOCYHIWIBHO! TEXHIKM HA XapIOBUX MiIpHEMCTBaX YKpaiHu nokasye, o B 48 % BHUIA/KIiB eKc-
IUTyaTYIOTHCS IIAXTHI arperatd BITgusHsgoro Bupobuuurea. laxTHi KOHBEKTUBHI 3ePHOCYIIAPKY MAKOTh DA HELOMI-
KkiB: serucoxuit KKJ] BHkopHcTanHa 06'eMy aliapaTy; Maie TATOME 3HIMaHHS BOJOIH; HEPIBHOMIPHICTE IPOTPIBY 36p-
HOBOI MacH; BHCOKI eHeprosatpaty (5 MJx/kT i Bume). ToMy mpx MojepHi3anii niAnpueMcTB aeski arpapii (mo 15 %)
36MparoTECA NPHIITHTH yBAry JiSSIHKaM CyIIiHHA, 5K OXHMM 3 HaHOIBII BUTPATHHX Y CKJIazi 3epHOcxoBui [ 1) Haba-
rato pigue (1o 5%) Ha BUPOGHUITBAX BUKOPHCTOBYIOTHCS CYIIApKH, TEIUIOTA B AKHX IEPEAAETHCA 3EpPHY Bill HAarpitol
NoBepxHl. B AKOCTI Harpitoi HOBEPXHI MOXYTh BHKOPHCTOBYBATHCA TpyOH, Mo 00irpiBaloThCA 3CEPEAMHH Napoio abo
rapa4oro Bofoto. Iaposi cymapku 3abe3nedyioTh BUCOKI KoedillieHTy TeIuionepeadi o 3epHOBOro notoxy 30...90
Br/m* K. Hegomiku KOHCTpyKililt apoBUX CYMIapoK: CKITaJHA alapaTypHO-TEXHiYHA peaisauis, moTpibHi JoxaTKoBi
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TIPUCTPOL AUTS TIOZIaHHS TapH, BiBEACHHS KOHACHCATY, YIBOPEHHSI BOEAHHX IMpoOOK B TpyOKax, HU3bKa Mipa nepemi-
[TyBAHHS 3¢PHOBOTO TIOTOKY.

3acrocyBanus TMA wma 0a3i poranifinux repmocudonis (PTC) B Xxap4oBiif HPOMHCIOBOCTI JO3BOIAE PEAT3yBATH
HACTYIHI NUIAXH 3HIKEHHS eHEPrOBUTPAT: CKOPOUCHHS JIaHIFOXKKa Tpanchopmanil eHeprii; noeauatHs B anapaTi JeKi-
JbKOX TEXHOMOIIYHUX Mpoliecis; inTencudikais TermomMacoodMiny; edexTuBHa JOCTaBKa eHeprii 0 IPOXYKTY; YTHITi-
3aris TerwioTd. ist ua B'saskuil (QuctiepcHuit) poaykT 3a gonoMororo PTC crnpuse ebexrusHOMY pYHHYBaHHIO TiAPO-
JMHAMIMHOTO 1 TEMIOBOTO MOrPaHUYHKX INAPiB, IO IPU3BOAMTE A0 30UIBIICHHS IHTCHCHBHOCTI IPOLIECIB TIEPEHECEHHS.
MoxXAHBO BEALTATY AEKiNsKa OCHOBHHX HAIPAMIB 33CTOCYBAHHA anapatis Ha 6a3i PTC. Ile TemmoobMiHHuMKY, BUIApHI
YCTaHOBKH, CYHIAPKH I UCTICPCHHUX NPOAYKTIB.

MeTtoan pochimkenns. IIpoBeieHO eKCIIEPUMEHTH [0 CYIWIHHIO JUCIIEPCHUX TPOAYKTiB, Tepmoobpobui HHP B
amapari 3 PTC. Amapar (puc. 1) cknamactscs 3 xopnycy 1, ycepefusi sKoro posMilueHuit potop 2, BUKOHAHMH y B~
trAai repmocudony, mo obepracTsca. Porop 2 cronydennit 3 BATAapHUKOM 3 1 depes MydTy 6 3 eNeKTpOABHIyHOM 4.
Porop 2 1 BunapHuK 3 € TEpPMETHYHO 3aKPUTOI0 IIOPOKHUHOIO, YACTKOBO 3AIIOBHEHOO TEIUTOHOCIEM. Y HIDKHIN dacTHHI
Kopnycy 1 BUKOHaHHH MaTpyOOK 5 Ui po3BaHTAXEHHS TIPOAYKTY 1 mrapaip 11 juif peryitoBanus KyTa HaXUIy KOPILY-
cy 1[2,3].

Anapar npaigoe takuM yusoM. [pu nigsoni Temwnoru (Q) mo-BunapHuka 3 TEIUIOHOCIH HOYMHAE KUMITH, NApa, 1o
YTBOPIOETHCS, CIIPAMOBYETLCA B POTOP 2, € KOH[EHCYETBCS HA CTIHKAX, BIJNAIOUM TEIIOTY (pa3zoBoro nepexopy npo-
nykry. Konpencar mi Ji€xo rpaBiTamifiHux Cuil pPyXaeThesl y BunapHuK 3. BinbyesaeTses HarpiBaHus, NepeMilIyBaHHA,
ab0 cymiHHA IPOAYKTY, MICIA YOTo NPOAYKT BHBAHTAXKYETHCA depes HIDKHIA maTpyboK B Kopmyci.

1 — xopnyc, 2 — pomop, guxonanuti y guzaadi mepmocugony, wo obepmacmocs. 3 — sunapHux,
4 — enexmpooeuzyn, 5 — nampybox, 6 — myghma, 7 — mepmonapu, 8 — ananozo-yugposuil nepemsoprosa,
9 — vacmomnuii nepemesoprogay, 10 —marnomemp, 11 — wapnip
Puc. 1 - KoncTpyknis anapary 3 PTC

B npoueci excriepumenTy 3miHioBanu kyr Haxuny PTC (y), 9actory obepranus PTC (n). BumipioBasss Temiepa-
TYPH 31iACHIOBATH Yepe3 IICBHI IPOMDKKH 4acCy 32 JOHOMOTO0 TEpMoNap 7, IIOMIMEHHX B 00'eMm npoxykry. Tepmorna-
p¥ Oynu mix'eananui Ko ananoro-mEposoro komiutexcy 8. Yacrora obeprie PTC BuMiproanacs 3a JOIOMOT OO TaXo-
MeTpa 1 perymoBanacs 4acTOTHHAM miepersoprosadeM 9. Ilix gac excrepHMeHTIB THCK Py BHNapHUKY i KOHIEHCATOpI
PTC nigrpuMyBaBcs TOCTIMHHM, TaK¥M YHHOM IIOBEPXHS KOH/IEHCATOpa 3aiMInanaca isorepmiuHo. Tuck napu ten-
aoHocis y PTC sumiprosainu 3a fonomoroio Manomerpa 10.

B sikocri 06'exTiB nocnimkens Gynu BuGpani KPYIMHO3EPHHCTI AMCHEPCHI IIPOAYKTH: INIICHHKI, BAPCHUH I'OPOX;
IpiOHO3EpHACTI: HPOCO, aMapaHT; HEHbIOTOHIBChKI PIMHY: TOMaTHA Maca, A0:ryqHe mope.

3epHO MIeHWI 3BONOXYBAIA 40 cTany cuporo [4]. IlogaTkosa BONOricTs 3epHa NINSHHII B AOCITiAAX BigmoBigae
22,5 %. '

IouatxoBa BONOricCTE qUCIIEPCHUX TIPOAYKTIB MiATPUMYyBasiacs Ha PiBHI TexHonoriyaux sumor. Kiniesa Bojoricts
TIPOAYKTIB 3a3BUYail BuOHpanacs 3 TaGIuIb AK PIBHOBAXHA UL IHX aTMoctepHmx ymoB. TeMnepaTypa NOBEpXHi KOH-
gencatopa PTC migrpuMysanacs Takow, mio6 He BinbyBamocs meperpiBanss NPOLYKTY BHINE 32 TEXHONOTTYHI BUMOTH.

PeayastaTd aocaipkens. IIpoBesieni eKCIIEPUMEHTH 110 BHIIAPIOBAHHIO A0:1y4HOro mope B anapati 3 PTC. Kon-
[EHTpaIlis IPY BHIIAPIOBaHHI AGNTYYHOro Mmope npH dacToTi 06eptiB PTC n= 14 06/xs, i kyTi Haxwmny y = 30° 36insury-
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€ThCs, HabMmKaroYnuch A0 TeopeTHyHol Mexi (puc. 2). Kounentpauis sOny4roro riope 36insnrena 3 7,3 xo 18,4 % cy-
Xux pedosuH. Ilepiog HarpiBy pozduny (pHc. 2) Ko TemucpaTypd KHIHHA 611u3bk0 40 XB. Po34MH KUITHTE OpH aTMOC-
¢depHOMy TreKy. CriocrepiraeTbCs BUNApIOBAaHHs BOJIOTH B [EPioj HArpiBy po34yuHy OO TeMmepaTypu kuninns. [isus-

KICTh BHUATICHHA BOJIOTH B IICPIOX HArPIBY B 2 Pazu HUKYE, HIK [ YaC IHTCHCHBHOIO KUIIHHA PO3YHHY.
CRB, % t, %0
120
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T, MIH

1 — memnepamypa nosepxui PTC; 2 — memnepamypa npodykmy, 3 — KOHYeHmpayis CyXux pesosut
Puc. 2 — 3mina xonueaTpanii cyxux pedoBHH i TepMOrpaM# NpH BHAApPIOBanAi A61ydHero mope,
n= 14 o6/xs, y = 30°

IpoBeneni eKcriepMMEHTH TI0 cyiniHHO muenuni B anapati 3 PTC. B npoueci Harpisy 3epHa BinOyBacTses iHTEH-
CHBHE NIapOYTBOPEHHS Ha ITOBEPXHI POAYKTY, TOMY Iepiofy porpiraHHA MaTepially Ha KpUBiH CylIiHHsA HE CTIOCTEpi-
raeThes.

Y mepmioMy Iepioni IIBHAKICTS CYIIHHA 3MiHeTscs B Mexax 0,0072...0,0056 %/c, sanexuo BiJ TeMIepaTypu
marepiany. TpuBanicts nepmroro nepiogy ckiagae 6nussxo 1000 c. Jfani mBuakicts CyminHA najae IpUOIH3HO B TpU
pasi i cknapae 0,0024...0,0017 %/c.

CymuiHEs npoTikae B 0OMEXEHNX yMOBaX ~ B MIUIBHOMY 3¢pHOBOMY Iiapi. ToMy IOCTIHHO € IPACYTHLOK0 MOBEPX-
HEBA BOJIOTa, IO XapaKTEPHO IUIA MepioRy MOCTIHHOT MBUAKOCTI CYUIIHHS.

BB Ha MIBHAKICTE CYIIHHS poGHTE 3MiHa TeMIepaTypy TosepxHi konaencatopa PTC. Bonoricts 3epHa B cepii

JIOCHIZIB 3HIWKYETHCS B cepeanbomy Ha 10 %, 1o BiAMOBiAaE CTAHJAPTHHM 3€PHOCYLIAPKAM.
©, %

4} 500 1600 1500 2000 2500 T, ¢
1-Tn=115°C;2-Tn=100°C; 1~Tn=85°C
Pnc. 3 - KpuBi cylninns 3epHa NMIeHdNi NPHA Pi3HUX TemilepaTypax MoBepxHi KoHaeHcaTopa T
Y3aransHeaHs pe3yasTaTiB. Bum KpuTepianbHUX PIBHSHD /11 Y3arajibHEHHSA €KCIEPHMEHTANbHUX [JaHWX OTPH-~

MAHO [p¥ BHKOPHCTaHHI METOXY aHaii3sy posmipuocrti [5]. Ilpu y3aransHeHHS Pe3yNBbTaTiB [0 CYMIIHHIO JAMCIEPCHMX
npoayxTis B anapati 3 PTC otpuMaHo piBHSIHHS BUAY:
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basa excriepuMeEHTaBHUX NAHHX 10 KIHETHI CYIiHHA HileHHNi B cymapid 3 PTC 3a/0BifIbHO y3aransHIOEThCS
KpHTepiabHUM PiBHSHEAM. 3 norpimmHicTio He Ginbine 15 % pisasrns (1) go3sonse pospaxysaty koedillieHT MacoBi/-

T,
=)

navi B B Mexax 1,2:10° SPe <1,3-10%, i mapamerpuuroro xommekcy 2,1< 72 <4,

— gucio Ilexire Tennoge;

Bucnosxn. BeraHoBneHo, Mo Ha iHTEHCHBHICTH TemronepeHocy npu obpodui HHP B amapati 3 PTC icrotHO
BIITMBAE HacTOTA OOCPTAHHS KOHJEHCATOPA, KYT HOro Haxuiry 1 Gi3u4HI BAACTHBOCTI OPOAYKTY. 3 HiJBUICHHAM B's3-
xocTi Ipoaykry edexrupnicts anapatie 3 PTC (8 mopisasauHi 3 TpaguLifinaMu) 3poctae. BeraHosneHo, mo amapar 3
PTC 3abe3neuye koedinienry Temmonepeaadi, MpH o0podui XapuoBUX pifuH 3 B's3kictio Bix 0,8 no 1,5 Ma-c; B piama-
30Hi 500...2600 Br/M*K. ‘

Bcranosnero, wo mpu Bunapiosausni s6ayaoro mope B anapari 3 PTC, 36insluesns 4acToTd 06epTanis KOHIEH-
caropa B 7 pa3iB OPH3BOMUTE [0 Mi/(BUUICHHS BMICTY CyxuX pe4oBHH 10 33 %, a koediuienra Temwiopiggaul B 4,4 pasy.
Ilpx 06pobui ToMaTHO! MacH ILIBHUICHHA YacTOTH 0OepTaHms KOHACHCATOpPA B 7 pasiB NPU3BOAHUTE A0 IIiABUINCHHA
BMiCTy cyxuX pedoBHH B 1,7 pasie. 36incmuenns kyra Haxuny PTC 3 30° go 45° npussoauts 10 MiABHINEHHS BMICTY
CYXHX PEYOBHH B MPOAYKTI 10 36 %, a koedilienra Temosingayi B 1,3 pasy.

IcToTHMit BB Ha KoedilieHT MACOBIUIAYL MIPH CYIIIHHI JUCIEPCHUX NPOLYKTIB MA€ YAacTOTa ODepTamts i TeM-
neparypa mosepxui PTC. 3pocranus msuakocti obepranss PTC B 2 pasu npussojgurs A0 HiJBHIICHHS KoedilieHTa
MacoBinnadi Ha 40%, NiABALICHHS TeMIIEpaTypH HoBepxHi Tepmocudony Ha 10 °C npuzBoAMTS 10 3pocTaHus Kocdii-
€HTa MacoBifadi  Ha 8 %.

3anponoxoBaHi KOHCTpyKIi anaparis 3 PTC 3gaTHi 3abe3nedntn edexTHBHUHN TeruionepeHoc npy 06pobui B'A3KuX
1 IcTIepCHHX XapuOBHX IPO/YKTIB NpH 3MEHIIICHHI €HEPTeTHYHMX BTpaT o 30 %.
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There were suggested in the paper the right principle form of the Vacuum Evaporator (VE) optimal parameters de-
termination. The problem studied on, the example of the corresponding device for the food juices concentration by the
vacuum conditions. It is especially important for the right comparison the VE traditional energy source using (steam
Jfrom the special boiler or from the turbine) design and the VE with heat pump as energy source using too. There were
working out the special method for different variants of VE optimization and using it for the grounded comparison. The
VE for tomato juice concentration was used as the optimization object media. There was fulfilled a whole optimization
calculations volume. The optimal steam temperature (it saturation pressure), including the summary expenditures value
in the optimal temperature) was discovered from these results. It was presented in the paper the author approach and
results obtained on it. Besides it, there were obtained the dependency of minimum expenditures on the inlet and outlet
concentrations ratio. It was noted, the pointed value significantly decreased with the pointed ratio decreasing. It was
concluded, that there are some conditions, when VE with Heat Pump can be considerable better. Besides it, the authors
noted, that the Heat Pump using as the energy source for VE will be especially effective in the cases with limited tem-
perature drop between heating and cooling temperatures.

Y cmammi npononyemocs zazanvhuti npunyun nioxody 0o npobaemu o6IpyHMOBAHO20 6UBOPY ONMUMANLHUX NA-
pamempis onsi Baxyymuoi Bunapnoi Yemanosku (BBY). 3asdants pozznadacmsca 0N KOHKpemHO20 6URAOKY Niogi-
WeHNS KOHYEHMPayii Xapuoeozo po3yuHy (MOMAMHOZ0 COKY) ¥ 8aKyymi Ons mpaouyilinozo dxcepena enepzii (menno)
8i0 800aHOI napu, wo nodacmuca abo 3 Komenbroi abo 3 gidbopy napoeoi mypbinu. Aémopamu nponoHyemscs 68a-
Hcamu, wo nioxio do 06Ky exnady & 3a2aNbHY CyMY GUMPAM eHepzii He NOSUHEH 3anexcamu 6i0 docepena upobHuym-
8a napu, wo 2pic (komenvHa abo id6ip 3 Hapoeoi mypOinu). Taxum. YuHoM, peani3yemscsa 6ionogidna cxema i areo-
pumm po3paxyHky i eubopy onmumanenux napamempis napozenepamopa. Taxi Oii, 3a yAenennamu agmopis, nOmpi6Hi
ons obTpyRmyeanHa eubopy dxcepena menaa. Bidomo, wo nopisHano 3 mpaduyitinum Oxcepenom (60daHa napa, wo
2pic) moocnusi 1 iHwi eapianmu, 30Kpema SUKOPUCTAHHA menaosux nacocie. Huni, maxa anemepnamusa no eubopy
Oxcepena menna 8 anapamax xapyoeoi MexHoN0zil 6i0omMa i pozanadacmucs K 0OUH 3 NEPCNEKMUGHUX HANPAMIE Gupi-
wennsa npobnem enepzoszbepescenns. Kootcen 3 exazanux nanpamie mae ceoi nepesazu i nedonixu. Ha oymky asmopis,
icmomHnomo nepesazoio 8 NOPIeHANHI 3 iHWiUMU maiomb cxemu BBY 3 THY (mennosumu nacocamu), ocKilbKu no ocman-
HIX € Oocumb npedcmasHuybra i Haditina iHGopMayis 3a ix xapaKkmepucmuxamu i, Wo He menu 8axcause, Ons mexHi-
KO-eKOHOMIYH020 NOPIGHAHNA no ix komniekmayii i eapmocmi. ¥V 3asepuienni asmopu giomiuarome, wio 0cobaueo nep-
cnexmusnui nepexio na cxemu BBY 3 THY npu 3uudicenni memnepamyphux nepenaoie Mixnc memnepamypamu napu,
w0 2piec i memnepamypor KoHoeHcayii 6MOPUHHOL napu.

Keywords: vacuum evaporation, heat pump, power supply

KnrouoBi c10Ba: BaKyyM-BANIAPIOBAHES, CAMIOBUHA HACOC, BUTPATH eHEPTii

There are known, that one of the very widely spread energy source for VE is the steam from the boiler or, some-
times it is possible from the vapor turbine extractions. The last case is more useful from the energy saving point of
view, as soon as the pointed vapor flow fulfilled some useful work before to be taken for the heating the food solutions
with goal their concentration, It is understandable, that than the pointed vapor flow pressure (temperature) lower, than

“the work already done before the extraction more, but the vapor generator heat transfer surface also increased too. It
means that there exists the optimal steam temperature value from the economic point of view. The authors consider, that
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the pointed principle would be right to take as the key base for the vapor generator parameters choice; using the corre-
sponding information about the specific energy units and materials and thermal equipment prices for formation as main
optimal criteria value as the so called as Sum of Expenditures Values.(SEV). It was taken and there were made the next
steps in the optimization problem statement and solution.

The VE design parameters determination, including their mass equipment values& prices and expenditures on the
collection and their installation and service during every year. Besides it, the next important item definition inside
(SEV) have to be done. It was connected with energy expenditures such as the price on the thermal power with respect
of the expenditures on the fuel for the boiler work or for the expenditures on the thermal energy production at the power
station with vapor turbines and etc. The energy expenditures were summarizes from the product flow initial (inlet) tem-
perature to the boiling temperature, also for the vaporization with key goal to increase concentration soluble premixes
from the inlet values to the outlet ones and adding the thermal power losses to the environment. The main design pa-
rameters were connected with vapor generator price, including also statement; service and so on. The separate task was
connected with secondary vapor flow condenser price and the expenditures on the cooling water flow. It was taken into
consideration that in the case there are existed it own optimization conditions and parameters. The initial data list, the
calculations formulas, and these formulas using order; it was formed the optimal parameters method determination,
there were next:

The initial specific productivity mass values in G, kg/hr or kg/sec.

The solid elements mitial specific concentration in a,, kg/'kg.

The outlet elements specific concentration in a, kg/kg.

The hot vapor pressure at Pa or the corresponding saturation temperature t;, value in K and it range.

The secondary vapor temperature in C and pressure P,,, in Mpa.

The vaporization temperature t,, in C and it range.

The product initial temperature t, in C .

The steam dryness factor or its enthalpy.

The heat exchanger heat transfer surface material and it physical properties.

The fuel kind view, it calorific power value and it unit specific price.

The main equipment elements cost and their surfaces service life.

The product thermo physical properties determination correlations.

The heat carrier thermo physical properties determination equations.

There are especially important determination (position 12) the product property values as different so called tem-
perature depressions, including physical chemical (PCTD); hydrostatical and hydro dynamical. It is required for the first
one to know the corresponding empirical formulas. Unfortunately, very often the information usually is absent. Some-
times it is exist. For example, in the case product is tomato juice, the necessary correlation to define (PCTD) exist. It
has the next view:

APh = 0.38-exp (0.05 + 0.045-3,) . )

Here: APh, a;; PCTD and outlet concentration value.

There are necessary to know for every product the similar empirical correlations to define PCTD value. As to hy-
drostatical depression value definition, it is necessary first of all to know the vapor generator design. If it is known, then
the simple order calculation has the next view. It is connected first of all with the product liquid height optimal level can
be determined with the next equation:

Lype = [0.26 + 0.0014 9—”’—,(;’97’;(5”—9] -m @)

Here: lope; Pgric (tvt); ppr — - the optimal boiled product level inside vertical vapor generator tubes; the inlet and
outlet product densities, correspondingly. Then the average pressure inside evaporator can be defined using the next
formula:

Pcp = Py +0.5- 1opt “Ppr- 8 (3

Then it is necessary to determine the vaporized water mass from the product W,,. It is required to use the next for-
mula;

Wy = Go-(1-35) @

W, — is the product mass flow rate value in the kg/hr or kg/sec. Then, it is necessary to determine whole thermal

power items. They are consisted from the thermal power for product flow heating from the initial temperature to the

vaporization one Q,; thermal power for the product partial vaporization @, ; the thermal power connected with thermal
power losses @, and whole thermal power value @ .

The equations system these items defition has the next view: i

Ql':Gn'Cp'(tS'—tn) (5)-
Qz = Wy e : (6)
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Qop =0.05-(Q; + Q) : @

and Qo = Q1 + Q2 + Qo ®
The temperature drop inside the vapor generator can be determined on the next base:

At =ty — ®

Here: At;; tg,;; ts — temperature drop; steam temperature; the saturation temperature, correspondingly.

The next steps into calculations connected with the heat transfer coefficient and specific heat flux inside vapor gen-
erator determination. In the first turn it is consisted from the separate heat transfer coefficients from the boiling product
side on the generator tubes external surfaces and from the heat carrier (steam) condensation inside these tubes. The first
heat transfer coefficient by the product solution boiling on the heated tubes external surface, proposed to be made, using
the next formula: ’

A - 81:C1P1 0. Ny 51 .0
@ = (3) 325107 - (qu - B0 (g - )00 - (P - 207 (10)
— %
Here o = \} (p1-p2)g an
G5 = X3 - Aty; (12)
Aty = by — (13)

The other values are depicted

The product thermal physical properties: A;; 115 p2; p1; Vi 04; Cy; P, — the product liquid heat conductivity, la-
tent heat; product vapor density; product liquid density; product liquid cinematic viscosity; product liquid surface ten-
sion value; the product liquid spesific heat capacity ; product vapor pressure, correspondingly.

It was suggested to use for the average heat transfer coefficient by the heated vapor condensation inside the gen-
erator tubes the known formulas for quick movement vapor flow condensation inside the long smooth tubes.

-d
o = Cio- ReP® - PRS- [1 4+ Xgp - (02/p; = D)]°* (14)

Here: 4; dy; Cyq; Rey; Pry; Xop; py; P2; A4 — the average heat transfer coefficient along condensation surface by
quick moving vapor inside tube with average mass flow vapor content equal X.,; the tube internal diameter; the semi
empirical coefficient; average Reynolds Number; liquid condensate Prandtl Number; average mass flow vapor content;
liquid condensate density; steam density; liquid condensate heat conductivity, correspondingly. Average Reynolds

Number has the next view:
Rey=gq - dy/ri-m (15)
Here q - average whole internal condensation surface specific heat flux; r;; p, —latent heat, condensate dynamic
viscosity, correspondingly. The thermal resistance from the boiling product side on the external tube generator surface

has to include itself, besides the boiling heat transfer item the wall material thermal resistance and the deposits on the
product boiling surface, what, as a rule, to appear on it. So it means that:
RZ = (GW/}‘W + Raar) (16)
Here Ry ; 6y; Ay Riy — whole thermal resistance from the boiling surface side; tube wall thickness, it heat con-
ductivity; the deposits specific thermal resistance, correspondingly. The last value it is necessary to take on the base of
service experience information. Therefore, the heat transfer intensity calculation has to be made on using common dect-
sion as specific heat flux determination as from product boiling process on the external generator surface, both as from
water vapor condensation inside in the heated tubes. There is leading to the necessity solution two transcendent equa-
tions system or two degree equations with the next views:

o, = Z11 - At}S amn

and 1/k, = 1/a, + 8y /Aw + Roa; q2 =k, - Aty (18)
Here:

11 = 6%'675 ‘A - (Cy-pi/p2e ;1:)1'5 : (P1/01)1'75 - gO3125 . (v )m0625 (17a)

a,; At,; q — heat transfer coefficient from the liquid product boiling side on the heated external surface, the tem-
perature drop from the side and specific heat flux from the side. The parameter Z11 is any complex, containing from the
liquid product thermal physical properties values, pointed higher, it is necessary to account the values dimensions with
respect of the formula empirical base. Naturally, to account here other thermal resistances, connected with wall thick-
ness and deposits as the boiling product result. From the other side, the specific heat flux had to be the same.

That is: '

Qy =K Aty; Aty = by — tyy; (19)
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and U1 = Qz; tye — twy = bty — Aty (20)

The analysis these equations with all their details shown, that the steady state heat transfer processes intensity can

be determined using one quadratic equation the next form:
tig — 2"ty * tgrg - %1‘21'2' sty t oty %2}5 + t2q =0 21

Here: ty; Egr115 t10:Z111; Z122 — the determined average heating surface temperature; the steam saturation
temperature; the secondary vapor saturation temperature; the complexes, combined itself as the thermal physical liquid
product heated water vapor and condensate properties and properties of the heat transfer surface, including all connect-
ed with it geometry and physical properties.

There were on the base determined for the every variant the vapor generator surface, it mass, including container,
different auxiliary elements and other parameters, what have to be known for technical and economic analysis. Estimat-
ed on it, the whole cost and connected with it capital expenditures. Besides it, there were estimated the financial ex-
penditures, connected with expenditures on the energy consumption, with respect of the heated vapor energy potential.
It allows to obtain the optimal vapor temperature value. Lower most typical results of the approach and base on it meth-

od, presented in the next pictures. There was for

5 example, the VE for the concentrated tomato juice
1x10 f I T f obtain.

There were taken the next positions in the au-

or 7 thor approach to the VE design optimal parame-

ters definition:
1. The key optimization function the prob-
lem is total money expenditures, including as cap-

SumZT - 1x10°

5 ital expenditures both energy losses and expenses
—2x10°T ~ durin S I .
g year or service time. It was taken, that it

5 | | | | will be right to consider the similar initial position

- 3x10 in the approach when as energy source the heated

40 60 80 100 120 140 vapor flow, obtained from the vapor extraction
tgr-273.15K turbine and from the usual boiler. The correspond-
ing energy expenditures could be estimated with
account possible power value to obtain from the
vapor flow. Than vapor extraction temperature
(pressure) lower, then more the power that could
be obtained on turbine. The part of the total expenditures form was calculated as the corresponding money
expenses over value electric power multiplied on the electrical power unit price.
5 2. The other part of total expenditures was
- 1.2x10 I T connected with main equipment cost. There were
the VE vapor generator to evaporate required
amount of concentrated solution. That was, in
author case, tomato juice flow with any initial
concentration, what had to be evaporate to the
required final concentration.
The total expenditures part, related to the key
equipment element expenses was estimated over
the next steps. It was taken: every heat exchanger

Fig. 1 — The total expenditures SumZT dependency,
determined on the above prescribed
optimization method base, on the steam temperature £,

—1.4x10°
~1.6x10°
SumZTi - 1.8x10°

~2x10°

~2.2x10 cost can be determined, using it surface (founded
from the pointed calculations). Knowing surface,

5 | ! el - .
~2.4><100 1 02 03 0.4 can be found it mass value, using the exchanger

material mass unit price can be defined it total
aki cost and so on. Corresponding items, connected
with equipment expenditures were defined with
mention approach account, including amortization
input and service expenses. Therefore, total ex-
penditures values were defined for every calcula-
tion variant. These calculations main results pre-
sented lower in the graphic view in figures. The optimization objects were as steam temperature for the vapor generator
VE, both water flow rate for the secondary vapor condenser.

There were presented lower pointed above optimization results of the steam saturation temperature.

Fig. 2 — The minimum total expenditure Sum ZT; dynamic
dependence on the final concentration value a,;, by one the -
same initial concentration 5 %
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Here the initial dry media concentration was 5 % and the final one was 40 %. The expenditure value in the mini-

mum point were equal — 2.265 - 10%grn.

The special direction of authors analysis and in-

2.5x10° T T T T vestigations were devoted the problem energy saving
in VE by the application heat pump as the heat source
ax10*k ] instead steam flow. Namely with right decision of the

problem, it is necessary to determine optimal parame-
ters for every compared variants. That is why, was

. 4 , .
X7t 1.5x10° N developed and realized for any example prescribed

here approach and base on it optimization method.
x10°k _ The authors were known, that there exist another pos-
sible version of substitution traditional heat source
(steam) some other, for example vapor ejector (TVR)

5x10° 0 : p ; 0 II 5 ; 0 25 or vapor compressor (MVR) application with goal to
compress secondary flow and using the flow return

Gvvi into the main part of VE. Unfortunately, the reliable

Fig. 3 — The total expenditures Y. Z; dependency the problc?m study signif.icantl.y compl?cated it is con-

on the cooled water flow rate G,,; by the optimization nected with absence reliable information about these

design for the secondary vapor condenser devices prices and characteristics. This position for
the heat pump is significantly better and reliable.
Concluding notes and remarks

1.The perspective directions of the energy saving in the food technology relating different food solution admixtures

concentration, using their vaporization in VE installation, may be connected with heat pump application.

2. The suggested approach to the problem and base on it method could be useful and grounded for right decision.
3. The real decision reliability extremely depended on the right and reliable information for equipment cost, energy,

and fuel unit prices.

4. The heat pump application effectiveness will increased by the temperature drop between heating and cooling

temperatures decreasing.
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Y cmammi npedcmasneni pesynemamu excnepumenmanvhux docnioxceny nepepobku niodie amuui copmy
“@ionemosa decepmmua’” X0n00HUM CROCOBOM (V C8idcomy cmani) Ha nepoposanoi nosepxui 8 none GIOYEHMpPOGUX
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cun. Mema docnioxcens - posdinenns nnodis Ha @paxyii - nHaniepabpukam, AKUL BUKOPUCTIOGYEMBCA O NOOANbILOT
nepepobru, i 8i0x00u (Kicmoyxu).

Po3snodin sidbysacmucs snaciiook nocmynogozo 8i00KpeMieH s ppazmenmis MaKomi cnocobom pizanis Kpatixa-
MU OME0pis Kpyanoi gpopmu nepyxomoi nephoposanol obononku. Pywiinow cunow npoyecy € obepmanbruil pyx rona-
meegozo pomopa. .

3anpononosanuti cnocib 0o36omse npoyec nOOILYy BUKOHYBamMU 8 Ge3nepepsHoMy pexcuMi, OmpuMy8amu
nanisghabpuxam nesnoi mipu nodpibrenna i xicmouku 6e3 3uiny ix bionozivnux sracmusocmet, wo 00380aums binvil
PAYIOHANbHO BUKOPUCTNOSY8AMU MENNIO8Y eHeP2ilo NPU nodanbiuii nepepobyi nanispabpuxamy.

Kicmouku six yinny emopunmy cuposuny MOXCyme UKOPUCIMAHL OISl UZOMOBNEHHA SIK XAPHOBUX MAK [ HEXAPYOEUX
nPOOYKMI8, @ MAKONC MONCYMb Oymu GUKOPUCMAHI 8 AKOCMI HACIHHEEO20 Mamepiany 8 cadigHuymsi.

Ha ocnosi ¢hizuunozo modemosanns, UKopUcmosyovi meopito nodibnocmi ma ananiz posmipHocmei, ompumaro
3aneHcHIiCMb uUCRa nOOIBHOCME 3 MemOI0 OWiHKU 6nNuUSY diamempis omeopis ma Konoeoi weudKocmi aonameii na
egexmusnicms npoyecy po3odinenns niocoie Mma OMpUMano be3POIMIPHUI KOMIIEKC, WO 6PUXO8YE CRIGEIOHOUUEHHA CUL
inepyii ma cun npomudii npu eidokpemaeHni M AKOMI 10 KICMOYOK.

The results of experimental studies processing fruits plum cultivar "Purple dessert” cold way (in a fresh state) in
the perforated surface in a field of centrifugal forces. The purpose of research - the fruit division into fractions - half-
finished product is used for further processing, and waste products (bones).

The distribution is due to the gradual separation of fragments of flesh means cutting edges holes round shape fixed
perforated membrane. The driving force of the process is the rotational motion of the rotor blade.

The proposed method allows the separation process performed in a continuous mode, receive some extent, semi-
finished grinding and pipes without altering their biological properties that allow more efficient use of thermal energy
in the further processing of semi-finished products.

Bones as a valuable secondary raw materials can be used to make both food and non-food products and can be
used as seed in gardening.

Based on the physical modeling using similarity theory and dimensional analysis, dependence of the number of
similarities to assess the impact diameter holes and the angular velocity of the blades on the efficiency of the separation
process fruits and obtained a dimensionless complex, taking into account the ratio of inertial forces and counter forces
during separation of pulp seed.

Kirouori caoeBa: Teopis mopiGHocTi, Iiomu, Iepepobka, xomopHuit cnocid, mepdoposasa oGonoHKa,
HatiB(abpHKaT, KicTOYKH

Keywords: teoriya podibnosti, fruit, pererobka, cold sposib, perforovana obolonka, napivfabrikat, kistochki

B po6ori [1] 3anponcHosaso HoBuiH Crioci0 repepobKH IIIOAIB KICTOUKOBHX KYIBTYP B CBDKOMY CTaHi Ha eramni
TIONEPEIHLOI epepobkH 3 MeToio IX posNineHHs Ha Hamirdabpukar (M’ IK0Th) Ta Bimxomy (kicrouku). HamisgabpuxaT
€ CKIIAIOBOIO IIOANBIIOT IEPEPOOKH i BUTOTOBIEHHA TOTOBOI HPOAYKUIL, 4 KICTOUKM € HE MCHII [{IHHOK BTOPHHHOIO
CUPOBHHOIO, IIPOAYKIisA AKOI MiC/IA nepepoOKY BUKOPHUCTOBYETHCS B Xap4oBiil, kocMeToNoriqHiH, hapMalieBTHyHii Ta
1HIIMX TaJly3SX HAPOXHOTO FOCIOAapCTBa.

Hoswit croci6 peanizyerscs Ha HepyxoMii nepdopoBaniii IOBEPXHI y BUIJLiAL IFUTIHAPHIHOT ODONOHKM B IO
Bil[LIEHTPOBHX Cujl. PYXoMOK CHIOI0 mpoiecy € o0epTOBHH pyX JIONATeBOro PoTopa, 3aBAAKH AKOMY INIOJM TiX 9ac
00epTANBHOr0 PYXY KOHTAKTYIOTH 3 KPOMKAMM OTBODIB HepdopoBaHol 0GOTOHKH, [0 MPHBORUTE IO HOCTYIOBOrO
BINOKPEMIEHHA M’ AKOTI B1J KICTOYOK.

Bupdenns mpouecis, ski MalOTh Miciie IIpH HepepoOii POCIMHHOI CHPOBHHH, IIEPECIAYIOTEH IIOHAHMEHIIe /Bl
HaYKOBO-TIPAKTHYHI 3a[a9i: BCTAHOBIEHHS ONTUMAaIBHHX 3HAYECHb apaMeTpiB, AKi BIUIUBAIOTH HA NPOLIEC i 3HAXOZ-
EHHS PIBHAHD 3B’ 43Ky, AKI BU3HAYAIOTH KIHIEBY MeTy (IIPOAYKTHBHICTE, BUTPATH €HEPIil, peanizaito Ge3riaxoqHoro
BAPOCHANTRA TOLIO).

OpnepxalHs piBHAHL 3B’A3Ky sABNse cOOOK0 [JOBOM CKIagHY 3a7ady, TOYHE PIMICHHA AKOI MOMNUIMBO TUTBKH Ha
OCHOBI BHKODHCTaHHS aHANTUYHMX Meroiis. Taxki METONM [aloTh BUXIAHY IHTEpHperauilo sBuiy y Qopmi
nubepeHItiifHuX PiBHAHE, AKI BCTAHOBMIOIOTH 3B’A3KH MK dakropamu. 3azada yCKIAJHIOETHCH BiJCYTHICTIO 3HAaHb
CTPYKTYPHO-MEXaHIYHMX BIACTHBOCTEN CKIAJOBHX IUIOMIB, 1X MablIbHICTIO T2 BAPIIOBAHHAM B 3HAYHHX MEXAX.

3aransHi 3aKOHOMIPHOCTI Tpoecy NepepoOKH IUIONIB 3 METOI0 PO3ALNeHHA Ha HarniB(abpuxaT Ta Bigxoau K03BO-
TAIOTH POSKPUTH EKCIIEPUMEHTANEHI JOCTIDKEHHA, SKi 6a3y10ThC Ha BUKOPHCTAHHI MeTOMIB nofibuocTi [2]. OmauM i3
BKAa3aHHAX METOMiB — aHali3 piBHAHL — JO03BOJAE, HE PO3B’A3YI0UM JudepeHIifH] piBHAHHSA, AKi OMMCYIOTh IIPOIIEC,
3HAHTH [EBHI CIiBBiAHOIIEHHS OCHOBHHX NapaMeTpiB y BULIIAN 0e3p0o3MipHUX YHcen oAIOHOCT] 1 pO3TIAIaTH I YUC-
Ja SIK HOBI y3araJbHEHI 3SMiHHI, SKi BUABJAIOTH CYKYHHHH BIIMB Ha npoec.

Bukopucrans merogis Teopii nomgiOHOCTI Ta aHamily pozmpﬂocmn TIPHITYCKAE MOXKITUBICTE BU3HAYATH
ONTHMAJIBHI TIAPAMETPH HOBHX 3pasKis OOMaJHAHHA 3a Pe3yNbTATaMH AOCHIAIB TO 1X 3MEHIICHMM MOJENAM, SKi
BOJIOMiIOTE (izwaHOw mopibHicTio. Ilicid IBOr0 3a XapaKTepPHCTHKAMH MOJENi BHACHIJOK IIEpPEepaxyHKY depes
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maciTaOHl koedilleHTH MOXHA OJIepKAaTH BEJIMUMHYU BCIX 1apaMeTpiB HATYPHOTO 3pa3ka MAIIMHH, KA IPOEKTYEThCA.
Ausie Takui IIAX1L HE 3aBxM ceOe BUIIPABAOBYE, IO MOXKE OyTH OB A3aHO SK 13 CAMOI0 CMPOBUHOIO, TaK 1 JOTpAMaH-
HAM HEOOXIQHMX KIHEMATHYHHX Ta AHHAMITHUX PEXUMIB.

ANBTEPHATUBHUM PIlIEHHSM € HANPAMOK , IPY SKOMY eKCIEPUMEHTAIbHI JOCTLIKEHHS 33 OCHOBHIMH (DaKTopaMu
B1JITIOBiAAIOTE HATYPHOMY 3pa3Ky. IIpu TakoMy HiJX0[i HOCTORIPHICTH OJCPKaHHX JJAHHX 3pOCTaE. »

Sx110 JOCHI/PKEHHs BUKOHYIOTHCS Ha OJHAKOBIH HAaTYpHIA CHpOBHHI, TO Qi3M4IHE MOJAETIOBAHHS BAPOIKYETHCH B
TeOMETpHYHE 1 HeOOX1{HO BUTPUMYBATH YMOBH HOAIOHOCTI SIK CIIOMY4CHHS KIHEMaTHYHOIO Ta MaTepiallbHOIO.

3ua4HHUil IHTEpEC BUKIHKAE HAOMKEHE MOJCHIOBANHS, IIPY AKOMY JACAKi (QaKTopu, AKi HECYTTEBO BINIHBAIOTH Ha
HpoIec KU BUBYAETHCS, MOJIEITIOITHCS HADMIKeHO a00 30BCIM He MOJETIOIOTHCS.

Ipouec nepepodku WIOKIB KICTOYKOBUX KYIBTYP XOJOAHAM Criocof0oM (Y CBKOMY CTaHi) € CKIAJHUM HECTATIUM
TIpoLiecoM. T'0JI0BHOIO HPHIHMHOKO TaKOi HECTAJIOCT] € HECTabIabHICTE CTPYKTYPHO-MEXAHIYHHX BIACTHBOCTEH IITOIIB B
3aIeKHOCTI Bif iX Buay Ta copry B KoxHoMmy Buii. OKpiM Bka3aHoro, Koxed Iuiig, Ak Ologoriuma cuctema,
CKIIAJAETHCS 13 MIKIPOYKHM, M AKOTI Ta KICTOUKH, 5K 32 (BI3HKO MECXaHIYHIUMH XapaKTEPUCTHKAMH 3HA4YHO BIAPI3HAIOTHCA
Mix coboro [3].

Jns toro, mob npouec 1mepepobKH INICAIB MNOBHICTIO BIATBOPIOBABCA B PEAILHMX YMOBAX Ha peaibHiil MallMHI
HeoOXiAHO, 00 MOIEIbHA YCTAHOBKA | YMOBH POOOTH Ha Hil 32f0BOILHSUTH HACTYIHIM BHMOTaM:

— TIJIO/TY TIOBHHHI 3a/{0BONBHATH HEOOXIAHIM TEXHOIOTTIHIM BAMOI'aM I OJCPKAHHA AKICHOI IPOTYKILIT;

— AiaMeTpH OTROpIB NepdoporaHiX 00OMOHOK Ha MO/EIH Ta B IPOMUCTIOBOMY 3Pa3Ky IIOBMHHI OYTH ORHAKOBUMM; -

— KIHEMaTH4HI [apaMeTpy 7 MOJEI] Ta IPOMHCIIOBOTO 3pa3Ky MOBUHHI OyTH O/THAaKOBHMH. '

B nabopaTopHUX yMOBax BHKOHaHO JOCIIDKEHHA Opouecy nepepoOku anudi copry “dionmerosa gecepraa” 3 me-
TOXO pO3/ALNeHHs Ha (pakilil B 3aIeXHOCTI Bijf KOMOBOI WBUKOCTI jorate Ta Jiamerpis orBopis. [ipu nboMy BUKOpH-
CTOBYBAJIH €KCIICPHIMEHTANBHY YCTAaHOBKY Ta METOJIUKY JOCIIIDKEHHS, fKa onucata B pobdoti [1].

BHKODHCTOBYFOUM METONl aHANI3y PO3MIDHOCTEH 3 METOK OIHKM BIUIMBY [iaMeTpiB OTBOPIB Ta KOMOBOI
HIBWIKOCTI sionaTell Ha eEeKTHUBHICTH IPOLECY PO3JUICHHS IUIONIB BUKOPHCTOBYBANH uncho nonibnocti Ke, sike pos-
paxoBYBaIH 33 BUPa3OM

m,—m, m,— (mk + ma‘.M.)

Ke = = (€})]
mn mn

Je 1M, — BUXi[JHAa MACA IJIONY, KI; M, — Maca BiIXO/iB, KI.
m, =m, +my, 2
TIE M, — Maca KICTOUYKH, KT; M, — Maca 3aIHIIKOBOI M’ AKOTI Ha KICTOYI, KT.
Maxcumanpia edeKTUBHICTL IPOLECY BiAMIOBIAAE CTaHy, KON Maca 3ailMIIKOBOI M'SKOTI Ha KicTodli JopiBHIOE
Hynto, m,,, =0.
Ha ochosi Meroay “aHamnisy posMipHocteir’” oTprMaHO 0e3po3MipHME KOMIUIEKC, 110 BPaxXOBYE CIIBBIIHOMICHHSN
Cu1 iHepHii Ta CHI MPOTHAIT IPK BiXOKpEMIIeHH]I M SKOTI Bif Kictouok. Ilo cyTi, (erHMéHo HOBe ModIKOBaHe YUCIIO

Herotona
2

v[’
Ne=—=p 3

ie VU, — KOZOBAa WBMIKICTH JOMATEH, M/C, p — TYCTMHA M’SKOTi, KI/M’; 0 — y3aranbHEHWH TOKA3HUK MillHOCT
TIOKPHUBHOI TKAHHWHH Ta M’sikoTi, H/MM.

Ileit moka3HUK BapilOETHCA B JOBOII LIMPOKOMY JUANa30Hi 1 3afIeXUTh, SK OyJ0 ITOKAa3aHO BUILE, Bifl BULY KYJIBTY-
PH, COPTY B KOXHOMY BH/I, KIIIMaTHYHHX YMOB 1 YMOB BHPOIIYBAHHS TA 1HIIAX YMHHHKIB.

KonoBy mBuAKICTE OnaTed BU3HAYAIEH 338 BUPA3OM

v, =nDn,/60 4)
ne D — sayTpimmiii giametp nepdopoBanoi 00ONOHKY, M; N, — KUIBKICTs 00epTiB TonaTtel, 06/xB.

Bubip niamerpiB oTBOpiB As pearisauii poiecy nepepoOku mwiogie Ga3zyBaBcs Ha aHaII3i JiTEpaTypHHX [DKEpE:
Ta HAYKOBUX BHJIaHb. TaK, IIPH MepepoOlli KiCTOYKOBMX ILIOAIB Tic/f X PO3BapIOBAHHA 32 JOIIOMOrOK0 NPOTHPATBHHUX
ManigH [7], BAKOpHCTOBYBaIH IepthopoBaHi 000JIOHKY (cUTa) 3 ZiaMeTpaMH oTBopiB (5...7) MM.

B nabopaTopHuMX yMOBaX HNOCTIIDKEHHS IIpOLleCy BINOKpeMIIEHHA M SKOTI BiJf KICTOYOK BHKOPUCTOBYBATIH
niepopoBani 000IOHKH 3 JiaMeTpamy OTBOpiB 2, 4, 6, 8 Ta 10 mm. '

Jna BusHa4YeHHS BIUMBY [iaMeTpiB OTBOPIB Ha IIPOUEC BIIOKPEMIIEHHS M SKOTi CKOPHCTANHCA BiJHOWEHHAM 6a-
30BOTO JiaMeTpy OTBOPY HO OTBOpIB JiamerpoM 4, 6, 8 ta 10 MM (ds/d;). 3a Gazosuit giaMerp NpHHHAIM OTBIp
IiamerpoM 2 MM. B pesynbTaTi ofiepyKald HacTynHi cnissiguomesns: 1,00; 0,50; 0,33; 0,25; 0,20.

Yacrory obepraHHs jonateil BapiroBamu Ha pisuax 600, 900, 1200, 1500 ta 1800 o6/xB, mo Bigmosigamo ix
KoJoBiH msuaxocti 3,72; 5,57; 7,43; 9,29 ta 11,15 M/c. '

Ha xoxHoMy piBHI €KCIIEPMMEHTH BUKOHYBANIK B AECATHKPATHIH IOBTOPHOCTI.
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Oodecbka HayloHANbRA aKAdeMist XAp1O8UX MexHoN02IH

THHOBAUIAHE OBJAJITHAHHS XAPYOBUX BUPOBHHIITB

Takum YUHOM, KpHTepiansHe DIBHSHHA, $KE OIKCYE [POLEC BIIOKPEMIICHHS M’AKOTI Bif KiCTOYOK Ha
repdhopoBaniit HOBEPXHi B MOJII BIIIEHTPOBHX CHII Mac HACTYIHUN BUIIIAN

—_— m n
Ke = A(N)™(dg/d;) , ®)
ae A, m, n — nocTifNi, sKi BU3HAYATH 32 PE3YIbTATAMY SKCIICPUMEHTAIBHUX JOCHLIKEHD.
PesyapraTi ekcniepuMeHTANBHAX AOCTIKEHD

3a pesynbraTaMi eKCepUMEHTANBHNX AOCTIDKeHs TT00YA0BaHO rpadiuny 3anexHICTh (prc. 1) npouecy nepepod-
KH IIOJIIB W9l copTy “@ionerTopa gecepTHa” 3 METO0 IX PO3JILICHHS Ha CKIIANOBl — M’ AKOTE T2 KiCTOUKH.

100,00
10,00

3
~
-
3
S 1,00
S 140 10000
)
X

0,10

0,01

Ne

Puc. 1 — 3anexnicTs NPOAYKTHBHOCTI NIpoilecy BiokpemieHHst M SKoTi BiJf KicTodok Bix uncna HetoTona

Bxasana 3anexHicTs Moxe OYTH ONHCaHa BHPa3oM
Ke = 1-1071°(N,)*%7 (dg/d;)*8 ©

Pieasiuns (6) ciopaBemmse s mianazony kpurtepito Herotona 500 < Ne < 5000, BigHOMICHHIO qlaMeTpiB OTBOPIB
B xlanasoni 1,00 < dg/d; < 0,20 npu nepepobui IWIOAIB KICTOUKOBHX KYIbTYD B MEKaX MIIHOCTI NOKPHBHOI TKaHHHH Ha
npokon (0,1 < & < 0,4) H/mm® Ta cepenuiii ryctani M’sikoTi p = 1020 xr/m’.

BucnoBku

1. BukopucranHs nepdopoBasux 000IOHOK 3 AlaMeTpaMH OTBOpIB mepdopaiii 2 Ta 4 MM € HEHOLIILHAM TIPH
niepepoOHi IWIOLIB 3 aHATOTTYHUMH XapaKTePUCTUKAMH.

2. TIpOAYKTHBHICTE NpoLiecy PO3AUICHHS IIOAIB y CBUDKOMY CTaHi Ha HauigaOpuxaT Ta BiAXONM 3aEKHTH BiJ
grcia Herotona ta giamerpiB OTBOpIB, 13 -30UTBIICHHSM AKUX IHTCHCHBHICTH BIJOKPEMIICHHS M’SIKOTI BiJf KICTOYOK
301TBLIYEThCS.

3. Ilpu BurotoBieHHi 1mepdopoBaluX 00OIOHOK giaMeTpu OTBOpiB mepdopauii MoXyTs OyTH peKoMeHIOBaHi B
miamasoni (6...8) mM. BuxoprcTanus nepgopoaHux 060TOHOK 3 Alamerpamu oTBopiB nepdopanii 10 MM npuBouTs
JI0 PYHHYBaHHA KICTOYOK B Mexax A0 5 % i He MOXyTh OyTH pEKOMEHAOBaHI UIS HMPOMHCIORMX YMOB CTOCOBHO
ILTOZB, B SKUX MaKCUMAIBHUH po3mip KicTo4ok (BHCOTA) HE TiepeBUIye 10 Mm.
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1. Kenin M.L. TopiBssnbHa ouiska crocobis po3/iieHHs IUTONIB KICTOYKOBHX KYABTYD Ha HamiBdabpuxar i Bigxomu
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Odecbka HaYioHaIbHA AKAOEMIA XapHOGUX MeXHOA02Il
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