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B pabome npedcmagnen kpumuieckuil ananiu3 mexHoi02uLl SKCmpazupo8ans u3 1eKapCmeeHH020 pacmumenbHo20
coipwvs. [lokazano, 4umo 6 pasnuynblx OMpACiAX MEXHUKU NPeonoymenue omoaemcs MUKPOBOIHOBbIM CHOCOOAM NO0BO-
0a snepeuu. IIpugedenvl pe3yibmamvl KOMHAEKCHBIX IKCHEPUMEHMANLHBIX UCCTEO08ANULL NPOYECCO8 IKCMPASUPOBANUS
U3 KJIIOKEbl, KAIUHbL, YEPHONLOOHOU pabuHbl U wunosHuka. Onvimsl nPOGOOUNUCH HA 3 cmeHdax — ¢ mepmocmame, 8
MUKPOBOIHOBOM IKCIPAKMOPE 8 HENOOBUICHOM CI0€ U 8 MUKPOBOIHOBOM IKCHPAKMOPE NPU YUPKYIAYUU IKCIMPAEH-
ma. Memoouka npedycmampusaia onpeoeiieHue KOHYeHMpayuy SKCmpaxkma, memnepamypul niooo8 u nomoxa, odeie-
HUSL 8 PeaKyUoOHHOM 0Obeme, nompebnsemou MowHocmu 80 epemenu. IIpogedeno cpasHenue KUHeMUYecKux 3a8UcCUMo-
cmetl HachlyeHus. IKCMPAKma YeieeblMy KOMHOHEHMAMU N0 MpaouyUoOHHOU MeXHONOSUU U 8 MUKPOBOIHOBOM IKC-
mpaxmope. Ycmanoeneno eiusnue uoa dHepeuL, memMnepamypbul, 8U0a Colpbs, 2UOPOMOOYIsL U pAcx00a IKCmpazeHma
Ha UHMEHCUBHOCMb Macconepenoca. Pezynsmamoel onbimos npugedenul 6 guoe 3a6UCUMOCTEN 80 8peMeHU KOHYEHMPA-
Yuu IKCMpaxKma om MOUWHOCHU MUKPOBOIHOBO20 NOJIS, MEMNEPAmypbl, 2UOPOMOOYIsl, pazmepd nioda u pacxoodd no-
moka. Dgh@ekmusHocms IKCMpAZUpPOBaAnUs OYEHUBALACL C NOMOWBIO CHEKMPATbHbIX 3aucumocmetl. OO0CHOBaHbI
6b1600bL U PEKOMEHOAYUU NO OP2AHUZAYUU NPOYECCA IKCMPASUPOBAHUSL U3 IEKAPCMEEHHO20 PACMUMENbHOZO CbIPbs 6
MUKPOBOTIHOBOM NOJIe.

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 includes 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.

KunroueBbie ciioBa: JIekapcTBEHHOE PACTUTENBHOE ChIPhE, IKCTPATUPOBAHUE, MHKPOBOJIHOBOM 3KCTPAKTOP, IKCIIe-
PHUMEHTAIBHOE MOETUPOBAHHE.

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

BBe[leHI/le. COBpeMeHHaH OIIoXa XapaKTCPU3yeTCA 6ypHI)IM Pa3sBUTUEM HMHHOBAIIMOHHBLIX TEXHOJIOTHMH B OTpaCIU
HPIH.ICBOﬁ u nepepaGaTHBanmef/i MMPOMBINUICHHOCTH, B TOM YUCJIC ouo- u HaHOTCXHOJIOIMH, IMO3BOJIAIOIIHNX 3HAYHUTCIIb-
HO paciiupuTh BI)Ipa6OTKy MMPOAYKTOB HOBOT'O ITIOKOJICHHUS € 3a/IaHHBIMU KaUCCTBCHHBIMH XapPaKTCPUCTUKAMU, J1IeueOHo-
HpO(l)I/IJ'IaKTI/I‘IeCKI/IX, TEPOHTOJJIOTMYCCKUX U APYTIUX CHCIUATIU3UPOBAHHLIX ITPOJAYKTOB. Pa3pa60TKa TEXHOJIOTHI U 000-
pyaoBaHusd 1A NIPOU3BOACTBA (l)yHKHI/IOHaJ'H)HLIX IPOAYKTOB ABJIACTCA BaXXHBIM W aKTyaJIbHBIM HallpaBJICHUEM Hay4-
HBIX HCCHCI[OBaHPIﬁ. B paMKax CTpaTeruu pa3sBUTUA HI/IH.IEBOﬁ u nepepa6aTLIBa}omeI71 MIPOMBINUICHHOCTH YKpaI/IHI)I Ha
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neprioz 10 2020 roza mocraieHa 1ieNb, 3aKIII0YAIOIIascs B 00eCIiedeHHH rapaHTUPOBAHHOTO U YCTOWYHMBOIO CHa0Xe-
HUSI HACEJIEHHsI CTPAaHbI 0E30ITaCHBIM U KaYECTBEHHBIM ITPOJIOBOJILCTBUEM.

HaGmonaercs ycrolunBasi TEHACHIMS POCTa MHTEpeCa U K IpenaparaM U3 JISKapCTBEHHOTO PACTHTENLHOTO ChIPhs
(JTIPC) [1]. BO3MOXXHOCTb JJIUTENFHOrO 0€30MaCHOr0 MPUMEHEHHsI NPEIapaToB PACTHTEIHLHOTO MPOUCXOKICHUs OJa-
rozapsi MATKOMY TEpareBTUUECKOMY JEWCTBHIO, MUHUMH3AIMY POTUBONIOKA3aHUK HApsAY C BHICOKOH 3((eKTUBHO-
CTBI0, ONIPAB/IBIBAET UX HIMPOKOE MCIIOJIh30BAHKE TIPH JICUSHHU Pa3IMYHbIX 3a0oneBannii. OnHaKo, HECMOTPS Ha HEoC-
MOpUMBIE TIPEUMYIIECTBA, CIPOC HAa OTEUECTBEHHBIE (PUTOMpENapaThl NPEBHIIIAET UX HAMYUE, YTO OOBSCHIET aKTy-
aJBHOCTB Pa3pabOTKH HOBBIX MpemnapaToB Ha ocHoBe JIPC.

Cama wumest (pUTOTEpamuy IUPOKO IMOIAepkuBaeTcs BceMupHol opranmzarmeii 3apaBooxpanenus (BO3). ITo
MHEHHUIO €€ JKCIIEPTOB, B JICUSHUH MPUMEPHO 75% OONBHBIX Leliecoo0pa3HO MPUMEHSThH IIpenapaTbl pacTUTEIEHOTO
MIPOUCXOXKICHHS; 3aaueldl MeJUIMHCKOH HAyKH B 9TOM CIIydae CTAaHOBHUTCS OpraHWUYHasi MHTerpaunus gurorepanuu B
cucreMy 3apaBooxpaHeHus. BO3 wm3marorcs crienuaibHble MOHOTpa(uu O JIGKAPCTBEHHBIX PACTCHUSX, COICpIKaIIne
SKCTIEPUMEHTAIIBHYIO ¥ KIIMHUYECKYIO JOKa3aTelnbHylo 0a3y 10 KaKJOMY U3 BKIIOYEHHBIX HauOoee MIMPOKO UCIOIb-
3yeMbIx 235 pactenuil. MoHorpaduu o JeKapcTBEHHBIX paCTEHHSIX M3JAI0TCs Tarke EBporeiickuM HaydHBIM 00beau-
HerueM 1o urorepanuu (European Scientific Cooperative On Phytotherapy). B cocraBe EBponeiickoro MenuIiHacKo-
T'O areHTCTBa M0 JiekapcTBeHHbIM cpenctBaM (European Medicines Agency) ¢pyHkimonupyetr KoMuter 1o JiekapcTBeH-
HOHM TPOJYKIIMH PACTHTEIFHOIO MPOUCXOXK/ICHHUS,, OCHOBHBIM OOBEKTOM JEATEILHOCTH KOTOPOTO SIBISIETCS U3y4YEeHUE
MIPUMEHEHHS! JIEKapCTBEHHBIX PACcTeHHUH B IpakTHueckoil meauiuue. Kpome toro, BO3 pa3paboTansl cOOTBETCTBYIO-
M€ HOPMATHBHBIE JOKYMEHTHI, mojuepxuBatomue konunenuuio GMP (Good Medical Practice) n oroBapuaromine
HeoOXoAuMBble TPeOOBaHMSI K Ha/jlexalledl NMpakTHKe KyJbTHBUPOBAaHUS M cOOpa JekapcTBeHHbIX pacteHuit (Good
Agricultural and Collection Practices — GACP) (World Health Organization, 2003) [2].

B pabore npencraBieHbl pe3ynbTaThl KOMIUIEKCHBIX HCCIENOBAaHUN TEXHOJIOTMH SKCTparupoBaHus M3 Haubolee
PpacIpoCTpaHEHHOT' O CHIPhS: MIMTIOBHUKA ¥ YEPHOILIOAHOH psiouHbI [3]. [IpuBeneHb

AHAJIN3 JTUTEPATYPHBIX HCTOYHUKOB U (OPMYJITUPOBKA MPodaeMbl. TeopeTnieckre OCHOBBI Ipolecca KCTpa-
THPOBAHUS U3JIOKEHBI B MHOTOYHCIIEHHBIX padoTax, HanpuMep B [4 - 9]. DdPEeKTUBHOCTH SKCTparupoBaHUs B 3HAYH-
TEJILHOM CTETIeHH 3aBUCUT OT CII0C00a MOATOTOBKU CHIPBSI K 3TOMY IPOIECCY, OCKONBKY KIIETOUHAsk IPOHHUIIAEMOCTh
CBIPbSI CYILIECTBEHHO OmpezessieTcst GOpMOoii U pa3MepoM TUCIEPCHOI0 COCTaBa YaCTHII.

MexaHuueckre METObl MHTEeHCH(UKAIIMK Ha CTaJWU ITOJTrOTOBKH CHIPhS HEOOXOJUMBI Uil YBEJIMUYESHUS TTOBEPX-
HOCTH KOHTaKTa (a3, 4To JOCTHraeTcsl 3a CYET yMEHbUICHHs pa3mepa yactul. OJHaKoO THAPOJUHAMHYECKUE YCIOBUS
(UIBTPOBAHUS HKCTPAreHTa Yepe3 CJIOW YacTHIl 110 MEPEe YMEHBIIEHUS UX pa3Mepa 3HAYUTENbHO YXYALIAIOTCA. DTO
3HAYHUT, YTO ISl K&XKIOTO BUJIA CHIPBS M YCIOBUH MPOTEKaHMs IPOLecca SKCTPArupoBaHUsl CyLIECTBYET ONpe/esIeHHbIH
palMOHAJIBHBIA pa3Mep YacTHI, NPU KOTOPOM CyMMapHOE BHYTpEHHee M BHelIHee Mu((y3HMOHHOE CONPOTHUBIICHUE
SIBIISIETCS. MUHUMAaJIbHBIM.

Ha craguu moAroToBKH CHIPbS K SKCTPardpOBaHHI0 TEPMUYECKHE METOMBI TaK)Ke HaIpaBJieHbl HA yMEHBLICHUE
BHYTpEHHETo AU Py3uoHHOro conporusiieHns. OHU CHIKAIOT YCTOWYMBOCTD IIUTOINIA3MATHYECKUX MEMOpaH, IMpHUBO-
JISIT K Pa3pbIBy KJIETOK CBHIPbS, DKCTPAareHT Oosiee CBOOOTHO MPOHUKAET B KIETKY W YBEIUYUBAETCS KOHTAKT CHIPbS C
pactBoputenieM [10]. [eficTBue TEIUIOBOW 0OpaOOTKM OCHOBAHO Ha KOArYJHUPYIOIIEM U 00C3BOYKHBAIOIIEM BO3JCHCT-
BUU Ha OEJTKOBBIE BEIIECTBA, YTO BBI3BIBAET TMOENh PACTHTENILHOW KIIeTKH. HarpeBaHue NMOBBIIIAET BHIXOJ COKa, HHAK-
TUBHPYET BHYTPUTKAHEBBIE OKUCIHUTENbHBIE ()EPMEHTBI, YMEHBIIAET MUKPOOHYI0 00CEMEHEHHOCTbh, pa3pylIiaeT BOCKO-
BYIO 000JIOUKY, YACTHYHO JICHATYPUPYET OENKH 00OJIOYKH CHIPhSl U YBEIHYHBAET MpoHHUIAaeMocTh TKauu [11]. Tepmu-
YeCKUe METO/Ibl MHTeHCH(UKAIIMK Ha CTaiK NPOBEICHUS Ipoliecca HaNpaBiieHbl Ha yBeinndeHue koddduimenra aug-
(y3uu sKcTparupyemoro BeniectBa. OHAKO BO3JIEHCTBHE BHICOKHX TEMIIEPATYP MOXKET MPUBECTH K YXY/IIICHUIO Kaye-
CTBa TIOJIy4aeMOr'0 SKCTPaKTa JIM0O M3MEHEHUIO (PU3UUECKUX CBOMCTB yacTuil. Tak, HampuMep, Moj ACHCTBUEM BBICO-
KHX TEMIIEpaTyp MOT'YT H3MEHSTHCS YIPYTHe CBOWCTBA CHIPhS, YTO MOXET MPUBECTH K YXYALICHHIO YCIOBUH MaccoOT-
Jla4¥ U COOTBETCTBYIOLIEMY YBEIWYECHHIO BHEIIHErO AU(PQY3MOHHOTO COMPOTHBIIEHUS, BCIEICTBUE YEro CyMMapHOE
1 y3HOHHOE CONPOTHBIICHUE OKAXKETCS HE MEHBIINM, a OONMbIIUM. [103TOMY TepMUUYeCKHe METOIBI HA JAHHOW CTa-
JIMH HEJb3s CYNTATh CYLIECTBEHHBIM CPEACTBOM MHTeHCH(HKauu nponecca [10, 11].

Hcnonp3oBanue MUKPOBOMHOBBIX TexHoiorui (MBT) mo3Bonuino MHTEHCHU(DHUIIUPOBATH MPOIECC TEIIOBOM 00pa-
OOTKH CHIPbsSI U SKCTParupoBaHHe YCTOHYMBBIX PACTBOPHMBIX BEIECTB BOAHOW cpenoi. [1onoKuTenbHble pe3ylbTaThl
UCIIONIb30BaHMS 3JIEKTPOMAarHUTHOTO UMITYIBCHOT'O M3y49eHHs ObUIM MONYYEHBI: IPU MPOU3BOACTBE MUIIEBBIX KpacH-
Tenedt u3 cBekibl [12], m1oaoBo-aroqHoro ceipbs [13], B cXeMe YyCKOPEHHOro JO3peBaHMs KOHBSYHBIX CUPTOB [17],
MIPY M3BIICUEHUH KEJPOBOTO Maciia M3 CEMSIH COCHBI cHOMpPCKOii [15], B 1aOOpaTOPHBIX YCIOBHUSX Ul YCKOPEHUS H3-
BJICYECHUs (DYHTUIMJIOB U3 IPEBECHBIX MaTepualioB [16], nmpu moiaydeHun coeBoro mMacina [17], mpu n3BiIeYeHHN Maces
U3 JIMCTHEB MSTHI, pO3MapuHa, YaiHOTO JIepeBa, CaHjaana U APYrux pacTeHui [15], mpu sKCcTparupoBaHUM HUKOTHHA W3
TabavHOro ChIphs [19].

CoBEpIICHCTBOBAHMSI B TEXHOJOTUH DKCTPArvpOBAaHUS MPOUCXOJUT HA TPEX OCHOBHBIX CTAAUSX: CTaJWs MOATO-
TOBKHU CHIPbsI; CTa/INSI DKCTPATHPOBaHMUs; CTaqusl JanbHeleld o0padoTku pactBopa. Ha mepBoii cTaguu Juis MMOBBIIIe-
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HUS BBIXOJA PACTBOPUMBIX BEIIECTB HCIIONB3YIOT MPONECCH ¢ 3P(PEKTOM B3PHIBHOIO HaOyXaHHs, YTO CIIOCOOCTBYET
YBEIIMYEHUIO Y/IEINbHON MOBEPXHOCTH M CO3IaHMI0 pa3Buto nopuctroctu [20]. [Ipumenstor 00padoTky GpepMEHTHBIMU
npenaparamu (Kcuiaoriarokanodoeruant) [21], yBIaXHSIOT 3epHA C IMOCIEIYIOMNM ero HabyxanueM [22], ero u3meib-
YeHHe, BBEICHNE OJIarOpOHBIX ra30B ISl [TOBBILIEHHS apoMaTHKU [23].

Ha BTOpOI#i cTasinu OCHOBHO# ymop JeiaeTcs Ha MHTeHCcH(uKaIluio MaccornepeHoca. Yarie Bcero aToro 100MBaroT-
csl, U3MEHAA THIPOJUHAMHUYECKHE YCIIOBUSA 3a CUET MepeMelIMBaHUs IKCTparupyeMmoil Maccel [24], ucnons3ys neicr-
BHC IICHTPOOSKHBIX CHJI B LeHTpHpyrax [25], Y3-BoNHBI, BO3ACHCTBHE BBICOKOBOJBTHBIX HUMIYJIbCHBIX Pa3psioB.
Kpome toro, noeimiaror gainenue BHyTpH ammnapata (0,3 MIla...1,2 MIla), yBenu4uBaroT AIUTETHLHOCTh B3aUMO/ICH-
ctBUs (a3 (24...48 yacoB), UCMONB3YIOT OOOTAIIAIOIIUI PACTBOP PACTBOPHMOrO KOMIIOHEHTa [26].

Ha nocnennedt 3akmounTensHON cTaAnU TJIAaBHOW 3a7aueil sIBISeTCS COXpaHEHHE BCEX CBONCTB T'OTOBOTO MPOIYK-
Ta. JIst 3TOro pacHbUIMTENIBHYIO CYIIKY 3aMEHSIOT CYOJIMMAIlIOHHOM, CHM)KAIONIYI0 TIOTEpH LIEHHBIX BemlecTB. [Ipn
3TOM MOJKET IIPOBOJAUTHCS, HApUMeEp, BCIIeHUBaHUE [27], HU3KOTeMIepaTypHasi TEXHOJIOT U PACHBUIMTENBHON CYIIKU
(mpu 140 °C), xoTopasi TO3BOJISET B 3HAUUTEIHHON MEpe COXpaHUTh apomart [28, 29].

[o pe3ynpTaTamM mpoBEAEHHOTO BHIIIE 0030pa JIUTEPATYPHBIX M MATEHTHBIX UCTOYHUKOB MOXKHO CAENAaTh CIEIYIO-
IIM€ BBHIBOBL.

1. TIpumepsl HHTCHCUPHUKAIMU JEKTPOPU3MIECKUMH METOJIAMH TPOIIECCOB MepEeHOca MPU IKCTParupoBaHUH U
MHUPOBOH OnbIT IpuMeHeHns MBT B MUIIEBBIX TEXHOJIOTHAX OMPEEISIOT [IEIeCO00pa3HOCTh UCCIEIOBAaHUN B JJAHHOM
HanpaBJIeHUuH U pu npoussozcTse JIPC.

2. CpaBHHUTENbHBIA aHAJIHU3 MOKA3bIBAET MEPCHEKTUBHOCTh HOBOro Ipu mpousBozcTse JIPC HampaBneHus: uH-
TEHCU(HKALIIS MacCONepeHOoca MPU UCIIOJIb30BaHUH MUKPOBOJTHOBBIX TEXHOJIIOTHH Ha CTaJMU 3KCTParupOBaHHUsL.

3. Ha cerognsamHuii 1eHb SKCTPAKIMOHHBIE annapaThl KOMOMHUPOBAHHOTO AEHCTBUS U METOABI UX pacyera OT-
cyrctBytoT. [IpuMepoB nmpakTudeckoro ucnois3zoBanuss MBT B TexHomorusax noiaydenus skctpakroB u3 JIPC B mure-
parype He oOHapyxeHo. OnHaKo, JaHHbIE, TPUBEICHHBIC BHIIIE, CBUACTEILCTBYIOT 00 aKTHBHOW paboTe HajJ CO3AaHH-
€M DKCTPaKTOpOB, ucnois3ytommx MBT.

JI71s1 Tpa IMIIMOHHBIX TEXHOJIOTUH MPOU3BOJACTBA IKCTPakToB U3 JIPC XapakTepHbl cepbe3Hble HaYYHO-TEXHUUECKUE
nporuopeunsi. C 0JJHOH CTOPOHBI ISl COXpaHEHUs 1IEIEOHBIX Ka4eCTB MpPEnapaTroB, KOTOPbIE B OOJIBIIUHCTBE CITyYacB
SIBIISIFOTCSL TEPMOJTA0MIBHBIMU, OIPaHUYMBAIOTCS YPOBHU TEPMUYECKOTrO BO3AEHCTBHUS B MPOIECCE MaccolepeHoca. A
3TO MPUBOAUT K TOMY, UTO SKCTparupoBaHUe MPOAOIDKAeTCA HeAeIIMH. PeleHne 3TUX MpOTUBOPEUHI! JISKUT B IJIOC-
KOCTH NPUMEHCHHS WHHOBAITMOHHBIX AJIEKTPOGU3NICCKUX TEXHOJOTUH anpecHou noctaBku 3Hepruu [30 - 33] x or-
nenbHbIM dneMenTaM JIPC. TlpensapurensHeie paboTHl aBTOPOB B STOM HarpaBieHHH [34] MOATBEPKIAIOT MEpCIeK-
THUBHOCTH 3asBJICHHOT'O HAIpaBJICHUSL.

JKcHepruMeHTAJIBHbIE CTEHbl H MEeTOIMKA HccieAoBaHmil. Bo Bcex ombITax MOANEp KUBAJICS CIETYIOLIHH mo-
PAAOK BBIIIOJTHEHUS UCCIEI0BaHUM.

Ha nepBom stane npoBoauiack HOArOTOBKa 00Opa3loB U CTEH A, KOTOpasi BKII0Yalia CIEAYIOUIUE Olepalnm:
n3MepeHne Maccel wionoB (M) u skctparenra (MB); ycTaHaBiIMBasiach MOIIHOCTH MarHeTpoHa (Nm). B mporiecce
OITBITOB C TIOMOIIBIO TMPOMETPA U TEPMOMApP M3MEPSUIUCH TEMIIEPATyPhI IUIOJIOB B PEAKIIHOHHOM 00bEME U IKCTpaKTa
Ha BXOJIe U BBIXOJIe U3 KaMmepbl. Pacxox skcrtparenra (V) ompenesnsuicsi BECOBBIM METOAOM, @  ONTHYECKas IUIOT-
HocTh dKcTpakTa (J]) ¢ momomipio dorokanopumerpa Spekol. Beibopouno ompenesnsiiack KOHLEHTPALMH SKCTPAaKTa
KJIACCMYECKUM METOZOM BBICYIIMBAHUS 10 MOCTOSTHHOTO Beca. KoHIeHTparms skcTpakTa (X3) onpenensuiach 1o Tapu-
poBouHoit 3aBucuMocTH X3 = f(J]).

Meroauka 00pabOTKH pe3ynbTaToB HAOIIOICHUH BKITIOUaa:
pacueT Macchl epeleInX B paCTBOP BEIIECTB ¥ KOHIIEHTPALIUH LIEJIEBBIX KOMIIOHEHTOB B IUIOJAX

m = X3Vaps Ci=CuH- X3/, I =Mn/Mz (1)

pacuer ko3 HHUIHEHTa MACCOOTAAYN:

B=V3X>(Xu-X3)/F, F=nf )
pacder CKOpOCTH MOTOKA 1 yncia PeliHonbca:
w= O Re=wd/ v (3)
Pa*S,

B (1) — (3) mpunsTO: P3 — INIOTHOCTH IKCTpakTa; CH — HAYaJIbHOE COJEP)KAHUE IIENIEBBIX KOMIIOHEHTOB B IT0Aax; F
- IUIOMIA b TIOBEPXHOCTH ()a30BOTO KOHTAKTA; N — YUCJIO YacTull, f— CpeaHss IIoaas moBepxHocTr 1 yacTuisl; Q, —
MAacCCOBBIH PACXOJI IKCTPAreHTa; P, — INIOTHOCTh YKCTPAreHTa; S; — IIOMAab MOPUCTOCTH; d — TUaMETp TIOPUCTOCTH; V —
BSI3KOCTh 3KCTpareHTa.

KuHeTHueckre 3aBUCMMOCTH TTOJYYEHBI T 3 PasHBIX CIIOCOOOB DKCTPArMPOBAHMUS, KOTOPHIE PEATU3YIOTCSA Ha yC-
TaHOBKax (puc. 1):
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- Ha 0Oa3e TepMocTara (MIMUTHUPYET TPaAUIMOHHBIE IIPHHIHITBI SKCTPArupOBaHuUs, pHC. 1, a);
- Ha 0a3e MUKPOBOJIHOBOM KaMephl MPY HEMOJIBHKHOM CJIO€ IUIOJI0B MIMIIOBHUKA (pHc. 1, 0);
- B MHUKPOBOJHOBOM 3KcTpakTope KoHcTpykimu OHAIIT ¢ upkynsiioHHsIM KoHTYpOM (puc. 1, B).

a)
1 — peaxyuonnviii 06vem,; 2 — nioovl, 3 — 600saHas baws, 4 — MUKPOBOIHOBASL KAMePA;
5 — oxnadumenwv, 6 — XON0OUNLHASL MAUIUHA, 7 — YUPKYTAYUOHHBLI HACOC
Puc. 1 — DOxcnepuMeHTAIbHbIE CTEHAbI

CTeHJ ¢ IUPKYJIAUOHHBIM KOHTYPOM U XOJOTWILHON MAIIUHOM (pHC. 1,B) MO3BOJISI MOCTOSHHO ITOIEPKUBAThH
TEMIIEPATYPY B PEAKIMOHHOM 00beMe Ha yposHe 30 ... 45 °C, 4To CyIIECTBEHHO AJIs COXPAHHOCTH IHUILEBOM EHHOCTH
npoaykra. B kauecTBe skcTparenTta uccienoBaiach Boja.

OMnBITH IPOBOMINCH B ITUPOKOM THAMa30HEe U3MECHEHHS TapaMeTpoB (Tadu. 1).

Ta6anua 1 — Ilnana3oH 3KCIEePUMEHTAJIBHOT0 MOACTHPOBAHUS

ChpIpbe Jasnenne, MITa | Temneparypa, °C | Konnenrpanus, % | I'uapomomyis
IIumoBHUK 0,01 -0,1 45-90 8 1/1...1/4
UepHorutonHast psiOrHa 0,1 40 - 100 9 2/1...172
Kanuna 0,1 60 6,3 1/2
KiroxBa 0,1 60 6 1/2

OmnBITHI TPOBOIUIKCH C HETBIMU M PACTUTIOIICHHBIMH TUIOJIAMH, HX YaCTIMH.

O0cy:xaeHne pe3yabTaToB IKCIEPHUMEHTAIBHOT0 ModeTupoBanHusi. [[porpaMMa ONBITOB CTPOMIIACH TaK, YTOOBI
ObLTa BO3MOXKHOCTh aHATW3UPOBATH JAHHBIC SKCIIEPUMEHTOB MPU MOCTOSIHHBIX 3HaueHusx Vo, I', NMm, F u3 koropbix
(hOpMHUPYIOTCS KHHETHICCKHE 3aBHCUMOCTH KITFOUEBOT0 Mapamerpa - koadduimenra maccootnauu (B, m/c): B = f(V»a);
B=1f{); P=fAqm); PB=1(t); B = f (F). D10 mo3BONsET OLIEHUTH BIUSHAE OCHOBHBIX (h)aKTOPOB HAa MHTEHCHB-
HOCTb MaccoIepeHoca.

Bummsinne 3eKkTpoMarHuTHOrO moJisi. Ha mepBoM aTamne ycTaHaBIMBaJIOCh BiWsHUE BUIa dHepruu. CpaBHUBa-
JIMCh OMBITBHI MPU TPAJIUIMOHHOM M MHUKPOBOIHOBOM MOABOAE dHepruu (puc. 2). OMBITH ¢ YEPHOIUIOHON PIOUHOI
MOKa3ajM, YTO MPH 3KCTparupoBaHnuu B MB-mone HaOmromaercsi 3HAUYUTENBHOE YBEJIMYSHUE 3HAUEHHH ONTHYECKON
TUTOTHOCTH TTOJYYEHHBIX DKCTPAKTOB. B Tabmuie 1 mpuBeAeHbI pe3ybTaThl 3HAYCHHUI COAEPIKAHHS CYXHX BEIICCTB B
MIOJTYYeHHBIX dKcTpakTax. ComepkaHue CyXHX BEIIECTB B OKCTPaKTax, ITOJy4YEeHHBIX IpH oOpabdoTke B MB-mosie Ha
MOpAMOK BbImie. Jlaxke TPH UTUTETBHOM SKCTPATHPOBAHUH TPAJAUIMOHHBIME MeTOmaMu (TPU TPOAOKHTEIBHOCTH
nporiecca B 60 MHHYT), BBIXOJ SKCTPAKTHBHBIX BEIIECTB OKA3alics B 2 pa3a MeHbIne. BTOpoii BBIBOJ U3 MPOBEICHHBIX
OITBITOB MOXKHO CJIeNIaTh O PaliOHaJbHOM BPEMEHH Ipoliecca, U BO3SMOXKHOM orpanudenuu ero 30 munyramu. bBonee
TOT0, SKCTPAKT U3 YSPHOILIOTHOMN pSOUHBI, TONyUeHHBIH ipu 00paboTtke B MB-mosne obagaer 6ojiee BEHICOKUMU Kade-
CTBEHHBIMH ITOKA3aTEISIMH, YeM dKCTPAKT, MOMYICHHBIN TPaIUIIHOHHBIM CIIOCOOOM.

Tab6auua 2 — CpaBHUTEIbHAS XaPAKTEPUCTHKA KAYeCTBA IKCTPAKTOB YE€PHOMJIOAH O PAOUHBI IPH
PAa3JIMYHOIl POIOKUTEILHOCTH MpoLecca

KonmenTparus cyxux Beniects, % (axctparupoanue npu 40 °C)

MB-o06paboTka
(30 muR)

TpaauuoHHbIH criocob
(30 muR)

MB-o06paboTka
(60 muR)

TpaauuoHHbIH criocob
(60 muR)

10%

1%

11 %

2%

AHAJIOTUYHBIC PE3yJIbTaTaM IMOJYYCHBI U IPU MCCIICOBAHUH 3KCTPArHPOBAHUS IUIIOBHUKA (pHC. 2).

OmnpIThl (puc. 2) npoBoawinch Ha cteHmax Nel u No2 ¢ IeNbIMH IUIOAAaMU INUTIOBHUKA TpU TuapoMonyie 1:3 u
temneparype 65 °C. Bugno (puc. 2), 4T0 Ha MPOTSHKEHUM BCETO DKCIIEPUMEHTa IpuMeHeHrne MB- renepaTopa MHTEH-
CU(pHUIMPYET MPOIECC MacconepeHoca B pa3bl. [1o1ydeHo MATHKPATHOE MOBBIIICHHE BBIXO/A IIEJICBBIX KOMIIOHCHTOB.
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Baunsaue pasmepa mioga. M3eectHo [30], uto a¢dextuBHOCTh qudy3un 3aBUCUT OT pa3Mepa dactuil. C TOUKH
spenus aug¢Gy3nOHHOT0 M3BJICUCHU HanOonee 3h(HEKTUBHO IKCT-

144 1 — repmocTar parupoBaHue M3 4acTHI] OOJiee «TOHKOT0» MOMOIa. DTO CBSI3aHO C
2—- B - mamepa TEM, YTO YMEHBILIEHHE pa3Mepa YacTUl] coKpamaer myth quddyH-

12 " JIUPYIOIINX MOJIEKYN, YBEJIUYMBAETCS IIOBEPXHOCTh KOHTAKTa
. . _ ! TBEpABIX 4YacTUI ¢ XHAKOCThIO. Ho, ¢ apyroi cropomsl, Gonee
: / «TOHKHIT» TIOMOJI B PsAJIE CIIy4aeB MPUBOIUT U K YXY/IIEHUIO IIPO-
E o L[ecca M3BJIEUEHUS] BOJOPACTBOPUMBIX BEIIECTB U3 3€pHA, TaK Kak
E - / ' IIPU 3TOM MOXKET YMEHBIIAThCS CMauUBAEMOCTb MBLICBUAHBIX Yac-
E B // THII, TIPOUCXOANTH UX B3auMHas OJ0KkupoBKka. Ha puc. 3 npusenena
z : 3aBHCHMOCTD THIPOMOJYJISI U CTEIIEHH W3MENbYEHHs Sr0j YepHO-
£ o / ,  TUIONHOM PAOMHBI HA COIEPIKAHME CYXUX BEIIECTB B MONY4EHHBIX
- . e obpasuax skcrpakra. C TOUKM 3pEHHsS KOHIIEHTpAIMH JKCTpaKTa
- M JYYIIUM SIBJISIETCST 00pasell ¢ U3MEeNbYeHHBIMH ST0AaMU U COOTHO-
04 IIEHUEM STOJIBI - IKCTpareHT 2:1. OgHaKo Mpu 3TOM MPOIECC Mpo-

1 £l 1 130 MW TekaeT NMpH MeHbLIEH BenuuuMHe ABIKYLEeH cuibl. [losTomy, He
EEECL MR BCE DKCTParMpyeMble BEMIECTBA MOTYT IIEPEXOUThL B 3KCTPAKT, TO

ecTh OyIayT HaOMIOATHCS MOTEPU LENIEBHIX KOMITIOHEHTOB CBIPBSI.

Puc. 2 — CpaBHenne HHTEHCHBHOCTH Mac- CBHIIETENBCTBOM ITOTO SBJSIOTCA PE3YJAbTaThl ONBITOB, MOJIYYEH-
CONCPCHOCA NPH IKCTPArHPpOBAHUM 1IN~ HBIX Ha cTeHae Ne2, KOTopbIi ObUT cHaOXeH 0OpaTHBIM XOJIOANIIb-
noBHuKa: 1 —crenn Nel (TepMocTat); 2 - gpkom M BaKyyM HACOCOM. JTO MO3BOJISUIO HPOBOINTH HCCIEI0BA-

cren Ne2 (MMKpPOBOJIHOBAsI Kamepa) HMS [IPOLECCA DKCTPArMpOBaHUS B PeXuUMe KureHus (puc.3), HO

[pH TIOHIWKEHHBIX Temreparypax (35 ... 50 °C). [lostomy, He Bce

SKCTparupyeMble BEIIECTBA MOI'YT IEPEXOAUTH B 3KCTPAKT, TO €CTh OYIyT HAOIIONATHCS MOTEPH LIENIEBBIX KOMIIOHEH-

TOB ChIpbsi. CBUAETENHCTBOM 3TOTO SBJISIFOTCSI PE3YJIBTATHI OIBITOB, MONXYUYEHHBIX Ha cTeHae No2, KOTOpbIid ObLT CHA0-

JKEH OOpaTHBIM XOJIOAMIBLHUKOM U BaKyyM HAacOCOM. DTO MO3BOJISIIO IPOBOIUTH UCCIIEIOBAHHMS [IPOIIECCa SKCTPArkupo-
BaHUs B peKuMe KureHus (puc.3), HO IpH MOHMKEHHBIX TemmepaTypax (35 ... 50 °C).

[Mocne uccienoBaHusi KHHETUKU DKCTPAarupoBaHus B BakyyMme (puc. 4, auHus 1) TUI0ABI BTOPHYHO 3aJIMBAIKCH BO-
JIOH, N3MEPSUTNCh U3MEHEHHMST BO BpEMEHH KOHIIEHTPALUK SKCTpaKTa (puc. 4, THHUS 2). DKCTparupoBaHue MPOBOIUIOCH
B HEMOABIXKHOM citoe (t = 45-50 °C). AHAJIOTUYHO TONYYEHA 3aBUCUMOCTh U I TPEThero 3amuea (puc. 4, TuHus 3).
BuniHo, uTO HE BCe 1eNneBble KOMIIOHEHTHI H3BIICUSHBI [TOCIIE TIEPBOro onbITa. [103TOMY, KOPPEKTHBIN BBIBOJ O BIUSIHUN
THIPOMOJYIISE MOJKHO CZENaTh MO BelWYrHe KOd((UIMEeHTa MacCOOTauu W Ha OCHOBE aHaJK3a JIMHUH UCTOILICHUS
TBep0i (asbL
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1 —uyenvie 1:1; 2 —usmenvuennsie 1:2;
3 — usmenvuennvie 1:1; 4 — uzmenvuennvie 2:1.
Puc. 3 — Bausinne ruapomMoayJisi U cTeNeH u3-
MeJIbYEHHS SIT0]] HA KHHETHKY IKCTPATMPOBAHNUS Puc. 4 — U3MeHeHHEe KOHIIEHTPALMH KCTPAKTA
YePHOIJIOAHON PSAOUHBI IIHMIIOBHUKA

BimsiHMe BHIa SHEpruM M pazMepa IUioja WLTIOCTPUPY-
€TCs ONBbITaMU C IMIUIMOBHUKOM (puc. 5). MccnenoBanuch neible 3epHa B TepMocTare (uausA 1) u B MB-3kcTpakTope
(munHus 2). MTHTEHCHBHOCTH MacCOIepPeHOCa U3 MOJIOBUHOK 3ePEH pacTeT B pa3bl (puc. 5, THHUS 3).
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KommiekcHoe BiIusiHHE TEMIIEPATYPbI U MOIIIHOCTH MB — noas. I/I3BCCTHO, YTO TEMIICpATypa ABJIACTCA q)aKTO-

3 - POM, 3HAYUTENIFHO UHTEHCU(QHUIUPYIOIIMM MPOLECC M3BIICYSHUs BO-
3 ’/' - JIOPaCTBOPUMBIX BEILECTB, TaK KaK €€ yBeIW4YeHHE NPUBOAMT K BO3-
2.3 Y4 PACTaHUIO CKOPOCTH dKCTparupoBaHus [7]. OmHaKo, CIEKTpajbHbBIE
/ - /J KPHBBIE SKCTPAKTa U3 YEPHOILIOMHOMN psIOMHBI, IPUBEIACHHBIE HA PHC.
2 6 TOKa3bIBAIOT, YTO MPOBEJCHUE MpOILEcca IKCTPAarHpOBAaHUS IPU
. ;/ /4 BBICOKHX TEMIIEpaTypax MPUBOJNT K Pa3pylICHHIOKOMILIEKCa OHOJI0-
12 L IMYEeCKU-aKTHUBHBIX BELIECTB ChIpbs. lIpoBeneHue mporecca B MB-
’/ none npu Temreparype 40 °C maer pe3ynbTarhl JIydlle, YeM MNpU
! o BBICOKHX TEMIIEpaTypax, Tak Kak IpH 3TOM HE HMPOUCXOIAT (PUIUKO-
XMMHUYECKHE HM3MEHEHUs CBIPbs, YTO IOBBIMAET (YHKIMOHAIBHBIE

02 CBOICTBa TOTOBOTO MPOAYKTA.
o | 1 B ompiTax ¢ menbiMy IIIOAaMU IIMIIOBHUKOM B HEMOJBH)KHOM
o 100 200 300 400 so0  soo cyoe (creHabl Nel u Ne2) cpaBHUMBAJIOCH KOMIUIEKCHOE BIIMSIHUE TEM-

T, MEH

nepatypsl U Buza sHepruu. OKa3anoch, U4TO 332 OJUHAKOBOE BPEMs
HKCTPAarHpOBaHUs KOHILIEHTPAIHs pacTBopa Oblia paBHOW U ISl Tpa-
JUIMOHHOM TEXHOJIOTUH, U 1S riporiecca B MB — skctpakrope (puc.
7). OnHako onbIThl Ha cTeHae Nel MpoOBOMMITUCE IPU YPOBHE TEMITE-
patyp 70 °C (puc. 7, 1), a Ha crerme Ne2 - npu 20 °C (puc. 7, 2). DHeproeMKocTh mporecca MB — skcTparupoBaHus
cocraBmsuia 0,3 M/Ix na 1 xr mioznos. [Ipu MB — skcrparupoBanuu Ha yposae Temrnepatyp 70 °C (puc. 7, 3) sHepro-
€MKOCTb BBIpOCia B 4 pasa, a BHIXOJ LIEJIEBHIX KOMIIOHEHTOB — B 3,5 pasa.
3 P 0.7
= _\\‘ 0.6
2 ?y‘
g
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;’ ":!‘ 0.
*\
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Puc. 6 — CnexTpajbHble XapaKTepUCTHKA Puc. 7 — Bausinne BUIa JHEPTrUH M TeMIIePaTyphI
IKCTPAKTOB Y€PHOIIONHON PSAOUHBI HA KHHETHUKY 3KCTPArHPOBAHMS IIMIOBHUK

MOXHO czienaTh BBIBOJ, YTO JAEHCTBHE MUKPOBOJHOBOTO ITOJISI BJIMSET Ha CKOPOCTh SKCTPAarupoOBaHUs B OOJbIIEH
Mepe, 4eM TeMIiepaTypa mporecca (puc. 6, 7).

Bummsinne Buaa ceipbsi. Pa3paboTka TEXHONOTMH M3BJICUSHUS! SKCTPAKTUBHBIX BELIECTB U3 PACTUTEIBHOTO CHIPhS
JIOJDKHA TIPOBOJIUTHCS C YY€TOM MUHHMMU3AIMM BPEMEHH MPOBENEHHUs Tpoliecca U sHeprozarpart. [lomyueHHsld 1po-
JIYKT JIOJDKEH OBITh 0€30MaceH B MHUIIEBOM OTHOLICHUH [0 MHKPOOMOJOTMYECKHM M (DPU3UKO-XMMHUYECKHM ITOKa3arTe-
JISIM; a pa3paboTaHHasi TEXHOJIOT s TOJDKHA OBITh JOCTYITHOM ISl IPENIPHUSTHI MUIIEBON U NepepadaThIBaromen mpo-
MBIIIJIEHHOCTH, U JIETKO BHEIPSEMOH YK€ B CYIIECTBYIOIIME TEXHOIOTHYECKHE JIMHUU POU3BOJICTBA MTPOIYKTOB ITUTA-
Hust. OOBEKTaMU UCCIIEIOBaHMI OIpe/IeeHbl: YePHOIUIOAHAS PSIOMHA, KITIOKBA KaJMHA. AHAIN3UPOBAJIMCH CIIEKTPaIIb-
HBIC XapaKTEPUCTUKHU IKCTPAKTOB (pHC.8).

DKCTpaKT U3 YEPHOIUIOMHOMN PSIOMHBI UMEeT OOJIbIllee 3HAYCHUE ONTHYCCKOHN IIOTHOCTH (puc. 8). UepHomionHas
psa6uHa comepkuT ButaMuHb (A, B, C, PP), MukposneMeHTsl (K0OaIbT, Melb, IIUHK, JKEJIE30 H T.II.), aMUHOKUCIIOTHI,
OpraHUYeCKUe KHUCIOTHI, aHTOLMAHBI, TAHUHBL, (1aBoHOUABI. OCOOEHHOW LEHHOCTHIO SIBJSIETCS €€ CIIOCOOHOCTh KOH-
LIEHTPUPOBATh CEJICH U HakamumBath Hoa. Conepikanue Honma B Heit 0,005...0,01 Mr/100r, CTOIBKO €ro COMEPIKUTCS B
KpacHOH CMOpOJIMHE U XypMe, a OoJblle B IUI0Aax (elixoa, KOTOpble U3BECTHBI KaK JYYlIMe KOHIEHTPATOPHI 3TOTO
anemenTa. Ho camoii 1IeHHO# cocTaBJIsIfoNIel YepHOIUIOAHON PSIOMHBI SIBISIOTCS OMO(IaBOHOMIBI, KOTOPbIE UMEIOT P-
BUTaMUHHBIE CBOMCTBa — KaTeXWHbI, (ruaBoHONbl, aHTonuaHsl [38-40]. To ecth, uyepHOIUIONHAS PSOWHA COINEPIKUT
OoIbIlle BCETrO KPacsIIUX BEHIECTB U (DYHKIMOHAJIBHBIX KOMIIOHEHTOB M, COOTBETCTBEHHO, IIEHHAsI KaK ChIphE JJIsl TO-
Jy4eHHs PACTUTEIBHOTO IKCTPAKTA.
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Puc. 10 — 3aBucumocts K03 prumenTa MaccooTaaum o1 ynuciaa PeiiHoabaca

BiinsiHue CKOpPOCTH MOTOKA IKCTPAreHTa. 3agayell 3TONH CEpPUH OINBITOB SBJSUIOCH YCTAHOBHTH HEMOCPEACTBEH-
HOE BIMSHHUE HAa MacCOMEPEHOC CKOPOCTH MOTOKA dKcTpareHTa. OMbITH POBOAUINCH Ha cTeH e Ne3 ¢ 1ebIMu 1m1o1a-
MU IIUITOBHHUKA.

Pe3ysbTaThl ONBITOB MO3BOJISIOT CAEIAaTh BBIBOJ, YTO C YBEIHUCHHEM Pacxoja B 5 pas, BBIXO SKCTPAKTUBHBIX Be-
IIIECTB PacTET NPaKTHYECKU Ha MOpaoK (puc. 9). OOBICHUTE 3TOT (GaKT MOXKHO TEM, YTO YMEHBIIAETCS TOJIIIHHA IH()-
(y3MOHHOTO MOIPAHUYHOIO CJI0S U YBEIUYUBAETCS IUIOMIAL MOBEPXHOCTH (ha30BOT0 KOHTAKTA «ILIOM - SKCTPAareHT.
BMecTe ¢ TeM peXHMBI T€YEHUs B CJI0€ IUIOAOB ObUIM JJAaMUHAPHBIE, O YeM CBHIETENbCTBYIOT 3HAYCHUS uucen Peii-
Hojbaca (puc. 10).

IMonyuennas 3aBUCHMOCTD (puc. 10) MOKET HCIONB30BATHCS MPU MPOEKTUPOBAHUM MHUKPOBOJIHOBBIX 3KCTPAKTO-
pOB.

BoiBoabl. MUKPOBOJIHOBEIE TEXHOJOIMH SIBJISIFOTCS TEPCIIEKTHBHBIM CPEICTBOM IEPepabOTKH JIEKAPCTBEHHOIO
PaCTUTENLHOTO CHIPBS B MPOIECCaX KCTPardpoBaHus. be3rpajueHTHbIM MOABOA SHEPTUU BO BCEM 00BEME IUIOIO0B
MO3BOJISIET OPraHM30BATh MSTKUE PEKUMbI SKCTPATHPOBAHUSI, MOJIYYUTh KAYECTBEHHBINA MPOAYKT MPU CHIKEHUH SHEP-
TeTHYECKHUX 3aTpar. BBIXOA LIENEBBIX KOMIIOHEHTOB OCYINECTBISETCA MpH Temmeparypax m0 50 °C, mpomomKUTels-
HOCTb MPOIecca COKpAIAeTcs B pasbl, a, HHOT/IA, U Ha MOPSJIOK.
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