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OaHHble N0 ONMUMANLHLIM DENCUMHbIM Nnapamempam Ons OUOCHMUMYTAYUU CeMAH, CMepUUIAYUU CONOMbl NpU NOO20MOBKe
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Memo008 MUKpPOBOIHOBOU 06pabomku Ha ochose Oaunbix no KII[ MukpoeonHogol Kamepvl ¢ 3a2pyx#caembiM Mamepuaiom.
Onpedenenvl ycaosusi docmudicenus makcumanvrhoeo KIIJ/[ paboueii kamepol npu ee 3a2pysKe pasiuiHbIMu UOAMU PACMUMENbHO20
Mamepuana.

Kniouesvie cnosa: mukpogonnosoe noie; pacmumenvHds mMKanb, 06paboOmKa; dHepeus; menioma; ONMUMAlbHble Napamempbl;
K0aghuyuenm nonesno2o delicmeus

STUDY OF EFFICIENCY OF MICROWAVE PROCESSING OF MATERIALS
OF PLANT ORIGIN

1. BOSHKOVA, N. VOLGUSHEV A

Odessa national academy of food technologies, Odessa, UKRAINE

ABSTRACT The results of the investigation of the action of the microwave electromagnetic field on materials of plant origin for the
purpose of determining optimal processing conditions in various technologies (seed biostimulation, heat treatment of a straw
substratum, extraction of biologically active substances) are presented. The method of achieving this goal is a generalization of the
calculated values for the heat of conversion of the microwave field energy when processing materials of different nature, with
different moisture content and varying the loading of the microwave chamber. It is claimed that in order to obtain the effect of
biostimulation, it is required to withstand the regime parameters at a level that does not allow the rupture of the cell walls, while in
the preparation of the substrate this effect is preferable. When extracting biologically active substances (BAS), the development of
pressure gradients in plant tissue helps to speed up the process, however, for every particular type of BAS, it is necessary to
withstand the level of temperatures that can not damage the final product. The data on the optimal conditions for the microwave
effect on a specific plant material for various technologies are obtained in the form of parameters such as the specific heat flux, the
heating rate, and the processing time is obtained. is presented. On the basis of the calculations, the curves of the efficiency of the
chamber on the mass of the material being loaded are obtained. Analysis of the curves led to the conclusion that when processing the
plant materials under study, the ratio of the volume of the chamber to the volume of the material should be no less than ten. The
maximum value of efficiency is achieved for the material, which is humidificated according to technological conditions.

Keywords: microwave field; plant tissue; processing; energy; heat; optimal parameters; efficiency.

BBenenne HanpaBJICHHBIMHA Ha ONpeacIICHNE panroHaJIbHBIX

PEXKNUMOB. Hogas MHUKPOBOJIHOBAsA TEXHOJOTHUA MOXKET

Harpee B MHKpPOBOTHOBOM JJIEKTPOMAarHUTHOM  OKa3aThCsl KOHKYPEHTOCIIOCOOHOHM, €CITi  ITO3BOJISET
IOoJIC MaTcpualioB, COACPKAIIUX TMOJAPHBIC MOJICKYJIbI TMOJIYYNUTh KOHEYHBIH MMPOAYKT, CYIECTBEHHO
(TakMe Kak BOJA, CIHPTHI, XUPHBIC KHUCIOTHL, OCIKH) INPEBOCXOISIINM 1O CBOMM CBOWMCTBAM IOJIydaeMbIH MpHU
JABHO 3apEKOMEHIO0BaN ceOsi Kak 3(G(GEKTHBHBIA METOZ  MOMOIIM  TPATUIMOHHON  TEXHOJOTHH. PazButne
00pabOoTKH, MPUMEHEHUE KOTOPOTO HAXOJAIT B PA3IMYHBIX  PA3MYHBIX TMPUMEHEHWA MHKPOBOJIHOBON 00pabOTKH
obnactsax TexHuku. OTHAKO Pa3BUTHE HOBBIX TEXHOJOTHHA  OOYCIIOBJICHO NIPUHLIUANHAIBHBIMA (busnIecKuMu
MHUKPOBOJIHOBO 00paOOTKM dYalle BCEro HAYMHACTCS C  OTIAYMSIMU MIPOLIECCOB u pe3yJIbTaToB oT
MOMNBITOK 3aMEHbl TPAJULMOHHBIX HCTOYHMKOB TEIUIa B COOTBETCTBYIOMIMX TPAAUIMOHHBIX TeXHOJIOTUH [1, 2].
CYILIECTBYOLIUX TEXHOJOTHUAX Ha HUCTOYHUKU TepmooOpaboTka MaTepHalioB  PACTUTEIHHOTO
MHUKpPOBOJIHOBOTO  HarpeBa. Takas 3aMeHa OyJIeT  IPOWCXOXICHHUS  SBISCTCA onpeaensdomen s
SKOHOMHYECKH BBITONHOW B TOM CIIydae, €CIId OHa  OOJBIIMHCTBA TEXHOJIOTUYECKUX MIPOLIECCOB, B
COIIPOBOXKIAETCS.  KOMIUIGKCHBIMH ~ HCCJIEOBAHUSMH,  YaCTHOCTH, CYIIKH, SKCTPATHPOBAHUS U OMOCTUMYJISIIHH.
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Hecmotpst Ha cBoe pa3HOOOpa3uWe, pacTHUTEIbHbIE
MaTepHaibl UMEIOT OOIIYI0 CIIeHU(UKY, KOTOpask COCTOUT
B CTPOCHUH PACTUTEIBHBIX KIETOK, AHU30TPONHU U
HaJIM4YuAa BCHICCTB COo CBOMCTBAMH TMOJIAPHBIX
JURJIEKTPUKOB. DHEPreTHYeCKU KPU3UC U yBEIHUEHHE
Crpoca Ha MPOAYKIHIO YJIYYIIEHHOTO KauecTBa BBI3BAIN
HEOOXOJMMOCTh ~ COBEPLICHCTBOBAHUS  TPAJUIIMOHHBIX
TEXHOJIOTMA M Pa3BUTHS HOBBIX. B 3TOM HampaBiieHHH
METO/Bl C HCIOJB30BaHUEM JHEPIHMH MHUKPOBOJIHOBOTO
anekTpoMarautHoro noast (MB OMII) nusnekTpudeckux
MaTepHalioB  JaBHO  3apEKOMEHAOBAM  ce0s  Kak
BBICOKOA((PEKTUBHBIE, NMPUMEHEHHE KOTOPBIX HPU3HAHO
LeJIeco00pa3HbIM ULt MOJICpHU3AINN psina
TEXHOJIOTHYECKHX CXEeM TIPOM3BOACTBA W 00pabOTKH
MaTepHaos.

Kak Obuto ycranoBneno [3, 4], addexTuBHOCTD
NPUMEHEHUs] KaXIOr0 W3 PacCMaTpUBAEMBIX METOIOB
CBsi3aHa C U3MCHEHHEM CTPYKTYpPbl pacTHTENHBHOTO
Marepuana B xoiae MB o6paborku. Ecimu B Mmetone
OMOCTHUMYJISIIMM  CEMSIH  ONHOM M3  3amad  SBILUIOCH
HCKIIIOYEHHE PEXUMOB, HapyIIAlOIUX LEJIOCTHOCTD
KJIETOYHBIX CTEHOK [5], TO mpu NOATOTOBKE CyOcTpaTa Ha
OCHOBE COJIOMBI pa3pylIeHHE PacTUTEIBHOW CTPYKTYPHI
SIBISIETCS JKenaTelnbHbIM. McciienoBanmst [6] mokasanw,
YTO TOBEPXHOCTh HCXOIHOTO COJIOMHCTOIO MaTepHana

npexacraBisier  cobOM  MIamKyl0o M OTHOCHTEIBEHO
OJTHOPOJIHYIO TOBEPXHOCTh MO BBICOTE, B TO BpEeMs Kak
NOBEPXHOCTh  0OpaboTaHHOro oOpaslia  OTJIMYAeTCs
CYILECTBEHHOM IIEPOXOBATOCTHIO. [MonyueHnsie
pe3yibTaThl  CBUICTENBCTBYIOT O  pacUIMpPEeHHH
KaIlMJUIIPOB BCJIEJCTBUE MUKPOB3PBIBOB.

B HacTosimiee Bpems CO31aHBI  OCHOBBI  JUISl

MIPAaKTHUECKOTO TIPHMEHEHUsI B CEIbCKOM XO3SHCTBE
MHKPOBOJIHOBOH ITPEANOCEBHON TEXHOJOTHU 00paboTKH
cemsH [2, 3]. OueHka BIUSHHS BPEMEHH MUKPOBOIHOBOU
SKCMIO3WIMM  HAa  CTHUMYJIUIO  Bcxoxkectd  [7]
JIEMOHCTPHUPYET HallM4re onTuMyMa, ipu 10 ¢ o6paboTku
BCXOXKECTh ~ AocTuria  Makcumyma. OpjHako — He
OTMEUArOTCs yJIeNIbHBIC 3aTpaThl SHEPTUH (Ha KHIOrPaMM
CeMsiH) C y4eToM Ko3((HUIMEHTa IOJIC3HOr0 ACHCTBUS
Kamepbl. BbUIO OJHO3HAYHO OINpPEIENICHO, YTO BIIUSHUE
00pabotku B MB monie mposBIsieTCS CYIICCTBEHHEH Ha
CeMEHax C U3HAa4YaJbHO HEBBICOKOW BCXOXECTHIO, YE€M Ha
ceMeHax, JJabopaTopHasi BCXOXKECTh KOTOPBIX COCTaBIIsIa
Beiie 95 %. BoszgelicTBuE MHMKpPOBONH 3HAYHUTENBHO
YBEIMYMIIO SHEPTUH TPOPACTaHUS M TPOpacTaHus y 8-
JIETHUX CeMSTH MOpPKOBH [§]. MakcuManbsHOe IpopacTanue
CEeMSH MOPKOBHU OBUIO yCTaHOBJIEHO Ha "yactore 9,3 I'Tn
NpU BO3AEHUCTBUU A0 5 MUH. JlelicTBHE MUKPOBOJHOBOIO
AJIEKTPOMArHUTHOTO TIOJISI HA CEMEHa CIIOCOOHO MPHUBECTH
K CyLIECTBEHHOMY Ouoctumynupytomemy dddekry,
KOTOpBI TMpOSIBIISIETCS HAa BCEX OJTalax BereTaluu
pacrenuit  [9, 10]. IlposBieHne OUOCTUMYJISIIIUA
3aKJIIOYAeTCsl B  YBEJMYEHHHM DHEPIHMU  BCXOXKECTH,
SHEPruM IPOpacTaHus, a IpH pOCTE pacTeHHH U3
00paboTaHHBIX CEMSH — B YCHJICHUH KOPHEBOM CHCTEMBI,
cokpamenun (a3 Beretauuu. ITOT 3((heKT HadIroNAIN
Kak Tnpu 00paboTke ceMsH, Tak M IpH 00paboTke
kimyOHe#t kaprodens [11]. Ilpu skcrmo3umuu mo 20 MuH.

Ha gactoTtax 38 I'T', 46 I'Tu u 54 I'T'y uccnegoBarenn He
HAOJIOAAH BIUSHISI MUKPOBOJTHOBOTO M3JIyYECHHUS Ha BEC
ypoxkast kaprodens kinyoneit Felka Bona. M3nyuenne na
yacrote 2,45 I'Tu mamurensHOCThI0O 10 ¢ M MOIIHOCTBIO
MHKPOBOJIHOBOTO  reHeparopa 100 Bt, BeI3BaIM
HAUOOJIBIIIHIA poct GroMacchl B CEMEHHBIX
KapTO(eNBHBIX 3apOJbIIIaX U YBEIWMICHUE Beca KITyOHEH
Felka Bona. B akcmepumentax [12] Habmromamocs
CYIIIECTBEHHOE yBENWUYEHHEe OuomMaccel (mo 66 %) c
YBEJIMYEHUEM BPEMEHHU 3KCHO3ULUU OT 12 MuHyT 1o 20
MHHYT TI0 CpPaBHCHHIO C KOHTpOJeM. B HEKOTOpBIX
cy4asx OHOCTHUMYINSALHNS IPOXOTUT OJHOBPEMEHHO C
nesuHdpexnuer [9, 12]. O6paborka cemstH MB OMII
SIBIISICTCSI  DKOJIOTHYECKHM UHCTBIM M 3 (EKTUBHBIM
MeronoM [13]. OnmHako HET OJHO3HAYHBIX MAHHBIX TIO
pexuMam 00paboTKH Pa3ITUYHBIX CeMsIH B
MHKPOBOJIHOBOM II0JIe, YTO HE JaeT BO3MOXKHOCTH C
JIOCTATOYHOM TOYHOCTHIO MPOTHO3UPOBATh PE3YJIbTaT.
D10 cHIKaeT A((HEKTUBHOCTH IPUMEHEHHS METO/IA.
Henoctarounas TOJMHOTa  WCCICMOBaHWUN IO
KaXJIOMY W3 IPOILIECCOB HE MO3BOJSIET MPOTHO3UPOBATH
3¢ ¢QeKTH, BO3HUKAIONINE B MaTepuane, H OICHUTH
SHEPreTHIeCcKyo 3 (HEeKTUBHOCT UX MPHUMEHEHHS.

eab padoTsl

OrneHka ycCJIOBUHM MOJy4YeHHS ONTHMAJIBHOTO IIO
SHEPreTHYecKUM napameTpam 3¢ddexra MUKPOBOIHOBOTO
BO3HCﬁCTBHH B Ppas3InYHbIX TIPUIIOKCHUAX
MHKPOBOJIHOBOM 0OpPabOTKH PACTUTENBHBIX MAaTEPUATIOB
(oOe33apaxMBaHUU C LETBIO MOJyYeHUs] cyOcTpaTa Juist
JIEPEBOPA3PYIIAIONIUX IPUOOB, OMOCTUMYJISIMHA CEMSH U
9KCTPArUpOBaHUH OUONOTHYESCKH aKTUBHBIX BEIECTB).

HN3i10keHne 0CHOBHOTO marepuaJjia

UccnenoBannss 0coOEHHOCTENW B3aMMOIEHCTBHUSI
MHKPOBOJIHOBOTO JIEKTPOMAarHUTHOTO OIS c
pacTUTENBbHBIMHE MaTepHalaMH C LENbI0 pa3paboTKH psia
HOBBIX HMHTCHCHBHBIX M DHEPreTHYECKH S(PPEKTHBHBIX
TeXHOHOFI/Iﬁ, K KOTOPbIM OTHOCATCA MNPCAIIOCECBHAA
00paboTka ceMsiH (OMOCTHMYJISIIUSL CEMSIH), TOATOTOBKA
pacTUTENBHOTO cybcrpata JUIst MIPOM3BOJICTBA
JIepeBOpa3pyIIalOMX TIpuOOB W IKCTparupoBaHHe
OMOJIOTHYECKN aKTUBHBIX BEUIECTB, MPUBEIH K BBIBOIY O
HEOOXOAMMOCTH YCTaHOBJICHHS OOJIACTH  PEXHUMHBIX
mapaMeTpoB OOpabOTKH, MOATOTOBKU CHIPS M YCIIOBHH
ero 3arpy3ku. HecMoTps Ha CymiecTBEHHBIE pa3ludus B
KOHEYHBIX LEJISIX 00pabOTKM AT yKa3aHHBIX METOJIOB, UX
o0BbeMHSET TO, YTO B THpoliecce mnpeoOpazoBanusi MB
SHEPruM BO BHYTPECHHIOI JHEPIuIO Teja OCHOBHAs e
4acTh MJIET Ha HArpeB MaTepualia U NPeHeOPEKUMO MaJIo
— Ha wucnapeHue Bojbl. OCHOBHOE, YTO OTJIMYAeT
o0pabaThIBaGMble  PACTHTEIBHBIC  MaTEpHUAbI B
yKa3aHHBIX METOJHMKAaX — CYIIECTBEHHOE pa3iiMyhe BO
Biarocozepkanu. Tak, Npu NpeArnoceBHOi oOpadoTke
CeMsIH BJIaroCOZIepKaHne COOTBETCTBOBAJIO
pPaBHOBECHOMY, ITIpH IIOJATOTOBKE CyOCTpara — YpPOBHIO
BIaXHOCTH 73%, mpH Tmpoueccax SKCTPArHpOBAHMS

BICHUK HTY "XIII" Ne 9 (1285)



ISSN 2079-5459 (print)
ISSN 2413-4295 (online)

CEPLA "HOBI PILIEHHA B CYYACHUX TEXHOJIOI'IAX"

BJIArOCOJIEP>KAHUE CTPEMMIIOCH K 100%.
COOTBETCTBEHHO, pAa3IUYHBIE LEIH MHKDPOBOJHOBOH
00paboTku ompenenuian psaj crennGUIecKux 3amad s
Ka)XXJJOr0 U3 pa3padaThiBaeMbIX METOIOB.

OCOOEHHOCTH KaXIOro U3 paccMaTpHUBaeMOro
MeTola  CBsi3aHbl C  W3MEHEHHEM  CTPYKTYpPbI
pacturenbHoro Mmarepuana B xoxe MB o6paborku. Ho
€CII TIpH Pa3BUTHM METOJla OMOCTHMYJISILIMK CEeMSH
OMHOM W3 337a4 SBISUIOCH HCKIIOYEHHE DPEXHUMOB,
HapyIIalOMIMX IENOCTHOCTh KIJIETOYHBIX CTEHOK, YTO
MIPUBOJUT K THOENMN CEeMSH WIM K YTHETEHHIO pOCTa
pacTeHui, TO MpH MOATOTOBKE PACTHTEIHLHOTO CyOcTpaTa
U TIpH DSKCTPAarMpOBaHUHU pPa3pyIIEHHE PACTUTEIHbHON
CTPYKTYPBI ABJISIETCS ’KEIATEIbHBIM.

B pesynprate mccmenoBanHus 3¢ (GEKTOB BIMSIHUSA
MHKPOBOJTHOBOT'O 3JIEKTPOMAarHUTHOTO TOJS HAa CeMeHa
ObUTa TMpeIoKeHa THIOTe3a [5], COrIacHO KOTOPOW
NPUYMHON BO3HUKHOBEHUS ddekra OUOCTUMYISIINN
MOXKHO CYMTATh YJy4IIEHHE TPAHCIIOPTHBIX CBOMCTB
MIPOBOAAIIEH CHCTEMBbI PACTUTEIILHOW TKAaHH BCIIEICTBHE
Pa3BUTHS BBHICOKMX T'PaJMEHTOB JaBJICHUS B 3aMKHYTHIX
MHKpPOOOBEMax MHUKPOPHUOPHILT KIETOYHBIX CTCHOK U
IOp, 3allOJHEHHBIX CpeNod, CIOCOOHOH IoriIomars
MHKPOBOJIHOBYIO SHEPTHIO.

Crenyromas MEPCTIEKTUBHAS TEXHOJIOTHS,
BKJIIOYAIOIIAS ~ METOZ  MHKpPOBOJHOBOW  0OpabOTKH
pacTUTENBEHOTO Marepuana, OTHOCHTCS K
KyJbTHUBUPOBAHUIO JIEPEBOPA3pYLIAIOIINX TPUOOB, TAKUX
KaKk BelleHKa " IIMu-Take. Ha ceromHsmHui JOeHb
CbelloOHBIE TPUOBI OTHOCSTCS K LEHHBIM IPOAYKTaM
MUTaHUS JIIOJCH Onaromapst OOJBIIOMY COJCPIKAHHIO
0€eJKOB, OaNIacTHBIX BEIIECTB, HEKOTOPHIX BHUTAMHUHOB
(PP, C u rpynmel B), HU3KOMY CONEpXKAHUIO JKUPOB U
HU3KOM KalopuiHOCTH. B mOMHON TeXHOIOrH4ecKoil
CXeMe KyJbTHBHUPOBAaHHs I'pHOOB Hanboyiee CIOKHBIM U

SHEPrOEMKHM MPOLIECCOM SIBJISIETCS mpotiecc
MIPUTOTOBJICHHS pacTUTENBEHOTO cyoOcrpara.
TpaaunnoHHBIC BHIBI TepMOOOPabOTKU TS

CTCpUIM3allui U MacTCpu3aliui JJIIUTCIbHBI U Tpe6yIOT
Oompmmx 3aTpaT SHepruu. Kpome TOro, cCymiecTByer
npobiema HEO/IHOPOJHOCTH Harpesa n3-3a
HEPaBHOMEPHOCTH 3arpy3KH KaMepbl MaTepHaIoM, a CaMH
MacTEePU3aIlMOHHBIE WM CTEPHIM3aLUOHHbBIE YCTaHOBKU
OTIIMYAIOTCS  BBICOKOM  cromMocThlo.  Hapymenne
TEXHOJIOTHYECKOTO IpoIecca IpH NOATOTOBKE cyOcTpara
MIPUBOJUT K YXYHIIIGHWIO €ro KadyecTBa B pe3ysbTare
0OCTHEHUS] TUTATENbHBIMH BEIIECTBAMH M HACHIILCHUS
MIaTOT€HHBIMH TOKCHHAMH, YTO MPUBOIMT K ITOPAKEHHIO
MHUIEIHA W IUIOJOBBIX Ten (uromaToreHamMu. Tak, B
pasHBIX cyOcTpaTax (KyKypysa, MIIeHHIa, OBeC, OTpyoH,
JKMBIXA W JIp.) JIOJII TOKCUTEHHBIX T'pUOOB, HAMpHUMED,
OPOAYLMPYIOMMX a(IaTOKCUHBI, cOocTaBisieT oT 2,8 1o
94,3%. D10, B CBOIO ouepeAb, BEIET K UPE3MEPHOMY
UCTIOJIb30BAHUIO AHTHCENTHKOB W (QYHTUIUAOB IS
3alIUTBl KYJIbTUBUPYCMbIX FpI/l60B, YTO 3HAYUTCIIBbHO
yXyIIIaeT HE TOJIBKO IKOHOMHYECKHE IT0Ka3aTeNd Ipu
MIPOMBIIUICHHOM BBIPAIIMBAHUU TPUOOB, HO M KayeCcTBO
npoxykra. B ommume OT TpagMIMOHHBIX CIIOCOOOB
TepMUYecKoil 00paboTku cyOcTpara IUIsi BRIpAIlABAHUS

BEIICHKH, NPHUMEHEHHE MHKPOBOJHOBOW TEXHOJIOTHH
UMEET ps CYLIECTBEHHbIX mpenmymiects. K Hum
OTHOCHUTCS:

— BBICOKasi CKOPOCTh TOBBIIICHHS TEMIIEPaTyphbl B
cybcTparte;

— OJHOBPEMEHHBI OOBEMHBIH M PaBHOMEPHBIH
HarpeB BCETO CyOcTpara, HaXOoJsIIerocs B 30He paboueit
kaMmepsl MB ycraHoBKY;

— BBICOKas CTEpWJIHOCTH Ipolecca 00paboTKH
cyOcTpaTta, 6oee KoM(pOpPTHBIE YCIOBHUS TPYAA;

— CYIIECTBCHHOE COKpAIIEHHE JUINTEIHLHOCTH
00paboTku cyOcTpara B paboueii kamepe (10 5-8 MUHYT).

— CHIDKCHHE WHQUIIMPOBAHHOCTH cyOcTpaTa 3a
cyerT creruduyeckoro xapakrepa BIusHuI MB moxs Ha
KOHKYPEHTHYIO0 MUKpO(IIOpy.

TepmoobOpaboTka c HCIIOJIb30BaHUEM
MHUKpPOBOJIHOBOTO METOa B PEeXHMax, YIy4IIaIoIIuX
MUTaTeNbHBIE sl  MUIEIHsS  CBOMCTBA  COJIOMBI,
OOBSICHSIOTCS. M3MEHEHHEM CTPYKTyphl Martepuaia. Ha
puc. 1 mpexacTaBiIeHBl MOJENH, MOJTyYeHHbIE Ha OCHOBE
ATOMHO-CHJIOBOTO METOJa 30HJOBOW MMKPOCKOIHH [6].
JIyist TosTydeHusl TaHHBIX HCIIONIB30BAJICS CKaHUPYIOIIHN
30H10BEIH MuKpockon (C3M) NanoEducator, koTopsrit
MO3BOJISICT AHAIM3HPOBAaTh MaTepHal C HAHOMETPOBBIM
YPOBHEM IIPOCTPAHCTBEHHOTO Pa3PEIICHHS.

a o6

Puc. 1 — Ilosepxnocms conomucmozo mamepuana
pasmepom 23x23 mrkm [6]:
a — ucxoOHwiti mamepuan, 6 —obpabomannwiii 8 MB none

BuzHO, 4TO MOBEPXHOCTH HCXOAHOTO COJIOMUCTOTO
Marepuana  IMpeACTaBiseTr  co0Oi  TIajgKkyro U
OTHOCHTEJIFHO OJHOPOAHYIO MOBEPXHOCTBH IO BBICOTE, B
TO BpeMsl Kak I[OBEpXHOCTh 0OpaboTaHHOrO o00Opasia
OTIIMYaeTCs CYIIECTBEHHOMN IIIEPOXOBATOCTHIO.
[MonmydeHHble  pe3ynbTaTbl  CBHICTENBCTBYIOT O
pacIylieHuH LEJUTION03bl  BCIIEACTBUE MUKPOB3PHIBOB.
[MpencraBnsiercs, dro g monydeHus  ddderra
OonoctumyIsi - TpeOyeTcs BBIICPKUBATH PEKUMHBIC
napameTpsl Ha YpOBHE, HE JOIYCKAIOIIUM pPa3pHIBOB
KJIETOYHBIX CTEHOK [5], B TO BpeMs Kak NpH HOATOTOBKE
cyOcTpata 3TOT JQQeKT HYXKHO [HocTHdb. [lpu
9KCTPArUPOBAaHUHM OHOJIOTMYECKH AaKTHBHBIX BEIIECTB
(PAB) pa3BuTHE TPaIMEHTOB AABICHHUA B PACTHUTEILHON
TKaHU CIIOCOOCTBYET YCKOPEHHMIO IIPOIecca, OAHAKO MPH
9TOM JUTS KaKIA0ro KOHKpeTHOoro Buaa BAB HeoOXxoaumo
BBIIEPXKMBATh TOT YPOBEHb TEMIIEpaTyp, KOTOPHIH He
CHOCOOEH MOBPEIUTh KOHEUHOMY TNpoaykTy. I[losTomy
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NpEeABApUTENBHO  MEpPE]  OLUEHKOM  SHEepreTU4ecKou
3¢hGEKTHBHOCTH MHKPOBOJIHOBBIX TEXHOJIOTHI
HEOOXOJWMBI JIaHHBIE 110 ONTHMAJIBHBIM YCIOBHSIM
MHKPOBOJIHOBOTO BO3JICHCTBUS  HA  KOHKPETHBIU

pacTUTENbHBIA Marepuall. JTH JaHHbIE MOTYT OBITh

NPE/ICTaBICHBI B BUJIE TAKMX NApaMETPOB, KaK YAEIbHBIN

TCIUIOBOH IOTOK ¢ , TEMIl Harpesa Aty pETenBHOCTH
T

00paboTKH T.

Jnst oleHKH dHepreTudeckod A(PQPEeKTUBHOCTH
NPUMEHEHHS MHUKPOBOJIHOBBIX TEXHOJIOTHit
NPOU3BOJIMIIUCH PACYETHl TEIUIOTHI, BO3HHUKAIOMIEH OT
peoOpazoBaHUsL MHUKPOBOJIHOBOMH SHEPruu
pacTUTENbHBIM — MaTepHalioM. B Hacrosmiee Bpems

METOAbI OLCHKH 3Hepl"03(i)(beKTI/IBHOCTI/I OTJINYArOTCs
pa3H006pa3HeM, OHH MOT'yT BKJIKOYATh TaKue
XapaKTCPUCTHUKHU, KaxKk TeHJ’IO(bI/BI/I‘ICCKI/Ie CBOﬁCTBa,

Ka4eCTBO 3HEPTHH, MPOM3BOAUTENHHOCTh U Ip., OJHAKO
IIPU BCEM MHOTrooOpasuy MOIXOJ0B, OIPEAEIIEMbIX
CrieU(pUKON KOHKPETHBIX Pa3paboTOK, YHHBEPCATHHBIM
KpUTEpUEM  OIECHKH  I(G(GEKTHBHOCTH  TEIUIOBBIX
IpoLeccoB sBIsieTcsl KO3 UIMEHT mone3Horo AeHCTBUS
KIIJI, ompeneneHHe KOTOPOTO SBJISIETCS OTIPABHOM
TOYKOH B HCCIICIOBaHUAX, NPOBOJUMBIX C IENBIO
OINITHMU3AIMHU TEIUIONepeHoca.

KIIJI xaMmepsl ompenensuloch Kak OTHOLIEHHE
TEIJIOTHI, BKJIIOYAONIeH B ce0s 3HaUYeHHWE IOJIE3HOTO
TETJIOBOTO MOTOKA (non, MOTEPH B OKPY’KAIOLIYIO CPEIy
(B 00beM pabodeil kKaMepbl) B pe3ysbTaTe €CTECTBEHHOU
KOHBEKIUH (yous M JTYYUCTOTO TEIDIOOOMEHA MEXITy
obpaznom u creHkamMu KaMepsl (Os=0nortOronstOnyu), K
BBIXOZHOW MOIHOCTH MAarHETPOHa:

Or
> (M

6blX

Mk =

Ilone3Hblii TEIVIOBOM NOTOK OIpEnesieTcs 1o
pe3ysbTaTaM HW3MEPEHHH TeMIlepaTypbl Marepuaia B
Hayvaje U KOHIE 00pabOTKH:

_ mecp-At

Qnofl - , BT. 2

T

rie m - Macca MaTepuana, T - JJIuTenbHocTs MB
BO3JIEHCTBUS.

Jns pacuera TetioTsl, 00pa30BaHHOHN B MaTepHae
NPA  B3aMMOJCHCTBHM C MHKPOBOJHOBBIM  IIOJIEM,
IpeJIaraeTcsi IPUMEHATH CIIeTyIONTYI0 3aBUCUMOCTE!

g= PMT” , Brhr, 3)

rae V' — o0beM, 3aHIMaeMBIi MaTepHajIoM.

Jnsa momydeHMs 3HAYCHHH 1)x HEOOXOAHWMBI
SMIHPUIECKUE 3aBHCHMOCTH, COOTBETCTBYIOIIHE
KOHKPETHOMY BHITy 00pabaThIBaeMOT0 MaTeprania.

O0cyxnenne pe3yJabTaToB

s MHKpOBOJIHOBOW TEXHOJIOTMHM IOAIOTOBKH
cybcTpata 3¢ HEeKTUBHOCTh MB BO3JICUCTBUS
OIICHUBANIACh IO KOJUYECTBY BBIPOCIIUX T'pPHOOB
(Bemienka). [TomyuyeH onTHMasbHBIA pEXUM 00pPaOOTKH,
JUIs KOTOPOTO dKcmo3uiust coctasiser 140 ¢ npu macce
3arpy3ku 0,4 kr BiaxHocTbiO 74 %. Jlnst aTOro pexxuma
KIIJI xameps! coctaBisin 80%.

MuKpOBOTHOBEIE TEXHOJIOTHH JKCTPATHPOBAHUS
OMONOTHYECKH aKTUBHBIX BEIIECTB HAXOMAATCS B CTAIHH
pa3pabotkn. B Hacrosimee BpeMs MacCHB TaHHEBIX I10

OMONIOTHYECKN  AKTUBHBIM  BEIECTBAM  PA3IHYHBIX
pacTeHMi W HMX B3aUMOJAEWUCTBHIO C  BPEIHBIMU
MHUKPOOPTaHU3MaMH U BPEAUTEISIMHU.

Ounepretndeckass  3PQPEKTUBHOCTh  IKCTparu-

poBanuss BAB u3 psaa pacTUTeNbHBIX MaTepHalloB (B
YaCTHOCTH, XBOM, INENyXH JIyKa, MOJBIHMA, MOJIOYasi
NPYTHEEBUIHOTO) C NpUMEHeHueM HJHeprun MB moms
BBIIIE B CPAaBHEHUU C TPAJUIMOHHON TexHojioruew B 1,6
(xBost) - 11 (menyxa uyka) pa3. VHTEeHCHBHOCTBH
W3BJIEYCHUsI ~ OMOJNOTMYECKH  AKTUBHBIX  BEILECTB
yBenmmumBaercss B 11 (memyxa myka) - 30 (Momouait
MPYTHEBUIHBINA) pa3 B CpaBHEHHH C TPAIUIHOHHOM
TEXHOJIOTUEH.

OnrtumarnbHble XapaKTEPUCTHKH MUKPOBOIHOBOH
00paboTKH B pa3IMYHBIX TEXHOJIOTHSX,IIOJY4YEHHbIE 10
pe3yiapTaTaM  AKCHEPUMEHTAIBHBIX  HCCIIEIOBaHHUH,
NpUBe/ieHb! B Ta0II. 1.

Tabmuma 1 — XapakTepuCTUKH MHKPOBOJIHOBON
00pabOTKM B  pPa3NUYHBIX  TexHojorusx. [ —
onoctumyssiius, II — TepmMooOpaboTKa CONOMHCTOTO
cybOcrpara, 11 - skcTparupoBanue.

[esr> MUKpOBOJIHOBOH 00pabOTKH
I 11 I
1 2 3 4 5 6
q,-10°, | 75 | 4.2 6,7 7,8 7,2 6,3
Br/m?

E,K/c
T

T, C 90 | 110 50 140 150 180

IIpumeuanue: 1 — nuieHuna, 2 — NOJCOIHEYHHUK, 3 —

ropox, 4 — cojloma BIaxHasi, 5 — YUCTOTEIN, 6 — MOJIOKAaH
UKUH.

0,15 0,14 | 0,17 | 0,9 0,4 0,8

I[Ipn pacuere TPUHNUMATIOCH, YTO HACKHITHAS
IUIOTHOCTb MIIEHUIB! — 780 KI/M>, ceMsIH MOACOTHEUHNKA
— 440 xr/m3, ropoxa — 700 kr/m>. Ilpu TepMooOpaboTKe
comoMbl B TeueHne 90 ¢ TemmepaTypa MOBBICHIACH Ha
80°C wu 3arem ocraBasack Ha ypoBHe 100 °C, uro
YUUTHIBAIOCH MPHU pacueTe TeMIla HarpeBa. AHaJIOrMYHas
CUTyauust ObLTa npu HCCJIEIOBAHUU MB
OKCTParMpOBaHUS: MaTepUal HArpeBajCsi B TCUCHHE
120 c.  [JlanbHeimias  BbIIEpKKAa  MaTepuana  IOA
neiicteueM MB  mons, o04eBHOHO, CHOCOOCTBOBala
BEIXOJly IIEJIEBBIX KOMIIOHEHTOB, a B cilydae 0OpabOTKu
COIIOMBI —HAaKOIUICHHIO CTPYKTYPHBIX HW3MEHEHHH B
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Matepuaie. OOpamiaer Ha cebs BHUMaHHE TOT (PaKT, 9To
JUIA BCEX HCCIEAYeMBIX METOAOB OOpa0OTKM 3HAYEHHE
YAEIBHON MOIITHOCTH OJHOTO MOPSKA, OTHAKO 3((eKTh
CTCpUIM3alli MW YJIYUIICHUSA TIUTATCIIbHBIX CBOWCTB
(TepMO0OpPa0OOTKA COJIOMBI) HJIM KCTparupoBaHus BAB
TpeOYyIOT OOJNBIIET0 BPEeMEHH HAXOXKICHHS MaTepHaia B
MB xamepe, uyeM mpu 00pabOTKe CeMsSH C LENbI0 HX
CTUMYJISIIMK.  OJTO  TIOATBEPXKAAET  pa3paboTaHHYIO
TEOPHUIO, COTJIACHO KOTOPOW TosydeHHBIE d((PEKTHI Mpu
SKCTPAarMpOBAaHUM CBS3aHBI C Pa3phlBAMHA B KICTOYHBIX
CTCHKAaX W COCYAHCTOH CHCTEME, B TO BpeMs KakK IS
JOCTIKEHUS OMOCTUMYJISIIIAN ATH SIBJICHUS JOJDKHBI OBITH
HCKITIOYEHBI ¥ A(PQEeKT OOCTHUraeTcs Ha HadaIbHOU
CTaluM PACIIMPEHUS 0OBEMOB JKUAKOCTH, 3aKITIOUYCHHBIX
YKECTKHMHU IIeIUTIONIO3HBIME 000JI0UKaMHU.

Pasnmuuust B Temre HarpeBa B HCCICAYEMbIX
METOAax CBiA3aHBI C OJHUIJICKTPUYCCKUMU CBOMCTBaAMH
oOpabaTbiBaeMbIX MartepuaiioB. [lpu sKcTparupoBaHHU
HCIIONIB30BAJICS CBEXKECOOPAHHBIM MaTepHal C BBICOKHM
BJIATOCOJIEP)KaHUEM, Takke Kak M 3aMOYeHHas
MIPEABAPUTENFHO COJIOMA, YTO OOECIEYMBAIO BBICOKYIO
WHTCHCUBHOCTH mpeoOpa3oBaHUs SHEPTHH
MHKPOBOJIHOBOTO TIOJIS B TETIOBYIO.

IIpu CHWKECHUH YAEIbHON MOIIIHOCTH
nJocturaiorcst Tpedyembie 3(Q(EeKTH MyTeM yBETHUEHUS
JUINTENIEHOCTH ~ oOpabotknm. Bo  Becex  ciydasx
3¢ (GeKTUBHOCT  00pabOTKM  ONpEAesUlach  TaKXKe
TEMIIEpPaTypoi MaTepuaa.

Ha puc. 2 npuBenensl kpusble 3aBucumoctu KITJL
paboueii  (MHKDOBOJHOBOW)  KamMepsl OT  MAacChl
3arpy»’aemMoro Mmarepuana. Ipn MPOBEJCHUH
9KCIIEPUMEHTOB HCI0JIb30BaJIaCh MUKPOBOJIHOBAs KamMepa
¢ BHyTpeHHHM 00beMoM V,=0,0198 »>.

1,01
A2
0,9 T
1 &/ﬁﬁ’/ e
0,84 / %/A * o—o/o o
07- P
JAN * o 2 3
0,6- / ‘/ i
AN

K, %

054 / —
0,41 ‘/-/ \4

0,3- /
024 J

00 02 04 06 08 10 1.2
M, KT

Puc. 2 — Bauanue obvema 3aepysxu mamepuana Ha KIT/]
Kamepol
1 - 600a, 2 - mamepuan ons sxcmpazuposanus bAB
(Monokan Ouxuil, 3anumvlii 60001L), 3 - YEIAHCHEHHA
CONIOMA 07151 ROO2OMOBKU 2pubHo20 cybcmpama,
4 - cemena nuteHuybl

PesynpraTel  mccnenoBaHMS — BIMSHHUA ~ BUJA
MaTepuasia M o0bema 3arpy3ku Ha KIIJ xameps
MOKa3bIBAIOT, YTO, YEM BBIIIE BIIArOCOAEPKAHUE, TEM
6osbiero 3nadenus KITJ] moxHO moctuub. s ceMsH ¢
BrarocojaepxanueM He Boime 12 % KIIJ] He npesbImiaer
56 %. Makcumanbubiii KI1/1 npu o0paboTke MHIIeHUIBI
HaOMoancss IMpU COOTHOIIEHHHM OOBEMOB KaMephl K
o0beMy Marepuana Vi/Vy=14,5 u Bbile; npu o0padoTke
cTeOyieil  MoOJIOKaHa  JMKOTO, 3alIATOTO  BOJOW -
V/V,=13,6; 11 yBIa)xHEHHOH COJIOMBI (BIaKHOCTB 75%) -
Vi/'Vy=9,6. MOXHO 3aKIIOYUTh, YTO IS JOCTHXKCHUS
MakcumansHOTO KIIJI paGodeit kamepsl mpu oOpaboTke
HCCIIEyeMBIX PaCTUTEIBHBIX MAaTE€PUaIOB COOTHOIICHHE
obpemMa KaMepbl K 00BEeMy 3arpy3KH JOIDKHO OBITH He
Menbie 10. PaBHOMepHOCTE 00pabOTKM JOCTHTAETCS B
MEPBYI0 Ouepenb BHIOOPOM TOJIIUHBI CJIOS,, KOTODPBIH

JIOJKEH Y4UTHIBAaTh rIyouHy IIPOHUKHOBEHHUS
JNEKTPOMarHUTHOM  SHepruM B MaTepuasl.  OTH
pEKOMEHAAaLUH MOKHO NIPUMEHATH pu
KOHCTPYUPOBAaHUU MHKDPOBOJIHOBBIX YCTaHOBOK  JUIA

00pabOTKH MaTEPHATIOB PACTUTEIBHOTO MPOUCXOXKIICHUS.
BuiBoABI
WuTeHCcnUKaIs MPOIECCOB IIEPEHOCa MAacChl

IIPY MIPUMEHEHHH MHKPOBOJIHOBBIX TEXHOJIOTHH Harpea
HEIOCPEJCTBEHHO CBS3aHA C M3MEHEHHSIMHU B CTPYKTYpe

paCTUTEIbHON TKAaHW, MPOUCXOMSAIIUMH  BCICICTBHE
QG depeHIIMPOBAaHHOCTH €€ CTPYKTYPBI.
Metonbt OIICHKHU TEIUIOBOTO a¢dekra

B3aMMOJICHICTBUS MHUKPOBOJIHOBOTO 3JIEKTPOMATHUTHOTO
MOJISL C PacTUTENBHBIM MaTepuanoM, NPUMEHEHHbIE MpU
onpeneneHun  KIIJ[ MUKpPOBONHOBOH  Kamepsl B
3aBUCHMOCTH OT (M3MYECKMX CBOWCTB MaTepHaia W
(opMupoBaHus cllosg B 00beMe MUKPOBOJIHOBOH KaMepHhl,
MO3BOJISIIOT C JOIYCTUMOH TOTPEIIHOCTBIO ONPENEISTh
3¢ PEKTUBHOCTD mpeoOpa3oBaHUsg SHEpPIrUn
MHKPOBOJIHOBOTO TIOJISI.

Hns nossienust KI1J{ paboueit (MUKpOBOIHOBOIA)

KaMepbl  HEOOXOAHUMO  OOCCIEeYWTh  ONTUMAIbHYIO
3arpy3Ky, TpUYeM BHJ  MaTepuana  ompejeseT
MaKCHUMaJlbHOE€ 3HAaueHue 5TOi BenuuuHbl. CHIDKEHUE

BIIaroco/iep kanus npuBoauT K cHkeHuto KITJ[ kamepsi.

I noctmwkenns MakcumansHoro KIIJ paboueit
KaMepel TMpu 00pabOTKE HCCIEAYEMBIX PaCTUTCIBHBIX
MaTepHAJIOB COOTHOIICHUE o0BeMa KaMephl K 00beMy
3arpy3KHd JOJDKHO OBITH He MeHbIe 10.
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AHOTALIA Busuaromovcs epexmu il MIKPOXSUTLOBO2O eNeKMPOMASHIMHO20 NOJL HA MAMePianu POCIUHHO20 NOXOONCEHHS.
(naciuus, cmebna mpag'anucmux pocaun). Ilokazano, wo 6 neeHux pexcumax oopoOKU cnocmepicacmsbCs POINYUEHH YeloI03HUX
60JI0KOH, WO NOACHIOEMbCA PO3GUMKOM GeUKUX 2padicnmie muckie 6 mamepiani. Hageoeno O0ani no onmumanbHux pedlCUMHUX
napamempax 011 Giocmumynayii HACiHKA, cmepunizayii conomu npu nid2omosyi cyocmpamy i eKCmpazy8aHHsa pedoguH 3 OeaKuUx
6u0ie pociun. [lpoeedeno OyiHKY eHnepeemuuHoi egexmueHocmi Memoodie MIKpOXeunbo06oi o6pobku Ha ocHosl Oanux no KK/
MIKPOX8UNbOGITl KaMepi 3 3a8aHMAdNCY8aHUM Mamepianiom. Busnaueno ymosu 0ocaenenns maxcumansvno2o KK/ pobouoi kamepu npu
iT 3asanmasicenti pisHUMU GUOAMU POCIUHHO20 MAMEPIATY.
Knrouosi cnosa: mikpoxsunvoge noie; pociunHa mMKanuma, 00poOKa, eHepeis; Menioma; ONMuManbHi napamempu,; Koegiyienm
Kopuchoi Oii
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