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1. Inceprarist Ha 3mOOYTTSI HAYKOBOTO CTyIeHs gokropa ¢inocodii 3a cnenianpHicTo 133 «['anysese
MamuHOOYynyBaHH». OfechbKUil HallioHaJIbHUI TEXHOJIOTiYHUI yHiBepcuteT, Oneca, 2026. [luceprauiiiHa poboTa
IIPUCBSIYEHA JOCIIKEHHIO IIPOLIECY €KCTParyBaHHs OJIii 3 MAKyXM COHSIIIHMKA €KOJIOTIYHO 6€3[eYHUM
€KCTPareHTOM LIJISIXOM 3aJly4€HHS MiKDOXBUJIbOBUX JKepeJl €eHeprii Ta po3pooKu 06J1aiHAHHS Ha OCHOBI JaHUX
TEXHOJIOTIH. ¥V IepIomMy po3iji Iboro po3ziny aHasizyeTbCsl IpobyiemMa BUyYeHHS OJlil 3 MaKyXy COHSIIIHUKA
€KCTParyBaHHSM Ta 3aCTOCYBaHHS B SIKOCTi €KCTPareHTy €TaHoJly. [IpMHIMII eKCTparyBaHHS y MiKpOXBUJIbOBOMY
I10J1i BUHUKAE Y TOMY, LIO BOJIOTA, SIKA MIiCTUTBCS B KJITAHAX Ta Kalisipax POCJAUHHOI CHPOBUHHY, € LU0 OJIs1
MiKpoxBmJIs. HarpiBaioumucs, List BOJIOTa BUIIAPOBYETHCS Ta YTBOPIOE HAIJIMIIKOBUI TUCK Ha KJITUHHY CTiHKY, SIKa
PYUHYETBCS, BUITyCKAIOYY 11iJIbOBi KOMIIOHEHTH B €EKCTPAreHT. 3a TaKUM MEXaHi3MOM Yy IOTiK €KCTpareHTa oJis
MOX€E IIEPEXOIUTH Y KisIbKa APiOHUX KpaIlJIMH, BUKMHYTHUX 3 Kallissipa. B po6oTax HayKoBoi KoM Kadenpu
npouecis, 06J1afHaHHS Ta €HePreTUYHOr0 MeHeIKMeHTy OZjeCbKOTro HalliOHAJIbHOTO TEXHOJIOTIYHOTO YHIBEpCUTETY

Lieil Ipoliec Ha3uBa€eThCsl MexaHoaudysiero. Po3risHyTo icHYy04i 3pa3sky MiKpOXBUIIBOBOTO €KCTPAKLilIHOTO



o6J1afHaHHS IJ1s1 €KCTParyBaHHsI POCJIMHHOI CHPOBUHHU €TaHOJIOM, SIK IEPIOJNYHOI, TaK i HerepepBHOi Aii. ¥
IpYroMy po37isi IpoBedeHO aHali3 00'€KTIB AOCIiIPKEHHS, €eKCIIePUMEHTAJIbHUX Ta aHATITUIYHUX METO/IB
IocCIigyKeHHs. PO3IJIAHyTO 3arajibHi MEXaHI3MU MaCOIIEPEHOCY 3 POCJIMHHOI CUPOBUHY, PYUHIBHY CUJIy IIPOLIECY,
MacoBi IOTOKU. HaBeieHO MeéXaHi3M MacOIlEPEHOCY B YMOBAX aJIpECHOI IOCTaBKY €HEPTii, IKAI XapaKTePU3YyEThCS
BUHUKHEHHSIM 6apoanQy3iilHOro MacoBOTro MOTOKY. 3p006JIEHO OIJIsi], METOLIB aHAITUYHOTO MOZEIOBAHHS
[IPOLIECIB €KCTParyBaHHs 3 POCJMHHOI CUDOBMHY, a TAKOXK PO3BUTKY MOJIE/IIOBAHHS IIPOLIECIB €KCTParyBaHHs 3
KaliyispHONnopucTux Tijl. Ha ocHOBI Teopii NofiOHOCTi METOIOM aHaJIi3y PO3MiIPHOCTEN BU3HAUYEHO CTPYKTYPY
KPUTEPIiaJIbHOTO PiBHS PO3PaxyHKy Koe@ilieHTa Macosignadi. TpaguuiiiHi Ta 6apoaudysiiiHAi MacoBi IOTOKU
BpPaxoBYIOTbCS epeKTUBHUM KoediliieHToM Macosinnadi. KputepianbHe piBeHb s1BJIsSIE COO0I0 3aJI€KHICTh YHCIIA
IllepBypa Bin yucen IIMinra, eHepreTUyHoi Aii, 6e3p03MipHOro CKIaJy €eKCTpareHTy Ta eKCTPareHTy, a TaKoX
6€3p03MipHOCTi pO3YMHY 0Jlii B €KCTPareHTi. B TpeTbOMy pO31ijii pO3IJIIAa€ThCs €KCIIEPUMEHTAIbHE JOCIIiIKEHHS
IIPOLIECY EKCTPAryBaHHS OJIil 3 MaKyxM COHSIIHMKA. HaBeleHO 3aJ1€5KHICTh PO3YMHHOCTI OJlii B €TaHOoJIi y
3aJI€KHOCTI Bifj BMICTy €TaHOJIy B €KCTpareHTi. B 4KocTi ekcTparenTa Bukopucrtoysanucs 80, 90 Ta 96 % etaHouy.
[To6GymoBaHO KiHETMYHI 3MiHM NIPOLIECY eKCTpParyBaHHs €TaHOJIOM 3 MaKyXy COHSIIIHMKA B YMOBaXx Jii
MIKPOXBUJILOBOTO I0JIS B 3aJIEXKHOCTI Bifi riIpOMOLIYJIsl, PO3MIPYy YaCTUHOK, IMTOMOTO IiABE€HHS eHeprii,
KOHIIEHTpAIllii €TaHoJy B eKCTpareHTi. [IpoBeieHO OLiHKY BUXOy OJ1ii, ii 4acTKM Bif| 3arajlbHUX €KCTPAKTUBHUX
pedoBrH. [IpoBeieHO OPIBHAHHSA BMICTY OJlii B OTPUMAaHUX €KCTPAKTax 3 ii pO3YMHHICTIO 3 Bill[IOBiTHUMU
€KCTpareHTaMu 3a ymMmoBamu JaHux. OTpuMaHi pe3ysbTaTy J03BOJISIIOTh CTBEPIKYBATH, 10 BUKOPUCTAHHS
MIKpOXBWIbOBOI iHTeHCcUiKallii cyTTeBo 3abe3nedye Buxif odii, ii 36ip cepell €KCTPaKTUBHUX PEYOBUH, & TAKOXK
[IepeBOJUTh YACTHUHY OJIii B eKCTPaKT Y BUIJISA eMyJibCii 6e3 po3unHeHHs. B ymoBax [iii MiKpOXBUJILOBOTO I10JIs1
BIJIY4EHO 87% Y BCili 0J1ii, 10 MiCTMIIACS B MaKyCi EKCTPareHToM i3 BMicToM etaHosy 90 %, 1Ipy LbOMY
rizpoMozysib ckias 1:20, Ipu LbOMY TPUBAJIICTh NIPOLIECY He nepeBulysana 30 XB. BMICT oJ1ii B eKCTpakTax 3
MEHIIMMU TiTPOMOJYJISIMU NTEPEBUIIMB PO3YMHHICTD OJIii B €TaHOJII 32 YMOBaMU AaHUX y 1,6 pa3iB. Y MOpiBHSHHI 3
TPaJULIiTHUM HarpiBaHHSIM MIKPOXBUJIbOBE €KCTPAryBaHHs BUXOIUTDb BUXif, ojlii Ha 40 %. B pesynbTrarti
y3arajJbHeHHs1 6331 €KCIIEPUMEHTAJIbHUX JAaHUX OTPUMAaHO MOZEJb 3 y3aralbHEHMMHY 3MiHaMHU, IO AAI0Th
MOJKJIMBICTb PO3PaxXyBaTH MIKpOXBUJILOBMI €KCTPAKTOP TPMBAJIOi Aii 3 TOYHICTIO B +19,7%. Y yeTBepTOMY pO31iji Ha
OCHOBI ofiep>kaHoi MoieJli po3p06JIEHO aITOPUTM PO3PaxXyHKY BiJlIIOBIAHUX allapaTiB. 3allpONIOHOBAHO [IPUHLIUIIOBY
CXEMY NIepepPOOKY MaKyXy COHSIIHMKA 3 MiKDOXBUJIbOBUM €KCTPAKTOM OCTaTO4YHOI Aii. [IpoBeieHO OLiHKY SIKOCTi
BiniOpaHux 3paskiB oJ1ii Ha xpomaTorpadi. BctaHOBIEHO 36iblIE€HNI BMiCT 1aJIbMITUHOBOI KUCJIOTU B OJl€P>KaHil
outii, mo HabJMXae BMICT y MIKpOXBUJIBOBOMY €KCTPAKTOPi 0J1ii 3 MaKyxX¥ COHSIIHMKA O aMapaHTOBOi oJ1ii, a60 oii
BUHOTPAJHUX KiCTOUOK. 36ibIlIeHHsI YaCTKU MaJIbMITUHOBOI KUCJIOTU He Jlocsrae 6ioJIorivyHoi 1iicHOCTi oJii, mpoTe
nifBUILye CTabibHICTD NpY 36€piraHHi Ta HarpiBaHHi. Pe3yspraTi po6oTu BpoBaaxeHi Ha TOB
«OUIMTPOJAKIIEH», M. Opeca. OTpumaHi pe3ysibTaTi 6yJiv IO3UTUBHO OLiHEHi TpeCcTaBHUKAMU BUPOOHUIITBA.

3anpornoHoBaHa JiiHis ekcTparyBaHHs 0yJla peKOMEHI0BaHa [0 BIIPOBAPKEHHS Y BUPDOOHUIITBO.

2. Dissertation for the degree of Doctor of Philosophy in specialty 133 "Industrial Mechanical Engineering”. Odessa
National Technological University, Odesa, 2026. The dissertation is devoted to the study of the process of
extracting oil from sunflower cake by an environmentally safe extractant by involving microwave energy sources
and developing equipment based on these technologies. The first section of this section analyzes the problem of
extracting oil from sunflower cake by extraction and using ethanol as an extractant. The principle of extraction in
a microwave field arises from the fact that the moisture contained in the cells and capillaries of plant raw materials
is a target for microwaves. When heated, this moisture evaporates and creates excess pressure on the cell wall,
which collapses, releasing the target components into the extractant. According to this mechanism, the oil can
pass into the extractant flow in several small droplets ejected from the capillary. In the works of the scientific
school of the Department of Processes, Equipment and Energy Management of the Odessa National Technological
University, this process is called mechanodiffusion. Existing samples of microwave extraction equipment for the
extraction of plant raw materials with ethanol, both periodic and continuous action, are considered. In the second
section, an analysis of the objects of research, experimental and analytical methods of research is carried out.

General mechanisms of mass transfer from plant raw materials, the destructive power of the process, mass flows



are considered. The mechanism of mass transfer under conditions of targeted energy delivery, which is
characterized by the emergence of a barodiffusion mass flow, is presented. A review of methods for analytical
modeling of extraction processes from plant raw materials, as well as the development of modeling of extraction
processes from capillary porous bodies, is made. Based on the theory of similarity, the structure of the criterion
level for calculating the mass transfer coefficient is determined by the method of dimensional analysis. Traditional
and barodiffusion mass flows are taken into account by the effective mass transfer coefficient. The criterion level
is the dependence of the Sherwood number on the Schmidt numbers, energy action, dimensionless composition of
the extractant and extractant, as well as the dimensionlessness of the oil solution in the extractant. The third
section considers an experimental study of the process of extracting oil from sunflower cake. The dependence of
the solubility of oil in ethanol on the ethanol content in the extractant is given. 80, 90 and 96% ethanol were used
as the extractant. Kinetic changes in the process of ethanol extraction from sunflower cake under the action of a
microwave field are plotted depending on the hydromodule, particle size, specific energy input, and ethanol
concentration in the extractant. The oil yield and its share in total extractables are estimated. The oil content in
the obtained extracts is compared with its solubility with the corresponding extractants under the data conditions.
The results obtained allow us to state that the use of microwave intensification significantly ensures the yield of
oil, its collection among extractive substances, and also transfers part of the oil into the extract in the form of an
emulsion without dissolution. Under the conditions of the microwave field, 87% of all oil contained in the cake was
extracted by an extractant with an ethanol content of 90%, while the hydromodulus was 1:20, while the duration of
the process did not exceed 30 min. The oil content in extracts with lower hydromodulus exceeded the solubility of
oil in ethanol under the given conditions by 1.6 times. Compared with traditional heating, microwave extraction
yields an oil yield of 40%. As a result of generalizing the experimental data base, a model with generalized changes
was obtained, which makes it possible to calculate a long-acting microwave extractor with an accuracy of +19.7%.
In the fourth section, based on the obtained model, an algorithm for calculating the corresponding devices was
developed. A schematic diagram of the processing of sunflower cake with a microwave extract of the final action
was proposed. The quality of the selected oil samples was assessed on a chromatograph. An increased content of
palmitic acid in the obtained oil was established, which brings the content of sunflower cake oil in the microwave
extractor closer to amaranth oil or grape seed oil. An increase in the proportion of palmitic acid does not achieve
the biological integrity of the oil, but increases its stability during storage and heating. The results of the work
were implemented at LLC "OILPRODUCTION", Odessa. The results obtained were positively assessed by
production representatives. The proposed extraction line was recommended for implementation in production.
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InenTudikarop ROR:

VIII. 3aKkJIl04Hi BiZoMOCTi
Biacue IlpizBume Im's ITo-6aTbKOBI Bes6ax Irop BirasiiioBuy

roJIOBH pagu

BaacHe IlpizBuime Im's I10-6aTbKOBI Besbax Irop Biraniiiosiy

roJIOBYIOYOrO Ha 3aciJaHHi

BigmoBizasibHU 32 MiATOTOBKY 3anopoxenp [IMuTpo OseKcaHapoBuY
00JIIKOBHX JOKYMEHTIB

Peectparop IOpuenko TeTsiHa AHaTOJiiBHA

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 3a peecTpallilo HayKOBOi IOpyenko TeTsaHa AHaToiiBHA

OisIIBHOCTI




