O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHUH 00J1iKOBHI HOMEP: 0826U000600
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peecrtpaunii: 19-03-2026

Craryc: 3amanoBana

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Ocranenko >KanHa IropiBHa

2. Zhanna I. Ostapenko
KBasmigikamis:
Imentudikarop ORCID ID: 0000-0003-0949-9912
Bupg, pucepranii: nokrop dinocodii
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HayKoBOi crieniajIbHOCTI: 133

Ha3Ba HayKoBOIi cIeniaIbHOCTI: [any3eBe MaMHOGY 1yBaHHS

lanyss / ralesi 3HaHb. MexaHiyHa iHXKeHepisa

OcBiTHBO-HayKOBa Mporpama 3i CreniaJbHOCTI: ['any3eBe MalIMHOGYLyBaHHS

JlaTa 3axHcCTy:

CreniaJbHICTh 32 OCBiTOXO: [AJTY3EBE MAIIMHOBYIYBAHHS

Micue po6otu 3,qo6yBaqa: HanjionasnpHui TeXHIYHUI YHIBEPCUTET YKpaiHU "KniBCbKUM MO TEXHIYHUN

iHcTuTyT imeHi Irops Cikopcbkoro”

Kopg 3a €IPIIOY: 02070921

Micuesﬂaxo,lI)KeHHﬂ: npocnekT bepecrericekuii, Kuis, 03056, Ykpaina

dopma ByracHOCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBiTH i HayKu YKpaiHu

InenTudgikarop ROR: He zacrocosyerscs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
IIudp cnenianizoBaHoi BY€HOI pagH (pa30Boi CleliaJai30BaHOi BYEHOI pazu). PhD 12355

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuit TexHiuHuil yHiBepeuTeT Ykpainu "KuiBchKuit

MOJITEXHIYHUI IHCTUTYT iMeHi Irops Cikopcpkoro”

Kopg 3a €IPIIOY: 02070921

Micuesnaxo,zm(eﬂnﬂz npocnekT bepecreiicekuii, Kuis, 03056, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBitiHHS: MinictepcTBo oCBiTH i HayKu YKpainu

InenTugikarop ROR: He zacrocosyerscs

IV. BizomocTi nipo nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaliIMEeHYBaHHS IOPUAHYHOL 0CO0M: HarionanbHuil TexHiuHMi yHiBepcuTeT YKpainu "KuiBchKuii

MOJIITEXHIYHM IHCTUTYT imMeHi Irops Cikopcpkoro”

Kopg 3a €IPIIOY: 02070921

Micuesnaxo,r.perHﬂ: npocnekT Bepecreticekuii, Kuis, 03056, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH | HayKy YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs

V. BimomocTi npo gucepraniio
MoBga guceprTaiiii: Vkpaincoka
Koau TeMaTHYHHUX py6puK: 55.39, 61.13, 61.13.15, 61.13.19

Tema guceprauii:
1. InTeHcudikauis TernsIoMacoodMiHHUX IIPOLECiB IIPH eKCTParyBaHHi pOCJIMHHOI CUPOBUHU B YMOBaXx yJIbTPa3ByKy

2. Intensification of heat and mass transfer processes of plant raw materials extraction under ultrasound
conditions

Pedepar:

1. EkcTparyBaHHs 6i0J10T4HO aKTUBHUX pe4oBUH (BAP) 3 poCIMHHOI CUPOBUHU € BayKJIMBUM MTPOLIECOM Y
dapmaleBTUYHIH, Xap4oBill, KOCMETHYHI Ta 6i0TeXHOJIOTIYHI MTPOMUCIOBOCTI. EQeKTUBHICTh BUTy4YE€HHS
BM3HaYa€ €KOHOMIYHICTb BUPOOHMIITBA Ta SIKiCTh IPOAYKIii. 3pOCTaHHS MONUTY Ha €KOJIOTiYHO YUCTIi [Ipenapartu
3YMOBJIIO€ HEOOXIIHICTD MiABUILIEHHS €(PEKTUBHOCTI IPOLECIB 6€3 3aCTOCYBaHHS arPECUBHUX PEAreHTIB i BUCOKUX
temneparyp. TpaguLiliHi METOIM €KCTParyBaHHS XapaKT€PU3yIOThCS 3HAYHOIO TPUBAJIICTIO, BUCOKMMU
eHeproBUTPaTaMy Ta HU3bKUM CTYTIEHEM BUJIyYEHHS. [X €(DEKTUBHICTD 3a/1€KUTD Bifl CTPYKTYpU CUDOBUHH,
BJIACTMBOCTE €KCTPAreHTiB Ta iIHTEHCUBHOCTI TEMIOMaco0OMiHy. [lepcrieKTUBHUM HanpsiIMOM iHTeHcudikarii
IIPOLECIB MACO- Ta TEIJIONIEPEHOCY B CUCTEMAX «POCJIMHHA CUPOBMHA — EKCTPAreHT» € 3aCTOCYBaHHS YJIbTPA3BYKY.

BiH iHinjoe KaBiTaliio, 110 CypOBOIKYETHCSI yTBOPEHHSIM i KoJlaricom 6yJ1b0alloK, JOKaJIbHUMU IIeperasaMmu TUCKY



Ta MIiKpOTypOyJlizauieto. Lle cripuunHsie pyiHyBaHHS KJIITUHHUX CTiHOK, 3MEHIIEeHHs qudys3iiiHoro mapy,
[IOKpaIlleHHS TEIJIOMAacOOOMiHy Ta IPUCKOPeHHS nudy3ii. YIpTpa3ByKOBUI BIJIUB [J03BOJISIE CKOPOTUTH TPUBAJIICTh
€KCTparyBaHHs i 30inbnUTH Buxiz BAP 6e3 nifnBullieHHs TeMIepaTypH, 1110 BaKJIUBO /1J151 TEPMOJIA0iJIbHUX CIIOJYK.
MeTo10 IoCiI>KeHHs € po3p0o6Ka HayKOBO OOI'PYHTOBAHUX MiXOAiB 40 iHTeHcUdiKallii IpoLeciB eKCTparyBaHHS
BAP 3 poC/IMHHOI CUPOBUHM i3 3aCTOCYBaHHSIM YJIbTPA3BYKy Ta ONTUMAJbHOTO Mif60py €KCTpareHTiB. Metoau
IOCJiIKEHHS. BUKOPUCTaHO TEOPETUYHI, €KCIIEPUMEHTAJIbHI Ta YMCebHI MeTonu. TeOpeTUyHi JOCiIKeHHS
6a3yI0TbCs1 HAa 3aKOHAaxX MaCOIIEPEHOCY Ta PO3I0LiNy KOMIIOHEHTIB MK (pazamu. [y onucy npouecy 3aCTOCOBaHO
piBHSIHHS KOHBEKTUBHOI nuysii Ta piBHsiHHS Has'e-Crokca. Ha ix 0CHOBI OTpMaHO 3a1€KHOCTI, 110
XapaKTePU3YIOTh KIHETUKY €KCTParyBaHHS Ta BIJIMB TEXHOJIOTIYHUX ITapaMeTpiB. EKCiepruMeHTaNbHi JOCTiIKEHHS
BKJIIOYQJIU BU3HAUEHHS CKJIaJly €KCTPaKTiB i3 3aCTOCyBaHHSIM BUCOKOe(EKTUBHOI TOHKOIAPOBOi xpomaTorpadii, 1110
3abe3ne4ymnsio ifeHTr@ikallilo KOMIIOHEHTIB i OL[iHKY €(peKTUBHOCTI npouecy. YnucenbHe MOJEII0BAaHHS
rifpoguHamiky Ta maconepeHocy BUKoHaHO merogamu CFD y naketi ANSYS CFX, m0 103BOJINIIO 3MOZEIOBATA
I10J1s1 LIBUAKOCTEN, TUCKY i KOHLEHTpalill Ta OL[iHUTY BIIUB yJIbTPA3ByKy Ha Ipolecu macooominy. [IpakTuyHe
3HAUEHHS T10JIITa€ Y MOKJIMBOCTI BUKOPUCTAaHHSI OTPUMAaHUX PE3yJIbTaTIB [JIs1 IPOEKTYBaHHsI, OITUMI3allii Ta
MOJepHi3alii yJIbTPa3ByKOBUX €KCTPaKLilHMX ITPOLIECIB i anapaTiB. BcTaHOB/IEHI 3aKOHOMIPHOCTI MOXKYTb OyTU
BHKOPHCTaHi IIpU BUOOPi PeXXUMIB poOOTH yIbTPa3BYKOBUX €KCTPaKTOPiB. Po3pobiieHi MaTeMaTUyHi Mozeti
IO3BOJISIIOTH IIPOTHO3YBATU [IAPAMETPU IIPOLIECY, L0 € OCHOBOIO [1JI4 ONTHUMIi3allii TEXHOJIOTTYHUX PEXKUMIB i
CKOPOYEHHSI TPUBAJIOCTi €KCTPAryBaHHs1. 3allpONIOHOBAHI MifIX0AU IO MOJIEJIIOBAHHS MOXYTb OYTH BUKOPUCTaHi IpU
iH>KeHepHOMY NPOEKTYBaHHI aKyCTUYHUX €KCTPAKTOPIB. Pe3ybTaTi MOXYTb OyTH BUKOPUCTAHI y (hapMalieBTUYHIH,
XapyoBiil Ta 6i0TEXHOJIOTIYHI ranyssx py CTBOPEHHI TEXHOJIOTIN OTpUMaHHs eKcTpakTiB BAP. OkpeMi TexHivHi
pilleHHs 3axulleHi nateHTamu Ykpainu. Marepianu po60oTu BIPOBAI)KEHO B HaBYaslbHUI Npouec. HaykoBa
HOBHU3HA. Briepie BCTaHOBIEHO 3aKOHOMIPHOCTI BIIJIMBY yJIbTPAa3ByKy Ha TEMJIOMACOOOMiHHI npoliecu 1J1s pisHUX
THUIIIB CHPOBUHU Ta €KCTPAreHTiB; po3p06IeHO MOZEJIb [IPOLeCy 3aMOYYBaHHS 3 YpaxyBaHHIM KalisIpHO-TIOPHCTOI
CTPYKTYPH. YIOCKOHAJIEHO MOJIEJIb YIIbTPa3ByKOBOIO €KCTparyBaHHs BAP i mifxony 1o MOZEeMoBaHHS aKyCTUYHUX
€KCTPAaKTOpiB. Y IepIIOMY PO3iJi IpoaHali30BaHO TPAAULIMHI Ta CyYaCHI METOOM €KCTparyBaHHs, Pi3nKo-XiMivHi
OCHOBHU IPOLECY, BILIMB BJIACTUBOCTEY CUPOBUHU Ta [IaPaMETPIB yJIbTPa3ByKy. Y APYroMy po3Lii HaBegeHOo
METOJIMKY €KCIIEPUMEHTAJIBHUX NOCJIIJIKEHb i Pe3YyJIbTaTU JOCIiIPKEHHS BIUIMBY yJIbTPa3BYKYy Ha CTPYKTYPY
CHUPOBUHU. Y TPETbOMY PO3/iJli JOCIiIKEHO KiHETHKY eKCTparyBaHHs Ta o6yJ0BaHO MaTEMAaTUYHY MOJIEJIb
npouecy. [IpoBeneHo xpomaTorpadiuHuil aHasi3 OTPUMaHUX €KCTPAKTIB [171 BCTAHOBJIEHHS SIKICHUX Ta KiJIbKICHUX
IIOKa3HUKIB. Y 4eTBepTOMY PO37isi PO3IJISIHYTO aniapaTypHe 3a0e3leyeHHs! Ta IPOBeJeHO MOIEIOBAaHHS IIPOLIECIB y
aKyCTMYHOMY eKcTpakTopi. OcobucTuil BHECOK 300yBaya 10JisIra€ y BUKOHaHHI TeOpeTUYHUX,
€KCIIEPMMEHTAJIBHUX i YACEIbHUX AOCIIIKEHD, PO3PO0Li MOJesiel Ta aHami3i pe3ysbTaTiB. Jlucepraniliina pobora
BUKOHaHa Ha Kadenpi 6iorexniku ta imxxenepii HTYY «KIII im. Iropst CikopcbKoro», mij KepiBHULITBOM [I.T.H., TPOQ.
MenbpHuk B.M. Po6oTa € peaynbTaToM caMoCTiliHuX gociimkeHs Ocranenko JK.I. 3a Temoro aucepratiii
oIy6J1ikoBaHO 17 HayKOBUX Ipallb, 3 HUX 5 CTaTel, BKJIOYAOUU 2 CTaTTi Y BUAAHHSX, 10 iHAEKCYIOThCS B Scopus, 3 -
y ¢axoBUX BUJIaHHSX, 9 Te3 JONOBifel, OTpUMaHO 3 maTeHTH YKpaiHu. KiouoBi c0Ba: yIbTpa3ByK, €KCTPaKliif,
KaBiTallis, MaTeMaTU4YHa Ta KOMITIOTEPHA MOJIeJIb, FipoaHaMiKa, TeMIepaTypa, eKCTPaKT, TEIJIOMacOOOMiH,

POCJMHHA CHPOBUHA, TBEPJla PEYOBUHA-Pi1HA.

2. Extraction of biologically active substances (BAS) from plant raw materials is widely used in pharmaceutical,
food, cosmetic and biotechnological industries. Its efficiency determines production cost and product quality. The
increasing demand for environmentally friendly products requires intensification of extraction processes without
aggressive reagents and high temperatures. Traditional methods are characterized by long duration, high energy
consumption and low extraction efficiency, which depends on raw material structure, extractant properties and
heat and mass transfer intensity. A promising approach to intensification in the system “plant raw material -
extractant” is the use of ultrasound. It initiates cavitation accompanied by bubble formation and collapse, local
pressure fluctuations and microturbulization. These effects lead to destruction of cell walls, reduction of the
diffusion layer, improvement of heat and mass transfer and acceleration of diffusion. Ultrasonic treatment reduces
extraction time and increases BAS yield without temperature increase, which is important for thermolabile



compounds. The aim of the research is to develop scientifically substantiated approaches to intensification of BAS
extraction processes using ultrasound and optimal selection of extractants. Research methods. The study
combines theoretical, experimental and numerical approaches. Theoretical analysis is based on mass transfer laws
and phase equilibrium. The process is described using the convection-diffusion equation and the Navier-Stokes
equations, allowing determination of extraction kinetics and influence of technological parameters. Experimental
studies included determination of extract composition using high-performance thin-layer chromatography,
ensuring identification of components and evaluation of efficiency. Numerical modeling of hydrodynamics and
mass transfer was performed using CFD methods in ANSYS CFX, enabling simulation of velocity, pressure and
concentration fields and evaluation of ultrasonic effects. The practical value lies in the possibility of using the
results for design, optimization and modernization of ultrasonic extraction processes and equipment. Established
regularities can be applied in selecting operating modes of ultrasonic extractors. Developed mathematical models
allow prediction of process parameters, providing a basis for optimization and reduction of extraction time. The
proposed modeling approaches can be used in engineering design of acoustic extractors. The results can be
applied in pharmaceutical, food and biotechnological industries for development of BAS extraction technologies.
Some technical solutions are protected by Ukrainian patents. The results are implemented in the educational
process. Scientific novelty. For the first time, the influence of ultrasound on heat and mass transfer processes for
different raw materials and extractants has been established; a soaking model considering capillary-porous
structure has been developed. The model of ultrasonic BAS extraction and approaches to modeling of acoustic
extractors have been improved. In the first chapter, traditional and modern extraction methods and
physicochemical fundamentals are analyzed. The second chapter presents experimental methods and results of
ultrasound influence on raw material structure. The third chapter investigates extraction kinetics and develops a
mathematical model. Chromatographic analysis of the obtained extracts was performed to establish qualitative and
quantitative indicators. The fourth chapter considers equipment and process modeling in an acoustic extractor.
The personal contribution consists in performing theoretical, experimental and numerical studies, model
development and analysis. The dissertation work was carried out at the Department of Biotechnics and
Engineering of the Igor Sikorsky Kyiv Polytechnic Institute, under the supervision of Doctor of Technical Sciences,
Professor Melnyk V.M. The work is the result of independent research conducted by Ostapenko Zh.I. The work
resulted in 17 publications, including 5 articles (2 indexed in Scopus), 9 conference papers and 3 Ukrainian patents.
Keywords: ultrasound, extraction, cavitation, mathematical and computer model, hydrodynamics, temperature,
extract, heat and mass transfer, plant raw materials, solid-liquid.
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KopucHy mogzenb N2 154110, Ykpaina: MIIK B01D11/02 (2006.01), C11B 1/10 (2006.01). N2 u202301177; 3asB1.
21.03.2023; omy6s1. 12.10.2023, Bron. N2 1. 2 c.

BrnipoBaz>keHHs pe3yJIbTaTiB AHCePTalii: [InanyeTsbes 10 BIPOBaIKEHHS

3B'A130K 3 HAYKOBHMH TeMaMH: 0120U101421; Juzn4,/0201.01/3310.01

VI. BizomocCTi Ipo HayKOBOr0 KEPiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. MenbHUK BikTopis MukosaiBHa

2. Viktoriia M. Melnik

KBasigikawis: 1. 1. n., npodecop, 05.11.03

InenTudikarop ORCID ID: 0000-0002-0004-7218

JoparkoBa iHdopMmauist: https://scholar.google.com.ua/citations?user=pHr41pgAAAAJ&hl=uk

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0CO0M: HarionanbHuil TexHiuyHMi yHiBepcuTeT YKpainu "KuiBchKuii

MOJIITEXHIYHU IHCTUTYT imMeHi Irops Cikopcpkoro”

Kopg 3a €IPIIOY: 02070921

Micuesnaxo,r.perHﬂ: npocnekT Bepecreticekuii, Kuis, 03056, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBriHHS: MiHicTepCTBO OCBIiTH | HayKy YKpaiHu

ImenTudikarop ROR: He zacrocosyerbcs

VII. BizomocTi npo odinifiHHX ONIOHEHTIB Ta PELeH3€HTiB
OdiuiiiHi OIOHEHTH
Baacwue IlpizBumie Im's Ilo-6aTbKOBI:

1. 3aB'a710B Bonopumup JleoHinoBuY



2. Volodymyr L. Zavialov

KBasigikamis: x. 1. 1., npodecop, 05.18.12

ImenTudikarop ORCID ID: 0000-0001-9382-9050

JoparkoBa iHdopmamist:

IloBHE HalIMEeHYBaHHS IOPUAHYHOL 0CO0H: HanioHanbHU# yHIBEPCUTET XapYOBUX TEXHOJIOTIi
Kopg 3a €IPIIOY: 02070938

MicueSHaxo,vieHHﬂ: ByJ1. Bonogumupceka, Kuis, 01601, Ykpaina

dopma BiracHOCTI: /lepxasHa

Cdepa ynpaBiriHHS: MiHicTepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

Baacue IlpizBuuie Im's I1o-6aTbKOBI:
1. lyboBkiHa IpuHa OsekcaHgpiBHa

2. Iryna O. Dubovkina

KBasigikamis: n. 1. 1., crapmmii HaykoBuii criiBpo6iTHUK, 05.18.12

InenTudikarop ORCID ID: 0000-0002-4038-928X

JopaTrkoBa indpopmanis:

IloBHe HalMEeHYBaHHSI IOPHUAHUYHOI OCOOH: [HCTUTYT TexHiUHOI Terutodisnku HanjoHanbHoi akagemii Hayk
YKpainu

Kopg 3a €IPIIOY: 05417118

Micue3Haxoa KeHHS: By Mapii Kannict, Kuis, 03057, Vkpaina

dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiiHHS: HaujonanbHa akaziemist HayK Ykpainu

InenTudikarop ROR:

Peuensentu

BiacHe IIpi3Buie Im'sa ITo-6aTbKOBI:

1. Jlyroscbkuii Onexkcanap GenopoBuy

2. Oleksandr F. Luhovskyi

KBasigikanis: 1. 1. u., npodecop, 05.05.13
Imentudikarop ORCID ID: 0000-0003-1076-7718
JoparkoBa indopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuyHuil yHiBepcuteT Ykpainu "KuiBchKuit

MOJIITEXHIYHMN iHCTUTYT imMeHi Irops Cikopcpkoro”
Kopg 3a €IPIIOY: 02070921

Micue3HaxoO KeHHS: npocnekt Bepecreiicbkuii, Kuis, 03056, Ykpaina



dopma By1acHoCTI:
Cdepa yllpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

Baacwue IlpizBume Im's Ilo-6aTbKOBI:

1. Bimincekuit AHnpii IBaHOBUY

2. Andrii 1. Zilinskyi

KBasigikanis: x. 1. 1., go., 05.02.02
Imentudikarop ORCID ID: 0000-0003-4258-7738
JonaTkoBa iHdopmalist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHMil yHiBepcuTeT Ykpainu "KuiBchKuit

NoJIiTeXHiYHMIA iHCTUTYT iMeHi Irops Cikopcekoro®

Kog, 3a €IPTIOY: 02070921

Micue3HaxoO KeHHS: npocnekT Bepecreiicbkuii, Kuis, 03056, Ykpaina
dopma By1acHoCTI:

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

VIII. 3akr04Hi BimoMocTi

Biacue IlpizBuie Im's INo-6aTbKOBI Coxonbcpkuit Onexkcanap JIeoHimosuy
roJIOBH pagu

Biacue IpizBume Im's Ilo-6aThKOBI Coxonbepkuit Osexcangp Jleonigosuy
rOJIOBYIOYOrO Ha 3acCifiaHHi

BigmoBimasibHHU 32 MiATOTOBKY Ocranenko JKanHa IropiBHa
00JIIKOBHX JOKYMEHTIB

PeecTpartop IOpuenko TetsiHa AHaTosiiBHA

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 3a PEECTpalLio HayKoBOi IOpuenko TeTsHa AHaToiiBHA

OisIJIbHOCTI




