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Pedepar/aHoTanis:

1. Incepraniiina po60Ta IpUCBSIY€HA BUPIIEHHIO HAYKOBOI 3ajadi 010 BLOCKOHAIEHHS TEXHOJIOTIN Ta
006J1a[IHaHHS1 KOMIIJIEKCHOI IepepOoOKM POCIMHHOI CHPOBUHU METOIAaMU Kpiocy6iiMaliiiHoro ¢ppakiioHyBaHHS Ta
€KCTParyBaHHs 3PiIKeHUMHU XJlaloHaMU. AKTYyasIbHICTb JOCJiIKEHHS 3yMOBJIEHA IOTPE60I0 Y CTBOPEHHI
pecypcoedeKTUBHUX i €KOJIOTIYHO 6e3I1eYHNX HU3bKOTEMIIEPATYPHUX TEXHOJIOTIH, SIKi 326€311eUyI0Th MaKCUMaJlbHe
30epeskeHHs1 6i0JI0TiYHO aKTMBHUX pe4oBUH. Kpiocy6siMmaniiine ¢ppakLioHYBaHHS NO3BOJISIE OTPUMYBATH
cy6simoBaHy TBepy dpakiiio Ta kpiocybiiMar — pinnHHY QpakLiio, 36aradeHy BiTamiHamu, MiKpoejleMeHTaMU,
aMiHOKKCJIOTaMHU Ta MOJIEKYJISPHUMU KOMIUIEKCaMU. EKCTparyBaHHs 3pipKeHUMU XJIaJOHAMU XapaKTEPU3YEThCS
BHICOKOIO CEJIEKTUBHICTIO, HU3bKMMU TEMIIEPATyPaMHU NIPOLECY, JIETKUM PO3[iJIEHHIM €KCTPaKTy I pO3UNHHUKA,
MiHiMaJIbHAM 3aJIMIIKOM €KCTPareHTy, XiMi4HOIO IHEPTHICTIO, HETOPIOYIiCTIO Ta HU3bKOIO TOKCUYHICTIO. OTpUMaHi

IPOJYKTH MOXKYTb BUKOPUCTOBYBATHCS SIK HATYpaJIbHi CMAKOBi i1 apOMaTOyTBOPIOBAJIbHI J06aBK1, KOMIIOHEHTU



JIiKyBaIbHO-TIPOQiNIaKTUYHUX IIPEnapaTiB i KOCMeTUYHUX 3aC00iB. METOI0 LOCTIIKEHHS € BLOCKOHATIEHHS
TEXHOJIOTiI Ta 06J1aiHAHHS [J151 OTPMMaHHSI €KCTPAKTIB i3 POCJIMHHOI CUPOBUHU METOaMU eKCTPaKLil y 3piIpKeHux
raszax i kpiocy6simanifiHoro ¢ppakuioHyBaHHs. [1J1s1 TOCATHEHHS METU NIPOAHaJi30BaHO CYy4YacHi MeTonu
€KCTParyBaHHs, BUBHAUEHO iX NIepeBaru 1 HeJoJliKY; OOIPYHTOBAHO BUOIP POCIMHHOI CUPOBUHY; LOBEAEHO
IIEPCIEKTUBHICTb 3aCTOCYBAHHSI 3PiI)KEHUX XJIA[IOHIB /1J1 BUIY4Y€HHS JNigHUX Qpakiiii; NpoBeeHo
€KCIIepMMEHTaJIbHi JOCiIpKeHHs KpiocybJlimMallii Ta X71al0HOBOTO eKCTparyBaHHs; BUBHAYEHO XiMiuHuMil ckiap i
IIOKa3HMKU SIKOCTi OTPMMaHUX QpakLiil Ta eKCTPaKTiB; 3aIpOIIOHOBAHO MOJEJIb KiHETUKM €KCTParyBaHHs i LJISIXU
BIIOCKOHAJIEHHS €KCTPAKLIMHOI YCTAaHOBKMU. Y MEPIIOMY PO3JiJi IPOBENEHO NOPiBHAILHUN OIJIAL, TPAAULINHUX i
Cy4aCHHUX METOIiB eKCTparyBaHHs POCJIMHHOI CHPOBUHY, BU3HAYEHO iX TeXHOJIOTiYHi OCOGIMBOCTI, IepeBaru Ta
obMesxeHHs. OOBrpyHTOBaHO BUOIp XJIalOHOBOI €KCTPaKliii 1K e(peKTUBHOTO CIIOCO0Y BUJIyYEHHS JiNigHUX QpaKLii,
110 3a6e3meuye 36€peKeHHs KOJIbOPY, apOMaTy, CMaKOBUX BJIACTUBOCTEH, BiICYTHICTb MiKpPOOi0JIOTiYHOTO
3a0pyIHEHHS Ta IOBHE BUAJIEHHS PO3YMHHUKA. [[poaHani30BaHO XapaKT€PUCTUKY XJIA[IOHIB SIK €KCTPAreHTiB,
KOHCTPYKLii 061aiHaHHS, a TAaKOXX JAOLIJIbHICTh 3aCTOCYBaHHs Cy0OJiMaliliHOTO CyliHHS i KpiocybiimMalifiHoro
(dpakuioHyBaHHS. Y APYyromMy po3fiji 0XapaKTepU30BaHO 00’€KTU OCIIiI)KEHHS: IETPYLIKY KydepsiBY, TOIiHamoyp,
JIaBp 6J1IarOpOJHUI, KMUH YOPHUI, KaJIeH 1y Ty JIKapCbKy Ta aMapaHT. ONMCcaHO METOAMKHU MiATOTOBKY CUPOBUHU J10
KOMILJIEKCHOI [1lepepo06Ky, 30KpeMa KpiornonpibHeHHs Ta cybiMallifiHe CYLIiHHS, a TAaKOK 00J1afHAHHS AJ1s
IIPOBEJIEHHS eKcllepuMeHTiB. HaBeeHO MeTOMKM aHali3y (i3uKO-xXiMiYHMX NTOKA3HUKIB XJIaJIOHOBUX €KCTPAKTIB,
Cy06J1iIMOBaHUX TBEPAUX i PiTMHHUX PPaKLill i3 BAKOPUCTaHHSIM ra3oBoi xpomaTtorpadii, CieKTpopOTOMETPIi,
BU3HAYEHHS CyXUX PEYOBUH i YKCjIa apoMaTy. Y TPETbOMY PO3Ziji €KCIIEPUMEHTAJILHO AOCIIIKEHO MPOoLeC
€KCTparyBaHHs JininHuX Qppakuiil i3 6i010ri4YHOI CUPOBUHM 3PiIKEeHUMU XJIalOHaMU Ha YCTAaHOBLI| 3
TPUCTYIIEHEBOIO KPIOT€HHOIO CUCTEMOIO peKyIepallii pO3YMHHUKIB. BCTaHOB/IEHO BIJIMB TEMIIEPATYPU ¥ TUCKY Ha
BUXi/l €KCTPaKTy, BU3HaUYE€HO €Heprilo akTUBallii mpoliecy, JOCiIKEHO CKaf JinigHux gpakuiil Ta ineHTrgikoBaHo
67113bKO 75 % KOMITOHEHTIB XJIaIOHOBUX €KCTPaKTiB. [linTBepAskeHO 3[1aTHICTh METOY BUJIyYaTH LIMPOKUI CIIEKTP
HETIOJIIPHUX PEYOBUH i JOBEEHO Ipalle3JaTHICTb KpiocyoliMaLifiHoro GpakiioHyBaHHS AJ1s1 BULisIeHHs QpaKuiii i3
MOJIEKYJIAPHOIO Macolo 1o 300 a. 0. M. Y 4eTBEPTOMY PO3[iJii 3alIDOIIOHOBAHO MOJE/b KiIHETUKY €KCTParyBaHHS y
BUIJISIZ] cMCTeMH ABOX AudepeHLiaNbHUAX PiBHSHbD, KA BpaXOBye 3MiHHY KOHLEHTPALil0 Ha MibK(a3Hiil 1oBepxHi Ta
B 00’eMi po3unmHHUKA. OTPUMAaHO aHAJIITUYHUI PO3B’I30K PiBHSHHS KiHETHUKU 7151 11iIbOBOTO KOMIIOHEHTA Y TBEepIilt
i piguHHIN (aszax 3 ypaxyBaHHSIM MaCOOOMIHHUX 4MCeJl NOIOHOCTI, FEOMETPii YaCTUHKU CUPOBUHH,
CHiBBiHOLIEHHS 00’€MiB €KCTPAreHTy i1 CHPOBUHU Ta KOHCTaHTU (pa30Boi piBHOBAaru. ExcriepumeHTanbHO
HiATBEPAKEHO ONTUMAIbHUIN PEXKUM eKCTparyBaHHs. Y II'SITOMY PO3[Lijii HaBeieHO [T0Ka3HUKY Oe3IeKH,
OpraHoJIENTMYHI Ta Pi3NKO-XiMi4HI BJIACTUBOCTI XJIaJlOHOBUX €KCTPAKTIB i Kpiocy6simaris. Po3pobieHo
TEXHOJIOTIYHY GJIOK-CXEMY KOMIIJIEKCHOI KpiolepepOoOKM POCIMHHOI CUPOBUHU. 3alIpOIIOHOBAHO BIIOCKOHAJIEHHS
YCTQHOBKU XJIaJIOHOBOI €KCTPAKIL{i MIJISIXOM yIIPOBAIKEHHS a30THOTO YJIOBJIIOBAYa, 10 MifBUIlye e(PeKTUBHICTDb
IIpoliecy Ta 3HMXKYe eHeproButpartu. [IpoBeieHO po3paxyHOK eKOHOMIYHOI e peKTUBHOCTI I MifTBEpIKEHO
IOLi/IbHICTh BUKOPUCTAHHS TE€XHOJIOTII. Pe3ysbTaTtu gocigykeHHs BIIPOBAIPKEHO y HaBYalbHUI npouec JJBTY Ta

BUpOOHULTBO Ha mifgnpueMmctBax TOB «M'sacauii Lex» i TOB «Kyn ®ekropi».

2. The dissertation is devoted to solving a scientific problem related to the improvement of technologies and
equipment for the complex processing of plant raw materials by means of cryosublimation fractionation and
extraction with liquefied refrigerants. The relevance of the study is determined by the need to develop resource-
efficient and environmentally safe low-temperature technologies that ensure the maximum preservation of
biologically active substances. Cryosublimation fractionation makes it possible to obtain a sublimated solid fraction
and a cryosublimate — a liquid fraction enriched with vitamins, microelements, amino acids, and molecular
complexes. Extraction with liquefied refrigerants is characterized by high selectivity, low process temperatures,
easy separation of the extract and solvent, minimal residual extractant, chemical inertness, non-flammability, and
low toxicity. The resulting products may be used as natural flavoring and aroma-forming additives, components of
therapeutic and preventive preparations, and cosmetic products. The purpose of the study is to improve the
technology and equipment for obtaining extracts from plant raw materials using extraction in liquefied gases and
cryosublimation fractionation. To achieve this purpose, modern extraction methods were analyzed, their



advantages and disadvantages were identified; the choice of plant raw materials was substantiated; the prospects
of using liquefied refrigerants for extracting lipid fractions were proven; experimental studies of cryosublimation
and refrigerant extraction were conducted; the chemical composition and quality indicators of the obtained
fractions and extracts were determined; a model of extraction kinetics and ways to improve the extraction unit
were proposed. The first chapter provides a comparative review of traditional and modern methods of extracting
plant raw materials, identifying their technological features, advantages, and limitations. The choice of refrigerant
extraction as an effective method for extracting lipid fractions is substantiated, as it ensures the preservation of
color, aroma, taste properties, the absence of microbiological contamination, and complete removal of the solvent.
The characteristics of refrigerants as extractants, equipment designs, and the feasibility of using freeze-drying and
cryosublimation fractionation are analyzed. The second chapter characterizes the research objects: curly parsley,
Jerusalem artichoke, bay laurel, black cumin, calendula, and amaranth. The methods of preparing raw materials for
complex processing are described, including cryogenic grinding and freeze-drying, as well as the equipment used
for the experiments. The methods for analyzing the physicochemical indicators of refrigerant extracts, sublimated
solid fractions, and liquid fractions are presented, including gas chromatography, spectrophotometry,
determination of dry matter content, and aroma number. The third chapter experimentally investigates the
process of extracting lipid fractions from biological raw materials with liquefied refrigerants using an installation
equipped with a three-stage cryogenic solvent recovery system. The influence of temperature and pressure on
extract yield is established, the activation energy of the process is determined, the composition of lipid fractions is
studied, and approximately 75% of the components of refrigerant extracts are identified. The ability of the method
to extract a wide range of non-polar substances is confirmed, and the effectiveness of cryosublimation
fractionation for isolating fractions with a molecular weight of up to 300 atomic mass units is proven. The fourth
chapter proposes an extraction kinetics model in the form of a system of two differential equations, which takes
into account variable concentration at the interphase surface and in the solvent volume. An analytical solution of
the kinetic equation for the target component in the solid and liquid phases is obtained, considering mass-transfer
similarity numbers, the geometry of the raw material particle, the ratio of extractant and raw material volumes,
and the phase equilibrium constant. The optimal extraction mode is experimentally confirmed. The fifth chapter
presents safety indicators, organoleptic properties, and physicochemical characteristics of refrigerant extracts and
cryosublimates. A technological flow diagram for the complex cryoprocessing of plant raw materials is developed.
An improvement of the refrigerant extraction unit through the introduction of a nitrogen trap is proposed, which
increases process efficiency and reduces energy consumption. The economic efficiency calculation is carried out,
and the feasibility of using the technology is confirmed. The research results have been implemented in the
educational process of the State Biotechnological University and in production at LLC “Miasnyi Tsekh” and LLC
“Cool Factory”.
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o [IateHT Ha KOpuCHY Mogenb N2141093 Vkpaina: C11B1/10, BO1D11 /02, A61K36 /00. Criocié oTpuMaHHS
OJIHOPigHUX JIiNOQiNbHNAX KOMIUIEKCIB 3 pocanHHOI cupoBunu / B. O. Tloranos, [. B. binuii, I1. B. IBanHikoB. N2
u 2019 08259; 3asBi. 15.07.2019; ony6s1. 25.03.2020, Brom. N2 6 /2020. 6 c.

HaykoBa (HayKOBO-TeXHiYHa) MPOAYKILisI: TexHoOrii
ConuiasiIbHO-€KOHOMIYHA CIIPSIMOBAHICTh:

OxopoHHi goKymeHTH Ha OIIIB:

BrnpoBaakeHHS pe3yJIbTaTiB AHCEPTalii: BiposamkeHo

3B'A30K 3 HAYKOBHMH TeMaMH: 0121U114569, 0124U00044,0121U114569

VI. BizoMocCTi Ipo HAayKOBOr0 KEPiBHUKa /KePiBHUKIB (KOHCYJIbTAaHTA)
Baacue IlpizBuuie Im's Ilo-6aTbKOBI:

1. Ilotanos Bosogumup OnekciiioBud

2. Volodymyr Potapov

KBasigikamis: n.1.1., npodecop, 05.18.12

InenTudikarop ORCID ID: 0000-0002-0731-2598

HoparkoBa iHpopmawist: https://www.scopus.com /authid /detail.uri?authorld=57190442103
IloBHEe HaliIMEeHYBaHHS IOPUAHYHOL 0CO0H: JlepkaBHMIT 6i0TEXHOIOTIYHMIA YHIBEPCUTET
Kopg 3a €IPIIOY: 44234755

Micne3Haxoa>KeHHS: ByJ1. AT4eBCbKUX, XapKiB, XapKiBCbkuiil p-H., 61002, Vkpaina

dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBitiHHS: MiHicTepcTBO OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

Bsacue IlpizBuuie Im's I1o-6aThKOBI:
1. Ilerpenko Osena BonogumupisHa

2. Olena V. Petrenko

KBasigikamis: . . u., gou., 05.18.12

InenTudikarop ORCID ID: He 3acrocosyetscs



JoparkoBa iHpopmamuist: ;ORCID: http:// orcid.org/0000-0002-2202-8448

IloBHE HaliIMEHYBaHHS IOPUAHNYHOI 0COOH: JlepkaBHUII 6iOTEXHOJIOTIYHMIA YHIBEPCUTET
Kopg 3a €IPIIOY: 44234755

Micue3HaxoO KeHHS: ByJl. AlueBChKUX, XapKiB, XapKiBCbKuii p-H., 61002, Ykpaina

dopma BiracHOCTI: JlepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VII. BizmomocTi npo odiliiHUX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OIOHEHTH
Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. AtamaHn1ok Bonogumup MuxaitnoBuy

2. Volodymyr M. Atamanyuk
KBasigikamis: g.1.1., mpodecop, 05.17.08
InenTudikarop ORCID ID: 0000-0002-8707-2319

JoaparkoBa iHdopmanist: https://scholar.google.com.ua/citations?user=iBixljgAAAAJ&hl=uk&oi=ao;
https:/ /www.scopus.com/authid /detail.uri?authorld=57103441800

TloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: HaujonanbHuil yHiBepcuteT "JIbBiBCbKA MOTTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micue3HaxoaKeHHS: ByJs1. Crenana banpepu, JIbBiB, 79013, Ykpaina

dopma ByacHOCTI: [lepxasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKy YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. 3aB’as0B Bonogumup JleoHimoBuy

2. Volodymyr L. Zavialov

KBasigikamis: n. 1. ., npod., 05.18.12

InenTudikarop ORCID ID: He 3acrocosyerscs

JoaparkoBa iHpopmauist: ;https://scholar.google.com.ua/citations?hl=uk&user=5AQ6POYAAAAJ
IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: HauioHanbHMil yHIBEPCUTET XapYOBUX TEXHOJIOTII
Koz, 3a €JIPIIOY: 02070938

Micue3HaxoaKeHHS: By/. Bosogumupcbka, Kuis, 01601, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAayKu YKpaiHu



InenTudikarop ROR:

Penensentu

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:
1. 3aropysbko Osekcit €BreHoBuY

2. Oleksii Y. Zahorulko

KBasmigikamis: . 1. 1., gow., 05.18.12

Imentudikarop ORCID ID: He zacrocosyerbes

HoparkoBa iHpopmawist: ;http://orcid.org/0000-0003-1186-3832

IloBHE HaliIMeHYBaHHS IOPUAHYHOL 0CO0H: Jlep>kaBHMIT 6i0TEXHOIOTIYHMIA YHIBEPCUTET
Kopg 3a €IPIIOY: 44234755

Micue3Haxoa>KeHHS: ByJ. AT4eBChKUX, XapKiB, XapKiBCbkuil p-H., 61002, Vkpaina

dopma ByacHOCTI: [lepxasna

Cdepa ynpaBitiHHS: MiHictepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

Biacue IlpizBuuie Im's I1o-6aThKOBI:
1. AkcroHoBa OneHa PenopiBHa

2. Olena F. Aksonova

KBasigikamis: . . u., gou,, 05.18.12

InenTudgikarop ORCID ID: 0000-0003-4666-9271

JoparkoBa indpopmamnist:

IloBHe HaiMeHYBaHHSI IOPHUAUYHOI OCOOH: [lepkaBHUIi 6I0TEXHOJIOTIYHMI yHIBEPCUTET
Kopg 3a €IPIIOY: 44234755

Micue3HaxoaKeHHS: ByJ1. AT4eBCbKUX, XapKiB, XapKiBCchkuil p-H., 61002, Vkpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZoMOCTi

BiiacHe IIpizBuie Im'sa ITo-6aTbKOBI [Tak Auppiin OneroBuy
TOJIOBH pagu

BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI IMax Auppiit Oserosuy

rOJIOBYIOYOrO Ha 3acigaHHi



BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpaTop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZINIOBiZaJIbHUM 32 peECTpallil0 HAyKOBOIi

OisIIBHOCTI

Minenko Codist IBaHiBHa

IOpuenko TeTsHa AHaTOJIiBHA

FOpuenko TetsHa AHaToJiiBHA



