O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI
Jep>kaBHHH 00J1iKOBHI HOMep: 0823U100804
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peecrtpamnii: 09-10-2023

Craryc: Haka3 npo Bugady gumnioma

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. 3amopcekuit Biagicnas OnexkciiioBud

2. Zamorskyi Vladyslav

KBasmigikaris: 105

InenTudikarop ORCHID ID: He sactocoyerbcs

Bupg, pucepranii: nokrop dinocodii

AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIndp HayKoBOi crIeniaIbHOCTI: 105

Ha3zBa HayKoBoi creniaJbHOCTI: [TpukiajgHa disvka Ta HaHOMaTepiany
T'anyss / ranysi 3HaHb!

OCBiTHbo—HayKOBa nmporpama 3i CreniaJbHOCTI: ITpuknanHa Gisuka Ta HaHOMaTepiau
Jara 3axucry: 21-09-2023

CnenianbHICTB 32 OCBiTOMO: IIpukiasHa disuka Ta HaHOMaTepianu

Micue po6oTH 3400yBaya: Incruryr marnetusmy HanjionasnpHoi akaziemii Hayk Ykpainu ta Minicrepcrsa

OCBITH i HayK1 YKpaiHu

Kopg 3a €IPIIOY: 23494128

Micue3HaxoaKeHHS: OysbB. Akamemika BepHagncbekoro, 6ya. 36-6, Kuis, 03142, Ykpaina
dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBiiHHS: HaujonanbHa akaziemist HayK Ykpainu

InenTudikarop ROR:



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
IIIudp cnenianizoBaHoi BY€HOI pagH (pa30Boi creniaai30BaHOl BYEHOI pajgu). PhD 2

IloBHe HalMEeHYBaHHSI IOPHUAHUYHOI 0COOM: [ncTUTYyT MarHeTnamy HarjioHasnbHoi akaziemii Hayk Ykpainu Ta

MinicTepcTBa OCBiTH | HAYKU YKpaiHu

Kopg 3a €IPIIOY: 23494128

Micue3HaxoaKeHHS: OysbB. Akazemika BepHagncbekoro, 6ya. 36-6, Kuis, 03142, Ykpaina
dopma ByracHOCTI: Jlepxasna

Cdepa ynpaBiiHHS: Haujonanbna akaziemist Hayk Ykpainu

InenTudikarop ROR:

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

IloBHe HaliIMEeHYBaHHS IOPUAHYHOL 0CO0M: IncTUTYT MarHeTu3my HarnjonasnbHoi akagemii Hayk Ykpainu Ta
MiHicTepcTBa OCBiTH | HAYKU YKpaiHu

Kopg 3a €IPIIOY: 23494128

Micue3HaxoaKeHHS: OyJsibB. AKazeMika BepHagcekoro, 6ya. 36-6, Kuis, 03142, Ykpaina

dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: HaujonasnbHa akajiemis HayK YKpaiHu

InmenTudikarop ROR:

V. BimomocTi npo gucepraniio
MoBga guceprTaiiii: Vkpaincoka
Koy TeMaTHYHUX PYOPHK: 29.19

Tema guceprauii:
1. KepyBaHHS MarHiTHUMU XapakTepUCTUKaMU Ta KOHTPOJIb IiCTepe3nCHUX BTPaT Y GepUTOBUX HAHOYACTHUHKAX Ta

HAaHOKOMIIO3UTaX

2. Control of magnetic characteristics and hysteresis losses in ferrite nanoparticles and nanocomposites

Pedepar:

1. InceprauiiiHa po60Ta NpUCBSIYEHA BUPIIEHHIO HU3KU BaKJIMBUX 3aBAAHb B 00J1aCTi (Pi3UKM MAarHETU3MY —
3'SICYBaHHIO 3aKOHOMipHOCTEe! 3MiHU CTaTUYHUX Ta AUHAMIYHMUX MarHiTHUX XapaKTepPUCTUK HAHOYACTUHOK
depuTiB-LINiHEsEl Ta KOMIIO3UTIB Ha iX OCHOBI B 3aJIEXKHOCTI Bifl iX XiMiYHOTO cKylazy. 3a JOIIOMOTOI0 HIMPOKOT0
apceHaly eKCIIepUMEHTAJIbHUX METOOMK, Cepe], IKMX BibpalliliHa MarHiToMeTpis, KaJIOpUMETPUYHi BUMipIOBaHHH,
€JIEKTPOHHA MIiKPOCKOIIisl, PEHTT€HOCTPYKTYPHUM aHaJi3, IPOBEIEHO JeTali30BaHe NOCiIKEHHS PeaJbHUX
aHcamOJ1iB MarHiTHUX HaHOYaCcTUHOK (pepuTiB-wmninesneit (Ni,Zn)Fe204 i komnosutis CoFe204 /Fe304 ta
Fe304/CoFe204 3i cTpyKTypoIo si4p0/06010HKA, MarHiTHUX HAaHOYacTMHOK NaFeO2, siki y 06’eMHOMY CTaHi €
HEKOJliHeapHUM aHTU(epoMarHeTukom. Ha ocHOBI aHasi3y OTpMMaHuX eKCIIEPUMEHTAIbHUX JaHUX Ta

IIPOBEJEHOT0 YMCEJIbHOI'O MOZEJIIOBAaHHS 3p00JIEHO BaXKJIMBi BUCHOBKH, 5IKi BKa3yIOTh MO>KJIUBI METOIU



PO3pO6JIEeHHSI HAHOMATePiajliB 3 ONTUMi30BAHUMHU Ta KEPOBAaHMMU MArHiTHUMU XapaKTepPUCTUKAMU,
MEePCIEKTUBHUX JJIS1 Pi3HUX TEXHIYHUX Ta MEIUYHUX 3aCTOCYBaHb, TAKUX SIK iIHIYKTOPU TEIJa J1s1 MarHiTHOi
rineprepmii. V nepimomy posaiji fucepTaliiiHoi po60Ty 06roBOPIOIOTHCS 3arajlbHi BJIaCTUBOCTI MarHiTHUX
HAHOYACTUHOK Y KOHTEKCTi 6ioMeINYHUX 3aCTOCYyBaHb. OGIPYHTOBYIOTHCSI HEOOXIiIHI BUMOTH /1J11 CTBOPEHHS
HaHOMarepiaiB 3 KOHTPOJILOBAaHMMHU Ta BiITBOPIOBAHMMU CTPYKTYPHUMU, MarHiTHUMU Ta TEIJIOBUMU
XapaKTepUCTUKaMU Ta METOZiB BIJIUBY 1jisl OTPUMAaHHS [IapaMeTpiB, 10 Bif[IOBiAAI0Th IOCTaBJIEHUM 3aBAAHHSIM.
Oco6:mBa yBara npufiijieHa HaHoMaTepiajaMm JJj1s1 BAKOPUMCTaHHS y MarHiTHii rineprepMii. Ha ocHOBi orisimy po6irt
POO6JISATHCS BUCHOBKY PO BUMOTHY O PO3Mipy TaKMX HAHOYACTUHOK Ta iX BifIOBiNHOI AXCHEPCi], IPO HEOOXiIHICTh
nepebyBaHHs Qpepo(depu)MartHiTHUX HAaHOYaCTMHOK B OJHOIOMEHHOMY CTaHi Ta IIpo NUTaHHS 6i0CyMiCHOCTI
MarHiTHMX HAaHOYACTUHOK. Y MiICYMKy 3p00JIeHO BUCHOBKU PO TENEPillHill CTaH JOCiI)KeHb BJIaCTUBOCTEN
MarHiTHMX HAaHOYACTHUHOK 1J1s1 6i0MeAMYHUX 3aCTOCYBaHb, 8 TAKOXK CPOPMYIbOBAHO METY POOOTH Ta HAYKOBI
3aBJIaHHS, HA PO3B'I3aHHS SIKUX OYyJIM CIIPSIMOBAHI JOCIIiIKEHHS, 110 NPeCTaBJIeHi y 1aHiil po6oTi. V mpyromy
PO31iji MpOBeNeHo NeTaJbHUM ONMC YMOB BUTOTOBJIEHHS Ta METO/IB AOCJiIyKeHHs aHCaM06J1iB HAHOYaCTUHOK Ta
HAaHOKOMIIO3UTIB, SIKi BUBYAJIMCS BiJIIOBiIHO 0 IIOCTaBJI€HUX 3aB/laHb. Y TPETbOMY PO3/iji BUKIALEHO Pe3yJIbTaTh
CHUCTEMATUYHUX JOCJiI)KeHb MAarHiTHUX i KAJIOpUMETPUYHUX BJIACTUBOCTEM aHCAMOJIiB HAHOYACTUHOK HiKeJlb-
nuHKoBoro ¢pepury Nil-xZnxFe204 B mupokomy fianazoHi KoHneHTpauii 0 < x < 0,8. ExcriepyuMeHTaIbHO
HiATBEPAKEHO, 110 32 YMOB [1ii 3MiHHOTO MarHiTHOTO I10J1s1 ePeKTUBHICTbh HAarpiBy MarHiTHUX HAHOYACTUHOK CYTTEBO
3MEHIIYETHCS 32 HAOJIMKEHHS iX TeMIieparypu 1o Todku Kropi, o 103Bos1sie pO3poOUTH CUCTEMU, SIKi
YHEMOJKJIMBJIIOIOTh NEeperpiB LiboBOi 0671aCTi HarpiBaHHA. Bu3HaueHO Jiana3oH KOHLEHTPALlill, B MEXaXx SIKOTO
napaMeTpy MarHiTHUX HAHOYACTHUHOK 3a7J0BOJIbHSIOTh BUMOTraM, HEOOXiIHUM [J151 X 3aCTOCYBaHHS y
CaMOKOHTPOJIbOBaHI rineprepmii.. Y 4eTBEpTOMY pO3/iJli 3alIPOINIOHOBAHO NPOLIEYPY MOIIMOIEHOTO aHai3y
MAarHiTHUX NapaMeTpiB HAHOYACTUHOK, a TAKOX BUKJIAJIEHO Pe3yJbTaTH JOCiIKeHb KOMIO3UTHUX HAHOYACTUHOK 3
apXiTeKTypolo sIIPO/000JI0HKA, SIKi CKJIaJal0ThCS 3 MarHiTHO-TBEPIMX i MarHiTHO-M'IKMX MaTepianiB. PesysnbraTy,
BUKJIaJIeHi B LIbOMY PO3[Iijli, HafA0Th MiATIPYHTS AJ1S1 PO3yMiHHSI BIUIUBY apXiTeKTypH siApo/000JI0HKA Ha
HaMarHiuyeHicTb Ta €(PEeKTUBHY aHi30TPOIiI0 KOMIO3UTHUX HaHO4YacTMHOK CoFe204 /Fe304 ta Fe304/CoFe204, Ta
HaBeJeHi pe3yJIbTaTh FOBOPSTh IIPO BUCOKY €(PEKTUBHICTb L[bOTO CIIOCOOY BUTOTOBJIEHHS MAarHiTHUX HAHOYACTUHOK
3 METOIO KepOBaBaHHS MAarHiTHUMU NapaMeTpaMH JIsl Pi3HUX T€XHOJIOTIYHUX Ta 6i0MeIUYHUX 3aCTOCYBaHb. Y
II'SITOMY PO3/iJli BUKJIIEHO PE3YyJIbTaTU MAarHiTHUX i KaJIOPUMETPUYHUX JOCIiIPKEHb aHCAaMOJII0 HAHOYACTUHOK
NaFeO2. 3a3HaueHo, 1o 06’eMHi 3pa3ku NaFeO2 € HekosiHeapHUMU aHTU(EPOMATrHEeTUKaMU 3 HEXTOBHO MaJsiolo
PE3YJIbTYIOUOI0 HAMarHi4eHiCTIO, OJHAK ITPY Nepexoii 10 HaHOMACIITaOHMX PO3MIpiB Iii MaTepiany JeMOHCTPYIOTh
BiZJHOCHO BeJINKY HaMarHi4eHicTb, sIKa € IOPiBHSIHHOIO 3 HaMarHiueHicTio pepuTiB-uniHesei. 3'1COBaHO MeXaHi3MU
€HEPreTUYHMUX BTPAT 3a YMOB Jii 3MiHHOTrO Mar"iTHoro nois. [lokasaHo, o MarHiTHi HaHo4acTMHKU NaFeO2 e
[IEPCIIEKTMBHUMU [JI1 BAKOPUCTAaHHSA B MEJULIVHI, 30KpPEMa B IKOCTi KOHTPACTHUX areHTiB Y MarHiTHiN
pe30oHaHCHil Tomorpadii abo TenaoBuX iHIYKTOPIB y MarHiTHi rineprepmii.

2. The dissertation is dedicated to solving a number of important tasks in the physics of magnetism - to find out
the patterns of changes in the static and dynamic magnetic characteristics of ferrite-spinel nanoparticles and
composites based on them, depending on their chemical composition. With the help of a wide arsenal of
experimental methods, including vibrational magnetometry, calorimetric measurements, electron microscopy, X-
ray structural analysis, a detailed study of real ensembles of magnetic nanoparticle ferrite-spinels (Ni,Zn)Fe204
and composites CoFe204 /Fe304 and Fe304 /CoFe204 with a core/shell structure, magnetic nanoparticles
NaFeO2, which in the bulk state are non-collinear antiferromagnet. Based on the analysis of the obtained
experimental data and the conducted numerical simulations, important conclusions were made that indicate
possible methods of developing nanomaterials with optimized and controlled magnetic characteristics, promising
for various technical and medical applications, such as heat inducers for magnetic hyperthermia. The first chapter
of the thesis discusses the general properties of magnetic nanoparticles in the context of biomedical applications.
The necessary requirements for the creation of nanomaterials with controlled and reproducible structural,
magnetic, and thermal characteristics and exposure methods for obtaining parameters corresponding to the tasks
are substantiated. Special attention is paid to nanomaterials for use in magnetic hyperthermia. Based on the review



of the works, conclusions are made about the requirements for the size of such nanoparticles and their respective
dispersion, about the need for ferro(ferro)magnetic nanoparticles to be in a single-domain state, and about the
issue of biocompatibility of magnetic nanoparticles. As a result, conclusions were drawn about the current state of
research on the properties of magnetic nanoparticles for biomedical applications, and the purpose of the work and
scientific tasks, which were aimed at solving the research presented in this work, were formulated. The second
chapter provides a detailed description of the fabrication conditions and research methods of the nanoparticles
ensembles and nanocomposites, which were studied in accordance with the assigned tasks. The third chapter
presents the results of systematic studies of magnetic and calorimetric properties of the ensembles of Nil-
xZnxFe204 nickel-zinc ferrite nanoparticles over a wide range of concentrations 0 <x< 0.8. It has been
experimentally confirmed that under the application of an alternating magnetic field, the heating efficiency of
magnetic nanoparticles significantly decreases when their temperature approaches the Curie point, which allows
the development of the systems that prevent overheating of the target heating area. The range of concentrations
within which the parameters of magnetic nanoparticles meet the requirements necessary for their use in self-
controlled magnetic hyperthermia has been determined. In the fourth chapter, a procedure for in-depth analysis
of the magnetic parameters of nanoparticles is proposed, as well as the results of studies of composite
nanoparticles with a core /shell architecture, which consist of magnetically hard and magnetically soft materials,
are presented. The purpose of the work, the results of which are presented in this section, was to understand the
influence of the core /shell architecture on the magnetization and effective anisotropy of composite nanoparticles
CoFe204 /Fe304 and Fe304/CoFe204; calculation, measurement and analysis of specific power losses under the
action of an alternating magnetic field, as well as to find a method of the fabrication of magnetic nanoparticles
with controlled magnetic parameters for various technological and biomedical applications. The fifth chapter
presents the results of magnetic and calorimetric studies of an ensemble of NaFeO2 nanoparticles. It is noted that
NaFeO2 bulk samples are non-collinear antiferromagnets with negligibly small resulting magnetization. However,
when moving to nanoscale dimensions, these materials demonstrate a relatively high magnetization, which is
comparable to the magnetization of ferritespinels. The mechanisms of energy losses under the conditions of action
of a variable magnetic field have been clarified. It is shown that magnetic nanoparticles of NaFeO2 are promising
for the use in medicine, in particular as contrast agents in magnetic resonance imaging or heat inductors in
magnetic hyperthermia.
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