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Pedepar:

1. AHOTALIS Y guceprauiiiziil po6oTi «E(eKTr Ta MEXaHi3MU CTPYKTYPHUX IEPEOYAOB B MOJIE/IbHUX TA PEAJIbHUX
MmembpaHax mif, riero HaHoYacTUHOK MoSo Ta WSo», moziaHoi Ha 300y TTSI HAyKOBOTO CTyIIeHs goKkTopa dinocodii 3a
crierianpHicTio 104 «Pi3uKa Ta aCTPOHOMIs», OCIKEHO BILJIUB 30BHIIIHIX YUHHUKIB Ta HAHOYACTUHOK
IVXaJIbKOT€HiMliB nlepexigHux MeTaiis (MoSo, WSn) Ha CTPYKTYpHi Ta QyHKIiOHa/IbHI XapaKTepPUCTUKU 6i0JIOTiYHUX i
MOJEJIbHUX MeMOpaH. Y NepIIoMy POo3Lii HaBeJeHO OIJISM, Cy4aCHUX JIITEPATYPHUX IKepeJl 3 610(pi3uKy KIIITUHHUX
meMmbOpaH, ix 6y[10BY, PYHKLIiOHAJIbBHUX O0COOIMBOCTEN, 30KpeMa JinigHux padTis Ta (pa30BOi IOBEAiHKY JIiMiiB.
OpuH i3 naparpadiB NpUCBsSYEHUI aHAJI3y JIIIOCOM SIK MOJI€JIbHUX CUCTEM /151 BUBUYEHHS] MEMOPaHHUX IIPOLIECIB
Ta CUCTEM JJOCTABKHU JIIKapChKUX 3aCO06iB. Y IPyroMy po3[iji JeTaJbHO ONMCAHO METOOUKY €KCIIEPUMEHTATbHUX
IOCJliIKeHb, BKIIoYaun ingpadepsony Qyp'e-cnexrpockornito (FTIR - Fourier-transform infrared spectroscopy),

CIIEKTPOCKOIIiI0 KOMOiHaLifHOro po3sitoBaHHs (Raman scattering), lOMiHEeCIIEHTHY CIIEKTPOCKOIIiI0, OIITUYHY Ta



KOH(QOKaJIbHYy MiKPOCKOIIi0, CKaHyI04y eJeKTpOHHY Mikpockomnito (CEM), eneproaucnepciiinuii aHanis (EDS -
Energy-dispersive X-ray spectroscopy) Ta fuHaMmiyHe po3citoBaHH4 cBiTsa (DLS dynamic light scattering).
BucBiTsieHO NpUHLMIIM POOOTH, IIEPEBATY, a TAKOX CIeluPiKy 3aCTOCYBaHHS KOSKHOTO METOAY [JIsl aHai3y
JinigHMX MeMOpaH Ta HAHOYACTUHOK. Y TPEeTbOMY PO3iji 3a mornomororo meronis CEM ta EDS nocrnigxeHo
mopdosioriuny 6yHoBy, XiMiuHNMIT CKIIall, a TAKOX €JIeKTPUYHI Ta MarHiTHi BaacTuBocTi 2D HanoyacTuHOK MoSo i WSo.
[TokaszaHo, 110 Li MaTepianau LeMOHCTPYIOTh Je@iluT CipKU Ta CXUJIBbHICTD J10 IOBEPXHEBOI0 OKMCHEHHs. MoSn
IIposiBJIsie (PEPOMATHITHI BIACTUBOCTI. Y 4eTBEPTOMY PO3ijli IPOAHaTi30BaHO B3a€EMO/i10 MOEJIbHUX MeMOpaH
(;minocom) 3 HaHOYacTMHKamMu MoSo Ta WSo Ha ocHoBi DLS, FTIR, ciekTpocKomilo KOMOiHALIIHOTO PO3CilOBaHHS Ta
KBAaHTOBO-XiMiUHOTO MOJI€II0BaHHS. Briepie BusiBneHo, mo MoSo tTa WSo MaloTh 30aTHICTh B3A€MOIISITHU 3 JIiMigaMU i
3HAaXOJUTUCH BCepenyHi inocoM. [TokasaHo, mo MoSo i WSt BUKiIMKae 3MiHM Y CTPYKTYPI JIiNIOCOM Ta BILJIMBA€E HA
CIIEKTPaJIbHI Mapkepu MembpaH. Hanouactuku WSo y BogHOMY 4 6y(epHOMY CcepeloBUlIi 6i0I0TiYHIUX MOJIEKYJT
Ta KJITYH, IEpeBa’kHO 3HAXOMAThCS B OKMCJIEHOMY CTaHi , B TOM Yac ik MoSo € 6ibIll CTiMKUM 10 OKUCIIeHHS. Y
II'SITOMY PO3/iJii IOCTIiI)KeHO CTPYKTYPHIi nepebyioBY Y KIiTUHAX jiereHeBoi KapuuHomu JIsoica (LLC) nipg BriiiBoM
2D-nanoyactuHOK MoSo i WSo. [IposenieHo aHasniz Mop¢osorii KJIiTUH 3a LOMOMOTIOI0 €JIEKTPOHHOI, ONTUYHOI Ta
(dnyopecueHTHOI MiKpockoTii. Briepiie BUSBI€HO 3MiHM B IUTOCKEJIETI, Ta CTPYKTYPI Iif, Ai€l0 HaHOYaCTUHOK MoSo i
WSo. OTprMaHi pe3yabTaTH MalOThb 3HAYHUI MOTEHIIia 171 OJAbIIOr0 BUKOPUCTAHHS Y MOJI€/IIOBAHHI
MeMOpaHHUX MIPOLIeCiB, CTBOPEHHI HOBITHIX CCTEM JIOCTaBKU JIiKiB, MiarHOCTUYHUX 3aC006iB. Kimo4yoBi ciioBa: MoSo
WSn, HaHOYaCTUHKY, CIIEKTPaJbHi Ta ONTUYHI BJIaCTUBOCTI, JIIMOCOMU, MEMOPaHHI MiMeTUKH, KOJMBaJbHA
CIIEKTPOCKOIIisl, CIIEKTPOCKOIIis KOMGiHaLiHOTO PO3CiI0BaHHS, JIIOMiHECLIEHTHA CIIEKTPOCKOIIisl, OIITUYHA

MiKPOCKOIIisl, €JIEKTPOHHA MiKPOCKOIis.

2. SUMMARY In the dissertation work titled "Effects and Mechanisms of Structural Rearrangements in Model and
Real Membranes under the Action of MoSo and WSo Nanoparticles,” submitted for the degree of Doctor of
Philosophy in specialty 104 "Physics and Astronomy," the influence of external factors and nanoparticles of
transition metal dichalcogenides (MoSo, WSn) on the structural and functional characteristics of biological and model
membranes has been investigated. In the first chapter, an overview of modern literature sources on the biophysics
of cellular membranes, their structure, functional features, including lipid rafts and the phase behavior of lipids, is
presented. One of the paragraphs is devoted to the analysis of liposomes as model systems for studying membrane
processes and drug delivery systems. In the second chapter, the methodology of experimental studies is described
in detail, including Fourier-transform infrared spectroscopy (FTIR), Raman scattering spectroscopy, luminescence
spectroscopy, optical and confocal microscopy, scanning electron microscopy (CEM), energy-dispersive X-ray
spectroscopy (EDS), and dynamic light scattering (DLS). The principles of operation, advantages, as well as the
specifics of application of each method for the analysis of lipid membranes and nanoparticles are highlighted. In

the third chapter, using CEM and EDS methods, the morphological structure, chemical composition, as well as
electrical and magnetic properties of 2D nanoparticles MoSo and WSo have been investigated. It is shown that these
materials demonstrate a sulfur deficiency and a tendency to surface oxidation. MoSo exhibits ferromagnetic
properties. In the fourth chapter, the interaction of model membranes (liposomes) with MoSo and WSo nanoparticles
has been analyzed based on DLS, FTIR, Raman scattering spectroscopy, and quantum-chemical modeling. For the
first time, it has been revealed that MoSo and WSo have the ability to interact with lipids and be located inside
liposomes. It is shown that MoSo and WSo cause changes in the structure of liposomes and affect the spectral
markers of membranes. WSo nanoparticles in aqueous or buffer environments of biological molecules and cells are
predominantly in an oxidized state, while MoSo is more resistant to oxidation. In the fifth chapter, structural
rearrangements in Lewis lung carcinoma cells (LLC) under the influence of 2D nanoparticles MoSo and WSt have
been investigated. The analysis of cell morphology has been conducted using electron, optical, and fluorescence
microscopy. For the first time, changes in the cytoskeleton and structure under the action of MoSo and WSo
nanoparticles have been revealed. The obtained results have significant potential for further use in modeling
membrane processes, creating novel drug delivery systems, and diagnostic tools. Key words:: MoSo WS,
nanoparticles, spectral and optical properties , liposomes, membrane mimetics, Raman spectroscopy,

luminescence spectroscopy, Raman spectroscopy , optical microscopy, electron microscopy
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