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Pedepar/aHoTanis:

1. lnceprauis NpUCBA4Y€HA BaXKJIMBOMY HAyKOBO-TEXHIYHOMY 3aBJIaHHIO TEOPETUYHOMY IOCJII)KEHHIO ONITUYHUX
BJIACTMBOCTE METaJIeBUX Ta riOpUIHUX (HAHOCTPYKTYP THUILY 1T PO-000JI0HKA) HAHOCTPYKTYP 3 METOIO
HaJIAIITYBaHHSI IOBEPXHEBOTO IJIA3MOHHOTO PE30HAHCY IJIs1 MiJICUJIEHHS OJIMXHBOTO MOJIsl. AKTYasIbHICTh POOOTH
3yMOBJIEHA TUM, L0 TIOBEPXHEBUI [JIa3MOHHUI PE30HAHC Ta KEPYBAaHHS OJIM)KHIM I10JIEM HAHOCTPYKTYP € OJHUM i3
HaNOi/IbII IePCIIeKTUBHYX HAIPSIMIB Cy4acHOI ONTOeIEKTPOHHO] iHKeHepii, OCKiNIbKY 30aTHICTb JIOKai3yBaTu
€JIEKTPOMAarHiTHe I1oJjie B 00'eMax BiIKpMBa€ NIPUHIMIIOBO HOBi MOKJIMBOCTI [715 1iJIOTO CIIEKTPY TE€XHOJIOTIH — Bif
HaJ4yTJIABOI MOJIEKYJISIPHOI CIIEKTPOCKOIi Ta 6i0ceHcopUKu 10 (poToKaTati3y, HaHosiTorpadii Ta KBAHTOBO]
ONTHKU. Y BCTYIIi OOIPYHTOBAHO aKTyaJIbHICTh JOCIIIIPKEHHS, OKPECJIEHO HMOTo 11iJli Ta HAyKOBO-TeXHiYHi 3aBIAHHSI.
[Toka3aHO B3a€MO3B'130K POOOTH 3 YNHHMMM HAyKOBUMM ITPOrPaMaMU, BUCBITJIEHO HOBU3HY Ta ITPAaKTUYHY
3HAUyLIiCTh Pe3yJbTaTiB, BU3BHAYEHO OCOOMCTUI BHECOK AucepTaHTa. [IpencrasBiaeHo iHPpopmalio mozo arnpoobatiii
ollep>KaHMX pe3yJbTaTiB. MeTO0 po6OTH € BCTAHOBJIEHHS 3aKOHOMIPHOCTE! 3aJ1€)KHOCTI [1JIa3MOHHOTO PE30HAHCY

METaJIOMICTKHUX HAHOCTPYKTYP Bif, iX reOMeTpUYHUX NTapaMeTpiB, MOpoJiorii Ta BIaCTUBOCTEN OTOYYI0UOIr0



CEepeNoBUIIA IIISIXOM YHMCEIbHOTO MOJEIIOBAHHS 3 METOIO JOCATHEHHSI KOHTPOJIbOBAHOTO MMifICUIEHHS 6JIMKHBOTO
1107151, HEOOXiTHOro 11715 € PEKTUBHOTO 3aCTOCYBAHHS y ITOBEPXHEBO-IIiZICHJIEHIN PAaMaHiBChKiil CIIEKTPOCKOIIii,
CEHCOPHULIi Ta CBITJIOBUIIPOMiHIOBAJIbHUX NPUCTPOAX O6'€KTOM NOCTIIKEHHS € ONITUYHI SIBUIlIA B METaJI€BUX
HAaHOYACTUHKAX, METAJIOPraHiYHMX HAHOCTPYKTYPax TUITY SI4PO-000JI0HKA Ta EPiOAUYHHUX 3 MJIa3MOHHUX
CTpyKTypax. [IpeiMeTom DOCiIKeHHs € CIIEKTPAJIbHI XapaKTEPUCTUKU I1IJIA3MOHHOI'O PE30HAHCY Ta iX 3aJ1€5KHICTh
BiJ FEOMETPUYHUX Ta MaTE€PiaJbHUX [TApaMETPiB HAHOCTPYKTYP, @ TAKOXK HABKOJIMIIHBOTO CEpefoBuIla. B nepmomy
PO3[ii HaBelIeHO Pe3yJbTaTU JITEPATyPHOTO OISy WOA0 Cy4YaCHOTO CTaHy OCIIiI>)KEeHb y Tajy3i IOBEPXHEBOTO
nsa3MoHHoro pe3onaHcy (I1I1P) B MeTasieBux Ta TibpuaHUX HAHOCTPYKTYpax AJIsl ONTOEJIEKTPOHHUX 3aCTOCYBaHb Ta
BM3HAYEHO HeBUpilleHi Ipobsemu. JleTasbHO PO3IJISHYTO METAJIONOJIiMEPHI CUCTEMU TUITY SIAPO-000JI0HKA, BILJIMB
JlieJIeKTPUYHOI IPOHUKHOCTI NifgKnaaxy Ha xapakrepuctuku JIITIP, esincoiganbHi HAHOYACTUHKY, XBUJIEBOIHUN
PE30HAHC y NePiOIUYHNUX CTPYKTYypaxX; PATKOBi CTPYKTYPH Ha OOCHOBI rpadeHy Ta MeTainy. B gpyromy posgiini
BUKJIQZI€EHO TEOPETUYHI 3aCajiy Ta MPAaKTUYHY peaizallilo alfOpUTMy YMCEIbHOTO MOJEIIIOBAHHS ONITUYHUX
BJIACTUBOCTEN IJIA3MOHHUX METAJIITOIIMEPHUX HAHOCTPYKTYP. JOCIiIKEHO BIUIUB IOKAa3HUKA 3aJI0MJICHHS
HaBKOJIMIIHBOTO CEPENIOBUIA HA CIIEKTPaJIbHE MOJIOKEHHS Ta iIHTEHCUBHICTD JIOKaJ1i30BaHOTO TTIOBEPXHEBOTO
IJIa3MOHHOT'O PE30HAHCY METaJI-NI0JIiIMEPHUX HAHOOOOJIOHOK. BCTaHOBJIEHO 3aKOHOMIPHOCTI 3CYBY IJIa3MOHHUX
iKiB 117151 Pi3HUX MMOJIMEPHUX MATPHLb Ta BUSBIIEHO crieludiyHi 0Co6IMBOCTI MyJIbTUMO/IOBOI I1I0BEIiHKY OKPEMUX
cucreM. [IpoBeieHO CUCTEMATUYHUI ITapaMETPUYHNI aHaJli3 BIIMBY T€OMETPUYHUX [TAPAMETPIB, a caMe pajiyca
METAaJIEBOTO 471pa Ta TOBIIMHU [OJIMEPHOI 000JIOHKY Ha ONITUYHUI BilIr'YK ri6pUAHMX HAHOCTPYKTYP. BcTaHOBIEHO
KUJIbKICHI 3aJ1€5KHOCTI CIIEKTPAJILHOTO MOJIOKEHHS Ta aMILIITY 1 [1JIa3MOHHOTO PE30HAHCY Bifj CIiBBiZHOIIEHHS
PO3MipiB KOMIIOHEHT CUCTEMU SIpO-000JIOHKA JJ1s1 Pi3HUX IOJIiIMEPHUX MaTepiasiB. B TpeTboMy po3pisi onucaHo
aJITOPUTM YUCEJILHOTO MOJIEIIOBAHHS ONTUYHUX BJIACTUBOCTEN MJIa3MOHHUX €JINCOINHUX HAHOYAaCTUHOK CpibJa.
OO6rpyHTOBaHO AOLIIBHICTb NIepexXoay Bif, cHepUYHOi 0 eJINCoifHOI reOMETPii HAHOYACTUHOK SIK iIHCTPYMEHTY
PO3IIMPEHHS CIIEKTPAJILHOTO Nialla30Hy Ta MiABUILEHHS aHI30TPOIil [1J1a3MOHHOTO BiIryKy. BUKOHaHO
MOPIiBHSJIbHUI aHaJi3 M1JIa3MOHHOTO TOTJIMHAHHS chEepUYHMMU HaHOYACTUHKaMU CpibJia, 30710Ta Ta Mifj.
JocnimkeHo BIIUB (OPMU HAHOYACTUHKU Ha ONTUYHI BJIACTUBOCTI LIJISIXOM MOJIEIIOBaHHS NIJIa3MOHHOTO 4
NOTJIMHAHHY eJIICOifHMMY HAaHOYAaCTMHKAaMU CpibJia 3 Pi3HMMMU CIiBBiIHOMEHHSIMU OCEN. BcTaHOB/IEHO
3aJI€KHOCTI CIIEKTPAJIbHOTO PO3LIEIVIEHH [T030BXXHBOI Ta TONEPEYHOI MJIA3MOHHUX MO, BiJl CTYTIE€H
BUJIOB)XEHOCTI HAHOYACTUHKU. HaBelleHO alropuTm po3paxyHKy B3aeMO/ii CPIOHMX HAHOYACTUHOK 3 MiJKJIaAKoI0,
1110 BPAaxOBY€E 3MiHY JIOKaJIbHOTO AieJIEKTPUYHOTO OTOYEHHSI HAHOYACTUHKY BHACJIMOK ii KOHTAKTy 3 MifKIaAKOI0 Ta
BiAnoBigHy Moaudikawio yMOB 30yI>KeHHS IJIa3MOHHOTO pe30HaHCy. [IpoBefieHO MOIe/1I0BaHHS BIUIMBY MaTepiany
IiAKIaIKY Ha CIIEKTPU Nepepisy eKCTUHKIii HAHOYaCTHMHOK CPibia. BCTaHOB/IEHO KijIbKiCHI 3aKOHOMIPHOCTI
3MilleHHs Ta TpaHchopMmaliii 1a3MOHHUX MiKiB 3aJI€XXHO Bifl Ai€JIeKTPUYHUX BJIACTUBOCTEN MiIKIaAKH, 10 €
BKJIMBUM 17151 TPAKTUYHOTO 3aCTOCYBaHHS IJIA3MOHHUX HAHOCTPYKTYP Y CEHCOPHUX NPUCTPOsX. Kito4oBi ciosa:
IIOBEPXHSI, HAHOCTPYKTYPH, TOHKI IJIiIBKY, CEHCOPH, OIITUYHA ifeHTH]iKallisi, MOZesIIoBaHHS, ri6puaHi CTPyKTypH,
rpadeH, KoedillieHT €eKCTUHKIIi, TOTJIMHAHHS, PO3CisSIHHS, IOKa3HUK 3aJI0MJIEHHS, HAHOYAaCTUHKH, CPibJio, 30710TO,

PE30HAHC, MJIA3MOHHUI PE30HAHC, XBUJIEBOLHUI PE30HAHC, NG PaKLiliHi TPaTKu.

2. The dissertation is devoted to an important scientific and technical problem - the theoretical investigation of
the optical properties of metallic and hybrid nanostructures (core-shell nanostructures) aimed at optimizing their
parameters for sensor applications based on localized surface plasmon resonance (LSPR). The relevance of the
work is due to the fact the growing demand for highly sensitive optical sensors for biomedical diagnostics,
environmental monitoring, analytical chemistry, and related fields. Plasmonic nanostructures represent a
promising platform for such applications due to their high sensitivity to environmental changes and their ability to
enhance the electromagnetic field. The introduction substantiates the relevance of the research, outlines its
objectives and scientific and technical tasks, demonstrates its connection with ongoing scientific programs,
highlights the novelty and practical significance of the results, and defines the author's personal contribution.
Information regarding the approbation of the results is also presented. The aim of the work is to establish the
regularities governing the influence of geometric and material parameters of metallic and hybrid nanostructures
on the characteristics of localized surface plasmon resonance in order to optimize their sensing properties. The



object of the research is optical phenomena in metallic nanoparticles, metalorganic core-shell nanostructures, and
periodic plasmonic structures. The subject of the research is the spectral characteristics of plasmon resonance
and their dependence on geometric and material parameters of nanostructures as well as on the surrounding
environment. The object of the research is optical phenomena in metallic nanoparticles, metalorganic core-shell
nanostructures, and periodic plasmonic structures. The subject of the research is the spectral characteristics of
plasmon resonance and their dependence on geometric and material parameters of nanostructures as well as on
the surrounding environment. The second chapter presents the theoretical foundations and practical
implementation of a numerical simulation algorithm for the optical properties of plasmonic metal-polymer
nanostructures. The influence of the refractive index of the surrounding medium on the spectral position and
intensity of the localized surface plasmon resonance of metal-polymer nanoshells is investigated. The regularities
of plasmon peak shifts for various polymer matrices are established, and specific features of multimode behavior in
individual systems are revealed. A systematic parametric analysis of the influence of geometric parameters —
namely the metal core radius and polymer shell thickness — on the optical response of hybrid nanostructures is
carried out. Quantitative dependences of the spectral position and amplitude of the plasmon resonance on the size
ratio of the core-shell system components are established for various polymer materials. The third chapter
describes the algorithm for numerical simulation of the optical properties of plasmonic ellipsoidal silver
nanoparticles. The expediency of transitioning from spherical to ellipsoidal nanoparticle geometry as a tool for
expanding the spectral range and enhancing the anisotropy of the plasmonic response is substantiated. A
comparative analysis of plasmon absorption by spherical nanoparticles of silver, gold, and copper is performed.
The influence of nanoparticle shape on optical properties is investigated through simulation of plasmon absorption
by ellipsoidal silver nanoparticles with various aspect ratios. The dependences of spectral splitting of longitudinal
and transverse plasmon modes on the degree of nanoparticle elongation are established. An algorithm for
calculating the interaction of silver nanoparticles with a substrate is presented, accounting for the change in the
local dielectric environment of the nanoparticle due to its contact with the substrate and the corresponding
modification of plasmon resonance excitation conditions. Simulations of the influence of substrate material on the
extinction cross-section spectra of silver nanoparticles are carried out. Quantitative regularities of plasmon peak
shift and transformation depending on the dielectric properties of the substrate are established, which is of
importance for the practical application of plasmonic nanostructures in sensing devices. Keywords: surface,
nanostructures, thin films, sensors, optical identification, modeling, hybrid structures, graphene, extinction
coefficient, absorption, scattering, refractive index, nanoparticles, silver, gold, resonance, plasmon resonance,
waveguide resonance, diffraction gratings.
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