O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHUH 00J1iIKOBHIH HOMeP: 0518U002703
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peectpaunii: 17-12-2018

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. flpemuyk IpuHa fIpocnasiBHa

2. Yaremchuk Iryna Yaroslavivna

KBasmigikamis: . . u., 05.12.20
InenTudikarop ORCID ID: He 3acrocosyerbcs
Bup, pucepranii: nokrop Hayk
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIndp HayKoBOi crieniaIbHOCTI: 01.04.07

HasBa HayKoOBOIi crieniaJIbHOCTI: isuka TBepzioro Tina

T'anyss / ramysi 3HaHB. He 3aCTOCOBYETHCS

OcBiTHBO-HayKOBa Mporpama 3i creniaJbHOCTI: He 3acTocoByeTbCs

Jara 3axucTy: 29-11-2018

CnenianbHICTB 32 OCBiTOMO: ITpukianua disuka

Micue po6oTH 3400yBava: Haujonanbuuii yHiBepcuteT "JIbBiBCbKA MOMIiTEXHIKA"

Kopg 3a €IPIIOY: 02071010

Micue3HaxoaKeHHS: ByJ. C. Bangepn, 12, M. JIbBiB, JIbBiBCbKa 0051., 79013, YKpaiHa

dopma BaacHOCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HayKy YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

Iudp cnenianizoBaHoi BYEHOI pagH (pa30Boi CleNiagai30BaHOi BYE€HOI pagu): [l 35.052.13
ITloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujonanbHuii yHiBepcuteT "JIbBiBCbKa MOTTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micue3HaxoaKeHHS: ByJ. C. Bangepy, 12, M. JIbBiB, JIbBiBCbKa 00151., 79013, YKpaina

dopma ByracHoCTI:

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

IV. BimomocTi Ipo niznpueMcTBO, YCTaHOBY, OpraHi3alliio, B sIKi# 0yJ10

BHKOHAHO JHCEPTaIlilo

IloBHEe HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanionanbHuii yHiBepcuteT "JIbBiBCbKa MOJTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micue3HaxoaKeHHS: ByJ. C. Bangepu, 12, M. JIbBiB, JIbBiBCbKa 0051., 79013, YKpaina

dopma ByracHOCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

V. BizomocTi npo gucepraniio
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Tema gucepranii:
1. XBusieBogHUM, 11a3MOH-TIOJISIPUTOHHUH i IIJIa3MOHHU PE30HAHCHI €(PEeKTH B MIKPO- Ta HAHOCTPYKTYpax IJIst

CEHCOPHOI eJIEKTPOHIKN

2. Waveguide, plasmon-polariton and plasmon resonance effects by micro- and nanostructures for sensor’s
electronics

Pedepar:

1. lnceprawito NpUCBSIYEHO BUBYEHHIO PE30HAHCHUX SIBULL, SIKi BUHUKAIOTh B IIPOLIECI B3a€EMOJIii €JIEKTPOMarHiTHOI
XBUJIi 3 MIKPO- Ta HAHOCTPYKTYpaMu B YMOBaX ONTUYHOI AU(paKiiii Ta N1a3MOHHOTO0, M71a3MOH-TIOJISIPUTOHHOTO i
XBUJIEBOJIHOTO PE30HAHCIB Ta MOJIEJIIOBAHHIO i ONITHMi3allii OITOEJIeKTPOHHUX eJIEMEHTIB Ha iX OCHOBI. B po6oTi
PO3p06JIeHO MaTeMaTUYHI MOJIeJli B3aeMO/Iii €/1eKTPOMAarHiTHOI XBUJli 3 KOMIIO3UTHUMU MiKpO- Ta
HAaHOCTPYKTYPaMU [JIs1 PO3PAaXYHKY iX CIIEKTPAJIbHUX XapPAaKTEPUCTHUK Ta BUSIBJIEHHS YMOB BUHUKHEHHS
pe30HaHCHUX eeKTiB. PO3IJIsIHYTO OCHOBHI HAIIPSIMKY, TIepeBaru i JOCBiJl 3aCTOCyBaHHS PE30HAaHCHUX MiKpo-Ta
HaHOCTPYKTYP B 3a/1a4ax aHaji3y i CUHTE3y ONTHUKO-€JIEKTPOHHUX CUCTEM; CyYaCHUN CTaH METOLIB NOCJIiI)KEHHS Ta
1po6jieM BO,OCKOHAJIEHHS HAasIBHUX i CTBOPEHHS HOBUX €(EKTUBHMX 3aC0O0iB (DOTOHIKM Ta €JIEKTPOHIKY, a TAKOXK
MOJKJIMBI HalIPSIMKU Ta METOAY MOKPAIEHHS €KCIUIyaTalliiiHUX XapaKTePUCTUK TBEPAOTIILHUX €JIEMEHTIB.

YII0CKOHaJIeHO MEeTOJ, 3B'sI3aHUX XBUJIb, 110 [103BOJISE B IIPOCTiil MaTeMaTH4Hii GOpMi BUBHAUNTH YMOBU



BVMHUKHEHHS PE30HAHCHUX €(EeKTiB B IEPIOJUIHUX MIKPO-Ta HAHOCTPYKTYPax Cy4aCHOI ONTOEJIEKTPOHIKU.
BrBYeHO 0CcO6IMBOCTI BUHUKHEHHS XBUJIEBOHOI'O Ta [1JIa3MOH-TIOJIIPUTOHHOTO PE30HAHCIB B IIPU3MOBHUX Ta
IPaTKOBUX CTPYKTYPax, @ TAKOX [IPOBEAEHA ONTHUMIi3allid iX CTPYKTYPHUX 1 ONITUYHUX XapaKTEPUCTUK 3 METOIO
BUTOTOBJIEHHS JOCJIiIHUX 3Pa3KiB [JIs1 ONTOEJIEKTPOHHUX CUCTEM. JIOCIIPKEHO CIIEKTPaJIbHi XapaKTepPUCTUKU
ONTUYHOTO BiJI'yKy M€TaJIeBUX HAHOYACTUHOK Ta iX aHCaMOJlIiB, @ TAKOK BCTAHOBJIEHO XapaKTep BIUIMBY METAJIEBUX
HAHOBKJIIOUEHb 3 BpaXyBaHHSIM ix po3aMipy, popMU Ta KOHLEHTpaLlii Ha ONTUYHI Ta €JIeKTPOHHI BJIACTUBOCTI
HAaHOKOMIIO3UTHUX CTPYKTYP. llly1sIxOM MOJie/Il0BaHHS BUBHAYEHO ONTHMAaJIbHI IapaMeTpy CyOMiKPOHHUX CTPYKTYP,
SIKi MOKYTb OyTH CEHCOPaMH, 110 MPALIOI0Th HA OCHOBI [1J1a3MOH-TIOJIIPUTOHHOTO PE30HAHCY, MOXYThb
3aCTOCOBYBATHUCS B CIIEKTPOCKOIIii KOMOIHAIIITHOrO PO3CiSIHHS CBIiTJIa 32 paXyHOK BUHUKHEHHSI PE30HAHCY

T1JIA3MOHIB i BiITTIOBITHO 3HAYHOTO MiJICUJIEHHS T10JI4.

2. Thesis is devoted to the study of the resonance phenomena that arise in micro- and nanostructures under
conditions of optical diffraction, waveguide, plasmon-polariton and plasmon resonances. The mathematical
models of the electromagnetic wave interaction with micro- and nanostructures have been developed for the
research their spectral characteristics and the determination of conditions occurrence of the resonance effects.
The main directions, advantages and experience of using resonant micro- and nanostructures in problems of
analysis and synthesis of the optoelectronic systems have been considered. The rigorous method of coupled waves
is improved by the new numerical implementation of the S-matrix algorithm to relief diffraction gratings and also
due to the new representation of the functional dependence of the dielectric permittivity of the periodic structure
material in the form of a modified Fourier series. The features of the waveguide and plasmon-polariton resonances
in prism and grating based structures were studied. New relationships determining the connection between the
parameters of the prism sensor system and its sensitivity have been established. It is shown that the highest
sensitivity of the change of the minimum angle of reflection on the change in the refractive index of surrounding
medium is possible in the prism structure without the waveguide layer under the surface plasmon-polariton
resonance. Knowledge about waveguide resonance grating structure is developed. It is shown that reflection
spectra of such structure have a single peak at normal incidence and two peaks at oblique incidence. The
transmission spectrum of a multilayer structure of type dielectric layer /metal grating /dielectric layer /substrate
was investigated for TE polarization. The single peak of transmission in the spectral range from 1.0 to 10.0 microns
with the spectral width of 200 nm was determined. The interactions of optical radiation with the system of
periodically arranged the square gold and silver nanowires on the dielectric substrate have been analyzed. The
properties of metallic nanoparticles under conditions of the localized plasmon resonance have been studied. The
analytical representations of dielectric permittivity of the copper, gold, silver and aluminum in a wide spectral
range have been propoused. It is additionally confirmed that it is possible to shift the spectral position of the peak
of surface plasmon absorption from visible wavelength range to the near-infrared spectrum by changing the
thickness of the metal shell on the dielectric or semiconductor core. The features of the interaction of
electromagnetic radiation with nanocomposite materials have been researched. It is shown that effective dielectric
permittivity of the nanocomposite material based on a diamond-like carbon film with dispersed silver
nanoparticles the best describes by the Maxwell-Garnett effective medium theory. The influence of the volume
concentration of the nanoparticles, the increase of the electromagnetic interaction between them and the change
of the dielectric constant of the matrix on the position of the peak of plasmon absorption have been researched.
The optical properties of the diamond-like carbon film dispersed silver nanoparticles, depending on the
temperature of annealing, were simulated. It is shown that after annealing of the nanocomposite the plasmon
peaks are shifted to the long-wave region, broadened and become pronounced quadrupole additional absorption
peaks. In order to produce prototype samples for optoelectronic systems the optimization of their structural and
optical characteristics was carried out. The geometric parameters of the metallized gratings have been optimized
and the sensors element has been created on its basis. Modeling and optimization of rectangular grating
structures based on polycarbonate /silver and silver /silver has been carried out in order to obtain maximum gain
of combining signals. It is shown that the achievement of the maximum amplification of a certain excitation
wavelength is possible only for given combinations of the grating period, depth and filling factor corresponding to



the resonance of localized surface plasmons on the metal interface.
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