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1. MozeoBaHHS Ta ONTUMI3aLlis CIIEKTPAJIbHUX KOE(illieHTiB apyBaTUX ONTUYHMX CUCTEM 3 HEOJHOPIZHUMUA

rpaHnuLIsSIMU

2. Modeling and optimization of spectral coefficients of layered optical systems with inhomogeneous boundaries

Pedepar:

1. Inceprauiiina po60Ta IpUCBIYEHA PO3pOOLi MATEMATUYHOTO, AJITOPUTMIYHOTO Ta IPOrPAaMHOTO 3a6€31e€4eHHS
17151 KOMITIOTEPHOTO [TPOEKTYBAHHS ONITUYHUX CUCTEM 3 BpaXyBaHHSM HEOLQHOPIAHOCTEN Ha FPaHULi po3misny,
Iycriepcii moka3HuKa 3aJIOMJIEHHS, MaC-TPaHCIIOPTY, HaHOAedEeKTH, OKCHUALlil0 Ta aHali3yeThCsl CTIMKICTh 10
TEXHOJIOTIYHUX NOXUOOK. PO3rI41al0ThCSI METOIM MaTEMAaTUYHOTO MOJIEJIIOBaHHS IIAPYBATHX OIITUYHUX CUCTEM, SKi
3HAXO[STh LIMPOKE 3aCTOCYBAHHS B TAKUX O0JIACTSAX BUCOKMX TEXHOJIOTIH, SIK JIa3€pHA TEXHIKa, ONTOEJIEKTPOHIKA,
TesieKoMyHikalii. CiekTpasbHi KoedillieHTH MapyBaTUX ONTUYHUX CUCTEM BU3HAYAIOThCS 32 JOIIOMOTOI0
MaTpPUYHOrO MeToay Abeiie. [lepuoyeproBUM 3aBJlaHHSIM IIPU KOHCTPYIOBAaHHI TAaKMX CUCTEM € 3a6€3I1€4YEHHS
MaKCHUMAaJIbHOI CEJIEKTUBHOCTI Ta €KCIUIyaTaliiHOI HaAiHOCTI IIPY BUKOPUCTAHHI MiHIMaJIbHOI KiJIbKOCTI
TOHKOILIIBKOBUX apiB. [IpoBeeHO MOZEI0OBAHHS BILJIMBY HEOJHOPIAHOCTEN Ha IPAaHULLi pO31ily Ta HAHOAEePEKTIiB
IIJTIBOK Ha CIIEKTPaJIbHI XapaKTePUCTUKH Pi3HUX ONTUYHUX (inbTpiB. JocimpKeHo JuHaMiKy 3MiHM IPOCTOPOBO-
NOJISIpPU3aLiHUX [TapaMeTPiB By3bKOCMYTOBUX, Bilpi3alourx Ta IMPOKOCMYTOBUX ONTUYHUX QibTPiB IPY NaMiHHI
CBiTJIa Mig KyToM. [IponoHyeTbCs MOZETb, SIKA Hal611bII €(peKTUBHO allpOKCUMYE AUCIIEPCio IOKa3HMUKa
3asioMyeHHS. [IpONIOHy€eThCS MOZIEJIb CTPYKTYPH Ae(EKTHOTO Mapy, AOCIiIAKYETbCS BILIMB HAHOLEMEKTIB 3a/1€KHO
BifI, iXHbOI IpHUpOAY, PO3MIPIB i 10JI0KEHD HA CIIEKTPaJIbHi KoedillieHT NociiKyBaHoi 6araTomapoBoi ONTUYHO]
cUACTeMU. [I7151 CUHTEe3y ONTUYHUX QifIbTPiB BUKOPHUCTOBYIOTHCS METOMIM IJIAJKOI Ta HETJIafKOoi ONTUMI3alii (r-
anroputm lllopa). ITpy npoexkTyBaHHI ONTUYHUX (PibTPIB IPONOHYETLCS ABOETANHUN MeTO. BiH 03BOIsIE
BPaXOBYBaTH YaCTKOBY HEOJHOPIIHICTh, AUCIEPCIil0 TOKa3HUKA 3aJIOMJIEHHS, MAC-TPAHCIOPT, HAHOJE(MPEKTH,
OKCHJIALLiI0 Ta CTiMKICTb 1O TEXHOJIOTIYHUX MOXUOOK. [IJIs1 JOCIIiJKEHHS CTIKOCTI CIIEKTPaJIbHUX XapaKTePUCTUK
BHMKOPHUCTOBY€ETbCSI MeTOl MoHTe-Kapiio. Po3risnaoTsces Nigxoau, sIKi JO3BOJISIOTh MIPUCKOPUTH 3HAXOIKEHHS
PO3B'SI3KiB B 3a/1a4ax CUHTe3y onTUYHUX NOKPUTTiB (COII). Lie BUKOpUCTaHHS aHAITUYHOI OXigHO]
(mpuIIBUALIEHUH BapiaHT), TabyJisllisl 3Ha4€Hb, NIBUJKE MHOKEHHS MaTPULb T BUKOPUCTAHHS €(PEKTUBHOTO
METOJly IIPM OJHOBMMIpPHIll ONTUMI3allii. 3anponoHoBaHO BUOIp MOYATKOBUX HAOGIVDKEHD 1151 €(PEKTUBHOIO
PO3B'sI3aHHS 337ja4i CUHTE3y ONTUYHUX (PisIbTPiB. 3a JOIOMOTrOI0 3alIPOIIOHOBAHMX METOiB OKPAILEHO
CIIeKTPaJIbHI XapaKTePUCTUKH iCHYIOUMX MHUPOKOCMYTOBUX iHTepdepeHitHNX QibTPiB. 3apOIIOHOBAHO PO3B'I30K
3a71a4i po3nizHaBaHHS MPOQisio MOKa3HMKA 3aJIOMJIEHHS XaJIbKOTeHiHO1 MiTiBKu As2S3 micsst onpoMiHeHHS, IKUM
6a3yeTbCsl Ha pO3pO0JIEHNX MOJEJISIX apyBaTUX CTPYKTYP Ta METO/AX PO3B'SI3aHHS 337ja4 CUHTE3y ONITUYHUX
IIOKPUTTIB. 3aIPOIIOHOBAHO MOJieli TPOodinio MOKa3HUKA 3aJIOMJIEHHS 32 TOBIIMHOIO TUTiBOK O i micis
OIIPOMIHEHH$ XaJIbKOTeHiIHOI MiIiBKu GeS2 Ta OTPUMAHO OLiHKA POCTY ii TOBLIMHY ITiCJIs1 OIPOMiHEHHS. 32
IOTIOMOTOI0 PO3pO6JIEHNX METOIiB po3B’si3aHHs 3aga4 COII nposeeHoO onTHMI3allilo TapaMeTpiB HEOAHOPITHUX
IIJ1iBOK, HAHECEHUX Ha BUCOKO3aJIOMJIIOIOYI MiIKJIaIUHKY XalbKoreHigHoi HoToHIKY, 17151 3a6e3redeHHs
MaKCHMaJIbHOTO MTPOITyCKaHHS CBiT/1a. OTpUMaHi pe3yJibTaTi BIPOBAAKEHO y HaBYAJIbHUI NPOLeC PaKyIbTETy
iHopmauiitnux TexHosoriit IBH3 “Yxroponcbkuil HallioHaJbHUN YHIBEpCUTET Ta HAyKOBO-JOCJIiIHUI [TpoLiec
IHCTUTYTY iHCTUTYTY €1eKTPOHHOI Qiznku HAHY, po 10 € BifOBiHI aKTX BIIPOBAIKEHHSL.

2. The dissertation is devoted to the development of mathematical, algorithmic and software for computer design
of optical systems taking into account the inhomogeneities at the interface, refractive index variance, mass
transport, nanodefects, oxidation and the analysis of stability layered structures to technological errors. Methods
of mathematical modeling of layered optical systems, being widely used in such areas of high technology as laser
technology, optoelectronics, telecommunications, have been considered in the thesis. The spectral coefficients of
layered optical systems have been determined using the Abele matrix method. The primary task in the design of
such systems is to ensure the maximum selectivity and operational reliability while using a minimum number of
thin-film layers. The influence of inhomogeneities at the interface and film nanodefects on the spectral
characteristics of different optical filters has been modeled. The dynamics of changes in the spatial-polarization
parameters of narrowband, cut-off and broadband optical filters with the light falling at the angle has been



studied. A model most effectively approximating the variance of the refractive index has been proposed as well as
the one of the structure of the defective layer. The influence of nanodefects depending on their nature, size and
position on the spectral coefficients of the studied multilayer optical system was also in the focus of the attention.
Smooth and non-smooth optimization methods (Shore r-algorithm) are used for the synthesis of optical filters. A
two-steps method has been proposed. It allows to take into account partial inhomogeneity, refractive index
variance, mass transport, nanodefects, oxidation and stability to technological errors. The Monte Carlo method is
used to study the stability of spectral characteristics. Approaches allowing to accelerate the finding of solutions in
the problems of synthesis of optical coatings (SOC) are considered in the thesis as well. This is the usage of an
analytical derivative (accelerated version), tabulation of values, rapid multiplication of matrices and the usage of an
efficient method for one-dimensional optimization. The choice of initial approximations for the effective solution
of the problem of synthesis of optical filters has been offered. The proposed methods improve the spectral
characteristics of existing broadband interference filters. The solution of the problem of reconstruction of the
refractive index profile of the chalcogenide film As2S3 after irradiation is proposed. It is based on the developed
models of layered structures and the methods for solving the problems of synthesis of optical coatings. Models of
the refractive index profile along the film thickness before and after irradiation of the chalcogenide film GeS2 are
proposed and an estimate of the growth of its thickness after irradiation has been obtained. With the help of the
developed methods of solving SOC problems, the parameters of inhomogeneous films deposited on highly
refracting substrates of chalcogenide photonics were optimized to ensure maximum light transmission. The
obtained results were introduced into the educational process of the Faculty of Information Technologies of
Uzhhorod National University and the research process of the Institute of the Institute of Electronic Physics of the
National Academy of Sciences of Ukraine, about which there are relevant acts of implementation.
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