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Pedepar:

1. MeTa po60TH - Io-nepie, YuceJbHUM aHali3 pe30HaHCHUX eEeKTiB Y po3CisiHHi Ta norauHaHHI H- Ta E-
MOJIIPU30BaHUX €JIeKTPOMAarHiTHUX XBUJIb HECKIHUEHHOIO PelliTKOI0 3 rpadp@HOBUX CTPIUOK, 110 JIeXaTh Ha
NACUBHIN fieseKTpuyHin nigkaanui [lo-npyre, me ogHi€0 BaXKIJIMBOK METOIO € JOCJIII)KEHHS IIOPOrOBUX YMOB [1JIS
H- i E-nonsipr3oBaHux MO, J1a3epHOrO BUIIPOMIHEHHS HECKiHYeHHO] MJI0CKOI pelliTKy 3 rpa)€HOBUX CTPIYOK, 110
Jie>xaTh Ha MigKiaaui 3 mifgcuitodoro marepiany. I1py 1pomy 0co6MBY yBary NpufiijieHo IepeCTPOIOBAaHHIO
IIJIa3MOHHUX MO/, i HaJIBUCOKO-IOOPOTHUX MO/, PEILITKY 3a AOIIOMOIOI0 XiMiYHOro notexuiany rpageny. O6’eKT
IOCJIiIKEHDb — €JIEKTPOMArHiTHE MO0JIE, 10 PO3CII0ETHC i OTJIMHAETHCS HECKIHUEHHOIO Ipa€HOBOIO CTPiYKOBOIO

PEIIITKOIO Ha JieJIEeKTPUYHIN MifKIa Ll Ta BUIIPOMIHIOETHCS TaKOIO PEIiTKOI Ha MigKIaALi 3 HEMAarHiTHOTO



nizcuioBanbHOro Marepiany. TeopeTruyHi Ta MPakTUYHi pe3yibTaTy. [IpakTUyHe 3Ha4eHHSI pO3POOJIEHUX
aJITOPUTMIB II0JIIra€e B TOMY, 1110 BOHU [I03BOJISIOTH 326€3I1€YUTU JOCTOBipHE MOJEJII0BaHHS XapaKTePUCTHUK
BiITIOBiJHUX CEHCOPIB, OIVINHAYIB i (iNbTPiB Ha OCHOBI rpadeHOBUX CTPiUKOBUX pewiToK y TT'L Ta
iH(ppauepBOHOMY Aiana3oHax 4acToT. Pe3yabTaTy, NOB'SI3aHi 3 MOPOTrOBUMH YMOBAMU [J1S1 PEKUMIB rpa(€HOBHUX
CTPIYKOBUX PEILIITOK Ha MiIK/IaKax 3 MiJCUJI0BAJLHOTO MaTepiany, MOXYTb OYTH BUKOPUCTaHi IPU [IOIIEPEAHbOMY
IIPOEKTYBaHHi Ta OLiHIli HU3bKOIIOPOTOBUX HaHOJIAa3€ePiB, 110 NepecTpowThes, B TI' Ta iHPppauepBoHOMY
Iiara3zoHax 4acToT. 3aB[sKM 0€IHAHHIO BUCOKOI IIBUIKOCTI Ta TOYHOCTI, pO3p00JIeH] KoY MOXYTb O6yTH
BMKOPHCTAHi SIK PYIIiiHI B YMCEJIbHUX NIpoLeAypax 6araronapaMeTpu4yHoi onTumisatlii, mo 6a3yloThcs Ha
JIOKaJIbHIN (HanpuKJjak, TpafieHTHOi) Ta 106aibHiN MiHiMizanil ninpoBuX QyHKIi. HOBU3HA HAYKOBUX Pe3yJsbTaTiB.
[TponeMOHCTPOBaHO WIBUAKICTb 30DKHOCTI OTPUMAaHUX 6€3CITKOBUX YUCEJIbHUX aJITOPUTMIB i IPOBENIEHO IIePEBipKy
004U CII0BAJIbHUX PE3YJIbTATIB LIJISIXOM IOPIBHSHHS 3 JAHUMU, OTPMMaHUMU 32 IOIIOMOTOI0 iHIIOTO 301KHOTO
mertony, MAP-T'anepkiHa. My npoeMOHCTPYBay, 0 3aBASIKU IIEPECTPOIOBAHHIO H-T10/ISIpU30BaHUX I17Ia3MOHHUX
MO, 32 I0IIOMOTOI0 XiMiYHOTO MOTeHLjany rpadeHy MOKHa peasisyBaTy e1eKTPOMarHiTHy iHlyKOBOHY IIPO30PiCTb.
Lle Mmoxe 6yTH KOPUCHUM IIPU PO3POO1i HOBUX II€PECTPOIOBAHUX (PiNbTPiB, MOAYJISITOPIB i IOrINHAYIB, SIKi
BHMKOPHMCTOBYIOTb IpaeH 3 NEPioJNYHOI0 CTPYKTYpOIo. Hallli po3paxyHKu NiATBepann HasIBHICTD
BHCOKOJOOPOTHUX pe30HaHCiB Ha PM B 060X I0J1spr3aliisx, ki He iCHYIOTh Ha CTPIUYKOBIi1 pelliTLii, po3MilleHiil y
BiJIbLHOMY IIPOCTOPI. Y BUNaAKy E-rossgpusanii oTpuMaHo aHaIiTUYHI BUPA3U IJ151 KOMIIEKCHUX 4acToT PM. Li
BMPa3y BIIEPIIE JEMOHCTPYIOTb, SIK OII0CU PM X0BalOTbCs Ha Hei3nYHOMY JIUCTi NoBepxHi AP PiMaHa i Mirpy1oTs
Ha Gi3MYHMM JIMCT 3aBISKY MiKIIani CKIHUeHHOI TOBIIMHU. MU TOYHO BUBYWJIY IIOPOTOBi YMOBHU 111 MOZ]
rpadeHoBOi CTPiUKOBOI peliTKY Ha MiAKIaALi 3 NiACUII0BaIbHOrO MaTepiainy. BusBieHo, 10 MO PO30UBAIOTHCS
Ha [Ba KJIACH BiAIIOBIIHO 1O CUMETPIl Y1 aHTUCUMETPIi BiTHOCHO cepenHbOi JiHii cTpiuku. HaltHmk4i noporu
BUSIBJIEHO 1711 PM y KOKHOMY KJIaci CUMeETPii, ToAi sIK HallKpallly [IepeCTPOIOBAHICTh 32 YaCTOTOO, B MeXax 2-3
pasiB, JeMOHCTPYIOTh [IM. MeTonu mocigykeHb. MeToau AOCTiI>KEHHS BKII0Yal0Th TEOPil0 4aCOBO-TapMOHIYHOTO
PO3CisIHHS XBUJIb, TOOTO JBOBUMIPHIi Kpaitosi 3apayi (K3) kiiacuyHOi eJ1eKTpOMarHeTyky, Ta TEOpilo I0B'sI3aHUX 3
HVMU 33/1a4 Ha BJIacHi 3HaueHHs1. CTyMiHb yIPOBAIKEHHs. AHAJi3 IOPOTOBUX YMOB 1715 IIJIA3MOHHUX MO]
HAHOJIA3€PiB, PO3IJISIHYTUX Y JUCEPTaLlii, MOXKE JOIIOMOITH Y CTBOPEHHI HOBUX HAHOJIA3€PIiB, 110 [IEPECTPOIOIOTHCS
esiekTpocTtaTuyHUM YynHOM. Cpepa BukopuctanHs. Po3pobseHi edekTrBHi i1 361KHI KoM N7t 004U CTIEHHS
XapaKTEPUCTUK PO3CisSIHHS Ta NOTJIMHAHHS, a TAKOX YacCTOT i IOPOTiB BJIaCHUX MO/, JO3BOJISIIOTh BUKOPUCTOBYBATH
iX SIK SIIPO B KOZAX [1JI YMCEJIbHOI ONTUMI3allii ONTUYHMX KOHDIrypawil, I0CKOi PEIiTKY 3 Tpa(eHOBUX CTPIUOK,

10 JIeXKaTh Ha IiOKIaaIi.

2. The purpose of the work is, first, to analyze numerically the resonance effects in the H- and E-polarized
electromagnetic wave scattering and absorption by infinite grating of graphene strips lying on dielectric substrate.
Second, another important goal is to study the threshold conditions for the H- and E-polarized lasing modes of
infinite flat grating of graphene strips lying on the gain-material substrate. Here, special attention is paid to the
tunability of the plasmon modes and ultrahigh-Q lattice modes with the aid of graphene’s chemical potential. The
object of research is the electromagnetic field scattered and absorbed by the infinite graphene strip grating on
dielectric substrate and emitted by such a grating on non-magnetic gain-material substrate. Theoretical and
practical results. The practical significance of the developed algorithms is seen in their ability to provide trusted
modeling of the performance of corresponding sensors, absorbers and filters based on the graphene strip gratings
in the THz and infrared frequency ranges. The results related to the threshold conditions for the modes of the
graphene-strip gratings on gain-material substrates can be used in the pre-design and evaluation of low-threshold
tunable nanolasers in the THz and infrared frequency ranges. Thanks to the combination of high speed and
accuracy, the developed codes can be used as the engines in the numerical multi-parametric optimization routines
that are based on the local (e.g. gradient-type) and global minimization of target functions. Novelty of scientific
results. The rate of convergence of the resulting meshless numerical algorithms have been demonstrated and
validation of the computed results has been performed by the comparison with data obtained using another
convergent technique, MAR-Galerkin. We have demonstrated that thanks to the tunability of the H-polarized
plasmon modes with the aid of graphene’s chemical potential, it is possible to realize an EIT. This can be useful in



the design of novel tunable filters, modulators and absorbers that use periodically patterned graphene. Our
computations have confirmed the presence of the high-Q resonances on LMs, in the either polarization, that do
not exist on the strip grating placed in the free space. In the E-polarization case, we have derived analytical
expressions for the complex frequencies of LMs. These expressions, for the first time, demonstrate how the LM
poles hide to the non-physical sheet of the RA Riemann surface and migrate to the physical sheet thanks to finite-
thickness substrate. We have accurately studied the threshold conditions for the modes of the graphene strip
grating on the gain-material substrate. As we have found, the modes split into two classes according to the
symmetry or anti-symmetry relatively to the strip middle line. The lowest thresholds are found for the LMs in each
symmetry class, while the best tunability in frequency, within a factor of 2 to 3, is demonstrated by the PMs.
Research methods. The research methods include the time-harmonic wave scattering theory, i.e. the 2-D
boundary value problems (BVP) of classical electromagnetics, and the theory of associated eigenvalue problems.
Degree of implementation. The analysis of threshold conditions for plasmonic modes of nanolasers discussed in
this thesis can help in the development of new electrostatically tunable nanolasers. Scope of use. The developed
efficient and convergent codes for calculating the scattering and absorption characteristics, as well as the
frequencies and thresholds of natural modes, allow them to be used as the core in codes for numerical
optimization of optical configurations, a flat grating of graphene strips lying on a substrate.
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Cdepa ynpaBiriHHSA: HaujoHasnbHa akajeMis HayK YKpaiHu

InenTudikarop ROR:

BaacHe IlpizBume Im's I1o-6aTbKOBI:



1. Cremenko Cepriit OsiekcaHgpOBUY

2. Serhii O. Steshenko

KBasigikanis: 1. ¢.-m. 1, c.H.C., 01.04.03
ImenTudikarop ORCID ID: 0000-0003-4777-3927
JoparkoBa indopmamnist:

IloBHe HaliIMEeHYBaHHS IOPUAHYHOL 0CO0H: IHCTUTYT paniodisuku Ta enekTpoHiku iM. O. 5. Veukosa

HanjionanbpHoi akagemii Hayk Ykpainu

Kopg 3a €IPIIOY: 03534593

Micue3HaxoaKeHHS: ByJI. AKazemika IIpockypu, 6yz. 12, XapkiB, XapkiBcbkuil p-H., 61085, YkpaiHa
dopma BracHOCTI: /lepxasHa

Cdepa ynpaBiriHHS: Haujonanbha akazemis HayK YkpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZOMOCTi

BsiacHe IIpizBuie Im'sa ITo-6aTbKOBI Caexennes Osiekcanaip €BreHoBuY
rOJIOBH pajgu

Biacue IpizBuime Im's I1o-6aThKOBI Ceesxenues Osekcanzip €BreHoBuY
TOJIOBYIOYOTO Ha 3acCiiaHHi

BignoBigasnbHUI 3a HiATOTOBKY IBaHueHKo [.B.

00JIiKOBUX JOKYMEHTIB

Peectpartop YkpIHTEI

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 32 peeCTpallilo HAayKOBOi IOpuenko TeTsna AHatosiiBHA

OisSIIBHOCTI




