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Timeliness of Dissertation Topic

Periodically structured strip collections, or gratings, are widely used in
microwave and optical technologies and show promise for creation and
improvement of devices in the terahertz and infrared ranges. Therefore, further
study of such periodic structures, identification of the resonances they can support,
and the study of related physical effects are timely. Here, the grating-mode (or
lattice-mode) resonances exhibit extremely high Q factors. In their vicinity, a
sharply pronounced extremums of scattering characteristics are observed in the
extremely narrow frequency band. However, the use of inefficient methods, which,
when computing the frequency dependences, require the selection of too large
frequency steps, or incorrect interpretation of results, can lead to failures in real-
life existing devices. This is particularly relevant to the appearance of blindness
zones in phased antenna arrays and narrow transparency zones in absorbers.

Among the variety of methods for studying the scattering of waves from
strip gratings, it is not possible to single out a universal method that allows to
analyze the electromagnetic characteristics of complex objects from a single
perspective. This is especially true for open systems. Purely numerical methods,
distinguished by universality, take into account the radiation condition at infinity in
approximate way, limiting the accuracy of the obtained results to a few digits.
Neglecting the edge condition, as known, hinders the existence of a unique
solution. Consequently, a non-physical solution may be obtained. Therefore, the
timely task is the development of methods that have the guaranteed convergence,
satisfy the conditions of the uniqueness theorems, and allow obtaining results
within acceptable computer time.

Graphene is a relatively new material with unique properties. It is strong
enough, absorbs electromagnetic fields, and can support surface the plasmon-
polariton waves and corresponding plasmon resonances at the frequencies two
orders of magnitude lower than the noble metals. The conductivity of graphene,
and therefore the properties of the entire structure containing graphene inclusions,
can be dynamically controlled by applying electrostatic or magnetostatic doping.
This opens significant prospects for using the graphene in tunable devices.

In connection with this, the choice of the purpose and tasks of the research,
objects, mathematical methods, means of analyzing the electromagnetic
characteristics of the gratings, determination of the general laws of electromagnetic
wave scattering allows us to assert that the topic of the presented dissertation is
timely both in fundamental and applied sense.



Scientific Novelty of Obtained Results

In this work, a full-wave meshless mathematically grounded approach is
used to analyze the fundamental effects in the scattering, absorption, and radiation
of electromagnetic fields by the gratings of graphene strips on a substrate. A
unified approach to the study of structures based on infinite periodic gratings of
perfectly electric conducting or material graphene strips on a dielectric substrate
has been developed.

In the dissertation, the author obtained a number of new scientific results.
Let us highlight some of them as follows:

1. The results of long-term studies on the wave scattering from infinite
gratings of perfectly electric conducting strips on the dielectric substrate were
generalized. Solutions to the corresponding diffraction problems were formulated
using the Riemann-Hilbert problem method in a form suitable for direct
programming. The positions of the grating-mode resonances on the frequency axis
were determined, and the regularities of their variation with changes in parameters
were described. Effects related to the excitation of these resonances, such as
anomalous transmission and reflection, were investigated.

2. For the first time, the Riemann-Hilbert problem method was adapted to
the H-polarized plane wave scattering from the infinite graphene strip grating
located on a dielectric substrate. This rigorous approach allowed for a detailed
study of resonance effects in the scattering and absorption of the plane
electromagnetic wave and their variations with changes in geometric and material
parameters. The physical regularities that are important for practical applications
were determined. It was found that due to the excitation of plasmon resonances on
graphene strips, the structure can serve as a polarizer, allowing the transmittance of
the E-polarized waves while partially reflecting and absorbing the H-polarized
waves. It was shown that the position of the stopband can be controlled by
changing the chemical potential of graphene. The presented asymptotic
expressions for the plasmon resonance frequencies are undoubtedly novel.

3. During the investigation of physical phenomena arising from the
simultaneous excitation of plasmon resonances and grating-mode resonances on
graphene strip gratings, the effect of electromagnetically induced transparency was
revealed. It was shown that the tunability of periodic graphene structures due to the
application of an electrostatic field to the strips can be disrupted. The change in the
chemical potential of graphene does not significantly affect the position of the
minimum of the transmittance coefficient on the frequency axis.

4. Based on the developed mathematical model, the threshold conditions of
the modes of a laser consisting of the infinite graphene strip grating on a dielectric
substrate were studied. It was demonstrated that three types of modes are present:
strip plasmon modes, grating modes, and dielectric substrate modes. A successful
combination of the lasing eigenvalue problem approach, the Riemann-Hilbert
Problem method, and a numerical iterative procedure for finding the zeros of the
corresponding determinant was achieved. This combination allowed the
development of an efficient numerical analysis method. It was shown that t.he
positions of the plasmon modes at the frequency axis and their substrate material



gain threshold values can be controlled by changing the chemical potential of
graphene. The grating modes have much lower threshold gain values but are
almost insensitive to dynamic tuning of frequency and threshold.

The reliability and correctness of the results are beyond doubt. The
problems are considered in full-wave (i.e. rigorous) mathematical formulation. The
obtained infinite matrix equations are Fredholm equations of the second kind,
ensuring their numerical solution to have guaranteed convergence. Additionally,
the convergence is confirmed by conducting relevant studies on the error at
different parameters. A comparison is made between the results obtained in the
work and specific results known from the literature. The models of the studied
electromagnetic structures are constructed using widely accepted idealizations,
such as the two-dimensionality of the problems, infinitely small thickness of the
strips, neglect of nonlocal effects and anisotropy when determining the graphene
conductivity, and others. The obtained results do not contradict known physical
laws. Furthermore, the fulfilment of the energy conservation law is systematically
verified.

Practical Significance of Obtained Results

1. The development of the theory and methods for mathematical modelling
of resonance phenomena in periodic structures with graphene strips provides an
efficient tool for studying the characteristics of a number of electromagnetic
devices that contain such gratings.

2. The information gathered in the research about the significant influence of
the chemical potential of graphene, dynamically controllable through the
application of electrostatic field, on the characteristics of the scattered fields
allows, on the one hand, to use the arising effects in implementing control
functions and, on the other hand, to conduct the analysis and optimization of
parameters of electromagnetic devices incorporating such gratings.

3. The identified properties of the infinite graphene gratings on the substrate,
allowing the transmission of the E-polarized waves and reflection or absorption of
the H-polarized waves, can enable the creation of tunable polarizers and filters
based on such a structure.

4. The physical results regarding graphene strip gratings allow for the
investigation and optimization of parameters of corresponding absorbing surfaces,
which are crucial in stealth technology.

5. The author's work makes a significant contribution to the antenna
technology. The results regarding the grating-mode resonances can be applied to
predict so-called regimes of scan blindness in large phased array antennas.

6. The obtained results regarding threshold values of the active substrate
material gain and corresponding eigenmode frequencies have undeniable practical
significance for designing new terahertz and infrared range plasmonic micro- or
nanolasers.

Comments and Drawbacks

Unfortunately, the work is not without certain flaws.

1. In Chapter 1, the author states that non-local effects can be neglected for
the strip widths greater than 100 nm. However, a strip width of 35 nm is chosen for



Figure 4.7. It is necessary to justify the use of formulas (1.11), (1.12), or the
integral representation for the graphene conductivity as a complex-valued function,
as well as the application of the boundary conditions derived for infinite graphene
plane to such a graphene strip.

2. The parameter alpha, which corresponds to the incidence angle, is present
in the expressions for the matrix equations of the plane wave diffraction problem
from the infinite graphene strip grating on the dielectric substrate. However, in
Chapter 4, this parameter disappears from the expressions. Apparently, it is
assumed that alpha equals zero. It would be worthwhile to study the case where
alpha is different from zero or provide an explanation why only the case where
alpha equals zero is considered.

3. On pages 96 and 97, analyzing Figure 3.3, the author notes that the rate of
convergence is the highest in the case of normal incidence and the absence of
dielectric layer. However, this case is not presented here.

4. On pages 63 and 64, it is stated that the error decreases with an increase in
the order of matrix reduction. However, in the case of x=100.1, some curves for
the error exhibit oscillations and do not show a noticeable decrease.

5. There are some inaccuracies in the work. On page 115, while analyzing
Figure 3.20, it is mentioned that the resonance frequency of the substrate mode S,
does not depend on the chemical potential. This statement is too general. Graphene
strips are not at the electric field zeros and still introduce perturbations to the
resonance frequency. On page 96, Figure 2a is referenced instead of Figure 3a. In
Figure 4.17, the units of measurement for 4 are not indicated.

These points are not related to the fundamental aspects, results, and
conclusions of the work and do not impact the positive assessment of the study.

The dissertation of Fedir O. Yevtushenko “Resonant scattering and
absorption of electromagnetic waves by infinite gratings of graphene strips on
dielectric substrates” represents a comprehensive scientific investigation conducted
at the high level. The results presented in the dissertation contribute to a new
scientific direction in modern physics, specifically in the field of electrodynamics
of periodic graphene structures in the terahertz and infrared ranges. The work
demonstrates internal consistency, and its primary findings, fully documented in
scientific publications and presented at academic conferences, have been
personally obtained by the author. Fedir O. Yevtushenko has thoroughly mastered
the methodology of scientific research.

Considering the arguments presented above, | believe that in terms of the
timeliness of the dissertation topic, the level of the execution of the formulated
scientific tasks, the obtained scientific results, their novelty, and the practical
significance, the dissertation of Fedir O. Yevtushenko, "Resonant scattering and
absorption of electromagnetic waves by infinite gratings of graphene strips on
dielectric substrates," fully meets the requirements outlined in the decree of the
Cabinet of Ministers of Ukraine dated January 12, 2022, No. 44, titled "Procedure
for awarding the degree of Doctor of Philosophy and cancellation of the decision
of the one-time specialized academic council of a higher education institution,
scientific institution to award the degree of Doctor of Philosophy," thus, the author,



Fedir Oleksandrovych Yevtushenko, deserves to be awarded the degree of Doctor
of Philosophy in specialization #104 — Physics and Astronomy.

AKTyaJbHICTb TEMH AHCepTaLil

IlepioguyHo cpyKTypoBaHi CTpPIYKOBi PEUITKH LIMPOKO 3aCTOCOBYIOTHCS
3apa3 Ta IepCrneKTHBHI B MaiilOyTHLOMY IIPH CTBOPEHHS HOBHX 1 Y/OCKOHAJIEHHI
ICHYIOUMX TIPHUCTPOIB y TeparepLeBoMy Ta iH(ppauepBOHOMY Jiana3oHaX XBWJIb.
ToMy BaxkIHBHM € MOJaiblie JOCHIIKEHHS TaKUX MepIOJUYHUX CTPYKTYPp,
ineHTHdiKallis pe3oHaHCIB, AKI BOHM 3[aTHI MIATPUMYBATH, @ TaKOX BHBYCHHA
noB’si3aHux 3 HUMH (GizndHux edekTiB. Pe3oHaHCHM Ha pelliTKOBUX MoOJax
JNeMOHCTPYIOTh HaA3BHYAHO BUCOKY N0OpOTHicTh. [ToOnu3y HuX y Haa3BHuYaHHO
BY3bKiH CMy3i 4acTOT CIHOCTEpiraeTbcs SApKO BHpPAXKEHHH  EKCTpPEeMyM
XapakTepUCTHK po3cisHHs. [IpoTe BUKOpUCTAHHS Hee(eKTUBHUX METONIB, sKe
BUMarae rnpH rnoby/10Bi 4aCTOTHHX 3a/Ie)KHOCTel BUOOPY 3aHAATO BEJIHUKOTO KPOKY
3a 4acTOTOIO, Y4 HEBipHE MOSCHEHHsS e(eKTIB MOXe BUJIMBATHCh Y HENOJIKH Y
peasibHO iCHYIOUMX npucTposx. Hampuknan, ne cTocyeTbes MOsIBH CIMHX 30H Y
(azoBaHMX AHTEHHUX PeLIiTKaX Ta HA/IBY3bKMX 30H MPO30POCTI y MOrJIMHAYaXx.

Cepen BCbOro pi3HOMAHITT METOJIB JOCHIUKEHHS CTPIYKOBUX PELIITOK
HEMOJKJIUBO BUJALIUTH SIKUHCH OJAMH yHIBepCaJIbHUH, AIKUH OM JO3BOJISB 3 €HMHHUX
MO3MILIH aHalli3yBaTH eJIeKTPOJAMHAMIYHI XapaKTePUCTHKH CKJIQJIHUX 00’ €KTIB.
OcobiMBO 11€ CTOCYETbCS BIJAKPUTHX cHcTeM. YMCTO 4YMCIOBI MeTOaM, siKi
Bi/IPI3HAIOTHCS YHIBEPCAIbHICTIO, HAOIMKEHO BPaXOBYIOTh YMOBY BHIIPOMiHEHHS
Ha HECKIHYEHHOCTI, 0 0OMEXKYy€e TOUHICTb OTPUMAHHUX PE3YNbTATIB JAEKiIbKOMa
3nakamu. HeBpaxyBaHHs yMOBHM Ha peOpi, sK BiJlOMO, [1€PeLIKO/KAE HAasIBHOCTI
€IMHOrO Po3B’s3Ky. SIK HacaioK, Moxke OyTH OTpPUMaHO He(I3UUHUIT PO3B’A30K.
ToMy aKTyajlbHOIO 3a/Ja4el0 € po3poOka METOIB, fIKi MalOThb rapaHTOBaHY
36iKHICTh, BIANOBIAAIOTL TEOpPEMam [P0 €AMHICTb PO3B’SI3KY Ta JI03BOJSIOTH
OTPMMYBATH pe3yJIbTaTH 3a IPUHHATHHH KOMII IOTEPHUH Yac.

I'padheH € BiTHOCHO HOBHM MaTepiajoM 3 YHIKaJIbHUMH BJIACTHBOCTAMM. Bin
€ J0CTaTHLO MILHHUM, TOTJIMHAE €JCKTPOMArHiTHE MOoJje, 3[aTeH MiATPUMYBATH
IOBEPXHEB] IJIa3MOH-TIOJIAPHTOHHI XBHJII | BUINOBIIHI IJ1a3MOHHI PE30HAHCH Ha
yacTOTax Ha J1Ba MOPAJAKHM HIXK4Ye, Hixk Onaropoani metanu. [TpoBinuicTio rpadena,
a 3HAYMTH 1 BJIACTHBOCTAMH BCi€l CTPYKTYpH, 10 $KOI BXOASATH rpadeHoBi
BKJIIOYCHHSA, MOXKHA KepyBaTH JAWHAMIYHO, 33 paxyHoK TpHKJIQICHHS
eJIeKTPOCTATHYHOrO YW MarHitoctatudnoro moss. lle  Binkpusae 3Haumi
nepcnexTUBH JUIsl BAKOPUCTAHHA rpadeHy y nepecTpoloBaHHX MPUCTPOsIX,

Y 3p’a3ky 3 uuM BuOIp MeTH Ta 3amay  JOCHUKeHHs, 00’€KTiB,
MaTeMaTUYHUX METOJiB, 3aco0iB aHalizy eJIeKTPOJMHAMIYHHX XapaKTepHCTHK
PeITOK, BCTAHOBJICHHSI 3araJibHUX 3aKOHOMIpHOCTEH PO3CISHHS



CNICKTPOMArHITHUX XBHJIb JI03BOJISIE CTBEPJUKYBATH, 110 TeMaTHKa HaBeJeHOol
JMcepTaiiiinoi poGoTH € akTyanbHOW, SK B 3arajlbHOHayKOBOMY, Tak i B
NPHKJIAJHOMY CEHCI.

Haykosa noBusna orpumannx pe3yJibTaTiB

Y poGoTi B pamkax CTpOroro maremaTHuHo OOIPYHTOBAHOIO MiAXO/1Y
BU3HAYCHO (DYHIaMEHTAIbHI OCHOBM PO3CISIHHA, NOTIHMHAHHS Ta BUITPOMiHEHHS
CJICKTPOMATHITHOTO TIONS pewiTKaMH 3 rpadeHoBHX CTPIYOK Ha IMiJKJIaILi.
PosBuHenuit enunmit miaxig mo HOCIIDKEHHS CTPYKTYp Ha 0a3i HecKiH4eHHOi
MepiofnyHOl pemiTku 3 ifeanbHO NPOBIAHUX uM marepiaibHUX rpaeHOBUX
CTPI4OK Ha JieNeKTpUYHii migKIawi.

B nuceprauii otpuMano HH3Ky HOBMX HayKOBHX pe3yjbTaTiB. BkakeMmo Ha
JesIK1 3 HUX.

1. V3aranbHeHo pesysnbTat GaraTONITHIX AOCTiTKEHb PO3CISIHHS XBHJIb
HECKIHYEHHMMH PeIUITKAMH 3 i1eabHO MpOBiAHMX CTPIYOK Ha JieleKTpUYHIH
migknaaui. Po3s’sa3ku BignmoBigHux 3amay Audpakuii 3amucaHo 3 BUKOPHUCTAHHAM
meToay 3aja4i Pimana-T'insGepra y Burasii, NpUaTHOMY Juls iX 6e3rocepeiHbOro
nporpamyBaHHs. BCTaHOBIEHO MOJOMKEHHs PE30HAHCIB Ha PElIiTKOBMX MOAAX Ha
YaCTOTHIH OCi, OMHCAHO 3aKOHOMIPHOCTI iX 3MiHM MpU Bapiauii nmapameTpis.
Hocnixeno edextu, siki NOB’A3aHi 3 BUHUKHEHHSM 1(1X PEe30HaHCIB, HANPHUKJIAL,
e(hexTH aHOMAJILHOTO MPOXOIKEHHS Ta BiAOUTTS.

2. Bnepuwe wmeron 3anaui Pimana-Tin6epra y BUNanky H-nonspusauii
PO3BMHCHWMH Ha HECKIHYECHHY rpa)eHOBY CTPIYKOBY pemiTKy, po3TaioBaHy Ha
JUeNIeKTPUYHIN TUIACTHHI-TIKIaL. 3anponoHoBaHwmii CTPOrWH MiJAXiJ J03BOJIUB
ACTAILHO JOCIIIMTH Pe30HAHCHI eeKTH y pO3CisiHHI Ta MOMMMHAHHI ILIOCKO]
CJICKTPOMArHITHOT XBUJIi Ta iX Bapiawil Mpy 3MiHi reoMeTpHYHKIX Ta MarepianbHUX
napamerpis cTpykTypu. Ilpu ubomy BetaHoBIeHO Jesiki Bisnuni 3aKOHOMIPHOCTI,
SKi  MaiOTh B@KIMBE 3HAYEHHS JUIS [PAKTMUYHMX  3aCTOCYBaHb. 3okpema
BCTAHOBJIEHO, L0 32 PaXyHOK 30y/UKeHHS MIa3MOHHHMX Pe30HaHCIB Ha rpadeHOBHX
CTPIYKaX HABEACHA CTPYKTYpa MOKE CIYryBaTH MOJNSPH3ATOPOM, SKHii MpoIyckae
E-nonisipu30BaHi  XBWJI, 4acTKOBO BiAGMBAIOMM i 4YacTKOBO mNOrMHAIOUM [~
nosnspusoBani xBuini. ITokaszaHo, 10 3a paxyHOK 3MiHM XiMiuHOro MoTeHLiany
rpadeHy MoI0KEHHSIM CMYTH 3aITUPaHHs MOKHA KepyBaTH. bescymuisny HoBU3HY
CTAHOBJIATL 1 HABEJCHI ACHMNTOTHYHI BHPA3H JUIS YacCTOT [J1A3MOHHHX
PEe30HAHCIB.

3. Ilpu pociizkeHHi Oi3MYHUX ABMIL, fKi BHHUKAIOTH 3a PaxyHoK
OJIHOYACHOTO 30Y/UKCHHS MUIA3MOHHMX PE3OHAHCIB Ta PE30HANCIB HA PelliTKOBHX
MOJIaX y rpaeHOBHX pelliTkax, po3Kputo eekT eleKTpoMAarHiTHO IHJly KOBaHO1
npo3opocri. IToka3ano, 110 HaCTPOOBaHICTL NepioAMUHIX rpapeHOBUX CTPYKTYp
3a PaxyHOK MpPHKIAJICHHs €JICKTPOCTATHYHOrO MOJsS 10 CTPIYOK MOXKe OyTH
nopyuieHa. 3MiHa XiMiYHOTO NOTEHUIATY TYT HE BIUIMBAE CYTTEBO HA MOJONKEHHS
MIHIMYMY KoedillicHTa POXO/UKEHHS Ha YacTOTHIil oci.

4. Ha 6asi noGyaosanoi MaTeMaTHUHOT MOJEI 0C/IKEHO TIOPOrOBi yMOBH
MOJ  J1a3epa, AKHH CKIAJaeTbess 3 MNepioAnvHol  rpadeHosoi  pemitku 3
JiesiekTpuyHolo nijikiaakoio. Iokasano, o y HaseseHoMy iasepi ICHYIOTh MOJIH
TPLOX THIIB: IUIA3MOHHI MOJM, IPATKOBI MO | MOJM JIieICKTPHUHOT NiAKIA/KH.



Baano noejnano mijaxij 10 nasepHoi 3aja4i Ha BJIACHI 3HAYEHHS, METOJL 3aj1a4i
Pimana-I'insbepra i uuciioBy itepauiiiHy rnpoueaypy 3HaxXOKEeHHs HYJIiB
BIZANOBiIHOTO leTepMinanTy. Take nocaAHaHHs 103BOIMIO PO3POOUTH epeKTHBHUM
METOJl 4yHceabHoro anamizy. IlokazaHo, 110 MOJIOKEHHAM IUIA3MOHHHMX MOJ Ha
4aCTOTHIH OCi Ta iX MOPOrOBMMM 3HAYEHHAMH TOCHJIEHHS Y MiJKIa/lll B/IA€ThCS
KepyBaTH 3a paxyHOK 3MiHM XimiuHoro noteduiany rpadeny. PewmiTkoBi Moau
MaloTh Habararo HHK4Yi TOPOTOBI 3HAYCHHS TMOCHICHHS, TpPOTe Maibke He
MIAI0TECS TMHAMIYHOMY HACTPOIOBAHHIO YaCTOTH Ta MOPOTy.

JloctoBipHicTh i 06rpyHTOBAHICTL Pe3y/bLTATIB He BHKIMKAE CyMHIBiB.
3ajaui po3rsHYTO B CTPOTiii MaTeMaTUyHil noctaHosli. OTpUMaHi HeCKiHYeHHI
MaTpUYHi PIBHAHHSA € PiBHAHHAMK MDpeAroibMa Apyroro poay, ToMy iX 4HCENbHHU
po3B’sA30K Mae rapanToBaHy 30ikHiCTb. Jl0JaTKOBO, 301XkKHICTh MIJITBEP/UKEHO MPH
NpoBe/IeHi BiINOBIAHMX AOC/i/KEHb MOXUOKH TPHU Pi3HUX 3HAYEHHAX MapaMeTpiB.
[IpoBenieHO TNOPIBHAHHA pe3yJbTaTiB, OTPUMAHUX Y poOOTI 3 OKPEMHMH
pesyJbTaTaMH, BIIOMUMH 3 JiTeparypd. Mojeni eeKTpoAMHaMIYHUX CTPYKTYp,
O JIOC]I/UKYIOTHCS, BUKOHAHO 3 BUKOPUCTAHHSIM TPUIHATHX ijeanizalii, Takux
K JIBOBMUMIPHICTh 3aj1ay, HECKiHYEHHAa Maja TOBIUIMHA CTPIYOK, HEXTYyBaHHS
HeJOKATLHUMM eeKTaMU Ta aHi30TPOIII€EI0 MPHU BU3HAYCHHI NPOBIAHOCTI rpadeny
ta inme. OTpumaHi pe3yibTarM He cynepedyatb BiIOMHM  (i3HUHUM
3aKOHOMIpHOCTsAM. J[01aTKOBO, CUCTEMATHUHO MEPEBIPACTbCs BUKOHAHHS 3aKOHY
30epesKeHHs eHeprii.

IlpakTH4He 3HAYEHHSI OTPHMAHHUX Pe3yJibTaTIB

1. PospobiieHo Teopil0 i METOAM MaTeMaTHYHOrO  MOJIEJIFOBAHHS
PE30HAHCHUX SBMIL B MEPIOJMYHMX CTPYKTypax 3 rpadeHoBux crpiyok. lle
JI03BOJISIE  Ka3aTH TIPO  CTBOPEHHS €(EKTUBHOIO IHCTPYMEHTA JOCIIDKEHb
XapaKTepUCTHK 1JI0OI HU3KH €JICKTPO/IMHAMIYHMX CHCTEM, sIKi MAlOTh y CBOEMY
CKJ1aJli TaKi peliTKy.

2. 3ibpana miJi 4ac BHUKOHAHHsA JOCHIUKEHb iH(pOpMalLis O CYTTEBOCTI
BIUIMBY XIMi4HOrO rnoTenuiany rpademy, skl MOXKHA 3MIHIOBATH JMHAMIiYHUM
YMHOM 3a PaxyHOK IPHUKJIA/JIEHHS €JIEKTPOCTATUHYHOIO 1101, HA XapaKTepUCTHKH
PO3CIsIHUX NOJIIB JI03BOJISIE, 3 OJHOIO 00Ky, BUKOPHCTOBYBATH BHHMKAIOYI NpH
1bOMY e)eKTH Yy SKOCTI KJIIOUOBHX NpH peastizauii GyHKUIT KepyBaHHs, a 3 iHIIOro
GoKy — NPOBOJIMTH aHAJII3 | ONITUMI3ALIIO NapamMeTpiB eJIeKTPOJAMHAMIYHHUX CHCTEeM,
AKI MAIOTh Y CBOEMY CKJIaJli TaKi peLiTKH.

3. 3aBsIKH BUSBJAEHUM BJIACTHBOCTAM HECKIHUEHHOI PeIIiTKH 3 rpe)eHOBUX
CTPIYOK Ha TAKJAAUI TpOIyCKaTH E-nonisipu3oBadi XBWJII Ta BigOuBaTthH abo
noriMHaTH  H-nonspu3oBaHi  XBHII  MOXKJIMBE CTBOPEHHsS HA OCHOBI  Takol
CTPYKTYPH HACTPOIOBAHUX MOJIAPH3ATOPIB Ta (PIALTPIB.

4, ®@izuyni pe3yabTaTH CTOCOBHO TPaeHOBUX CTPIYKOBUX  PELIITOK
H03BOJSIOTL  JIOCHIJDKYBATH T4  ONTUMI3YyBaTH  NApamMeTpu  BUANOBIJHHX
NOrJIMHAIOYMX TIOBEPXOHD, 1110 € KJIIOUOBMM Y TEXHOJIOTISX THILY CTEJIC.

5. Po6ora apropa poOMTL 3HAYHMI BHECOK Yy Hanpsm, [OB’s3aHuil 3i
CTBOPEHHAM aHTeHHOT TexHikn. OTpHUMani pe3yjibTaTH CTOCOBHO PE30HANCIB HA
PEHIiTKOBMX MOJAX MOXKYTh OyTH BHKOPHCTAHI 1IPM  YCYHEHI HEJOJiKiB Yy
(azoBaHnx aHTEHHHX PELITKAX, MOB A3AHUX 3 NOABOIO CIIIHMX 30H.




6. Ortpumani pe3yJjbTaT CTOCOBHO IOPOrOBHUX 3Ha4y€Hb IOCHJIEHHS
Marepially aKkTHUBHOI IMJKJIAaJKH Ta BiJNOBIJHMX 3HAY€Hb YACTOT BJIACHUX MO/l
MaloTh Oe3CyMHIBHE MpakTHYHE 3HAYEHHS JUlA NPOEKTyBaHHS HOBHX ILUIa3MOHHHX
MiKpO- 41 HaHOJIa3epiB TeparepleBoro Ta iHppadepBoOHOro Aiana3oHiB.
3ayBazkeHHs1 Ta He10J1IKH

Ha xanb, poboTta He nozbaBieHa Hel0MiKiB.

1. ¥V posmini 1 aBrop BKaszye, IO HEJOKATLHUMH e(QeKTaMH MOXKHa
3HEXTYBATH IpH WMPHHI cTpiuku Oinbumie 3a 100um. Boanowac ans puc. 4.7
BUOpaHO 1MpUHY cTpiuoKk 35 HM. HeoOXigHO [OSCHUTH TPABOMIPHICTh
BUKopuctauus ¢opmya (1.11), (1.12) abo iHTerpaJbHOro MOAAHHA JJIs
NPOBIAHOCTI rpadeHy K KOMIUIEKCHO-3HAUYHOT (YHKILII, @ TAaKOX MPaBOMIPHICTh
3aCTOCYBaHHs TPAHMYHHX YMOB, 3allMCAHUX Ui HeCKiHYeHHOI rpadeHoBOI
TUIOLMHM, A0 TaKoi rpad)eHOBOI CTPIUKH.

2. V Bupa3zax /s MaTpUYHMX PiBHSHb 3a1a4i Audpakuii MmIockoi XBUli Ha
HecKiHYeHHii rpadeHoBiii pewritii Ha AieNeKTPHYHIA MiAKIAALI NPUCYTHIM
napamerp ajibda, skuil Bianosizae Kyty najainns. [lpore y posaini 4 uei napamerp
3 BUpa3iB 3uMKac. BoueBupb, NoKIaAeHO, 1O anbda gopiBHIOE Hymo. BapTo 6yi0
6 TakoXK JOCJIMUTH BUMAN0K, KOJH KYT alb(a € BIAMIHHUM BiJ Hyss ado HagaTu
IOSICHEHHSI, YOMY PO3IJISSHYTO JIMIIE BUIIAJI0K, KOJIM KyT aib(a JI0pIBHIOE HYJIIO.

3. Ha c. 96, 97 ananizyrouu puc. 3.3, aBTOp 3a3Hayac, 10 HaiOinbLia
HIBUAKICTH 301KHOCTI 10CATacThCs y BUNIAAKY HOPMAIbHOTO MaJiHHS 1 BIICYTHOCTI
aienextpuuHoro wapy. [Ipote uei Bunanox Tyt He HaBeaAEHO.

4. Ha c. 63, 64 Bka3syeTbcs, 110 N10XHOKa criajae npy 30UIbIIEHH] OPAAKY
peaykuii Matpuui. Ilpore y Bunmaaky k=100.1 nesxi KpuBi 11 NOXMOKHM MarOTh
OCILHJIIOIOYMI XapakTep i He IeMOHCTPYIOTh MTOMITHOTO CliafaHHs.

5. Y pobGoti npucyTtHi jesiki Hetounocti. Ha c. 115 npu ananisi puc. 3.20
BKA3y€TbCsl, L0 YacTOTa PE30HAHCY Ha MOJAI MIAKIAAKH Sy He 3aleXHTb Bij
3HayeHHs XiMiuHoro morteHuiamy. lLle TBepaKeHHs € 3aHAATO 3arajbHUM.
['paheHOBI CTPIYKHM HE 3HAXOAATLCA y HyJli €JIEKTPUYHOIO MOJS i BCE XK TaKH
BHOCATDb 30ypeHHs JI0 pe3oHaHcHoi yacToTh. Ha ¢. 96 3rajyerscs puc. 2a 3amicThb
puc. 3a. Ha puc. 4.17 He BKa3aHO O/JIMHHMLI BUMIPIOBaHHs /1.

Hapani 3ayBakeHi He TOPKAIOTHCS NPUHLMITIAILHUX T10JI0KEHb, Pe3yIbTaTIB
Ta BHMCHOBKIB poOOTH Ta He BIUIMBAIOTh HA IO3WTHUBHY OLIHKY TNpPOBEICHHX
JIOCJTIJIKEHb.

Jluceprauis €stymenka ®enopa Onekcannposuya “Resonant scattering and
absorption of electromagnetic waves by infinite gratings of graphene strips on
dielectric substrates” € 3aKiHY€HMM HAyKOBMM JOCJI/UKEHHSIM, BMKOHAQHHM Ha
BrucoKoMy piBHi. CyKyNHICTh HaJaHMX Yy AMCEpPTalil pe3y/ibTaTiB pO3BUBAC HOBHH
HayKOBHM HANpsiMOK cydacHoi (i3uIHOI HAYKH, MOB’A3aHUI 3 EJICKTPOANHAMIKOIO
nepioAMYHMX rpaeHOBUX CTPYKTYp Yy TeparepueBoMmy Ta iH(pauepBoHOMY
nianazonax. PoGora Mae BHYTpiliHIO €HicTb. OCHOBHI i pesyibraT, sKi y
noBHii Mipi Bi1oOpakeHo y HayKOBHX MyOIliKalisX Ta Npe/CTaBlIeHo Ha HAYKOBHX
KoH(epenwisx, oTpuMai 0cobncTo aBTopom. 3100yBat NOBHOIO MIpOIO OBOJIOAIB
METO/I0JI0TIECI0 TIPOBE/AEHHS HaYKOBMX JI0C/II/UKEHD.




Bpaxosyioun  nanani BHLIC apryMeHTH, BBakalo, 100 3a piBHEM
AKTYNILHOCTI TEMATHKH, PiIBHEM BUKOHAHHS MOCTABICHOIO HayKOBOI'O 3aBJlaHHS,
OTPUMAHHX  HAYKOBMX pe3y/IbTaTiB Ta iX HOBH3HM. NPaKTHYHOI 3HAYYIIOCTI
Amceprauiiina pobora Ceryierka ®enopa Onekcaniposuua “Resonant scattering
and absorption of clectromagnetic waves by infinite gratings of graphene strips on
dielectric  substrates” nosHicTIO BI/IOBI/Ia€  BMUMOraM  MOCTAHOBM Kab6inery
Minictpin Ykpainm i 12 ciuns 2022 p. Ne 44 “Tlopsiiok npucy kenus CTyNeHs
JloKTOpa (isocodii Ta ckacysanus pitenns Pa30BOT ClieIliai3oBaHOl BYEHOT pajin
JAKIANY BUILOT OCBITH, HAyKOBOI yCTaHoBM 11po NPUCYJUKCHHS CTYMNEHs JI0KTopa
hirocodii”, a i asrop € BTywenko  ®exip  OnekcaHApoBHY  3acayrosye
MIPUCYJUKCHHS cTynenst JokTop dinocodii 3a cneuianshictio 104 - ®isuka 1a
acTpOHOMI .

Odinifinuit ononenr

KaHuar (isnko-mateMaTHUHUX HayK,

AoueHT kadepu Gi3zMkn HaBUCOKHX

4acToT dakyibTeTy pagiodizuku,

GiomestMuHOT enekTpoHiky Ta

KOMITIOTEPHUX CHCTEM

XapKiBCbKOIo HALIOHANBLHOIO

yHisepeutery imeni B.H. Kapasina L/ Mctucnas KAJIIBEPJIA
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