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Pedepar:

1. MeTa po60TH - TeOpeTUYHE AOCiIPKeHHS (Pi3snYHUX e(EKTiB i 3aKOHOMIPHOCTEH, SKi BUHUKAIOTh N1PY NafiHHI p-
MOJISIPU30BAHUX €JIEKTPOMArHiTHUX XBUJIb HA TBEPIOTUIbHI CTPYKTYPH, IO MICTSITh y COOi IIJIa3MOHHI
MeTanoBepxHi. O6'ekT mocimkeHb — GizudHi eeKTy, SIKi BUHUKAIOTh NPU NMa/liHHI p-TIOJIIpU30BaHUX
€JIEKTPOMAarHiTHUX XBUJIb Ha TBEPJOTLIbHI CTPYKTYPH, 10 MiCTSITh y CO0i I7Ia3MOHHY MeTanoBepxHIo. TeopeTruyHi
Ta IPAKTU4YHi pe3yabTaTu. byso IpoaHani3oBaHO TaKi TBEPAOTiIbHI KOHPIrypalii: 71a3MOHHA METANIOBEPXHS,
HaHECEHa Ha JieJIEKTPUYHMI 1Iap, [VIAa3MOHHA METAIlOBEPXHS Ha Ai€JIeKTPUYHOMY 1Iapi, 10 PO3TAllOBaHUM Ha
MeTaJIeBiN MiIKIaALl, a TAKOX JOLABaHHS [0 TaKOi MIApyBaTOi CTPYKTYPHU [i€JIEKTPUYHOrO MOKPUTTSL. JJOCIiIKEHO
eeKTy, sIKi BAHUKAIOTh IIPU NaJliHHi p-MOJISIPU30BAHUX €JIEKTPOMArHiTHUX XBUJIb HA PO3IJISIHYTI TBEPAOTI/IbHI
CTPYKTYPH, a TAKOX 3HANI€H]I yMOBY IX BUHUKHEHHA. HOBU3HA HayKOBUX pe3ybTaTiB. JOCiIKeHH 10Ka3alo, o

IOIaBaHHS IIJIa3MOHHOI METANIOBEPXHI 3HIMae XOPCTKi BUMOI'U [I0 IPOHUKHOCTI [IieJIeKTPUYHOrO apy, HeoOXinHi



17151 [OCSITHEHHS 06€3BiI0MBHOrO NMaJliHHS p-II0JIIPU30BAHUX €JIeKTPOMArHiTHUX XBUib. KpiM TOro, Brepie 6yso
BUSIBJIEHO, 1O [1JIa3MOHHA METAINlOBEPXHs 3a6e31edye [I0BHE IIePeTBOPEHHS NoJIsIpu3allii 3 p- Ha S- 32 IEBHUX YMOB.
Taxosx 6yJi0 Brieplie NpoJeMOHCTPOBAHO, 110 Ma/liHHS 6€3 BilOUTTS, a TaKOXK [IepPEeTBOPEHHSI N10JIIpr3aliii MOXYTb
BiZOyBaTUCS B TBEPIOTIIBHUX CTPYKTYPAX, SIKi CKJIQHAIOThCS 3 IIJIa3MOHHOI METANIOBEPXHI, IIAPY AieJeKTPUKa Ta
MeTaseBoi migxknagku. Kpim Toro, jogaBaHHA Oi€JIEKTPUYHOTO ITIOKPUTTS B TaKi CTPYKTYPU CYTTEBO 3Milllye 4aCTOTY,
Ha sIKill criocTepiraeTbcs 6€3BinOUBHE MaliHHS, OJIVDKYE O PE30HAHCHUX YaCTOT IJ1a3MOHHOI METallOBEPXHi.
Metonu mocifkeHs. 715 NOIYKY LUX HOBUX €(EeKTIiB 0yJI0 3HAal€HO KOMIIOHEHTH T10JIiB P- Ta S-TI0JISIPU30BAHUX
€JIEKTPOMArHITHMX XBUJIb Y KOXKHOMY OKPEMOMY 1Iapi B CTPYKTypax, W0 po3rianaauca. Ha KoxKHil rpaHulli Mixk
IIapamMy BUKOPUCTOBYBAJIMCS BiJINOBiIHI TPaHN4Hi YMOBU. EJIeKTpOMarHiTHy MOBENiHKY IJIa3MOHHOI METallOBEPHXI
0yJI0 OXapaKTepPU30BaHO 32 AOIIOMOIO0 TEH30pa ABOBUMIPHOI IPOBigHOCTI. Takuii nmifxin 403BOJIUB ONKCATU BILJIMB
[IJIa3MOHHUX METANIOBEPXOHb HA BJIACTUBOCTI P-TIOJISIPU30BAHUX €JIEKTPOMArHiTHUX XBUJIb, 10 MAJAI0Th.
[ToenHaHHS aHANITUYHUX METOMIB 3 YMCEJIBHUMU PO3PAaXyHKaMU, Peasli30BaHMMU 3a JOIIOMOTOI0 MOBU
nporpamysaHHs Python, 103B0/IMI0 BUSBUTY HOBI €J1IEKTPOMArHiTHi €e(peKTH Ta BCTAHOBUTH YMOBHU IXHBOTO
icHyBanHs1. CTyniHb yIpOBaJ)KeHHs. Pe3ynbTat po60TU MOXYTb OYyTU BUKOPUCTAHI 17151 IOKpalll€HHSI
XapaKTEPUCTUK iCHYIOUMI ONTUYHUX i pafiopisnyHuX NpUiaiiB, a TAKOXK CTBOPEHHS IIPHMHLNIIOBO HOBUX IIPUCTPOIB
HaHOeJIEKTPOHiKU Ta onTrKU. Cdepa BUKOPUCTaHHS. 3HaleHi HOBi e(eKT MaloTh IIEPCIIEKTUBH [1Jis MiABUILEHHS
eeKTUBHOCTI PafiioIoKaLiliHUuX cuCTeM. BOHM TakoX CIPUSIIOTh PO3BUTKY TEXHOJIOTi MacKyBaHHS HACTYIIHOTO
IIOKOJIiHHS 3 PO3LIMPEHUMU MOXJIMBOCTSIMU €(EKTUBHOTO MAHIIyJIIOBAHHSI BJIACTUBOCTSIMU €JIEKTPOMAarHiTHUX

XBUJIb.

2. The purpose of the work is theoretical study of physical effects and regularities arising from the incidence of p-
polarized electromagnetic waves on solid-state structures containing plasmonic metasurfaces. The object of
research is the physical effects that arise when p-polarized electromagnetic waves are incident on solid-state
structures containing a plasmonic metasurface. Theoretical and practical results. The following solid-state
configurations were analyzed: a plasmonic metasurface deposited on a dielectric layer, a plasmonic metasurface
on a dielectric layer located on a metal substrate, and the addition of a dielectric coating to such a layered
structure. The effects arising from the incidence of p-polarized electromagnetic waves on the considered solid-
state structures are investigated, and the conditions for their occurrence are found. Novelty of scientific results.
The study showed that the addition of a plasmonic metasurface removes the strict requirements for dielectric
layer permeability necessary to achieve reflectionless incidence of p-polarized electromagnetic waves. In addition,
for the first time, it was found that the plasmonic metasurface enables a complete conversion of polarization from
p- to s- under certain conditions. It was also demonstrated for the first time that non-reflective incidence and
polarization conversion can occur in solid-state structures consisting of a plasmonic metasurface, a dielectric
layer, and a metal substrate. In addition, the addition of a dielectric coating to such structures significantly shifts
the frequency at which reflectionless incidence is observed closer to the resonant frequencies of the plasmonic
metasurface. Research methods. To search for these new effects, the components of the p- and s-polarized
electromagnetic wave fields in each individual layer in the structures under consideration were found. Appropriate
boundary conditions were used at each interface between the layers. The electromagnetic behavior of the
plasmonic metasurface was characterized using the two-dimensional conductivity tensor. This approach made it
possible to describe the influence of plasmonic metasurfaces on the properties of p-polarized incident
electromagnetic waves. The combination of analytical methods with numerical calculations implemented using the
Python programming language made it possible to identify new electromagnetic effects and establish the
conditions for their existence. Degree of implementation. The results of the work can be used to improve the
performance of existing optical and radiophysical devices, as well as to create fundamentally new nanoelectronics
and optics devices. Scope of use. The new effects found have prospects for improving the efficiency of radar
systems. They also contribute to the development of next-generation cloaking technologies with enhanced
capabilities to effectively manipulate the properties of electromagnetic waves.
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