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1. EleKTpOMarHiTHi BJIaCTUBOCTI KEPOBAaHMX METAIIOBEPXOHb MiKDOXBUJIbOBOTI'O Jialla30Hy Ta iXHE 3aCTOCYBAaHHSA

2. Electromagnetic properties of controlled microwave metasurfaces and their applications

Pedepar:

1. MeTa po60TH — BUSIBJI€HHS €KCIIEPUMEHTATIbHUMU Ta YMCEIbBHUMU METOJIaMU TaKUX 0COOJINBOCTEN
CIIEKTPaJIbHUX i MOJIIPU3aLiTHUX BIaCTUBOCTEN METarlOBEPXOHb, SIKi HEOOXiTHI /17151 peastizanii epeKkTHBHOro
KEPYBaHHS UMY BJIACTUBOCTSIMU B MiKDOXBUJILOBOMY Jiana3oHi JOBXUH xBUJb. O0’€KT NOCIiIKEHDb — NIpOLecU
MOMIMPEHHS €JIEKTPOMArHiTHUX XBUJIb Y KEPOBAHMUX METAIIOBEPXHSIX MiKPOXBUJIbOBOTO [ialla30HY [NOBKUH XBUJIb.
TeopeTuyHi Ta NpakTU4Hi pe3ysbpTaTu. [IpoBeeHi OCaiIpKeHHs PO3IIKPIOIOTh BiloMi laHi Ipo eeKTHBHI criocoou
KEPYBaHH$ €JIeKTPOMAarHiTHUMU BJIaCTUBOCTSIMU METAIlOBEPXOHb MIKPOXBUJILOBOTO [1ialla30HY 32 JI0IIOMOTOI0

30BHIITHBOT'O MarHiTHOTO I10JI4, MEXaHIYHOTO NEpECTPOIOBAHHA Ta 3MiHEHHS MaTepiaJIbHI/IX napameTpiB CKJIaJOBUX



€JIEMEHTIB. 3 TOYKU 30pY NPUKJIALHOI HAYKU IIPOBENEHI TOCIIIKEHHS €JIEKTPOMArHiTHUX BJIaCTUBOCTEN
METAINoBEPXOHb i IJIaHAPHUX PE30HATOPIB KOPUCHI 11711 PO3POOKY HOBUX MOKOJIiHb MiKPOXBUJIBOBUX ITPUCTPOIB, SIKi
MaloTh Taki IepeBary Ik KOMIIAKTHICTb i MOKJIMBICTh €(PEKTUBHO KEPYBATHU iXHIMU €JIEKTPOMarHiTHUMU
BJIACTMBOCTSIMU. HOBM3HA HAYKOBUX Pe3yJbTaTiB. Briepue B MiKpOXBUJILOBOMY [ialla30Hi JOBXUH XBUJIb: [1JIs1
(depopieneKTpUYHOI METAIIOBEPXHI Ha OCHOBI NapasesenineiiB eKCIIePUMEHTAbHO IPOAEMOHCTPOBAHO 3POCTAHHS
edekry Qapajes Ha 4acTOTi IpaTKOBOi MOJY B 5 pasiB y MOPiBHSIHHI 3 pepofiiesIeKTPUYHUM IIaPOM TaKoi XX
TOBILMHY; €KCIIEPMMEHTAJIBHO 1 YMCEeJIbHO BU3HAYEHO, 110 IIPYU HANPY>KEHOCTI 30BHIIIHBOTO MAarHiTHOTO 110714,
6inp10] 3a 10JIe HAaCMYEHHS (PEPUTA, 3IEKHICTh YACTOTH (PEPOMATHITHOrO PE30HAHCY BiJl IJIMOVHM KaHABOK Ha
noBepxHi GepUTOBOi IJIACTUHU CTa€ MOHOTOHHOIO; €KCIIEPUMEHTAJIbHO U YMCEeJIbHO 37ilICHEHO IIepeCTPOIOBAHHS B
mexax 90% Bifl 4aCTOTU PE30HAHCHOTO [TIOBEPXHEBOTO KOJIMBAHHS IIJIIXOM 3MiHM KyTa CXPELIyBaHHS IBOX
OJIHAKOBMX NEPIOIUYHUX CTPYKTYP i3 F€KCaroHaJIbHOIO €JIEMEHTAPHOI0 KOMIPKOIO; YMCEJIbHO NIPOLEMOHCTPOBAHO
3POCTaHHS YaCTOTHU [NIOBEPXHEBUX KOJIMBAHb MArHITOAKTUBHOI MyapOBOi METAIIOBEPXHI 3 F€KCATOHAJIbHOIO
€JIEMEHTapHOI0 KOMiPKOIO LIJISIXOM 30iJIbII€HHS HAIPY>KEHOCTi 30BHIIIHBOTO MAarHiTHOTO I10J151; €KCIIepUMEHTAIbHO
PO3p0o6JIeHO crocib 6€3KOHTAKTHOI eKcrpec-igeHTudikauii piiuH y pafionpo3opux eMHOCTSIX, 10 6a3yeThCsl Ha
BVMHUKHEHHI [IOBEPXHEBOTO KOJIMBAHHS B HEOAHOPIZHOMY MiKPOCMY>XKOBOMY IVIAHAPHOMY (POTOHHOMY KPUCTAJI];
peasi3oBaHO 3HaYHeE MiABUIEHHS (OTOH-MAarHOHHOTO 3B’SI3Ky [1JIaHAPHOTO PE30HATOPa y BUIJISAI PO3pi3aHOro
KisibLisl 3 (PEPUMAarHiTHUM 3pa3KoM IIJISIXOM 361/IbLIIE€HHST KOHLEHTpallii 3MiHHOTO MarHiTHOro noJist B 3pasKy. Bnepiue
YMCEJIbHO N10KAa3aHO, 10 YaCTOTU NIOBEPXHEBUX XBUJIb Y CUCTEMi KOMOIHOBAHOTO TOIOJIOTIYHOTrO 130J15ITOPA,
cpopMOBaHOTO ABOMA CTPYKTYPaMHU 3 Pi3HUMU MTapaMeTPaMU eJIeMEeHTapHOI KOMipKY, IOLIIbHO PeryIioBaTu
IIJIIXOM BUOOPY HAIpPsIMKY OJJHOOChOBOI aHi30oTporii kBapiy. Metonu nociifkeHnb. EkcriepruMeHTabHi
IOCJiIKEHHS €JIEKTPOMAarHiTHUX BJIaCTUBOCTEN METaIlOBEPXOHb i [IJIaHAPHUX PE30HATOPIB i3 MarHeTUKaMu
IIPOBEEHO 32 JONIOMOTIOI0 allpOOOBAHNX METOIUK 711 MIKPOXBUJIbOBOTO Jialla30HY LOBKMH XBUJIb i3
BHMKOPHCTaHHSIM BEKTOPHOTO aHasizatopa Kin Agilent N5230A, reneparopa yactotu Keysight N5173B-UNT,
J1abOpaTOPHUX €JIeKTPOMATHITIB i3 JaTYNKaMU MaTHITHOTO M0JIs Ta Clieliali3oBaHuX KOMII'IOTEPHUX IIPOTPaM.
ExcriepuMeHTasIbHi JOCIIIPKEHHS] IPOCTOPOBOTO PO3IOJiNTy €J1€KTPOMArHiTHOrO MOJIsl IPOBEAEHI METOIOM
IIPOGHOTO Tijla 3 BUKOPUCTAHHSM CIIeliali30BaHOr0 ABOBUMIPHOrO CKaHYI04OIO IIPUCTPOIO, 110 KEPYETHCS 3a
IOTIOMOTOI0 KOMITIOTepa. Pe3yibTaTu 41CceIbHOTO MOJIe/IIOBaHHS €JIEKTPOMAarHiTHUX BJIAaCTUBOCTEN
METallOBEPXOHb i IVIAHAPHUX PE30HATOPIB PO3PaX0BAHO METOMOM iHTErpajibHUX (PYHKLIOHAJIB Ta 32 JOIIOMOIOI0
CIIeLliali30BaHUX MaKeTiB yncesbHoro moaemosanHs CST Studio Suite, MIT Photonics Bands (MPB). Ctyninb
yIpOBaKeHHs. Pe3ynbraty BocaimKkeHp 6a4aTbCsl IEPCIEeKTUBHUMU J1J1S1 PO3POOKY KOMITAKTHUX
MarHITOKEPOBAHUX €JIeMEHTIB IPUCTPOIB MiKPOXBUJILOBOTO I ONITUYHOTO Mialla30HiB, TaKUX K BEHTUJ, QibTpH,
[OJISIPU3ATOPH, BUCOKOYYTJIMBI JATYNKKU 3MiHHOTO 110151 Ta iH. Cpepa BUKOPUCTAHHS. Po3pobyieHa METOIMKA
IBUAKOI 6€3KOHTAKTHOI ieHTHdiKaLii piiuH y pagiornpo3oprux eMHOCTSX 3a JOIIOMOT0I0 HEOLHOPIAHOTO
IIJIaHapHOTO POTOHHOI'O KpUCTasa IepCleKTUBHA [1J1s YCIIIHOI0 3aCTOCYBaHHS B CUCTEMAaX KOHTPOJIIO SIKOCTI
Xap4yOBUX NPOJYKTIB, y CUCTeMaX O€3IeKH i 11 XiIMIYHUX TEXHOJIOriH. Pe3ysibTaTi IPOBEAEHUX AOCIIIKEHD
(POTOH-MarHOHHOTO 3B’513KY IIJIAaHAPHUX PE30HATOPIB 3 MArHiTHOIO MMJIiBKOIO IEPCIEKTUBHI /1J11 PO3POOKU
KOMITAaKTHUX €JIEMEHTIB 17151 eDEeKTUBHYUX [1ePEeTBOPIOBAYIB YACTOTH 3 MiKPOXBUJILOBOTO B ONTUYHUI [1iarla3oH, 110

3aCTOCOBYIOTbCA B KBAHTOBUX TEXHOJIOTisIX.

2. The purpose of the work is identification by experimental and numerical techniques of such features of the
spectral and polarization properties of metasurfaces that are necessary for the implementation of effective control
of these properties in the microwave wavelength range. The object of research is the processes of electromagnetic
waves propagation in controlled metasurfaces of the microwave wavelength range. Theoretical and practical
results. The conducted research expands the known data on effective ways of controlling the electromagnetic
properties of microwave metasurfaces by an external magnetic field, mechanical restructuring and changing the
constitutive parameters of the constituent elements. From the point of view of applied science, the conducted
studies of the electromagnetic properties of metasurfaces and planar resonators are useful for the design of new
generations of microwave devices that have such advantages as compactness and the ability to effectively control
of their electromagnetic properties. Novelty of scientific results. For the first time in the microwave wavelength



range: for a ferrodielectric metasurface based on parallelepipeds, an enhancement of the Faraday effect at the
frequency of the lattice mode by 5 times compared to a ferrodielectric layer of the same thickness was
experimentally demonstrated; it was experimentally and numerically determined that at an external magnetic field
strength greater than the ferrite saturation magnetization, the dependence of the ferromagnetic resonance
frequency on the depth of the grooves on the surface of the ferrite plate becomes monotonic; experimentally and
numerically, a tuning within 90% of the resonant surface oscillation frequency was carried out by changing the
crossing angle of two identical periodic structures with a hexagonal unit cell; an increase of the surface oscillations
frequency of a magnetoactive moiré metasurface with a hexagonal unit cell by increasing the external magnetic
field strength has been numerically demonstrated; a method for non-contact express identification of liquids in
radio-transparent containers, based on the presence of surface oscillations in an inhomogeneous microstrip
planar photonic crystal, was experimentally developed; a significant increase in the photon-magnon coupling in a
planar resonator in the form of a split-ring with a ferrimagnetic sample was achieved by increasing the
concentration of the alternating magnetic field in the sample. It was numerically shown for the first time that the
frequencies of surface waves in a combined topological insulator system formed by two structures with different
unit cell parameters can be conveniently adjusted by choosing the direction of the uniaxial anisotropy of quartz.
Research methods. Experimental studies of the electromagnetic properties of metasurfaces and planar resonators
with magnets were carried out using proven techniques for the microwave wavelength range using an Agilent
N5230A vector network analyzer, a Keysight N5173B-UNT signal generator, laboratory electromagnets with
magnetic field sensors, and specialized computer programs. Experimental studies of the spatial distribution of the
electromagnetic field were carried out by the test body method using a specialized two-dimensional scanning
device controlled by a computer. The results of numerical simulations of the electromagnetic properties of
metasurfaces and planar resonators were calculated using the integral functional method and specialized
numerical simulation packages CST Studio Suite, MIT Photonics Bands (MPB). Degree of implementation. The
research results seems promising for the development of compact magnetically controlled elements of microwave
and optical range devices, such as valves, filters, polarizers, and highly sensitive alternating field sensors, etc.
Scope of use. The developed method for fast non-contact identification of liquids in radio-transparent containers
using an inhomogeneous planar photonic crystal is promising for successful application in food quality control
systems, in security systems, and for chemical technologies. The results of the conducted studies of photon-
magnon coupling of planar resonators with magnetic film are promising for the development of compact elements
for efficient frequency converters from the microwave to the optical range that used in quantum technologies.
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