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Pedepar:

1. O6'exT mocaimKeHHs:(Pi3MYHUIN IPOLEC B3aEMOZIi €JIEKTPOMAarHiTHOrO 10JIs 3 ITyYHUMHU CEPEIOBULIAMU Ta
CTPYKTypaMy, 10 BU3HAYAIOThCS CKIIAAHOI0 KOMITO3ULI€I0 Ta MICTSATh ONITUYHO-aKTUBHI (aHI30TPOIIHI, TipOTPOIIHi,
KipaJsibHi) Ta HesiHilHI BKItoyeHHs. MeTa nucepTaliiiHoi po60TH: BUSIBJIEHHS HOBUX (Pi3UYHUX e(PeKTiB i
3aKOHOMIDHOCTEN B3a€MO/Iii €JIEKTPOMAarHiTHUX IOJIIB i3 ITYYHUMU [1€PIOANYHUMY, allePiOgUIHVMY,
KBa3ilepiofuYHUMU MapyBaTUMU CTPYKTypPaMU Ta CEpefoBUIaMU (METaMaTepianaMu), sIKi 3a6€311e4yI0Th CUIIbHY
JIOKaJTi3allilo eJIEeKTPOMAarHiTHOTO TOJIsl BcepevHi cucteMu. Metonu: meton nudepeHIiiHux maTpullb beppeMana,
MeToh MaTpuLp nepenadi HBY Ta orepaTopHuii METOZ, i3 BAKOPUCTAHHSM y3arajJbHEHUX MaTPULb PO3CIsIHHY,
MaTeMaTU4Hi METOAM TeOpill MAaTPUYHUX (PYHKLIiM, JiHIAHUX JUdePEeHLINHNAX PiBHSAHD 3 NEPiOAUYHAMU
KoediljienTamu Ta Teopii CTIHKOCTi, METOT, eKBiBaJICHTHUX I'PAaHUYHUX YMOB, TeOpisl epeKTUBHOIO CepeoBULIa,

MeToJ, MOMeHTIB. TeopeTryHi i NpakTUYHi pe3ysbTaTy, HOBU3HA: HAYKOBA HOBM3HA PE3yJIbTaTiB pOOOTH IOJISATa€E Y



BUSIBJIEHHI ps1ly HOBUX (Pi3MYHUX €(EKTIB i 3aKOHOMIPHOCTEN Y IOMUPEHH] €JIEKTPOMArHiTHUX XBUJIb Y CKIIQIHUX
IITYYHUX CEPENOBUILAX, IO BU3HAYAIOTHCS IPOCTOPOBOIO NUCIEPCi€l0, ONTUYHOIO aKTUBHICTIO, HEIHINHUMY
BJIACTMBOCTSIMU Ta 3a06€311e4yl0Th 3HaUHY JIOKaJli3allilo eJIeKTPOMAarHiTHOTrO MoJisl BCcepeHi CUCTeMH, 110 6YI0
IOCSITHYTO 3aBJSIKM PO3BUTKY METOJiB aHaJi3y IPOCTOPOBO HEOQHOPINHUX KOMIIO3ULIMHUX cepenoBuil. CTBOPEHO
Ta JOCJiIKEHO HU3KY (Pi3NKO-MaTeMaTUYHUX MOJIeJIE OGHOBUMIPHUX Ta ABOBUMIPHUX NEPIOAUYHUX i
HENEePiOANYHUX CTPYKTYP, IO MiCTSTh LIiJIbHI PEIIITKY, aHI30TPOIHI, FMPOTPOIHI, KipajbHi lapyu Ta HEJIiHINHI
Marepianu. Po3po6sieHo epeKTUBHI MaTeMaTUYHi aJITOPUTMU JIOCTIiI)KEHHS! €JIEKTPOMArHiTHUX MOJIiB y TaKUX
cepenoBuIax. Briepie BUABIIEH] BJACTUBOCTI PO3CISHUX MOJIIB 171 CTPYKTYP, 10 CKIAHA0TLCS 3 MAarHiTOAKTUBHUX
abo KipaJbHUX LIAPiB, ¥ SIKUX 3HAYEHHS peasbHOI YaCTUHU JieJIeKTPUYHOI Ta MarHiTHOI IPOHUKHOCTEN 6JIM3bKi 10
HYyJIs1, @ IapaMeTp ripoTporii abo KipasbHOCTI He NOPiBHIOE HYJII0. Bu3HaueHi napaMeTpy CTPYKTYP, 10 AO3BOJISIIOTh
OTPMMATH 3HauHe 306iIbIIEHHS KyTa [TOBOPOTY eJiinca nosspusaii B epexri Papapest, 3BOpOTHE NOMUPEHHS
KPYTOIOJISIPU30BaHNX XBUJIb i XBUJILOBE Y3TOJPKEHHS TaKOTO LITYYHOTO CEPEOBUILA 3 BiIIbLHUM ITPOCTOPOM.
Brniepiie Bu3Ha4yeHi yMOBU, HEOOXiJHI 171 JOCSITHEHHSI HEB3a€MHOTI'0 6iCTabiIbHOTO Ta MYJIbTUCTA0IIBHOTO PESKHUMIB
POOOTH Ta HEJIHITHOTO NOJISIPU3aLiliHOrO NePEMUKAHHS Y MarHiTHUX i KipaJbHUX NEPIOJUYHUX CTPYKTYpax.
Briepiie BCTaHOBJIEHA 3aJI€XKHICTh XapaKTePy MOJISIPU3aLiiHOrO epEeTBOPEHHS, (POPMYBaHHS PE30HAHCHUX
PEKMMIB POGOTHU Ta CTYIEHIO KOHIEHTpaLlil 110151 y ppaKkTajbHUX i KBa3inepiognyHUX MapyBaTUX CTPYKTypax Bif,
napaMeTpy KipanabHOCTi. Po3po6ieHo e(peKTUBHUI allrOPUTM JJ1s1 PO3PaxyHKy KoeillieHTiB BiOUTTs Ta
IIPOXOJIKEHHS, 1[0 6a3yeThCs HAa BJIACTUBOCTI CAMOIIOII0HOCTI 3alIpONIOHOBAHUX CTPYKTYP. Briepie nokasaHa
3[aTHICTb IIJIAHAPHOTO MeTaMarepiaiy, o 3abesrnedye CUIbHYy KOHLEHTPALlilo M0JIs 32 PaXyHOK 30y KEHHS
BHCOKOJ0OPOTHOI'O PE30HAHCHOTO PEXKMMY 3allepToi MOJU, 1O KEPOBAHOr0 6icTabiIbHOrO ab0 MYJIbTUCTA0IIBHOTO
pexxumy poboTu. CTyniHb BIIPOBAIPKEHHS: [IJIAHY€ETHCS BIPOBAKEHHS. ['ay3b BUKOPUCTAHHS: pagiodizuka Ta

€JIEKTPOHIKA.

2. The object of study: the physical process of the interaction of electromagnetic fields with artificial media and
structures which are defined by a complex composition and consist of optically active (anisotropic, gyrotropic,
chiral) and non-linear inclusions. The aim of the thesis: the identification of new physical effects and peculiarities
of electromagnetic field interaction with artificial layered structures and metamaterials, which provide a strong
localization of the electromagnetic field inside the system. Methods: The method of differential Berreman
matrices, transfer matrix method and operator method of generalized scattering matrix, mathematical methods of
the theory of matrix functions, linear differential equations with periodic coefficients and stability theory, the
method of equivalent boundary conditions, the effective medium theory, the method of moments. Theoretical and
practical results, the novelty: the scientific novelty of this work is in identification of a number of new physical
effects and peculiarities in the propagation of electromagnetic waves in complex artificial media that are defined
by the spatial dispersion, optical activity, non-linear properties and provide a significant localization of the
electromagnetic field, which was achieved due to the development of methods of analysis of spatially
heterogeneous composite media. A number of physical models of periodic and non-periodic structures containing
gratings, anisotropic, gyrotropic, chiral layers and nonlinear materials are studied. The properties of the scattered
fields for structures consisting of magnetic or chiral layers in which the value of the real part of permittivity and
permeability are close to zero while the gyrotropy or chirality parameters are not equal to zero are studied. The
parameters of the structure, allowing for a significant increase in the angle of rotation of the polarization ellipse in
the Faraday effect, backward wave propagation and wave matching of such a medium with free space are studied.
The conditions which are necessary to achieve nonreciprocal bistable and multistable operation regimes and
nonlinear polarization switching in magnetic and chiral periodic structures are found out. The dependence of the
polarization transformation, the formation of the resonant modes and the degree of the field concentration in the
fractal and quasi-periodic layered structures versus the chirality parameter are studied. The ability of a planar
metamaterial, which provides a strong field concentration due to the excitation of the trapped mode to control
bistability or multistability operation is shown. The degree of implementation: The implementation is planned to
be in future. Applications: Radio Physics and Electronics.
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