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HasBa po6oTHu (YKp)

EnexTpoayHaMika mapyBaTUX KOMIIO3UTIB 3 KipaJlbHUMU BIACTUBOCTSIMU Ta 6araToPpyHKI[iOHAIbHUX [IJIaHAPHUX CUCEM

Ha3zBa po6oTH (aHrJI)

Electromagnetics of layered composites with chiral properties and multifunctional planar systems

Pedepar (yxp)

O6'exT mocmimpkeHHs - (pisuyHuil npouec GopMyBaHHs TOJIiB PO3CISTHHS NPU B3aEMO/Iii MOHOXPOMATUYHOTO i/a60 iMITyJIbCHOTO
€JIEKTPOMArHiTHOTO BUIIPOMIHIOBAHHS JIOKQJIbHOTO YW HEJIOKAJbHOTO [KEpeJ SIK 3 TOHKMMH IUIAHADHMMM JBOMiDHUMU
NepioguYHUMYU CTPYKTYPaMH, Tak i OOMEXEHOI0 MOCIIZOBHICTIO CKIa[HOKOMIIO3ULIMHUX IIapiB, 0 MalOTh, 30KPeMa, KipasbHi
BJIACTUBOCTI. MeTa NpOEeKTy INOoJsrae y BIOCKOHAJIEHHI CIIOKMBYMX XapaKT€PUCTUK Ta 30ilbIIEHHS KOHKYPEHTOCIPOMOXKHOCTI
€JIEMEHTIB KepYBaHHS y ONTHYHOMY, iH(ppadyepBOHOMY, CAHTUMETPOBOMY Ta MiJliIMETPOBOMY Jlialla30Hax AOBXWH XBHJIb, & TAKOX
BUSBJIEHHI (Qi3WYHMX $BULL MOAO (OPMYBaHHS MOJIB $SK TOHKMMHU IUIAHADHUMMM CTPYKTypaMH, TaK i OOMEKEHUMU
MOCTIIOBHOCTAMM aHI30TPOIHUX, KipaJbHUX 1IAPiB 3a Pi3HUX MapaMeTpiB i reoMeTpil CTPYKTYpU Ta iX JUHAMIKK NpU Bapialisax
YMOB eKcIulyartanii. JlocymifiskeHHs1 y poOOTi NPOBOAMJIMCH HAa OCHOBi ICEBIOCIEKTPAJbHOTO METOZA 4YacoBOi 06JacTi 3
BilOOPa)KEHHSIM CiTKM, METOHa [OAATKOBOro Au(epeHIiaJbHOrO piBHSHHS i MOJIOCHOI Mojesni gucrepcii JiesneKTpuyHoi
MIPOHMKHOCTI. AHaJi3 NePiogMYHUX MOCTigOBHOCTEN MMPOBOAMBCS HA OCHOBI METOZJA TEOpil JIAHLIOTIB i MaTPpUYHUX (PYHKLiNA. B
pPOO6OTi MOOYIOBAaHO MATEMATUYHY MOJEJb (POTOHHUX KPUCTAJiB Ha OCHOBi MOCJiJOBHOCTI MAapiB KipaJbHOTO CEpENOBUIIA, IO
BpaxoBye €(EKTU HEB3aeMHOCTI Ta MoxunBuil edekr chiral-nihility cepemosBuma. Ilo6ymoBaHO MaTeMaTUYHYy MOJEJIb
METaMOBEPXOHb ONTUYHOTO [iala3oHy, IO MiATPUMYIOTb BUCOKOJOOPOTHI PE30HAHCHU Ha 3aMKHEHill Momi. Brepiie noxasaHa
MOJKJIMBICTb CTBOPEHHSI MOBHICTIO Ji€JIEKTPUYHUX METANOBEPXOHbD, 10 MifTPUMYIOTh PE30HAHC Ha 3aMKHEHill MOZi, Ha OCHOBI
HaMiBNpOBiIHUKIB BusBneHo yMoBU (pOpMyBaHHS i (i3nyHi BJIACTUBOCTI PE30HAHCIB Ha 3aMKHEHiil mopi. BuseieHi epektu Ta
NoOYyAOBaHI 4MCEJbHO-QHANITUYHI aJrOPUTMM € OCHOBOIO [Ji1 PO3POOKM 6GaraTo(PyHKLiOHAJIbHAX TPUIAZiB KepyBaHHS
€JIEKTPOMAarHiTHUMU TOJISIMM MiKPOXBUJIBOBOTO, iH(paue€pBOHOrO Ta ONTHUYHOTO Miala3oHiB 3 YHIKaTbHUMU MO>KJIMBOCTSIMU.
OTpuMaHi y po6OTi pe3ysbTaTH AOBOASTh aKTYasbHICTh MOJAbIINX JOCIIPKEHD K LIapyBaTUX CTPYKTYP, TaK i METAllOBEPXOHb Y
peXUMi pE30HAaHCY Ha 3aMKHEHil Mozi. BuBueHi B poOOTi epeKTH NepeTBOPEHHs MOoJspu3alii B IMIApyBaTiil CTPYKTYpi 3
KipaJIbHUMHU Ta 6ii30TPONMHMMU IIapaMu, Ta ixX B3aJIeXKHICTh Bifi KyTa MHafiHHSA i IapaMeTpiB KipajbHOCTI Ta HEB3aEMHOCTI
JIO3BOJISIIOTh 3HAYHO PO3MMPUTU (YHKLIOHANBHI MOXKJIMBOCTI npunaniB HBY i ontuyHoro pianasoHy. IloBHicTIO fiesexTpuyHi
METAIOBEPXHi, M0 MiATPUMYIOTb BHCOKOJOODOTHMI pE30HAHC Ha 3aMKHEHiI MoOAi - OCHOBa [jis CTBOPEHHS HOBHX
MeTaMaTepiasiB, a TAKOX JIJIs1 PO3POOKY 11i101 HU3KM HOBUX IPpUJIAJiB KepyBaHHs HBY i onTryHOro fAianasoHy, Ta BLOCKOHAJIEHHS
CIIOKMBYMX XapaKTEPUCTUK i PO3MMPEHHS (PYHKIIOHATIBHUX MOXKJIMBOCTEH esieMeHTHOi 6asu HBY i omrTuyHOro [iamnasony.
OTpuMaHi JaHi MOXYTbh OyTH BUKOPUCTAHHI IIpY CTBOPEHI MITYYHUX CEPENOBUIL 3 33/[aHUMHU T1apaMeTpaMu i po3pobui GinbTpis,
CEJIEKTMBHUX | BHCOKOIMIIEJJAHCHUX IIOBEPXOHb, AaHTEHHUX YKPUTTIB, BY3JIiB ONTOEJIEKTPOHHOIO 3B'SI3KY, JIA3EPHUX MA3€PKall,

OINTHUYHUX HiOMiB, MiICUIIOBAYiB CBiTJIA, 6iCTabiIbHUX €JIEMEHTIB TOILO.
Pedepar (aHra)

Object of research is a physical process of formation of scattering fields during the interaction of monochromatic and/or pulsed
electromagnetic radiation of local or non-local sources with two-dimensional planar periodic structures or finite sequence of



layers of complex composition that may have chiral properties. The work aim is to improve consumer characteristics and
increase the competitiveness of the control devices in the optical, infrared, millimeter and centimeter ranges, as well as
determination of phenomena of field formation by the thin planar structures and finite sequence of anisotropic, chiral layers
with various parameters and geometry structure and their dependence on operating conditions. Mapped pseudospectral time
domain method and auxiliary differential equation method with complex pole model for describing of frequency dependence of
permittivity were used for numerical studying of two-dimensional planar structures. Analysis of periodic sequences was based
on the method of circuit theory and matrix functions. The mathematical model of photonic crystals based on the sequence of
layers of chiral medium, that taking into account the effects of nonreciprocity and the possible effect of chiral-nihility medium,
was developed in the project. This mathematical model based on the analysis of eigen waves of infinite layered media and
scattering fields of finite sequences, including the presence of a defect in the structure. The conditions of exciting and
increasing of cross-polarized component in scattering fields were determined. The mathematical model of optical metasurfaces,
that support of high-Q trapped mode resonances, was developed in the project. The possibility of creating all-dielectric
metasurfaces supporting resonance in trapped mode, based on semiconductors was shown for the first time. Exciting conditions
and physical properties of the trapped mode resonances were determined. These effects and numerical and analytical
algorithms developed in the work are the basis for developing of multifunctional devices of electromagnetic field control with
unique characteristics in microwave, infrared and optical ranges. Obtained in the work results prove the relevance of further
research as layered structures and metasurfaces in trapped mode resonance regime. It is primarily about using nonlinear and
active media as a defect in the periodic sequence of layers, or as substrate of metasurfaces. The polarization transformation
effects in layered structure of the chiral and biisotropic layers, that were studied in the work, and their dependence on the angle
of incidence and chiral and nonrecipricity parameters can significantly extend the functionality of microwave and optical
devices. The data obtained during research can be used to design artificial media with unique parameters, filters, selective and
high-impedance surfaces, antenna radomes, components of optoelectronic communications, laser mirrors, bistable elements

etc.
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HaszBa npoaykuii (ykp): MaTemaTiyHa MojiesIb 6araToQyHKIiOHAIbHUX IPUJIaliB KEPYBAaHHS €JIeKTPOMArHiTHUM I10JIeM Ha

OCHOBI IIAPyBaTHX KOMITO3UTIB 3 KipaJIbLHUMU BJIACTUBOCTSIMU Ta 6araTo(yHKIiOHANBHUX IJIAHAPHUX CUCTEM

Haspa mpoaykuii (anrJ): Mathematic model of multifunctional devices of electromagnetic field control based of layered
composite with chiral properties and multifunctional planar systems

OuiKyBaHi pe3yJIbTaTH:
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Onuc npogykuii (ykp): Po3po6sieHa y po60oTi MaTeMaTudHa MOJiesib 6araTo(yHKIiOHANIbHUX NIPUJIaZiB KEPYBaHHS
€JIEKTPOMarHiTHUM I10JIeM € OCHOBOIO $IK JIJ1s1 PO3POOKU peasbHUX MIpUJIafiiB TepareploBoro Ta ONTUYHOrO Jiana3oHiB 3
VHIKaQJIbHUMU XapaKTePUCTUKaMHU, TaK i OCHOBOIO 7151 100Y0BA MaTeMaTUYHOI MoJieJi 6ibll CKIaAHUX IPUJIAJIB, TAKUX,
HaIIpUKJIAJ, K I CUJII0BaYi i reHepaToOpy BUNPOMIHIOBAHHS, TaK i HEJIHIMHI €JIEMEHTHM ONITUYHOTO TPaKTy. JJo pe3yJbTarTiB, 1o €
MNEPCIEKTUBHUMU 1J14 BIIPOBAPKEHHSA y BI/IpO6HI/IILTBO M BI/IFJIH,Hi CeIeKTUBHUX i PE30HaHCHUX IIOBEPXOHD, aTeHloaTOpiB,
MOTJIMHAIOUMX Ta BiZIOMBAIOYMX IOKPUTTIB, A3€pKaJ JIa3€PHUX CUCTEM, KIII0YOBOTO BYy3J1a IETEKTOPY BUIIPOMiHIOBaHHS,
NepeTBOPIOBAYIB N0JIsIpU3allii MOXHA BiIHECTH i€ IEKTPUYHY METAIIOBEPXHIO HA OCHOBI KPEMHIIO, 110 MiTPUMYy€E NOOPOTHUI
PE€30HAHC Ha 3aMKHEHi MoJi, Ta GOTOHHI CTPYKTYpHU 3 KipaJIbHUMU eeMeHTaMu. Kpim Toro, B po60Ti po3pobsieHO MOfeb

BMMipIOBaya KOMIIEKCHOI [IieJIEKTPUYHOI TPOHUKHOCTI 3pa3Ka SIK 3 KPYIJIUM, TaK i IPSIMOKYTHHAM IIONE€PEYHMM EPETUHOM.
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