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Pedepar:

1. Y3aranbHeHO peHOMEHOJI0TiuHI Teopii MakcBesia-T'apHeTTa Ta BpyrremaHa 3 ypaxyBaHHSIM e(EKTiB
HechepUyHOCTi, a TakoX nudepennianbHy BpyrreManiBCbKy Teopilo e(peKTHBHOTO CepeloBHINa Ha BUMIATOK
NOBiZIbHOI po3MipHOCTI. Y paMkax Teopii MakcBessia-I'apHeTTa oKasaHo, siK cjlabka HecheprUyHiCTh BILJIMBA€E Ha
eeKTUBHY KyOiuHy HEeJIiHIMHY CIIPUMHSTINBICTb FETEPOCUCTEMU. PO3IJISIHYTO A€sIKi IPaKTU4HI 3aCTOCYBaHHS
(PEeHOMEHOJIOTIYHUX TE€OPill IJIs1 OIIOCEPEIKOBAHOTO BU3HAYEHHS €(DEKTUBHOI [ieJIeKTPUYHOI IPOHUKHOCTI Ta
e(eKTUBHOI NOJIIPU30BHOCTI 32 IONIOMOTOI0 Pe3yJbTaTiB €KCIIEPUMEHTAJIbHUX BUMipIOBaHb. AHai3yeThCS
CHMEeTpPUYHe piBHSHHS bpyrremana, y3arajbHeHe LIIJISXOM BBeJeHHS (POPMOPO3IIOJieHUX YMOBHUX PO3CilOBayiB,
110 CKJIala€ OCHOBY HOBOTO KOHILIENITYaJIbHOTO MifIXOAY B PaMKax Teopii epeKTUBHOro cepefoBula. JJocaimKeHo
BIUIUB (PYHKLii po3noniny 3a Gpopmoro Ha e(PEKTUBHY [ieJeKTPUYHY IPOHUKHICTb. PO3IJISIHYTO B3a€MO3B'SI30K TeOpii

MPOTiKaHHS Ta Teopii epeKTUBHOTrO cepenoBuia. Lieit B3aeM03B’I30K MPOJEMOHCTPOBAHO HA MTPUKIIA/]



HalliBHENEPEPBHUX METAJIEBUX IUIIBOK, HAIIWJIEHUX HA [ieJIEKTPUYHY IiTKIAAUHKY, Ta bpyrreMaHiBCbKux
KOMITIO3UTIB 3 ypaxyBaHHsAM edekTis popmu. [TokazaHo, K pO3MOIij yMOBHUX PO3Cil0BayiB 32 (GOPMOIO MOKe
BILJIMBATH Ha NOpIr IpoTikaHHs B bpyrremaniBcbkux Kommnosurtax. Kpim Toro, nokasaHo, sIK IOBOAUTb cebe cuia
Kasnmipa, mo gie Mixk 1BOMa KOMIIO3UTHUMHU IVIACTUHAMU, B OKOJIi IOPOTrY MpOTiKaHHs. [IpoieMOHCTPOBaHO
PO3BUTOK TEOPil roMOreHisallii 3 BUKOPMCTaHHSAM aHaIiTUYHOrO NojganHsa beprmana-Mintona. Po3srisgHyTo,
30KpeMa, PYHKIIiIO CIIeKTPabHOI I'YCTUHY [J1s piBHsAHHS JlixTeHekepa Ta y popmi 6eTa-posnoginy. [Toganus
Beprmana-MinToHa y3arajbHeHe Ha BUIIQJ0K TPUQPA3HUX F€TEPOCUCTEM, 1[0 MiCTSITh BKJIIOYEHHS TUITY " SIIPO-
000JI0HKA", Ha TIPUKJIAJax [10KAa3aHo, K lie y3araJbHEeHHs MOXKe OyTH 3aCTOCOBAHE [1J11 BUBYEHHS OiOKJIITUH.
3anporoHOBaHO KOHLEIILI0 [IPOEeKTYBaHHS MeTamaTepiasiB 3 PO3MUPEHOI0 POOOYOI0 CMYTOI0, B MeKaX SIKOI
IIOCSITAIOThCS O6a’kaHi JiesIeKTPUYHI YU ONTUYHI BJIaCTUBOCTI (AaHOMaJIbHO HU3bKA YM BUCOKA JieJIeKTpU4Ha
IIPOHMKHICTb, CUJIBHO IOIVIMHAIOYi MeTaMaTepiay Ta CMyroBi QinbTpn). 3 1ieo meToo po3risgHyTo 1d, kBasi-1d
MeTamaTepiau, a TaKoK HAaHOKOMIIO3UTH Ha OCHOBI HaHOCdep, HaHOC]EPOiiB i KyJib 3 060JI0HKOIO.
[IpoananizoBaHo HamiBaHAJNITUYHNY METOM, TOMOT€Hi3allii NepiogUIHNX FETEPOCTPYKTYP 3 BUKOPUCTAHHAM
IIpeJCTaBJIEHHS! IOBFOXBUJIbOBOI €(PEKTUBHOI JieJIeKTPUYHOI IPOHUKHOCTI B 06€PHEHOMY IIPOCTOPI 32 JOIIOMOT0I0
TEH30Pa ME30CKOIIIYHO] [ieJIEKTPUYHOI IIPOHUKHOCTI. JJOCIiIKEHO NepeBaru, HEJOJIKU Ta MEXi 3aCTOCOBHOCTI
meTopy. PO3risiHyTO OJHOBUMIPHI MeTamMaTepianu (HaArpaTky) 3 BpaxyBaHHSM e(eKTiB HeJIOKaJbHOCTI 3a
HagBHOCTI IIOBHOI KOMIT€HCAallii i€JIEKTPUYHUX BTPAT, IO JOCATae€ThCS BHACIIIOK IIPUCYTHOCTI IiJCUIOI0UNX
KOMIIOHEHTIB (6apBHUKH, HaIliBIIPOBiIHUKOBI KBAHTOBI SIMU 4/ KBAHTOBI TOYKH, CTEKJI4, JIETOBaHi HOHaAMU
pigKo3eMeIbHUX MeTaJliB). BCTaHOBIIEHO, 32 IKMX YMOB MOJKJIMBE JOCSITHEHHSI aHOMAJIbHO BUCOKOTO i aHOMaJIbHO
HU3bKOTO [TI0Ka3HMKA 3aJI0MJIEHHSI. AHaJIi3yeThCsl IoBeiHKa a3oBoi i IpyNoBoi MBUIKOCTI CBiTJIa i lepenbdadeHo
eeKT yJIbTPaNOBiJIbHOTO CBiTsa B Takux MM. OTprMaHO HaGIWKEHNUH aHaIITUYHUI PO3B'I30K AUCIIEPCIHOrO
PIBHSIHHS 117151 MOJIY TIOMIMPEHHS, TOUHICTb SIKOTO IepeBUlIy€e TOUHICTb paHille BiJlOMUX aHAITUYHUX PO3B'SI3KIB.
PesynbTaTu gucepraniiHoi po60TH MOXKYTb OyTH BUKOPHCTaHI [1J1s1 KOPEKTHOI iHTeprpeTaliii pe3ysibTatiB
€KCIIEPUMEHTY, AJ1s1 3000y TTs iHpopMalii Tpo CKIaoBi reTepoCcrcTeM, IJ1s1 IPOEKTYBaHHS HOBUX MaTepiaiB i

CTPYKTYp 3 6@KaHMMU (Pi3MYHMMU BJIACTUBOCTSIMU Ta IPUJIA/IiB HA iX OCHOBI.

2. The phenomenological theories of Maxwell-Garnett and Bruggeman taking into account the effects of
nonsphericity, as well as the differential Bruggeman theory of the effective medium in the case of arbitrary
dimension are generalized. Within the framework of the generalized Maxwell-Garnett theory, it has been shown
how weak nonsphericity affects the effective cubic nonlinear susceptibility of a heterosystem. In addition, some
practical applications of phenomenological theories for indirect determination of the effective permittivity and
effective polarizability using the results of experimental measurements are considered. The symmetric Bruggeman
equation, generalized by the introduction of shape-distributed conditional scatterers, is analyzed, that forms the
basis of a new conceptual approach within the effective medium theory. The effect of the shape distribution
function on the effective permittivity is studied. The relationship between the percolation theory and effective
medium theory is considered. This relationship is demonstrated by the examples of semi-continuous metal films
deposited on a dielectric substrate and Bruggeman composites, taking into account the effects of shape. It is
shown how the distribution of conditional scatterers in shape can affect the percolation threshold in Bruggeman
composites. In addition, it is shown how the Casimir force acting between two composite plates behaves in the
vicinity of the percolation threshold. The development of the homogenization theory using the Bergman-Milton
analytical representation is demonstrated. In particular, the spectral density function for the Lichtenecker
equation and in the form of a beta distribution is considered. The Bergman-Milton representation is generalized to
the case of three-phase heterosystems containing "core-shell" inclusions, and specific examples show how this
generalization can be applied to the study of biological cells. The concept of designing metamaterials with an
extended bandwidth, within which the desired dielectric or optical properties are achieved (extraordinary low or
high permittivity, strongly absorbing metamaterials and bandpass filters) is proposed. For this purpose, one-
dimensional, quasi-one-dimensional metamaterials, as well as nanocomposites based on nanospheres,
nanospheroids and shelled spheres are considered. The semianalytic technique of homogenization of periodic
heterosystems in terms of the reciprocal space representation of a mesoscopic permittivity tensor is analyzed. The



advantages, disadvantages, as well as limits of applicability of the technique are considered. Taking into account
the effects of nonlocality, one-dimensional metamaterials (superlattices) are considered under the condition of
dielectric loss compensation, which is achieved due to the presence of gain constituents, such as dyes,
semiconductor quantum wells or quantum dots, glass doped with rare earth ions. It is shown how both an
extraordinary high and extraordinary low refractive index can be achieved. The behavior of the phase and group
velocity of light in heterosystems under study is analyzed. An approximate analytical solution to the dispersion
equation for the propagation mode, which is superior to existing solutions, has been derived. The results of this
work can be used to correctly interpret experimental data, to retrieve needed information about heterosystem
constituents, as well as to design new materials and structures with on-demand physical properties and
corresponding devices
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