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V. BimoMocTi npo guceprariio
MoBga guceprariii:
Koau TemMaTHYHHX PYyOpPHK: 47.33

Tema gucepranii:
1. HaHOCTPYKTYpHi M€Tal0ieJIEKTPAYHI CUCTEMHU 3 IIPOTHO30BAHMMMU €JIEKTPOMATrHiTHUMU XapaKTEPUCTUKAMU

2. Nanostructured metal-dielectric systems with predicted electromagnetic characteristics

Pedepar:

1. Incepralist npuCBAY€Ha IUTAHHSIM JOCTIIKEeHHS, PO3POOKY HAHOCTPYKTYPHUX METAJIOieIeKTPUIHUX CUCTEM Ta
dyHKIiOHAJIBHUX €JIEMEHTIB Ha iX 0CHOBI. P03p06s1€HO, 00rpYHTOBaHO, €eKCIIEpUMEHTAIbHO-aHAIITUYHI MeTOI1
BU3HAY€HHS 3Ha4Y€Hb €JIeKTPOMAarHiTHUX NapameTpiB HAHOPO3MipHUX YACTUHOK B CUCTEMAX 3 HEOOHOPIAHUM
PO3MO/IiJIOM YaCTUHOK 33 PO3MipaMu MO CIIEKTPOCKOMIYHUM Ta CTPYKTYPHUM JOCJIiIKEHHSIM OJHOIMIAPOBUX Ta
OaraTomapoBux cucTeM. BusHaueHi ekcrieprMeHTabHi 3HaUeHHS! €JIEKTPOMArHiTHUX NapaMeTpiB HaHOPO3MIpHUX
YaCTHMHOK Mifi, Hikeo i Xxpomy 3 po3mipom Bif 1 HM 10 10 HM B cuCTEMAX 3i CTATUCTUYHO HEOJHOPITHOIO
CTPYKTYPOIO B OJIM>KHBOMY YJIbTPa(iosI€TOBOMY, BUTUMOMY, OJIVDKHBOMY iH(P)paue€pBOHOMY [ialla30Hi CIIEKTPY Ta
BCTAHOBJIEHO iX allpOKCUMAIifHi MozerIi, [0 BU3HAYal0Th €KCIIePUMEHTAIbHO BCTAHOBJIEHI OCOGIMBOCTI iX

ONTUYHUX BJIACTUBOCTEN. BCTaHOBJIEHO BIVIUB CTPYKTYPHUX ITapaMeTpiB, MOPQOJIOTii KOMIIOHEHT



METaJOJieJIEKTPUYHUX CUCTEM HA iX €JIEKTPOMAarHiTHi B1acTUBOCTi. C(POPMOBAHO CEJIEKTUBHI €JIEMEHTH 3
eHepro3depiralourMy, eKpaHyIouYMMU BJIACTUBOCTSIMU. KII0YOBi €j1I0Ba: HAHOPO3MIpHi YaCTHUHKY,
METaJIOieJIEKTPUYHI CUCTEMU, HEOIHOPIIHICTb, EKCIIEPUMEHTAJIBHO-aHAJITUMHUN METO[I, €JIEKTPUYHA

[IOJISIPU30BAHICTB, JlieJIEKTPUYHA IPOHUKHICTb, €KPAHYI0Yi IOKPUTTS], €HEPrO€(PEKTUBHICTb.

2. The thesis for doctoral degree is devoted to the issues of development and production of nanostructured
composite metal-dielectric systems and creation of functional devices based on them. The research developed
methodological, algorithmic support for evaluation and analysis of electromagnetic characteristics of
nanostructural systems. The experimental-analytical approach to determination of experimental values of
electromagnetic parameters of nanoscale particles in metal-dielectric nanostructural systems with different
structure and morphology has been further developed. The theoretical models of electromagnetic response of
two-dimensional and three-dimensional metal-dielectric nanostructured systems with statistically
inhomogeneous structure have been developed and improved by taking into account the statistical analysis of the
nanoscale particle distribution function in the system by size. The models establish connection of electromagnetic
characteristics of nanoscale components of the system and their microstructural morphological parameters with
system response for electromagnetic perturbation. Experimental and analytical methods for determining the
values of electromagnetic characteristics of nanosized particles in the systems with statistically inhomogeneous
structure by the spectroscopic and structural studies of three-dimensional single-layer and multi-layer systems
have been developed. The experimental values of electromagnetic parameters (complex specific electric
polarizability, complex dielectric permittivity, refraction and absorption index) of copper, nickel and chromium
nanosized particles with the size from 1 nm to 10 nm are determined in systems with a statistically inhomogeneous
structure in the near ultraviolet, visible, near infrared ranges of the spectrum. The analytical asymptotic spectral
and dimensional dependences of complex specific electric polarizability and complex dielectric permittivity of
nanosized particles of the studied materials in the spectral range from 0.2 to 1.1 pm are established, which
confirms the experimentally established features of their optical properties. The increasing values of real and
imaginary parts of complex specific polarizability, absorption parameters were experimentally established for
copper, nickel and chromium nanosized particles with size less than 10 nm in systems with a statistically
inhomogeneous structure. At the same time the reducing values of complex dielectric permittivity, electrical
conductivity of such particles to two orders of magnitude with reduction of particle size and in comparison with
values of corresponding metals in macroscopic volumes were established. It has been revealed that in the
investigated nanoscale particles, in contrast to metals in macroscopic volumes, absorption in the near infrared
range of the spectrum are caused by intra-zone transitions of electrons conduction and is significantly weakened.
It has been established that the experimental dimensional dependences of the electromagnetic parameters of
nanosized copper, nickel and chromium particles with the size of less than 10 nm cannot be conditioned solely by
the use of theories of classical or quantum size effects in dipole approximation. It is confirmed on the basis of the
analysis of theoretical and experimentally established electromagnetic characteristics that the surface plasma
dipole resonance is not fulfilled for nanosized copper particles with a size less than 10 nm. The approximation
model of optical conductivity and specific absorption in the range of their interband absorption is proposed taking
into account the influence of particle size on the electronic and phonon states in it. The influence on the optical
properties of nanoscale metal layers in layered metal-dielectric systems, the morphological microstructures of the
surrounding layers and the intermediate nanocomposite layers that appear in the formation of MD systems is
experimentally shown. New metal-dielectric composite systems based on aluminum oxynitride with nanoscale
metal inclusions have been developed. Selective structures with energy-saving, shielding properties and improved
performance have been formed. This has provided a comprehensive solution to an important scientific and applied
problem of the development of functional devices with predictable dynamic electromagnetic characteristics based
on nanostructured metaldielectric systems with taking into account reliable information about the specifics of the
electromagnetic properties of nanoscale components. Key words: nanosized particles, metal-dielectric systems,
inhomogeneous experimental-analytical method, electric polarizability, dielectric permittivity, shielding coatin,
energy efficiency.
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