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Pedepar:

1. laHa puceprallist IpUCBIY€HA TEOPETUYHOMY I €KCIIEPUMEHTAJIbHOMY JOCJIIIPKEHHIO €(DEKTUBHUX
€JIEKTPOAVUHAMIYHUX BJIACTUBOCTEN JBOKOMIIOHEHTHUX METAJIO-1i€JIEKTPUYHUX ME€TaMaTepiaiB y
HajBrcoKkoyacToTHOMY (HBY) nianasoHi, a Tako>K CTBOPEHHIO KOHLEMNIIiI MiHiaTIOpU3aLii MiKpOCMY>XKOBUX
NpAMOKYTHUX aHTeH HBYU-1iana3oHny 3 migkiagkaMy Ha OCHOBI 3a3HaYEHMX MeTaMaTepiasliB i3 moinmueHuMu
XapaKTepUCTUKaMU OJIKHBOTO i jajieKoro 1oJiB. [lepuinii po3ais IpUCBSYeHUl oIy JiTepaTypy 3a TEMOIO
Iycepralii Ta OOrpyHTYBaHHIO BUOODPY HANIPSIMKY JOCJIiTKEHHS, 1OTO METH, a TAKOX 3aBJaHb, sIKi HEOOXiHO
PO3B’sI3aTH 117151 JOCATHEHHS! MeTU. [Ipyruil po3in aucepTaii IpucBSYeHNI CTBOPEHHIO TeOoPii e(peKTUBHOTO
cepeno-BHUIIA /171 6€3MEXXHOr0 i30TPOIHOTO JieJIeKTPUKA 3 NEPIOAMYHO BOYIOBAHMMU B HbOTO HEMarHiTHUMU
MEeTaJIeBUMU BKJIIOUEHHSIMU LIUIIHIPUYHOI i cdpepudHoi dopmu. Yiiepie oTpuMaHi MiKpOXBUJIbOBI HAGIMKEHHS
17151 €(PEKTMBHUX €JIEKTPOMArHiTHUX BiATYKiB [1J11 TAaKUX KOMIIO3UTHUX CE€PElOBUI,. YIIeplle 10Ka3aHo, mo B HBY-
IianasoHi 1li KOMIIO3UTHI CEPELOBUILA MAIOTh IIPUPICT €PEeKTUBHOI BiIHOCHO] AieIeKTPUYHOI IPOHUKHOCTI i

IiaMarHiTHy e(eKTUBHY BilHOCHY MarHiTHy IPOHUKHICTb, & TAKOXX BOJIOJ{IOTh HU3bKUMU SIK JlieJIeKTPUYHUMU, TaK i



MAarHiTHUMU BTpaTaMu. YIeplle JaHo (Qi3rnyHe MOSICHEHHS SIBULIA IPUPOCTY €(PEKTHBHOI BiTHOCHOI [Ii€JIEKTPUYHO]
IIPOHUKHOCTI Ta SIBULIA NIiaMarHiTHOI e(eKTUBHOI BiTHOCHOI MarHiTHOI MPOHMUKHOCTI AJ151 PO3IJISIHYTUX B IaHOMY
po31ini 6e3MeXXHUX HEMAarHiTHUX MeTa Martepiasnis. TpeTiil po3ain aucepTauii IpuCBSIYeHUN eKCIIepUMEHTAIbHOMY
IiATBEPAKEHHIO TeOpii, CTBOPEHOi y IpyroMy po3fiii. 3 Liel MeTOoI0 6yJI0 BUTOTOBJIEHO KOMIIO3UTHI MaTepianu y
BUIJISZ [ieIeKTPUYHUX MaTpULb apasesieninegHoi Gopmu 3 nepiognyHo BOYLOBAHUMU B HUX METAJIEBUMU
BKJIIOUEHHSIMU LUJIiHAPUYHOI popMu. TaKOX JaHUI PO3Aia MPUCBIYEHUIN BUMiPIOBAaHHSIM e(pEeKTUBHUX
IIPOHMKHOCTEN TaKUX MeTamaTepiaiiB. Y po3zini po3pobsieHui i IpakTUYHO alipoO60BaHMI HOBUI Ta HELOPOTUii
METOJI, BUMIPIOBaHHS €(EeKTUBHUX [IPOHUKHOCTEN MeTaMarepiasis. YeTBepTuil po3zil gucepralii IpUCBSYEHO
aHaJliTHYHOMY JociinkeHH:o B HBU-nianazoHi eekTUBHUX e1eKTPOIMHAMIYHUX ITapaMeTpiB apyBaTUX MeTajl-
IieJIEKTPUYHUX KOMIIO3UTIB Ta PO3POOLIi YMCEIbHO-aHANITUYHOIO aJITOPITMY MTOIIAPOBOi AEKOMITIO3ULi IIJIOCKUX
KOMIIO3UTHUX /MeTaMaTepiayIbHUX cepenoBull,. [I0ka3aHo, 1o MJIOCKI MeTaNo-AieIeKTPUYHI KOMIIO3UTHI
CepeoBUIIA XapaKTePU3YIOThCS IPUPOCTOM AiICHOI YacTUHY e(EeKTUBHOI BiTHOCHO] JieJIeKTpUYHOi IPOHUKHOCTI i
IiaMarHiTHOIO [iICHOIO YaCTUHO0 e(PEeKTUBHOI BiiTHOCHOI MarHiTHOI IPOHMKHOCTI, TPUYOMY JjaHi epeKTn
BUSBJISIIOTBCS. CUJIBbHIIIMMU, SIKIIO B KOMIIO3UTI MOXKHA BUMIIJIMTHU €JIEMEHTapHY KOMIipKY, TOOTO SIKIIO KOMIIO3UT €
MeTamarepiasom. I1'aTril po3zin NprUCBSIYEHO CTBOPEHHIO TEOPIi €(DEKTUBHOTO CEPENOBUIIA IJIs1 6€3MEKHOTO
i30TpoONHOroO JiesekTprKa 3 nepioguiHo BOYJOBAHMMU B HbOTO PePOMAarHiTHIMU METaJIeBUMU BKIIIOYEHHIMU
LUIIHIPUYHOI i cdpepudHoi GopM, HamarHiyeHUi OBHICTIO 260 YaCTKOBO IIif] [1i€l0 30BHIIIHBOTO [TOCTiTHOTO
MAarHiTHOro noJisi. Yeplile oTpUMaHi TeH30pU €(pEeKTUBHOI MarHiTHOI IPOHUKHOCTI JJ1s1 TAKMX MArHiTHUX
MeTamarepiais. Yiepiue okasaHo, o Mmeramarepianu B HBU-piana3oHi MaloTh Taki BJIaCTUBOCTI: SIK IIPU
4aCTKOBOMY, TaK i IpM IOBHOMY HaMarHiyyBaHHi BKJIIOYEHb, B 3aJIEXKHOCTI BiJl HAIIPSIMKY PO3MOBCIOI>KeHHS EM-
XBWJIi, y PO3IJISHYTUX M€TaMaTepiaJlbHUX CEPENOBUIAX BUSBIISIOThCS €(PEKTH, IO CYIIPOBOIKYIOThCS: a)
IIPUPOCTOM IiliCHOI YaCTMHU €(PEeKTUBHOI BiIHOCHOI MarHiTHOI IPOHUKHOCTI; 6) Y/IbTPAHU3bKUMU 3HAYEHHSIMU
IificHOI yacTuHYU eeKTUBHOro KoedillieHTa 3aJI0MJIEHHS; B) HEraTUBHUMU 3HAY€HHSIMU JiliCHOI YaCTUHU
eeKTUBHOI BilHOCHOI MarHiTHOI MPOHUKHOCTI; I') TAHT'€HC KyTa MarHiTHUX BTPAaT MOXXE CUJIbHO KOJIMBATbHCS. Y
IAHOMY PO37iJi TAKOX yIepllie OTPMMaHO YMOBA BifICYyTHOCTI BTPAaT y CIa0KOMY IOJIi AJ151 PO3IJISIHYTUX MarHiTHAX
MeTamarepiasis. Yiiepiue oKa3aHo, o MPU Pi3HUX 3HAYEHHSX 30BHIMIHbOIO IIOCTIMHOTO MarHiTHOTO MOJIs JaHi
MAarHiTHi MeTamaTepianyu MOXYTb 3aMUAKATH ITPOXOPKEHHSI MOHOXPOMAaTUYHUX KOMIIOHEHTIB HBY-xBnii,
3abe3nevyBaTu ii TOBHE IPOXOI)KEHHS B 3aJJaHOMY Jiana3oHi yacToT abo iHBepTyBaTH ii ¢pazy. lllocTuit posain
IycepTalii IPUCBSYEHO PO3POOLi IPUHLUIIB MiHiaTIOpU3alii MiKpOCMYKKOBUX ITPSIMOKYTHUX aHTeH HBY-
IianazoHy 3 MOAAbUINM IOJIIIIEHHSIM XapaKTePUCTUK GJIVPKHBOTO Ta JAJIeKOro I0J1iB TaKMX aHTeH. Yiiepiie
II0Ka3aHo, 1110 MOXKHA IOMOTTUCS CYTTEBOI MiHiaTiopu3alii mpodisnio NpsIMOKYTHOI MIKpOCMY>KKOBOI aHTEHU i
noJlinieHHs i koedillieHTa oCcKUIeHHs 3a IOTY>XKHICTIO 1 KoedillieHTa KOPUCHOI Aii IpY BUKOPUCTAHH] B SIKOCTI
HigKIagKyu MeTama-TepianiB 860 KOMIIO3UTIB 3 IPUPOCTOM €(PEKTUBHOI BiJHOCHOI [1ieJIEKTPUYHOI IPOHUKHOCTI
i/abo edpeKTUBHOI BiTHOCHOI MarHiTHOI NPOHMUKHOCTI. [IpyyoMy, NOJINIeHHs JaHUX [TapaMeTPiB aHTeH TaKOX
BifiOyBaeThCs IpU 36i/bLIEHH] KiJIBKOCTI M€TaMaTepiaJbHUX MIApiB y BUNAAKy KOMIIO3UTHUX MiAKIa0K, IPU
36epesKeHHi 06'eMHOro Npo@inio aHTeHU. Y TaHOMY pO3[iJi Blieplie OTPUMaHi OCHOBHI CIiBBiIHOIEHHS MiX
PE30HAHCHOIO YaCTOTOIO XBUJIi i 6@KaHOIO TOBIIMHOK MeTaMaTepiaybHOI MiKIaAKy aHTEHY B IPUIYLEeHHi
MiHiMaJIbHO MOXXJIMBOTO 06'éMHOT0 TPO®iio aHTEH! 3 HEMArHiTHOIO MiIKIaAKOI0 3 TPUPOCTOM eDEeKTUBHOI
BiZJHOCHOI i€JIEKTPUYHOI TPOHNUKHOCTI.

2. The dissertation is dedicated to the theoretical and experimental investigation of the effective properties of
two-component metal-dielectric metamaterials as well as the principles of miniaturization of microwave patch
antennas on the metamaterials and improving the far near and field parameters of such antennas. First chapter is
dedicated to the reference review regarding the topic of the dissertation as well as the substantiation of choice of
the topic. Second chapter is dedicated to the creation of effective medium theory for unbounded isotropic
dielectric with periodic embedded non-magnetic metal inclusions of cylindrical and spherical shape. Microwave
approximations for tensors of the both effective relative permittivity and effective relative permeability are
obtained for the first time for the mentioned composite media. It is shown for the first time that the considered
metamaterial media possess the enhancement of effective relative permittivity and diamagnetic effective relative



permeability in the microwave frequency range as well as they have low dielectric and magnetic losses in the
microwave frequency range. Physical interpretation of the phenomenon of enhancement of the effective relative
permittivity of non-magnetic metamaterials considered as well as their diamagnetic relative permeability in this
chapter is made for the first time. Third chapter is dedicated to the experimental confirmation of the theory
created in the second chapter. In order to do that the metamaterial samples were fabricated. The metamaterials as
dielectric matrices of parallelepiped form with periodical imbedded metal inclusions of cylindrical shape. The
measurements of the effective relative permittivity and permeability of metamaterials were performed in this
chapter as well as the description of a cheap measurement method. Fourth chapter is dedicated to the creating of
hybrid method of layer-wise decomposition of slab metamaterial media in the direction perpendicular to the
lateral sides of metamaterial media. It is shown that flat metaldielectric composites can have the enhancement of
ef-fective relative permittivity and diamagnetic effective relative permeability in the microwave frequency range.
Moreover, the last phenomena are strongest if the above composites are metamaterials. Fifth chapter is dedicated
to the creation of effective medium theory for unbounded isotropic dielectric with periodic embedded ferric
inclusions of cylindrical and spherical shape. It is assumed that the inclusions are fully or partially magnetized by
an external bias dc magnetic field. Microwave approximation for tensor of the ef-fective relative permeability is
obtained for the first time for the mentioned composite media. It is shown for the first time that the considered
metamaterials possess in the microwave frequency range the next properties: independently on the magnetization
level, the magnetic metamaterials reveal three different phenomena subject to the direction of wave propagation:
a) enhancement of the effective relative permeability; b) ultra-low refractive index; c) negative values of the
effective relative permeability; d) the magnetic loss can seriously alter in the microwave frequency range. It is also
obtained in this chapter for the first time the conditions of absence of low-field losses are obtained for the
considered magnetic metamaterials. It is obtained for the first time that the considered magnetic metamaterials
can block the microwave monochromatic wave propagation or can fully transmit the microwave monochromatic
wave or can transmit the microwave monochromatic wave with inverting its phase subject to the value of dc bias
magnetic field. Sixth chapter is dedicated to the creation of principles of the miniaturization of microwave patch
antennas with improved near /far field parameters. It is shown for the first time that a considerable
miniaturization of profile of a microwave patch antenna with an improvement of power gain and efficiency by
using metamaterial /layered composite substrates with enhancement in the effective relative permittivity and /or
permeability. Moreover, the larger number of layers the better im-provement of power gain and efficiency if the
volume profile is kept unchanged. The basic relation between the resonant frequency and desired thickness of
metamaterial /composite substrate is obtained in this chapter for the first time in assuming that maximum
miniaturization of the volume profile is achieved for a microwave patch antenna with non-magnetic substrate with

enhanced effective relative permittivity.
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