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Pedepar:

1. Inceprauis Ha 3006yTTsI HAYKOBOTO CTyIEHs JOKTOpa ¢inocodii 3a cnenianpHicTio 172 - «TenexkomyHikauii Ta
paziorexHika» - Kadenpa panioTexHiku Ta iHpopmaliiiHoi 6e3reku YepHiBelbKoro HallioHaJIbHOTO YHiBEPCUTETY
imeni IOpis @enproBuya, YepHisui, 2021. MeTaMarepianu € 06'€KTOM JOCJiIKEHb IINPOKOr0 KOJIa HAyKOBLLiB,
OCKiJIbKM BOHU BiIKPUBAIOTh Psif, MOKJIMBUX 3aCTOCYBaHb 3aBASKU CBOIM HEIIPUPOJHIM BIACTUBOCTIM y HIKPOKOMY
Jliara3oHi 4acToT Bif], paiiOXBUIbOBOTO 40 ONTUYHOTIO Ta BUILE. Pl iCHYI0UMX pafiiOTEXHIYHUX IIPUCTPOIiB MOXKYTh
OyTy BOOCKOHAJIEH] UM MIOBHICTIO 3aMiHEHI IIJISIXOM BIIPOBAJI)KEHHSI METACTPYKTYP Ta METAaTOMIB 32 PaXyHOK TOTO,

110 ix po3Mipu HabaraTo MeHIi, HiXX JOBXMHA XBUJI, Ha Kill QyHKILiOHye NpUCTpiil. ToOMy, METOI0 IMCEePTALiHOI



po60TH € po3mnpeHHs QYHKIIOHATBHUX MOKIJIMBOCTE! BYy3JIiB 32C06iB 3B'$13Ky HA OCHOBI KiJIbLIEBUX PE30HATOPIB
17151 GinbTpyBaHHS, MOLYJISLIi /HeMoay il rapMOHIYHUX Ta JeTepMiHOBAaHO XaOTUYHUX CUTHAIB 115 iX
IepeniaBaHHs yepe3 CTPYKTYPH i3 apasiesbHUX NPOBiAHMKIB y mupokomy cy6-I'Tn ta I'Th gianazonax yactot. s
IOCSITHEHHS METU 0YJI0 IIOCTAaBJIEHO P 3314, 0 BKJIIOYAIOTh PO3POOJIEHHS Ta JOCIiIKEHHS CIIOCO0IB Ta METO/iB
MOZyJIALil Ta AeMOAyJIsLil aHaJOrOBYX i LM(POBUX CUTHAIIB, a TAKOX JOCIiIKEHHS MlepeiaBaHHs TapMOHIYHNIX
CUTHAJIIB 4Y€PEe3 CTPYKTYPH i3 NapasiesbHUX IPOBiAHMUKIB, PIlIEHHS SIKUX BKJIIOYAIOTh BUKOPUCTAHHS |- Ta O-
HEraTUBHUX METAaCTPYKTYP, 1O [IPELCTaBJSI0Th COO0I0 ITYYHOCTBOPEHI MaTepiany, BJaCTUBOCTI IKUX He
3yCTpivalOThCs B IPUPOJHIX MaTepiasiB Ta XapaKTepU3yIOTbCS BiJ e MHUMU 3HAYEHHSIMU JieJIeKTPUYHOI Ta
MAarHiTHOI IPOHUKHOCTEN. Y Ipoleci JocinkeHb I0Ka3aHO METOJUKY sIK [IPaBUJIbHO BU3HAYATH POOOYMIA Aiara3oH
4YacTOT KiJIbII€BUX PE30HATOPIB HABAaHTA)KEHUX BaPaKTOPHUM [1i0ZlOM Yepe3 S-IapaMeTpH Ta sIK BUOMPaTu 3HAUEHHS
4aCTOTY HOCIMHOTrO KoMBaHHA. HocillHe KosmBaHHA nogaerbes 10 PKP yepes nogaTKoOBy MarHiTHY paMKOBY
aHTEeHy, IO B3aEMOJI{IOTh Yepe3 CUJIbHE 6IM3bKe MarHiTHe roJsie. KoamBaHHS, 0 BUHUKAIOTh B KOHTYpi PKP mif,
BIIJIMBOM 30BHIIIHbOI 3MiHHOI Hanpyru (To6TO HellepepBHO 3MiHHOTO iHPOPMAIIiliHOrO CUTHaJY) Ha BAPAaKTOPHOMY
Iioni, € aMILIiTyJHO-MOYJIbOBAaHVMMM Ha 3aJ1aHill Y4aCTOTi HOCIMHOrO curHaiy. TakuM 4MHOM, LVISIXOM I10Ja4i Ha
MarHiTHy paMKOBYy aHTeHYy BY curHasiB y IIMpOKOMY [iiarnia30Hi 4aCTOT MO>KHA BU3HAUUTH [lialla30H 4acToT, Je
MarHiTHa B3a€MO/Iisl € HalbiNbIIOK0. Y MpoLieci AOCTiIKeHb Takuii fiana3oHi craHoBuB Af = fmin...fmax = 0,95...1,11
[Ty, pyist 3MiHI 3HAYEHHS HANIPYTH, 0 IPUKIAAAETHCS 10 BapakTopHoro piogy AU = Umin...Umax = 04,0...3,0 B.
Peanizauito npucTpoio MaHinyssauii 1MppoBUX CUTHAIIB 3[1iICHEHO Ha OCHOBI Mogu@ikauii sinii nepenasanns BY
CUTHAJIIB KiJIbLIeBUM pe30HAaTOpOM. KisblieBuil pe30HaToOp po3MilleHui y 30Hi CUJIbHOI 61M3bKO-T10JIbOBOI B3a€MO/I{i
i3 JIliHi€l0 MepefaBaHHs Ta y BUIAJIKY [IepeJaBaHHS Yepe3 Hel CUTHaJly, 3Ha4€HHS YaCTOTHU SKOTO CIIiBIAazae 3i
3HaUYEHHSIM 4acToTu pe3oHaHcy PKP, BxinHuit BY curHain QinbTpyeThcs Ta HE MOKe OyTH JeTEKTOBaHUM Ha BUXO[|
npucTporo. Ha yactorax BiiMiHHUX Bif, 4yacToTu pe3oHancy PKP curnaiam MOXyTh iepeaBaTiCh Yepes JiHii
nepeaBaHHs, OCKIJIbKY 3HaY€HHSI aMILIiTyJHO-4YaCTOTHOI XapakTepuCTUKY 6J113bki 1o 0 ob. AMIIITYAHO-9aCTOTHA
XapaKTepUCTUKA CUTHAJY € MOAi6HOI0 O BifIOBiNHOI XapaKTEPHUCTUKU PE>KEKTOPHOro QinbTpy. Y poboTi
3aIIPOIIOHOBAHO Ta AOCJIIKEHO NPUCTPIN i3 3aranpHUMU po3Mipamu 30 Ha 22 MM. Y IIpOLIECi KOMITIOTEPHOTO
MOJEJII0OBAHHS [M0Ka3aHO MOJIMBICTb [IEPEMUKAHHS MK PI3HMMU 3HAQYEHHSIMU €MHOCTEN. 3a JOIIOMOTIOI0
PO3MO/iJiB 3Ha4€Hb TPAZlieHTy MArHiTHOTO I10JI IIPOJEMOHCTPOBAHO B3a€MO/III0 MiX JiHielo nepenasaHHs Ta PKP
Ha 4acToTi pe3oHaHcy - 635 MI'1] Ta Ha 4acTOTi BifMiHHi Bif pe3oHaHcy — 800 MI'. BusHo, 10 Ha YacTOTi
pe30HaHCy 36yIKyl0TbCs KonnBaHHS PKP Ta 3milicHIOEThCS (DiIbTPYBaHHS CUTHAJTY, 10 TIEPeJAEThCS Bif,
IepeaBaJbHOTO TIOPTY Yepes JIiHio 3BsI3Ky (Ha IPUIMaTIbHOMY MOPTI BiICYTHIN cUrHaj, TOOTO 3HiICHIOETHCS
nepepasanHs 6iTy «0»), Ta HaBnaku. Ha OCHOBI ekcllepUMeHTaJIbHUX JOCIIiKeHb 6YJI0 [10Ka3aHo J1Ba IPUHLUIN
peauizanii on/off-nepeMuKkaHHs: MIIIXOM NTEPEMUKAHHS IBOX EMHOCTE 32 JOTIOMOTOIO GilTOJISIPHOTO TPaH3UCTOPA
Ta ONTUYHUM IIJIIXOM 32 JOTIOMOTOIO [TIepeMUKaHHS 3HaYeHHsI EMHOCTI BAPaKTOPHOTrO Aiony. Y po6oTi
3aMIPOMIOHOBAHO BUKOPUCTOBYBATH TaKy CTPYKTYpY [JIs IepeJaBaHHs JeKiJIbKOX CUTHAJIB OJHOYACHO I10
napanesnpHux nomipkax CIII1, npyu YoMy CUTHAJH, 10 IEPEJAIOTHCS, MOXYTh 3aiMaTU MHUPOKY CMYTY YaCTOT.
JocninskeHHs noKa3aan MOXJIMBICTb peasisalii Takoro npuctpolo y gianazonax cy6-ITy (Big 0,45 mo 0,8 I'T) Ta
[T (Big 1 mo 2 I'Tn) wactoT. Y pucepTaliliiHiil po6OTi IpruBeAeHo Ta AOCIIIKeHO IPUHLUIIN MOTYJIALIl aHATIOrOBUX
Ta 1M(POBUX CUTHAJIB, @ TAKOXK 3AIIPOIIOHOBAHO Ta JOCIIIKEHO CTPYKTYPY, 110 YMOXJIUBIIIOE [lepeiaBaHHs
IeKiZIbKOX TaKUX CUTHAJIIB OJHOYACHO 110 napaseybHux KoMipkax CIIIT y mupokoMy HiarnasoHi 4acToT. Kito4oBsi
cnoBa MeTtamarepianu, po3pizHuii Kinbuesuiil pesoHatop (PKP), cTpykrypa i3 napanenbHux nposigHukis (CIIIT),
aMILIITYJHA MOAYJIsILis, uudpoBa MaHinyssuis, ¢inpTpallisi, aHaaorosi Ta LMPPOBI CUTHAJY, MIUPOKU Tiania30H
4acToT.

2. The thesis submitted in fulfillment of the Ph.D. degree in technical sciences on specialty 172 -
“Telecommunication and Radio Engineering” - Department of Radio Engineering and Information Security at Yuriy
Fedkovych Chernivtsi National University, Chernivtsi, Ukraine, 2021. Metamaterials are an object of research for
many scientists because they make possible a lot of applications due to their unnatural properties at a width
frequency range from microwave up to optics and higher. A number of the existing radio devices can be improved
or completely changed by metamaterials or metaatoms. It is possible due to their sizes are more less than their



operational wavelength. Therefore, the aim of the thesis is expansion of functional possibilities of components of
communication means based on split-ring resonators for filtering, modulation /demodulation of harmonic and
deterministic chaotic signals in order to their transfer through wire media at wide sub-GHz and GHz frequency
ranges. A number of tasks were defined to achieve the aim. Those include a development and investigation of
approaches and methods of modulation and demodulation of analog and digital signals as well as the transfer of
harmonic oscillations through a wire media. The solutions of such tasks were found by using p- and o-negative
metamaterials which are artificial materials with unusual properties (negative values of permittivity and
permeability). The approach and methodology of the picking up of the operation frequency range and carrier
signal are shown in the work through S-parameters as a response of SRR. The carrier signal feeds SRR via an
additional loop antenna due to strong magnetic near-field coupling. The oscillations that appear in the SRR are
amplitude modulated at the previously defined carrier signal. Thus, the frequency range where the interaction
between SRR and additional loop antenna is much possible can be found by feeding the loop antenna by HF signals
step-by-step in a wide frequency range and detecting SRR’s response. It was defined that such frequency range is
Af = fmin...fmax = 0,95...1,11 GHz for the bias voltage variation AU = Umin...Umax = 04,0...3,0 V. The realization of
digital signals modulation is carried out based on the HF signal (carrier one) transmission line modification by SRR.
SRR is placed as close as possible to the transmission line in order to provide strong near-field coupling. In the
case of the same values of resonance state of SRR and the carrier signal, the last one is filtered by SRR and the
output signal cannot be detected. However, it can be detected for the case when resonance frequency of SRR and
carrier signal frequency are not the same. The obtained amplitude-frequency characteristics is the same to pass-
band filter’s one. The device 30 by 22 mm dimensions was suggested and investigated in the work. The switching
between different values of capacitance was shown by simulations. The interaction of transmission line and SRR
was demonstrated by distributions of magnetic field at the resonance frequency - 635 MHz and non-resonance
one — 800 MHz. One can see that the SRR oscillations appear for the resonance frequency and filtration happens.
The HF signal from the input port is blocked and the signal at the output port is absent which corresponds the
information bit “0” and vice versa. Two principles of on/off-switching circuits realizations were presented by
experimental investigations. There are the circuit based on bipolar transistor which can switch two capacitors and
optical control for changing of a varactor diode capacitance. In the paper WM was proposed to use for the transfer
of a few signal simultaneously via parallel nodes (the area between four adjacent wires). Nevertheless, such signals
can be broadband. The investigations shown the possibility of such device realization that can operate at the sub-
GHz (from 0.45 to 0.8 GHz) and GHz (from 1 to 2 GHz) frequency ranges. In the thesis the principles of modulation
of analog and digital signals were suggested and investigated as well as the structure was studied which makes
possible to transfer of a few broadband signals of different types simultaneously. Key words Metamaterials, split-
ring resonator, wire medium, amplitude modulation, digital modulation, filtering, analog and digital signals,
broadband frequency range.
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