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Pedepar:

1. Incepraris Ha 3000YTTSI HAYKOBOTO CTYyIIEHs AOKTOpa ¢inocodii 3a cnenianphicTio 172 - «TenekomyHikauii Ta
pazioTexHika» — Kadenpa pagioTexHiku Ta iHpopmaliiiHoi 6e3nexu YepHiBeLbKOro Hal[iOHAJIbHOTO YHiBEPCUTETY
imeni IOpisa ®enpkoBrya, YepHisii, 2021. Metamarepiany € 06’€KTOM JOCIIiIPKEHDb IIUPOKOTo KoJla HayKOBLIiB,
OCKiJIbKM BOHM BiJKPHUBAIOTh PsiJ, MOKJIMBHUX 3aCTOCYBaHb 3aBJSIKU CBOIM HEIIPUPOAHIM BJIaCTUBOCTSIM Y LIMPOKOMY
IiarasoHi 4acToT Bif, pafiioXBUILOBOIO 40 ONTUYHOIO Ta BUllle. P4l iCHYyI0UMX pafiiOTEXHIYHUX IIPUCTPOIiB MOKYTh
OyTH BIIOCKOHAJIEH]i YM TIOBHICTIO 3aMiHEHi IIJISIXOM BITPOBAKEHHSI METACTPYKTYP Ta METAaTOMIB 3a paXyHOK TOTO,
110 ix po3Mipu HabaraTo MeHIIi, HiX TOBXXKHA XBUJIi, Ha sKill QyHKIiOHYye pUcTpiil. ToMy, MeTOI0 IHcepTalliiiHOi
po60TH € po3MUPEHHS PYHKIIOHATBHUX MOKJIMBOCTEN BYy3J1iB 3aCO0iB 3B'$13Ky HA OCHOBI KiJIbLIEBUX PE30HATOPIB
171 PinbTpyBaHHS, MOAYJIALIl /AEeMOIYILil FTaDMOHIYHUX Ta AEeTEPMiHOBAHO XaOTUYHUX CUTHAJIB [I714 iX

nepeiaBaHHs yepes3 CTPYKTYPH i3 apasiesibHUX NPOBiAHUKIB y mupokomy cy6-I'Tn ta I'Th gianazonax yactot. s



IOCSITHEHHSI MeTH OYJI0 IIOCTaBJIEHO Psif, 3a/1aY, 10 BKJIIOYAIOTh PO3POOJIEHHS Ta AOCIIIKEHHS CIIOCO0iB Ta METO/IiB
MOZIyJIALil Ta AeMOoAyJsiLii aHaloroBUX i LMPOBUX CUTHAJIIB, & TAKOX JOCIIiIKEHHS IlepeiaBaHHs TapMOHIUHNIX
CUTHAJIIB 4Y€PEe3 CTPYKTYPH i3 apasesbHUX IIPOBiAHYKIB, PILIEHHS SIKUX BKJIIOYAlOTh BUKOPUCTAHHS |- Ta O-
HEraTUBHUX METACTPYKTYP, 1O PECTABJSI0Th COO0I0 IITYYHOCTBOPEHI MaTepiany, BJaCTUBOCTI SIKUX He
3yCTpivalOThCs B IPUPOJHIX MaTepiasiB Ta XapaKTepU3yIOTbCS BiJl e MHUMU 3HAYEHHSIMU JlieJIeKTPUYHOI Ta
MarHiTHOI NpoHUKHOCTEH. Y npolieci JocigkeHb [10Ka3aHO METOAMKY SIK TPaBUJIbHO BU3HAYaTU poO04Uii liana3oH
4acTOT KiJIbII€BUX PE30HATOPIB HABAaHTAXKEHUX BAPAaKTOPHUM [1i0OZlOM Yepe3 S-IapaMeTpH Ta sIK BUOMpPaTU 3HAUEHHS
4aCTOTY HOCIMHOTrO KoJMBaHHA. HocillHe KonBaHHA nogaeTrbes 10 PKP yepes ogaTKoOBy MarHiTHy paMKOBY
aHTEeHy, 10 B3aEMOJI{IOTh Yepe3 CUJIbHe 6IM3bKe MarHiTHe roJsie. KoauBaHHS, 10 BUHUKAIOTh B KOHTYpi PKP mif,
BIIJIMBOM 30BHIIIHBOI 3MiHHOI Hanpyru (To6TO HellepepBHO 3MiHHOTO iHPOPMaLiliHOrO CUrHaJy) Ha BAPAaKTOPHOMY
Iioni, € aMILIiTyJHO-MOIYJIbOBAaHVMMU Ha 3aJ1aHiil Y4aCTOTi HOCIMHOrO curHainy. TakuM 4MHOM, LJISIXOM I10JaYi Ha
MarHiTHy paMKOBY aHTeHy BY curnasiB y lIMpoOKOMY [iarna3oHi 4aCTOT MOJKHA BUBHAYUTHU [iala3oH 4acToT, Je
MarHiTHa B3a€MO/Iisl € HalbibIIO. Y Mpolleci HocaimkeHnb Takui Aiana3oni craHoBuB Af = fmin...fmax = 0,95...1,11
[Ty poist 3MiHI 3HAYEHHS HANIPYTH, IO [IPUKIAAAETHCS 00 BapakTopHoro giogy AU = Umin...Umax = 04,0...3,0 B.
Peanizanito npucTpoio MaHinyssuii u@poBUx CUTHAJIB 3/1iliICHEHO Ha OCHOBI Mopudikaii siHii nepenaBanHsg BY
CHTHAJIIB KiJIbL[eBUM pe3oHaTopoM. KinbLieBuil pe3oHaToOp po3MilleHuit Y 30Hi CUJIbHOI 61M3bKO-T10IbOBOI B3a€MO/Iii
i3 JIiHi€l0 NepeaBaHHs Ta y BUIIAJIKY [I€peJaBaHHS Yepe3 Hel CUTHaJly, 3Ha4E€HHS YaCTOTHU SKOTO CIIiBIAzae 3i
3HAUYEHHSIM 4acToTU pe3oHaHcy PKP, BxinHuii BY curHain QinbTpyeThcs Ta HE MOKe OyTH JeTEKTOBAaHUM Ha BUXO[|
npucTporo. Ha yacrorax BiiMiHHUMX Bif 4yacTOoTU pe3oHaHcy PKP curnanm MOXyTh IlepeiaBaTiCh Yyepes JiHii
nepenaBaHHs, OCKIJIbKY 3HaY€HHSI aMIUIiTyJHO-4YaCTOTHOI XapaKTepuCTuKY 67113bki 10 O ob. AMIIITYAHO-4acTOTHA
XapaKTePUCTUKA CUTHAJY € NMOAiI6HOI0 O BifIOBiIHOI XapaKTEPHUCTHUKU PEKEKTOPHOro QinbTpy. Y poboTi
3aIMIPOINIOHOBAHO Ta AOCIIIKEHO NPUCTPIN i3 3aranbHUMU po3Mipamu 30 Ha 22 MM. Y IIpOLIECi KOMITIOTEPHOTO
MO/JIEJTIIOBAHHS TTIOKa3aHO MOXXJIMBICTh IEPEMUKAHHS MK Pi3HMMU 3HAYEHHSIMU €MHOCTEN. 3a JJOITIOMOTOI0
PO3IMO/iJIB 3Ha4€Hb TPAllieHTy MArHiTHOrO I10JI4 IIPOJEMOHCTPOBAHO B3a€MO/II0 MiX JIiHielo nepenasaHHs Ta PKP
Ha 4acToTi pe3oHaHcy - 635 MI'1 Ta Ha 4acTOTi BifMiHHii Bif pe3oHaHcy — 800 MI'. BusiHo, 0 Ha YacTOTi
pe3oHaHcy 30y1KyI0Tbes KonuBaHHs PKP Ta 37ilicHIOeTbCS (ibTPYBAHHSI CUTHAIY, 10 EPENAEeThCs Bif,
nepeiaBajbHOTO TIOPTY Yepes JIiHio 3BsI3Ky (Ha MpUIMalbHOMY MIOPTI BifICYTHIl curHas, ToOTO 3iICHIOETHCS
nepepasanHs 6iTy «0»), Ta HaBnaku. Ha OCHOBI eKCllepUMEeHTaJIbHUX JOCIIiIKEHb 6YJI0 [10Ka3aHO [1Ba IPUHIUIN
peanisaii on/off-nepemukanHs: MWISXOM NNepEMUKAHHS JBOX EMHOCTEN 32 I0IIOMOTOI0 GilTOJISIPHOTO TPAaH3UCTOPA
Ta ONTUYHUM IIJIIXOM 32 JOTIOMOTOIO [TIepeMUKaHHS 3HaUeHHsI EMHOCTI BAPaKTOPHOrO Aiony. Y po6oTi
3aIIPONIOHOBAHO BUKOPUCTOBYBATY TaKy CTPYKTYpY [JIs [IepeJaBaHHs JEKiJIbKOX CUTHAJIB OJIHOYACHO I10
napanesnpHux nomipkax CIIII, npyu YoMy CUTHAJK, 0 EPEJAIOTHCS, MOXYTh 3aiMaTH MIHUPOKY CMYTY YaCTOT.
JocimkeHHs T0Ka3aar MOKJIMBICTD peasidaliii Takoro npucTporo y nianazonax cy6-I'Tn (Big 0,45 no 0,8 I'Tn) Ta
[Ty (Big 1 mo 2 I'Tu) yacToT. Y gucepTaliliHiil po6OTi IpruBeAeHo Ta AOCIIIPKEeHO IPUHLIUIIN MOIYJIALl aHaJIOrOBUX
Ta M(POBUX CUTHAJIB, @ TAKOXK 3AIIPOIIOHOBAHO Ta JOCIIKEHO CTPYKTYPY, 110 YMOXJIUBIIIOE [IepeiaBaHHs
IeKiZIbKOX TaKUX CUTHAJIB OJHOYACHO 110 napaseybHux KoMipkax CIIIT y mupokomMy HianasoHi 4acToT. Kito4osi
csioBa MeTtamarepianu, po3pisHuii Kinbresuil pesonarop (PKP), crpykrypa i3 napanensHux nposigHukis (CIIIT),
aMILIITYJHA MOAYJIsILis, UudpoBa MaHinysLis, QinpTpallisi, aHanorosi Ta LMPPOBi CUTHAJY, MIUPOKUI Jiania30H
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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