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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

TpuBumipni Metamarepianu 1711 300py €Heprii Ta CEHCOPIB €J1eKTPOMAarHiTHOIO BUIIPOMIHIOBAaHHS

Ha3sBa po6oTH aHIJIilICbKOIO:

3D Metamaterials for Energy Harvesting and Electromagnetic Sensing

PedepaT ykpaiHCbKOIO:

Y 2024 poui 6ys10 mpoBeeHO aHai3 YaCTOTHUX XapaKTEPUCTUK KOMILJIEKCHUX Koe(illieHTiB nepenaBaHHs Ta
BiIOMBaHHS 17151 MiIKDOCMY>KKOBOT'O KBaJIpaTypHOTrO riopugHOro Biaraayxysada (Mocta) HBU-nianazony (1 - 2 I'Tw),
SIKMI T10Ka3aB HasBHICTb y TaKMX IPUCTPOIB MeTamaTepia/lbHUX BIaCTUBOCTEN Y TAKUX IPUCTPOIB, 5IKi MOXYTb OyTU
BMKOPHCTaHi [1J1s1 1I00y10BU PEKTEH Ha 6a3i [jieJIeKTpUYHUX Pe30HAaTOPHUX aHTeH ([IPA). Pedynbratu gociigkeHb
[IOKa3aJy, WO 1151 PEKTeH, pO3paxOBaHUX Ha «306ip» eHeprii B Mepeskax CTiJIbBHUKOBOTO 3B'sI3Ky Ta Wi-Fi,
[IPUHIMIIOBO Ba)KJIMBE 3HAUEHHSI Ma€ HacamIiepez, podboda CMyra 4yacToT. Y 3B'S13Ky 3 LJUM, OYJI0 PO3IJISTHYTO
tonosorii U-nioi6Hoi miinuHHoi anTeHu Ta [IPA, 1110 cKafiaeThCs 3 KOMOiHallii BOX BUIIPOMiHIOBAYiB —
IiesekTpu4yHoro pesonaropa ([IP) i ciparti, sika BUKOHAaHa y BUIJISIAI METaleBOro HanuieHHs Ha JIP, mpudomy 1P
MOYKHA PO3IJISIIATH SIK MarHiTHUY QUIIOJIb, A CIIipasb - SIK eJIEKTPUYHUHN. TaKkoX 10Ka3aHo, 1o AJ1s1 360py
€JIeKTPOMarHiTHoi eHeprii 3 eipy [OLiIbHO BUKOPUCTOBYBATH PEKTEHY, 1110 Ma€ aHTEHY 3 KPYTOBOIO
nosisipusauieto. PO3IJIsIHYTO TUIIOBI aHTEHM KPYroBoi [0J1sIpy3aliii, o MOXKyTb OyTH BUKOPUCTaHI B CKJIa/li pEKTEHMU.
Y SIKOCTi Hal6iIb1I IEPCIIEKTUBHOI 3 TEXHOJIOTYHOI TOUKM 30py JPA 1151 pekTeH 6ysia 06paHa KOHCTPYKLs, M0
CKJIaZlaeThCs 3 KoMOiHaLii mpsiMokyTHOro [IP, Ha TOPISIX SIKOTO HAaHECEHI METO[IOM HaIMJIeHHS METaJIeBi CMY)XKH Ta
MIKPOCMY>KKOBOT'O KBaJIpaTyPHOTO BiIray>KyBaua, SKAU KUBUTb LI CMYXKKU. [I151X0M iMiTalliiHOTO MOJIEJIIOBAaHHS
toroJiorii Takoi /IPA B nporpamHoMy naketi CST 1mokasaHo, 1o 332 paxyHOK Pi3HUX pO3MipiB CTOPiH [IP MoxiuBe
30y/I>)K€HHSI OPTOTOHAJIbHUX KOJIMBAHb HA OJIM3bKMX YACTOTAX i pO3MMPEHHS POO0Y0i CMYTrH 4acToT. PesynbpTaTu
MOJIeJIIOBaHHSI [TI0Ka3YIOTh, 110 Jiarpama CIIpPSIMOBAHOCTi TAaKOXX aHTEHU OyZe NOCTAaTHbO LIMPOKOIO SIK B
TOPU3OHTAJIbHIN, TaK I BEPTUKAJIbHIN M1omKHI. [Ipy LIbOMY HANOIIbII IEPCIIEKTUBHUM 17151 Takoi JIPA e

3aCTOCYBaHH4 B Ilepuly 4yepry JIP mpsiMOKYTHOI (GOpMU.

Pedepar aHIJIiHCBKOIO:

In 2024, an analysis of the frequency characteristics of the complex transmission and reflection coefficients for a
microstrip quadrature hybrid coupler (bridge) in the microwave range (1 - 2 GHz) was carried out, which showed
the presence of metamaterial properties in such devices, which can be used to construct rectennas based on
dielectric resonator antennas (DRA). The results of the research showed that for rectennas designed to "collect"
energy in cellular and Wi-Fi networks, the operating frequency band is of fundamental importance. In this regard,
the topologies of a U-shaped slot antenna and a DRA were considered, consisting of a combination of two emitters
- a dielectric resonator (DR) and a spiral, which is made in the form of metal spraying on the DR, and the DR can be
considered as a magnetic dipole, and the spiral - as an electric one. It was also shown that for collecting
electromagnetic energy from the air it is advisable to use a rectenna with a circularly polarized antenna. Typical
circularly polarized antennas that can be used as part of a rectenna were considered. As the most promising from a
technological point of view, the design consisting of a combination of a rectangular DR, on the ends of which metal
strips are deposited by sputtering, and a microstrip quadrature coupler feeding these strips was chosen. By
simulating the topology of such a DR in the CST software package, it is shown that due to the different sizes of the
DR sides, it is possible to excite orthogonal oscillations at close frequencies and expand the operating frequency
band. The simulation results show that the directivity diagram of the antenna will also be quite wide both in the
horizontal and vertical planes. At the same time, the most promising for such a DR is to use primarily a rectangular
DR.
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Ha3zsa HTII ykpaiHCBKOIO: OcraTounwmii 38iT. TprBUMIpHI MeTamaTepiany 11 360py €HEpii Ta CEHCOpiB

€JIEKTPOMArHiTHOIO BUIIPOMIHIOBAHHS

Hazpa HTII anrsiiicbKo10: Final report. 3D Metamaterials for Energy Harvesting and Electromagnetic

Sensing

HTII, sixy nepen6a4asiocsi CTBOPUTH:

IIpuunnn, yepe3s aki HTII He Gysi0 cTBOpeHO:

OTpHMaHi pe3yJIbTaTH: Bupobu TexHiuHi, Marepianu, Meroau, Teopii
l'asy3p 3aCTOCYBaHHS: EnekTpoHHI KOMyHiKalii Ta pafioTexHika
PeecTpaiifiHuii HOMep KapTKH T€XHOJIOT1i:

Omnuc HTII: 1. TposeneHo anasiz 4acTOTHUX XapaKTEPUCTHUK KOMILJIEKCHUX KoedillieHTiB nepenasans (S41) ta
Bigb6uBaHHs (S11) 119 MiKpOCMY>KKOBOTO KBaJpaTypPHOTO riOpUIHOrO BiAraayKyBada (MOCTa), SIKUH I10Ka3aB
HasIBHICTb Y TAaKUX MIPUCTPOIB MeTaMaTepialbHUAX BIACTUBOCTEN TUILy PE30HAHCHUX XapaKTepucTuk tuiy PaHo,
aHOMaJIbHOI Pa304acTOTHOI XapaKTepUCTUKU KoeillieHTY, SKi MOXYTb OyTH BUKOPUCTAaHI 17151 TO6YZOBU peKTEH Ha
0asi giesekTpuyHUX pe3oHaTopHuX aHTeH ([IPA). 2. [TokasaHo, 110 [J1s PEKTEH, PO3PaxOBaHUX Ha «30ip» eHeprii B
MEepeXKax CTiJIbBHMKOBOTO 3B'3Ky Ta Wi-Fi, IPMHLINIIOBO BAXJ/IMBE 3HAYEHHSI Mae HacaMmIliepen, pobo4a CMyra 4acToT.
74 ii po3mypeHHs Moke OyTH BUKOPHCTaHa TaKa BaXXJIMBA BJIACTUBICTb MeTaMaTepiaiB, K 30yIKeHHs
«EJIeKTPUYHUX» Ta «MaTHITHUX» TUIIB KOJIMBaHb HA OIM3bKUX YacToTax. 3. Haiibinbi nepcnekTuBHOI 3
TEXHOJIOTIYHOI TOYKM 30pY JPA 17151 peKTEH € KOHCTPYKLLis, O CKIaJaeTbcs 3 KOMOiHalii npsiMokyTHoro [IP , Ha
TOPLSIX SIKOTO HAHECEHI METOIOM HAIUJIEHHS METAJIEBi CMY>KKM Ta MiKPOCMY>KKOBOTO KBaZpaTypHOTrO
Bifjrayjiy>xyBaya, SIKUM SKMBUTS Lli CMY>KKU Pe3ysipTaTy MOJeMI0BaHHS [T0Ka3yI0Th, IO AiarpamMa CIIpsSIMOBAHOCTI
TaKOXX aHTE€HM OyZie NOCTAaTHbO LIMPOKOIO SIK B TOPU3OHTAJIbHIH, TaK 1 BEPTUKAJbHIN [y10mKHi. [Ipyu oMy
HaMOi/IbII IEPCIIEKTUBHUM 111 Takoi JIPA € 3acTocyBaHHs B niepiry depry P npsMokyTHOI ¢popmu. 4. [IpoBeneHO
iMiTaliiHe MOZEJIIOBaHHS TOIOJIOTII Ta XapaKTEPUCTHK, a TAKO>XX BUTOTOBJIEHHS APYKOBAHOI MJIaTH JOCIiTHOTO
3paska JIPA 3 KpyroBolo Iossipusalii€lo, 1o pecTapise co6o0 KoMobiHawio nuainapuyHoro JIP Ta SIW-
pesoHaropa ansa Wi-Fi nianasony 5 I'Tw, ska Mmae cmyry nporyckanss 500 MI'n 3a piBHeM - 10 b a1 koeditieHTy
BigbuBanug Sl1. 5. [IpoBeneHo iMiTaliliHe MOZEJIIOBAaHHS TOTIOJIOTI] Ta XapaKTePUCTHK JOCigHOoro 3paska [IPA 3
KPpYyTroBOIO IOJISIpU3alli€lo, 1o IIpecTaBisie Co000 KOMOIHaLLil0 MiKpDOCMY>KKOBOI JIiHii Ta nusinapiyHoro [IP B
nianasoHi 4 I'Tu. 6. Ha 0CHOBI CMHTE30BaHUX KepaMiuHUX MaTepiaiiB aJist JPA Burorosneno [P LUIiHIPUYHOI,

IIPSIMOKYTHOI Ta HamiBcPepruyHoOi POpMU.

ConianbHO-eKOHOMIYHA cripsimoBaHicTh HTII: Creopenns npuHuunoBo HOBOI mpoyKiii (Matepiasis,

TEXHOJIOTI! TOIO) AJ1s1 3a0e3eYeHHs] eKCIIOPTHOTO NIOTEeHIiay Ta 3aMillleHHIO iIMIIOpTY
Bnyins HTII Ha moBKiJjs:
BrnpoBagsykeHnHs HTII: He snposamxeHo
ITpakTuyHa peasnizanis HTTI
IToyaTok eramy: 01.2025
3akiHuyeHHs eTamy: 12.2025

Crno>kuBavi NPOAYKILii: Minictepcrso ocsitu i Hayku Ykpainu, BAT "Mepugian” im. C. I1. Koposnbsosa, TOB

"Emicat”

IlepcrieKTHBHI PUHKH: EnekrpoHika, TenekomyHikanii
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