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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

YILOCKOHEI]IGHHSI XapaKTEPUCTUK MiKpOXBI/I]IbOBI/IX INaT4Y-aHTEH 3d PaXyYHOK BUKOPUCTAaHHAI HiILK]IaILOK 3 [TAaCMBHUX Ta

KEpPOBAHUX ME€TaMaTepiaiB

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Improving the characteristics of microwave patch antennas due to the use of passive and controlled metamaterial
substrates

Pedepar yKpaiHCBKOIO:

Y po60Ti 3a11pONOHOBAHO MiZX0AU Ta METOAU ONTHUMI3allii NaTy-aHTeHU 3 TOUKU 30py ii MacorabapuTHUX i
eKCIUlyaTaliliHuX XapakTepucTuk. Li migxony MoXyTh 6yTH BUKOPUCTAHI i [J1s1 pO3pOOKM aHTEH i3 [IapaMeTpamy,
O6JIM3BbKUMU IO BUMOT 3aMOBHMKA. CyTb METOTy MOJIATa€e Y BUKOPUCTAHHI K MiIKIaAKU MITyYHOTO JieJIeKTPUKa y
BUIJISAZI MeTamarepiany. MiHiaTiopu3aallis rnat4a JoCsAraeTbCsl 3aBIsK1 BUCOKOMY 3HaY€HHIO e(eKTUBHOI
IieJIeKTpUYHOI TPOHUKHOCTI MifKJIaAKH, TOA SIK CKJIaJiHa KOHpirypatist 6J11>KHbOrO 110J1S1 MeTamaTepiay Jae 3Mory
KOHTPOJIIOBATH T1aPa3UTHY €MHICTb 1,BiZIlTOBIHO,piBEHb BUNIPOMiHIOBaHHS aHT€HU TaKoX NPUIiIEeHO yBary Teopii
MeTamarepiaiis. 3 0gHOro 60Ky o6yZ0BaHO T€OPil0 TEXHOJIOTIYHO [IPOCTOr0 MeTaMmarepiaiy, o CKIaAaeThCs 3
[epioJUYHOr0 MaCUBY LMJIIHAPUYHUX IPOBiIHMKIB. Taka Migkianka € BiTHOCHO IIPOCTOIO Y BUTOTOBJIEHH] Ta
IIPUIATHOIO JJIs1 CTBOPEHHS HEJJOPOI'UX NaTY-aHTEH, NAapaMETPU SIKMX MOXXYTb ONITUMi3yBaTUCS 3 ypaxXyBaHHIM
MarepiasbHUX BIACTUBOCTEN JOCTYIHUX Ji€JIeKTPUKIB i MIPOBiTHUKIB. 3 iHIIOr0 60Ky PO3BUHYTO TEOPil0
CKJIa[HIIIMX MeTaMmaTepialiB, sSIKi TAKOXK € TEXHOJIOTIYHUMH, ajie IOTPeOYIOTh CleLiai3oBaHOro 06JaiHaHH Ta
BAKOPMCTAHHS Cy4YaCHUX MarepiasiB. AHTEHU Ha IX OCHOBI € IOPOKYMMU, OJJHAK 33 CBOIMU XapaKT€PUCTUKAMU
MOXYTb [IEPEBUILYBATH BiZJOMi CBiTOBi aHAJIOTY i 3HAWTH KOMeEpLiliHe 3aCTOCYBaHHS Y MOOIJIBHOMY Ta 3aXUIIEHOMY
3B'SI3Ky, CHCTeMaxX HaBeJIeHHS TOII0 Po3p0o6ieHO METOIMKY BUTOTOBJIEHHSI IATY-aHTEH 3 MeTaMaTepPiabHOI0
MiJKJIAaIKOIO i3 3aCTOCYBaHHAM TexXHOJIOri 3D-1pyKy. EKCriepyuMeHTasibHi JOCHiIKEHHS TapaMeTPiB BUTOTOBJIEHUX
3pa3KiB MiATBEpAUIIY BalifHICTh 3aIIPOTIOHOBAHUX MAaTEMAaTUYHUX MOJiesIel i MporpaMHOro 3a6e3rnevyeHHs Ta
TeopeTUYHi nepenbdadeHHs WoAo HinBuleHHs eeKTUBHOCTI MaT4-aHTeH 3aBIAKY BUKOPUCTAHHIO TAKOi MiIKIaTKy
Kpim Toro,y po60Ti no6yn0BaHO MoJeib 6ipyHKI[IOHANBHOIO «I1J1alla HEBUIUMKI», 3aTHOI'O MAaCKyBaTH 00’€KTH SIK
Bif], MiKpOXBUJILOBOT'O BUITPOMIHIOBAHHSI, TaK i Bijl TEMJIOBOrO BUITPOMIHIOBaHHS, PO3P0O06JIEHO MO/IETb
METaXBUJIEBOY Ta MTOKA3aHO MOXJIMBICTb reHepallil XBUili 3 Op6iTaJlbHUM KyTOBUM MOMEHTOM Y MiKPOCMY>KKOBIl

aHTEeHI

Pedepar aHI1iliChKOIO:

We proposes approaches and methods for optimizing a patch antenna in terms of its mass, dimensions and
operational characteristics. These approaches can also be used to develop antennas with parameters close to the
customer's requirements. The essence of the method is to use a metamaterial as a substrate. Miniaturization of the
patch is achieved due to the high value of the effective permittivity of the substrate, while the complex
configuration of the metamaterial near field allows you to control the parasitic capacitance and the radiation level
of the antenna Attention is also paid to the theory of metamaterials. On the one hand, a theory of a technologically
simple metamaterial consisting of a periodic array of cylindrical conductors has been built. Such a substrate is
relatively simple to manufacture and suitable for creating inexpensive patch antennas, the parameters of which
can be optimized taking into account the material properties of available dielectrics and conductors. On the other
hand, a theory of more complex metamaterials has been developed, which are also technological, but require
specialized equipment and the use of modern materials. Antennas based on them are more expensive, but their
characteristics can exceed known world analogues and find commercial application in mobile and secure
communications, guidance systems, etc A fabrication technique for patch antennas with a metamaterial substrate
using 3D printing technology has been developed. Experimental studies of the parameters of the antenna samples



confirmed the validity of the proposed mathematical models and software and the theoretical predictions
regarding the improving the efficiency of patch antennas with metamaterial substrate In addition, the work
develops a model of a bifunctional “cloak” capable of masking objects from both microwave radiation and thermal
radiation and of a meta-waveguide, and demonstrates generating a wave with orbital angular momentum in a

microstrip antenna
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)
Ha3zsa HTII ykpaiHCBKOIO: [IpuHiuny MiHiaTiopusanii MiKkpOXBUJIbOBUX [aTY-aHTEH HA METAMATEPIAJIbHUX
nifKIaaKax 3 IpUPOCTOM €(PEKTUBHUX BiTHOCHHUX [i€JIEKTPUYHOI Ta MarHiTHOI TPOHUKHOCTEN J1s1 TOBiIbHOI

dopmu ennemeHTapHOi KoMipku. Maket HBY naTy-aHTeHu 3 MeTamaTepiasbHOIO MiKIAIKOIO, SIKa BUTOTOBJIEHA 32

TexHosorieo 3/1 Ipyky

HasBa HTII aHr/IiHicbKOIO: Principles of miniaturization of microwave patch antennas on metamaterial
substrates with an increase in effective relative dielectric and magnetic permeability for an arbitrary unit cell
shape. Model of a microwave patch antenna with a metamaterial substrate, which is manufactured using 3D
printing technology

HTII, aKy nepenb6a4asiocsi CTBOPUTH: CTBOPEHO

IIpuunnn, yepe3s saki HTII He Oysi0 cTBOpeHO:

OTrpumaHi pe€3yJIbTaTH: MeToau, Teopii, rinoresy, Inue (MakeTy aHTEH)
l'asy3p 3aCTOCYBaHHSI: pasiioyoKallist Ta MAIIMHOOYIyBaHHS
PeecTpanifiHuil HOMep KapTKH T€XHOJIOT1ii:

Omnuc HTII: 3anpononoBano ygockoHaneHni miaxiz, 10 MiHiaTIOpU3allii maTy-aHTeHN 3 METAMATEPIAIbHOIO
IiIKIa[KOI0, 10 I'PYHTYETHCS HA AHAJIITUYHIN MOZEi 3 PO3B’I3aHHSIM PiBHSIHHS 4-TO MOPSIKY Ta aHAJITUYHUM
ypaxyBaHHSM e(dEeKTUBHOI JieJIeKTpUYHOi TPOHMKHOCTI MeTamaTepiany. [j1s nepesipku eeKTHBHOCTI METOIY
BMKOHAHO OIITMMI3allil0 CTAaHJAPTHOI NaTY-aHTEHU 3 MiAKIALKOI0 Y BUIJISAL] 4aCTOrO MEePiOIUYHOrO MaCUBY
LMJIIHIPUYHUX NTPOBiNHUKIB. [ToKa3zaHo, 0 Miaxif J03BOJIsI€E 3MEHIINTY MAIMHHUI 4acC ONTUMI3allii, JOCArTA
6inbLIOro piBHS MiHiaTIOpU3allii aHTeHU Ta MOKPALIUTY ii eKCIlTyaTaliiiHi XapaKTeprUCTUKU. 3alTPOIIOHOBAHUIA
METO/, TOKJIAZIEHO B OCHOBY aJITOPUTMY IIPOEKTYBAaHHS KOMITAKTHUX MIKPOXBUJIbOBUX I1aTY-aHTEH i3 3alaHUMU
napameTpamu (pobouolo 4acToTo0, KoedillieHTOM MiHiaTiopu3aliii, TOBIIMHOIO MeTaMaTepiaybHoi minkiaaaky). Ha
J1I0r0 OCHOBI ONITUMi30BaHO T€OMETPUYHI Ta MaTepiasibHi TapaMeTPy aHTEHU [J1s1 BUTOTOBJIEHHS 32 TEXHOJIOTIEI0
3D-1pyKy, po3po6eHO METOINKY BUTOTOBJIEHHS, CTBOPEHO MAKeTHi 3pa3Ky Ta eKCIIepUMEHTAJIbHO MiATBEPAKEHO

TEOPETUYHI pe3yJIbTaTU.

ComnianibHO-eKOHOMIYHA crpsimoBaHicTh HTII: Exonomis enepropecypcis, 3MeHmEHHS 3HOCY

obsanHaHH4, [ligBuieHHs aBToMaTu3allii BUpOOHUYMX IIPOLIECiB
Bnyius HTII Ha moBKiJjs:
Bnposaas>keHHst HTII: Briposamkeno
ITpakTuyHa peasnizanis HTTI
IToyaTok eramy:
3aKiHYeHHs eTamy:

Cno>kuBayi npo,quI.li'l': JepxaBHe nianpueMcTBo «XapKiBcbke KoHcTpykTOpCchKke Bropo 3 MamnHoO6ynyBaHHS
(XKBM) imeni O.0.MoposoBa», PagioactpoHomiunuii iHctutyT HAH Vkpainu (M. XapkiB), IHCTUTYT paniodizuku Ta
esieKTpoHiku im. O. 5. Yeuxkoa HAH Ykpainu (M. XapkiB), Jlep>kaBHe KOHCTPYKTOPChbKe 610po «IliBaeHHe» iMeHi M.
K. Slurens (m. JHinpo), XapkiBcekuil HalioHanbHUM yHiBepeuTeT [ToBiTpsiHux Cuin imeni [ Koxxeny6a (XHYTIC).

IlepcnekTHBHI pUHKH:
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IToTpiOHMI 00CAT iHBECTHILiH, THC. TPH.:
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[MTatenT Vkpainu N2 128271. Barpakos /1.0., batpakosa A.I'., AuTIodpeeBa M.C. Criocib nifgBuieHHs po3ainbHOi
3[ATHOCTI Ta HAAIMHOCTI pe3y/bTaTiB OLiHKY TOBIIMHU LIAPiB JOPOXKHIX OJATIB, SIKi MalOTh CJ1aOKUI piBEHD
€JIEKTPOIMHAMIYHOTO KOHTPACTY, 32 IOIIOMOTo10 reopazapa. A method for improving the resolution and reliability
of the results of estimating the thickness of pavement layers with a low level of electrodynamic contrast using
GPR. Bros1. N2 21,/2024 Big. 22.05.2024. https:/ /sis.nipo.gov.ua/uk /search /detail /180

[Tarent Ha kopucHy Mozesb N2 153121, Kosyurin M.M., Bukos B.M., Bukos C.M., Xapzikos B.B., JlJorox M.T".,
Banaxuina I.O. Crioci6 Hagirauji sitanbHux anaparis. bros. N2 21/2023 Big,. 22.05.2023.
https:/ /sis.nipo.gov.ua/uk/search/detail /1738023 /

Project SPS G8711 «Orbital Angular Momentum mode antennas for radar landmines and UXO detection
applications» 3a NATO Science for Peace and Security (SPS) Programme» (odiniiinuii 1uct gopaetscs) (Partner
country Project Director Dr. Khardikov V.)

[Tpoekt 2025.06 /0108 «Po3pobka MiKpOCMY>KKOBUX aHTEH IJ1s1 reHepallii XBUJIb, [0 HECYTh OpOiTaJIbHUI KyTOBUM

MOMEHT, Ta iX 3aCTOCYBaHHS B CUCTEMAX 3aXMIIEHOr0 3B'5I3Ky Ta pO3MiHyBaHHs» (KepiBHUK lllynbra C.M.)
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