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OnHUM U3 NMEepCrneKTUBHbLIX NyTEW Pa3BUTUA COBPEMEHHOW 3JeKTPOAUHAMMKM M 3nekTpoHuku CBY
ABNAETCA UCCneJOBaHME MeTaMaTepUuanoBs, NPeACTaBNAILLMX cO60M KOMMO3UTHbIE COeAMHEHUs, CBOM-
CTBa KOTOPbIX 00YCNOBEeHbl UCKYCCTBEHHO CO3[aHHOM NEepUOANYECKON CUCTEMOM U3 MaKpOCKonunyec-
Kux aneMeHToB. OfHaKoO 3TU CTPYKTypbl o6napaiotr o6LMM HeaOCTaTKOM — y3KoM pabouei nonocou,
4TO 0OBACHAETCA UX pe30HAHCHbIMU cBocTBaMu. NMpoBepeH aHanus pusnyecknx ocobeHHocTen meTa-
MaTepuasioB U KOHCTPYKLUIA YacTOTHO-ceneKTuBHbIX CBY-ycTpoicTB, BbINONHEHHBIX HA OCHOBE rpubo-
BUAHbBIX MOJIOCHO-3arpaxkaatowmx crpyktyp. MNMpepnoxeHbl cnocobbl paclumpeHuna pabouei nonocobl
YyKa3aHHbIX YCTPOMCTB, 3aKiiovalolmuecs B (pOPMMPOBaHUMU ABYXCIIOMHbIX UIIM MHOTOCNOMHbIX TOMOMO-
rMYECKUX CTPYKTYP, B KOTOPbIX c/ion 06pa3oBaHbl MMNEAAHCHBIMU YaCTOTHO-CENEKTUBHBIMU MOBEPXHO-
cramu. MepBbivi NpeanoXeHHbIH cNocob Nony4YeHUA TaKon NOBEPXHOCTU 3aKfioYaeTca B CO3[aHUU J10-
MOJNIHUTENBLHOIO C/I0A NPOBOAALLUX MNACTUH, UMEIOLLIUX OMUYECKUA KOHTAKT C MeTajyIu3UupOBaHHbLIMU
nepexofHbIMU OTBEPCTUAMM, KOTOPbIE B CBOIO OYepe b TaKKe UMEIOT OMUYECKUIA KOHTAKT C NnacTuHa-
MU BepXHe# UMNeAaHCHOM NOBEPXHOCTU U C MNIOCKOCTLIO 3a3eMneHunA. Bropoit npeanoieHHbI cnoco6
3aknioyaerca B popMUpPOBaAHUU NMPOMEKYTOYHON UMMEZAHCHON MOBEPXHOCTU U3 NepUOANYECKHU pac-
MOMOXEHHbIX Ha NMIOCKOCTU BIIOXKEHHbBIX KONbLEBbIX Pa30MKHYTbIX pe3oHaTopoB. [Mpuyem Takue peso-
HaTOpHbIe KOJbLA PacnosnaraloTcs B MPOMEXYTOYHOM Clioe CTPYKTYpPbl HEMOCPEACTBEHHO MOJ BEPXHU-
MM MIACTUHAMU KOHLIEHTPUYECKU BOKPYT METAJNIMSUPOBAHHOIO NEPEXOAHOIO OTBEPCTHUA, HE UMes OMU-
YeCKOro KOHTaKTa C HUM, AMaMeTp BHELUHEro KonbLia He NMpeBbILLAET ANMHbI BEPXHEN NNACTUHBI.
MokasaHo, 4YTO UCNONb30OBaHME B KOHCTPYKLMAX FPUGOBMAHBLIX MOMOCHO-3arpakAaloLMX CTPYKTYp
NpOMEXKYTOYHbIX UMMEAaHCHbIX NOBEpPXHOCTeN no3sonser cospasatb CBY-ycrpoitctBa Ha ocHoBe 06b-
€MHbIX MeTaMaTepUuasnioB C pacLULMPEHHOM MOJIOCOM NPONyCKaHUA U BO3MOXKHOCTbIO ee NepecTpPonKM, a
TaK)Ke MHOroAuanasoHHble YacTOTHO-CENEeKTUBHble ycTpoicTBa. C ucnonb3oBaHMEM MPOrpaMMHbIX
cpepcte AWR Design Environment (Microwave Office v.9.0) BbinonHeHO YncneHHoe MoAenmpoBaHue
Takux CBY-ycTpoiicts, AeMoHcTpupyiollee 3¢ ekt paciumpeHus paboyei nonocel, U NpUBefeHsI pe-
3ynbTaTbl 3KCNEPUMEHTANIbHLIX UCCNe0BaHUMI, NOATBEPXKAAIOLLIME UX COOTBETCTBUE C pesynbTaTaMu
MopaenupoBaHusa. MokasaHo, YTO MHTepec K Uccre0BaHUIO FPUGOBUAHBIX MOMIOCHO-3arpaXkaaloLmx
CTPYKTYp 0GycrnoBneH nepcrneKkTMBHOCTbIO UX WUCMOMBb3OBAHUA ANA CO3[aHMA YaCTOTHO-CENEKTUBHbIX
CBY-ycTpoiCTB C ynyullEHHbIMU XapaKTepPUCTUKAMMU, B YACTHOCTH, CMELMaNbHbIX 3KPAHOB OTCEYKM
MHOTONy4€BOCTU NMPELU3UOHHBIX AaHTEHH ANA CUCTEM reoe3uM U HaBUraLMu, a TaKXKe MPOCTPAHCTBEH-
HbIX (PUNBTPOB ANA pa3BA3KM 3NIEMEHTOB B aHTEHHBIX peLleTKax.
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ANALYSIS OF METAMATERIAL PHYSICAL FEATURES
AND CONSTITUTED FREQUENCY-SELECTIVE DEVICES

Kukharenko A.S., Russia, Moscow, alexk.05@mail.ru
Yelizarov A.A., Russia, Moscow, a.yelizarov@hse.ru

Abstract

One of modern electrodynamics and microwave electronics evolution ways is investigation of metamaterials, which are
composite unions, which properties are caused by artificially made periodic macro element system. But these structures
have an overall mismatch - a narrow working band, which is caused by its resonant nature. An analysis of metamaterial
physical properties and constructions of frequency-selective microwave devices, based on mushroom-type band-gap struc-
tures is presented. VWays of the mentioned devises band width extension which are in forming double ore multilayer struc-
tures, where layers are formed by impedance frequency-selective structures, are suggested. The first suggested way is
forming an additional layer of conducting plates having a contact with vias, which also have a contact with top impedance
surface plates and with ground plane. The second suggested way is to form the middle impedance plane from resonant
inserted rings, periodically placed on a plane. Resonant rings should be placed in the middle layer of the structure under
the top plates concentrically around the via, having no contact with them, the external ring diameter shouldn't be larger
than the plate length. It is shown, that using of middle impedance surfaces in mushroom-type band-gap constructions allows
creating microwave devices based on 3-D metamaterials with extended bandwidth and a possibility of its readjusting and
also multiband frequency-selective devises creation. Using AVWR Design Environment (Microwave Office v.9.0) software a
numerical analysis of microwave devices demonstrating a band width extension effect is made, and experimental data
matching with the numerical analysis are shown. It is shown, that an interest to mushroom-type frequency-selective struc-
tures investigation is caused by perspective of using such devises for creation of frequency-selective microwave devices
with better characteristics, in particular of special multipath mitigating ground planes for navigation systems and square fil-
ters for antenna element decoupling in antenna arrays.
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