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niara3oHi

2. Electrodynamic properties of chiral objects with artificial optical activity in the microwave range

Pedepar:

1. MeTa po60TH ~ BCTAaHOBJIEHHS! BIUIUBY TOIIOJIOTI AieipaybHUX XBUJIEBiIHUX HEOIHOPIAHOCTEN Ha KiJIbKICTb i
IIMPYHY CMYTY PE30HAHCIB MITYYHOI ONITUYHOI aKTUBHOCTI. O0’€KT JOCiIKeHb — SIBUILA PO3CisIHHS
€JIEKTPOMArHiTHMX XBUJIb 1 LITYYHOI ONITUYHOI aKTUBHOCTI Y XBUJIEBIIHUX By3J1ax 3 IieIpaJbHOI0 CUMETPIEIO.
TeopeTuyHi Ta MPaKTUYHi pe3yabTaTU. biibll NOrMbIeHHe pO3yMiHHS €(EeKTiB, Ki BUHUKAIOTh y MAapyBaTUX
KipaJIbHUX MeTaMmaTepiaiax, MO>KHa CTBOPUTH HAIKOMIIAKTHI 06epTayi IyI0MKHY MOJISIpU3aLiii 3 MOXKIIUBICTIO
KEPYBaHH4 sIK pOO0YO0I0 CMYTOI0 YaCTOT TaKOro MIPUCTPOIO, TaK i KyTOM IIOBOPOTY IVIOIIMHMU N10OJIsIpy3aliii XBrJIi, 10
npoimia. MakeT Takoro nossipusaTopa 6yJsio po3po6JeHO 1 eKCIIEPMMEHTAJIBHO NIEPEBIPEHO B X-Tlianla3oHi B
KPYIJIOMY XBUJIEBOZ, 3arajbHUII MO310BXKHiN po3mip ckiagae 0/30 i 103BOJIsIE HAAIITOBYBATU KYT IOBOPOTY

IIJIOLMHY ToJIsSIpU3alLlii B fianasoHi + 33° pu MexaHiyHOMY IIOBOPOTi ofiHi€el 3 fiadpparm npucTporo Ha KyT y



nianazoHi + 9°. [Toka3zaHO MOXKJIMBICTD [J151 CTBOPEHHS MOiOHNX 06epTayviB 3 eJIeKTPOHHUM KepyBaHHSIM. HoBuzHa
HayKOBUX pe3yJbTaTiB. Briepie nokasaHo, 1110, HE3BaKal04Yy Ha BiCYyTHICTb NNO30OBXHbBOI CUMETPii, HEOAHOPINHOCTI
3 JliepajbHOI0 CUMETPI€I0 B KPYIJIOMY XBUJIEBO/Ii MAIOTh BJIaCTUBOCTI CUMETPUYHOTO JIBOIIOPTOBUKA, TOOTO MalOTh
90-rpamycHuil 3cyB MiX (azamu KoePillieHTiB IPOXOIKEHHY i BIIOUTTS Ta XapaKT€PU3YIOTbCSl PE30HAHCAMU
IIOBHOT'O NMPOXOMKEHHS. TakoX, 0 HAaMIIMpIIa CMyra ITYYHOI ONITUYHOI aKTUBHOCTI JOCSTA€TLCS B 30H1
30JIM>KEHHS JBOX BJIACHUX KOJIUBaHb. Y BUMAJKY I1apU CIPSDKEHUX HdiadpparM 3 ONHUM KijlbLieM NPSIMOKYTHUX IIiIJIMH
1ie J103BOJIsIE OTPUMATU CMYTY Y 5-7%. OKpiM LIbOro I10Ka3aHo, 10 PE30HAHC] YaCTOTH Ta JOOGPOTHICTh PE30HAHCIB
[apy COpsDKeHUX Aiadparm 3 OOHUM KiJIbLleM IIPSIMOKYTHUX LIIJIMH iCTOTHO 3aJI€KaTh Bifl KiJIbKOCTI WiKH. Byjo
BIleplIe [10Ka3aHO MOSKJIMBICTh OTPUMaHHS 6araTOpe30HaHCHOTO eeKTy MTYyYHOI OIITUYHOI aKTUBHOCTI ITPU
pO3TallyBaHH] IiJIMH Y [EKiJIbKOX KiJIbLSX CIIPSDKEHUX Aiadpparm. 3HailleHo KOHCTPYKLi cepii HaJKOMIIaKTHUX
06epTayviB NJIOMMHY 10JIIpU3aLlii B KPYTJIOMY XBUAJIEBOJ, IKi MOXYTb OyTH HaJlalITOBAaHi HA HEOOXiHUI KyT
noBOpoOTy. Halikpaia KOHCTPYKLisg Mae 3arajibHui NO300BXHil po3mip 0/30 i 103BOJIsi€ HANMAMTOBYBATU KT
[IOBOPOTY IJIOLIMHU NOJIsIpy3allii B AianasoHi nopsiaka 60°. 3anporoHOBaHO OpUTiHaIbHY KOHCTPYKLi0 obepTayda
IJIOLIVHY TI0JIIpU3allii, yTBOPEHOTO Napolo ro¢ppoBanux ¢puanuis. Takuil IpUCTPill [03BOJIsIE NEPETBOPIOBATU
HAODKHY XBUJIIO B KPOCIIOJISIPU30BAHY B CMY3i 6/113bKO 5%. MeToau NoCliIpKeHb. BlacHUI TaKeT 4UCesbHO-
aHaJIITUYHOTO MoZesoBaHHS Microwave Desktop (MWD), sikuil I'pyHTY€eTbCSI HA METOJIi YaCTKOBUX obJacTeil i
METO/] y3araJjbHEHUX MaTpHUILlb PO3CiIHHSA. Pe3ysbTaTh PO3paxyHKiB KO0 HEOLHOPA30BO I TBEPAKEHI
€KCIIEPMMEHTAJIBHO Ta OyJIM NOPiBHSHI 3 KoMepLiliHnmu naketamu CST Microwave studio Ta HFSS. Cryninb
yIpOBaJKeHHs. Pedynbraty po60T MOXKYTh OYTH BUKOPUCTAHI ITPY CTBOPEHHI XBUJIEBIIHUX MOJIIPU3ATOPIB Ta
€KpaHiB B NOTpibHOMY fianazoHi yactoT. Chepa BUKoprcTaHHs. Po3pobJeHi B fuceprauiiiziilt po6oTi
MiKpOXBUJIbOBI IPUCTPOI MOKHA BUKOPUCTOBYBATH $IK (PiIbTPU 3 OJIHOYACHUM IIOBOPOTOM IJIOIIMHY 0JIsIpr3allii
Ha BUXO/i, [IPY YOMY OCTaHHI MOXHA HAJIAIITOBYBATY B LIMPOKOMY [ialla30Hi, Bill OGVHULB IO COTEHDb IPafyCiB,

BKJIIOYAIOYY MTOBHY KPOC- MOJIIPU3ALLIIO XBUJI.

2. The purpose of the work is to determine the influence of the topology of dihedral waveguide inhomogeneities on
the number and bandwidth of resonances of artificial optical activity. The object of research is the phenomena of
electromagnetic wave scattering and artificial optical activity in waveguide nodes with dihedral symmetry.
Theoretical and practical results. A more in-depth understanding of the effects that occur in layered chiral
metamaterials can lead to the creation of ultra-compact polarization plane rotators with the ability to control both
the operating frequency band of the device and polarization plane rotation of the transmitted wave. A model of
such a polarizer was designed and experimentally verified in the X-band in a circular waveguide. The overall
longitudinal size is 0/30, allowing the adjustment of the polarization plane rotation angle within +33° by
mechanically rotating one of the device's irises by an angle in the range of +9°. The feasibility of creating similar
rotators with electronic control has been demonstrated. Novelty of scientific results. For the first time, it has been
shown that, despite the absence of longitudinal symmetry, dihedral-symmetry inhomogeneities in a circular
waveguide exhibit the properties of a symmetric two-port network. Specifically, they have a 90-degree phase shift
between the transmission and reflection coefficients and are characterized by full transmission resonances. It was
also shown that the widest band of artificial optical activity is achieved in the region where two eigenmodes
converge. In the case of a pair of coupled irises with a single ring of rectangular slots, this allows for a bandwidth
of 5-7%. Moreover, it was demonstrated that the resonance frequencies and the quality factor of resonances in a
pair of coupled irises with a single ring of rectangular slots significantly depend on the number of slots. The
possibility of obtaining a multi-resonance effect of artificial optical activity by arranging the slots in several rings
of coupled irises was shown for the first time. A series of ultra-compact polarization plane rotators for circular
waveguides, which can be adjusted to the required rotation angle, were developed. The best design has an overall
longitudinal size of 0/30 and allows for the adjustment of the polarization plane rotation angle by approximately
60°. A novel design of a polarization plane rotator formed by a pair of corrugated flanges was proposed. This
device allows for the conversion of an incident wave into a cross-polarized wave within a bandwidth of about 5%.
Research methods. A proprietary numerical-analytical modeling package, Microwave Desktop (MWD), based on
the method of partial regions and generalized scattering matrix method, was used. The results of these



calculations have been repeatedly confirmed experimentally and compared with commercial packages CST
Microwave Studio and HFSS. Degree of implementation. The results of this work can be applied in the creation of
waveguide polarizers and screens in the required frequency range. Scope of use. The microwave devices
developed in this dissertation can be used as filters with simultaneous polarization plane rotation at the output,
which can be adjusted over a wide range, from a few degrees to hundreds of degrees, including full cross-
polarization of the wave.
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