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Pedepar:

1. MeTa po60TH - BCTaHOBJIEHHSI BIVIUBY TOIOJIOTI lieipajlbHUX XBUJIEBiIHUX HEOHOPiAHOCTE! Ha KiJIbKIiCTh i
IIMPUHY CMYTY PE30HAHCIB ITYYHOI ONTUYHOI aKTUBHOCTI. O6'€KT OCIIZPKEHDb — SBUIIA PO3CiAHHS
€JIEKTPOMArHiTHMX XBUJIb 1 MITYYHOI ONTUYHOI aKTUBHOCTI Y XBUJIEBIIHUX BYy3J1aX 3 JieIpaJbHOI0 CUMETPIEIO.
TeopeTuyHi Ta NpakTU4Hi pe3yabTaTy. binbi noranbieHHe po3yMiHHS eeKTiB, IKi BUHUKAIOTh y MapyBaTUx
KipaJIbHUX MeTaMmaTepiaiax, MO>KHa CTBOPUTH HaIKOMIIAKTHi o6epTayi [JIOIMHY MOJISIpU3aLlii 3 MOXKJIUBICTIO

KEPYBaHHA K pO60‘{OIO CMYTOI0 9aCTOT TAKOTO IIPUCTPOIO, TaK i KYTOM IIOBOPOTY IJIOMINHU HOJIHpI/ISaI_Lﬁ XBI/IJIi7 110



npouuuia. MakeT Takoro noJisipusaTopa 0yJsio po3pobJeHo i eKCIIEPUMEHTAILHO NepeBipeHo B X-Tiana3oHi B
KPYyTJIOMY XBUJIEBO/], 3arajlbHUi MO30BXHIN po3mip ckiazae 0/30 i J03BoJIsIE HAALITOBYBATH KyT [I0BOPOTY
IIJIOLIMHY ToJIIpU3alLlii B AianasoHi + 33° npu MexaHiyHOMY IIOBOPOTi ofiHi€el 3 fiadpparm nNpucTporo Ha KyT y
IianazoHi + 9°. [Toka3zaHo MOXUIMBICTD [J1s1 CTBOPEHHS IOiOHUX 06epTayiB 3 €JIeKTPOHHUM KepyBaHHsIM. HoBu3Ha
HAyKOBMX p€3yJIbTaTiB. Bliepiie 1okas3aHo, 10, HE3BaKAal04M Ha BiZICYTHICTb [IO30BXHbOI CUMETPIii, HEOZHOPIOHOCTI
3 JliepajbHOI0 CUMETPI€0 B KPYIJIOMY XBUJIEBOIi MAIOTh BIaCTUBOCTI CUMETPUYHOTO JIBOIIOPTOBUKA, TOOTO MalOTh
90-rpamycHui 3cyB MixX ¢azamu KoeillieHTiB TPOXOIKEHHS i BiIOUTTS Ta XapaKTepU3YIOTbCsl PE30HAaHCaAMU
IIOBHOT'O NMPOXOIKEHHS. TakoX, 0 HAMIMpIIA CMyra ITYYHOI ONITUYHOI aKTUBHOCTI JOCSTA€ThCS B 30Hi1
30JIM>KEHHS JBOX BJIACHUX KOJIUBaHb. Y BUMAJKY I1apU CIPSIKEHUX Aiadpparm 3 ONHUM KijlbLieM NPSIMOKYTHUX IIiTIMH
11€ JO3BOJIsIE OTPUMATU CMYTY Y 5-7%. OKpiM LIbOr0 I10Ka3aHo, 110 PE30HAHCI 4aCTOTHU Ta JJOOPOTHICTh PE30HAHCIB
[apy COpsDKEHUX Aiadparm 3 OOHUM KijlblleM IIPSIMOKYTHUX LIIJIMH iCTOTHO 3aJ1eXKaTh Bifl KiJIbKOCTI WiKH. Byso
BIIEPILE IT0KA3aHO MOKJIMBICTb OTPUMaHHS 6araTOpe30HAHCHOTO e(eKTy ITYYHOI ONITUYHOI AKTUBHOCTI IIPU
PO3TallyBaHH] IIiJIMH Y [AEKiJIbKOX KiJIbLSX CIPSDKeHUX fiadpparm. 3HailieHo KOHCTPYKL|i cepii HaKOMIIaKTHUX
06epTayviB MJIOMMHY 10JIIpU3allii B KPYTJIOMY XBUAJIEBOJ, IKi MOKXYTb OyTH HaJIalITOBaHi HA HEOOXiHUI KyT
noBOpoOTy. Hallkpamma KOHCTPYKLig Ma€e 3arajbHUI NO30BXKHiNA po3Mip 0,/30 i 103BOJISIE HANAMTOBYBATY KyT
[IOBOPOTY IJIOLIMHMU NOJIsIpy3aliii B Aiana3oHi nopsiaka 60°. 3anporoHOBaHO OpUTiHaIbHY KOHCTPYKLi0 obepTayda
IJIOLIVHY TI0JIIpU3allii, yTBOPEHOTO apolo ro¢ppoBanux ¢ianuis. Takuil IpUCTPill [03BOJIsIE IEPETBOPIOBATU
HabiKHY XBUJIIO B KPOCITIOJIIPU30BaHy B CMY3i 6/113bKO 5%. MeTou JoCiiKeHb. BracHUIA TaKeT 4ncesibHO-
aHamiTUYHOrO MojesnoBaHHs Microwave Desktop (MWD), sikuii IPYHTY€TbCSI HA METO/Ii YaCTKOBUX O6J1acTei i
METO/Ii y3araJIbHEHUX MaTpULb PO3CisIHHS. Pe3ybTaTu po3paxyHKiB SIKOTO HEOAHOPA30BO MiATBEPIKEH]
€KCIIEPMMEHTAJIBHO Ta OyJIM NOPiBHSHI 3 KoMepLiliHnmu rnaketamu CST Microwave studio Ta HFSS. Cryninb
YIPOBAIXEHHS. Pe3ynbTaTty po60TH MOXKYTbh OYyTU BUKOPUCTAHI IPY CTBOPEHHI XBUJIEBiIHUX MOJISIPA3ATOPIB Ta
€KpaHiB B IOTpibHOMY IianazoHi yactoT. Chepa BuKoprcTaHHs. Po3pobeHi B fuceprauiiiHiil po6oTi
MiKpOXBUJIbOBI IPUCTPOI MO’KHA BUKOPUCTOBYBATH $IK (PiIbTPU 3 OJJHOYACHUM IIOBOPOTOM IJIOIIMHU I10J1sIpr3allii
Ha BUXOZ], Ip1 YOMY OCTaHHI/l MO>KHA HAJIAITOBYBAaTH B LIMPOKOMY [ialla30Hi, BiJ, ONMHULL 4O COTEHb IPaAycCiB,

BKJIIOYAIOYU [IOBHY KPOC- IMOJISIPU3ALIII0 XBUJIL.

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 n/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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