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2. Constructive synthesis of compact waveguide devices for transformation of electromagnetic waves polarization

Pedepar:

1. Inceprarist Ha 3000YTTSI HAYKOBOT'O CTYII€HS KaHJMUaTa TEXHIYHUX HayK 3a crewjanbHicTio 05.12.13 —
PazioTexHiyHi MpUCTPOi Ta 3ac06M TeJIEKOMYHIKaliil. — HallioHanbHMIA TEXHIYHMI YHiBEpCUTET YKpaiHu
«KuiBcokuii nositexHiyaui incturyt iMeHi Iropsa Cikopcbkoro» MOH Ykpainu, Kuis, 2024. Y guceprauii BupimeHo
aKTyaJibHy HayKOBO-TEXHi4YHY 33[1a4y CTBOPEHHS METO/iB HabIM>KEHOTO KOHCTPYKTUBHOTO CUHTE3y KOMIIAKTHUX
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XBUJIEBOII. Y MIepLIOMY PO3[iJli 3p06I€HO OIJIsih METOiB PO3POOKM IIPUCTPOIB IEPETBOPEHHS MOJISIpU3aliii. ¥



IpYyroMy po3zini gucepralii 3MiliCHEHO TapaMeTPUYHMY HAOIVDKEHUI KOHCTPYKTUBHUN CUHTE3 IIPUCTPOIB
IIepeTBOPEHHS NOJIsIpy3aliii Ha OCHOBI Aiadparm Ta WTUPIB y XBUJIEBO . Y TPETbOMY Ta Y€TBEPTOMY PO3Zinax
Iyceprallii BAKOHAHO pO3pOOKY aHaIiTUKO-4UCJIOBOIO Ta aHAIITUYHOTO METOiB HabIM>KEHOT0 KOHCTPYKTUBHOTO
CHHTe3Y NOJISIPU3aTOPiB HA OCHOBI KBaIpaTHOTO XBUJIEBOAY i3 IiadpparmMamMu, ITUPSIMU 3 MAKCUMAJIbHO IIJIOCKOIO

($a30-4aCTOTHOIO XapaKTEPUCTUKOIO.

2. The dissertation for the scientific degree of candidate of engineering sciences in the speciality 05.12.13 — Radio
technical devices and means of telecommunications. — National Technical University of Ukraine “Igor Sikorsky
Kyiv Polytechnic Institute” Ministry of Education and Science of Ukraine, Kyiv, 2024. The dissertation solves the
actual scientific and technical problem of creating methods of approximate constructive synthesis of compact
devices for converting the polarization of electromagnetic waves based on diaphragms and posts in a square
waveguide. In the first chapter, an overview of the methods of developing polarization conversion devices is made.
Advantages and disadvantages of electromagnetic wave polarization conversion devices are considered. In the
second chapter of the dissertation, a parametric approximate constructive synthesis of polarization conversion
devices based on diaphragms and posts in the waveguide is carried out. Mathematical models for the approximate
synthesis of such polarizers were created and corresponding devices were synthesized. In the third chapter of the
dissertation, an analytical-numerical method of approximate constructive synthesis of polarizing devices based on
a square waveguide with diaphragms with a maximally flat phase-frequency characteristic was developed. In the
section, an analytical-numerical method of approximate constructive synthesis of EMH polarization conversion
devices based on three diaphragms in a square waveguide is proposed and developed. Parametric optimization is
carried out based on the created mathematical model in the form of a single-wave scattering matrix and a
formulated system of equations of the fourth order. This system contains the synthesis conditions. The solution to
this system is the geometric dimensions of the synthesized polarizer. Such dimensions provide the minimum
deviation of the differential phase shift from 90°, the maximum flat frequency response and the best matching in a
given frequency band. The fourth chapter of the dissertation contains the development of the method of analytical
approximate constructive synthesis of polarizers based on two and three diaphragms and posts in a square
waveguide. Analytical formulas for the constructive synthesis of polarizers with maximally flat phase-frequency
characteristics were obtained. The chapter proposes and develops an analytical method for the approximate
constructive synthesis of compact EMH polarization conversion devices based on two and three diaphragms or
pins in a square waveguide. First, an analytical synthesis of the polarizer is carried out on the basis of a
mathematical model. This model was created by solving the problem of electromagnetic wave propagation in a
waveguide with three non-dissipative inhomogeneities by the method of multiple reflections in the single-wave
approximation. As a result, the required values of the parameters of the phase-shifting elements (conductivity and
elements of the scattering matrix) and the electrical distance between them are determined. These parameters
ensure the specified (required) phase shift and the absence of reflection. Then constructive synthesis is carried
out. As a result, the real optimal (around the global extremum) geometric dimensions of the polarizers are
determined. These dimensions ensure the flat phase-frequency characteristic as much as possible. They can be
used both independently in the approximate constructive synthesis and as the initial dimensions of the polarizer
(phase shifter) in the process of its multi-criteria optimization. This makes it possible to drastically speed up the
search for a global extremum during the high-precision constructive synthesis of such a device at the
electrodynamic level, taking into account higher types of waves and the interaction between inhomogeneities on
higher types of waves.
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