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1. MaTemMaTryHe MOJIE/IIOBaHHS B 337ja4ax aHasli3y Ta CUHTe3y 6araropedeKTOPHUX KBa3ioNTUYHUX aHTEH Ta

BiIKDUTHX XBUJIEBOJiB

2. Mathematical Modeling in the Analysis and Synthesis of Multi-Reflector Quasioptical Antennas and Open Beam
Waveguides

Pedepar:

1. O6'eKTOM HOCHITIPKEHHS AucepTallii € BUIPOMIHIOBaHHS, lepeiaya, Po3CiloBaHHS i POKyCyBaHHS
€JIEKTPOMarHiTHUX XBUJIb 33 JOTIOMOTOI0 OAHOTO ab0 AEKiJIbKOX TOHKUX METaleBux pedeKkTopi. MeToio
TOCJIiZIPKEHD € 1100y0Ba Ta OOIPYHTYBaHHSI MaTEMATUYHOI MOJIeJIi - CUCTEMU CUHTYJISIPHUX iHTerpajlbHUX PiBHSHb
IIEPLIOTO POy, A0 SKOI aHAITUMHUMU METOIAMU 3BEJIEHO 337a4y aHajli3y po3citoBaHHs E-nossspu3oBaHoi XxBuii Ha
I BOBMMIPHUX KOHTYpax JOBiJIbHO] I71afKoi popmu Ta 6y1b-5KOi KiJIbKOCTI, a TAaKOX [100Yy10Ba AUCKPETHUX

MaTEMaATUYHUX MO,I[CJICI/UI AJI TIPOBENEHHA YN CEJIbHUX eKCHepI/IMeHTiB 3i 3HAaXOI>KEHHS Ta OHTI/IMiBaHﬁ



€JIEKTPOJMHAMIUHNX XapaKTePUCTUK 6arato-pedieKTOPHUX aHTEHHUX CUCTEM Ta XBUJIbOBOJ|B, 110
PO3IJISIAAI0TLCS. Y IUCepTalliiiHiil pobOTi BUKOPHUCTOBYIOTHCSI METOIM MaTeMaTUYHOI Pi3nKy, Teopii iHTerpaabHUX
Ta nudepeHIiabHUX PiBHSIHb, JiHiHOI anredbpu, 069MCIOBaIbHI METOIM, 30KpEMa METO]I, AUCKPETHUX
0COOJIMBOCTEN, Ta METOAM 00'€KTHO-OPi€EHTOBAHOTO IPOrpaMyBaHHs. Brieplue 3aCTOCOBAaHO METOJ, JUCKPETHUX
0CO06JIMBOCTEN 117151 TOOYIOBU IBOBUMiIpDHUX MaTeEMAaTUYHUX Mojesel Audpakiii Ha 6araToa3epKaabHUX aHTEHAX Y
BUMNaAKy E-niosisspusauii, Biepie BUBEIEHI CUCTEMU 3B'I3aHUX CUHTYJISIPHUX IHTETPaJIbHUX PiBHAHD i HA iX OCHOBI
noby0BaHa AUCKPETHA MaTeMaTUYHA MOZEJb 33/iaui po3ciloBaHHs. MeTo, IUCKPETHUX O0COOIMBOCTEN BIIEplle
3aCTOCOBYETBCS [I0 YMCEIBHOTO MOJIEJII0BAaHHS KBAa3iONTUYHUX 6araTopedIeKTOPHUX aHTEH 3 IOBLJIBHO
PO3TaIlOBaHUMMU BifiouBauamy, pedieKTOPHUX IPOMEHEBUX XBUJIEBO/IiB, & TAKOXK METaleBO-TIJIACTUHYATUX
JIIH30BUX aHTEH. Briepiie po3pobsieHo MeTo, pillleHHs 3BOPOTHOI 3aaui 1711 CUHTe3y TPodiIio MaTeMaTU4HOI
MogeJi pedJIeKTOPHOI aHTEHH 10 T0JII0, 33aHOMY B ii GJIVDKHIN 30HI Ha [eIKOMY KOHTYPi BUMIPY, Ta IPOBEAEHO
4UCeJIbHUI €KCIIEPUMEHT 10 CUHTE3Y pedJIeKTOPHOrO JibHUKA XBUJIbOBOTO Iy4YKa Ha JeKijbKa My4kiB. Ha ocHOBI
nobyoBaHUX Mogeseit audpakiii i MeTony AUCKpeTHUX 0COOJIMBOCTEN pO3p00JIeHO IporpamMHe 3abe3redeHHs,
sIKE 103BOJISIE IPOBOAUTH YMCEJIBHUM aHaJli3 MaTeMaTUYHUX MoJiesiell 6araTopeIeKTOPHUX CUCTEM aHTEH Ta
BMKOHYBATH iX YACEJIbHY ONTHUMI3alilo Ta CUHTE3. [[IaHy€eThCS YIPOBAIKEHHS] OTPUMAHUX YMCEJIbHI PE3yJIbTaTiB

17151 IO6YZOBU Ta epeKTUBHOI ONTUMi3alii peasbHUX 6araTopedIeKTOPHUX CUCTEM Y aHTEHHIN TeXHilli.

2. Object of the research is the radiation, transmission, scattering and focusing of electromagnetic waves with the
help of one or more thin metal reflectors. Aim of the research is development and validation of mathematical
models of multireflector antenna systems: the systems of singular integral equations of the first kind, which are
obtained by reducing the diffraction problem in the E-polarization case on two-dimensional contours of arbitrary
smooth shape and of arbitrary amount. Numerical simulations were carried out to optimize the electrodynamic
performance of reflector antennas and waveguides. The thesis contains applications of mathematical physics,
theory of integral and differential equations, linear algebra, computational methods, and in particular the method
of discrete singularities, and also object-oriented programming. For the first time the developed method of
discrete singularities is applied to mathematical modelling of two-dimensional multireflector antennas in the case
of E-polarization by reducing a system of coupled singular integral equations of the diffraction problem. The
method of discrete singularities is applied to numerical simulation and modelling of quasioptical multireflector
antennas with arbitrarily amount of reflectors, open beam waveguides and flat metal plate lens antennas. For the
first time the method of discrete singularities is applied to the inverse problem for the numerical synthesis of the
reflector antenna profile by the field, which is given its near zone at a certain comparison contour. A series of
numerical experiments are carried out to build the reflector shape synthesis: to obtain a quasioptical beam splitter.
Based on the developed mathematical models of diffraction and the method of discrete singularities a software has
been developed, that can perform numerical analysis, optimisation and synthesis of mathematical models of
various multireflector antennas. The developed technique is planned to be applied in various fields of the reflector
antenna technology for effective optimization of real-life multireflector antenna systems.
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