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1. DopmyBaHHS €J1IeKTPOMAarHiTHUX M0JIiB KOMOIHOBaHMMH BiOPAaTOPHO-IIIIMHHAUMY BUIIPOMiHIOIOUMMU

CTPYKTypaMH B eJIEKTPOOMHAMIYHUX 006’'€Max 3 iMIeJaHCHUMU rPaHULSIMU

2. Formation of electromagnetic fields by combined vibrator-slot radiating structures in electrodynamic volumes
with impedance boundaries

Pedepar:

1. Incepraliito pUCBSIYEHO PO3BUTKY T€Opii KOMOIHOBaHMX Bi6PAaTOPHO-1IIMHHUX BUIIPOMIHIOIOUUX CTPYKTYP,
no6y0Bi Ppi3YHO KOPEKTHUX MAaTEMAaTUIHUX MOJIEJIel Ta yOCKOHAJIEHHIO YMCI0BO-aHAJIITUYHUX METOIiB
PO3B'sI3aHHS Bif[IOBIIHYX KPalOBUX 3a51a4y €JIEKTPOAMHAMIKH, SIKi JO3BOJISIIOTh TPOBECTU TEOPETUYHUN aHAi3
(}i3sMYHMX BIACTUBOCTEN I10J1iB 30y/I>)KEHHS! (BUIIPOMIHIOBAHHS, PO3CiSIHHS) Ta (PYHKLIOHAJIbHUX XapaKTePUCTUK
KOMOIHOBaHMX BiOPAaTOPHO-IIIMHHUX CTPYKTYP, 10 MIiCTSITh iMIIEIAHCHI BiOpaTOPHi (y 3araJbHOMY BUNAAKY 3
HEpEryJIsipHUMU FeOMETPUYHUMU U eleKTpodi3nyHNMY [TapaMeTpaMHy) Ta ILiJIMHHI BUIIPOMIHIOBaYi, a TAKOXK iX
6araToesIeMEHTHUX CUCTEM, PO3TAlIOBAHUX Y Pi3HUX €JIEKTPOAMHAMIYHUX 00'eMax 3 iMIIeJaHCHUMU IPaHULIIMU
(BKJIIOYAIOUY MTOKPUTTS 3 METaMarepiasy) Ta 3allOBHEHUX MAaTePiajIbHUM CEPENOBUILEM. 3alIPOIIOHOBAHO HOBI
aCIeKTU B PO3BUTKY TEOPii €JIEKTPMYHO TOHKMX BUNPOMIHIOBAYiB: BBEJEHO [0 €JIEKTPOINHAMIYHOTO aHai3y

€JIEKTPUYHO TOHKWX BUITPOMIHIOBa4iB HOBi MOHSTTS €(EKTUBHUX HABEJEeHUX iMITeIaHCiB eJIeKTPUIHOTO Ta



MarHiTHOTO THUIIB, IO J03BOJINIIO CHOPMYJIIOBATH CTPYMOBI iHTErpaJIbHI PiBHSIHHS 1J151 BUIIPOMiHIOBAUiB
€JIEKTPUYHOTO Ta MarHiTHOTO TUIIIB y AyalbHO-CUMETPUYHIN popmi. PO3B’13aHO 337jauy KOHCTPYKTUBHOI peartizarii
iMnefancy marHitTHoro tuiy. Po3B’s3aHo 3a5ayi 30y>)KeHHSI Ta BUTIPOMIHIOBaHHSI €J1eKTPOMAarHiTHUX I10J1iB
[IOTNIEPEYHOIO Ta NO3L0BXHbBOIO LIIJIMHAMY B MIMPOKIl CTiHI MPSIMOKYTHOTO XBUJIEBOLY, YCEPEVHI Ta 30BHI SIKOTO
PO3TalIOBaHO BiGpaTOpy (MOHOIOJII) 31 3MiHHMM Y3[J0BK HUX [TOBEPXHEBUM IMII€IJaHCOM, 3 YPaxXyBaHHSIM I1OBHO]
B3aeMOJii MiXX yciMa esleMeHTaMU BiOpaTOPHO-IIIMHHUX CTPYKTYp. BusHaueHo ymMoBU peasnisaliii koedilieHTa
BUIIPOMIHIOBAHHS CTPYKTYPU, 6JIM3bKOTO O OAMHULL, KepyBaHHS YaCTOTHUMU XapaKTePUCTUKaMU. BusnaueHo
ONTHUMAaJIbHI MapaMeTpy BUIIPOMiHIOBaya Tuly KiesiHa 3 iMIeilaHCHUMU BibpaTopamu [Ipy BUIIPOMIHIOBAaHHI y
IiBIPOCTip HaJ, HECKIHYEHHOIO [IJIOMMHOIO 171 (pOpMyBaHHS MMOJIiB i3 3alaHMU XapaKTepUCTUKaMu. BusHaueHo
po3Ioziny CTpyMiB y 6aratoesieMeHTHill KoOMOiHOBaHil L1iIMHHO-BIOpAaTOPHIN pewiTLi 3 iMIeJaHCHUMU
BUIIPOMIHIOBaYaMH, 110 NO€HYE LWIiIMHY, IPOPi3aHy y CTiHIi IPSIMOKYTHOT'O XBUJIEBOMY Ta CUCTEMY [1aCUBHUX
iMnenaHCHUX BiOpaTOpiB, PO3MillleHUX HaJ, LIiJIMHOO Y BiJIbLHOMY MiBIPOCTOpi. BusiBieHo, 1m0 Taka cuctema
I03BOJISlE OTPUMATHU Jliarpamy CIIpsIMOBaHOCTI, noniony no JC peuritku fri-Yaa npu 3abesnedeHHi 1o6poro
y3rOJPKEHHS 3 XBUJIEBIIHUM TPaKTOM. PO3B’13aH0 3aa4i 30yI)K€HHSI €JIeKTPOMAarHiTHUX I0JIiB Y XBUJIEBITHUX
3uJIeHyBaHHSIX (TpiliHMKaX) 3 BiOpaTOPHO-LIIIMHHUMU CTPYKTypaMU B 06J1aCTi 3B’13KY NPSIMOKYTHUX XBUJIEBO/IIB,
IieJIeKTpPUYHMMH BCTaBKaMU Ta iMIleJaHCHUMY TIOBEPXHSIMU. Bu3HaueHo yMoBH 306isblneHHS KoedilienTa nepenayi
3a MNOTYXXHICTIO B 6iYHUI XBUJIEBi, IIOLiNy IOTYKHOCTEN XBUJIb, 110 IPOMIIIY, ¥ 33aHOMY CIIiBBiIHOIIEHH], yMOBHU
PiBHOTO NOJiNy NOTY>XHOCTI MK XBUJIEBIIHYUMU MOJIaMU B 6iYHOMY XBUJIEBOJ] (32 YMOBU IOr0 6araToMOA0BOrO
(YHKILIOHYBaHHS) Ta MiXX yciMa (PisMYHMMU KaHaJIaMU MOy [IOTY>KHOCTI IIPU JOOPOMY Y3rOIKEHHI.
CdopmyiboBaHO 3arajibHy pe30HAHCHY YMOBY [1JIs1 XBUJIEBIIHMX 34JIEHYBaHb 3 J1i€JIEKTPUYHOIO BCTABKOIO.
Po3p’s13aH0 3aaui 30yI)KEHHS Ta BUITPOMiHIOBAaHHHS €JIEKTPOMAarHiTHUX XBUJIb By3bKOK PE30HAHCHOIO IIIJIMHOIO,
IIPOPi3aHOIO B ileasbHO MPOBiHIN cepi JOBIIBHOrO pafiyca, 30y1>)KyBaHOIO HaMliBHECKIHUEHHUM NPSIMOKYTHUM
XBUWJIEBOJIOM 3 iMIIEJAHCHUM TOPLEM; IIPSIMOKYTHAM XBUJIEBOJOM 3 OLHO- i IBOXIIIIMHHYM MPOXiTHUM
PE30HaTOPOM. Bu3Ha4€eHO, 10 PO3MIlIEHHS Y XBUJIEBIHOMY TPAKTi IIPOXiTHOTO PE30HATOPA CYTTEBO IiJIBUILYE
IOOPOTHICTb CUCTEMH, [IPY LIbOMY PE30HAHCHA KpPMBA Ma€ BEJIUKY KPYTICTb, a ii popma HabIMKaEeThCS 1O
IIPSIMOKYTHOI, HAasIBHICTb y Aiadparmi gpyroi MmijMHY IPUBOAUTD [0 3BY>KEHHSI CMYTH IIPOITyCKAHHS 3a PiBHEM
[10JIOBUHHOI IIOTY>KHOCTI BUIIPOMiHIOBaHHS 10 50 %. Po3B’13aH0 33724y (POpMyBaHHS €J1IeKTPOMarHiTHUX M0JIiB
CTPYKTYPOIO, 110 CKJIaAA€THCS 3 PE30HAHCHOI IIiJIMHY B ifjealbHO NPOBiAHIN cdepi KOBiIbHOTO pajiyca Ta JBOX
pazianbHUX iMIIEAHCHUX BibpaTopiB. BuU3HaYeHO yMOBU peaidalii BUuripominiosada tumy Kiesina Ha cepi.
PeasnizoBaHO 6araTo4acTOTHMI BUIIPOMIHIOBAY Ha OCHOBI €JIEKTPUYHO JOBIOi IiIIMHY Y BY3bKill CTiHIIi CKIHY€HHOI
TOBLIVMHU 6araTOMOJIOBOTO IIPSIMOKYTHOTO XBUJIEBOZY IPY 30yKEHHI XBUJIEBOly BUIMMU TUIIAMU XBUJIb HA Pi3HUX
4acTOTax. 3allpOIIOHOBAHO HOBUM METO[, iMIIEJaHCHOTO CUHTE3Y JiarpamMu CIPsIMOBAHOCTI BUIIPOMiHIOBaHHS
QHTEHHUX PElLIiTOK 3 iMIIeJJaHCHMMU BiOPaTOPHUMU Ta LWIITMHHUMU €JIeMEeHTaMU. Briepiie OTprMaHO aHaIiTUYHi
dopmynu 17151 AifCHOI | ySIBHOI 4aCTUH [1I0BEPXHEBUX iMII€JIaHCIB eJIeMEeHTIB PelliTOK, Ki 3a6€31e4yI0Th
(OpMyBaHHSI MAKCUMYMY JliarpaMi CIIPSIMOBAHOCTI BUITPOMIHIOBAaHHS PELIITOK B 33JaHHOMY HaIPSIMKY.
BignoBigHicTe NOOGYAOBaHUX MOie/Iel peanbHUM Bi3YHUM ITpolLecam MiATBEPA’KEHO OPiBHIHHAM 3
€KCIIEPUMEHTAJIbHUMU JAHUMHU, BiTOMUMHU 3 JITEPATyPHUX IPKEPEJ, i OPUTIHATIBHUMU PE3YJIbTaTaMU
€KCIIEPMMEHTAJIbHUX JIOCIIiIKEeHb 1151 BIOpDAaTOPHUX, IIIMHHUX | KOMOIHOBaHUX CTPYKTYyp. OTpUMaHi pe3ysbTaTy €
OCHOBOIO J|JI51 PO3POOKY i CTBOPEHHS HOBOI €JIEMEHTHOI 6231 PafiioeIeKTPOHHUX 3aCO0iB METPOBOTO i
MiKpOXBWJIbOBOTO [1ialla30HiB, SIKa JO3BOJISIE 3HAYHO PO3MMPUTH iX (QYHKIIOHAJIBHI MOXKJIMBOCTI, CIIPUITAME
BUpillIEHHIO [Tpo6JieM 3ab6e3le4eHHs eJIeKTPOMarHiTHOI CyMiCHOCTI, 3aBafi03axXMILEHOCTI, CesleK1ii CUTHAIB,
MiHiaTIopu3auii.

2. The dissertation is devoted to the development of the theory of combined vibrator-slot radiating structures,
creation of physically correct mathematical models, and improvement of numerical-analytical methods for solving
corresponding boundary value problems of electrodynamics, which allow a theoretical analysis of physical
properties of excitation fields (the radiation, scattering) and functional characteristics of combined vibrator-slot
structures containing impedance vibrators and slot radiators, as well as their multi-element systems located in
different electrodynamic volumes with impedance boundaries (including coating of metamaterial) and filled with



material. New concepts of effective induced impedances of electric and magnetic types are introduced into
electrodynamic analysis of electrically thin radiators, which allowed to formulate of current integral equations for
radiators of electric and magnetic types in dual-symmetric form. The problem of constructive realization of
maghnetic type impedance is solved. The problems of excitation and radiation of electromagnetic fields by
transverse and longitudinal slots in the wide wall of a rectangular waveguide, inside and outside of which there are
vibrators (monopoles) with variable surface impedance have been solved by taking into account the full interaction
between all elements of the vibrator-slot structures. The conditions for the realization of the radiation coefficient
of the structures close to unity and the conditions for controlling the frequency characteristics are determined.
The optimal parameters of a Klevin-type radiator with impedance vibrators when radiating into half-space over an
infinite plane for the formation of fields with given characteristics are determined. For the first time by the
generalized method of induced magnetomotive forces, the distributions of currents in a multi-element combined
slot-vibrator array with impedance radiators are determined. It was found that such a system allows one to obtain
a radiation pattern similar to the pattern of the Yagi-Uda array while ensuring good matching with the waveguide
path. The problems of excitation of electromagnetic fields in waveguide joints (tees) with vibrator-slot structures
in the area of communication, dielectric inserts and impedance surfaces were solved. The conditions for
separation of the powers of the waves in a given ratio, the conditions for equal power separation between
waveguide modes in the side waveguide (provided its multimode operation) and between all physical channels of
power-sharing with good matching were determined. The general resonance condition for waveguide joints with a
dielectric insert was formulated. The problems of excitation and radiation of electromagnetic waves by a narrow
resonant slot cut in an ideally conducting sphere of the arbitrary radius when a slot is excited by a semifinite
rectangular waveguide with impedance end wall; by a rectangular waveguide with single- and double-slot through
resonator. It is determined that the placement of the passage resonator in the waveguide path significantly
increases the quality factor of the system, while the resonance curve has a large steepness, and its shape is close to
rectangular. The presence of the second slot in the diaphragm leads to a narrowing of the bandwidth by half the
radiation power to 50%. The problem of forming electromagnetic fields by a structure consisting of a resonant slot
in an ideally conducting sphere and two radial impedance vibrators was solved. The conditions for the
implementation of a Klevin-type radiator on a sphere were determined. For the first time, a multifrequency
radiator has been implemented based on an electrically long slot in a narrow wall of finite thickness of a multimode
rectangular waveguide when the waveguide is excited by higher types of waves at different frequencies. A new
method of impedance synthesis of the radiation pattern of antenna arrays with impedance vibrator and slot
elements is proposed. For the first time, analytical formulas are obtained for the real and imaginary parts of the
surface impedances of the array elements, which ensure the formation of the radiation pattern of the array with a
maximum in the given direction. The correspondence of the constructed models to real physical processes is
confirmed by comparison with the experimental data known from the literature and the original results of
experimental studies for vibrator, slot and combined structures. The obtained results are the basis for the
development and creation of a new element base of radio-electronic means of meter and microwave ranges, which
allows to significantly expand their functionality, will contribute to solving the problems of ensuring
electromagnetic compatibility, noise immunity, signal selection, miniaturization.
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