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Pedepar:

1. Incepraniiina po60Ta IpUCBIYeHa PO3POOJIEHHIO CIIOCO6iB MiKDOMEXaHIYHOTO IIepelalTyBaHHS PO60YOi
YaCTOTH Hi€JIEKTPUYHUX PE30OHATOPHUX TA MIKDOCMYKKOBUX aHTEHHUX €JIEMEHTIB, 110 OCHOBaHI Ha MePEePO3NOIii
€JIEKTPOMArHiTHOTO 110JIs1 BHACJIITOK MIKpOIIEpEMIllleHb CKIIaZ0OBUX YaCTUH PE30HATOPIB Ta, HA BiIMiHY Bif
icHy104MX CIIOCO6iB, 326€31e4yI0Th NTepeIallTyBaHHS YacTOTH B HianasoHi 1o 30 BigCOTKiB 6e3 BHeCEHHS
IOOATKOBUX NUCUINIATUBHUX BTPAT €JIEKTPOMArHiTHOI eHeprii. Ha BiIMiHy Bif €1€EKTpUYHMX, MATHITHUX i ONTUYHUX
CII0CO0iB NepesalliTyBaHHsl, MIKpOMEXaHiYHUi CIIOCiO He BHOCUTD IOJATKOBUX BTPAT Ta BiJIPi3HSETHCS MIUPOKUM

Iialla30HOM IepeJIaliTyBaHHs. BCTaHOBIEHO 3aKOHOMIPHOCTI BIJIMBY €JIEKTPOQI3UYHUX Ta TEOMETPUYHUX



rapameTpiB aHTEHHUX €JIEMEHTIB Ha YaCTOTHI, EHePreTUYHi Ta BUIIPOMIHIOBAJIbHI XapaKTEPUCTUKY aHTEH, a TAKOXK
cpopMyIbOBAHO YMOBH IiABUILIEHHS YYTIMBOCTI pO60Y0i YaCTOTU [0 [lepeMillieHb Ta PO3LIMPEHHS Jialla3oHy
nepeJlaliTyBaHHS 4acTOT. Ha OCHOBI aHa/iTUYHOTO PO3B’SI3KY €JIeKTPOAMHAMIYHOI 3a71a4i [J151 OHOBUMIPHO]
IieJIEKTPUYHOI HEOQHOPIAHOCTI BCTAHOBJIEHO 3aKOHOMIPHOCTI IlepeslaliTyBaHHS PE30HAHCHOI 4aCTOTH 3a PaXyHOK
IepeMillleHHS CKJIaJlOBUX YaCTUH [IieJIEKTPUYHOIO pe30HaTopa. BcTaHOBIIEH] 3aKOHOMIPHOCTI y3arajabHEHO
TEOPETUYHUMU Ta €KCIIEPUMEHTIIbHUMY JOCJIIKEHHIMU TPUBUMIPDHUX Ji€JIEKTPUYHUX PE30HAHCHUX CTPYKTYp. Ha
OCHOBI T€OPii KiJI 3 pO3NOAIIEHMMU IIapaMETPaMU 3aIIPOIIOHOBAHO CXEMHY MOZEJIb MIKDOCMYKKOBOT'O PE30HATOPA,
BKJIIOYEHOTO $K KiHIleB€ HAaBAaHTAXEHHS JIiHii, 10 CIIPOIy€e MPOLLEC IPOEKTYBAHHS AHTEHHOTO €JIEMEHTA Ta
onTuMmisalii 1oro xapakTepucTuk. Kyio4yoBi cj10Ba: MiKpOXBUJILOBUI AHTEHHUN €JIEMEHT, MiKpOMeXaHiuHe
nepesamTyBaHH pO60Y0i YaCTUTH, Ji€JIEKTPUYHUI PE30HATOP, MIKDOCMYKKOBUI PE€30HATOD, €(PEKTHBHA

IieJIEKTPUYHA ITPOHUKHICTb.

2. The thesis is devoted to the development of methods of micromechanical tuning of the antenna elements
operating frequency on the basis of dielectric resonators and microstrip lines and to establish dependencies of
influence of electrophysical and geometric parameters of antenna elements on the frequency, energy and
radiation characteristics of antennas. Unlike electrical, magnetic and optical tunable methods, the
micromechanical method does not introduce additional losses, has a wide tuning range, and allow combining the
advantages of electrical and mechanical methods using modern electric actuators. To determine the features of
micromechanical tuning of dielectric resonators, a system of two parallel infinite dielectric plates with an air gap
between them is considered, which is the simplest dielectric resonance structure suitable for electromechanical
control using electric actuators. The electrodynamic problem for one-dimensional dielectric heterogeneity is
solved analytically in terms LM- and LE-modes using the method of partial domains. The problem is reduced to
the problem of eigenvalues and eigenvectors. Eigenvalues determine the resonant frequencies of the
corresponding types of oscillations, and eigenvectors determine the amplitudes of the electromagnetic field
components in partial regions. The dependencies of resonance frequency tuning due to the displacement of
composite parts of the dielectric resonator are established. Based on the analysis of the influence of
electrophysical and geometrical parameters on the frequency and energy characteristics of the resonator, the
con-ditions for increasing the resonance frequency sensitivity to displacements and broadening the frequency
tuning range are formulated. The established dependencies are generalized by theoretical and experimental
studies of three-dimensional dielectric resonance structures. The relation between the tuning range and the
sensitivity of the resonant frequency change to the micro-displacements of the signal electrode from the
parameters of the microstrip resonator turned on as the final load of the microstrip line is established. Based on
the theory of distributed circuits, a circuit model of a microstrip resonator is proposed. The parameters of the
circuit model components are obtained solving the electrodynamic problem by the two-dimensional finite element
method. The circuit model analysis results are in good agreement with obtained based on a rigorous elec-
trodynamic model and solved by the three-dimensional finite element method. The circuit model simplifies the
process of designing an antenna element based on such resonator and optimizes its characteristics. The
investigation of energy and radiation characteristics of dielectric resonator and microstrip antennas shows non-
degradation of characteristics while operating frequency tuning. The radiation efficiency of antenna elements
increases while the increase in the thickness of the air gap between the parts of the tunable resonant elements due
to an increase in the unloaded Q-factor of the structure because of the redistribution of the electromagnetic field
energy in favor of an air gap where are practically no losses. Since the input impedance of the radiating element
changes while tuning the operating frequency of the antennas, this can lead to the mismatch of the radiating
element with the exciting feeder and an increase in reflective losses. However, given the radiation ef-ficiency
increase while the operating frequency tuning, the allowable total antenna efficiency can be ensured over a wider
operating frequencies range. The method of finding the optimal width of the antenna feeder, which provides
minimal reflective losses in a given tuning range, is proposed. It is shown that the distribution of the
electromagnetic field in the far-field area remains almost the same while tuning the operating frequency of the
antenna elements, and a slight change in the radiation pattern is caused solely by some increase in the gain, which



is determined by the radiation efficiency. Key words: microwave antenna element, micromechanical frequency
tuning, dielectric resonator, microstrip resonator, effective dielectric permittivity.
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