O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 0421U100346
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peectpauii: 24-02-2021

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. YepHoB Aptem CeprifioBud

2. Chernov Artem Serhiyovych

KBasmigikamis:

InenTudikarop ORCID ID: He 3acrocosyerbcs
Bup, pucepranii: kanguzaar Hayk
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HayKoBOi cneniaJIbHOCTI: 05.27.01

Ha3Ba HayKoBOIi CIeniaJIbHOCTI: TBepoTiibHA €IEKTPOHIKA

T'anyss / ramysi 3HaHB. He 3aCTOCOBYETHCS

OcBiTHBO-HayKOBa Mporpama 3i creniaJbHOCTI: He 3acTocoByeTbCs

Jara 3axucTy: 23-02-2021

CrneniasbHICTh 3a OCBITOIO: diznyHa Ta 6ioMeINYHA €JIEKTPOHIKA

Micue po6otu 3,qo6yBaqa: HanjionasnpHui TeXHIYHUI YHIBEPCUTET YKpaiHU "KniBCbKUM MO TEXHIYHUN

iHcTuTyT imeHi Irops Cikopcbkoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekt [lepemoru, 6ya. 37, M. Kui, KuiBcbka 0611, 03056, Ykpaina

dopma ByracHOCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBiTH i HayKu YKpaiHu

InenTudgikarop ROR: He zacrocosyerscs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
Iudp cnenianizoBaHoi BYU€HOI pagH (pa30Boi creniaai3oBaHOl BYEHOI paju). [l 26.002.08

ITloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: [pomazicbka OpraHizalis opratisallis BeTepaHis Ta
BUTTYCKHUKIB [HCTUTYTy €HEpPro36epexeHHs Ta EHEProMeHePKMEHTY HallioHaIbHOTO TEXHIYHOTO YHIBEPCUTETY

Ykpainu "KuiBcbkuii nnostitexHivHuM iHcTUTYT iMeHi Iropsa Cikopcbkoro”

Kopg 3a €IPIIOY: 43329767

Micue3HaxoaKeHHS: ByJI. Bopuarisenka, 6y, 115, kopryc 22, ka6. 201, m. Kuis, Kuiscbka 0611, 03056, Ykpaina
dopma ByracHOCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

IV. BizomocTi nIpo niznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuit TexHiuyHuil yHiBepcuteT Ykpainn "KuiBchKuit

NOJIiTeXHIYHM iHCTUTYT iMeHi Iropst Cikopcbkoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekt [lepemoruy, 6ya. 37, M. KuiB, KuiBcbka 0671, 03056, Ykpaina
dopma ByracHOCTI:

Cdepa ynpaBitiHHS: MiHictepcTBo OCBiTH i HayKu YKpaiHu

InenTudgikarop ROR: He zacrocosyerscs

V. BimoMocTi npo guceprariio
MoBga guceprariii:
Koau TemaTHYHHUX PYOPHK: 47.45

Tema gucepranii:
1. IlepenamToByBaHi pe€30HAHCHI €JIEMEHTH HA OCHOBI KOIJIAHAPHYX JIiHIN nlepepadi
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Pedepar:

1. InceprauiiiHa po60Ta NpUCBSIYEHA JOCTIIKEHHIO METOly MIKPOMEXaHIYHOTO MepesIaliTyBaHHS YaCTOTHUX
XapaKTepPUCTUK PE30HAHCHUX €JIeMEHTIB Ha OCHOBI KOIJIAaHAPHUX Ta LIIIMHHUX JIiHIH, 110 6a3yeThCsl HA 3MiHI
PO3NOiNy €JIEKTPOMArHiTHOrO II0JIS B JIiHIi BHAC/IIOK BEPTUKAIBHOTO IEPEMIIEHHS CKIIa[0BUX YaCTHH JIiHil.
Heo06xinHi nepeMilieHHs CKIafaloTh TeCATKU MIKPOMETPIB Ta JO3BOJISIIOTh AOCATTU 10 60% i Oinbile miana3zoHy
nepeJialiTyBaHHS €(peKTUBHOI 1ieIeKTPUYHOI IPOHUKHOCTI. 3allpOIIOHOBAHO METOY PO3PaXyHKy e(eKTUBHO]
IlieJIEeKTPUYHOI IPOHUKHOCTI, BTPAT €JIEKTPOMAarHiTHOI €Heprii Ta XapaKTepUCTUYHOTO OIOPY KOIJIAHAPHUX Ta
IIITMHHUX JIiHIH, SIKi He MaloTb 0OMEXXEHHS 111070 TeOMETPUYHOI POPMHU Ta e1eKTPOodi3NYHUX [TapaMeTpiB JIiHil.
BcTaHOBJIEHO 3aKOHOMIPHOCTI BIIJIMBY FEOMETPUYHUX T €JIEKTPOPI3NYHNUX MapaMeTPiB JIiHil Ha 3MiHY Jiara3oHy

nepeJlaliTyBaHHS Ta YyTJIMBOCTI 3MiHU eDeKTUBHOI JiesIeKTpUYHOi IPOHUKHOCT] KOIJIAaHAPHUX Ta LIIJIMHHUX JIiHil



IO IIepeMillleHb, AKi JO3BOJIAITH ONITUMI3yBaTU IIPOEKTYBaHHS IIPUCTPOIB Ha iX OCHOBI. [IokasaHo, 1m0
3aIpONOHOBAHUI METOJ, ITepeJIallITyBaHHSI HE BHOCUTD JOJATKOBUX BTpaT. [IpeCcTaBieHo CTPYKTYpH LIeiPOBUX
PE30HATOPIB Ha OCHOBI IIIMHHUX Ta KOIJIAHAPHUX JIiHIM, Ki BKJIIIOYEHO B KOIJIaHAPHY JIiHIIO Ilepeadi, 3
MOJKJIMBICTIO MiKPOMEXaHIYHOTO IepelallTyBaHH 31 3MiHOIO pe30oHaHCHOI yacTtoTu A0 80%. Ha ocHOBI Teopii Kin 3
PO3NOAIIEHMMU NIapaMeTPaMU 3aIIPOIIOHOBAHO CXEMHI MOJI€JIi PE30HATOPIB, AKi NO3BOJISAIOTL 3HAYHO IIPUCKOPUTH

PO3paxyHKH iX 4aCTOTHUX XapaKTePUCTUK.

2. The thesis is devoted to the research of methods for the micromechanical tuning of resonant elements based on
the coplanar and slot lines and establishment of the resonant elements’ geometrical and electrophysical
parameters influence on their frequency and energy characteristics during tuning. The micromechanical tuning
stands out from other tuning methods due to wide tuning range, high Q-factor and absence of additional losses
during tuning. The presented tuning method is realized by lifting either signal electrode or dielectric plate above
the substrate for the coplanar line and dielectric or metal plate above the electrodes for the slot line. This leads to
the redistribution of the electromagnetic field in the line, change of which, due to its complexity, was described by
using effective dielectric permittivity and characteristic impedance. These parameters determine the wavelength
in the line and relation between the electric and magnetic field amplitudes, respectively. The methods for
computation of the coplanar and slot line’s equivalent parameters and losses were proposed. The proposed
methods are based on the reduction of the system of Maxwell's equations to a homogeneous Poisson equation, in
case of the TEM-mode of the coplanar line, or to the problem of eigenvalues and eigenvectors in case of the TE-
mode of the slot line. The obtained problem was solved by two-dimensional finite element method applied to the
cross-section of the line. The reliability of the proposed methods is confirmed by good agreement with
experimental and well-known literature data. The presented methods have no restrictions on the electrophysical
parameters or shape of the line's components and can be used to analyze the change in effective dielectric
permittivity, losses and characteristic impedance of the micro mechanically tunable coplanar and slot lines. The
proposed tuning method allows achieving the effective dielectric permittivity’s change of more than 60% for the
displacements of tens micrometres. The ways to reduce required displacements and increase tuning range by
changing the line’s electrophysical and geometrical parameters were established. The criteria for choosing a better
tuning method for the coplanar lines depending on the line's geometrical parameters was shown. It was shown
that this method doesn'’t bring additional losses during tuning, moreover, the losses caused by dielectric and
metallic parts of the line decrease with the growth of the distance between the substrate and line’s movable parts.
The structures of the tunable resonators based on the slot and coplanar lines are presented. The slot line etched in
the ground electrode of the coplanar was considered as a short-ended stub serially plugged in the line’s ground
electrode forming a slot resonator. The resonant frequency of the slot resonator depends on its size and
equivalent parameters, changing which allows obtaining tunable resonator. Tuning of the effective dielectric
permittivity of the slot resonator is realized by moving dielectric or metal plates above the resonator’s electrodes.
The structure of the coplanar line based tunable stub resonator was shown. Frequency tuning of the proposed stub
resonator is achieved by lifting the dielectric plate above the stub electrodes. Both types of tunable resonators
provide up to 80% resonant frequency tuning range with no distortion in frequency characteristics during tuning
for the displacement of less than 100 micrometres. The ways to increase the tuning range are similar to ones for
the effective dielectric permittivity of the tunable slot and coplanar lines. The use of the tunable slot resonators for
the creation of a tunable antenna is presented. Slot resonators are etched in the ground electrode of the antenna’s
feeder line and act as a filter. Changing filter’s frequency characteristic is realized by moving metal surfaces
deposited on the dielectric plate above the slot resonators that leads to the shift of the antenna’s operating
frequency. The strip of ionic polymer metal composite with low control voltage was used for the change of the
position of the dielectric plate with metal surfaces. The frequency shift of the proposed tunable antenna is 130%
with stable radiation pattern.
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