O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 0416U001122
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peectpaunii: 21-01-2016

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. ®dininkoBcbka Mapis CepriiBHa

2. Filipkovska Mariia Serhiivna

KBasmigikamis:

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

IIIndp HayKoBOi cneniaabHOCTI: 01.05.02

Ha3Ba HayKoBOIi CIeniaJIbHOCTI: MaremaTyHe MOJIEMIOBAHHS Ta 06YMCIIIOBATIbHI METOIM

T'anyss / ramysi 3HaHB. He 3aCTOCOBYETHCS

OcBiTHBO-HayKOBa Mporpama 3i creniaJbHOCTI: He 3acTocoByeTbCs

JlaTa 3axHcCTy: 29-12-2015
CreniaJbHICTh 32 OCBiTOIO: 8.04030101
Micue po6oTu 3400yBayva:

Kopg 3a €1PIIOY:
Micue3HaxoaKeHHS:

dopma BaacHOCTI:

Cdepa ynpaBiiHHs:

ImenTudikarop ROR: He zacrocoyerbcs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

Iudp cnenianizoBaHoi BYEHOI pagH (Pa30Boi CIeliaJi30BaHOi BYEHOI pagu): [ 64.052.02
IloBHe HaiMeHYBaHHSI IOPHUAHUYHOI OCOOHM: XapKiBChbKUIl HALIOHAJIBHMIT YHIBEDCUTET PaliOEIEKTPOHIKH
Kopg 3a € IPIIOY: 02071197

Micue3HaxoaKeHHS: npocnekt Hayku, 14, m. Xapkis, XapkiBcbKuii p-H., XapKiBcbka 0671, 61166, Ykpaina
dopma ByracHoCTI:

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

IV. BimomocTi Ipo niznpueMcTBO, YCTaHOBY, OpraHi3alliio, B sIKi# 0yJ10

BHKOHAHO JHCEPTaIlilo

IloBHe HaﬁMeHyBaHHﬂ IOPUIHUYHOL 0CO0M: XapkiBchbKuil HallioHaIbHUI YHiBepcuTeT iMeni B.H. Kapasina
Kopg 3a €IPIIOY: 02071205

Micue3HaxoaKeHHS: Ykpaina, 61022, m. Xapkis, maiinan CBo6oau,4

dopma ByracHOCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

V. BizomocTi npo gucepraniio
MoBga guceprariii:
Koau TeMaTHYHHUX PYyOPHK: 27.35

Tema gucepranii:

1. 'nobanbHa po3B'sa3HICTh AUbeEpeHIianbHO-anre6paiyHuX piBHSIHb Ta MAaTEMATUYHE MOJEJIIOBAaHHS TUHAMIKU
HEJIIHIMHUX PafiOTEXHIYHUX KiJl

2. Global solvability of differential-algebraic equations and mathematical modelling of the dynamics of nonlinear
radio engineering circuits

Pedepar:

1. O6'eKT moCiIpKEHHS - HaliBJIiHINHI JU(epeHLianbHO-anre6paiyHi piBHSHHS Ta MaTeMaTU4YHi MOJeJli HeJliHIMHUX
palioTeXHIYHUX Kijl. MeTOI0 AOCTiIKEHHS € OTPUMAHHS YMOB I7100aJIbHOI PO3B'SI3HOCTI, CTIIKOCTI Ta HECTIIKOCTI 3a
Jlarpankem HamiBJiHIAHUX gudepeHLianbHO-anredpaidyHuxX piBHIHb 6€3 BUKOPUCTaHHS [TI00QJIbHUX YMOB
Jlinmuus, po3pobka YUCEIBHOrO METOY iX PO3B'si3aHHS Ha OyAb-SKOMY 33JJaHOMY BifIpi3Ky Yacy; AOCIiIPKEHHS
r7106a71bHOI TUHAMIKY MaTEMAaTUYHUX MOJeJIEN HeNiHIMHUX PafioTEXHIYHUX Kijl. MeTOAM LOCHII>)KEHHS - METO[,
IIPOJIOBKEHHSI PO3B'SI3KiB 3 BUKOPUCTAHHIM AaudepeHIianbHux HepiBHOCTeH i PyHKLii Tuny JlsnyHoBa Ta Jla-Cans,
TEOpPEeMU IIPOo HesIBHY (PYHKIIIIO, ClielliayibHi 6J10KOBi 300paskeHHS CUHTYJISIPHOTO OIIEPATOPHOIO XXKMYyTKa Ta Oro
KOMIIOHEHT, METOJ, CIIEKTPaJIbHUX NIPOEKTOPiB Tuly Pica, MeTonn nobynoBu pisHULEBUX cxeM. OCHOBHUMU
TEOPETUYHMMU Pe3yJbTaTaMU € OTPUMaHi YMOBU OJIHO3HAYHOI I7106aIbHOI PO3B'SI3HOCTI Ta CTiMKOCTI 3a Jlarpanxxem

HaIBIiHIMHUX gudepeHIiabHO-anredbpaiyHux PiBHIHD i pO3POOJIEHUI YUCEbHUN METO]T PO3B'I3aHHS



HamniBiliHiliHOTO HUdepeHLianbHO-anre6paidyHoro piBHsAHHSA (JAP). OCHOBHUMU MPaKTUYHUMU Pe3yJIbTaTaMU €
OTPUMaHi yMOBH IJIa[IKOI IeTepMiHOBaHOi €BOJIIOL{i Ta OOMEXXEHOCT] CTaHiB MaTeMaTUYHUX Moesiel HesliHInHNX
pazioTexHiUYHUX Kijl HA HECKIHUEeHHOMY iHTepBali yacy. HaykoBa HOBU3HA OTpUMaHUX pe3yJibTaTiB. Habys
[OAJIBLIIOTO PO3BUTKY METO]], IPOJOBXXEHHS PO3B'SI3KiB 3BUYAHOTO A1(epeHLiaNIbHOTO PiBHSIHHS 3
BUKOPUCTAHHAM IOudepeHLiaTbHUX HepiBHOCTeN i PpyHKLiN Tuny JlanyHosa Ta Jla-Cass, 0 403BOJIsI€ 0CIa0UTH
0OME>KeHHSI Ha HeJIiHiIMHY YaCTUHY PiBHSIHHS. 3allpOIIOHOBAHO HOBY 0JIOKOBY CTPYKTYPY OllepaTOpHUX KoedilieHTiB
CHHTYJISIPHUX HaniBiHiIHUX JAP, siKa 103B0JIsSIE 3B€CTU BUXIiJIHE PiBHSIHHS IO CUCTEMHU i3 CyTO AudepeHIiabHUX
Ta CyTO anre6paiyHux piBHSIHL. OTPUMAHO HOBi TEOPEMU iCHYBAHHS Ta €JUHOCTI I7106a7IbHOTO PO3B'SI3KY
3BHYaiHOrO nudepeHLiaJbHOTO PiBHSHHS Ta HaMiBiiHIHUX JAP 3 peryispHuM i CUHTYJIIpHUM
XapaKTEePUCTUYHUMU )KMYTKaMH, y TOMY YUCJIi TEOPEMH, 5Ki BpaXxOBYIOTh crieliiuHi BJaCTUBOCT] PiBHSIHb.
Teopemu He MiCTSATb OOMEXEHD TUILY I7100a/IbHOI yMOBU JIiMMuKLIS, IO JO3BOJISIE OTPUMYBATHA YMOBH IJI06AJIbHO]
PO3B'SI3HOCTI PiBHSIHb JMHAMIKU 117151 Gi/IbII IIMPOKUX KJIaciB MPUKJIAAHMX 33a1a4. Briepiie oTpuMaHo TeopemMHu Ipo
CTIiMKICTb Ta HECTINKICTb 3a JlarpaH>keM HariBIiHINHUX JIAP 3 PerysipHUM i CUHTYJISIPHUM XapaKTePUCTUYHUMU
JKMYTKaMH, SIKi Jal0Thb YMOBM iCHYBaHHS Ta €IMHOCTI 06MEKEHOTO I7106aJIbHOTO PO3B'SA3KY i PO3B'SA3KY 3i CKIHYEHUM
yacoM BU3HauYeHHS. Po3po6sieHo HOBUIL YMCebHUI METO], 3HaXOI)KEHHS PO3B'sI3KiB HaniBiHiliHOro JJAP Ha 6ynb-
SIKOMY 3aJJaHOMY BifIpi3Ky 4acy 3 ypaXyBaHHSIM OTPMMAaHHUX YMOB iCHYBaHHSI Ta €JUHOCTI I7106aJIbHOTO PO3B'SI3KY.
PesynbTaTu guceprauifiHoi poOOTH BUKOPUCTAHO Y HAYKOBO-JIOCIiIHIN pOo6OTi "AHai3 €BOJIIOLINHUX 3a/1a4 3
piBHsiHHsAMU TUIY Co60oseBa” (N2 IP 0111U010369, 2012-2014 pp.) Ta BIPOBAIpyKEHO y HAaBYaJIbHUI IPOLIEC
XapKiBCBKOr0 HalliOHaJIbHOTO YHiBepcuTeTy iM. B.H. Kapasina (akt BrpoBazpkeHHs Bif 27.05.2015). ['any3b
BHUKOPHCTaHHS - €KOHOMIKa, MeXaHiKa, Teopisl KepyBaHHS, pafioTexHika, po6oToTexHika Ta iHi ranysi HayKu i
TEXHiKH, [, BUKOPMCTOBYIOTbCSI MAaTEMAaTUYHI MOJIeJli 3 HaNiBiHIMHUMEU nudepeHlianbHO-anredpaiuHuMu

PIBHSAHHAMU.

2. The object of research is semilinear differential-algebraic equations and mathematical models of nonlinear radio
engineering circuits. The purpose of research is obtaining conditions of the global solvability, the Lagrange
stability and instability of semilinear differential-algebraic equations without using global Lipschitz conditions,
development of the numerical method for solving them on any given period of time and study of the global
dynamics of the mathematical models of nonlinear radio engineering circuits. The methods of research are the
extending solution method with the use of differential inequalities and the functions of Lyapunov and La Salle type,
implicit function theorems, the special block representations of a singular operator pencil and its components, the
method of spectral Riesz projectors, methods for constructing difference schemes. The main theoretical results
are the obtained conditions of the unique global solvability and the Lagrange stability of semilinear differential-
algebraic equations (DAEs) and the developed numerical method for solving the semilinear differential-algebraic
equation (DAE). The main practical results are the obtained conditions of the smooth determinate evolution and
boundedness of the states for the mathematical models of nonlinear radio engineering circuits on an infinite time
interval. Scientific novelty of the results. The extending solution method for an ordinary differential equation with
the use of differential inequalities and the functions of Lyapunov and La Salle type has been further developed that
allowed to weaken the restrictions on the nonlinear part of the equation. The new block structure of the operator
coefficients of singular semilinear DAEs, which allows to reduce the original equation to the system of purely
differential and purely algebraic equations, is proposed. The new theorems on the existence and the uniqueness of
global solutions for an ordinary differential equation and semilinear DAEs with regular and singular characteristic
pencils, including theorems, which take into account the specificity of the equations, are obtained. The theorems
contains no constraints of the global Lipschitz condition type that allows to obtain the conditions for the global
solvability of dynamic equations for wider classes of applied problems. The theorems on the Lagrange stability and
instability of semilinear DAEs with regular and singular characteristic pencils are obtained for the first time. These
theorems give the conditions of the existence and the uniqueness of the bounded global solution and the solution
with finite escape time. The new numerical method for finding the solutions of the semilinear DAE on any given
period of time taking into account the obtained conditions of the existence and the uniqueness of the global
solution is developed. The results of the thesis have been used in the scientific research work "Analysis of evolution



problems with the equations of Sobolev type" (State registration number 0111U010369, 2012-2014) and have been
introduced into the educational process of V.N. Karazin Kharkiv National University (the act of introduction of
27/05/2015). Fields of application are economics, mechanics, control theory, radio engineering, robotics and other
fields of science and engineering in which mathematical models with semilinear differential-algebraic equations
are used.
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