Kondepeniis mogoaux ydyeHux «IlimcrpuradiBebki untanuda — 2021»
26—28 TpaBHu 2021 p., JIbBiB

YIK 517.911+517.925.51

GLOBAL SOLVABILITY, STABILITY AND
DISSIPATIVITY OF TIME-VARYING SEMILINEAR
DIFFERENTIAL-ALGEBRAIC EQUATIONS, AND
APPLICATIONS

Maria Filipkovska

B. Verkin Institute for Low Temperature Physics and Engineering of the
National Academy of Sciences of Ukraine, filipkovskaya@ilt.kharkov.ua

Consider implicit differential equations

%[A(t)x(t)] + B)x(t) = f(t,x(t),  t=ty, (1)
A(t)%x(t) + B)z(t) = f(tx(t),  t=ty, (2)

where t; >0, A, B: [t1,00) = L(R™) and f: [t},00) x R" — R", and the ini-
tial condition z(tg) = o (to > t+). We do not require the operator A(t) to be
nondegenerate. Thus, in the general case, the operator A(t) is degenerate and
therefore these equations are called time-varying differential-algebraic equati-
ons (DAEFEs) or degenerate differential equations (they are also called descri-
ptor systems). In the terminology of DAEs, equations of the form (1), (2)
are commonly referred to as semilinear. Note that the operator B(t) can also
be degenerate. The operator pencil NA(t) + B(t) (X is a complex parameter)
which corresponds to the left side (the linear part) of the DAEs (1) and (2)
is called characteristic. It is assumed that the pencil NA(¢) + B(t) is a regular
pencil of index not higher than 1, and A, B € C*([t;, ), L(R™)). A functi-
on z € C([tg,t1),R™) is said to be a solution of the equation (1) on [to, 1)
([to,t1) C [t4,00)) if the function A(¢)x(t) is continuously differentiable on
[to,t1) and z(t) satisfies (1) on [tg,t1). If we consider the equation (2), then
its solution z(t) has to be continuously differentiable on [to, ¢1).

In the present work, we obtain the theorems on the existence and uni-
queness of global solutions, the Lagrange stability (the boundedness of global
solutions), the dissipativity (the ultimate boundedness of solutions) and the
Lagrange instability (solutions have finite escape time) for the time-varying
semilinear DAEs (1), (2) [1,2]. Also, we obtain the theorems on the Lyapunov
stability, asymptotic stability, complete stability (the asymptotic stability in
the large) and the Lyapunov instability [2,3]. The Lagrange stability (the di-
ssipativity) of a DAE means the existence of global solutions for all feasible
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initial values, i.e., for all consistent initial values, and the boundedness (the
ultimate boundedness) of all solutions. Thus, in contrast to the Lyapunov
stability, the Lagrange stability and the dissipativity of a DAE can be vi-
ewed, in a certain sense, as the stability of the entire DAE (i.e., the stability
of all its solutions), not just of a separate solution analyzed for stability.

DAEs of the form (1), (2) are used to describe mathematical models in
control theory, radio electronics, robotics, economics, ecology and chemical
kinetics (see, e.g., [4-6]). The application of the theorems obtained in the
present work to the study of certain mathematical models of electrical circuits
with nonlinear and time-varying elements are discussed (the mathematical
models are considered in [2,3]).

In the present work, we employ the Barbashin-Krasovskii theorem on
the complete stability of explicit ordinary differential equations, Lyapunov’s
second method and methods of J. La Salle and T. Yoshizawa based on it, and
time-varying spectral projectors [7].

The work was partially supported by the NAS of Ukraine (project 0119U102376
“Qualitative, asymptotic and numerical analysis of various classes of differenti-
al equations and dynamical systems, their classification, and practical appli-
cation”).
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TJIOBAJIBHA PO3B’A3HICTh, CTIMKICTD I
JNCUITATUBHICTD HECTAIIIOHAPHUX
HAIIBJIIHINHUX TU®EPEHIIIAJIBHO-AJITEBPATYHIX
PIBHAHD TA BACTOCYBAHHZA

Ompumaro meopemu npo 2a00aAbHY PO36°a3Hicmb, cmilxicms 3a Jlazpan-
atcem (obmestcenicms Yciz pose’askis), Oucunamuenicms (zpanuuny obmesice-
HiCMb Po36°a3kie) i mecmiltikicmv 3a Jlazpanocem (8idcymmicms 2406aAbHUT
PO36°A3KI8) OAA HECMAUIOHAPHUT HANIBATHITHUL JuPePeryianbHo-aa2e0PaivHUT
pienans (JAP). Kpim mozo, dosedero meopemu npo cmitikicmo, aCuUMNMomu-
YHY CMITKICMD ¢ Hecmitkicms 3a JIANYHOBUM NOAOHCEHHA PIBHOBA2Y, HECTNAYLO-
HAPHUT Hanieainitnus JAP ma npo iz acumnmomuyny (noewy) cmitixicmv. B
AKOCME 30CMOCYBAHHA PO32AAHYMO MAMEMAMUNHE MOOEAT NEBHUT MUNIE ele-
KMPUYHUT KA.
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