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Consider implicit di�erential equations

d

dt
[A(t)x(t)] +B(t)x(t) = f(t, x(t)), t ≥ t+, (1)

A(t)
d

dt
x(t) +B(t)x(t) = f(t, x(t)), t ≥ t+, (2)

where t+ ≥ 0, A,B : [t+,∞) → L(Rn) and f : [t+,∞)×Rn → Rn, and the ini-
tial condition x(t0) = x0 (t0 ≥ 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 di�erential-algebraic equati-

ons (DAEs) or degenerate di�erential 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 λA(t) +B(t) (λ 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 λA(t)+B(t) is a regular
pencil of index not higher than 1, and A, B ∈ C1([t+,∞), L(Rn)). A functi-
on x ∈ C([t0, t1),Rn) is said to be a solution of the equation (1) on [t0, t1)
([t0, t1) ⊆ [t+,∞)) if the function A(t)x(t) is continuously di�erentiable on
[t0, t1) and x(t) satis�es (1) on [t0, t1). If we consider the equation (2), then
its solution x(t) has to be continuously di�erentiable on [t0, t1).

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 �nite 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 di�erential equations, Lyapunov's
second method and methods of J. La Salle and T. Yoshizawa based on it, and
time-varying spectral projectors [7].
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ÃËÎÁÀËÜÍÀ ÐÎÇÂ'ßÇÍIÑÒÜ, ÑÒIÉÊIÑÒÜ I
ÄÈÑÈÏÀÒÈÂÍIÑÒÜ ÍÅÑÒÀÖIÎÍÀÐÍÈÕ

ÍÀÏIÂËIÍIÉÍÈÕ ÄÈÔÅÐÅÍÖIÀËÜÍÎ-ÀËÃÅÁÐÀ�×ÍÈÕ
ÐIÂÍßÍÜ ÒÀ ÇÀÑÒÎÑÓÂÀÍÍß

Îòðèìàíî òåîðåìè ïðî ãëîáàëüíó ðîçâ'ÿçíiñòü, ñòiéêiñòü çà Ëàãðàí-
æåì (îáìåæåíiñòü óñiõ ðîçâ'ÿçêiâ), äèñèïàòèâíiñòü (ãðàíè÷íó îáìåæå-
íiñòü ðîçâ'ÿçêiâ) i íåñòiéêiñòü çà Ëàãðàíæåì (âiäñóòíiñòü ãëîáàëüíèõ
ðîçâ'ÿçêiâ) äëÿ íåñòàöiîíàðíèõ íàïiâëiíiéíèõ äèôåðåíöiàëüíî-àëãåáðà¨÷íèõ
ðiâíÿíü (ÄÀÐ). Êðiì òîãî, äîâåäåíî òåîðåìè ïðî ñòiéêiñòü, àñèìïòîòè-
÷íó ñòiéêiñòü i íåñòiéêiñòü çà Ëÿïóíîâèì ïîëîæåííÿ ðiâíîâàãè íåñòàöiî-
íàðíèõ íàïiâëiíiéíèõ ÄÀÐ òà ïðî ¨õ àñèìïòîòè÷íó (ïîâíó) ñòiéêiñòü. Â
ÿêîñòi çàñòîñóâàííÿ ðîçãëÿíóòî ìàòåìàòè÷íi ìîäåëi ïåâíèõ òèïiâ åëå-
êòðè÷íèõ êië.
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