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Mathematical description of the phenomena and processes of the nature is often carried out with
this or that degree of error. Such errors lead to the fact that the mathematical model not rather fully
re�ects all qualities of studied processes. Desire to eliminate this de�ciency contributed to development
of a new scienti�c direction in the modern control theory, which acquires the increasing relevance and a
demand in practice now. Within this direction of an error of modeling caused by the reasons of various
type are considered directly in the most mathematical model by introduction of interval parameters
with set lower and upper bounds. Such approach to a problem allows to judge existence of these or
those qualities of the studied phenomenon or process in conditions, so-called, parametrical uncertainty.
The most developed in sense of richness of ideas and methods of property research in conditions of
parametrical uncertainty there was a class of linear mathematical models to which the most part of
scienti�c works in this area is devoted. However, in practice there are cases when it is impossible to
be limited to consideration only of linear mathematical models. On the other hand, today the arsenal
of methods for studying dynamical qualities of processes described by nonlinear mathematical model
with unknown parameters are presented extremely sparingly in current scienti�c work. In this regard
special relevance is acquired by problems of development new and existing methods of quality research
of nonlinear dynamic models of processes in the conditions of parametrical uncertainty.

Studying the properties of nonlinear dynamic systems with unknown parameters interval type is
of great scienti�c interest. Many of the issues relating to the investigation of the stability of non-
linear interval dynamic systems de�ned in the state space are still open. In this paper we consider
the nonlinearity of sector type. Research problems of dynamic systems with nonlinearity of sector
type, mathematical models are accurately known goes back to the works A. I. Lure, and Popov's and
consists of two interrelated areas of the modern theory of absolute stability. The presence of interval
uncertainty has given rise to a new round of the relevance of research tasks A. I. Lure nonlinear systems
with unknown parameters. For example, obtained by modifying the frequency robust stability criteria
absolute uncertainty in the linear part of the system. In contrast to this work, in which the linear part
is given in the form of a family of polynomials, the greatest interest in this area is the study of nonlinear
systems de�ned in the state space. In other work using the Lyapunov�Krasovskii functional, su�cient
conditions for the absolute stability of interval nonlinear systems with delay in state and nonlinearity
of sector type.

The development of Lyapunov's direct method, successfully proven in solving many problems of
control theory, a class of interval-speci�ed objects leads to the necessity of the study of solution sets
of interval matrix Lyapunov equations, Sylvester. The complexity of the mathematical description of
such sets leads to an exponential growth in computing costs in solving the problems of control theory.
However, in most cases in practice it su�ces to consider the outer or inner interval estimates of these
sets.

In this paper, based on the direct method of Lyapunov, an algebraic criterion for absolute stability
of zero equilibrium position interval dynamic system with vector nonlinearity of sector type is proposed.
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Ðàçâèòèå ïðÿìîãî ìåòîäà Ëÿïóíîâà, óñïåøíî çàðåêîìåíäîâàâøåãî ñåáÿ ïðè ðåøåíèè ìíîãèõ
çàäà÷ òåîðèè óïðàâëåíèÿ, íà êëàññ èíòåðâàëüíî-çàäàííûõ îáúåêòîâ ïðèâîäèò ê íåîáõîäèìîñòè
èññëåäîâàíèÿ ìíîæåñòâ ðåøåíèé èíòåðâàëüíûõ ìàòðè÷íûõ óðàâíåíèé Ëÿïóíîâà, Ñèëüâåñòðà.
Ñëîæíîñòü ìàòåìàòè÷åñêîãî îïèñàíèÿ òàêèõ ìíîæåñòâ ïðèâîäèò ê ýêñïîíåíöèàëüíîìó ðîñòó
âû÷èñëèòåëüíûõ çàòðàò ïðè ðåøåíèè ïîñòàâëåííûõ çàäà÷ òåîðèè óïðàâëåíèÿ. Îäíàêî â áîëü-
øèíñòâå ñëó÷àåâ íà ïðàêòèêå äîñòàòî÷íî îãðàíè÷èòüñÿ ðàññìîòðåíèåì âíåøíèõ ëèáî âíóò-
ðåííèõ èíòåðâàëüíûõ îöåíîê ýòèõ ìíîæåñòâ. Â ñòàòüå íà îñíîâå ïðÿìîãî ìåòîäà Ëÿïóíîâà
ïðåäëîæåí àëãåáðàè÷åñêèé êðèòåðèé àáñîëþòíîé óñòîé÷èâîñòè íóëåâîãî ïîëîæåíèÿ ðàâíîâå-
ñèÿ èíòåðâàëüíîé äèíàìè÷åñêîé ñèñòåìû ñ âåêòîðíîé íåëèíåéíîñòüþ ñåêòîðíîãî òèïà.

Êëþ÷åâûå ñëîâà: íåòî÷íûå äàííûå, óñòîé÷èâîñòü äèíàìè÷åñêîé ñèñòåìû, äîïóñòèìîå
ìíîæåñòâî ðåøåíèé.

Ââåäåíèå. Ìàòåìàòè÷åñêîå îïèñàíèå ÿâëåíèé è ïðîöåññîâ ïðèðîäû ÷àùå âñåãî îñó-
ùåñòâëÿåòñÿ ñ òîé èëè èíîé äîëåé ïîãðåøíîñòè. Òàêèå ïîãðåøíîñòè ïðèâîäÿò ê òîìó, ÷òî
ìàòåìàòè÷åñêàÿ ìîäåëü íåäîñòàòî÷íî ïîëíî îòðàæàåò âñå ñâîéñòâà èññëåäóåìûõ ïðîöåñ-
ñîâ. Æåëàíèå óñòðàíèòü ýòîò íåäîñòàòîê ñïîñîáñòâîâàëî ðàçâèòèþ íîâîãî íàó÷íîãî íà-
ïðàâëåíèÿ â ñîâðåìåííîé òåîðèè óïðàâëåíèÿ, êîòîðîå ïðèîáðåòàåò â íàñòîÿùåå âðåìÿ âñå
áîëüøóþ àêòóàëüíîñòü è âîññòðåáîâàííîñòü íà ïðàêòèêå. Â ðàìêàõ äàííîãî íàïðàâëåíèÿ
ïîãðåøíîñòè ìîäåëèðîâàíèÿ, îáóñëîâëåííûå ïðè÷èíàìè ðàçëè÷íîãî òèïà, ó÷èòûâàþòñÿ
íåïîñðåäñòâåííî â ñàìîé ìàòåìàòè÷åñêîé ìîäåëè ïóòåì ââåäåíèÿ èíòåðâàëüíûõ ïàðàìåò-
ðîâ ñ çàäàííûìè íèæíèìè è âåðõíèìè ãðàíèöàìè. Òàêîé ïîäõîä ê ïðîáëåìå ïîçâîëÿåò
ñóäèòü î íàëè÷èè òåõ èëè èíûõ ñâîéñòâ èññëåäóåìîãî ÿâëåíèÿ èëè ïðîöåññà â óñëîâèÿõ
òàê íàçûâàåìîé ïàðàìåòðè÷åñêîé íåîïðåäåëåííîñòè. Íàèáîëåå ðàçâèòûì â ñìûñëå áîãàò-
ñòâà èäåé è ìåòîäîâ èññëåäîâàíèÿ ñâîéñòâ â óñëîâèÿõ ïàðàìåòðè÷åñêîé íåîïðåäåëåííî-
ñòè îêàçàëñÿ êëàññ ëèíåéíûõ ìàòåìàòè÷åñêèõ ìîäåëåé, êîòîðîìó è ïîñâÿùåíà áîëüøàÿ
÷àñòü íàó÷íûõ ðàáîò â ýòîé îáëàñòè. Îäíàêî, íà ïðàêòèêå ÷àñòû ñëó÷àè, êîãäà íåëüçÿ
îãðàíè÷èòüñÿ ðàññìîòðåíèåì òîëüêî ëèíåéíûõ ìàòåìàòè÷åñêèõ ìîäåëåé. Áîëåå òîãî, ðÿä
äðóãèõ îñîáåííîñòåé ïðèðîäíûõ ïðîöåññîâ, òàêèõ êàê íàëè÷èå êîíå÷íîé ïàìÿòè, íå ìîæåò
áûòü îñòàâëåí áåç âíèìàíèÿ äëÿ áîëåå àäåêâàòíîãî îïèñàíèÿ ýòèõ ïðîöåññîâ. Ê ñîæàëå-
íèþ, íà ñåãîäíÿøíèé äåíü àðñåíàë ìåòîäîâ èññëåäîâàíèÿ äèíàìè÷åñêèõ ñâîéñòâ ïðîöåñ-
ñîâ, îïèñûâàåìûõ íåëèíåéíûìè ìàòåìàòè÷åñêèìè ìîäåëÿìè â óñëîâèÿõ ïàðàìåòðè÷åñêîé

Äàííàÿ ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæêå íàó÷íî-èññëåäîâàòåëüñêîãî ïðîåêòà �
3329 / ÃÔ4 ÊÍ ÌÎÍ ÐÊ. Îñîáóþ áëàãîäàðíîñòü àâòîð âûðàæàåò Ðóñëàíó Ñåðãååâè÷ó Èâëåâó çà öåí-
íûå çàìå÷àíèÿ è ïîïðàâêè.
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íåîïðåäåëåííîñòè, ïðåäñòàâëåí â ñîâðåìåííûõ íàó÷íûõ ðàáîòàõ êðàéíå ñêóïî. Â ýòîé ñâÿ-
çè îñîáóþ àêòóàëüíîñòü ïðèîáðåòàþò çàäà÷è ðàçðàáîòêè íîâûõ è ðàçâèòèå ñóùåñòâóþùèõ
ìåòîäîâ èññëåäîâàíèÿ ñâîéñòâ íåëèíåéíûõ äèíàìè÷åñêèõ ìîäåëåé ïðîöåññîâ â óñëîâè-
ÿõ ïàðàìåòðè÷åñêîé íåîïðåäåëåííîñòè [1]. Èçó÷åíèå ñâîéñòâ íåëèíåéíûõ äèíàìè÷åñêèõ
ñèñòåì â óñëîâèÿõ ïàðàìåòðè÷åñêîé íåîïðåäåëåííîñòè èíòåðâàëüíîãî òèïà ïðåäñòàâëÿåò
áîëüøîé íàó÷íûé èíòåðåñ. Ìíîãèå èç âîïðîñîâ, êàñàþùèåñÿ èññëåäîâàíèÿ óñòîé÷èâîñòè
íåëèíåéíûõ èíòåðâàëüíûõ äèíàìè÷åñêèõ ñèñòåì, çàäàííûõ â ïðîñòðàíñòâå ñîñòîÿíèé, äî
ñèõ ïîð îñòàþòñÿ îòêðûòûìè. Â íàñòîÿùåé ðàáîòå ðàññìàòðèâàåòñÿ íåëèíåéíîñòü ñåêòîð-
íîãî òèïà. Çàäà÷è èññëåäîâàíèÿ äèíàìè÷åñêèõ ñèñòåì ñ íåëèíåéíîñòüþ ñåêòîðíîãî òèïà,
ìàòåìàòè÷åñêèå ìîäåëè êîòîðûõ òî÷íî èçâåñòíû, âîñõîäÿò ê ðàáîòàì À.È. Ëóðüå [2] è
Â.Ì. Ïîïîâà [3] è ñîñòàâëÿþò äâà âçàèìîñâÿçàííûõ íàïðàâëåíèÿ ñîâðåìåííîé òåîðèè àá-
ñîëþòíîé óñòîé÷èâîñòè. Íàëè÷èå èíòåðâàëüíîé íåîïðåäåëåííîñòè îáóñëîâèëî ïîÿâëåíèå
íîâîãî âèòêà àêòóàëüíîñòè çàäà÷ èññëåäîâàíèÿ íåëèíåéíûõ ñèñòåì À.È. Ëóðüå â óñëîâè-
ÿõ ïàðàìåòðè÷åñêîé íåîïðåäåëåííîñòè. Òàê, íàïðèìåð, â ðàáîòå [4] ïîëó÷åíû ðîáàñòíûå
ìîäèôèêàöèè ÷àñòîòíûõ êðèòåðèåâ àáñîëþòíîé óñòîé÷èâîñòè ïðè íåîïðåäåëåííîñòè â ëè-
íåéíîé ÷àñòè ñèñòåìû. Â îòëè÷èå îò óêàçàííîé ðàáîòû, â êîòîðîé ëèíåéíàÿ ÷àñòü çàäàíà
â âèäå ñåìåéñòâà ïîëèíîìîâ, íàèáîëüøèé èíòåðåñ â ýòîé îáëàñòè ïðåäñòàâëÿåò èññëåäî-
âàíèå íåëèíåéíûõ ñèñòåì, çàäàííûõ â ïðîñòðàíñòâå ñîñòîÿíèé. Â ðàáîòå [5], èñïîëüçóÿ
ôóíêöèîíàëû Ëÿïóíîâà-Êðàñîâñêîãî, ïîëó÷åíû äîñòàòî÷íûå óñëîâèÿ àáñîëþòíîé óñòîé-
÷èâîñòè íåëèíåéíîé èíòåðâàëüíîé ñèñòåìû ñ çàïàçäûâàíèåì â ñîñòîÿíèè è íåëèíåéíîñòüþ
ñåêòîðíîãî òèïà.

1. Ïîñòàíîâêà çàäà÷è. Ðàññìàòðèâàåòñÿ íåëèíåéíàÿ äèíàìè÷åñêàÿ ñèñòåìà, ìàòåìà-
òè÷åñêàÿ ìîäåëü êîòîðîé ìîæåò áûòü ïðåäñòàâëåíà â ïðîñòðàíñòâå ñîñòîÿíèé â óñëîâèÿõ
èíòåðâàëüíîé íåîïðåäåëåííîñòè ïàðàìåòðîâ â âèäå ñëåäóþùåãî ñîîòíîøåíèÿ

.
x (t) ∈ Ax (t) +Bϕ (σ) , x (t0) = x0, t ∈ [t0,∞) , (1)

ãäå t � íåçàâèñèìàÿ ïåðåìåííàÿ (âðåìÿ); x (t) = (xi (t)) � âåêòîð ñîñòîÿíèé, êîìïîíåíòàìè
êîòîðîãî ÿâëÿþòñÿ íåïðåðûâíûå íà [t0,∞) ôóíêöèè xi (t), ò. å. xi (t) ∈ C [t0,∞), 1 6 i 6 n;
â íà÷àëüíûé ìîìåíò âðåìåíè t0 çíà÷åíèå âåêòîðà ñîñòîÿíèé ïðåäïîëàãàåòñÿ èçâåñòíûì x0.
Ïóñòü A ∈ IRn×n, B ∈ IRn×m � ïîñòîÿííûå èíòåðâàëüíûå ìàòðèöû ðàçìåðíîñòè n× n è
n×m ñîîòâåòñòâåííî. Âåëè÷èíà ϕ (·) � íåïðåðûâíî äèôôåðåíöèðóåìàÿ âåêòîð-ôóíêöèÿ
ϕ : R→ Rm, êîìïîíåíòû ϕi, 1 6 i 6 m êîòîðîé óäîâëåòâîðÿþò îãðàíè÷åíèÿì ñåêòîðíîãî
òèïà (ãðàôèê ôóíêöèè ϕi (ς) ðàñïîëîæåí â ñåêòîðå ìåæäó ïðÿìûìè ϕi = 0 è ϕi = µ1iς,
µi > 0, 1 6 i 6 m).

Êëàññ âåêòîð-ôóíêöèé, îáëàäàþùèõ óêàçàííûìè ñâîéñòâàìè, îáîçíà÷èì ÷åðåç Φm, ò. å.

ϕ ∈ Φm = {φ1 (ς) ∈ C1([t0,∞), R,Rm) | 0 6 φi(ς)ς 6 µiς
2, φi(0) = 0, 1 6 i 6 m} (2)

Çäåñü C1 ([t0,∞) ,R,Rm) � ïðîñòðàíñòâî íåïðåðûâíî äèôôåðåíöèðóåìûõ íà [t0,∞) âåêòîð-
ôóíêöèé ϕ : R→ Rm.

Âåëè÷èíà îïðåäåëÿåòñÿ ñîãëàñíî âûðàæåíèþ

σ = rTx (t) , (3)

ãäå r ∈ Rn � âåêòîð ðàçìåðíîñòè n× 1.
Îïðåäåëåíèå 1. Ïîä ðåøåíèåì (1)�(2) áóäåì ïîíèìàòü âñÿêóþ àáñîëþòíî íåïðåðûâíóþ

ôóíêöèþ x(t,t0,x0) = x(t), óäîâëåòâîðÿþùóþ ïðè íåêîòîðûõ çíà÷åíèÿõ A ∈ A è B ∈ B
ñëåäóþùåé íåëèíåéíîé ñèñòåìå äèôôåðåíöèàëüíûõ óðàâíåíèé.
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{ .
x (t) = Ax (t) +Bϕ (σ) ,

σ = rTx (t) ,
x (t0) = x0, t ∈ [t0,∞) . (4)

Â ñèëó ñâîéñòâ ôóíêöèè ϕ ñóùåñòâóåò òðèâèàëüíîå ðåøåíèå x (t) ≡ 0 ñèñòåìû (1), êîòîðîå
ÿâëÿåòñÿ åå ïîëîæåíèåì ðàâíîâåñèÿ.

Îïðåäåëåíèå 2. Áóäåì ãîâîðèòü, ÷òî íåëèíåéíàÿ èíòåðâàëüíàÿ äèíàìè÷åñêàÿ ñèñòåìà
(1) � (2) îáëàäàåò íåêîòîðûì ñâîéñòâîì P , åñëè ýòèì ñâîéñòâîì îáëàäàåò ëþáàÿ ñèñòåìà
(3) äëÿ A ∈ A è B ∈ B.

Çàäà÷à 1. Îïðåäåëèòü óñëîâèÿ àáñîëþòíîé óñòîé÷èâîñòè ïîëîæåíèÿ ðàâíîâåñèÿ x (t) ≡
0 íåëèíåéíîé èíòåðâàëüíîé äèíàìè÷åñêîé ñèñòåìû (1)�(2) ñ âåêòîðíîé íåëèíåéíîñòüþ
ñåêòîðíîãî òèïà â ñìûñëå îïðåäåëåíèÿ 2.

2. Îñíîâíîé ðåçóëüòàò. Áóäåì ïðåäïîëàãàòü, ÷òî ïàðà èíòåðâàëüíûõ ìàòðèö (A,B)
ñòàáèëèçèðóåìà, ò. å. äëÿ ëþáûõ A ∈ A è B ∈ B ñòàáèëèçèðóåìîé ÿâëÿåòñÿ ïàðà (A,B).

Ðåøåíèå ïîñòàâëåííîé çàäà÷è áóäåò îñóùåñòâëåíî íà îñíîâå ïðÿìîãî ìåòîäà Ëÿïóíîâà
ïîñðåäñòâîì âûáîðà ôóíêöèè Ëÿïóíîâà â âèäå êâàäðàòè÷íîé ôîðìû

V (x) = xTHx,

ãäå H ∈ Rn×n, H = HT � ñèììåòðè÷åñêàÿ ïîëîæèòåëüíî îïðåäåëåííàÿ ìàòðèöà.
Äëÿ òîãî ÷òîáû ñôîðìóëèðîâàòü îñíîâíîé ðåçóëüòàò, ââåäåì â ðàññìîòðåíèå íåêîòîðûå

îáúåêòû è ïðèâåäåì íåîáõîäèìûå îïðåäåëåíèÿ èç èíòåðâàëüíîãî àíàëèçà [6].
Ââåäåì â ðàññìîòðåíèå âåêòîð µ ∈ Rm

µ = (µ1,µ2, . . . ,µm)T

è äèàãîíàëüíóþ ìàòðèöó Λ ∈ Rm×m

Λ = Diag {λi,1 6 i 6 m} .

Îïðåäåëåíèå 3. Èíòåðâàëüíóþ êâàäðàòíóþ ìàòðèöó G ∈ IRn×n, ãäå G = (gij), à gij =[
g
ij
, gij

]
, 1 6 i,j 6 n, áóäåì íàçûâàòü ïîëîæèòåëüíî îïðåäåëåííîé è çàïèñûâàòü G . 0,

åñëè ïîëîæèòåëüíî îïðåäåëåíà ëþáàÿ ìàòðèöà G ∈ G, ò. å. êâàäðàòè÷íàÿ ôîðìà xTGx > 0
äëÿ ëþáîé ìàòðèöû G ∈ G è ëþáîãî x ∈ Rn \ {0}.

Îïðåäåëåíèå 4. Ìíîæåñòâî ìàòðèö âèäà

Gsym =
[
Gsym,G

sym]
=
{
G ∈ Rn×n ∣∣ G=GT , Gsym 6 G 6 G

sym}
,

ãäå çíàê íåðàâåíñòâà ïîíèìàåòñÿ â ïîýëåìåíòíîì ñìûñëå, áóäåì íàçûâàòü ñèììåòðè÷å-
ñêîé èíòåðâàëüíîé ìàòðèöåé è çàïèñûâàòü Gsym = (Gsym)T .

Ïóñòü Gsym
11 � íåêîòîðàÿ èíòåðâàëüíàÿ ñèììåòðè÷åñêàÿ ïîëîæèòåëüíî îïðåäåëåííàÿ

ìàòðèöà ðàçìåðíîñòè (n× n), G12 ∈ IRn×m � íåêîòîðàÿ èíòåðâàëüíàÿ ìàòðèöà ðàçìåð-
íîñòè (n×m) è G22 = GT

22 . 0 � íåêîòîðàÿ ñèììåòðè÷åñêàÿ ïîëîæèòåëüíî îïðåäåëåííàÿ
ìàòðèöà ðàçìåðíîñòè (m×m), òàêèå ÷òî èíòåðâàëüíàÿ ñèììåòðè÷åñêàÿ ìàòðèöà ñëåäóþ-
ùåãî áëî÷íîãî âèäà

Gsym =

(
Gsym

11 G11

G21 G22

)
=

(
Gsym

11 G11

GT
12 G22

)
ïîëîæèòåëüíî îïðåäåëåíà.

Äëÿ òî÷å÷íûõ çíà÷åíèé A ∈ A, B ∈ B, G11 ∈ G11, G12 ∈ G12 è G22 ââåäåì â ðàññìîò-
ðåíèå ñëåäóþùóþ ñèñòåìó íåëèíåéíûõ ìàòðè÷íûõ àëãåáðàè÷åñêèõ óðàâíåíèé
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
ATH +HA+ SST = −G11;

HB + 1/2ΛrµT + SΓ = −G12;
−Λ + ΓΓT = −G22;

(5)

îòíîñèòåëüíî ìàòðèö H ∈ Rn×n, S ∈ Rn×m è Γ ∈ Rm×m, êîòîðóþ äëÿ êðàòêîñòè îáîçíà÷èì
X (H,S,Γ) = 0.

Óðàâíåíèÿ ñèñòåìû (4) íàçûâàþò òàêæå ðàçðåøàþùèìè óðàâíåíèÿìè Ëóðüå [2].
Îïðåäåëåíèå 5. Ñëåäóþùåå ìíîæåñòâî òðîåê (H,S,Γ) äåêàðòîâîãî ïðîèçâåäåíèÿ Rn×n×

Rn×m ×Rm×m âèäà

Σtol (A,B,G
sym
11 ,G12) = {(H,S,Γ) ∈ Rn×n ×Rn×m ×Rm×m |(∀A ∈ A) × (6)

× (∀B ∈ B) (∃G11 ∈ Gsym
11 ) (∃G12 ∈ G12) (X (H,S,Γ) = 0)}

íàçûâàåòñÿ äîïóñòèìûì ìíîæåñòâîì ðåøåíèé èíòåðâàëüíîé ñèñòåìû íåëèíåéíûõ
ìàòðè÷íûõ àëãåáðàè÷åñêèõ óðàâíåíèé [7].

ATH +HA + SST = −Gsym
11 ;

HB + 1/2ΛrµT + SΓ = −G12;
−Λ + ΓΓT = −G22.

(7)

Ïî àíàëîãèè ñ (4) èíòåðâàëüíûå óðàâíåíèÿ ñèñòåìû (6) áóäåì íàçûâàòü èíòåðâàëüíûìè
ðàçðåøàþùèìè óðàâíåíèÿìè Ëóðüå.

Òåîðåìà 1. Ïóñòü äëÿ çàäàííûõ èíòåðâàëüíûõ ìàòðèö A ∈ IRn×n è B ∈ IRn×m, âåê-
òîðîâ r ∈ Rn è µ ∈ Rm, à òàêæå íåêîòîðûõ èíòåðâàëüíûõ ìàòðèö Gsym

11 . 0 è G12 ∈ IRn×m

è íåêîòîðîé äèàãîíàëüíîé ìàòðèöû Λ ∈ Rm×m âûïîëíåíû ñëåäóþùèå óñëîâèÿ:
1) äîïóñòèìîå ìíîæåñòâî ðåøåíèé (5) ñèñòåìû èíòåðâàëüíûõ ðàçðåøàþùèõ óðàâíåíèé

Ëóðüå (6) íåïóñòî, ò. å.

(H∗,S∗,Γ∗) ∈ Σtol (A,B,G
sym
11 ,G12) ;

2) ìàòðèöà H∗ ÿâëÿåòñÿ ñèììåòðè÷åñêîé ïîëîæèòåëüíî îïðåäåëåííîé.
Òîãäà íóëåâîå ïîëîæåíèå ðàâíîâåñèÿ x (t) ≡ 0 íåëèíåéíîé èíòåðâàëüíîé äèíàìè÷åñêîé

ñèñòåìû (1)�(2) àáñîëþòíî óñòîé÷èâî äëÿ ñóïåðïîçèöèè âûáðàííûõ êëàññîâ íåëèíåéíî-
ñòåé.

Äîêàçàòåëüñòâî. Â ñîîòâåòñòâèè ñ ïðÿìûì ìåòîäîì Ëÿïóíîâà âû÷èñëèì ïåðâóþ ïðî-
èçâîäíóþ ôóíêöèè Ëÿïóíîâà ïðè ïðîèçâîëüíûõ, íî ôèêñèðîâàííûõ çíà÷åíèÿõ íà òðàåê-
òîðèÿõ äâèæåíèÿ ñèñòåìû (3).

.

V (x)
∣∣∣
(4)

= (Ax+Bϕ (σ))T Hx+ xTH (Ax+Bϕ (σ)) .

Äëÿ îïðåäåëåíèÿ óñëîâèé îòðèöàòåëüíîé îïðåäåëåííîñòè ïðîèçâîäíîé
.

V (x) â ÷àñòè
ïðîñòðàíñòâà Rn × Rm, âûäåëÿåìîé îãðàíè÷åíèÿìè ñåêòîðíîãî òèïà, âîñïîëüçóåìñÿ S-
ïðîöåäóðîé [8]. Ïðåäïîëàãàÿ ñóùåñòâîâàíèå ïîëîæèòåëüíûõ ÷èñåë λi > 0, i = 1,2, . . . ,m,
è îïóñêàÿ âûêëàäêè, çàïèøåì îêîí÷àòåëüíîå âûðàæåíèå äëÿ S-ôîðìû [8].
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S (x,ϕ) = xT
(
ATH +HA

)
x+ ϕT

(
BTH + 1/2ΛµrT

)
+

+ xT
(
HB + 1/2rµ

TΛ
)
ϕ− ϕTΛϕ. (8)

Èñïîëüçóÿ ìàòðèöû Gsym
11 , G12 ∈ IRn×m è G22, ïîñòðîèì èíòåðâàëüíóþ ñèììåòðè÷å-

ñêóþ ïîëîæèòåëüíî îïðåäåëåííóþ ìàòðèöó Gsym, ïðåäñòàâèìóþ â áëî÷íîì âèäå ñëåäóþ-
ùèì îáðàçîì

Gsym =

(
Gsym

11 G12

GT
12 G22

)
,

è ñôîðìèðóåì ñëåäóþùåå ìíîæåñòâî îòðèöàòåëüíî îïðåäåëåííûõ êâàäðàòè÷íûõ ôîðì
ïåðåìåííûõ x è ϕ

Ξ (x,ϕ) =

{
−
(
STx+ Γϕ

)T (
STx+ Γϕ

)
−
(
xT ϕT

)
G

(
x
ϕ

)
| G ∈ Gsym

}
,

êîòîðîå äëÿ óäîáñòâà çàïèøåì â âèäå

Ξ (x,ϕ) = −
(
STx+ Γϕ

)T (
STx+ Γϕ

)
−
(
xT ϕT

)
Gsym

(
x
ϕ

)
. (9)

Ïîòðåáóåì, ÷òîáû äëÿ ëþáûõ çíà÷åíèé A ∈ A è B ∈ B S-ôîðìà (8) ïðèíàäëåæàëà
ìíîæåñòâó (7). Äàííîå òðåáîâàíèå áóäåò óäîâëåòâîðåíî, åñëè äëÿ ëþáûõ çíà÷åíèé A ∈ A
è B ∈ B ñóùåñòâóåò òàêàÿ ìàòðèöà G ∈ Gsym èëè, ÷òî ýêâèâàëåíòíî, ñóùåñòâóþò òàêèå
ìàòðèöû G11 ∈ Gsym

11 è G12 ∈ G12, ÷òî èìååò ìåñòî ðàâåíñòâî

S (x,ϕ) = −
(
STx+ Γϕ

)T (
STx+ Γϕ

)
−
(
xT ϕT

)
G

(
x
ϕ

)
. (10)

Ðàñïèñûâàÿ ïîñëåäíåå ðàâåíñòâî â ðàçâåðíóòîì âèäå, ïîëó÷àåì

xT
(
ATH +HA

)
x+ ϕT

(
BTH + 0,5ΛµrT

)
+ xT

(
HB + 0,5rµTΛ

)
ϕ− ϕTΛϕ =

= xT
(
SST +G11

)
x− ϕT

(
ΓTST +GT

12

)
x− xT (SΓ +G12)ϕ− ϕT

(
ΓTΓ +G22

)
ϕ

Ïîñëåäíåå ðàâåíñòâî áóäåò âûïîëíåíî, åñëè ñèñòåìà óðàâíåíèé (4) ÿâëÿåòñÿ ñîâìåñò-
íîé. Ïî óñëîâèþ òåîðåìû (H∗,S∗,Γ∗) ∈ Σtol (A,B,G

sym
11 ,G12). Ýòî îçíà÷àåò, ÷òî äëÿ ëþáûõ

çíà÷åíèé ñóùåñòâóþò òàêèå ìàòðèöû G11 ∈ Gsym
11 è G12 ∈ G12, ÷òî ìàòðèöû H∗,S∗,Γ∗

ÿâëÿþòñÿ ðåøåíèåì (4).
Äàëåå ñïðàâåäëèâîé ÿâëÿåòñÿ ñëåäóþùàÿ öåïî÷êà èìïëèêàöèé

(äëÿ ëþáûõ A ∈ A è B ∈ B ñóùåñòâóþò òàêèå G11 ∈ Gsym
11 è G12 ∈ G12, ÷òî èìååò ìåñòî

ðàâåíñòâî (9)) ⇒
(äëÿ ëþáûõ A ∈ A è B ∈ B S-ôîðìà (8) ïðèíàäëåæèò ìíîæåñòâó (7)) ⇒
(äëÿ ëþáûõ A ∈ A è B ∈ B S-ôîðìà (8) ÿâëÿåòñÿ îòðèöàòåëüíî îïðåäåëåííîé ôîðìîé
ïåðåìåííûõ x è ϕ) ⇒
(äëÿ ëþáûõ A ∈ A è B ∈ B ïåðâàÿ ïðîèçâîäíàÿ

.

V (x) ïî âðåìåíè ôóíêöèè Ëÿïóíîâà íà
òðàåêòîðèÿõ äâèæåíèÿ (3) áóäåò îòðèöàòåëüíîé â ÷àñòè ïðîñòðàíñòâà Rn ×Rm, âûäåëÿå-
ìîé îãðàíè÷åíèÿìè ñåêòîðíîãî òèïà) ⇒
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(äëÿ ëþáûõ A ∈ A è B ∈ B â ñèëó ïîëîæèòåëüíîé îïðåäåëåííîñòè H∗ (óñëîâèå 2 òåîðå-
ìû) ïîëîæåíèå ðàâíîâåñèÿ x (t) ≡ 0 äèíàìè÷åñêîé ñèñòåìû (3) àáñîëþòíî óñòîé÷èâî äëÿ
âûáðàííîãî êëàññà âåêòîðíîé íåëèíåéíîñòè) ⇒
(ïîëîæåíèå ðàâíîâåñèÿ x (t) ≡ 0 íåëèíåéíîé èíòåðâàëüíîé äèíàìè÷åñêîé ñèñòåìû (1) �
(2) àáñîëþòíî óñòîé÷èâî äëÿ âûáðàííîãî êëàññà âåêòîðíîé íåëèíåéíîñòè â ñìûñëå îïðå-
äåëåíèÿ 2).

Òåîðåìà äîêàçàíà.
Çàêëþ÷åíèå. Òàêèì îáðàçîì, êàê óêàçûâàëîñü âûøå, ðàçâèòèå ïðÿìîãî ìåòîäà Ëÿ-

ïóíîâà íà êëàññ èíòåðâàëüíî-çàäàííûõ îáúåêòîâ (èëè îáúåêòîâ ñ íåòî÷íûìè äàííûìè)
ïðèâîäèò ê íåîáõîäèìîñòè èññëåäîâàíèÿ ìíîæåñòâ ðåøåíèé èíòåðâàëüíûõ ìàòðè÷íûõ
óðàâíåíèé Ëÿïóíîâà, ñëåäîâàòåëüíî, ìàòåìàòè÷åñêîå îïèñàíèå òàêèõ ìíîæåñòâ ïðèâîäèò
ê ýêñïîíåíöèàëüíîìó ðîñòó âû÷èñëèòåëüíûõ çàòðàò ïðè ðåøåíèè ïîñòàâëåííûõ çàäà÷ òåî-
ðèè óïðàâëåíèÿ êàê ïðè ðåøåíèè âîïðîñîâ ñèíòåçà, òàê è ïðè èññëåäîâàíèè äèíàìè÷åñêèõ
ñâîéñòâ ïîäîáíûõ ñèñòåì. Èñïîëüçîâàíèå S-ïðîöåäóðû è ìåòîäîâ èíòåðâàëüíîãî àíàëèçà
ïîçâîëèëî èçáåæàòü ãðîìîçäêèõ âû÷èñëèòåëüíûõ òðóäíîñòåé. Ïîëó÷åííûå äîñòàòî÷íûå
óñëîâèÿ àáñîëþòíîé óñòîé÷èâîñòè íóëåâîãî ïîëîæåíèÿ ðàâíîâåñèÿ ðàññìàòðèâàåìîé
íåëèíåéíîé èíòåðâàëüíîé äèíàìè÷åñêîé ñèñòåìû íå òðåáóþò áîëüøèõ âû÷èñëèòåëüíûõ
çàòðàò äëÿ èõ ïðîâåðêè, â ñâÿçè ñ ÷åì ýòè óñëîâèÿ ìîãóò áûòü óñïåøíî ïðèìåíåíû íà
ïðàêòèêå.
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áëåì èíôîðìàòèêè è ïðîáëåì óïðàâëåíèÿ ÀÍ
ÐÊ ìëàäøèì íàó÷íûì ñîòðóäíèêîì â íàçâàí-
íóþ ëàáîðàòîðèþ. Â 1992 ãîäó ïîñòóïèëà â î÷-
íóþ àñïèðàíòóðó Èíñòèòóòà ïðîáëåì èíôîð-
ìàòèêè è ïðîáëåì óïðàâëåíèÿ ÀÍ ÐÊ. Â 1998
ãîäó çàùèòèëà êàíäèäàòñêóþ äèññåðòàöèþ íà
òåìó

”
Ïîñòðîåíèå è èññëåäîâàíèå äèíàìè÷å-

ñêèõ ñâîéñòâ ñèñòåì óïðàâëåíèÿ èíòåðâàëüíî-
çàäàííûìè îáúåêòàìè íà îñíîâå ìåòîäà îáùåãî
ïàðàìåòðà“ ïî ñïåöèàëüíîñòè 05.13.01

”
Óïðàâ-

ëåíèå â òåõíè÷åñêèõ ñèñòåìàõ“. Â 2002 ãîäó ïî-
ëó÷èëà ó÷åíîå çâàíèå äîöåíòà ïî ñïåöèàëüíî-
ñòè 05.13.00 �

”
Èíôîðìàòèêà, âû÷èñëèòåëüíàÿ

òåõíèêà è óïðàâëåíèå“.
Ñ 1991 ã. ïî ñåãîäíÿøíèé äåíü ðàáîòàåò â

Èíñòèòóòå ïðîáëåì èíôîðìàòèêè è óïðàâëåíèÿ
ÀÍ ÐÊ (íûíå Èíñòèòóò èíôîðìàöèîííûõ è âû-
÷èñëèòåëüíûõ òåõíîëîãèé ÌÎÍ ÐÊ) â ëàáîðà-
òîðèè

”
Èíòåëëåêòóàëüíûå ñèñòåìû óïðàâëåíèÿ

è ñåòè“ â äîëæíîñòè ñòàðøåãî íàó÷íîãî ñîòðóä-
íèêà.

Îáùèé òðóäîâîé ñòàæ ñîñòàâëÿåò 26 ëåò, íà-
ó÷íûé ñòàæ ðàáîòû ñîñòàâëÿåò 20 ëåò. Îïóáëè-
êîâàíî áîëåå 80 ïå÷àòíûõ ðàáîò, â òîì ÷èñëå 60
ïîñëå çàùèòû äèññåðòàöèè. ßâëÿåòñÿ ðåöåíçåí-
òîì âûïóñêíûõ ðàáîò áàêàëàâðîâ è ìàãèñòðàí-
òîâ â ÊàçÍÒÓ íà êàôåäðå

”
Òåõíè÷åñêàÿ êèáåð-

íåòèêà“.
Ñ ìàÿ 2013 ãîäà ðàáîòàåò â äîëæíîñòè Ó÷å-

íîãî ñåêðåòàðÿ â Èíñòèòóòå èíôîðìàöèîííûõ è
âû÷èñëèòåëüíûõ òåõíîëîãèé ÌÎÍ ÐÊ.
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