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Â äîêëàäå èçëàãàåòñÿ ïðèìåíåíèå ìåòîäà âåêòîðíûõ ôóíêöèé Ëÿïóíîâà ê çàäà÷å î
ñòàáèëèçàöèè äâèæåíèÿ óïðàâëÿåìîé ñèñòåìû ñ öèôðîâûì ðåãóëÿòîðîì.

Ðàññìàòðèâàåòñÿ óïðàâëÿåìàÿ ñèñòåìà, îïèñûâàåìàÿ âåêòîðíûì óðàâíåíèåì

ẋ = X(t, x, u) (1)

ãäå x ∈ Rn - âåêòîð ñîñòîÿíèÿ, u ∈ Rm - âåêòîð óïðàâëåíèÿ, X : R+ × Rn × Rm → Rn -
íåïðåðûâíàÿ ïî (t, x, u) âåêòîð-ôóíêöèÿ, X(t, 0, 0) = 0.

Çàäà÷à ñèíòåçà ñòàáèëèçèðóþùåãî óïðàâëåíèÿ ñ öèôðîâûì ðåãóëÿòîðîì ñîñòîèò â
íàõîæäåíèè çàêîíà óïðàâëåíèÿ âèäà u = u(t, x(t)) = uk = const, ïðè t ∈ [tk, tk+1),
tk − tk+1 ≥ h0 > 0 u(t, 0) ≡ 0, ãäå tk → ∞ åñòü ñòðîãî ìîíîòîííî âîçðàñòàþùàÿ ïî-
ñëåäîâàòåëüíîñòü, ïðè êîòîðîé ñîñòîÿíèå x = 0 ñèñòåìû (1) ÿâëÿåòñÿ àñèìïòîòè÷åñêè
óñòîé÷èâûì.

Ðåøåíèå ýòîé çàäà÷è äëÿ ðÿäà ìîäåëèðóåìûõ ïðîöåññîâ ìîæåò áûòü ïðèâåäåíî ê
èññëåäîâàíèþ äèñêðåòíîé ñèñòåìû âèäà

x(k + 1) = f(k, x(k)), f(k, 0) ≡ 0 (2)

ãäå âåêòîð-ôóíêöèÿ f : Z+ × Rm → Rm íåïðåðûâíà ïî xïðè k ∈ Z+.
Äîêàçàíà ñëåäóþùàÿ òåîðåìà, ðàçâèâàþùàÿ äëÿ (2) ñîîòâåòñòâóþùèå ðåçóëüòàòû

èç ðàáîò [1-2].
Òåîðåìà. Ïðåäïîëîæèì, ÷òî ñóùåñòâóåò âåêòîð-ôóíêöèÿ Ëÿïóíîâà V = V (k, x)>0,

óäîâëåòâîðÿþùàÿ óñëîâèÿì ïðåäêîìïàêòíîñòè, òàêàÿ, ÷òî âûïîëíåíû óñëîâèÿ
1)ôóíêöèÿ V̄ ÿâëÿåòñÿ îïðåäåë¼ííî-ïîëîæèòåëüíîé, ãäå

V̄ (k, x) =
∑m

i=1 V i(k, x) èëè V̄ (k, x) = max
i=1,2,...,m

V i(k, x).

2)ñïðàâåäëèâî ðàâåíñòâî

V (k + 1, x(k + 1)) = W (k, V (k, x(k))) + R(k, x(k), V (k, x(k))),
W (k, 0) ≡ 0, R(k, 0, V (k, 0)) ≡ 0,

ãäå ôóíêöèÿ W = W (k, w), ÿâëÿþùàÿñÿ êâàçèìîíîòîííîé è íåïðåðûâíî äèôôåðåíöè-
ðóåìîé ïî w ∈ Rm, ∂W

∂wj ∈ K2 (j = 1, 2, . . . ,m) è ôóíêöèÿ R = R(k, x, w) óäîâëåòâî-
ðÿþò óñëîâèÿì ïðåäêîìïàêòíîñòè, è èìååò ìåñòî íåðàâåíñòâî R(k, x, w)60 äëÿ ëþáûõ
(k, x, w) ∈ R+

k0
× Rn × Rm

3)íóëåâîå ðåøåíèå w = 0 ñèñòåìû ñðàâíåíèÿ w(k + 1) = W (k, w(k)) óñòîé÷èâî (ðàâ-
íîìåðíî óñòîé÷èâî);
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4)íóëåâîå ðåøåíèå x = 0 ðàâíîìåðíî àñèìïòîòè÷åñêè óñòîé÷èâî îòíîñèòåëüíî ìíî-
æåñòâà {V̄ ∗(k, x) = 0} è ñåìåéñòâà ïðåäåëüíûõ ñîâîêóïíîñòåé {(f ∗, V ∗, W ∗, R∗)}.

Òîãäà ðåøåíèå x = 0 ñèñòåìû (2) óñòîé÷èâî (ðàâíîìåðíî óñòîé÷èâî).
Íà îñíîâå ýòîé òåîðåìû èññëåäóåòñÿ çàäà÷à î ñòàáèëèçàöèè äâèæåíèé óïðàâëÿå-

ìûõ ìåõàíè÷åñêèõ ñèñòåì ñ öèôðîâûì ðåãóëÿòîðîì. Â êà÷åñòâå êîíêðåòíîãî ïðèìåðà
ïðîâîäèòñÿ ïîñòðîåíèå ìîäåëè óïðàâëåíèÿ ìàíèïóëÿòîðîì.

Ðàáîòà âûïîëíåíà ïî ïðîåêòó Ìèíîáðíàóêè ÐÔ è ãðàíòó ÐÔÔÈ 12-01-33082.
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