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c© Ñ.Å. Æóêîâñêèé

Êëþ÷åâûå ñëîâà: α−íàêðûâàåìîñòü; âêëþ÷åíèå; çàäà÷à óïðàâëåíèÿ.
Àííîòàöèÿ: Äëÿ çàäàííîãî îòîáðàæåíèÿ G è ìíîæåñòâà V ðàññìàòðèâàåòñÿ âêëþ÷åíèå G(ξ, σ, x) ∈ V

ñ ïàðàìåòðàìè ξ, σ è íåèçâåñòíûì x. Â ïðåäïîëîæåíèè α−íàêðûâàåìîñòè îòîáðàæåíèÿ G ïî ïåðåìåííîé
x ïîñòðîåíà çàâèñèìîñòü îò ïàðàìåòðîâ ìíîæåñòâà ðåøåíèé, ÿâëÿþùàÿñÿ êîìïàêòíîçíà÷íûì, ïîëóíåïðå-
ðûâíûì ñâåðõó ïî ñîâîêóïíîñòè àðãóìåíòîâ è íåïðåðûâíûì ïî σ â íàïåðåä çàäàííîé òî÷êå σ0 ïðè ëþáîì
ξ ìíîãîçíà÷íûì îòîáðàæåíèåì.

Ïóñòü äàíû ìåòðè÷åñêèå ïðîñòðàíñòâà Ξ, Σ, X, Y , îòíîñèòåëüíî êîòîðûõ áóäåì ïðåäïîëàãàòü,
÷òî ëþáîå èõ îãðàíè÷åííîå ïîäìíîæåñòâî ïðåäêîìïàêòíî. Ïóñòü, êðîìå òîãî, äàíû òî÷êè ξ0 ∈ Ξ,
σ0 ∈ Σ, x0 ∈ X, çàìêíóòîå ìíîæåñòâî V ⊂ Y è îòîáðàæåíèå G : Ξ× Σ×X → Y .

Ðàññìîòðèì âêëþ÷åíèå
G(ξ, σ, x) ∈ V.

Ðåøåíèå äàííîãî âêëþ÷åíèÿ ïðè êàæäûõ ξ ∈ Ξ, σ ∈ Σ îáîçíà÷èì ÷åðåç M(ξ, σ), ò.å.

M(ξ, σ) = {x ∈ X |G(ξ, σ, x) ∈ V } ∀ ξ ∈ Ξ, σ ∈ Σ.

Ïðè ðåøåíèè íåêîòîðûõ çàäà÷ óïðàâëåíèÿ âîçíèêàåò íåîáõîäèìîñòü â ïîñòðîåíèè ìíîãîçíà÷-
íîãî îòîáðàæåíèÿ M̃ : Ξ× Σ → 2X , êîòîðîå óäîâëåòâîðÿåò ñëåäóþùèì óñëîâèÿì:

(C1) ìíîæåñòâî M̃(ξ, σ) íå ïóñòî, êîìïàêòíî è M̃(ξ, σ) ⊂ M(ξ, σ) ïðè ëþáûõ ξ ∈ Ξ, σ ∈ Σ;

(C2) ìíîãîçíà÷íîå îòîáðàæåíèå M̃ ïîëóíåïðåðûâíî ñâåðõó;

(C3) ìíîãîçíà÷íîå îòîáðàæåíèå M̃(ξ, ·) íåïðåðûâíî â òî÷êå σ0 ïðè ëþáîì ξ ∈ Ξ.

Ââåäåì îïðåäåëåíèå íàêðûâàþùåãî îòîáðàæåíèÿ, íåñêîëüêî ðàñøèðÿþùåå ïîíÿòèå íàêðûâà-
åìîñòè (ñì., íàïðèìåð [1]). Äëÿ ïðîèçâîëüíîãî y ∈ Y îáîçíà÷èì ρ(y, V ) = inf

v∈V
ρY (y, v).

Î ï ð å ä å ë å í è å. Áóäåì ãîâîðèòü, ÷òî îòîáðàæåíèå g : X → Y íà ìíîæåñòâå U ⊂ X
α−íàêðûâàåò ìíîæåñòâî V ⊂ Y, åñëè

∀u ∈ U ∃x ∈ X : g(x) ∈ V è ρX(u, x) 6 1
α

ρ(g(u), V ).

Ïðåäïîëîæèì, ÷òî G(ξ0, σ0, x0) ∈ V. Ïðè êàæäîì ξ ∈ Ξ, σ ∈ Σ îáîçíà÷èì

N(ξ) =
{

x ∈ M(ξ, σ0)
∣∣∣∣ ρX(x, x0) 6 1

α
ρ(G(ξ, σ0, x0), V )

}
,

M̃(ξ, σ) =
⋃

x′∈N(ξ)

{
x ∈ M(ξ, σ)

∣∣∣∣ ρX(x, x′) 6 1
α

ρ(G(ξ, σ, x′), V )
}

. (1)
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Ò å î ð å ì à. Ïóñòü îòîáðàæåíèå G íåïðåðûâíî, è ïðè ëþáîì ξ ∈ Ξ, σ ∈ Σ îòîáðàæåíèå
G(ξ, σ, ·) íà ìíîæåñòâå B

(
x0,

1
α

ρ(G(ξ, σ0, x0), V ))
)

α−íàêðûâàåò ìíîæåñòâî V (çäåñü B(x, r)

� çàìêíóòûé øàð â ìåòðè÷åñêîì ïðîñòðàíñòâå X ñ öåíòðîì â òî÷êå x, ðàäèóñà r). Òîãäà îïðå-
äåëåííîå ðàâåíñòâîì (1) ìíîãîçíà÷íîå îòîáðàæåíèå M̃ : Ξ × Σ → 2X óäîâëåòâîðÿåò óñëîâèÿì
(C1) � (C3).
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Abstract: For a given function G and a set V the inclusion G(ξ, σ, x) ∈ V with parameters ξ, σ and an
unknown variable x is considered. A compact, upper semi-continuous, continuous for any ξ with respect to σ at
a given point σ0 dependence of a solutions set on parameters is constructed for the case when G is α−covering
with respect to x function.
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Êëþ÷åâûå ñëîâà: óïðàâëÿåìàÿ ñèñòåìà; ñîãëàñîâàííîñòü; óïðàâëåíèå ñïåêòðîì; áèëèíåéíàÿ ñèñòåìà.
Àííîòàöèÿ: Ïîëó÷åíû íîâûå íåîáõîäèìûå è äîñòàòî÷íûå óñëîâèÿ ãëîáàëüíîé óïðàâëÿåìîñòè ñïåêòðà

ñîáñòâåííûõ çíà÷åíèé ñòàöèîíàðíûõ áèëèíåéíûõ óïðàâëÿåìûõ ñèñòåì, â ÷àñòíîñòè, ñèñòåì ñ íåïîëíîé
îáðàòíîé ñâÿçüþ.

Ðàññìîòðèì ëèíåéíóþ ñèñòåìó óïðàâëåíèÿ

ẋ = A(t)x + B(t)u, y = C∗(t)x, (t, x, u, y) ∈ R1+n+m+k, (1)

â êîòîðîé óïðàâëåíèå ñòðîèòñÿ â âèäå u = U(t)y. Çàìêíóòàÿ ñèñòåìà ïðèíèìàåò âèä

ẋ = (A(t) + B(t)U(t)C∗(t))x, x ∈ Rn. (2)

713


