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Ïîëó÷åíû óñëîâèÿ íåïðåðûâíîé çàâèñèìîñòè ðåøåíèé äèôôåðåíöèàëüíûõ óðàâ-
íåíèé îò ôóíêöèé óïðàâëåíèÿ è çàïàçäûâàíèÿ. Ïðè âûïîëíåíèè ýòèõ óñëîâèé
ìîæíî ãàðàíòèðîâàòü, ÷òî íåòî÷íîñòè â îïðåäåëåíèè ïàðàìåòðîâ íå ìîãóò îêà-
çàòü áîëüøîãî âëèÿíèÿ íà óïðàâëÿåìóþ ñèñòåìó.

Êëþ÷åâûå ñëîâà: äèôôåðåíöèàëüíûå óðàâíåíèÿ ñ çàïàçäûâàíèåì, íåïðåðûâíàÿ
çàâèñèìîñòü ðåøåíèé îò ïàðàìåòðîâ, óïðàâëÿåìûå ñèñòåìû.

Ïóñòü Rn � ïðîñòðàíñòâî âåêòîðîâ, èìåþùèõ n äåéñòâèòåëüíûõ êîì-
ïîíåíò, ñ íîðìîé | · |; µ� ìåðà Ëåáåãà íà îòðåçêå [a, b]; L([a, b], µ,Rn)�
ïðîñòðàíñòâî èçìåðèìûõ ñóììèðóåìûõ ôóíêöèé y : [a, b] → Rn ñ íîð-

ìîé ‖y‖L =
∫ b

a
|y(s)| ds; AC([a, b], µ,Rn)� ïðîñòðàíñòâî òàêèõ àáñîëþòíî

íåïðåðûâíûõ ôóíêöèé x : [a, b] → Rn, ÷òî ẋ ∈ L([a, b], µ,Rn), ñ íîðìîé
‖x‖AC = |x(a)|+ ‖ẋ‖L.

Ðàññìîòðèì çàäà÷è Êîøè

ẋ(t)=f
(
t, x(t−τ1(t)), x(t−τ2(t)), . . . , x(t−τm(t)), u(t)

)
, t ∈ [a, b],

x(t) = ϕ(t), åñëè t /∈ [a, b], x(a) = α;
(1)

ẋ(t)=f
(
t, x(t−τ1i(t)), x(t−τ2i(t)), . . . , x(t−τmi(t)), ui(t)

)
, t ∈ [a, b],

x(t) = ϕ(t), åñëè t /∈ [a, b], x(a) = α, i = 1, 2, . . . ,
(1i)

ãäå ôóíêöèè τj , τji : [a, b] → [0,+∞), j = 1, 2, . . . ,m, i = 1, 2, . . . èçìå-
ðèìû, ôóíêöèè u, ui : [a, b] → Rk, i = 1, 2, . . . èçìåðèìû è îãðàíè÷åíû â
ñóùåñòâåííîì, ôóíêöèÿ ϕ : (−∞, a) → Rn ðàâíîìåðíî íåïðåðûâíà è îãðà-
íè÷åíà, ôóíêöèÿ m+2 àðãóìåíòîâ f : [a, b]×Rn×Rn× . . .×Rn×Rk → Rn
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k1) ôóíêöèÿ f(·, x1, x2, . . . , xm, u) èçìåðèìà ïðè ëþáûõ xj ∈ Rn, j =
1, 2, . . . ,m, u ∈ Rk;

k2) ôóíêöèÿ f(t, ·, ·, . . . , ·) íåïðåðûâíà ïðè ïî÷òè âñåõ t ∈ [a, b];
k3) äëÿ ëþáîãî ÷èñëà r > 0, ñóùåñòâóåò òàêàÿ ñóììèðóåìàÿ ôóíêöèÿ

gr ∈ L([a, b], µ,R), ÷òî äëÿ âñåõ u ∈ Rk, xj ∈ Rn , óäîâëåòâîðÿþùèõ
íåðàâåíñòâàì |u| 6 r, |xj | 6 r, j = 1, 2, . . . , m, ïî÷òè âñþäó íà [a, b]
âûïîëíåíî íåðàâåíñòâî |f(t, x1, x2, . . . , xm, u)| 6 gr(t).

Î ï ð å ä å ë å í è å 1. Ïóñòü γ, β ∈ (0, b − a). Ëîêàëüíûì ðåøåíèåì
çàäà÷è (1) èëè (1i), îïðåäåëåííûì íà [a, a + γ], áóäåì ñ÷èòàòü ôóíêöèþ
zγ ∈ AC([a, a + γ], µ,Rn), óäîâëåòâîðÿþùóþ ñîîòâåòñòâóþùåìó óðàâíå-
íèþ ïðè ïî÷òè âñåõ t ∈ [a, a + γ] è íà÷àëüíîìó óñëîâèþ. Ïðåäåëüíî ïðî-
äîëæåííûì ðåøåíèåì çàäà÷è (1) èëè (1i), îïðåäåëåííûì íà [a, a + β),
áóäåì ñ÷èòàòü ôóíêöèþ zβ ∈ AC([a, a + β), µ,Rn), ñóæåíèå êîòîðîé zζ

íà [a, a + ζ] ïðè ëþáîì ζ ∈ (0, β) ÿâëÿåòñÿ ëîêàëüíûì ðåøåíèåì ñîîò-

âåòñòâóþùåé çàäà÷è è lim
ζ→β−0

∫ a+ζ

a
|żζ(s)| ds = ∞. Ãëîáàëüíûì ðåøåíèåì

çàäà÷è (1) èëè (1i) íàçîâåì ôóíêöèþ z ∈ AC([a, b], µ,Rn), óäîâëåòâîðÿþ-
ùóþ ñîîòâåòñòâóþùåìó óðàâíåíèþ ïðè ïî÷òè âñåõ t ∈ [a, b] è íà÷àëüíîìó
óñëîâèþ.

Îïðåäåëèì ìíîæåñòâà

Mi =
m⋃

j=1

{
t ∈ [a, b] : t− τj(t) = a, t− τji(t) < a

}
, i = 1, 2, . . . .

Òåîðåìà 1. Ïóñòü ïîñëåäîâàòåëüíîñòè ôóíêöèé τi, ui ñõîäÿòñÿ ïî
ìåðå ê ôóíêöèÿì τ, u ñîîòâåòñòâåííî, ïóñòü òàêæå ëèáî µ(Mi) → 0
ïðè i → ∞, ëèáî α = ϕ(a− 0). Òîãäà:

� çàäà÷è (1), (1i), i = 1, 2, . . . ëîêàëüíî ðàçðåøèìû, âñÿêîå ëîêàëü-
íîå ðåøåíèå ïðîäîëæàåìî äî ãëîáàëüíîãî èëè ïðåäåëüíî ïðîäîëæåííîãî
ðåøåíèÿ;

� îáëàñòü îïðåäåëåíèÿ ëþáîãî ïðåäåëüíî ïðîäîëæåííîãî ðåøåíèÿ èìå-
åò ìåðó, áîëüøóþ íåêîòîðîãî θ, θ > 0;

� åñëè äëÿ íåêîòîðîãî γ > 0 ïðè êàæäîì i ïðîèçâîëüíî âûáðàòü
îïðåäåëåííîå íà [a, a + γ] ëîêàëüíîå ðåøåíèå zi γ çàäà÷è (1i), òî ïîëó-
÷åííàÿ ïîñëåäîâàòåëüíîñòü áóäåò êîìïàêòíà â AC([a, a+γ], µ,Rn) è âñå
åå ïðåäåëüíûå òî÷êè áóäóò ëîêàëüíûìè ðåøåíèÿìè çàäà÷è (1);

� åñëè îïðåäåëåííîå íà [a, a+γ] ëîêàëüíîå ðåøåíèå zγ çàäà÷è (1) åäè-
íñòâåííî, òî äëÿ ëþáîé ïîñëåäîâàòåëüíîñòè îïðåäåëåííûõ íà [a, a + γ]

ëîêàëüíûõ ðåøåíèé zi γ çàäà÷ (1i) èìååò ìåñòî
∫ a+γ

a
|zγ(t)−zi γ(t)|dt → 0.
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Äîêàçàòåëüñòâî òåîðåìû îïèðàåòñÿ íà ðåçóëüòàòû ðàáîòû [1].
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E.O. Burlakov, E. S. Zhukovskiy
On the correctness of controllable systems with delay

Conditions have been obtained for continuous dependence of solutions of di�erential
equations on control and delay functions. These conditions guarantee that controllable
system will not be strongly in�uenced by inaccurateness in parameters determination.
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