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Ïîëó÷åíû óñëîâèÿ íåïðåðûâíîé çàâèñèìîñòè ðåøåíèé äèôôåðåíöèàëüíûõ óðàâ-
íåíèé ñ çàïàçäûâàíèåì îò ìîìåíòà è âåëè÷èíû èìïóëüñíîãî âîçäåéñòâèÿ. Èñ-
ñëåäîâàíèå îñíîâàíî íà îáùèõ óòâåðæäåíèÿõ î ðàçðåøèìîñòè óðàâíåíèé ñ âîëü-
òåððîâûìè îïåðàòîðàìè è íåïðåðûâíîé çàâèñèìîñòè èõ ðåøåíèé îò ïàðàìåòðîâ,
ïîëó÷åííûõ â ðàáîòå [1].

Êëþ÷åâûå ñëîâà: èìïóëüñíûå äèôôåðåíöèàëüíûå óðàâíåíèÿ, äèôôåðåíöèàëü-
íûå óðàâíåíèÿ ñ çàïàçäûâàíèåì, íåïðåðûâíàÿ çàâèñèìîñòü ðåøåíèé îò ïàðàìåò-
ðîâ óðàâíåíèé.

Ïóñòü L([a, b],Rn)� ïðîñòðàíñòâî ñóììèðóåìûõ ôóíêöèé t → y(t) èç

[a, b] â Rn ñ íîðìîé ‖y‖L =
∫ b

a

∣∣y(s)
∣∣ ds; AC([a, b],Rn)� ïðîñòðàíñòâî àá-

ñîëþòíî íåïðåðûâíûõ ôóíêöèé x : [a, b] → Rn, èìåþùèõ ïðè ïî÷òè âñåõ
t ïðîèçâîäíóþ ẋ ∈ L([a, b],Rn), ñ íîðìîé ‖x‖AC = |x(a)|+‖ẋ‖L . Çàôèêñè-
ðóåì T0 ∈ (a, b) è îáîçíà÷èì ACS([a, b],Rn, T0)� ìåòðè÷åñêîå ïðîñòðàí-
ñòâî ôóíêöèé, êàæäàÿ èç êîòîðûõ x : [a, b] → Rn ìîæåò èìåòü ðàçðûâ
íå áîëåå ÷åì â îäíîé (ëþáîé) òî÷êå T = T (x) ∈ (a, b), ãäå íåïðåðûâíà
ñëåâà è èìååò ïðåäåë ñïðàâà, â îñòàëüíûõ òî÷êàõ äèôôåðåíöèðóåìà, ïðè-
÷åì åå ïðîèçâîäíàÿ ẋ ∈ L([a, b],Rn). Îáîçíà÷èì j(x) âåëè÷èíó ñêà÷êà
ôóíêöèè x ∈ ACS([a, b],Rn), òî åñòü j(x) = x(T + 0) − x(T ). Ìåòðèêó â
ACS([a, b],Rn, T0) îïðåäåëèì ðàâåíñòâîì

ρACS (x, u) = ‖ẋ− u̇‖+ |x(a)− u(a)|+ |T (x)− T (u)|+ |j(x)− j(u)|.

Â ýòîé ôîðìóëå ñ÷èòàåì j(x) = 0 è T (x) = T0, åñëè ôóíêöèÿ x íåïðå-
ðûâíà.

Ðàññìîòðèì çàäà÷ó

ẋ(t) = f
(
t, x(t), x(h(t))

)
, t ∈ [a, b],

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

T (x) = T, x(T + 0)− x(T ) = ϕ(T, xT ).
(1)

1Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæêå ÐÔÔÈ, ïðîåêò 07-01-00305.
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Çäåñü xT ∈ AC([a, T ],Rn)� ñóæåíèå íåèçâåñòíîé ôóíêöèè x; ôóíê-
öèîíàë ϕ(T, ·) : AC([a, T ],Rn) → Rn îãðàíè÷åí è äëÿ ëþáîé ïîñëå-
äîâàòåëüíîñòè ýëåìåíòîâ xi ∈ AC([a, b],Rn), ñõîäÿùåéñÿ ê íåêîòîðîìó
x ∈ AC([a, b],Rn), ‖xi− x‖AC → 0, è ëþáîé ÷èñëîâîé ïîñëåäîâàòåëüíîñòè
Ti ∈ [a, b] òàêîé, ÷òî |Ti − T0| → 0, âûïîëíåíî

|ϕ(Ti, x
Ti
i )− ϕ(T0, x

T0)| → 0.

Ïðåäïîëàãàåòñÿ, ÷òî ôóíêöèÿ f : [a, b]×Rn ×Rn → Rn óäîâëåòâîðÿåò
óñëîâèÿì Êàðàòåîäîðè: èçìåðèìà ïî ïåðâîìó àðãóìåíòó, íåïðåðûâíà ïî
ñîâîêóïíîñòè âòîðîãî è òðåòüåãî àðãóìåíòîâ, è äëÿ ëþáîãî r > 0 ñóùå-
ñòâóåò òàêàÿ ôóíêöèÿ gr ∈ L([a, b],R), ÷òî ïðè âñåõ x, u ∈ Rn, óäîâëå-
òâîðÿþùèõ íåðàâåíñòâàì |x| 6 r, |u| 6 r, ïðè ïî÷òè âñåõ t ∈ [a, b] âû-
ïîëíåíî íåðàâåíñòâî |f(t, x, u)| 6 gr(t). Äàëåå, ïðåäïîëîæèì, ÷òî ôóíê-
öèÿ ϕ : (−∞, a) → Rn èçìåðèìà è îãðàíè÷åíà â ñóùåñòâåííîì, ôóíêöèÿ
h : [a, b] → R èçìåðèìà, h(t) 6 t ïðè ïî÷òè âñåõ t ∈ [a, b].

Îïðåäåëèì èçìåðèìîå ìíîæåñòâî h−1(T0) = {t : h(t) = T0 } è âû÷èñ-
ëèì åãî ìåðó µ(h−1(T0)). Îáîçíà÷èì T (ε) = { t : h(t) > t− ε }, ε > 0.

Òåîðåìà 1. Ïóñòü µ(h−1(T0)) = 0 è ñóùåñòâóþò òàêîå ïîëîæè-
òåëüíîå ε è òàêîå q, ÷òî äëÿ ëþáûõ x, u1, u2 ∈ Rn ïðè ïî÷òè âñåõ
t ∈ T (ε) âûïîëíåíî íåðàâåíñòâî

|f(t, x, u1)− f(t, x, u2)| 6 q|u1 − u2|,
à äëÿ ëþáûõ x1, x2, u ∈ Rn ïðè ïî÷òè âñåõ t ∈ [a, b]� íåðàâåíñòâî

|f(t, x1, u)− f(t, x2, u)| 6 q|x1 − x2|.
Äàëåå, ïðåäïîëîæèì, ÷òî ñóùåñòâóþò òàêèå δ > 0, τ > 0, qϕ, ÷òî
äëÿ ëþáîãî T ∈ (T0−δ, T0+δ)

⋂
[a, b] è äëÿ âñåõ x, u ∈ AC([a, b],Rn) , åñëè

T < a + τ è x(a) = u(a) = α, òî èìååò ìåñòî íåðàâåíñòâî

|ϕ(T, xT )− ϕ(T, uT )| 6 qϕ

∫ T

a
|ẋ(s)− u̇(s)| ds; (2)

à åñëè 0 < ς < T −a < ς +τ è x(t) = u(t) ïðè t ∈ [a, ς], òî òàêæå èìååò
ìåñòî íåðàâåíñòâî (2). Òîãäà äëÿ ëþáîãî T ∈ (T0− δ, T0 + δ)

⋂
[a, b] çàäà-

÷à (1) èìååò åäèíñòâåííîå ãëîáàëüíîå ðåøåíèå w ∈ ACS([a, b],Rn, T0, δ)
è ëþáîå ëîêàëüíîå ðåøåíèå ÿâëÿåòñÿ ñóæåíèåì w. Äàëåå, åñëè

Ti ∈ (T0 − δ, T0 + δ)
⋂

[a, b]

è Ti → T0, òî äëÿ ñîîòâåòñòâóþùèõ ãëîáàëüíûõ ðåøåíèé çàäà÷è âûïîë-
íåíî ρACS (wi, w) → 0.
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Äîêàçàòåëüñòâî òåîðåìû 1 îñíîâàíî íà îáùèõ óòâåðæäåíèÿõ î ðàçðå-
øèìîñòè óðàâíåíèé ñ âîëüòåððîâûìè îïåðàòîðàìè è íåïðåðûâíîé çàâèñè-
ìîñòè èõ ðåøåíèé îò ïàðàìåòðîâ, ïîëó÷åííûõ â ðàáîòå [1].

* * *
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T.V. Zhukovskaya
On impulse di�erential equations with delay

Conditions have been obtained for continuous dependence of solutions of di�erential
equations with delay on the moment and quantity of impulse action. This investigation
is based on statements about solvability of Volterra operator equations and the
continuous dependence of its solutions on parameters obtained in paper [1].

Æóêîâñêàÿ Òàòüÿíà Âëàäèìèðîâíà
Òàìáîâñêîå âûñøåå âîåííîå àâèàöèîííîå
èíæåíåðíîå ó÷èëèùå ðàäèîýëåêòðîíèêè
392000, Ðîññèÿ, ã. Òàìáîâ, 6
E-mail: zukovskys@mail.ru


