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Ïîäñòàâëÿÿ δ = ‖Ff(·)‖L∞(Rd)/‖(−∆)α/2f(·)‖L2(Rd) â âûðàæåíèå äëÿ S, ïîëó÷àåì ïîñëå íåñëîæíûõ

ïðåîáðàçîâàíèé òðåáóåìîå íåðàâåíñòâî. Íà ôóíêöèè f̂(·), êàê ëåãêî óáåäèòüñÿ, îíî îáðàùàåòñÿ â
ðàâåíñòâî è ïîýòîìó êîíñòàíòà K � íàèìåíüøàÿ èç âîçìîæíûõ.

Ïîäîáíûå íåðàâåíñòâà, íî êîãäà âìåñòî ñòåïåíåé îïåðàòîðà Ëàïëàñà ðàññìàòðèâàþòñÿ ïðîèçâîäíûå,
èçó÷àëèñü â ðàáîòå [2]. Äîêàçàòåëüñòâî äàííîãî íåðàâåíñòâà ñëåäóåò ðàññóæäåíèÿì èç ýòîé ðàáîòû.
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Abstract: the paper is devoted to determination of the exact constant in the inequality for fractional powers
of Laplace operator; the proof is based on the Lagrange principle in theory of extremum.
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ÎÃÐÀÍÈ×ÅÍÍÛÅ ÍÀ ÎÑÈ ÐÅØÅÍÈß ËÈÍÅÉÍÛÕ ÍÅÎÄÍÎÐÎÄÍÛÕ
ÑÈÑÒÅÌ ÄÈÔÔÅÐÅÍÖÀËÜÍÛÕ ÓÐÀÂÍÅÍÈÉ ÈÒÎ 1

c© Ï.Ì. Ñèìîíîâ, À.Â. ×èñòÿêîâ

Êëþ÷åâûå ñëîâà: âèíåðîâñêèé ïðîöåññ; ëèíåéíîå óðàâíåíèå Èòî; çàäà÷à îá îãðàíè÷åííûõ ðåøåíèÿõ,
òåîðåìà Áîëÿ-Ïåððîíà; ðàâíîìåðíî ýêñïîíåíöèàëüíàÿ óñòîé÷èâîñòü.

Àííîòàöèÿ: Äëÿ ëèíåéíîé ñèñòåìû îáûêíîâåííûõ äèôôåðåíöèàëüíûõ óðàâíåíèé Èòî

dx(t) = a(t)x(t)dt+ b(t)x(t)w(dt) + φ(dt) (t ∈ R)

ñ èíòåãðàëüíî îãðàíè÷åííûìè (â ñðåäíåì) êîýôôèöèåíòàìè èçó÷àåòñÿ âîïðîñ î ñóùåñòâîâàíèè åäèíñòâåííîãî

îãðàíè÷åííîãî ðåøåíèÿ ïðè îãðàíè÷åííîì àääèòèâíîì âîçìóùåíèè φ(dt), ÿâëÿþùèìñÿ ñòîõàñòè÷åñêîé

1Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæêå ÐÔÔÈ è àäìèíèñòðàöèè Ïåðìñêîãî êðàÿ (ãðàíò � 07-01-96060-
ð-óðàë-à) è ÇÀÎ �ÏÐÎÃÍÎÇ�.
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îãðàíè÷åííîé ìåðîé; ïîêàçàíî, ÷òî åñëè êëàññ âîçìóùåíèé äîñòàòî÷íî âåëèê (ñîäåðæèò àáñîëþòíî íåïðåðûâíûå

ìåðû ñ ñóììèðóåìîé ïëîòíîñòüþ), òî ñóùåñòâîâàíèå îãðàíè÷åííîãî ðåøåíèÿ âîçìîæíî òîëüêî â ñëó÷àå

ðàâíîìåðíîé ýêñïîíåíöèàëüíîé óñòîé÷èâîñòè, òî åñòü î÷åíü áûñòðîé ñòàáèëèçàöèè ðåøåíèé îäíîðîäíîé

ñèñòåìû; ýòî óòâåðæäåíèå � ïðÿìîå ñëåäñòâèå ñèëüíîé íåîáðàòèìîñòè ïîòîêà ñîáûòèé, íåîáõîäèìîãî äëÿ

ðåàëèçàöèè âèíåðîâñêîé ìåðû w(dt).

Ðàññìîòðèì ëèíåéíóþ ñèñòåìó óðàâíåíèé Èòî

dx(t) = A(t)x(t)dt+B(t)x(t)w(dt) + f(t)dt, t ∈ R, (10)

ãäå n×n-ìàòðè÷íûå ïðîöåññû A(t), B(t) è n-ìåðíûé ïðîöåññ f(t) ñîãëàñîâàíû ñ ïîòîêîì σ-àëãåáð
(Ft)t∈R, ïîðîæäåííûì íà èñõîäíîì âåðîÿòíîñòíîì ïðîñòðàíñòâå (Ω, F,P) ñêàëÿðíîé âèíåðîâñêîé
ìåðîé w(dt). Âèíåðîâñêîé ìåðîé íàçûâàåòñÿ ñòîõàñòè÷åñêàÿ ìåðà íà R, òàêàÿ, ÷òî ïðè âñåõ s ∈ R
ñëó÷àéíûé ïðîöåññ ws(t) = w([s, t)), t > s ÿâëÿåòñÿ ñòàíäàðòíûì áðîóíîâñêèì äâèæåíèåì íà
ïîëóîñè [s,∞).

Äëÿ íîðìèðîâêè ñëó÷àéíûõ âåëè÷èí ϕ ñî çíà÷åíèÿìè â êîíå÷íîìåðíûõ íîðìèðîâàííûõ ïðîñòðàíñòâàõ
çàôèêñèðóåì ÷èñëî p ∈ [1,∞) è ïîëîæèì |ϕ| = (E||ϕ||p)1/p. Ñëó÷àéíûé ïðîöåññ x(t) áóäåì
íàçûâàòü îãðàíè÷åííûì, åñëè sup

t∈R
|x(t)| <∞. Ñîîòâåòñòâåííî, ïðîöåññ f(t) áóäåì íàçûâàòü èíòåãðàëüíî

îãðàíè÷åííûì, åñëè sup
t∈R

|
t+1∫
t

||f(s)|| ds| <∞. Ïðè óñëîâèÿõ:

a) sup
t∈R

vrai sup
ω∈Ω

t+δ∫
t

||A(s)|| ds δ→0+→ 0; b) sup
t∈R

vrai sup
ω∈Ω

t+δ∫
t

||B(s)||2 ds δ→0+→ 0

çàäà÷à Êîøè dx(t) = A(t)x(t)dt + B(t)x(t)ws(dt) + f(t)dt, t > s, x(s) = xs èìååò åäèíñòâåííîå
ðåøåíèå äëÿ âñåõ Fs-èçìåðèìûõ íà÷àëüíûõ çíà÷åíèé xs è âñåõ Ft-ñîãëàñîâàííûõ âîçìóùåíèé
f(t). Óðàâíåíèå (10) íàçûâàåòñÿ ðàâíîìåðíî ýêñïîíåíöèàëüíî óñòîé÷èâûì, åñëè ñóùåñòâóþò
êîíñòàíòû C > 0 è α > 0 òàêèå, ÷òî ïðè âñåõ s ∈ R äëÿ ëþáîãî ðåøåíèÿ îäíîðîäíîé çàäà÷è
Êîøè ñïðàâåäëèâà îöåíêà |x(t)| < Ce−α(t−s)|xs|, t > s.

Ðåøåíèåì óðàâíåíèÿ (10) íàçûâàåòñÿ Ft-ñîãëàñîâàííûé ñëó÷àéíûé ïðîöåññ x(t), t ∈ R, òàêîé,
÷òî ïðè êàæäîì s ∈ R îãðàíè÷åíèå x(t) íà ïîëóîñü [0,∞) ÿâëÿåòñÿ ðåøåíèåì çàäà÷è Êîøè.

Ò å î ð å ì à. Óðàâíåíèå (10) èìååò òî÷íî îäíî îãðàíè÷åííîå ðåøåíèå x(t) ïðè êàæäîì
èíòåãðàëüíî îãðàíè÷åííîì âîçìóùåíèè f(t) òîãäà è òîëüêî òîãäà, êîãäà ýòî óðàâíåíèå ðàâíîìåðíî
ýêñïîíåíöèàëüíî óñòîé÷èâî.

Abstract: the question of existence of unique bounded solution at bounded additive change of φ(dt), which
is stochastic bounded measure, is investigated for the linear system of It�o ordinary di�erential equations

dx(t) = a(t)x(t)dt+ b(t)x(t)w(dt) + φ(dt) (t ∈ R)

with integrally bounded (on the average) coe�cients; it is showed, that if the class of these changes is enough

wide (contains absolutely continuous measures with summable density), then existence of bounded solution is

possible only in case of uniform exponential stability, i. e. very fast stabilization of solution of homogeneous

system; this statement is the direct corollary of the strong events �ow irreversibility which is necessary for

realization of Wiener measure w(dt).
Keywords: Wiener process; linear equation It�o; problem about the bounded solution; Bohl-Perron's theorem;

uniformly exponentially stability.
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ÌÎÍÎÒÎÍÍÛÅ ÐÅØÅÍÈß ÍÅÐÀÂÅÍÑÒÂ ÃÀÌÈËÜÒÎÍÀ�ßÊÎÁÈ
Â ÎÏÒÈÌÀËÜÍÎÌ ÓÏÐÀÂËÅÍÈÈ 1

c© Ñ.Ï. Ñîðîêèí

Êëþ÷åâûå ñëîâà: ôóíêöèè Ëÿïóíîâà; íåðàâåíñòâà Ãàìèëüòîíà-ßêîáè; ìíîæåñòâî äîñòèæèìîñòè; óñëîâèÿ
îïòèìàëüíîñòè.

Àííîòàöèÿ: Â äîêëàäå ðå÷ü ïîéäåò îá îöåíêàõ ìíîæåñòâ äîñòèæèìîñòè è ñâÿçàííûõ ñ íèìè íåîáõîäèìûõ

è äîñòàòî÷íûõ óñëîâèÿõ îïòèìàëüíîñòè â çàäà÷àõ óïðàâëåíèÿ; îöåíêè è óñëîâèÿ îïòèìàëüíîñòè îñíîâàíû

íà èñïîëüçîâàíèè ñåìåéñòâ ôóíêöèé òèïà Ëÿïóíîâà - ðåøåíèé íåðàâåíñòâ Ãàìèëüòîíà-ßêîáè.

Ðåøåíèÿ íåðàâåíñòâ è óðàâíåíèÿ Ãàìèëüòîíà�ßêîáè (òî åñòü ôóíêöèè òèïà Ëÿïóíîâà, Êðîòîâà,
Áåëëìàíà) íàõîäÿò øèðîêîå ïðèìåíåíèå â òåîðèè óïðàâëåíèÿ ïðè èçó÷åíèè âîïðîñîâ èíâàðèàíòíîñòè,
äîñòèæèìîñòè, óïðàâëÿåìîñòè è îïòèìàëüíîñòè [1�4]. Â äîêëàäå ðå÷ü ïîéäåò îá àïïðîêñèìàöèÿõ
è òî÷íîì îïèñàíèè ìíîæåñòâà äîñòèæèìîñòè (òî÷íåå, ìíîæåñòâà ñîåäèíèìûõ òî÷åê) óïðàâëÿåìîé
ñèñòåìû, îöåíêàõ öåëåâîãî ôóíêöèîíàëà çàäà÷è è óñëîâèÿõ îïòèìàëüíîñòè. Êëþ÷åâóþ ðîëü â
ïîäõîäå èãðàåò îïåðèðîâàíèå ïðîèçâîëüíûìè ìíîæåñòâàìè òàêèõ ôóíêöèé.

Ïðèâåäåì íåêîòîðûå èç óêàçàííûõ ðåçóëüòàòîâ ïðèìåíèòåëüíî ê ñëåäóþùåé çàäà÷å îïòèìàëüíîãî
óïðàâëåíèÿ (P∆) ñ îáùèìè (íå ðàçäåëåííûìè) êîíöåâûìè îãðàíè÷åíèÿìè:

ẋ = f(t, x, u), u(t) ∈ U, (1)(
x(t0), x(t1)

)
∈ C,

1Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæêå ÐÔÔÈ (ïðîåêò � 07-01-00741) è ÑÎ ÐÀÍ (èíòåãðàöèîííûé
ïðîåêò ÑÎ ÐÀÍ�ÓðÎ ÐÀÍ � 85).
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