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Äëÿ êîíôëèêòíî óïðàâëÿåìîé äèíàìè÷åñêîé ñèñòåìû ðàñ-
ñìàòðèâàåòñÿ çàäà÷à îá îïòèìàëüíîì óïðàâëåíèè ïî ïðèíöèïó
îáðàòíîé ñâÿçè, ïðè íåïîëíîé èíôîðìàöèè î äèíàìè÷åñêîé ïî-
ìåõå è ïðè çàïàçäûâàþùåé íåòî÷íîé èíôîðìàöèè î çíà÷åíèÿõ
ôàçîâîé ïåðåìåííîé, õàðàêòåðèçóþùåé òåêóùåå ñîñòîÿíèå ñè-
ñòåìû. Çàäà÷à ôîðìàëèçóåòñÿ â âèäå àíòàãîíèñòè÷åñêîé äèô-
ôåðåíöèàëüíîé èãðû äâóõ ëèö. Ïðè ðåøåíèè çàäà÷è èñïîëü-
çóåòñÿ ìåòîä ïðîãðàììíîãî ñòîõàñòè÷åñêîãî ñèíòåçà è ìåòîä
ýêñòðåìàëüíîãî ñäâèãà íà ñîïóòñòâóþùèå òî÷êè. Óñòàíàâëè-
âàåòñÿ îïòèìàëüíàÿ ñòðàòåãèÿ óïðàâëåíèÿ.

Êëþ÷åâûå ñëîâà: óïðàâëåíèå, ïîìåõà, êðèòåðèé êà÷åñòâà, ãàðàíòèðî-
âàííûé ðåçóëüòàò, ïðîãðàììíûé ñòîõàñòè÷åñêèé ñèíòåç, ýêñòðåìàëü-
íûé ñäâèã, îïòèìàëüíàÿ ñòðàòåãèÿ óïðàâëåíèÿ.

1. Ïîñòàíîâêà çàäà÷è
Ðàññìàòðèâàåòñÿ îáúåêò, äâèæåíèå êîòîðîãî îïèñûâàåòñÿ äèôôå-

ðåíöèàëüíûì óðàâíåíèåì

ẋ = A(t)x + B(t)u + C(t)υ , t0 6 t 6 ϑ . (1.1)
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Çäåñü x � n�ìåðíûé ôàçîâûé âåêòîð, t � âðåìÿ, t0 è ϑ çàôèêñè-
ðîâàíû, A(t), B(t), C(t) � êóñî÷íî-íåïðåðûâíûå ìàòðèöû-ôóíêöèè, u

� r�ìåðíûé è υ � s�ìåðíûé âåêòîðû ( u � óïðàâëåíèå, υ � ïîìåõà).
Âñå âåêòîðû òðàêòóþòñÿ êàê âåêòîðû-ñòîëáöû.

Âåêòîðû u è υ ñòåñíåíû óñëîâèÿìè

u ∈ P, υ ∈ Q,

ãäå P è Q � çàäàííûå êîìïàêòû.
Ðàññìàòðèâàåòñÿ çàäà÷à î ôîðìèðîâàíèè óïðàâëåíèé u, íàöåëåí-

íûõ íà ìèíèìèçàöèþ êðèòåðèÿ êà÷åñòâà γ, êîòîðûé çàâèñèò îò äâè-
æåíèÿ ñèñòåìû x[t0[·]ϑ] = {x[t], t0 6 t 6 ϑ} , ðåàëèçàöèé óïðàâëÿþ-
ùåãî âîçäåéñòâèÿ u[t0[·]ϑ] = {u[t] ∈ P, t0 6 t 6 ϑ} , ïîìåõè υ[t0[·]ϑ] =

{υ[t] ∈ Q, t0 6 t 6 ϑ} è çàäàåòñÿ â âèäå ôóíêöèîíàëà

γ(x[t0[·]ϑ]; u(t0[·]ϑ]; υ(t0[·]ϑ]) =

= |x[ϑ]− x̃|+
ϑ∫

t0

ϕ(t) |u[t]|2 dt−
ϑ∫

t0

ψ(t) |υ[t]|2 dt . (1.2)

Çäåñü x̃ � íåêîòîðûé ôèêñèðîâàííûé n�ìåðíûé âåêòîð, ñèìâîë
|f | îáîçíà÷àåò åâêëèäîâó íîðìó âåêòîðà f ; ϕ(t) è ψ(t) ñóòü çàäàííûå
êóñî÷íî-íåïðåðûâíûå ôóíêöèè, ϕ(t) > α, ψ(t) > β, α > 0, β > 0.

Èíôîðìàöèÿ î ñîñòîÿíèÿõ x[t] èäåò ñ çàïàçäûâàíèåì è åùå, âî-
îáùå ãîâîðÿ, ñ èñêàæåíèåì. Òåêóùàÿ èíôîðìàöèÿ ïðè t > t0 + h,
ãäå h > 0 âåëè÷èíà çàïàçäûâàíèÿ, èñïîëüçóåòñÿ â âèäå n�ìåðíîãî
âåêòîðà x∗[t]. Ïîëàãàåì

x∗[t] = x[t− h] + ∆x∗[t], t > t0 + h. (1.3)

Íà÷àëüíîå ôàçîâîå ñîñòîÿíèå x[t0] = x0 îáúåêòà òàêæå ñîîáùàåò-
ñÿ ñ èñêàæåíèåì. Îáîçíà÷èì

x∗0 = x0 + ∆x∗0. (1.4)

Öåëåâîå êîíå÷íîå ôàçîâîå ñîñòîÿíèå x̃ òàêæå ñîîáùàåòñÿ ñ èñêà-
æåíèåì.

Îáîçíà÷èì
x̃∗ = x̃ + ∆x̃∗. (1.5)
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Ïðè ýòîì âåëè÷èíû x∗0 (1.4) è x̃∗ (1.5) ñîîáùàþòñÿ íàì çàðàíåå.
Ïîëàãàåì, ÷òî îíè èçâåñòíû óæå â íåêîòîðûé ìîìåíò t̃0 < t0, êîòî-
ðûé óòî÷íèì íèæå. Îò ìîìåíòà âðåìåíè t0 äî ìîìåíòà âðåìåíè t0+h

óïðàâëåíèå u[t] îïðåäåëÿåòñÿ ëèøü èíôîðìàöèåé îá x∗0 è x̃∗. Íà÷èíàÿ
ñ ìîìåíòà t0 + h, óïðàâëåíèå u[t] îïðåäåëÿåòñÿ åùå è èíôîðìàöèåé
îá x∗[t] (1.3). Ïðè ýòîì, íåñìîòðÿ íà ñîäåðæàòåëüíûé ñìûñë âåëè-
÷èí x∗0 è x∗[t], âûòåêàþùèé èç (1.3), (1.4), íå áóäåì òðåáîâàòü, ÷òîáû
îáÿçàòåëüíî âûïîëíÿëîñü ðàâåíñòâî

x∗[t0 + h] = x∗0.

Ïîñòàâèì çàäà÷ó ñëåäóþùèì îáðàçîì. Â êà÷åñòâå èíôîðìàöèîí-
íîãî ýëåìåíòà Y [t0] âîçüìåì

Y [t0] = {x∗0, x̃∗}. (1.6)

Ïðè t ∈ [t0 + h, ϑ], ïðåäïîëàãàÿ âîçìîæíûì çàïîìèíàíèå èñòîðèè
x∗[t0 + h[·]t] = {x∗[τ ], t0 + h 6 τ 6 t} è ðåàëèçàöèè âûðàáîòàííîãî
óïðàâëåíèÿ u(t0[·]t] = {u[τ ], t0 < τ 6 t}, â êà÷åñòâå èíôîðìàöèîííûõ
äàííûõ âûáåðåì ÷åòâåðêó {x∗0, x̃∗, x∗[t0 + h[·]t], u(t0[·]t]}, à â êà÷åñòâå
èíôîðìàöèîííîãî ýëåìåíòà Y [t] ïðèìåì

Y [t] = {x∗0, x̃∗, x∗[t0 + h[·]t], ỹ[t0[·]t]}, t0 + h 6 t 6 ϑ. (1.7)

Çäåñü ỹ[t0[·]t] = {ỹ[τ ], t0 6 τ 6 t} � (n + 1)�ìåðíàÿ âåêòîð-
ôóíêöèÿ, òàêàÿ, ÷òî ỹ[τ ] = {y[τ ], ỹn+1[τ ]}, ãäå n�ìåðíûé âåêòîð y

ñêëàäûâàåòñÿ èç ïåðâûõ n�êîîðäèíàò âåêòîðà ỹ.
Ïîëîæèì

y[τ ] =

τ∫

t0

X(ϑ, ν)B(ν)u[ν]dν , (1.8)

ỹn+1[τ ] =

τ∫

t0

ϕ(ν) |u[ν]|2 dν . (1.9)

Çäåñü X(t, ν) åñòü ôóíäàìåíòàëüíàÿ ìàòðèöà ðåøåíèé îäíîðîäíî-
ãî äèôôåðåíöèàëüíîãî óðàâíåíèÿ ẋ = A(t)x.

Ñîãëàñíî (1.8), (1.9) èçìåíåíèå âî âðåìåíè t ïåðåìåííûõ y[t] =

{y1[t], . . . , yn[t]} è ỹn+1[t] îïèñûâàåòñÿ äèôôåðåíöèàëüíûìè óðàâíå-
íèÿìè

ẏ = X(ϑ, t)B(t)u[t], (1.10)
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ẏn+1 = ϕ(t) |u[t]|2 , (1.11)
ñ íà÷àëüíûìè óñëîâèÿìè

y[t0] = {0, . . . , 0}, ỹn+1[t0] = 0. (1.12)

Ïîëàãàåì äîïóñòèìûìè â (1.7) êóñî÷íî-íåïðåðûâíûå ôóíêöèè x∗[·]
è â (1.8)-(1.11) � èçìåðèìûå, îãðàíè÷åííûå (êàæäàÿ ñâîåé ïîñòîÿí-
íîé) ôóíêöèè u[·].

Èòàê, èíôîðìàöèîííûå ýëåìåíòû Y [t] (1.5) è (1.6) îïðåäåëÿþò
èíôîðìàöèîííóþ Y �ñèñòåìó.

Íàçîâåì ñòðàòåãèåé u(·) ôóíêöèþ

u(·) = {u(t, Y, ε) ∈ P, t0 6 t 6 ϑ, ε > 0}, (1.13)

îïðåäåëåííóþ äëÿ âñåõ âîçìîæíûõ çíà÷åíèé èíôîðìàöèîííîãî ýëå-
ìåíòà Y . Çäåñü ε > 0 � ïàðàìåòð òî÷íîñòè [1]. Ïðè ýòîì, ïðåäïîëî-
æèì, ÷òî íà ïîëóèíòåðâàëå t0 < t 6 t0 + h ôóíêöèÿ u(·) (1.13) åñòü
èçìåðèìàÿ ïî t ôóíêöèÿ ïðè êàæäûõ ôèêñèðîâàííûõ Y è ε.

Çàêîíîì óïðàâëåíèÿ U íàçûâàåòñÿ ñîâîêóïíîñòü òðåõ êîìïîíåíò

U = {u(·), ε, ∆{ti}}. (1.14)

Çäåñü ∆{ti} åñòü ðàçáèåíèå îòðåçêà [t0, ϑ] òî÷êàìè ti, i = 0, . . . , l,

êîòîðîå èìååò ñëåäóþùèé âèä

∆{ti} = {t0, t1 = t0 + h, . . . , ti < ti+1, i = 0, . . . , l − 1, tl = ϑ} . (1.15)

Ïðè ôèêñèðîâàííûõ çíà÷åíèè ε > 0 è ðàçáèåíèè ∆{ti} (1.15) çà-
êîí óïðàâëåíèÿ U (1.14) ôîðìèðóåò óïðàâëåíèå u[·] ñëåäóþùèì îá-
ðàçîì. Ïðè t0 < t 6 t1 = t0 + h èìååì

u[t] = u(t, Y [t0], ε), t0 < t 6 t0 + h, (1.16)

ãäå u(t, Y [t0], ε) ∈ P åñòü íåêîòîðàÿ èçìåðèìàÿ ïî t ôóíêöèÿ ïðè
ôèêñèðîâàííûõ Y [t0] (1.6) è ε.

Äàëåå, ïðè ti < t 6 ti+1, i = 1, . . . , l − 1 ïîëàãàåì

u[t] = u(ti, Y [ti], ε), ti < t 6 ti+1, i = 1, . . . , l − 1, (1.17)

ãäå Y [ti] åñòü èíôîðìàöèîííûé ýëåìåíò (1.7).
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Â êà÷åñòâå íåèçâåñòíîé ïîìåõè υ(t0[·]ϑ] = {υ[t] ∈ Q, t0 < t 6 ϑ}
áóäåì äîïóñêàòü ëþáóþ ôóíêöèþ âèäà

υ[t] =
N∑

s=1

υ(s)[t] · αs, (1.18)

ãäå υ(s)[t] ∈ Q � èçâåñòíûå è îãðàíè÷åííûå ôóíêöèè, αs � íåèçâåñòíûå
÷èñëîâûå êîýôôèöèåíòû.

Äâèæåíèåì x[t0[·]ϑ] = {x[t], t0 6 t 6 ϑ} ïîðîæäåííûì çàêîíîì
óïðàâëåíèÿ U (1.14) â ïàðå ñ íåèçâåñòíîé íàì ïîìåõîé υ(t0[·]ϑ] ïðè
íåèçâåñòíîì íàì èñõîäíîì ñîñòîÿíèè x[t0] = x0 íàçûâàåòñÿ ðåøåíèå
x[t0[·]t0 + h] = {x[t], t0 6 t 6 t0 + h} äèôôåðåíöèàëüíîãî óðàâíåíèÿ

ẋ[t] = A(t)x[t] + B(t)u(t0, Y [t], ε)+

+C(t)υ[t], t0 < t 6 t0 + h, x[t0] = x0, (1.19)
ñêëååííîå íåïðåðûâíî ñ íåïðåðûâíûì ðåøåíèåì

x[t0 + h[·]ϑ] = {x[ti[·]ti+1] = {x[t], ti 6 t 6 ti+1}, i = 1, . . . , l − 1}

ïîøàãîâîãî äèôôåðåíöèàëüíîãî óðàâíåíèÿ

ẋ[t] = A(t)x[t] + B(t)u(ti, Y [ti], ε) + C(t)υ[t],

ti < t 6 ti+1, i = 1, . . . , l − 1, x[t1] = x[t0 + h]. (1.20)
Ïàðàëëåëüíî ñ äåéñòâèòåëüíûì äâèæåíèåì x[t0[·]ϑ] çàêîí óïðàâ-

ëåíèÿ U (1.14) ôîðìèðóåò â èíôîðìàöèîííîé Y �ñèñòåìå (1.10), (1.11)
âîîáðàæàåìîå äâèæåíèå. Ýòî äâèæåíèå åñòü ýâîëþöèÿ èíôîðìàöè-
îííîãî ýëåìåíòà Y [t], t = t0, t1 6 t 6 ϑ. Åãî êîìïîíåíòû x∗0 è x̃∗ îñòà-
þòñÿ íåèçìåííûìè. Ôóíêöèÿ ỹ[t0[·]ϑ] = {ỹ[t] = {y[t], ỹn+1[t]}, t0 6 t 6
ϑ} ôîðìèðóåòñÿ íàìè êàê ðåøåíèå ñëåäóþùèõ äèôôåðåíöèàëüíûõ
óðàâíåíèé

ẏ[t] = X(ϑ, t)B(t)u(t, Y [t0], ε), t0 < t 6 t0 + h, y[t0] = 0, (1.21)

˙̃yn+1[t] = ϕ(t) |u(t, Y [t0] , ε)|2 , t0 < t 6 t0 + h, ỹn+1[t0] = 0; (1.22)
ẏ[t] = X(ϑ, t)B(t)U(ti, Y [ti], ε),

ti < t 6 ti+1, i = 1, . . . , l − 1, y[t1] = y[t0 + h], (1.23)
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˙̃yn+1[t] = ϕ(t) |u(t, Y [t0] , ε)|2 ,

ti < t 6 ti+1, i = 1, . . . , l − 1, ỹn+1[t1] = ỹn+1[t0 + h]. (1.24)
Áóäåì òðàêòîâàòü ðàññìàòðèâàåìóþ ñèòóàöèþ êàê äèôôåðåíöè-

àëüíóþ èãðó äâóõ ëèö [1, 6]. Â ñîîòâåòñòâèè ñ ýòèì áåðåì íà ñåáÿ ðîëü
ïåðâîãî èãðîêà, ôîðìèðóþùåãî óïðàâëåíèå u[·]. Äèíàìè÷åñêàÿ ïîìå-
õà υ(t0[·]ϑ] (1.18), äåéñòâóþùàÿ íà x�îáúåêò, ïîëàãàåòñÿ íåèçâåñòíîé
â òå÷åíèå âñåãî ïðîöåññà óïðàâëåíèÿ. Îíà ôîðìèðóåòñÿ âòîðûì èãðî-
êîì. Òàêæå âòîðûì èãðîêîì íåçàâèñèìî îò íàøåé âîëè ôîðìèðóåòñÿ
ñîîáùàåìàÿ íàì êîìïîíåíòà x∗[t0 +h[·]ti] � èíôîðìàöèîííàÿ èñòîðèÿ
x∗[t0 + h[·]ti] â ñîñòàâå Y [ti], i = 1, 2, . . . , l. Êðîìå òîãî âòîðîé èãðîê
îïðåäåëÿåò èçâåñòíûå íàì âåëè÷èíû x∗0, x̃∗ è íåèçâåñòíûå íàì â òå-
÷åíèå âñåãî ïðîöåññà âåëè÷èíû x0 è x̃.

Ïîÿñíèì áîëåå ïîäðîáíî ñîäåðæàòåëüíûé ñìûñë çàïàçäûâàíèÿ
èñïîëüçîâàíèÿ èíôîðìàöèè. Âåëè÷èíà h íå åñòü, âîîáùå ãîâîðÿ, òîëü-
êî âðåìÿ çàïàçäûâàíèÿ ïîäà÷è èíôîðìàöèè î ñîñòîÿíèÿõ x[τ ] â îðãàí
óïðàâëåíèÿ. Âåëè÷èíà h � ñóììàðíîå âðåìÿ, êîòîðîå ñêëàäûâàåòñÿ
èç âðåìåíè h∗ çàïàçäûâàíèÿ ïîäà÷è èíôîðìàöèè â ÝÂÌ â îðãàíå
óïðàâëåíèÿ, èç âðåìåíè h∗ íà ïîäñ÷åò â ÝÂÌ çíà÷åíèÿ u[t] óïðàâëÿ-
þùåãî âîçäåéñòâèÿ è èç âðåìåíè h̃ ïåðåäà÷è u[t] íà x�îáúåêò. Èòàê,

h = h∗ + h∗ + h̃. (1.25)

Ïðè ýòîì ïîëàãàåì

ti+1 − ti > h∗, i = 1, . . . , l − 1, (1.26)

ãäå ti è ti+1 � ìîìåíòû èç ðàçáèåíèÿ ∆{ti} (1.15).
Ïîëàãàåì, ÷òî x∗0 è x̃∗ èçâåñòíû óæå ïðè t̃0 = t0−h−h∗. Ïî ïîñòà-

íîâêå çàäà÷è ïîëàãàåì, ÷òî â ìîìåíòû âðåìåíè τ∗(t) = t−h−h∗, t0 <

t 6 t0 + h ïî èíôîðìàöèè {x∗0, x̃∗} íà÷èíàåòñÿ ïîäñ÷åò âåëè÷èíû

u[t] = u(t, x∗0, x̃
∗, ε), t0 < t 6 t0 + h = t1,

è ýòà âåëè÷èíà âû÷èñëÿåòñÿ â òå÷åíèå âðåìåíè τ∗(t) 6 ν 6 τ∗(t) + h∗.
Òàêèì îáðàçîì, â ÷àñòíîñòè, âåëè÷èíà u[t1] óæå áóäåò ñîñ÷èòàíà â
ìîìåíò τ∗(t1) + h∗ = t1 − h − h∗ + h∗ = t1 − h∗ = t0. Ïîëàãàåì, ÷òî
â òå÷åíèå âðåìåíè τ∗(t) + h 6 η 6 τ∗(t) + h∗ + (h∗ + h∗) âû÷èñëåííîå
çíà÷åíèå u[t] õðàíèòñÿ â ïàìÿòè. Çàòåì çà âðåìÿ τ∗(t) + 2h∗ + h 6
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ξ 6 τ∗(t)+2h∗+h∗+ h̃ = t âû÷èñëåííîå çíà÷åíèå u[t] ïðåîáðàçóåòñÿ â
óñèëèå u[t], t0 < t 6 t1 íà x�îáúåêò. Ðàçóìååòñÿ ïðàêòè÷åñêè ôóíêöèÿ
u[t], t0 < t 6 t1 ïîëàãàåòñÿ êóñî÷íî-ïîñòîÿííîé u[t] = u[t∗j ], t

∗
j < t 6

t∗j+1, j = 1, . . . , m ñ âåñüìà ìàëûì øàãîì max
j

(t∗j+1 − t∗j) 6 δ∗, è ñòàëî
áûòü, ïðàêòè÷åñêè âû÷èñëÿþòñÿ ëèøü çíà÷åíèÿ u[t∗j ].

Â ìîìåíò τ∗1 = t1 − h + h∗ â ÝÂÌ ïîñòóïàåò íîâàÿ èíôîðìàöèÿ

Y [t1] = {x∗0, x̃∗, x∗[t1 = t0 + h], ỹ[t0[·]t1]}. (1.27)

Çàìåòèì ïðè ýòîì, ÷òî â ìîìåíò âðåìåíè τ∗1 = t1 − h + h∗ ôóíê-
öèþ ỹ[t0[·]t1] ìû ïîëàãàåì óæå èçâåñòíîé, ò.ê. ñîãëàñíî ïðåäûäóùå-
ìó ïîäñ÷åò îïðåäåëÿþùåé åå ôóíêöèè u(t0[·]t1] = {u[t], t0 < t 6 t1}
çàêàí÷èâàåòñÿ â ìîìåíò t0, êîòîðûé íàñòóïàåò ðàíüøå, ÷åì ìîìåíò
τ∗1 = t1 − h + h∗ = t0 + h∗.

Ïî èíôîðìàöèè Y [t1] (1.27) çà âðåìÿ τ∗1 6 ν1 6 τ∗1 + h∗ ÝÂÌ
ïîäñ÷èòûâàåò çíà÷åíèå u(t1, Y [t1], ε) = u[t] ∈ P, t1 < t 6 t2, ãäå t1
è t2 � ìîìåíòû èç ðàçáèåíèÿ ∆{ti} (1.15), (1.26). Òàêèì îáðàçîì,
âû÷èñëåíèå âåëè÷èíû u[t2] çàêàí÷èâàåòñÿ â ìîìåíò τ∗1 + h∗ = t1 −
h + h∗ + h∗. Çàòåì â òå÷åíèå âðåìåíè τ∗1 + h∗ 6 η1 6 τ∗1 + h∗ + t− t1,
ñîñ÷èòàííîå çíà÷åíèå u[t], t1 < t 6 t2 õðàíèòñÿ â ïàìÿòè, è äàëåå çà
âðåìÿ τ∗1 + h∗ + t − t1 6 ξ1 6 τ∗1 + h∗ + t − t1 + h̃ = t ñîñ÷èòàííîå
çíà÷åíèå u[t], t1 < t 6 t2 ïðåîáðàçóåòñÿ â óïðàâëåíèå u[t] íà x�îáúåêò.

Â ìîìåíò τ∗2 = t2 − h + h∗ ïîñòóïàåò íîâàÿ èíôîðìàöèÿ

Y [t2] = {x∗0, x̃∗, x∗[t0 + h[·]t2], ỹ[t0[·]t2]}. (1.28)

Ïðè ýòîì â ìîìåíò τ∗2 = t2 − h + h∗ ôóíêöèÿ ỹ[t0[·]t2] ïîëàãàåòñÿ
óæå èçâåñòíîé, ò.ê. ïîäñ÷åò â ÝÂÌ ôóíêöèè u(t0[·]t2] çàêàí÷èâàåòñÿ
â ìîìåíò τ∗1 +h∗ = t1−h+h∗+h∗ è ñ ó÷åòîì (1.26), t1−h+h∗+h∗ <

t2 − h + h∗.
Ïðîöåññ ïðîäîëæàåòñÿ ïî èíäóêöèè ïî i. Ïóñòü â ìîìåíò τ∗i =

ti − h + h∗, i = 3, . . . , l − 1 ïîñòóïèëà èíôîðìàöèÿ

Y [ti] = {x∗0, x̃∗, x∗[t0 + h[·]ti], ỹ[t0[·]ti]}. (1.29)

Ïðè ýòîì ïðåäïîëàãàåì, ÷òî ê ìîìåíòó τ∗i ôóíêöèÿ ỹ[t0[·]ti] óæå
ñîñ÷èòàíà, ò.å. óæå ñîñ÷èòàíà ôóíêöèÿ u[t0[·]ti]. Â ìîìåíò τ∗i ïî èí-
ôîðìàöèè Y [ti] (1.29) íà÷èíàåòñÿ ïîäñ÷åò âåëè÷èíû u[t], ti < t 6 ti+1,
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êîòîðûé äëèòñÿ â òå÷åíèå âðåìåíè τ∗i 6 νi 6 τ∗i +h∗. Òàêèì îáðàçîì,
â ìîìåíò τ∗i + h∗ = ti − h + h∗ + h∗ çàêàí÷èâàåòñÿ ïîäñ÷åò ôóíêöèè
u(ti[·]ti+1] = {u[t], ti < t 6 ti+1}. Äàëåå â òå÷åíèå âðåìåíè τ∗i + h∗ 6
ηi 6 τ∗i + h∗ + t − ti = t − h̃ ñîñ÷èòàííîå çíà÷åíèå u[t], ti < t 6 ti+1

õðàíèòñÿ â ïàìÿòè è çàòåì çà âðåìÿ t− h̃ 6 ξi 6 t îíî ïðåîáðàçóåòñÿ
â óñèëèå u[t] íà x�îáúåêò. Ïðè ýòîì â ìîìåíò τ∗i+1 = ti+1 − h + h∗

ìîæíî ñíîâà íà÷èíàòü ñ÷èòàòü âåëè÷èíó u[t], ti+1 < t 6 ti+2. Äëÿ
ýòîãî â ìîìåíò τ∗i+1 íåîáõîäèìî èìåòü ñëåäóþùóþ èíôîðìàöèþ

Y [ti+1] = {x∗0, x̃∗, x∗[t0 + h[·]ti+1], ỹ[t0[·]ti+1]}.

Òàêàÿ èíôîðìàöèÿ â ìîìåíò τ∗i+1 èìååòñÿ. Â ñàìîì äåëå, âåëè-
÷èíà x∗[t0 + h[·]ti+1] ñòàíîâèòñÿ èçâåñòíîé â ýòîò ñàìûé ìîìåíò τ∗i+1,
à ôóíêöèÿ ỹ[t0[·]ti+1] ñòàíîâèòñÿ èçâåñòíîé â ìîìåíò îêîí÷àíèÿ âû-
÷èñëåíèÿ ôóíêöèè u[t0[·]ti+1], ò.å. â ìîìåíò τ∗i + h∗ = ti− h + h∗ + h∗,
à ñ ó÷åòîì (1.26) èìååì ti − h + h∗ + h∗ < τ∗i+1 − h + h∗.

Íàçíà÷èì âñïîìîãàòåëüíûé ïîêàçàòåëü êà÷åñòâà

γ∗ = |x[ϑ]− x̃|+
ϑ∫

t0

ϕ(t) |u[t]|2 dt−
ϑ∫

t0

ψ(t) |υ[t]|2 dt−

−
ϑ∫

t0+h

g(t) |x[t− h]− x∗[t]|2 dt−p |x0 − x∗0|2 − q |x̃− x̃∗|2 , (1.30)

ãäå g(t) � çàäàííàÿ êóñî÷íî-íåïðåðûâíàÿ ôóíêöèÿ, g(t) > c, c > 0,
p > 0 è q > 0 çàäàííûå êîíñòàíòû.

Ñ ó÷åòîì (1.2) ïîëó÷àåì, ÷òî

γ∗ = γ(x[t0[·]ϑ]; u(t0[·]ϑ]; υ(t0[·]ϑ]−

−



ϑ∫

t0+h

g(t) |x[t− h]− x∗[t]|2 dt−p |x0 − x∗0|2 − q |x̃− x̃∗|2

 . (1.31)

Âûðàæåíèå â êâàäðàòíûõ ñêîáêàõ â (1.31) ìîæåò áûòü èñòîëêîâà-
íî êàê ñóììà øòðàôîâ, íàëàãàåìûõ íà âòîðîãî èãðîêà çà èñêàæåíèå
èíôîðìàöèè î íà÷àëüíîì, òåêóùèõ è öåëåâîì ñîñòîÿíèÿõ x�îáúåêòà.
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Ãàðàíòèðîâàííûì ðåçóëüòàòîì äëÿ çàêîíà óïðàâëåíèÿ U (1.14)
äëÿ èñõîäíîãî èíôîðìàöèîííîãî ñîñòîÿíèÿ {t∗, Y [t∗]}, ãäå t∗ � îäèí
èç ìîìåíòîâ ðàçáèåíèÿ ∆{ti} (1.15), íàçîâåì âåëè÷èíó

ρ(U, t∗, Y [t∗]) = sup
Y [ϑ]

sup
x0

sup
x̃

sup
υ(t0[·]ϑ)

γ∗. (1.32)

Çäåñü Y [ϑ] ïðîáåãàåò âñåâîçìîæíûå çíà÷åíèÿ Y [ϑ], êîòîðûå ìîãóò
ïîëó÷èòüñÿ èç Y [t∗] ïðè çàêîíå U(1.14), à x0, x̃, υ(t0[·]ϑ] ïðîáåãàþò âñå
âîçìîæíûå çíà÷åíèÿ.

Ãàðàíòèðîâàííûì ðåçóëüòàòîì äëÿ ñòðàòåãèè u(·) (1.13) äëÿ
äàííîãî èñõîäíîãî èíôîðìàöèîííîãî ñîñòîÿíèÿ {t∗, Y [t∗]} íàçûâàåò-
ñÿ âåëè÷èíà

ρ(u(·), t∗, Y [t∗]) = lim
ε→0

lim
δ→0

sup
Uδ

ρ(Uδ, t∗, Y [t∗]) , (1.33)

ãäå âåðõíÿÿ ãðàíü âû÷èñëÿåòñÿ ïî âñåì çàêîíàì U = Uδ (1.14), êî-
òîðûå îòâå÷àþò âûáðàííîé ñòðàòåãèè u(·) (1.13), çàôèêñèðîâàííîìó
ε > 0, è äëÿ êîòîðûõ ðàçáèåíèÿ ∆{ti} (1.15) óäîâëåòâîðÿþò óñëîâèþ

ti+1 − ti 6 δ, i = 1, . . . , l − 1. (1.34)

Îïòèìàëüíûì ãàðàíòèðîâàííûì ðåçóëüòàòîì íàçûâàåòñÿ âå-
ëè÷èíà

ρ0
u(t∗, Y [t∗]) = inf

u(·)
ρ(u(·), t∗, Y [t∗]). (1.35)

Ñòðàòåãèÿ u0(·) íàçûâàåòñÿ îïòèìàëüíîé, åñëè îíà óäîâëåòâîðÿåò
óñëîâèþ

ρ(u0(·), t∗, Y [t∗]) = min
u(·)

ρ(u(·), t∗, Y [t∗]) = ρ0
u(t∗, Y [t∗]) (1.36)

äëÿ âñÿêîãî âîçìîæíîãî èíôîðìàöèîííîãî ñîñòîÿíèÿ {t∗, Y [t∗]}.
Çàäà÷à ñîñòîèò â âû÷èñëåíèè âåëè÷èíû ρ0

u(t∗, Y [t∗]) è ïîñòðîåíèè
îïòèìàëüíîé ñòðàòåãèè u0(·).

Èç âèäà ïîêàçàòåëåé γ (1.2), γ∗ (1.30) è îïðåäåëåíèÿ âåëè÷èíû
ρ0

u(t∗, Y [t∗]) (1.36) ñëåäóåò, ÷òî âåëè÷èíà ρ0
u(t∗, Y [t∗]) ÿâëÿåòñÿ îïòè-

ìàëüíûì ãàðàíòèðîâàííûì ðåçóëüòàòîì äëÿ x�îáúåêòà (1.1) ïî ïî-
êàçàòåëþ

γ = (x∗0, x̃
∗, x∗[t0 + h[·]t∗], u[t0[·]ϑ];
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x∗[t∗[·]ϑ], x0, x̃, υ[t0[·]ϑ]) = γ∗ (1.37)

îòíîñèòåëüíî êîìáèíèðîâàííîé ïîìåõè {x∗[t∗[·]ϑ], x0, x̃, υ[t0[·]ϑ]}, âû-
áèðàåìîé âòîðûì èãðîêîì íåçàâèñèìî îò íàøèõ èíòåðåñîâ. Ñèòóà-
öèþ ìîæíî óñëîâíî òðàêòîâàòü òàê, ÷òî âòîðîé èãðîê ïðè èçâåñò-
íûõ ê ìîìåíòó âðåìåíè îêîí÷àíèÿ ïðîöåññà èñêàæåííûõ äàííûõ î
ôàçîâûõ ñîñòîÿíèÿõ îáúåêòà êàê áû íàäåëÿåòñÿ åùå ïðàâîì â ýòîò
ìîìåíò ϑ íàçíà÷èòü ïîìåõó, ñîñòîÿùóþ èç âåêòîðîâ x0, x̃ è ôóíêöèè
υ(t0[·]ϑ] (1.18).

Îïðåäåëåíèÿ (1.33)�(1.36) îçíà÷àþò ñëåäóþùåå óòâåðæäåíèå.
Ïðè âûáîðå u(·) = u0(·) êàêîâî áû íè áûëî èñõîäíîå ñîñòîÿíèå

{t∗, Y [t∗] = {x∗0, x̃∗}}, t∗ = t0 èëè {t∗, Y [t∗] = {x∗0, x̃∗, x∗[t0 + h[·]ti],
ỹ[t0[·]ti]}}, t∗ = ti, i = 1, . . . , l äëÿ ëþáîãî ñêîëü óãîäíî ìàëîãî ÷èñ-
ëà ξ > 0 ìîæíî óêàçàòü ÷èñëî ε(ξ, t∗, Y [t∗]) > 0 è âåëè÷èíó δ(ξ, ε, t∗,
Y [t∗]) > 0 òàê, ÷òî çàêîí óïðàâëåíèÿ Uδ = {u0(·), ε, ∆{ti}} ïðè ε 6
ε(ξ, t∗, Y [t∗]), δ 6 δ(ξ, ε, t∗, Y [t∗]) áóäåò ôîðìèðîâàòü â ñèñòåìå (1.19),
(1.20) òàêîé ïðîöåññ, ÷òî êàêîé áû íè ðåàëèçîâàëàñü èíôîðìàöèîí-
íàÿ èñòîðèÿ x∗[t0 + h[·]t∗] ïðè t = t0 èëè êàêèì áû íè ðåàëèçîâàëîñü
ïðîäîëæåíèå x∗[t∗[·]ϑ] äàííîé èíôîðìàöèîííîé èñòîðèè x∗[t0 +h[·]t∗]
ïðè t = t0 èëè êàêèì áû íè ðåàëèçîâàëîñü ïðîäîëæåíèå x∗[t∗[·]ϑ] äàí-
íîé èíôîðìàöèîííîé èñòîðèè x∗[t0+h[·]t∗] ïðè t = ti, i = 1, . . . , l−1 è
êàêèìè áû íè îêàçàëèñü âåêòîðû x0, x̃ è ðåàëèçàöèÿ ïîìåõè υ(t0[·]ϑ],
áóäåò èìåòü ìåñòî íåðàâåíñòâî

γ = (x∗0 , x̃∗, x∗[t0 + h[·]t∗], u0[t0[·]ϑ];

x∗[t∗[·]ϑ], x0, x̃, υ(t0[·]ϑ ]) 6

6 ρ0
u(t∗, Y [t∗]) + ξ, (1.38)

è ρ0
u(t∗, Y [t∗]) åñòü íàèìåíüøåå èç ÷èñåë ρ, óäîâëåòâîðÿþùèõ òàêîìó

óñëîâèþ.
Ñêàæåì, ÷òî ñòðàòåãèÿ u0(·) � îïòèìàëüíàÿ ðàâíîìåðíî, åñëè äëÿ

ëþáîãî ÷èñëà ξ > 0 èìååì íåðàâåíñòâî (1.38) ïðè ε 6 ε(ξ) è δ 6 δ(ξ, ε)

ðàâíîìåðíî äëÿ âñåõ èñõîäíûõ ñîñòîÿíèé {t∗, Y [t∗]} èç îáëàñòè t0 6
t∗ 6 ϑ, |x∗0| 6 R, |x̃∗| 6 R, |x∗[t]| 6 R, t0 + h 6 t 6 t∗ 6 ϑ, |y[t]| 6
R, |ỹn+1[t]| 6 R, t0 6 t 6 t∗ 6 ϑ, ãäå R � êàêîå-ëèáî çàôèêñèðîâàííîå
çàðàíåå ÷èñëî.
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Çàìåòèì, ÷òî âåñîâûå êîýôôèöèåíòû-ôóíêöèè ϕ(t), ψ(t), g(t) è
ïîñòîÿííûå p è q â ïîêàçàòåëå γ∗ (1.37), (1.30) ðåãóëèðóþò ðåàëèçà-
öèè îïòèìàëüíîãî óïðàâëåíèÿ u0(t0[·]ϑ]. Øòðàôû íå ïîçâîëÿþò ñà-
ìûì íåáëàãîïðèÿòíûì ïîìåõàì {x0, x̃, υ(t0[·]ϑ], x∗[t∗[·]ϑ]} áûòü ñêîëü
óãîäíî áîëüøèìè.

Ïîñòàâëåííàÿ çàäà÷à î âû÷èñëåíèè âåëè÷èíû ρ0
u(t∗, Y [t∗]) (1.35)

è ïîñòðîåíèè îïòèìàëüíîé ðàâíîìåðíî ñòðàòåãèè u0(·) (1.31) èìååò
ðåøåíèå. Ýòî óòâåðæäåíèå îáîñíîâàíî íèæå ðåøåíèåì äàííîé çàäà÷è
ìåòîäîì ïðîãðàììíîãî ñòîõàñòè÷åñêîãî ñèíòåçà.

2. Ïðîãðàììíûé ñòîõàñòè÷åñêèé ñèíòåç

Îïèñàííîé Y �ñèñòåìå ïîñòàâèì â ñîîòâåòñòâèå åå W�ìîäåëü. Îíà
ñòðîèòñÿ ñëåäóþùèì îáðàçîì.

Ïðè τ > t0 + h ââîäèì ïåðåìåííóþ

r[τ ] = x∗[τ ]−
τ−h∫

t0

X(τ − h, ν)B(ν)u[ν]dν . (2.1)

Ïî ïîñòàíîâêå çàäà÷è èìååì, ÷òî â êàæäûé ìîìåíò τ > t0+h èñòîðèÿ

r[t0 + h[·]τ ] = {r[τ ], t0 + h 6 τ 6 τ∗} (2.2)

íàì èçâåñòíà (ïî äâóì ïðè÷èíàì: â ìîìåíò τ∗ èçâåñòíà èñòîðèÿ x∗[t0+
h[·]τ∗] = {x∗[η], t0 +h 6 η 6 τ∗} è â ìîìåíò τ∗ óæå ñîñ÷èòàíà ôóíêöèÿ
u(t0[·]τ∗ − h] = {u[ν], t0 < ν 6 τ∗ − h} ò.ê. ïîäñ÷åò êðàéíåãî çíà÷åíèÿ
u[τ∗ − h] çàêàí÷èâàåòñÿ â ìîìåíò τ ∗ = τ∗ − 2h + h∗ + h∗ < τ∗ ).

Ñ ó÷åòîì (2.1) ïîêàçàòåëü (1.37), (1.30) γ∗ ïðèìåò âèä

γ∗ = |x[ϑ]− x̃|+
ϑ∫

t0

ϕ(t) |u[t]|2 dt−
ϑ∫

t0

ψ(t) |υ[t]|2 dt−

−
ϑ∫

t0+h

g(τ) |X(τ − h, t0)x0+

τ−h∫

t0

X(τ − h, ν)C(ν)υ[ν]dν−

−r [τ ]|2 dτ − p |x0 − x∗0|2 − q |x̃− x̃∗|2 . (2.3)
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Â ñàìîì äåëå, âîñïîëüçîâàâøèñü ôîðìóëîé Êîøè, ïîëó÷àåì ðå-
øåíèå äèôôåðåíöèàëüíîãî óðàâíåíèÿ (1.1) äëÿ ìîìåíòà t = τ − h â
âèäå

x[τ − h] = X(τ − h, t0)x0+

+

τ−h∫

t0

X(τ − h, ν) (B (ν)u[ν]− C(ν)υ [ν]) dν. (2.4)

Äàëåå ñ ó÷åòîì (2.1), äëÿ ðàçíîñòè x[τ − h] − x∗[τ ], ôèãóðèðóþùåé
â âûðàæåíèè äëÿ ïîêàçàòåëÿ γ∗ (1.37), (1.30) ïîëó÷àåì ñëåäóþùåå
âûðàæåíèå

x[τ − h] = X(τ − h, t0)x0 +

τ−h∫

t0

X(τ − h, ν)C(ν)υ[ν]dν − r[τ ]. (2.5)

Èç (1.30) è (2.5) ñëåäóåò (2.3).
Ðàáîòó W�ìîäåëè îïðåäåëÿåò âñïîìîãàòåëüíàÿ ïðîãðàììíàÿ êîí-

ñòðóêöèÿ. Çàôèêñèðóåì íåêîòîðûé ìîìåíò τ∗ ∈ [t0 + h, ϑ]. Íàçíà÷èì
ðàçáèåíèå ∆{τj}, j = 1, . . . , k îòðåçêà [τ∗, ϑ] ñëåäóþùèì îáðàçîì:

∆{τj} = {τ1 = τ∗, . . . , τj < τj+1, j = 1, . . . , k − 1, . . . , τk = ϑ}. (2.6)

Â îñíîâó ñòîõàñòè÷åñêîé êîíñòðóêöèè ïîëîæèì âåðîÿòíîñòíîå ïðî-
ñòðàíñòâî {Ω, B, P}, ïîðîæäåííîå íåçàâèñèìûìè â ñîâîêóïíîñòè ñëó-
÷àéíûìè âåëè÷èíàìè ξj, j = 1, . . . , k, êàæäàÿ èç êîòîðûõ ðàâíîìåðíî
ðàñïðåäåëåíà íà ïîëóèíòåðâàëå 0 6 ξj < 1. Òàêèì îáðàçîì, Ω åñòü
k�ìåðíûé åäèíè÷íûé êóá

Ω = {ω = {ξ1, . . . , ξk}, 0 6 ξj < 1, j = 1, . . . , k},

B � áîðåëåâñêàÿ σ�àëãåáðà íà ýòîì êóáå, P åñòü ëåáåãîâà ìåðà [5] äëÿ
B ∈ B.

Íàçîâåì ñòîõàñòè÷åñêèìè ïðîãðàììàìè íåóïðåæäàþùèå ôóíê-
öèè [4] u∗(τ, ω) è r∗(τ, ω) ñëåäóþùåãî âèäà:

u∗(τ, ω) = u∗[τ, ξ1, . . . , ξj], τj < τ 6 τj+1, j = 1, . . . , k − 1; (2.7)

r∗(τ, ω) = r∗[τ, ξ1, . . . , ξj], τj < τ 6 τj+1, j = 1, . . . , k − 1. (2.8)
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Ïðè ýòîì r∗(τ, ω) åñòü âåêòîð-ôóíêöèÿ, ãäå ðàçìåðíîñòü âåêòîðà
r∗ ðàâíà ðàçìåðíîñòè âåêòîðà x è ôóíêöèè (2.7), (2.8) ïðåäïîëàãàåì
èçìåðèìûìè ïî ñîâîêóïíîñòè ïåðåìåííûõ {τ, ω}.

Ñîñòîÿíèå êîíñòðóèðóåìîé W�ìîäåëè â òåêóùèé ìîìåíò âðåìå-
íè τ > τ∗ îïðåäåëèì ôàçîâûì ýëåìåíòîì W (τ, ω), êîòîðûé èìååò
ñëåäóþùèé âèä:

W (τ, ω) = W [τ∗] = {x∗0, x̃∗, r[t0 + h[·]τ∗], w̃[τ∗]}; (2.9)

W (τ, ω) = {x∗0, x̃∗, r∗[t0 + h[·]τ, ω], w̃(τ, ω)}, åñëè τ∗ < τ 6 ϑ. (2.10)
Â âûðàæåíèè (2.9) r[t0+h[·]τ∗] åñòü íåêîòîðàÿ äåòåðìèíèðîâàííàÿ

n�ìåðíàÿ âåêòîð-ôóíêöèÿ, à ïðè τ > τ∗ ôóíêöèÿ r∗[t0 +h[·]τ, ω] ñêëå-
èâàåòñÿ èç óêàçàííîé äåòåðìèíèðîâàííîé ôóíêöèè r[t0 + h[·]τ∗] è èç
ïðîäîëæåíèÿ r∗[t0 +h[·]τ, ω], êîòîðîå îïðåäåëÿåòñÿ êàêîé-ëèáî ñòîõà-
ñòè÷åñêîé ïðîãðàììîé r∗(τ, ω) (2.8). À w̃[τ∗] = w̃∗ = {w∗, w̃(n+1)∗} åñòü
íåêîòîðûé (n + 1)�ìåðíûé âåêòîð. Ïðè τ > τ∗w̃(τ, ω) åñòü ñëó÷àéíàÿ
ôóíêöèÿ w̃(τ, ω) = {w(τ, ω), w̃n+1(τ, ω)}, êîòîðàÿ îïðåäåëÿåòñÿ êàê
ðåøåíèå ñòîõàñòè÷åñêèõ äèôôåðåíöèàëüíûõ óðàâíåíèé

ẇ(τ, ω) = X(ϑ, r)B(τ)u∗(τ, ω), τ∗ < τ 6 ϑ, (2.11)
˙̃wn+1(τ, ω) = φ(τ) |u∗(τ, ω)|2 , τ∗ < τ 6 ϑ (2.12)

ïðè èçâåñòíîì èñõîäíîì ñîñòîÿíèè w̃[τ∗, ω] = w̃∗ = {w∗, w̃(n+1)∗}.
Ôàçîâûé ýëåìåíò W (τ, ω) (2.9), (2.10) èìèòèðóåò â ñòîõàñòè÷å-

ñêîì âàðèàíòå èíôîðìàöèîííûé ýëåìåíò Y [τ ] èç îïèñàííîé âûøå
Y �ñèñòåìû. Çàìåòèì, ÷òî ââîäèìûå íèæå n�ìåðíûå, ñëó÷àéíûå âå-
ëè÷èíû w(·) = {w(ω), ω ∈ Ω} è w̃(·) = {w̃(ω), ω ∈ Ω} áóäóò èìèòèðî-
âàòü â ñòîõàñòè÷åñêîì âàðèàíòå ìãíîâåííûå ïîìåõè x0 è x̃, à ñëó÷àé-
íàÿ ôóíêöèÿ υ(·) = {υ(τ, ω), t0 < τ 6 ϑ, ω ∈ Ω} áóäåò èìèòèðîâàòü
ïîìåõó υ(t0[·]ϑ] èç Y �ñèñòåìû.

Ñëåäóÿ ìåòîäó ïðîãðàììíîãî ñòîõàñòè÷åñêîãî ñèíòåçà [2] ïîñòà-
âèì âñïîìîãàòåëüíóþ çàäà÷ó î ïðîãðàììíîì ýêñòðåìóìå. Íàçîâåì
ïðîãðàììíûì ýêñòðåìóìîì âåëè÷èíó

e(τ∗,W [τ∗], ∆) = sup
‖l(·)‖61

κ (τ∗ ,W [τ∗], ∆, l (·)) , (2.13)

ãäå ∆ = ∆{τj}, l(·) = {l(ω), ω ∈ Ω} ýòî n�ìåðíàÿ ñëó÷àéíàÿ âåëè÷èíà,
‖l(·)‖ = (M {|l(ω)|2 })1/2, ñèìâîë M{· · · } îáîçíà÷àåò ìàòåìàòè÷åñêîå
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îæèäàíèå, è âåëè÷èíà κ = κ (τ∗ ,W [τ∗], ∆, l (·)) îïðåäåëÿåòñÿ âûðà-
æåíèåì

κ = sup
r∗(·)

inf
u∗(·)

sup
ν(·)

sup
w(·)

sup
w̃(·)

σ (τ∗ ,W [τ∗],

∆, l (·); r∗(·), u∗(·), υ(·), w(·), w̃(·)) . (2.14)

Çäåñü ôóíêöèîíàë σ = σ (τ∗, W [τ∗], ∆, l(·); r∗(·), u∗(·), υ(·), w(·), w̃(·))
ñòðîèòñÿ ïî âèäó ïîêàçàòåëÿ êà÷åñòâà γ∗ (1.37), (1.30) ñ ó÷åòîì ââå-
äåííûõ ñòîõàñòè÷åñêèõ âåëè÷èí, ñëåäóþùèì îáðàçîì:

σ = M{< l(ω)X(ϑ, t0)w(ω) > +

+ < l(ω)

ϑ∫

τ∗

X(ϑ, τ)B(τ)u∗(τ, ω)dτ > +

+ < l(ω)

ϑ∫

t0

X(ϑ, τ)C(τ)υ(τ, ω)dτ > +

+ < l(ω)w∗ > − < l(ω)w̃(ω) > +

+

ϑ∫

τ∗

ϕ(τ) |u∗ (τ, ω )|2 dτ + w̃(n+1)∗−

−
ϑ∫

t0

ψ(τ) |υ (τ, ω )|2 dτ −
τ∗∫

t0+h

g(τ) |r [τ ]−

−X(τ − h, t0)w(ω)−
τ−h∫

t0

X(τ − h, ν)C(ν)υ(ν, ω)d ν|2 dτ−

−
ϑ∫

τ∗

g(τ) |r∗(τ, ω) − X(τ − h, t0)w(ω)−

τ−h∫

t0

X(τ − h, ν)C(ν)υ(ν, ω)d ν|2 dτ−

−p |x∗0 − w(ω)|2 − q |x̃∗ − w̃(ω)|2}. (2.15)
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Ñâÿçü ìåæäó îïòèìàëüíûì ãàðàíòèðîâàííûì ðåçóëüòàòîì ρ0
u(t∗, Y [t∗])

(1.35) è ïðîãðàììíûì ýêñòðåìóìîì e (2.13) óñòàíàâëèâàåòñÿ ñëåäó-
þùåé òåîðåìîé.

Òåîðåìà 2.1. Ïóñòü t∗ > t0 + h. Åñëè â (2.13) ïîëîæèòü τ∗ =

t∗, w̃∗ = ỹ∗,

r[τ ] = x∗[τ ]−
τ−h∫

t0

X(τ − h, ν)B(ν)u(ν, ω)dν =

= x∗[τ ]− X(τ − h, ϑ)y[τ − h],

òîãäà
ρ0

u(t∗, Y [t∗]) = e∗(τ∗,W [τ∗]), (2.16)

ãäå
e∗(τ∗,W [τ∗]) = sup

∆
e(τ∗,W [τ∗], ∆). (2.17)

Èòàê, âû÷èñëåíèå îïòèìàëüíîãî ãàðàíòèðîâàííîãî ðåçóëüòàòà
ρ0

u(t∗, Y [t∗]) (1.35) ïðè t∗ > t0 + h ñâîäèòñÿ ê âû÷èñëåíèþ âåëè÷èíû
e∗(τ∗,W [τ∗]) (2.17).

Îïòèìàëüíàÿ ñòðàòåãèÿ u0(·) = u0(t, Y, ε) ñòðîèòñÿ ïî èçâåñòíîé
ôóíêöèè ρ0

u(t, Y [t]) ñëåäóþùèì îáðàçîì.
Â ìîìåíò t0 èçâåñòíû ñîñòîÿíèÿ x∗0 è x̃∗. Ïðåäïîëàãàåì, ÷òî ìû

ìîæåì âû÷èñëèòü âåëè÷èíó e∗(t0 + h,W [t0 + h]) = e∗(t0 + h, {x∗0, x̃∗, r
[t0+h], w̃[t0+h]}) = ρ0

u(t0+h, {x∗0, x̃∗, x∗[t0+h], ỹ[t0+h]), ïðè ỹ[t0+h] =

w̃[t0 + h], x∗[t0 + h] = r[t0 + h] + X(t0, ϑ)y[t0].
Ïðè ýòîì óñëîâèè âåëè÷èíà e∗(t0 +h,W [t0 +h]) çàâèñèò îò ðåàëè-

çàöèè u(t0[·]t0 +h], ÷åðåç âåëè÷èíó w̃[t0 +h] = {w[t0 +h], w̃n+1[t0 +h]}
ñëåäóþùèì îáðàçîì:

w[t0 + h] =

t0+h∫

t0

X(ϑ, τ)B(τ)u(τ)dτ, (2.18)

w̃n+1[t0 + h] =

t0+h∫

t0

ϕ(τ) |u [τ ]|2 dτ. (2.19)
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Â êà÷åñòâå ôóíêöèè u0[t] = u0(t, Y [t0], ε), t0 < t 6 t0 + h âûáåðåì
òàêóþ, äëÿ êîòîðîé ñïðàâåäëèâî óñëîâèå

e∗(t0 + h,W 0[t0 + h]) =

= e∗(t0 + h, {x∗0, x̃∗, r[t0 + h], w̃0[t0 + h]}) =

= min
u[·]

e∗(t0 + h,W [t0 + h]) =

= min
u[·]

e∗(t0 + h, {x∗0, x̃∗, r[t0 + h], w̃[t0 + h]}), (2.20)

ãäå w0[t0 + h] îòâå÷àåò ðåàëèçàöèè u0(t0[·]t0 + h] = {u0[t0], t0 < t 6
t0 +h}. Òàêàÿ ôóíêöèÿ u0(·), äîñòàâëÿþùàÿ ìèíèìóì (2.20) äåéñòâè-
òåëüíî ñóùåñòâóåò. È ýòîò ìèíèìóì ðàâåí êàê ðàç âåëè÷èíå

ρ0
u(t0, Y [t0]) = ρ0

u(t0, x
∗
0, x̃

∗). (2.21)

Äàëüíåéøåå ïîñòðîåíèå ñòðàòåãèè u0(t, Y [t], ε) ïðè t ∈ [t0 + h, ϑ) âû-
ïîëíÿåòñÿ ñëåäóþùèì îáðàçîì � ìåòîäîì ýêñòðåìàëüíîãî ñäâèãà
[1,6].

Ïóñòü â ìîìåíò âðåìåíè t > t0 + h â èíôîðìàöèîííîé Y �ñèñòåìå
ðåàëèçîâàëîñü èíôîðìàöèîííîå ñîñòîÿíèå {t, Y [t]}, ãäå

Y [t] = {x∗0, x̃∗, x∗[t0 + h[·]t], ỹ[t0[·]t]}. (2.22)

Ýòîìó ñîñòîÿíèþ {t, Y [t]} ïîñòàâèì â ñîîòâåòñòâèå òàê íàçûâàå-
ìîå ñîïóòñòâóþùåå ñîñòîÿíèå {τ∗,W (C)[τ∗]} äëÿ W�ìîäåëè, ïîëà-
ãàÿ τ∗ = t, ñîãëàñíî (2.9)

W (C)[τ∗] = {x∗0, x̃∗, r(C)[t0 + h[·]τ∗], w̃(C)}, (2.23)

ãäå r(C)[t0 + h[·]τ∗] = {r(C)[τ ], t0 + h 6 τ 6 τ∗}, r(C)[τ ] = x∗[τ ] −
X−1(ϑ, τ)y[τ ], à âåêòîð w̃(C) îïðåäåëÿåòñÿ ðåøåíèåì ñëåäóþùåé çàäà-
÷è íà ìèíèìóì:

e∗(τ∗,W (C)[τ∗]) =

= e∗(τ∗, {x∗0, x∗, r(C)[t0 + h[·]τ∗], w̃(C)}) =

= min
W [τ∗]

e∗(τ∗,W [τ∗]) =

= min
w̃

e∗(τ∗, {x∗0, x̃∗, r(C)[t0 + h[·]τ∗], w̃}). (2.24)
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ïðè óñëîâèè
|ỹ[τ∗]− w̃|2 6 ε + ε(τ∗ − t0). (2.25)

Îïðåäåëÿþùèé ðåøåíèå ýòîé çàäà÷è (2.24), (2.25) (n+1)�ìåðíûé
âåêòîð

s̃(τ∗, Y [τ∗], ε) = {s(τ∗, Y [τ∗], ε), s̃n+1 =

= s̃n+1(τ∗, Y [τ∗], ε)} = ỹ[τ∗]− w̃(C)[τ∗] (2.26)

íàõîäèòñÿ ïî èçâåñòíîìó â ìîìåíò t = τ∗ ñîñòîÿíèþ {τ∗, Y [τ∗]} è
íàçíà÷åííîìó ïàðàìåòðó òî÷íîñòè � ÷èñëó ε > 0. Çíà÷åíèå ue =

u0(τ∗, Y [τ∗], ε) îïðåäåëÿåòñÿ èç óñëîâèÿ ýêñòðåìàëüíîãî ñäâèãà, ò.å.
èç óñëîâèÿ

s′(τ∗, Y [τ∗], ε)X(ϑ, τ∗)B(τ∗)ue + s̃n+1ϕ(τ∗) |ue|2 =

= min
u∈P

{s′(τ∗, Y [τ∗], ε)X(ϑ, τ∗)B(τ∗)u + s̃n+1ϕ(τ∗) |u|2}, (2.27)

ãäå âåðõíèé èíäåêñ øòðèõ îçíà÷àåò òðàíñïîíèðîâàíèå.
Äîêàçàòåëüñòâî òîãî, ÷òî ïîñòðîåííàÿ òàê ñòðàòåãèÿ äåéñòâèòåëü-

íî äàåò îïòèìàëüíûé ãàðàíòèðîâàííûé ðåçóëüòàò ρ0
u(τ∗, Y [τ∗]), ò.å.

ÿâëÿåòñÿ îïòèìàëüíîé ñòðàòåãèåé u0(·) (1.36) ïîâòîðÿåò ñ íåêîòî-
ðûìè ïîäõîäÿùèìè èçìåíåíèÿìè äîêàçàòåëüñòâî àíàëîãè÷íîãî óòâåð-
æäåíèÿ èç ðàáîòû [1�3,6].

Èòàê, îïòèìàëüíàÿ ñòðàòåãèÿ u0(·) = u0(t, Y, ε) ñòðîèòñÿ êàê
ýêñòðåìàëüíàÿ ñòðàòåãèÿ â ñîîòâåòñòâèè ñ óñëîâèÿìè (2.22)�(2.27)
äëÿ âåëè÷èíû e∗ (2.17).

Òîãäà èñêîìîå óïðàâëåíèå u0[t] = u0(ti, Y [ti], ε), ti 6 t 6 ti+1 îïðå-
äåëÿåòñÿ ðàâåíñòâîì

u0[t] = − 1

2φ(ti)
B′(ti)X′(ϑ, ti)m

0[ti], ti < t 6 ti+1,

ãäå âåêòîð m0[ti], i − 1, . . . , l − 1 îïðåäåëÿåòñÿ èç ðåøåíèÿ çàäà÷è
(2.28),(2.29).

[− η[ti](1 +
∣∣m0[ti]

∣∣2)1/2 + (m0[ti])
′y[ti]+

+(m0[ti])
′f [ti] + (m0[ti])

′(F ∗[ti]− λtiE)m0[ti]
]

=

= max
|m|61

[− η[ti](1 + |m|2)1/2 + m′y[ti]+
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+m′f [ti] + m′(F ∗[ti]− λtiE)m
]
, i = 1, . . . , l − 1, (2.28)

çäåñü
η[ti] = (ε + ε(ti + t0))

1/2. (2.29)
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ABOUT ONE PROBLEM OF CONFLICT CONTROL
WITH INCOMPLETE RETARDED INFORMATION
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Abstract : For con�ict-driven dynamic system, the problem of optimal
feedback control with incomplete information about the dynamic
obstacle and retarded inaccurate information about the values of the
phase variable, which characterizes the current state of the system, is
considered. The problem is formalized as an antagonistic di�erential game
of two persons. The method of program stochastic synthesis and the
method of extremal shift to attendant points are used for solving this
problem. The optimal control strategy is derived.

Keywords : control, obstacle, the criterion of quality, guaranteed result,
the stochastic program synthesis, extremal shift, the optimal control stra-
tegy.


