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Ðàññìàòðèâàåòñÿ íåëèíåéíàÿ çàäà÷à îïòèìàëüíîãî óïðàâëåíèÿ ñ ôóíêöèîíà-
ëîì òèïà Ìàéåðà. Äëÿ îïðåäåëåíèÿ êëàññà ôóíêöèé, ñîäåðæàùèõ îïòèìàëüíûå
óïðàâëåíèÿ, ïðèìåíåí ìåòîä õàðàêòåðèñòèê óðàâíåíèÿ Áåëëìàíà.

Êëþ÷åâûå ñëîâà: îïòèìàëüíîå óïðàâëåíèå, ìåòîä õàðàêòåðèñòèê.

Ðàññìàòðèâàåòñÿ çàäà÷à îïòèìàëüíîãî óïðàâëåíèÿ (ÇÎÓ) ñèñòåìîé

ẋ = f(t, x) + g(u),

ãäå t ∈ [0, T ], ôàçîâûé âåêòîð x ∈ Rn, óïðàâëåíèå u ∈ Rm ïðèíèìàåò
çíà÷åíèÿ èç êîìïàêòà U. Òðåáóåòñÿ ìèíèìèçèðîâàòü ôóíêöèîíàë

I(t0, x0, u(·)) = h(x(T ; t0, x0, u(·)))
íà ìíîæåñòâå Ũ = {u(·) : [0, T ] → U}� èçìåðèìûõ ôóíêöèé. Íà÷àëüíîå
ñîñòîÿíèå (t0, x0) ∈ [0, T ]× Rn.

Ó ñ ë î â è å 1. Ôóíêöèÿ f(t, x) íåïðåðûâíà ïî ñîâîêóïíîñòè àðãóìåí-
òîâ è íåïðåðûâíî äèôôåðåíöèðóåìà ïî x. Ôóíêöèè g(u), h(x) íåïðåðûâ-
íû è îãðàíè÷åíû.

Ó ñ ë î â è å 2. Ìíîæåñòâî arg min
g
{〈q, g〉 : g = g(u) : u ∈ U} = {g0(q)}

îäíîýëåìåíòíî.

Çäåñü ñèìâîë 〈·, ·〉 îáîçíà÷àåò ñêàëÿðíîå ïðîèçâåäåíèå.
Ðàññìîòðèì õàðàêòåðèñòè÷åñêóþ ñèñòåìó

ẋ = f(t, x) + g0(q), q̇ = −
(∂f

∂x

)T
q

ñ êðàåâûìè óñëîâèÿìè

x(T ) = ξ, q(T ) = Dh(ξ) =
( ∂h

∂x1
, . . . ,

∂h

∂xn

)
(ξ) : ∀ξ ∈ Rn.

1Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæêå ÐÔÔÈ (ãðàíò � 05-01-00609) è ãðàí-
òà Ïðåçèäåíòà ÐÔ ïî ïîääåðæêå âåäóùèõ íàó÷íûõ øêîë ÍØ �8512.2006.1.
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Òåîðåìà 1. Â ÇÎÓ ïðè âûïîëíåíèè óñëîâèé 1, 2 îïòèìàëüíûé ðå-
çóëüòàò V al(t0, x0) = inf

u(·)∈Ũ
I(t0, x0, u(·)) âû÷èñëÿåòñÿ ïî ôîðìóëå

V al(t0, x0) = min{h(ξ) : x(t0, ξ) = x0, x(T, ξ) = ξ, q(T ) = Dh(ξ), ξ ∈ Rn}.
Çäåñü x(·), q(·)� ðåøåíèÿ õàðàêòåðèñòè÷åñêîé ñèñòåìû. Äîêàçàòåëüñòâî
áàçèðóåòñÿ íà íåîáõîäèìûõ óñëîâèÿõ îïòèìàëüíîñòè â ãàìèëüòîíîâîé
ôîðìå [1].

Òåîðåìà 2. Â ÇÎÓ ïðè âûïîëíåíèè óñëîâèé 1, 2 îïòèìàëüíûé ðå-
çóëüòàò äîñòèãàåòñÿ â êëàññå Ũ .

Â îñíîâå äîêàçàòåëüñòâà ëåæèò òåîðåìà Êàñòýíà [2].

Òåîðåìà 3. Åñëè ñóùåñòâóåò íåïðåðûâíûé ñåëåêòîð ìíîãîçíà÷íîãî
îòîáðàæåíèÿ q → {u∗ ∈ U : g(u∗) = g0(q)}, òî â ÇÎÓ ñóùåñòâóåò
íåïðåðûâíîå îïòèìàëüíîå óïðàâëåíèå.
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E.A. Kolpakova
On description of optimal open-loop controls via the method of
characteristics

We consider nonlinear optimal control problems with the Mayer cost functionals. The
method of characteristics for the Bellman equation is applied to describe classes of
functions which contain optimal open-loop controls.
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