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Ðàññìàòðèâàåòñÿ çàäà÷à íàâåäåíèÿ äèíàìè÷åñêîãî îáúåêòà â ïðîñòðàíñòâå Rn íà
çàìêíóòîå ìíîæåñòâî M. Â ýòîé çàäà÷å ó÷àñòâóþò òðè èãðîêà, ïðè÷åì, äâà èç íèõ
ñîñòàâëÿþò êîàëèöèþ, êîòîðàÿ ñòðåìèòñÿ ïðèâåñòè äâèæóùóþñÿ òî÷êó x(t) íà ìíîæå-
ñòâî M â ìîìåíò θ, à òðåòèé èãðîê ñòðåìèòñÿ íå äîïóñòèòü âñòðå÷è x(t) ñ ìíîæåñòâîì
M .

Îñîáåííîñòü ðàáîòû çàêëþ÷àåòñÿ â îïèñàíèè ýâîëþöèè îáúåêòà íåëèíåéíîé
èíòåãðî-äèôôåðåíöèàëüíîé ñèñòåìîé, ÷òî íàäåëÿåò óïðàâëÿåìóþ ñèñòåìó íîâûìè ñó-
ùåñòâåííûìè ñâîéñòâàìè: ïàìÿòüþ è ýôôåêòîì çàïàçäûâàíèÿ ïî óïðàâëÿþùèì âîç-
äåéñòâèÿì, ÷òî óñëîæíÿåò èññëåäîâàíèå ïî ñðàâíåíèþ ñî ñëó÷àåì, êîãäà ýâîëþöèÿ
îáúåêòà îïèñûâàåòñÿ îáûêíîâåííûìè äèôôåðåíöèàëüíûìè ñèñòåìàìè.

Äëÿ ðåøåíèÿ çàäà÷è ïðåäïîëàãàåòñÿ ñóùåñòâîâàíèå íåêîòîðîãî ñòàáèëüíîãî ìî-
ñòà â ïðîñòðàíñòâå íåïðåðûâíûõ ôóíêöèé, ñîäåðæàùåãî îòðåçêè ðåøåíèé èñõîäíîé
ñèñòåìû ïðè èñïîëüçîâàíèè èãðîêàìè êîàëèöèè ñâîèõ, îïðåäåëåííûõ â ðàáîòå, ýêñòðå-
ìàëüíûõ ñòðàòåãèé, ïðè ëþáîì äîïóñòèìîì óïðàâëåíèè ïðîòèâîïîëîæíîé ñòîðîíû.
Ïðåäïîëàãàåòñÿ, ÷òî ñòàáèëüíûé ìîñò îáðûâàåòñÿ íà öåëåâîì ìíîæåñòâå M â ôèêñè-
ðîâàííûé ìîìåíò âðåìåíè θ.

Äîêàçûâàåòñÿ, ÷òî ïîñòðîåííûå â ðàáîòå ýêñòðåìàëüíûå ñòðàòåãèè êîàëèöèè óäåð-
æèâàþò âûáðàííîå ðåøåíèå (äâèæåíèå) ñèñòåìû íà ñòàáèëüíîì ìîñòó, ÷òî è ðåøàåò
ïîñòàâëåííóþ çàäà÷ó íàâåäåíèÿ.

Êëþ÷åâûå ñëîâà: èãðîâàÿ çàäà÷à; èíòåãðî-äèôôåðåíöèàëüíàÿ ñèñòåìà; óïðàâëÿ-

þùåå âîçäåéñòâèå; ïîçèöèÿ èãðû; ñòàáèëüíàÿ ñèñòåìà.

Ðàññìàòðèâàåòñÿ êîíôëèêòíî-óïðàâëÿåìàÿ ñèñòåìà

dx

dt
= f(t, x(t+ τ), u, v) +

t∫
t0

K(t, x(s), w(s), s)ds (1)

ñ íà÷àëüíûì óñëîâèåì xt0 [τ ] = x[t0 + τ ], −λ ≤ τ ≤ 0, t0 ≥ 0, λ = const ≥ 0.
Çäåñü x � n-ìåðíûé ôàçîâûé âåêòîð; u, v, w � r1, r2, r3 � ìåðíûå óïðàâëÿþùèå âîç-

äåéñòâèÿ, ñòåñíåííûå óñëîâèÿìè u ∈ P, v ∈ Q, w ∈ S; P,Q, S � êîìïàêòû â ñîîòâåòñòâóþ-
ùèõ åâêëèäîâûõ ïðîñòðàíñòâàõ Rr1 , Rr2 , Rr3 ; îïåðàòîð f(t, x(τ), u, v) è ôóíêöèÿK(t, x, w, s),
t0 ≤ s ≤ t ≤ θ, θ = const > 0, íåïðåðûâíû ïî ñîâîêóïíîñòè ñâîèõ àðãóìåíòîâ è îïðåäåëåíû
ñîîòâåòñòâåííî íà ïðîèçâåäåíèÿõ [t0, θ] × C[−λ,0] × P × Q, [t0, θ] × D × S × [t0, θ], ãäå D �
îãðàíè÷åííàÿ îáëàñòü â Rn ñîäåðæàùàÿ âñå òðàåêòîðèè ñèñòåìû (1), C[−λ,0] � ïðîñòðàíñòâî
n-ìåðíûõ íåïðåðûâíûõ íà [−λ, 0] âåêòîð-ôóíêöèÿ x(τ), ñ íîðìîé

∥x(•)∥λ = max
−λ≤τ≤0

∥x(τ)∥ ,

∥•∥ � ñèìâîë åâêëèäîâîé íîðìû.
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Ðåàëèçàöèÿ u[t], v[t], w[t] óïðàâëÿþùèõ âîçäåéñòâèé u, v, w íà ïðîìåæóòêå [t0, θ] � èç-
ìåðèìûå ïî Ëåáåãó íà [t0, θ] ôóíêöèè.

Îïåðàòîð f(t, x(τ), u, v) è ôóíêöèÿ K(t, x, w, s) óäîâëåòâîðÿþò â ëþáûõ îãðàíè÷åííûõ
îáëàñòÿõ Ω1 ⊂ C[−λ,0], Ω2 ⊂ Rr, ñîîòâåòñòâåííî, óñëîâèþ Ëèïøèöà ïî âòîðîìó àðãóìåíòó

∃L = L(Ω1) > 0, ∀t ∈ [t0, 0], ∀xi(τ) ∈ Ω1, ∀u ∈ P, ∀v ∈ Q :
∥f(t, x1(τ), u, v)− f(t, x2(τ), u, v)∥ ≤ L ∥x1(•)− x2(•)∥λ ; ∃L = L(Ω2) > 0, ∀t ∈ [t0, θ] :
t∫

t0

∥K(t, x1(s), w(s), s)−K(t, x2(s), w(s), s)∥ ds ≤ L
t∫

t0

∥x1(s)− x2(s)∥ ds,

êàêîâû áû íè áûëè èçìåðèìàÿ ïî Ëåáåãó ôóíêöèÿ w(s), t0 ≤ s ≤ t, ñî ñâîéñòâîì w ∈ S è
àáñîëþòíî íåïðåðûâíûå ôóíêöèè íà [t0, θ] ôóíêöèè xi(s) : xi ∈ Ω2, i = 1, 2, t0 ≤ s ≤ t.

Îïåðàòîð f(t, x(τ), u, v)óäîâëåòâîðÿåò ñëåäóþùåìó óñëîâèþ ðîñòà∥f(t, x(τ), u, v)∥ ≤
ζ1(t) + ζ2(t) ∥x(•)∥λ , ãäå ζ1(t), ζ2(t) � íåîòðèöàòåëüíûå, íåïðåðûâíûå íà [t0, θ] ôóíêöèè.

Óêàçàííûå âûøå îãðàíè÷åíèÿ íà ïðàâóþ ÷àñòü ñèñòåìû (1) ãàðàíòèðóþò ïðè ðåàëèçî-
âàâøèõñÿ óïðàâëåíèÿõ è çàäàííîì xt0 [τ ] ñóùåñòâîâàíèå íà [t0, θ] åäèíñòâåííîãî àáñîëþòíî
íåïðåðûâíîãî ðåøåíèÿ ñèñòåìû (1) [1]. Â äàëüíåéøåì áóäåì äëÿ îïðåäåëåííîñòè ñ÷èòàòü,
÷òî θ− t0 > λ. Ñëåäóåò èìåòü â âèäó, ÷òî âñòðå÷àþùèåñÿ íèæå ïîíÿòèÿ, íå ñîïðîâîæäàåìûå
ññûëêàìè è ïîÿñíåíèÿìè îïðåäåëåíû â ðàáîòàõ [2, 3].

Óïðàâëÿþùèì âîçäåéñòâèåì u ðàñïîðÿæàåòñÿ èãðîê p1, óïðàâëÿþùèì âîçäåéñòâèåì v
� èãðîê q1, óïðàâëÿþùèì âîçäåéñòâèåì w ðàñïîðÿæàåòñÿ èãðîê p2.

Ïóñòü â ïðîñòðàíñòâå Rn çàäàíî çàìêíóòîå ìíîæåñòâî M . Çàäà÷åé êîàëèöèè {p1, p2}
ÿâëÿåòñÿ ïðèâåäåíèå òðàåêòîðèè ñèñòåìû (1) â ìîìåíò θ íà ìíîæåñòâî M ïðè ëþáîì äîïó-
ñòèìîì óïðàâëÿþùåì âîçäåéñòâèè èãðîêà q1.

Ñòðàòåãèþ êîàëèöèè îáîçíà÷èì ñèìâîëîì U = {U1, U2}, ñòðàòåãèþ èãðîêà q1 îáîçíà÷èì
ñèìâîëîì V .

Ïóñòü P (σ), Q(σ), S(σ) � ñîâîêóïíîñòè âñåõ èçìåðèìûõ ôóíêöèé u(•), v(•), w(•), îïðå-
äåëåííûõ íà ìíîæåñòâå σ ñî çíà÷åíèÿìè èç êîìïàêòîâ P,Q, S ñîîòâåòñòâåííî.

Âñÿêóþ ïàðó {t, xt[τ ]} íàçîâåì ïîçèöèåé èãðû. Ñòðàòåãèåé U1(V ) èãðîêà p1(q1) íàçîâåì
ïðàâèëî, êîòîðîå ðåàëèçîâàâøåéñÿ ïîçèöèè {t∗, xt∗ [τ ]}, t0 ≤ t∗ ≤ θ, ñòàâèò â ñîîòâåòñòâèå
ìíîæåñòâî U1(t∗, xt∗ [τ ]) ⊂ P (V (t∗, xt∗ [τ ]) ⊂ Q). Ñòðàòåãèåé èãðîêà p2 íàçîâåì ïðàâèëî,
ñòàâÿùåå â ñîîòâåòñòâèå ïîçèöèè {t∗, xt∗ [τ ]}, t0 ≤ t∗ < θ, è ÷èñëó t∗ ∈ [t∗, θ) ôóíêöèþ
w[t] ∈ S([t∗, t

∗]).
Ïóñòü çàäàíû íà÷àëüíàÿ ïîçèöèÿ p0 = {t0, xt0 [τ ]} è ðàçáèåíèå∆îòðåçêà [t0, θ] ìîìåíòàìè

t0 = τ0 < τ1 < τ2 < ... < τn = θ, δ = max
i

(τi+1 − τi).

Îïðåäåëèì àïïðîêñèìàöèîííîå äâèæåíèå ñèñòåìû (1), îòâå÷àþùåå ñòðàòåãèè U =
{U1, U2}, êàê àáñîëþòíî íåïðåðûâíóþ ôóíêöèþ

x[t]∆ = x[t, p0, U ]∆, t0 ≤ t ≤ θ, (2)

óäîâëåòâîðÿþùóþ ïðè ïî÷òè âñåõ t ∈ [t0, θ] äèôôåðåíöèàëüíîìó âêëþ÷åíèþ

dx[t]

dt
∈ F (t, x, u) +

t∫
t0

K(t, x(s)∆, w(s), s)ds

ñ íà÷àëüíûì óñëîâèåì xt0 [τ ]∆ = x[t0 + τ ]∆.
Çäåñü F (t, x, u) = co{f(t, x(t + τ), u, v), v ∈ Q}; íà êàæäîì ïîëóèíòåðâàëå [τi, τi+1) ðàç-

áèåíèÿ ∆ óïðàâëåíèå u = const íàçíà÷àåòñÿ ìîìåíò τi ñòðàòåãèåé U1, à óïðàâëåíèå w[t],
t ∈ [τi, τi+1), íàçíà÷àåòñÿ ñòðàòåãèåé U2, ïðè÷åì w(•) ∈ S([τi, τi+1]).
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Ðàâíîìåðíûé ïðåäåë äâèæåíèé (2) ïðè δ → 0, êàê îáû÷íî, íàçîâåì äâèæåíèåì ñèñòåìû
(1), ïîðîæäåííûì ñòðàòåãèåé U . Ìíîæåñòâî äâèæåíèé ñèñòåìû (1) íåïóñòî [2, 4].

Àïïðîêñèìàöèîííîå äâèæåíèå ñèñòåìû (1), îòâå÷àþùåå ñòðàòåãèè èãðîêà p2, îïðåäåëèì
êàê àáñîëþòíî-íåïðåðûâíóþ ôóíêöèþ x[t]∆ = x[t, p0, V ]∆, t0 ≤ t∗ ≤ θ, óäîâëåòâîðÿþùóþ
ïðè ïî÷òè âñåõ t ∈ [t0, θ] äèôôåðåíöèàëüíîìó âêëþ÷åíèþ

dx[t]

dt
∈ F (t, x, v) +

t∫
t0

K(t, x(s)∆, w(s), s)ds,

ãäå F (t, x, v) = co{f(t, x(t + τ), u, v), u ∈ P}, óïðàâëåíèå w[t] óäîâëåòâîðÿåò óñëîâèþ
w(•) ∈ S([τi, τi+1]), à óïðàâëåíèå v = const íà êàæäîì ïîëóèíòåðâàëå [τi, τi+1) ðàçáèåíèÿ
∆íàçíà÷àåòñÿ â ìîìåíò τi.

Íàçîâåì ñèñòåìó ìíîæåñòâWt = {x[t+τ ]},Wt ⊂ C[−λ,0], t0 ≤ t∗ ≤ θ, (γ, u, v) - ñòàáèëüíîé
îòíîñèòåëüíî M, åñëè êàêîâû áû íè áûëè ïîçèöèÿ {t∗, xt∗ [τ ]}, t0 ≤ t∗ ≤ θ, xt∗ ∈ Wt∗ ,
ìîìåíò t∗ ∈ (t∗, θ), ÷èñëî γ > 0, óïðàâëÿþùåå âîçäåéñòâèå v(•) ∈ Q([t∗, t

∗]), ñóùåñòâóþò
óïðàâëÿþùèå âîçäåéñòâèÿ u(•) ∈ P ([t∗, t

∗]), w(•) ∈ S([t∗, t
∗]) òàêèå, ÷òî x[t∗ + τ ] ∈ W γ

t∗ , ãäå
W γ

t∗ γ � îêðåñòíîñòü ìíîæåñòâà W γ
t∗ â C[−λ,0].

Ïóñòü

r2(xt[τ ],Wt) = inf ∥xt(•)− yt(•)∥λ , y(•) ∈ Wt, (3)

è äëÿ äàííîãî xt[τ ] {x(k)t [τ ]} � êàêàÿ-ëèáî ìèíèìèçèðóþùàÿ äëÿ (3) ïîñëåäîâàòåëüíîñòü.

Ñîñòàâèì ìíîæåñòâî ïðåäåëüíûõ òî÷åê ïîñëåäîâàòåëüíîñòè x
(k)
t [0], ÿâëÿþùåéñÿ 0-ñå÷åíèåì

ïîñëåäîâàòåëüíîñòè {x(k)t [τ ]}.
Îáîçíà÷èì ñèìâîëîì Z(x(t)) ñîâîêóïíîñòü ýëåìåíòîâ ýòîãî ìíîæåñòâà áëèæàéøèõ ê

xt[0] â Rn.
Ýêñòðåìàëüíûå ñòðàòåãèè U e, V e èãðîêîâ p1 è q1 â ìîìåíò τi íà ïîëóèíòåðâàëå [τi, τi+1)

âûáèðàåì ñîîòâåòñòâåííî èç óñëîâèé

max
v∈Q

(xτi [0]− z, f(τix(τi + τ), ue, v)) = min
u∈P

max
v∈Q

(xτi [0]− z, f(τi, x(τi + τ), u, v),

min
u∈P

(xτi [0]− z, f(τi, x(τi + τ), u, ve)) = max
v∈Q

min
u∈P

(xτi [0]− z, f(τi, x(τi + τ), u, v),

ãäå z ∈ Z(x(t)).
Çäåñü, ñ÷èòàåì âûïîëíåííûì óñëîâèå ñåäëîâîé òî÷êè â ìàëåíüêîé èãðå [4]

min
u∈P

max
v∈Q

(xτi [0]− z, f(τi, x(τi + τ), u, v) = max
v∈Q

min
u∈P

(xτi [0]− z, f(τi, x(τi + τ), u, v).

Ýêñòðåìàëüíóþ ñòðàòåãèþ U e
2 èãðîêà p2 îïðåäåëÿåì ñëåäóþùèì îáðàçîì. Â ìîìåíò τ1

ïî ïîçèöèè {τi, xτ [τ ]}, xτi [τ ] ∈ Wτi ìîìåíòó τi+1, ÷èñëó γ > 0, óïðàâëÿþùåìó âîçäåéñòâèþ
ve = ve[τi+1] ∈ Q([τi, τi+1]) îïðåäåëÿåì èç óñëîâèÿ (γ, u, v) � ñòàáèëüíîñòè ôóíêöèè: u(•) ∈
P ([τi, τi+1)), w(•) ∈ S([τi, τi+1)), ãäå γ ≤ (τi+1,−τi)

2.
Îïðåäåëåííóþ òàêèì îáðàçîì ôóíêöèþ w(•) ∈ S([τi, τi+1)) íàçîâåì ýêñòðåìàëüíûì

óïðàâëåíèåì èãðîêà p2 íà ïðîìåæóòêå [τi, τi+1] è îáîçíà÷èì ñèìâîëîì we[t], à ñîîòâåòñòâó-
þùóþ ñòðàòåãèþ èãðîêà p1 îáîçíà÷èì U2, òàêèì îáðàçîì U e = {U e

1 , U
e
2} � ýêñòðåìàëüíàÿ

ñòðàòåãèÿ êîàëèöèè {p1, p2}.

Òåîðåìà 1. Ïóñòü íà÷àëüíàÿ ïîçèöèÿ èãðû p0 = {t0, xt0 [τ ]} òàêîâà, ÷òî r2(xt0 [τ ],Wt0) = 0.
Åñëè ñèñòåìà ìíîæåñòâ Wt, t0 ≤ t∗ ≤ θ, (γ, u, w) � ñòàáèëüíà îòíîñèòåëüíî ìíî-

æåñòâà M, òî ýêñòðåìàëüíàÿ ê íåé ñòðàòåãèÿ U e = {U e
1 , U

e
2} óäîâëåòâîðÿåò óñëîâèþ
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r1(x[θ],M) = 0, r1(x[θ],M) = inf ∥x[θ]− y∥ , y ∈ M , x[t] � ëþáîå äâèæåíèå x[t, p0, U
e], ïðè

ëþáîé äîïóñòèìîé ðåàëèçàöèè óïðàâëÿþùåãî âîçäåéñòâèÿ èãðîêà q1.

Äîêàçàòåëüñòâî. Ïîëó÷èì îöåíêó, ïîäîáíóþ îöåíêå èç [3]. Äëÿ ïðîèçâîëüíî âûáðàííîé
ôóíêöèè x[t]∆ = x[t, p0, U

e]∆ ïîñòðîèì îöåíêó âåëè÷èíû ε∆[τi+1] ÷åðåç âåëè÷èíû ε∆[τi]è δ;
çäåñü ε∆[τi] = r2(x[t]∆,Wt).

Ðàññìîòðèì ïîçèöèþ p(k, i) = {ti, x(k)τi [τ ]∆}.
Â ñèëó (γ, u, w) � ñòàáèëüíîñòè ñèñòåìû ìíîæåñòâWt, t0 ≤ t∗ ≤ θ, îòíîñèòåëüíîM ñðåäè

äâèæåíèé ñî ñâîéñòâîì x(k)[t]∆ = x[t, p(k, i), V e] åñòü äâèæåíèå ñî ñâîéñòâîì

x(k)τi+1
[t]∆ ∈ Wti+1 . (4)

Ïî îïðåäåëåíèþ âåëè÷èíû ε∆[τ ] ñ ó÷åòîì âëîæåíèÿ (4) èìååì îöåíêó

ε2∆[τi+1] ≤ (
∥∥∥xτ+1[•]∆ − x(k)τi+1

[•]∆
∥∥∥
λ
+ γ)2. (5)

Çäåñü îòðåçêè xτ+1[τ ]∆, x
(k)
τi+1 [τ ]∆òðàåêòîðèé x[τ ]∆, x

(k)[τ ]∆ çàïèñûâàþòñÿ â ñëåäóþùåì
âèäå (ñ÷èòàåì, ÷òî τi+1 − τi ≤ λ, αi(t) = t− τi, αi = τi+1̄τi, t ∈ [τi, τi+1))

xt[τ ]∆ =

 xτi [0]∆ +
t+τ∫
τi

f1[ξ]dξ +
t+τ∫
τi

ξ∫
t0

K(ξ, x(s)∆, w
e(s), s)dsdξ,−αi(t) ≤ τ ≤ 0,

xτi [τ + αi(t)]∆,−λ ≤ τ ≤ −αi(t),

(6)

x
(k)
t [τ ]∆ =

 x
(k)
ti

[0]∆ +
t+τ∫
τi

f [ξ]dξ +
t+τ∫
τi

ξ∫
t0

K(ξ, x(k)(s)∆, w
e(s), s)dsdξ,−αi(t) ≤ τ ≤ 0,

x
(k)
τi [τ + αi(t)]∆,−λ ≤ τ ≤ −αi(t),

(7)

ãäå f1[t] ∈ F (t, x, ue), t0 ≤ t ≤ θ, f2[t] ∈ F (t, x, ve), t0 ≤ t ≤ θ. Ïîäñòàâëÿåì (6), (7) â
íåðàâåíñòâî (5), òîãäà

ε2∆[τi+1] = max{ max
−λ≥τ≤−αi(t)

∥∥∥xτi [τ ]∆ − x
(k)
τi [τ ]∆

∥∥∥2 ,
max

−αi(t)≤τ≤0
[∥xτi [0]∆ − x

(k)
τi [0]∆ +

t+τ∫
τi

f1[ξ]dξ −
t+τ∫
τi

f2[ξ]dξ+

+
t+τ∫
τi

ξ∫
t0

K(ξ, x(s)∆, w
e(s), s)dsdξ −

t+τ∫
τi

ξ∫
t0

K(ξ, x(k)(s)∆, w
e(s), s)dsdξ∥ + γ]2}.

(8)

Èç (8), àíàëîãè÷íî ðàáîòàì [2, 3, 5] ñ èñïîëüçîâàíèåì óñëîâèÿ Ëèïøèöà, ñëåäóåò îöåíêà

ε2∆[τi+1] ≤ ε2∆[τi](1 + C · αi + αiφ(αi),

ãäå C = const > 0, à φ(αi) � íåîòðèöàòåëüíàÿ ôóíêöèÿ ñî ñâîéñòâîì φ(αi) → 0 ïðè αi → 0.
Îòñþäà, àíàëîãè÷íî ðàáîòàì [2, 3, 5], ñëåäóåò äîêàçàòåëüñòâî òåîðåìû.
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Game Problem Guidance for Integro-Di�erential System
of Volterra Type for Three Persons

V.L. Pasikov, Orsk Branch of Orenburg State Institute of Management, Orsk, Russian
Federation, pasikov_fmf@mail.ru

The problem of guidance of a dynamic object in space Rn on a closed set M is
considered. In this problem three players take part, and two of them make up the coalition
that seeks to bring moving point x(t) to the set of at the moment o, and a third player tries
to avoid the meeting, x(t) with the set M.

Feature of our work is to describe the evolution of the object of nonlinear integral
di�erential system, which gives to the controlled system new essential properties: memory
and the e�ect of delay on control inputs, which complicates the study, compared with
the case where the evolution of the object is described by ordinary di�erential systems.
To solve the problem we assume the existence of a stable bridge in the space of continuous
functions, containing pieces of solutions of the initial system when using players' coalition of
their extreme strategies de�ned in the work for any admissible management of the opposite
side. It is assumed that a stable bridge dropped on the target set M in a �xed moment of
time θ.

We prove that the constructed in the work of the extreme strategy coalition holds the
solution (the movement) of the system at stable bridge, and solves the problem of guidance.

Keywords: coalition; memory on the management; extreme strategy; integro-di�erential

system; stable bridge.
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