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Ïîëó÷åíû äîñòàòî÷íûå óñëîâèÿ ðàçðåøèìîñòè ëèíåéíîé çàäà÷è óêëîíåíèÿ â
íåñòàöèîíàðíîé äèôôåðåíöèàëüíîé èãðå ñî ìíîãèìè ó÷àñòíèêàìè.

Êëþ÷åâûå ñëîâà: äèôôåðåíöèàëüíàÿ èãðà, ãðóïïîâîå ïðåñëåäîâàíèå, çàäà÷à óê-
ëîíåíèÿ.

� 1. Ïîñòàíîâêà çàäà÷è

Ðàññìàòðèâàåòñÿ ëèíåéíàÿ íåñòàöèîíàðíàÿ çàäà÷à êîíôëèêòíîãî âçà-
èìîäåéñòâèÿ óïðàâëÿåìûõ îáúåêòîâ ñ ó÷àñòèåì n ïðåñëåäîâàòåëåé è m
óáåãàþùèõ ïðè îäèíàêîâûõ äèíàìè÷åñêèõ âîçìîæíîñòÿõ âñåõ ó÷àñòíèêîâ.
Öåëü ïðåñëåäîâàòåëåé � ïîéìàòü âñåõ óáåãàþùèõ, öåëü óáåãàþùèõ � èç-
áåæàòü ïîèìêè õîòÿ áû îäíîãî èç íèõ. Ñëó÷àé ïðîñòîãî ïðåñëåäîâàíèÿ
ðàññìàòðèâàëñÿ â [1], ëèíåéíàÿ ñòàöèîíàðíàÿ çàäà÷à êîíôëèêòíîãî âçàè-
ìîäåéñòâèÿ ðàññìàòðèâàëàñü â [2]. Ïîëó÷åíû äîñòàòî÷íûå óñëîâèÿ ðàçðå-
øèìîñòè ãëîáàëüíîé çàäà÷è óêëîíåíèÿ.

Â ïðîñòðàíñòâå Rk (k > 2) ðàññìàòðèâàåòñÿ äèôôåðåíöèàëüíàÿ èãðà Γ
n + m ëèö: n ïðåñëåäîâàòåëåé è m óáåãàþùèõ.

Çàêîí äâèæåíèÿ êàæäîãî èç ïðåñëåäîâàòåëåé Pi, i = 1, . . . , n èìååò âèä

ẋi(t) = −a(t)xi(t) + ui(t), xi(t0) = x0
i , ui ∈ U.

Çàêîí äâèæåíèÿ êàæäîãî èç óáåãàþùèõ Ej , j = 1, . . . ,m èìååò âèä

ẏj(t) = −a(t)yj(t) + vj(t), yj(t0) = y0
j , vj ∈ U,

ïðè÷åì x0
i 6= y0

j äëÿ âñåõ i = 1, . . . , n, j = 1, . . . ,m.
Çäåñü xi, yj , ui, vj ∈ Rk, U ⊂ Rk � ñòðîãî âûïóêëûé êîìïàêò, a(t) �

äåéñòâèòåëüíàÿ èçìåðèìàÿ ôóíêöèÿ, èíòåãðèðóåìàÿ íà ëþáîì êîìïàêò-
íîì ïîäìíîæåñòâå îñè t. Óáåãàþùèå èñïîëüçóþò êóñî÷íî-ïðîãðàììíûå
ñòðàòåãèè.

Îáîçíà÷èì äàííóþ èãðó ÷åðåç Γ(n, m, z0), ãäå z0 = (x0, y0), x0 =
(x0

1, . . . , x
0
n), y0 = (y0

1, . . . , y
0
m).

1Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæêå ÐÔÔÈ (ãðàíò 06�01�00258).
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Îïðåäåëèì ôóíêöèþ v, ïîëàãàÿ v(ψ) = C ′(U ; ψ), ãäå C ′(U ; ψ) � ãðàäè-
åíò îïîðíîé ôóíêöèè C(U ;ψ).

Ïóñòü g(t) =
t∫

t0

exp
( τ∫

t0

a(s) ds
)

dτ , λ0 = inf
t>t0

1
g(t) = lim

t→+∞
1

g(t) , H+, H− �
îòêðûòûå ïîëîæèòåëüíîå è îòðèöàòåëüíîå ïîëóïðîñòðàíñòâà, îïðåäåëÿ-
åìûå ãèïåðïëîñêîñòüþ H.

Î ï ð å ä å ë å í è å 1. Â äèôôåðåíöèàëüíîé èãðå Γ(n,m, z0) èç ñîñòî-
ÿíèÿ z0 ðàçðåøèìà ëîêàëüíàÿ çàäà÷à óêëîíåíèÿ, åñëè ñóùåñòâóþò ñòðà-
òåãèè V1, . . . , Vm óáåãàþùèõ E1, . . . , Em òàêèå, ÷òî äëÿ ëþáûõ òðàåêòîðèé
x1(t), . . . , xn(t) íàéä¼òñÿ íîìåð s ∈ {1, . . . , m}, ÷òî ys(t) 6= xi(t) äëÿ âñåõ
t > t0 è âñåõ i ∈ {1, . . . , n}.

Î ï ð å ä å ë å í è å 2. Â äèôôåðåíöèàëüíîé èãðå Γ(n,m, z0) ðàçðåøè-
ìà ãëîáàëüíàÿ çàäà÷à óêëîíåíèÿ, åñëè èç ëþáîãî íà÷àëüíîãî ñîñòîÿíèÿ z0

ðàçðåøèìà ëîêàëüíàÿ çàäà÷à óêëîíåíèÿ.

� 2. Äîñòàòî÷íûå óñëîâèÿ ðàçðåøèìîñòè ëîêàëüíîé çàäà÷è
óêëîíåíèÿ

Ëåììà 1. Ïóñòü â èãðå Γ(n,m, z0) ñóùåñòâóþò ãèïåðïëîñêîñòè H1,
H2, ìíîæåñòâà I ⊂ {1, . . . , n}, J ⊂ {1, . . . ,m}, |J | > |I| + 1 òàêèå, ÷òî
âûïîëíåíû ñëåäóþùèå óñëîâèÿ.

1. H1 ‖ H2, H+
2 ⊂ H+

1 .

2. x0
i ∈ H2

+, i ∈ I, x0
i ∈ H1

−, i /∈ I, y0
j ∈ H1

+ ∩H2
−, j ∈ J .

3. Äëÿ ëþáîé ïàðû èíäåêñîâ i,j ∈ J , i 6= j, íà÷àëüíûå ïîçèöèè óáåãàþ-
ùèõ óäîâëåòâîðÿþò óñëîâèþ y0

i − y0
j ∦ v(q)− v(−q), ãäå q � åäèíè÷-

íûé âåêòîð íîðìàëè ãèïåðïëîñêîñòè H1, íàïðàâëåííûé â H+
1 .

Òîãäà â èãðå Γ(n, m, z0) ðàçðåøèìà ëîêàëüíàÿ çàäà÷à óêëîíåíèÿ.

Ëåììà 2. Ïóñòü â èãðå Γ(n,m, z0) λ0 = 0, ñóùåñòâóþò ãèïåðïëîñêî-
ñòè H1, H2,. . . , H2l, ìíîæåñòâà I1, I2, . . . , Il, J1, J2, . . . , Jl, òàêèå, ÷òî
âûïîëíåíû ñëåäóþùèå óñëîâèÿ.

1. H1 ‖ H2 ‖ · · · ‖ H2l, H+
j ⊂ H+

j−1, j = 2, . . . , 2l.

2. Is ⊂ {1, 2, . . . , n}, Jq ⊂ {1, 2, . . . ,m}, s, q = 1, . . . , l,
Iq ∩ Ip = ∅, p 6= q, Jq ∩ Jp = ∅, p 6= q.

3. x0
i ∈ H1

−, i /∈
l⋃

s=1
Is.

4. x0
i ∈ H+

2p ∩H−
2p+1, i ∈ Ip, p = 1, . . . , l − 1, x0

i ∈ H+
2l , i ∈ Il.
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5. y0
j ∈ H+

2p−1

⋂
H−

2p, j ∈ Jp, p = 1, . . . , l.

6. |J1|+ [|J2| − |I1|]+ + · · ·+ [|Jl| − (|I1|+ |I2|+ · · ·+ |Il−1|)]+ >
> |I1|+ |I2|+ · · ·+ |Il|, ãäå a+ = max(a, 0).

7. Äëÿ ëþáîé ïàðû èíäåêñîâ i, j ∈
l⋃

r=1
Jr, i 6= j, íà÷àëüíûå ïîçèöèè óáå-

ãàþùèõ óäîâëåòâîðÿþò óñëîâèþ y0
i − y0

j ∦ v(q)− v(−q), ãäå q � åäè-
íè÷íûé âåêòîð íîðìàëè ãèïåðïëîñêîñòè H1, íàïðàâëåííûé â ïîëó-
ïðîñòðàíñòâî H+

1 .
Òîãäà â èãðå Γ(n, m, z0) ðàçðåøèìà ëîêàëüíàÿ çàäà÷à óêëîíåíèÿ.

� 3. Äîñòàòî÷íûå óñëîâèÿ ðàçðåøèìîñòè ãëîáàëüíîé çàäà÷è
óêëîíåíèÿ

Òåîðåìà 1. Ïóñòü λ0 = 0, U � ñòðîãî âûïóêëûé êîìïàêò ñ ãëàäêîé
ãðàíèöåé. Òîãäà äëÿ ëþáûõ íàòóðàëüíûõ p, m òàêèõ, ÷òî m > p2p + 2, â
èãðå Γ(2p + 1,m, z0) ðàçðåøèìà ãëîáàëüíàÿ çàäà÷à óêëîíåíèÿ.

* * *
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A. S. Bannikov
Non-stationary problem of group pursuit

The paper deals with the linear non-stationary problem of disputed interaction of
operated objects with participation of n pursuers and of m evaders with dynamic
opportunities of all participants being equal. Su�cient conditions of resolvability of
the global problem of evasion have been obtained.
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