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�àññìàòðèâàåòñÿ ëèíåéíàÿ çàäà÷à ïðåñëåäîâàíèÿ ãðóïïîé ïðåñëåäîâàòåëåé äâóõ óáåãàþùèõ ïðè ðàâíûõ

äèíàìè÷åñêèõ âîçìîæíîñòÿõ âñåõ ó÷àñòíèêîâ è ñ �àçîâûìè îãðàíè÷åíèÿìè íà ñîñòîÿíèÿ óáåãàþùèõ

â ïðåäïîëîæåíèè, ÷òî óáåãàþùèå èñïîëüçóþò îäíî è òî æå óïðàâëåíèå. Äâèæåíèå êàæäîãî ó÷àñòíè-

êà èìååò âèä ż + a(t)z = w. �åîìåòðè÷åñêèå îãðàíè÷åíèÿ íà óïðàâëåíèÿ � ñòðîãî âûïóêëûé êîìïàêò

ñ ãëàäêîé ãðàíèöåé, òåðìèíàëüíûå ìíîæåñòâà � íà÷àëî êîîðäèíàò. Ïðåäïîëàãàåòñÿ, ÷òî óáåãàþùèå

â ïðîöåññå èãðû íå ïîêèäàþò ïðåäåëû âûïóêëîãî êîíóñà. Öåëüþ ïðåñëåäîâàòåëåé ÿâëÿåòñÿ ïîèìêà äâóõ

óáåãàþùèõ, öåëü ãðóïïû óáåãàþùèõ ïðîòèâîïîëîæíà. �îâîðÿò, ÷òî â çàäà÷å ïðåñëåäîâàíèÿ ïðîèñõîäèò

ïîèìêà, åñëè ñóùåñòâóþò äâà ïðåñëåäîâàòåëÿ, èç çàäàííîé ãðóïïû ïðåñëåäîâàòåëåé, êîòîðûå ëîâÿò

óáåãàþùèõ, ïðè ýòîì ìîìåíòû ïîèìêè ìîãóò íå ñîâïàäàòü. Â òåðìèíàõ íà÷àëüíûõ ïîçèöèé ïîëó÷å-

íû äîñòàòî÷íûå óñëîâèÿ ïîèìêè äâóõ óáåãàþùèõ. Ïðèâåäåíû ïðèìåðû, èëëþñòðèðóþùèå ïîëó÷åííûå

ðåçóëüòàòû.

Êëþ÷åâûå ñëîâà: äè��åðåíöèàëüíàÿ èãðà, �àçîâûå îãðàíè÷åíèÿ, êóñî÷íî-ïðîãðàììíûå ñòðàòåãèè,

êîíòðñòðàòåãèè.

Ââåäåíèå

Â òåîðèè äè��åðåíöèàëüíûõ èãð õîðîøî èçâåñòíû çàäà÷à ïðåñëåäîâàíèÿ ãðóïïîé ïðåñëå-

äîâàòåëåé è çàäà÷à óêëîíåíèÿ îò ãðóïïû ïðåñëåäîâàòåëåé îäíîãî óáåãàþùåãî [1�8℄. Åñòåñòâåí-

íûì îáîáùåíèåì óêàçàííûõ çàäà÷ ÿâëÿåòñÿ ñèòóàöèÿ êîí�ëèêòíîãî âçàèìîäåéñòâèÿ, êîãäà â

èãðå ó÷àñòâóþò äâå ãðóïïû � ïðåñëåäîâàòåëåé è óáåãàþùèõ. Öåëüþ ãðóïïû ïðåñëåäîâàòåëåé

ÿâëÿåòñÿ ïîèìêà çàäàííîãî ÷èñëà óáåãàþùèõ, öåëü ãðóïïû óáåãàþùèõ ïðîòèâîïîëîæíà [9�13℄.

Ê íàñòîÿùåìó âðåìåíè ðàáîòû, ïîñâÿùåííûå óñëîâèÿì ïîèìêè äâóõ è áîëåå óáåãàþùèõ,

ïðàêòè÷åñêè îòñóòñòâóþò. Â ðàáîòå [14℄ ðàññìîòðåíà çàäà÷à ïðîñòîãî ïðåñëåäîâàíèÿ ãðóïïû

óáåãàþùèõ ïðè óñëîâèè, ÷òî óáåãàþùèå èñïîëüçóþò ïðîãðàììíûå ñòðàòåãèè, à êàæäûé ïðåñëå-

äîâàòåëü ëîâèò íå áîëåå îäíîãî óáåãàþùåãî. Îáùàÿ ëèíåéíàÿ çàäà÷à ïðåñëåäîâàíèÿ ãðóïïîé

ïðåñëåäîâàòåëåé äâóõ óáåãàþùèõ áåç �àçîâûõ îãðàíè÷åíèé ðàññìàòðèâàëàñü â [15℄.

Â ðàáîòå [16℄ ïîëó÷åíû äîñòàòî÷íûå óñëîâèÿ ïîèìêè äâóõ óáåãàþùèõ â çàäà÷å ïðîñòîãî

ïðåñëåäîâàíèÿ ñ �àçîâûìè îãðàíè÷åíèÿìè. Íåñòàöèîíàðíàÿ çàäà÷à ïðîñòîãî ïðåñëåäîâàíèÿ

ðàññìîòðåíà â [17℄. Óñëîâèÿ ïîèìêè äâóõ ñêîîðäèíèðîâàííûõ óáåãàþùèõ â ðåêóððåíòíûõ äè�-

�åðåíöèàëüíûõ èãðàõ ïðèâåäåíû â [18℄. Â [19℄ íàéäåíû äîñòàòî÷íûå óñëîâèÿ ìÿãêîé ïîèìêè

äâóõ óáåãàþùèõ.

Â äàííîé ðàáîòå äëÿ íåñòàöèîíàðíîé çàäà÷è ãðóïïîâîãî ïðåñëåäîâàíèÿ ïîëó÷åíû äîñòà-

òî÷íûå óñëîâèÿ ïîèìêè ãðóïïîé ïðåñëåäîâàòåëåé äâóõ óáåãàþùèõ ïðè óñëîâèè, ÷òî óáåãàþùèå

èñïîëüçóþò îäíî è òî æå óïðàâëåíèå è íå ïîêèäàþò ïðåäåëû âûïóêëîãî êîíóñà.

�àáîòà ïðèìûêàåò ê èññëåäîâàíèÿì [16�22℄.

� 1. Ïîñòàíîâêà çàäà÷è

Â ïðîñòðàíñòâå R
k
(k > 2) ðàññìàòðèâàåòñÿ äè��åðåíöèàëüíàÿ èãðà Γ n+2 ëèö: n ïðåñëåäî-

âàòåëåé P1, . . . , Pn è äâóõ óáåãàþùèõ E1, E2. Çàêîíû äâèæåíèÿ êàæäîãî èç ïðåñëåäîâàòåëåé Pi

è êàæäîãî èç óáåãàþùèõ Ej èìåþò âèä (i = 1, . . . , n, j = 1, 2)

ẋi(t) + a(t)xi = ui(t), ui ∈ V, ẏj(t) + a(t)yj = v(t), v ∈ V, xi, yj, ui, v ∈ R
k. (1.1)
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Ïðè t = t0 çàäàíû íà÷àëüíûå óñëîâèÿ

xi(t0) = x0i , yj(t0) = y0j ,

ïðè÷åì x0i 6= y0j , V � ñòðîãî âûïóêëûé êîìïàêò â R
k
ñ ãëàäêîé ãðàíèöåé, a : [t0,∞) → R

1
�

èçìåðèìàÿ �óíêöèÿ, îãðàíè÷åííàÿ íà ëþáîì êîìïàêòå.

Ïðåäïîëàãàåòñÿ, ÷òî óáåãàþùèå â ïðîöåññå èãðû íå ïîêèäàþò ïðåäåëû âûïóêëîãî êîíóñà

D = {y : y ∈ R
k, 〈ps, y〉 6 0, s = 1, . . . , r},

ãäå p1, . . . , pr � åäèíè÷íûå âåêòîðû òàêèå, ÷òî intD 6= ∅.

Ïóñòü T > 0 è σ � íåêîòîðîå êîíå÷íîå ðàçáèåíèå t0 < t1 < t2 < . . . < tq < tq+1 = T îòðåçêà

[t0, T ].
Îïðåäåëåíèå 1. Êóñî÷íî-ïðîãðàììíîé ñòðàòåãèåé W óáåãàþùåãî Ej , ñîîòâåòñòâóþùåé

ðàçáèåíèþ σ, íàçûâàåòñÿ ñåìåéñòâî îòîáðàæåíèé cl (l = 0, 1, . . . , q), ñòàâÿùèõ â ñîîòâåòñòâèå

âåëè÷èíàì

(tl, xi(tl), yj(tl), min
t∈[0,tl ]

min
i

‖xi(t)− yj(t)‖) (1.2)

èçìåðèìóþ �óíêöèþ v(t), îïðåäåëåííóþ äëÿ t ∈ [tl, tl+1) è òàêóþ, ÷òî v(t) ∈ V, yj(t) ∈ D,

t ∈ [tl, tl+1).

Îïðåäåëåíèå 2. Êóñî÷íî-ïðîãðàììíîé êîíòðñòðàòåãèåé Ui ïðåñëåäîâàòåëÿ Pi, ñîîòâåò-

ñòâóþùåé ðàçáèåíèþ σ, íàçûâàåòñÿ ñåìåéñòâî îòîáðàæåíèé bli (l = 0, 1, . . . , q), ñòàâÿùèõ â ñî-

îòâåòñòâèå âåëè÷èíàì (1.2) è óïðàâëåíèþ v(t), t ∈ [tl, tl+1) èçìåðèìóþ �óíêöèþ ui(t), îïðåäå-
ëåííóþ äëÿ t ∈ [tl, tl+1) è òàêóþ, ÷òî ui(t) ∈ V, t ∈ [tl, tl+1).

Îáîçíà÷èì äàííóþ èãðó Γ.

Îïðåäåëåíèå 3. Â èãðå Γ ïðîèñõîäèò ïîèìêà, åñëè ñóùåñòâóåò T > 0 è äëÿ ëþáîãî ðàç-

áèåíèÿ σ îòðåçêà [0, T ], äëÿ ëþáîé ñòðàòåãèè W óáåãàþùèõ E1, E2 ñóùåñòâóþò ñòðàòåãèè

U1, . . . , Un ïðåñëåäîâàòåëåé P1, . . . , Pn, ìîìåíòû âðåìåíè τ1, τ2, íîìåðà l, s ∈ {1, . . . , n} òàêèå,

÷òî xl(τ1) = y1(τ1), xs(τ2) = y2(τ2).

Îò ñèñòåìû (1.1) ïåðåéäåì ê ñèñòåìå

żij + a(t)zij = ui − v, zij(t0) = z0ij = x0i − y0j . (1.3)

Ââåäåì ñëåäóþùèå îáîçíà÷åíèÿ:

q(τ) = exp

(
∫ τ

t0

a(s) ds

)

, g(t) =

∫ t

t0

q(τ) dτ ; λ0 = inf
t>t0

1

g(t)
, λ(a, v) = sup{λ > 0 | −λa ∈ V−v},

I0 = {1, . . . , n}, d = max{|v|, v ∈ V }, c = y01 − y02.

� 2. Äîñòàòî÷íûå óñëîâèÿ ïîèìêè

Îïðåäåëåíèå 4 (ñì. [23℄). Âåêòîðû a1, a2, . . . , as îáðàçóþò ïîëîæèòåëüíûé áàçèñ ïðîñòðàí-

ñòâà R
k
, åñëè äëÿ ëþáîãî x ∈ R

k
ñóùåñòâóþò ïîëîæèòåëüíûå âåùåñòâåííûå ÷èñëà α1, α2, . . . ,

αs òàêèå, ÷òî x = α1a1 + α2a2 + · · ·+ αsas.

Ëåììà 1. Åñëè íàáîð a1, a2, . . . , am îáðàçóåò ïîëîæèòåëüíûé áàçèñ, òî äëÿ ëþáûõ γ1 > 0,
γ2 > 0, . . . , γm > 0 íàáîð γ1a1, γ2a2, . . . , γmam îáðàçóåò ïîëîæèòåëüíûé áàçèñ.

Äîêàçàòåëüñòâî ëåììû î÷åâèäíî.
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Òåîðåìà 1. Ïóñòü λ0 = 0 è ñóùåñòâóþò ìíîæåñòâà J1, J2 ⊂ {1, . . . , n} è ìíîæåñòâà

I1, I2 ⊂ I0 \ (J1 ∪ J2), I1 ∩ I2 = ∅ òàêèå, ÷òî íàáîðû

{z0i1, i ∈ J1, p1, . . . , pr, −c}, {z0i2, i ∈ J2, p1, . . . , pr, c},

{z0l1, l ∈ J1 \ (J1 ∩ J2), z
0
s2, s ∈ J2 \ (J1 ∩ J2), z

0
α1, α ∈ I1, z

0
β2, β ∈ I2, p1, . . . , pr}

îáðàçóþò ïîëîæèòåëüíûé áàçèñ, ïðè÷åì |J1| > k, |J2| > k, |J0
1 | + |J0

2 | > k + 1, ãäå J0
1 =

= (I1 ∪ J1) \ (J1 ∩ J2), J
0
2 = (I2 ∪ J2) \ (J1 ∩ J2).

Òîãäà â èãðå Γ ïðîèñõîäèò ïîèìêà.

Ä î ê à ç à ò å ë ü ñ ò â î. �àññìîòðèì äâà ñëó÷àÿ.

1. J1 ∩ J2 = ∅. Òàê êàê

{z0i1, i ∈ J1, p1, . . . , pr, −c}, {z0i2, i ∈ J2, p1, . . . , pr, c}

îáðàçóþò ïîëîæèòåëüíûé áàçèñ, òî ñóùåñòâóþò ïîëîæèòåëüíûå ÷èñëà γi1, i ∈ J1, γi2, i ∈ J2,

α1
s, α

2
s òàêèå, ÷òî

∑

i∈J1

γi1z
0
i1 +

r
∑

s=1

α1
sps − c = 0,

∑

i∈J2

γi1z
0
i2 +

r
∑

s=1

α2
sps + c = 0.

Ñëåäîâàòåëüíî,

∑

i∈J1

γi1z
0
i1 +

∑

i∈J2

γi1z
0
i2 +

r
∑

s=1

(α1
s + α2

s)ps = 0. Îáîçíà÷èì p0 =

r
∑

s=1

(α1
s + α2

s)ps,

D0 = {y | 〈p0, y〉 6 0}. Ñ÷èòàåì, ÷òî p0 6= 0. Ñëó÷àé p0 = 0 ðàññìàòðèâàåòñÿ àíàëîãè÷íî. Òîãäà

D ⊂ D0 è íàáîð

{z0i1, i ∈ J1, z0i2, i ∈ J2, p0} (2.1)

îáðàçóåò ïîëîæèòåëüíûé áàçèñ ïðîñòðàíñòâà R
k.

Ïóñòü A � ïðîèçâîëüíàÿ ñòðàòåãèÿ óáåãàþùèõ. Ñëåäîâàòåëüíî, y1(t), y2(t) ∈ D äëÿ âñåõ

t > t0, à çíà÷èò, y1(t), y2(t) ∈ D0, è ïîýòîìó 〈p0, y1(t)〉 6 0, 〈p0, y2(t)〉 6 0. Îòñþäà èìååì

∫ t

t0

q(τ)〈p0, v(τ)〉 dτ = 〈p0, y1(t)〉 − 〈p0, y
0
1〉 6 −〈p1, y

0
1〉 = µ1.

Àíàëîãè÷íî,

∫ t

t0

q(τ)〈p0, v(τ)〉 dτ = 〈p0, y2(t)〉 − 〈p0, y
0
2〉 6 −〈p0, y

0
2〉 = µ2.

Òàê êàê (2.1) îáðàçóþò ïîëîæèòåëüíûé áàçèñ è V � ñòðîãî âûïóêëûé êîìïàêò ñ ãëàäêîé

ãðàíèöåé, òî ÷èñëî (ñì. [8, ñ. 15℄)

δ = min
v∈V

max {max
l∈J1

λ(z0l , v), max
l∈J2

λ(z0l , v), 〈p0, v〉}

ïîëîæèòåëüíî.

Ïóñòü T1(t), T2(t) � äâà ïîäìíîæåñòâà â [t0, t] òàêèå, ÷òî

T1(t) = {τ |τ ∈ [t0, t], 〈p0, v(τ)〉 < δ}, T2(t) = {τ |τ ∈ [t0, t], 〈p0, v(τ)〉 > δ}.

Òîãäà

µ1 >

∫ t

t0

q(τ)〈p0, v(τ)〉 dτ =

∫

T1(t)
q(τ)〈p0, v(τ)〉 dτ +

∫

T2(t)
q(τ)〈p0, v(τ)〉 dτ >

> δ

∫

T2(t)
q(τ) dτ − d

∫

T1(t)
q(τ) dτ.
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Ñ äðóãîé ñòîðîíû,

∫

T2(t)
q(τ) dτ +

∫

T1(t)
q(τ) dτ =

∫ t

t0

exp

(
∫ τ

t0

a(s) ds

)

dτ = g(t).

Òàêèì îáðàçîì,

δ

∫

T2(t)
q(τ) dτ − d

∫

T1(t)
q(τ) dτ 6 µ1 è

∫

T2(t)
q(τ) dτ +

∫

T1(t)
q(τ) dτ = g(t).

Èç ýòèõ ñîîòíîøåíèé ñëåäóåò, ÷òî

∫

T2(t)
q(τ) dτ 6

µ1 + dg(t)

δ + d
,

òîãäà

∫

T1(t)
q(τ) dτ >

δg(t) − µ1

δ + d
.

Àíàëîãè÷íî,

∫

T2(t)
q(τ) dτ 6

µ2 + dg(t)

δ + d
,

∫

T1(t)
q(τ) dτ >

δg(t) − µ2

δ + d
.

Ïîýòîìó

∫

T1(t)
q(τ) dτ >

δg(t) − µ0

δ + d
,

ãäå µ0 = max{µ1, µ2}.
Çàäàåì óïðàâëåíèå ïðåñëåäîâàòåëåé ñëåäóþùèì îáðàçîì:

ui(t) = v(t)− λ(z0i1, v(t))z
0
i1, i ∈ J1, ui(t) = v(t)− λ(z0i2, v(t))z

0
i2, i ∈ J2,

óïðàâëåíèå îñòàëüíûõ ïðåñëåäîâàòåëåé çàäàåì ïðîèçâîëüíî. Ïîäñòàâèì èõ â ñèñòåìó (1.3).

Òîãäà ïîëó÷àåì

żi1 + a(t)zi1 = −λ(z0i1, v(t))z
0
i1, i ∈ J1, żi2 + a(t)zi2 = −λ(z0i2, v(t))z

0
i2, i ∈ J2.

Èìååì

zi1(t) = exp

(

−

∫ t

t0

a(s) ds

)(

z0i1 −

∫ t

t0

exp

(
∫ τ

t0

a(s) ds

)

λ(z0i1, v(τ)) dτ · z0i1

)

=

= exp

(

−

∫ t

t0

a(s) ds

)

z0i1

(

1−

∫ t

t0

exp

(
∫ τ

t0

a(s) ds

)

λ(z0i1, v(τ)) dτ

)

, i ∈ J1,

zi2(t) = exp

(

−

∫ t

t0

a(s) ds

)

z0i2

(

1−

∫ t

t0

exp

(
∫ τ

t0

a(s) ds

)

λ(z0i2, v(τ)) dτ

)

, i ∈ J2.

�àññìîòðèì �óíêöèè âèäà

hi1(t) = 1−

∫ t

t0

q(τ)λ(z0i1, v(τ)) dτ, i ∈ J1, hi2(t) = 1−

∫ t

t0

q(τ)λ(z0i2, v(τ)) dτ, i ∈ J2,

hij(t) � íåïðåðûâíûå �óíêöèè, è hi1(t0) = 1, hi2(t0) = 1.

∑

i∈J1

hi1(t) +
∑

i∈J2

hi2(t) = |J1|+ |J2| −

∫ t

t0

q(τ)
∑

i∈J1

λi(z
0
i1, v(τ)) dτ −

∫ t

t0

q(τ)
∑

i∈J2

λi(z
0
i2, v(τ)) dτ 6

6 |J1|+ |J2| −

∫ t

t0

q(τ)max{max
i∈J1

λi(z
0
i1, v(τ)),max

i∈J2
λi(z

0
i2, v(τ))} dτ.
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Òàê êàê

∫ t

t0

q(τ)max{max
i∈J1

λi(z
0
i1, v(τ)),max

i∈J2
λi(z

0
i2, v(τ))} dτ =

=

∫

T1

q(τ)max{max
i∈J1

λi(z
0
i1, v(τ)),max

i∈J2
λi(z

0
i2, v(τ))} dτ +

+

∫

T2

q(τ)max{max
i∈J1

λi(z
0
i1, v(τ)),max

i∈J2
λi(z

0
i2, v(τ))} dτ >

>

∫

T2

q(τ)max{max
i∈J1

λi(z
0
i1, v(τ)),max

i∈J2
λi(z

0
i2, v(τ))} dτ > δ

δg(t) − µ0

δ + d
=

δ2g(t)− µ0δ

δ + d
,

òî

∑

i∈J1

hi1(t) +
∑

i∈J2

hi2(t) 6 |J1|+ |J2| −
δ2g(t)− µ0δ

δ + d
.

Èç óñëîâèÿ λ0 = 0 ñëåäóåò, ÷òî g(t) → ∞ ïðè t → ∞. Èç ïîñëåäíåãî íåðàâåíñòâà ñëåäóåò,

÷òî ñóùåñòâóåò ìîìåíò T òàêîé, ÷òî |J1| + |J2| −
δ2g(t) − µ0δ

δ + d
6 0 äëÿ âñåõ t > T , è ïîýòîìó

õîòÿ áû îäíà èç �óíêöèé hij îáðàòèòñÿ â 0 â íåêîòîðûé ìîìåíò T0. Åñëè hr1(T0) = hs2(T0) = 0
ïðè íåêîòîðûõ r ∈ J1, s ∈ J2, òî

xr(T0) = y1(T0), xs(T0) = y2(T0).

Ñëåäîâàòåëüíî, â èãðå Γ ïðîèñõîäèò ïîèìêà.

Ïóñòü hr1(T0) = 0, hs2(T0) 6= 0 äëÿ âñåõ s ∈ J2. Òîãäà xr(T0) = y1(T0).

Êðîìå òîãî, èìååì z0i2 =
q(T0)

hi2(T0)
zi2(T0), i ∈ J2, q(T0) > 0, hi2(T0) > 0, i ∈ J2.

zr2(T0) = xr(T0)− y2(T0) = xr(T0)− y1(T0) + y1(T0)− y2(T0) = c exp

(

−

∫ T0

t0

a(s) ds

)

.

Ïîýòîìó ïî ëåììå 1 íàáîð âåêòîðîâ

{zi2(T0), i ∈ J2, zr2(T0), p1, . . . , pr}

ñîñòàâëÿåò ïîëîæèòåëüíûé áàçèñ. Â ñèëó [22℄ ïðåñëåäîâàòåëè {Pi, i ∈ J2, Pr} ëîâÿò óáåãàþùå-
ãî E2. Îòñþäà ñëåäóåò, ÷òî â èãðå Γ ïðîèñõîäèò ïîèìêà.

2. J1 ∩ J2 6= ∅. Ïóñòü J = J1 ∩ J2, òîãäà J0
1 = I1 ∪ (J1 \ J), J

0
2 = I2 ∪ (J2 \ J).

Çàäàåì óïðàâëåíèå ïðåñëåäîâàòåëåé ñëåäóþùèì îáðàçîì:

ui(t) = v(t)− λ(z0i1, v(t))z
0
i1, i ∈ J0

1 ,

ui(t) = v(t)− λ(z0i2, v(t))z
0
i2, i ∈ J0

2 ,

ui(t) = v(t), i ∈ J, t ∈ [t0, T ].

Ìîìåíò T áóäåò óêàçàí ïîçæå. Óïðàâëåíèå îñòàëüíûõ ïðåñëåäîâàòåëåé çàäàåì ïðîèçâîëüíî.

Èç ñèñòåìû (1.3) èìååì

zi1(t) = exp

(

−

∫ t

t0

a(s) ds

)

z0i1hi1(t), i ∈ J0
1 , zi2(t) = exp

(

−

∫ t

t0

a(s) ds

)

z0i2hi2(t), i ∈ J0
2 ,

zi1(t) = exp

(

−

∫ t

t0

a(s) ds

)

z0i1, zi2(t) = exp

(

−

∫ t

t0

a(s) ds

)

z0i2, i ∈ J,

ãäå

hi1(t) = 1−

∫ t

t0

q(τ)λ(z0i1, v(τ)) dτ, i ∈ J0
1 , hi2(t) = 1−

∫ t

t0

q(τ)λ(z0i2, v(τ)) dτ, i ∈ J0
2 .
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Ïî óñëîâèþ âåêòîðû

{z0l1, l ∈ J0
1 , z

0
l2, l ∈ J0

2 , p1, . . . , pr}

îáðàçóþò ïîëîæèòåëüíûé áàçèñ. Ïîýòîìó ñóùåñòâóþò ïîëîæèòåëüíûå ÷èñëà γl1, l ∈ J0
1 ,

γl2, l ∈ J0
2 , αs òàêèå, ÷òî

∑

l∈J0

1

γ0l1z
0
l1 +

∑

l∈J0

2

γ0l2z
0
l2 +

r
∑

s=1

αsps = 0.

Îáîçíà÷èì

p0 =
r

∑

s=1

αsps, D0 = {y |〈p0, y〉 6 0}.

Ïîëó÷àåì, ÷òî íàáîð {z0l1, l ∈ J0
1 , z

0
l2, l ∈ J0

2 , p0} îáðàçóåò ïîëîæèòåëüíûé áàçèñ è D ⊂ D0.

Ïðîâîäÿ ðàññóæäåíèÿ, àíàëîãè÷íûå ðàññóæäåíèÿì ïóíêòà 1, ïîëó÷àåì, ÷òî ñóùåñòâóåò ìî-

ìåíò T0 òàêîé, ÷òî õîòÿ áû îäíà èç �óíêöèé hi1 (i ∈ J0
1 ), hi2 (i ∈ J0

2 ) îáðàòèòñÿ â íóëü.

Ïóñòü hq1(T0) = 0, q ∈ J0
1 , hs2(T0) 6= 0 äëÿ âñåõ s ∈ J0

2 . Òîãäà xq(T0) = y1(T0) è, êðîìå òî-

ãî, z0s2 =
q(T0)

hs2(T0)
zs2(T0), s ∈ J0

2 , q(T0) > 0, hs2(T0) > 0, s ∈ J0
2 , z

0
l2 = zl2(T0)q(T0), l ∈ J.

zq2(T0) = xq(T0)− y2(T0) = xq(T0)− y1(T0) + y1(T0)− y2(T0) = c exp

(

−

∫ T0

t0

a(s) ds

)

.

Ïîýòîìó ïî ëåììå 1 íàáîð

{zs2(T0), s ∈ J0
2 , zq2(T0), q ∈ J0

1 , p1, . . . , pr}

îáðàçóåò ïîëîæèòåëüíûé áàçèñ. Â ñèëó [22℄ â èãðå Γ ïðîèñõîäèò ïîèìêà. Òåîðåìà äîêàçàíà. �

Òåîðåìà 2. Ïóñòü λ0 = 0, D = R
k
è ñóùåñòâóþò ìíîæåñòâà J1, J2 ⊂ {1, . . . , n} è ìíî-

æåñòâà I1, I2 ⊂ I0 \ (J1 ∪ J2), I1 ∩ I2 = ∅ òàêèå, ÷òî íàáîðû

{z0i1, i ∈ J1, −c}, {z0i2, i ∈ J2, c},

{z0l1, l ∈ J1 \ (J1 ∩ J2), z
0
s2, s ∈ J2 \ (J1 ∩ J2), z

0
α1, α ∈ I1, z

0
β2, β ∈ I2}

îáðàçóþò ïîëîæèòåëüíûé áàçèñ, ïðè÷åì |J1| > k, |J2| > k, |J0
1 | + |J0

2 | > k + 1, ãäå J0
1 =

(I1 ∪ J1) \ (J1 ∩ J2), J
0
2 = (I2 ∪ J2) \ (J1 ∩ J2).

Òîãäà â èãðå Γ ïðîèñõîäèò ïîèìêà.

Ä î ê à ç à ò å ë ü ñ ò â î. Óòâåðæäåíèå òåîðåìû íåïîñðåäñòâåííî ñëåäóåò èç òåîðåìû 1. �

Ïðèìåð 1. Ïóñòü k = 3, n = 5, r = 1 è íà÷àëüíûå ïîçèöèè èãðîêîâ ñëåäóþùèå:

x01 = (3, 0, 0), x02 = (−2,−2, 0), x03 = (1, 3, 10), x04 = (−3, 4, 10), x05 = (3, 2, 5),

p1 = (0,−1, 0), y01 = (0, 0, 1), y02 = (0, 0, 2).

Ïóñòü a(t) = 0, òîãäà λ0 = 0. Â êà÷åñòâå J1, J2, I1, I2 âîçüìåì ìíîæåñòâà

J1 = {1, 2, 3}, J2 = {3, 4, 5}, I1 = I2 = ∅.

Òîãäà íàáîðû âåêòîðîâ

{z11, z21, z31, p1, −c}, {z32, z42, z52, p1, c}, {z11, z21, z42, z52, p1}

îáðàçóþò ïîëîæèòåëüíûé áàçèñ. Òàêèì îáðàçîì, ïîëó÷àåì, ÷òî óñëîâèå òåîðåìû âûïîëíåíî.

Ñëåäîâàòåëüíî, â äàííîé èãðå ïðîèñõîäèò ïîèìêà.
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Ïðèìåð 2. Ïóñòü k = 2, n = 5, r = 1 è íà÷àëüíûå ïîçèöèè èãðîêîâ ñëåäóþùèå:

x01 = (−2, 3), x02 = (2, 3), x03 = (1, 4),

x04 = (2,−3), x05 = (6,−1), y01 = (0, 2), y02 = (3, 0).

Ôóíêöèÿ a(t) = 1, òîãäà λ0 = 0. Â êà÷åñòâå J1, J2, I1, I2 âîçüìåì ìíîæåñòâà

J1 = {1, 2}, J2 = {4, 5}, I1 = {3}, I2 = {∅}.

Òîãäà íàáîðû âåêòîðîâ

{z011, z
0
21,−c}, {z042, z

0
52, c}, {z011, z

0
21, z

0
42, z

0
52, z

0
31}

îáðàçóþò ïîëîæèòåëüíûé áàçèñ. Ïîëó÷àåì, ÷òî óñëîâèå òåîðåìû âûïîëíåíî. Ñëåäîâàòåëüíî,

â äàííîé èãðå ïðîèñõîäèò ïîèìêà.
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We onsider a linear problem of pursuing two evaders by a group of perseutors in ase of equal dynami

opportunities of all partiipants and under phase restritions imposed on the states of evaders. We assume

that the evaders use the same ontrol. The movement of eah partiipant has the form ż + a(t)z = w.

Geometri onstraints on the ontrol are stritly onvex ompat set with smooth boundary, and terminal

sets are the origin of oordinates. It is assumed that the evaders do not leave the onvex one. The aim of a

group of pursuers is to apture two evaders; the aim of a group of evaders is opposite. We say that a apture

holds in the problem of pursuing two evaders if among the spei�ed number of pursuers there are two of them

who ath the evaders, possibly at di�erent times. We obtain su�ient onditions for apturing two evaders

in terms of initial positions. The results obtained are illustrated by examples.
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