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Â êîíå÷íîìåðíîì åâêëèäîâîì ïðîñòðàíñòâå ðàññìàòðèâàåòñÿ çàäà÷à ïðåñëåäîâàíèÿ ãðóïïîé ïðåñëåäîâàòåëåé

ãðóïïû óáåãàþùèõ, îïèñûâàåìàÿ ñèñòåìîé âèäà

D
(α)

zij = ui − v,

ãäå D(α)f � ïðîèçâîäíàÿ ïî Êàïóòî ïîðÿäêà α ∈ (0, 1) �óíêöèè f . Ïðåäïîëàãàåòñÿ, ÷òî âñå óáåãàþùèå èñ-

ïîëüçóþò îäíî è òî æå óïðàâëåíèå. Öåëüþ ïðåñëåäîâàòåëåé ÿâëÿåòñÿ ïîèìêà õîòÿ áû îäíîãî èç óáåãàþùèõ.

Öåëü óáåãàþùèõ � âñåì óêëîíèòüñÿ îò âñòðå÷è. Óáåãàþùèå èñïîëüçóþò êóñî÷íî-ïðîãðàììíûå ñòðàòåãèè, ïðå-

ñëåäîâàòåëè � êóñî÷íî-ïðîãðàììíûå êîíòðñòðàòåãèè. Ìíîæåñòâî äîïóñòèìûõ óïðàâëåíèé � øàð ñ åäèíè÷íûì

ðàäèóñîì ñ öåíòðîì â íà÷àëå êîîðäèíàò, öåëåâûå ìíîæåñòâà � íà÷àëà êîîðäèíàò. Â òåðìèíàõ íà÷àëüíûõ ïîçè-

öèé è ïàðàìåòðîâ èãðû ïîëó÷åíû äîñòàòî÷íûå óñëîâèÿ ïîèìêè è äîñòàòî÷íûå óñëîâèÿ óêëîíåíèÿ.

Êëþ÷åâûå ñëîâà: äè��åðåíöèàëüíàÿ èãðà, ãðóïïîâîå ïðåñëåäîâàíèå, ïðåñëåäîâàòåëü, óáåãàþùèé, äðîáíûå ïðî-

èçâîäíûå.
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Ââåäåíèå

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

äîâàòåëåé îäíîãî óáåãàþùåãî è çàäà÷à óêëîíåíèÿ îò ãðóïïû ïðåñëåäîâàòåëåé îäíîãî óáåãàþ-

ùåãî [1�6℄. Åñòåñòâåííûì îáîáùåíèåì óêàçàííûõ çàäà÷ ÿâëÿåòñÿ ñèòóàöèÿ êîí�ëèêòíîãî âçà-

èìîäåéñòâèÿ ãðóïïû ïðåñëåäîâàòåëåé è ãðóïïû óáåãàþùèõ. Öåëü ãðóïïû ïðåñëåäîâàòåëåé �

ïîèìêà çàäàííîãî ÷èñëà óáåãàþùèõ, öåëü ãðóïïû óáåãàþùèõ ïðîòèâîïîëîæíà [4�15℄.

Áûëè ïîëó÷åíû [7℄ äîñòàòî÷íûå óñëîâèÿ ïîèìêè õîòÿ áû îäíîãî óáåãàþùåãî â äè��åðåíöè-

àëüíîé èãðå ñî ìíîãèìè ïðåñëåäîâàòåëÿìè è óáåãàþùèìè ïðè óñëîâèè, ÷òî óáåãàþùèå èñïîëü-

çóþò îäíî è òî æå óïðàâëåíèå. Çàäà÷à ïðîñòîãî ïðåñëåäîâàíèÿ ãðóïïû ñêîîðäèíèðîâàííûõ

óáåãàþùèõ áåç �àçîâûõ îãðàíè÷åíèé ðàññìàòðèâàëàñü â [8, 9℄, ñ �àçîâûìè îãðàíè÷åíèÿìè �

â [10℄. Çàäà÷à ïðåñëåäîâàíèÿ ãðóïïû ñêîîðäèíèðîâàííûõ óáåãàþùèõ â ïðèìåðå Ë.Ñ. Ïîíòðÿ-

ãèíà ðàññìàòðèâàëàñü â [11,12℄, â ëèíåéíûõ äè��åðåíöèàëüíûõ èãðàõ � â [13,14℄. Ïîèìêå äâóõ

ñêîîðäèíèðîâàííûõ óáåãàþùèõ ïîñâÿùåíû ðàáîòû [15, 16℄.

Â äàííîé ñòàòüå ðàññìàòðèâàåòñÿ çàäà÷à î ïðåñëåäîâàíèè ãðóïïîé ïðåñëåäîâàòåëåé ãðóïïû

ñêîîðäèíèðîâàííûõ óáåãàþùèõ ïðè óñëîâèè, ÷òî âñå ó÷àñòíèêè îáëàäàþò ðàâíûìè âîçìîæ-

íîñòÿìè, à äâèæåíèå êàæäîãî îïèñûâàåòñÿ óðàâíåíèåì ñ äðîáíûìè ïî Êàïóòî ïðîèçâîäíûìè

è íóëåâîé ìàòðèöåé.

Ïîëó÷åíû äîñòàòî÷íûå óñëîâèÿ ïîèìêè è äîñòàòî÷íûå óñëîâèÿ óêëîíåíèÿ.

� 1. Ïîñòàíîâêà çàäà÷è

Î ï ð å ä å ë å í è å 1.1. Ïóñòü f : [0,∞) → R � àáñîëþòíî íåïðåðûâíàÿ �óíêöèÿ, ÷èñëî

α ∈ (0, 1). Ïðîèçâîäíîé ïî Êàïóòî ïîðÿäêà α �óíêöèè f íàçûâàåòñÿ �óíêöèÿ D(α)f âèäà

(

D(α)f
)

(t) =
1

Γ(1− α)

∫ t

0

f ′(s)

(t− s)α
ds, ãäå Γ(β) =

∫ ∞

0
e−ssβ−1 ds.

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

äîâàòåëåé P1, P2, . . . , Pn è m óáåãàþùèõ E1, E2, . . . , Em. Çàêîí äâèæåíèÿ êàæäîãî èç ïðåñëåäî-

âàòåëåé Pi èìååò âèä

D(α)xi = ui, xi(0) = x0i , ‖ui‖ 6 1. (1.1)
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Çàêîí äâèæåíèÿ êàæäîãî èç óáåãàþùèõ Ej èìååò âèä

D(α)yj = v, yj(0) = y0j , ‖v‖ 6 1. (1.2)

Çäåñü xi, yj , ui, v ∈ R
k
, i = 1, . . . , n, j = 1, . . . ,m. Ââåäåì íîâûå ïåðåìåííûå zi,j = xi − yj .

Òîãäà âìåñòî ñèñòåì (1.1), (1.2) ïîëó÷èì ñèñòåìó

D(α)zi,j = ui − v, zi,j(0) = z0i,j = x0i − y0j . (1.3)

Áóäåì ïðåäïîëàãàòü âûïîëíåíèå ñëåäóþùèõ óñëîâèé äëÿ íà÷àëüíûõ ïîçèöèé x0i , y
0
j :

(à) åñëè n > k, òî äëÿ ëþáîãî íàáîðà èíäåêñîâ I ⊂ {1, . . . , n}, |I| > k + 1, ñïðàâåäëèâî
int co

{

x0i , i ∈ I
}

6= ∅;

(á) ëþáûå k âåêòîðîâ èç ñîâîêóïíîñòè

{

x0i − y0j , y
0
s − y0r , s 6= r

}

ëèíåéíî íåçàâèñèìû.

Îáîçíà÷èì V = {v| ‖v‖ 6 1} . Îïðåäåëèì �óíêöèè λ âèäà

λ(z0i,j , v) = sup
{

λ > 0| − λz0i,j ∈ −v + V
}

è ÷èñëî

δj(z
0) = min

v∈V
max
i∈I

λ(z0i,j , v).

Ïóñòü T > 0 è σ = {0 = t0 < t1 < · · · < tq = T} � ðàçáèåíèå îòðåçêà [0, T ].

Î ï ð å ä å ë å í è å 1.2. Êóñî÷íî-ïðîãðàììíîé ñòðàòåãèåé Q óáåãàþùèõ Ej , ñîîòâåòñòâóþ-

ùåé ðàçáèåíèþ σ, íàçûâàåòñÿ ñåìåéñòâî îòîáðàæåíèé cl, l = 1, . . . , q, ñòàâÿùèõ â ñîîòâåòñòâèå

âåëè÷èíàì

(tl, xi(tl), yj(tl), min
t∈[0,tl]

min
i

‖xi(t)− yj(t)‖) (1.4)

èçìåðèìóþ �óíêöèþ v(t), îïðåäåëåííóþ äëÿ t ∈ [tl, tl+1) è òàêóþ, ÷òî ‖v(t)‖ 6 1, t ∈ [tl, tl+1).

Äåéñòâèÿ óáåãàþùèõ ìîæíî òðàêòîâàòü ñëåäóþùèì îáðàçîì: èìååòñÿ öåíòð, êîòîðûé ïî

âåëè÷èíàì (1.4) äëÿ âñåõ óáåãàþùèõ Ej âûáèðàåò îäíî è òî æå óïðàâëåíèå v(t), t ∈ [tl, tl+1).

Î ï ð å ä å ë å í è å 1.3. Êóñî÷íî-ïðîãðàììíîé êîíòðñòðàòåãèåé Ui ïðåñëåäîâàòåëåé Pi, ñî-

îòâåòñòâóþùåé ðàçáèåíèþ σ, áóäåì íàçûâàòü ñåìåéñòâî îòîáðàæåíèé cl, l = 0, 1, . . . , q, ñòàâÿ-
ùèõ â ñîîòâåòñòâèå âåëè÷èíàì (1.4) è óïðàâëåíèþ v(t), t ∈ [tl, tl+1), èçìåðèìóþ �óíêöèþ ui(t),
îïðåäåëåííóþ äëÿ t ∈ [tl, tl+1), è òàêóþ, ÷òî ‖ui(t)‖ 6 1, t ∈ [tl, tl+1).

Î ï ð å ä å ë å í è å 1.4. Â èãðå Γ ïðîèñõîäèò óêëîíåíèå îò âñòðå÷è, åñëè äëÿ ëþáîãî T > 0
ñóùåñòâóþò ðàçáèåíèå σ èíòåðâàëà [0, T ] è ñòðàòåãèÿ Q óáåãàþùèõ Ej òàêèå, ÷òî äëÿ ëþáûõ

òðàåêòîðèé xi(t) ïðåñëåäîâàòåëåé Pi èìååò ìåñòî xi(t) 6= yj(t), t ∈ [0, T ].

Î ï ð å ä å ë å í è å 1.5. Â èãðå Γ ïðîèñõîäèò ïîèìêà, åñëè ñóùåñòâóåò T > 0 è äëÿ ëþáîé

ñòðàòåãèè Q óáåãàþùèõ Ej ñóùåñòâóþò êóñî÷íî-ïðîãðàììíûå êîíòðñòðàòåãèè Ui ïðåñëåäîâà-

òåëåé Pi, ìîìåíò τ ∈ [0, T ] è íîìåðà s ∈ {1, 2, . . . ,m}, r ∈ {1, 2, . . . , n}, òàêèå, ÷òî xr(τ) = ys(τ).

� 2. Âñïîìîãàòåëüíûå ðåçóëüòàòû

Î ï ð å ä å ë å í è å 2.1 (ñì. [17℄). Âåêòîðû a1, a2, . . . , as îáðàçóþò ïîëîæèòåëüíûé áàçèñ R
k
,

åñëè äëÿ ëþáîãî x ∈ R
k
ñóùåñòâóþò ïîëîæèòåëüíûå âåùåñòâåííûå ÷èñëà α1, α2, . . . , αs òàêèå,

÷òî x = α1a1 + α2a2 + . . .+ αsas.

Ë å ì ì à 2.1 (ñì. [9℄). Ïóñòü a1, . . . , as îáðàçóþò ïîëîæèòåëüíûé áàçèñ. Òîãäà äëÿ ëþáûõ

bl, bl+1, . . . , bs (1 6 l 6 s) ñóùåñòâóåò µ0 > 0 òàêîå, ÷òî äëÿ âñåõ µ > µ0

a1, . . . , aj−1, bl + µal, . . . , bs + µas

îáðàçóþò ïîëîæèòåëüíûé áàçèñ.
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Ñ ë å ä ñ ò â è å 2.1 (ñì. [9℄). Ïóñòü âåêòîðû a1, . . . , as îáðàçóþò ïîëîæèòåëüíûé áàçèñ.

Òîãäà äëÿ ëþáûõ âåêòîðîâ bl, bl+1, . . . , bs (1 6 l 6 s) ñóùåñòâóåò µ0 > 0 òàêîå, ÷òî äëÿ âñåõ

µ > µ0 ïîëîæèòåëüíûé áàçèñ îáðàçóþò ñèñòåìû âåêòîðîâ

{a1, . . . , al−1, bl + µal, . . . , bs + µas}, {a1, . . . , al−1, aα0 , br + µar, r 6= α0, r = l, . . . , s}.

Ë å ì ì à 2.2 (ñì. [9℄). Âåêòîðû a1, . . . , as îáðàçóþò ïîëîæèòåëüíûé áàçèñ òîãäà è òîëüêî

òîãäà, êîãäà

min
‖v‖61

max
l

λ(al, v) > 0.

Îáîçíà÷èì ÷åðåç intX, riX, coX, affX ñîîòâåòñòâåííî âíóòðåííîñòü, îòíîñèòåëüíóþ âíóò-

ðåííîñòü, âûïóêëóþ îáîëî÷êó è à��èííóþ îáîëî÷êó ìíîæåñòâà X ⊂ R
k
.

Ë å ì ì à 2.3 (ñì. [9℄). Ïóñòü xi ∈ R
k
, i = 1, . . . , n, yj ∈ R

k
, j = 1, . . . ,m, è âûïîëíåíû

ñëåäóþùèå óñëîâèÿ:

(1) n+m > k + 2;
(2) â ñîâîêóïíîñòè {xi − yj, yr − yq, r 6= q, xs − xl, s 6= l} ñóùåñòâóþò k ëèíåéíî íåçàâèñè-

ìûõ âåêòîðîâ.

Òîãäà ri co {xi} ∩ ri co {yj} 6= ∅ òîãäà è òîëüêî òîãäà, êîãäà {xi − yj} îáðàçóþò ïîëîæè-

òåëüíûé áàçèñ.

Ë å ì ì à 2.4 (ñì. [9℄). Ïóñòü {x1, . . . , xn, y1, . . . , ym} � ìíîæåñòâî òî÷åê R
k
, ïðè÷åì

n+m > k + 2, ëþáûå k+1 òî÷êè à��èííî íåçàâèñèìû è co {x1, . . . , xn}∩ co {y1, . . . , ym} 6= ∅.

Òîãäà ñóùåñòâóþò ìíîæåñòâà I ⊂ {1, . . . , n}, J ⊂ {1, . . . ,m} òàêèå, ÷òî |I| + |J | = k + 2,
ri co {x1, . . . , xn} ∩ ri co {y1, . . . , ym} 6= ∅ è ñîñòîèò èç åäèíñòâåííîé òî÷êè.

Ë å ì ì à 2.5 (ñì. [9℄). Ïóñòü {x1, . . . , xn, y1, . . . , ym} � ìíîæåñòâî òî÷åê R
k
, ïðè÷åì

n+m = k + 2, ëþáûå k âåêòîðîâ èç ñîâîêóïíîñòè {xi − yj, yr − ys, r 6= s} ëèíåéíî íåçàâèñè-

ìû è, êðîìå òîãî, ri co {xi} ∩ ri co {yj} 6= ∅, xn+1 − yβ0 = µ(yβ0 − y1) = −µ(y1 − yβ0) ïðè

íåêîòîðîì µ > 0, β0 ∈ {2, . . . ,m}. Òîãäà ri co {xi, i = 1, . . . , n} ∩ ri co {yj , j = 2, . . . ,m} 6= ∅.

� 3. Äîñòàòî÷íûå óñëîâèÿ ïîèìêè è äîñòàòî÷íûå óñëîâèÿ óêëîíåíèÿ

Òå î ð å ì à 3.1. Ïóñòü m = 1 è δ1(z
0) > 0. Òîãäà â èãðå ïðîèñõîäèò ïîèìêà.

Ä î ê à ç à ò å ë ü ñ ò â î. Çàäàäèì ñòðàòåãèè ïðåñëåäîâàòåëåé Pi, ïîëàãàÿ

ui(t) = v(t)− λ(z0i,1, v(t))z
0
i,1.

Â ñèëó îïðåäåëåíèÿ λ(z0i,1, v) çíà÷åíèÿ ui(t) ∈ V äëÿ âñåõ t, i ∈ I. Ïîäñòàâëÿÿ ui â (1.3),

èìååì

D(α)zi,1 = −λ(z0i,1, v(t))z
0
i,1.

Îòñþäà â ñèëó [18℄ ïîëó÷àåì

zi,1(t) =
z0i,1

Γ(1)
+

∫ t

0
(t− τ)α−1E1/α(0, α)(−λ(z0i,1, v(t))z

0
i,1) dτ =

= z0i,1

(

1−
1

Γ(α)

∫ t

0
λ(z0i,1, v(t))(t − τ)α−1 dτ

)

,

ãäå E1/β(B,µ) =
∞
∑

k=0

Bk

Γ (kβ + µ)
� îáîáùåííàÿ �óíêöèÿ Ìèòòàã-Ëå��ëåðà.

�àññìîòðèì �óíêöèè hi(t) = 1 −
1

Γ(α)

∫ t

0
λ(z0i,1, v(s))(t − τ)α−1 ds. Îòìåòèì, ÷òî hi(0) = 1

è hi � íåïðåðûâíûå �óíêöèè. Êðîìå òîãî,

n
∑

i=1

hi(t) = n−
1

Γ(α)

∫ t

0

n
∑

i=1

λ(z0i,1, v(s))(t − τ)α−1 ds. (3.1)
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Òàê êàê

n
∑

i=1

λ(z0i,1, v(s)) > max
i

λ(z0i,1, v(s)) > δ1(z
0) > 0,

òî èç (3.1) ïîëó÷àåì

n
∑

i=1

hi(t) 6 n−
δ1(z

0)

Γ(α)

∫ t

0
(t− τ)α−1 ds = n−

δ1(z
0)tα

αΓ(α)
.

Òàê êàê ïðàâàÿ ÷àñòü ñòðåìèòñÿ ê −∞ ïðè t → +∞, òî äëÿ ëþáîé äîïóñòèìîé �óíêöèè v(·)

íàéäóòñÿ íîìåð l è ìîìåíò τ , τ ∈ [0, T ], ãäå T = α

√

αnΓ(α)

δ1(z0)
, òàêèå, ÷òî hl(τ) = 0. Îòñþäà

zl(τ) = 0. Òàêèì îáðàçîì, â èãðå ïðîèñõîäèò ïîèìêà. Òåîðåìà äîêàçàíà. �

Òå î ð å ì à 3.2. Ïóñòü

int co
{

x0i
}

∩ co
{

y0j
}

6= ∅. (3.2)

Òîãäà â èãðå Γ ïðîèñõîäèò ïîèìêà.

Ä î ê à ç à ò å ë ü ñ ò â î. Èç óñëîâèÿ òåîðåìû ñëåäóåò, ÷òî n +m > k + 2. Ñîãëàñíî ëåììå 4

ñóùåñòâóþò ìíîæåñòâà I ⊂ {1, . . . , n} , J ⊂ {1, . . . ,m} òàêèå, ÷òî

ri co
{

x0i , i ∈ I
}

∩ ri co
{

y0j , j ∈ J
}

6= ∅ (3.3)

è |I|+ |J | = k + 2. Áóäåì ñ÷èòàòü, ÷òî I = {1, . . . , q}, J = {1, . . . , l}, ïðè÷åì q + l = k + 2.

Ïî ëåììå 2.3,

{

z0i,j , i ∈ I, j ∈ J
}

îáðàçóþò ïîëîæèòåëüíûé áàçèñ. Åñëè |J | = 1, òî ïîèìêà

ñëåäóåò èç òåîðåìû 3.1. Ñ÷èòàåì, ÷òî |J | > 2.
Îáîçíà÷èì c

γ
β = y0γ − y0β. Òîãäà z0i,γ = z0i,1 + c

γ
1 äëÿ âñåõ i ∈ I, γ ∈ J, γ 6= 1. Ïîýòîìó

{

z0i,1, i ∈ I, c
γ
1 , γ ∈ J, γ 6= 1

}

îáðàçóþò ïîëîæèòåëüíûé áàçèñ. Òàê êàê n > k + 1, òî q + γ − 1 ∈

∈ {q + 1, . . . , n} äëÿ âñåõ γ ∈ J , γ 6= 1.

Â ñèëó ñëåäñòâèÿ 2.1, íàáîð

{

z0i,1, i ∈ I, z0q+γ−1,1 + µc
γ
1 , γ ∈ J, γ 6= 1

}

îáðàçóåò ïîëîæèòåëü-

íûé áàçèñ ïðè íåêîòîðîì µ > 0.
Çàäàåì ñòðàòåãèè ïðåñëåäîâàòåëåé Pi ñëåäóþùèì îáðàçîì (t ∈ [0, T ]):

ui(t) = v(t)− λ(z0i,1, v(t))z
0
i,1, i ∈ I,

uq+γ−1(t) = v(t)− λ(z0q+γ−1,1 + µc
γ
1 , v(t))(z

0
q+γ−1,1 + µc

γ
1), γ ∈ J, γ 6= 1.

Óïðàâëåíèÿ îñòàëüíûõ ïðåñëåäîâàòåëåé çàäàåì ïðîèçâîëüíî. Ìîìåíò âðåìåíè T îïðåäåëèì

äàëåå.

Ïîäñòàâèì çàäàííûå óïðàâëåíèÿ ïðåñëåäîâàòåëåé â ñèñòåìó (1.3) è îáîçíà÷èì

hi(t) = 1−
1

Γ(α)

∫ t

0
λ(z0i,1, v(τ)) (t− τ)α−1 dτ,

hq+γ−1(t) = 1−
1

Γ(α)

∫ t

0
λ(z0q+γ−1,1 + µc

γ
1 , v(τ)) (t− τ)α−1 dτ, γ ∈ J, γ 6= 1.

Òîãäà èç ñèñòåìû (1.3) ïîëó÷àåì

zi,1(t) = z0i,1hi(t), i ∈ I,

zq+γ−1,1(t) + µc
γ
1 =

(

z0q+γ−1,1 + µc
γ
1

)

hq+γ−1(t), γ ∈ J, γ 6= 1.
(3.4)

Èç ëåììû 2.2 ñëåäóåò, ÷òî ñóùåñòâóþò ìîìåíò T è íîìåð r òàêèå, ÷òî hr(T ) = 0. Åñëè r ∈ I,

òî zr,1(T ) = 0, è, ñëåäîâàòåëüíî, â èãðå Γ ïðîèçîéäåò ïîèìêà.

Åñëè hq+γ0−1(T ) = 0 ïðè íåêîòîðîì γ0 ∈ J , γ0 6= 1, òî zq+γ0−1,1(T ) = −µc
γ0
1 .
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Ïîêàæåì, ÷òî

ri co {xi(T ), i ∈ I} ∩ ri co {yj(T ), j ∈ J} 6= ∅. (3.5)

Èç (3.4) èìååì z0i,1 =
zi,1(T )

hi(T )
. Êðîìå òîãî, äëÿ âñåõ γ ∈ J , γ 6= 1 ñïðàâåäëèâî

zi,γ(T ) = zi,1(T ) + c
γ
1 = zi,1(T ) + z0i,γ − z0i,1.

Ïîýòîìó äëÿ âñåõ γ ∈ J , γ 6= 1

z0i,γ = zi,γ(T )− zi,1(T ) + z0i,1 = zi,γ(T ) +
1− hi(T )

hi(T )
zi,1(T ).

Ïî óñëîâèþ, ñèñòåìà

{

z0i,j, i ∈ I, j ∈ J
}

îáðàçóåò ïîëîæèòåëüíûé áàçèñ. Ïîýòîìó ïîëîæèòåëü-

íûé áàçèñ îáðàçóåò

{

zi,1(T )

hi(T )
, zi,γ(T ) +

1− hi(T )

hi(T )
zi,1(T ), γ ∈ J, γ 6= 1

}

.

Òàê êàê hi(T ) ∈ (0, 1], òî ñèñòåìà âåêòîðîâ {zi,j(T ), i ∈ I, j ∈ J} îáðàçóåò ïîëîæèòåëüíûé

áàçèñ.

Èñïîëüçóÿ ëåììó 2.3, ïîëó÷àåì (3.5). Òàê êàê zq+γ0−1,1(T ) = −µc
γ0
1 è âûïîëíåíî óñëî-

âèå (3.5), òî ñîãëàñíî ëåììå 2.5 èìååì

ri co {xi(T ), i ∈ I, xq+γ0−1(T )} ∩ ri co {yj(T ), j ∈ J, j 6= 1} 6= ∅.

Ñ÷èòàåì, ÷òî γ0 = 2. Äàëåå ïîëàãàåì I = {1, 2, . . . , q + 1}, J = {2, . . . , l}. Äëÿ ïîëó-

÷åííûõ ìíîæåñòâ I, J ñïðàâåäëèâî óñëîâèå (3.3), ïðè ýòîì ÷èñëî óáåãàþùèõ, ó÷àñòâóþ-

ùèõ â äàííîì óñëîâèè, óìåíüøèëîñü íà 1. Ïðèíèìàÿ ìîìåíò T çà íà÷àëüíûé, áóäåì ïî-

âòîðÿòü ðàññóæäåíèÿ äî òåõ ïîð, ïîêà ÷èñëî óáåãàþùèõ íå ñòàíåò ðàâíûì 1. Ïîëó÷èì, ÷òî

ri co {xi(τ), i ∈ I} ∩ {yj(τ), j ∈ J} 6= ∅ â íåêîòîðûé ìîìåíò τ > 0, ïðè÷åì |I| = k + 1, |J | = 1.
Òåïåðü ïîèìêà ñëåäóåò èç òåîðåìû 3.1. Òåîðåìà äîêàçàíà. �

Òå î ð å ì à 3.3. Ïóñòü

ri co
{

x0i , i ∈ I
}

6= ∅ è ri co
{

x0i , i ∈ I
}

∩ co
{

y0j , j ∈ J
}

= ∅. (3.6)

Òîãäà â èãðå ïðîèñõîäèò óêëîíåíèå îò âñòðå÷è.

Ä î ê à ç à ò å ë ü ñ ò â î. Èç (3.6) ñëåäóåò, ÷òî ìíîæåñòâà co
{

x0i , i ∈ I
}

è co
{

y0j , j ∈ J
}

îò-

äåëèìû. Ýòî îçíà÷àåò, ÷òî ñóùåñòâóåò p ∈ R
k
, ‖p‖ = 1, è òàêîé, ÷òî

(

p, x0i
)

6 0 äëÿ âñåõ i ∈ I,
(

p, y0j

)

> 0 äëÿ âñåõ j ∈ J . Îòñþäà
(

p, z0ij

)

6 0 äëÿ âñåõ i, j. Çàäàåì óïðàâëåíèÿ óáåãàþùèõ Ej ,

ïîëàãàÿ v(t) = p äëÿ âñåõ t > 0. Ïóñòü {ui(t)}i∈I � ïðîèçâîëüíûå óïðàâëåíèÿ ïðåñëåäîâàòåëåé.

Èç (1.3) ïîëó÷àåì

zi,j(t) = z0i,j +
1

Γ(α)

∫ t

0
(t− τ)α−1ui(τ) dτ −

1

Γ(α)

∫ t

0
(t− τ)α−1dτ · p.

Îáîçíà÷èì

ûi(t) =

∫ t

0
(t− τ)α−1ui(τ) dτ

∫ t

0
(t− τ)α−1 dτ

.
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Òîãäà ‖ûi(t)‖ 6 1 äëÿ âñåõ i è t > 0. Ïîëó÷àåì zi,j(t) = z0i,j +
tα

αΓ(α)
ûi(t) −

tα

αΓ(α)
p. Îòñþäà,

â ñèëó âûáîðà p, èìååì

‖zi,j(t)‖ =

∥

∥

∥

∥

z0i,j +
tα

αΓ(α)
ûi(t)−

tα

αΓ(α)
p

∥

∥

∥

∥

>

∥

∥

∥

∥

z0i,j −
tα

αΓ(α)
p

∥

∥

∥

∥

−

∥

∥

∥

∥

tα

αΓ(α)
ûi(t)

∥

∥

∥

∥

>

>

√

∥

∥

∥
z0i,j

∥

∥

∥

2
− 2

tα

αΓ(α)

(

z0i,j , p
)

+

(

tα

αΓ(α)

)2

−
tα

αΓ(α)
>

tα

αΓ(α)
−

tα

αΓ(α)
= 0.

Òåì ñàìûì äîêàçàíî, ÷òî â èãðå ïðîèñõîäèò óêëîíåíèå îò âñòðå÷è.

Ò å î ð å ì à 3.4. Ïóñòü ri co
{

x0i , i ∈ I
}

= ∅. Òîãäà â èãðå ïðîèñõîäèò óêëîíåíèå îò âñòðå-

÷è.

Ä î ê à ç à ò å ë ü ñ ò â î. Ïðîâîäèòñÿ àíàëîãè÷íî äîêàçàòåëüñòâó òåîðåìû 7.4 [6, . 77℄.
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In the �nite-dimensional Eulidean spae, the problem of pursuit of a group of evaders by a pursuit group is onsidered,

whih is desribed by a system of the form

D
(α)

zij = ui − v,

where D(α)f is the Caputo derivative of order α ∈ (0, 1) of the funtion f . It is assumed that all evaders use the same

ontrol. The goal of the pursuers is to ath at least one of the evaders. The goal of the �eeing is to evade the meeting.

The evaders use pieewise-program strategies, while the pursuers use pieewise-program ounterstrategies. The set of

admissible ontrols is a ball of unit radius with the enter at the origin, the target sets being the origin. Su�ient

onditions for the apture and su�ient onditions for the evasion are obtained in terms of initial positions and game

parameters.
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