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d-MULTIPLE CAPTURE IN A LINEAR DIFFERENTIAL GAME OF PLAYERS
WHOSE CONTROLS ARE SUBJECTED TO MIXED CONSTRAINTS

We study a linear pursuit differential game of multiple capture with one evader y and m pursuers

Z1,%9,...,Tm in R™ The first k coordinates of each player’s control function obey geometric con-
straints, while the remaining coordinates satisfy integral constraints. We say that d-multiple capture
occurs if distinct pursuers z;,,zj,, ..., Zi,, i1,%2,...,iq € {1,2,...,m}, capture the evader at times

0 <& <0 < ... < dg satisfying z;,(6;) = y(0;) for all j = 1,2,...,d. We establish a sufficient
condition for d-multiple capture and construct guaranteed pursuit strategies to achieve it.
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Introduction

Multi-pursuer differential games are widely studied in the literature (see, for example, [3,7,
9,12-15]). In these types of games, the main problem is to find the conditions of evasion or
completion of pursuit. Another important aspect is to develop strategies for the players. Such
games have attracted significant attention in studies such as [4,5,16,27].

Different versions of these games are examined in the literature. Some studies focus on the
case of a single pursuer and a single evader [1,23], while others examine games involving multiple
pursuers and multiple evaders [6, 18]. A key aspect in modeling these games is how to limit the
movement capabilities of the players. Such limits arise as a result of constraints on the players’
controls. The two main types of constraints are geometric (e.g., related to maximum velocity)
and integral (e.g., related to limited energy resources). Scott and Leonard [24] study optimal
pursuit-evasion control with one speed-limited pursuer and multiple heterogeneous evaders. They
show that an optimal pursuer strategy guarantees the finite-time capture of at least one evader,
while the others evade using simple reactive rules.

There are many studies, which focus on games with integral constraints on the controls of
players such as [9, 10,22, 28]. Ibragimov et al. [10], explore games with integral constraints
and propose pursuit and evasion strategies for the differential game of multiple pursuers and one
evader.

The idea of dividing players into groups to achieve capture was explored by Blagodatskikh
and Petrov [2], who studied the simultaneous capture of coordinated evaders. They established
sufficient and necessary conditions for the simultaneous multiple capture of rigidly coordinated
evaders in a nonstationary differential game, where the pursuers use piecewise-programmed coun-
terstrategies. Makkapati and Tsiotras [15] developed optimal strategies for multi-player pursuit-
evasion. For multi-pursuer single-evader games, the authors proved that the time-optimal evading
strategy depends only on the initial positions of the pursuers. These are the ones that eventually
capture the evader simultaneously, under both constant bearing and pure pursuit strategies.

Fang et al. [5] studied cooperative pursuit in scenarios where the evader is faster than the
pursuers. They developed a distributed pursuit algorithm that balances encirclement formation
and evader approach. This algorithm enables the pursuers to trap a faster, freely moving evader
using cooperative control with an adaptive tradeoff between surrounding and chasing actions. Pan
and Yuan [17] proposed relay pursuit schemes for multiple pursuers. In particular, they introduced
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a region-based relay pursuit scheme, which divides the environment into safe regions, where
pursuers perform interception, and an escape region, where the evader’s motion is restricted. This
method enables dynamic role-switching among pursuers to maintain continuous pursuit pressure.
Deng et al. [4] extended the pursuit-evasion model to constant flow fields. They derived tight
capture conditions, proving that evasion is impossible if the evader’s initial position lies within
the convex hull of the pursuers’ dominance regions under flow dynamics. Explicit bounds on
the capture time were also established, based on flow velocities and spatial configurations. Sun
et al. [27] investigated pursuit-evasion dynamics in time-varying environments. They derived
analytical capture conditions, showing that interception is guaranteed only when the evader’s
initial position lies within a time-dependent “capture envelope”, defined by the joint reachability
of the pursuers under flow disturbances.

Other relevant works include Salimi and Ferrara [22], who studied the optimal pursuit of
one evader by many pursuers. They showed that capture can be achieved without the need
for any individual pursuer to have more energy resources than the evader. Umar et al. [28]
proved that capture is guaranteed if the pursuer’s energy resource exceeds that of the evader,
regardless of the initial positions. The problem of multiple capture of rigidly coordinated evaders
was studied by Blagodatskikh and Petrov [2], and Petrov and Solov’eva [18, 19] studied linear
recurrent differential games. In addition, optimal strategies for the players are obtained for linear
differential games in these three articles.

Additionally, Ramana and Kothari [20] focused on high-speed evaders, and Sakharov [21]
looked at multiple capture in Pontryagin’s almost periodic example. Ibragimov [8] analyzed
group pursuit with geometric constraints, and Selvakumar and Bakolas [25] proposed feedback
strategies for reach-avoid games.

Shaunak and Subhash [26] investigated the k-capture problem in multi-agent systems, drawing
parallels with the “lion and hyenas” scenario. They studied a discrete-time multiple-capture
differential game and established that k-capture is achievable if and only if the evader’s initial
position lies in the interior of the k-Hull formed by the initial positions of the pursuers. The
paper by Yan et al. [30] reviewed multiplayer reach-avoid games with simple motion models.
Their work focused on recent developments in multi-agent reach-avoid games played between
two adversarial teams. Wang et al. [29] studied cooperative hunting scenarios involving a faster
evader. They proposed an initial state distribution strategy for multiple pursuers to successfully
capture the fast evader, based on the geometric theory of Apollonius circles.

Ibragimov et al. [11] studied a simple-motion d-multiple capture game with mixed constraints.
In this work, a linear differential game is considered, in which at least d distinct pursuers capture
the evader at d different times. We show that if the pursuers can be grouped such that each group
has enough speed and energy advantage over the evader, then d-multiple capture is possible.

The present paper contributes to the field by analyzing d-multiple capture in a linear differ-
ential game where players face both geometric and integral constraints. We provide sufficient
conditions under which such capture is possible and construct the pursuers’ strategies for achiev-
ing it.

§ 1. Statement of problem

The motion of the m pursuers zy, xs,...,x, and the single evader y are described by the
following system of linear differential equations:

B = —pi +ug,  2(0) =af, i (1.1)
y=-—py+v,  y0)=y" |
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where z;, 20, y,4° u;, v € R™, with distinct initial positions 29 # °, u; = (u,. .., u;,) and
v = (vy,...,v,) are the control parameters of the pursuer x; and evader y, respectively, p is
a given positive number.

The admissible control functions for the players are measurable functions

wi(t) = (uin(t), ..., uim(t)), 1=1,2,...,m, v(t) = (v1(t),va(t),...,v,(1))

which satisfy the following constraints:

Zu” ) <04, t>0, i=12...,m, (1.2)
/ Z (t)dt < o4, i=1,2,...,m, (1.3)
Jj=k+1
va-(t) <o? t>0, (1.4)
/ Z t)dt < o2, (1.5)
j=k+1
where 9;1, 02, © = 1,2,...,m, and 01, 0 are given positive numbers, k is a given nonnegative

integer with k£ < n.

To clarify the constraints, we divide the vector 2 € R” into two parts: let (") and 2(®) denote
the vectors consisting of the first k£ and the remaining n — k coordinates, respectively.

Under this notation, conditions (1.2) and (1.4) specify that the maximum speeds of the com-
ponents :cl(-l) and yM are limited by p;; and oy, respectively. At the same time, conditions (1.3)
and (1.5) impose restrictions on the control energy, requiring that the energy associated with x§2>
and y® does not exceed o2, and o2, respectively.

Definition 1.1. A function
Ui(t, z;,y,v): [0,400) x R" x R" x R" — R"

is said to be a strategy of the pursuer z; if, for an arbitrary admissible control of the evader v(t),
t > 0, the initial value problem (1.1) admits a unique solution (x;(t), y(t)) with u; = U; (¢, x;, y, v)
and v = v(t), and this solution satisfies the following constraints:

ZU2 t, (1), y(t),v(t) < o4, t>0,

/ Z UZ(t, zi(t), y(t), v(t) dt < 0.

j=k+1

The above definition means that, in constructing the strategy of the pursuer z;, the information
about the values ¢, x;(t), y(t), and v(t) available at the current time ¢ is used.
Consider d such that 1 < d < m.

Definition 1.2. d-multiple capture in the game (1.1)—(1.5) is said to be possible if there exist
strategies of the pursuers such that, for any admissible control of the evader,

z;,(01) =y(61), ..., ,(0q) = y(0a)

for some pairwise distinct numbers i1, ...,i; € {1,...,m} and times 0 < 0; < -+ < 4.



G. L Ibragimov, S. O. Gulomov, X. Sh. Qo’shaqov 373

If at some time J; the equality x;,(6;) = y(d;) holds, that is, the evader is captured by
the pursuer z;, at that moment, then the pursuer z;, is destroyed at the same time. Subsequently,
if the evader is captured d —1 more times by other distinct pursuers z;,, . . ., ;,, then by definition
a d-multiple capture is said to occur.

The pursuers use strategies, while the evader uses any admissible control. The pursuers’ aim
is to achieve the d-multiple capture; on the other hand, the evader’s aim is the opposite.

§ 2. Main results

In this section, we present the main results of the article and provide their proofs. Let us
introduce the following notations for the first £ coordinates that satisfy the geometric constraint

:L‘gl) = (l‘il, Ti2y .. ,l‘ik), ffgé) = (xglv x?Qa s 7x?k)7
1

y(l) = (y17y27"'7yk)7 yé) :(y?’yg”yg)’

uEl) = (Uﬂ, Uiy v v - 7uik)7 U(l) = (Ul, U2y .- ,Uk).

The coordinates from & + 1 to n that satisfy the integral constraint are denoted as follows:

(2 _ (2 _ /.0 0 0
Ty = (Tirts Tikt2s - o5 Tin), Tiy) = (Ti 1> Tigros - Tig)s
2) — (2 _ /.0 0
y( ) - (yk+17yk+27---7yn)7 Yo = (yk+17"'7yn)7
2 _ 2) _
Uy~ = (uiykJrl? ce 7ui,n>7 U( ) = (Uk+1, R 7’Un).

2(1) and v(!) are the control parameters of the points xz(l) and yV,

while uf) and v are, respectively, the control parameters of the points :cl(?) and y®.

The solutions of equations (1.1) can be written as follows:

According to these notations, u

zi(t) = e (m + /0 t e (s) ds) = e7MT,(t),
y(t) = et <y0 + /0 t e y(s) ds) = (1),

where we define the auxiliary variables:

t t
Zi(t) = zio +/ eu(s)ds,  y(t) =yo+ / " u(s) ds.
0 0

Note that the equality z;(t) = y(¢) holds if and only if Z;(f) = y(t). Therefore, the pursuit
problem reduces to making z;(¢) coincide with y(t).
We prove the following statement.

Theorem 2.1. If there exist pairwise disjoint subsets H,, Hs, ..., H; of the set
H = {Z | 01 > o1, iE{l,...,m}}

such that
Z 05 > 03, foreach j=1,....d,

Z'GHJ'

then, for any initial state (Yo, 10, - - -, Tmo), d-multiple capture is possible in game (1.1)—~(1.5).
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Proof To prove the theorem, we consider the following three possible cases.

Case 1: assumen > 2 and 1 < k < n. From the construction of the sets Hy, ..., Hy, it follows
that, for all j = 1,...,d, we have

on>o01, i€H;, Y o0,>o03 2.1)
iEHj
To prove the theorem, it suffices to show that for each j € {1,2,...,d}, there exists an index

i; € H; and a time §; > 0 such that x; (d;) = y(J;). First, we demonstrate this for [; the same
reasoning applies to subsets Ho, ..., Hy.
For the set Hq, (2.1) becomes:

: 2 2
o > 01, 1€ Hy, ZQ@2>02-
1€ Hq

d
For each i € |J Hj, we define the following numbers

7j=1
1 1)
1 -,
n:—m<1ﬁﬂﬁ——ﬂg. 2.2)
H 0i1 — 01
d
For pursuers z;, ¢ € |J H;, define the first & coordinates of the strategies as follows:
j=1
(1) 1)
M(yo — Zip ) (1) A
Utz o) = w1 U 0STST (2.3)

v (1), t>.

Ifz{) = 48V, then 7, = 0 and (2.3) is undefined, and we simply set U\ (£) = v((¢) for all ¢ > 0.
We use (2.2) to verify constraint (1.2) for (2.3):

0 nlw” — =) | |
’Ui (taxianOav(t))’ < — a1 + }v( )(t)’
1 1
o =o'l o
- M‘yél)_x(_é) + 01 =91 — 01+ 01 = 01
T oin—o1

Thus, (1.2) is satisfied.
Next, we show that the equality 2\" (t) = y®(¢) holds for all ¢ > 7;. This means that, for
d
each pursuer z; with ¢ € |J Hj, the first & coordinates of z; and those of the evader y coincide
j=1
for all ¢ > 7;. Indeed, from (2.3) we obtain the following

t
V() = aly) + / e ul (s) ds
0

T ,u(y(l) _ .I‘(l)) t
= xz%) + / et % +vW(s) | ds +/ et oW (s) ds
0 b T

(1) (1)

1

— T KTy 1 t

_ xz%) i N(yo ’ 20) e +/ ey (5) ds
e/»‘”—z — 1 /"L 0

t
= xz%) + y(()l) — :EZ(-(l]) + / e“sv(l)(s) ds = gj(l)(t).
0
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Thus, fgl)(t) = gI(t) for all t > 7,. At the same time, we denote 7) = max 7;. Therefore,
d
e J Hj
j=1
we obtain,

d
#V(t) =g (t) forall t > and i€ | H,, (2.4)
j=1
M

i

(t) = y(I(¢). In other words, all the points :cgl), i€ HHUH,U...UH,, capture

the point () at the time 7, and keep the equations =" () = yM(t) for all ¢ > 7.

For 0 <t < 79, define the strategies of the points xEZ), 1€ HHUHyU. ..U H,, and strategies

equivalent to x

d
of the points z;, i € {1,2,...,m} \ U H;, as follows:
j=1

d
U (4 ai(t), y(t),0(t) =0, 0<t<m, icl]H,

=1 )
Uit i(t), y(t),0(t)) =0, t>0, ie{L,2,...m}\|JH,

Thus, it follows from the former equation, the points :c§2>, 1€ HyU...U Hy, do not join the
pursuit on 0 < ¢ < 79, so z? (10) = x%) for these points. From the latter equation, all pursuers

i

d d
with 7 € {1,2,...,m}\ U H, stay at rest during the game. Thus, only pursuers z;, : € |J Hj;,
j=1 J=1
can realize the d-multiple capture.
Next, for the construction of UZ@) (t,z;,y,v) when t > 79, i € Hy, we denote
1/2
01 = (Z Q?g) , O = @02, 7€ Hl.
1€ H a1
Without loss of generality, we assume that H; = {1,2,...,[}, where | < m.
Let ’ @ }2
1 20| (o) — T3
=—In|1 2.5
b= n( e 2.5)
and o
20(5®) (1) — Ty ) e
(2
Ul(Q)(t) = 62HT0(€2M51 _ 1) v <t)’ ToSt<To+ 61’
0, t > 1+ b, (2.6)
d
UP(t)=0, m<t<m+pB, ielJH\ {1}
j=1
If the following inequality
T0+51 9
/ W@ (#)|"dt < oty (2.7)
70

is satisfied, then, according to (2.6), we obtain
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T0+51 2 1/2
/ dt
T0

2 7(2) T _j(Q) T0+51 1/2
< #lg® () — 710 </ et dt) + 019

e2rmo (e2rbr — 1) .

20(5® (10) — 7)) et

)
Ul (t) 210 (62u51 _ 1)

ot b , 1/2
/ it
70

IA

+ 03 (t)

~(2 =(2)
_ ZM‘y( )(7-0) - xlO ‘ . 1 (62M(7'0+ﬁ1) . 62/“_0)1/2 + o1

e2nm (e2ubr — 1) \2u

1@y 22 2p
= \y (7'0) Tig ‘\/e2u7_0<€2“51 — 1) + 013.

From (2.5) we obtain
_ _(2))2
_ 2u|g(r) — 77|

62M51 -1 ) -,
e (019 — 0719)

SO

\/ 2 _ 012 — 012
e2umo (2081 — 1) ’g(Q)(TO) _ f%)’
Substituting this into the inequality above yields

To+51 1/2 —0

( / U2 (1)) dt) <|g@(m) -] — 2 oy,
@) (1) —

0 ‘y (T0) — Z1g ‘

= 012 — 012 + 012 = 012-

In other words, provided that condition (2.7) is satisfied, strategy (2.6) is admissible. Further-
more, from (2.6) we obtain:

To+51
2 (1o + Br) — 3 = / e u®(s) ds
0

To+0 (2) _ =2 s
— / o e,us<21u(y (7-0) xlO)eu —|—U(2)(S>) ds
70

2170 (€2u51 _ 1)

92 —(2) =2 T0+061 T0+51
_ ,u(y (7_0) xlo)/ 62us d8+/ 6“80(2)(3) ds

2170 (62u61 _ 1)

0 70

2M(§(2) (7—0) _ j»%)) e2(mo+B1) _ p2um0 To+51 yo (2)
= o (2B — 1) : o0 +/ e v\ (s) ds

— (2 =(2) ot us, (2)
=y (ry) — 2y, + et v\ (s) ds.

70

70

Hence,

@ @ @@ [ o)
T (10 + B1) =Ty + 79 (10) — Ty + e’ v (s) ds

T0
T0+61
=5 () + / e v® (s)ds = g (10 + ).
T0

Therefore, if condition (2.7) holds, the evader is captured at time 7y + (31, since, by equation (2.4)
and the one above, we have z1(1p + 1) = y(70 + f1).
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Let us now assume that (2.7) is not satisfied, 1. e.,

To+51 9
/ W@ (@) dt > o1,

70

Then, the strategy given by (2.6) may not satisfy the condition.

T0+061 @ 9 )
/ ’Ul (t)} dt < o75.

70

In other words, the control resource 015 of the pursuer z; may be spent before the time 7y + (1,
or before the point :cf) captures the point y». Consequently, the pursuer z; may not be able

to move further. Next, we define the number

1 2u|5@ 2|
52:—1n<1+ g+ 5u) .
24

e21(10+81) (99 — 022)2

We then construct the strategies for pursuers xs, 3, ..., 2, inductively. It is assumed that the
numbers 7o + 1,79+ 1+ Ba, ..., 7o + P1 + - - - + B, are defined and let

To+B1++Pi 5
/ ‘U@)(t)‘ dt>az'227 1= 1727"'7T7 1 §T<l7 BOIO (28)
To+B1++Bi—1

Subsequently, we define the number

i 2

5 il LGt Bt Bt B) — 2

e 2p ' GQM(THBIJF'"JFB”(QHLQ — Or412)? ’
d
and construct strategies for the pursuer z,; and other pursuers z;, i € |J H;\{r+1}, as follows:
j=1

21§ (o + B+ B) =2 0)e + @ (1)

Uﬁ_)1 (t) _ e2ﬂ(7’0+ﬁ1+---+6’r>(eQMﬁr+1 _ 1) s (29)

To+060i+...+06. <t<71+01+ -+ Bri1,
0, t>10+ 01+ .+ B

UPt)y=0, ielJH\{r+1}

From the discussion above, we conclude that if

T0+B1+. A Bri1 9
/ @) dt < o,
T0+B81+...+8r

then strategy (2.9) guarantees the capture of the evader:

Trpr(To+ Br+ .+ Ber) = y(0+ B+ -+ Brya).

However, it is impossible for the inequalities (2.8) to be satisfied for all ¢ = 1,2, ..., [, because
this would result in the following contradiction:

To+B1+++PB; 9
/ 0@ (1)) dt>2/ v (#)|” dt

o+B1+...+B8i—1
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meaning that v(?)(¢) is not admissible. Thus, for some i, € H}, the inequality

T0+B1+...+Biy 9
/ W@ @) dt < o7,
T0+B1+. +Biy -1

is satisfied, so the evader is captured by the pursuer z;, .
Similarly, for each » = 2,3, ..., d, it can be shown that a pursuer z;,, with i, € H,, captures
the evader.

Case 2: k£ =0, n = 1. Since £ = 0, only the integral constraints (1.3), (1.5) remain. The sets

Hy, ..., H; satisty the theorem’s condition. We set 79 = 0 and use the scalar auxiliary variables
Ti(t) = etx;(t), y(t) = ety(t).
Consider a group, for instance H; = {1,...,1}, and set

. 1/2
0i2
01 = (Z Q?z) ) Oj2 = Q_ 2.
i=1

1

_ _ 2
pr = 2iln <1 + 2,u’y(0) —$10} >7

Define

% (912 - 012)2

and the strategy for pursuer x; as

201(y(0) — Ty0) e
<
Ui(t) = e2mbr — 1 toult), 0st<pB,

0, tZ 617

while U;(t) = 0 for all i € Hy \ {1} on [0, 31]. If [ v*(t)dt < of,, the same estimate as in
Case 1 yields [, UZ(t) dt < o7, and Z1(81) = 7(51) capture occurs.

Otherwise we construct (5, 03, ... and the corresponding strategies Us, Us, ... by the same
induction as in the Case 1. If capture did not occur within any of these intervals, summing the
inequalities over ¢ = 1,...,[ gives

l

o

/ v?(t) dt > 20'222 = 03,
0 i=1

contradicting the admissibility condition (1.5). Hence some pursuer in H; captures the evader.
Applying the same reasoning to Hs, ..., H; guarantees d-multiple capture for n = 1.

Case 3: £ =0,n > 2. Setting 7y = 0 reduces the construction to the integral part of the main
proof, with the same definitions of 31, 35, . . . and the strategies UZ-(Z). The contradiction argument
from Case 1 guarantees a capture in each group H;.

Thus, in all possible cases, d-multiple capture is guaranteed. U

§ 3. Conclusions

This work studies the problem of d-multiple capture (capturing an evader d distinct times
by different pursuers) in a linear differential game with m pursuers and one evader, subject to
mixed constraints on players’ controls. The first £ coordinates of each player’s control function
obey geometric constraints (speed limits), while the remaining n — &k coordinates satisfy integral
constraints (energy/resource limits).
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We have proposed pursuit strategies to achieve d-multiple capture. Unlike the strategies con-
structed in [11], our developed strategies depend on the parameters of linear differential equations.
Also, they depend on the times 7; and f3;, for which we have derived new formulas.

The cooperative strategies constructed for the pursuers consist of coordination in the first
k coordinates. The pursuers satisfying the condition g;; > o7 align with the evader during the
time interval 7y, followed by pursuit in the remaining n— £ coordinates. If each group H; satisfies

>~ 0% > o3 then at least one pursuer in H; captures the evader. An important observation is
’iEHj
that the pursuers should be divided into d pairwise disjoint subsets Hy, Hs, ..., H; such that
d

H; C H, where H = {i| g1 > 01}
=1

J
The main theorem can be extended by considering the boundary case 0;; = o1, ¢ € Hj, for

some of the pursuer groups H;, j € {1,2,...,d}. For a finite set of points X C R*, denote by
Hull,(X) its g-hull, that is, the set of all points z € R¥ such that every hyperplane through =z
leaves at least ¢ points of X in each of the two closed half-spaces determined by that hyperplane.
Let N; = |H j|. Suppose that for some integer 1 < ¢; < N; the following two conditions hold:

") € int Hull, {z) | i € H,}, (3.1)

and
> oh >0 forevery 1CHj |I] =g (3.2)
iel

If the integral resources in H; are arranged increasingly as

0j(1),2 < 0j2)2 = - < 05(N;) .25

then condition (3.2) is equivalent to

q;

2 2
Z Oj(r),2 > O2-
(=1

We next show that at least one pursuer in /; can capture the evader. The condition (3.1) ensures
that g;-multiple capture of the evader yD by the pursuers :cgl), i € Hj, 1s possible. This means
that there exist ¢; distinct pursuers with indices i;1, . . ., ijq; € Hj and times 7;; < 7jo < -0 < Tig;
such that
xgjlr)(Tjr) = y(l)(Tjr), r=1,...,q.
After the first-coordinate meeting of the pursuer x;, with the evader, set
WDty =oV), 1>,

ijr

Since ¢;;, 1 = 07, this control is admissible and preserves
@y — 0
v () =y, t>m

Let T; = 1121:?; 7jr, and define I} = {i;1,...,ijq;}. Then, for every i € I3,
STXG5

2=y, =T

The set I} depends on the evader’s control and is not known in advance. This is precisely why
the integral-resource assumption is imposed for every ¢;-element subset of H;. In particular,

> 0%h > 03 (33)

> *
ZEI]-
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Choose the integral-coordinate controls of the pursuers in H; to be zero before time 7j. Thus,
their integral resources remain unspent up to time 7.

Starting from 7}, apply to the pursuers in 7 the sequential integral-coordinate pursuit con-
struction used in the paper. By (3.3) the corresponding contradiction argument shows that at least
one pursuer i; € [ must achieve x(?)(@») = y(§;) at some finite time §; > T;. At the same

2
time, :cl(-;)(éj) = yW(6;). Hence,
i, (05) = y(65)-

Therefore, at least one pursuer in /; can capture the evader.
Although the proposed model is developed for a single evader, it may be generalized to multi-
evader systems. In such cases, the study of group-based d-multiple capture strategies remains

a relevant and important direction.
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BECTHUK YIAMYPTCKOI'O YHUBEPCUTETA. MATEMATHKA. MEXAHUKA. KOMIIbIOTEPHBIE HAYKH

MATEMATUKA 2026. T. 36. Bem. 3. C. 370-385.

I H. Hopazumos, C. O. I'vnomos, X. I1I. Kymakoe

d-kpaTHasg MOMMKa B JIMHeiiHOH nuddepeHIHATbHONI UTrpe HTPOKOB, YIPABJEHHS KOTOPBHIX MOIYH-
HEHbI CMEIIAHHBIM OIPAHHYCHUAM

Kntouesvie cnosa: muddepeHnnaibaas Urpa, MpeciieioBarenb, yOeralnuii, CTpaTerus, d-KpaTHas ITOMMKa.
YK 517.977
DOI: 10.35634/vm260302

Mpl nccnenyeM JuHEHHYI0 AnddepeHInaIBHYI0 UTPY NPECIeJOBaHNsI C MHOXKECTBEHHOH MOMMKOM, B KO-
TOPO# OMWH yOETaIoNuil y W m MpeciieaoBaTelieit X1, Xo, . . . , Ty, ABIKYTCA B IpocTpancTBe R”™. TlepBhie
k xoopauHaT ynpaBisommx (QYHKIOUH KaXXIO0TO MIPOKA MOAYMHSAIOTCS T€OMETPHUYECKHM OrPaHUYCHHSIM,
a OCTaNbHBIE KOOPAWHATHI YIOBJIETBOPSIOT MHTETPATBHBIM OTPaHUYCHUSAM. MBI TOBOPHM, YTO ITPOUCXO-

JUT d-KpaTHas MOMMKA, €CIIM Pa3INuHbIe MPECTAENOBATENN T, Tin, - - - s Liyy 11,12, -+ - ,1q € {1,2,...,m},
3axXBaThIBAIOT yOeraromero B MoMeHThl BpeMeHn 0 < §; < g < -+ < 4, YAOBICTBOPSIONINE YCIOBHU-
am z;,(6;) = y(d;) ans Beex j = 1,2,...,d. Mbl yCTaHABIMBAEM JIOCTATOYHOE YCIOBHE VISl d-KPATHOH

MMOMMKH ¥ CTPOUM TapaHTHPOBAaHHBIE CTPATETUH IMpecieI0BaHuUs, 00ECTICINBAIOIINE €0 JOCTIKEHHE.

dunancupoBanue. /laHHOE MccieOBaHNE OBIIO MIPOBEICHO B paMKax Hay4YHO-HCCIIEIOBATEIBCKOTO TIPO-
exta Ne FL-9524115148 MunuctepcTBa BhICIIETO0 00pa30BaHMs, HAayKH W MHHOBauui PecmyOnuku Y30e-
KHCTaH.
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