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MULTI-PURSUER PURSUIT DIFFERENTIAL GAME FOR AN INFINITE SYSTEM
OF SECOND ORDER DIFFERENTIAL EQUATIONS

We study a pursuit differential game of many pursuers and one evader. The game is described by the
infinite systems of m inertial equations. By definition, pursuit in the game is completed if the state and
its derivative of one of the systems are equal to zero at some time. In the literature, such a condition of
completion of pursuit is also called soft landing. We obtain a condition in terms of energies of players
which is sufficient for completion of pursuit in the game. The pursuit strategies are also constructed.
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Introduction

Multi-player differential games is an important chapter of the differential game theory. Such
differential games are studied mainly in finite dimensional spaces, as in [4,5,9,11-13,19,21,23,
24,30].

One can consider differential games in infinite dimensional spaces as well. Such games
can be obtained when we apply the decomposition method to investigating conflict-controlled
systems governed by PDE’s. This method was applied to study a number of controlled systems
described by PDE by many researchers such as Butkovskiy [6], Chernous’ko [8], Avdonin and
Ivanov [2], Satimov and Tukhtasinov [28], Philippe Martin et al. [20], Alimov and Albeverio [1],
and Chaves-Silva et al. [7].

Also, some differential game problems of pursuit and evasion governed by PDE were analyzed
using this method (see, for example, [3,18,27-29,32,33]). In result, an infinite system of linear
differential equations is obtained. The simplicity of the equations in the system attracts the
attention of many researchers. However, the main difficulty in analyzing the differential game
problems arises due to the infinite number of equations in the system.

In the work of Satimov and Tukhtasinov [29], the differential games of one pursuer and one
evader described by the following system

ij=1

were considered, where the operator is considered in the space L,(f2), 2 C R"™ is a bounded
domain with piecewise smooth boundary, the functions a;;(x) satisfy some conditions under
which the operator A is elliptic. The domain of the operator A is the space CQ(Q) of twice
continuously differentiable finite functions. The operator A then has eigenvalues \{, \o, ...,
0 <A < X\ < ... — oo and eigenfunctions ¢, (o, ..., that form a complete orthonormal
system in Lo(2). Using the decomposition method the authors obtained a differential game
problem described by the following infinite system of differential equations

ék:—)\kzk—uk—i—vk, k:1,2,..., (02)
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where wu; and v, are control parameters of players, and 2, ux, vy € R. In that work, for the
differential games of one pursuer and one evader, sufficient conditions of terminating pursuit
were obtained when the control functions of players satisfy integral and geometric constraints.

This approach leads us to suggest studying differential games governed by infinite system of
differential equations (see, for example [14-16,25,26,31]). In the work [17] for the following
infinite system

Ty = —aum; — By +uin — v, i(0) = T4,

Ui = Bizi — iy + Uia — via,  ¥i(0) = o,
the problem of optimal pursuit was studied in Hilbert space /5, where «;, 3; are real numbers, and
(073 Z 0.

In the present paper, we study a pursuit differential game of many pursuers and one evader.
The game is described by the infinite systems of m inertial equations. By definition, pursuit in
the game is completed if the state and its derivative of one of the systems are equal to zero at
some time. In the literature, such a condition of completion of pursuit is called soft landing. We
obtain a condition in terms of energies of players which is sufficient for completion of pursuit in
the game. Also, we construct strategies for the pursuers that guarantee capturing the evader.

The paper is organized as follows. Section 1 is devoted to the statement of a problem. In
Section 2, we study differential game of one pursuer and one evader. In Section 3, a pursuit
differential game of many pursuers and one evader is studied.

(0.3)

§ 1. Statement of problem

We consider a differential game of m pursuers and one evader described by the infinite system
of second order differential equations

xzk = —uikxik—uikﬂk, .T}Zk(to) = .T?k, l’lk(to) = lekv = 1, 2, cee, Mg ]{I = 1, 2, ey (11)

where ¢ is the initial time, z;z, 23, wi, v, € RY, 2y = (@51, 749, ...) € Iy is the state variable of
the ¢th system, p;; are given positive numbers. Also, system (1.1) can be written in the matrix
form as follows:

T = Ay —u+ v, xi(ty) = x?, T;(to) = xl-l,

where 20 = (29,2, ...), 2} = (x},, 1}, ...) are given initial states,

— i1 0 0 0
Ai: 0 —Ui2 0 0 y i:1,2,...,

are infinite dimensional diagonal matrices, u; = (u;1, U2, . ..) and v = (vy, vy, . . .) are the control
parameters of the ith pursuer, i € {1,2,...,m}, and the evader, respectively. It is assumed that

)& (Vi /it ) € lo,  x €1lo, |2 4+ Izl #£0, i=1,2,...,m.

We denote by B(r,a,b) the set of all functions ¢(t) = (p1(t), v2(t),...), a <t < b, with the

measurable coordinates ¢ (t), k = 1,2, ..., that satisfy the constraint
b OO
/ > gr(t)ydt <
& k=1

The control functions of the ith pursuer and the evader are defined as the functions u;(t) =
= (uzl(t), uz‘g(t), .. ) € B(pl, to, OO) and U(t) = (Ul(t), Ug(t), .. ) € B(O’, to, OO), respectively,
where p;, i = 1,2,...,m, and o are given positive numbers.
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Letp:(p%+...+p72n)1/2,ai:%pi,izl,Q,...,m,and

00 1/2 t 1/2
o) = (Zwﬁ(ﬂ) , o qt)= (o—2 —/||v(t)||2dt> :
k=1 7

It is clear that if p > o, then p; > o; foralli =1,2,... ,m.

Definition 1.1. Let v(¢) be any control function of the evader. A function of the form

—wio(t), 0 <t <011, .
u;i(t,q,v) = v = wiolt) it 1=1,2,...,m,
0, t & [0, 0:41],
where 6; is the time when ¢(6;) = (0% — 0} — ... — 03)1/2, wio(+) € B(p; — 04,0;,0;11) is an

arbitrary function, is called a strategy of the ith pursuer.

Definition 1.2. We say that pursuit can be completed for the time Ty in game (1.1) from the
initial positions {z?,x}}, i = 1,...,m, if there exist strategies u;(t,q,v), i = 1,...,m, of
pursuers such that, for any control function v(+), the solutions of systems (1.1) with u; = u;(t, ¢, v)
and v = v(t), to < t < Tj, satisfy the conditions z;,(7) = 0, ;,(7) = 0 at some time o < 7 < T
and 1 <15 < m.

The pursuers try to complete the pursuit as earlier as possible, and the purpose of the evader
is opposite. In the literature, realization of the equations x;,(7) = 0 and @;,(7) = 0 is called soft
landing (see, for example, [10,22]).

It is not difficult to verify that, for the given control functions w;(t) and v(t), t > tg, the
solution of the ith system of (1.1) is x;(t) = (2;1(t), zi2(t), . ..) with

sin /iR (t — t
1‘1 ik 0) n
v/ ik

/ sin \/fix (t — 5) '
+ / T (—uin(s) +vi(s)) ds, (1.2)

T (t) = Zk cos \/_Zk(t —1o) +

to

where ¢ = 1,2,....m; k = 1,2,...,t > ty. Using the techniques similar to [2, Chapter III,
Sections 1 and 2] one can show that i(t ) (xa(t), xia(t),...) € ls.

§ 2. The case of one pursuer and one evader

Let us first consider the case of one pursuer and one evader. We let i = 1 in system (1.1) and
for simplicity of notations in this section we temporarily use notations xy, uy, 2%, =1, . instead
of z1p, iy, 2%, T1y, pax TESPECtively.

Thus, differential game of one pursuer and one evader is described by the equations

By = —pay —ugp + g, ap(te) =20, dr(te) = a3, k=1,2,..., (2.1)

where xy, 70} g, v, € RY, w = (uy,ug,...) is pursuer’s control parameter, v = (v, vy, . ..) is
evader’s control parameter. We assume that

= (Vo) iz, ...) €lo, @' = (21,2,...) €l 2°) + [|2']| #0,
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where
o 1/2 o 1/2
1z° = (Zﬂk(xg)2> : | = (Z(SCW) :
k=1 k=1

The control functions of players are subject to the following integral constraints:
[P <g [P <o
to to

where pg and o are given positive numbers.

To prove the main result of the paper, which will be formulated in Section 3, we need the
following statement.
Lemma 2.1. If jup = il;fl we > 0 and py > og, then pursuit can be completed in the game of one

pursuer and one evader (2.1) for the time

2
(po — 00)? (

Proof By (1.2) the solution of (2.1) and its derivative can be written as follows:

1

T(to, 2% ') = to + 121 + ll2t)1*) + —

t

sin \/p?li_i— to) n / sin \/% —5) (—uk(s) + vi(s)) ds,

() = cos \/uk(t — to) +

to
t

@y (t) = —/HRah sin /i (t — to) + x4 cos /ux(t — to) + /COS Vit = ) (—ug(s) + vi(s)) ds.

to

2.2)
Putting

uk(‘S) :Uk(s) _wk<s>7 k= 1727"'7 (23)

where wy.(s), k = 1,2, ..., are functions to be found, and

e = Vit &(t) =i an(t),  T(t) = 26(t),  &o = VEk TR, Tk = T,
in (2.2) we obtain, for k = 1,2, ...,
t
(1) = Exo cos M (t — to) + Mo Sin A (£ — to) + /sin Ak (t — s)wi(s) ds,

0 (2.4)

t

Ne(t) = —Eposin Mg (t — to) + Mo cos A (t — to) + /cos Ak (t = s)wi(s) ds.
to
We consider (2.4) under the following integral constraint:

[ 2 2 G+ "
/%(5) ds < oy, o = (W) (po — 0). (2.5)
0
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k=1 k=1

— (pO - 0'0>2 < ,uk(xg)g + Z(xllc)2> (26)

IR+ 2t \ pt

= < (po — 00)? - ) - _2
Z/wi@)dsﬁzaizm kao+z7lko
0

_ (po — 00)? ~012 112 _ 2

To prove Lemma 2.1, we consider first a 2-system in (2.4) for the fixed k. For simplicity of
notations, we drop the indices &k and analyze the dynamics of the controlled object (£, 77) described
by the following 2-system

t

E(t) = &y cos A(t — to) + Mosin A(t — to) + /sin At — s)w(s) ds,

to

2.7)

t

n(t) = =& sin A\(t — tg) + 7o cos A(t — tg) + /cos At — s)w(s) ds,

to

where £,7, &, 7 € R, X is a positive number, the scalar control function w(t), t > to, satisfies
the condition

/wZ(s) ds <a* a>0.
to
The problem is to transfer the state (E (1), ﬁ(t)) of system (2.7) from the initial state (EO, 770)
at the time ¢ = t, to the origin of R2. In other words, we aim to obtain the equations
E(1) = &ycos A\(T — to) + fosin \(T — tg) + /sin A7 — s)w(s)ds =0,

to

(2.8)

T

(1) = =& sin \(7 — tg) + 7o cos A\(T — to) + /cos M7 — s)w(s)ds =0

at some 7 > 1.
We prove the following statement.

Lemma 2.2. The state of system (2.7) can be transferred from the initial state (£y, 1) to the origin
within the time i .
_ 52, =2
T_t0+@(fo+770)+x-
Pro o f The equation (2.8) can be written in the matrix form as follows:

[ CcOSAT  sin )\T:| FO cos Aty — Tjo sin Mg } /T [ COSAT  sin )\T:| [—w(s) sin \s

—sin AT cos AT| & sin Mg + 7o cos Mg —sin AT cos AT| | w(s)cosAs } ds = 0.

to

COS AT sin At

We multiply this equation to the inverse of the matrix .
—Sin AT cos AT

} to obtain the system
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Fig. 1. The set M (1), point my, and outer unit normal n

T

& — /w(s) sin Asds = 0,

to

(2.9)

Mo + /w(s) cos Asds = 0,
to

where &, = & cos Mty — 7o sin Atg, ng = o sin Mo + o cOs Atg.
To estimate the time 7 from above, we consider the set (see Figure 1)

T

/w(s) cosAsds, w € BT(Q)},

to

M(r) = {<s,n> 6= /w<s> sinAsds, 7=

where

B.(a) = {w(t), to <t <r7| /wQ(t) dt <a? w(-)e LQ[tO,T]}.

We only need to show that (£y, —19) € M(7) to prove that (2.9) is satisfied at some 7 > 0 and
w(-) € B (o).
For the set M (), we first prove the following statement.

Proposition 2.1. The set M(7) is convex and, for T < 1, M (1) C M(m).

Proof To prove that M (1) is convex, we take any two points my,my € M (7). Then, there
exist wi (), wa(+) € B;(a) such that

my = /wl(s)(cos As, sin As) ds, my = /CUQ(S)(COS As, sin As) ds.
to to
For any 0 < < 1, we show that ym; + (1 — vy)my € M (7). Indeed,

T

ymy + (1 —y)me = /(’ywl(s) + (1 — 7)wa(s)) (cos s, sin As)ds € M(r)

to
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since yw1(+) + (1 — 7)ws(+) € B, () because

T

1/2 T 1/2 T 1/2
( / (n(s) + (1 —v)wa(S))2d8> < ( / (7wl<8))2d8> T ( / (1 —v)wxs))?ds)

to to to

<va+(1—7v)a=a.

Next, to establish the inclusion M (1) C M(m) for 7 < 71, we take any point m € M (7). Then,

we have m = [(sin As, cos As)w(s) ds for some w(-) € B;(c). Setting
0

o(0) = {w(t), to<t<r

0, T<t< T,

T1
we obtain w(-) € B, () and m = [(sin s, cos As)w(s) ds € M(7), which is our claim. O
to

Let mo € OM(7), where OM denotes the boundary of the set M, and n = (ny, ns) be outer
unit normal to the support straight line I' to the set M (7) at mg (see Figure 1). Then, for any
point

m = /(sin As,cos As)w(s)ds € M(71), w()€ By (a),

we have
nm < nmy, (2.10)

where nm denotes the inner product of the vectors n and m. From this, for any m € M (7), by
the Cauchy—Schwartz inequality we obtain

nm = /(m sin As 4 ny cos As)w(s) ds
to

T

1/2 T 1/2 (211)
< (/(m sin As 4 ng cos As)? ds) (/ w?(s) ds)

to to

= aF'(n1,ns),

T

1/2
where F(ni,n2) = | [(nysinAs + ng cos As)? ds) . Clearly, F'(ny,ns) # 0, and the equality

to
sign in inequality (2.11) holds true when
a

w(t) = wo(t) = m(nl sin At +ngcos At), to <t <T. (2.12)

The inequality (2.10) is true, in particular, for the point m corresponding to the control wq(t)
defined by (2.12): aF'(ni,ny) < nmg. Since (2.11) is true for any m € M(7), then for the
point mg we have nmy < aF(nq,ns), and so, for the distance of the support line I" from the
origin, we have

nmy = aF(ny, ny). (2.13)
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Using the fact that the equality sign in (2.10) holds at m = m and the equality sign in (2.10) holds
for the only point corresponding to control (2.12) we conclude that the equation nm = aF'(ny, ny)
is true for the only point m = mg € M (1) corresponding to the control wy(t). Hence, the support
line I" beyond the point m, doesn’t contain any other point of M (7) (meaning that M (7) is
strictly convex).

Next, to estimate the minimum distance of the origin from the boundary OM(7) of the
set M (7), we find the minimum of the function

T T T 1/2
F(ny,ng) = (n%/sin2 Asds + 2nqng /sin As cos As ds+n§/cos2 As ds)

to to to
subject to n? + n2 = 1. To this end, we consider the following minimization problem
F?(7) = ayn + 2asning + azns — min, nj +nj =1, (2.14)

where

T T T
a1 = /sin2 Asds, as = /sin AscosAsds, a3z = /COS2 Asds.
to to to

For the Lagrange function
H = ayn} + 2aaning + agnjy + p(ni +nj — 1),

we write the following necessary conditions of minimum:

OH
— = 2a1n1 + 2asn9 + 2uny = 0, (2.15)
8n1
OH
— = 2a9n1 + 2asns + 2uny = 0. (2.16)
6”2

We multiply the equations (2.15) and (2.16) by n; and ns, respectively, and add them up to
obtain
amf + 2a9n1n9 + agng = —/. (2.17)

Also, (2.15) and (2.16) can be written in matrix form as follows:

ay az| |ni| _ - |Mm
o Bl =) @13
meaning that —p is an eigenvalue of the matrix A = [Zl 32] .
2 a3

Since we are interested in finding the minimum of the function F'(ny, ny), combining (2.17)
and (2.18) we conclude that —y is the minimum value of F'(ny, ny).
It is easy to verify that the minimum eigenvalue of the matrix A is

1
—p = §<a1 +ag — \/(a1 — ag)? —|—4a§)

1 T 2 ; 2\ /2 (2.19)
= 3 T—ty — /cos 2Asds | + /Sin?)\SdS

to to
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As

T 2 T 2
1
(/ cos 2\s ds) + (/ sin 2\s ds) = e [(sin 2AT — sin 2Xtg)? + (cos 2A7 — cos 2)\t0)2}

to to

1

= 2—)\2(1 — cos2(T — ty))
1

=z sin? A\(7 — ),

by (2.19) for the minimum of F?(ny, n,) we obtain the following estimate

1 1, . 1 1
—M:§<T—t0—x‘51n)\(’r—t0)‘) Z§<T—t0—x>

Thus, the minimum distance of the origin from the boundary OM (1) of M(7) is estimated from

the below by oy /3 (7 — to — §) and so by (2.13) we have

1 1
|m0| anOIOéF(nl,nz) ZOZ\/§ <T—t0— X) (220)

So far we assumed mg to be a boundary point of M (7). Since the right hand side of (2.20)
is increasing in 7 and approaches +oco as 7 — oo, therefore, if we assume m, to be any point
in R?, then my € OM(7) at some 7 that satisfy (2.20), that is 7 < Tj, where
2|m0|2 1

= 2.21
=ty (2.21)

T():to"‘

This inequality shows that, for any mo € R?, at most at the time 7 the point m, belongs
to OM (7). In particular, if mg = (&, —19), then |mg|* = |&]? + |no|?, and equations (2.21) can
be written as follows:

2 1
T <to+ ?(53 +5) + T (2.22)

Hence, the point (£, —1) belongs to M (7) at most at the time T" = to + = (& +n3) + 3. Since
53 + 7)8 = (EO cos Aty + 7 sin )\to)z + (fo sin Aty + 7o cos )\to)2 = 53 + 778,

therefore, equation (2.22) takes the form
2 5 1
T Sto—i‘?(fojLTlo) Y
The proof of Lemma 2.2 is complete. U

Next, we proceed to prove Lemma 2.1. By Lemma 2.2, there exist controls w,?(t), to <t <1y,
such that the state of system (2.4) can be transferred to the origin within the time

2 — N 1
Tk:t0+_2(£lzo+nl%0)+)\_
ak k

By (2.5),

& v\
o= | e — 09),
¢ <Hf°|P+H:c1IP (Po = a0)
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and so, in view of the inequality \; > |/pg, we have

1
12°1% + [l2']*) + —= = To.

L(
(po — 00)? VHo

Thus, for each £, system (2.4) can be transferred to the origin within the time 7g.
This means that, if the pursuer applies the strategy

Ty, <to+

vp(t) —wl(t), to <t < Ty,
ug(t) = < wp(2), T, <t<T, k=12,..., (2.23)
0, t> TQ,

for which, by (2.6), we have

/ lo()Pds = / Wi(s)ds <3 < (po — o0)?, (2.24)

then pursuit is completed in game (2.1) by the time 7j. The strategy (2.23) can be represented as
follows u(t) = v(s) — w(s), to <t < Ty, where w(t) = (wy(t),w2(t),...) with

k=1,2

3 g ey

wi(t) =

wi(t), to<t<T,
07 Tk <t< T07

and it is admissible, since by (2.24),

00 1/2 To 1/2
</||U(3)||2d3> = (/ |v(s) —w(s)||2ds>

To 1/2 To 1/2 (225)
< ( / Hv(s)l!2d8> E ( / |rw<s>|12ds>
to to
< 0o+ po — 0o = pPo-
The proof of Lemma 2.1 is complete. U

§ 3. Pursuit game of many pursuers and one evader

In this section we formulate the main results of the paper. In Lemma 2.1, the condition zy > 0
is important, since, if o = 0, then, by Theorem 3.1 of the work [16], evasion is possible from
some initial states in infinite system (2.1) even though p, > oy.

goos

Theorem 3.1. If p;0 > 0,i=1,2,...,m, and p? + ...+ p2, > o2, then pursuit can be completed
for a finite time in game (1.1) from any initial positions {z%,x}}, i =1,2,... m.

P roof To prove this theorem, we apply repeatedly Lemma 2.1. Let

2

1
(,01—01)2(

1Z91* + fla?) + —.

v H10

0 =to+
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By Lemma 2.1, there exists a function wyo(-) € B(p1 — 01, to, 1) such that if v(-) € B(oy, to, 61),
that is

01
/ lo(s)|P ds < o2, G.0)
to

then for the strategies

o(t) —wio(t), to <t <6,
07 t ¢ [t07 91]7 (32)
5 toﬁtﬁ@l, i:2,3,...,m,

ui(t,v(t)) =

=)

ui(t, v(t)) =

of pursuers, pursuit is completed in game (1.1) by the pursuer x4, that is, we’ll have x;(m) = 0,
t1(m1) = 0 at some time 71 € [to, 6], and we are done. The fact that the strategy wq (¢, v(t))
in (3.2) is admissible can be shown similarly to (2.25) using assumption (3.1). Hence, if the
evader spends energy less than or equal to o7, then it will be captured by the first pursuer.

Let pursuit be not completed in the time interval [to, 0;], that is either x1(t) # 0 or 1(t) # 0
for all t € [to, 61]. We necessarily have then

01
/ ||v(s)||2ds > af.
to

In other words, the strategy of the first pursuer in (3.2) forces the evader to spend energy greater

than o7,
Then, we consider system (1.1) for ¢ = 2 with the initial position x5(6;), ©2(6;). Let
= b1+ ——— (IR0 + (6 ?) + ——.
(p2 — 02)? v/ 1420

We continue in this fashion. We define inductively the strategies of the pursuers. Let time 6;,
1 <i<m —1, be defined. Then, we define time 0, ; by the following equation:

2 1
(Pit1 — Ois1 \/m

By Lemma 2.1, there exists a function w;y10(+) € B(pit1 — 0it1, 0:,0i11) such that if v(-) €
€ B(oi41,06;,0;11), then for the strategies

Oi1 =0; +

)QWfHd@HF+MfHN@HV)+

(t, v(t) v(t) —wiyro(t), 0 <t <044,

U , U =

- 0, t¢ [0:, 0], (33)
uz(tav(t)) :07 0@ StSHH—la (S {lavm}\{2+1}7

of pursuers, the strategy u;1(t,v(t)) of the pursuer x;,, is admissible and pursuit is completed
in game (1.1) by the pursuer x;, 1, that is, we’ll have ;1 (7;41) = 0, £;41(7i11) = 0 at some time
Tit1 € [0i,0;11] and we are done. Hence, if the evader spends energy less than or equal to o7,
on the time interval [6;, 0; 1], then it will be captured by the pursuer ;.

Let x;1(t) # 0 or @;41(t) # 0 for all ¢ € [0;,60;,1]. We necessarily have then

Oit1
v(s)||Pds > 02,, 1€{0,1,....m—1}, 6y =t,. (3.4)
i+1

0;
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In other words, strategies (3.3) of pursuers force the evader to spend energy greater than o7, ;.
Thus, to prove that pursuit can be completed in game (1.1), it suffices to establish that
inequalities (3.4) fail to hold at least for one i € {0, 1,...,m—1} . We claim that inequalities (3.4)
cannot be satisfied for allz =0,1,...,m — 1.
Assume the contrary, let inequalities (3.4) be satisfied for all « = 0,1,...,m — 1. We then
obtain from these inequalities the following:

O m—1 Oita
72 [l =3 [ o(s)|?ds > ot 403+ 0% =%
; i=0
0 K3
a contradiction. Hence, there is k € {0,1,2,...,m — 1} such that
Ok 11
fo(s)]2ds < o,
O

is true. Then, pursuit is completed in game (1.1) by the pursuer x;,;, that is, we’ll have
Tpy1(Ter1) = 0, Tpy1(Try1) = 0 at some time 741 € [0k, 0k11]. The proof of the theorem is
complete. 0J

§ 4. Conclusions

We have studied a pursuit differential game of many pursuers and one evader. The game is
described by the infinite systems of m inertial equations. We have obtained a condition in terms
of energies of players which is sufficient for completion of pursuit in the game.
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BECTHUK YIMYPTCKOI'O YHUBEPCHUTETA. MATEMATUKA. MEXAHUKA. KOMIIbIOTEPHBIE HAYKH

MATEMATHKA 2024. T. 34. Bem. 1. C. 48-64.

P. FO. Kazumuposa, I. H. Hopazumos, P. M. Xacum
Judpepennmanbuas urpa npecjeloBaHUs 0 MHOTHMH NpecieJoBaTeJsIMA VIS 0eCKOHEYHOW CH-
creMbl Au(pepeHIHAIBHBIX YPABHEHH BTOPOI0 NMOPSIAKA

Kniouesvie crosa: mubdepeHnuanbHas Urpa, ypaBieHue, CTpaTerus, MHOTO TpeciieioBareleii, OecKkoHed-
Hast cucTeMa An(epeHInalbHbIX YpaBHEHU, HHTETPalIbHOE OrpaHHUYCHHUE.

VJIK 517.977
DOI: 10.35634/vm240104

Uzyuaercss nuddepeHnuanbaas urpa npecieoBaHusl CO MHOTUMH MPECIEA0BaTeIsIMU U OAHUM yOeraro-
muM. Wrpa omuckiBaeTcss OSCKOHEUHOW CHUCTEMOW 1 WHEPIHMOHHBIX ypaBHeHWHU. [lo ompeneneHuro mpe-
CIIEIOBAHKE 3aBEPIIAECTCS, €CJIM COCTOSHUE OJHOM U3 CUCTEM M €ro IIPOU3BOJHAS PaBHBI HYIIO B HEKOTO-
PBI MOMEHT BpeMeHU. B nuTepaTrype Takoe yCIOBHE 3aBEpIICHHS UIPbl HA3bIBACTCS MSTKOW nocankoil. B
TEPMHUHAX SHEPrUil UIPOKOB IOJIYYEHO YCIOBHE, KOTOPOE SIBISETCS JOCTATOYHBIM IS 3aBEPLICHMS IIpe-
cle0BaHus B Urpe. Takyke MOCTPOEHBI CTPATETUU MPECIENYIOIINX, TAPAaHTUPYIOIIKNE 3aBEPIICHUE IIPECIIe-
JIOBaHMsI B UIpE.
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