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Abstract. In this work is considered a differtial game of the second order, when control
functions of the players satisfies geometric constraints. The proposed method substantiates the
parallel approach strategy in this differential game of the second order. The new sufficient

solvability conditions are obtained for problem of the pursuit.
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CTPATEI'USA TAPAJVIEJIBHOI'O IPECJIEJOBAHUSA JJIA
JTA®OEPEHIIUAJIBHOMN UT'PBI BTOPOI'O IOPS KA
Moaues O.b., Mup3amaxmynos.Y.A.

AnHoTanus. B pabore paccmarpuBaercs auddepeHunanbHas urpa BTOpOro nopsjaka npu
reOMETPUUYECKHUX OIPAaHUMYEHHUSAX Ha yIpaBieHHUs UTrpokoB. IIpu 3TOM mpemuiaraercst cTparerus
[apajuIeNIbHOrO MpeCie0BaHMs s IPECIe0BaTelIs U IIPH IIOMOIIY 3TOM CTpaTeruy peraercs

3aaa4a nmpecica0BaHusd.

Kirouesble cjioBa: quddepeHnnanpHas urpa, FTeOMeTPHISCKOe OTPaHUICHHE, CTPATETHsI

HapajuIesIbHOrO MPECIEeI0BAHNUS, MIpeciel0BaTelb, yOeratuyi, yCKOpeHusl.
IKKINCHI TARTIBLI DIFFERENSIAL O‘YIN UCHUN
PARALLEL QUVISH STRATEGIYASI

Doliyev.OB, Mirzamahmudov.UA.
Annotatsiya. Ushbu maqolada boshqaruvlar geometrik chegaralanishga ega hol uchun
ikkinchi tartibli differensial o’yinlar o’rganiladi. Bunda quvlovchi uchun parallel quvish

strategiyasi quriladi va uning yordamida tutish masalasi yechiladi.
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Kalit so'zlar: differensial o’yin, geometrik chegaralanish, parallel quvish strategiyasi,

quvlovchi, qochuvchi, tezlanish.

Introduction

H
Let P and E objects with opposite aim be given in the space R and their movements

based on the following differential equations and initial conditions

P f:y’ .r._—h’::[l, |N|Eff’ )

E: j":”l', ¥ — kg :U, HEJS, )

. L= Pt I L= 3
where -1 HV = R ; ¥ — a position of P object in the space R , Ty =x(0). x4, =x(0) _

its initial position and velocity respectively at £=00 being a controlled acceleration of the

u:[0.) > R"

and it is chosen as a measurable function with respect to

ul-)

pursuer, mapping

|y| <

time; we denote a set of all measurable functions such that satisfies the condition

- . " o= 4 L= o
by vl _, position of E object in the space R , Yo =10 31 =2(0) _ its initial

position and velocity respectively at t=0: v

v:[0.#2)—> R"

— being a controlled acceleration of the evader,

mapping and it is chosen as a measurable function with respect to time; we

o | M<s,
denote a set of all measurable functions { } such that satisfies the condition ’6 by .

Research Methods and the Received Results.

(. x.u(-)u) el

Definition 1. For a trio of , the solution of the equation (1), that is,

x(f)=x,+xz2+ ”y{ r)drds

a ¥

is called a trajectory of the pursuer on interval t=0,

{Jl:;-._j-t'_-."l'{' ]']'-. "l{]' = I;

Definition 2. For a trio of , the solution of the equation (2), that

W+ | [vin)drds

10 is called a trajectory of the evader on interval t=0 .
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Definition 3. The pursuit problem for the differential game (1) - (2) is called to be solved

: : . u (el v eV
if there exists such control function of the pursuer for any control function
of the evader and the following equality is carried out at some finite time !

x(t )y =y(t

Definition 4. For the problem (1)-(2), time T s called a guaranteed pursuit time if it is

¥

equal to an upper boundary of all the finite values of pursuit time ! satisfying the equality (3).

Definition 5. For the differential game (1) - (2), the following function is called II-
strategy of the pursuer ([3]-[4]):

u(v)=v-2(v)4 "

zo| AE) = E) g ot =]
where L : : : ,

(v.&)

| T

. - H
is a scalar multiplication of vectors ¥ and =7 in the space R .

; Alv. g,
Property 1. If azp , then a function (¥>5o }

M<5,

1s continuous, nonnegative and

defined for all ¥ such that satisfies the inequality

-
Ll
g
-]
o

Property 2. If azf , then the following inequality is true for the function

a-plz A(v.g ) sa+
Theorem. If one of the following conditions holds for the second order differential game

(1)—(2), that is, 1. a=p and k=0 or 2. a=f and keR , then by virtue of strategy

(4) a guaranteed pursuit time becomes as follows
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(|24 k‘*\jf::k:‘FEf: (a— F) ) (a—B). agark=0vaa = f5.
Er__,_l""k agar k<0vac=p[.
\/2 | (a—= ). agark =0vaa = 5.

Conclusion

Proof. Suppose, let the pursuer choose the strategy in the form (4) when the evader

=1
chooses any control function v ET . Then, according to the equations

(1) —(2), we have the following Caratheodory’s equation:
z==2(v(¢))E, 2(0)=kz(0)=0

2

Thus the following solution will be found by the given initial conditions

or

According to the properties 1- 2, we will form the following inequalities

Ve Tdls
—

Z,
o

(kt +1) [ [(e—r(r)

(AR

z{'r}‘i

(kt+1)+t(f-a)/2

£

z(r)|<

fltakep)=a(ki+))-=(a-p). a=|z,
2 (5), then we will check

If we say
its properties

1. Letbe Q:’S.

. tak.a.f)=alkt+1
11 1 k -""ﬂ, then the functionf{ F) { }is always

continuous and isn’t equal to zero (Fig-1).
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1.2.

1.3.

()

|zo]

(Figure-1)

=
ra

fltakap)=

-
o

irk=0 , then the function -
2).

is a linear function (Fig-

ft)

|zol———

(Figure-2)

it k<0 , then the function (6) is decreasing and it equals to zero at k
(Fig-3).

f(t)

|z0]

0 t t

(Figure-3)

2. Let be c :}fﬁ.

2.1. If k=0 , then the function (6) is equal to zero at

Zn

r=

f{+J

k42

Z

Za

J(e-p) )__.-{g—,ﬁ}

(Fig-4).
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f(t)

f(to) -

0 1o :

(Figure-4)

kila—-fF)

: . . : I, =12,
In this case, a maximal time of unapproach is equal to - N and therefore, a

.:k::}:‘z{a‘—,ﬁ}

fl{r:}Z{E Z,

|(a=5)+

g

z.

L

maximal distance between them equals to -

22, If k<0 , then the function (6) decreases monotonically, and this function turns

to zero at time £ as in the case 2.1 (Fig-5).

fit)
|z0]
0| t t
(Figure-5)

2.3.If k=0 , then the function (6) becomes in the form

-

f{r.aﬁ.&‘.,ﬁ}:a—T{&’—ﬁ}

and the pursuit time equals to the following (Fig-6):

%)

| zo]

0 t t

(Figure-6)
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#

In conclusion, the relation (3) is true at some time ! according to the inequality
z|(kt+ )+ (f—a) i 2

=

z(1)|=

and properties of (5), and it is determined that a relation
%
t =T s correct, i.e., the pursuit problem is solved. Proved.

Summary

In the theory of differential games, issues of chase and escape occupy a special place in
Aloxi. One of them is the breadth of implementation of various methods, as well as the
specificity of the results obtained. This feature is especially obvious in model questions. In
accordance with the condition given in the lemma, the theorem is conditioned and provides a
proof. In the theory of differential games, questions in which geometric, integral and their joint
constraints are imposed on controls have been sufficiently studied. This article includes new
control classes in a control function called delimitation, using Gromwell’s lemma. The chase-
escape problem in a second-order differential game was studied, and new adequacy conditions

were proposed for the pursuer and the evader.
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