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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.

Keywords. Differential game, geometric constraint, evader, pursuer, strategy of the
parallel pursuit, acceleration.

BOSHQARUVLARI GRONUOLL CHEGARALANISHGA EGA
TEZLANISHLI HARAKATDA TUTISH MASALASI
Mirzamaxmudov Umidjon Alijon 0’g’li, Doliyev Oybek Bahodir o’g’li, Axmedov
Olimxon Ulug’bek o’g’li
NamDU Differensial tenglamalar va matematik fizika kafedrasi va FarDU Matematik
analiz kafedrasi magistrantlari

Amnnotatsiya. Ushbu ma'ruzada boshqaruvlar Gronoull chegaralanishga ega holda
ikkinchi tartibli differensial o‘yinlar uchun tutish masalasi o‘rganiladi. Bunda quovlovchi uchun
parallel quuish strategiyasi quriladi va uning yordamida tutish masalasi uchun yetarli shartlar
keltiriladi.

Kalit sozlar: Differensial o’yin, geometrik chegaralanish, parallel quuish strategiyasi,
quvlovchi, qgochuvchi, tezlanish, Granoull chegaralanishli.

3AAAYA ITEPEXBATA ITPU ABV>XXKEHUN CO YCKOPEHUEM U C
OI'PAHUYEHUSIMU I'POHYOAAA
Mupszamaxmya0s Y MuaxoH Aavkon yrau, Joanes Oiibek baxoaup yramn, Axmeaos
OanmxoH Y ayroek yran
Marucrpanrst HamI'V kapeapsr AudpdepeniinaapHas ypaBHeHUs I MaTeMaTUIeCKOI
Pusuxn u Papl'y kadeapsl MaTeMaTIIECKOTO aHAAN3A

Annomavus. B pabome paccmampusaemcs oudpepeHyuaroHas uzpa 6mopozo nopaoxa
npu ozparuvenuax I'pornyorra na ynpasrerus uzpoxos. Ilpu amom npedrazaemcsa cmpamezust

NAPAAAEALHO20 NPECAeO06AHUS. OASL NPecAed06AmeAs U MNpu NOMOULU 3Moil  crmpamezuu
peutaemcs 3a0aua nPecAeoo6aHusl.
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Katrouegvte caosa: Auddepervyuarvras uepa, ozparuderue IpoHyoird, cmpameusl
NAPAAEADHOZ0 NPecAe006aHUsl, NPecAe)06aeAb, Yy0eeato i, YCKope L.
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n
Let P and E objects with opposite aim be given in the space R" and their
movements are based on the following differential equations and initial conditions

t
Pox=u, X%~k =0, U <p*+2[Ju(s)[ ds,
0

t
E: Y=V, y,—ky, =0, V() <o’ +2lj|v(s)|2 ds, 2)
0

where X, VY,U,Ve R". X - a position of P object in the space Rn,
Xy = X(O), X = X(O) — its initial position and velocity respectively at t=0; u -a
controlled acceleration of the pursuer, mapping U : [O, oo) —> R" and it is chosen as a

measurable function with respect to t; we denote a set of all measurable functions U ()
t

such that satisfies the condition |u (t)|2 <p’+ 2|J‘|U(S)|2 ds by G,. y —a position of
0

E object in R" space, Y, = y(O), Y, = Y(O) — its initial position and velocity

respectively at t=0; V - a controlled acceleration of the evader, mapping

V. [O, oo) —> R" and it is chosen as a measurable function with respect to t; we denote

a set of all measurable functions V() such that satisfies the condition
V@) <o? + 2|j|v(s)|2 ds by G¢.
Definitionol. For a trio of (XO VX u(-)),u(-) € G, the solution of the equation
(1), that is, X(t) =X, + Xt +jju(r)d 7ds is called a trajectory of the pursuer on
00

interval t > 0.
Definition 2. For a trio of (Y, ¥;,V(-)),V(?) € G, the solution of the equation

ts

(2), that is, y(t)=Yy,+ y1t+”v(r)drds is called a trajectory of the evader on
00

interval t > 0.
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Definition 3. The pursuit problem for the differential game (1) - (2) is called to be
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solved if there exists such control function u” ( ) € G, of the pursuer for any control

function V() € G of the evader and the following equality holds at some finite time

*

t
X(t) =y(t). )

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

if it is equal to an upper boundary of all the finite values of pursuit time t” which
satisfies the equality (3).

Definition 5. For the differential game (1) - (2), the following function is called
I1I-strategy of the pursuer ([3]-[4]):

u(v)=v—-A(v)&, (4
where Z,(V) :(V,§0)+\/(V,§0)2 +oe™" , rfo =§—O, 52,02 — o’ >0,

2

(V, éo) is the scalar product of vectors V and fo in the space R" .

Lemma 1 (Gronwall). Suppose a mapping ¢(t) : [O, o) — R" is bounded, non-

negative and measurable function. Moreover, | >0 and 0 > O are constant and for the
t

given if an inequality |¢(t)|2 <p’+ 2|J.|(0(S)|2 ds holds, then a relation @(t) < pe"
0

is always true.

Lemma?2.If O 20, then the following inequality is true for the function

Z(V,go):
e"(p-0)<A(v,&)<e"(p+0).

Theorem. If for the second order differential game (1) — (2) with Gronwall
constraint a condition p > o is true, then the pursuit problem is solved by Il-strategy

(4) on interval (O, t) and an approach function between the objects becomes as follows:
P-OCw PO pP-O
F(I,t|2o], 2,0, K) = |2, (Kt +1) - T BT B

Proof. Suppose the pursuer chooses a strategy in the form (4) when the evader chooses

any control function V() € G . Then according to the equations (1) and (2) we define

the following Caratheodory’s equation

Z=—2(v(t))&,  2(0)—kz(0)=0,
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Hence the following solution will be found by the given initial conditions

z(t)=z,(kt+1)—¢&, .:[j:ﬁ,(v(r),fo)drds
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or

|z(t)|:|zo|(kt+1)—_:[i((v,§o)+\/(v,§o)2 o ot

We form the following inequalities in relation to Lemma 1

(1) <|2|(kt +1)— [ [e" (p— o)d zds =

—O — O — O
|z(t)|£|zo|(kt+1)—'0|2 e“+pl,Z +p| t
We denote
-0 | —0 —0
f(|,t,\zo\,p,a,k):\zo\(kul)—pl2 e‘+’0|2 +p| t . (5) Define 2
positive solution t* such that the function (5) equals to zero

— O — O — O
'0|2 e't:|zo|(kt+1)+’0I2 +'0| t.

We will form the following equation by simplifying

e =t MH +M+1

p—0C p—0C
|2, |KI? |2,|1°
where A= +1, B=-——+1, B >1. Thus, we have the following equation
p—0C p—0O
e" = At+B ()
In order to define a pursuit time we will consider some cases of the equation (5).
O — *
. Letbe A<0 = k< | || . Then the equation (5) has a unique positive solution {
Zy

and this solution is a pursuit time. (Fig-1)

26



NAMANGAN
-\.('!I\"HHFIH.TI o o »
> Har 1Y unmuit axoopomuomacu - Hayunouii gecmnux HamI'y 2019 tiun 3-con

B
1
_I:$
Figure-1
o—-p . . .
2. Let be A=0 = k= | || . Then a solution of the equation (5) is
Z
0
z,|1°
In 2 +1
x pP—O
t" = I (Fig-2)
B
1
_t$
Figure-2

O — *
P . Then the equation (5) has a positive solution U (Fig-3)

]!

3. Letbe A>0= k>

_I:$
Figure-3

In conclusion, the relation (3) is true at some time {  according to the inequality
|Z(t)| < f(k,t, /0,6,|,|ZO |) and properties of (5), and it is determined that a relation
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t <T is correct, ie., the pursuit problem is solved, which completes the proof of the
Theorem.
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