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IKKINCHI TARTIBLI GRONUOLL CHEGARALANISHLI
BOSHQARUVLAR UCHUN TUTISH MASALASI

Polvanov Rashid Raximjanovich,
G*‘ayniddinov Shayxislom Tolibjon o‘g‘li,
Namangan davlat universiteti ”Algebra va matematika o‘qitish metodikasi” kafedrasi
dotsenti, Namangan davlat universiteti ”Algebra va matematika o‘qitish metodikasi”

kafedrasi o‘gituvchisi.

Annotatsiya. Ushbu magolada boshgaruvlar Granoull chegaralanishga ega
holda ikkinchi tartibli differensial o ‘yinlar uchun tutish masalasi o ‘rganiladi. Bunda
guvlovchi uchun parallel quvish strategiyasi quriladi va uning yordamida tutish
masalasi uchun yetarli shartlar keltiriladi.

Kalit sozlar: Differensial o‘yin, geometrik chegaralanish, parallel quvish
strategiyasi, quvlovchi, gochuvchi, tezlanish, Granoull chegaralanishli.

3AJAYA COXPAHEHUSA I'POHYJIA BTOPOI'O TOPAAKA JAJIA
T'PAHUYHBIX YIIPABJIEHUM

IToaBanoB Pamujg Paxum:kaHnoBu4,
I'aiinnagannos Hlajixucaam Taano:xoHOBHY,

Hamanranckuii rocy1apcTBEHHBIN YHUBEPCUTET, AOLEHT Kadeapbl «MeToauku
penoaBaHus anreOpsl 1 MaTeMaTuK», [IpenogaBarens kadeapsl «MeToauKu
npenojaBaHus anreOpsl U MaTeMaTuku» HaMaHraHCKOTro rocy/1apCTBEHHOTO
YHHUBEPCUTETA.

Aunomayun. B pabome paccmampusaemcs oughghepenyuanvuas uepa 6mopoco
NOPAOKA NpU 2e0MempUYecKUX 02PAHUYEHUSX HA YnpaeieHus ucpokos. llpu smom
npeonazaemcs cCmpame2us NapailebHO20 NPecie008aHUs 015 npeciedo8amelis u npu
HOMOWU DMOU CIMpame2ul peulaemcs 3a0a4a npeciedo8aHusl.

Kntouesvie cnosa: ougghepenyuanvnas uepa, ceomempuueckoe ozpaHuienue,
cmpamezusi  NApAIeIbHO20 — Npeciedo8anus, — npeciedosamens,  yoezaroujull,
YCKOpeHUsl.
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A SECOND-ORDER GRONOULL CONSERVATION PROBLEM FOR
BOUNDARY CONTROLS
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Associate professor of the "Algebra and mathematics teaching methodology"
department of Namangan State University, teacher of the "Algebra and mathematics
teaching methodology" department of Namangan State University.

Abstract: This paper investigates the problem of holding for second-order
differential games with control Granoull boundedness. In this case, a parallel pursuit
strategy is constructed for the pursuer and with its help, sufficient conditions for the
capture problem are given.

Key words: Differential game, geometric boundedness, parallel pursuit strategy,
chaser, escaper, acceleration, Granoull bounded.

Let P and E objects with opposite aim be given in R" space and their
movements based on the following differential equations and initial conditions

t
P:X=u, x —ke, =0, [u) < p*+2flu(s) ds, (1)
0
2 t 2
E:§=v, y,—ky, =0, Mt <o’ +2[(s)[ ds, 2)
0
where X,y,u,veR"; X — a position of P object in R" space,

X, = X(0), x, = X(0) - 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 time; we denote a set of all measurable functions

t
u(-) such that satisfies the condition |u(t)|2 < p’ +2lf|u(s)|2 ds by G,. ¥ — a
0

position of E object in R" space, Y, =Y(0), y, =Yy(0) - its initial position and
velocity respectively at t =0; v — a controlled acceleration of the evader, mapping
Vi [O,oo) — R" and it is chosen as a measurable function with respect to time; we
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denote a set of all measurable functions v() such that satisfies the condition
2 : 2
VO <o” +21[|v(s) ds by G.
0
Definition 1. For a trio of (xo, xl,u(-)),u(-) € G, the solution of the equation
ts
(1), that is, X(t) =X, +x1t+”u(r)drds is called a trajectory of the pursuer on
00

interval t>0.
Definition 2. For a trio of (y,, yl,v(-)),v(-) € G, the solution of the equation

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

interval t >0,
Definition 3. The pursuit problem for the differential game (1) - (2) is called to

be solved if there exists such control function u” () e G, of the pursuer for any control
function v() € G of the evader and the following equality is carried out 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
the equality (3) is true.

Definition 5. For the differential game (1) - (2), the following function is called
I1-strategy of the pursuer ([3]-[4]):

u(v)=v-2(v)&, (4)

where §o=ﬁ, AV) = (V&) (V& +06™ | 5=pt -0t 20,
0

(v,&,) is a scalar multiplication of vectors v and &, in the space R".

Lemma 1 (Granwoll). Suppose, let a mapping ¢(t) :[0,00) — R" be bounded,

nonnegative and measurable function. Moreover, | >0 and p >0 are constant and

t
for the given if an inequality |go(t)|2 <p*+ 2I'|.|go(s)|2 ds is carried out, then a relation
0

p(t) < pe" is always true.
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Lemma?2. If p=o ,then the following inequality is true for the function
A(v,&):

It It
e'(p-o)<A(v,&)<e'(p+0).

Theorem. If for the second order differential game (1) — (2) with Granwoll

constraint a condition p > o is true, then the pursuit problem is solved by I1-strategy

(4) oninterval (0,t) and an approach function between the objects becomes as follows:

-0 -0 -0
f(|,t,\zo\,p,a,k):\zo\(kt+1)-p|2 ¢" +"|2 + £ —t
Proof. Suppose, let the pursuer choose 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
7=-2(v(t))&,  2(0)-kz(0)=0,
Hence the following solution will be found by the given initial conditions

2(t) =2, (kt+1) =&, ﬁz(v(f),go)dfds

or

ts
2(t)] =[] (kt +2) = [[(v. &)+ (v, & )7 + 562 ydrds.
00
We form the following inequalities in relation to Lemma 1
ts
2(t)| < 2| (kt+1) = [[e" (0 - o)d zds =
00
I—ZO'en +,0I—20+,OIGt

p Ge|t+p_6+p_0t (5)’

|2 1° I
then define a positive solution t~ such that the function (5) equals to zero

l2()] <z, | (kt +1) =2

If we say f(l,t,‘ZO‘,p,G, k) =‘ZO‘(kt+1)—

— O — O — O
plz e't=|zo|(kt+1)+’0I2 +’OI t.

We will form the following equality by simplifying the latest relation
z,|kI? z,|I°
e" :t[¢+ll+i+l

p—C p—C

https://t.me/ResearchEdu_Journal Multidisciplinary Scientific Journal December, 2023


http://sjifactor.com/passport.php?id=22258
https://t.me/ResearchEdu_Journal

RESEARCH AND EDUCATION ISSN: 2181-3191 VOLUME 2 | ISSUE 12 | 2023

Scientific Journal Impact Factor 2023: 5.789 http://sjifactor.com/passport.php?id=22258
|z, |KI” |z,1*

where A= +1, B= +1, B>1. Therefore, we have the following
p—OC p—0

equation

e" =At+B (6)
In order to define a pursuit time we will consider some cases of the equation (5).

1. Let be A<0 = k< T_|io. Then the equation (5) has a unique positive
Z0

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

—_

tS:

Figure-1

2. Let be A=0 = k=Z" Then a solution of the equation (5) is

Al
2
t ,0

— I , and this solution is a pursuit time (Fig-2).

—

t*

Figure-2

3. Letbe A>0= k> | |'0 Then the equation (5) has a positive solution t and
Z0
this solution is a pursuit time (Fig-3).
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Figure-3
In conclusion, the relation (3) is true in all values of interval t >0 according to
the inequality |z(t)| < f (k,t, p,o,1,|z,|) and properties of (5), i.e., the evasion

problem is solved. Proved.
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