JOURNAL OF

EXPERIMENTAL

STUDIES

VPHAN JKCNEPUMEHTANIbHBIX HCCITEJOBAHUM
JKCTIEPUMEHTAN TALKUKOTNAP XKVPHAJIH

VOLUME Il | ISSUE 3 | MARCH-APRIL | 2024

XP70P-18T¢ -NSSI

Available online at www.imfaktor.com




ISSN: 2181-404X
DOI Journal 10.56017/2181-404X

JKCTIEPHMERTAN TAZLKUKOTIIAP
KYPHATIH

I1-Kunp, 3-Con

VPHAI JKCNEPUMEHTANBHBIX HCCIIELOBAHMM
TOM-II, HOMEP-3

JOURNAL OF EXPERIMENTAL STUDIES
VOLUME-IL, ISSUE-3

TOLWKEHT - 2024



W o N Uk WNRE

P R N
0N O U DM WN RO

19.
20.
21.
22.

JKCIEPUMEHTAJI TALLKUKOTNAP XYPHATH

KYPHAN 3KCTEPAMEHTATbHbIX UCCAEOBAHUI | JOURNAL OF EXPERIMENTAL STUDIES
Ne 3 (2024) DOI http://dx.doi.org/10.56017/2181-404X-2024-3

bow myxappwup:

Kacumos W. — TMB6OMET daHNapyu AoKTopK, npodeccop

Macbyn myxappup:

Pacynos X. — pu3nKa-maTemaTmMka paHnapy HOM30AM, AOLEHT

Taxpupuar ab3onapu:
XyceHoB ApcnoHHasap LWepHasaposuy

XaHgamos [laBpoH A6 ANKOANPOBUY
TyxTaes bo6okyn Epkynosuy

Axmepnos Papxon KaxpamoHosny
MaxKkamoB Tpo6:KoH XycaHb6oeBuY
Aumnosa [loHoxoH HyTtdmnnoesHa
Anunesa Anndysa AKmaneBHa

Capkucosa J1ana BanepesHa
Cotnbonamesa AnnHosa MnxomKoHOBHaA

. Ackapos lynat Asagosuny

. TypcyHb6oeBa Cobunpa Myxammag, Kn3u
. Wapunosa Aunadpys AchnaanHosBHa

. Paxmatynnaesa Maxgpysa MybuHoBHa
. Kypaboes ®o3mn Mamaconnesny

. Uramkynosa Hapruca AbaysanunesHa

. MeHrnues LWep3oa Lonmosuny

. Abcanamosa lN'ynHo3a MamaTKy/noBHa

. Ymapos Cannm Xannokosuy

npodeccop

Xannokos ®apxon Kapumosuy
bepgunbaesa Aundysa baszapbaeBHa
AmaHoBa Masnyaa MycTtadaKynosHa
Atabaes AunwoT XycanHbaeBuy
(DSc) poueHT

“kcnepumeHman maoKukomaap” uamuli-amanull ypHanu 6 ma Xankapo mMavaymomasaap basanapuoa
7.4 “umnakm-pakmop” Kypcameuyuea 32a. Y36eKucmoH

UHOeKcnaHzaH 6ynub, wopuli Gun yyyH UIF 2023 =

Pecnybaukacu Onuli mavaum, paH 8a UHHOBAUUAAAP ea3upauau xy3ypudaeu Oauli ammecmayus KOMUCCUACUHUHR
2023 (un 24 urondaau 01-02/1199-coHnu xamuaa Myeopux yuwby »cypHaa0a 4yon 3muna2aH Makoaanap Xopuiculi

MaK0aap cugpamudad maH 0AUHAoU.

— Kumé daHnapu goktopu (DSc), npodeccop
— Kumé daHnapu goktopu (DSc), npodeccop
— buonorusa ¢paHnapu AOKTopU, Nnpodeccop
— TMOOMET daHNapu AOKTOPU, AOLEHT

— 6uonorua paHnapm HOM304M, AOLEHT

— TM66MeT daHNapu AOKTOPU, AOLEHT

— TMB6OUET dhaHNapm Hom30AM

— TM6OUET daHnapm Homsoam (PhD)

— 6buonorua ¢.6.¢.a (PhD)

—TM66KET ¢.6.¢.4 (PhD)

— aMaNnETYM HYTpMLUMOIOr Ba ANEToNOor

— AMETONOr Ba NPEBEHTUB HYTPULMOIOT

— TM6OUET dpaHnapm Homsoam (PhD)

— Kumé ¢.6.¢.4 (PhD)

— KMMé paHNap HOM304M, AOLEHT

— Kumé ¢.6.¢.4 (PhD)

—Kumé ¢.6.0.4, goueHT

— dM3MKa-maTemaTMKa daHNapu AOKTOpPH,

— ¢dum3mKa-maTemaTtmka ¢.6.¢.4 (PhD)

— 6buonorua ¢paHnapm Homsogm (PhD)

— 6uonorus ¢.6.¢.4 (PhD)

— reonorns-muHepanorva GbaHnapu AOKTopuU

TaxpupuaT maHauau: TOLWKeHT Wwaxap, YuTena Tymanu, “Batan” M®W, YnnoHzop
24-maB3secu, 2/27-yi. MNouTa nHaekcn 100152. Beb6-cant: www.imfaktor.uz/com
TenedoH Homep: +99894-410 11 55, E-mail: tahririyat@imfaktor.uz

© “IMFAKTOR Pages” unmuii Hawpuétm , 2024 inn.

© Myannudnap xamoacu, 2024 iinn.



http://www.imfaktor.uz/com
mailto:tahririyat@imfaktor.uz

IKCTEPUMERTAR TAIKUMKOTAAP KYPHATA | MYPHAN SKCMEPUMEHTANIbHbIX UCCAELOBAHWA | JOURNAL OF EXPERIMENTAL STUDIES Ne 3 | 2624

ISSN: 2181-404X

JKCNEPUMEHTAI TALKWKOTIAP KYPHAIIN

KVYPHAN 3KCTIEPAMEHTAIbHbIX UCCAEAOBAHMI | JOURNAL OF EXPERIMENTAL STUDIES

KURBONBEKOVA Odina Dilmurod kizi
Tashkent state agrarian university

assistant teacher
https://doi.org/10.5281/zen0do.11073106

PURSUIT DIFFERENTIAL GAMES WITH CONSTRAINTS
OF GRONWALL TYPE

ANNOTATION

In this article, a differential game of pursuit has been studied when controls of conflicting
objects belong to the classes of Gronwall type constraints. Here a parallel approach strategy will be
proposed for pursuer and by virtue of this, a solution of pursuit problem will be given. General
information about simple differential games is presented throughout the article. It contains
information about the basic concepts of the theory of differential games such as strategy, problems
of chasing and escaping in integral, geometric, integral-geometric and other bounded differential
games. In addition, in order to demonstrate the processes of solving the problem in classical games,
the solution of a problem with an integral limit is shown in full.

Keywords: Differential game, Gronwall’s inequalities, players, Gronwall constraints,
pursuit, strategy,chase,escape.

GRONOULLI CHEGARALANISHLI DIFFERENSIAL
O‘YINDA QUVISH MASALASI

ANNOTATSIYA

Mazkur maqolada garama-garshi obyektlarni boshqarish elementlari Gronuoll tipidagi
chegaralanishlar sinfiga kirganda, differensial quvish masalasi o’rganildi. Bu yerda quvuvchi uchun
parallel yondashuv strategiyasi taklif etiladi va shu sababli quvish muammosini hal etish beriladi.
Oddiy differentsial o’yinlar to’g’risidagi umumiy ma’lumot butun magolada taqdim
etilgan. U differentsial o’yinlar teoriyasining strategiyasi, integral, geometrik, integral-geometrik
va boshga chegaralangan differentsial o’yinlarda quvish va qochish masalalari kabi asosiy
tushunchalari hagida ma’lumotni 0’z ichiga oladi. Bundan tashgari, klassik o’yinlarda vazifani hal
etish jarayonlarini namoyish etish uchun vazifani integral —geometrik chegara bilan hal etish to’lig
ko’rsatilgan.

Kalit so‘zlar: differensial 0‘yin, Gronwall tengsizliklari, o‘yinchilar, Gronwall chegaralari,
ta’qib qilish, strategiya, quvish, qochish.
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IHOT'OHA 3A JTUPPEPEHIIUMAJIBHBIMUA NTPAMU C OT'PAHUYEHUAMU
I'POHYOJUIA THUII U3T'OTOBJIEHU A

AHHOTAIUSA

B aroii crathe Oblna u3ydeHa muddepeHIranbHas Urpa MpeciieIOBaHNs, KOTaa dJIEMEHTHI
yIpaBJiIeHUsT KOHOIUKTYIOMMMA 00bEKTaMH OTHOCATCS K KJlaccaM OrpaHHuYeHHi THma ['poHyosa.
3nech OyeT npemioKeHa CTpaTerus mapauieIbHOro MOAX0/1a JUTS IPECIIeIOBATENs, U B CHITY STOT'O
Oyzger maHo pemieHue mnpobiemsl mpecienoBaHus. OOmas wWHPOpPMAIMS O  MPOCTHIX
maddepeHInanbHbIX Wrpax MpeacTaBlieHa BO Bce cratbe. OH  CONEPXKUT HH(POPMALUIO
00 OCHOBHBIX MOHSATUAX TeopuHu IUPGEepeHINATbHBIX WIP, TAaKUX KaK CTpaTerus, MmpoosieMbl
IpecieioBaHns U I1oOera B HMHTETPAJIbHBIX, T€OMETPUYECKHX, HHTETrpaibHO-T€OMETPUUYECKUX
U JIPYyTUX OrpaHUYEHHBIX JU(depeHnnanbHbix urpax. Kpome toro, s JeMOHCTpallUuy MpPOLIECCOB
pelIeHrs 3aJjaul B KJIACCHYECKHX UIpax pelIeHUE 3a/1adll ¢ MHTETPaJbHBIM IPENEIoM MOKa3aHO
B [TIOJIHOM O0OBEME.

KaroueBble ciioBa: muddepeHimanbias wurpa, HepaBenctBa Gronwall, wurpoku,

orpannuenus Gronwall, mpecneoBanue, crparerys, MOroHs;, Mooer.

1. Introduction

Differential games are a complex mathematical concept due to the need to take into account
factors such as dynamism, controllability, conflict, optimality, informativeness. Such factors require
the development of special approaches to the theory of differential games. Such an approach depends
primarily on solving chase-escape problems, which is an important branch of differential game
theory. Differential games are one of the important branches of mathematical management theory.
The theory of differential games develops the ideas and methods of optimal control theory. The basic
mathematical tool of the theory of differential games is the theory of ordinary differential equations.
With the help of differential equations, a number of important laws of physics, mechanics, chemistry,
biology, astronomy, economics, management theory are written and researched.

2. Materials and methods.

In the scientific results of most chase-escape problems of the theory of differential games, the
control functions are selected from the classes limited by the limit of assignment.The basic concepts
of differential game theory depend on sets, the theory of mathematical analysis, the theory of
differential equations, the theory of optimal control, and the basic concepts of the theory of linear
algebra. In the theory of differential games, the concept of strategy occupies a central place. In the
theory of differential games, a definition is given based on the nature of the problem.

3. Results and discussion.

Suppose that in space R" the chasing P and escaping E objects are given, so that their
equations of motion are given based on the following differential equations, respectively

P:x=u, x(0)=Xx, (1)
E:y=v, y(0)=y, (2)

here X,y,U,Ve R", n>2, a=0.Here U-is the velocity vector of the inverter whose change over

time u(-):[0,0) — R" is selected from the class of functions measured in Lebesgue measure
and given the followingGronwall-type bounding (Gr-bounding)

9
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t
u® < p®+2k Jlu(s)[ ds, amostall t20,  (3)
0

here p >0, k1 > 0. Let’s define this (3) constraint as the set of all measurable functions UGr that
satisfy it.

Similarly, the velocity vector V of a fluid v(-):[0, +0) — R" is selected as a Lebesgue
measure of its change over time and given the following Gronwall-type constraint:

t
V) <o+ 2k2j‘|v(s)|2 ds almost all, (4)
0

here o >0, k, > 0. Here, we define (4) as the set of all measurable functionsV, that satisfy the
Grenouille constraint.

From the equations (1)-(2) and for the pairs (X,, U(-)) va (Y,, V(-)), the following
trajectories of movement of the chasing and escaping objects are derived respectively:

X(t) =X, + ju(s)ds, y(t) =y, + _t[v(s)ds

The purpose of a pushing object is to capture an escaping object in a t* > 0 finite amount of

x(t*)=y(t*)

it’s about equality. The objective of the fugitive object is to avoid encountering the pursuing object,
to make it accessible to all t >0, or to delay the encounter X(t) +* y(t) as long as possible.

Lemma. (Gronwall’s lemma). If this

t
@) <a®+2l j lw(s)[ ds,
0

the inequality is real, then the relationship |a)(t)| <ae" is always real in the interval of
t > 0. Here w(t) is the measurable function and «, | are the negative numbers.

Definition-1. In the (1)-(4) differential game
U, (t,V) =V- ﬂ’Gr (t,V)gO 5)
the parallel driving strategy of the driving object is called the strategiya [3]) where
/1(t,v)=<V,§0>+\/<V,§0>2+,02e2k1t —|V|2, §0:ZOI|ZO| and <V,&,>-R" is a scalar

product of vectors in space V and é.‘o .

Property-1. If p >0, K, > K,the inequality is true, then the function /1<3r (t,v) is always

defined in t > 0 and nonnegative for all |V| < ge" controls.

2
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Property -2. The function A, (t,V) is limited to all |V| < ge" controls, and the following
relationship is performed at t >0

— V| < A, (t,V) < pe!t +1V].
Gr

Theorem. If the following condition holds, if o > o, K, =K, is true, then the strategy in the
(1)-(4) differential game (6) is winning for the pursuer in the [O,TG,]time interval, and the following
Tg, Is chosen as the smallest positive solution to the equation

pke“t — ok e = pk, —ok, +kKk, |z, .

Proof. Suppose that if the runner chooses voluntary V(-) €V, control, and the pursuer
chooses strategy (6), then we obtain the following Caratheodory equation based on (1) and (2):

2(t) = —A(t,v(1)S,
2(0) = z,

From this, we can derive the following solution given the initial conditions:

(t)=2z,— j'i(s,v(s))gods

or

t

20 =2, [((v9). &)+ [V &) + o™ —u(s)] |,

0

using the above equation, we can derive the following equation:
2(t) = Z,A(t,v() (6)
here, A(t,v(-)) is equal

At,v() = -1 j A(s,v(s))ds.

[2a]

We’re going to study A(t,v()) the approximation function over time t. To do this, we use
Definition-1 and Property-2 to produce the following equation:

Alt,v() =1- — j A(s,v(s))ds =

120/ 5
j ( v(s),&) + \/<V(S)1§o>2 + pre? —|v(s)[ )ds <

%
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<l-—

|zl | (pe —oe* Jds = A(t)
0

o'—-.f—r

here
A)=1— 2| Lt —1)— T g _1y |
|ZO kl k2

A(t) =0 equals the following:

Kt

Pkt — ke = pk, — ok, +kk,|z,)-

N 3 | 2024

The function A(t) is monotonically decreasing and equal to the A (T, ) =0 interval [0, T, ]
according to the theorem. So, we have a time intervalt*,0 < t* < T, , where Ag,.(t*,v(-)) = 0.

Based on the equality (6), we get z(t*) = 0.

The theorem is proved.

u



IKCTEPUMERTAR TAIKUMKOTAAP KYPHATA | MYPHAN SKCMEPUMEHTANIbHbIX UCCAELOBAHWA | JOURNAL OF EXPERIMENTAL STUDIES Ne 3 | 2624

NKTUBOCJAP/CHOCKU/REFERENCES

1. Pontryagin L. S Ordinary differential equations. —~ADDISON-WESLEY PUBLISHING,
1962.-298p.

2. Carumos H. FO. MeToibl pemieHus 3a1a4u MpeciieIOBaHUS B TCOPUH JUPPEPEHIINATHIX UTP.
—T.: HattnonanpHoM O0nOMMoTeku Y30ekucrana umenu anumepa Hasou, 2019, -230c¢.

3. Azamov A.A, Samatov B.T. II-strategy. An elementary Introduction to The Theory of
Differential games, -T.: National Univ. of Uzb., 2000. -32p.

4. Azamov A.A., Samatov B.T. (2010). The IT — strategy: Analogies and Applications, The
Fourth International Conferense Game Theory and Management, St. Peterburg, Russia: 33-47.

5. Samatov B.T. (2013) On a pursuit — Evasion Problem under a Linear Change of the Pursuer
Resourse. Siberian Advances in Mathematics, Allerton Press, Inc. Springer. New York: 23(4). 294-
302.

6. Samatov B.T. (2013). On a Pursuit — Evasion Problem under Integral — Beometric construints
on Pursuer controls. Automation and Remote Control, Pleiades Publishing, Lto. New York: 74(7).
1072-1081.

EL



ISSN: 2181-404X
DOI Journal 10.56017/2181-404X

JKCTIEPHMERTAN TAZIKUKOTINAP
KYPHATIH

I1-Kunp, 3-Con

VPHAJI JKCEPUMEHTATIbHBIX UCCETOBAHUI
TOM-II, HOMEP-3

JOURNAL OF EXPERIMENTAL STUDIES
VOLUME-I1, ISSUE-3

«IKCNepuMmeHTan TagKUKOTAApP» 3N1EKTPOH
XypHanu 2022 nn 22 pekabpb  KyHuU
Ne 054835-coHnun ryBOXHOMa bunaH
OMMaBuii axbopoT BocuTacu cudatmga
OaBnaT pynmxatmaaH yTKasuaraH.

Myaccuc: «IMFAKTOR Pages» macbynuvAatu
YeKIaHraH }KamuaTu.

Taxpupmar maH3mam: 100152, TowKeHT
waxpu, YuTena TymaHu, “BataH” MOM,
YunoHsop 24-maB3ecw, 2-yil.

TenedpoH Homep: +99894-410 11 55

3. nouTa: tahririyat@imfaktor.uz

Beb6-caut: www.imfaktor.uz



mailto:tahririyat@imfaktor.uz
http://www.imfaktor.uz/

