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Abstract

The paper considers a plane problem of the motion of a monotonically decreasing
load at supersonic speed D along the boundary of a half-plane, the material of
which is modeled by an ideal medium with nonlinear and plastic properties.
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Introduction
We consider a plane problem of motion with a supersonic speed D of a
monotonically decreasing load along the boundary of a half-plane, the material of
which is modeled by an ideal medium with a nonlinear and plastic property, then a
shock wave with a curved surface will propagate in the half-plane, X by
assumption the medium on it is instantly loaded and unloading occurs behind the
front (Fig. 1). In this case, on the surface X,from the condition of conservation of
mass and momentum we obtain
(1.1)poa = p*(a — vn), PoaVy =P’

vi =0 (a= Dsina).
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Figure-1
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Since the load profile is considered to be constant as the wave propagates, the
problem is stationary and in the unloading region in the moving coordinates § =
Dt + x, 1 = ywe have the equations

ou_ 100 _ ov  10p _
(1‘2)Da§+pa§ 0, D6‘§'+p61‘| 0,
ap du adv
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The boundary condition has the form
(1.3) whenm =0, &=>0 p=f1(?),
Where f(§) —is a known monotonically decreasing function; v;, v;; —tangential and
normal components of the velocity of the medium to the front o0, v —of the

velocity projection on the axes ¢ and n; a is the angle of inclination of the front
X, to the boundary of the half-plane [1,2, 3 ].

To obtain a solution to the problem, we substitute the first equation (1.2) into the
third. Then @we obtain the wave equation for the velocity potential

a0 _ 0 2
(14)”' azz anz =0 (IJ' - C]% 1))

Whichis D > Cp has a solution of the form

@& mn) =3 — un) + £,(€ + un).

If you set a certain form X,then the components of the velocity of the medium,
u,v npu n = n(§)taking into account (1.1), are represented in the form
04

_ 99 _ _Dpein? PZD® L2 cpy M
(1.5u = o = Dsin a(E)[ o, Sin a(t) o)

_9o _ p°D* et
V= o Dsina(&)cosa(§) [0(_2 sin®a(¥) — OL_J'

Where is n(§) —the equation of the front surface X,. This means that in the case of

a two-dimensional wave inside a curvilinear sector §0Z(Fig. 2) for (1.4) taking
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into account (1.5) in the same way as in point 1, we obtain the Cauchy problem and
for the definition f;(z;)we have the formulas

(1.6)
D [ tgalFy@)]{1 + ptgalFyz)])di(z)
fi(z) = +%Of ST N o R
Where
2
di(z;) = <p0a]2) — Z—l) tg?aalF;(z;)] — Z—l;

F;(z;) (i = 3,4) —the root of the equation € + un (%) = z;with respect to ¢, and in
the case i = 3 B (1.6)the upper sign is taken. Note that in the inverse formulation
of the problem, i.e. for a given surface of the shock wave front, condition (1.3)
serves as a formula for determining the load profilef(§).

Thus, taking into account (1.5), (1.6), a solution to the problem of propagation of a
two-dimensional nonlinear wave in a half-plane is obtained. If we substitute this
solution into (1.3), then in principle we should obtain a decreasing load profile with
a sharp front at the origin of coordinates, and in the disturbed region the process of
unloading the medium should occur [4, 5, 6, 7, 8,].

An analysis of the obtained velocity and pressure formulas, as well as the
calculation results, show that the unloading process can be achieved if the wave
front velocity decays with the depth of the half-plane [ 9, 10, 11, 12, 13].

Figure-3
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Note that a similar inverse method is applied in the problem of the unloading wave

[6].

As an illustration of the method, we consider the case when X ;is given as a second-

degree polynomial, i.e.

(1.7M(®) = tgal — 2 8.

The results of calculations of the analytical method taking into account (1.7) at
tga, = 0,1255, b =10,86-10"3and the method of characteristics [ 1 ] are
presented in the table, where I is the numerical method of characteristics, II is the
analytical method. In Fig . 4 the curves of change and velocity along the front of
Y pthe half-plane are given for cases , b = 0,86-107%;0,86 - 10~*(curves 1, 2,
respectively). From the table it is clear that the results obtained using both methods
agree mutually satisfactorily and the load profile found by the inverse method f(€)is
monotonically decreasing along ¢ . From Fig. 4 it is noticeable that the pressure
p*and velocity components u®, v*along the front Z,decrease with the depth of the
half-plane according to a linear law, and in the case b = 0,86 - 10~ *the decrease
in the above values becomes more intense than at, b = 0,86 - 10~3.Calculations
show that all parameters of the medium, including the pressure at 1 = Oalong & (on
the boundary of the half-plane), fall depending on the values of the coefficient b in
different ways. In the case , b = 0,86 - 10~ ?this process is more intense and
nonlinear [ 14]. This means that if the wave front velocity attenuates with the depth
of the half-plane relatively quickly, then the parameters of the medium, in
particular the pressure, along the boundary of the half-plane decrease just as
intensively. But the process of attenuation of the parameters of the medium along
the boundary n = Ooccurs faster than at the front [14, 15,16, 17, 18, 19].
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In general, this paper presents an inverse analytical method for solving one-

dimensional and two-dimensional stationary problems under short-term intensive

impacts, taking into account nonlinear plastic deformation of an ideal inelastic

medium. In the case of , a, = Othe results of section 2 coincide with the results of

[4], obtained by applying the Mellin transform .

3 u v p
[ 1l [ 1l [ 1l

0 -1,644 -1,644 13,100 13,100 105 105

0,1 -1,628 -1,628 13,025 13,020 103,956 103,937

0.2 -1,610 -1,613 12,944 12,940 102,921 102,979

0.3 -1,597 -1,597 12,861 12,860 101,896 101,958

0.4 -1,581 -1,581 12,780 12,780 100,882 100,937

0.5 -1,565 -1,566 12,699 12,700 99,880 99,978

0.6 -1,550 -1,551 12,621 12,620 98,888 99,021

0.7 -1,535 -1,535 12,543 12,540 97,904 98,000

0.8 -1,519 -1,520 12,466 12,470 96,928 97,042

0.9 -1,505 -1,505 12,390 12,390 95,966 96,085

1.0 -1,490 -1,490 12,314 12,320 95,009 95,127
Conclusion

The problems under consideration may have practical applications in studying
intensive impacts in water-saturated soils, as well as in reservoirs.

References

l.

Rakhmatulin H.A., Mamadaliev N. Propagation of nonlinear waves in a soil
half-space caused by a load running along its boundary. — In: Proceedings of
the symposium “Nonlinear and thermal effects in transient wave processes”.
Tallinn — Gorky, 1973.

Yusupova Rano , U Asadillo , M Go'zaloy H eat-conducting properties of
polymeric materials Universum : technical sciences , 29-31

Djurayev A., Yuldashev K., Teshaboyev O.. *“ Development of construction
of a screw conveyer that transports and cleans cotton, justification of screw
parameter .” XIV international conference on transport infrastructure:
Territory development and sustainability TITDS-XIV-2023.

16 |Page



=

2E

BRIGHT MIND brightmindpublishing.com

PUBLISHING

EduVision: Journal of Innovations in Pedagogy and

Educational Advancements
Volume 01, Issue 08, August, 2025

ISSN (E): 3061-6972
Licensed under CC BY 4.0 a Creative Commons Attribution 4.0 International License.

10.

11.

12.

13.
14.

Kapustyansky S. M. Propagation and reflection of two-dimensional plastic
waves . [zvestiya AN SSSR. MTT, 1973. No. 1. P. 60-68.

Yusupova Ranakhon Kasimdjanovna . Analysis of IP Sustainability and
Efficiency Coefficiency . Middle European Scientific Bulletin 23. 217-221
Djurayev A., Yuldashev K., Daliyev Sh., Nizomov T “Results of theoretical
research of curved pile drums for cleaning cotton from small impurities.” XI
International Scientific and Practical Conference Innovative Technologies in
Environmental Science and Education (ITSE-2023) 13 October 2023 E3S
Web of Conferences 431, 01058 (2023) ITSE-2023.

Ermatov , Q., Bekkulov , B., Ibragimdjanov , B., Shokirov , B. M., &
Qorachayeva , O. (2025, February). Results of a study on the mechanization
of photodegradable film application in cotton crops. In AIP Conference
Proceedings (Vol. 3268, No. 1). AIP Publishing.

Kodirov Z., Zulfikorov D. Pillani buglash tekhnologik zharayonining home
ipak sifatiga tasiri //Eurasian Journal of Academic Research. —2023. —T. 3.
— No. 1 Part 3. — pp. 159-165.

TO Atabaev ., PROBLEM OF PROPAGATION OF A SPHERICAL WAVE
IN AN ELASTOPLASTIC MEDIUM , Educational Research in Universal
Sciences 3 (13), 145- 155

Yusupova Ranakhon Kasimdjanovna Optimization of the performance of
the torsion device with a ball nozzle International scientific abd practical
conference 5( Issn 2181-153) 673-677

Ermatov , Q., Bekkulov , B., Ibragimdjanov , B., Shokirov , B. M., &
Qorachayeva , O. (2025, February). Results of a study on the mechanization
of photodegradable film application in cotton crops. In AIP Conference
Proceedings (Vol. 3268, No. 1). AIP Publishing.

Kodirov Z. A., Parpiev S. F. Pillaga daslabki ishlov berish
technologylarining pilla sifatiga tasiri //Academic research in educational
sciences. — 2022. —T. 3. — No. 2. — pp. 637-645.

S.S. Khadzhieva Modern Composite Materials - Scientific Focus, 2023

K. Atabaev., Propagation of a one-dimensional plastic wave in a medium
with linear and broken unloading , Applied Mechanics and Technical Physics
22 (3), 141-149

17|Page


https://scholar.google.ru/citations?view_op=view_citation&hl=ru&user=xGLujEsAAAAJ&citation_for_view=xGLujEsAAAAJ:7PzlFSSx8tAC
https://scholar.google.ru/citations?view_op=view_citation&hl=ru&user=xGLujEsAAAAJ&citation_for_view=xGLujEsAAAAJ:7PzlFSSx8tAC
https://scholar.google.ru/citations?view_op=view_citation&hl=ru&user=xGLujEsAAAAJ&citation_for_view=xGLujEsAAAAJ:KlAtU1dfN6UC
https://scholar.google.ru/citations?view_op=view_citation&hl=ru&user=xGLujEsAAAAJ&citation_for_view=xGLujEsAAAAJ:KlAtU1dfN6UC

. EduVision: Journal of Innovations in Pedagogy and
i:, Educational Advancements
Volume 01, Issue 08, August, 2025
R brightmindpublishing.com
ISSN (E): 3061-6972
Licensed under CC BY 4.0 a Creative Commons Attribution 4.0 International License.
15. YRKasimdjanovna Physical and Mechanical Properties of the Device that

16.

17.

18.

19.

Ensures the Safety of Children in Light Vehicles Middle European Scientific
Bulletin 30, 117-119

K. S. Sadikovna , K. Akhmadjonovich . Physical-mechanical and
thermophysical characteristics of grape berries - AndMI Xalqgaro ilmiy-
amaliy conferences , 2024

Djuraev A., Yuldashev K. “Dynamics of the Screw Conveyor for
Transportation and Cleaning of Fiber Material” International Journal of
Advanced Science and Technology. Vol. 29, No. 5, (2020), pp. 8557-8566.
ISSN: 2005-4238.

Makhmudov , A., Shakirov , B., Ermatov , Q., Shakirov , B., & Uljaev , F.
(2025). Research of fracturing in the body of ground water dams. In BIO
Web of Conferences (Vol. 151, p. 04026). EDP Sciences.
Abdumuxtarovich QZ Pillani tayyorlash va saqlash jarayonlaridagi
omillarning pilla sifatiga ta'siri //innovation in the modern education system.
—2025.—-T. 6. —No. 50. — pp. 284-287.

18 |Page


https://scholar.google.com/citations?view_op=view_citation&hl=ru&user=IG0cbcwAAAAJ&citation_for_view=IG0cbcwAAAAJ:W7OEmFMy1HYC
https://scholar.google.com/citations?view_op=view_citation&hl=ru&user=IG0cbcwAAAAJ&citation_for_view=IG0cbcwAAAAJ:W7OEmFMy1HYC
https://scholar.google.com/scholar?oi=bibs&cluster=13737108677179049001&btnI=1&hl=ru
https://scholar.google.com/scholar?oi=bibs&cluster=13737108677179049001&btnI=1&hl=ru
https://scholar.google.com/scholar?oi=bibs&cluster=13737108677179049001&btnI=1&hl=ru
https://scholar.google.com/scholar?oi=bibs&cluster=13737108677179049001&btnI=1&hl=ru

