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Annotation: Mathematical modeling of the motion of dynamic or mechanical systems
plays an important role in the stability of the system's motion. The structure of its
mathematical model is especially important when studying the stability of the motion of
complex systems. Therefore, when creating a mathematical model of the motion of such
systems, it is important to consider the study of the stability of the system's motion in the
future.
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Life consists of motion, and when studying motion, it must be mathematically
modeled. In most cases, the optimal option is sought when mathematically modeling the
motion of a material point, solid, mechanical or dynamic system. That is, the appearance of
the mathematical model should be simple, convenient, and the error in the solution should
not be large. But one of the main characteristics of any movement is the question of its
stability.

The main part.

There are such mechanical or dynamic systems that are so important in human life that
they are very complex, and if mathematical modeling itself is complex, then studying the
stability of this movement becomes even more difficult. As an example, one can cite the
model of neural networks. Neural networks are a system of neurons in the human brain,
the movement of information (signs) in it is a very complex movement. Given that the neural
network system is multiparametric and fully controls human activity, it is necessary to fully
understand the movement of this system. This means that it is necessary to study the motion
of a very complex system.

The need to create and implement a model for modeling The purpose of modeling is
determined before creating a model, the results of modeling are analyzed after application,
and the problem of stability, which is one of its main properties, is investigated.

Determine the sufficient conditions for the asymptotic stability of a system whose
stiffness and damping are nonlinear and clearly dependent on time.

The excited motion of various systems is very often described by one second-order
differential equation

X+ B x, X)X+ a(t,x,X)x=0 (1)
where the positive real functions and real variables are defined in the region
t>t,, xX*+x*<u (2)

ISSN 2277-3630 (online), Published by International journal of Social Sciences &
Interdisciplinary Research., under Volume: 15 Issue: 01 in January-2025

1 https://www.gejournal.net/index.php/IJSSIR

Copyright (c) 2025 Author (s). This is an open-access article distributed under the terms of
Creative Commons Attribution License (CC BY). To view a copy of this license,
visit https://creativecommons.org/licenses/by/4.0/




|JSSIR, VVol. 15, No. 01. January 2025

(ty, 1 - some positive constants).

Function B(t,X,X) can be interpreted as a nonlinear, time-dependent, generalized
damping coefficient, and the function a(t, X, X) - as a nonlinear, obviously time-dependent
generalized rigidity of the system. With any, but constant and positive coefficients «
and B leisurely movement X=0, X=0 equations (1) are asymptotically stable. If these
coefficients, remaining positive, change, there are modes of their change under which the
motion becomes unstable. When the law of change of coefficients @ and f it is known that
one can apply a particular method and investigate the stability of motion. However, there
are cases in applications where the nature of functions @ and f They are not defined and
only the limits of their change in the region (2) are known
a, <a(t,x,X)<a,, b <At xx)<h,, 3)

where a,,a,,b,,b, - given positive numbers (the case a8, =0 or b, =0 we consider
excluded)

Therefore, it is interesting to determine the conditions for a;,a,,b;,b,, which are
performed without disturbed movement X=0, X=0 will be asymptotically stable under
any law of change of the function @ and B within specified limits. (We assume that the
functions @ and f We assume that for all t,X,X from the region (2), they satisfy the
conditions for the existence and uniqueness of the solution of the equation (1).

First of all, let's note that the condition &, >0, b, >0 necessary. Indeed, if, for example,
b, <0, then, using arbitrariness @ and S, suppose a =const, f=b, <0. With these values
o and pB unsteady motion at b <0 and stable, but not asymptotically b=0 and
a =cont > 0.

Let's move on to the task at hand. By substituting

X=X, X=X,

X, =X
let's replace equation (1) with an equivalent system 2
P 1 @ d Y X, =—a(t, X, X)X, — B(t, X, X)X,
or in matrix form
y=A(tY)Y, (4)

0
Where y = (x,X,)", A(t, y):(—a(t y) —ﬂ(tly)J

Let's introduce strictly positive functions ¢, (t,y) and ¢,(t,y) rigidly & and ¢,
respectively, by equality
p(ty)=m —a(ty), @, ty)=m,-pALY) ®)
It is not difficult to check that when the inequalities (3) are satisfied, the function
o (t,y) and ¢, (t,y) satisfy ratings
m—-a,<g(ty)<m-a, m,—b,<p,(t,y)<m,-b (6)
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where does it come from m, =a, +¢&,, M, =b, +¢,. Therefore, inequalities (6) can be
rewritten as follows
g <oty)<a,—-a +¢, & <@,(ty)<b,-b +¢g
Using (5), the system (4) can be represented as follows:
y=AY+etY)AY+o,(LY)AY, ()

W (0 1 (00 (00
e A= lm om ) Tl o) 7o 1)

For system (7) we construct Lyapunov functions in the following form:

V(y)=y'Py (8)
mm+y
m2
where P =
m, +1
1
m2

is positively determined.
With this matrix selection P, for the derivative of function (8) by the system (7) we
obtain

V(Y)=Y"Py+y Py =y (G, +o,(tYy)G, +0,(tY)G,)y,

5 m, +1 0 1
-2m, 0 m,
wrehe G, = , G, = , G, = m, +1
0 —-2m; m, +1 1 2
7= 90 m,
m2
and
V(y) < (Ay (Go) +(a, —a, +£) Ay (G) + (0, b, +£,) 4, Gy (9)

2 2
1 1 1
where 1, (G,)=-2m,, 4, (G,) =1+ 1+[m1 * } 24, G,y =Tty 1+(m1 * j .
m2 m2 m2
From the estimate (9) it follows that the function is negative if
A (Go) +(a, —a, + &)y (G,) + (b, b, +£,) 2 (G,) <0, (10)
It follows from this that, based on Lyapunov's asymptotic stability theorem, the
smooth motion of the system (10) or (1) is asymptotically stable if the inequalities are
satisfied (10).
m, +1
m2

Letit be

=k, Then the inequality (10) has the form:

—-2m, +(m, —a,)@+~v1+k?)+(m, —b,)(k —v1+k?) <0,

or
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(m +m,—a, —b)V1+k? <a, +bk-1.

This inequality makes sense if a, + b,k —=1>0.

From these inequalities, &, -0, ¢, >0 u k = a2+—1+81, we get
b, +¢,
2 b2 +(a, +1)?
k=m1+1=a2+1’ i KZ = 1+(b2+21) =\/2 (a, +1)
mZ b2 b2 b2
a,—a, +b, —b < ! [(a, +Db, +(a, —1)b, ] (11)
bl +(a, +1)°

(a, +1)b, +(a, —1)b, >0 (12)
Thus, if the boundaries a;,a,,b;,b, functions a(t,x,%) and A(t, x,X) satisfying the
conditions (11) and (12), then the unrestricted motion X =0, X =0 asymptotically stable.

Literature:
1. Cosetos b.JI. SIkosaes C.A., Mogeanposanne cucteM M.: -1985.
2. Cokoaos C. B. YcaoBus yCTOMUMBOCTU M OILIEHKM peIleHnil HeKOTOPOTO

KJacca CAOXKHBIX cucteM} BecTHUK caHKT-TIeTepOyprckoro yHusepcurera.: -2009

3. Mmnaaaxanos B. I'., Myaaaxonos P.B. (2009) O6 oanom Meroge aHaam3a
YCTOMYMBOCTU AVHENMHBIX KpynHOMacIITaOHbIX cucteM. // ITpob6aemsr mexanmkm. No 2-3.
TamrkeHT.

4. MapteiHiOKk A.A., Myaaaxonos P.B. (2010) K Tteopum ycroiumsoctu
CTallMIOHAaPHBIX AMHEIHBIX KpyITHOMacITaOHbIX cucteM. //IIpukaasnas mexanuka.- 46, No4.

5. MaprteHiok A.A., Myaaaxonos P.B. (2010) O6 ogHoM MeToAe 1ccaeAOBaHNS

yCTOMYMBOCTY HEAVHEIHBIX KpyITHOMacITabHbIX crcteM. // IlpukaaaHas mexanuka., 46. —
C 125-134.

6. Myaaaxonos  P.B. (2016) Anpaams  yCTOMYMBOCTM  HEKOTOPBIX
KpyITHOMAacIITabOHBIX crCcTeM, MOHOTpadusl, AHAVKaH.

ISSN 2277-3630 (online), Published by International journal of Social Sciences &
Interdisciplinary Research., under Volume: 15 Issue: 01 in January-2025
4 https://www.gejournal.net/index.php/IJSSIR

Copyright (c) 2025 Author (s). This is an open-access article distributed under the terms of
Creative Commons Attribution License (CC BY). To view a copy of this license,
visit https://creativecommons.org/licenses/by/4.0/




