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ABSTRACT. The solution of the problem mentioned in the title demands that the formation of a defining
system of algebraic equations and its solution be repeated at each discrete time interval. The paper proposes
a special iteration algorithm by which the formulated equation can be solved by a simple operation of multi-
plication of matrices and vectors. The conditions for the iteration process convergence are formulated. The
proposed iteration algorithm can be considered as the description of the process of motion of a system of
particlesin amedium in which the position and motion of particles obey non-stationary geometrical conditions,
in particular with time delay. © 2009 Bull. Georg. Natl. Acad. Sci.
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We consider a system of particles interconnected by constraints when the system is under the action of force or
acts in kinematic conditions in which changes of the physical and mechanical characteristics of constraints, their
damage or rupture may occur.

The algorithm proposed for the investigation of the above-mentioned problem was originally used successfully
for the study of nonlinear oscillations of an arch dam under the action of a strong seismic wave that caused the
opening of the construction jointsin the dam [1].

The application of the algorithm to the investigation
of the dynamic behavior of the system of particles revealed
anumber of interesting phenomenawhich are discussed in
[2, 3].

In the present paper, the question is posed whether it
is possible to replace the stage of solution of a system of
algebraic equations by a special iteration process.

P For the clarity of the discussion, our proposition is
m, illustrated by a simple example of the system of particles
m, which contains three masses interconnected by constraints
x  (by springsin our example) (Fig. 1).
The system of algebraic equations expressing the pres-
Fig. 1. ence of constraints is shown below:

m;
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In the system (1):

e Tisatime step (area timeinterval),

e S, istheinteraction force between the masses,

e 4, are the gaps between the springs and the masses,

* A, isthe contraction or the extension of the spring (i,k) under the action of forces applied to its ends and equal
to one,

e cos(kl,mn) is the cone between the directions (kl) and (mn).

The system (1) can be written in matrix form as follows:

D-S=06"
Let us write the matrix D as the sum of two matrices
D=C+M=
2 2 2 2
Arp LB T cos1312) | L-cos(2312)
m m m m,
2 2 2 2
= A + T cos(12,13) L T cos(2313)
m m mg
2 2 2 2 (2)
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m, mg m, Mg

To the system represented in the form (2) we can apply the iteration process [4]
s=Cc(M-s)+c(s7). 3)

The iteration process (3) has a clear mechanical meaning, while from the computational standpoint it reduces to

a simple operation of multiplication of matrices by vectors.
Special emphasis should be placed on the following important fact: nonlinear effects associated with possible

changes of the physical and mechanical properties of the springs and their damage are taken on by a separate unit
which isthe matrix C. This makesit easy to takeinto account these nonlinear effects when considering the oscillation

process of the system of masses.

Now let usturn our attention to the conditions of convergence of the iteration process described by the expression
(3). Asisknown [4], theiteration process (3) convergesif the matrices C, (C + M) and (C — M) are positive definite.
Below it is shown how these conditions can be formulated in our case.

Thefirst row and thefirst column of the matrix D are multiplied by (\/AB “\JAns ) the second row and the second

column by (JAIZ Ay ) the third row and the third column by (JAIZ A3 ) This operation and further elemen-
tary transformations are shown below.
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Thus the initial matrix D is transformed in theform D=1 +¢M,

1'2

whee e=—
Ay -Agz-Ayg
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Asis known [5], by an appropriate choice of areal number £ we can always obtain the positive definiteness of
the matrix D .

Thus we have shown that the iteration process described by the expression (3) converges provided that the small
timeinterval t is appropriately chosen.

The proposed iteration algorithm (3) can be considered as the description of the process of motion of a system
of particlesin the medium in which the position and motion of particles obey non-stationary geometrical conditions,
in particular with time delay.
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