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MODELING OF OSCILLATORY PROCESSES IN THE
SYSTEM OF LINEAR OSCILLATORS

Eremeev V., Kuzminov V., Sharov S.

A mathematical model is offered for realization of analysis of shake
processes in the system of the constrained harmonic oscillators with
different descriptions at presence of the external loading. A program is
developed that allows constructing vibration paths in the phase space, as
well as finding the time dependencies of deviations and deviation rates
for each element. The test tests of model are conducted and examples of
phase trajectories of shake processes are made.

Keywords: programming language, mathematical model, program,
oscillator system, oscillator, phase trajectories, phase portrait, numerical
methods.

Formulation of the problem. The dynamic state of the system of
connected oscillators is determined by the task of coordinates of each
element in the form of functions from time xi(t), xa(t),...xn(t). The set of
possible states of a vibrational system forms a phase space with n degrees
of freedom. The method of studying oscillations using phase trajectories is
proposed in the works of L.I. Mandelstam [1]. Each point S (t) of the phase
space corresponds to the set of functions xi(t), x2(t),...xn(t). The state of the
vibrational system is determined by the trajectory of moving the point S(t).
The family of phase trajectories forms a phase portrait that determines the
behavior of the system. Analysis of the phase portrait allows you to get
useful information about the oscillatory system, even in those cases where
the analytical decision of the problem is difficult or impossible. Therefore,
the development of methods for constructing phase trajectories and phase
portrait in this situation has practical and actual significance.

The theory of oscillations of mathematical pendulums with one and
two degrees of freedom is set out in a number of publications [1, p.444-
450], [2, p.157-171], [3, p.230-231]. An analysis of the dynamic processes
in a system with 4 or more degrees of freedom for oscillating elements with
different characteristics occurs with some difficulties. In this case, the
analytical solution of the problem is not possible, so the numerical method
Is the only way to solve the problem [2, p. 186-207]. In the paper [4], based
on a simple mathematical model, an algorithm is proposed and a computer
program is developed that allows us to investigate the oscillations in the
system of coupled oscillators. This paper is devoted to the illumination of
the method for constructing phase trajectories in relation to the system of
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coupled harmonic oscillators with different characteristics with four and
more degrees of freedom under conditions of external loading.

Analysis of recent research and publications. Phase portraits in a
system with a number of degrees of freedom n = 1,2 are considered in
detail in the writings [1; 2, pp.75-81]. With a sufficiently large value of n>
100, the problem is reduced to solving the wave equation for a solid solid,
which is considered in many publications [5; 6]. An intermediate case with
n = [4 .. 20] remains little investigated. Our studies allow us to
qualitatively approach the study of oscillatory processes in this area, where
obtaining an analytical solution meets great difficulties.

Formation of the purposes of the article. Consider a system of spring
oscillators with different mass mi and coefficients of stiffness of the ki
springs represented in Fig. 1. Let the left end of the spring of the first
oscillator be fixed, as shown in Fig. 1, and force F (t) acts on the extreme
right mass.

Fig.1 System of n oscillators with external stimulus

Oscillation oscillators with the same masses under the action of force
of the form:

F(t) = ZS:Ai sin(e;t + @) 1)

were investigated in work [4]. The case of related oscillators with different
characteristics of elements under arbitrary power load is considered in the
article. The task of the study was to develop a numerical algorithm for
analyzing phase trajectories in a system of coupled harmonic oscillators.
Main part. According to the second law of Newton, the acceleration
of the motion of the element with the mass mi, shown in Fig. 1, under the
action of forces of elasticity without taking into account frictional forces is
determined by the equation m#&t)=>_F , where x;, — offset element, > F

—amount of forces from the left and right springs, even ki(Xi-1-Xi)+ Ki+1(Xi+1-
Xi), where ki — spring hardness factor. In this case, the mathematical model
of the oscillatory process in the system of n connected oscillators under the
action of force F(t) has the form:
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vi(t)=2%(t);
‘&(t)=%(ki(xi—1 =i )+ Kira (ir1 — X )+ OpF(); 1=1,2,.n (2)
1
X0 =0,Xp+1 =0,kps1 =0;
where Vv, =X(t) — deviation rate, &t) — acceleration, 5/ — a symbol of
Kronecker: 5/=0 at i j, 5/ =1 at i=].

Algorithm of numerical solution of system of differential equations
(2) with initial conditions xi(0)= Xio, Vi(0)= vip was proposed earlier in the
paper [4]. For computing, a computer program Oscil was developed using
the C ++ programming algorithmic language in the integrated environment
of C ++ Builder 2009. The program allows investigating the oscillatory
process in a system of n oscillators with different characteristics under the
action of external load. Initial data for conducting calculations are entered
from the keyboard or from a text file. The results of the calculations are
displayed on the display screen. In particular, it is possible to deduce the
dependence of the velocity of the element with the mass mi on its
displacement, the temporal dependence of its deviation and velocity, and
other characteristics of the oscillatory system.

The testing of the program was carried out by comparing the
calculated time dependences of the deviation x (t), the deviation rate v (t)
and the trajectory of the phase portrait with the known analytical solution
for one harmonic oscillator x(t) = Acos(wt+@)+Bcos(ot+o) [3,p.230-231].

In fig. 2 shows a graph of the time dependence and the phase portrait
of the oscillations that are displayed on the display screen using the Oscil
program for the following initial conditions in the normalized form x (0)
=0.5, v (0) =0, k=1, m=1, w=1, ¢=0. The relative error of calculated
deviations after 1000 oscillations did not exceed 0.001.

As an example, consider oscillations in a system of 4 oscillators with
unit masses, with coefficients of rigidity 0.5, 1, 0.8, 1.5 under the influence
of force F(t)=0.2cos(3t+0.1) — 0.1cos (5t-0.3). The initial deviations in the
calculations were assumed equal to 0.2, 0.1, - 0.1, 0.1, initial speeds - equal
to 0.5, - 0.5, 0.3, 0.1, observation time equal to 50. Phase portraits of
oscillations are shown in Fig.2.
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Fig.2 The graph of the time dependence of the deviation and the phase

portrait, built using the program Oscil
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Fig. 3 Phase pdrrtraits of oscillations in a systerﬁWith 4 oscillators with
different characteristics under the action of force F(t)=0.2cos (3t+0.1) -
0.1cos (5t-0.3)

Conclusions. The oscillator oscillation processes in associated systems
are accompanied by the mutual influence of the neighboring elements on each
other due to the exchange of energies, after which the oscillations cease to be
harmonic. Analytical solution of the corresponding problems in the case of a
large number of degrees of freedom is impossible, so numerical methods can
be considered the only way to analyze the trajectories of oscillations. The
proposed mathematical model allows obtaining complete information on the
time dependencies of deviations and the rate of deviations, as well as the
phase portrait of each element. Test calculations, the results of which are
shown in Fig. 2, showed high accuracy of calculations. Chimeric form of
phase portraits, presented in Fig. 3, reflects a complex picture of oscillations
in a system of several oscillators under conditions of external loading. In this
example, there is no need to talk about periodic oscillations, although it can be
argued that the oscillation trajectories of all oscillators are in the final region
of the phase space. The proposed approach allows us to generalize the
obtained data in the case of nonlinear oscillations, to take into account the
friction in the system and to analyze the resonance phenomena.
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®A30BBIE TPAEKTOPUU B CUCTEME CBSA3AHHBIX
JUHEWHBIX OCIIUJLIATOPOB

Epemees B.C., Ky3semunos B.B, Illapos C.B.

Ilpeonoscena mamemamuueckas mooenv 01 NPOGEOCHUA AHATU3A
KoneOamenbHplX NPOUEcco8 6 CUCHeMe C8A3AHHBIX 2APMOHUYECKUX
OCUUTIAMOPO8 C PA3TUYHBIMU  XAPAKMEPUCMUKAMU HpU  HATUYUU
enewneil nazpysku. Paspabomana npozpamma, Komopasa no3eosnsaem
nOCMpPOUmMy MpaeKmopuu Koaedanuii 6 hazo6om npocmpancmee, a maKHce
Haiimu épemeHHble 3a86UCUMOCIU OMKIOHEHUIl U CKOPOCHmell OMKI10HeHUA
011 Kaxcoozo nemenma. Ilposedenvl mecmoevle ucnvlmanus mooenu u
npueedeHvl npuMepbl azoevlx MPAeKmMopull K0J1e0amenbHbIX NPOUEccos.

Kntouesvie cnoea: azplk npozpammuposanus, mamemamuyecKasn
Moodentb, nPoOpamma, CUCmema OCUUIAAMOPO8, OCUULNAMOp, (a3osvie
mpaexkmopuu, ¢hazosviii nopmpem, YUCIeHHbIe MENOObl.

®A30BI TPAEKTOPII B CUCTEMI 3B’ I3AHUX JITHIMHUX
OCIIMJIATOPIB

EpemeeB B.C., Ky3ssmunos B.B., [llapos C.B.

3anpononosana mamemamuyna mMooensb 0isa NPOEEOEeHHA AHAI3Y
KOIUGAnbHUX npouecie 6 cucmemi NO8’A3AHUX  2APMOHIUHUX
OCUUNIAMOPIE 3 PIZHUMU XAPAKMEPUCMUKAMU 6 YMOBAX 308HIUIHBLOZ20
Haganmaxycennsa. Po3pobaena npocpama, wo 0036011€¢ noodyoysamu
mpaekmopii Koaueanv y ¢hazoeomy npocmopi, 3HAUMU MUMUACOBI
3anexncHocmi GiOXU1eHb ma WEUOKOCHI GIOXUIEHHA O KOMCHOZ0
enemenmy. Ilpoeedeni mecmosi eunpodyeannsa mooeni i HaeeoeHi
npukKaou gazoeux mpackmopii KoaueaaibHuUX npoyecie.

Knwuoei cnoea: mosea npozpamyeanus, mMamemamuyHda MoO0eb,
npozpama, cucmema OCUUIAMOPIB, OCUUNAMOp, (Pazoei mpackmopii,
¢azoeuii nopmpem, uucenvHi Memoou.



