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Abstract. Mathematical modeling of differential equationsagplied to problems of physics in the
MatLab/Simulink environment is considered. The Mailsoftware package is designed to provide
analytical and numerical solutions for various neatltical problems and simulate complex
technical objects and systems. The Simulink apgnés of the tools within the MatLab package. It
has major structured, object-oriented, and visualgramming capabilities. When solving the
second-order non-linear differential equation, wseyved small result deviations due to the method
selected and the integration step.
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AuHOTamusi. PaccMOTpeHO MareMarHyeckoe MOJenupoBanue IudPepeHHaIbHBIX YPaBHEHHI
OpUMEHUTENBPHO K 3amadam ¢usuku B cpexe Matlab/Simulink. Taker nporpamm MatlLab
npeHa3HaYeH JUl aHAMTHYECKOrO M YMCICHHOIO PELICHUS Pa3iMYHbIX MATEMATHYECKHUX 33/1ad, a
TaKXkKe Ui MOICIUPOBAHHS CJIOXKHBIX TEXHHYECKHX O0O0bekToB u cucteM. OmHuM U3
HHCTPYMEHTAIBHBIX cpeacTB nakera MatLab seisercs npunoskenne Simulink, koropoe ocHaieHo
MOIIHBIMH ~ BO3MOXHOCTSMH ~ CTPYKTYPHOTO, OOBEKTHO-OPHECHTHPOBAHHOTO W  BHU3YalbHOTO
MpOrpaMMHpPOBaHus. [IpHd pEIIeHHM HETHMHEWHOTO Mud(EepeHIMATBPHOTO YPaBHEHHS BTOPOTO
TOPSIKA TONYIHIIA HEOOIBIITHE OTKIIOHCHHUS PE3YIIbTATOB, CBA3aHHBIC C BBIOOPOM METO/A M IIIaroM
HHTETPHPOBAHHUSL.

Almost all problems of contemporary science canréduced to solving
differential or integral equations [1]. Differentiaquations are widely used in
various branches of mathematics and related s@ehke mechanics, physics,
engineering, chemistry, biology, economics, et¢. This is due to the fact that
such equations can be used to solve many problerieiworld around us if they
are related to some parameters and their numethealges due to changes in time,
coordinates, and other parameters [3].

The purpose of this paper is mathematical modedindifferential equations
as applied to problems of physics in the MatLabi{8ink environment.

Review the simulation of a free and forced osddlat problem for a
mathematical pendulum. In the general case, theedboscillation equation looks

2
like 9 =

dx?
external momentum and the force of viscous frigtitme differential equation
describing the oscillations of the pendulum willdgressed as follows:

p(x)%+q(x)y+ f(x). If the oscillation system is impacted by the
X

f(t) = (:jtzj’ + 2[3‘3—‘1’ + w20,Sn(wt), (1)
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whereg is the angle of pendulum deflection from the dquiim position, t is the
time, B is the damping coefficienty, is the natural frequency of the undamped
pendulum oscillations, ana and 6, are the frequency and the torque angular
amplitude that affects the pendulum respectively.

Due to the non-linear nature of differential eqomati(1), analyzing it
stipulates some mathematical difficulties. Thugsifeasible to apply the Runge-
Kutta numerical method for solving this equatioh.we consider the phase
trajectory of damping«=0) and forced ¢=1) oscillations withw,=3.13, 6=12,
B=0.4, ©=1, ¢(0)=4CF and ¢'(0)=0, we can study the pendulum oscillations. The
structure chart for the model is shown in Figuré)land the solution results are
presented in Figure 1 (b).
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Fig. 1. Structure chart (a) and solution resultf@)he mathematical pendulum
differential equation

For reference, we provide the solution to this pFobin MatLab. Having
denotedx(1)=o(t), x(2)=¢'(t), we get the vector function of the right sidethe
equation systen{x(2),-2Bx(2) - wZSn(x() + wZB,Sin(wt)}. Make a file function
where we specify the vector of the system rightesihd a script file for the
program code. The program code with the simulatsults is shown in Figure 2.
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functicn F=fun(t,x) B K
global omegal thetal beta omega [R50 SO VO Y L U A A 0 VY D (S FO
F=[x(2); -2*beta*x(2)-omegal*sin(x{1))+omega0*thetal*sin(omega*t)];

end
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Fig. 2 Thé bfogram code for the solution of matagoal pendulum differential
equation in MatLab
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Consider now a second-order non-linear differentiaquation

=Y+ (y)

structure chart will look as shown in Figure 3 (a)the Math Function block (Math
Operations library), we get the squared value ghaiy'(x). We divide the signal
obtained in the Divide block by the value of sigg@) and send the result to the
Sum block. In the Dividel block, we divide the ¢ative signal of the function by
the value ofx and send the result to the Sum block. From theirmeoous linear
Ramp signal in the Fcn block, we get signal 4¢p$ultiply it by signaly(x) in the
Product block, and send the result to the Sum blasla result, we get the required
differential equation at the input of the firstagtator block.

Launch the model and present the solution resklture 3 (b) shows the
phase trajectory of the function and Figure 3 {@ves the function charts fg(x)
andy'(x) depending on the time.

+4yCos(x) with initial conditionsy(1)=1 andy'(1)=1. The model

e Y=y Iy Y 21y +4y"cost). y(1=1, ¥ (1)=1
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Fig. 3. The solution of the non-linear differentgjuation: the model structure (a)
and simulation results (b,c)

As mentioned above, the selection of the solvinghoa for differential
equations impacts the accuracy of modeling reshitthis research work, we used
one-step explicit Runge-Kutta methods of the 2ndl, 3tth, and 5th orders.
Modeling time and step also have a significant iobgan the result accuracy. In
Solver options, there are two integration step mpatars: Max step size and Min
step size. In both cases, it is set to auto byultefia this case, the value of the Max
step size is (Stop time — Start time)/50. This gaki often too big, the modeling
result has nothing to do with the real processs Than explain small discrepancies
between the modeling results obtained via Simu(ifigure 1 (b)) and the MatLab
programming tools (Figure 2). Even though the patans used in these two
options were identical.
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In this work, the method of mathematical modelingswused to study
differential equations as applied to problems oygits in the MatLab/Simulink
environment. We reviewed the character- and nurdbeen solutions for these
problems. We described the blocks from differemb@8ink libraries. We provided
a description of the procedures and results of lsitimg non-linear differential
equations of second order.
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