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Introduction numerical solutions to such a private issue with the
As we know, the molecular behavior of a help of MATLAB software.
chemical reaction in the process of chemical
technology is the number of molecules that participate Example 1. As a test, we first solve the Cauchy's
in the reaction. Molecular reactions are divided into problem with the 4-order Runge-Kutta method
three types: multi-, two- and three-molecular. A [5,7,8]:
muItim(_)IecuIar type reaction_is A —>BorA—>B+C, Vi=VY,, Y,= ZY12 (1—4x2y1),
and a bimolecular type reaction is A + B — C or 2A 1)
— B. Three-particle reactions are rare, with the $1(0)=1, y,(0)=0.
reaction of three particles colliding. Let us take a look Solution. The exact solution to the problem (1)
at the model of Lefever and Nicolis (1971), which is has the form:
called the problem «Brusselator». In this case, a 1 2X
bimolecular reaction is studied and the reaction of six Yi= W Yo = _W'
substances is studied [5,7,8]. The following are X
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Below are the results of a numerical solution this figure shows the existence and uniqueness of the limit
Cauchy's problem (1) with the MATLAB program in cycle [1,6,10].

the segment x<[0;5] (Fig. 1). The phase portrait in the
5 T T T T T T T T T

a) ' ' x e by h e
Fig. 1. Graphs of the results approximate solution of the test system (1)
(a— graphs of functions y1(x) and y2(x); b — phase portrait).

Example 2. Now let's look bimolecular reaction
reducible to the two-dimensional «Brusselator

Vi =1+ Y7y, —(a+1)y, Yo=YV,

problem. for simplicity, assume that according to the . y1(0) =1, ¥2(0) =3. . )
law of mass interaction, excluding the effects of two Solution. The resul?s ofacorre.spondlng study of
substances on the reactions of other substances, system .(2) Of. nqnllnear ordinary  first-order
amount of two substances constant, two substances differential equations in the MATLAB program by the
have no effect on the reaction of the rest of the Runge-Kutta method at o= 0,1,2,3 (the dependgnce of
substance. In this case, the Cauchy problem will be system components on time and phase portraits) are

represented by a system of two nonlinear ordinary shown in Fig. 2-5[1,3,9,10].

first-order differential equations [5,7,8]:

35 T T

5 6 E
a) x b) Vi)
Fig. 2. Graphs of the results approximate solution of the system (2) at a =0
(a—graphs of functions y1(x) and y2(x); b — phase portrait).

a) % ’ b) ) - yi(x)
Fig. 3. Graphs of the results approximate solution of the system (2) at ¢ = 1
(a— graphs of functions y1(x) and y2(x); b — phase portrait).
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' Thjs system has a unique singular point that y; ,y, or (y, +Y,) are positive or negative,

Y; =Y, =0 aty1=1,y,=a. The linearized equation which means that all solutions to this system are

around this point is nonlinear only for o > 2. limited. Thus, at > 2 has a limit cycle, and numerical
Continuing to study the field of research, we conclude calculations show that it is unique.

3 e ?

25H 25

y2(x)

o 20 K B E .
a) x b) Vi)
Fig. 4. Graphs of the results approximate solution of the system (2) at a = 2
(a — graphs of functions y1(x) and y2(x); b — phase portrait).

8 N 5

45
36 pnenc]-s

— 3

a) X * b) ‘ 7 7 y1(x)
Fig. 5. Graphs of the results approximate solution of the system (2) at a = 3
(a — graphs of functions y1(x) and yz(x); b — phase portrait).

To confirm the above, we refer to the Zonneveld — 3 5. 7 — 13— 1 —
method. The calculations of the Sonneveld method for ks=hf [Xi + Zh' Yi+ By ky + §k2 + 3 ks — 3 k4j
two systems of first-order differential equations given here
above have the form [6]: —
- - 1—- 7— 7— 13—~ 16— Yi = (Y2(X), Y2 (X))
Yia =¥it (_E K+ 3 ko + 3 ks + 6 Ky = 3 k5)’ Results of computational experiment of
- — — — Zonneveld method (Fig. 6-8):
k=hT(x.y,), ke=hf(x+h,y, +k;),

_ 1 1—
k,=hf| x +=h,y. +=k, |,
2 (u 5 Yi 5 1)

k,=hf|x +=h,y. +=Kk, |,
3 (XI+2 y|+2 2)
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sst
y1(X)
30 F
[ EL ‘ 10 """‘ : ‘ ‘ 1‘5 ‘ ""'"" : 5‘0
Fig. 6. Graph of approximate solution of function yi(x).
[ 5 10 2
Fig. 7. Graph of approximate solution of function y2(x).
s ya(X)
% L
3 3 e
an,
, . '.......
..... - ) ......
kX yai(x)
05 1.0 15 2.0 25 e
Fig. 8. Phase portrait.
Example 3. The interactions of six substances in a-1 1 -1
the three-dimensional case were studied. According to
the law of inter-influencing masses for simplicity, 5: -—a -1 1
these two substances do not affect the reaction of the - 0 -1

rest of the substance; the amount of one substance is
constant; three substances are involved in the reaction.
In this case, the Cauchy problem will be represented
by a system of three nonlinear ordinary first-order
differential equations [5,7,8]:

i =1+y7y, = (ys + Dy,
Yo =YiYs = YViVar Ys=-YiYs+a.

The initial conditions for this problem are of the
form: y1(0)=1; y2(0)=1+a; ys3(0)=1+a .

Solution. This system (3)aty1 =1,y =yz3 =«
has one singular point:

©)

The characteristic polynomial of this matrix has the
form

A+B-a)¥+(B3-2a)1+1=0

and it satisfies the stability condition only when
condition & < (9—+/17)/4=1.21922 is satisfied
(that is, the real part of the root of the polynomial is
less than zero).

If we continue to study the field of study, we will
see that there is a limit cycle only if the value of o
increases from 1.0 to 1.5. The proof of the above
considerations in the MATLAB program by the

Runge-Kutta method is shown in Fig. 9 (x = 20, a =
1) [1,4,10].
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a) x

20
b)

¥20) 0o yi(x)

Fig. 9. Graphs of the results approximate solution of the system (3) at x=20, a=1 (a — graphs of functions
y1(x), y2(x) and y3(x); b — phase portrait).

Taking into account (3), we construct the
trajectory of the system of ordinary first-order
differential equations (y1, Y2, Yys) in space, its
projections (y1, ¥2), (Y2, ¥3), (Y1, ¥3) in the planes at o =
1.5, x = 50, 100, 500, 1000, 5000. The results

Thus, numerical calculations show that the entire
solution of this system has a limit cycle at o <2; If we
increase the value of a, we will see that the limit cycle
disappears.

Example 4. Assume that according to Example
3, a solution to the following DDE is required
[2,5,10]:

2

d)
Fig. 10. Graphs of the results approximate solution of the system (3) at x=12, a=1.5
(a— phase portrait; b, ¢, d — graphs of functions (y1, y2), (y2, y3), (y1, y3) in the planes).

remained virtually unchanged (Fig. 10). If we increase
the value of «, then we will see that the mentioned
limit cycle “explodes”, that is, y1 — 0, Y2, Y3 — o as X
— 00,

yix)

yi(t) =1+ Y, ()Y, (t =)y, (1) - Y, (1) (¥5 (1) +1),
Y2 (1) = Vi (1) Ys (1) - Y1 (D), (t =)y, (1),
Y3 () ==y, (t)y;(t) +ar.
Here functions yi(t), y2(t) and ys(t) are time-dependent
t changes in the amount of substances, and 7 denotes

time delay. The initial conditions for this problem are
of the form: y1(0)=1; y2(0)=1+ «; y3(0)=1+ a.

(4)
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Solution. For 7z = 0, we obtain a solution to
Example 3. The proof of the above considerations in
the MATLAB program by the Runge-Kutta method is
shown in Fig. 11 (¢=1.0, t=50: 7= 0 (a) and =2 (b))

2

1571

¥4lt)

0.5
o 2 4 a8 8 10 12 14 16 18

a) t

20

b)

and Fig. 12 (a=1.5: t=50 (a) and t=500 (b)) [1,4,6,10].
Here the same thing, the conclusions of Example 3 are
repeated.

Fig. 11. Graphs of the results approximate solution of the system (4) at a=1 (a — graphs of functions y(t), y2(t)
and ys(t) (z=2); b — phase portrait (z= 2 - solid line, =0 - dashed line)).

Fig. 12. Graphs phase portrait of the results approximate solution of the system (4) at a=1.5: t=50 (a) and
t=500 (b) (r=2 - solid line, =0 - dashed line).

Conclusion.

In this paper, we applied the numerical method
for solving nonlinear ODE and DDE. It was shown
that this metod provides an approximate solution
which is closer to the real solution. We offer a
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