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AHHOTAIUA

Xosupeu  eaxkmoa "xaomuk  HOWUBUKAIU ~ OUHAMuK  cucmemanap”
MaAmeMamuKanune dHe NONYaap UyHanuwaapuoan oupuoup. Pean xooucanapnune
akcapusmu yu3ukau amac. Yuwoy maxonraoa ous ¢paxman gueypaiapru Komniomep
oacmypiaul OpKamu maceupiawHy ypeanamus. @Ppakmannap uuuKIu OyImacau
xooucanapea xamvuii boenuxoup. Hcaax Hromown oaspuoa xap oup pean xoouca
mapmubnu  éxu MypeyH OdKAHAUSU XaKuodazsu UIMUL Kapauwiiap masxicyo 30u.
Ketiunuanux Ilyanxape [2] kyneuma pean xooucanap mypayH SMac, SbHU Viap
"mapmubcu3” skanaueunu ucoomnaou. bupunyu mapma Gpaxkman gueypanrap
komniomepoa benya Manoenbpom momonuoan 1980 tiunoa |I1BM komnanuscunune
oup Heuma oacmypuunrapu oOunau xKyzamunead. Keuunuanuxk Manoenvopom [4]
myniamu natoo o0ynou, oy ¢paxman, Kwoaua [l] myniamnapunune sHe myxum
xoccanapu 8a peeyasap, mapmubcusz xooucaza Ooauxoup. Ywby maxonada oOusz
Gdpaxman ueyparapuu oauul 6a YiapHu mabuuil X00UCAIapHuHe Aupum coxailapuod
KYAIau YYyH Uaab yukuiaémean KomMniomep 0acmypunu ypeaHamus.

Kanum cyznap: Hcaax Hromon, "xaomuk Houusuxiu ounamux cucmemanap",
"mapmubcu3z”.

METO/IbI UHCCJIEAOBAHUSA MOJAEJIUPOBAHUSA ®PAKTAJIBHBIX
OUT'YP C MOMOIIIBIO KOMIITBIOTEPHBIX ITPOI'PAMM
AHHOTAIUA

B nacmosawee epemsa «xaomuueckue HenuHeliHvble OUHAMUYECKUE CUCTNEMbLy»
AGNAOMCS HauboNee NONYIAPHLIM PA30eioM MAmemMamuiecko20 MoOeIupo8aHusl.
MHnozue signenus peanvroll dHcusHU HeluHeliHbl. B nacmosweti cmambe Mol uccieoyem
Mooenupoeanue  (pakmanbHulx  Queyp ¢ HOMOWDBIO  KOMNbLIOMEPHO20
npoepammuposanus. Dpaxkmanbl  HAXOOAMCSA 6  CMPOOU  3ABUCUMOCMU  C
HeluHeluHviMU aeieHusmu. Bo epemena Hcaaxa Hwlomomna cywecmeosano Hayunoe
MHeHUue, Ymo Kadicooe peanvbHoe SGleHUe 3aKOHOMepHO unu cmadbunrvro. llozonee
Ilyanxape [2] 3amemun, umo MHO2UEe U3 pealbHbIX AGNEHUU He ABJAIOMCA
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pe2yIAPHbIMU, M. e. «xaomuyecKkumuy. Bnepevie ¢ppakmanvhvie gueypvl Hab0Oan
Ha komnviomepe benya Mandenvbpom ¢ HeCKOILKUMU NPOSPAMMUCIAMU 8
komnanuu IBM & 1980 200y. [lo3oice nosasnsemcs mroxcecmseo Manoenvopoma [4],
aensaueecs GpakmanbHblM, 8aANCHEUUUM UHCIMPYMEHmMOM MHodcecms XKioaua [1] u
CMpo20 3a8UCUM OM HepecYyIsapHo2o AeleHus. B Odannou pabome mbl usydaem
PA38UBAIOWYI0 KOMILIOMEPHYIO NPOSPAMMY OJisl NOJYYeHUs PpaKmanivHblx ueyp u
NPUMEHEeHUsl UX K HEeKOMOPOU 001acmu NPUpOOHbIX S6IeHULL.

Knrouegwvie cjioea. Hcaaxa HbiOI’I’lOHCl, «xaomuueckue Heaunelnvle
ouHamuyecxKue cucmemsl)), «<xaomudeCKumu).

METHODS FOR STUDYING THE SIMULATIONS OF THE FRACTAL
FIGURES WITH COMPUTER PROGRAMS
ABSTRACT

At the present time “chaotic nonlinear dynamical systems” is the most popular
branch of the mathematical modeling. Many of real life phenomena are nonlinear. In
the present paper we investigate the simulations of fractal figures by computer
programming. Fractals are strictly dependence with the nonlinear phenomena. There
was scientific view that every real phenomenon is regular or stable at the time of
Isaac Newton. Later Poincare [2] observed many of the real phenomena are not
reqular i.e. they are “chaotic”. At first time fractal figures observed on the computer
by Benoit Mandelbrot with several programmers of at the company IBM in 1980.
Later appears the set of Mandelbrot [4] which is fractal, the most important tool of
the sets of Julia [1] and strictly depends on the irregular phenomenon. In this paper
we learn the developing computer program to obtain fractal figures and apply them
to some area of natural phenomena.

Keywords: Isaac Newton, “chaotic nonlinear dynamical systems”, “chaotic”.

INTRODUCTION

Let x,, = f(x,,c) is the mapping on R to itself.

Definition 1. The set of points {x, |x,,, = f(x,,c)} is called the orbit of x, for
f(x,,c) mapping.

Definition 2. If the set of points {x, |x,,, = f(x,,c)} if consist only one point
then x, is called fixed point for f(x,,c) mapping.

Definition 3. A complex geometric pattern exhibiting self-similarity in that
small details of its structure viewed at any scale repeat elements of the overall pattern.
Definition 4. The filled Julia set K(f(x,,c)) of a mapping f(x,,c) is defined as

the set of all points x € R, that have bounded orbits with respect to mapping f(x,,c)
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K(f(x,,c))={x| £"(x,c) o as n — o
Definition 5. The Julia set is the common boundary of the filled Julia set
J(F(x,,¢))=a(K(f(x,,c)))
Definition 6. The Mandelbrot set M(f(x,,c)) for the mapping f(x,,c) is the

set of all points ¢ on the parameter plane (or line), which the orbits of the all critical
points are bounded.
Definition 7. If the orbit have following three properties then it is chaotic:
I. Dense periodic points.
ii. Transitivity.
Iii. Sensitive dependence of initial condition.
1.  Algorithms for developing computer programs

First algorithm is for filled Julia set on Euclidean plane for the mapping
E :{Xm—l = f(Xn,yn, p)

Yoa = 90X, ¥y, )
where p and g are parameters
Algorithm JS. (For filled Julia set)
X=Xmin-step
while x< xmax {
y=ymin-step
X=X+step
while y< ymax {
y=y+step
k=0
x1=X
yl=y
while (x1*x1+y1*y1<R) and (k<N) {
k=k+1
Xxm=x1
x1=f(x1,y1,p)
y1=g(x1,y1,0) }
if k=N then Print(x,y) 1}
Second algorithm is for Mandelbrot set on Euclidean plane for the mapping
E :{Xm—l = f(Xn,yn, p)

Yo = 9(X,. Y, 0)
where p and g are parameters.
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Algorithm MS. (For Mandelbrot set)

X=Xmin-step

while x< xmax {

y=ymin-step

X=X+step

while y< ymax {

y=y+step

k=0

x1=x

yl=y

while (x1*x1+y1*y1<R) and (k<N) {

k=k+1

xm=x1

x1=f(x1,y1,p)

y1=9(x1,y1,q) ¥

if k=N then Print(p,q) 1}

2. Examples

Example 1.

In this example we show filled Julia sets for following mappings on R? to itself

F:{Xn+1=xn2—y§+ P

You = 2%, Y, +0.

In our program we chosen R=6, N=50 xmin=-2, xmax=2, ymin=-2, ymax=2,
step=0,0001.

If p=g=0 then filled Julia set is unit circle center on origin Fig 1.

If p=0,25 and q=0 then filled Julia set is called the “cauliflower” Fig 2 which

example of the fractal.
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If p=-0,75 and g=0 then we get Fig 3.

When p=-0,1 and q=0.8 then our fractal is called Doudy’s rabbit every where
two ears. by name of American mathematics Andrean Doudy Fig 4.

When p=0,360284 and g= 0,100376 then filled Julia set is in Fig 5.
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Fig: 5,
The sets of all parameters (p,q) which corresponding filled Julia sets are
connected is Mandelbrot set Fig 6.

A

—

P

Fig. 6.

Example 2.
In this example we show filled Julia sets for following mappings on R? to itself

Xom = Yo+
F : n+l yn p (2)
yn+1 = Xr? + q

In this case filled Julia sets are regular rectangle for (p,q) in M fig 7.
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Fig. 7.
And Mandelbrot set for (2) mapping is in fig 8.

— T"

Fig. 8. |

Example 3. In this example we consider one dimensional logistic mapping is
applicable for epidemic satiation.

X :j“xn (l_xn) (3)
The bifurcation diagram [2] for logistic mapping is in Fig 9.
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Fig. 9.

We can find proof of these theorem from [1], [3].

Theorem 1. There are exist on boundary orbits of the mapping (1) that they are
chaotic.

Theorem 2. If p=g=-2 then the orbits of the mapping (2) are chaotic.
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