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Classification of chaotic attractors

Chaos generated by nonlinear dynamical systems was discovered in the middle of 20
century. Chaotic dynamics if fundamental property of nonlinear systems, which was observed
almost all areas of science. During this time a lot investigations of different chaos properties
were carried out, scenarios of formation chaos were described, a lot different dynamical models
with chaos were suggested, and different approaches where dynamical chaos was used were

developed.
https://www.behance.net/gallery/7618879/Strange-Attractors
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Analysis of equilibrium points stability
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Afraimovich-Shilnikov’s scenario,
quasiperiodic generator
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Lyapunov exponents

The simplest way to detect chaotic dynamics is to calculate the largest Lyapunov
exponents. In dependence on the spectrum of Lyapunov exponents can be classified different
types of oscillations:

- periodic oscillations O, -, -, ...);
-quasiperiodic oscillations 0,0,...,0,--...)
-chaotic oscillations (+,0,--..)
-chaos with additional zero LE (+0,...,0,- - ...).
-hyperchaotic oscillations +,+,...,+0,- - ...
. hey |
Ak n|L

k=1,2..,N

At the present in literature there is a lot examples of models with hyperchaos, but the
question about scenarios of occurring hypechaos and chaos with additional zero LE is open.



Scenarios of birth of hyperchaos
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FIG. 3. (Color) First three

Lyapunov exponents of the
coupled Rossler system.

Scenario: (i) the saddle-repeller bifurcation of a particular unstable periodic
orbit usually of low period, (ii) the appearance of a repelling node in the
saddle-node bifurcation, after which the chaotic attractor becomes riddled,
(iii) the absorption of the repeller originally located out of the attractor by the
growing attractor.



ShilnikoVv’s discrete attractors

Andronov-Hopf
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Figure 12: A sketch of scenario of the emergence of a discrete Shilnikov attractor.
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Rossler, O. E. (1979). An equation for hyperchaos. Physics Letters
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m regme A1 A, As Aa Two-dimensional projections of phase portraits in
012177 P-72 0.0000 -0.0010 -0.0011  -0.0866 the Poincare section by surface x = 0, g = 0.2407;

0.12176 T 0.0000 0.0000  -0.0004 -0.0882

0.12175 HC  0.0002 0.0001  0.0000  -0.0890 a) m=0.12177; b) m=0.12176; ¢) m=0.12175
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The dependence of the three largest Lyapunov : :
exponents on the parameter m in the transition from 15 g
torus to hyperchaos at g=0.2407
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m regime Aj Ao A3 Ay

0.1219 P-28 0.0000 -0.0044 -0.0062 -0.0779
0.122 1 0.0000 0.0000 -0.0021 -0.0863
0.12205 HC 0.0016  0.0008 0.0000 -0.0907
0.1223 HC 0.0031 0.0014 0.0000 -0.0925

Two-dimensional projections of phase portraits in the
Poincare section by surface x =0, g = 0.2407;
a) m=0.1219; b) m=0.122; ¢) m=0.12205; d) m=0.1223
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Xmax

m=0.112,
m=0.115, y=0.2, d=0.001
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Phase portrait of the torus
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g=0.236, y=0.2, d=0.001
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-0.2f

N 017 g=0.236, y=0.2, d=0.001
-0.18 ~~ 252-component 1"47H
% 28-component 7"47H
e a) m = 0.124457465;
P A ? b) m = 0.12445748;
s TR c) m = 0.1244620.
N purple - period 252, blue - 504,
02 ~ & 00 green - 1008. purple is saddle-
focus of period 28.
_O"ll | ‘Z ‘Z Cycle period m
-0.17 28 0.124370616
56 0.124427167
112 0.124450152
224 0.124455662
¢ e e i

Cycle period m

252 0.1244564989
504 0.1244571880
1008 0.1244574263

I1xdx

TABLE II1. Bifurcation values of the ?arameter m for the first steps
of the cascade for unstable cycle

ng.




dopMUpoBaHUe rmnepxaoTMyecKkoro MHoOXeTcBa

- ceano-ysnosasa budpypkaumns poxageHus napbl ceanoBbiX LMKNoB (2,1) n (1,2);
- Budpypkaumns yaBoeHusi nepmoaa ceasioBoro umkna (2,1);

- BudpypkaLusa poxkaeHus Topa.
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HeaBTOHOMHbLIN reHepaTop AHMLLUEHKO-ACTaxoBa

Model

X=mx+y—xz,

y=—X

z=—gz+1(x)x’,

) = {O,XSO,
ILx>0

Chart of dynamical regimes



