IOPSClence iopscience.iop.org

Home Search Collections Journals About Contactus My IOPscience

The Painlevé test for nonlinear system of differential equations with complex chaotic behavior

This content has been downloaded from IOPscience. Please scroll down to see the full text.
2017 J. Phys.: Conf. Ser. 788 012035
(http://iopscience.iop.org/1742-6596/788/1/012035)

View the table of contents for this issue, or go to the journal homepage for more

Download details:

IP Address: 46.216.181.42
This content was downloaded on 09/02/2017 at 10:48

Please note that terms and conditions apply.

You may also be interested in:

Low Frequency Waves and Turbulence in Magnetized Laboratory Plasmas and in the lonosphere: Diagram
methods
H Pécseli

Integrability: mathematical methods for studying solitary waves theory
Abdul-Majid Wazwaz

A symmetric system of mixed Painlevé IlI-V equations and its integrable origin
H Aratyn, J F Gomes, D V Ruy et al.

Isomonodromic problem for. analogue of the Painlevé equations
| Yu Gaiur and N A Kudryashov

Equivalence transformations in the study of integrability
Olena O Vaneeva, Roman O Popovych and Christodoulos Sophocleous

Infinitely many generalized symmetries and Painlevé analysis of a (2 + 1)-dimensional Burgers
system
Jian-Yong Wang, Zu-Feng Liang and Xiao-Yan Tang

Detection, isolation and fault estimation of nonlinear systems using a directional study
Maya Kallas, Gilles Mourot, Didier Maquin et al.

Asymptotic solutions of a fourth—order analogue for the Painlevé equations
| Yu Gaiur and N A Kudryashov

The approach to thermal equilibrium in the Caldeira--Leggett model
Fethi M Ramazanoglu



http://iopscience.iop.org/page/terms
http://iopscience.iop.org/1742-6596/788/1
http://iopscience.iop.org/1742-6596
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience
http://iopscience.iop.org/book/978-0-7503-1251-6/chapter/bk978-0-7503-1251-6ch30
http://iopscience.iop.org/book/978-0-7503-1251-6/chapter/bk978-0-7503-1251-6ch30
http://iopscience.iop.org/article/10.1088/0031-8949/89/03/038001
http://iopscience.iop.org/article/10.1088/1751-8113/49/4/045201
http://iopscience.iop.org/article/10.1088/1742-6596/788/1/012012
http://iopscience.iop.org/article/10.1088/0031-8949/89/03/038003
http://iopscience.iop.org/article/10.1088/0031-8949/89/02/025201
http://iopscience.iop.org/article/10.1088/0031-8949/89/02/025201
http://iopscience.iop.org/article/10.1088/1742-6596/659/1/012032
http://iopscience.iop.org/article/10.1088/1742-6596/788/1/012011
http://iopscience.iop.org/article/10.1088/1751-8113/42/26/265303

The Painlevé test for nonlinear system
of differential equations

with complex chaotic behavior

V Tsegel’nik

Belarusian State University of Informatics and Radioelectronics, P. Brovki Str., 6, Minsk,
220013, Belarus

E-mail: tsegvv@bsuir.by

Abstract. The Painlevé-analysis was performed for solutions of nonlinear third-order
autonomous system of differential equations with quadratic nonlinearities on their right-hand
sides. At certain values of two constant parameters incorporated into the system, the latter
exhibits complex chaotic behavior. When the parameters attain the values corresponding to
complex chaotic behavior, the system was found not to possess the Painlevé property.

The system of differential equations

t=z @§=-ay—zz, i=z-—b4uxy (1)

with unknown functions z, y, z of the independent variable ¢ and constant parameters a, b
belongs [1, 2] to the class of chaotic systems
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with hidden attractors and line equilibrium. Such systems are important and potentially
problematic in engineering applications, because they allow unexpected and potentially
disastrous responses to perturbations in a structure like a bridge or an airplane wing. In case
a = 1.62, b = 0.2 the system (1) possesses a hidden attractor. Considering, that t is a complex
variable, find out, at what values a, b the general solution of the system (1) has no movable
critical singular points, i.e., whether for (1) the so-called Painlevé property is carried out.
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To solve this problem let us apply to the system (1) formal Painlevé test [3].

The following statements are true

Theorem 1 The system (1) passes the Painlevé test under parameters values a = —1, b = 0.

Theorem 2 The system (1) when a = —1, b =0 is a system of Painlevé-type and does not
possess chaotic behavior.

The validity of Theorem 2 follows from the facts, that

1. The system (1) is equivalent to the equation

TF + (a — 1)ad + 2brid — &% — bi® + abxi® 4+ i* + 2% — axd = 0 (2)
2. The equation (2) when a = —1, b = 0 has the first integral
(i — @)% = C%x2e? — 2242, (3)

where C' is the arbitrary constant. The equation (3) possesses the Painlevé property, since its
solutions are expressed through solutions of the third Painlevé equation under the private values
of the parameters.

3. The unknown functions y,z, incorporated into the system (1), in a rational way are
expressed through z, .

The statement of Theorem 2 is consistent with the well-known hypothesis [4], according
to which the execution for the system Painlevé property with a high degree of confidence is
considered to be incompatible with the randomness of its behavior.

Theorem 3 The equation (2) under parameters values a = 1.62, b = 0.2 possesses chaotic
behavior and does not pass the Painlevé test.

Theorem 4 The system (1) in case a = 0 does not possess chaotic behavior.

Indeed, when a = 0 the system (1) has autonomous first integral m2—2 +y = C, where C is the
constant of integration. The presence of this integral allows us to reduce (1) to two-dimensional
autonomous system. According to [5] solutions of two-dimensional autonomous systems cannot
be chaotic.

Theorem 5 The equation

¥ = 2zi — Axdi — Bai + H(id — %) =0 (4)

under parameters values
a) either H = 0;
b)yor H=-1, A=B=-1
is the equation of Painlevé-type.
Indeed, when H = 0 the equation (4) has first integral

i = Az + Ka? — Bz, (5)

where K is the constant of integration. Integration of the equation (5) is carried out in elliptic
functions.
In case b) the equation (4) coincides with (2) when a = —1, b = 0.
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