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Course annotation

Qualitative and quantitative research methods of nonlinear dynamical systems are
considered. The main concepts of nonlinear dynamical systems, such as a phase space, a fixed
point, a limit cycle, stability and others are introduced. Asymptotic methods to solve nonlinear
differential equations are studied: multiple-scale expansion method, averaging method and
harmonic balance method. Various third-order chaotic dynamical systems and their physical
models are discussed. A large part of the course is devoted the bifurcation theory. This theory
examines the qualitative changes in a nonlinear dynamic system when the system control
parameter is varied. When a nonlinear system is close to the bifurcation point, it can be described
by a universal analytical model. Students should master the applications of nonlinear dynamic
methods in solving specific problems of nonlinear dynamics.

The aim of the course is to acquaint with modern research methods of nonlinear dynamical
systems and to form practical skills of their application.

The course is based on the following topics: qualitative and quantitative research methods
of nonlinear dynamical systems; studies of phase portraits of various physical systems; fixed
points and their classification; limit cycles, Liapunov functions, Puankare and Bendixon
theorem, theory of self-oscillations: quasi-harmonic and relaxation oscillations, asymptotic
methods (multiple scale method, averaging and harmonic balance methods), synchronization of
nonlinear oscillators; non-autonomous systems: forced oscillations of a nonlinear oscillator,
parametric resonance; bifurcation theory: saddle-node bifurcation, transcritical and pitchfork
bifurcation, supercritical, subcritical and degenerate Hopf bifurcation, global limit cycle
bifurcations: saddle-node bifurcation of limit cycles, infinite period bifurcation, homoclinic
bifurcation; chaos theory: Lorentz system and other third-order chaotic systems, first- and
second-order Poicare maps, topological characteristics of strange attractors, chaos occurrence
scenarios, computer algorithms for determining strange attractor characteristics,
synchronization of chaotic systems, control of chaos.
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