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Course annotation

Introduction. Open systems. Irreversibility. Historical overview of the structure formation in
nonlinear nonequilibrium systems.

Basics of thermodynamics. Laws of thermodynamics. Equations, which follows from
conservation laws. Kinetic equations describing the transport phenomena (Navier-Stokes, heat
permeability, diffusion). Linear response to the external action. Time symetry and Onsager
reciprocal relations. Fluctuation-dissipation theorem. Relaxation processes. Local equilibrium.
Nonlinear thermodynamics: general criterion of evolution.

Basics of mathematics description of self-organization. Dynamical variables. Fundamental
equations. Spatially homogeneous systems. Phase space and phase trajectories. Crytical points.
Stability according to Liapunov. Systems with one and two degrees of freedom. Classification
of the crytical points. Auto-oscillations. Limiting cycle. Bifurcations. Analysis of the nonlinear
equations in the vicinity of bifurcation. Dynamical equations of spatially inhomogeneous
systems. Criteria of solution stability.

Time-dependent structures and static instability. Compressed bar. Laser generation. Bistability
in chemistry. Triger. Optical bistability. Basics of catastrophe theory. Analogy with phase
trasitions. Mechanical auto-oscillations. Auto-oscillations in electric circuit. Dynamics of
populations. Belousov-Zhabotinsky reactions and other models of chemical reactions.
Oscillations in biology. MAthematical models of evolution.

Spatial structures. General theory of structural organization for the systems far from
equilibrium. Bernard effect. Prigogine-Lefever-Nicolis model. Dissipation structures in
biology. Morphogenesis. Auto-oscillation phenomena. Switchover waves. Running pulses.
Stochastic description. Relative probability. Marcovian processes. Chepmen-Kolmogorov
equations. Kinetic equation. Langevin equation. Fokker-Planck equation. Stationary solutions
of Fokker-Planck equation. Nonequilibrium phase trasitions. Generalized Ginzburg-Landau
equaiton. Nonequilibrium phase transitions at the presence of external fields.

Dynamical chaos. Turbulence. Chaos. Strange attractors.
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