OUTLINE OF THE COURSE

“APPLIED CONTROL THEORY”  

1. Basic mathematical methods for continuous non-linear dynamical systems 

1.1. Phase portrait methods. 

Dynamical system. Conservative and dissipative systems. Hamiltonian Eqs. Phase space. Liouville theorem. Poincare mapping. Poincare index.
Phase portrait of dynamical system. Main characteristics of phase portrait. Attractors. Examples.

1.2. Strange attractors. Important example: Lorenz system. Liapunov methods. 

Strange attractors. Their fractal structure. Hausdorff dimension. Renyi dimension. Lorenz system. Its properties (homogeneous, symmetric, dissipative, finite). Stable points. Lyapunov stability. Lyapunov exponents for Lorenz system. Lyapunov dimension. 

1.3. Chaos and its characteristics.

Chaos in dynamical systems. Its qualitative and quantitative characteristics. Power spectrum. Auto-correlation functions. 

2. Subject and methods of applied control theory
2.1. Basic definitions. 

Models of controlled systems. Two cases of controlled models: coordinate control & parametric control.  Control goals. Open loop (feedforward) control. State feedback. Output feedback. Excitation (generation) of chaotic oscillations = chaotization = anticontrol.
2.2. Methods of open-loop control.

Control by vibration. Kapitza averaging procedure for open-loop control. Kapitza pendulum. Modifications of averaging procedure.
2.3. Methods of closed-loop control. 
Gradient method. Goal function. Speed gradient method. 

3. Control in physical systems
3.1. Control in conservative systems

Hamiltonian systems. Energy control. Control algorithm. Goal achievement. Fradkov – Pogromsky theorem. Examples.

3.2. Control in dissipative systems 

Dissipative systems. Feedback resonance. Excitability index. Speed-gradient scheme.

4*. Special forms of control: excitation & chaos

4.1. Excitation synchronization

Excitation of two coupled oscillators. Relay control scheme.

Synchronization of linear systems. Master-slave system. Synchronization of non-linear systems. High-gain observer.

Speed gradient method in synchronization. 

4.2. Control of chaos

Pecora – Carrol concept of synchronization in chaotic systems. Master – slave system. 

Pecora – Carrol scheme for the Lorenz system. 

5*. Control in quantum systems

