The program of a course « Methods of mathematical modeling: regular and stochastic dynamics».

Professor Bogdanov R.I.

Lecture 1. Concept of mathematical modeling: concept of modeled system (kinds of systems, finite (discrete), denumerable, continuous (continuums). Kinds of models: static, dynamic in discrete and continuous time, stochastic).


 Examples. Functional models (linear Ax=b in economy for a transport problem, concept of linear programming).


 Model of Newton (laws of Newton). The basic kinds of the equations in partial derivatives of mathematical physics (hyperbolic (the theory of a sound), elliptic (the theory of potential), parabolic (stochastic diffusion, heat conductivity)).


Maxwell’s equations.

Lecture 2. Discrete modeling. Concept of graph (oriented, non oriented), stars of vertex, loops of graph, graphs such as a tree.


 Calculation of statements of mathematical logic (simple and complicated expressions). The theorem (without the proof) about a normal form of complicated formulas.


 Concept of probability (geometrical). Space of elementary events, algebra of events. Independence of events. The basic properties of a mean value and a dispersion of random variables. The law of the big numbers.


 Concept of the information, complexity.

Lecture 3. Variation principles of a conclusion of the equations of mathematical physics. Lagrange’s and Hamiltonian’s formalism for the equations of Euler-Newton (classical mechanics).


 Hamiltonian’s formalism. Concept of a flow of a vector field. Liouville’s theorem.

Lecture 4. Classical theory by Kolmogorov–Arnold-Moser. Concept about quite integrable system (commutators). Variable actions - angle.


 The theorem of preservation of conditional - periodic movements.

Lecture 5. Elements of classical quantum mechanics. Classical equation Schrödinger. Concept of quantization (boundary conditions, bases of suitable functional spaces).


 Separation of variables. Concept of a spectrum of linear operator.

Lecture 6. Weakly - dissipative version of the theory by Kolmogorov–Arnold-Moser.


 Adiabatic invariants and their asymptotic. Periodic (steady, unstable, hyperbolic) trajectories.

Lecture 7. Elements of the theory of direct measurements of quantum mechanics by Poincare - Ehrenfest.


 Non-stationary processes of mathematical physics. A principle of invariance for primary measurements by Poincare - Ehrenfest.

Lecture 8. (reserve, survey).


 Whether elements of the theory of linear representations of groups Lee and their algebra (on a matrix example). Approach Schrödinger and Heisenberg.


 Noether’s theorem of laws of preservation at presence symmetry of  system.
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