Basic information about the subject ( independent of the cycle)

	Module name
	Modelling and Simulations

	Erasmus code
	

	ISCED code
	

	Language of instruction
	English

	Website
	

	Prerequisites
	English

	ECTS points hour equivalents
	Contact hours (work with an academic teacher) 30

Total number of hours with an academic teacher 30 

Number of ECTS points with an academic teacher 
 
Non-contact hours (students' own work)  30

Total number of non-contact hours 30

Number of ECTS points for non-contact hours 
Total number of ECTS points for the module

	Educational outcomes verification methods
	Final exam (take-home)

	Description
	The module covers the knowledge in the area of applied mathematics and numerical methods.

One-step methods (Euler, Runge-Kutta), adaptive one-step methods  (Merson, Dormand-Prince, Fehlberg).

Multistep methods (Adams). Stiff and non-stiff equations.
Autonomous equations, population dynamics, qualitative solutions and equilibrium points, classification of the equilibrium points, the phase space,  periodic solutions, limiting cycles (van der Pol equation), 
Gradient and Hamiltonian methods.  Lyapunov stability. Chaos and stability (Lorentz equations, Solar System). 

	Reading list
	Florin Diacu, An Introduction to Differential Equations: Order and Chaos, Freeman & Co., New York
D. Acheson, From Calculus to Chaos, Oxford Univ. Press.

E.Hairer, S. P.Norsett andG.Wanner, Solving Ordinary Differentia Equations I (non-stiff problems) Springer

	Educational outcomes
	KNOWLEDGE 
The learner should know the  approximate  methods of solving of the systems of  the ordinary differential equations.

The learner should know the basic schemes used in constructing the approximate numerical solutions of the systems of differential equations.
SKILLS  
The learner should be  able to use various numerical techniques to solve the systems of the ordinary differential equations. 
The learner should be able to construct approximate solutions in the closest vicinity of the equilibrium points. 

The learner should be able to interpret  the solutions of the differential equations.
ATTITUDES

Willingness to learn new techniques of solving the differential equations

Awareness of the  necessity of the continuous self-education



	Practice
	


Information about classes in the cycle

	Website
	

	Educational outcomes verification methods
	Final exam (take-home)

	Comments
	Particular emphasis is put on the computer methods.

	Reading list
	Florin Diacu, An Introduction to DifferentialEquations: Order and Chaos, Freeman & Co., New York

D. Acheson, From Calculus to Chaos, Oxford Univ. Press.

E.Hairer, S. P.Norsett andG.Wanner, Solving Ordinary Differentia Equations I (nonstiff problems) Springer

	Educational outcomes
	KNOWLEDGE
The learner should know  approximate  methods of solving of systems of  the ordinary differential equations.

The learner should know the basic schemes used in constructing the approximate numerical solutions of the systems of differential equations.

SKILLS
The learner should be  able to use various numerical techniques to solve the systems of the ordinary differential equations. 

The learner should be able to construct approximate solutions in the closest vicinity of the equilibrium points. 

ATTITUDES

Willingness to learn new techniques of solving the differential equations

Awareness of the  necessity of the continuous self-education



	A list of topics
	One-step methods (Euler, Runge-Kutta), adaptive one-step methods  (Merson, Dormand-Prince, Fehlberg).

Multistep methods (Adams). Stiff and non-stiff equations.

Autonomous equations, population dynamics, qualitative solutions and equilibrium points, classification of the equilibrium points, the phase space,  periodic solutions, limiting cycles (van der Pol equation), 

Gradient and Hamiltonian methods.  Lyapunov stability. Chaos and stability (Lorentz equations, Solar System).

	Teaching methods
	Lectures, demonstrations.

	Assessment methods
	50%   Designing the computer program for solving a system of ODE. 50% test of knowledge.


