Univerza v Mariboru

UCNI NACRT PREDMETA / COURSE SYLLABUS

Predmet: Nelinearni dinamicni sistemi
Course title: Nonlinear Dynamical Systems
Studijski program in stopnja Studijska smer Letnik Semester
Study programme and level Study field Academic year Semester
Fizika 2. st.

1,2 1,2,3,4

Physics 2" degree

Vrsta predmeta / Course type izbirni / elective

Univerzitetna koda predmeta / University course code:

: . . Lab. vaje .
Predavanja Seminar Sem. vaje Labor\;t(])r Teren. vaje Samost. delo ECTS
Lectures Seminar Tutorial work y Field work Individ. work
15 | 30 105 E
Nosilec predmeta / Lecturer: Vladimir Grubelnik
Jeziki / Predavanja / Lectures: | slovenski/Slovenian
Languages: Vaje / Tutorial: | slovenski/Slovenian
Pogoji za vkljucitev v delo oz. za opravljanje Prerequisits:
Studijskih obveznosti:
Vsaka obveznost Studenta v nacinih ocenjevanja Each student requirement within the assessment
mora biti opravljena s pozitivho oceno. Opravljen methods must be completed with a passing grade.
projekt je pogoj za pristop k ustnemu izpitu. Completed project is a prerequisite for taking the
oral exam.

Vsebina: Content (Syllabus outline):




. Nelinearni dinamicni sistemi v 1D, 2D in 3D
Linearizacija in linearna stabilnostna analiza,
bifurkacijska analiza.

. Nelinearni oscilatorji

Regularni oscilatorji kot konzervativni in
disipativni sistemi (center, limitni cikel),
bifurkacije, bifurkacijski diagram, lokalne in

1. Nonlinear dynamical systems (1D-, 2D-, 3D-

systems) Linearization and the linear stability
analysis, the bifurcation analysis.

. Nonlinear oscillators

Regular oscillators as conservative and dissipative
systems (centre, limit cycle), bifurcations,
bifurcation diagram, local and global bifurcations.

globalne bifurkacije.

3. Kvaziperiodi¢nost, kaos 3. Quasiperiodicity, chaos
Fourier transformation and autocorrelation,
Lyapunov exponents, chaos, fractals and fractal

Fourierjeva transformacija in avtokorelacija,
Lyapunovi eksponenti, kaos, fraktali in fraktalne

dienzije. dimensions.

4. Enodimenzionalne preslikave 4. Onedimensional mappings

5. Stohasti¢no modeliranje (Gillespiev algoritem) 5. Stochastical modelling (Gillespie’s algorithm)

6. Aplikacije 6. Applications
Pomen dinamiénih sistemov v fiziki in na drugih The role of dynamical systems in physics and in
podrogjih:  dinamiéni sistemi v biologiji, other fields: dynamical systems in biology,
okoljevarstvu, ekonomiji, .... environmental science, economy, ...

7. Uporaba racunalniskih programov 7. Using of computer programs

Computer programmes for the implementation of
dynamical systems: DynaSys, Stella, Madonna,

Uporaba racunalniskih programov za
implementacijo dinami¢nih sistemov: Madonna,
C++, Python. CH+, ...

Temeljni literatura in viri / Readings:

Steven H. Strogatz, Nonlinear Dynamics and Chaos with Applications to Physics, Biology, Chemistry, and
Engineering. Perseus Pub., Cambridge, 1994.

Dodatna literatura / Additional Readings:

M. Lakshmanan, S. Rajasekar, Nonlinear Dynamics, Integrability, Chaos, and Patterns, Springer-Verlag
Berlin Heidelberg, 2003.

J. B. Snape, I. J. Dunn, J. Ingham, J. E. Prenosil, Dynamics of Environmental Bioprocesses, Modelling and
Simulation, VCH Verlagsgesellschaft, Weinheim, 1995.

Natali Hritonenko, Yuri Yatsenko, Mathematical Modeling in Economics, Ecology and the Environment,
Springer, New York, 2013.

Strokovni in znanstveni ¢lanki v revijah / Articles published in professional and scientific journals.




Cilji:

Objectives:

¢ Studentje bodo znali kvantitativno analizirati
dinamiko kompleksnih sistemov.

e Studentje bodo razumeli klju¢ne razlike in
karakteristike dinamicnih sistemov v razli¢nih
dimenzijah.

e Uporabiti znanje o dinamicnih sistemih v
naravnih sistemih in drugih podrogjih.

e Uporaba racunalniskih programov za
implementacijo dinamicnih sistemov.

Students will be able to quantitative analyse the
dynamics of complex systems.

Students will be able to understand basic
differences and characteristics of dynamical
systems in different dimensions.

Using knowledge about dynamical systems in
the nature and the other fields.

Using computer programs for the
implementation of dynamical systems.

Predvideni Studijski rezultati:

Intended learning outcomes:

Znanje in razumevanje:

o Uporabiti pridobljeno znanje pri kvantitativni
analizi dinamike kompleksnih sistemov.

e Razloziti klju¢ne razlike in karakteristike
dinamicnih sistemov v razli¢nih dimenzijah.

e Razumeti deterministi¢no in stohasti¢no
modeliranje.

e Uporabiti znanje o dinamic¢nih sistemih v fiziki
in prenos znanja na druga podrocja.

e Znati uporabljati racunalniske programe za
implementacijo dinamicnih sistemov.

Prenesljive/klju¢ne spretnosti in drugi atributi:

e Metode kvantitativne analize dinami¢nih
sistemov so univerzalne in jih je mogoce
uporabiti na najrazlicnejsih podrogjih.

e Poudarek je na prenosu znanja s primerov iz
fizike na podrocja biologije, ekologije,
ekonomije, ...

Knowledge and Understanding:

apply this knowledge at quantitative analysis of
the dynamics of complex systems.

explain the basic differences and characteristics
of dynamical systems in different dimensions.
Understand the deterministic and stochastic
modelling.

Apply the knowledge about dynamical systems
in physics to other fields.

Using computer programs for the
implementation of dynamical systems.

Transferable/Key Skills and other attributes:

Methods for quantitative analysis of dynamical
system are universal and can be implemented in
different fields of research.

In particular, a knowledge transfer from
examples in physics to examples in biology,
ecology, economics, etc. is emphasised.

Metode poucevanja in ucenja:

Learning and teaching methods:

Predavanja
Teoreti€ne vaje

Vaje na racunalniku
Eksperimentalno delo

Lectures

Theoretical exercises
Computer exercises
Experimental work

Nacini ocenjevanja:

Weight (in %)

Delez (v %) /

Assessment:




e ustniizpit 50 e oralexam
e projekt 50 e  project
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