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Pogoji za vkljucitev v delo oz. za
opravljanje studijskih obveznosti:

Veljajo splosni pogoji za doktorski studij.

Vsebina:

. Matematic¢ne osnove: Definicija
Hilbertovega prostora: metrika v
Hilbertovem prostoru. Ortogonal—ni in
ortonormirani sistemi funkcij v prostoru
kvadrati¢no integrabilnih funkcij.
Lastnosti linearnega operatorja.

. Matemati¢no modeliranje:
Definiranje robnega in zacetnega
problema v fiziki trdnih teles. Fizikalno
matematicne povezave med primarnimi
in sekundarnimi spremenljivkami.
Bistveni in naravni robni pogoji.
Moznosti analitiCnega reSevanja.

. Integralske formulacije:
Formuliranje robnega problema v
integralski obliki. Osnovna, Sibka in
inverzna oblika integralske formulacije.
Stavek o stacionarni vrednosti
kvadrati¢cnega funkcionala.

. Aproksimativno resevanje:
Postopki aproksimativnega reSevanja
operatorske enacbe A.u=f z variacijsko
formu—lacijo (metoda ortonormiranih
vrst, Rayleigh-Ritzov postopek, metode
uteznih ostankov, Courantova metoda).
Aproksimacijske funkcije z lokalnim
delovanjem.

. Napredne metode
aproksimativnega reSevanja: Variacijska
obravnava integralsko formuliranih
robnih problemov. Prostorska
diskretizacija, lokalno omejena
aproksimacija osnovne spremenljivke.
Vloga izbire variacijskih funkcij za
ucinkovito resevanje problema.

Predavanja/Lectures:

Anglescina, Slovenscéina

Anglescina, Slovenscéina

Prerequisites:

General prerequisites for the third level
studies.

Content (Syllabus outline):

. Mathematical basics: Definition
of Hilbert space: metrics in Hilbert
space. Orthogonality and orthonormal
systems of functions in the space of
quadratic integrable functions.
Properties of linear operator.

. Mathematical modelling:
Definition of boundary and initial value
problem in physics. Physical and
mathematical relations between primary
and secondary variables. Dirichlet,
Neumann, Robin etc. boundary
conditions. Feasibility of analytical
solution.

. Integral formulations:
Boundary value problem in integral
form. Principal, weak and inverse form
of integral formulation. Theorem of
stationary value of quadratic functional.

. Approximate solution:
Procedures for approximating solution of
equation A.u=f based on variational
formulation (method of orthonormal
series, Rayleigh-Ritz procedure, method
of weighted residuals, Courant method).
Local based approximation functions.

. Advanced methods of
approximate solutions: Variational
approach of treating boundary value
problems expressed by integral
formulation. Space discretization, locally
confined approximation of principal
variable. Influence of the chosen
variational functions on effectiveness of



. Metoda koncnih elementov:
Izhodisca, diskretizacija obmocja -
koncni element, interpolacijske funkcije
na obmocju kon¢nega elementa, enacba
koncnega elementa, enacba problema.
Posebnosti resevanja z MKE.

. Metoda robnih elementov:
Izhodisca, diskretizacija ograje obmocja
- robni element, interpolacijske funkcije
na obmocju robnega elementa, enacbha
robnega elementa, enacba problema.
Posebnosti reSevanja z MRE.

Temeljna literatura in viri/Readings:

the problem solution.

. Finite element method: Basics,
domain discretization - finite element,
interpolation functions on finite element
domain, finite element equation,
assembled finite element equation of the
problem. Specificity of solving problems
with FEM.

. Boundary element method:
Basics, boundary discretization -
boundary element, interpolation
functions on boundary element domain,
boundary element equation, assembled
boundary element equation of the
problem. Specificity of solving problems
with BEM.
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Cilji in kompetence:

Cilji:

Osnovni cilj je studentu prikazati vlogo
in pomen naprednih metod numericne
analize pri reSevanju tehniskih
problemov. Da bi lahko odgovorno
uporabljal racunalniske programe za
razvojne potrebe, mora Student osvojiti
potrebne teoreticne matematicne osnove
in razumevanje razli¢cnih izhodis¢ za
aproksimativno resevanje, ki vodijo do
metode koncnih elementov (MKE) in

Objectives and competences:
Goals:

The main goal of the topic is to show
students the purpose and the role of the
advanced numerical methods in
engineering problems. In order to use
computer software in development
design problems responsibly the student
must gain theoretical and mathematical
fundamentals, and must fully understand
the origin of the approaches used to
obtain approximate solution, e.g. the



metode robnih elementov (MRE).
Kompetence:

Student osvoji razumevanje
aproksimativnega resevanja robnih
problemov na podrocjih tehniske fizike
trdnih teles. Na osnovi razumevanja
fizikalnega fenomena obvlada postavitev
splosSnega matemati¢nega modela, ki ga
v nadaljevanju ustrezno numeric¢no resi.
Konkretno osvoji kompetence za
resevanje termomehanskih in toplotnih
problemov z eno od obravnavanih metod
(MKE, MRE) ter zna rezultate ustrezno
vrednotiti.

Predvideni Studijski rezultati:

Student osvoji razumevanje
aproksimativnega resevanja robnih
problemov na podrocjih tehniske fizike
trdnih teles. Na osnovi razumevanja
fizikalnega fenomena obvlada postavitev
sploSnega matemati¢nega modela, ki ga
v nadaljevanju ustrezno numeric¢no resi.
Konkretno osvoji kompetence za
resevanje termomehanskih in toplotnih
problemov z eno od obravnavanih metod
(MKE, MRE) ter zna rezultate ustrezno
vrednotiti.

Metode poucevanja in ucenja:

Predavanja, laboratorijske vaje,
seminarsko delo, e-izobrazevanje,
konzultacije. Seminarsko delo v ¢im vedji
meri navezujoce se na podrocje
doktorskega raziskovanja. Studij z
uporabo priporocene literature.

Nacini ocenjevanja:

Delez/

finite element method (FEM) and
boundary element method BEM).

Competences:

Student understands the approaches
used to obtain approximate solutions of
boundary value problems in technical
physics of a continuum. In this context
student acquires competence of setting
up an adequate mathematical model for
the considered physical problem, which
he is able to solve numerically. To
concretize, the student becomes skilled
and competent in solving thermo-
mechanical and heat conduction
problems with FE and BE methods, and
capable of correctly evaluate the
numerical results.

Intended learning outcomes:

Student understands the approaches
used to obtain approximate solutions of
boundary value problems in technical
physics of a continuum. In this context
student acquires competence of setting
up an adequate mathematical model for
the considered physical problem, which
he is able to solve numerically. To
concretize, the student becomes skilled
and competent in solving thermo-
mechanical and heat conduction
problems with FE and BE methods, and
capable of correctly evaluate the
numerical results.

Learning and teaching methods:

Lectures, laboratory practice & seminar
work, e-education, consulting. The
seminar work is related, as much as
possible, to the student's doctoral
research field. Study on a recommended
literature basis.

Assessment:

Weight

Ustni izpit, porocilo o
seminarskem delu. Pogoj za

Oral exam, report on seminar
work. The condition for admission



opravljanje ustnega izpita je to oral exam is successful

uspesno izdelano in pozitivno completion of seminar work,

ocenjeno seminarsko delo. ¢ rewarded with a passing grade. °
projekt (seminarsko delo) project (seminar

(70%) - ustno izprasevanje assignment) (70%) oral

(30%) examination (30%)
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