UCNI NACRT PREDMETA / COURSE SYLLABUS

Predmet: Modeliranje in simulacije v medicini in biologiji
Course title: Modeling and Simulations in Medicine and Biology
Studijski program in stopnja Studijska smer Letnik Semester
Study programme and level Study field Academic year  Semester
Fizika 2. st. 2 3
Physics 2™ degree 2 3
Vrsta predmeta / Course type |izbirni/ optional
Univerzitetna koda predmeta / University course code: |
Predavanja Seminar Sem. vaje L;%tc)).r\;?cj:? Teren. vaje Samost. delo ECTS
Lectures Seminar Tutorial work y Field work  Individ. work
30 15 | 0 | 15| 0 9 || -

Nosilec predmeta/ Lecturer: | Ale§ Fajmut, Marjan Rupnik Slak

Jeziki /
Languages:

Predavanja/
Lectures:

slovenski/Slovenian in/and angleski/English

Vaje / Tutorial: | slovenski/Slovenian in/and angleski/English

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

Prerequisits:

Potrebno je formalno ali neformalno znanje
pridobljeno pri predmetu Strukturna biofizika.

Formal or informal knowledge of subject Structural
Biophysics is required.

Vsebina: Content (Syllabus outline):

Vsebina predavan;: Lectures outline:
- SRCE IN CIRKULACIJA KRVI - HEART AND BLOOD CIRCULATION

(matemati€no modeliranje cirkulacije krvi
brez zunanje kontrole, kontrolni mehanizmi,
avtoregulacija, dinamika arterialnega pulza,
racunalniSka simulacija pulzirajo¢ega
krvnega pretoka)

IZMENJAVA PLINOV V PLJUCIH IN V
KRVI (modeliranje transporta kisika v
plju¢ih, modeliranje transporta ogljikovega
dioksida, vezava kisika na hemoglobin)
KONTROLA CELICNEGA VOLUMNA IN
ELEKTRICNE LASTNOSTI CELICNE
MEMBRANE (modeliranje kontrole
celicnega volumna, prehod ionov preko
membrane, simulacija Sirjenja akcijskega
potenciala po ZivEni celici)

MEHANIKA MISIC (relacija med silo in
hitrostjo, dinamika pre&nih mosti¢kov,
racunalnisSka simulacija pripetja in odpetja
prec¢nih mostickov)

BIOLOSKI RITMI (razne oscilacije v
bioloskih sistemih)

REKONSTRUKCIJA SLIK V MEDICINI (z
uporabo konvolucijskega integrala in
Fourierjeve transformacije)

Vsebina seminarja:

(mathematical modeling of uncontrolled
circulation, control mechanisms,
autoregulation, dynamics of the arterial
pulse, computer simulation of pulsatile blood
flow):

GAS EXCHANGE IN LUNGS AND BLOOD
(modeling of oxygen transport in lungs,
modeling of carbon dioxide transport,
binding of oxygen to hemoglobin)
CONTROL OF CELL VOLUME AND
ELECTRICAL PROPERTIES OF CELL
MEMBRANES (modeling of cell volume
control, the movement of ions across
membrane, computer simulation of the nerve
action potential)

MUSCLE MECHANICS (the force-velocity
relationship, crossbridge dynamics,
computer simulation of crosbridge
attachment and detachment)

BIOLOGICAL RHYTHMS (various
oscillations in biological systems)

IMAGE RECONSTRUCTION IN MEDICINE
(with use of convolution integrals and Fourier
transforms)

Seminar outline:




Student izbere eno izmed tem, ki jih razpise
predavatelj. Projektna naloga ima obliko krajSega
znanstvenega prispevka. Student po izdelavi in
predavateljevem pregledu naloge pripravi
predstavitev pred kolegi.

Vsebina laboratorijskih vaj:

- modeliranje izbranih bioloskih procesov tudi
s staliS¢a medicine

- raCunalnidka simulacija in vizualizacija
rezultatov z racunalni$kimi orodiji

Student chooses one of the themes offered by the
lecturer. Project has a form of short scientific
contribution. After the review of the final version
student presents his project for the colleagues.

Laboratory work outline:

- modeling of selected biological processes
also from the medical point of view

- computer simulation and visualization of
results with computer tools

Temeljni literatura in viri / Readings:

1. Hoppensteadt F. C., Peskin C. S. Modeling and Simulation in Medicine and the Life Sciences, Springer-

Verlag, New York 2004.

2. Keener J., Sneyd J. Mathematical Physiology, Springer-Verlag, New York 1998

3. Goldbeter A. Biochemical Oscillations and Cellular Rhythms, Cambridge University Press, Cambridge

1996

4. Hobbie R. K. Intermediate Physics for Medicine and Biology, John Wiley & Sons, New York 1988

Cilji in kompetence:

Objectives and competences:

Predmet je usmerjen v obravnavo bioloskih
procesov v Cloveskem telesu s stalis€a
modeliranja in simulacij, katerega poglavitni cilj
je poglobljen studij izbranih fizioloskih procesov
in njihova aplikacija medicini z metodami
matemati¢nega modeliranja in racunalniskih
simulacij.

The subject is focused on the biological
processes in the human body from the point of
view of modeling and simulation. The major aim
is to study selected physiological processes and
its application in medicine with methods of
mathematical modeling and computer
simulations.

Predvideni Studijski rezultati:

Intended learning outcomes:

Znanje in razumevanje:

Student pridobi:
- poznavanje in razumevanije fizioloskih
procesov na ravni matematiénega modela;
- znanje izbranih fizioloSkih procesov v
smislu poznavanja aktualne problematike,
ki omogoca nadaljnje raziskave.

Prenesljive/kljuéne spretnosti in drugi atributi:

Student pridobi zmoznosti formuliranja
matemati¢nega modela izbranega problema in
raCunalniSke simulacije in vizualizacije
rezultatov.

Knowledge and Understanding:

Student gets:

- knowledge and understanding of
physiological processes on the level of
mathematical model,

- knowledge of the processes studied in
details. This enables her/him further
research in this field.

Transferable/Key Skills and other attributes:

Student gets abilities of mathematical modeling
of selected problem and its computer simulation
and visualization.

Metode poucevanja in ucenja:

Learning and teaching methods:

e Predavanja
e Seminar
e Laboratorijske vaje

e |Lectures
e Seminar
e Laboratory work

Nacini ocenjevanja:

Delez (v %) /

Assessment:




Weight (in %)

e Ustno 40 e Oral

e Opravljeno delo v laboratoriju in e Practical work in laboratory and
domace naloge 30 Homework

e Seminarska naloga 30 e Project
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