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STUDLJU DALYKO (MODULIO) APRASAS

Dalyko (modulio) pavadinimas

Kodas

Skaitiniai fizikinés kinetikos modeliai

Anotacija

Sis kursas skirtas fizikos krypties studentams, norintiems susipazinti su fizikinés kinetikos (nepusiausvyrinés
statistinés fizikos) matematine teorija, modeliais ir sprendziamais uzdaviniais. Taip pat pristatomi minétiems ir
panasiems uzdaviniams spresti reikalingi stochastiniy reiskiniy skaitinio modeliavimo metodai, skiriamas démesys
praktiniam metody taikymui naudojant Siuolaikinius asmeninius bei auk$to nasumo kompiuterius.

Déstytojas (-ai)

Padalinys (-iai)

Koordinuojantis: dr. Stepas Toliautas

Studijuy pakopa

Dalyko (modulio) tipas

Antroji (magistrantiiros studijos)

Pasirenkamasis

Igyvendinimo forma

Vykdymo laikotarpis

Vykdymo kalba (-os)

Misraus mokymosi

Rudens (1) semestras

Lietuviy, angly

Reikalavimai studijuojanciajam

ISankstiniai reikalavimai:

tikimybiy teorija, termodinamika, klasikiné statistiné
fizika, matematinés fizikos metodai, teoriné ir kvantiné
mechanika (bakalauro kursy lygio zinios);
programavimo pagrindai; angly k. (rekomenduojamas

B2 dél medziagos turinio)

néra

Gretutiniai reikalavimai (jei yra):

Dalyko (modulio) apimtis
kreditais

Visas studento darbo
Kkriivis

Kontaktinio darbo
valandos

SavarankiSko darbo
valandos

5

140 val.

64

76




Dalyko (modulio) tikslas: studiju programos ugdomos kompetencijos

Supazindinti su fizikinés kinetikos mokslo sgvokomis ir sprendziamais uzdaviniais. Pristatyti kinetiniy reiskiniy
apraSymo matematinémis lygtimis ypatumus, $ioje srityje tatkomus matematinés fizikos metodus. Supazindinti su
stochastiniy reiskiniy skaitinio modeliavimo principais. Taikyti skaitinius modelius naudojant asmeninius ir nasiyjy
skaic¢iavimy (HPC) resursus, vizualizuoti jy rezultatus.

Dalyko (modulio) studiju siekiniai

Studijy metodai

Vertinimo metodai

Studentai zinos fizikinés kinetikos mokslo
sgvokas, sprendziamy uzdaviniy pobiid; ir

AiSkinamasis ir probleminis
déstymas

Namy uzduotys, seminaras,

pagrindinius rezultatus. Tikslinés informacijos paieska egzaminas
Studentai gebés nagrinéti fizikinés kinetikos Aktyvus mokymasis:

uzdavinius ir spresti juos pasirinktais metodais priziGirimas ir savarankiskas Namy uzduotys,
naudodami §iuolaikine skaiiavimy jranga. uzduociy sprendimas egzaminas

Temos

Kontaktinio darbo valandos

Savarankisky studijy
laikas ir uzduotys

Laboratoriniai darbai

Paskaitos
Konsultaciios
Seminarai
Pratybos
Praktika

Kontaktinis darbas

UZduotys

SavarankiSkas darbhas

1. Tikimybiy teorijos pagrindai. [vykiai, ju
tikimybés. Aibés. Skirstiniai. Statistiniai jverciai.
* Atsitiktiniy skaiCiy su jvairiais skirstiniais
generavimas ir taikymai.

N
N

Namy uzduotys,
seminaras
pasirinkta tema

=]

2. Stochastiniai procesai. Brauno dalelés
modeliai. Spektriné stochastiniy procesy analizé.
* LanZeveno lygtis Brauno dalelei, jos analiziniai
ir skaitiniai sprendiniai.

* Nasiyjy skaiciavimy (HPC) pagrindai.
Paskirstytieji skai¢iavimai, grafiniai procesoriai.

10

10

3. Pernasos teorija. Maksvelo ir Bolcmano
skirstinys. Dujy slégis. Lokalioji pusiausvyra ir
lokal@is parametrai; susidiirimy daznis, vidutinis
laisvojo lékio kelias. Savidifuzija. Siluminis
laidumas. Klampa.

* Daleliy sistemy dvimatéje ir trimatéje erdvéje
skaitinis modeliavimas, sistemos termodinaminiy
parametry skai¢iavimas.

* Skaiciavimo kasty jvertinimas ir optimizavimas.

14

14




4. Bolcmano kinetiné lygtis. Pasiskirstymo
funkcija. Tolydumo lygtis. Bolcmano lygtis be
susidiirimy. Relaksacijos laiko aproksimacija.
Bendroji tvermés lygtis. Tvermés lygtys, nulinés
eilés hidrodinaminés lygtys. Pasiskirstymo
funkcijos pirmos eilés pataisa. Silumos srautas.
Itempiy tenzorius. Pirmos eilés hidrodinaminés 12 12 24 | 24
lygtys. Daleliy sklaida. Susidiirimy jskaitymas
Bolcmano lygtyje. Bolcmano H teorema.
Pusiausviras Bolcmano lygties sprendinys.
* Dujy (CFD) ir gardelés (lattice) skaitiniai
modeliai hidrodinaminéms lygtims spresti.
* Skysciy dinamikos skai¢iavimy paketai.
5. Chaoso teorijos pradmenys. Chaotiniy
reiSkiniy matematiniai pagrindai. 4 4 8|8
* Chaotiniy reiskiniy vizualizavimas.
6. Pasirengimas egzaminui. 12

IS viso | 32 32 64 | 76

Vertinimo strategija Svoris Atsiskaitymo Vertinimo Kriterijai
proc. laikas
Namy uZduotys: 50 Semestro metu, | Kiekvienai uzduociai/ jos daliai, vertinamai 1 tasku:
matematiniai uzdaviniai, sutartais terminais | atlikta teisingai ir/arba veikia — 1 taskas,
programy kodas veikia ne visais atvejais arba yra klaidy — 0,5 tasko,
atlikta teisingai ir/arba neveikia — 0 tasky.
Ivertinimas yra atskiry uzduociy tasky suma.
Seminaras: 20 Semestro metu | Pristatymas: aiskiai — 2 taSkai, silpnai/ neatsakoma j
pasirinktos temos pristatymas klausimus — 1 taSkas, neatsiskaityta — 0 tasky.
Egzaminas: 30 Sesijos metu Egzaming sudaro atviro tipo klausimai ir uzduotys.
klausimai rastu ir jy aptarimas Ivertinimas yra teisingai atlikty uzduociy dalis.
Autorius Leidimo Pavadinimas Periodinio | Leidimo vieta ir leidykla ar
metai leidinio nr. internetiné nuoroda
ar leidinio
tomas

Rekomenduojama literatiira
R. Soto 2016 Kinetic Theory and Oxford University Press

Transport Phenomena (New York)
T. Kriiger, H. Kusumaat- 2017 The Lattice Boltzmann Springer International
maja, A. Kuzmin, O. Shardt, Method: Principles and (Switzerland)
G. Silva, E.M. Viggen Practice

Papildoma literatiira

P. Pacheco, M. Malensek 2022 An Introduction to Parallel Morgan Kaufmann

Programming, 2" Ed.

(Cambridge, MA)




guNIVg,?&
¥ 1579 %

Psrras W

COURSE UNIT DESCRIPTION

Course unit title Code

Numerical models of physical kinetics

Annotation

This course is aimed at students that seek to familiarize themselves with the concepts of mathematical theory of
physical kinetics (non-equilibrium statistical physics), the models based on it and the range of applicable problems.
Numerical methods and techniques for computing properties of stochastic processes described by these and similar
models will be presented, with focus on practical implementation using personal and high-performance computing

(HPC) technology.
Lecturer(s) Department, Faculty
Coordinating: Dr. Stepas Toliautas
Study cycle Type of the course unit
Second cycle (masters studies) Elective
Mode of delivery Semester or period Language of instruction
when it is delivered
Mixed (on-site and online) Autumn (1st) semester Lithuanian, English
Requisites
Prerequisites:

Co-requisites (if relevant):
probability theory, thermodynamics, classical statistical | none

physics, equations of mathematical physics, theoretical
and quantum mechanics (bachelor level);

programming basics; English (B2 recommended)

Number of ECTS credits Student’s workload Contact hours

Individual work
allocated (total)

5 140 hrs. 64 76




Purpose of the course unit: programme competences to be developed

To introduce the concepts and postulated problems of physical kinetics. To overview mathematical description of
kinetic phenomena, relevant analytical and numerical techniques for solving problems in near-equilibrium stochastic
systems. To apply numerical models to solve problems of physical kinetics using personal and high-performance
computing (HPC) resources, to decide on and perform results visualization.

Learning outcomes of the course unit

Teaching and learning
methods

Assessment methods

Students will learn the concepts, problems and
main findings in the field of physical kinetics.

Lectures and case studies
Exercises, problem solving

Home assignments, group
presentation, exam

Students are expected to analyze typical
problems in physical kinetics, to choose and
implement suitable approximations for modeling
of kinetic phenomena, to evaluate chosen models
using modern scientific computing technology.

Guided and independent
problem solving

Home assignments

Course content: breakdown of the topics

Contact hours

Individual work: time and
assignments

Lectures

Tutorials
Seminars

Workshops
Laboratory work

Internship/work placement

Contact hours

Assignments

Individual work

1. Probability theory basics. Random events, pro-
babilities. Sets. Distributions, statistical estimates.
* Random-number generation and application with
desired statistical distributions.

o

Home assignments,
group presentation
on a selected topic

-

2. Stochastic processes. Models of Brownian
motion. Harmonic analysis of stochastic processes.
* Langevin equation for the Brownian particle, its
analytic and numerical solutions.

* Basic concepts of high-performance computing.
Parallel computations, graphical processing units.

10

10

3. Transport theory. Maxwell-Boltzmann
distribution. Gas pressure. Local equilibrium, local
quantities; collision frequency, mean free path.
Self-diffusion. Thermal conductivity. Viscosity.

* Numerical modeling of 2D and 3D particle
systems, estimation of thermodynamic parameters.
* Estimation and optimization of computing costs.

14

14




4. Boltzmann’s Kinetic equation. Distribution
function. Continuity equation. Collision-free
Boltzmann equation. Relaxation time
approximation. Conservation equations. Zeroth-
order hydrodynamic equations. First-order
corrections to the distribution function. Heat flow.
First-order hydrodynamic equations. Scattering. 12 12 24 | 24
Collision terms in Boltzmann equation. Boltzmann
H-theorem. Equilibrium solution of Boltzmann
equation.
* Fluid- and lattice-based computational models for
solving hydrodynamic equations.
* Scientific software packages of fluid dynamics.
5. Chaos theory basics. Mathematical concepts of
chaotic processes. 4 4 8 | 8
* Visualization of chaotic processes.
6. Course review before examination. 12
Total | 32 32 64 | 76
Assessment strategy Weight, % Deadline Assessment criteria
Home assignments: 50 Lecture For each partial exercise worth 1 point:
math and coding exercises period, correct solution — 1 point,
based on set | partial solution — 0,5 point,
schedule incorrect/ no solution — 0 points.
Final grade is a sum of all exercise grades.
Group presentation 20 Lecture Presentation: clear — 2 points, weak / unable to discuss
of a selected topic period the topic further — 1 point, not done — 0 points.
Written exam 30 Exam period | Open questions and exercises.
Exam grade is a ratio of correctly solved tasks.
Author Publishing Title Edition, issue or Publishing house or
year volume no.; internet site
required pages
Recommended reading
R. Soto 2016 Kinetic Theory and Oxford University Press
Transport Phenomena (New York)
T. Kriiger, H. Kusumaat- 2017 The Lattice Boltzmann Springer International
maja, A. Kuzmin, O. Shardt, Method: Principles and (Switzerland)
G. Silva, E.M. Viggen Practice
Additional reading
P. Pacheco, M. Malensek 2022 An Introduction to Parallel Morgan Kaufmann
Programming, 2™ Ed. (Cambridge, MA)




