V I L N I U S STUDIJU DALYKO (MODULIO) (SD(M)) KORTELE
PIRMOSIOS IR ANTROSIOS PAKOPU BEI
TECH VIENTISOSIOMS STUDIJOMS
Matematinio modeliavimo katedra

COURSE CARD FOR THE FIRST AND SECOND CYCLE AND INTEGRATED
STUDIES
Department of Mathematical Modelling

SD(M) pavadinimas Course title

Diferencialinés lygtys ir jy taikymas Differential Equations and Their Applications

SD(M) priklausomybé studiju pakopai

Course subjection to study level

Studijos: B_ Pirmosios pakopos
Studies: First cycle
SD(M) priklausomybé studiju programai SD(M) priklausomybé studijy kryp¢éiu ir kryp¢iu grupei
Course subjection to programme The list of study fields and groups of fields
SD(M) priklausomybé dalyky grupei .. — - — -
Course subjection to group 1 - studijy dalyko Studijy krypciy Studijy krypties
Course grupés kodas kodas
SD(M) priklausomybé programos daliai ** | _ Studijy krypties dalyky dalis Code of the group of Code of the study
Course subjection to part of the programme Part of Study area Subjects study fields field
Struktiring SD priklausomybe ~ *#* K —katedros A A01
Course structural subjection Department

*) Grupé: *) 1 - studijy dalyko; 2 - praktikos; 3 - baigiamojo darbo ar projekto; 4 - baigiamojo egzamino; 5 - tiriamojo darbo; 6 - profesinio testavimo; 7 -
kitas.

*#*) A - Bendryjy universitetiniy studijy; B - Studijy krypties; C - Specializacijos.

*##%#) U - universiteto; F - fakulteto; K - katedros.

*) Group: *) 1 - Course; 2 - Practice; 3 - Final Work or Project; 4 - Final Examination; 5 - Research Work; 6 - Professional Testing; 7 - Other.

**) A - General; B - Field; C - Specialization.

**%) U - University; F - Faculty; K - Department.

SD(M) kodas SD(M) kreditai SD(M) Atsiskaitymo forma
Course number Course volume in credits Course assessment
Pakopa * Modulio Nr. I8 ju: KD, KS,
Fakultetas Katedra I8 viso: KP, PR I, E1, E2, E, BE, BD, KD, KS, KP,
Faculty Department | Study cycle Number Total: There out: TD, A PR
F|M|M|[M B 16414 6 0 E -

*) B - pirmoji pakopa; A - vientisosios studijos; M - antroji pakopa.
*) B - first cycle studies; A - integrated studies; M - second cycle studies.
SD(M) valandy paskirstymas pagal studijy formas ir biidus

Distribution of course hours by study forms and ways

Valandos Hours

Studijy | Paskai- Lab. Praty- | Konsul- Sav. o
B Kodas | bidas #| toms | darbams| boms |tacijoms| darbui | _ |Kontaktiniy
Studijy forma Study Lectures | Laborotory | Practical | Consultati | Independent I8 viso
Study form Code way works works on work Total Contact
Nuolatinés studijos NL S 30 15 15 4 96 160 64
Full-time studies

*) Studijy budas: S - semestrais; M - moduliais; C - ciklais; T - nuotolinis; NI - neakivaizdinis intensyvusis.
*) Study process forms: S - semesters; M - modules; C - periods; T - distance; NI - part-time.

SD(M) ANOTACIJA

Studijy dalyka sudaro paprastyjy diferencialiniy lygéiy teorijos pagrindai ir taikymas modeliuojant jvairius procesus. Siame
kurse nagriné¢jamos: svarbiausios diferencialiniy lyg¢iy savokos, jvairios pirmosios eilés diferencialinés lygtys ir jy
sprendimo biidai, sprendiniy egzistavimo ir vienaties teoremos, faziné erdvé, krypciy laukas, jvairios aukstesniyjy eiliy
diferencialinés lygtys ir jy sprendimo biidai, fundamentalioji sprendiniy sistema, diferencialiniy lyg€iy sistemos ir jy analize,
taikomyjy uzdaviniy modeliai apraSomi diferencialinémis lygtimis ar jy sistemomis (modeliy sudarymas, sprendimas,
analizé).

Psl. 118 8



Studentai numatytu tvarkaraStyje metu privalo dalyvauti ne maZiau kaip 50 proc. teoriniy paskaity, 60 proc. pratyby ir atlikti
ne maZziau kaip 80 proc. laboratoriniy darby

ANNOTATION OF COURSE

The Ordinary Differential Equations course consists of general theory of ordinary differential equations and their
applications for modelling various real world processes. The basic topics: deffinitions, various first order differential
equations (ODE) and their solutions, existence and uniqueness theorems, phase space, direction field, various higher order
differential equations and their solutions, fundamental solutions system, systems of differential equations and analysis, a
qualitative approach in the plane, the applications of differential equations and systems of differential equations (creating
mathematical models, problem solving and analysis).

Students must attend at least 60% of the time scheduled practical works, 80% of the time scheduled laboratory works and
50% of the lectures.

SD(M) TIKSLAS

Diferencialiniy lygciy dalyko tikslas suteikti Ziniy apie parastasias diferencialines lygtis ir jy sistemas, susiejant jas su
jvairiomis taikymy sritimis, ugdyti geb¢jima savarankiskai tyrinéti tam tikrus procesus ir juos aprasyti diferencialinémis
lygtimis, atlikti tokiy lyg¢iy analize, kvalifikuotai pateikti informacija.

AIM OF COURSE

Differential equations course is designed to provide knowledge Ordinary Differential Equations and their systems, relating it
to the various application areas, to develop the ability to explore some real processes and to describe them using the
differential equations, get the results, analyze and interpret them.

Studento pasiekimy vertinimo formulé
Assessments methods of students formula

Pagrindiné literatiira (ne daugiau kaip 5 Saltiniai):

Main references (not more than 5 references)

Eil. Nr. | Leidinio autoriai ir pavadinimas (elektroniniy leidiniy ir Ziniatinklio adreso)

No. Authors and title (site address in case of e-publication)

1. Mathematical analysis, differential equations and applications / editors, Themistocles M. Rassias, Panos M.
Pardalos. 2024.

2. T.Leonavi¢iené, R.Ciegis, J.Kirjackis. Diferencialinés lygtys ir jy taikymas. Vilnius: Technika, 2013

3. Lennart E. Introduction to computation and modelling for differential equations. Hoboken, NJ : John Wiley &
Sons, 2016

4. Rutkauskas, S. Jvadas j diferencialiniy lygc€iy teorija. Vilnius: VPU leidykla, 2006.

5. K. Budys. Diferencialinés lygtys. Klaipéda : Klaipédos universiteto leidykla, 2012

*) Kortelés pildymo metu

*) At the form filling moment
Papildoma literatiira (ne daugiau kaip 10 Saltiniy):
Additional references (not more than 10 references)

Eil. Nr. | Leidinio autoriai ir pavadinimas (elektroniniy leidiniy ir Ziniatinklio adreso)

No. Authors and title (site address in case of e-publication)
1. V. I. Arnold. Ordinary Differential Equations. Berlin: Springer, 1992.

2. Boyce, William E. Elementary differential equations and boundary value problems . Hoboken (N.J.): John Wiley,
2005.

3. Dobrushin V. A. Applied differential equations: the primary course. Boca Raton, FL : CRC Press/Taylor &
Francis Group, 2015.

4, Davis, Jon H. Differential equations with maple: an interactive approach. Boston: Birkhiuser, 2001

5. Edwards, C. H.; Penney, D. E. Differential Equations. Computing and Modeling. 4th edition. Upper Saddle
River: Pearson Prentice Hall, 2008.

6. Farlow, Jerry; Hall, James E.; Mcdill, Jean Marie; West, Beverly H. Differential equations and linear algebra.
Upper Saddle River: Prentice Hall, 2002

7. Zill, D. A First Course in Differential Equations with Modeling Applications. Belmont: Brooks/Cole, 2012

8. P. Golokvoscius. Diferencialinés lygtys. Vilnius: VU leidykla, 2004.
*) Kortelés pildymo metu
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*) At the form filling moment
SavarankiSko darbo turinys

Content of individual work

Usduoti Sav. darbo apimtis vienai uzduodiai Uzduogiy skaicius I§ viso valandy Ivertinimo dalis %
Z qo.les Amount of hours of independent work for a
pavadinimas single task Number of tasks Total hours Part of Evaluation %
Rekomen-
duojamos Skirta val.
val.
S ted h NL | NL
Assignment title | Recon- e 0 | (8 ksany 19 1) | ey |NLO) | oy | 168) | D) | NLIDNL®) | o) | 168) | 10D
mended | NI(T) NL(S) IS) | IT) : : :
hours (Sav.)
Kolokviumas 8-27 27 1 27 20
[ntermediate examination
[Laboratorinis darbas 2-12 10 1 10 10
[Laboratory work
Kontrolinis darbas 4-20 15 1 15 10
Test
[Pasirengimas atsiskaitymui| 10-60 24 1 24
[Preparation for evaluation
Namy darbas 4-27 10 2 20 10
[Home work
I8 viso: Total: 96
*) Papildomas laukas pildomas tik tada, kada taikomas SD(M) korteléje nenurodytas studijy biidas: M - moduliais; C - ciklais; T - nuotolinis
*) Must be used in case study way does not fall into standard category: M - modules; C - periods; T - distance
SavarankiSko darbo grafikas
Individual work schedule
Usduoties ti UZduoties pateikimo(*) ir atsiskaitymo(+) savaité
zauoties tipas
p Week of Assignment setting (*) and assessment(+)
Task type 11234 ,/5/6|7|8|9/[10/11]12]13]14|15|16|17|18|19|20
Nuolatinés studijos (S )
\Full-time studies
Kolokviumas *| ]
Intermediate examination + 1
Laboratorinis darbas * ]
Laboratory work + 1
Namy darbas * 1 2
\Home work + 1 2
Kontrolinis darbas *1
Test + 1
Pratyby temy sarasas
List of the Course exercise topics
Valandy skaicius
Temos pavadinimas Number of hours
Topic title NL(T) |NL(S) [NL(Sav.) IS) | I(T)
1. Papras€iausiy diferencialiniy lyg¢iy sudarymas, sprendimas, analizé. )
First order differential equations. Mathematical models. Solutions.
2. lvairiy procesy analizé, pasitelkiant paprasciausias diferencialines lygtis. )
First order differential equations: separable equations, homogeneous equations.
3. Homogeniniy ir pilnyjy diferencialy lygciy sprendimas. Integruojanciojo )
daugiklio paieska.
First order linear equations. Bernouli equations. Methods of solution.
4. Tieisniy diferencialiniy lyg¢iy, Bernulio lygciy sudarymas, sprendimas ir )
analizé. Taikomieji uZdaviniai.
Exact differential equations.
5. Kontrolinis darbas )
First order differential equations not solved across the derivative.
6. Aukstesniyjy eiliy tiesinés homogeninés ir nehomogeninés diferencialinés )
lygtys.
The higher order differential equations and their solutions.
7. Diferencialiniy lygc€iy sistemos ir jy sprendimo biidai. )
Test
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Pratyby temy sarasas

List of the Course exercise topics

Temos pavadinimas

Valandy skaicius

Number of hours

pastoviais koeficientais

The most important differential equations and their applications.

Topic title NL(T) |NL(S) NL(Sav.) I(S) | I(T)
8. Diferencialiniy lygciy sistemos keitimas viena lygtimi.
The higher order homogeneous differential equations with constant coefficients. !
IS viso: 15
Total:
Laboratoriniy darby sarasas
List of the Course laboratory work
Valandy skaicius
Temos pavadinimas Number of hours
Topic title NL(T) |NL(S) [NL(Sav.) I(S) | I(T)
Judéjimo lyg€iy sudarymas ir analizé. Temperattiros kitimo lygtys.
Mathematical models with differential equations. 2
Populiacijos dinamikos, BVP diferencialiniy lyg¢iy sudarymas ir analize.
Basic differential equations. Their solutions and analysis. 2
SavarankiSkai atliekamos individualios uzduotys.
First order differential equations and their applications. 1
Aukstesniyjy eiliy tiesiniy diferencialiniy lygc¢iy sudarymas ir analizé.
Laboratory work. 2
Mechaniniy ir elektromagnetiniy svyravimy analizé.
The higher order differential equations. 2
Diferencialiniy lyg¢iy sistemy dudarymas ir analizé.
The higher order homogeneous differential equations with constant coefficients: solving and 2
analysis.
Konkuruojancéiy rii§iy modelis. Jo analizé. Epidemijy modeliai
The higher order non-homogeneous differential equations with constant coefficients and 2
techniques for solving these equations.
Savarankiskai atliekamos individualios uzduotys.
The application of second order differential equations theory: models, solutions, analysis. 2
IS viso: 15
Total:
Paskaity temy sarasas
List of the Course lecture topics
Valandy skaicius
Temos pavadinimas Number of hours
Topic title NL(T) |NL(S) [NL(Sav.) IS) | I(T)
Pagrindinés diferencialiniy lyg€iy teorijos sagvokos. Bendrieji diferencialiniy
lyg€iy sudarymo principai. 2
First order differential equations. Basic definitions.
Pirmosios eilés diferencialinés lygtys, kuriy kintamieji gali buti atskirti.
The existence and uniqueness for first order differential equations. 2
Ivairios judéjimo lygtys ir jy analizé. Bendrojo vidaus produkto kitimo
diferencialiné lygtis 2
Separable equations.
Homogeninés diferencialinés lygtys. Pilnyjy diferencialy lygtys.
First order homogeneous differential equations. 2
Homogeninés ir pilnyjy diferencialy lygtys geometrijoje, judéjimo
uzdaviniuose. 2
First order linear equations. Methods of solution.
Tiesinés diferencialinés lygtys. Bernulio lygtys.
Bernouli differential equations. Jacobi and Riccati differential equations. 2
Populiacijos dinamikos lygtys, elektrinés grandinés, miSiniy uzdaviniai
Exact differential equations. Integrating factor. 2
Sprendiniy egzistavimo ir vienaties teoremos
First order differential equations not solved across the derivative. 2
Aukstesniyjy eiliy diferencialinés lygtys. Tiesinés homogeninés lygtys su )
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Paskaity temy sarasas

List of the Course lecture topics

Valandy skaicius
Temos pavadinimas Number of hours
Topic title NL(T) |[NL(S) NL(Sav.) IS) | I(T)

10. Tiesinés nehomogeninés aukstesniyjy eiliy diferencialinés lygtys su

pastoviais koeficientais 2

The higher order differential equations. Basic definitions. Equations with constant

coefficients.
11. Mechaniniy svyravimy lygtys bei jy analizé

The higher order differential equations. The Wronskian. Linearly independent functions. 2
12. Elektromagnetiniy svyravimy lygtys bei jy analizé

The higher order homogeneous differential equations with constant coefficients and 2

techniques for solving these equations. Solution bases.
13. Diferencialiniy lyg€iy sistemos ir jy sprendimo biidai. Pirmieji integralai.

Bendrasis integralas. 2

The higher order non-homogeneous differential equations with constant coefficients and

techniques for solving these equations.
14. Tiesiniy ir netiesiniy diferencialiniy lygciy sistemos

The application of second order differential equations theory. Mechanical systems. 2
15. Konkuruojan¢iy rasiy modelis. Epidemijy modeliai.

The systems of first order differential equations. Basic definitions. 2

IS viso: 30
Total:

*) Papildomas laukas pildomas tik tada, kada taikomas SD(M) korteléje nenurodytas studijy biidas: M - moduliais; C - ciklais; T - nuotolinis

*) Must be used in case study way does not fall into standard category: M - modules; C - periods; T - distance

Fundamentiniy moksly fakulteto Moderniyjy technologijy matematikos (612G12001) 2016-07-01 programos studiju
rezultaty sgsajos su SDM rezultatais bei studijy ir studenty pasiekimy vertinimo metodais

Links of the Mathematics of Modern Technologies (612G12001) of the Faculty of Fundamental Sciences with the course unit and evaluation
methods of students achievements

Programos studijy
rezultatai

Study programme
outcomes

SD(M) rezultatai

Course results

Studijy metodai

Methods of studies

Studento pasiekimy
vertinimo metodai

Evaluation methods of
student archievements

Studenty pasiekimy
vertinimo kriterijai pagal
lygmenis

Assessments criteria of
students achievements by
Assessment levels

Z1. Zinos, suvoks ir
taikys svarbiausias
matematikos ir
informatikos sgvokas,
désnius.

Z.1. Will know, understand
and apply the fundamental
concepts of mathematics
and computer science.

Studentai jgis teoriniy ir
praktiniy diferencialiniy
lyg€iy Ziniy.

Students recieve theoretical and
practical knowledge of ordinary
differential equations.

Paskaitos, pratybos,
laboratoriniai darbai,
konsultacijos

Lectures, individual study of
literature, labwork, consultations

Kontrolinis darbas,
laboratoriniai darbai,
kolokviumas, egzaminas
Control work, laboratory
work, colloquium, the
exam session.

Slenkstinis lygmuo:
studentas Zino
pagrindines
diferencialiniy lygciy
sgvokas ir moka jomis
naudotis spresdamas
paprasciausias uzduotis.
Tipinis lygmuo:
studentas Zino
pagrindines savokas,
gali jrodyti svarbiausias
diferencialiniy lyg¢iy ir
ju sprendiniy savybes,
teorinius faktus geba
tinkamai taikyti
atlikdamas praktiniy ir
teoriniy uzduociy
analizg, skai¢iavimams
taiko kompiuterines
programas.

Puikusis lygmuo:
studentas puikiai Zino
visg diferencialiniy
lygciy teorinj kursa, gali
jrodyti svarbiausius
faktus, geba
savarankiSkai sudaryti
naujy problemy
matematinius modelius,

juos analizuoti ir
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vertinti pasitelkdamas
kompiuterines
programas.

The student knows the
basic definitions and using
example can analyze a
simple problems.

A student excellent knows
the theoretical course of
differential equations, can
to prove the basic
properties of differential
equations and their
solutions, is able to create
mathematical modells for
solvig real world problems,
is able to solve the problem
individually, to use the
computer programs for
calculations and adapt the
knowledges for new
situation.

The student knows the
basic definitions, is able to
prove the basic properties
of differential equations
and their solutions, is able
to applay theoretical facts
for the problem analysis
and use the computer
programs for calculations.

GT1. Gebés jzvelgti
tarpdalykinius rySius ir |
problema pazvelgti kaip i
visumg, savarankiskai
analizuos problemas,
nagrinés ir vertins
matematiniy modeliy
tinkamuma, savybes,
supras matematiniy
jrodymy biitinuma,
grieZztuma.

GT1. Will be able to spot
interdisciplinary
relationships and look at the
problem as a whole, analyze
the problems independently,
analyze and assess the
properties of mathematical
models, as well as the
overall suitability of those
models, and will understand
the necessity and rigor of
mathematical proof.

Igytos teorinés Zinios leis
ieSkoti tarpdalykiniy rysiy.

On the basis of theoretical facts
students are able found
connections with other courses,
to create the modells for solving
real world problems, provide
the results

Paskaitos, pratybos,
laboratoriniai darbai,
konsultacijos

Lectures, individual study of

literature, labwork, consultations

Kontrolinis darbas,
laboratoriniai darbai,
kolokviumas, egzaminas
Control work, laboratory

work, colloquium, the
exam session.

Slenkstinis lygmuo:
studentas Zino
pagrindines
diferencialiniy lygciy
sgvokas ir moka jomis
naudotis spresdamas
paprasciausias uzduotis.
Tipinis lygmuo:
studentas Zino
pagrindines savokas,
gali jrodyti svarbiausias
diferencialiniy lyg¢iy ir
jy sprendiniy savybes,
teorinius faktus geba
tinkamai taikyti
atlikdamas praktiniy ir
teoriniy uzduociy
analize, skai¢iavimams
taiko kompiuterines
programas.

Puikusis lygmuo:
studentas puikiai Zino
visg diferencialiniy
lygciy teorinj kursa, gali
jrodyti svarbiausius
faktus, geba
savarankiSkai sudaryti
naujy problemy
matematinius modelius,
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juos analizuoti ir
vertinti pasitelkdamas
kompiuterines
programas.

The student knows the
basic definitions and using
example can analyze a
simple problems.

A student excellent knows
the theoretical course of
differential equations, can
to prove the basic
properties of differential
equations and their
solutions, is able to create
mathematical modells for
solvig real world problems,
is able to solve the problem
individually, to use the
computer programs for
calculations and adapt the
knowledges for new
situation.

The student knows the
basic definitions, is able to
prove the basic properties
of differential equations
and their solutions, is able
to applay theoretical facts
for the problem analysis
and use the computer
programs for calculations.

SG1. Gebés operuoti
abstrak¢iomis savokomis,
matematiskai mastyti,
patikétas uzduotis
apraSyti matematine
kalba (matematinémis
formulémis), taikyti
arba(ir) kurti analizei
skirtas kompiuterines
programas.

SG1. Will be able to operate
abstract concepts, think
mathematically, describe
tasks in a mathematical way
(using mathematical
formulas), and will be able
to create computer programs
designed for analysis.

Studentai gebés kurti ir
analizuoti diferencialinémis
lygtimis aprasomy reiskiniy
matematinius modelius ir jy
analizei pasitelks
kompiuterines programas.
Students develop the ability to
analyze real processes, to create
the mathematical models and
analyze them. For solving
applied problems the computer
programs are used.

Paskaitos, pratybos,
laboratoriniai darbai,
konsultacijos

Lectures, individual study of

literature, labwork, consultations

Kontrolinis darbas,
laboratoriniai darbai,
kolokviumas, egzaminas
Control work, laboratory
work, colloquium, the
exam session.

Slenkstinis lygmuo:
studentas Zino
pagrindines
diferencialiniy lygciy
sgvokas ir moka jomis
naudotis sprgsdamas
paprasciausias uzduotis.
Tipinis lygmuo:
studentas Zino
pagrindines savokas,
gali jrodyti svarbiausias
diferencialiniy lyg¢iy ir
jy sprendiniy savybes,
teorinius faktus geba
tinkamai taikyti
atlikdamas praktiniy ir
teoriniy uzZduociy
analize, skai¢iavimams
taiko kompiuterines
programas.

Puikusis lygmuo:
studentas puikiai Zino
visg diferencialiniy
lygciy teorinj kursa, gali
jrodyti svarbiausius
faktus, geba
savarankiSkai sudaryti
naujy problemy
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matematinius modelius,
juos analizuoti ir
vertinti pasitelkdamas
kompiuterines
programas.

The student knows the
basic definitions and using
example can analyze a
simple problems.

A student excellent knows
the theoretical course of
differential equations, can
to prove the basic
properties of differential
equations and their
solutions, is able to create
mathematical modells for
solvig real world problems,
is able to solve the problem
individually, to use the
computer programs for
calculations and adapt the
knowledges for new
situation.

The student knows the
basic definitions, is able to
prove the basic properties
of differential equations
and their solutions, is able
to applay theoretical facts
for the problem analysis
and use the computer
programs for calculations.

SD(M) sudarytojas (-ai) (parasas, vardas ir pavarde) Katedros vedéjas (parasas, vardas ir pavardé)
Course compiled by (full name, signature) Head of Department (full name, signature)

Teresé LeonaviCiené

Raimondas Ciegis

SD(M) atestuojamas

The Course is certified

SD(M), skirtas studijy programai: Moderniyjy technologijy matematika
The Course for the programme of studies: Mathematics of Modern Technologies
SD(M) atestacija galioja: nuo iki

Course certification is valid:

from till

SD(M) atestavo Fundamentiniy moksly fakulteto studijy komitetas

the Course certified by Faculty of Fundamental Sciences Study Committee

Fakulteto studijy komiteto pirmininkas (vardas ir pavardé, parasas) Data
Chairman of the Studies committee (full name, signature) Date

Psl. 818 8




