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1. Ilesb U MUIaHUpYeMBbIe Pe3yJIbTATHI OCBOCHHMSA THCIUTIIHHBI

[{epr0 OCBOCHUS TUCIIATLINHBI SBISCTCS POPMUPOBAHUE CIICTYIOIINX KOMITCTCHITHH:

OIIK-1 CnocobeHn ¢opMynupoBaTh W peliaTh aKTyaldbHbIE M 3HAUYMMBIE MPOOIEMBI
MaTE€MaTHKH.

I[IK-1 CrnocobeH caMOCTOSATENhHO pelaTh HCCIeAOBAaTEIbCKUE 3a7aud B paMKax
peaM3aiyy HayIHOTO (HaAYyYHO-TEXHUIECKOT0, MHHOBAIIMOHHOTO) TTPOCKTA.

PesynpTaramMu 0cBOEHUS IUCHUIUTHHBI SBISIOTCS CIEIYIONINEe UHANKATOPHI TOCTHKECHUS
KOMIIETECHIINH:

HNOIIK 1.1 ®opmynupyeT MOCTaBICHHYIO 3aJady, IMOJIB3YETCS SI3BIKOM MpPeaMETHOU
obyacTi, 000CHOBAHHO BHIOMPAET METO/I PEIICHUS 3a/1auH.

UIIK 1.1 TIIpoBoauT wuccleqoBaHMs, HAMNpaBICHHbIE Ha pEIICHHE OTJCIbHBIX
HCCIIEIOBATENBCKUX 3aa4

2.3aaa4m 0CBOCHUSA TUCHHUIINHBI

HayuuTbcs popMynnpoBaTh MaTeMaTHUECKUE MOJIEIH MPOCTHIX (PU3NYECKUX SBICHUH U
BBIMOJIHATH UX TUCKPETU3ALUIO C TOMOIIBIO METOI0B KOHEUHBIX Pa3HOCTEN U KOHEUHBIX 00BEMOB
(UOIIK 1.1).

HayunTbcss npUMEHATH METOJbl MAaTeéMaTU4YECKOIO0 U YHMCIEHHOIO MOJAEIUPOBAHUA AJIS
onucaHus 0IHO(GA3HbIX TEYEHUN B OPUCTHIX cpefax u nepenoca rerta (MIIK 1.1).

3. MecTo AUCHHUILUINHBI B CTPYKTYype 00pa3oBaTe/IbHOM IPOrPaMMBbI

Hucnunnuna otHOcUTCS K broky 1 «/lucuurummaa (MOIyIN)».
JlucumrmiauHa OTHOCHTCS K 4YacTh 00pa3oBaTeNbHON mporpaMmel, (Gopmupyemoin
y9acTHUKaMH 00pa30BaTeNIbHBIX OTHOIICHHH, TIPe/TaracTcsl 00yJaroniuMcs Ha BEIOOD.

4. Cemectp(b1) ocBOeHHS U GopMa(bl) IPOMEKYTOUHOM ATTECTALMH MO TUCHHUIINHE

[TepBrIil ceMecTp, 3a4€T C OLICHKOU

5. BxoaHble TpeOOBaHNS AJ151 OCBOCHUS IMCUMILIHHBI

Jljig ycrenHoro OCBOCHUs JUCIUILIMHBI TPeOyIOTCS KOMIIETEHLUH, CPOPMUPOBAHHBIE B
XO07Ie OCBOEHHsI 00pa30BaTeIbHBIX MPOTrPaMM HPEAIIECTBYIOLIETO YPOBHs 00pa30BaHusl.

6. SI3bIK peaquzaumuu

Pycckuit

7. O0beM TUCHUILIUHBI

OO01ast TpyA0eMKOCTh IUCHUIUIHHBI COCTaBIseT 4 3.€., 144 yacoB, U3 KOTOPHIX:
-nieknuu: 16 4.

-IpaKTUYEeCKue 3aHATus: 16 u.

O6beM caMOCTOSTENIbHOM pabOThI CTY/I€HTA ONIpeiesieH YUEOHbBIM IJIaHOM.

8. Coaepkanue TMCHUILUINHBI, CTPYKTYPHPOBAaHHOE 110 TeMaM

Tema 1. PaboTa ¢ ceTouHbIMM reHEepaTOpaMu MPH PEIICHUHN 3a]1a4 MEXaHUKHU KHUJIKOCTH U
rasa.

Coznanme pa3IUYHbIX TUIIOB CETOK, OIpe/ieJieHHe HaYallbHbIX U TPAaHUYHBIX YCIOBHUH 1S
pasubix obmnacreii cetku (MOIIK 1.1).

Tema 2. Co3gaHue mporpaMMHOI0 KOAa JJIsl 3a/1a4 MEXaHUKH CIUIOLIHBIX CPEI.

Coznanne KOMIBIOTEPHBIX TPOrpaMM Ha si3bike C++, co31aHne U UCTI0Ib30BAaHUE KJIACCOB
3JIEMEHTOB U y3JI0B pacyETHOM CETKH, a TAaK)Ke Kjlacca caMoi CeTKH, 00paboTKa 1 UCIIOJIb30BaHuE
JAHHBIX U3 (QailyIoB co31aHHBIX B ceTOYHbIX reneparopax (MOIIK 1.1, UTIK 1.1).



Tema 3. Metoa KOHEUHBIX Pa3HOCTEH.

[TocTpoeHne MUCKPETHBIX aHAJIOTOB ISl 3a7a4d OJHO(GA3HOW (PUIBTPAMHA C TTOMOIIBIO
MeTOJIa KOHEUHBIX pasHocTeit. Cxembl nuckperusanuu no Bpemenu (MOIIK 1.1, UTIK 1.1).

Tema 4. Metoap! pemienust CJIAY.

MeToabl IPOrOHKH, BEpXHEH pesakcaluu, noidy4deHue u ananus pedynsratoB (MOIIK 1.1).

Tema 5. MeTo1 KOHEYHBIX 00BEMOB.

[TocTpoeHre MAMCKPETHBIX AaHAIOTOB JUIS 3ajad TEIUIONPOBOJHOCTH M OAHO(A3HOMH
($uIbTpauyU ¢ TOMOIIbIO METOJJa KOHEUHBIX 00bEMOB. [Iporpammuas peanuzanus, HoJyuyeHUue U
ananu3 pesynbraToB (MOIIK 1.1, UTIK 1.1).

9. Tekymunii KOHTPOJIb MO TUCUUIJIMHE

Texymuii KOHTPOJIb O AWCLUUIUIMHE IMPOBOJUTCS ITyTEM KOHTPOJI IOCEIAEMOCTH,
MIPOBEPKHU KOMIIBIOTEPHBIX IPOrpaMM, HAIlMCAaHHBIX CTyJIEHTaMHu, U (Qukcupyercsi B ¢dopme
KOHTPOJIbHOM TOYKM HE MEHEE OJHOro pasa B cemecTp. [Ipu mpoBepke mporpamm OLEHUBAETCS
3¢ (HEeKTUBHOCTh UCIOJIB30BAHUS KJIACCOB U KOPPEKTHOCTh OOPaOOTKU JAHHBIX PACUETHBIX CETOK
(MOIIK 1.1), a Taxxe HaBBIKM MPOBEICHUS PACUETOB M aHAIM3a Pe3yJbTATOB MPHU PEIICHUU
uccienonatenbekux 3agau (MIIK 1.1).

10. ITopsiaok npoBeieHUsI U KPUTEPHUH OLCHUBAHUS NIPOMEKYTOYHOM aTTecTaluu

3auér B IllectroMm cemectpe TmPOBOAUTCS B yCTHOM (QopMe IO BOIMpOCaM.
[IponomxurensHOCTh 3auéra 0.5 yaca.

IIpuMepHBIii IEpeYeHb BOIIPOCOB:

. UTo moHumaeTcs o] KjlaccaMy B 00bEKTHO-OPUEHTHUPOBAHHOM IIPOTPAMMUPOBAHUH?

. Uro npexacrapistoT co0o0il uieHsl Kiacca?

. Uto npezacTaBisoT co0oit MeTo bl Kiacca?

. Kakre 0CHOBHBIE THIIBI JAHHBIX UCIIOJIB3YIOTCSA B s13bIKe C++?

. Ilepeuncnure onepaTopsl, UCHIOIb3yeMbIE B s3bIke C++ 151 OpraHu3alyy LUKIIOB.

. HazoBuTe omepartopsl, ucnosb3yembie B si3bike C++ u1st paboThl ¢ aiiaMu JaHHBIX.

. OOBsicHHUTE AJIS Yero MCIOJB3YIOTCS KITtoUeBble cioBa public, private.

. O6bsicHuTE KaK Ha s13bIKe C++ 00BSABUTH MaCCUB OOBEKTOB KaKOT0O-TO Kiacca.

. HazoBuTe onepatopsl, UCHOIb3yeMbIE B s13bIKe C++ 1JI CUMTHIBAHUS CTPOKH, CJIOBA U3

O 0 IO DN W~

(haiina.
10. O6BsicHUTE KaK B MIPOrpaMMe HY>KHO 00panaThCsl K mepeMeHHbIM-4JIeHaM KJlacca.
11. [Jaiite onpeneneHre NOHATHIO AUCKPETU3ALINH.
12. Yto mpencraBisieT coO0H AUCKPETHBIN aHATIOT YPaBHEHHs B YACTHBIX MPOU3BOIHBIX?
13. Kak onpenensiercss nopsioK armpoKCHMALMKM pacYETHBIX cxeM?
14. YTo neXUT B OCHOBE METOJAa KOHEUHBIX Pa3HOCTEN?
15. Kak onpenensercss KOHEUHO-PAa3HOCTHAs MPOU3BOAHAS IIEPBOT0 MOpSAKa?
16. OnuiuTe NOCTpOeHNE KOHEYHO-PA3HOCTHOM TPOU3BOAHONM BTOPOTO MOPSIKA.
17. Ha3oBUTE TpU OCHOBHBIX CXEMBI, UCIIOIB3YEMBIX ISl JUCKPETU3AINH 110 BPEMEHHU.
18. B ueM 3akitoyaroTcst TOCTOMHCTBA M HEJAOCTATKH SIBHOM CXEMbl?
19. HazoBuTe mnpeMMylIecTBAa HCIOIb30BAHUS TOJHOCTHIO HESBHOM CXEMBbI A
JUCKPETU3aIMU 110 BPEMEHH.
20. B yém 3axirroyaeTcst OCHOBHAS HUAes METOAAa KOHEUYHBIX 00BEMOB?

Bomnpocsr 1-10 mo3BoJIAr0T OLIEHUTE HaBBIKHU CTYIEHTOB IPH IPOrPaMMHUPOBAHHUH Ha SI3BIKE
C++ (MOIIK 1.1). Bompocer 11-20 momoratoT yBHAETh 3HAHUS M MOHUMAaHHUE CTYIEHTOB B
o0acTH TpOBENEHUs] PacdyE€ToB M HCCIEAOBAaTENbCKUX 3aJad M aHajgu3a IOJIYy4YEHHBIX
pesynbtaroB (UIIK 1.1).

Pe3ynbraTsl 3aueTa ONpeAessaoTCs OLEHKAMHU «3aUTEHO», «HE 3aUTEHO».



OneHka «3a4T€HO» CTaBUTCI B TOM CIy4yae, €ClIM CTYAEHT JI€MOHCTPUPYET
c(OpMHPOBAHHbIE, CUCTEMAaTUYECKUE 3HAHWS OCHOBHBIX MOHATUH U 3aJa4 BBIYMCIUTEIILHOTO
NpaKTUKyMa, BO3MOXHO COJIep Kallie OT/IeIbHbIe TPOOeIIb.

OneHka «He 3a4TE€HO» CTABUTCS B TOM CIlydae, €CIIM CTYJEHT IEMOHCTPUPYET YacTHBIC,
(parMeHTapHble, HECTPYKTYpUPOBAaHHbIC 3HAHNSI OCHOBHBIX MOHATHUH U 3a71a4 BBIYMCIUTEIHHOTO
MpaKTUKyMa, TU00 3HAHUS TOJTHOCTHIO OTCYTCTBYIOT.

11. YuyeOHoO-MeTOANYECKOE O0ecTIeueHue

a) DIIeKTPOHHBIN y4eOHBIM Kypc MO AUCLUUIUIMHE B 3JIEKTPOHHOM yHUBepcurere «IDoy -
https://lms.tsu.ru/course/view.php?id=31857

0) OtleHOUHBIE MaTEepHANBl TEKYIIETO KOHTPOJS W TPOMEKYTOYHOW aTTECTAIH 10
muctumuae (https://www.tsu.ru/sveden/education/eduop/).

B) [lnan mpakTH4eckux 3aHATUHN MO JUCLMILTUHE.

12. Ilepevyens y4eOHOI auTEepaTypsl U pecypcos cetn UHTEepHeT

a) OCHOBHas JIUTepaTypa:

1. Alfio Quarteroni. Numerical Models for Differential Problems. Springer, 2014, 658 pp.

2. Thomas H. Pulliam, David W. Zingg. Fundamental Algorithms in Computational Fluid
Dynamics. Springer, 2014, 211 pp.

3. Wanai Li. Efficient Implementation of High-Order Accurate Numerical Methods on
Unstructured Grids. Springer, 2014, 148 pp.

0) IONOJHUTENbHAS JINTepaTypa:

1. Numerical Analysis of Heat and Mass Transfer in Porous Media / edited by J.M.P.Q.
Delgado, Antonio G. B. Lima, Marta V. Silva. Springer, 2012, 316 pp.

2. Peter J. Olver. Introduction to Partial Differential Equations. Springer, 2014, 635 pp.

3. Elena M. Véazquez-Cendon. Solving Hyperbolic Equations with Finite Volume Methods
electronic resource. Springer, 2015, 188 pp.

B) pecypchl cetu HTepHeT:

— http://e-science.sources.ru/ — mopTajl €CTECTBEHHBIX HAyK

— http://www.coursera.org/ — callT 00y4aronux KypcoB BeIyIIHX By30B MHpa

— https://ocw.mit.edu/index.htm — caliT OTKPBITBIX OHJIANH-KYpCOB

— http://journals.tsu.ru/mathematics/ —  caifitr  kypHama «BectHuk  Tomckoro
TOCYAapCTBEHHOTO YHUBEPCUTETa. MaTeMaTHKa U MEXaHUKa»

13. IlepeyeHb MHPOPMALMOHHBIX TEXHOJIOT M

a) JIMLEH3UOHHOE U CBOOOHO pacHpoCTpaHseMoe IporpaMMHOE 0OecrieueHue:

* onepauroHHble cucteMbl: Microsoft Windows 7

* cpeacTBa paspaborku npunoxenuit 1 CYB/I: Microsoft Visual Studio 2015

* TaKeThl MaTeMaTU4YeCKol U rpaduueckoit 00padboTku nanubix: Golden Software Grapher,
Golden Software Surfer

* MTAKETHI IS PEIICHUS 3a/1a4 BRIYACITUTENBHON ruapoanHaMuKku: Gmsh

0) nHpOpMaIIMOHHBIE CIIPABOYHBIC CHCTEMBI:

— DNEeKTPOHHBIN KaTajaor Hayunoii O6ubnnoTeKH Ty -
http://chamo.lib.tsu.ru/search/query?locale=ru&theme=system
— DNeKTpOHHAas Ooubnmoreka (peno3utopuii) Ty -

http://vital.lib.tsu.ru/vital/access/manager/Index
— OBC Jlans — http://e.lanbook.com/
— Obpa3zoBatenbHas matgopma FOpaiit — https://urait.ru/



http://chamo.lib.tsu.ru/search/query?locale=ru&theme=system
http://vital.lib.tsu.ru/vital/access/manager/Index
http://e.lanbook.com/
https://urait.ru/

— OBC ZNANIUM.com — https://znanium.com/
— OBC IPRbooks — http://www.iprbookshop.ru/

14. MaTepuanbHO-TeXHHYECKOe o0ecreyeHue

NuTtepaktuBHBIN HaAOOP (M0ocKa Smart ¢ mpoeKTopoMm, 3kpaH u npoektop EPSON)
13 KommnbroTepos

15. Uupopmanms o paspadoTyukax

Juns [lenuc Onerosud, K.¢).-M.H., Kadeapa TeOpeTHIecKoil MEXaHUKH, TOLICHT

Course curriculum

1. Course Aims

The purpose of mastering the course is a study of general concepts, terms and models
(physical, mathematical and numerical) in fluid and gas mechanics.

PC-1 Able to independently solve research problems of a scientific (scientific, technical,
innovative) project

IPC-1.1 Able to do research aimed at solving individual research problems

IPC-1.2 Determines the ways of practical use of scientific (scientific and technical) results

IPC-1.3 Provides mentoring in the research process.

2. Course problems

Learn to formulate simple physical and mathematical models of heat transfer and single-
phase flows in porous medium, as well as apply mathematical and numerical models of this
processes in research work.

Learn to apply finite difference and finite volume methods for discretization of constitutive
equations on structured and unstructured computational grids.

3. Course place and impact in the curriculum

This course is a one of the courses of Professional cycle, selective course in block 2 of
elective part of education program.

Modern computing technologies in fluid and gas mechanics is a basic course for master
students who chose specialization on scientific topics of Theoretical Mechanics Department. It is
a fundamental base for research project work in student’s research practical training.

4. Semester(s) of mastering and form(s) of intermediate assessment in the discipline

First semester, assessment with score

5. Entrance requirements for mastering the course

None.

6. Language of instruction
English

7. Course structure

The total laboriousness of the course is 4 credits, 144 hours, of which:
-lectures: 16 h.
-practices: 16 h.


https://znanium.com/
http://www.iprbookshop.ru/

including practical training: 0 h.
The amount of independent work of the student is determined by the curriculum.

8. Course content

Topic 1. Working with mesh generators.

Constructing of various types of meshes, determination of initial and boundary conditions
for different parts of the mesh.

Topic 2. Creation of program code for problems of continuum mechanics.

Writing computer programs in C++, creating and using classes of elements and nodes of
the computational grid, as well as the class of the mesh itself, processing and using data from files
created in mesh generators.

Topic 3. Finite difference method.

Construction of discrete analogues for the problem of heat transfer using the method of
finite differences. Time discretization schemes.

Topic 4. Methods for solving SLAE.

Methods of sweeping, upper relaxation, obtaining and analyzing results.

Topic 5. Finite volume method.

Construction of discrete analogues for problems of heat transfer and single-phase flow in
porous medium using the finite volume method. Software implementation, obtaining and
analyzing results.

9. Students’ progress active monitoring

During the implementation of the course, classical educational technologies are used —
lectures, practical classes, and independent study of materials by students, testing knowledge
through tests and exams. To conduct ongoing monitoring of the self-study work, the teacher can
conduct small tests at the beginning of each lesson.

The questions of the exam are a generalization of the questions of the current control tests
and allow assessing the level of competence formation and understanding of the formation of the
physical picture within these sections.

10. Course guideline for students and exam policy

For the successful mastering of the material, students need to use the sources, information
systems and databases that are presented in the list of references. Independent work of students
consists in the study of lecture material, material from practical classes and independent study of
additional issues, a deeper analysis of lectures with the help of additional literature.

Final assessment will be carried out by evaluating computer programs, prepared by students
and oral answers to questions. When answering a question, the completeness and accuracy of the
answer, the logic and reasoning of the presentation of the material are evaluated.

Sample list of questions for test

What is computational mesh

Which types of meshes do you know

How we can determine boundary conditions for different parts of the mesh
What is class in C++

Which standard variable members we need for element class of the mesh
Which standard variable members we need for node class of the mesh
What is discrete analogue of PDE

What is the main idea of the finite difference method

Which methods for solving SLAE do you know

0 What is the main idea of the finite volume method

_‘\090.\‘9\9‘:“’:”!\).*‘



Sample list of questions for assessment

Implementation of a mesh in the body of a computer program
Finite difference method

Problem of heat transfer

Time discretization schemes

Method of sweeping

Upper relaxation method

Finite volume method

Problem of single-phase flow in porous medium

O NN R

11. Education technologies and methodical support for course realization

a) Online course on TSU LMS platform «IDo» -
https://Ims.tsu.ru/course/view.php?id=31857
0) Tests and exam materials for this course

12. Course literature and resourses

a) Primary course literature.

1. Alfio Quarteroni. Numerical Models for Differential Problems. Springer, 2014, 658 pp.

2. Thomas H. Pulliam, David W. Zingg. Fundamental Algorithms in Computational Fluid
Dynamics. Springer, 2014, 211 pp.

3. Wanai Li. Efficient Implementation of High-Order Accurate Numerical Methods on

Unstructured Grids. Springer, 2014, 148 pp.

b) Additional course literature.
4. Numerical Analysis of Heat and Mass Transfer in Porous Media / edited by J.M.P.Q.
Delgado, Antonio G. B. Lima, Marta V. Silva. Springer, 2012, 316 pp.
5. Peter J. Olver. Introduction to Partial Differential Equations. Springer, 2014, 635 pp.
6. Elena M. Vazquez-Cendon. Solving Hyperbolic Equations with Finite Volume Methods
electronic resource. Springer, 2015, 188 pp.

¢) Databases and information and reference systems

° http://e-science.sources.ru/
° http://www.coursera.org/
° https://ocw.mit.edu/index.htm

13. Software list and internet resourses

Microsoft Windows 7, Microsoft Windows 10

Microsoft Visual Studio 2015, Intel Fortran/C/C++ Compiler 15
Gmsh, Golden Software Surfer 8;

Resourses:
— TSU library E-catalog — http://chamo.lib.tsu.ru/search/query?locale=ru&theme=system
— TSU E-library — http://vital.lib.tsu.ru/vital/access/manager/Index
— http://e.Jlanbook.com/
— http://www.studentlibrary.ru/
— https://urait.ru/
— https://znanium.com/
— http://www.iprbookshop.ru/

14. Education and technical equipment


http://e-science.sources.ru/
http://www.coursera.org/
https://ocw.mit.edu/index.htm
http://chamo.lib.tsu.ru/search/query?locale=ru&theme=system
http://vital.lib.tsu.ru/vital/access/manager/Index
http://e.lanbook.com/
http://www.studentlibrary.ru/
https://urait.ru/
https://znanium.com/
http://www.iprbookshop.ru/

Classical audiences with a whiteboard, a projector and a computer with a pre-installed
Microsoft Office 2010 office suite will use for lectures. Classrooms 314, 316, 319 will use for
practical classes and independent work of students.

NeNe314, 316
PC
. LCD monitor BENQ 21.5”
. CPU Intel core i15-2400, 3.40 GHz
. RAM: 4 GB
. HDD 500 GB
. Nvidia GTS 450

. Monitor LG 24"

. CPU Intel Core 17-4790 3.60GHz
. RAM 16 GB

. HDD 1 TB

15. Teaching staff
Associate professor, PhD, Denis Dil
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