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YueGHas porpaMma y4pexKJeHus: 00pa3oBaHus N0 y4eOHO! TUCIMILTMHE UL
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The program of the educational institution of the discipline for the speciality:

CnenuajbHOCTh / Speciality:

7-06-0533-06 Mechanics and Mathematical Modelling / 7-06-0533-06 Mexanuka
H MaTeMaTH4Yeckoe MOAEJIMPOBaHHe

ITpodummzanus / Profilization:

Theoretical and Applied Mechanics / TeopeTudeckas U IpHKIajiHas MCXaHUKa
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VYue6Has IPOrpaMMa cOCTaBlIeHa Ha OCHOBC OCBO 7-06-0533-06-2023; u y4eOHOTO
naHa Ne M54a-5.4-114/yu4. ot 1 1.04.2023.

COCTABUTEJIN:

Huxonaiiunk Mpuxamn AJjiekcaHApoBu+ — JIOUCHT xaQenpsl TeOpETHIeCKon U
TIPUKJIQJHON MEXaHWKH MEXAHUKO-MATEMaTHYeCKOTO  (paKynbTeTa BenopyccKoro
rOCyJAapCTBEHHOTO yHUBEPCUTETR, KaHAAIAT GU3MKO-MATEMATHIECKUX HayK.

PEIEH3EHT:

Bacujesnu [Opuii BiaagumMupoBHT — npodeccop Kadenpsl TEOPETUIECKOH
MEXaHUKH W  MEXaHWKH  MaTepHallos, MALIAHOCTPOUTENbHEIH  haKynbTeT,
Benopycckui HAlMOHAJIBHBIN TeXHUUECKUl yHUBEPCUTET, JIOKTOP (bU3HUKO-
MaTeMaTHUECKHX HayK, Tpoheccop.

Konosajop Ouer JleonnaoBud — sapemyrommit  HAJI PHGOPMAIHOHHBIX
TEXHOJNOTHH U KOMITBIOTEPHOH rpaduky, QaKyIbTeT IPUKJIa[HON MaTeMaTHKh H
uHpopmariky BI'Y, KaHauaT (U3UKO-MaTEMaTHIECKHX HAYK, JIOLIEHT.

PEKOMEHJIOBAHA K YTBEPXIEHUIO:

Kadenpon TEOpeTHIECKOH ! MPUKIIAHON MEXaHUKH BI'Y
(mpotoxon Ne 12 oT 28.05.2024)

Hay4HO-MeTOJUIECKUM cosetoM BI'Y
(mportoxon Ne 9 oT 28.06.2024)

3aBeqyrommii Kadenpok e -~ M.A. XypaBkoB




HHOACHHUTEJIBHASA 3AIIMCKA

Hesu v 3a0aun y4eOHOM AU CHUIINHbBI

Heab y4eOHOH QMCHUITIMHBI — CO3/1aHKe 0a3bl JJIsl OCBOCHUSI OCHOBHBIX UACH
M METOJOB  COBPEMEHHOW  MEXaHMKM U MaTreMaTUuKh,  MOATOTOBKA
BBICOKOKBAJTM(DHITMPOBAHHBIX CIEIIHAIMCTOB, CIIOCOOHBIX CTaBUTh M PEIIATh 3aJa4d
U3 pa3IMYHbIX O00sacTell Hayku H TexXHUKU. DopMUpOBaHHE YCTAHOBKH Ha
TBOPUYECKYI0 MPO(ECCUOHATBHYIO JIeATEIbHOCTh; pa3BUTHE MPOHEeCcCHOHATBHOTO
MBIIJICHUS, KOTOpoe obecnedymsio Obl OyAylieMy CHelUaIucTy BO3MOKHOCTh
CBOOOJHO OIEepupoBaTh MNPO(HECCUOHATBHBIMU 3HAHUSAMH, BUACTH NPOOJIEMBI U
ONTUMAJIbHBIE TTYTH UX PEIICHUS B CAMOCTOSITEILHON MPAKTUYECKON JEATEILHOCTH.

3agaum y4yeOHOM QM CIUIIHHbI:

— 03HAaKOMJICHUE MAaruCTPaHTOB C OCHOBHBIMU METOAAMU YUCIEHHOTO PEIICHUS
3a/1a4 MHXKEHEPHBIX 3aJ1a4 MEXaHUKHU Je(hOPMUPYEMOTO TBEPJIOTO TENa;

— (QopMHUpOBaHUE HABBIKOB PEIICHUS NPUKIATHBIX WHXXEHEPHBIX 3aJad C
WCIIOJB30BaHUE MaTEMAaTHYECKUX MOJCICH MEXaHUKH CIUIONIHOM Ccpeabl W
COBPEMEHHBIX CUCTEM YHCICHHOTO MOJICIMPOBAHMS;

— TPUMCHEHHME TIOJIYYEHHBIX 3HAHUM [JJI1  aHalu3a  HaNpsSKEHHO-
ne(OpMUPOBAHHOTO COCTOSIHUSA TEJI, MOJYYEHHOTO IyTEM YHUCIEHHOIO PEIICHUS
MPUKIIAJIHBIX MHKEHEPHBIX 3a7a4.

MecTo y4eOHOWl OMCHUIVIMHBI B CHUCTEME IMOJATOTOBKH CHEHHUAINACTA C
yTITyOJIEHHBIM BBICIIMM 00pa3oBaHUEM (MarucTpa).

Juctmmmaa «CAE software systems in engineering» mocsiieHa U3y4eHUIO
MOAXOJ0B K TPHUMEHEHHUIO COBPEMEHHBIX CHUCTEM YHCIEHHOTO MOJIEIUPOBAHUS
HaMpPsHKEHHO-1e(HOPMUPOBAHHOTO COCTOSTHUSI MEXaHUYECKHX CHUCTEM I PelleHUs
MPUKIIATHBIX 33]]a4 MEXaHUKH J1Ie(OopMUPYEMOTo TBEPOTO Tea.

VYyeOHass IUCHUIUIMHA OTHOCHTCS K moxyito «Computational modelling of
Physical processes» koMroHeHTa y4IpexaeHHus 00pa30BaHuUs

VYuebHasg mnporpamMma COCTaBJI€HA C YYE€TOM MEXIPEAMETHBIX CBs3EH U
nporpamm no nucuurmmHaM: «Partial differential equations, «Continuum mechanics»
u «Analytical methods in structural engineering.

TpeOoBaHus K KOMIIETEHUUSIM

OcBoenne yueOnou mucumiuinabl «CAE software systems in engineering»
JTOJDKHO ~ o0ecrieyuTh  (OPMHUPOBAHHME  CICAYIONICH  crnenuaJu3upoOBaHHOI
KOMIIETEeHIINM:

Use typical software modules for the analysis of the generated analytical models
of the problems posed, methods of mathematical and algorithmic modeling in solving
problems of mechanics.

3HATH!

— OCHOBHBIE THUITbI YHCJICHHBIX aHAJIU30B,;

— OCOOCHHOCTH TOCTPOCHHUS YMCICHHBIX CXEM pEIICHUs MPUKIAAHBIX 3a]a4
MeXaHUKU 1ehopMUpPyEeMOTo TBEPAOIO TeNa,

yMeTh:

— CTPOUTh TE€OMETPHUI0 pacCMATPUBAEMBIX CHCTEM, 3a/aBaThb (PU3UKO-
MEXaHUYECKHE CBOMCTBA €€ 3JIEMEHTOB, ONPEEsATh TPAHUYHBIEC YCIOBHS,
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— COCTaBJISITh YUCJICHHBIC CXEMbl U QJITOPUTMBI PELICHHS 33a4 MEXaHUKH
nehopMUpyeMOTO TBEPAOTO;

— MPOBOJUTH aHAJIM3 IMOJYYCHHBIX PE3YyJbTaTOB PEIICHUS ITOCTaBICHHBIX
I'PaHUYHBIX 3a/1a4;

UMeTh HABBIK:

— IOAXOJIOB K YHWCJICHHOMY pCIICHHUIO 3a7ad MEXaHUKH Je(hOopMHUPYyEeMOTo
TBEPJIOTO TeJa.

Crpykrypa y4eOHOH QU CHUININHBI

JucuuminHaa usydaercss B 3 cemecTpe. Bcero Ha wu3ydeHue yueOHOM
nucuumuinHbl «CAE software systems in engineering» oTBeEHO:

— B OYHOH (hopMe MOTyUeHHS yIriyOJIEeHHOTO BhIcIIero oopazoaHus: 90 yacos,
B TOM YHCJIe 54 ayIUTOPHBIX Yaca, U3 HUX: JICKIIUU (B TOM YKCIIC JUCTAHIIMOHHO) — 18
4acoB, JJabopaTopHbIC (B TOM YHCIIE JUCTAHIIMOHHO) — 36 4acoB.

TpynoeMKoCTh ya4eOHOM TUCITUTIIIMHBI COCTABIIACT 3 3a4CTHBIC €AMHUIIBI.

dopma NpOMEKYTOYHOM aTTECTALUH — 3a4ET.



EXPLANATORY NOTE

Aim and tasks of the discipline

The aim of the discipline is to create a basis for mastering the basic ideas and
methods of modern mechanics and mathematics, training of highly qualified specialists
capable of setting and solving problems from various fields of science and technology.
Formation of the attitude to creative professional activity; development of professional
thinking, which would provide the future specialist with the ability to operate freely with
professional knowledge, to see problems and optimal ways of their solution in
independent practical activity.

Tasks of the discipline:

- familiarization of master students with the basic methods of engineering
problems of deformable solid mechanics numerical solution;

- skills of solving applied engineering problems using mathematical models of
continuum mechanics and modern systems of numerical modeling formation;

- application of the obtained knowledge to analyze the stress-strain state of
bodies obtained by numerical solution of applied engineering problems.

Place of the academic discipline in the system of training a specialist with
higher education.

The discipline “CAE software systems in engineering” is devoted to the study
of approaches to the use of modern systems of stress-strain state of mechanical systems
numerical modeling to solve applied problems of deformable solid mechanics.

The study discipline belongs to the module “Computational modeling of
physical processes” of the educational institution component

The program is made taking into account the interdisciplinary links and
programs for the disciplines: “Partial differential equations, “Continuum mechanics”
and “Analytical methods in structural engineering”.

Requirements for competences

Mastering the academic discipline “CAE software systems in engineering”
should ensure the formation of the following specialized competence:

Use typical software modules for the analysis of the generated analytical models
of the problems posed, methods of mathematical and algorithmic modeling in solving
problems of mechanics.

know:

- main types of numerical analyses;

- peculiarities of construction of numerical schemes for solving applied
problems of deformable solid mechanics;

be able to:

- build the geometry of considered systems, set physical and mechanical
properties of its elements, determine boundary conditions;

- compose numerical schemes and algorithms for solving problems of
deformable solid mechanics;

- analyze the obtained results of solving the set boundary problems;

have skills in:

- approaches to numerical solution of problems of deformable solid mechanics.
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Structure of the academic discipline

The discipline is studied in the 3 semester. In total for the study of the discipline
“CAE software systems in engineering” is allocated:

— for full-time higher education — 90 hours, including 54 classroom hours, of
which: lectures (including remotely) - 18 hours, laboratory (including remotely) - 36
hours.

The labor intensity of the discipline is 3 credit units.

Form of interim certification on the discipline - end-of-term test.



CONTENT OF THE STUDY MATERIAL

Theme 1. General concepts and definitions. Purpose, essence and content of
CAE-technologies in relation to the tasks of modern mechanics.

Definition of CAE technologies. Application of CAE systems for stress-strain
state of engineering systems analysis. Overview of modern CAE systems.

Theme 2. Application of CAE-systems to analyze the stress-strain state,
perform strength calculations of engineering products and structures.

Architecture of CAE systems. Basic principles of CAE systems. Calculation part
of CAE packages, basic numerical methods of engineering calculations. Algorithms for
performing calculations on the basis of CAE software, content of the main calculation
stages. Types of applied problems of modern mechanics solved on the basis of CAE
software. Examples from various branches of modern mechanics.

Theme 3: Algorithm of applied deformable solid mechanics problems
numerical solution

Creating a geometric model. Specifying physical and mechanical properties of
materials. Creation and optimization of finite element mesh. Setting of boundary
conditions. Solver settings. Analyzing the results of the problem solution.

Theme 4. Different types of numerical analyses using the finite element
method overview

Static structural and transient structural numerical analysis. Analysis of natural
and forced vibrations. Fatigue analysis. Rigid dynamics analysis.

Theme 5. Solving classical problems of deformable solid mechanics using
CAE systems

Beam, bars and rods calculations. Analysis of structures under different types of
loading stress-strain state. Theory of elasticity and plasticity problems solution.
Solving problems with temperature effects. Solution of some contact problems.

Theme 6. Some problems of geomechanics using modern CAE systems
solution

Assessment of rock massif in the vicinity of a single excavation stress-strain
state. Determination of continuity disturbance zones in the rock massif during large-
scale mining operations.Filling Example



TEACHING AND METHODOLOGICAL MAP OF THE DISCIPLINE

Full-time form of higher education with the use of distance learning technologies (DLT)
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1 | General concepts and definitions. 3 Oral questioning
Purpose, essence and content of CAE-
technologies in relation to the tasks of
modern mechanics
2 | Application of CAE-systems to| 3 Oral questioning
analyze the stress-strain state, perform
strength calculations of engineering
products and structures
3 | Algorithm of applied deformable solid | 3 6 Self-check questions, oral questioning,
mechanics  problems  numerical problem solving, laboratory work
solution report
4 | Different types of numerical analyses | 3 10 Self-check questions, oral questioning,
using the finite element method problem solving, laboratory work
overview report
5 |Solving classical problems of | 3 10 Self-check questions, oral questioning,
deformable solid mechanics using problem solving, laboratory work
CAE systems report
6 | Some problems of geomechanicsusing | 3 10 Self-check questions, oral questioning,
modern CAE systems solution problem solving, laboratory work
report




INFORMATION AND METHODOLOGICAL PART
List of basic literature

1. Zohdi T. A finite element primer for beginners. The basics, 2nd ed. —
Springer, 2018. — 135 p.

2. Meirovitch L. Computational methods in structural dynamics. — Sijthoff and
Noordhoff, 1980. — 439 p.

3. Ghaboussi J., Wu X.S. Numerical methods in computational mechanics. —
CRC Press, 2017. - 313 p.

4, Moaveni S. Finite Element Analysis. Theory and application with ANSYS.
— Prentice Hall, NJ,1999 — 929 p.

5. Chang K.-H. Product Design Modeling using CAD/CAE, Academic Press,
2014. — 438 p.

List of additional literature

6. Welcome to ANSYS, Inc. — Corporate Homepage. http://www.ansys.com.

7. ANSYS, Inc. Products. http://www.ansys.com/products/default.asp.

8. FEA.RU|CompMechLab — O cucreme Unigraphics. http://www.fea.ru/
education/cad/unigraphics/.

Q. FEA.RU|CompMechLab - O cucreme CATIA.  http://www.
fea.ru/education/cad/catia/.

List of recommended diagnostic tools and methodology for final mark formation

The object of diagnostics of students’ competences is the knowledge and skills
acquired as a result of studying the academic discipline. Identification of students' learning
achievements is carried out by means of current and interim certification.

The following means of current certification can be used to diagnose competences:
Self-check questions, oral questioning, problem solving, laboratory work report

The form of interim certification in the discipline “CAE software systems in
engineering” in accordance with the curriculum end-of-term test.

Approximate list of laboratory classes
Theme 1. Algorithm of applied deformable solid mechanics problems numerical
solution. (6p.)

(From of control — laboratory work report).

Theme 2. Different types of numerical analyses using the finite element method
overview (10p.)


http://www.ansys.com/products/default.asp
http://www.fea.ru/

(From of control — laboratory work report).

Theme 3. Solving classical problems of deformable solid mechanics using CAE
systems (10p.)
(From of control — laboratory work report).

Theme 4. Some problems of geomechanics using modern CAE systems solution

(10p.)
(From of control — laboratory work report).

Description of innovative approaches and methods
for teaching the discipline

When organizing the educational process, a practice-based approach is used, which
entails the following:

- mastering the educational content through solving practical tasks;

- acquiring skills for effective performance in various types of professional
activities;

- orientation towards idea generation, implementation of students' group projects,
development of business culture;

- use of evaluation procedures, assessment methods, indicating the formation of
professional competences.

Methodological recommendations for the organization of independent work

1. Self-work while working through the literature.

Review the lecture notes immediately after class. Mark the material in the lecture
notes that is difficult to understand.

Try to find answers to difficult questions using the literature.

If you are unable to understand the material on your own, formulate questions and
ask the instructor for help at the next lecture.

Every week it is recommended to set aside time to repeat the material, testing your
knowledge, skills and abilities by control questions.

2. Independent work on making an outline.

1. Collect literature on the topic. Study the source where it is presented in the most
complete and up-to-date manner.

2. Based on this source, make a detailed outline, indicating the pages of the book
that relate to a particular point of the outline.

3. Study other sources. If they contain material on the already existing point of the
plan, write down in the plan and the new source, indicating the pages. If the material in
the other source reveals the topic from a different perspective, add another paragraph to
the outline.

10



4. Having analyzed all the literature collected on the topic, you will have a final
plan, on which you can write a synopsis, combining the material from different sources.

5. Edit your outline, read it carefully and think: - whether you are satisfied with its
general plan; - whether the semantic, logical connection between the individual elements
of the content is well perceived; - whether the quotations are successfully used, whether
the connection between turns of speech and phrases is correctly established; - whether the
punctuation marks in the quotations are correctly placed.

3. Preparation for laboratory classes

The purpose of laboratory classes is to deepen and elaborate the theoretical material
of the subject by means of regular and systematic self-activity of students throughout the
course. Directly conducting a laboratory class involves: solving problems and exercises
according to the sample; analyzing the results; systematizing the material and preparing a
report on the work done.

Instructions:

Study normative documents, mandatory and additional literature on the issue under
consideration.

Read the lecture notes on the topic.

Carefully study the order of individual practical work or the algorithm presented by
the teacher.

4. Preparing for the credit

Carefully read the material on the outline made at the lessons.

Read the same material in the textbook, study guide.

Try to understand the unclear, in particular new terms. Often ignorance of
terminology prevents students from perceiving the material in the classroom at the proper
level.

Answer the self-check questions in the textbook.

Briefly retell the content of the studied material “in your own words”.

Memorize “working definitions” of basic concepts and laws.

Having mastered the theoretical material, proceed to the performance of tasks,
exercises, solving problems, calculations on individual tasks, etc.

Approximate list of questions for end-of-term test

1. Finite element method.

2. Algorithm for numerical solution of mechanics problems.

3. Modern program complexes designed to solve applied problems of
mechanics.

4, Structural numerical analysis conduction.

5. Numerical solution of dynamic problems.

6. Numerical solution of contact problems.

7 Analyzing the stability of structures.

8 Numerical solution of mechanics nonlinear problems.
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Q. Numerical solution of applied problems of geomechanics.
10.  Application of systems state estimation complex criteria in the analysis of
numerical simulation results.

12



ITPOTOKOJI COTJIACOBAHUSI YYEBHOW MPOT'PAMMBI YO

HasBanue Haspanue IIpemnoxxeHus Pemenue, NpuHATOE
y4ueOHOH kadenpsl 00 U3MEHEHHUAX B kadenpoii,
JMCIHTIINHEI, coziepKaHul y4eOHOH paspaboTaBlIei
C KOTOpOH IIPOrPaMMBI y4eOHYIO
Tpedyercs yUpeXIeHHs BBICILIETO nporpaMmy (¢
COrJIaCOBaHME 06pa3oBaHus 110 y4eOHOH yKa3aHHEM JaThl 1
JCIIATUIMHE HOMepa IIPOTOKOJIA)
VYuebHas
JUCIUTIIINHA
He TpebyeT
COTJIaCOBAHUS
« -
3aBenyromuii kaheapoi =
4 M.A. XypaBKoB

I. hu3-MaT.HayK, mpodeccop

2.A. S

20‘4 o .
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AOINOJTHEHUA U UBSMEHEHUA K YYEBHOM IMPOI'PAMME I1O
U3YUYAEMOM YUYEFHOU JUCHUIIJIMHE

Ha / y4eOHBIN TO

No

/I I{OHOJ’IHGHI/IH N U3MCHCHMUS OcHoBanue

VYyebHas nporpamMmma nepecMoTpeHa U 0100peHa Ha 3aceaHuu Kadeapsl
(mpoTokon Ne OT 202 r1.)

3aBenyrommii kadeapon

YTBEPXIAIO
Jexan axynbrera
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