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INOACHUTEJIBHASA 3AIINCKA

Hesu u 3axa4u y4eOHOM AU CHUTIIUHBI

Llenp yueOHOW IUCHUIUIMHBI — TIOBBIIICHHE YPOBHS MPOGECCHOHATHLHON
KOMIIETEHTHOCTH B PEUIEHUHU MPOOJEM MHOIOMApaMETPUYECKOro MOJAEIUPOBAHUS U
aHaJau3a CIIOKHBIX TEXHUYECKUX CUCTEM U IpoueccoB. POpMUPOBAHUE y CTYJICHTOB
HaBbIKOB M YMEHHH, CBSA3AHHBIX C OCHOBHBIMM METOJAMH KOMIIBIOTEPHOIO
MOJEIUPOBAHUS CIOKHBIX TEXHUUECKUX CUCTEM, IIPOLIECCOB, MEXAHU3MOB U MAaIluH.
@dopMUpOBaHUE YCTAaHOBKM Ha TBOPYECKYIO MPOGECCHOHANBHYIO NESITEIbHOCTD;
pa3BuTHEe MNpo(decCUOHATBLHOTO MBIIUICHHS, KOTOpoe obecrneunsio Obl OyayieMy
CHEIUATNCTY BO3MOXKHOCTb CBOOOHO ONEpUPOBATh MPOPECCUOHATIHBIMU 3HAHUSMH,
BUJETh NPOOJEMbl M ONTUMAJbHBIE IYTH MX PEIIEHUS B CAMOCTOSTEIbHOU
IIPAKTUYECKOM JEATEIBHOCTH.

3agavyaMy y4eOHOW NUCLUMILIMHBI « MHOTOITApaMETPUUECKOE MOJIETUPOBAHUE U
aHAJIU3 CIIOKHBIX TEXHUYECKUX CUCTEM U MPOLECCOB) SABIISIOTCS:

1. pa3BuTHME HABBIKOB MPOECKTUPOBAHMS, MOJEIUPOBAHMS, NOCTPOEHUS U
aHaau3a UH)KCHEPHBIX IIPOCKTOB;

2. O3HAKOMJIEHME MAarucTpaHTOB C OCHOBAaMH YHCIEHHBIX METOJIOB
MOJEIUPOBAHUS W ONTHUMHU3ALMU TPOEKTOB M HMX KOMIIBIOTEPHOW pEaln3aliy B
COBPEMEHHBIX IIAKeTaX IPOrpamMm;

3. oOyueHue MarucTpaHTOB KOPPEKTHOU ITOCTAaHOBKE 3axa4
MHOTIONapamMeTPUIECKOr0 MOIECIIMPOBAHNS U aHATIN3A CIIOKHBIX TEXHUYECKUX CUCTEM
U IIPOLIECCOB;

4. (opmupoBaHHE HABBIKOB MPAKTHUYECKOTO PEUICHUS 3a]a4 KOMIBIOTEPHOTO
aHaJIM3a CJIOKHBIX TEXHUYECKUX CUCTEM, IMPOLECCOB, MEXaHU3MOB U MAIlIVH.

MecTo y4yeOHOM AMCHUMINIMHBI B CUCTEME IOJArOTOBKHM CIELHUAIUCTa C
yTITyOJIEHHBIM BBICIIMM 00pa3oBaHUEM (MarucTpa).

HucuumuimHa «MHOronapaMeTpuyeckoe MOJEIMPOBAHUE U AHAJIU3 CIIOKHBIX
TEXHUYECKUX CHUCTEM MW  IPOLIECCOB» TNOCBAIICHA H3YYEHUIO  HU3YyYECHUIO
MAaTeMaTUYECKUX TMOJAXOJOB M METOJOB, HAINPABJICHHBIX HA pELICHUE 3a1ad
MHOTIONapaMeTPUYECKOr0  MOJECIMPOBAHUS  CIIOKHBIX  TEXHUYECKHUX  CHCTEM,
ONMMCAHUIO HANIPSHKEHHO-€(hOPMUPOBAHHOTO COCTOSIHUS TBEPABIX TEJL.

VYyeOHast AMCUMIUIMHA BXOJUT B MOAYJb «MaTeMaTnyeckoe MoIeTMpOBaHUE B
MalIMHOCTPOEHUN» KOMIIOHEHTA YUPEKICHUSI 00pa30BaAHMUS.

PaccmarpuBaroTCcs KOHKPETHBIE IPUIOKEHHUS W IPUMEPHl PEIICHUS 3a1a4
MEXaHUKH J1e()OpMHUPYEMOTro TBEPAOTO Tella U MEXaHHKH CTEPKHEBBIX CHCTEM C
IIOCTAHOBKOM TPAaHMWYHBIX 337a4 U MCIOJIB30BAHUEM IIPUKIIAJHBIX MAaTEMAaTHUYECKUX
METO/OB.

VYyeOHast mporpaMmMa COCTaBJIEHa C YYETOM MEXIPEIMETHBIX CBS3ed U
nporpaMMm 1o gucuuriuiiHaMm: «KoHeuHo-aneMeHTHbIE MeToabl», «MexaHuka
CIUIOLIHBIX cpen» U «MexaHnKa COBPEMEHHBIX MAaTEpUAIIOBY.

TpeGoBanus K KOMIIETEHIIUAM



OcBoeHue yueOHON AUCUUILINHBI « MHOTronapaMeTpuueckoe MoJIeIMpOBaHUE U
aHAIM3 CIIOKHBIX TEXHUYECKHX CHCTEM M IPOLIECCOB» JOJKHO 0O€CIeunTh
dbopMupoBaHUE CIEAYIOMIEH creluaTu3uPOBAHHON KOMIIETEHI[UM:

CK-1. OBnageTs METOAAMH MATEMATHYECKOTO MOJEIMPOBAHUS NPHU AHAIIU3E
CIIO)KHBIX TEXHUYECKUX CHCTEM M MPOLIECCOB, MHOTO(A3HBIX Cpeid, MpU pEIICHUU
3a]1a4y MEXaHHUKHU.

B pesymprare = uM3ydeHHs ~ JAUCUMIUIMHBL  «MHoromapameTpuyeckoe
MOJICJINPOBAHUE U AHAJIN3 CIIOKHBIX TEXHUYECKUX CUCTEM U IIPOLIECCOB » MATUCTPAHT
JOJDKEH!

3HATh:

— po0JIEMATUKY MHOIONAPaMETPUUECKOI0 AHAITUTHUYECKOIO U KOMIIBIOTEPHOTO

MOJICJIMPOBAHUS IIEMEHTOB, y3JI0B MAIllMH U MEXaHU3MOB;

— OoOUIyl0 MOCTAaHOBKY 3a/lad ONTHUMH3ALMM, ATalbl MOCTAHOBKU U PEIICHHS
ONTHUMM3ALMOHHBIX 33]1a4, CTPATErM0 ONTUMHU3aLHOHHBIX UCCIIEI0BAHMI;

— METOJIMKY COCTaBJIEHUS MaTEMAaTUYECKON MOJIEIH, 1IeIeBOU (PYHKIUY;

— MaTeMaTUYeCKMe  METOJbl  pelIeHus 3aJa4y  MHOIONapaMeTpUYecKOro
MOJICJINPOBAHUS JIEMEHTOB, y3JI0B MAIlIMH U MEXaHU3MOB.

yMeTh:

— paccuuThiBaTh M BU3YaJIU3UPOBATh C IIOMOIIBIO KOMIIBIOTEPHBIX CPEICTB
IPOLIECCHl MHOTOMAPAMETPUUYECKOTO MOJEIUPOBAHUS 3JIEMEHTOB M y3J0B MallluH U
MEXaHU3MOB C YYETOM MX MEXaHUYECKUX XapaKTEPUCTHUK, HAYAJIBHBIX U T'PAHUYHBIX
YCJIOBHUI;

— BBINOJHATh NPOEKTUPOBOYHBIE PACUEThl OCHOBHBIX THUIOB JE€Talel U Y3J0B
MallMH B OCHOBHBIX MAaKeTax KOMIBIOTEPHOIO MOIECIUPOBAHUS U MPOBOAUTH aHAIN3
NIOJIyYEHHBIX PE3YJIbTATOB.

HMeTh HABBIK:

— KOMIIBIOTEPHBIMU METOAaMHU MOJCIIUPOBAHUS M PEIIEHUs THUIMYHBIX 3a]a4
MHOTOITapaMETPUIECKOr0 MOJIEIUPOBAHMS;

— METOJIaMH IIPOBEIECHUSI KOMIIBIOTEPHOW CUMYJISILIMM OCHOBHBIX TUIIOB J€Tajeu
Y y3JI0B MAIlIMH C YY€TOM MHOTONapaMeTPUYECKOro aHaln3a;

— METOJIaMH KOMITBIOTEPHOI'O MOAEIIMPOBAHUS, TPOCKTUPOBAHMS U ONITUMU3ALIMH
OCHOBHBIX THIIOB JieTajieii 1 y310B MamuH (B nakere SolidWorks u ANSYS).

CrpykTypa yueOHOM IMCIUTIIHUHBI

JucuumuinHa u3ydaercss B 3 ceMmecTtpe. Bcero Ha wusydyeHue yueOHOHU
JTUCHUIUIMHBL  «MHOronapaMeTpuyeckoe MOJEIMPOBAHUE U AHAIU3  CJIOKHBIX
TEXHUYECKUX CHCTEM U MPOILIECCOB» OTBEICHO:

— JUIs O4HOM (OpMBI MONyYeHHs! YIIIyOJIEHHOTO BhICIIEro oOpa3oBanus: 90
4acoB, B TOM uuciie 36 ayAUTOPHBIX Yaca, U3 HUX: JICKIIUU — 18 4acoB, mpakTUUECKHe
3aHsATHS — 18 yacos.

TpynoeMkocTb yueOHON AUCIUIUIMHBI COCTABISAET 3 3aU€THBIE €IMHULIBI.

®opMa MPOMEKYTOUHOMN aTTECTALMH M0 y4€OHO! NUCLUILINHE — 3a4ET.



EXPLANATORY NOTE

Aim and tasks of the discipline

Aim of the discipline — to increase the level of professional competence in solving
problems of multi-parameter modeling and analysis of complex technical systems and
processes. Formation of students' skills and abilities related to the basic methods of
computer modeling of complex technical systems, processes, mechanisms and
machines. 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.

The tasks of the educational discipline “Multi-parameter modeling and analysis
of complex technical systems and processes” are:

1. development of skills of designing, modeling, construction and analysis of
engineering projects;

2. acquaint master students with the basics of numerical methods of modeling and
optimization of projects and their computer implementation in modern software
packages;

3. training of undergraduates in correct formulation of problems of multi-
parametric modeling and analysis of complex technical systems and processes;

4. formation of skills of practical solution of problems of computer analysis of
complex technical systems, processes, mechanisms and machines.

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

The academic discipline is part of the module “Mathematical modeling in
Engineering”.

The program is designed taking into account the interdisciplinary connections
and programs for the disciplines: “Finite element methods”, “Continuum mechanics”
and “Mechanics of advanced materials”.

Requirements for competences

Mastering of the academic discipline “Multi-parameter modeling and analysis of
complex technical systems and processes” should provide the formation of the
following special competences:

to master the methods of mathematical modeling in the analysis of complex
technical systems and processes, multiphase environments, when solving mechanics
problems.

As a result of mastering the academic discipline, the student is expected to:

know:

— problems of multi-parameter analytical and computer modeling of
elements, units of machines and mechanisms;

— general formulation of optimization problems, stages of formulation and
solution of optimization problems, strategy of optimization studies;

- methodology of compiling a mathematical model, target function;



— mathematical methods of solving problems of multi-parameter modeling of
elements, units of machines and mechanisms;

— calculate and visualize with the help of computer means the processes of
multi-parameter modeling of elements and units of machines and mechanisms taking
into account their mechanical characteristics, initial and boundary conditions;

—~ perform design calculations of the main types of parts and units of machines
in the main packages of computer modeling and analyze the obtained results;

have skills in:

— computer methods of modeling and solving typical problems of multi-
parameter modeling;

— methods of computer simulation of the main types of parts and assemblies
of machines taking into account multi-parameter analysis;

— methods of computer modeling, design and optimization of the main types
of parts and assemblies of machines (in SolidWorks and ANSYYS).

Structure of the academic discipline

The discipline is studied in the 3rd semester. In total for the study of the
discipline «Multi-parameter modeling and analysis of complex technical systems and
processesy is allocated:

— for full-time advanced higher education — 90 hours, including 36 in-class
hours, of them: lectures — 18 hours, practical classes — 18 hours.

The labour intensity of the discipline is 3 credit units. Form of certification —
end-of-term test.



CONTENT OF THE STUDY MATERIAL
Section 1 Theoretical information

Topic 1.1 Mathematical methods for solving optimization problems

The general formulation of the optimization problem. Mathematical optimization
problem. Limited application of the differentiation method to solve the optimization
problem. The stages of formulation and solving optimization problems. Strategy of
optimization research. Composition of mathematical model. The target function. Criteria
for optimization of mode problems. Limitations on variables.

Topic 1.2 Optimization concepts

Optimization objectives. Design parameters. One-dimensional optimization.
The target function. An example of Example of optimization problem formulation. Local
and global minima. The Weierstrass theorem. Search methods. The interval of
uncertainty. The golden ratio method. Unconditional and conditional optimization.
Analytical and numerical methods for solving the problem of unconditional one-
dimensional optimization. An analytical method for finding a local minimum. Search
methods. Sequential search methods. Scanning methods (direct iteration). The method
of dividing a segment in half. Unimodal functions.

Topic 1.3 Methods for solving linear programming problems

Formation of a mathematical model based on a meaningful statement of the
problem. Mathematical assumptions for the linear programming problem. The basic
problem of linear programming. The first standard form of a linear programming
problem. The second standard form of the linear programming problem. The canonical
form. Rules of reduction. Geometric method for solving the linear programming
problem. The theorem on optimal extreme points. Simplex algorithm. The canonical
maximization (minimization) problem. Equivalent transformations. The basic solution
of a system of linear equations. Classification of simplex tables. The algorithm of the
direct simplex method (maximization). Linear programming. Nonlinear programming.
Stochastic programming. Dynamic programming. Multi-criteria optimization.

Topic 1.4 Multiparametric optimization
Mathematical models for the implementation of optimal choice problems. Methods of
multiparametric optimization. A classic linear programming problem. The method of
successive concessions. An example of a multiparametric optimization problem.
Method of finding a compromise target function. The formula for calculating
compromise coefficients. An example of a multiparametric optimization problem.

Section 2. Practical examples of multiparametric modeling

Topic 2.1 Topological optimization in ANSYS ADJOINT SOLVER



Topological optimization in Ansys - beam. Topological optimization in Ansys -
lever. Topological optimization in Ansys - bracket. Topological optimization in Ansys -
pillar. Topological optimization in Ansys APDL. Parametric optimization in Ansys
Workbench. Parameter Optimization in Ansys APDL.

Topic 2.1 Multi-parameter optimization using SOLIDWORKS computer system
Topology study: non-parametric optimization in Solidworks Simulation of beams.
Parameter configuration in SolidWorks package. Topological optimization in Solidworks.
Topological optimization: reverse engineer meshes produced by Solidworks. Topology
study: nonparametric optimization in Solidworks Simulation of beams. Topology study:
non-parametric optimization in Solidworks Simulation of a bracket. Solidworks Parametric
Compression Spring.



TEACHING AND METHODOLOGICAL MAP OF THE DISCIPLINE

Full-time form of higher education with the use of distance learning technologies (DLT)

In-class hours
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1.1 | Mathematical methods for solving optimization| 4 interview
problems
1.2 | Optimization concepts 4 interview
1.3 Methods for solving linear programming interview
problems
1.4 | Multiparametric optimization 4 interview
2.1 | Topological optimization in ANSYS ADJOINT 10 problem solutions,
SOLVER laboratory reports
2.2 | Multi-parameter optimization using 8 problem solutions,

SOLIDWORKS computer system

laboratory reports




INFORMATION AND METHODOLOGICAL PART

List of basic literature
1. Ray M. Bowen. Introduction to Continuum Mechanics for Engineers.
Published By Plenum Press. 2007. (Revised Edition).
2.  Zhuravkov M., Lyu Y., Starovoitov E. Mechanics of Solid Deformable
Body. Springer. 2023. 317p. 2.
3. l'opmau B.A. Maremarudyeckoe mopenupoBaHue. Iloctpoenne mopenei u
YHCIIEHHAs peanu3alys: yaeOHoe TocoOue sl CTYACHTOB BY30B, 00yUaIOUXCcs 1O
IporpamMmam BBICIIETO 0Opa30BaHus B 00nacTsX: "MH)eHepHOe Ae10, TEXHOJIOTUN
u TexHonornyeckue Hayku" u "Hayku 06 obmectse" / b. A. 'opnay, B. I'. [1laxos.
- U3n. 5-e, crep. - Cankt-IletepOypr ; Mocksa ; Kpacnonap : Jlaus, 2023. - 291 c.
URL.: https://e.lanbook.com/book/305219.

List of additional literature
1. Lyu Y. Finite Element Method Element Solutions. — Springer, 2022. — 191 p
2. Jamshid Ghaboussi, Xiping Steven Wu. Numerical Methods in
Computational Mechanics. Published 2019 by CRC Press. 332 p.
3. Zienkiewicz O.C., Taylor R.L., Zhu J.Z. The Finite Element Method: Its Basis
and Fundamentals. Sixth edition. Elsevier Butterworth Heinemann, 2005. — 719 p.

Approximate list of assignments for controlled self-study

The object of diagnostics of Master's students' competences is the knowledge
and skills acquired by them as a result of studying the academic discipline.
Diagnostics of Master's students' educational achievements is carried out by means
of current control and interim certification.

Diagnostics of the results of learning activities in the discipline “Multi-
parameter modeling and analysis of complex technical systems and processes” is
carried out, as a rule, during classroom training. For diagnostics are used:

- questions for self-checking;

- oral questioning;

- reports on laboratory works.

Assessment for answers at lectures (questioning) and laboratory classes
includes the completeness of the answer, the presence of arguments, examples from
practice.

Control activities are carried out in accordance with the educational-
methodical map of the discipline.

For undergraduates who missed the control events or received an
unsatisfactory mark, the decision to repeat the control event is made in accordance
with the Regulations on the rating system of assessment of knowledge of students in
the academic discipline at the Belarusian State University.

The form of intermediate certification in the discipline “Multi-parameter
modeling and analysis of complex technical systems and processes” the curriculum
provides credit.
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Approximate list of laboratory classes

Laboratory work N° 1. Topological optimization in Ansys - beam, pillar.

Laboratory work N° 2. Topological optimization in Ansys - lever, bracket.

Laboratory work N° 3. Topological optimization in Ansys APDL.

Laboratory work N° 4. Parametric optimization in Ansys Work-bench,

Laboratory work N° 5. Parameter Optimization in Ansys APDL.

Laboratory work N° 6. Topology study: non-parametric optimization in
Solidworks Simulation of beams.

Laboratory work N° 7. Parameter configuration in SolidWorks package.
Topological optimization in Solidworks.

Laboratory work N° 8. Topology study: non-parametric optimization in
Solidworks Simulation of a bracket.

Laboratory work N° 9. Solidworks Parametric Compression Spring.

Form of control - lab report.

Description of innovative approaches and methods
for teaching the discipline

When organizing the educational process the practice-oriented approach is
used, which implies:

- mastering the content of education through solving practical problems;

- acquiring skills to effectively perform different types of professional
activities;

- using procedures, methods of evaluation, fixing the formation of
professional competencies.

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 proposed literature.

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

It is recommended to set aside time each week to review the material you have
learned by testing your knowledge, skills, and abilities by completing the test
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.

11



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.

4. Having analyzed all the literature collected on the topic, you will get a final plan,
on which you can write an outline, 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 through regular and systematic independent work 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.

Instruction:

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

read the lecture notes on the topic.

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

4. Preparing for credit

Carefully read the material on the outline prepared at the training session.

Read the same material from 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 the end-of-term test
Mathematical optimization problem.
Limited application of the differentiation method to solve the optimization

1

2

P

3. The stages of setting and solving optimization problems.
4, Optimization research strategy.

5 Composition a mathematical model.

6 Objective function. Constraints on variables.

7 Optimization problems. Design parameters.

12



8.
9

10.
11.
12.
13.

One-dimensional optimization.

An example of setting an optimization problem.

Local and global minima.

Search methods. The Golden Ratio method.

Unconditional and conditional optimization.

Analytical and numerical methods for solving the problem of unconditional

one-dimensional optimization.

14.  Analytical method of finding a local minimum.

15.  Sequential search methods. Scanning methods (direct search).

16. The method of dividing a segment in half.

17.  Formation of a mathematical model based on a meaningful statement of the
problem.

18. Mathematical assumptions for linear programming problem.

19. The second standard form of the linear programming problem.

20.  Geometric method for solving the linear programming problem.

21,
22,
23.
24,
25,
26.
217,
28.
29.
30.
31.
32,
33.
34,
35.
36.
37.

The theorem on optimal extreme points.

Simplex method for solving the linear programming problem.
The canonical problem of maximizing (minimizing).
Equivalent transformations.

Basic solution of a system of linear equations.

Classification of simplex tables.

The algorithm of the direct simplex method (maximization).
Linear programming. Nonlinear programming.

Stochastic programming. Dynamic programming.
Multi-criteria optimization.

Mathematical models for the implementation of optimal choice tasks.
Methods of multiparametric optimization.

The classical linear programming problem.

The method of successive concessions.

An example of a multiparametric optimization problem.

A method for finding a compromise objective function.

The formula for calculating compromise coefficients.
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IMPOTOKO.JI COI'JTIACOBAHUSA YYEEHOW MPOTPAMMBI YO

HazBanue Haszpanue | Ilpennoxenus Pemenwue,

yueOHOM Kadeapsl 06 U3MEHEHUAX B | IpUHATOE

IOVICLMITLIMHBI, coZiepXKaHuH y4eOHOH | kKadeapoi,

C KOTOpOM IIPOrpaMMBI pa3paboTaBieit

Tpebyercs y4peXIeHUs BBICIIETO yueOHyI0

COTIJIACOBAaHHE obpasoBanus 1o y4ueOHOH | IporpaMMmy (c

JUCLIVILIAHE yKa3aHUeM JaThl U

HOMepa IPOTOKOJIA)

Yye6GHas

OUCIMILIAHA HE

TpebyeT

COTJIaCOBaHMS

3aBenyromuii kKadeapoil TeOpeTHIECKON 1
MIPUKJIaJHON MEXaHWKH

I-p Gu3.-MaT. HayK, e

npodeccop — M.A . XypaBkoB

28 05 dody
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JIOIIOJIHEHU A U UBMEHEHMS K YYEFHOHN ITPOT'PAMME
IO U3YYAEMOM YYEBHOU JUCIIUTIJINHE

Ha / y4eOHBIN IO

No JloMoJIHEHHST 1 ©3BMEHEHUS OcHoBaHue
/1

VYyebHas nporpamMmma nepecMoTpeHa U 0100peHa Ha 3aceaHuu Kadeaphl
(mpoTokoa Ne oT 202 r.)

3aBenyromuii kadenpoit

YTBEPXIAIO
Jlexan ¢akynbrera
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