(F 03.02 - 110)
MINISTRY OF EDUCATION AND SCIENCE OF UKRAINE
NATIONAL AVIATION UNIVERSITY
Faculty of Architecture, Civil Engineering and Desien——_

Computer Technologies of Airport Construct’ m
/
i KARPOV B
«I» 2 2022

Quality Management System

COURSE TRAINING PROGRAM
on

"Solid Mechanics"

Educational-Professional Program: “Industrial and Civil Engineering”
Field of study: 19 “Architecture and Construction”

Specialty: 192 “Building and Civil Engineering”
Homeworks, CP
Form of Total (hours/ Self- control Form of
training S ECTS credits)) S I | | study (home) T/P control
works
Full-time 3 120/4,0 17 - 34 69 B - | Graded Test
3" semester

Index: ECB-5-192-1/22-3.3

QMS NAU CTP 10.01.04-01-2022



Quality Management System Document QMSNAU
Course Training Program code CTP 10.01.04 - 01-2021
on
"Solid Mechanics" Page 2 of 17

The Course Training Program on “Solid Mechanics” is developed on the basis
of the Educational-Professional Program “Industrial and Civil Engineering”,
Bachelor Curriculum and Extended Curriculum Ne CB-5-192-1/21, Ne ECB-5-192-
1/21 for training higher education seekers of the Bachelor degree of specialty 192
"Building and Civil Engineering" and corresponding normative documents.

Developed by:

Senior lecturer of the Computer Technologies
of Airport Construction and
Reconstruction Department M U o Thor MASHKOV

of Airport Construction and
Reconstruction Department =

—

Associate professor of the Computer Technol/o;ie /
ut Oleksandr HORB

”

Discussed and approved by the Graduate Department for the Specialty 192
“Building and Civil Engineering” (Educational Professional Program “Industrial
and Civil Engineering”) — Computer Technologies of Airport Construction and
Reconstruction Department, Minutes Ne #of October, 24, 2022.

Guarantor of the Educational and W/
Professional Program ’ Nataliia KOSTYRA

—
Head of the Department y / A M% Oleksandr LAPENKO

Vice Rector on International Collaboration and Education

W ceceeee Iryna ZARUBINSKA

« R» 72 2022

Level of document — 3b
Planned term between revisions — | year
Master copy



Quality Management System Document QMS NAU

Course Training Program code CTP 10.01.04 —01-2022
on

"Solid Mechanics"

Page 3 of 17
CONTENTS

INErodUCTION. ... 4

1. EXplanatory NOte...... ..o 4
1.1. Role, goal and objectives of the academic discipline........................ 4
1.2. Educational outcomes of the academic discipline ............................. 4
1.3. Competences obtained through the academic discipline ...................... 5
1.4. Interdisciplinary links ... 6

2. Program of the academic discipline...................ooooiiiiiiiinnl, 6
2.1. Content of the academic discipline................oooiiiiiiiiiiiii e, 6
2.2. Module structure and integrated requirements for each module............. 11

2.3. Thematic plan
2.4. Task for control (home) WOork..........c.ooeiiiiiiiiiiiiiie e 12
2.5. List of questions for exam and final test

........................................ 13

3. Training materials for the discipline .....................oci, 13
3.1. Teaching methods ........c.ooviii i e 13
3.2. Recommended literature (basic and additional literature) ..................... 13
3.3. Internet information reSOUICES ........coiuriieiiiieeeiiee e eeieeeeanaaens 14

4. Rating System of knowledge and skills assessment ........................ 14



Quality Management System Document QMS NAU
Course Training Program code CTP 10.01.04—01-2022
on
"Solid Mechanics" Page 4 of 17

INTRODUCTION

The Course Training Program of the academic discipline "Solid Mechanics"
was developed on the basis of the "Methodological recommendations for the
development and execution of the syllabus of educational discipline of full-time
and part-time forms of training”, approved by rector’s order No. 249/roz. of
29.04.2021 and relevant regulatory documents.

1. EXPLANATORY NOTE

1.1. Role, goal and objectives of the academic discipline

The discipline "Mechanics of Solid Deformed Body" occupies a leading role
in the process of professional training for the qualified performance of professional
duties of specialists, is the theoretical and practical basis of the body of knowledge
and skills that form the profile of a specialist in the field of construction and civil
engineering. Studying the course of this discipline is aimed at gaining knowledge
of the basics of designing buildings and structures for various purposes.

The goal of teaching the discipline is to teach students modern methods of
structural calculations, skills in determining the forces of interaction between the
structure and the environment, between different elements of the structure and
between the individual parts of each element, the application of acquired skills in
the learning process and future professional activities in the field of construction
and civil engineering.

The objectives of the discipline are:

- study and mastering of basic concepts, theoretical provisions and methods

of calculation for strength of engineering structures;

- study of the state of solids, changes in the size and shape of real bodies
under the application of external forces, changes in temperature,
installation of structures;

- mastering the methods of calculation of solid deformed bodies for
different types of loading.

1.2.  Educational outcomes of the academic discipline

As a result of studying this discipline the student should know

- principles and methods of calculation for strength and stiffness of structural
elements that are part of buildings and structures;

- methods of calculation of solids of different nature, deformed under
various influences;
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- main directions of development of mechanics of solid deformed bodies and
automated systems used in engineering practice for optimal design and calculation
of structures of construction objects;

- ways of using the results of solving problems to improve the operational
and technical characteristics of existing and prospective objects.

The program learning outcomes are:

- have in-depth cognitive and practical skills, mastery and innovation at the
level necessary to solve specialized problems in the field of civil and structural
engineering (according to specialization) (PLO 12);

- mastering the working skills to work effectively independently or in a
group (laboratory work, including leadership skills in their implementation), the
ability to obtain the desired result in a limited time with an emphasis on
professional integrity and the exclusion of plagiarism (PLO 17).

1.3. Competencies obtained through the academic discipline

According to the content of the discipline, the applicant for higher education
must be able to:

- to show the ability to establish and develop the laws of deformation and
fracture of materials, to identify the relationship between the structure of materials,
the nature of external influences and the processes of deformation and fracture;

- to show the ability to formulate the problem and apply methods of solving
boundary value problems for the calculation of solids of different nature, deformed
under various influences;

- as a result of the calculation to assess the potential performance of systems
of building structures and their elements that carry the main load, to determine the
causes and make informed decisions to eliminate the consequences and prevent
dangerous destruction;

- use basic software tools for implementing methods on a PC.

General competencies that the discipline provides an opportunity to acquire:
knowledge and understanding of the subject area and professional activities (CC2),
the ability to independently acquire knowledge by searching, processing and
analyzing information from various oral, written and electronic sources (GC6), the
ability to develop and manage projects, ensuring the safe operation of employees
and the quality of work performed (PC11).

Professional competencies that the discipline provides an opportunity to
acquire: the ability to design building structures, buildings and structures, taking
Into account engineering, technical and resource-saving measures, legal, social,
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environmental, technical and economic indicators, scientific and ethical aspects,
and modern requirements of regulatory documents in the field of architecture and
construction, environmental protection and occupational safety (PC3), the ability
to organize and manage the professional development of individuals and groups in
the field of architecture and construction (PC9); knowledge of the theoretical
foundations of mechanics of solid deformed body, to perform on their basis
calculations of the stress-strain state of the main structural elements of buildings
and structures in the design of industrial and civil engineering (PC 12).

1.4. Interdisciplinary links

The discipline "Solid Mechanics " has an interdisciplinary character and combines
courses of professional training disciplines. This discipline is based on the
knowledge of such disciplines as “Introduction to Civil Engineering”, "Higher
Mathematics"”, "Theoretical Mechanics (Statics)”, in parallel complements the
study of such disciplines as "Structural Mechanics" and "Resistance of Materials"
and is the basis for the study of further disciplines, namely: "Building structures”,

"Metal structures”, " Bases and foundations".
2. PROGRAM OF THE ACADEMIC DISCIPLINE

2.1. Content of the academic discipline

The educational material of the discipline is structured according to the
modular principle and consists of one educational module Ne 1: "Theoretical
foundations of mechanics of solid deformed bodies"”, which is a logically complete,
relatively independent, integral part of the discipline, the mastering of which
involves conducting modular control work and analysis of the results of its
implementation.

2.2. Module structure and integrated requirements for each module

Module Nel “Theoretical foundations of mechanics of solid deformed
bodies”

Integrated requirements for module 1: to know basic concepts, definitions
and problems of mechanics of a solid deformed body; stress tensor and its
components; stress state at a point of a body; deformations around a point of a
body; generalized Hooke's law; complete system of equations for an isotropic
body; stresses and forces in thin plates; complete system of shell equations and
methods of its solution; plane stress and plane deformed states; methods of solving
boundary value problems; be able to use the basic concepts and theoretical
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principles of the stress-strain state of the body, the theory of plates and shells; to
know the principles and methods of calculating boundary value problems of the
theory of elasticity in stress and displacement, finite difference and finite element
methods.

Topic 1: Basic concepts and definitions. Bodies and loads applied to them.
Non-force influences. Material model. Internal forces of interaction. Stress tensor
and its components. Forces. Epures of forces. Relationship between forces and
intensity of distributed loads. Problem of mechanics of a solid defo rmed body.

Topic 2. Stress state at a point of the body. Equation of equilibrium at a
point of the body. Stresses on inclined platforms. Extremum of normal stresses.
Orthogonality of the main sites. Invariants of stress tensor. Extremum of tangential
stresses. Octahedral stresses.

Topic 3. Deformations around a point of the body. Conditions of
compatibility of displacements and deformations at a point of a body. Conditions
of compatibility of deformations at a point of a body. Deformations around a point
of a body.

Topic 4. Relationship between stresses and strains for Hooke's body.
Linear elasticity. Hooke's law of shear for an isotropic body. Generalized Hooke's
law. Potential energy of deformation. Generalized Hooke's law for an anisotropic
body. Complete system of equations for an isotropic body. Solution of the
boundary value problem of the theory of elasticity in stress. Solution of the
problem of the theory of elasticity in displacements. The only solution of the
problem of the theory of elasticity.

Topic 5. Statics of plates. Theory of thin elastic shells. Stresses in thin
plates. Equation of plate bending. Boundary conditions. Forces in plates. Bending
of rectangular slab. Classification of plates. Geometry of shells and basic
assumptions about the nature of their deformation. Equations of equilibrium.
Geometric equations. Physical equations. Complete system of shell equations and
methods of its solution. Equations of state of momentless shells. Equations of state
of shells of revolution. Calculation of a spherical dome. Equation of state of a
cylindrical shell. The edge effect. Gentle shells.

Topic 6. Flat problem of the theory of elasticity. Plane stress and plane
deformed states. Complete system of equations of the plane problem. Solution of
the plane problem in stresses. Solution in polynomials. Bending of a cantilever of
rectangular profile. Bending of an articulated beam.

Topic 7: Methods for solving boundary value problems. The method of
finite differences. The method of finite elements. Triangular finite element of plane
problem of elasticity theory. Conditions of convergence. Rectangular finite
element of plane problem of elasticity theory. Calculation of thin rigid plates.
Spatial problem of the theory of elasticity.



Quality Management System
Course Training Program
on
"Solid Mechanics"

Document
code

CTP 10.01.04 - 01-2022

QMS NAU

Page 8 of 17

2.3. Thematic plan of the academic discipline

Academic hours
Full-time study Part-time study
Ne . n n
n/n Topic 8 g > £ g >
S|l 5| 8|+« 2| B 8 |+«T
[ = s | 3| F & < | 3
- 4 B - -4 |05
1 ] 2 | 3[4 ] 56 ] 7] 8] 09]10
Module Nel “Elements of metal structures and their welding”

1.1 | Basic concepts and definitions. Bodies and 3 semester 3 semester
loads applied to them. Non-force influences. 7 5 5 3 5 ) ) 6
Material model. Internal forces of interaction.

1.2 | Stress tensor and its components. Forces.

Epures of forces. Problem of mechanics of | 6 - 2 4 7 - - 7
solid deformed body.

1.3 | Stress state at a point on the body. Equation 5 5 5 3 8 5 i 5
of equilibrium at a point on the body.

1.4 | Stresses on inclined sites. Extremum of
normal stresses. Orthogonality of the main 6 i 5 4 5 i i 5
sites. Invariants of stress tensor. Extremum of
tangential stresses. Octahedral stresses.

1.5 | Deformations around a point of the body. 5 2 3 6 - - 6

1.6 | Stress-strain state around a point of the body. 7 2 2 3 7 - - 7

1.7 | Relation between stresses and strains for
Hooke's body. Hooke's law of shear for an| 7 2 2 3 6 2 - 4
isotropic body. Generalized Hooke's law.

1.8 | Potential energy of deformation. Generalized
Hooke's law for an anisotropic body. 6 i 5 4 4 i i 4
Complete system of equations for an isotropic
body.

1.9 | Solution of the boundary value problem of the 4 semester
theory of elasticity in stress. Solution of the
problem of the theory of elasticity in| 9 2 2 5
displacements. The only solution of the 9 ) Z !
problem of the theory of elasticity.

1.10 | Statics of plates. Stresses in thin plates. 6 2 2 2 3 - - 3

1.11 | Bending equation of the plate. Boundary
conditions. Forces in plates. Bending of a| 5 - 2 3 4 - - 4
rectangular plate.

1.12 | Theory of thin elastic shells. Complete system
of shell equations and methods of its solution.

Equations of state of momentless shells. | 7 - 2 5 8 - - 8
Equations of state of shells of revolution.
Calculation of a spherical dome.

1.13 | Equation of state of a cylindrical shell. Edge 6 i 5 4 5 i i 5
effect. Gentle shells.

1.14 | Flat problem of the theory of elasticity. Plane | 8 2 2 4 9 - 2 7
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1 2 3 4 5 6 7 8 9 | 10
stress and plane deformed states. Complete
system of equations of the plane problem.
Solution of the plane problem in stresses.
Solution in polynomials. Bending of a
cantilever of rectangular profile. Bending of
an articulated supported beam.
1.15 | Methods for solving boundary value 6 i 5 4 6 i i 5
problems.
1.16 | Solving problems by the finite difference 8 i 5 5 6 i i 5
method.
1.17 | Solving problems by the finite element 12 | 2 5 8 | 10| - 9 8
method.
1.18 | Control (home) work. - - - - 8 - - 8
1.19 | Final semester control work - - - - 3 - 2 1
1.20 | Module Test Nel 2 1 - 1 - - - -
Total for Module 1 | 120 | 17 | 34 | 69 | 120 | 4 8 | 108
Total for Academic Discipline | 120 | 17 | 34 | 69 | 120 | 4 8 | 108

2.4. Task for control (home) work

Control (homework) in the discipline is performed in the seventh semester,
in accordance with the approved methodological recommendations, in order to
consolidate and deepen the theoretical knowledge and skills of the student in the
study of the discipline. The task for the practical part of the control (home) task is

carried out by the student individually in accordance with the guidelines.
The time required to complete homework is 8 hours of independent work.

2.5. List of questions for exam and final test

The list of questions and the tasks to prepare for the exam are developed by
the teacher of the department in accordance with the work program and

communicated to the students.

3. TRAINING MATERIALS FOR THE DISCIPLINE

3.1. Teaching Methods

When studying the discipline, the following teaching methods are used:

- explanatory-illustrative method,;
- method of problem statement;

- reproductive method;

- research method.
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The implementation of these methods is carried out during lectures,
laboratory work, demonstrations, independent problem solving, work with
educational and normative-technical literature.

3.2. Recommended literature

Basic literature
3.2.1. Moxaposcbkuit M.C. Teopist py>KHOCTI, MIACTUYHOCTI 1 MOB3yYOCTI:

[Tinpyuynuk.- K.: Buma mkona, 2002. — 308 c.

3.2.2. ly6enens B.I'., CaBuenko O.B. Mexanika neopmMoBaHOr0 TBEpJOro
tina: Kype nekuiii.- Yepniris.: YHTY, 2016. — 139 c.

3.2.3. Kpyrit 10.C. Mexanika nedopmiBHoro TtBepaoro Ttijna: Hagu.
nocionuk / }0.C. Kpyriit, JI.B. Jlazapesa, M.I'. Cyp’suinoB. — Omeca: OJIABA,
2017. - 260 c.

3.2.4. boxunapauk B.B. Enemenut Teopii npyxsocti / B.B. boxxunapuuk,
[".T. Cynmum. — JIsBiB: CBit, 1994. — 580 c.

3.2.5. Kopninos I'.JI. Teopis mpyxHOCTI B mpuKiIagax Ta 3agadax. — K.:
XAI 1994. — 196 c.

3.2.6. IMucapenko I'.C. Omip matepianiB: [ligpyunuk / I'.C. Ilucapenko,
O.J. Kgitka, E.C. YMmancekuii ; 3a pen. I'.C. Ilucapenka. — 2-re BuI., JOMOB. 1
nepepo6a. — K. : Buma mik., 2004. — 655 c.

3.2.7. bopomauoB M. M. Teopis mnpyxHOCTI Ta IlacTUUHOCTI: Hapu.
nocionuk / M.M. boponados, M. 1. Cauenko. - K.: HAY, 2006. — 224 c.

Additional literature

3.2.8. Jlucuuma b.M. UYucenbHi MeTOau pillIeHHS 3aaad Oy/IBHHUIITBA:
Koncmekr nekmiin. — K.: KMVYIIA, 1999. — 52 c.

3.2.9. Yuxnanze E.J[. OcHoBH JiHIMHOT Teopii NMPYKHOCTI, TUIACTHYHOCTI Ta
noB3ydocti: HaBu. mociOnuk / E.JI. Uuxnanze, M.A. BepeBiuesa, €.1. 'anaryps ta
1. — XapkiB: YkpIA3T, 2010. — 149 c.

3.2.10. babenko A. €. Teopisa npyxHocri : [ligpyunuk. U. 1 / A. €. babenxo,
M. 1. bo6up, C. JI. boiiko, O. O. boposnko. - K. : OcnoBa, 2009. — 239 c.

3.3. Internet information resources

3.3.1. http://iap.nau.edu.ua/index.php/kafedry/komp-yuternikh-tekhnologij-
budivnitstva

3.3.2. Website of the Scientific and Technical Library of the National
Aviation University https://www:.lib.nau.edu.ua/main

3.3.3. http://er.nau.edu.ua/handle/NAU/24905

3.3.4. Methodical publications of the department (in electronic form).
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4. RATING SYSTEM OF KNOWLEDGE AND SKILLS ASSESSMENT
4.1. Evaluation of certain types of work done by students of the points made
in accordance with Tables.4.1.

Table 4.1.
Maximum Grade
Kind of Academic Activities Full-time study, Part-time study,
points points

3 semester/3,4 semester

Moaynes Ne 1 «Theoretical foundations of mechanics of solid deformed bodies»

Laboratory works
17x4p=68; 3x10p=30 68 30

Performing control (homework) - 40

Final semester control work — 30

For admission to the modular control work work No. 1,
26
the student must score at least

Performing modular control work Nel 32 —

Total for module Nel 100 100

Total for academic discipline 100

A Semester Grade is determined (in points and in the National Scale) as a
result of performing all kinds of educational work during the semester.

4.2 The completed types of academic work are credited to the student if he
received a positive rating for them.

4.3. The sum of the rating grades received by the student for certain types of
completed academic work is the current module rating grade, which is entered in
the module control record.

4.4. The final semester rating grade is converted to the national scale and
ECTS scale.

4.5 The final semester rating grade in points, according to the national scale
and the ECTS scale is entered in the test-examination record, study card and
student's record book, for example 92/Excellent/A, 87/Good/B, 79/Good/C,
68/Failing/D, 65/Failing/E, etc.

4.6 The final rating grade in the discipline is equal to the final semester rating
grade. The specified final rating grade in the discipline is entered in the Diploma
Supplement.
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Syllabus of the academic discipline
«AIRPORT BUILDINGS AND STRUCTURES»
Educational and professional program:
«Industrial and Civil Engineering»,
Field of study: 19 «Architecture and Construction»
Specialty: 192 «Building and Civil Engineering»

Level of higher education

First (Bachelor)

Discipline status

Academic discipline of the selective component

Course 2
Semester 3,4
ECTS credits / hours 4,0/120
Language of training English

What will be studied
(subject of study)

Basic concepts, theoretical provisions and methods of calculation for
the strength of engineering structures, the state of solids, changes in
the size and shape of real bodies when applying external forces,
changes in temperature conditions, installation of structures, methods
of calculation of solid deformed bodies for various types of loading

Why is it interesting /
necessary to study (goal)

The purpose of teaching the discipline is to teach students modern
methods of structural calculations, skills in determining the forces of
interaction between the structure and the environment, between
different elements of the structure and between the individual parts
of each element, the application of acquired skills in the learning
process and future professional activities in the field of construction
and civil engineering

Why can you learn
(learning outcomes)

The applicant for higher education acquires knowledge of the ability
to formulate a problem and apply methods for solving boundary
value problems for the calculation of solids of different nature,
differently deformed under various influences; the establishment and
development of the laws of deformation and fracture of materials, the
identification of relationships between the structure of materials, the
nature of external influences and the processes of deformation and
fracture; the main directions of development of solid deformed body
mechanics and automated systems used in engineering practice at
optimal Students also acquire in-depth cognitive and practical skills,
mastery and innovation at the level necessary to solve specialized
problems in the field of civil and structural engineering
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How to use the acquired General competencies that the discipline enables to acquire:
knowledge and skills knowledge and understanding of the subject area and professional
(competencies) activities, the ability to independently acquire knowledge by

searching, processing and analyzing information from various oral,
written and electronic sources, the ability to develop and manage
projects, ensuring the safety of employees and the quality of work
performed.

Professional competencies that the discipline provides an opportunity
to acquire: the ability to design building structures, buildings and
structures, taking into account engineering, technical and resource-
saving measures, legal, social, environmental, technical and
economic indicators, scientific and ethical aspects, and modern
requirements of regulatory documents in the field of architecture and
construction, environmental protection and occupational safety, the
ability to organize and manage the professional development of
individuals and groups in the field of architecture and construction;
knowledge of theoretical and practical skills in the field of
architecture and construction.
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Educational logistics Contents: Theoretical foundations of mechanics of solid deformed

body. Basic concepts and definitions. Bodies and loads applied to
them. Non-force influences. Material model. Internal forces of
interaction. Stress tensor and its components. Forces. Epures of
forces. Problem of mechanics of a solid defo rmed body. Stress state
at a point of the body. Equation of equilibrium at a point of the body.
Stresses on inclined platforms. Extremum of normal stresses. Or-
togonality of the main sites. Invariants of stress tensor.Extremum of
tangential stresses. Octahedral stresses. Deformations around the
point of the body. Stress-strain state around a point of a body.
Relationship between stresses and strains for Hooke's body. Hooke's
law of shear for an isotropic body. Generalized Hooke's law.
Potential energy of deformation. Generalized Hooke's law for an
anisotropic body. Complete system of equations for an isotropic
body. Solution of the boundary value problem of the theory of
elasticity in stress. Solution of the problem of the theory of elasticity
in displacements. The only solution of the problem of the theory of
elasticity. Statics of plates. Stresses in thin plates. Equation of
bending of the plate. Boundary conditions. Forces in plates. Bending
of rectangular plate. Theory of thin elastic shells. Complete system
of shell equations and methods of its solution. Equations of state of
momentless shells. Equations of state of shells of revolution.
Calculation of a spherical dome. Equation of state of a cylindrical
shell. The edge effect. Gentle shells. Flat problem of the theory of
elasticity. Planar stress and plane deformed states. Complete system
of equations of the plane problem. Solution of the plane problem in
stresses. Solution in polynomials. Bending of a cantilever of
rectangular profile. Bending of an articulated beam. Methods for
solving boundary value problems. Solution of problems by the
method of finite differences. Solution of problems by the method of
finite elements. Spatial problem of the theory of elasticity.
Classroom sessions: lectures, laboratory classes.

Teaching methods: explanatory and illustrative method, method of
problem presentation, reproductive and research methods.

Form of training: full-part

Prerequisites "Introduction to Construction Engineering”, "Higher Mathematics",
"Theoretical Mechanics (Statics)", " Strength of Materials",
"Construction Mechanics"

Porekvizyty " Construction mechanics (special course)”, "Building structures”,
"Metal structures”, " Bases and foundations"
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Information support Mosxaposcekuit  M.C. Teopis mnpyKHOCTI, TUIACTUYHOCTI 1
from the repository and nos3yuocti: [Timpyuynuk.- K.: Buma mkosma, 2002. — 308 c.
fund of NTB NAU Hy6enenr B.I'., Capuenko O.B. Mexanika aedopMOBaHOTO

tBepaoro tina: Kypc nexumiii.- Yepniris.: YHTY, 2016. — 139 c.
lNonpamreitn F0.b. OcHOBBI MeXaHUKH TBEPJOTO J1eHOpPMUPYEMOTO
tena: Yueb.nmocoodue/ 10.b. Ionpmmreiin. - [lerpo3aBoack.: Ilerpl'V,
2005. — 872 c.

AnekcannpoB B.M. AnanuTudeckue METO/Ibl B KOHTAKTHBIX 3a/1a4ax
teopun ynpyroctu / B. M. AnekcanapoB, M.. YebakoB. — M.:
®usmatiur, 2004. — 304 c.

bynnaes B.B. PykoBoACTBO K pemieHMIO 3a1ad I0 MEXaHHUKE
TBEPAOI0 JePOpPMUPYEMOro Tejaa MAaTPUUYHBIMU METOAAMM: ydeOHOe
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