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PASSPORT OF EDUCATIONAL PROGRAM 

MECHANICS 

in english 

  



1. Application area 

The present educational program on the specialty "Mechanics" in English is 

developed on the basis of the Model curriculum of specialty 5B060300-Mechanics 

(from August 16, 2013 with changes from 2016) in accordance with international 

documents in higher education, the recommendations of the ECTS Users' Guide, 

"Tuning Educational Structures in Europe" and establish the requirements for the 

content of education through the results of training, the volume of the training load and 

the level and training of bachelors. 

The educational program is developed taking into account the comparison of the 

laboriousness of the training load in accordance with the requirements of the Bologna 

Declaration. 

 

2. Normative references 

1. The Law of the Kazakhstan Republic "On Education" (No. 319-III from July 

27, 2007 in the edition of the Law of the Republic of Kazakhstan dated 24.10.11 No. 

487-IV, with amendments and additions as of July 4, 2018); 

2. The state general compulsory standard of higher education, approved by the 

Decree of the Government of the Republic of Kazakhstan dated August 23, 2012 No. 

1080, as amended on May 13, 2016 No. 292; 

3. Typical curriculum on specialty 5B060300-Mechanics approved by order of 

the Minister of Education and Science of the Republic of Kazakhstan dated August 16, 

2013 No. 343, as amended on July 5, 2016 No. 425; 

4. The Rules for the organization of the educational process on the credit 

technology of education, approved by the Order of the Minister of Education and 

Science of the Republic of Kazakhstan dated April 20, 2011 No. 152; 

5. The National Framework of Qualifications, approved by the Protocol of the 

Republican tripartite commission on social partnership and regulation of social and 

labor relations dated March 16, 2016; 

6. Model curricula of the cycle of general education disciplines for organizations 

of higher and (or) postgraduate education, approved by Order No. 603 of the Minister 

of Education and Science of the Republic of Kazakhstan dated October 31, 2018; 

7. Guidance on the use of the European Credit Transfer and Accumulation 

System (ECTS), developed as part of the Bologna process and officially published by 

the European Commission in 2009. 

 

3. Basic terms and abbreviations 

In this document, the following basic terms and definitions are used in accordance 

with the Law of the Republic of Kazakhstan “On Education”, the State General 

Compulsory Educational Standard (SGCES) of the Republic of Kazakhstan “Higher 

Education. Undergraduate. Basic Regulations” No. 292 dated 05.13.2016 and SGCES of 

RK 5.05.001-2005 “ Coding System of Academic Disciplines of Higher and Postgraduate 

Education ”, international documents in the field of education, European Credit Transfer 

System: 

education – a continuous process of upbringing and education, carried out for the 

purposes of moral, intellectual, cultural, physical development and the formation of 



professional competence; 

bachelor's program – higher education, educational programs of which are aimed at 

training personnel with the award of a bachelor's degree in the relevant specialty; 

bachelor – the degree awarded to persons who have mastered the educational 

programs of higher education; 

educational program (EP) – a single complex of basic characteristics of education, 

including the goals, results and content of education, the organization of the educational 

process, the approaches and methods for their implementation, the criteria for assessing 

the learning outcomes; 

student-centered learning – an approach to learning, characterized by innovative 

teaching methods, with the aim of facilitating learning through communication of the 

teacher and the student; 

competences – the ability of students to the practical application of acquired in the 

process of learning knowledge, abilities and skills in professional activities; 

professional competences – knowledge, abilities and skills necessary for the effective 

implementation of professional activities; 

descriptors – a description of the level and amount of knowledge, abilities, skills and 

competencies acquired by the students upon completion of the educational program of the 

appropriate level of higher and postgraduate education; descriptors are based on the 

learning outcomes, the formed competencies, as well as the total number of credits; 

learning outcomes – the confirmed by the assessment amount of knowledge, abilities 

and skills, acquired and demonstrated by students after mastering of the educational 

program, and the formed values and attitudes; 

credit technology of education – training based on the selection and self-planning by 

the students of the sequence of studying disciplines with the accumulation of academic 

credits; 

academic credit – a unified unit of measurement of the volume of scientific and (or) 

educational work (load) of the student and (or) teacher; 

standard curriculum (SC) – a training document developed on the basis of the 

qualifier of specialties of higher and postgraduate education of the Republic of Kazakhstan 

and SGCES, regulating the structure and volume of the educational program by the cycles 

of disciplines, indicating the list of the credits minimum amount for the disciplines of 

obligatory component and all types of practices, the final certification, approved by the 

authorized body in the field of education; 

obligatory component (OC) – a list of academic disciplines and the corresponding 

minimum amounts of credits established by the standard curriculum and studied by the 

students on a mandatory basis under the educational program; 

elective disciplines – the academic disciplines that are a elective component within 

the framework of the established credits and introduced by the educational organizations, 

reflecting the individual training of the student, taking into account the specifics of social 

and economic development and the needs of a particular region, the developed scientific 

schools of the higher educational institution; 

curriculum – a document regulating the list, consistency, volume (labor intensity) of 

academic subjects, academic disciplines and (or) modules, professional practice, other 

types of educational activities of students of the appropriate level of education and forms 



of control; 

module – a course system in which each course corresponds to an equal number of 

credits or a multiple of it; 

prerequisites – disciplines containing the knowledge, abilities and skills necessary to 

master the discipline under study; 

postrequisites – disciplines for the study of which requires knowledge, abilities and 

skills acquired at the end of the study of this discipline;  

working curriculum (WC) – a training document developed by an educational 

organization independently on the basis of a standard curriculum of a specialty and 

individual curricula of students; 

intermediate certification of the students – a procedure conducted to assess the quality 

of students mastering the content of the part or all volume of one academic subject, one 

academic discipline and (or) module, as well as the professional modules within one 

qualification after completing their study; 

final attestation of the students – a procedure carried out to determine the degree of 

their mastering the volume of subjects, the educational disciplines and (or) modules 

stipulated by the state general compulsory standard of the corresponding level of 

education; 

assessment methods – a full range of written, oral and practical tests/exams, projects, 

presentations, presentations and portfolios, which are used to assess student progress and 

confirm the achievement of learning outcomes for the educational component 

(unit/module); 

assessment criteria – a description of what a student should be able to do and at what 

level in order to demonstrate the achievement of the learning outcome; 

academic mobility – moving of the students or research teachers to study or conduct 

research for a specific academic period (semester or academic year) to another organization 

of higher and (or) postgraduate education (domestically or abroad) with mandatory 

recalculation of mastered curricula, disciplines in the form of academic credits in their own 

organization of higher and (or) postgraduate education or for continuing their studies in 

another organization of higher and (or) postgraduate education;  

coding system – a complex of methods and coding rules for classification groups and 

objects of classification of a given set; 

European Credit Transfer and Accumulation System (ECTS) – a student-centered 

system for the accumulation and transfer of credit based on the principle of transparency 

in the processes of study, teaching and evaluation. 

In addition to these, the following abbreviations are applied: 

GED – general educational disciplines; 

BD – basic disciplines; 

PD – profile disciplines; 

OC – obligatory component; 

EC – elective component; 

EEEA – external evaluation of educational achievements; 

SSS – self-study of students; 

SSST – self-study of students under the teacher guidance. 

 



4. Basic regulations 

4.1 The educational program on the specialty "Mechanics" was developed in 

accordance with the State General Compulsory Educational System of the Republic of 

Kazakhstan, the National Qualifications Framework and is coordinated with the Dublin 

descriptors and the European Qualifications Framework. The educational program is 

focused on the learning outcomes. 

4.2 Priority guidelines for the development of the educational program in the 

specialty "Mechanics" were: 

 programs within the framework of the President's Messages, including the 

messages "The Third Modernization of Kazakhstan: Global Competitiveness", 

"Digital Kazakhstan" voiced in the text; 

 interdisciplinary programs; 

 training programs in English language; 

 joint educational programs with the foreign partner universities; 

 professional programs by order of the enterprises-employers; 

 programs, using distance learning technologies, including additional education 

programs. 

4.3 Educational activity at the university is carried out by the credit technology of 

education on the basis of the student-centered approach, in which the learning 

outcomes and competences play the main role and become the main result of the 

educational process for the student. To achieve this goal, the innovative teaching 

methods should be applied, for example: 

 work in the small groups (team) - a joint activity of the students in a group under 

the leadership of a leader, aimed at a common task solving by creatively combining 

the results of individual work of the team members with the division of powers and 

responsibilities; 

 project technology - individual or collective activities at the selection, distribution 

and systematization of material on a particular topic, as a result of which a project 

is drawn up; 

 case study analysis - analysis of the real problem situations that took place in the 

relevant area of professional activity, and the search for options for the best 

solutions; 

 role-playing and business games - role-playing imitation by the students of the real 

professional activities with the performance of the specialist functions at the 

various workplaces; 

 advanced independent work - study of new material by the students before studying 

it in the classroom; 

and others. 

4.4 The educational program is intended to provide the high quality of 

professional education in mechanics in accordance with the highest academic standards 

in the world educational space. 

The program has theoretical and practical components. Terms of study: 4 years. 

Form of training: full-time. During the period of study, the student learns 155 credits, 



including theoretical education - 132 credits, professional practice - 12 credits, physical 

training - 8 credits and final attestation - 3 credits. 

The awarded degree for the full mastery of the educational program: Bachelor of 

Natural Sciences on specialty 5В060300 - Mechanics. 

 

5. Code and name of the specialty 

The code of specialty 5В060300-Mechanics: in accordance with the Classifier of 

specialties of the higher and postgraduate education of the Republic of Kazakhstan, 

this educational program belongs to the section Natural sciences. 

In the National Classifier of the Republic of Kazakhstan (NC RK 01-2017 

Classifier of occupations) mechanics is included in the group 211 Physicists, chemists 

and related professionals. 

 

6. Level of qualification according to the International Standard of 

Classification of Education 

This educational program corresponds to the level of International Standard 

Classification of Education 6 (ISCED), which does not require the preliminary 

completion of the other programs and is classified as the first-degree program. The 

direction of training is the bachelor's degree. Duration of training - 4 years. 

According to the International Standard Classification of Education (ISCED 

2013), this educational program belongs to the section 4 Science, the group 44 Physical 

Sciences, other related areas. 

 

7. Purpose of the educational program 

The purpose of the educational program:  

 – formation of a national model of continuous education integrated into the world 

educational space by comparison with the foreign educational programs that meets the 

needs of the individual and society by specialty 5В060300 - Mechanics; 

– acquisition of a high general intellectual level of development, mastery of 

literate and developed speech, humanitarian culture of thinking and skills of scientific 

organization of work; 

– studying the basic courses in mechanics, as well as mastering the mathematical 

culture, computer literacy, the basics of programming; 

– acquisition of the special knowledge on modern directions of development of 

mechanics, acquisition of skills of carrying out of experiments in the field of mechanics 

on the basis of the modern computer technologies; 

– formation, by the end of training, the ability of students to make a confident 

choice of the direction of future professional activity for successful employment in the 

chosen field. 

Mission of the educational program: 

 - preparation of the highly qualified and competitive specialists in the field of 

mechanics that meet modern intellectual requirements and development strategy of the 

Republic of Kazakhstan on the basis of effective integration of education, science and 

innovation activities. 

 



 

8. Field of professional activity of a specialty 

Spheres of professional activity of the graduate in the specialty 5В060300 - 

Mechanics: 

- 62.01 Activities in the field of computer programming 

- 62.01.1 Software Development 

- 71.2 Technical testing and analysis 

- 71.12 Activity in the field of engineering researches and provision of technical 

consultations in this area 

- 72 Research and development 

- 72.1 Scientific research and experimental development in the field of natural 

sciences and engineering 

- 72.19 Other research and development in natural sciences and engineering 

- 85 Education 

- 85.3 Secondary education 

- 85.32 Technical and vocational secondary education 

The educational program allows graduates to be implemented in two broad areas 

of professional activity: research and teaching. The research direction is determined by 

the choice of elective courses in the block of general educational disciplines and a large 

amount of industrial practice. Pedagogical direction of professional activity is 

determined by the choice of elective courses in pedagogy and psychology, as well as 

an additional amount of teaching practice. 

 

9. Directions of professional activity 

Bachelors in specialty 5В060300 - Mechanics can perform the following types of 

professional activities:  

- teaching of a number of subjects of a natural-technical cycle in the specialized 

secondary schools and specialized colleges; 

- teaching physics, mathematics, computer science in the secondary school; 

- research activities in the field of mechanics and technical sciences; 

- engineering activities in research and production and production institutions; 

- research and engineering activities in the field of industry and energy; 

- engineering activities in the field of space technology and technology. 

 

10. Competence of a specialist (GCC – general cultural competence, PC – 

professional competence) 

 

Competence 

code 

Competence description 

GCC-1 knowledge of the main stages of the contemporary history of forward 

development of statehood of Kazakhstan in the context of the world 

and Eurasian historical process 

GCC-2 ability to freely interpret and use creatively scientific and historical 

and philosophical knowledge for generalization the success factors of 



Kazakhstan's model of development on the way to an established state 

- the Republic of Kazakhstan 

GCC-3 competent use of language and linguistic and culturological 

knowledge for solving problems in communication of multilingual 

and multicultural society of the Republic of Kazakhstan in the 

international arena 

GCC-4 knowledge of the social and ethical values based on social and legal 

norms and tolerance to different cultural and confessional traditions 

GCC-5 knowledge of the basic laws of functioning and development of 

nature and society, the ability to properly navigate in the various 

socio-economic, political and emergencies 

GCC-6 ability to perceive, analyze, compile information, setting goals and 

choosing the ways of achieving it 

GCC-7 willingness to cooperate with colleagues, work in a team 

GCC-8 competent use of the information and communication technologies in 

professional activity  

GCC-9 ability to search the information necessary for the effective execution 

of professional tasks 

PC-1 Analysis and application of the theoretical foundations of algebraic 

equations, the basic properties of determinants and matrices, 

algebraic and geometric descriptions, spaces, probabilistic and 

statistical concepts. 

PC-2 Mathematical analysis of the theory of real numbers, the set of 

numbers, numerical sequence, function. 

PC-3 Programming of numerical methods in the application of 

mathematics. 

PC-4 Knowledge of basic formulas of the theory of probability, the basic 

concepts and methods of the calculus of variations and optimal 

control 

PC-5 Application of the gained theoretical knowledge to the solution of 

practical problems of classical mechanics 

PC-6 Solution of tasks of the theory of elasticity, mechanics of a 

deformable solid body, knowledge of bases of the theory of 

thermoelasticity, basic concepts of thermoviscous elasticity, 

durability condition 

PC-7 Knowledge of fundamentals of hydroaeromechanics, the solution of tasks 

in this area, and also use of the gained theoretical knowledge in 

experimental hydroaeromechanics 

PC-8 Ability to solve problems of mechanics by numerical methods, to 

know the principles of mathematical modeling of problems of 

mechanics, methods of construction and a research of differential 

schemes 



PC-9 Ability to solve problems of theoretical and application-oriented 

mechanics, fluid mechanics, mechanics of constructions elements, 

mechanics of machines, robots and control systems 

PC-10  Skills for preparation of scientific documents, publications and 

reports 

PC-11 Ability to develop requirements and specifications of the individual 

components of the objects of professional activity based on analysis 

of user requests, the domain model and technical means 

PC-12 Ability to choose technologies, tools and means of computer 

technologies during the organization of process of development and 

a research of objects of professional activity 

PC-13 Skills of application of computer equipment, programming tools for 

the effective implementation of hardware and software systems 

PC-14 Skills of interaction with the specialists of an adjacent profile when 

developing the methods, means and application technologies of the 

objects of the professional activity 

 

11. Learning outcomes focused on the Dublin descriptors 

By completion of this educational program is expected that students will be able 

to: 

Cognitive competence: 

A1. demonstrate knowledge of the main stages of the modern history of 

Kazakhstan; know the legal and ethical standards of interpersonal relations; 

demonstrate knowledge in the field of economic and business activities; 

A2. demonstrate knowledge of the basic concepts and laws of physics and 

chemistry; 

A3. demonstrate basic knowledge in the field of theoretical and orbital mechanics, 

deformable solid mechanics, fluid mechanics, machine mechanics and robotic systems; 

theoretical and experimental methods for studying problems of mechanics; 

Functional competencies: 

B1. use linguistic and cultural linguistic knowledge, information and 

communication technologies in their professional activities; 

B2. own a mathematical culture, computer literacy, the basics of programming, 

modern directions of development of mechanics; 

B3. apply the obtained knowledge to solve scientific and applied problems in the 

field of the modern mechanics; 

B4. conduct a review of the literature on selected topics; solve the problem; to 

summarize the results of research and analytical work in the form of a thesis, to report 

on the student scientific conferences to participate in the research projects; 

B5. conduct laboratory and numerical experiments, evaluate the accuracy and 

reliability of the simulation results; 

System Competencies: 

C1. analyze the choice of the mathematical model and justify the choice of the 

method for solving the problem of mechanics (analytical, numerical, laboratory 

experiment); 



C2. compare the results of the study with other solutions, implement the 

visualization of the results and analyze them; 

C3. realize the need to form new competencies; determine the directions of further 

personal and professional development, to be capable of self-education and self-

development; 

Social (communicative) competence: 

D1. use in life the practical skills and abilities that ensure the preservation and 

strengthening of health, development and improvement of the psychophysical abilities 

and qualities. 

 

12. Accordance of expected learning outcomes to learning methods and 

assessment in forming competencies 

Expected results for each EP module 

Social and 

humanitarian module 

6 credits  

 

GCC-1 

GCC-2 

GCC-6 
 

Upon successful completion of this module students will be 

able to: 

1. demonstrate knowledge of the main stages of the modern 

history of the progressive development of the statehood 

of Kazakhstan in the context of the world and Eurasian 

historical process; 

2. freely interpret and creatively use scientific, historical 

and philosophical knowledge to summarize the success 

factors of the Kazakhstan development model on the way 

to the established state - the Republic of Kazakhstan; 

3. demonstrate knowledge of the basic laws of the 

functioning and development of nature and society, the 

ability to adequately navigate in various socio-economic, 

political and emergency situations, knowledge of socio-

ethical values based on social and legal norms and 

tolerance to various cultural and religious traditions; 

4. perceive, analyze and summarize information, set a goal 

and choose ways to achieve it; 

5. understand the need for the formation of new 

competencies; 

6. determine the direction of further personal and 

professional development, self-education and self-

development. 

Instrumental module 

15 credits 

 

GCC-3 

GCC-6 

GCC-8 

Upon successful completion of this module students will be 

able to: 

1. competently use linguistic and cultural linguistic 

knowledge for solving communication problems in a 

multilingual and multicultural society of the Republic of 

Kazakhstan and in the international scene; 

2. build an oral and written statement in different 

communicative situations, to understand and analyze the 

structural and semantic organization of a scientific text; 



3. perform various text operations: describe, summarize 

information; 

4. search for information necessary for the effective 

performance of professional tasks; 

5. apply information and communication technologies in 

professional activities; 

6. use information and communication technologies in 

scientific and practical activities, self-education and the 

achievement of other goals. 

Professional module 

8 credits 

 

GCC-6 

GCC-9 

PК-10 

Upon successful completion of this module students will be 

able to: 

1. apply the skills of writing scientific work and making 

presentations for scientific seminars and conferences 

2. write reports, applications for participation in various 

competitions, motivated and business letters; 

3. build business communication necessary in future 

professional activities (negotiations, business 

discussions, public speaking); 

4. demonstrate knowledge of the fundamental laws of the 

natural sciences (molecular physics, electricity, 

magnetism, chemistry); 

5. solve physical problems of research and applied nature, 

to carry out the processing of the results of the 

experiment; 

6. formulate the basic laws of chemistry and draw 

conclusions based on thermodynamic calculations. 

Pedagogical module  

8 credits 

 

GCC-4 

GCC-5 

 

Upon successful completion of this module students will be 

able to: 

1. demonstrate knowledge of the methodological 

foundations of pedagogy, laws and principles of education 

and training, the nature, content, forms and methods of 

education and training; 

2. describe the concepts of personality and interpersonal 

communication in the context of the formation and 

modernization of the national consciousness; 

3. describe the social structure and stratification of 

society, distinguish and analyze the degree of social 

inequality; 

4. develop the capacity for interaction and tolerance, to 

experience the need for independent study of modern 

educational and scientific literature; 

5. apply different strategies for resolving conflict 

situations in personal and professional interaction; 

6. develop own strategies for effective interpersonal 

communication, use the skills of stress management and time 



management, self-presentation skills to improve personal 

and professional effectiveness. 

Entrepreneurial 

module  

8 credits 

 

GCC-4 

GCC-5 

 

Upon successful completion of this module students will be 

able to: 

1. demonstrate knowledge of the basic position of the law 

and human rights; 

2. explain the legal basis of the state and law, the rule of law 

and civil society; 

3. describe the essence of innovative entrepreneurship and 

its decisive influence on the development of productive 

forces; 

4. determine the basic principles of creating new innovative 

enterprises and organizations; 

5. master the conceptual apparatus, interrelation and 

features of economic categories of money, finance and 

credit; 

6. make critical analysis when making financial decisions 

by working individually or in group research activities. 

Professional Kazakh 

and Foreign language 

4 credits 

 

GCC-3 

GCC-6 

GCC-9 

PK-10 

Upon successful completion of this module students will be 

able to: 

1. use linguistic and cultural linguistic knowledge to solve 

communication problems in a multilingual and 

multicultural society; 

2. use scientific terminology in the specialty; 

3. write scientific articles and participate in scientific 

discussions in the Kazakh / Russian / foreign language. 

4. adequately build communication in professionally 

significant situations; 

5. understand authentic oral texts of a monological and 

dialogical nature in the form of messages, lectures, 

interviews, conversations, discussions; 

6. to make reports, presentations, reviews on various 

professional topics. 

Mathematical Analysis 

6 credits  

 

PК-2 

PК-5 

Upon successful completion of this module students will be 

able to: 

1. explain the key concepts of mathematical analysis 

(sequence, limit, continuity, derivative, basic theorems of 

existence and uniqueness of the solution) in the context 

of the relevant theory; 

2. apply methods and techniques for solving problems from 

different sections of mathematical analysis (limit, 

continuity, derivative, and integral); 

3. solve typical problems (finding the exact faces of 

numerical sets, examining the sequence for convergence, 



examining the function for the presence of a limit at a 

point, for continuity at a point and on a set, for finding 

the derivative of a function) using the methods of 

mathematical analysis; 

4. solve applied problems using geometrical and 

mechanical meanings of the derivative; 

5. use various methods of integrating and applying certain 

integrals in geometry, mechanics and physics; 

6. investigate the convergence of series using various signs 

of convergence. 

Algebra and 

Computational 

Methods 

6 credits 

 

GCC-8 

PК-1 

PК-3 

PК-8 

Upon successful completion of this module students will be 

able to: 

1. know the theory of systems of algebraic equations, the 

basic properties of determinants and matrices, algebraic 

and geometric descriptions of lines and surfaces of 

second order, initial information about groups, rings and 

fields; 

2. apply the methods of analytic geometry and linear 

algebra to solving problems;to apply to solving linear, 

algebraic and transcendental equations exact and iterative 

methods, interpolation of functions, approximate 

calculation of integrals, approximation of normed spaces; 

3. demonstrate knowledge in the field of numerical methods 

of algebra, mathematical analysis and ordinary 

differential equations; 

4. apply exact and iterative methods, interpolation of 

functions, approximate calculation of integrals, 

approximation of normed spaces to solve linear, algebraic 

and transcendental equations; 

5. solve numerically the Cauchy problem and boundary 

value problems for ordinary differential equations; 

6. analyze and compare the obtained results; 

7. evaluate the accuracy of a numerical solution. 

Differential Equations 

and Mathematical 

Physics 

6 credits 

 

PК-8 

Upon successful completion of this module students will be 

able to: 

1. demonstrate modern theoretical knowledge in the field of 

ordinary differential equations; 

2. solve first-order differential equations, systems of 

differential equations, first-order linear partial 

differential equations; 

3. explore and solve specific differential equations and 

systems encountered in various fields of natural science; 

4. construct a mathematical model and formulate the set of 

the boundary and  initial conditions of the problem; 

5. select an appropriate method for solving the problem;  



6. analyze the obtainedsolution. 

Introduction to 

Mechanics and Physics 

5 credits 

 

PК-9 

Upon successful completion of this module students will be 

able to: 

1. demonstrate knowledge of the basic laws and concepts of 

mechanics, as a section of physics, knowledge of the 

methodology for conducting experimental research on 

various stands; 

2. apply the obtained theoretical knowledge to solve 

practical problems; 

3. develop the right strategy for solving the tasks; 

4. demonstrate knowledge of the basic concepts and 

fundamental laws of quantum theory; 

5. use the mathematical apparatus of Quantum Mechanics; 

6. explain the physical nature of phenomena subject to 

quantum laws, interpret quantum processes 

Tensor Analysis, 

Probability Theory 

and Variational 

Calculus 

9 credits 

 

PК-1 

PК-4 

Upon successful completion of this module students will be 

able to: 

1.  demonstrate knowledge in the field of tensor analysis 

and tensor calculus, probability theory and mathematical 

statistics, calculus of variations, and optimization 

methods; 

2.  have an idea of the tensors and properties of invariant 

operations on tensors; 

3. to solve problems of mechanics with the practical 

application of tensor calculus; 

4. carry out differential operations on tensors: gradient, 

divergence, rotor, Laplacian; 

5. solve problems in probability theory and mathematical 

statistics; 

6. Solve problems using the calculus of variations and 

optimization methods. 

Circuits 

5 credits 

 

GCC-8 

PK-13 

Upon successful completion of this module students will be 

able to: 

1. interpret the basic concepts of the circuit, such as voltage, 

current, power, energy, etc., using the laws of Ohm and 

Kirchhoff; 

2. describe the main methods for calculating electrical 

circuits: methods for node voltages and mesh current; 

3. analyze the schemes using the theorems of Thevenin and 

Norton; 

4. build a vector diagrams for the analysis of circuits on an 

alternating current; 

5. set up an equations according to Kirchhoff's laws for 

instantaneous values of voltages and currents, for the 



simplest circuits containing sources, resistive, inductive 

and capacitive elements; 

6. apply classical methods of analysis of transients in 

electrical circuits with RLC (resistor, inductor, capacitor) 

elements; 

7. determine the main characteristics of parallel and series-

connected quadripoles; 

8. analyze electrical circuits with distributed parameters. 

Scientific Data 

Processing and 

Programming 

5 credits 

 

GCC-8 

PK-3 

PK-8 

PK-13 

Upon successful completion of this module students will be 

able to: 

1. organize, analyze and interpret the scientific data.  

2. work with data types from astronomy, remote sensing, 

physics, materials science and etc.  

3. obtain and use different data in simulations, 

experiments, or observations.  

4. use visualization and statistical analysis techniques for 

any type of scientific data from different subjects 

5. describe the syntax of the Python programming language, 

the semantics of language constructs, and apply the 

elementary and control constructs of the Python  

language; 

6. develop software in accordance with the chosen 

technology of its design, supported by Python. 

Oscillation Theory 

and Software 

Packages 

5 credits 

 

GCC-8 

PK-5 

PK-8 

PK-9 

PK-13 

Upon successful completion of this module students will be 

able to: 

1. demonstrate knowledge of the basic concepts, laws of 

oscillatory processes and vibrations, methods and 

approaches for solving typical problems of the theory of 

vibrations and vibrations; 

2. analyze the physical patterns observed in oscillatory 

processes, the beneficial and harmful effects of vibrations 

on equipment and  the environment; 

3. make a mathematical model of the object being studied 

and calculate forced oscillations for various types of 

driving forces; 

4. perform a correct, detailed analysis of the oscillatory 

process, analysis of the phase portrait of the oscillatory 

system, its stable and unstable states; 

5. demonstrate knowledge of application software packages 

designed for solving mechanical problems; modern 

experimental methods for the mechanics of materials; 

6. use modern software packages for solving problems of 

mechanics; 

7. analyze the obtained results and draw substantiated 

conclusions. 



Dynamics of Solids 

and Dynamical 

Systems  

6 credits 

 

PK-5 

PK-9 

Upon successful completion of this module students will be 

able to: 

1. demonstrate knowledge in the field of solid body 

dynamics and dynamical systems; 

2. apply the studied material for the compilation of systems 

of equations of motion and solve typical problems of a 

rigid body and a dynamical system; 

3. apply the basic principles and mathematical methods for 

analyzing the motion of a rigid body and dynamic 

systems; 

4. have an idea of current problems and prospects for the 

development of the dynamics of a solid body as one of 

the most important areas related to applied supplement; 

5. independently build and research mathematical and 

mechanical models of dynamic systems, skillfully 

applying analytical and numerical methods of research 

and using the capabilities of modern computer and 

information technologies. 

6. determine the singular points of dynamical systems and 

the stability of trajectories on phase spaces. 

Strength of Materials 

and Mechanics of 

Deformable Solids 

6 credits 

 

PK-5 

PK-6 

PK-9 

Upon successful completion of this module students will be 

able to: 

1. demonstrate knowledge of methods and methods for 

calculating structural elements for strength, rigidity and 

stability; 

2. solve the problems of the theory of elasticity, the 

mechanics of a deformable solid body, structural 

elements; 

3. conduct experiments on axial tension-compression of 

rods, torsion of round rods, flat bending of beams, 

displacements in rod systems with arbitrary loading; 

4.  investigate the stability of compressed rods, determine 

the mechanical characteristics of materials; 

5. demonstrate knowledge of the theoretical foundations of 

the mechanics of a deformable solid; 

6. build mathematical models of deformable solid 

mechanics, apply models of thermoelastic continuum to 

the analysis of the stress-strain state of structural 

elements. 

Thermodynamics and 

Heat and Mass 

Transfer  

6 credits 

 

Upon successful completion of this module students will be 

able to: 

1. demonstrate knowledge of the basic laws of 

thermodynamics and heat and mass transfer; 

2. simulate processes at equilibrium and flows of turbidity 

and gas, thermodynamics and heat-mass transfer; 



PK-7 

PK-9 

3. solve problems of thermodynamics and heat-mass 

exchange by applying the basic laws; 

4. analyze the laws of thermodynamics of homogeneous 

processes, the conditions of the thermodynamic balance; 

5. apply engineering methods for calculating temperatures 

and heat fluxes in structures of different shapes for 

different heat transfer conditions; 

6. perform heat engineering calculations for a specific heat 

engineering equipment. 

Fluid Mechanics and 

Experimental Methods 

6 credits 

 

PK-5 

PK-7 

PK-9 

Upon successful completion of this module students will be 

able to: 

1. demonstrate knowledge in the field of fluid mechanics; 

2. state (explain) the physical formulation of the problems 

of fluid mechanics; 

3. build a mathematical model (basic equations, initial and 

boundary conditions) of fluid mechanics, to solve 

problems of hydrostatics and fluid dynamics by 

analytical and experimental methods; 

4. analyze the essence, methods of application, advantages 

and disadvantages of experimental methods; 

5. justify the choice of the experimental method; 

6. test the knowledge gained in fluid mechanics by 

conducting an experimental study; 

7. to process and analyze the results of experimental studies, 

to make substantiated conclusions. 

Design of Mechanical 

Systems and 

CAD/CAM 

6 credits 

 

GCC-8 

PK-9 

PK-11 

PK-13 

Upon successful completion of this module students will be 

able to: 

1. demonstrate knowledge of the classification of the 

structure of mechanisms; 

2. to carry out the kinematic and dynamic analysis of the 

mechanisms by analytical methods; 

3. create 2D and 3D geometric models using software tools. 

4. perform design and graphic work on the design of 

information, electromechanical, electrohydraulic, 

electronic and microprocessor modules of mechatronic 

and robotic systems; 

5. develop functional diagrams and carry out energy 

calculations and selection of actuators; 

6. to carry out kinematic, strength calculations of 

mechanical units. 

Theoretical Mechanics 

and Continuum 

Mechanics 

6 credits 

Upon successful completion of this module students will be 

able to: 

1. describe the basic mathematical models used in 

theoretical mechanics; 



 

PK-5 

PK-7 

PK-9 

2. determine the kinematic characteristics of the motion of 

a material point and a mechanical system; 

3. solve static problems, applying equilibrium conditions 

for various systems of forces, taking into account static 

certainty and uncertainty; 

4. solve problems of dynamics on the basis of Newton's 

second law, as well as using the basic theorems of 

dynamics; 

5. demonstrate fundamental knowledge of the main sections 

of the mechanics of the material continuum; 

6. formulate the basic laws, basic equations and theorems of 

continuum mechanics; 

7. build mathematical models of classical liquid, gaseous 

and solid wrought media; 

8. solve problems and exercises on continuum kinematics 

and on the theory of deformation. 

Mathematical Analysis 

and its applications 

3 credits 

 

PK-2 

PK-5 

Upon successful completion of this module students will be 

able to: 

1. apply integration methods for solving problems of 

mechanics; 

2. apply the first and second order surface integrals to solve 

applied problems; 

3. demonstrate the basic concepts of field theory and its 

applications; 

4. apply the methods of functional analysis to solve specific 

problems of mathematics and related fields of 

knowledge; 

5. demonstrate knowledge of the general theory of the 

function of many variables; 

6. apply the theory of multiple integrals, the theory of 

curvilinear and surface integrals to the solution of 

problems of mechanics. 

Theory of Plasticity 

and Fracture 

Mechanics 

6 credits 

 

PК-6 

PК-9 

PК-12 

Upon successful completion of this module students will be 

able to: 

1. derive the basic equations of the theory of elasticity, set 

boundary problems for them correctly, solve the simplest 

problems of the flat theory of elasticity; 

2. use the basic laws of the theory of plasticity and its 

postulates; 

3. derive equations describing the deformation and stress 

state of complex media: viscoelastic, viscoplastic, etc. 

4. solve typical problems with the application of the 

postulates underlying the theory of creep; 

5. rely on structural elements with cracks for strength 

according to brittle fracture criteria; 



6. analyze methods for calculating strength in plasticity, 

under cyclic and dynamic loads; basic criteria for 

destruction and existing theory of strength. 

Numerical Methods 

and Theory of 

Filtration 

6 credits 

 

GCC-8 

PК-7 

PК-8 

PК-12 

PК-13 

Upon successful completion of this module students will be 

able to: 

1. demonstrate knowledge in the field of filtration theory 

(basic concepts, theoretical foundations), research 

methods (analytical, numerical, experimental) of 

filtration tasks; 

2. formulate (explain) the physical formulation of the flow 

in porous media problems; 

3. construct a mathematical model (basic equations and 

initial, boundary conditions) of the flow in a porous 

media; 

4. choose the method of research of the problem of 

filtration, to reveal the basic parameters defining the 

behavior of phenomena; 

5. solve the problems of the filtration of an incompressible 

liquid in porous media and soils with modern methods of 

investigation; 

6. demonstrate the knowledge of the basic software 

application packages for solving the problems of 

theoretical and applied mechanics, numerical analysis of 

the models of mechanics; 

7. apply numerical methods for solving applied problems in 

mechanics. 

Control Theory and 

Orbital Mechanics 

6 credits 

 

PК-4 

PК-5 

PК-9 

PК-12 

Upon successful completion of this module students will be 

able to: 

1.  describe the main categories, definitions and concepts of 

control theory; 

2.  apply the obtaned knowledge to solve the problems of 

controlling the motion of mechanical systems; 

3.  demonstrate the skills to solve the simplest optimization 

problems of theoretical and applied mechanics; 

4.  demonstrate knowledge of the basic laws and concepts 

of orbital mechanics; 

5.  formulate and solve problems of orbital mechanics, in 

particular, the determination of the trajectory and 

transition pulses for space flight; 

6. determine the main characteristics of the motion of a 

space flight (undisturbed and disturbed motion, types of 

orbits, orbit parameters, flight time, orbital transition 

maneuvers and forecasting methods). 

Hamiltonian 

Mechanics and 

Upon successful completion of this module students will be 

able to: 



Robotic System 

Control 

6 credits 

 

PК-5 

PК-9 

PК-12 

1. use initial transformations for the solution of simple 

problems of non-linear fluctuations; to carry out 

necessary mathematical manipulations; 

2. find isentropic invariants in simple one-dimensional 

systems, to use the equations of Lagrangian and Hamilton 

mechanics for concrete physical situations. 

3. apply the methods of Hamiltonian mechanics to study the 

disturbed motion of mechanical systems and celestial 

bodies; 

4. demonstrate knowledge in the field of modern 

information technologies in mechanics, control of robotic 

systems and manipulators; 

5. provide effective autonomous control for the movement 

of the robot using software; 

6. control the robotic systems and manipulators: determine 

the working space of the robot, plan the trajectory of the 

robot. 

Computational 

fluiddynamics and 

Experimental 

hydrodynamics 

6 credits 

 

GCC-8 

PК-7 

PК-8 

PК-11 

PК-12 

PК-13 

Upon successful completion of this module students will be 

able to: 

1. demonstrate knowledge in the field of computational and 

experimental hydrodynamics (basic equations, 

fundamental concepts and modern methods of 

calculation); 

2. to formulate (explain) the physical formulation of 

problems of hydrodynamics; 

3. to construct a mathematical model (basic equations, 

initial, boundary conditions) of the problem of 

hydrodynamics; 

4. to choose a method (numerical, experimental) for 

research of problems of hydrodynamics, to substantiate 

the choice of the approach of numerical simulation of 

problems of hydromechanics; 

5. to check the obtained theoretical knowledge on the 

mechanics of liquid and gas, by means of (numerical or 

laboratory) experimental research; 

6. analyze and compare the obtained numerical and 

experimental results and make reasoned conclusions. 

Robot Mechanics and 

Digital Design 

6 credits 

 

GCC-8 

PК-5 

PК-9 

Upon successful completion of this module students will be 

able to: 

1. demonstrate knowledge of the classification of the 

structure of manipulators; 

2. carry out the kinematic and dynamic analysis of 

manipulators by analytical methods;  

3. demonstrate knowledge in the design of integrated 

circuits; 



PК-12 

PК-13 

 

4. fulfill the requirements of the technical specifications for 

the design of digital devices; 

5. use the tools and methods of computer-aided design in 

the development of digital devices; 

6. carry out measurements of the parameters of the designed 

devices and determine the reliability indicators; 

7. conduct experimental studies; 

8. develop circuits of digital devices based on integrated 

circuits of different degree of integration. 

Physical Training 

Module 

8 credits 

 

GCC-7 

Upon successful completion of this module students will be 

able to: 

1. use in life practical skills that ensure the preservation and 

strengthening of health, development and improvement 

of psychophysical abilities and qualities; 

2. independently maintain and develop the basic physical 

qualities in the process of exercising; 

3. use methods and means of physical training to ensure full 

social and professional activities; 

4. access the current state of physical culture and sports in 

the world; 

5. adhere to a healthy lifestyle; 

6. self-organization and self-education in the formation of a 

healthy lifestyle. 

Professional Practice 

module 

12 credits 

 

GCC-6 

GCC-7 

GCC-9 

PК-10 

PК-11 

PК-12 

PК-13 

PК-14 

Upon successful completion of this module students will be 

able to: 

1. to work with the empirical base of the research in 

accordance with the chosen theme of the thesis 

(compilation of the program and research plan, 

formulation and formulation of tasks, definition of the 

object and subject of the research, choice of the 

methodological basis for the study, study of data 

collection and analysis methods); 

2. work with bibliographic directories, with domestic and 

foreign electronic databases; 

3. to select and apply in practice modern means of computer 

technology, communications and communications; 

4. analyze engineering problems of design, development 

and support of automation and control systems; 

5. develop educational and methodological materials, 

conduct training sessions on the academic discipline 

(lectures, seminars, practical and laboratory classes); 

6. perform labor operations in the framework of the 

functional duties of the employees of the enterprise. 

 



Matrix of the formation of competencies in the modules of the educational program 

 

Module name Learning outcomes 

 А1 А2 А3 В1 В2 В3 В4 В5 С1 С2 С3 D1 

Social and Humanitarian module             

Instrumental module             

Professional module             

Pedagogical module             

Entrepreneurial module             

Professional Kazakh and Foreign Language             

MathematicalAnalysis             

Аlgebra andComputational Methods             

Differential Equations and Mathematical 

Physics 

            

Introduction to mechanics and physics             

Tensor Analysis, Probability Theory and 

Variational Calculus 

            

Circuits             

Scientific Data Processing and Programming             

Oscillation Theory and Software Packages             

Dynamics of solid and dynamical systems             

Strength of Materials and Mechanics of 

deformable solids 

            

Thermodynamics and Heat and Mass Transfer             

Fluid Mechanics and Experimental Methods             

Design of Mechanical Systems and CAD/CAM             

Theoretical Mechanics and Continuum 

Mechanics 

            



Mathematical Analysis and its applications             

Theory of Plasticity and Fracture Mechanics             

Numerical Methods and Theory of Filtration             

Control theory and Orbital Mechanics             

Hamiltonian Mechanics and Robotic System 

Control 

            

Computational FluidDynamics and 

Experimental Hydrodynamics 

            

Robot Mechanics and Digital design             

PhysicalTraining Module             

Professional Practice module             

 

 



13. Curriculum of «5B060300-Mechanics» specialty 

 

Сode Names оf disciplines/other 

educational activities 

Credits Semesters 

I II III IV V VI VII VIII 

lec+ practice+ lab 

GENERAL EDUCATION DISCIPLINES (GED) 29  

OBLIGATORYCOMPONENT (OC) 21         

 Social and humanitarian module 6         

SIK 1101 
Modern historyofKazakhstan (State 

Examination) 
3 2+1+

0 
       

Fil 1102 
Philosophy 3   

2+1+

0 
     

 Instrumental module 15         

IYa 1103 
Foreign language 6 0+3+

0 
0+3+0       

K(R)Ya 

1104  

Kazakh (russian) language 6 0+3+

0 
0+3+0       

IKT 1105 
Information and communication 

technologies (in English) 
3  2+0+1       

 Total of obligatory component 21 9 9 3 0 0 0 0 0 

ELECTIVECOMPONENT (ЕС) 8  

 Professional module 8         

NP 4106 Technical writing 2        0+2+0 

Fiz (1) 

1107 
Physics 1 3  2+1+0       



Сode Names оf disciplines/other 

educational activities 

Credits Semesters 

I II III IV V VI VII VIII 

lec+ practice+ lab 

Him 1108 Chemistry 
3 

2+1+

0 
       

 Pedagogical module 8         

Soc 4106 Sociology 2        1+1+0 

Psy 1108  Psychology  
3 

2+1+

0 
       

Ped 1107 Pedagogy 3  2+1+0       

 Entrepreneurial module 8         

KP 4106 Kazakhstan Law 2        1+1+0 

IP 1107 Innovative Entrepreneurship 
3 

2+1+

0 
       

OFG 1108 Fundamentals of Financial Literacy 3  2+1+0       

 Total of elective component  8 3 3 0 0 0 0 0 2 

COREDISCIPLINES(CD) 71  

OBLIGATORYCOMPONENT (OC) 22  

 
Professional kazakh and foreign 

language 
4         

PK (R) Ya  

2201 

Professional kazakh (russian) language 
2   

0+2+

0 
     

POIYa220

2 

The professional focused foreign 

language 

 

2 
  

0+2+

0 
     

 Mathematical analysis 6         

MA1203 Calculus 1 
3 

2+1+

0 
       



Сode Names оf disciplines/other 

educational activities 

Credits Semesters 

I II III IV V VI VII VIII 

lec+ practice+ lab 

MA1204 Calculus 2 3  2+1+0       

 Аlgebra and computational methods 6         

AAG1205 Аlgebra and analytical geometry 
3 

2+0+

1 
       

MV2206 Numerical Methods and Programming 
3     

2+0+

1 
   

 
Differential equations and 

mathematical physics 
6         

DU1207 Ordinary Differential Equations 3   
2+0+

1 
     

UMF2208 Partial Differential Equations 3    
2+1+

0 
    

 Total of obligatory component 22 6 3 7 3 3 0 0 0 

ELECTIVECOMPONENT (ЕС) 49  

 Introduction to mechanics and 

physics 
5         

VvM1209 Introduction to mechanics 
2 

1+0+

1 
       

Fiz (2) 

2210 
Physics 2 3   

2+0+

1 
     

 
Tensor analysis, Probability Theory 

and variational calculus 
9         

TADG 

1211 

Tensor analysis and differential 

geometry 
3  2+1+0       



Сode Names оf disciplines/other 

educational activities 

Credits Semesters 

I II III IV V VI VII VIII 

lec+ practice+ lab 

TVMS 

2212 

Probability Theory and Statistics 
3    

2+1+

0 
    

VIMO 

3213 

Variational calculus and optimization 

techniques 
3     

2+1+

0 
   

 Circuits 5         

ETs (1) 

2214 

Circuits 1 
2    

1+0+

1 
    

ETs (2) 

3215 

Circuits 2 
3      

1+1+

1 
  

 Scientific Data Processing and 

Programming 
5         

PP 2214 Programming in Python 
2    

1+0+

1 
    

OND 3215 Scientific Data Processing  
3      

1+0+

2 
  

 Oscillation theory and Software 

Packages 
5         

PPPRZM 

2214 

Software Packages for Solving 

Problems of Mechanics 2    
1+0+

1 
    

TKIV 

3215 

Theory of oscillations and vibrations 
3      

2+1+

0 
  

 Dynamics of solid and dynamical 

systems 6         



Сode Names оf disciplines/other 

educational activities 

Credits Semesters 

I II III IV V VI VII VIII 

lec+ practice+ lab 

DTT 2216 Dynamics of solid bodies 
3    

2+1+

0 
    

DS 3217 Dynamic systems  
3      

2+1+

0 
  

 Strength of Materials and Mechanics 

of deformable solids 
6         

MM 2218 Strength of Materials 
3    

2+0+

1 
    

MDTT321

9 

Solid Mechanics 
3     

2+1+

0 
   

 Thermodynamics and Heat and 

Mass Transfer 
6         

OTTM222

0 

Thermodynamics 
3    

2+0+

1 
    

TMO 3221 Heat and Mass Transfer 
3     

2+1+

0 
   

 Fluid Mechanics and Experimental 

Methods 
6         

MZhG322

2 

Fluid mechanics 
3     

2+0+

1 
   

EMM 

3223 

Experimental methods in mechanics 
3      

1+0+

2 
  

 Design of mechanical systems and 

CAD/CAM 
6         



Сode Names оf disciplines/other 

educational activities 

Credits Semesters 

I II III IV V VI VII VIII 

lec+ practice+ lab 

PMS 3224 Design of mechanical systems 
3     

2+0+

1 
   

СС 3225 CAD/CAM 
3      

1+0+

2 
  

 Total of elective component 49 2 3 3 14 15 12 0 0 

MAJOR DISCIPLINES (MD) 32  

OBLIGATORYCOMPONENT (OC) 5  

 Theoretical mechanics and 

continuum mechanics 
5         

VMSS2301 Introduction to continuum mechanics 
2    

1+1+

0 
    

TM2302 Mechanics  
3   

2+0+

1 
     

 Total of obligatory component 5 0 0 3 2 0 0 0 0 

ELECTIVECOMPONENT (ЕС) 27  

 Mathematical analysis and its 

applications 
3         

MA 2103 Calculus 3 
3   

2+1+

0 
     

 Theory of plasticity and fracture 

mechanics 
6         

TP 3304 Theory of plasticity 
3      

2+1+

0 
  

OMR 3305 Fundamentals of fracture mechanics 
3      

2+1+

0 
  



Сode Names оf disciplines/other 

educational activities 

Credits Semesters 

I II III IV V VI VII VIII 

lec+ practice+ lab 

 Numerical methods and theory of 

filtration 
6         

ChMRTZ

M 3304 

Numerical methods in applied 

mechanics 3      
1+1+

1 
  

TF 3305 Theory of filtration 
3      

2+1+

0 
  

 Control theory and Orbital 

Mechanics 
6         

TU 4306 Control theory 
3       

2+1+

0 
 

OM 4307 Orbital Mechanics 
3       

2+1+

0 
 

 Hamiltonian Mechanics and Robotic 

System Control 
6         

GM 4306 Hamiltonian mechanics 
3       

2+1+

0 
 

URS 4307 Robotic System Control 
3       

2+1+

0 
 

 Computational fluid dynamics and 

Experimental hydrodynamics 
6         

VGM 4308 Computational fluid dynamics 
3       

1+1+

1 
 

EMG 4309 Experimental hydrodynamics 
3       

2+0+

1 
 

 Robot Mechanics and Digital design 6         



Сode Names оf disciplines/other 

educational activities 

Credits Semesters 

I II III IV V VI VII VIII 

lec+ practice+ lab 

TsP 4310 Digital design 
3       

2+0+

1 
 

MR 4311 Robot Mechanics 
3       

2+1+

0 
 

 Total of elective component 27 0 0 3 0 0 6 18 0 

 Total of theoretical studies 132 20 18 19 19 18 18 18 2 

ADDITIONAL TYPES OF TRAINING(ATT) 23  

OBLIGATORYCOMPONENT (OC)          

 Physical Training Module          

FK Physical Training 
8 

0+0+

2 
0+0+2 

0+0+

2 

0+0+

2 
    

 Professional practice module 12         

UP Educational Internship 

2  

2 

(1 

weeks

) 

      

PrP PracticeTraining 

5(8)    

1/2 

(2,5/

5 

week

s) 

 

1/2 

(2,5/5 

week

s) 

 

3/4 

(7,5/10 

weeks) 

PdP Pedagogical Training 

3        

3 

(3 

weeks) 

PP Pre-Graduation Internship 2        2  



Сode Names оf disciplines/other 

educational activities 

Credits Semesters 

I II III IV V VI VII VIII 

lec+ practice+ lab 

(5 

weeks) 

 Total on additional types of training 20 2 4 2 3 0 1 0 8 

FINALATTESTATION 3         

GES State exam in the specialty 

1        

1 

(2 

weeks) 

NZDR 
Writing and Presentation of Diploma 

Work (Project) 
2        

2 

(4 

weeks) 

TOTAL 155 22 22 21 22 18 19 18 13 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CONTENT OF EDUCATIONAL MODULES OF DISCIPLINES 

  



 

GENERAL EDUCATION DISCIPLINES (GED) – 29 credits 

 

OBLIGATORYCOMPONENT (OC) – 21 credits 

 

Social and humanitarian module – 6 credits 

  

Upon successful completion of this module students will be able to: 

1. demonstrate knowledge of the main stages of the modern history of the progressive 

development of the statehood of Kazakhstan in the context of the world and 

Eurasian historical process; 

2. demonstrate knowledge of the basic laws of the functioning and development of 

nature and society, the ability to adequately navigate in various socio-economic, 

political and emergency situations, knowledge of socio-ethical values based on 

social and legal norms and tolerance to various cultural and religious traditions; 

3. freely interpret and creatively use scientific, historical and philosophical 

knowledge to summarize the success factors of the Kazakhstan development model 

on the way to the established state - the Republic of Kazakhstan; 

4. perceive, analyze and summarize information, set a goal and choose ways to 

achieve it; 

5. understand the need for the formation of new competencies; 

6. determine the direction of further personal and professional development, self-

education and self-development. 

 

As a result of studying the module, students will be able to: 

A1. demonstrate knowledge of the main stages of the modern history of Kazakhstan; 

know the legal and ethical standards of interpersonal relations; demonstrate knowledge 

in the field of economic and business activities; 

D1. use in life practical skills and abilities that ensure the preservation and 

strengthening of health, development and improvement of psychophysical abilities and 

qualities.. 

 

Modern history of Kazakhstan - 3 credits 

 

Prerequisites: no. 

Postrequisites: no. 

As a result of studying the discipline, the studentswill be able to: 

 systematize the conceptual foundations of the study of modern history of 

Kazakhstan; 

 compare the ideas of continuity and continuity of historical and cultural 

development, the deep roots of the spiritual heritage of Kazakhstan; 

 reveal the significance of the formation of historical consciousness and ideological 

principles in accordance with national priorities; 

 classify historical sources reflecting the features of the modern history of 

Kazakhstan; 



 identify the historical patterns of the development of society, paying attention to 

the study of historical originality; 

 master the techniques of historical description and analysis of the causes and 

consequences of the events of the modern history of Kazakhstan; 

 predict possible solutions to contemporary problems based on an analysis of the 

historical past and reasoned information; 

 argue the features and significance of the modern Kazakhstan model of 

development; 

 explain the importance of education of patriotism, in the spirit of democratic values 

of modern society on the example of the vital activity of historical personalities. 

 

Studying topics: 

1. Conceptual framework for the study of national history. 

2. Prerequisites for the formation of independence in Kazakhstan: national liberation 

uprisings and the formation of the idea of a national state. 

3. The process of polarization of political forces. 

4. Civil and political confrontation. 

5. Implementation of the Soviet model of nation-building. 

6. Contradictions and consequences of Soviet reforms in Kazakhstan in the second half 

of the twentieth century. 

7. The policy of "restructuring" of Kazakhstan. 

8. Formation of the state structure of the Republic of Kazakhstan. 

9.  Kazakhstan model of economic development. 

10.  Social modernization - the basis of the welfare of society. 

11. Ethno-demographic processes and the strengthening of interethnic harmony. 

12.  Socio-political development prospects and spiritual modernization. 

13.  The policy of forming a new historical consciousness and worldview of the people 

of the Great Steppe. 

14.  Kazakhstan is a state recognized by the modern world. 

15.  N.A. Nazarbayev - a person in history. Formation of a united nation of the future. 

 

Philosophy - 3 credits 

 

Prerequisites: Modern history of Kazakhstan. 

Postrequisites: no. 

As a result of studying the discipline, the studentswill be able to: 

 describe the main content of ontology and metaphysics in the context of the 

historical development of philosophy; 

 explain the specifics of the philosophical understanding of reality; 

 justify the worldview as a product of philosophical reflection and study of the 

natural and social world; 

 classify the methods of scientific and philosophical knowledge of the world; 

 interpret the content and specific features of the mythological, religious and 

scientific worldview; 



 substantiate the role and importance of key ideological concepts as values of the 

social and personal being of a person in the modern world; 

 analyze the philosophical aspect of media texts, socio-cultural and personal 

situations to substantiate and make ethical decisions; 

 formulate and correctly argue their own moral position in relation to the actual 

problems of modern global society; 

 carry out the research, which is relevant to identify the philosophical content of 

problems in the professional field and present the results for discussion. 

 

Studying topics: 

1. The emergence and development of philosophy. The subject and method of 

philosophy. 

2. Historical types of philosophy. 

3. Basics of philosophical understanding of the world. 

4. The problem of being. Ontology and metaphysics. 

5. Consciousness and language. 

6. Cognition and creativity. 

7. Scientific and extra-scientific knowledge. Science and technology. 

8. Philosophy of man and value world. 

9. Human. Life and death. Meaning of life. 

10. Ethics. The philosophy of values. 

11.  Freedom. 

12.  Aesthetics. Perception and creation of beauty. 

13.  Society and culture. 

14.  Philosophy of history. 

15.  «Magilik Yel» and «Ruhanizhangyru» - the philosophy of the new Kazakhstan. 

 

Instrumental Module – 15 credits 
 

Upon successful completion of this module students will be able to: 

1. competently use linguistic and cultural linguistic knowledge for solving 

communication problems in a multilingual and multicultural society of the Republic 

of Kazakhstan and in the international scene; 

2. build an oral and written statement in different communicative situations, to 

understand and analyze the structural and semantic organization of a scientific text; 

3. perform various text operations: describe, summarize information; 

4. search for information necessary for the effective performance of professional 

tasks; 

5. apply information and communication technologies in professional activities; 

6. use information and communication technologies in scientific and practical 

activities, self-education and the achievement of other goals. 

 

As a result of studying the module, student will be able to: 

B1. use linguistic and cultural linguistic knowledge, information and communication 

technologies in their professional activities; 



B4. conduct a review of the literature on selected topics; solve the problem; to 

summarize the results of research and analytical work in the form of a thesis, to report 

on student scientific conferences to participate in research projects; 

C3. realize the need to form new competencies; determine the directions of further 

personal and professional development, to be capable of self-education and self-

development; 

 

Foreign language –6 credits 

 

Prerequisites: no. 

Postrequisites: Professionally-oriented Foreign Language. 

As a result of studying the discipline, the student should be able to: 

 reproduce orthoepic, spelling, stylistic norms of Russian / Kazakh / foreign 

languages; 

 use the features of professional oral and written scientific speech; 

 apply the technology of interpretation and analysis of the texts of scientific 

literature in the specialty; 

 have an idea of the role and importance of information and information technology 

in the development of modern society and the economy of knowledge in the 

English language; 

 practice the main methods, methods and means of obtaining, storing, processing 

information; 

 have computer skills as an information management tool; 

 build work with information in the global computer networks and corporate 

computer systems in English; 

 сompetently use linguistic and cultural linguistic knowledge for communication in 

a multilingual and multicultural society of the Republic of Kazakhstan and in the 

international arena. 

 

Studying topics: 

1. The content of the educational program level A1. 

2. The content of the educational program level A2. 

3. The content of the educational program level B1. 

4. The content of the educational program level B2 + LSP. 

5. The content of the educational program of level C1. 

6. The content of the educational program of the level - CALP –cognitive academic 

proficiency in the language. 

 

Kazakh (Russian) Language –6 credits 

 

Prerequisites: no. 

Postrequisites: Professional Kazakh (Russian) language. 

As a result of studying the discipline, the students is able to: 



 make the right choice and use of language and speech means on the basis of 

knowledge of a sufficient amount of vocabulary, system of grammatical 

knowledge, pragmatic means of expressing intentions; 

 transfer the factual content of texts, formulate their conceptual information, 

describe output knowledge (pragmatic focus) of the entire text, as well as of its 

individual structural elements; 

 interpret the information of the text, explain in the volume of certification 

requirements the style and genre specificity of the texts of the socio-cultural, socio-

political, official business and professional areas of communication; 

 request and report information in accordance with the situation of communication, 

evaluate actions and actions of participants, use information as a tool to influence 

an interlocutor in situations of knowledge and communication in accordance with 

certification requirements; 

 build programs of speech behavior in situations of personal, social and professional 

communication in accordance with the norms of language, culture, the specifics of 

the sphere of communication, certification requirements; 

 discuss ethical, cultural, socially significant problems in the discussions, to express 

their point of view, to defend it reasonably, to critically evaluate the opinion of 

interlocutors; 

 participate in communication in various situations of different areas of 

communication in order to realize their own intentions and needs (everyday, 

educational, social, cultural), declaring about them ethically correctly, 

meaningfully complete, lexico-grammatically and pragmatically adequate to the 

situation; 

 compile household, socio-cultural, and official business texts in accordance with 

generally accepted standards and functional orientation, using adequate lexical-

grammatical and pragmatic material of a certain certification level, which is 

adequate for the purpose set. 

 

Studying topics: 

1. The content of the educational program level A1. 

2. The content of the educational program level A2. 

3. The content of the educational program level B1. 

4. The content of the educational program level B2 + LSP. 

5. The content of the educational program of level C1. 

6. The content of the educational program of the level - CALP –cognitive academic 

proficiency in the language. 

  

Information and Communication Technologies - 3 credits 

 

Prerequisites: no. 

Postrequisites:Circuits1, Programming in Python, Numerical Methods and 

Programming, Scientific Data Processing, Numerical methods for solving differential 



equations, CAD/CAM, Software Packages for Solving Problems of Mechanics 

Numerical methods in applied mechanics, Computational fluiddynamics 

 

As a result of studying the discipline, the studentswill be able to: 

 explain the purpose, content and development trends of information and 

communication technologies, justify the choice of the most appropriate technology 

to solve specific problems; 

 explain the methods of collecting, storing and processing information, how to 

implement information and communication processes; 

 describe the architecture of computer systems and networks, the purpose and 

functions of the main components; 

 use information Internet resources, cloud and mobile services for searching, 

storing, processing and distributing information; 

 use software and hardware of computer systems and networks for collecting, 

transmitting, processing and storing data; 

 analyze and justify the choice of methods and means of protecting information; 

 using digital technologies to develop data analysis and data management tools for 

various activities; 

 carry out project activities in the specialty with the use of modern information and 

communication technologies. 

 

Studying topics: 

1. Introduction. The concept of information and communication systems. 

Informatization of society. Applications of information and communication 

technology. 

2. Units of measurement information. Digital logic level of a computer. Logic, 

Boolean algebra, truth tables. Logic gates, circuits. 

3. Numeral systems.  Historical examples of numeral systems: positional and non-

positional. Arithmetic operations for different numeral systems. 

4. Organization of computer systems. Memory structure. Hardware: input, 

processing, and output devices. Physical components of a computer system. 

5. Directions for further development of ICT. Quantum computers. Artificial 

intelligence. 

6. Operating system as main part of the system software. Non-standard architecture 

computers, adaptation of the operating system kernel and software. 

7. Introduction to the operating system UNIX / Linux. The history of UNIX (UNIX, 

Linux, GNU, BSD, Minix). 

8. Installing OS (Linux OS, MS Windows OS). Virtual machine. Dual boot (Linux 

and Windows). Live USB, CD, DVD. Creation of backups of system. 

9. Applications of Linux. Linux distributions. Desktop environment (KDE, GNOME, 

etc.). 

10. Software. System software. Application software (customized). Utility software. 

Architecture of software. Testing of software. License, patent software. 



11. Web-applications development technology. Client programming languages. 

Server-side programming languages. 

12. Telecommunications and networks. Principles of construction and classification of 

computer networks. 

13. Database systems and business intelligence. Electronic and mobile commerce. 

Systems development. 

14. Algorithms (types, properties, methods of presentation). Sorting algorithms. The 

analysis of search algorithms. 

15. Knowledge management and Specialized information systems.The personal and 

social impact of computers. 

 

ELECTIVE COMPONENT (ЕС) – 8 CREDITS 

 

Professional module – 8 credits 

 

Upon successful completion of this module students will be able to: 

7. apply the skills of writing scientific work and making presentations for scientific 

seminars and conferences 

8. write reports, applications for participation in various competitions, motivated and 

business letters; 

9. build business communication necessary in future professional activities 

(negotiations, business discussions, public speaking); 

10. demonstrate knowledge of the fundamental laws of the natural sciences (molecular 

physics, electricity, magnetism, chemistry); 

11. solve physical problems of research and applied nature, to carry out the processing 

of the results of the experiment; 

12. formulate the basic laws of chemistry and draw conclusions based on 

thermodynamic calculations. 

 

As a result of studying the module, student will be able to: 

A2. demonstrate knowledge of the basic concepts and laws of physics, chemistry; 

B4. conduct a review of the literature on selected topics; solve the problem; to 

summarize the results of research and analytical work in the form of a thesis, to 

report on student scientific conferences to participate in research projects; 

C3. realize the need to form new competencies; determine the directions of further 

personal and professional development, to be capable of self-education and self-

development; 

 

Technical writing – 2 credits 

 

Prerequisites: Professional kazakh (russian) language, The professional focused foreign 

language. 

Postrequisites: No 

As a result of studying the discipline, the student will be able to: 



 demonstrate knowledge of the main types, structure and features of the scientific 

work design (reports, presentations, posters, articles, theses, etc.); 

 work with bibliographic directories, with domestic and foreign electronic 

databases; 

 apply the capabilities of modern computing technology for processing and design 

of research results and their analysis; 

 describe the stages of the experiments and the obtained  results; 

 conduct a literature search on the research area and perform a critical review; 

 to compose business and motivational letters, CV; 

 prepare reports, presentations, posters, papers, theses on the results of the study; 

 submit research papers to an audience. 

 

Studying topics: 

1. Introduction. Types of scientific writing. 

2. Searching the scientific literature. Using online search engines. Creating a 

literature review. 

3. Preparing other sections of a research paper (abstract, introduction, materials and 

methods, results and discussion, conclusions, references). Common mistakes and 

tips. 

4. Beginning to Write. Organizing the writing. Preparing outlines. Standard formats 

for scientific papers, research projects and theses. 

5. Style and grammar. Scientific writing style. First-person vs. Third-person; 

Passive vs. active voice. 

6. About Refereed Journals. Plagiarism. Reference citations. How to use references 

within the text. To create a references list. 

7. Revising. Dealing with revisions. Accepting criticism. Making sense of 

reviewers’ comments. Making the changes. 

8. Types of scientific writing: research proposals; articles for refereed journals; 

letters and emails. 

9. Computer skills. Using Computer technology: Microsoft Word. Using the table 

feature. Creating tables of content. 

10. Computer skills. Microsoft Excel. Creating tables, charts, graphs. 

11. Figure or Table? General information on Figures. Types of figures. Graphs. Make 

each figure easy to read. The Figure title. Description of Figure content. 

12. General information on tables. Design table titles to identify the specific topic. 

13. Poster Presentations. Organization and formats for posters. Using Microsoft 

PowerPoint. 

14. Oral Presentations. Designing and preparing slides for an oral presentation. 

Importing tables, charts and graphs from Excel. 

 

Physics 1 – 3 credits 

Prerequisite: no. 



Postrequisite: Physics 2, Circuits 1, 2. 

As a result of studying the discipline, the student will be able to: 

 demonstrate knowledge and understanding of: the nature and practice of Thermal 

Physics, Thermodynamics, Electricity and Magnetism; applications and uses of 

Thermal Physics, Thermodynamics, Electricity and Magnetism; the implications 

of Thermal Physics, Thermodynamics, Electricity and Magnetism for society and 

the environment; current issues, research and developments in Thermal Physics, 

Thermodynamics, Electricity and Magnetism. 

 use appropriate information technologies and develop the key competency of using 

technology. 

 collect, analyze and interpret the information and and the results of research;  

 by analyzing statistical evidence, apply mathematical concepts to assist analysis of 

data and information and construct tables and graphs, they are developing the key 

competency using mathematical ideas and techniques. 

 work as individuals and as members of groups to conduct investigations and, 

through this, the key competencies, planning and organizing activities and working 

with others and in teams, are developed. 

 

Studying topics: 

1. Molecular-Kinetic Theory of Ideal Gases. The Molecular Basis of Thermal 

Physics.  

2. Collisions and Transport Phenomena. Heat Flow and the First Law of 

Thermodynamics.   

3. Kind of the Thermodynamic Processes. 

4. The Second Law of Thermodynamics. Entropy.  

5. Heat Engine.  

6. Electricity.  Electric Field. Coulomb's Law, Gauss’ Law.  

7. Electric Potential.  Application of Gauss’s Law Capacitance.  

8. Current, Resistance, and Electromotive Force.  

9. Currents in Materials. Direct Current Circuits.  

10. Currents in Metals, Vacuum, and Gases.  

11. The Effects of Magnetic Fields.  The Production and Properties of Magnetic Fields.  

12. Motion of Charged Particles in a Magnetic Field.  

13. The Hall Effect. Electromagnetic Induction.  

14. Faraday’s Law.  Inductance. Self-Inductance.  

15. Mutual Inductance. Transformers. Magnetism and Matter. Maxwell’s Equations. 

 

Chemistry – 3 credits 

 

Prerequisite: no. 

Postrequisite: Heat and Mass Transfer 

As a result of studying the discipline, the student will be able to: 

- formulate the basic laws of chemistry; 

- explain structure of atoms and molecules, including complex compounds; 



- evaluate chemical bond in various molecules; 

- solve problems in chemical kinetics and chemical equilibrium; 

- make conclusions based on thermodynamic calculations; 

- consider the basic properties of solutions; 

- analyze redox reactions; 
- conduct chemical experiments. 
 

Studying topics:  

1. Establishment and development of chemistry as a science. The basic laws of 

chemistry. 

2. Structure of atom 

3. Periodic Table of Elements 

4. Inorganic compounds 

5. Chemical bonding and molecular structure. Part 1 

6. Chemical bonding and molecular structure. Part 2 

7. Chemical kinetics. chemical equilibrium 

8. Chemical thermodynamics 

9. General properties of solutions 

10. The electrolyte solution 

11. Hydrolysis of salts 

12. Redox reactions 

13. Electrochemical processes 

14. Complex compounds. Part 1 

15. Complex compounds. Part 2 

 
Pedagogical module – 8 credits 

 

Upon successful completion of this module students will be able to: 

7. demonstrate knowledge of the methodological foundations of pedagogy, laws 

and principles of education and training, the nature, content, forms and 

methods of education and training; 

8. describe the concepts of personality and interpersonal communication in the 

context of the formation and modernization of the national consciousness; 

9. describe the social structure and stratification of society, distinguish and 

analyze the degree of social inequality; 

10. develop the capacity for interaction and tolerance, to experience the need for 

independent study of modern educational and scientific literature; 

11. apply different strategies for resolving conflict situations in personal and 

professional interaction; 

12. develop own strategies for effective interpersonal communication, use the 

skills of stress management and time management, self-presentation skills to 

improve personal and professional effectiveness. 

 

As a result of studying the module, student able to: 



A1. demonstrate knowledge of the main stages of the modern history of 

Kazakhstan; know the legal and ethical standards of interpersonal relations; 

demonstrate knowledge in the field of economic and business activities; 

D1 use in life practical skills and abilities that ensure the preservation and 

strengthening of health, development and improvement of psychophysical abilities and 

qualities. 

 

Sociology – 3 credits 

 

Prerequisites: no 

Postrequisites: no 

As a result of studying the discipline, the student is able to: 

- determine the objects of the study of sociology (society, social organizations, 

social groups, individuals, etc.) to explain the social reality; 

- explain key sociological ideas and theories; 

- describe the social structure and stratification of society, distinguish and 

analyze the degree of social inequality; 

- reveal the mechanism of formation of public opinion and consciousness in 

society; 

- analyze the characteristics of social institutions in the modernization of 

Kazakhstani society; 

- understand the interaction of social processes at the micro and macro levels, 

taking advantage of the sociological perspective; 

- distinguish and justify the strategy of sociological research and methods of 

collecting and analyzing information; 

- apply a sociological methodology to the study of contemporary problems of 

society. 

Studying topics: 

1. Sociology in understanding the social world. 

2. Introduction to sociological theory. 

3. Social structure and stratification. 

4. Socialization and identity. 

5. Mass media, technology and society. 

6. Sociology of ethnicity and nation. 

7. Religion, culture and society. 

8. Education and social inequality. 

9. Family and modernity. 

10. Deviation, crime and social control. 

11. Economy, globalization and labor. 

12. Health and medicine. 

13. Population, urbanization and social movements. 

14. Sociological research. 

15. Social change: the latest sociological debate. 

 

Psy2107 Psychology – 3 credits 



 

Prerequisites: Modern history of Kazakhstan 

Postrequisites: Pedagogy 

As a result of studying the discipline, the student is able to: 

- understand the role and place of psychological knowledge in the system of 

human sciences; 

- describe the concepts of personality and interpersonal communication in the 

context of the formation and modernization of the national consciousness; 

- analyze the value-semantic structure of the individual and highlight the main 

priorities for the purpose of self-determination and personal growth in the framework 

of the modernization of consciousness; 

- use psychological knowledge for career planning and building a professional 

path; 

- assess their own psychological qualities, resources and capabilities; 

- justify the value and place of interpersonal communication as a factor in the 

development of a harmonious personality; 

- develop own strategies for effective interpersonal communication, use the 

skills of stress management and time management, self-presentation skills to improve 

personal and professional effectiveness; 

- apply different strategies for resolving conflict situations in personal and 

professional interaction. 

Studying topics: 

1. Psychology of personality and its role in the system of human sciences. 

2. Motivational-need sphere of personality. 

3. Emotions and emotional intelligence. 

4. Volitional processes and the psychology of self-regulation. 

5. Temperament and character. 

6. Values, interests, norms as the spiritual basis of personality. 

7. Psychology of the meaning of life and professional self-determination. 

8. Psychology of career growth. 

9. Psychology of communication. 

10. Perceptual side of communication. 

11. Interactive side of communication. 

12. The communicative side of communication. 

13. The concept and structure of the socio-psychological conflict. 

14. Models of individual behavior in conflict. 

15. Techniques and techniques for effective communication. 
 

Pedagogy – 3 кредита 

 

Prerequisites: Modern history of Kazakhstan, Pedagogy 

Postrequisites: no. 

As a result of studying the discipline, the student is able to: 

- demonstrate knowledge of the main categories and concepts of pedagogy and 

modern trends in the development of pedagogical science; 



- demonstrate knowledge of the methodological foundations of pedagogy, laws 

and principles of education and training, the nature, content, forms and methods of 

education and training; 

- demonstrate professional and pedagogical culture; 

- independently apply the acquired knowledge in pedagogy; 

- design and define the goals and objectives of the education of schoolchildren; 

- apply the skills of organizing the pedagogical process at school; 

- apply knowledge and skills during seminars, in modeling future social and 

educational activities; carry out reflective activities, adjust the goals and course of their 

professional education, apply knowledge into practice;  

- analyze the essence of new pedagogical technologies of education and training; 

- demonstrate research skills for performing assignments; generate new ideas 

(creativity);  

- develop the capacity for interaction and tolerance, to experience the need for 

independent study of modern educational and scientific literature; 

- interact effectively in a team, demonstrate leadership skills and take 

responsibility. 

Studying topics: 

1. Pedagogy in the system of human sciences. The subject of pedagogy and its 

main categories. 

2. Methodological foundations of pedagogy. General methodological 

foundations of scientific research. 

3. Axiological foundations of pedagogy. 

4. Goal-setting in pedagogy. 

5. Holistic pedagogical process. The concept of the pedagogical process as a 

system. 

6. The personality of the student as an object and subject of education. 

7. Age and individual characteristics of the development of children, their 

accounting in the educational process. 

8. The education system in the Republic of Kazakhstan. Main trends and 

prospects for the development of general secondary education in the 

Republic of Kazakhstan. 

9. The essence of education. Content of education in a holistic pedagogical 

process. 

10. Regularities and principles of education 

11. Formation of personality in the process of education 

12. Methods, means and forms of education in modern pedagogy. 

13. The content of education in the modern school. The essence of the learning 

process and its place in the VTC 

14. Pedagogical communication technologies. Modern learning concepts. 

15. Organizational and methodical management of teaching and educational 

process of school 

 

Entrepreneurial module – 8 credits 

 



Upon successful completion of this module students will be able to: 

1. demonstrate knowledge of the basic position of the law and human rights; 

2. explain the legal basis of the state and law, the rule of law and civil society; 

3. describe the essence of innovative entrepreneurship and its decisive influence on 

the development of productive forces; 

4. determine the basic principles of creating new innovative enterprises and 

organizations; 

5. master the conceptual apparatus, interrelation and features of economic categories 

of money, finance and credit; 

6. make critical analysis when making financial decisions by working individually or 

in group research activities. 

 

As a result of studying the module, student will be able to: 

A1 demonstrate knowledge of the main stages of the modern history of Kazakhstan; 

know the legal and ethical standards of interpersonal relations; demonstrate knowledge 

in the field of economic and business activities; 

D1 use in life practical skills and abilities that ensure the preservation and 

strengthening of health, development and improvement of psychophysical abilities and 

qualities. 

 

Kazakhstan Law – 2 credits 

 

Prerequisites: Modern history of Kazakhstan 

Postrequisites: No 

As a result of studying the discipline, the student will be able to: 

- demonstrate knowledge of the basic position of the law and human rights; 

- explain the legal basis of the state and law, the rule of law and civil society; 

- apply the basic principles, laws and methods of knowledge in legal activities; 

- correctly apply in practice legal acts containing legal norms; 

- use scientific methods of knowledge; 

- highlight the theoretical, applied aspects of knowledge of the state and law, 

legislation, apply them to substantiate practical solutions; 

- analyze independently and critically think, have a certain methodological basis for 

successful law enforcement activities. 

 

Studying topics: 

1. Subject, system of the course "Kazakhstan law". Basic concepts and categories of 

state and law. 

2. Legal relations. Legal behavior and offense. Legal liability. 

3. Basics of constitutional law of the Republic of Kazakhstan. Fundamentals of 

administrative law of the Republic of Kazakhstan. 

4. Basics of civil law of the Republic of Kazakhstan 

5. Basics of family law of the Republic of Kazakhstan 

6. Basics of the organization and activities of law enforcement agencies 



7. Basics of financial law of the Republic of Kazakhstan 

8. Basics of tax law of the Republic of Kazakhstan 

9. Basics of labor law 

10. Basics of the criminal law of the Republic of Kazakhstan 

11. Basics of environmental law of the Republic of Kazakhstan 

12. Basics of land law of the Republic of Kazakhstan 

13. Basics of criminal procedure and civil procedure law 

14. Fundamentals of international law 

 

Innovative Entrepreneurship – 3 credits 

 

Prerequisite: No. 

Postrequisite: Fundamentals of Financial Literacy. 

As a result of studying the discipline, the student will be able to: 

- formulate the basic concepts of modern trends and varieties of economic 

development; 

- describe the essence of innovative entrepreneurship and its decisive influence on 

the development of productive forces; 

- determine the basic principles of creating new innovative enterprises and 

organizations; 

- analyze the main provisions of the organization and methods of innovation 

management; 

- assess the economic situation of an economic entity in the market; 

- apply the methodology for managing innovative enterprises and organizations. 

- apply the methodology of choosing the strategy and tactics of innovative behavior, 

allowing to obtain and maintain the competitive advantages of the enterprise. 

 

Studying topics: 

1. Innovative essence of entrepreneurial activity. 

2. Basic concepts and classification of innovations 

3. Life cycle of innovation and resource support of innovation 

4. Classification of sources of financing innovation 

5. Financing of innovation activities at their own expense 

6. Borrowed funds in financing innovation 

7. Risks of innovation 

8. Evaluation of the effectiveness of innovation 

9. Strategic Innovation Planning 

10. Business Planning Innovation Project 

11. Economic and scheduling of the implementation of the pre-production stage of the 

innovation project 

12. Organizational forms of innovation 

13. Motivation of personnel involved in innovation activities. 

 

Fundamentals of Financial Literacy – 3 credits 

 



Prerequisite: Innovative Entrepreneurship. 

Postrequisite: No. 

As a result of studying the discipline, the student will be able to: 

- have a systematic understanding of the trends in the development of state and local 

finance, insurance, finance of economic entities, analyze the results of the study of 

finance and summarize them in a kind of research work, and a thesis; 

- systematic present and understand of the specifics of scientific knowledge and 

research methodology within the framework of modern financial paradigms; 

- master the conceptual apparatus, interrelation and features of economic categories 

of money, finance and credit; 

- study the system of financial relations of a commercial enterprise; 

- understand the peculiarities of the implementation of financial relations in 

commercial organizations of various organizational and legal forms 

- make critical analysis when making financial decisions by working individually or 

in group research activities; 

- analyze the dynamics of solving scientific problems of the course, the problems of 

the functioning of finance  

- generalize, interpret the results of training in the context of the discipline of finance 

 

Studying topics: 

1. Concepts and essence of financial literacy  

2. Theoretical bases of the financial market and its structure  

3. Planning of personal finances 

4. The concept and structure of the deposit market  

5. Credit market and its functions  

6. The foreign exchange market and its tools  

7. Structure and functions of the securities market  

8. Insurance  

9. Pension market  

10. Taxes and tax system  

11. Financial institutions: types and functions  

12. Banks: types and functions  

13. Investment funds  

14. Finance in the system of foreign economic relations  

15. Finance and inflation  

 

CORE DISCIPLINES (CD) – 71 CREDIRTS 

 

OBLIGATORY COMPONENT (OC) – 22 CREDITS 

 

Professional kazakh and foreign language module – 4 credits 

 

Upon successful completion of this module students will be able to: 

1. use linguistic and cultural linguistic knowledge to solve communication problems 

in a multilingual and multicultural society; 



2. use scientific terminology in the specialty; 

3. write scientific articles and participate in scientific discussions in the Kazakh / 

Russian / foreign language. 

4. adequately build communication in professionally significant situations; 

5. understand authentic oral texts of a monological and dialogical nature in the form 

of messages, lectures, interviews, conversations, discussions; 

6. to make reports, presentations, reviews on various professional topics. 

 

As a result of studying the module, student will be able to: 

B4. conduct a review of the literature on selected topics; solve the problem; to 

summarize the results of research and analytical work in the form of a thesis, to report 

on student scientific conferences to participate in research projects; 

C3. realize the need to form new competencies; determine the directions of further 

personal and professional development, to be capable of self-education and self-

development; 

 

Professional kazakh (russian) language – 2 credits 

 

Prerequisite: Kazakh (russian) language. 

Postrequisite: Technical writing. 

As a result of studying the discipline, the students will be able to: 

 know the orthoepic, orthographic, stylistic norms of the Russian / Kazakh 

language; 

 understand the features of professional oral scientific speech; 

 determine the features of professional written scientific speech; 

 justify the strategy and tactics of speech communication in the field of professional 

interaction; 

 be able to speak with an oral message; 

 to build oral and written statements in different communicative situations; 

 understand and analyze the structural and semantic organization of a scientific text; 

 perform various operations with the text: describe, summarize information; 

 master the technology of interpretation and analysis of the texts of scientific 

literature in the specialty. 

 

Studying topics: 

1. Language and its main functions. Language and speech 

2. Types and forms of speech 

3. Text. Text Signs 

4. Text. Types of communication in the text. Chain connection Chain Transfer 

Methods 

5. Functional-semantic types of speech. Description as a functional-semantic type of 

speech 

6. Functional-semantic types of speech. Narration as a functional-semantic type of 

speech 



7. Functional-semantic types of text. Reasoning as a functional-semantic type of text 

8. General characteristics of functional styles of literary language 

9. Conversation style and its language features 

10.  Official business style and language attributes 

11.  The journalistic style and its language features 

12.  Artistic and literary style and its language features 

13.  Scientific style and its language features 

14.  Structural and semantic articulation of the text. Theme of the scientific text 

15.  The communicative task of the scientific text 

 

The professional focused foreign language – 2 credits 

 

Prerequisite: Foreign Language. 

Postrequisite: Technical writing. 

As a result of studying the discipline, the student will be able to: 

 master the functional features of oral and written professional-oriented texts; 

 possess strategies of communicative behavior in situations of international 

professional communication; 

 understand oral (monologue, dialogical) speech within professional topics; 

 participate in the discussion of topics related to the specialty; 

 independently prepare and make oral reports on professional topics, including 

using multimedia technologies; 

 extract the necessary information from sources in a foreign language created in 

different sign systems (text, table, graph, diagram, audiovisual series, etc.) in 

typical situations of professional and business communication. 
 

Studying topics: 

1. Revising tenses, direct and indirect speech, prepositions: above, below, over, 

under. 

2. Past tenses: simple, continuous, perfect. 

3. Future forms: going to, present continuous, will/shall. 

4. present perfect and past simple; 

5. Participle I, participle II, perfect participle; 

6. comparatives and superlatives; 

7. Writing a progress test №1; 

8. Read and retell the text; 

9. Must, have to, should (obligation); 

10. Must, may, might, can’t (deduction); 

11. Infinitive and its forms; 

12. First conditional and future time clauses + when, until, etc; 

13. First conditional; 

14. Second conditional; 

15. Basic grammar, special terminology from the textbook. 

 



Mathematicalanalysis module – 6 credits 

 

Upon successful completion of this module students will be able to: 

1. explain the key concepts of mathematical analysis (sequence, limit, continuity, 

derivative, basic theorems of existence and uniqueness of the solution) in the 

context of the relevant theory; 

2. apply methods and techniques for solving problems from different sections of 

mathematical analysis (limit, continuity, derivative, and integral); 

3. solve typical problems (finding the exact faces of numerical sets, examining the 

sequence for convergence, examining the function for the presence of a limit at a 

point, for continuity at a point and on a set, for finding the derivative of a function) 

using the methods of mathematical analysis; 

4. solve applied problems using geometrical and mechanical meanings of the 

derivative; 

5. use various methods of integrating and applying certain integrals in geometry, 

mechanics and physics; 

6. investigate the convergence of series using various signs of convergence. 

As a result of studying the module, students will be able to: 

B2. own a mathematical culture, computer literacy, the basics of programming, modern 

directions of development of mechanics; 

B3. apply the obtained knowledge to solve scientific and applied problems in the 

field of modern mechanics; 

C1. analyze the choice of the mathematical model and justify the choice of the 

method for solving the problem of Mechanics (analytical, numerical, laboratory 

experiment). 

 

Calculus 1 – 3 credits 

 

Prerequisite: no. 

Postrequisite: Calculus 2, Calculus 3, Ordinary Differential Equations, Tensor analysis 

and differential geometry, Probability Theory and Statistics, Scientific Data 

Processing, Software Packages for Solving Problems of Mechanics, Physics 1. 

As a result of studying the discipline, the student will be able to: 

- formulate basic concepts of mathematical analysis and to be able to apply these 

concepts to a variety of  mathematical situations; 

- describe the fundamental concepts of Calculus 1:the theory of functions, the theory 

of limits of function, differential calculus of functions of one real variable, the 

theory indefinite integral; 

- provide written explanations of the ideas behind key concepts from the course; 

- analyze and explain solutions to problems in both written and verbal form; 

- apply mathematical reasoning and mathematical analysis to solve theoretical and 

applied problems of mechanics;  

- apply the skills of working with the special literature. 

 

Studying topics: 



1. Introduction. Basic concepts of set theory, operations on them and logic symbols. 

Quantifiers. The set of rational numbers. The set of real numbers. Properties of real 

numbers set. The absolute value. Count sets, their properties. The uncountability 

of the set of real numbers. Principle of Mathematical induction. 

2. Definition of a numerical sequence. Limit of a sequence. The properties of 

convergent sequences. 

3. Bolzano-Weierstrass’ theorem. The lower and upper limits of the sequence. 

Fundamental sequence. Cauchy`s Convergence Criterion. Number e. 

4. Definition of function. Properties of the function. Limit of functions. Theorem (the 

limit of function is unique). Properties of the limits. 

5. One-Sided Limits. Infinite limits. Infinitesimal (Infinitely Small) and Infinitely 

Large functions and their properties. First and Second remarkable limits. 

6. The continuity of function.Continuity on an interval. Points of discontinuity. 

Uniform Continuity. Cantor’s Theorem. 

7. The derivative of function. The relationship between differentiability and 

continuity. The basic rules of differentiability.  One-Sided Derivatives and other 

derivative notations. 

8. Some Differentiation Formulas. Table of derivatives of basic function. Logarithmic 

Derivative. The Derivatives of Functions represented in implicitly form. 

9. Differentials. Properties of differential. Derivatives of Higher Orders. Higher-order 

differentials. 

10. Fermat’s theorem. Rolle’s Theorem. Lagrange’s theorem.  Cauchy’s Theorem. 

11. L’Hospital’s Rule.  Taylor’s formula. Maclaurin formula. 

12. Extrema of the functions. The necessary and sufficient conditions for the existence 

of Extrema. Increase and decrease of function.The intervals of concavity and 

convexity of the graph of the function. The inflection points. Asymptotes. Analysis 

of function using the derivative, plotting graph of function.Some curve sketching. 

 

Calculus 2 – 3 credits 

Prerequisite: Calculus 1. 

Postrequisite: Calculus 3. 

As a result of studying the discipline, the student will be able to: 

 formulate basic concepts of mathematical analysis and to be able to apply these 

concepts to a variety of  mathematical situations; 

 describe the fundamental concepts of Calculus 2:the theory of integral calculus, the 

theory of  Number series, the theory of  Functional series,  Functions  of  Several 

Variables; 

 provide written explanations of the ideas behind key concepts from the course; 

 analyze and explain solutions to problems in both written and verbal form; 

 apply mathematical reasoning and mathematical analysis to solve theoretical and 

applied problems of mechanics; 

 have the skills of working with the special literature. 

 

Studying topics: 



1. Riemann integral. Mechanical problems leading to the notion of a definite Riemann 

integral. Mathematical definition of Riemann integral. Properties of the Riemann 

integral. Integrability of continuous functions. 

2. Definite integral and antiderivatives of continuous functions. The existence of 

antiderivatives of continuous functions. Representation of the remainder term of a 

Taylor formula in terms of a Riemann integral. Newton-Leibniz formula. 

3. Applications to integrals. The length of the way. The Area of curvilinear trapezoid. 

The volume of the rotation body. 

4. The approximation methods for calculation of the definite integrals. Rectangular 

method. The trapezoid method. Formula of Simpson. 

5. Number series. Give an example of number series. Cauchy’s criterion and 

necessary condition of convergence for number series. Geometric progression. 

Harmonic series. 

6. Number series. The sufficient conditions for the convergence. 

7. Absolutely and conditionally convergent numerical series. Series whose sums 

depend on the order of writing of the summands. Series whose sums do not depend 

on the order of writing of the summands. 

8. Sequences of functions and functional series. Series that depend on the parameter. 

Functional series. Pointwise convergense of functional series and the properties of 

the sum of the function series. 

9. Uniform convergence of functional series. Uniform convergence of functional 

series and continuity of it’s sum. Uniform convergence and integration. Uniform 

convergence and differentiation. 

10.  Continuous functions on an interval. Continuous functions on an interval. 

Weierstrass Approximation Theorem. 

11. Maclaurin polynomials. Taylor polynomials. The n-th remainder. Maclaurin and 

Taylor series. 

12. The concept of a function of several variables. Level curves and level surfaces. 

Limit of a function of several variables. Continuity of a function of several 

variables at a point. 

13. Partial derivatives of a function of several variables at a point. A sufficient 

condition for the function to be differentiable at a point.  Arithmetic properties of 

differentiable functions. Differential of a function of several variables at a 

point. Invariance of the form of the first differential. 

14. The gradient of a function at a point and the directional derivative. Higher order 

partial derivatives and differentials of functions of several variables. The concept 

of an implicit function. A theorem on the existence and continuity of an implicit 

function defined by a single equation. 

15. The Jacobi Matrix.  Local extremum of functions of several variables. A theorem 

on the extremum of an implicit function defined by an equation and a system of 

equations. Conditional extremum of a function of several variables. The Lagrange 

function and the Lagrange multipliers for the conditional extremum problem. 

 

Аlgebra and computational methods module – 6 credits 

 



Upon successful completion of this module students will be able to: 

1. know the theory of systems of algebraic equations, the basic properties of 

determinants and matrices, algebraic and geometric descriptions of lines and 

surfaces of second order, initial information about groups, rings and fields; 

2. apply the methods of analytic geometry and linear algebra to solving problems;to 

apply to solving linear, algebraic and transcendental equations exact and iterative 

methods, interpolation of functions, approximate calculation of integrals, 

approximation of normed spaces; 

3. demonstrate knowledge in the field of numerical methods of algebra, mathematical 

analysis and ordinary differential equations; 

4. apply exact and iterative methods, interpolation of functions, approximate 

calculation of integrals, approximation of normed spaces to solve linear, algebraic 

and transcendental equations; 

5. solve numerically the Cauchy problem and boundary value problems for ordinary 

differential equations; 

6. analyze and compare the obtained results; 

7. evaluate the accuracy of a numerical solution. 

 

As a result of studying the module, student will be able to: 

B2. own a mathematical culture, computer literacy, the basics of programming, modern 

directions of development of mechanics; 

B3. apply the obtained knowledge to solve scientific and applied problems in the field 

of modern mechanics; 

B5. conduct laboratory and numerical experiments, evaluate the accuracy and 

reliability of simulation results; 

C1. analyze the choice of the mathematical model and justify the choice of the method 

for solving the problem of Mechanics (analytical, numerical, laboratory experiment); 

 

Аlgebra and analytical geometry – 3 credits 

 

Prerequisite: no. 

Postrequisite: Tensor analysis and differential geometry. Differential equations. 

As a result of studying the discipline, the student will be able to: 

 formulate basic concepts and to be able to apply these concepts to a variety of  

mathematical situations; 

 describe fundamental concepts of Linear Algebra: basic of linear algebra and a 

method of coordinates; all forms and the equations of geometrical objects of the 

first and second order, the basic definitions, theorems, rules, methods and formulas 

of algebraand analytical geometry; 

 state and prove basic theorems related to the concepts above; analyze the 

application of the theory in different situations, compare and contrast the obtained 

results; 

 provide written explanations of the ideas behind key concepts from the course; 

 clearly present and explain solutions to problems in both written and verbal form; 



 apply mathematical reasoning and mathematical analysis to solve theoretical and 

applied problems;  

 have the skills of working with the special literature. 

 

Studying topics: 

1. Matrices. Operations with matrices. An addition of matrices, multiplication of a 

matrix on a number, multiplication of matrices. Classification of matrices. 

Multiplication of matrices. Transposed to the matrix. 

2. The second and the third orders determinants. n-th order eterminants. Minor and 

algebraic complement of matrix elements. Properties of determinants. 

Decomposition of the determinant by the elements of a column or row. 

3. Rank of a matrix. Elementary Transformations. The inverse matrix. Computation 

of the inverse matrix. 

4. Systems of linear equations. A criterion for compatibility of a system of linear 

equations (Theorem of Kronecker-Capelli). Cramer's rule.Matrix method for 

solving systems of equations. 

5. Method of Gauss-Jordan. Finding solutions of a system of linear equations by the 

method of Gauss-Jordan.  The space of solutions. Basis solutions of a system. 

6. Vectors and basic definitions. Linear vector Operations. Cartesian system of 

coordinates. 

7. The scalar(dot) product of two vectors and its properties. Direction Cosines. The 

vector product of two vectors and its properties. The scalar triple product. 

Properties of the scalar triple product. 

8. Linear dependence and independence of vectors. Basis. Finding the coordinates of 

a vector in a basis. Finding the coordinates of a vector at changing a basis. A 

transition between orthonormal systems of coordinates on a plane. Linear (vector) 

space. Dimension and basis of a linear space. Linearly independent vectors. 

Isomorphism of linear spaces. 

9. Bilinear and quadratic forms. Polylinear images. Bilinear forms. The law of 

changing the matrix of a bilinear forms. Symmetric and skew-symmetric forms. 

The canonical form of a quadratic form. 

10. Transformation of the coordinates at a transition to a new basis. Transition matrix. 

Theorem on an existence of the fundamental system of solutions. 

11.  Linear transformations (operators). The coordinate representation of linear 

transformations. The sum of linear transformations. Eigenvectors and eigenvalues 

of a linear transformation. 

12.  Different equations of a line in rectangular Cartesian coordinate system. The 

distance from the point to the line. 

13.  Canonical equations of second order curves. Reduction the equation of second 

order curves to the canonical form and their investigation. 

14.  The distance from the point to the plane. Equations of a line in space. The angle 

between two straight lines, and a straight line and a plane. 

15. Ellipsoids, hyperboloids, paraboloids and their canonical equations. Cylinders, 

cones. 

 



Numerical Methods and Programming – 3 credits 

 

Prerequisites: Information and communication technologies, Tensor analysis and 

differential geometry, Ordinary Differential Equations, Programming in 

Python,Software Packages for Solving Problems of Mechanics. 

Postrequisites: Scientific Data Processing, Numerical methods in applied mechanics, 

Computational fluiddynamics. 

As a result of studying the discipline, the student will be able to: 

 demonstrate acquired knowledge (applications of numerical methods, 

mathematical basics of numerical methods, programming of numerical algorithms, 

etc.) and it’s understanding;  

 demonstrate an understanding of the overall structure of the study field and the 

relations between its elements (equation, function, time evolution, numerical 

scheme, error, etc.) 

 explain fundamental assumptions made in studying real processes as dynamic 

systems in contrast to purely technical views; 

 classify and identify characteristics of numerical methods; 

 discuss choice of numerical method and application software; 

 include new knowledge in the context of basic knowledge, interpret its contents; 

 analyse educational situation and offer direction to solve it;  

 use methods (research, calculation, analysis, etc.) inherent to the field of study 

(equation, function, time evolution, numerical scheme, error, etc.) individually or 

in a group teaching and research activities; 

 synthesize, interpret and evaluate the learning outcomes of discipline, modules, 

midterm exam content (dynamic systems, solutions, algorithms); 

 analyse dynamics of scientific problem decision of the course (scientific reviews 

of specific issues researches); 

 define criteria and requirements to numerical methods and application software. 
 

Studying topics: 

1. Introduction to differential equations. An example from physics. General use of 

differential equations; 

2. Different types of differential equations; 

3. First order differential equations. Initial conditions. A geometric interpretation of 

first order differential equations; 

4. Conditions that guarantee existence of one solution. Numerical solution of a 

differential equation; 

5. Euler’s method. Basic idea and algorithm; 

6. Geometric interpretation of Euler’s method; 

7. Error analysis for Euler’s method. Round-off error. Local and global error; 

8. Differentiating the differential equation; 

9. Taylor methods. The quadratic Taylor method; 

10. Taylor methods of higher degree. Error in Taylor methods; 

11. Euler’s midpoint method. The error; 



12. Runge-Kutta methods; 

13. Systems of differential equations. Vector notation and existence of solution; 

14. Numerical methods for systems of first order equations; 

15. Higher order equations as systems of first order equations 
 

Differential equations and mathematical physics module – 6 credits 

 

Upon successful completion of this module students will be able to: 

1. demonstrate modern theoretical knowledge in the field of ordinary differential 

equations; 

2. solve first-order differential equations, systems of differential equations, first-order 

linear partial differential equations; 

3. explore and solve specific differential equations and systems encountered in 

various fields of natural science; 

4. construct a mathematical model and formulate the set of the boundary and  initial 

conditions of the problem; 

5. select an appropriate method for solving the problem;  

6. analyze the obtainedsolution. 

 

As a result of studying the module, students will be able to: 

B2. own a mathematical culture, computer literacy, the basics of programming, 

modern directions of development of mechanics; 

B3. apply the obtained knowledge to solve scientific and applied problems in the 

field of modern mechanics; 

C1. analyze the choice of the mathematical model and justify the choice of the method 

for solving the problem of Mechanics (analytical, numerical, laboratory experiment) 

 

Ordinary Differential Equations – 3 credits 

 

Prerequisites: Calculus 1, Calsulus2, Аlgebra and analytical geometry 

Postrequisites: Partial Differential Equations, Variational calculus and optimization 

techniques 

As a result of studying the discipline, the student will be able to: 

- demonstrate the knowledge of the main notions of differential equations, their use 

in different spheres; 

- demonstrate the knowledge of the rules and theory of classical and modern 

mathematical methods of solving special differential equations; 

- form differential equations for simple problems of physics and mechanics; 

- use the methods for solving different differential equations studied;  

- solve the most important for applications second order differential equations; 

- form and solve simple systems and acquire methods of solving linear systems of 

differential equations. 

 

Studying topics: 



1. Basic Notions of the Theory of OrdinaryDifferential Equations (ODE). DE of the 

First Order. Initial Value Problem (IVP). Separable Equations. Some Basic 

Mathematical Models in Mechanics. 

2. Geometrical Interpretation of the First Order Differential Equation. Isoclines. 

Integral Curves. Existence and Uniqueness Theorems. 

3. Homogeneous Equations. ODE, which can be turned into Homogeneous Ones. 

4. Linear Differential Equations of the First Order. 

5. Differential Equations in Exact Form. An Integrating Factor. 

6. Equations of the 1-st order Unsolved by Derivative. The Method of Introducing a 

Parameter. Lagrange and Clairaut equations. 

7. Higher orders differential equations. 

8. Basic Concepts of n-th order  Linear ODE. Fundamental Systems of Solutions. 

Homogeneous linear differential equations with constant coefficients. 

9. Inhomogeneous linear ODE with constant coefficients. The method of 

undetermined coefficients and method of variation of of Parameters (Lagrange 

method). 

10. Linear boundary value problems for second order differential equations. 

Application of the theory of linear differential equations of the second order to 

problems of mechanics. 

11. Systems of differential equations. A normal system of differential equations. The 

concept of a fundamental system of solutions. 

12. Linear systems of ODE, properties of solutions. Structure of the solutions of linear 

systems of differential equations. 

13. Linear inhomogeneous systems of ODE with constant coefficients. Structure of the 

solutions. 

14. Laplace Transform. Properties of Laplace transform. 

15. Theorem of a continuity and differentiability of the solution as functions of initial 

data. The concept of Lyapunov stability. Theorem of stability of the solutions of 

normal system in Lyapunov sense. 

 

Partial Differential Equations – 3 credits 

 

Prerequisites: Calculus 1, Calsulus 2, Аlgebra and analytical geometry, Ordinary 

Differential Equations 

Postrequisites: Introduction to continuum mechanics, Solid Mechanics. 

As a result of studying the discipline, the student will be able to: 

- demonstrate knowledge and comprehension of basic ideas and concepts of partial 

differential equations such as classical solution; type of partial differential 

equations; Cauchy problem; boundary value problem; linear and nonlinear 

equations; eigenvalues; eigenfunctions; 

- demonstrate knowledge of the basic principles and methods of the classical theory 

of equations of partial differential equations; 

- explain the concept of correctness of the statement of the problem of partial 

differential equations;  

http://www.math24.net/exact-equations.html


- classify partial differential equations andformulate the definitions of classical and 

generalized solutions; 

- construct the characteristics of an equation and a system of partial differential 

equations;  

- analyze the properties of harmonic functions and apply the Fourier method; 

- determine the type of partial differential equations; 

- study and formulate problems that serve as the basic models of theoretical 

mechanics; 

- formulate the main problems arising in the study of the basic models of theoretical 

mechanics; 

- analyze and state the physical interpretation of the results; 

- apply this knowledge to solve not only typical, but also new models of theoretical 

mechanics; 
 

Studying topics: 

1. Basic notions of the Theory of Partial Differential Equations.Main Equations of 

Partial Differential Equations. The derivation of the equation of small transverse 

vibrations of the string. Problems of equilibrium and movement of membrane. 

Derivation of the heat equation. 

2. Classification of equations at the point and on the domain. Determination of the 

type of second order linear equations and their reduction to the canonical form. 

3. The well-posedness of the statement of the problem for the basic equations of 

Partial Differential Equations. The concept of the initial data and boundary 

conditions. 

4. Method of characteristics. The generalized Cauchy problem. Characteristic form, 

characteristic direction. 

5. Cauchy problem for the equation of oscillations. D'Alembert’s formula. Duhamel’s 

principle. 

6. The Cauchy problem for a parabolic equation. Poisson’s formula. The maximum 

principle. The uniqueness of the solution of the Cauchy problem in the class of 

bounded functions. 

7. The Cauchy problem for wave equation and heat equation on a semi-axis. 

Continuation method. 

8. The general scheme of the Fourier method. Eigenvalues and eigenfunctions 

problems. The solution of initial-boundary value problems for partial differential 

equations by the Fourier method. 

9. Nonhomogeneous mixed problem for the wave equation. The superposition 

principle. Stationary nonhomogeneous boundary value problems. 

10. Fourier method for the heat equation 

11. The Fourier method for solving a boundary value problem for the Laplace equation 

on a rectangle. 

12. Еlliptic еquations. Properties of harmonic functions. The fundamental solution of 

the Laplace equation. 

13. Solution of the Dirichlet problem for the ball. Green’s function. Poisson’s formula. 

The exterior Dirichlet problem. 



14. Green’s function of the Dirichlet problem. Definition and properties of the Green’s 

function. The theorem on the existence of the Green’s function. 

15. Reduction of the Dirichlet and Neumann problems to integral equations. 

 

 

ELECTIVE COMPONENT (ЕС) – 49 CREDITS 

 

Introduction to mechanics and physics module – 5 credits 

 

Upon successful completion of this module students will be able to: 

1. demonstrate knowledge of the basic laws and concepts of mechanics, as a section 

of physics, knowledge of the methodology for conducting experimental research 

on various stands; 

2. demonstrate knowledge of the basic concepts and fundamental laws of quantum 

theory; 

3. explain the physical nature of phenomena subject to quantum laws, interpret 

quantum processes; 

4. use the mathematical apparatus of Quantum Mechanics; 

5. apply the obtained theoretical knowledge to solve practical problems; 

6. develop the right strategy for solving the tasks. 

As a result of studying the module, student will be able to: 

A2. demonstrate knowledge of the basic concepts and laws of physics, chemistry; 

A3. demonstrate basic knowledge in the field of theoretical and orbital mechanics, 

deformable solid mechanics, fluid mechanics, machine mechanics and robotic 

systems; theoretical and experimental methods for studying problems of mechanics; 

B5. conduct laboratory and numerical experiments, evaluate the accuracy and 

reliability of simulation results. 

 

Introduction to mechanics – 2 credits 

 

Prerequisites: no. 

Postrequisites: Physics 1, Physics 2, Fluid and gas mechanics. Mechanics of 

deformable solids, Orbital Mechanics, Introduction to continuum mechanics 

As a result of studying the discipline, the students will be able to: 

- demonstrate experimental studies on different devices; 

- describe methods of problem solving and applying them in experimental studies; 

- understand basic laws and concepts of mechanics as a branch of physics; 

- apply this knowledge when solving problems related to kinematics of a point 

- apply this knowledge when solving problems related to static and rigid body 

dynamics; 
- use analytical methods to solve given problem. 
 

Studying topics: 

1. Physical measurements. Errors and their causes. The accuracy of the calculation. 

Classification of errors. 



2. Force. The force of gravity. Distributed and concentrated forces. The system of 

converging forces. The resultant force of converging forces. 

3. An arbitrary system of plane forces. Conditions and equilibrium equations for an 

arbitrary system of plane forces. 

4. Statics. Reaction forces and the laws of their determination. The equilibrium of 

forces and moments. Calculation and construction of the epure. 

5. Center of gravity of solid body. Determination of the coordinates of the center of 

gravity of the homogeneous bodies. Methods of find the center of gravity. Centers 

of gravity of the lines, areas and volumes. 
6. Friction. External friction. Normal pressure force. Sliding and rolling frictions. The 

sliding and rolling friction coefficients. 
7. Mathematical pendulum. Physical pendulum. The equation of harmonic 

oscillations. Free oscillations. Periodic process. 
8. Kinematics of a point. The road, motion and velocity. Projection of the velocity 

vector on the axis. Normal and tangential acceleration. Uniformly and uniformly 

accelerated motions. 
9. Acceleration. Determination the acceleration of the body. Newton's laws. 

Acceleration of free fall. 
10.  Kinetic and potential energies. The law of conservation of energy. The moment of 

inertia. 
11. Momentum. The law of conservation of momentum. Collision of bodies. The law 

of conservation of energy. 
12. Rotating motion of the rigid body around a fixed axis. The distribution of mass. 

Determination of the moments of inertia, moments of force and angular velocity. 
13. Inertial system. Mass and momentum of the body. Determination of the moments 

of inertia of some simple bodies. Steiner’s theorem. Moments of the amount of the 

motion. 
14. Equations of the rotating motion of a rigid body. Angular velocity. Precession. The 

gyroscope. Gyroscopic phenomenon. 
15. Types of deformation. Elastic deformation of the plates and springs. Determination 

of the shift modulus by stretching the spring. 
 

Physics 2 – 3 credits 

 

Prerequisites: Introduction to mechanics, Physics 1 

Postrequisites: Cirscuits 1, Hamiltonian mechanics 

As a result of studying the discipline, the student will be able to: 

- show the knowledge and understanding of: the nature and practice of optics and 

quantum theory, atomic and nuclear physics applications for society and the 

environment; current problems, research and development in the field of optics and 

quantum theory, atomic and nuclear physics; 

- formulate the basic principles of optics and quantum theory, atomic and nuclear 

physics; 



- collect, analyze and organize information, as well as the transfer of ideas and 

information reflect the basic research processes and skills indicated in the 

programwhich helps to students continue to develop their experience in these areas. 

- check the correctness of the results obtained by solving practical exercises in optics 

and quantum theory, atomic and nuclear physics; 

- work both individuals and members of investigation teams, and according to this, 

develop key competences, plan and organize activities; 

- carry out operations with laboratory installations and instruments in optics and 

quantum theory, atomic and nuclear physics; 

- use the relevant information technology and thus develop the core competence in 

the use of technology; 
- analyze statistical data, apply mathematical concepts to help analyze data and 

information, and build tables and graphs that develop core competencies using 

mathematical ideas and methods. 
 

Studying topics: 

1. Wave Optics. Wave theory of light. 

2. Interference and diffraction, Polarization of light. 

3. Photons and matter waves, de Broglie waves. Wave-Particle Duality of Light. 

4. Photoelectric effect. 

5. Franck-Hertz experiment. 

6. Compton scattering. 

7. Quantum Theory of Light. 

8. The Bohr atom, electron diffraction, the Heisenberg uncertainty principle, wave 

mechanics, wave functions, wave packets, probability amplitudes, stationary 

states. 

9. Schrödinger's equation.  

10. Fundamentals of Nuclear physics.  

11. Nucleon and nuclear properties.  

12. Strong and weak interaction.  

13. Radioactivity.  

14. Fission and fusion processes.  

15. Elementary particles. 

 

Tensor analysis, Probability Theory and variational calculus module – 9 credits 

 

Upon successful completion of this module students will be able to: 

1. demonstrate knowledge in the field of tensor analysis and tensor calculus, 

probability theory and mathematical statistics, calculus of variations, and 

optimization methods; 

2. have an idea of the tensors and properties of invariant operations on tensors; 

3. carry out differential operations on tensors: gradient, divergence, rotor, Laplacian; 

4. solve problems of mechanics with the practical application of tensor calculus; 



5.  solve problems in probability theory and mathematical statistics; 

6. solve problems using the calculus of variations and optimization methods. 

As a result of studying the module, student will be able to: 

B2. own a mathematical culture, computer literacy, the basics of programming, modern 

directions of development of mechanics; 

B3. apply the obtained knowledge to solve scientific and applied problems in the field 

of modern mechanics; 

C1. analyze the choice of the mathematical model and justify the choice of the method 

for solving the problem of Mechanics (analytical, numerical, laboratory experiment). 

 

Tensor analysis and differential geometry – 3 credits 

 

Prerequisites: Calculus 1. Аlgebra and analytical geometry 

Postrequisites: Introduction to continuum mechanics 

As a result of studying the discipline, the student will be able to: 

- formulate basic concepts of Tensor analysis and to be able to apply these concepts 

to a variety of  mathematical situations; 

- to describe the fundamental concepts of Tensor analysisanddifferential geometry: 

findingflux  using divergence   theorem, finding the divergence and the curl of the 

vector field, Gradient in cylindrical and spherical coordinates,   regular curves on 

the plane, the velocity vector,fundamental form of a surface, the covariant 

differentiation and geodesics; 

- provide written explanations of the ideas behind key concepts from the course; 

- analyze and explain solutions to problems in both written and verbal form; 

- apply mathematical reasoning and mathematical analysis to solve theoretical and 

applied problems of mechanics;  

- have the skills of working with the special literature. 

 

Studying topics:  

1. Curvilinear coordinates and metric. Orthogonal systems of curvilinear coordinates 

and unit vectors. Cartesian, cylindrical and spherical coordinates. 

2. The differential of the form and the gradient, curl, divergence.Gradient of a 

function and its coordinate representation. 

3. Differential of the function and gradient. Gradient in cylindrical and spherical 

coordinates. The flux of the vector through the surface. 

4. Divergence and its coordinate representation. Differential of the flux and the 

divergence of the field. 

5. Divergence in cylindrical and spherical coordinates.  Rotor of a vector field and its 

coordinate representation. 

6. Divergence in cylindrical and spherical coordinates.  Rotor of a vector field and its 

coordinate representation. 

7. The length of a curve, regular curves on the plane, the velocity vector, a path-length 

parameter, the curvature of a planar curve, the Frenet equations for planar curves. 

8. Spatial curves, the curvature and the torsion of spatial curves, the Frenet frame and 

the Frenet equations. 



9. The fundamental theorem of the local theory of curves, curves with constant 

curvature and torsion. 

10. Surfaces and their presentations (as graphs, the zero sets of functions, the images 

of embeddings), local equivalence of presentations. 

11. The first fundamental form of a surface (the induced metric), the length of a curve 

on a surface, the area form for a surface. 

12. The curvature of a line on a surface, the curvature of normal sections. The second 

fundamental form, the principal curvatures, the Euler formula for the second 

fundamental form, principal curvatures, the mean curvature and the Gaussian 

curvature. 

13. The covariant differentiation and geodesics.The semigeodesic coordinates and the 

local shortness of geodesics. 

14. The Gauss-Bonnet formula.The Gauss map, the induced actions of smooth maps 

on f vectors, covectors and two-forms. 

15. The Euler—Lagrange equations, geodesics as their solutions for the energy 

functional. Minimal surfaces as solutions of the variational problem for the area 

functional. A notion of Riemannian manifold, the Riemannian metric, the tangent 

space to a manifold. 

 

Probability Theory and Statistics – 3 credits 

  

Prerequisites: Calculus 1, Calculus 2 

Postrequisites: Programming in Python 

As a result of studying the discipline, the student will be able to: 

- formulate the basic concepts of the modern theory of probability and mathematical 

statistics; direction of development and application of statistical analysis and 

forecasting methods; 

- demonstrate basic knowledge of probability theory and mathematical statistics, 

work in modern packages of analysis and processing of statistical information. 

- describe the fundamental concepts of probability theory and statistics: a random 

variable, the law of large numbers, the central limit theorem, a sample, point 

estimates of parameters and its basic properties; 

- provide written explanations of key concepts from the course; 

- analyze and explain solutions to problems both in written and oral form; 

- apply knowledge and knowledge of the course “Probability Theory and 

Mathematical Statistics” to solve theoretical and applied problems of mechanics, 

collect and process data from statistical experiments, and interpret the results of the 

research. 

 

Studying topics:   

1. Subject of Probability Theory. Events and Operations over Events. 

2. Definitions of Probability. 

3. Additive Rule. Conditional Probability. Product Rule. 

4. Independence of Events. Bayes Formulas. 

5. Bernoulli’ scheme. Polynomial scheme. 



6. Asymptotic Formulas of Bernoulli’ scheme. 

7. Random Variable (finite case). 

8. NumericalCharacteristicsof Random Variables. 

9. Random Variable (general case). 

10. Large Numbers Law. Central Limit Theorem. 

11. Population and Sample. 

12.  Point Estimators of Parameters and its Basic Properties. 

13. Confidence Intervals. Statistical Hypothesis TestingScheme. 

 

Variational calculus and optimization techniques – 3 credits 

 

Prerequisites: Calculus 1, Calculus 2, Ordinary Differential Equations. 

Postrequisites: Control theory, Orbital Mechanics, Hamiltonian mechanics, Robotic 

System Control 

As a result of studying the discipline, the student will be able to: 

- set extreme tasks; 

- classify problems of the theory of extremum; 

- find the extremum of functions; 

- use a variational method for solving minimization of functionals problems; 

- use methods for solving problems of optimal control; 

- use approximate optimization methods. 

 

Studying topics: 

1. Practical examples of the extremum problems (Maximization of the flight of the 

body. Brachistochrone problem. Maximization of the flight of the missile). 

Minimization of functions (Stationary condition. Examples. Maximization of the 

flight of the body. Minimization of the function of many variables). 

2. Euler equation for the Lagrange problem (Lagrange problem. Euler equation. 

Examples. The fall of the body. Fermat principle and the refraction of light law). 

3. Special cases of the Lagrange problem. (First integrals. Examples. Fermat principle 

and the refraction of light law). 

4. Lagrange problem for the functions family (Problem statement. The system of 

Euler equations. Example. Principle of the least action). 

5. Lagrange problem with high derivatives (Problem statement. Euler – Poisson 

Equation. Example. Bending of the elastic beam). 

6. Lagrange Problem for functions with many variables (Problem statement. 

Ostrogradsky equation. Dirichlet integral. The oscillation of the string). 

7. Bolza Problem (Problem statement. Necessary conditions of extremum. 

Transversality conditions. Example. Mixed problem. River crossing problem). 

8. Variational problems with isoperimetric conditions (Problems with isoperimetric 

condition. Lagrange multipliers method. A spectrum problem. The problem with 

many isoperimetric conditions). 

9. Variational problems with pointwise constraints (Problem statement. Lagrange 

multipliers method. Example. Oscillation of the pendulum). 



10. Easiest optimization control problems. (Maximization of the flight of the missile, 

problem statement. Pontryagin’s maximum principle. Example.  Iterative method 

for solving the optimality conditions). 

11. Optimization control problems for the vector case (Problem statement. Pontryagin 

maximum principle. Example. Maximization of the flight of the missile, solving). 

12. Optimization control problem with fixed final state (Problem Statement. Maximum 

principle. Example. Firing method. Time optimization problem). 

13. Gradient methods (Gradient methods for functions. Differentiation of functionals. 

Examples. Gradient methods for functionals. Projection gradient method). 

14. Variational inequalities (Variational inequalities and constraints minimization of 

functional. Examples. Variational inequalities and constraints minimization of 

functional). 

15. Inverse problems (Examples: the fall of the body, the synthesis of the hydrochloric 

acid, “the predator-prey” model. Direct and inverse problems. Transformation 

inverse problems to optimization problems. Gradient methods for inverse 

problems. Well-posedness of problems). 

 

Circuits module – 5 credits 

 

Upon successful completion of this module students will be able to: 

1. describe the main methods for calculating electrical circuits: methods for node 

voltages and mesh current; 

2. interpret the basic concepts of the circuit, such as voltage, current, power, energy, 

etc., using the laws of Ohm and Kirchhoff; 

3. determine the main characteristics of parallel and series-connected quadripoles; 

4. build a vector diagrams for the analysis of circuits on an alternating current; 

5. set up an equations according to Kirchhoff's laws for instantaneous values of 

voltages and currents, for the simplest circuits containing sources, resistive, 

inductive and capacitive elements; 

6. analyze the schemes using the theorems of Thevenin and Norton; 

7. analyze electrical circuits with distributed parameters 

8. apply classical methods of analysis of transients in electrical circuits with RLC 

(resistor, inductor, capacitor) elements. 

 

As a result of studying the module, students will be able to: 

A2. demonstrate knowledge of the basic concepts and laws of physics, chemistry; 

B3. apply the obtained knowledge to solve scientific and applied problems in the field 

of modern mechanics; 

B5. conduct laboratory and numerical experiments, evaluate the accuracy and 

reliability of simulation results; 

C1. analyze the choice of the mathematical model and justify the choice of the method 

for solving the problem of Mechanics (analytical, numerical, laboratory experiment); 

 

Circuits 1 – 2 credits  

 



Prerequisites: Physics 1, Аlgebra and analytical geometry, Information and 

communication technologies 

Postrequisites: Circuits 2, Robotic System Control 

As a result of studying the discipline, the student will be able to: 

- demonstrate an advanced knowledge of the basic concepts, laws of electrical 

circuits and main circuit analysis methods; 

- explain the principles of construction of simple resistive circuits; 

- study the electrical schemes using the Thevenin and Nortontheorems; 

-  interpret the basic concepts of the circuit, such as voltage, current, power, energy, 

etc., using the laws of Ohm and Kirchhoff; 

- determine the active, reactive and complex powers of the circuit; 

- build a vector and topographic diagrams for the analysis of AC circuits; 

- use the basic methods such as node voltage and mesh currentfor circuit analysis. 

 

Studying topics:  

1. The purpose and content of the course "Theory of electrical circuits." The main 

objectives of the course, its role in training a specialist. 

2. Basic concepts, laws and methods for calculating DC electric circuits. 

3. Electrical circuit and electrical circuit elements. 

4. The laws of Ohm and Kirchhoff. Principle of superposition. 

5. Circuit’s analysis: Mesh-current method. Circuit’s analysis: Node-voltage method. 

6. Linear electric circuits in the mode of harmonic effects. 
7. Harmonic oscillations. 
8. Representation of harmonic functions using complex quantities. 
9. Harmonic current in the elements of the electrical circuit. 
10. The laws of Ohm and Kirchhoff in complex form. 
11. Harmonic current with series connection RLC. 
12. Harmonic current with parallel connection RLC. 
13. Power in the harmonic current circuit. 
14. Active power. Reactive power. 
15. Resonant circuits. 

 

Circuits 2 – 3 credits 
 

Prerequisites: Circuits 1, Calculus 1 

Postrequisites: Robotic System Control, Digital design 

As a result of studying the discipline, the student will be able to: 

- determine the main characteristics of parallel and series-connected quadripoles; 

- set up an equations according to Kirchhoff's laws for instantaneous values of 

voltages and currents, for the simplest circuits containing sources, resistive, 

inductive and capacitive elements. 

- compare the Laplace transform method with the Fourier transform methodж 

- analyze electrical circuits with distributed parameters; 



- solve differential equations applying the Laplace transform method to the analysis 

of processes in electrical circuits; 

- apply classical methods of analysis of transients in electrical circuits with RLC 

elements. 

 

Studying topics:  

1. AC Voltage and current. Average and Effective value; 

2. Introduction to AC electric circuits; 

3. Impedance, simple circuits; 

4. Complex numbers, phasors; 

5. Circuit’s analysis: Mesh-current method; 

6. Circuit’s analysis: Node-voltage method; 

7. Power: Active, reactive, complex and apparent. Power factor; 

8. Superposition theorem and applications; 

9. Thevenin and Norton theorems and applications; 

10. Load matching and maximum power transfer theorem; 

11. Magnetic and coupled circuits, Transformers; 

12. Multiphase systems. Three phase systems; 

13. Introduction to the Laplace Transform; 

14. The Laplace Transform in Circuit Analysis; 

15. Fourier series. 
 

Scientific Data Processing and Programming module – 5 credits 

 

Upon successful completion of this module students will be able to: 

1. organize, analyze and interpret the scientific data.  

2. work with data types from astronomy, remote sensing, physics, materials science 

and etc.  

3. obtain and use different data in simulations, experiments, or observations.  

4. use visualization and statistical analysis techniques for any type of scientific data 

from different subjects 

5. describe the syntax of the Python programming language, the semantics of 

language constructs, and apply the elementary and control constructs of the Python  

language; 

6. develop software in accordance with the chosen technology of its design, supported 

by Python. 

 

As a result of studying the module, student will be able to: 

B2. own a mathematical culture, computer literacy, the basics of programming, modern 

directions of development of mechanics; 

B3. apply the obtained knowledge to solve scientific and applied problems in the field 

of modern mechanics; 

B4. conduct a review of the literature on selected topics; solve the problem; to 

summarize the results of research and analytical work in the form of a thesis, to report 

on student scientific conferences to participate in research projects; 



C2. compare the results of the study with other solutions, implement the visualization 

of the results and analyze them; 

C3. realize the need to form new competencies; determine the directions of further 

personal and professional development, to be capable of self-education and self-

development. 

 

Programming in Python – 2 credits 

 

Prerequisites: Information and communication technologies, Probability Theory and 

Statistics 

Postrequisites: Numerical Methods and Programming 

As a result of studying the discipline, the students will be able to: 

- define the structure and components of a Python program; 

- master the fundamentals of writing Python scripts; 

- write Python functions to facilitate code reuse; 

- search text using regular expressions 

- make own code robust by handling errors and exceptions properly; 

- work with the Python standard library; 

- explore Python's object-oriented features; 

- work with lists and sequence data; 

- use Python to read and write files; 

 

Studying topics: 

1. Rapid introduction to procedural programming. Creating and running Python 

programs.  

2. Data types. Identifiers and keywords. Integral types. Floating-point types. Strings.  

3. Collection data types. Sequence types. Set types. Mapping types. Iterating and 

copying collections.  

4. Control structures and functions. Exception handling. Custom functions.  

5. Modules and packages. Overview of Python’s standard library.  

6. Object-oriented programming. Custom classes. Custom collection classes.  

7. File handling. Writing and reading binary data. Writing and parsing text files. 

Writing and parsing XML files.  

8. Further procedural programming. Further object-oriented programming. 

Functional-style programming.  

9. Debugging, testing, and profiling.  

10. Processes and threading. Using the multiprocessing module. Using the threading 

module.  

11. Networking. TCP Client. TCP Server. 

12. Database programming. DBM databases. SQL databases.  

13. Python’s regular expression language. The regular expression module.  

14. Introduction to parsing. BNF syntax and parsing terminology. Writing handcrafted 

parsers.  

15. Pythonic parsing with PyParsing. A quick Introduction to PyParsing. Simple key–

value data parsing. 



 

Scientific Data Processing – 3 credits 

 

Prerequisites: Calculus 1, Information and communication technologies, Physics 2, 

Ordinary differential equations, Numerical Methods and Programming, Numerical 

methods in applied mechanics, Programming in Python. 

Postrequisites: Computational fluid dynamics 

As a result of studying the discipline, the student will be able to: 

- organize, analyze and interpret the scientific data; 

- work with data types from astronomy, remote sensing, physics, materials science 

and etc; 

- obtain and use different data in simulations, experiments, or observations; 

- use Visualization and statistical analysis techniques for any type of scientific data 

from different subjects. 

 

Studying topics: 

1. Data Mining in Science and Engineering: Astronomy and astrophysics, Remote 

sensing. 

2. Data Mining in Science and Engineering: Earth, environmental, and atmospheric 

sciences, Geology and Geophysicsю 

3. Types of scientific data. Characteristics of scientific data. Characteristics of 

scientific data analysis. 

4. The Scientific Data Mining Process: preprocessing, transforming and converting 

data. 

5. Statistical concepts. Regression analysis. 

6. Data approximation: interpolation and extrapolation. 

7. Comparing data: Correlation and association. 

8. Time Series Analysis. Basic concepts. 

9. Spectral analysis. Basic concepts. 

10. Monte Carlo Methods. Monte Carlo Simulation. 

11. Factor analysis. Cluster analysis. 

12. Enhancing Image Data. 

13. Visualizing data and validating the results. 

14. Visualizing and analysis 2D-3D Data in Earth Sciences. 

15. Processing and Displaying Images in Space and Earth Sciences. 

 

Oscillation theory and Software Packages module – 5 credits 
 

Upon successful completion of this module students will be able to: 

1. demonstrate knowledge of the basic concepts, laws of oscillatory processes and 

vibrations, methods and approaches for solving typical problems of the theory of 

vibrations and vibrations; 

2. analyze the physical patterns observed in oscillatory processes, the beneficial and 

harmful effects of vibrations on equipment and  the environment; 



3. make a mathematical model of the object being studied and calculate forced 

oscillations for various types of driving forces; 

4. perform a correct, detailed analysis of the oscillatory process, analysis of the phase 

portrait of the oscillatory system, its stable and unstable states; 

5. demonstrate knowledge of application software packages designed for solving 

mechanical problems; modern experimental methods for the mechanics of 

materials; 

6. use modern software packages for solving problems of mechanics; 

7. analyze the obtained results and draw substantiated conclusions. 

 

As a result of studying the module, student will be able to: 

A3. demonstrate basic knowledge in the field of theoretical and orbital mechanics, 

deformable solid mechanics, fluid mechanics, machine mechanics and robotic systems; 

theoretical and experimental methods for studying problems of mechanics; 

B2. own a mathematical culture, computer literacy, the basics of programming, 

modern directions of development of mechanics; 

B4. conduct a review of the literature on selected topics; solve the problem; to 

summarize the results of research and analytical work in the form of a thesis, to report 

on student scientific conferences to participate in research projects; 

B5. conduct laboratory and numerical experiments, evaluate the accuracy and 

reliability of simulation results; 

 

Software Packages for Solving Problems of Mechanics – 2 credits 

 

Prerequisites: Calculus 1, Calculus 2, Ordinary differential equations, Аlgebra and 

analytical geometry, programming in Phyton, Mechanics 

Postrequisites: Design of mechanical systems 

As a result of studying the discipline, the students will be able to: 

- use software Wolfram Mathematica to solve equations in numeric and symbolic 

form; 

- solve complex algebraic equations; 

- solve ordinary differential equations; 

- write own computer programs to solve complex mechanical problems; 

- solve the set problem using the learned methods; 

- analyze the found solutions of the set problems and make conclusions or some 

recommendations; 

- use computer to present results and draw important conclusions from the results 

 

Studying topics: 

1. Introduction. Structure of the Mathematica system. The main types of calculations. 

Numerical calculations. Symbolic computing. Graphics. Programming. 

2. Work with the system. Creating a document in Mathematica. 

3. Accurate and approximate calculations. Numerical solution of equations. Solve 

function. 

4. Numerical solution of equations. FindRoot function. 



5. Numerical solution of differential equations. Processing of numeric data. 

6. Transformation of algebraic expressions with the help of built-in functions. 

Transform expressions using substitution rules. Differentiation and integration of 

functions. 

7. The solution of equations and systems of equations. Calculation of sums and 

products. The decomposition of functions in a row and the calculation of limits. 

8. Solution of differential equations. Determining the position of the center of mass 

of a thin plate and calculating its moments of inertia. 

9. Plotting functions of a single variable. Graphs of functions defined explicitly. 

Graphs of functions defined parametrically. Manage the process of plotting a graph. 

10. Overlaying several graphs, creating a table of graphs. Graphic representation of 

numerical data. 

11. Plotting functions of two variables. Advanced graphics capabilities of 

Mathematica. 

12. Harmonic oscillations of the load on the spring. 

13. Damped oscillations. 

14. Simulation of elastic deformations of rods. Stretching and compression of rods. 

Rod bend. 

15. The study of the bending of the rod, one end of which is fixed in the wall, under 

the action of its own weight and concentrated force. 

 

Theory of oscillations and vibrations – 3 credits 

 

Prerequisites: Mechanics, Dynamics of solid bodies 

Postrequisites: Hamiltonian mechanics 

As a result of studying the discipline, the student will be able to: 

- systematized present the fundamental concepts of the theory of oscillations and its 

methods for studying mechanical systems, as well as to contribute to the acquisition 

of stable skills in solving problems associated with vibratory dynamic processes in 

machines and mechanisms; 

- classify types of oscillations and make up mathematical models for describing 

dynamic processes; 

- determine the main forms and main oscillation frequencies of systems with a finite 

number of degrees of freedom; 

- select the region of critical velocities and resonance with arbitrary perturbing 

forces; 

- calculate the matrix of inertial and stiffness characteristics; 

- determine, with small oscillations, the stability region of dynamic processes of 

systems with a finite number of degrees of freedom. 

 

Studying topics: 

1. Small oscillations of the system around the position of stable equilibrium. Potential 

energy of a system with a finite number of degrees of freedom. Lagrange - Dirichlet 

theorem on the stability of the equilibrium of a conservative system. 



2. Equilibrium stability of a conservative system with one degree of freedom. 

Equilibrium stability of a conservative system with a finite number of degrees of 

freedom. Criterion Sylvester. Lagrange equations of the second kind. Kinetic 

energy of the system. Scatter function 

3. Free oscillations of a system with one degree of freedom. The main characteristics 

of free vibrations. 

4. The influence of resistance forces, proportional to speed, on the free oscillations of 

a system with one degree of freedom. The case of nonlinear resistance. Oscillations 

in the presence of coulomb friction. 

5. Differential equations of forced oscillations of a system with one degree of 

freedom. The general solution of the differential equation of forced oscillations of 

a system with one degree of freedom. 

6. Forced oscillations of a system with one degree of freedom in the case of a periodic 

perturbing force. 

7. Resonance and beat phenomenon. Dynamic factor 

8. Forced oscillations of a system with one degree of freedom, caused by impulses of 

instantaneous forces. Forced oscillations in the case of nonlinear resistance. 

Equivalent viscosity index. 

9. Differential equations of free vibrations of a system with two degrees of freedom. 

The general solution of the differential equations of free vibrations. The beat 

phenomenon. 

10. Main coordinates. The case of equality of the frequencies of the main oscillations. 

The case of equality to zero of one of the frequencies of the main oscillations of 

the system. The influence coefficients and their application to the compilation of 

differential equations of free vibrations of an elastic system with two degrees of 

freedom. 

11.  The influence of resistance forces, proportional to speed, on the free oscillations 

of a system with two degrees of freedom. Criterion Hurwitz. 

12.  The differential equations of forced oscillations of a system with two degrees of 

freedom and their general solution. The case when one of the generalized 

perturbing forces is zero. Dynamic vibration damper. General case of a periodic 

disturbing force. 

13.  Differential equations of forced oscillations of a system with a finite number of 

degrees of freedom and their general solution. The phenomenon of resonance. 

Differential equations of forced oscillations of the system in principal coordinates 

and their general solution. Torsional vibrations shafts. 

14.  Stability of motion of a system with a finite number of degrees of freedom. 

Differential equations of the perturbed motion of the system (equations in 

variations). The case of stationary motion. 

15. Integrating the equations of small oscillations of the system near the state 

ofstationary motion. The criterion of the Routh system stability. 

 

Dynamics of solid and dynamical systems module – 6 credits 

 

Upon successful completion of this module students will be able to: 



1. demonstrate knowledge in the field of solid body dynamics and dynamical systems; 

2. have an idea of current problems and prospects for the development of the 

dynamics of a solid body as one of the most important areas related to applied 

supplement; 

3. determine the singular points of dynamical systems and the stability of trajectories 

on phase spaces; 

4. independently build and research mathematical and mechanical models of dynamic 

systems, skillfully applying analytical and numerical methods of research and using 

the capabilities of modern computer and information technologies. 

5. apply the studied material for the compilation of systems of equations of motion 

and solve typical problems of a rigid body and a dynamical system; 

6. apply the basic principles and mathematical methods for analyzing the motion of a 

rigid body and dynamic systems. 

 

As a result of studying the module, students will be able to: 

A3. demonstrate basic knowledge in the field of theoretical and orbital mechanics, 

deformable solid mechanics, fluid mechanics, machine mechanics and robotic systems; 

theoretical and experimental methods for studying problems of mechanics; 

B3. apply the obtained knowledge to solve scientific and applied problems in the field 

of modern mechanics; 

B4. conduct a review of the literature on selected topics; solve the problem; to 

summarize the results of research and analytical work in the form of a thesis, to report 

on student scientific conferences to participate in research projects; 

C2. compare the results of the study with other solutions, implement the visualization 

of the results and analyze them; 

C3. realize the need to form new competencies; determine the directions of further 

personal and professional development, to be capable of self-education and self-

development. 

 

Dynamics of solid bodies – 3 creditsf 

 

Prerequisite: Mechanics 

Postrequisite: Hamiltonian mechanics 

As a result of studying the discipline, the students will be able to: 

- determine the inertia moments of the first and second order for the solid bodies; 

- determine the dynamic characteristics of the motion of a solid body and a 

mechanical system; 

- solve the problems with application of the elementary theory of gyroscope; 

- apply the principle of virtual displacement to solve the problems of statics; 

- solve the problems of dynamics using the d'Alembert principle, d'Alembert-

Lagrange equations, Lagrange equations of the first and second kind; 

- compose and solve the Routh equations. 

 

Studying topics: 



1. Mass geometry. Moments of inertia concerning axis, plane, point (pole) and 

products of inertia. Radius of inertia. Huygens-Steiner theorem.  

2. The moment of inertia about the axis of the beam emerging from this point. Inertia 

tensor. Ellipsoid of inertia. The principal axes of inertia. The properties of the 

principal axes of inertia. 

3. Solid body rotation around a fixed axis. Differential equations of motion. Pressure 

on axis. Conditions when dynamic reactions are equal to the static ones.  

4. Plane-parallel motion of a rigid body. Equations of motion. 

5. The motion of a rigid body with one fixed point. Regular precession. The main 

dynamical quantities: the angular momentum, the kinetic energy. Dynamic 

equations of Euler.  

6. The general problem of the motion of a heavy rigid body with a fixed point. Poisson 

equations. The first integrals of the equations of a rigid body motion around a fixed 

point.  

7. Particular cases of integration: the Euler-Poinsot case, the Lagrange-Poisson, the 

S.Kovalevskaya case. 

8. The concept of the gyros. Gyroscopic effect. The gyroscope in gimbals. Elementary 

theory of gyroscope. The concept of the precession theory of gyroscopic 

instruments. 

9. Constraints and their classification. Real and virtual displacement of a point. 

Virtual work of forces. Ideal restraints. The principle of virtual displacements. 

10. D'Alembert's principle for the point mass and mechanical system. D'Alembert-

Lagrange equation. 

11. The concept of holonomic and non-holonomic systems. Lagrange equations of 

1st kind. Method of Lagrange multipliers. 

12. Generalized coordinates. Generalized forces. Equations of motion in generalized 

coordinates (Lagrange equations of 2nd kind).  

13. Gyroscopic and dissipative forces. 

14. Lagrange equations of 2-nd kind for the system under action of potential forces. 

15. Cyclic coordinates. Routh equations. 
 

Dynamic systems – 3 credits 

 

Prerequisite: Mechanics, Ordinary Differential Equations 

Postrequisite: Control theory 

As a result of studying the discipline, the students will be able to: 

- identify fundamental differences between linear and nonlinear dynamical  systems; 

- identify fixed points and periodic points and determine their stability; 

- construct and interpret phase portraits of maps and flows in one and two 

dimensions; 

- understand elementary bifurcations; 

- understand characterizations and measurements of chaos such as sensitive 

dependence on initial conditions and Lyapunov exponents; 

- use software to simulate and study dynamical systems in one and two dimensions 

 



Studying topics: 

1. Background. Some additional definitions. Types of dynamical response. Stability. 

2. Concepts from linear algebra. Generalities. Eigenvalues and eigenvectors. 

3. Solution of linear ODEs. 

4. Plane autonomous systems. Canonical form of matrix. 

5. Linearization. Teylor theorem. Jacobian of the system. 

6. Linearized stability. Hyperbolic fixed points. 

7. Bifurcations. Definitions. Center manifold theory. 

8. Static bifurcations. The saddle-node bifurcation. 

9. The transcritical bifurcation. 

10. The pitchfork bifurcation. 

11. Normal forms. Nonlinearities near a bifurcation point. 

12. The Hopf bifurcation. The normal form for a pair of pure imaginary eigenvalues. 

13. The normal form in various coordinate systems. Simplified analysis of the Hopf 

bifurcation. 

14. The normal form in various coordinate systems. Simplified analysis of the Hopf 

bifurcation. 

15.  Arnold’s cat map. 

 

Strength of Materials and Mechanics of deformable solids module – 6 credits 

 

Upon successful completion of this module students will be able to: 

1. demonstrate knowledge of methods and methods for calculating structural elements 

for strength, rigidity and stability; 

2. demonstrate knowledge of the theoretical foundations of the mechanics of a 

deformable solid; 

3. investigate the stability of compressed rods, determine the mechanical 

characteristics of materials; 

4. solve the problems of the theory of elasticity, the mechanics of a deformable solid 

body, structural elements; 

5. build mathematical models of deformable solid mechanics, apply models of 

thermoelastic continuum to the analysis of the stress-strain state of structural 

elements; 

6. conduct experiments on axial tension-compression of rods, torsion of round rods, 

flat bending of beams, displacements in rod systems with arbitrary loading; 

 

As a result of studying the module, students will be able to: 

A3. demonstrate basic knowledge in the field of theoretical and orbital mechanics, 

deformable solid mechanics, fluid mechanics, machine mechanics and robotic systems; 

theoretical and experimental methods for studying problems of mechanics; 

B4. conduct a review of the literature on selected topics; solve the problem; to 

summarize the results of research and analytical work in the form of a thesis, to report 

on student scientific conferences to participate in research projects; 

C1. analyze the choice of the mathematical model and justify the choice of the method 

for solving the problem of Mechanics (analytical, numerical, laboratory experiment). 



 

Strength of Materials – 3 credits 

 

Prerequisite: Mechanics 

Postrequisite: Robot Mechanics, Solid Mechanics 

As a result of studying the discipline, the students will be able to: 

- formulate the basic principles, provisions and hypotheses of resistance of materials; 

- describe the methods and practical techniques for calculating rods, flat and 

volumetric structures for various power, deformation and temperature effects; 

- competently draw up settlement schemes; 

- determine theoretically and experimentally the internal forces, stresses, 

deformations and displacements in the rods, plates and volumetric elements of 

building structures; 

- calculate the stress-strain state of the rods, flat and spatial elements of structures 

under various influences using theoretical methods using modern computational 

techniques, ready-made programs; 

- analyze the exact results of any structural elements and machine parts for strength, 

rigidity and stability; 

- select structural materials and forms that provide the required indicators of 

reliability, safety, cost-effectiveness and efficiency of structures. 

 

Studying topics: 

1. The main methods of calculation for strength, rigidity, stability. 

2. Internal forces. 

3. The method of flat section.  

4. Hooke's law and the principle of independent forces. 

5.  Stretching-compression straight beam.  

6. Shift. Torsion. Bend 

7.  Determination of bending movements.  

8. Theory of stress.  

9. The theory of the deformed state.  

10. Volumetric deformation.  

11. Strength hypotheses. 

12.  Bending of a flat bar of big curvature.  

13.  Energy methods for determining the displacement points of a structure. Statically 

indefinable system.  

14.  Equilibrium stability of deformable systems.  

15.  Experimental methods for the study of strain and stress. 

 

Solid Mechanics – 3 credits 

 

Prerequisite: Mechanics 

Postrequisite: Numerical methods in applied mechanics 

As a result of studying the discipline, the students will be able to: 



- know theoretical basic of knowledge, notions, principles, equations and statements 

оf this course; 

- know the basic concepts and terms, equations and statements of the problems of 

the mechanics of deformable solids; 

- know traditional analytical methods for solving a number of theoretical and applied 

problems of this course on the calculation of the considered elastically and 

inelastically deformable objects; 

- analyze the basic analytical methods of solving the problems for calculating 

elastically and inelastically deformable bodies. 

 

Studying topics:  

1. The concept of a continuous body. Hypothesis of continuity. Two ways of 

describing the deformation of a continuous body. Euler’s and Lagrange’s 

coordinates, their mutual transition. 

2. Stress tensor and its invariants. Main stresses and main areas. The greatest 

tangential stresses. Octahedral stresses. Equations of balance (motion) of the body 

element. 

3. The strain tensor and its invariants. Main strains. Increments in the rate of strain. 

Conditions of compatibility of strains. The Cauchy’s relations. The Cauchy-Green 

strain tensor 

4. Elastic deforming of solids. Basic hypotheses and assumptions of the theory of 

elasticity. Linearly elastic body. Hooke's law for a linearly elastic isotropic body. 

5. Boundary-value problems in the theory of elasticity. Types of boundary conditions. 

The principle of St. Venant. Superposition method. Methods for solving problems. 

The direct and inverse problem of the theory of elasticity. 

6. The plane problem of elasticity theory (types and system of equations). Stress 

function. The biharmonicity condition. Solution of the plane problem in the 

polynomials of stress function. Bending of a rectangular strip. Calculation of 

retaining wall. 

7. Plane problem of elasticity theory in polar coordinates. Pipe under the action of 

uniform pressure. Effect of force on the halfplane. 

8. Basics of mechanical calculation of pipelines (Pl). Loads and effects on Pl. 

Underground Pl and their constructive schemes. Calculation of SS (Stress State) of 

rectilinear horizontal underground Pl. 

9. Overground Pl. Constructive schemes of overground Pl. Beam Pl. 

10.  Deforming of solids beyond the elastic limit. Hypotheses and assumptions of the 

theory of plasticity. Elastic-plastic and rigidplastic body. Fluidity limit and strength 

limit. The Prandtl’s diagram. Tresca-Saint-Venant’s, Mises’ and Mohr-Coulomb’s 

plasticity conditions. 

11.  The theory of an ideal plastic body: basic statements and system of equations. 

Function and surface of plasticity. The Mises’ maximum principle. The Drucker's 

stability postulate. Associated law of plastic deforming. Theory of plastic flow. 

12.  Axisymmetric problem of the theory of plasticity. The state of complete and 

incomplete plasticity. Elastic-plastic problem for a vertical mine shaft. Torsion of 

plastic and elasticplastic rod. The Nadai's sand and sand-membrane analogy. 



13.  Creep and relaxation. Curves and functions of creep and relaxation. Equations of 

the theory of creep. Kernels of creep and relaxation. Technical theory of creep: the 

theory of aging, flow, hardening and heredity. Steady and unsteady creep. 

14.  Strength and destruction of bodies. The role of the crack in the destruction of the 

material. The main types of destruction. Criteria of destruction. Stress 

concentrators near openings 

15.  Development of a crack in an elastic body. Griffiths’ and Irwin-Orovan's energy 

and power approaches. Griffiths’task and formula. Irwin’s Criterion. Stress 

intensity factor (SIF). Equivalence of approaches for brittle fracture. 

 

Thermodynamics and Heat and Mass Transfer module – 6 credits 

 

Upon successful completion of this module students will be able to: 

1. demonstrate knowledge of the basic laws of thermodynamics and heat and mass 

transfer; 

2. analyze the laws of thermodynamics of homogeneous processes, the conditions of 

the thermodynamic balance; 

3. simulate processes at equilibrium and flows of turbidity and gas, thermodynamics 

and heat-mass transfer; 

4. solve problems of thermodynamics and heat-mass exchange by applying the basic 

laws; 

5. apply engineering methods for calculating temperatures and heat fluxes in 

structures of different shapes for different heat transfer conditions; 

6. perform heat engineering calculations for a specific heat engineering equipment. 

 

As a result of studying the module, student will be able to: 

A3. demonstrate basic knowledge in the field of theoretical and orbital mechanics, 

deformable solid mechanics, fluid mechanics, machine mechanics and robotic systems; 

theoretical and experimental methods for studying problems of mechanics; 

B3. apply the obtained knowledge to solve scientific and applied problems in the field 

of modern mechanics; 

B4. conduct a review of the literature on selected topics; solve the problem; to 

summarize the results of research and analytical work in the form of a thesis, to report 

on student scientific conferences to participate in research projects; 

C2. compare the results of the study with other solutions, implement the visualization 

of the results and analyze them; 

C3. realize the need to form new competencies; determine the directions of further 

personal and professional development, to be capable of self-education and self-

development. 

 

Thermodynamics – 3 credits 

 

Prerequisite: Ordinary Differential Equations 

Postrequisite: Heat and mass transfer 

As a result of studying the discipline, the student will be able to: 



- formulate the law of conservation of energy in relation to the working fluids of 

thermal machines, thermodynamic processes and energy conversion cycles;  

- describe the basic mathematical models used in thermodynamics;  

- evaluate the degree of thermodynamic perfection of power plants;  

- solve problems associated with thermodynamic processes using real gases and 

vapors;  

- solve problems using the basic laws of thermodynamics;  

- calculate the parameters of a continuous medium using the Id-diagram;  

- analyze the cycles of thermal machines in order to optimize their performance. 

 

Studying topics: 

1. Basic concepts of thermodynamics. Macro system. Thermodynamic system. 

Thermodynamic parameters of state. Pressure and temperature of continuous 

medium. Equilibrium systems. Thermodynamic parameters of state. Specific 

volume of continuous medium. The equation of state of an ideal gas. A mixture of 

ideal gases. Partial pressure Mass fraction. Volume fraction. Mole fraction. 

2. The first law of thermodynamics. Reversible process. Perpetuum mobile of the first 

kind. Inner energy. Work and warmth. Work expansion. Equilibrium process. p-v 

diagram. 

3. Heat. Enthalpy. The relationship of enthalpy with internal energy. The heat 

capacity of the substance. The heat capacity of an ideal gas. Heat capacity vs. 

Temperature 

4. Thermodynamic processes. The heat capacity of an ideal gas in a polytropic 

process. Isochoric process. Isobaric process. Isothermal process. Adiabatic process. 

5. The second law of thermodynamics. Cycles Cycle efficiencies. Perpetual motion 

machine of the second kind. Cycle Carnot. 

6. Efficiency of the refrigeration unit. Carnot's theorem. Thermodynamic temperature 

scale. Entropy. T, s diagram for processes. Irreversible processes. 

7. Exergy. Analysis of thermodynamic processes. Real gases and vapors. 

Compressibility of real gases. 

8. Heat capacity of real gases. The process of vaporization. Basic concepts and 

definitions. Critical temperature. 

9. (H, s) I, s-diagram of water vapor. Parameters steam gas mixture. Wet air. Id 

diagram of humid air 

10. Thermodynamic flows. Basic equations for the flow of an elastic fluid. Flow in the 

nozzles and diffusers. 

11. Outflow from nozzles. Compressors. Gas cycles. 

12. Compression processes in a perfect compressor. Multistage compressor. 

13. Cycles of piston internal combustion engines (ICE). Gas turbine cycles 

14. Rankine cycle. Thermal efficiency of the Rankine cycle 

15. Refrigeration and thermal transformer cycles. Vapor compression refrigeration 

machine cycle 

 

Heat and Mass Transfer – 3 credits 

 



Prerequisites: Thermodynamics 

Postrequisites: Thermodynamics of oil 

As a result of studying the discipline, the students will be able to: 

- perform calculations of stationary thermal conductivity in single; 

- and multilayer walls;  

- describe the mathematical model of a recuperative heat exchanger;  

- perform heat transfer calculations with the help of a software package;  

- solve problems associated with the processes of convective heat transfer in the free 

and forced motion of the medium;  

- plot the thermal radiation;  

- calculate the parameters of a continuous medium;  

- analyze the efficiency of heat exchangers;  

- carry out comparative analysis of heat exchangers for use in scientific practice. 

 

Studying topics: 

1. Basic concepts in heat and mass transfer. Thermal conductivity. Temperature field 

Temperature gradient. Fourier's law. Coefficient of thermal conductivity. 

2. Differential heat equation. The problem of heat conduction. Border conditions. 

Reduction of the mathematical formulation of the boundary value problem of heat 

conduction to a dimensionless form 

3. Thermal conductivity of a flat single-layer and multilayer wall. Thermal 

conductivity of a flat single-layer wall. Thermal conductivity of a flat single-layer 

and multilayer wall. Thermal conductivity of a cylindrical single-layer and 

multilayer wall. Thermal conductivity of a cylindrical single-layer wall. 

4. Heat transfer under the boundary conditions of the 3rd kind for a flat and cylindrical 

wall. Thermal conductivity of a flat wall with an internal heat source. 

5. Unsteady heat conduction. . Convective heat transfer. Physical properties of 

liquids. 

6. Modes of movement. Turbulent and laminar flow. Boundary layer Turbulent 

boundary layer. Laminar boundary layer. 

7. Fundamentals of the theory of similarity. Similarity coefficients. Getting the 

similarity coefficient expressions 

8. Three similarity theorems. Dimensionless simplexes and complexes. Convective 

heat transfer with forced and free flow of fluid. Average temperature. 

9. Heat transfer with laminar flow in pipes. Heat transfer in turbulent fluid flow in 

pipes. 

10. Heat transfer with transverse washing of tube bundles. Heat transfer with the free 

movement of fluid (free convection) 

11. Heat transfer when the state of matter changes. Heat transfer during boiling liquid. 

12. Heat transfer during steam condensation. Heat transfer under condensation droplet 

vapor. 

13. Effect of steam velocity and direction. Heat transfer by radiation. The laws of 

thermal radiation. 

14. Basic laws of radiation. The Law of Stephen - Boltzmann. 

15. Kirchhoff's Law. Radiation heat transfer between two parallel planes. 



 

Fluid Mechanics and Experimental Methods module – 6 credits 

 

Upon successful completion of this module students will be able to: 

1. demonstrate knowledge in the field of fluid mechanics; 

2. state (explain) the physical formulation of the problems of fluid mechanics; 

3. build a mathematical model (basic equations, initial and boundary conditions) of 

fluid mechanics, to solve problems of hydrostatics and fluid dynamics by analytical 

and experimental methods; 

4. analyze the essence, methods of application, advantages and disadvantages of 

experimental methods; 

5. justify the choice of the experimental method; 

6. test the knowledge gained in fluid mechanics by conducting an experimental study; 

7. process and analyze the results of experimental studies, to make substantiated 

conclusions. 

 

As a result of studying the module, student will be able to: 

A3. demonstrate basic knowledge in the field of theoretical and orbital mechanics, 

deformable solid mechanics, fluid mechanics, machine mechanics and robotic systems; 

theoretical and experimental methods for studying problems of mechanics; 

B4. conduct a review of the literature on selected topics; solve the problem; to 

summarize the results of research and analytical work in the form of a thesis, to report 

on student scientific conferences to participate in research projects; 

B5. conduct laboratory and numerical experiments, evaluate the accuracy and 

reliability of simulation results; 

C1. analyze the choice of the mathematical model and justify the choice of the method 

for solving the problem of Mechanics (analytical, numerical, laboratory experiment); 

C2. compare the results of the study with other solutions, implement the visualization 

of the results and analyze them; 

 

Fluid mechanics – 3 credits 

 

Prerequisites: Calculus 1, Calculus 2, Ordinary Differential Equations, Partial 

Differential Equations, Tensor Analysis and Differential Geometry, Introduction to 

Continuum Mechanics 

Postrequisites: Flow in porous media, Experimental hydromechanic, CFD, Heat and 

Mass transfer 

As a result of studying the discipline, the student will be able to: 

- understand the behavior of fluids; 

- solve for external flow, evaluate lift and drag, know when there is possibility of 

flow separation, apply streamlining concepts for drag reduction by using 

experimental correlations; 

- calculate the hydrostatic forces and moments on submerged and floating surfaces; 

- demonstrate flow patterns experimentally; 

- compare obtained analytical and experimental solutions; 



- apply the Euler and Navier-Stokes equations in different applications.  

- apply the principles of conservation of mass, momentum, and energy to a control 

volume. 

 

Studying topics: 

1. Properties of fluids; 

2. Fluid equilibrium condition; 

3. Basic Hydrostatic equations; 

4. Pressure variations in stationary fluid, manometer, fluid force acting on bodies; 

5. Fluid motion: streamlines, streak lines, path lines; 

6. Fluid flow equations and its applications: Continuity, Euler’s, Navier - Strokes and 

Bernoulli’s equations; 

7. Fluid flow analysis: fluid flow in pumps; 

8. Fluid flow patterns: Laminar and turbulent flows; 

9. Compressible and Incompressible gases, Max Number; 

10. Boundary layer theory, Separation and Drag; 

11. Fluid flow losses: major and minor losses; 

12. Dimensional analysis. 

 

Experimental methods in mechanics – 3 credits 

 

Prerequisites: Ordinary differential equations, Introduction to continuum mechanics, 

Fluid mechanics. 

Postrequisites: Fluid dynamics, Computational fluid Dynamics. 

As a result of studying the discipline, the student will be able to: 

- demonstrate knowledge of the physical foundations of experimental research 

methods in mechanics, modern methods of modeling and research processes in 

mechanics; 

- formulate the physical formulation of the problem; 

- simulate the real flow of liquid and gas; 

- conduct experimental studies; 

- apply the methods of experimental research to solving practical problems; 

- carry out measurements of the main parameters (pressure, velocity, flow, etc.); 

- process the experimental data and determine the measurement errors; 

- based on the results of work, compile tables of experimental data and build graphs, 

prepare a presentation; 

- analyze the results of experimental studies and draw conclusions. 

 

Studying topics: 

1. Fundamentals of the theory of experiment. The purpose and objectives of 

experimental research in mechanics. Planning an experiment. Methods for 

processing experimental data. 

2. Modeling in aeromechanical experiment. Similarity criterion. (Re, Pe, Fr, Nu, Pr, 

Sh, etc.) 

3. Methods for determining the flow of liquid and gas. Flowmeters. Flow regimes. 



4. The test of the applicability of the Bernoulli integral. 

5. Local hydraulic resistance. 

6. Methods of processing experimental data. 

7. Visual methods for studying fluid and gas flows. 

8. Poiseuille flow. 

9. Methods for determining the coefficient of fluid viscosity. 

10. Wind tunnels. Classification of wind tunnels. 

11. Liquid manometers. 

12. Methods for measuring pressure in streams and pipes. Static pressure Prandtl tube. 

Methods for measuring the total pressure. Pitot tube. 

13. Speed measurement. Measurement of low speeds. Combined nozzles Pito Prandtl. 

Determination of speed in low velocity pipes. Regime speed. 

14. The boundary layer on the plate. 

15. Flow around a flat airflow cylindrical bodies. 

 

Design of mechanical systems and CAD/CAM module – 6 credits 

 

Upon successful completion of this module students will be able to: 

1. demonstrate knowledge of the classification of the structure of mechanisms; 

2. carry out the kinematic and dynamic analysis of the mechanisms byanalytical 

methods; 

3. carry out kinematic, strength calculations of mechanical units; 

4. create 2D and 3D geometric models using software tools; 

5. perform design and graphic work on the design of information, electromechanical, 

electrohydraulic, electronic and microprocessor modules of mechatronic and 

robotic systems; 

6. develop functional diagrams and carry out energy calculations and selection of 

actuators; 

 

As a result of studying the module, students will be able to: 

A3. demonstrate basic knowledge in the field of theoretical and orbital mechanics, 

deformable solid mechanics, fluid mechanics, machine mechanics and robotic systems; 

theoretical and experimental methods for studying problems of mechanics; 

B2. own a mathematical culture, computer literacy, the basics of programming, modern 

directions of development of mechanics; 

B4. conduct a review of the literature on selected topics; solve the problem; to 

summarize the results of research and analytical work in the form of a thesis, to report 

on student scientific conferences to participate in research projects; 

B5. conduct laboratory and numerical experiments, evaluate the accuracy and 

reliability of simulation results; 

C1. analyze the choice of the mathematical model and justify the choice of the method 

for solving the problem of Mechanics (analytical, numerical, laboratory experiment); 

C2. compare the results of the study with other solutions, implement the visualization 

of the results and analyze them; 



C3. realize the need to form new competencies; determine the directions of further 

personal and professional development, to be capable of self-education and self-

development. 

 

Design of mechanical systems– 3 credits 

 

Prerequisites: Аlgebra and Analytical Geometry 1, Ordinary Differential Equations, 

Mechanics, Dynamics of solid bodies. 

Postrequisites: Robot Mechanics, Dynamic Systems, Robotic System Control. 

As a result of studying the discipline, the students will be able to: 

- describe methods of research of kinematics and dynamics of mechanisms and 

machines, robotic systems, methods of analysis of dynamic processes in machines; 

- analyze dynamic processes in machines, design lever mechanisms taking into 

account kinematic and dynamic conditions; 

- solve problems of dynamic synthesis of plane mechanisms with lower pairs; 

- build mathematical models of kinematics of specific mechanisms and know the 

methods of their solution; 

- apply their knowledge in the study of kinematics and dynamics of specific 

machines, mechanisms and robots. 

 

Studying topics: 

1. Introduction The structure of the mechanisms. The main types of mechanisms. The 

number of degrees of freedom of the mechanism. Structural synthesis of the 

mechanism. Nonholonomic connections in mechanisms. 

2. Kinematic analysis of planar mechanisms with lower pairs. Determination of the 

positions of the links of planar mechanisms formed from open kinematic chains. 

3. Determination of the positions of links of plane mechanisms with closed contours. 

Determination of displacements, speeds and accelerations in plane mechanisms 

using method of kinematic diagrams. 

4. Determination of velocities and accelerations in plane mechanisms by the method 

of plans. 

5. Determination of velocities and accelerations in plane mechanisms with low pairs 

using analytical methods. 

6. Methods for dynamic analysis of mechanisms. Friction in kinematic pairs. General 

information about the friction forces. Friction forces in kinematic pairs. 

7. Force analysis of mechanisms. Definition of reactions in kinematic pairs. Force 

analysis with friction. Force analysis of the mechanisms by the analytical method. 

8. Equations of motion of mechanisms with holonomic constraints. Equations of 

motion of a mechanism with one degree of freedom. Equations of motion of a 

mechanism with several degrees of freedom. 

9. The equation of kinetic energy and the general equation of dynamics. Kinetostatic 

principle of compiling equations of motion mechanisms. 

10. General methods for solving equations of motion. Graphoanalytical methods and 

flywheel calculation. Wittenbauer method. Determination of the moment of inertia 



of the flywheel with forces depending on the position of the links. Determination 

of the moment of inertia of the flywheel with forces depending on speed. 

11. Static balancing of lever mechanisms. The replacement mass method. Static 

balancing of lever mechanisms. Balancing of rotors at projection. 

12. Vibration protection of machines and mechanisms. Vibroprotection methods. The 

interaction of two moving links. Suspension and vibration isolation. Dynamic 

damping. 

13. Industrial robots and manipulators. Purpose and scope. Classification of industrial 

robots. Basic concepts and definitions. The structure of the manipulators. 

Geometrical-kinematic characteristics. 

14. Tasks of mechanics of manipulators. Kinematic analysis of the mechanism of the 

manipulator. The dynamics of industrial robot manipulators. 

15. Balancing manipulators. Kinetostatic calculation of manipulators. Drive speed 

calculation. 
 

CAD/CAM – 3 credits 

 

Prerequisites: Design of mechanical systems, Strength of Materials, Programming in 

Python. 

Postrequisites: Theory of plasticity, Numerical methods in applied mechanics. 

As a result of studying the discipline, the students will be able to: 

- develop functional diagrams; 

- conduct adjustment calculations - the synthesis of control algorithms and correction 

devices; 

- carry out kinematic, strength calculations, estimates of the accuracy of mechanical 

components; 

- carry out energy calculation and selection of actuators; 

- derive analyzes of the stability, accuracy and quality of management processes; 

- perform design and graphic work on the design of information, electromechanical, 

electro-hydraulic, electronic and microprocessor modules of mechatronic and 

robotic systems; 

- create 2D and 3D geometric models using software tools; 

- apply principles in the field of computer-aided design and production. 

 

Studying topics: 

1. Purpose and main objectives of the course. The subject and content, its place in the 

training system and its importance in practical activities. Modern trends in 

designing complex technical systems using CAD 

2. The modern view of the process and the object of design. Formation of the science 

of design. Review of research in the field of design methodology. Analysis of 

existing computer-aided design systems 

3. Basis of design methodology. General provisions. Concepts and principles of 

design methodology. Procedural model of design. Mathematical models of the 

object of design 

4. System approach as a basis for design automation. System-wide principles of CAD. 



5. Computer aided design system. The goals of the creation and tasks of CAD. 

Contents and structure of CAD. Designing and servicing CAD subsystems. 

6. .Types of CAD support (technical, software, informative, linguistic, organizational, 

methodological, mathematical) 

7. Classification of CAD (for industry, for targeted targeting, for the nature of the 

basic subsystem and for the scale) 

8. General information about the design. The concept of engineering design. Methods 

of implementation of design (manual, automated, automatic). 

9. Procedures at the stage of development of the technical task. The main tasks to be 

solved at the stage of development of the technical assignment. Selection of design 

objectives. Determination of the main features of design objects. Drawing up a 

technical task using a computer. 

10. Procedures at the stage of developing the technical proposal. The main tasks to be 

solved at the stage of developing the technical proposal. Search for technical 

solutions as a creative process. 

11. Organization of search for technical solutions. Search for technical solutions using 

a computer. The choice of the optimal variant of technical solutions. Analysis of 

the adopted version of technical solutions. 

12. Simulation modeling for the analysis of design objects. Modern products used to 

solve problems of simulation modeling. 

13. Procedures at the stage of development of a draft design. The main tasks to be 

solved at the stage of development of a draft design. Selecting the parameters of 

the design object. The layout of the design object. 

14. Procedures at the stage of the technical project development. Main goals. 

Designing the design object. Implementation of a technical project using 

computers. 

15. Organization of development and implementation of CAD. CAD design 

methodology. Recommendations for the introduction of CAD. 

 

 

MAJOR DISCIPLINES (MD) – 32 Credits 

 

OBLIGATORY COMPONENT (OC) – 5 Credits 

 

Mechanics and continuum mechanics module – 5 Credits 

 

Upon successful completion of this module students will be able to: 

1. describe the basic mathematical models used in theoretical mechanics; 

2. determine the kinematic characteristics of the motion of a material point and a 

mechanical system; 

3. solve static problems, applying equilibrium conditions for various systems of 

forces, taking into account static certainty and uncertainty; 

4. solve problems of dynamics on the basis of Newton's second law, as well as using 

the basic theorems of dynamics; 



5. demonstrate fundamental knowledge of the main sections of the mechanics of the 

material continuum; 

6. formulate the basic laws, basic equations and theorems of continuum mechanics; 

7. build mathematical models of classical liquid, gaseous and solid wrought media; 

8. solve problems and exercises on continuum kinematics and on the theory of 

deformation. 

 

As a result of studying the module, students will be able to: 

A3. demonstrate basic knowledge in the field of theoretical and orbital mechanics, 

deformable solid mechanics, fluid mechanics, machine mechanics and robotic systems; 

theoretical and experimental methods for studying problems of mechanics; 

B4. conduct a review of the literature on selected topics; solve the problem; to 

summarize the results of research and analytical work in the form of a thesis, to report 

on student scientific conferences to participate in research projects; 

C1. analyze the choice of the mathematical model and justify the choice of the method 

for solving the problem of Mechanics (analytical, numerical, laboratory experiment); 

 

Introduction to continuum mechanics – 2 Credits 

 

Prerequisites: Calculus 1, Mechanics, Algebra and Analytical Geometry, Differential 

Equations. 

Postrequisite: Mechanics of fluid and gas, Mechanics of a deformable solid. 

As a result of studying the discipline, the students will be able to: 

- demonstrate the fundamental knowledge of the main sections of the mechanics of 

the material continuum (continuity hypothesis, continuum kinematics, medium 

deformation theory, dynamics, thermodynamics and continuum electrodynamics, 

and applied aspects of continuum mechanics); 

- formulate the basic laws, the basic equations and theorems of continuum 

mechanics; 

- build mathematical models of classical liquid, gaseous and solid wrought media; 

- prove the main theorems according to the laws of mechanics of the material 

continuum; 

- solve problems and exercises on the kinematics of a continuous medium (the law 

of motion of a continuous medium, the equations of the trajectory, current lines and 

the vortex line); 

- solve problems and exercises on the theory of deformation (components of the 

strain tensors, strain rates and internal stresses); 

- analyze the results and draw valid conclusions. 
 

Studying topics: 

1. Introduction. The subject of continuum mechanics. Research methods. Hypothesis 

of continuity. Basics of tensor calculus and analysis. Basic operations on tensors. 

2. Subject and problems of Continuum Mechanics. The hypothesis of continuity. The 

laws of motion of a solid body. The laws of motion of a continuous medium. 



3. Methods for studying the motion of a continuous medium. Lagrange method. Euler 

method. Interrelation of Lagrange and Euler methods.Pathlines, streamlines and 

their differential equations. 

4. Deformation tensor and the geometric meaning of its covariant components. 

5. The expression of the components of the deformation tensor through the 

components of the displacement vector. 

6. The main axes and the main components of the strain tensor. Volumetric expansion 

coefficient. 

7. The tensor of strain rates and the mechanical meaning of its components. The 

distribution of velocities in the vicinity of a particle of the medium. Cauchy-

Helmholtz theorem. 

8. The law of conservation of mass. Continuity equations in Lagrangian and Eulerian 

variables. 

9. Volume (mass) and surface forces. Stress tensor. 

10. The momentum change theorem. The equations of dynamics of a continuum. 

Equation of moment of momentum. Symmetry of the stress tensor. 

11. Kinetic energy. The equation of change of kinetic energy. 

12. The first law of thermodynamics. Internal energy. Heat flow equation. 

13. The second law of thermodynamics. Entropy and temperature. The equation for the 

entropy. 

14. Navier-Stokes formula. Ideal incompressible fluid. The ideal perfect gas. Viscous 

incompressible fluid. 

15. Linear elastic body. Hooke's law. Lame equation for displacements. The equations 

of the thermodynamic state of an elastic body. Linear thermoelastic body. 

 

Mechanics – 3 Credits 

 

Prerequisites: Calculus 1, Calculus2, Calculus 3, Differential Equations, Algebra and 

Analytical Geometry, Tensor Analysis and Differential Geometry. 

Postrequisite: Fluid and gas mechanics, Solid body mechanics, Resistance of 

materials, Orbital mechanics. 

As a result of studying the discipline, the students will be able to: 

 describe the basic mathematical models used in theoretical mechanics; 

 determine the kinematic characteristics of the motion of a material point and a 

mechanical system; 

 solve problems of statics, using the equilibrium conditions for different systems 

taking into account the forces of static certainty and uncertainty;  

 to solve problems of dynamics based on Newton's second law, as well as with the 

fundamental theorems of dynamics; 

 analyze the relative motion of the mass point; 

 analyze the non-free motion of a mass point 

 

Studying topics: 



1. The subject of theoretical mechanics. The models of material bodies studied in 

theoretical mechanics: material point (mass point), absolutely solid body, the 

system of material points. Basic concepts and laws of mechanics. Kinematics of a 

point. Problems of kinematics. Methods of the point motion setting. Velocity and 

acceleration. Decomposing of velocity and acceleration in the radial and transverse 

components. Decomposing of accelerate at the axes of the natural trihedron. 

2. Mechanical system. The number of the freedom degrees of the system and a rigid 

body. Basic movements of a rigid body. Translational motion of a rigid body. 

Acceleration and velocity in the translational motion. Rotational motion of a rigid 

body about a fixed axis. Angular velocity and the angular acceleration of a rigid 

body. 

3. Plane-parallel motion of a rigid body. Velocities of the points of a plane figure. 

Instantaneous center of velocity. Acceleration of the points of a plane figure. 

Instantaneous center of acceleration. 

4. Complex motion of a point. Basic concepts. Full and relative derivatives of the 

vector. Addition of velocities. Theorem on the addition of accelerations (Coriolis 

theorem). 

5. Complex motion of a solid body. The problem statement. Addition of the 

translational velocities. Addition of the instant angular velocities. Addition of the 

instant angular and translational velocities. Reduction of the system of sliding 

vectors. Principal vector and principal moment. Changing of the reduction center. 

Invariants of the reduction. 

6. The concept of force and mass. Types of forces. Basic definitions and axioms of 

statics. Problems of geometric statics. Constraints. Constraint reactions. Axiom of 

the constraints. System of forces. The resultant force. System of the converging 

forces. Theorem on 3 forces. Parallel forces. System of many parallel forces. Centre 

of parallel forces. Static moments. 

7. Moment of the force about the center and the axis. Moment of the couple. The 

theory of couples. Equivalence of couples. The addition of couples. Varignon’s 

Theorem. The system of forces arbitrarily positioned in space. Reduction of the 

system of sliding vectors (with reference to kinematics). Principal vector and 

principal moment. 

8. Equilibrium conditions of arbitrary spatial system of forces. Special cases of the 

equilibrium conditions (convergent system of forces, parallel forces, plane system 

of forces). Equivalent conditions of equilibrium. Equilibrium conditions of unfree 

solid body. Friction and constraints with friction. 

9. Direct and inverse problems of dynamics. Motion equations. Concept of first 

integrals. Methods of integration. Differential equations of motion of a mechanical 

system. Properties of internal forces of the system. Basic dynamic variables. 

König's theorem. 

10. Theorem of change of linear momentum of a particle and system. Theorem on the 

motion of the center of mass. Angular Momentum theorem of a point mass and the 

system. 

11. Work of force. Force field. Potential force field. Work-Energy theorem for the 

point mass and the system. Conservation of energy. 



12. Linear motion of the material point. Harmonic oscillations of the point. Vibration 

parameters. Vibrations in a resistant medium. Forced vibrations in a medium 

without resistance and in a resistant medium. Resonance. 

13. Free motion of a point under the action of central forces. Law of areas. Binet 

formulas. The problem of the planets motion. Kepler's laws. Derivation of the 

Newton gravitation law from the Kepler laws. 

14. Non-free motion of a point mass. Constraints. Motion of a point on a given curve. 

Motion of a point on a given surface. Geodesic line. 

15. Relative motion and equilibrium of a point. The equations of relative motion. 

Inertial forces of transfer motion, the Coriolis force of inertia. Apparent weight of 

the body. Deviation of bodies falling to Earth from the vertical. Work-energy 

theorem for the relative motion. 

 

ELECTIVE COMPONENT (ЕС) – 27 Credits 

 

Mathematical analysis and its applications module – 3 Credits 

 

Upon successful completion of this module students will be able to: 

1. apply integration methods for solving problems of mechanics; 

2. apply the first and second order surface integrals to solve applied problems; 

3. demonstrate the basic concepts of field theory and its applications; 

4. apply the methods of functional analysis to solve specific problems of mathematics 

and related fields of knowledge; 

5. demonstrate knowledge of the general theory of the function of many variables; 

6. apply the theory of multiple integrals, the theory of curvilinear and surface integrals 

to the solution of problems of mechanics. 

 

As a result of studying the module, students will be able to: 

B2. own a mathematical culture, computer literacy, the basics of programming, modern 

directions of development of mechanics; 

B3. apply the obtained knowledge to solve scientific and applied problems in the field 

of modern mechanics; 

C1. analyze the choice of the mathematical model and justify the choice of the method 

for solving the problem of Mechanics (analytical, numerical, laboratory experiment); 

 

Calculus 3 – 3 Credits 

 

Prerequisites: Calculus 2. 

Postrequisite: Tensor analysis and differential geometry.  

As a result of studying the discipline, the student will be able to: 

 formulate basic concepts of mathematical analysis and to be able to apply these 

concepts to a variety of  mathematical situations; 

 describe the fundamental concepts of Calculus 3: the theory of different integrals, 

Functions  of  Several Variables; 

 explain the ideas of key concepts from the course; 



 analyze and explain problem solving tasks; 

 apply mathematical reasoning and mathematical analysis to solve theoretical and 

applied problems of mechanics. 

 

Studying topics: 

1. Uniform convergence of a function of two variables to the limit. Cauchy criterion 

for uniform convergence of a function. 

2. Proper integrals depending on a parameter. Improper integrals of the first type 

depending on the parameter. Improper integrals of the second type depending on 

the parameter. 

3. Euler integrals. Gamma function. Beta function. Stirling formula. Multiple 

integrals depending on the parameter. 

4. Double integral. Reduction of a double integral to repeated integrals. Replacement 

of variables in double integral. The double integral in polar coordinates. 

5. Jacobi transformation. Calculate the area of a flat figure using a double integral. 

Geometric applications of the double integral. 

6. Triple integrals and their properties. Replacement of variables in triple integrals. 

7. Improper repeated integrals. 

8. Definition of a curvilinear integral of the first type. Transformation of the 

curvilinear integral to a definite integral. 

9. Definition of the curvilinear integral of the second type. The existence and 

calculation of the curvilinear integral of the second type. 

10. Conditions for the independence of the curvilinear integral from the path of 

integration. Calculation of areas using curvilinear integrals. 

11. Green's formula. 

12. Surface. Normal and tangent plane to the surface. Definition of surface integrals of 

the first type. Transformation of a surface integral into a double integral. 

13. Mechanical applications of surface integrals of the first type. Definition of the 

surface integral of the second type. Calculate the volume of a solid using surface 

integral. 

14. Stokes theorem. 

15. Ostrogradsky equation. 

 

Theory of plasticity and fracture mechanics module – 6 Credits 

 

Upon successful completion of this module students will be able to: 

1. derive the basic equations of the theory of elasticity, set boundary problems for them 

correctly, solve the simplest problems of the flat theory of elasticity; 

2. use the basic laws of the theory of plasticity and its postulates; 

3. derive equations describing the deformation and stress state of complex media: 

viscoelastic, viscoplastic, etc. 

4. solve typical problems with the application of the postulates underlying the theory 

of creep; 

5. rely on structural elements with cracks for strength according to brittle fracture 

criteria; 



6. analyze methods for calculating strength in plasticity, under cyclic and dynamic 

loads; basic criteria for destruction andexistingtheory of strength. 
 

As a result of studying the module, students will be able to: 

A3. demonstrate basic knowledge in the field of theoretical and orbital mechanics, 

deformable solid mechanics, fluid mechanics, machine mechanics and robotic systems; 

theoretical and experimental methods for studying problems of mechanics; 

B3. apply the obtained knowledge to solve scientific and applied problems in the field 

of modern mechanics; 

B4. conduct a review of the literature on selected topics; solve the problem; to 

summarize the results of research and analytical work in the form of a thesis, to report 

on student scientific conferences to participate in research projects; 

C2. compare the results of the study with other solutions, implement the visualization 

of the results and analyze them; 

C3. realize the need to form new competencies; determine the directions of further 

personal and professional development, to be capable of self-education and self-

development; 

 

Theory of plasticity – 3 Credits 

 

Prerequisites: Introduction to Continuum Mechanics, Partial Differential Equations. 

Postrequisite: Mechanics of loose bodies, soils and rocks; Mechanics of  fracture. 

Upon successful completion of this discipline, students will be able to: 

 describe the basics of theoretical principles, concepts, principles, equations, and 

problem statements for this course; 

 build mathematical models of classical plastically deformable media; 

 possess the main analytical methods for solving a number of tasks for the 

calculation of plastically deformable bodies; 

 solve problems and exercises on the theory of plastic deformations; 

 analyze the results and draw reasonable conclusions. 

 

Studying topics: 

1. Introduction. Curve of relationship between stress and strain. 

2. The effect of hydrostatic pressure on the mechanical properties of materials. 

3. The effect of strain rate. The effect of temperature. 

4. Yield criterion. Surface and yield curve. Loading surface 

5. Crestability criterion Cod. Mises Yield Criterion. 

6. Hardening models. Active loading, neutral loading and unloading. 

7. Associated law of flow. Minimum principles of flow theory. 

8. Deformation theory of plasticity. 

9. Theory of ultimate equilibrium. Theorems on adaptability. 

10. Basic equations. Analytical construction of slip fields. The main boundary 

problems. 

11. The task of Prandtl about pressing a flat stamp. 



12. Plastic flow of the wedge under the action of unilateral pressure. 

13. Axisymmetric problem of flow theory. 

14. Basic equations for stresses and velocities under the condition of fluidity of Mises 

and Treska. 

15. Hyperbolicity of the relations of the axisymmetric problem under the condition of 

plasticity of Treska. Characteristics and ratios along the characteristics. 

 

Fundamentals of fracture mechanics – 3 Credits 

 

Prerequisites: Introduction to Continuum Mechanics, Partial Differential Equations. 

Postrequisites: Robotic System Control. 

As a result of studying the discipline, the students will be able to: 

 describe the basic concepts, concepts and methods; 

 summarize the results of the mathematical theory of fracture mechanics; 

 apply the basic methods of research tasks; 

 analyze the results of solving boundary value problems; 

 build mathematical models of fracture mechanics; 

 assess the performance of structural elements with cracks. 

 

Studying topics: 

1. Introduction to the discipline of fracture mechanics. The statistical aspect of the 

problem of destruction. 

2. Brief information about stress and strain. Questions about the strength of materials. 

3. Criteria for the destruction of isotropic materials. Criteria for the destruction of 

anisotropic materials. 

4. Criteria of long-term and fatigue strength. Ideal plastic body. 

5. Theorems on plastic destruction. On the maximum loads for hardening bodies and 

the instability of deformation. 

6. Equations of a hardening medium. Complicated stress state - equations. 

7. Accumulation of damage. Kinetic equation of damage under creep conditions. 

8. Fragile-viscous damage. Fragile bending failure. 

9. The brittle fracture of a stretchable disc with a hole. Effect of stress redistribution 

at the time of brittle fracture. 

10. Fragile damage during cyclic loading. Fragile damage under complex loading. 

11. Effect of anisotropy. The influence of the environment on the time of brittle 

fracture. 

12. Fragile damage and crack mechanics. Energy equation for a body with a crack. 

13. Theory of Griffiths. Criterion. Variational equations in the theory of cracks. 

14. Slow crack growth. Dynamics of cracks. 

15. Practical application of crack mechanics – Part 1. Practical application of crack 

mechanics – Part 2. 

 

Numerical methods and theory of filtration module – 6 Credits 

 



Upon successful completion of this module students will be able to: 

1. demonstrate knowledge in the field of filtration theory (basic concepts, theoretical 

foundations), research methods (analytical, numerical, experimental) of filtration 

tasks; 

2. formulate (explain) the physical formulation of the flow in porous media problems; 

3. construct a mathematical model (basic equations and initial, boundary conditions) 

of the flow in a porous media; 

4. choose the method of research of the problem of filtration, to reveal the basic 

parameters defining the behavior of phenomena; 

5. solve the problems of the filtration of an incompressible liquid in porous media and 

soils with modern methods of investigation; 

6. demonstrate the knowledge of the basic software application packages for solving 

the problems of theoretical and applied mechanics, numerical analysis of the 

models of mechanics; 

7. apply numerical methods for solving applied problems in mechanics. 

 

As a result of studying the module, students will be able to: 

A3. demonstrate basic knowledge in the field of theoretical and orbital mechanics, 

deformable solid mechanics, fluid mechanics, machine mechanics and robotic systems; 

theoretical and experimental methods for studying problems of mechanics; 

B2. own a mathematical culture, computer literacy, the basics of programming, modern 

directions of development of mechanics; 

B3. apply the obtained knowledge to solve scientific and applied problems in the field 

of modern mechanics; 

B4. conduct a review of the literature on selected topics; solve the problem; to 

summarize the results of research and analytical work in the form of a thesis, to report 

on student scientific conferences to participate in research projects; 

B5. conduct laboratory and numerical experiments, evaluate the accuracy and 

reliability of simulation results; 

C2. compare the results of the study with other solutions, implement the visualization 

of the results and analyze them; 

C3. realize the need to form new competencies; determine the directions of further 

personal and professional development, to be capable of self-education and self-

development; 

 

Numerical methods in applied mechanics – 3 Credits 

 

Prerequisites: Mechanics. 

Postrequisite: Computational gydrodynamics. 

As a result of studying the discipline, the studentswill beable to: 

 collect, analyze and process the data needed to solve the applied problems of 

mechanics; 

 solve applied problems using algorithms and information and communication 

technologies; 



 apply the methods of solution, analysis of the studied phenomena, processes and 

design solutions; 

 choose the optimal numerical method for solving this problem, give the 

mathematical characteristics of the accuracy of the source information and evaluate 

the accuracy of the obtained numerical result; 

 use modern computer technologies and software packages for solving numerical 

problems of mechanics; 

 evaluate the basic numerical methods for solving practical problems of mechanics, 

analyze educational and scientific literature. 

 

Studying topics: 

1. General concepts. Numerical methods and mathematical models in engineering and 

technology. 

2. Necessary information from the theory of elasticity. 

3. Basic relations of the FEM. 

4. Questions about the strength of materials. 

5. The system stiffness matrix. 

6. Computer graphics in the sampling area. 

7. Model of elastic-plastic medium. 

8. Deformation model of elastic-plastic medium. 

9.  Justification of the procedure for solving problems, taking into account the 

transcendental properties of rocks. The initial stress method. 

10. Implementation of the elastic-plastic model of the medium using the finite element 

method on a PC. 

11. The overall structure of the program for the PC. 

12.  The problem of the distribution of stresses around a round hole. 

13. The classic task Galina. 

14. Stress-strain state of the rock mass around the circular production, taking into 

account the dilatation effect. 

15. The problem of loading production in an arbitrarily dilating medium. 

 

Theory of filtration – 3 Credits 

 

Prerequisites: Differential Equations, Fluid mechanics. 

Postrequisite: Computational Fluid Dynamics. 

As a result of studying the discipline, the students will be able to: 

 demonstrate knowledge in the field of filtration theory (basic concepts, theoretical 

foundations), research methods (analytical, numerical, experimental) filtering 

problems; 

 formulate (explain) the physical formulation of the filtering problem; 

 build a mathematical model (basic equations and initial, boundary conditions) 

filtration flow of the fluid; 

 analyze the method of investigating the filtering problem, identify the main 

parameters determining the behavior of phenomena; 



 solve problems of filtration of incompressible fluid in porous media and soils by 

modern methods of research; 

 evaluate the results and draw reasonable conclusions. 

 

Studying topics: 

1. Basic concepts of the theory of filtration. Porosity. Absolute porosity. Effective 

porosity. 

2. Permeability coefficient. Relative permeability 

3. Fictitious soil. Schlichter formula. 

4. Equation of motion of a homogeneous fluid. Experimental law Darcy. Rectilinear-

parallel motion of an incompressible fluid. Inflow to the drainage gallery. 

5. Flat radial movement of incompressible fluid. Inflow to the perfect well. 

6. Dupuis Formula. Radial-spherical motion of incompressible fluid according to 

Darcy's law. 

7. Limits of applicability of the Darcy law. 

8. Nonlinear filtration laws. Forchheimer's equation. Isotropic environment. 

Anisotropic environment. 

9. Movement of fluid in the reservoir with non-uniform permeability. The average 

coefficient of permeability. Initial and boundary conditions. 

10. Steady filtration of compressible fluid and gas. The analogy between steady-state 

filtration of compressible and incompressible fluid. 

11. Leibenzon function. Unsteady filtration of an elastic fluid in an elastic porous 

medium. 

12. Display method. Flow of immiscible liquids. 

13. Interfacial tension. Capillary pressure. Wettability 

14. Hydrodynamic dispersion. Molecular diffusion. Movement of the interface 

between two liquids in a porous medium. Oil displacement by water. 

15. Biphasic flow. The theory of Buckley-Leverett. 

 

Control theory and Orbital Mechanics module – 6 Credits 

 

Upon successful completion of this module students will be able to: 

1.  describe the main categories, definitions and concepts of control theory; 

2.  apply the obtaned knowledge to solve the problems of controlling the motion of 

mechanical systems; 

3.  demonstrate the skills to solve the simplest optimization problems of theoretical 

and applied mechanics; 

4.  demonstrate knowledge of the basic laws and concepts of orbital mechanics; 

5.  formulate and solve problems of orbital mechanics, in particular, the determination 

of the trajectory and transition pulses for space flight; 

6. determine the main characteristics of the motion of a space flight (undisturbed and 

disturbed motion, types of orbits, orbit parameters, flight time, orbital transition 

maneuvers and forecasting methods). 
 

As a result of studying the module, students will be able to: 



A3. demonstrate basic knowledge in the field of theoretical and orbital mechanics, 

deformable solid mechanics, fluid mechanics, machine mechanics and robotic systems; 

theoretical and experimental methods for studying problems of mechanics; 

B3. apply the obtained knowledge to solve scientific and applied problems in the field 

of modern mechanics; 

B4. conduct a review of the literature on selected topics; solve the problem; to 

summarize the results of research and analytical work in the form of a thesis, to report 

on student scientific conferences to participate in research projects; 

C2. compare the results of the study with other solutions, implement the visualization 

of the results and analyze them; 

C3. realize the need to form new competencies; determine the directions of further 

personal and professional development, to be capable of self-education and self-

development; 

 

Control theory – 3 Credits 

 

Prerequisites: Differential Equations, Dynamic Systems, Algebra and Analytical 

Geometry. 

Postrequisite: Robotic System Control. 

As a result of studying the discipline, the students will be able to: 

 demonstrate knowledge of the basic concepts of the theory of process control in 

nature, society and technology; 

 describe the fundamental principles and time-frequency characteristics of system 

management; 

 reveal the basic principles of feedback control and optimal control; 

 determine the transfer function, time and frequency characteristics of the control 

system; 

 apply skills in solving problems of optimal process control, methods of classical 

calculus of variations and using the maximum principle; 

 assess the sustainability and quality of the control system; 

 apply the method of the location of the roots in the design of real systems; 

 interpret and apply control system block diagrams and design PID controllers. 

 

Studying topics: 

1. Introduction to feedback and control. Introduction to control technology. 

2. System modeling. ODE for control modeling. 

3. Stability and performance. Lyapunov stability and second order systems.  

4. Linear systems. Analysis of linear systems; discrete time systems. 

5. Controllability and Observability. State feedback; observers and estimators.  

6. Transfer functions. Bode plots and performance specification.  

7. Loop analysis of feedback systems. Nyquist analysis, second order systems, time 

delay.  

8. General properties of solutions PID control and root locus. Root locus analysis, 

performance limits.  



9. Uncertainty analysis. Motion control systems.  

10. Introduction to Optimal Control.  

11. Method of classical calculus of variations. Lagrange method of multipliers.  

12. Pontryagin's principle of maximum: Mayer problem and Boltzs problem.   

13. The problem of optimal quick action.  

14. The Dynamic programming method. Bellman's equations and its properties. 

 

Orbital Mechanics – 3 Credits 

 

Prerequisites: Differential Equations, Algebra and Analytical Geometry,Mechanics. 

Postrequisite: Celestial mechanics, Ballistics. 

As a result of studying the discipline, students will be able to: 

- determine the coordinates and speeds; 

- classify the types of orbits; 

- apply the integrals of the equations of motion in cosmodynamic applications; 

- analyze basic concepts and apply them to complex systems; 

- assess the various applied problems of space dynamics. 

 

Studying topics: 

1. The subject of orbital mechanics. Basic concepts of Tycho Brahe observation. 

Kepler laws and Newton laws. The N-bodies problem and its particular case. 

2. The problem of one fixed center and its integrals. Energy integral. 

3. The areas integral, the Laplace integral. Trajectory determination in the two-body 

problem.  

4. The two connections between first integrals of the two-body problem. The Kepler 

equation. 

5. The equation of motion of the two-body problem in polar reference frames. The 

Binet equation and its solution.  

6. The elliptical, parabolic and hyperbolic orbits. Finite and infinite orbits.  

7. The definition of coordinate and velocity in elliptical motion. The six orbit 

elements.  

8. The definition of coordinate and velocity in parabolic motion. The six orbit 

elements.  

9. The definition of coordinate and velocity in hyperbolic motion. The six orbit 

elements.  

10. Integration of motion equation of the two-body problem by Hamilton-Jacobi 

method. The Jacobi and Delaunay elements.  

11.  The classical three-body problem and its particular solution.  

12. The classical restricted three-body problem and its particular solution. Libration 

points.  

13.  The classical circular restricted three-body problem and its particular solution. 

Jacobi integral. The Hill surface.   

14.  The two fixed centers problem and its solution.  

15.  The generalized two fixed centers problem and its solution. 

 



Hamiltonian Mechanics and Robotic System Control module – 6 Credits 

 

Upon successful completion of this module students will be able to: 

1. use initial transformations for the solution of simple problems of non-linear 

fluctuations; to carry out necessary mathematical manipulations; 

2. find isentropic invariants in simple one-dimensional systems, to use the equations 

of Lagrangian and Hamilton mechanics for concrete physical situations. 

3. apply the methods of Hamiltonian mechanics to study the disturbed motion of 

mechanical systems and celestial bodies; 

4. demonstrate knowledge in the field of modern information technologies in 

mechanics, control of robotic systems and manipulators; 

5. provide effective autonomous control for the movement of the robot using 

software; 

6. control the robotic systems and manipulators: determine the working space of the 

robot, plan the trajectory of the robot. 

 

As a result of studying the module, students will be able to: 

A3. demonstrate basic knowledge in the field of theoretical and orbital mechanics, 

deformable solid mechanics, fluid mechanics, machine mechanics and robotic systems; 

theoretical and experimental methods for studying problems of mechanics; 

B2. own a mathematical culture, computer literacy, the basics of programming, modern 

directions of development of mechanics; 

B3. apply the obtained knowledge to solve scientific and applied problems in the field 

of modern mechanics; 

B4. conduct a review of the literature on selected topics; solve the problem; to 

summarize the results of research and analytical work in the form of a thesis, to report 

on student scientific conferences to participate in research projects; 

C2. compare the results of the study with other solutions, implement the visualization 

of the results and analyze them; 

C3. realize the need to form new competencies; determine the directions of further 

personal and professional development, to be capable of self-education and self-

development; 

 

Hamiltonian mechanics – 3 Credits 

 

Prerequisites: Mechanics, Dynamics of a solid body. 

Postrequisite: Celestial mechanics, Perturbation Methods. 

As a result of studying the discipline, the students will be able to: 

 demonstrate knowledge of the main theorems and methods of Hamiltonian 

mechanics; 

 build and solve Hamilton's equations; 

 calculate the generating functions of canonical transformations; 

 classify canonical transformations; 

 formulate the main criteria for the canonicity of transformations; 



 draw conclusions based on the obtained solutions of equations and transformations. 

 

Studying topics: 

1. Poisson brackets. Properties of Poisson brackets. Poisson's identity. Lagrange 

brackets. Properties of Lagrange brackets. Dependencies between Poisson and 

Lagrange brackets. 

2. Lagrange function. Lagrange equations of the second kind. Properties of the 

Lagrange function. 

3. Legendre Transformation. Hamilton function. Hamilton's equations. Properties of 

the Hamilton function. First integrals of Hamilton equations. Jacobi-Poisson 

theorem. 

4. The vector-matrix form of the Hamilton equations. Jacobi Matrix. Structural matrix 

and its properties. 

5. Canonical transformations. Free and non-free canonical transformations. Valence 

of canonical transformation. Univalent transformation. Theorem of two 

consecutive canonical transformations. Theorem on the inverse canonical 

transformation. The main criteria for the canonicity of the transformation (through 

the Lagrange and Poisson matrices). 

6. Criteria for the canonicity of the transformation through the Poisson and Lagrange 

brackets. 

7. Generating function. Types of generating functions. A criterion for the canonicity 

of a transformation in terms of generating functions. Formulas of canonical 

transformations carried out by generating functions of different types. 

8. Covariance of Hamilton's equations. Additional lemmas. 

9. Configuration space. Phase space. Phase flow Liouville theorem on the 

preservation of phase space. 

10. Integrability of Hamiltonian systems. Jacobi method. Hamilton-Jacobi equation. 

The complete integral of the Hamilton-Jacobi equation. Hamilton-Jacobi theorem. 

11. Fully integrable systems. Liouville theorem on integrability of a Hamiltonian 

system in quadratures. 

12. The use of first integrals in the problems of integrating the equations of motion. 

Cyclic first integrals. Lowering the order of the Hamiltonian system of equations 

with cyclic integrals. Whittaker equations. 

13. The method of separation of variables. The method of separation of variables in the 

presence of cyclic coordinates. The method of separation of variables in the case 

where the Hamilton function does not explicitly depend on time. 

14. The initial and final position of the mechanical system. Straight way. Roundabout. 

Tube straight paths. Integral invariant of Cartan-Poincaré. 

15. Hamilton action. Hamilton-Ostrogradsky principle. Emmy Noether theorem. 

 

Robotic System Control – 3 Credits 

 

Prerequisites: Algebra and analytical geometry, Differential equations, Mechanics of 

robots, Control theory. 

Postrequisite: Mechatronics, Design and control of robots, Computer control of robots. 



As a result of studying the discipline, the students will be able to: 

 demonstrate knowledge of the nature, methods of application, advantages and 

disadvantages of various methods of control of robotic systems; 

 choose different methods of control of robotic systems for solving one or another 

practical research task; 

 evaluate various methods of control of robotic systems, about the possibilities and 

prospects of these methods; 

 solve the problems of planning trajectories, dynamics and control of robotic 

systems; 

 analyze the results and draw reasonable conclusions. 

 

Studying topics: 

1. Basic terms of control theory. Classification of automatic control systems (ACS) 

in accordance with the nature of internal dynamic processes. The equation of 

dynamics. Linearization. 

2. The integral Laplace transform. Transfer functions Structuring models of dynamic 

systems. Algebra of structural transformations. Typical dynamic links. 

3. Deterministic typical perturbations (impacts) and the system response to them. 

Frequency response. 

4. Typical dynamic links and their characteristics. The concept of sustainability. 

Resistance according to A.M. Lyapunov. Theorems A.M. Lyapunov on stability in 

the first approximation. 

5. Algebraic stability criteria. Frequency stability criteria. 

6. Assessment of the quality of regulation. 

7. Synthesis of linear automatic control systems. 

8. Laws of regulation. The concepts of controllability and observability. 

9. Planning manipulator trajectories. 

10. Control of industrial robot manipulators. Control of the Puma manipulator. 

11. Method of calculating the control points: Equivalent scheme of a DC motor with 

control in the armature circuit. The expression for the moment developed by the 

output shaft of the engine. Determination of the transfer function (from the 

armature voltage to the angular displacement of the motor shaft) of a single joint 

of the manipulator. 

12. Positioning device for one joint of the manipulator. 

13. Criteria of efficiency and sustainability. Control device of multi-joint robot. 

14. Independent software motion control. 

15. Adaptive management. 

 

Computational fluid dynamics and Experimental hydrodynamics module – 6 

Credits 

 

Upon successful completion of this module students will be able to: 



1.  demonstrate knowledge in the field of computational and experimental 

hydrodynamics (basic equations, fundamental concepts and modern methods of 

calculation); 

2. formulate (explain) the physical formulation of problems of hydrodynamics; 

3. construct a mathematical model (basic equations, initial, boundary conditions) of 

the problem of hydrodynamics; 

4. choose a method (numerical, experimental) for research of problems of 

hydrodynamics, to substantiate the choice of the approach of numerical simulation 

of problems of hydromechanics; 

5. check the obtained theoretical knowledge on the mechanics of liquid and gas, by 

means of (numerical or laboratory) experimental research; 

6. analyze and compare the obtained numerical and experimental results and make 

reasoned conclusions. 
 

As a result of studying the module, students will be able to: 

A3. demonstrate basic knowledge in the field of theoretical and orbital mechanics, 

deformable solid mechanics, fluid mechanics, machine mechanics and robotic 

systems; theoretical and experimental methods for studying problems of mechanics; 

B2. own a mathematical culture, computer literacy, the basics of programming, 

modern directions of development of mechanics; 

B4. conduct a review of the literature on selected topics; solve the problem; to 

summarize the results of research and analytical work in the form of a thesis, to report 

on student scientific conferences to participate in research projects; 

B5. conduct laboratory and numerical experiments, evaluate the accuracy and 

reliability of simulation results; 

C2. compare the results of the study with other solutions, implement the visualization 

of the results and analyze them; 

C3. realize the need to form new competencies; determine the directions of further 

personal and professional development, to be capable of self-education and self-

development; 

 

Computational fluid dynamics – 3 Credits 

 

Prerequisites: Computational mechanics. 

Postrequisite: Computational gas dynamics. 

As a result of studying the discipline, the students will be able to: 

- achieve good understanding of basic concepts and to be able to apply these 

concepts to a variety of situations; 

- know the theory of numerical modeling of incompressible fluid flow; 

- solve different problems on fluid dynamics with heat and mass transfer; 

- estimate the correctness of numerical modeling of incompressible fluid flow; 

- investigate complex processes of fluid flow which arises in different branches of 

technics and science;   

- apply the knowledge of numerical modeling of incompressible fluid flow in 

different branches of technics and science. 



 

Studying topics: 

1. Experimental, theoretical and numerical methods to solve the problems of fluid 

dynamics. Navier-Stokes equations for incompressible flow. Boundary conditions. 

Finite Difference Method. 

2. Couette flow. Derivation of the equation for Couette flow. Parabolic type partial 

differential equations, steady and non-steady state cases. 

3. Diffusion and conduction. 

4. Stationary flow in a tube. Poiseuille flow. Elliptic type partial differential 

equations. 

5. Stationary flow in a tube with complex cross-section. 

6. 1D convective flow with constant and non-constant velocity cases. Hyperbolic type 

partial differential equations. Inviscid Burgers equation, conservative and transport 

properties. Burgers equation with viscosity term, stationary and non-stationary 

cases. Grid Reynolds number. Monotone schemes. 

7. Fluid flow in a system of networks.  

8. 2D Navier-Stokes equation using the variables of the stream function and vorticity. 

Flow in the cavity. 

9. 2D Navier-Stokes equation using the variables of the stream function and vorticity. 

Flow in the cavity. Pressure calculation. 

10. 2D Navier-Stokes equations in velocity-pressure variables. Flow in the cavity.  

11.  2D Navier-Stokes equation using velocity-pressure variables on staggered grid. 

12. 2D Navier-Stokes equation using velocity-pressure variables on staggered grid. 

External flows, boundary conditions. 

13.  2D Navier-Stokes equation using velocity-pressure variables on staggered grid. 

Flow in complex domain. 

14.  Flow in complex domain with heat (or mass) transfer. 

15. Numerical optimization of linear systems with discrete parameters. Sequential 

Linear Programming. Sequential Quadratic Programming. The Method of Moving 

Asymptotes. Sensitivity Analysis. Numerical optimization of linear systems with 

distributed parameters. 

 

Experimental hydrodynamics – 3 Credits 

 

Prerequisites: Differential equations, Fluid mechanics. 

Postrequisite: Fluid dynamics, Computational flied Dynamics. 

As a result of studying the discipline, the students will be able to: 

 conduct experimental studies on various installations; 

 analyze the experimental data, draw conclusions; 

 establish the pattern between the physical parameters of the flow of a liquid or gas; 

 compare the obtained experimental results with the available analytical and / or 

computer solutions of the problem; 

 apply the theory of dimensions and similarity when modeling hydrodynamic 

processes; 



 put into practice the obtained theoretical knowledge of fluid and gas mechanics when 

solving specific problems. 

 

Studying topics: 

1. Basic concepts of hydrostatics. Liquid devices.  

2. Experimental data processing.  

3. Hydrodynamics. Basic equations.  

4. Static pressure. Total pressure. Pitot tube. Prandtl tube. Methods of pressure 

measurement.  

5. Flow in a channel. The Bernoulli theorem.  

6. Pressure loss along a tube. Local hydraulic resistance. 

7. Flow pattern.Reynolds number.  

8. Flow in an open channel. Sluice gate.  

9. Subcritical, critical, and supercritical flow.  

10. Types of Weirs, Dams. Hydraulic jump.  

11. Methods of determination of Flowrate of fluid and gas. Flowmeter. Flow 

visualization.  

12. Wind tunnels and their types. Modeling of Flow in wind tunnel. Similarity and 

similarity parameters.  

13. Measurement of gas temperature.  

14. Stagnation point, stagnation parameters.  

15. Thermocouple. 
 

Robot Mechanics and Digital design module – 6 Credits 

 

Upon successful completion of this module students will be able to: 

1. demonstrate knowledge of the classification of the structure of manipulators; 

2. carry out the kinematic and dynamic analysis of manipulators by analytical 

methods;  

3. demonstrate knowledge in the design of integrated circuits; 

4. fulfill the requirements of the technical specifications for the design of digital 

devices; 

5. use the tools and methods of computer-aided design in the development of digital 

devices; 

6. carry out measurements of the parameters of the designed devices and determine 

the reliability indicators; 

7. conduct experimental studies; 

8. develop circuits of digital devices based on integrated circuits of different degree 

of integration. 
 

As a result of studying the module, students will be able to: 

A2. demonstrate knowledge of the basic concepts and laws of physics, chemistry; 

A3. demonstrate basic knowledge in the field of theoretical and orbital mechanics, 

deformable solid mechanics, fluid mechanics, machine mechanics and robotic systems; 

theoretical and experimental methods for studying problems of mechanics; 



B2. own a mathematical culture, computer literacy, the basics of programming, modern 

directions of development of mechanics; 

B3. apply the obtained knowledge to solve scientific and applied problems in the field 

of modern mechanics; 

B4. conduct a review of the literature on selected topics; solve the problem; to 

summarize the results of research and analytical work in the form of a thesis, to report 

on student scientific conferences to participate in research projects; 

C2. compare the results of the study with other solutions, implement the visualization 

of the results and analyze them; 

C3. realize the need to form new competencies; determine the directions of further 

personal and professional development, to be capable of self-education and self-

development; 

 

Digital design – 3 Credits 

 

Prerequisites: Fundamentals of combinational and sequential digital logic. 

Postrequisite: Digital design 2. 

 demonstrate knowledge in the field of mathematical modeling; 

 make a review and set tasks; 

 apply in the practice of technology optimization; 

 analyze the solutions found for the tasks and draw conclusions or some 

recommendations. 

 

Studying topics: 

1. Introduction to Digital Design. 

2. Generic-Width Behavioral ALU. 

3. Ripple-Carry and Carry-Lookahead Adders. 

4. Secuential Logic and Finite State Machines. 

5. Finite State Machines + Datapaths (GCD Calculator). 

6. VGA Interface. 

7. Logic chips. 

8. Logic functions, logical equivalence. 

9. Boolean algebra. 

10. Algebraic manipulation, Karnaugh map method. 

11. Multiplexers. 

12. Demultiplexers. 

13. Comparator. 

14. Adders. 

15. Programmable logic arrays. 

 

Robot Mechanics – 3 Credits 

 

Prerequisites: Mechanics, Calculus 1, Calculus 2, Calculus 3. 

Postrequisite: No. 

Upon successful completion of this course, students will be able to: 



 systematize the kinematic pairs, the structure of mechanisms and determine the 

number of degrees of freedom of mechanisms and manipulators; 

 classify the structures of manipulators and to reproduce the structural synthesis of 

single-circuit multi-movable manipulators; 

 develop mathematical models of manipulator kinematics problems using 

homogeneous vectors and matrices; 

 calculate direct and inverse kinematics problems of manipulators; 

 formulate direct and inverse problems of dynamics according to the equations of 

motion of the Lagrange manipulators of Euler; 

 evaluate direct and inverse problems of dynamics for an open kinematic chain. 

 

Studying topics: 

1. Introduction. Fundamental concepts and definitions.Tasks of the analysis of the 

structure of mechanisms. Classification of kinematic pairs. 

2. Kinematic chain. Classification of mechanisms. Schemes of the structure of 

mechanisms. The number of degrees of freedom of the mechanism. Structural 

formulas. 

3. Analysis of the structure of manipulators. Synthesis of single-loop multi-movable 

manipulators. 

4. Kinematics of manipulators. The direct kinematics problem. Rotation matrices. 

Composite rotation matrix. 

5. Rotation matrix about an arbitrary axis. Rotation matrix with Euler angles 

representation. Geometric interpretation of rotation matrices. 

6. Homogeneous coordinates and transformation matrix. Geometric interpretation of 

homogeneous transformation matrices. Composite homogeneous transformation 

matrix. 

7. The Denavit-Hartenberg representation.Kinematic equations for manipulators. 

Other specifications of the location of the end-effector. 

8. The inverse kinematics problem.Inverse transform technique. A geometric 

approach. 

9. The matrix method of determining the velocities of points of links using 

homogeneous transformation matrices. The matrix method of determining the 

accelerations of points of links using homogeneous transformation matrices. 

10. Introduction to dynamics of manipulators.Lagrange–Euler formulation. 

11. Joint velocities of a robot manipulator.Kinetic energy of a robot manipulator. 

Potential energy of a robot manipulator. 

12.  Motion equations of a manipulator. Motion equations of a robot arm with rotary 

joints. 

13.  Rotating coordinate systems.Moving coordinate systems. 

14. Kinematics of the links.Recursire equations of motion for manipulators. 

15. Recursive equations of motion of a link about its own coordinate 

frame.Computational algorithm of the Newton-Euler approach. 

 

ADDITIONAL TYPES OF TRAINING(ATT) – 20 Credits 



 

OBLIGATORY COMPONENT (OC) 

 

Physical Training Module – 8 Credits 

 

Upon successful completion of this module students will be able to: 

1. use in life practical skills that ensure the preservation and strengthening of health, 

development and improvement of psychophysical abilities and qualities; 

2. independently maintain and develop the basic physical qualities in the process of 

exercising; 

3. use methods and means of physical training to ensure full social and professional 

activities; 

4. access the current state of physical culture and sports in the world; 

5. adhere to a healthy lifestyle; 

6.  self-organization and self-education in the formation of a healthy lifestyle. 

 

As a result of studying the module, student will be able to: 

С3. realize the need to form new competencies; determine the directions of further 

personal and professional development, to be capable of self-education and self-

development; 

D1. use in life practical skills and abilities that ensure the preservation and 

strengthening of health, development and improvement of psychophysical abilities and 

qualities. 
 

Professional practice module – 12 Credits 
 

Upon successful completion of this module, students will be able to: 

1. work with the empirical base of research in accordance with the chosen topic of the 

thesis (drawing up the program and plan of the research, setting and formulating 

the tasks, determining the object and subject of the research, choosing the 

methodological basis of the research, studying the methods of data collection and 

analysis); 

2. work with bibliographic references, with domestic and foreign electronic 

databases; 

3. select and put into practice modern computer equipment, communications and 

communications; 

4. analyze the engineering problems of design, development and support of 

automation and control systems; 

5. develop teaching materials, conduct training sessions on academic disciplines 

(lectures, seminars, practical and laboratory classes); 

6. perform labor operations in the framework of the functional responsibilities of 

employees. 

Professional competencies: 

- possession of the main aspects of mechanical terminology, nomenclature and 

professional activity; 



- knowledge and understanding of the nature of the basic physical processes 

occurring in mechanical systems, in their close interaction with the environment; 

- knowledge of the main devices; possession of methods for the production and 

processing of observations; 

- organize a network of observations; monitor the quality of the network; 

- knowledge of basic calculation methods; the fundamentals of quantification; the 

influence of factors of a different nature on the mechanical system; 

- collect and submit the necessary information; 

- use existing projects as information support for scientific research; perform 

automated calculations; 

- the ability to formulate and practically solve mathematical problems, to freely 

navigate in the literature on mathematical methods and information technologies 

for professional purposes that meet modern requirements; 
 

As a result of studying the module, a students will be able to: 

B3. apply the obtained knowledge to solve scientific and applied problems in the field 

of modern mechanics; 

B4. conduct a review of the literature on selected topics; solve the problem; to 

summarize the results of research and analytical work in the form of a thesis, to report 

on student scientific conferences to participate in research projects; 

B5. conduct laboratory and numerical experiments, evaluate the accuracy and 

reliability of simulation results; 

C1. analyze the choice of the mathematical model and justify the choice of the method 

for solving the problem of Mechanics (analytical, numerical, laboratory experiment); 

C2. compare the results of the study with other solutions, implement the visualization 

of the results and analyze them; 

C3. realize the need to form new competencies; determine the directions of further 

personal and professional development, to be capable of self-education and self-

development; 

D1. use in life practical skills and abilities that ensure the preservation and 

strengthening of health, development and improvement of psychophysical abilities 

and qualities. 
 

Educational Internship – 2 Credits 
 

The purpose of the practice is to consolidate theoretical knowledge and deepen 

practical skills in conducting research, processing measurement data and organizing 

observations of the mechanical characteristics of systems. 

As a result of the internship, students will be able to: 

- consolidate and expand the practical and theoretical knowledge gained during the 

course; 
- use the applied measurement and calculation methods, including application of the 

well-known mathematical software packages; 
- work with the training stands and devices; 



- independently perform small-scale research, assess the accuracy of the results 

obtained. 
 

Place of practice: 

Laboratories of the university. 

 

Practice Training – 5(8) Credits 

 

The purpose of the practice is familiarity with the production activities of a technical 

organization, consolidation of the theoretical knowledge and deepen practical skills in 

conducting research, collection of the necessary materials for the thesis 

implementation, conduct of research, acquiring skills of independent work. 

As a result of the internship, students will be able to: 

- apply the practical and theoretical knowledge obtained earlier in the university; 

- perform research independently; 

- apply the stydied methods of research and experimental work; 

- work with equipment and devices and in various industrial sectors; 

- evaluate the accuracy of the obtained results; 

- working out safety issues. 
 

Place of practice: 

Research institutes, centers, laboratories, industrial enterprises, industrial 

organizations, plants. 
 

Pedagogical Training – 3 Credits 
 

The purpose of the training is to consolidate theoretical knowledge and deepen 

practical skills in the specialty, to acquire skills for organizing various types of classes, 

to master the methodology for preparing educational documentation and methods for 

organizing educational work with students. 

As a result of the training, students will be able to: 

- apply the practical and theoretical knowledge obtained earlier; 

- organize various types of classes in subjects of the natural-technical cycle; 

- independently prepare educational documentation; 

- carry out educational work with students. 

 

Place of practice: 

High schools, secondary special schools, specialized colleges. 

 

Pre-Graduation Internship – 2 Credits 
 

The purpose of pre-diploma practice - the formation and development of professional 

knowledge in the specialty, the study of well-known assessment methods. 

As a result of the internship, students will be able to: 

- understand the scientific and practical significance of the research; 



- conduct the theoretical and/or experimental research in the framework of the 

chosen topic of thesis; 

- analyse and process the obtained experimental data; 

- apply information technologies in scientific research, software products related to 

the field of mechanics; 

- interpret the results of the study and evaluate them; 

- formulate the conclusions and prepare the presentations of research results. 

 

Undergraduate practice is carried out in the form of a real graduation project 

carried out by a student within the framework of the approved topic of the thesis, taking 

into account the interests and capabilities of the units in which it is conducted. 

 

Place of practice: 

Laboratories of the university. 

 

FINAL ATTESTATION 

 

State exam in the specialty – 1 credit 

Writing and Presentation of Diploma Work (Project) – credits 

 

  



SUGGESTED METHODS FOR EVALUATING THE ACHIEVED RESULTS  

Methods for evaluating the achieved results play an important role in motivating 

students, stimulating them in obtaining high-quality knowledge, helping to form 

acquired abilities and improve their professional skills. Currently, there are many 

innovative methods of assessing the results used by the teacher, depending on the 

discipline and type of control (current or final):  

1) oral survey: interview, colloquium, exam; 

2) written work: test, essay, abstract, laboratory and settlement and graphic work; 

3) control with the help of technical means and information systems: computer testing 

programs, complex situational tasks; virtual laboratory work, exam testing, 

educational tasks on specialized programs; 

4) innovative assessment tools: case-method, portfolio, business (role-playing) game, 

debate, discussion, project method, incident method, method of successive 

situations, etc. 



 

 

 

 

 

 

 

 

 

 

 

CATALOG OF ELECTIVE DISCIPLINES 

 

 

  



 

GENERAL EDUCATION DISCIPLINES (GED) 

OBLIGATORY COMPONENT (OC) 

Social and humanitarian module – 6 credits 

СodeSIK 1101 Modern history of Kazakhstan (State Examination) 

Prerequisite no Postrequisite No 

Credits 3 Semesters 1 

Aim оf discipline Give objective knowledge about the origins, basic stages and features of historical events in the territory of 

the Great Steppe. To direct students attention to the problems of formation and development of the state 

independence of Kazakhstan, spiritual culture, continuity of ethnogenesis. 

As a result of studying the discipline, the student will be able to: 

- - systematize the conceptual foundations of the study of modern history of Kazakhstan; 

- - compare the ideas of continuity and continuity of historical and cultural development, the deep roots 

of the spiritual heritage of Kazakhstan; 

- - reveal the significance of the formation of historical consciousness and ideological principles in 

accordance with national priorities; 

- - classify historical sources reflecting the features of the modern history of Kazakhstan; 

- - identify the historical patterns of the development of society, paying attention to the study of 

historical originality; 

- - master the techniques of historical description and analysis of the causes and consequences of the 

events of the modern history of Kazakhstan; 

- - predict possible solutions to contemporary problems based on an analysis of the historical past and 

reasoned information; 

- - argue the features and significance of the modern Kazakhstan model of development; 

- - explain the importance of education of patriotism, in the spirit of democratic values of modern 

society on the example of the vital activity of historical personalities. 

Abstract оf 

discipline 

During the study of the discipline students will learn following aspects: 



- important and meaning full historical events at the beginning of the ХХ century: Liberation 

movements on the way to the construction of a national state. The origins, continuity and the evolution of 

Kazakh statehood. Historical origin of the formation of the Soviet Kazakhstan. The struggle for 

independency in Kazakhstan at the beginning of the XX century. Alash movement and its leaders. Formation 

and modernization of soviet Kazakhstan;  

- formation and development of independent Kazakhstan: formation of the state structure. Kazakhstan 

model if the economic development. Ethnodemographic process  and strengthening of interethnic harmony. 

The activity and role of the first president of the Republic of Kazakhstan N.A. Nazarbayev in the creating 

and establishment of Independent Kazakhstan. Policy of forming a new historical consciousness and world 

outlook of the people of the great steppe. Strategy «Kazakhstan-2050» - determining the way of 

democratization of public and political life and renewal. Kazakhstan and world community. Continuity 

«Kazakh Nation» with the states on the territory on the «Great Steppe». 25-years of Kazakhstan 

Independency. National idea «Eternal Country - Mangilik el» - the basis of consolidation of the Kazakh 

society. 

СodeFil 1102 Philosophy 

Prerequisites no Postrequisites no 

Credits 3 Semesters 3 

Aim оf discipline The study of the cognitive function of philosophy in the context of the development of world science; 

consideration of the main trends shaping the philosophical and scientific rationality; an analysis in the light 

of the philosophy of modern interpretations of the unity of the world, the relationship of its structural levels 

and spheres of existence and development; the development of conceptual thinking culture, scientific 

approach to the problems of the specialty. 

As a result of studying the discipline, the student will be able to: 

- describe the main content of ontology and metaphysics in the context of the historical development 

of philosophy; 

- explain the specifics of the philosophical understanding of reality; 

- justify the worldview as a product of philosophical reflection and study of the natural and social 

world; 

- classify the methods of scientific and philosophical knowledge of the world; 



- interpret the content and specific features of the mythological, religious and scientific worldview; 

- substantiate the role and importance of key ideological concepts as values of the social and personal 

being of a person in the modern world; 

- analyze the philosophical aspect of media texts, socio-cultural and personal situations to substantiate 

and make ethical decisions; 

- formulate and correctly argue their own moral position in relation to the actual problems of modern 

global society; 

- carry out the research, which is relevant to identify the philosophical content of problems in the 

professional field and present the results for discussion. 

Abstract оf 

discipline 

During the study of the discipline students will learn following aspects: 

- how studying philosophy can help students to enhance their problem-solving capacities, ability to 

organize ideas and issues, and ability to distinguish what is essential from what is not; 

- how to look at things from a variety of perspectives, to understand different viewpoints, and to 

discover common ground among them; 

- how to critically examine their own views as well as those of others; 

- how to develop the ability to understand and explain difficult material; 

- how to distinguish good reasoning from attempts to manipulate opinions, to construct sound complex 

arguments, and to evaluate others’ reasoning; 

- how to develop good interpretive, comparative, argumentative, analytical, and descriptive speaking 

and writing skills that will allow them to communicate their ideas in a clear and powerful way. 

Instrumental module – 15 credits 

СodeSIK 1101 Foreignlanguage 

Prerequisites No Postrequisites Professionally-oriented Foreign Language 

Credits 6 Semesters 1, 2 

Aim оf discipline To form and develop students' skills in reading, speaking, listening, and writing in a foreign language as a 

part of the university program, as well as knowledge of the phonetic, spelling, vocabulary, and grammar 

rules to learn foreign languages. 

Phonetics: the pronunciation and intonation, rhythmic characteristics of a foreign language, reception and 

reproduction of the sound of speech systems. 



Spelling: sound-letter language system, basic spelling rules. 

Vocabulary: word-formation models; lexical minimum volume of 2,500 units of the base language and the 

terms corresponding to the profile of the specialty. 

As a result of studying the discipline, the student will be able to: 

- reproduce orthoepic, spelling, stylistic norms of Russian / Kazakh / foreign languages; 

- use the features of professional oral and written scientific speech; 

- apply the technology of interpretation and analysis of the texts of scientific literature in the specialty; 

- have an idea of the role and importance of information and information technology in the 

development of modern society and the economy of knowledge in the English language; 

- practice the main methods, methods and means of obtaining, storing, processing information; 

- have computer skills as an information management tool; 

- build work with information in the global computer networks and corporate computer systems in 

English; 

- сompetently use linguistic and cultural linguistic knowledge for communication in a multilingual 

and multicultural society of the Republic of Kazakhstan and in the international arena. 

Abstract оf 

discipline 

During the study of the discipline students will learn following aspects: 

- read short texts with a dictionary and without a dictionary, to find the specified information to 

understand the content of reading(reading); 

- write a personal letter to a friend via email, dictation, fill in the form, the description of a friend, write 

a postcard(writing);  

- translate text from a foreign language at home with the use of a dictionary in accordance with the 

rules of the target language(translation); 

- understand summary record and statements of a foreign language within the studied 

subjects(listening); 

- express their thoughts and to speak in a foreign language, respectively, speech language standards, 

ask questions and answer them, hold a conversation in a foreign language in the volume of the studied 

subjects, consuming adequate communication cues to convey the contents read, heard(speaking). 

СodeK(R)Ya 1104 Kazakh (russian) language 

Prerequisites no Postrequisites Professional Kazakh (Russian) language. 



Credits 6 Semesters 1, 2 

Aim оf discipline Development and improvement of skills and methods of effective speech interaction in various situations 

of communication, formation of grammatical skills and knowledge. Implementation of the main objectives 

of speech models and relative types at various levels of training of a state language. 

As a result of studying the discipline, the student will be able to: 

- to make the right choice and use of language and speech means on the basis of knowledge of a 

sufficient amount of vocabulary, system of grammatical knowledge, pragmatic means of expressing 

intentions; 

- transfer the factual content of texts, formulate their conceptual information, describe output 

knowledge (pragmatic focus) of the entire text, as well as of its individual structural elements; 

- interpret the information of the text, explain in the volume of certification requirements the style 

and genre specificity of the texts of the socio-cultural, socio-political, official business and professional 

areas of communication; 

- request and report information in accordance with the situation of communication, evaluate actions 

and actions of participants, use information as a tool to influence an interlocutor in situations of knowledge 

and communication in accordance with certification requirements; 

- to build programs of speech behavior in situations of personal, social and professional 

communication in accordance with the norms of language, culture, the specifics of the sphere of 

communication, certification requirements; 

- to discuss ethical, cultural, socially significant problems in the discussions, to express their point of 

view, to defend it reasonably, to critically evaluate the opinion of interlocutors; 

- participate in communication in various situations of different areas of communication in order to 

realize their own intentions and needs (everyday, educational, social, cultural), declaring about them 

ethically correctly, meaningfully complete, lexico-grammatically and pragmatically adequate to the 

situation; 

- compile household, socio-cultural, and official business texts in accordance with generally accepted 

standards and functional orientation, using adequate lexical-grammatical and pragmatic material of a certain 

certification level, which is adequate for the purpose set. 



Abstract оf 

discipline 

This general education subject is taught in the Russian-speaking (Kazakh-speaking) learning groups of 

higher educational institutions. The course is intended to learn Kazakh (Russian) language on beginner, 

intermediate and advanced levels for students of various specialties. This course is aimed on further 

development of knowledge of Kazakh Kazakh (Russian) language, based on pre-university knowledge and 

skills. The purposes and problems of a course at each level are taken as a basis (beginner for foreign students, 

then intermediate and advanced). The gained knowledge is directed to execution of all types of speech action 

(listening, reading, speaking and writing), formation of the correct speech and competent writing skills, 

governing of the requirements for students. 

СodeIKT 1105 Information and communication technologies (in English) 

Prerequisites No Postrequisites Circuits1, Programming in Python, 

Numerical Methods and Programming, 

Scientific Data Processing, Numerical 

methods for solving differential 

equations,CAD/CAM, Software Packages 

for Solving Problems of Mechanics 

Numerical methods in applied mechanics, 

Computational fluiddynamics 

Credits 3 Semesters 2 

Aim оf discipline Creation of the contemporary understanding of the information transformation processes in the society; 

teaching future specialists by basic theoretical knowledge and practical skills related with computer systems, 

system and application software, hardware, development of information system, particularly with the 

software for their professional activity. The discipline is a basic for the most of the educational programme. 

- explain the purpose, content and development trends of information and communication 

technologies, justify the choice of the most appropriate technology to solve specific problems; 

- explain the methods of collecting, storing and processing information, how to implement 

information and communication processes; 

- describe the architecture of computer systems and networks, the purpose and functions of the main 

components; 



- use information Internet resources, cloud and mobile services for searching, storing, processing and 

distributing information; 

- use software and hardware of computer systems and networks for collecting, transmitting, 

processing and storing data; 

- analyze and justify the choice of methods and means of protecting information; 

- using digital technologies to develop data analysis and data management tools for various activities; 

- to carry out project activities in the specialty with the use of modern information and communication 

technologies. 

Abstract оf 

discipline 

During the study of the discipline students will learn following aspects: 

- the most common applications of ICT; 

- the concepts of the positional numeral systems; 

- the cross-platform problems, the memory organization, and the physical bases of the computer 

systems; 

- the possible 'post-silicon' computer technologies,  quantum computing and artificial intelligence 

systems; 

- the basic concepts of the operating system; 

- the UNIX-like operating system; 

- the software types and their purpose, and the principles of the open-source term; 

- the basic concepts of the Internet and World Wide Web; 

- the telecommunications media and hardware devices; 

- the database system, and the data management;  

- the purpose of the information systems investigation and system development; 

- what the algorithm is, how to represent it and why it is important to analyse it; 

- the knowledge management technologies; 

- the digital security issue. 

ELECTIVE COMPONENT (ЕС) – 8 CREDITS 

Professional module -8 credits 

СodeNP 4106 Technical writing 



Prerequisites Professional kazakh (russian) language, 

The professional focused foreign 

language 

Postrequisites no 

Credits 2 Semesters 8 

Aim оf discipline Formation of students' skills in writing scientific papers, articles, conducting and processing research results. 

As a result of studying this discipline, students will be able to: 

- demonstrate knowledge of the main types, structure and features of the scientific work design (reports, 

presentations, posters, articles, theses, etc.); 

- work with bibliographic directories, with domestic and foreign electronic databases; 

- apply the capabilities of modern computing technology for processing and design of research results 

and their analysis; 

- describe the stages of the experiments and the obtained  results; 

- conduct a literature search on the research area and perform a critical review; 

- to compose business and motivational letters, CV; 

- prepare reports, presentations, posters, papers, theses on the results of the study; 

- submit research papers to an audience. 

Abstract оf 

discipline 

The following questions will be considered in the study of the discipline: 

- searching the scientific literature. Using domestic and foreign online databases; 

- preparing other sections of a research paper (abstract, introduction, materials and methods, results 

and discussion, conclusions, references); 

- standard formats for scientific papers, research projects and theses; 

- citation of scientific papers, scientific etiquette; 

- writing motivation and business letters; 

- using modern computer technologies; 

- preparingof presentations and reports. 

СodeFiz (1) 1107 Physics 1 

Prerequisites Calculus 1, Introduction to mechanics Postrequisites Physics 2, Circuits 1 

Credits 3 Semesters 2 



Aim оf discipline - develop knowledge and understanding of: the nature and practice; applications and uses; the 

implications for society and the environment; current issues, research and developments of 

considered fields of physics: Thermal Physics, Thermodynamics, Electricity and Magnetism; 

Principles of operation of thermal and electrical installations. 

- develop skills in: planning and conducting investigations; communicating and understanding of 

information; developing scientific thinking and problem-solving techniques; working individually 

and in teams.  

- develop positive values about and attitudes towards: learning as a lifelong process, physics and the 

environment. 

As a result of studying this discipline, students will be able to: 

- demonstrate knowledge and understanding of: the nature and practice of Thermal Physics, 

Thermodynamics, Electricity and Magnetism; applications and uses of Thermal Physics, 

Thermodynamics, Electricity and Magnetism; the implications of Thermal Physics, 

Thermodynamics, Electricity and Magnetism for society and the environment; current issues, 

research and developments in Thermal Physics, Thermodynamics, Electricity and Magnetism. 

- use appropriate information technologies and develop the key competency of using technology. 

- collect, analyze and interpretthe information and and the results of research;  

- by analyzing statistical evidence, apply mathematical concepts to assist analysis of data and 

information and construct tables and graphs, they are developing the key competency using 

mathematical ideas and techniques. 

- work as individuals and as members of groups to conduct investigations and, through this, the key 

competencies, planning and organizing activities and working with others and in teams, are 

developed. 

Abstract оf 

discipline 

The following topics will be covered in the study of the discipline: 

Molecular-Kinetic Theory of Ideal Gases. The Molecular Basis of Thermal Physics. Collisions and 

Transport Phenomena. Heat Flow and the First Law of Thermodynamics.  Kind of the Thermodynamic 

Processes. The Second Law of Thermodynamics. Entropy. Heat Engine.  

Electricity. Electric Field. Coulomb's Law, Gauss’ Law. Electric Potential. Application of Gauss’s Law 

Capacitance. Current, Resistance, and Electromotive Force. Currents in Materials. Direct Current Circuits. 



Currents in Metals, Vacuum, and Gases. The Effects of Magnetic Fields. The  Production and Properties of 

Magnetic Fields. Motion of Charged Particles in a Magnetic Field. The Hall Effect. Electromagnetic 

Induction. Faraday’s Law.  Inductance. Self-Inductance. Mutual  Inductance. Transformers. Magnetism and 

Matter. Maxwell’s  Equations. 

The student is able to: 

- show received knowledge and understanding of: the nature and practice of Thermal Physics, 

Thermodynamics, Electricity and Magnetism; applications and uses of Thermal Physics, 

Thermodynamics, Electricity and Magnetism; the implications of Thermal Physics, 

Thermodynamics, Electricity and Magnetism for society and the environment; current issues, 

research and developments in Thermal Physics, Thermodynamics, Electricity and Magnetism; 

- collecting, analysing and organising information and communicating ideas and information reflect 

core processes of scientific inquiry and the skills identified in the syllabus assist students to continue 

to develop their expertise in these areas;  

- students work as individuals and as members of groups to conduct investigations and, through this, 

the key competencies, planning and organising activities and working with others and in teams, are 

developed;  

- during investigations, students use appropriate information technologies and so develop the key 

competency of using technology. The exploration of issues and investigation of problems contributes 

towards students’ development of the key competency solving problems; 

- by analyzing statistical evidence, apply mathematical concepts to assist analysis of data and 

information and construct tables and graphs, they are developing the key competency using 

mathematical ideas and techniques. 

СodeHim 1108 Chemistry 

Prerequisites No Postrequisites Heat and Mass Transfer 

Credits 3 Semesters 1 

Aim оf discipline After successful completion of this discipline, students should be able to: 

- formulate the basic laws of chemistry; 

- explain structure of atoms and molecules, including complex compounds; 

- evaluate chemical bond in various molecules; 



- solve problems in chemical kinetics and chemical equilibrium; 

- make conclusions based on thermodynamic calculations; 

- consider the basic properties of solutions; 

- analyze redox reactions; 

- conduct chemical experiments. 

Abstract оf 

discipline 

This course is necessary for students of technical specialties. In the course of studying of the discipline, 

the knowledge gained by students within the school curriculum is expanded. The student can apply the 

received knowledge at conducting of diploma work and during studying of elective courses. 

Within the discipline, the main chemical laws, the Periodic law, the structure of atoms and molecules, 

chemical bond, chemical equilibrium and kinetics, chemical thermodynamics, the basic properties of 

solutions, redox reactions and their applications, complex compounds are considered. Students also master 

the basic skills of conducting of chemical experiment, which helps them to develop practical skills and 

broadens the general scientific horizon. 

Code Soc4106 Sociology 

Prerequisites no Prerequisites no 

Credits 2 Credits 2 

Aim оf discipline Formation of sociological thinking and imagination of the dynamic social world in which we live, as well 

as in the formation of critical thinking and analysis of modern societies, their social structures, systems and 

institutions. 

As a result of studying the discipline, the student is able to: 

- determine the objects of the study of sociology (society, social organizations, social groups, individuals, 

etc.) to explain the social reality; 

- explain key sociological ideas and theories; 

- describe the social structure and stratification of society, distinguish and analyze the degree of social 

inequality; 

- reveal the mechanism of formation of public opinion and consciousness in society; 

- analyze the characteristics of social institutions in the modernization of Kazakhstani society; 

- understand the interaction of social processes at the micro and macro levels, taking advantage of the 

sociological perspective; 



- distinguish and justify the strategy of sociological research and methods of collecting and analyzing 

information; 

- apply a sociological methodology to the study of contemporary problems of society. 

Abstract оf 

discipline 

The discipline "Sociology" will allow students to get deeper into the basics of sociology, including topics 

and applied aspects of research, theory and methodology. By developing what S. Wright Mills calls 

“sociological imagination,” the discipline will provide insights into how culture, religion, history, people 

and institutions intersect in shaping their own experience, life chances and identity. Throughout the course, 

a number of macro- and micro-sociological “perspectives” will be presented and issues related to social 

inequality and accessibility of education, ethnicity, gender, social class, as well as institutions such as 

family, education, and the media, which play an important role in shaping our own life and the whole social 

world where we live. Based on the programmatic paper “Looking into the Future: Modernizing Public 

Consciousness” by the President of the country, the course considers the features of the process of 

modernizing consciousness and adapting Kazakh society to the global challenges of our time. 

Code Psy2107 Psychology 

Prerequisites Modern history of Kazakhstan Prerequisites Modern history of Kazakhstan 

Credits 3 Credits 3 

Aim оf discipline To form students' social-personal and instrumental competences in the field of psychological theory and 

practice of interpersonal communication, necessary in professional activities. 

As a result of studying the discipline, the student is able to: 

- understand the role and place of psychological knowledge in the system of human sciences; 

- describe the concepts of personality and interpersonal communication in the context of the formation and 

modernization of the national consciousness; 

- analyze the value-semantic structure of the individual and highlight the main priorities for the purpose of 

self-determination and personal growth in the framework of the modernization of consciousness; 

- use psychological knowledge for career planning and building a professional path; 

- assess their own psychological qualities, resources and capabilities; 

- justify the value and place of interpersonal communication as a factor in the development of a harmonious 

personality; 



- develop own strategies for effective interpersonal communication, use the skills of stress management and 

time management, self-presentation skills to improve personal and professional effectiveness; 

- apply different strategies for resolving conflict situations in personal and professional interaction. 

Abstract оf 

discipline 

The discipline "Psychology" contributes to the formation of a general psychological culture of a person, 

awareness of his past, present and future from psychological positions, as well as for mastering knowledge 

of the socio-psychological patterns of behavior in interpersonal communication. 

Code Ped 1107 Pedagogy 

Prerequisites Modern history of Kazakhstan, 

Psychology 

Prerequisites Modern history of Kazakhstan, Psychology 

Credits 3 Credits 3 

Aim оf discipline To form of students' system of pedagogical knowledge about the holistic pedagogical process; the 

development of the scientific foundations of education, psychological and pedagogical features of the 

construction of the educational process in school. 

As a result of studying the discipline, the student is able to: 

- demonstrate knowledge of the main categories and concepts of pedagogy and modern trends in the 

development of pedagogical science; 

- demonstrate knowledge of the methodological foundations of pedagogy, laws and principles of education 

and training, the nature, content, forms and methods of education and training; 

- demonstrate professional and pedagogical culture; 

- independently apply the acquired knowledge in pedagogy; 

- design and define the goals and objectives of the education of schoolchildren; 

- apply the skills of organizing the pedagogical process at school; 

- apply knowledge and skills during seminars, in modeling future social and educational activities; carry out 

reflective activities, adjust the goals and course of their professional education, apply knowledge into 

practice;  

- analyze the essence of new pedagogical technologies of education and training; 

- demonstrate research skills for performing assignments; generate new ideas (creativity);  

- develop the capacity for interaction and tolerance, to experience the need for independent study of modern 

educational and scientific literature; 



- interact effectively in a team, demonstrate leadership skills and take responsibility. 

Abstract оf 

discipline 

When studying a discipline, students will become familiar with the sections of the course: “General 

principles of pedagogy”, “Theories of education”; with modern trends of the development of pedagogical 

science, as well as the improvement of professional qualities and methodological skills to objectively and 

comprehensively comprehend the immanent advantages, features and significance of the Kazakhstan 

development model. 

Entrepreneurial module -8 credits 

Сode KP 4106 Kazakhstan Law 

Prerequisites Modern history of Kazakhstan Postrequisites No 

Credits 2 Semesters 8 

Aim оf discipline Acquaint students with the fundamental concepts of the law of the Republic of Kazakhstan, human rights; 

to be guided in the internal life and in international events; study of the main legal acts of the Republic of 

Kazakhstan. 

As a result of studying this discipline, students will be able to: 

- demonstrate knowledge of the basic position of the law and human rights; 

- explain the legal basis of the state and law, the rule of law and civil society; 

- apply the basic principles, laws and methods of knowledge in legal activities; 

- correctly apply in practice legal acts containing legal norms; 

- use scientific methods of knowledge; 

- highlight the theoretical, applied aspects of knowledge of the state and law, legislation, apply them to 

substantiate practical solutions; 

- analyze independently and critically think, have a certain methodological basis for successful law 

enforcement activities. 

Abstract оf 

discipline 

The following questions will be considered in the study of the discipline: 

Basic concepts and categories of state and law. Legal relations. Legal behavior and offense. Legal liability. 

Basics of constitutional law of the Republic of Kazakhstan. Fundamentals of administrative law of the 

Republic of Kazakhstan. Basics of civil law of the Republic of Kazakhstan. Basics of family law of the 

Republic of Kazakhstan. Basics of the organization and activities of law enforcement agencies. Basics of 

financial law of the Republic of Kazakhstan. Basics of tax law of the Republic of Kazakhstan. Basics of 



labor law. Basics of the criminal law of the Republic of Kazakhstan. Basics of environmental law of the 

Republic of Kazakhstan. Basics of land law of the Republic of Kazakhstan. Basics of criminal procedure 

and civil procedure law. Fundamentals of international law. 

Сode IP 1107 Innovative Entrepreneurship 

Prerequisites No Postrequisites Fundamentals of Financial Literacy 

Credits 3 Semesters 1 

Aim оf discipline Form a complex of knowledge in the field of innovative entrepreneurship among students both at the macro 

level (theory of the innovation process, concept of innovation development, general characteristics of 

innovation) and at the micro level (key factors for innovation, creation and development of an innovation 

company, choice of innovation strategy, attraction of investments). 

As a result of studying this discipline, students will be able to: 

- formulate the basic concepts of modern trends and varieties of economic development; 

- describe the essence of innovative entrepreneurship and its decisive influence on the development of 

productive forces; 

- determine the basic principles of creating new innovative enterprises and organizations; 

- analyze the main provisions of the organization and methods of innovation management; 

- assess the economic situation of an economic entity in the market; 

- apply the methodology for managing innovative enterprises and organizations. 

- apply the methodology of choosing the strategy and tactics of innovative behavior, allowing to obtain 

and maintain the competitive advantages of the enterprise. 

Abstract оf 

discipline 

The following topics will be covered in the study of the discipline: 

Innovative essence of entrepreneurial activity. Basic concepts and classification of innovations. Life cycle 

of innovation and resource support of innovation. Classification of sources of financing innovation. 

Financing of innovation activities at their own expense. Borrowed funds in financing innovation. Risks of 

innovation. Evaluation of the effectiveness of innovation. Strategic Innovation Planning. Business Planning 

Innovation Project. Economic and scheduling of the implementation of the pre-production stage of the 

innovation project. Organizational forms of innovation. Motivation of personnel involved in innovation 

activities. 

Сode OFG 1108 Fundamentals of Financial Literacy 



Prerequisites Innovative Entrepreneurship Postrequisites No 

Credits 3 Semesters 2 

Aim оf discipline Provide theoretical and practical training of students in the assimilation of financial categories, concepts, 

terms, their classification, meaning and place in socio-economic processes; The aim of the discipline is also 

to achieve an understanding of the interconnection and interaction of the forms of organization of finance 

and methods of their application in specific conditions of the social and economic development of society 

As a result of studying this discipline, students will be able to: 

- have a systematic understanding of the trends in the development of state and local finance, insurance, 

finance of economic entities, analyze the results of the study of finance and summarize them in a kind of 

research work, and a thesis; 

- systematic present and understand of the specifics of scientific knowledge and research methodology 

within the framework of modern financial paradigms; 

- master the conceptual apparatus, interrelation and features of economic categories of money, finance and 

credit; 

- study the system of financial relations of a commercial enterprise; 

- understand the peculiarities of the implementation of financial relations in commercial organizations of 

various organizational and legal forms 

- make critical analysis when making financial decisions by working individually or in group research 

activities; 

- analyze the dynamics of solving scientific problems of the course, the problems of the functioning of 

finance; 

- generalize, interpret the results of training in the context of the discipline of finance. 

Abstract оf 

discipline 

The following topics will be covered in the study of the discipline: 

Concepts and essence of financial literacy. Theoretical bases of the financial market and its structure. 

Planning of personal finances. The concept and structure of the deposit market. Credit market and its 

functions. The foreign exchange market and its tools. Structure and functions of the securities market. 

Insurance/Pension market. Taxes and tax system. Financial institutions: types and functions. Banks: types 

and functions. Investment funds. Finance in the system of foreign economic relations. Finance and inflation. 

CORE DISCIPLINES(CD) 



OBLIGATORY COMPONENT (OC) 

Professional kazakh and foreign language module – 4 Credits 

СodePK (R) Ya  

2201 

Professional kazakh (russian) language 

Prerequisites Kazakh (russian) language Postrequisites Technical writing 

Credits 2 Semesters 2 

Aim оf discipline To form students' skills and techniques of effective speech interaction in various situations of 

communication, the formation of grammatical skills and knowledge. Implementation of the main tasks of 

speech models and relative types at various levels of learning the state language. 

As a result of studying the discipline, the student will be able to: 

- know the orthoepic, orthographic, stylistic norms of the Russian / Kazakh language; 

- understand the features of professional oral scientific speech; 

- determine the features of professional written scientific speech; 

- justify the strategy and tactics of speech communication in the field of professional interaction; 

- be able to speak with an oral message; 

- to build oral and written statements in different communicative situations; 

- understand and analyze the structural and semantic organization of a scientific text; 

- perform various operations with the text: describe, summarize information; 

- master the technology of interpretation and analysis of the texts of scientific literature in the specialty. 

Abstract оf 

discipline 

This general educational discipline is taught in Russian (Kazakh) groups of higher educational 

institutions. The course is designed to teach the Kazakh (Russian) language for students of various 

specialties at beginner, intermediate and advanced levels. This course is designed to further develop the 

knowledge of the Kazakh (Russian) language, based on pre-university knowledge and skills. The goals and 

objectives of the course is based of at each level (Beginner - for foreign students, intermediate and 

advanced). The knowledge gained is aimed at the performance of all types of speech actions (listening, 

reading, speaking and writing), the formation of correct speech and literate writing, the definition of the 

requirements set for students. 

СodePOIYa2202 The professional focused foreign language 

Prerequisite Foreign Language Postrequisite Technical writing 



Credits 2 Semesters 2 

Aim оf discipline The course is designed to develop and improve the skills and techniques of effective verbal interaction in 

various situations of communication, the formation of grammatical skills and knowledge. 

As a result of studying the discipline, the student will be able to: 

- master the functional features of oral and written professional-oriented texts; 

- possess strategies of communicative behavior in situations of international professional communication; 

- understand oral (monologue, dialogical) speech within professional topics; 

- participate in the discussion of topics related to the specialty; 

- independently prepare and make oral reports on professional topics, including using multimedia 

technologies; 

- extract the necessary information from sources in a foreign language created in different sign systems (text, 

table, graph, diagram, audiovisual series, etc.) in typical situations of professional and business 

communication. 

Abstract оf 

discipline 

The discipline "Professionally-oriented foreign language" is aimed at contributing to the formation of 

functional features of oral and written vocational-oriented texts, documentation requirements (within the 

program), adopted in professional communication and in the country of the studied language, strategies of 

communicative behavior in situations of international professional communication. 

Mathematical analysis module – 6 Credits 

СodeMA1203 Calculus 1 

Prerequisite No Postrequisite Calculus 2, Calculus 3, Ordinary 

Differential Equations, Tensor analysis and 

differential geometry, Probability Theory 

and Statistics, Scientific Data Processing, 

Software Packages for Solving Problems 

of Mechanics, Physics 1. 

Credits 3 Semesters 1 

Aim оf discipline The main purpose of the course is to familiarize students with the fundamental concepts of Calculus 1, 

differential calculus methods of functions of one real variable and their applications. The objectives of the 



course include the development of students' logical thinking and mathematical culture to explore other 

subjects.  

As a result of studying the discipline, the student will be able to: 

- formulate basic concepts of mathematical analysis and to be able to apply these concepts to a variety 

of  mathematical situations; 

- to describe the fundamental concepts of Calculus 1:the theory of functions, the theory of limits of 

function, differential calculus of functions of one real variable, the theory indefinite integral; 

- provide written explanations of the ideas behind key concepts from the course; 

- analyze and explain solutions to problems in both written and verbal form; 

- apply mathematical reasoning and mathematical analysis to solve theoretical and applied problems 

of mechanics;  

- have the skills of working with the special literature. 

Abstract оf 

discipline 

Calculus 1 is concerned with comparing quantities which vary in a non-linear way. Differential calculus 

cuts something into small pieces to find how it changes. It is used extensively in science and engineering 

since many of the things we are studying (like velocity, acceleration, current in a circuit) do not behave in 

a simple, linear fashion. If quantities are continually changing, we need calculus to study what is going on. 

The objective of this course is not only the communication of a known stock of information (definitions, 

theorems, their proofs, connections between them, methods for solving problems) and learning how to use 

them. Its task includes the development of logical thinking and mathematical culture in students, which are 

necessary for the study of mathematics (and indeed for conducting research work), the development of 

mathematical (qualitative, analytical and geometric) intuition. 

СodeMA1204 Calculus 2 

Prerequisite Calculus 1 Postrequisite Calculus 3 

Credits 3 Semesters 2 

Aim оf discipline The main purpose of the course is to familiarize students with the fundamental concepts of Calculus 1, 

differential calculus methods of functions of one real variable and their applications. The objectives of the 

course include the development of students' logical thinking and mathematical culture to explore other 

subjects.  



As a result of studying the discipline, the student will be able to: 

- formulate basic concepts of mathematical analysis and to be able to apply these concepts to a variety 

of  mathematical situations; 

- to describe the fundamental concepts of Calculus 2:the theory of integral calculus, the theory of  

Number series, the theory of  Functional series,  Functions  of  Several Variables; 

- provide written explanations of the ideas behind key concepts from the course; 

- analyze and explain solutions to problems in both written and verbal form; 

- apply mathematical reasoning and mathematical analysis to solve theoretical and applied problems 

of mechanics;  

- have the skills of working with the special literature. 

Abstract оf 

discipline 

The following questions will be considered in the study of the discipline: 

- Riemann integral. Mechanical problems leading to the notion of a definite Riemann integral. 

Mathematical definition of Riemann integral. Properties of the Riemann integral. Integrability of 

continuous functions; 

- definite integral and antiderivatives of continuous functions. The existence of antiderivatives of 

continuous functions. Representation of the remainder term of a Taylor formula in terms of a Riemann 

integral, Newton-Leibniz formula; 

- applications to integrals. The length of the way. The Area of curvilinear trapezoid. The volume of the 

rotation body; 

- the approximation methods for calculation of the definite integrals. Rectangular method. The 

trapezoid method. Formula of Simpson; 

- number series. Give an example of number series. Cauchy’s criterion and necessary condition of 

convergence for number series. Geometric progression. Harmonic series; 

- number series. The sufficient conditions for the convergence; 

- absolutely and conditionally convergent numerical series. Series whose sums depend on the order of 

writing of the summands. Series whose sums do not depend on the order of writing of the 

summands; 

- sequences of functions and functional series. Series that depend on the parameter. Functional series. 

Pointwise convergense of functional series and the  properties of the sum of the function series; 



- uniform convergence of functional series. Uniform convergence of functional series and continuity 

of it’s sum. Uniform convergence and integration. Uniform convergence and differentiation 

- continuous functions on an interval. Continuous functions on an interval. Weierstrass 

Approximation Theorem.  

- Maclaurin polynomials. Taylor polynomials. The n-th remainder. Maclaurin and Taylor series. 

- the concept of   a function of several variables.  Level curves and level surfaces.  Limit of a function 

of   several variables.  Continuity of   a   function of   several variables at a point.  

- partial  derivatives  of  a  function  of   several  variables  at  a point.  A sufficient condition for the 

function to be differentiable at a point.  Arithmetic properties of differentiable 

functions.   Differential   of a function   of   several   variables at a point. Invariance of the   form   

of   the   first differential. 

- the   gradient   of a function at a point and the directional derivative.        Higher order partial   

derivatives and differentials of     functions of several variables.  The concept of   an implicit 

function.  A    theorem on the existence and continuity of   an   implicit function defined by a single 

equation. 

- the Jacobi Matrix.  Local extremum of functions of several variables. A theorem on the extremum 

of an implicit function defined by an equation and a system of equations. Conditional extremum of 

a function of several variables. The Lagrange function and the Lagrange multipliers for the 

conditional extremum problem. 

Аlgebra and computational methods module – 6 credits 

СodeAAG1205 Аlgebra and analytical geometry 

Prerequisite No Postrequisite Tensor analysis and differential geometry. 

Differential equations 

Credits 3 Semesters 1 

Aim оf discipline The main purpose of the course is obtaining the skills of describing processes through algebra and analytical 

geometry on the basis of the found solutions, development of the future specialists’ ability to research 

findings. 

As a result of studying the discipline, the student will be able to: 



- formulate basic concepts and to be able to apply these concepts to a variety of  mathematical 

situations; 

- to describe fundamental concepts of Linear Algebra: basic of linear algebra and a method of 

coordinates; all forms and the equations of geometrical objects of the first and second order, the basic 

definitions, theorems, rules, methods and formulas of algebraand analytical geometry; 

- state and prove basic theorems related to the concepts above; analyze the application of the theory in 

different situations, compare and contrast the obtained results; 

- provide written explanations of the ideas behind key concepts from the course; 

- clearly present and explain solutions to problems in both written and verbal form; 

- apply mathematical reasoning and mathematical analysis to solve theoretical and applied problems;  

- have the skills of working with the special literature. 

Abstract оf 

discipline 

The following questions will be considered in the study of the discipline: 

- matrices. Operations with matrices. An addition of matrices, multiplication of a matrix on a number, 

multiplication of matrices. Classification of matrices. Transposed to the matrix; 

- the second and the third orders determinants. n-th order eterminants. Minor and algebraic complement 

of matrix elements. Properties of determinants. Decomposition of the determinant by the elements of 

a column or row;  

- rank of a matrix. Elementary Transformations. The inverse matrix. Computation of the inverse matrix.  

- systems of linear equations. A criterion for compatibility of a system of linear equations (Theorem of 

Kronecker-Capelli). Cramer's rule. Matrix method for solving systems of equations. 

- method of Gauss-Jordan. Finding solutions of a system of linear equations by the method of Gauss-

Jordan.  The space of solutions. Basis solutions of a system. 

- vectors and basic definitions. Linear vector Operations. Cartesian system of coordinates. 

- the scalar(dot) product of two vectors and its properties. Direction Cosines. The vector product of two 

vectors and its properties. The scalar triple product. Properties of the  scalar triple product. 

- linear dependence and independence of vectors. Basis. Finding the coordinates of a vector in a basis. 

Finding the coordinates of a vector at changing a basis. A transition between orthonormal systems of 

coordinates on a plane. Linear (vector) space. Dimension and basis of a linear space. Linearly 

independent vectors. Isomorphism of linear spaces. 



- bilinear and quadratic forms. Polylinear images. Bilinear forms. The law of changing the matrix of a 

bilinear forms. Symmetric and skew-symmetric forms. The canonical form of a quadratic form. 

- transformation of the coordinates at a transition to a new basis. Transition matrix. Theorem on an 

existence of the fundamental system of solutions. 

- linear transformations (operators). The coordinate representation of linear transformations. The sum 

of linear transformations. Eigenvectors and eigenvalues of a linear transformation. 

- different equations of a line in rectangular Cartesian coordinate system. The distance from the point 

to the line. 

- canonical equations of second order curves. Reduction the  equation of second order curves to the 

canonical form  and their investigation. 

- the distance from the point to the plane. Equations of a line in space. The angle between two straight 

lines, and a straight line and a plane. 

- ellipsoids, hyperboloids, paraboloids and their canonical equations. Cylinders, cones. 

СodeMV2206 Numerical Methods and Programming 

Prerequisites Information and communication 

technologies, Tensor analysis and 

differential geometry, Ordinary 

Differential Equations, Programming in 

Python,Software Packages for Solving 

Problems of Mechanics. 

Postrequisites Scientific Data Processing, Numerical 

methods in applied mechanics, 

Computational fluiddynamics. 

Credits 3 Semesters 5 

Aim оf discipline Сreation of the contemporary understanding of numerical methods and programming in mathematical 

modeling of real processes; teaching future specialists by basic theoretical knowledge and practical skills 

related with mathematical modeling, differential equations, numerical methods and programming 

algorithms of their solution; to learn staging laboratory works on the computer for numerical methods of 

algebra and analysis; to learn how to use the package of applications like С++, MATLAB, etc.; to gain the 

skills to analyse the numerical results and implement "feedback". 

As a result of studying the discipline, the student will be able to: 



- demonstrate acquired knowledge (applications of numerical methods, mathematical basics of 

numerical methods, programming of numerical algorithms, etc.) and it’s understanding;  

- demonstrate an understanding of the overall structure of the study field and the relations between its 

elements (equation, function, time evolution, numerical scheme, error, etc.) 

- explain fundamental assumptions made in studying real processes as dynamic systems in contrast to 

purely technical views; 

- classify and identify characteristics of numerical methods; 

- discuss choice of numerical method and application software; 

- include new knowledge in the context of basic knowledge, interpret its contents; 

- analyse educational situation and offer direction to solve it;  

- use methods (research, calculation, analysis, etc.) inherent to the field of study (equation, function, 

time evolution, numerical scheme, error, etc.) individually or in a group teaching and research 

activities; 

- synthesize, interpret and evaluate the learning outcomes of discipline, modules, midterm exam 

content (dynamic systems, solutions, algorithms); 

- analyse dynamics of scientific problem decision of the course (scientific reviews of specific issues 

researches); 

define criteria and requirements to numerical methods and application software. 

Abstract оf 

discipline 

Students should know the basic concepts and ideas of the methods of computational mathematics for solving 

problems of analysis and algebra, and ordinary differential equations, and then, on their basis, acquire the 

skills to solve practical problems, skillfully use various methods of calculating mathematics to implement 

mathematical models on computers, analyze the numerical result. 

Differential equations and mathematical physics module -6 credits 

СodeDU1207 Ordinary Differential Equations 

Prerequisite Calculus 1, Calsulus2, Аlgebra and 

analytical geometry 

Postrequisite Partial Differential Equations, Mechanics, 

Variational calculus and optimization 

techniques 

Credits 3 Semesters 3 

Aim оf discipline - studying the main notions of Differential Equations, their use in different spheres; 



- requiring rules and theory of classical and modern Math, methods of solving special differential 

equations; 

- be able to form differential equations for simple problems of physics and mechanics; 

- ability to use the methods of solving different differential equations studied;  

- developing mathematical intuition;  

- bringing up mathematical culture;  

- raising scientific outlook and logical thinking 

As a result of studying the discipline, the student will be able to: 

- demonstrate the knowledge of the main notions of differential equations, their use in different 

spheres; 

- demonstrate the knowledge of the rules and theory of classical and modern mathematical methods 

of solving special differential equations; 

- form differential equations for simple problems of physics and mechanics; 

- use the methods for solving different differential equations studied;  

- solve the most important for applications second order differential equations; 

- form and solve simple systems and acquire methods of solving linear systems of differential 

equations. 

Abstract оf 

discipline 

The course of differential equations is important and is included in the cycle of mathematical and natural 

sciences. In addition to general mathematical training, students can master the basic concepts and methods 

of the theory of differential equations, which allows them to build and solve mathematical models of 

physical phenomena and the laws of mechanics and physics, to develop students' skills in mathematical 

research of applied problems. 

СodeUMF2208 Partial Differential Equations 

Prerequisite Calculus 1, Calsulus 2, Аlgebra and 

analytical geometry, Ordinary Differential 

Equations 

Postrequisite Introduction to continuum mechanics, 

Solid Mechanics. 

Credits 3 Semesters 4 

Aim оf discipline This subject is intended for students to study the basic equations of partial differential equations, justify the 

well-posedness of its statement in a certain class of functions, the Cauchy problem in the class of analytic 



functions, the Cauchy problem and mixed problems for the wave equation and the heat equation in the class 

of regular functions, boundary value problems for Laplace and Poisson equations. 

As a result of studying the discipline, the student will be able to: 

- demonstrate knowledge and comprehension of basic ideas and concepts of partial differential 

equations such as classical solution; type of partial differential equations; Cauchy problem; boundary 

value problem; linear and nonlinear equations; eigenvalues; eigenfunctions; 

- demonstrate knowledge of the basic principles and methods of the classical theory of equations of 

partial differential equations; 

- explain the concept of correctness of the statement of the problem of partial differential equations;  

- classify partial differential equations and formulate the definitions of classical and generalized 

solutions; 

- construct the characteristics of an equation and a system of partial differential equations;  

- analyze the properties of harmonic functions and apply the Fourier method; 

- determine the type of partial differential equations; 

- study and formulate problems that serve as the basic models of theoretical mechanics; 

- formulate the main problems arising in the study of the basic models of theoretical mechanics; 

- analyze and state the physical interpretation of the results; 

Abstract оf 

discipline 

Basic notions of the Theory of Partial Differential Equations.Main Equations of Partial Differential 

Equations. Classification of equations at the point and on the domain. The well-posedness of the statement 

of the problem for the basic equations of Partial Differential Equations. Method of characteristics. The 

generalized Cauchy problem. Cauchy problem for the equation of oscillations. D'Alembert’s formula. 

Duhamel’s principle. The Cauchy problem for a parabolic equation. Poisson’s formula. The maximum 

principle. The Cauchy problem for wave equation and heat equation on a semi-axis. Continuation method. 

The general scheme of the Fourier method. Nonhomogeneous mixed problem for the wave equation. The 

superposition principle. Fourier method for the heat equation. The Fourier method for solving a boundary 

value problem for the Laplace equation on a rectangle. Еlliptic еquations. Properties of harmonic functions. 

The fundamental solution of the Laplace equation. Solution of the Dirichlet problem for the ball. Green’s 

function. Poisson’s formula. The exterior Dirichlet problem. Green’s function of the Dirichlet problem. 



Definition and properties of the Green’s function. Reduction of the Dirichlet and Neumann problems to 

integral equations. 

ELECTIVECOMPONENT (ЕС) 

Introduction to mechanics and physics module -5 credits 

СodeVvM1209 Introduction to mechanics 

Prerequisites No Postrequisites Physics 1, Physics 2, Fluid and gas 

mechanics. Mechanics of deformable 

solids, Orbital Mechanics, Introduction to 

continuum mechanics 

Credits 2 Semesters 1 

Aim оf discipline Formation of the skills of solving the problem, analyzing, doing an experimental research in the field of 

kinematics of a point, the ability to analyze and solve tasks in the field of statics and dynamics of solids, 

rotational and oscillatory motions which necessary for carrying out of research on experimental installations. 

As a result of studying the discipline, the students will be able to: 

- demonstrate experimental studies on different devices; 

- describe methods of problem solving and applying them in experimental studies; 

- understand basic laws and concepts of mechanics as a branch of physics; 

- apply this knowledge when solving problems related to kinematics of a point 

- apply this knowledge when solving problems related to static and rigid body dynamics 

- use analytical methods to solve given problem 

Abstract оf 

discipline 

Introduction to mechanics is a basic discipline about general methods of research, kinematics and dynamics 

of statics and rotational and oscillatory movements of a system of bodies, points and mechanisms, it is 

directly related to the disciplines of the natural science and mathematical cycle (mathematics, physics, 

geometry) and is based on mastered knowledge and skills. 

Successful completion of the course will allow to formstudent’s theoretical knowledge and the necessary 

skills to study the following disciplines - theoretical mechanics, analytical mechanics, orbital mechanics. 

This course presents theoretical material which is necessary and sufficient for the experimental study of 

various specific issues of machine mechanics and robots. This discipline serves as a development tool for 



the necessary creative skills of future specialists to do independent research, analyze and processing of 

obtained results. 

СodeFiz (2) 2210 Physics 2 

Prerequisites Introduction to mechanics,Physics 1 Postrequisites Cirscuits 1, Hamiltonian mechanics 

Credits 3 Semesters 3 

Aim оf discipline Develop knowledge and understanding of: energy, waves, particles, fields, nature and practice; applications 

and uses; the implications for society and the environment; current issues, research and developments of 

considered fields of physics: Optics & Quantum theory, Atomic & Nuclear Physics; principles of operation 

of optical and nuclear instruments.  

Develop skills in: planning and doing research; communicating and understanding of information; 

developing scientific thinking and problem-solving techniques; working individually and in teams.  

Develop positive values about and attitudes towards: learning as a lifelong process, physics and the 

environment. 

Upon successful completion of this module students will be able to: 

- show the knowledge and understanding of: the nature and practice of optics and quantum theory, 

atomic and nuclear physics applications of optics and quantum theory, atomic and nuclear physics; 

the consequences of optics and quantum theory, atomic and nuclear physics for society and the 

environment; current problems, research and development in the field of optics and quantum theory, 

atomic and nuclear physics. 

- formulate the basic principles of optics and quantum theory, atomic and nuclear physics; 

- collect, analyze and organize information, as well as the transfer of ideas and information reflect the 

basic research processes and skills indicated in the program, help students continue to develop their 

experience in these areas. 

- check the correctness of the results obtained by solving practical exercises in optics and quantum 

theory, atomic and nuclear physics; 

- work both individuals and members of investigation teams, and according to this, develop key 

competences, plan and organize activities; 

- carry out operations with laboratory installations and instruments in optics and quantum theory, 

atomic and nuclear physics; 



- use the relevant information technology and thus develop the core competence in the use of 

technology; 

- analyze statistical data, apply mathematical concepts to help analyze data and information, and build 

tables and graphs that develop core competencies using mathematical ideas and methods. 

Abstract оf 

discipline 

Wave Optics. Wave theory of light. Interference and diffraction, Polarization of light.  Photons and matter 

waves, de Broglie waves. Wave-Particle Duality of Light. Photoelectric effect. Franck-Hertz experiment. 

Compton scattering. Quantum Theory of Light. The Bohr atom, electron diffraction, the Heisenberg 

uncertainty principle, wave mechanics, wave functions, wave packets, probability amplitudes, stationary 

states. Schrödinger's equation. Fundamentals of Nuclear physics. Nucleon and nuclear properties. Strong 

and weak interaction. Radioactivity. Fission and fusion processes. Elementary particles. 

Tensor analysis, Probability Theory and variational calculus module - 9 credits 

СodeTADG 1211 Tensor analysis and differential geometry 

Prerequisites Calculus 1. Аlgebra and analytical 

geometry 

Postrequisites Introduction to continuum mechanics 

Credits 3 Semesters 2 

Aim оf discipline Familiarize students with the fundamental concepts of Tensor analysis, differential geometry methods and 

their applications. The objectives of the course include the development of students' logical thinking and 

mathematical culture to explore other subjects.  

As a result of studying the discipline, the student will be able to: 

- formulate basic concepts of Tensor analysis and to be able to apply these concepts to a variety of  

mathematical situations; 

- describe the fundamental concepts of Tensor analysisanddifferential geometry: findingflux using 

divergence theorem, finding the divergence and the curl of the vector field, Gradient in cylindrical 

and spherical coordinates, regular curves on the plane, the velocity vector,fundamental form of a 

surface, the covariant differentiation and geodesics; 

- provide written explanations of the ideas behind key concepts from the course; 

- analyze and explain solutions to problems in both written and verbal form; 

- apply mathematical reasoning and mathematical analysis to solve theoretical and applied problems of 

mechanics; 



- have the skills of working with the special literature. 

Abstract оf 

discipline 

Curvilinear coordinates and metric. Orthogonal systems of curvilinear coordinates and unit vectors. 

Cartesian, cylindrical and spherical coordinates.The differential of the form and the gradient, curl, 

divergence. Gradient of a function and its coordinate representation. Differential of the function and 

gradient. Gradient in cylindrical and spherical coordinates. The flux of the vector through the surface. 

Divergence and its coordinate representation. Differential of the flux and the divergence of the field. 

Divergence in cylindrical and spherical coordinates.  Rotor of a vector field and its coordinate 

representation. Divergence in cylindrical and spherical coordinates.  Rotor of a vector field and its 

coordinate representation. The length of a curve, regular curves on the plane, the velocity vector, a path-

length parameter, the curvature of a planar curve, the Frenet equations for planar curves. Spatial curves, the 

curvature and the torsion of spatial curves, the Frenet frame and the Frenet equations. The fundamental 

theorem of the local theory of curves, curves with constant curvature and torsion. Surfaces and their 

presentations (as graphs, the zero sets of functions, the images of embeddings), local equivalence of 

presentations. The first fundamental form of a surface (the induced metric), the length of a curve on a 

surface, the area form for a surface. The curvature of a line on a surface, the curvature of normal sections. 

The second fundamental form, the principal curvatures, the Euler formula for the second fundamental form, 

principal curvatures, the mean curvature and the Gaussian curvature. The covariant differentiation and 

geodesics. The semi geodesic coordinates and the local shortness of geodesics. The Gauss-Bonnet formula. 

The Gauss map, the induced actions of smooth maps on f vectors, covectors and two-forms. The Euler—

Lagrange equations, geodesics as their solutions for the energy functional. Minimal surfaces as solutions of 

the variation problem for the area functional. A notion of Riemannian manifold, the Riemannian metric, the 

tangent space to a manifold.  

СodeTVMS 2212 Probability Theory and Statistics 

Prerequisites Calculus 1, Calculus 2 Postrequisites Programming in Python 

Credits 3 Semesters 4 

Aim оf discipline Familiarize students with the fundamental concepts of Probability Theory and Statistics methods and their 

applications; development of probabilistic thinking, mastering the terminology and concepts of the theory 

of statistical solutions; mastering the mathematical foundations of the theory of random events and 

estimating unknown parameters of distributions, testing statistical hypotheses, elements of correlation and 



regression analysis; the acquisition of practical skills in constructing mathematical models of random 

phenomena, the ability to use modern packages of analysis and statistical data processing. 

As a result of studying the discipline, the students will be able to: 

- formulate the basic concepts of the modern theory of probability and mathematical statistics; direction 

of development and application of statistical analysis and forecasting methods; 

- demonstrate basic knowledge of probability theory and mathematical statistics, work in modern 

packages of analysis and processing of statistical information. 

- describe the fundamental concepts of probability theory and statistics: a random variable, the law of 

large numbers, the central limit theorem, a sample, point estimates of parameters and its basic 

properties; 

- provide written explanations of key concepts from the course; 

- analyze and explain solutions to problems both in written and oral form; 

- apply knowledge and knowledge of the course “Probability Theory and Mathematical Statistics” to 

solve theoretical and applied problems of mechanics, collect and process data from statistical 

experiments, and interpret the results of the research. 

Abstract оf 

discipline 

Content of discipline: 

SubjectofProbabilityTheory. Events and Operations over Events. Definitions of Probability. Additive Rule. 

Conditional Probability. Product Rule. Independenceof Events. Bayes Formulas. Bernoulli’ scheme. 

Polynomial scheme. Asymptotic Formulas of Bernoulli’ scheme. Random Variable (finite case). 

NumericalCharacteristicsof Random Variables. Covariance. Correlation coefficient. The covariance matrix 

of a random vector. Random Variable (general case). Large Numbers Law. Central Limit Theorem. 

Population and Sample. Point Estimators of Parameters and its Basic Properties. Confidence Intervals. 

Statistical Hypothesis TestingScheme. Mathematical Statistics Elements 

СodeVIMO 3213 Variational calculus and optimization techniques 

Prerequisites Calculus 1, Calculus 2, Ordinary 

Differential Equations 

Postrequisites Control theory, Orbital Mechanics, 

Hamiltonian mechanics, Robotic System 

Control 

Credits 3 Semesters 5 



Aim оf discipline Consideration of practical problems of variational calculus and optimization control theory. Analysis of 

general methods of calculus of variations and optimization theory. 

Upon successful completion of this discipline, students will be able to: 

- set extreme tasks; 

- to classify problems of the theory of extremum; 

- find the extremum of functions; 

- use a variational method for solving minimization of functionals problems; 

- use methods for solving problems of optimal control 

- use approximate optimization methods. 

Abstract оf 

discipline 

The calculus of variations gives a general method for describing natural phenomena, based on minimization 

of functionals and describes methods for the practical solution of minimization problems for functionals; 

optimization methods allow solving optimal control problems arising in practice. The calculus of variations 

and optimization methods are based on mathematical analysis and the theory of differential equations and 

find their application in the analysis of a large class of processes of mechanics and physics. The course 

includes a description of methods for minimizing a wide class of integral functionals and optimal control 

problems of practical importance. 

Circuits module – 5 credits 

СodeETs (1) 2214 Circuits1 

Prerequisites Physics 1, Аlgebra and analytical 

geometry, Information and 

communication technologies 

Postrequisites Circuits 2, Robotic System Control 

Credits 2 Semesters 4 

Aim оf discipline To teach the students to the basics of electrical circuits, basic elements and laws, methods of analyzing 

circuits; give the basic concepts of DC and AC circuits, methods for analyzing circuits, estimating power, 

and operational amplifiers of both DC and AC. 

Upon successful completion of this discipline, students should be able to: 

- demonstrate an advanced knowledge of the basic concepts, laws of electrical circuits and main circuit 

analysis methods; 

- explain the principles of construction of simple resistive circuits; 



- study the electrical schemes using the Thevenin and Norton theorems; 

-  interpret the basic concepts of the circuit, such as voltage, current, power, energy, etc., using the laws 

of Ohm and Kirchhoff; 

- determine the active, reactive and complex powers of the circuit; 

- build a vector and topographic diagrams for the analysis of AC circuits; 

- use the basic methods such as node voltage and mesh current for circuit analysis. 

Abstract оf 

discipline 

For the mastery of the discipline "Сircuits I" students should be formed a certain knowledge base, obtained 

as a result of studying the following disciplines: physics, mathematical analysis, the theory of functions of 

a complex variable, differential equations. 

Contents of the discipline. Main sections: 

Physical principles of electrical engineering. Fundamentals of electric charge, current and voltage, Ohm's 

Law, Kirchhoff's Laws, Power balance, analysis of resistive circuits. Basic methods for calculating electrical 

circuits: methods of node voltages and mesh current. Theorems of Thevenin and Norton. Three-phase 

circuits. Operational amplifiers. 

СodeETs (2) 3215 Circuits2 

Prerequisites Circuits 1, Calculus 1 Postrequisites Robotic System Control, Digital design 

Credits 3 Semesters 6 

Aim оf discipline Teaching studentsto the basic definitions of electrical and magnetic circuits, linear and nonlinear alternating 

current circuits, the basic methods of calculating linear, nonlinear and magnetic circuits, conversion methods 

in the simplest electrical circuits, transients in RLC circuits. 

Upon successful completion of this discipline, students will be able to:  

- determine the main characteristics of parallel and series-connected quadripoles; 

- set up an equations according to Kirchhoff's laws for instantaneous values of voltages and currents, 

for the simplest circuits containing sources, resistive, inductive and capacitive elements. 

- compare the Laplace transform method with the Fourier transform methodж 

- analyze electrical circuits with distributed parameters; 

- solve differential equations applying the Laplace transform method to the analysis of processes in 

electrical circuits; 

- apply classical methods of analysis of transients in electrical circuits with RLC elements. 



Abstract оf 

discipline 

Contents of the discipline. Main sections: 

Application of the Laplace transform method to the analysis of processes in electrical circuits. Methods of 

transformation in the simplest electrical circuits. Transient processes in RLC circuits. Quadripoles and active 

circuits. Connections of quadripoles. Circuits with distributed parameters. 

Scientific Data Processing and Programming module – 5 credits 

СodePP 2214 Programming in Python 

Prerequisites  Information and communication 

technologies, Probability Theory and 

Statistics 

Postrequisites Numerical Methods and Programming 

Credits 2 Semesters 4 

Aim оf discipline To teach the students to basics of writing and running Python scripts to study more advanced features such 

as file operations, regular expressions, working with binary data, and using the extensive functionality of 

Python modules. Familiarize with features specific to Python, such as tuples, array slices, and output 

formatting. 

To understand why Python is a useful scripting language for developers, to learn how to design and program 

Python applications, to learn how to use lists, tuples, and dictionaries in Python programs, to learn how to 

identify Python object types, etc. 

Upon successful completion of this discipline, students will be able to: 

- define the structure and components of a Python program; 

- master the fundamentals of writing Python scripts; 

- write Python functions to facilitate code reuse; 

- search text using regular expressions  

- make own code robust by handling errors and exceptions properly; 

- work with the Python standard library; 

- explore Python's object-oriented features; 

- work with lists and sequence data; 

- use Python to read and write files; 

Abstract оf 

discipline 

Python is a modern language useful for writing compact codes specifically for programming in the area of 

Server side Web development, Data Analytics, AI and scientific computing as well as production tools and 



game programming. This course covers the basics and advanced Python programming to harness its 

potential for modern computing requirements. 

Contents of discipline: python is a useful scripting language for developers; design and program Python 

applications; use lists, tuples, and dictionaries in Python programs; identify Python object types; use 

indexing and slicing to access data in Python programs; write loops and decision statements, functions and 

pass arguments in Python; build and package Python modules for reusability; read and write files in Python; 

design object‐ oriented programs with Python classes; use class inheritance in Python for reusability; use 

exception handling in Python applications for error handling; core Python scripting elements such as 

variables and flow control structures. 

СodeOND 3215 Scientific Data Processing 

Prerequisite Calculus 1, Information and 

communication technologies, Physics 2, 

Ordinary differential equations, Numerical 

methods in applied mechanics, 

Programming in Python. 

Postrequisite Computational fluid dynamics 

Credits 3 Semesters 6 

Aim оf discipline To collect the data is the systematic recording of information; data analysis involves working to uncover 

patterns and trends in datasets; data interpretation involves explaining those patterns and trends. Scientists 

interpret data based on their background knowledge and experience; thus, different scientists can interpret 

the same data in different ways. 

At the end of this course, the students will be able to: 

- organize, analyze and interpret the scientific data;  

- work with data types from astronomy, remote sensing, physics, materials science and etc.  

- obtain and use different data in simulations, experiments, or observations;  

- use Visualization and statistical analysis techniques for any type of scientific data from different 

subjects. 

Abstract оf 

discipline 

The Scientific data processing is responsible for the design, development, implementation and integration 

of science data processing applications. This supports all phases of instrument, spacecraft and mission 

development, from concept through pre- and post-mission analysis, for Earth Science, Space Science, 



Exploration Systems, etc. Data analysis is at the basis of any scientific investigation. This module takes 

readers through the steps of data collection, analysis, interpretation, and evaluation. The module explores 

how scientists collect and record data, find patterns in data, explain those patterns, and share their research 

with the larger scientific community. This module essentially covers all aspects of data analysis, from arrays 

and histograms to clustering analysis, curve fitting and metadata.  

Oscillation theory and Software Packages module – 5 credits 

СodePPPRZM 2214 Software Packages for Solving Problems of Mechanics 

Prerequisites Calculus 1, Calculus 2, Ordinary 

differential equations, Аlgebra and 

analytical geometry, programming in 

Phyton, Theoretical mechanics 

Postrequisites Design of mechanical systems 

Credits 2 Semesters 4 

Aim оf discipline Use computer program Wolfram Mathematica for to solve the mechanical problems and present the 

solutions, obtaining the skills of analysis the found solutions, design of mechanical systems using numerical 

methods, development of the future specialists ability to research findings. 

At the end of this course, the students will be able to: 

- use software Wolfram Mathematica to solve equations in numeric and symbolic form; 

- solve complex algebraic equations; 

- solve ordinary differential equations; 

- write own computer programs to solve complex mechanical problems; 

- solve the set problem using the learned methods; 

- analyze the found solutions of the set problems and make conclusions or some recommendations; 

- use computer to present results and draw important conclusions from the results. 

Abstract оf 

discipline 

Introduction. Structure of the Mathematica system. The main types of calculations. Numerical calculations. 

Symbolic computing. Graphics. Programming.Work with the system. Creating a document in 

Mathematica.Accurate and approximate calculations. Numerical solution of equations. Solve 

function.Numerical solution of equations. FindRoot function.Numerical solution of differential equations. 

Processing of numeric data.Transformation of algebraic expressions with the help of built-in functions. 

Transform expressions using substitution rules. Differentiation and integration of functions.The solution of 



equations and systems of equations. Calculation of sums and products. The decomposition of functions in a 

row and the calculation of limits.Solution of differential equations. Determining the position of the center 

of mass of a thin plate and calculating its moments of inertia.Plotting functions of a single variable. Graphs 

of functions defined explicitly. Graphs of functions defined parametrically. Manage the process of plotting 

a graph.Overlaying several graphs, creating a table of graphs. Graphic representation of numerical 

data.Plotting functions of two variables. Advanced graphics capabilities of Mathematica.Harmonic 

oscillations of the load on the spring.Damped oscillations.Simulation of elastic deformations of rods. 

Stretching and compression of rods. Rod bend.The study of the bending of the rod, one end of which is fixed 

in the wall, under the action of its own weight and concentrated force. 

СodeTKIV 3215 Theory of oscillations and vibrations 

Prerequisites Mechanics, Dynamics of solid bodies Postrequisites Hamiltonian mechanics 

Credits 3 Semesters 6 

Aim оf discipline To master the basics of the theory of oscillations of linear and nonlinear mechanical systems, the basic laws 

of mechanical oscillations, and to ensure sufficient preparation for further study of the theory of oscillations 

in other courses. 

Upon successful completion of this discipline, students will be able to: 

- systematized present the fundamental concepts of the theory of oscillations and its methods for 

studying mechanical systems, as well as to contribute to the acquisition of stable skills in solving 

problems associated with vibratory dynamic processes in machines and mechanisms; 

- classify types of oscillations and make up mathematical models for describing dynamic processes; 

- determine the main forms and main oscillation frequencies of systems with a finite number of degrees 

of freedom; 

- select the region of critical velocities and resonance with arbitrary perturbing forces; 

- calculate the matrix of inertial and stiffness characteristics; 

- determine, with small oscillations, the stability region of dynamic processes of systems with a finite 

number of degrees of freedom. 



Abstract оf 

discipline 

Place and role of the discipline in the formation of the scientific context of knowledge: In the process of 

studying this discipline, the student expands and deepens the general professional competence: the ability 

to apply the appropriate physical and mathematical apparatus, methods of analysis and modeling, theoretical 

and experimental research in solving professional problems.  

Connection with prerequisites and post requisites: The ability to apply the basic concepts and laws of 

mechanics, mathematical methods of analysis and modeling to describe, study and calculate linear and 

nonlinear oscillations of systems with one and the final degree of freedom, in machines, devices and 

installations. 

The main content of the course. its features: The volume of discipline in credits is 30 hours. The number of 

hours allocated for contact work of students with a teacher (by type of training) and for independent work 

of students is indicated in the syllabus. 

Dynamics of solid and dynamical systems module – 6 credits 

СodeDTT 2216 Dynamics of solid bodies 

Prerequisites Mechanics Postrequisites Hamiltonian mechanics 

Credits 3 Semesters 4 

Aim оf discipline Familiarize students with the methods of analytical mechanics for mathematical modeling of mechanical 

systems; systematic presentation of research methods and mathematical modeling of a mechanical system 

motion, as well as teaches the setting up of mathematical models of mechanical systems. 

Upon successful completion of this discipline, students will be able to: 

- describe the basic mathematical models used in analytical mechanics; 

- determine the kinematic characteristics of the motion of a solid body and a mechanical system; 

- solve problems of dynamics on the basis of the D'Alembert principle, as well as using the basic theorems 

of dynamics; 

- solve problems of dynamics on the basis of the Lagrange equations of the first and second kind; 

- analyze the absolute motion of a solid body; 

- application of the Hamilton principle 

Abstract оf 

discipline 

Analytical mechanics in modern mechanics has the lead place. On base of the methods of analytical 

mechanics the theoretical studies of motion of the mechanical systems or individual objects are realized, 

and the obtained results are widely used by the designers of various objects and machinery in practice, in 



particular in study and recommendations for stability of various mechanical systems. The value of analytical 

mechanics is now increasing steadily in some fields of modern technologies, such as the theory of motion 

control, space technologies, automatic control, etc. 

СodeDS 3217 Dynamic systems 

Prerequisites Mechanics, Ordinary Differential 

Equations 

Postrequisites Control theory 

Credits 3 Semesters 6 

Aim оf discipline Study the regular and irregular behaviour of nonlinear dynamical systems, concentrating on ordinary 

differential equations (ODEs) and their solutions which include: existence and uniqueness theorems; linear 

ODEs with constant and periodic coefficients; center manifolds; linearization and stability analysis; 

perturbation methods; bifurcation theory; phase plane analysis for autonomous systems. 

Upon successful completion of this discipline, students will be able to: 

- identify fundamental differences between linear and nonlinear dynamical  systems; 

- identify fixed points and periodic points and determine their stability; 

- construct and interpret phase portraits of maps and flows in one and two dimensions; 

- understand elementary bifurcations; 

- understand characterizations and measurements of chaos such as sensitive dependence on initial 

conditions and Lyapunov exponents; 

- use software to simulate and study dynamical systems in one and two dimensions. 

Abstract оf 

discipline 

Background. Some additional definitions. Types of dynamical response. Stability.Concepts from linear 

algebra. Generalities. Eigenvalues and eigenvectors.Solution of linear ODEs.Plane autonomous systems. 

Canonical form of matrix.Linearization. Teylor theorem. Jacobian of the system.Linearized stability. 

Hyperbolic fixed points.Bifurcations. Definitions. Center manifold theory.Static bifurcations. The saddle-

node bifurcation.The transcritical bifurcation.The pitchfork bifurcation.Normal forms. Nonlinearities near 

a bifurcation point.The Hopf bifurcation. The normal form for a pair of pure imaginary eigenvalues.The 

normal form in various coordinate systems. Simplified analysis of the Hopf bifurcation.The normal form in 

various coordinate systems. Simplified analysis of the Hopf bifurcation.More fun with maps.Arnold’s cat 

map. 



Strength of Materials and Mechanics of deformable solids module – 6 credits 

СodeMM 2218 Strength of Materials 

Prerequisites Mechanics Postrequisites Robot Mechanics, Solid Mechanics 

Credits 3 Semesters 4 

Aim оf discipline Development and formation of: possession of the basic methods of operation of structures, design schemes, 

problems of calculating flat and spatial elements of building structures for strength, rigidity and stability; 

preparing the future specialist to conduct independent calculations of structures. 

Upon successful completion of this discipline, students will be able to:  

- formulate the basic principles, provisions and hypotheses of resistance of materials; 

- describe the methods and practical techniques for calculating rods, flat and volumetric structures for 

various power, deformation and temperature effects; 

- competently draw up settlement schemes; 

- determine theoretically and experimentally the internal forces, stresses, deformations and 

displacements in the rods, plates and volumetric elements of building structures; 

- calculate the stress-strain state of the rods, flat and spatial elements of structures under various 

influences using theoretical methods using modern computational techniques, ready-made programs; 

- analyze the exact results of any structural elements and machine parts for strength, rigidity and 

stability; 

- select structural materials and forms that provide the required indicators of reliability, safety, cost-

effectiveness and efficiency of structures. 

Abstract оf 

discipline 

The content of the discipline. Main sections: 

The main methods of calculation for strength, rigidity, stability. Internal forces. The method of flat section. 

Hooke's law and the principle of independent forces. Stretching-compression straight beam. Shift. Torsion. 

Bend Determination of bending movements. Theory of stress. The theory of the deformed state. Volumetric 

deformation. Strength hypotheses. Bending of a flat bar of big curvature. Energy methods for determining 

the displacement points of a structure. Statically indefinable system. Equilibrium stability of deformable 

systems. Experimental methods for the study of strain and stress. 

СodeMDTT3219 Solid Mechanics 

Prerequisites Mechanics Postrequisites Numerical methods in applied mechanics 



Credits 3 Semesters 5 

Aim оf discipline Mastering the fundamentals of theoretical concepts, terms, principles, equations and statements of problems 
of this course, mastering the basic analytical methods for solving a number of problems for calculating 
elastically and inelastically deformable bodies. 
Upon successful completion of this discipline, students will be able to: 

- know theoretical basic of knowledge, notions, principles, equations and statements оf this course; 

- know the basic concepts and terms, equations and statements of the problems of the mechanics of 

deformable solids; 

- know traditional analytical methods for solving a number of theoretical and applied problems of this 

course on the calculation of the considered elastically and inelastically deformable objects; 

- analyze the basic analytical methods of solving the problems for calculating elastically and 

inelastically deformable bodies. 

Abstract оf 

discipline 

This course is a key educational course, as it is formed at the junction of the natural science and engineering 

fields in shaping the scientific context of knowledge. This course connects the natural science and 

engineering aspects in the formation of the scientific context of knowledge, so it is closely associated with 

these prerequisites and postrequisites. This course introduces the basic concepts and terms, equations and 

statements of the problems of the mechanics of deformable solids. Given course allows you to master 

traditional analytical methods for solving a number of theoretical and applied problems of this course on the 

calculation of the considered elastically and inelastically deformable objects. 

Thermodynamics and Heat and Mass Transfer module – 6 credits 

СodeOTTM2220 Thermodynamics 

Prerequisites Ordinary Differential Equations Postrequisites Heat and mass transfer 

Credits 3 Semesters 4 

Aim оf discipline Develop students' knowledge and skills in the field of thermodynamics, mastering thermodynamic research 

methods and perform calculations for different types thermal power plants and work processes that occur in 

them. 

Upon successful completion of this discipline, students will be able to:  

- formulate the law of conservation of energy in relation to the working fluids of thermal machines, 

thermodynamic processes and energy conversion cycles;  

- describe the basic mathematical models used in thermodynamics;  



- evaluate the degree of thermodynamic perfection of power plants;  

- solve problems associated with thermodynamic processes using real gases and vapors;  

- solve problems using the basic laws of thermodynamics;  

- calculate the parameters of a continuous medium using the Id-diagram;  

- analyze the cycles of thermal machines in order to optimize their performance. 

Abstract оf 

discipline 

In the discipline "Thermodynamics" we study the law of conservation of energy, states and processes in the 

system. Thermodynamics has been successfully applied in a wide range of science and technology issues, 

such as mechanics, energy, phase transitions, chemical reactions, transport phenomena. Therefore, the 

knowledge of the thermodynamic method of research and the ability to apply it are necessary for specialists 

of various branches of science and technology. 

Discipline is based on previous courses: “Differential equations”. The knowledge gained by students in 

mastering the discipline under study is necessary for studying the following disciplines: "Heat and mass 

transfer".  

The main content of the course and its features: The first law of thermodynamics. Working body and external 

environment. Isolated and non-isolated thermodynamic systems. Thermodynamic surface in the P-V-T 

coordinate system. Internal energy and enthalpy of the working medium as a function of the state. Heat and 

work as a function of the process. The first law of thermodynamics as the law of conservation and 

transformation of energy. The second law of thermodynamics. Reversible and irreversible processes and 

cycles. Carnot's theorem. Change in the entropy of an ideal gas. T-S diagram. Basic differential equations 

of thermodynamics. Thermodynamics of an ideal gas. Analytical expression of the first law of 

thermodynamics for ideal gases. Internal energy and enthalpy of ideal gas. Differential equations of 

enthalpy. Dependence of saturated vapor pressure on temperature. Heat of phase transition. 

Thermodynamics of the flow. De Laval nozzle. Compressors. Gas cycles. 

СodeTMO 3221 Heat and Mass Transfer 

Prerequisites Thermodynamics Postrequisites Thermodynamics of oil 

Credits 3 Semesters 5 

Aim оf discipline Form students' knowledge and skills in the field of heat and mass transfer, to study the basic laws of heat 

and mass transfer, hydrodynamic processes, methods of describing and modeling thermal processes and 



temperature fields, to study the features of thermal processes in various fields of science, to acquire skills 

for solving a wide class of applied and theoretical problems. 

Upon successful completion of this discipline, students will be able to:  

- perform calculations of stationary thermal conductivity in single; 

- and multilayer walls;  

- describe the mathematical model of a recuperative heat exchanger;  

- perform heat transfer calculations with the help of a software package;  

- solve problems associated with the processes of convective heat transfer in the free and forced motion 

of the medium;  

- plot the thermal radiation;  

- calculate the parameters of a continuous medium;  

- analyze the efficiency of heat exchangers;  

- do comparative analysis of heat exchangers for use in scientific practice. 

Abstract оf 

discipline 

In the discipline "Heat and mass transfer" the basic laws of heat and mass transfer in the system are studied. 

Discipline refers to the professionally oriented disciplines of the natural science cycle and provides a 

substantive relationship of natural science disciplines with general professional and special disciplines of 

the thermophysical profile of training. Discipline requires knowing the following subjects: 

"Thermodynamics". An acquired knowledge of students is necessary for studying the following disciplines: 

"Thermodynamics of oil." 

The main content of the course and its features: 

Calculate the stationary thermal conductivity in single- and multilayer walls. Features of the calculation of 

cylindrical walls. Free and forced convection. Convective heat transfer. Coefficient of heat transfer and the 

main factors affecting it. General concepts of the theory of similarity and the methodology for calculating 

the heat transfer coefficient. Features of convective heat transfer with free and forced motion of the coolant, 

with boiling and condensation of the liquid. Heat transfer during phase transformations. Diffusion boundary 

layer. Thermal radiation. The main features of radiant heat transfer in bodies of different aggregate states. 

Kirchhoff's Law. Basic definitions and laws of heat transfer by radiation. Purpose and principle of operation 

of the main types of heat exchangers. Comparative analysis of heat exchangers. Mathematical model of 

recuperative heat exchanger. 



Fluid Mechanics and Experimental Methods module – 6 credits 

СodeMZhG3222 Fluid mechanics 

Prerequisites Calculus 1, Calculus 2, Ordinary 

Differential Equations, Partial Differential 

Equations, Tensor Analysis and 

Differential Geometry, Introduction to 

Continuum Mechanics 

Postrequisites Flow in porous media, Experimental 

hydromechanic, CFD, Heat and Mass 

transfer 

Credits 3 Semesters 5 

Aim оf discipline Understand the fundamental concepts and laws of  fluid flow; introduce fluid mechanics sections 

Upon successful completion of this discipline, students will be able to: 

- understand the behavior of fluids.  

- calculate the hydrostatic forces and moments on submerged and floating surfaces 

- apply the principles of conservation of mass, momentum, and energy to a control volume  

- apply the Euler and Navier-Stokes equations in different applications.  

- to solve for external flow, evaluate lift and drag, know when there is possibility of flow separation, apply 

streamlining concepts for drag reduction by using experimental correlations; 

- demonstrate flow patterns experimentally; 

- compare obtained analytical and experimental solutions. 

Abstract оf 

discipline 

Fluid mechanics is a fundamental topic in mechanical engineering and many related areas. In order to 

successfully acquiring this subject, students need to complete the following courses: "Mathematical 

Analysis", "Linear Algebra", "Analytical Geometry", "Differential Equations", "Equations of Mathematical 

Physics", "Continuum Mechanics". The concepts, laws, and methods studied in this course will be used in 

specialized courses in this field. 

Course description: Properties of fluids; Fluid equilibrium condition; Basic Hydrostatic equations; Pressure 

variations in stationary fluid, manometer, fluid force acting on bodies; Fluid motion: streamlines, streak 

lines, path lines; Fluid flow equations and its applications: Continuity, Euler’s, Navier - Strokes and 

Bernoulli’s equations; Fluid flow analysis: fluid flow in pumps; Fluid flow patterns: Laminar and turbulent 

flows; Compressible and Incompressible gases, Max Number; Boundary layer theory, Separation and Drag; 

Fluid flow losses: major and minor losses; Dimensional analysis. 



СodeEMM 3223 Experimental methods in mechanics 

Prerequisites Ordinary differential equations, 

Introduction to continuum mechanics, 

Fluid mechanics 

Postrequisites Fluid dynamics, Computational fluid 

Dynamics 

Credits 3 Semesters 6 

Aim оf discipline To form professional competences in the field of experimental methods in mechanics with the aim of their 

practical (applied) application in scientific, industrial and teaching activities of a specialist, to form students' 

ability to work with testing machines, experimental installations, measuring devices and instruments, to 

solve practical problems of mechanics, conduct experimental studies. 

Upon successful completion of this discipline, students will be able to: 

- demonstrate knowledge of the physical foundations of experimental research methods in mechanics, 

modern methods of modeling and research processes in mechanics; 
- formulate the physical formulation of the problem; 
- simulate the real flow of liquid and gas; 
- conduct experimental studies; 
- apply the methods of experimental research to solving practical problems; 
- carry out measurements of the main parameters (pressure, velocity, flow, etc.); 
- process the experimental data and determine the measurement errors; 
- based on the results of work, compile tables of experimental data and build graphs, prepare a 

presentation; 
- analyze the results of experimental studies and draw conclusions. 

Abstract оf 

discipline 

Purpose of the discipline: Experimental methods in mechanics this is the most important part of mechanics, 

devoted to the methods of experimental study of problems of mechanics. 

The role and importance of the discipline: this discipline serves as a means for future specialists to develop 

the necessary creative skills for conducting experimental research, introduces it in practice to measurement 

techniques and methods for processing experimental data, and also consolidates theoretical knowledge 

gained in students, teaches how to apply them to solving practical problems. 



Content of the discipline: General characteristics and classification of experiments; Measuring instruments 

and sensors of physical quantities; Planning an experiment; Simulation in the experiment; Methods and 

measuring instruments in mechanical systems; Mathematical processing of experimental data. 

Design of mechanical systems and CAD/CAM module – 6 credits 

СodePMS 3224 Design of mechanical systems 

Prerequisites Аlgebra and Analytical Geometry 1, 

Ordinary Differential Equations, 

Mechanics,Dynamics of solid bodies 

Postrequisites Robot Mechanics, Dynamic Systems, 

Robotic System Control 

Credits 3 Semesters 5 

Aim оf discipline To perform tasks, solve problems and evaluate the results of the study of kinematics and dynamics of 

mechanisms and machines (MM), robotic systems (RS) based on subject knowledge and skills, develop 

general methods of research and design schemes of mechanisms necessary to create machines , automatic 

devices and complexes, robots that meet the modern requirements of efficiency, accuracy, reliability and 

efficiency. 

Upon successful completion of this discipline, students will be able to:  

- describe methods of research of kinematics and dynamics of mechanisms and machines, robotic 

systems, methods of analysis of dynamic processes in machines; 

- analyze dynamic processes in machines, design lever mechanisms taking into account kinematic and 

dynamic conditions; 

- solve problems of dynamic synthesis of plane mechanisms with lower pairs; 

- build mathematical models of kinematics of specific mechanisms and know the methods of their 

solution; 

- apply their knowledge in the study of kinematics and dynamics of specific machines, mechanisms and 

robots. 

Abstract оf 

discipline 

Design of mechanical systems is a scientific discipline of General methods of research, kinematics and 

dynamics of mechanisms and machines and the scientific basis of their design, it is directly related to the 

disciplines of natural science and mathematical cycle (mathematics, physics, theoretical mechanics) and is 

based on the mastered in the study of these disciplines knowledge and skills. 



Successful development of the course will allow students to form theoretical knowledge and necessary skills 

to study the following disciplines - mechanics of robots, dynamic systems, control of robotic systems. 

This course presents the theoretical material that is necessary and sufficient for the experimental study of 

various specific issues of mechanics of machines and robots. This discipline serves as a means of 

development of future specialists necessary creative skills to conduct independent research, analysis and 

processing of the results. 

СodeСС 3225 CAD/CAM 

Prerequisites Design of mechanical systems, Strength 

of Materials, Programming in Python 

Postrequisites Theory of plasticity, Numerical methods in 

applied mechanics 

Credits 3 Semesters 6 

Aim оf discipline To study in the laboratory and practical classes of the package and the purpose of its modules on the 

examples of at least 3 integrated software environments. 

Upon successful completion of this discipline, students will be able to: 

- develop functional diagrams; 

- conduct adjustment calculations - the synthesis of control algorithms and correction devices; 

- carry out kinematic, strength calculations, estimates of the accuracy of mechanical components; 

- carry out energy calculation and selection of actuators; 

- derive analyzes of the stability, accuracy and quality of management processes; 

- perform design and graphic work on the design of information, electromechanical, electro-hydraulic, 

electronic and microprocessor modules of mechatronic and robotic systems; 

- create 2D and 3D geometric models using software tools; 

- apply principles in the field of computer-aided design and production. 

Abstract оf 

discipline 

Contents of the discipline. Main sections: 

Basis of design methodology. General provisions. Concepts and principles of design methodology. 

Procedural model of design. Mathematical models of the object of design. Types of CAD support (technical, 

software, informative, linguistic, organizational, methodological, and mathematical). Selection of 

parameters of dynamic systems. Static calculations of systems. Calculation of characteristics of dynamic 

systems. Frequency calculations of systems. Processing of the mold element. Processing details prismatic 

shape 



MAJOR DISCIPLINES (MD) -32 

OBLIGATORY COMPONENT (OC) - 5 

Theoretical mechanics and continuum mechanics module – 5 credits 

СodeVMSS2301 Introduction to continuum mechanics 

Prerequisites Calculus 1, Algebra and analytic 

geometry, Differential equations, 

Mechanics 

Postrequisites Fluid and gas mechanics. Mechanics of 

deformable solids 

Credits 2 Semesters 4 

Aim оf discipline The purpose of the discipline is to form the fundamental knowledge and professional competencies in the 

field of continuum mechanics, the presentation of which is carried out from a unified standpoint of the 

scientific foundations of the theoretical description of the macroscopic movement of liquid, gaseous and 

solid deformable media. 

As a result of studying the discipline, the students will be able to: 

- demonstrate the fundamental knowledge of the main sections of the mechanics of the material 

continuum (continuity hypothesis, continuum kinematics, medium deformation theory, dynamics, 

thermodynamics and continuum electrodynamics, and applied aspects of continuum mechanics); 

- formulate the basic laws, the basic equations and theorems of continuum mechanics; 

- build mathematical models of classical liquid, gaseous and solid wrought media; 

- prove the main theorems according to the laws of mechanics of the material continuum; 

- solve problems and exercises on the kinematics of a continuous medium (the law of motion of a 

continuous medium, the equations of the trajectory, current lines and the vortex line); 

- solve problems and exercises on the theory of deformation (components of the strain tensors, strain 

rates and internal stresses); 

- analyze the results and draw valid conclusions. 

Abstract оf 

discipline 

Purpose of the discipline: this discipline serves as a means for developing future specialists with the 

necessary creative skills to build mathematical models of the continuum, which make it possible to most 

fully describe the physical-mechanical processes of continuous media. 

The content of the discipline. Main sections: 

- Continuous kinematics 



- Theory of deformations 

- Main theorems and equations of dynamics 

- Basic concepts and equations of thermodynamics 

- Basic concepts and equations of electrodynamics 

- Classic continuum models. 

СodeTM2302 Mechanics 

Prerequisites Calculus 1,Calculus 2,Calculus 3, 

Differential equations, Algebra and 

analytical geometry, Differential 

geometry. 

 

Postrequisites Mechanics of deformable solid body, 

Introduction to continuum mechanics,Fluid 

mechanics 

Credits 3 Semesters 3 

Aim оf discipline This subjectis aimed atstudying by the studentsthe laws of nature, obtaining the skillsof mathematical 

modelsconstructing of thenature and engineeringprocessesand theiranalysis on the basisof the found 

solutions, development of the future specialists’abilityto research findings. 

The main objectives of this subject are to construct the adequate mathematical models for the different 

mechanical processes, to study the laws ofmotion and equilibriumof material bodies, to know the basic 

methods and techniques for the problem solving and to solve the set problem. 

As a result of studying the discipline, the students will be able to: 
 describe the basic mathematical models used in theoretical mechanics; 
 determine the kinematic characteristics of the motion of a material point and a mechanical 

system; 
 solve problems of statics, using the equilibrium conditions for different systems taking into 

account the forces of static certainty and uncertainty;  
 to solve problems of dynamics based on Newton's second law, as well as with the fundamental 

theorems of dynamics; 
 analyze the relative motion of the mass point; 

analyze the non-free motion of a mass point 



Abstract оf 

discipline 

At the end of the subject study student willbe able to: 

- know the basic concepts,laws and major theorems of theoretical mechanics; 

- be skilled in mathematical modeling of the physical processes; 

- be abletosolve the set problem using the learned methods and techniques;  

- be abletoanalyze the found solutions and make conclusions or some recommendations. 
ELECTIVE COMPONENT (ЕС) - 27 

Mathematical analysis and its applications module – 3 credits 

СodeMA 2103 Calculus 3 

Prerequisites Calculus 2 Postrequisites Tensor analysis and differential geometry 

Credits 3 Semesters 3 

Aim оf discipline To familiarize students with the fundamental concepts of Calculus 3, differential calculus methods of 

functions of two real variable and their applications. The objectives of the course include the development 

of students' logical thinking and mathematical culture to explore other subjects.  

As a result of studying the discipline, the student will be able to: 

- formulate basic concepts of mathematical analysis and to be able to apply these concepts to a variety 

of  mathematical situations; 

- describe the fundamental concepts of Calculus 3:the theory of different integrals, Functions  of  

Several Variables; 

- explain the ideas of key concepts from the course; 

- analyze and explain problem solving tasks; 

- apply mathematical reasoning and mathematical analysis to solve theoretical and applied problems 

of mechanics. 

Abstract оf 

discipline 

- one variable uniform tendency of a function of two variables to a limit with respect to another 

variable.    Cauchy criterion of uniform convergence of a function to the limit function. 

- proper integrals depending on a parameter. Improper integrals of the first type depending on 

theparameter.    Improper integrals of the second type depending on the parameter.   

- Euler's integrals. Gamma function. Beta function. The   Stirling   formula. Multiple integrals 

depending on parameters. 



- double integral. Reduction of the double integral to the repeated integrals. Change of variables in the 

double integral. Double integral in polar coordinates.  

- Jacobian transformation. Calculation of the area of a plane figure by using double integral. Geometric 

applications of the double integral. 

- triple integrals and their properties. Change of variables in triple integrals. Improper multiple 

integrals.  

- improper multiple integrals.  

- definition of a line integral of   the first type. Reduction a line integral to an ordinary definite integral.  

- definition of a line integral of the second type. Existence and computation of a line integral of the 

second type.  

- conditions for the independence of the line integral of the path of integration. Calculation of areas by 

using line integrals. 

- Green's formula. 

- Surface in 
nR .  Normal   and   tangent plane to the surface. Definition of surface integrals of the first 

type.  Reduction a surface integral to an ordinary double integral.  

- mechanical    applications of surface integrals of the first type.   Definition of   a surface   integral of 

the second type.  Calculation of volume   of a solid   by using a surface integral.    

- the   Stokes’ theorem.  

- Ostrogradsky's formula. 

Theory of plasticity and fracture mechanics module - 6 

СodeTP 3304 Theory of plasticity 

Prerequisites Partial Differential Equations, 

Introduction to continuum mechanics 

 

Postrequisites Mechanics of loose bodies, soils and 

rocks; Mechanics of fracture 

 

Credits 3 Semesters 6 

Aim оf discipline Mastering the fundamentals of theoretical concepts, concepts, principles, equations and problem 
statements of this course, mastering the basic analytical methods for solving a number of tasks on the 
calculation of plastically deformable bodies. 
Upon successful completion of this discipline, students will be able to: 



 describe the basics of theoretical principles, concepts, principles, equations, and problem statements 
for this course; 

 build mathematical models of classical plastically deformable media; 
 possess the main analytical methods for solving a number of tasks for the calculation of plastically 

deformable bodies; 
 solve problems and exercises on the theory of plastic deformations; 

 analyze the results and draw reasonable conclusions. 

Abstract оf 

discipline 

- this course is an important educational course at the junction of the natural sciences and 

engineering and technical direction in the formation of the scientific context of knowledge. 

- this course connects the natural science and engineering aspects in the formation of the scientific 

context of knowledge, so it is closely associated with these prerequisites and postrequisites. 

- this course introduces the basic concepts and terms, equations and statements of the problems of the 

mechanics of deformable solids. Given course allows you to master traditional analytical methods for 

solving a number of theoretical and applied problems of this course on the calculation of the 

considered plastically deformable objects. 

СodeOMR 3305 Fundamentals of fracture mechanics 

Prerequisites Introduction to continuum mechanics, 

Partial Differential Equations, Planar 

problem theory of elasticity. 

Postrequisites Special mechanics sections 

Credits 3 Semesters 6 

Aim оf discipline The study of fundamental concepts, concepts and methods of fracture mechanics for solving applied 

problems, finding out the conditions for the destruction of bodies of various shapes, operating under the 

action of specified loads in certain external conditions. 

Students who complete the study of this discipline will be able to: 

 describe the basic concepts, concepts and methods; 

 summarize the results of the mathematical theory of fracture mechanics; 

 apply the basic methods of research tasks; 

 analyze the results of solving boundary value problems; 



 build mathematical models of fracture mechanics; 

 assess the performance of structural elements with cracks. 
Abstract оf 

discipline 

The course "Fundamentals of Fracture Mechanics" outlines the main provisions, approaches and formulas 

used in the course of fracture mechanics in determining the strength of materials. Fundamental concepts, 

concepts and methods of fracture mechanics for solving applied problems are given, which make it possible 

to determine the conditions for the destruction of bodies of various shapes operating under the action of 

given loads in certain external conditions. Discipline makes it possible to master the techniques and skills 

to apply mathematical methods of fracture mechanics in solving applied problems. 

Students who complete the study of this discipline should: 

Have a presentation: 

- about the basic concepts, concepts and methods of fracture mechanics. 

- Know: 

- the main results of the mathematical theory of fracture mechanics; 

- basic research methods for fracture mechanics; 

- main results of solving boundary value problems of fracture mechanics. 

Be able to: 

- apply mathematical methods of fracture mechanics when solving applied problems; 

- analyze the performance of structural elements with cracks. 
Numerical methods and theory of filtration module – 6 credits 

Сode ChMRTZM 

3304 

Numerical methods in applied mechanics 

Prerequisites Mechanics Postrequisites Computational hydrodynamics 

Credits 3 Semesters 6 

Aim оf discipline Formation of students' methodological approaches to the formulation and processing of the results of studies 

of mechanical systems, as well as the study of mathematical and computer methods used in solving applied 

problems of mechanics related to the need for their numerical implementation on a PC. The main tasks of 

studying the discipline are the formation of students of theoretical knowledge, the development of skills and 

practical skills. 

Students who complete the study of this discipline will be able to: 



 collect, analyze and process the data needed to solve the applied problems of mechanics; 

 solve applied problems using algorithms and information and communication technologies; 

 apply the methods of solution, analysis of the studied phenomena, processes and design solutions; 

 choose the optimal numerical method for solving this problem, give the mathematical characteristics 

of the accuracy of the source information and evaluate the accuracy of the obtained numerical result; 

 use modern computer technologies and software packages for solving numerical problems of 

mechanics; 

 evaluate the basic numerical methods for solving practical problems of mechanics, analyze 

educational and scientific literature. 

Abstract оf 

discipline 

The course “Numerical Methods for Solving Applied Problems of Mechanics” presents basic information 

on classical numerical methods for solving various applied problems of mechanics in particular, the finite 

element method. Discipline makes it possible to master the techniques and skills of computational 

procedures, learn how to choose the optimal numerical method for solving a problem, form students' 

methodological approaches to the formulation and processing of mechanical systems research results, as 

well as study mathematical and computer methods used to solve applied problems of mechanics related to 

the need for numerical implement them on a pc. 

Competences: 

- the ability to collect, analyze and process the data necessary to solve the applied problems of 

mechanics; 

- the ability to set and solve applied problems using algorithms and information and communication 

technologies; 

- the ability to apply methods of solution, analysis of the studied phenomena, processes and design 

solutions; 

- know: the techniques and skills of computational procedures, learn to choose the optimal numerical 

method for solving this problem, give mathematical characteristics of the accuracy of the initial 

information and evaluate the accuracy of the obtained numerical result. 

- be able to: use modern computer technology and software packages for solving numerical problems 

of mechanics. 



- to possess: mathematical culture of reasoning and evidence, basic numerical methods for solving 

practical problems of mechanics, the ability to read and analyze educational and scientific literature, 

the skill of conducting numerical experiments using a computer. 
Сode TF 3305 Theory of filtration 

Prerequisites Differential equations, Fluid mechanics Postrequisites Computational fluid dynamics. 

 

Credits 3 Semesters 6 

Aim оf discipline To acquaint students with modern methods of studying the problems of filtration of incompressible and / or 

weakly compressible liquids in porous media and soils. To give students knowledge of modeling, techniques 

and methods of experimental studies of flows in porous media, to teach students to work on experimental 

installations Armfield S1, Armfield S11. 

Upon successful completion of this discipline, students will be able to: 

 demonstrate knowledge in the field of filtration theory (basic concepts, theoretical foundations), 

research methods (analytical, numerical, experimental) filtering problems; 

 formulate (explain) the physical formulation of the filtering problem; 

 build a mathematical model (basic equations and initial, boundary conditions) filtration flow of the 

fluid; 

 analyze the method of investigating the filtering problem, identify the main parameters determining 

the behavior of phenomena; 

 solve problems of filtration of incompressible fluid in porous media and soils by modern methods of 

research; 

 evaluate the results and draw reasonable conclusions. 
Abstract оf 

discipline 

- Filtration theory is a section of hydrodynamics devoted to the study of the motion of liquids and gases 

through porous and fractured-porous media. The accumulation of oil and gas in these porous 

reservoirs and the main technologies of extraction (extraction) are controlled by the laws of the theory 

of filtration and serve as one of the main sources of its tasks. 

- For the successful acquiring of this discipline to the beginning of its study, the student must have the 

relevant knowledge, skills and competencies gained in the following disciplines: Differential 

Equations, Continuum Mechanics, Fluid Mechanics. The basic concepts, laws and methods studied 



in this course are necessary for the study of the following disciplines: Subterranean Hydrodynamics, 

Geophysics and a number of other special disciplines. As well as the study of this discipline can be 

carried out in parallel with the study of Computational Fluid Dynamics, Subterranean Hydrodynamics 

and Software Packages. 

- Course description. Porous media. Fundamentals of rock properties. Porosity. Absolute Porosity. 

Effective Porosity. Permeability. Absolute, Effective and Relative Permeability. Saturation.  

Fictitious soil. Schlichter’s formula. Darcy law.The equation of Motion of Homogeneous fluid. The 

Experimental Law of Darcy. Fundamentals of Reservoir fluid flow. Types of fluids. Flow regimes. 

Reservoir geometry. Linear flow of fluids. Radial flow of fluids. Spherical and Hemispherical Flow. 

Dupuit equation.Range of Validity of Darcy Law.  Non Linear Motion Equations. Forchheimer 

equation.  Isotropic and Anisotropic Medium. Layered Porous Media (Anisotropic Porous Media). 

Flow Normal and Parallel to the Medium layers. Averaging Absolute Permeability. Weighted-

average permeability, Harmonic-average permeability, Geometric-average permeability. Initial and 

Boundary conditions. Steady Filtration of incompressible fluid. Compressible fluid. Steady flow in 

porous media. Similarity of compressible Liquid and Gas’s steady flow in porous media. Liebenson 

Function. Unsteady flow of Elastic fluid in Porous Media. 

- The Methods of Images. Principles. Examples. Methods based on the Theory of Functions. Flow of 

Immiscible Fluids. Types of Two-Fluid Flows. Interface Tension and Capillary Pressure. Wettability.  

Hydrodynamic Dispersion. Definition. Parameters of Dispersion. Molecular diffusion. Two phase 

flow of immiscible fluids. Theory of Buckley– Leverette. Movement of the interface between two 

fluids in a porous medium. Water-oil displacement. 

Control theory and Orbital Mechanics module – 6 credits 

Сode TU 4306 Control theory 

Prerequisites Аlgebra and Analytical Geometry, 

Differential equations, Dynamic systems 

Postrequisites Robotic System Control 

Credits 3 Semesters 7 

Aim оf discipline Formation of students professional competence in the field of control theory. The study of the basic concepts 

and laws of the theory of process control in nature and technology; Formation of skills in applying methods 

and laws of control when solving problems. 



As a result of studying this discipline, students will be able to: 

- demonstrate knowledge of the basic concepts of the theory of process control in nature, society and 

technology; 

- describe the fundamental principles and time-frequency characteristics of system management; 

- reveal the basic principles of feedback control and optimal control; 

- determine the transfer function, time and frequency characteristics of the control system; 

- apply skills in solving problems of optimal process control, methods of classical calculus of variations 

and using the maximum principle; 

- assess the sustainability and quality of the control system; 

- apply the method of the location of the roots in the design of real systems; 

- interpret and apply control system block diagrams and design PID controllers. 
Abstract оf 

discipline 

The course addresses dynamic systems, i.e., systems that evolve with time. Typically these systems have 

inputs and outputs; it is of interest to understand how the input affects the output (or, vice-versa, what inputs 

should be given to generate a desired output). In particular, this course concentrate on systems that can be 

modeled by Ordinary Differential Equations (ODEs), and that satisfy certain linearity and time-invariance 

conditions. 

The response of these systems to inputs and initial conditions will be analyzed. It is of particular interest to 

analyze systems obtained as interconnections (e.g., feedback) of two or more other systems. Design of 

(control) systems that ensure desirable properties (e.g., stability, performance) of the interconnection with 

a given dynamic system will be studied. 

СodeOM 4307 Orbital Mechanics 

Prerequisites Аlgebra and Analytical Geometry, 

Differential Equations, Mechanics. 

Postrequisites Celestial mechanics, Ballistics 

Credits 3 Semesters 7 

Aim оf discipline Consideration of the problems of spacecraft motion in orbit. Analysis of the types of orbits. Upon 

successful completion of this discipline, students will be able to: 

- determine the coordinates and speeds; 

- classify the types of orbits; 

- apply the integrals of the equations of motion in cosmodynamic applications; 



- analyze basic concepts and apply them to complex systems; 

- assess the various applied problems of space dynamics. 

Abstract оf 

discipline 

Orbital mechanics is field of science which studies motion of spacecrafts. This subject is based on celestial 

and theoretical mechanics. Successful students will be able to determine and analyze orbit types of 

spacecrafts. 

This course presents the theoretical material that is necessary and sufficient for the experimental study of 

various specific issues of orbital mechanics. This discipline serves as a means of development of future 

specialists necessary creative skills to conduct independent research, analysis and processing of the results. 

Hamiltonian Mechanics and Robotic System Control module – 6 credits 

СodeGM 4306 Hamiltonian mechanics 

Prerequisites Mechanics, Dynamics of solid bodies Postrequisites Сelestial Mechanics, Perturbation Methods 

 

Credits 3 Semesters 7 

Aim оf discipline Studying the basic concepts and theorems of Hamiltonian mechanics, obtaining skills in applying canonical 

transformations for solving mechanics problems and analyzing them based on the solutions found. Upon 

successful completion of this discipline, students will be able to: 

 demonstrate knowledge of the main theorems and methods of Hamiltonian mechanics; 

 build and solve Hamilton's equations; 

 calculate the generating functions of canonical transformations; 

 classify canonical transformations; 

 formulate the main criteria for the canonicity of transformations; 

 draw conclusions based on the obtained solutions of equations and transformations. 
Abstract оf 

discipline 

This course will cover the basic definitions and theorems of Hamiltonian mechanics, methods for studying 

the canonical equations of motion of mechanical systems and the analysis of their solutions and singularities. 

СodeURS 4307 Robotic System Control 

Prerequisites Algebra and analytical geometry, 

Differential equations, 

Mechanics of robots. 

Postrequisites Mechatronics, Design and control of 

robots, Computer control robots. 

Credits 3 Semesters 7 



Aim оf discipline To form professional competencies in the management of robotic systems. To teach students the basics of 

the theory of automatic control, trajectory planning and control of robotic systems. 

Upon successful completion of this discipline, students will be able to: 

 demonstrate knowledge of the nature, methods of application, advantages and disadvantages of 

various methods of control of robotic systems; 

 choose different methods of control of robotic systems for solving one or another practical research 

task; 

 evaluate various methods of control of robotic systems, about the possibilities and prospects of these 

methods; 

 solve the problems of planning trajectories, dynamics and control of robotic systems; 

 analyze the results and draw reasonable conclusions. 
Abstract оf 

discipline 

If the dynamic equations of motion of the manipulator are given, then the purpose of controlling the 

manipulator is to perform the movements in accordance with a given working criterion. 

Considering manipulator controls as the task of forming a motion path, there are three main types of control 

of an industrial robot arm: motion control of a joint; motion control software; adaptive management. 

The discipline examines the stability of linear automatic control systems (ACS), methods for assessing the 

quality of regulation, the synthesis of linear ACS, laws of regulation, controllability and observability in 

linear ACS, planning the trajectory of the manipulator and methods of motion control of robotic systems. 

Discipline requires the following subjects: Algebra and analytical geometry, Ordinary differential equations, 

Mechanics of robots. 

Successful development of the course will allow students to form theoretical knowledge and the necessary 

skills to study the following disciplines: mechatronics, robot design and control, and computerized robot 

control. 

Computational fluid dynamics and Experimental hydrodynamics module – 6 credits 

СodeVGM 4308 Computational fluid dynamics 

Prerequisites Computational mechanics Postrequisites Computational gas dynamics 

Credits 3 Semesters 7 

Aim оf discipline Introduce numerical methods for solving the Navier-Stokes equation for the flow of incompressible fluid. 

By the end of the course, students will be able to: 



- achieve good understanding of basic concepts and to be able to apply these concepts to a variety of 

situations; 

- know the theory of numerical modeling of incompressible fluid flow; 

- solve different problems on fluid dynamics with heat and mass transfer; 

- estimate the correctness of numerical modeling of incompressible fluid flow; 

- investigate complex processes of fluid flow which arises in different branches of technics and science;   

- apply the knowledge of numerical modeling of incompressible fluid flow in different branches of 

technics and science. 
Abstract оf 

discipline 

At the beginning of this course the methods of numerical solving of parabolic, elliptic and hyperbolic type 

partial differential equations (P.D.E.) are given. Also simple problems of fluid dynamics and their analytical 

solutions which described by these P.D.E. are provided. After, numerical methods to solve incompressible 

Navier-Stokes equations and different test problems to validate these methods are provided.  At the end of 

this course different applications of numerical modeling of incompressible fluid flow in heat exchangers, 

filters and catalyst are given. 

СodeEMG 4309 Experimental hydrodynamics 

Prerequisites Differential equations, Fluid mechanics Postrequisites Fluid dynamics, Computational flied 

Dynamics 

Credits 3 Semesters 7 

Aim оf discipline To give students knowledge on modeling real fluid and gas flows, on techniques and methods of 

experimental studies of hydro-aeromechanics. To enable students to test their theoretical knowledge of fluid 

and gas mechanics, through experimental research. Teach students to work on experimental installations 

"Hydrodynamics" and "Hydraulics". 

Upon successful completion of this discipline, students will be able to: 

 to conduct experimental studies on various installations; 

 analyze the experimental data, draw conclusions; 

 establish the pattern between the physical parameters of the flow of a liquid or gas; 

 compare the obtained experimental results with the available analytical and / or computer solutions 

of the problem; 

 apply the theory of dimensions and similarity when modeling hydrodynamic processes; 



 put into practice the obtained theoretical knowledge of fluid and gas mechanics when solving specific 

problems. 

Abstract оf 

discipline 

Students will gain knowledge on the modeling of real fluid and gas flows, in the technique and methodology 

of experimental studies of hydromechanics.  

By the beginning of the study of this course, it is necessary to have a knowledge on fluid mechanics. 

Mastering the course is necessary for understanding the theoretical foundations of hydro-aerodynamics, for 

study computational Fluid Dynamics and performing Research Practice. 

Course content: 

Basic concepts of hydrostatics. Liquid devices. Experimental data processing. Hydrodynamics. Basic 

equations. Static pressure. Total pressure. Pitot tube. Prandtl tube. Methods of pressure measurement. Flow 

in a channel. The Bernoulli theorem. Pressure loss along a tube. Local hydraulic resistance. 

Flow pattern.  Reynolds number. Flow in an open channel. Sluice gate. Subcritical, critical, and supercritical 

flow. Types of Weirs, Dams. Hydraulic jump.Methods of determination of Flowrate of fluid and gas. 

Flowmeter. Flow visualization. Wind tunnels and their types.  Modeling of Flow in wind tunnel. Similarity 

and similarity parameters. Measurement of gas temperature. Stagnation point, stagnation parameters. 

Thermocouple. 

Robot Mechanics and Digital design module – 6 credits 

Сode TsP 4310 Digital design 

Prerequisites Fundamentals of combinational and 

sequential digital logic. 

Postrequisites Digitaldesign 2 

Credits 3 Semesters 7 

Aim оf discipline Get fundamental knowledge, argue the principles in practice in digital design through class lectures, reading 

assignments and laboratory experiments using VHDL and user-programmable valve arrays. 

Upon successful completion of this discipline, students will be able to: 

 demonstrate knowledge in the field of mathematical modeling; 

 make a review and set tasks; 

 apply in the practice of technology optimization; 



 analyze the solutions found for the tasks and draw conclusions or some recommendations. 

Abstract оf 

discipline 

Digital design is a set of technologies and programs that allows you to automate the process of developing 

objects, from architectural structures to electronic devices. This area has been actively developing since the 

second half of the twentieth century. 

With the help of automated control systems today you can design a three-dimensional model of the product, 

without resorting to paper drawings. This item can be a car, a plane, a building or another object. 

Technologies are able to choose for them the optimal size, materials and proportions. Thanks to digital 

design, the development of devices and objects takes less time, requires less human resources at lower cost 

and higher quality results. 

СodeMR 4311 Robot Mechanics 

Prerequisites Mechanics, Calculus 1, Calculus 2, 

Calculus 3 

 

Postrequisites No 

 

Credits 3 Semesters 7 

Aim оf discipline Teach the basic principles of mathematical modeling of structural, kinematic, dynamic analysis of robotic 

systems.  

Upon successful completion of this discipline, students will be able to: 

 systematize the kinematic pairs, the structure of mechanisms and determine the number of degrees of 

freedom of mechanisms and manipulators; 

 classify the structures of manipulators and to reproduce the structural synthesis of single-circuit multi-

movable manipulators; 

 develop mathematical models of manipulator kinematics problems using homogeneous vectors and 

matrices; 

 calculate direct and inverse kinematics problems of manipulators; 

 formulate direct and inverse problems of dynamics according to the equations of motion of the 

Lagrange manipulators of Euler; 

 evaluate direct and inverse problems of dynamics for an open kinematic chain. 



Abstract оf 

discipline 

Summary: 

- The mechanics of robots is one of the important part of robotics, engaged in the development of 

automated and intelligent technical systems. 

- Mathematical models of kinematics and dynamics of robots are created using the basic principles of 

theoretical mechanics and calculus to control robots. 

The main content of the course, its features: 

The structure of mechanisms and manipulators. Mathematical models of kinematics problems of 

manipulators using homogeneous vectors and matrices. Direct and inverse problems of kinematics of 

manipulators. The equations of motion of manipulators based on the Lagrange-Euler method, used to solve 

direct and inverse problems of dynamics. The equations of motion of Newton – Euler for an open kinematic 

chain used to solve direct and inverse problems of dynamics. 

 

 

 

 



 

 

 

 

 

 

 

 

 

CONLUSIONS OF EXPERTS 

 

 

 

 

 

  



 



 



 



 



 



 

 



 



 



 



 





 



 



 



 



 



 



 



 



 



 

 



 



 



 



 

 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 

 



 



 

 



 



 



 

 

 



 

 

 

 

 

 

 

 



 

 

 



CONLUSION OF REMC 

 

 



 


