
MINISTRY OF EDUCATION AND SCIENCE 

REPUBLIC OF KAZAKHSTAN  

 

al-Farabi Kazakh National University  

 

Faculty of Physics and Technology  

 

Solid State Physics and Nonlinear Physics Department  

 

 

 

 

 

 

 

 

 

 

EDUCATIONAL PROGRAM  

specialty 5В061100 – Physics and Astronomy 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Almaty, 2018 

  



2 

 

LIST OF AUTHORS-DEVELOPERS 

EDUCATIONAL PROGRAM 

 

Foreign universities and organizations - partners: 

1) University of North Carolina at Greensboro, North Carolina, United States 

Professor of  Dept. Physics & Astronomy – Dr. Miroshnichenko Anatoly.  

2) National Autonomous University of Mexico, Mexico City, Mexico 

(Universidad Nacional Autónoma de México) – Dr. Zharikov Sergey. 

3) Xinjiang Astronomical Observatory, CAS, Urumqi, Xinjiang, China, 

Deputy Director of XAO, CAS – Dr. Jarken Esimbek.  

4) Max Planck Institute for Astronomy, Heidelberg Germany –  Dr.  Olga V. 

Zakhozhay.  

5) National Autonomous University of Mexico, Mexico City, Mexico 

(Universidad Nacional Autónoma de México) –  Dr. Quevedo Hernando. 

 

al-Farabi Kazakh National University: 

1) The Head of the Department (Phd) of Solid State Physics and Nonlinear 

Physics Ibraimov MK, 

2) Professor (Doctor of Physics and Mathematics) of the Department of Solid 

State Physics and Nonlinear Physics Zhanabaev Z.ZH. 

3) Candidate of Physical and Mathematical Sciences, Senior Lecturer of the 

Department of Solid State Physics and Nonlinear Physics Iztleuov NT 

4) Candidate of Physical and Mathematical Sciences, Senior Lecturer of the 

Department of Solid State Physics and Nonlinear Physics Naurzbaeva A.ZH., 

5) PhD, senior lecturer of the Department of Solid State Physics and Nonlinear 

Physics Khokhlov S.A 

6) A teacher (doctoral student) of the Department of Solid State Physics and 

Nonlinear Physics Kalambay M.T 

7) Candidate of Physical and Mathematical Sciences, Acting Professor, 

Department of Solid State Physics and Nonlinear Physics Kuratov K.S 

8) PhD, teacher, Department of Solid State Physics and Nonlinear Agishev 

A.T., 

9) Candidate of Physical and Mathematical Sciences, Senior Lecturer of the 

Department of Solid State Physics and Nonlinear Physics Mailybaev A.T. 

10) Director of the Department of Academic Affairs - Mukhitdinova T.M 

  

 Reviewers 

1) DTOO “FAI (Fesenkova Astrophysical Institute )” - Doctor of physical and 

mathematical sciences, Professor Chechin L.M. 

2) DTOO Institute of the Ionosphere, Doctor of physical and mathematical 

sciences, Professor Somsikov V.M. 

 

 

 



3 

 

Domestic educational institutions: 

1) Satpayev University - Doctor of Physics and Mathematics,  Professor     A.A. 

Bekov 

Representatives of foreign employers:  

1) Max Planck Institute for Astronomy, Heidelberg Germany – Coordinator 

of IMPRS HD, prof. apl. Dr. rer. nat. Christian Fendt  

 

Employer Representatives: 

1) JSC National Centre for Space Research and Technology, Deputy Director 

for Research, Candidate of Physical and Mathematical Sciences - Valiullin R.R 

2) SEE on REU “Research Instit of Experimental and Theoretical Physics” - 

Scientific Secretary, Candidate of Physical and Mathematical Sciences -  

Imanbaeva A.K. 

3)  President of JSC "National Center for Space Research and Technology" 

Candidate of Physical and Mathematical Sciences - Omarov Ch.T 

4)  Director of a municipal government institution "Gymnasium №34" -   Z.T. 

Beysenbayeva 

5) Nazarbayev Intellectual School JSC NIS KhBN, Almaty, teacher of 

Physics, PhD - Sandybaev E 

6) Doctor of Technical Sciences. Member of NNS from NPP "Atameken" - 

Taybasarov Zh.K. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Application area   



4 

 

The educational program on the specialty «Physics and astronomy» was 

developed on the basis of the Model Curriculum for the specialty 5В061100 – 

Physics and astronomy (from August 23, 2012 with changes in May 13, 2016) in 

accordance with international documents in the field of higher education, 

recommendations of ECTS Users' Guide (Guide to Using ECTS), “Tuning 

Educational Structures in Europe”, and setting educational content requirements 

through study, the volume of academic load and the level of professional training of 

bachelors.   

The educational program was developed taking into account the comparison 

of the workload of the academic load in accordance with the requirements of the 

Bologna Declaration.   

 

2. Normative references  

1. The Law of the Republic of Kazakhstan “On Education” (№ 319-III dated 

July 27, 2007 in the wording of the Law of the Kazakhstan Republic dated 24.10.11 

№ 487-IV, with changes and additions from 04.07.2018);   

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

Government of the Republic of Kazakhstan from August 23, 2012 №1080, with 

changes from May 13, 2016 № 292;     

3. The model curriculum for the specialty 5В061100 – Physics and 

astronomy, approved by order of the Minister of Education and Science of the 

Republic of Kazakhstan dated July 5, 2016 № 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. National Qualifications Framework approved by the Protocol of the 

Republican tripartite commission on social partnership and regulation of social and 

labor relations on March 16, 2016; 

6. Typical educational program 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: 
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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; 
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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; 
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EC – elective component; 

EEEA – external evaluation of educational achievements; 

SSS – self-study of students; 

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

 

4. Fundamentals 

4.1 Educational activities at the university are carried out according to the 

credit technology of education on the basis of a student-oriented approach, in which 

learning outcomes and competences play a major role and become the main result 

of the educational process for the student.  

4.2 The educational program for the specialty «Physics and Astronomy» was 

developed in accordance with national standard of education of RK, the National 

Qualifications Framework and is consistent with the Dublin descriptors and the 

European Qualifications Framework. The educational program is focused on 

learning outcomes.    

4.3 Foreign and domestic specialists and employers are involved in the process 

of developing the educational program by the specialty "5B061100 - Physics and 

Astronomy". 

4.4 Priority areas for the development of the educational program in the 

specialty "5B061100 - Physics and astronomy" are:   

 programs in the framework of the President’s Messages, including those 

voiced in the text of the message “The Third Modernization of Kazakhstan: Global 

Competitiveness”, "Digital Kazakhstan"; 

 interdisciplinary programs; 

 programs in English learning;  

 joint educational programs with foreign partner universities;  

 professional programs commissioned by enterprises-employers;  

 programs using distance learning technologies, including programs of 

additional education. 

4.5 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; 
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 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.  

4.6 The educational program is designed to provide high quality professional 

education in materials science and engineering in accordance with the highest 

academic standards in the global education.    

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

academic year. Duration of one academic year - 2 semesters for 15 weeks.  Forms 

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

which theoretical training - 130 credits, professional practice - 14 credits, physical 

education - 8 credits and final attestation - 3 credits.  

Awarded degree with full development of the educational program - Bachelor 

of Natural Science in the specialty "5B061100 - Physics and Astronomy."  

 

5. Code and title of the specialty  

The code of specialty 5В061100 - Physics and Astronomy; in accordance with 

the Classifier of specialties of higher and postgraduate education of the Republic of 

Kazakhstan, this educational program belongs to the Natural Sciences section.  

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

Classification of Occupations), bachelors have the code 2111 and classified as 

professionals in the field of science and technology.  

 

6. Level of qualification according to the International Standard 

Classification of Education  

This educational program corresponds to the ISCED (International Standard 

Classification of Education) level 6, which does not require prior completion of other 

programs and is classified as a first-degree program. Direction of training is 

undergraduate. Duration of training is 4 years.  

According to the International Standard Classification of Education (ISCED 

2013), this educational program belongs to the following field of education:  

 

4 Science 44 Physical sciences  

Astronomy and cosmology, physics, other related subjects, 

chemistry, other related subjects, geology, geophysics, mineralogy, 

physical anthropology, physical geography and other earth sciences, 

meteorology and other atmospheric sciences, including climate 

research, oceanography, volcanology, paleoecology 

 

7. Objectives of the educational program  
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The educational program is focused on the training of highly qualified 

specialists in the field of physics and astronomy, with certain knowledge and 

competencies demanded in the labor market.  

Objectives of the educational program are:  

 formation of a national model of continuous education integrated into the 

world educational space by comparison with foreign educational programs that 

meets the needs of the individual and society in the specialty 5B061100 - Physics 

and Astronomy; 

 training highly qualified specialists with abilities for self-improvement and 

self-development, possessing solid knowledge in the field of physics, astronomy, 

astrophysics and cosmophysics: those who know the most well-known basic theories 

and models of astronomical and cosmophysical phenomena and processes, the 

possibility of their practical application; knowledgeable and able to apply the basic 

experimental, theoretical and numerical methods for studying astronomical 

phenomena and processes, physical properties and characteristics of space objects 

and radiation; capable of processing the results of scientific research and their 

analysis using new computer technologies; 

 obtaining broad fundamental knowledge, competencies and skills necessary 

to work in research institutes, laboratories, design and design bureaus and firms, 

public and private institutions of the relevant profile; 

 formation of graduates' competitiveness in the job market;   

 acquisition of a complex of knowledge that forms the basis of this profession, 

skills and abilities to navigate in the flow of information and obtain new knowledge 

to continue education in the magistracy and training in doctoral PhD. 

 

8. Sphere of professional activity  

Sphere of professional activity of the bachelor of specialty 5В061100 - Physics 

and Astronomy is:   

– area of experimental, theoretical and applied astronomy and cosmophysics, 

as well as the field of related natural and technical sciences;  

– academic and research institutes associated with observational and theoretical 

astronomy;  

 branches of ministry of defense and aerospace industry of the Republic of 

Kazakhstan. 

Types of economic activity in accordance with GCEA (General Classification 

of Types of Economic Activity) in which this profession is in demand:  

 94.12.0 Activities of professional organizations;  

 72.19.0 Other research and development in the natural sciences and 

engineering;  

 74.90.9 Other professional, scientific and technical activitiesnot 

included in other categories;  

 62090 Other activities in the field of information technology and 

computer systems;  
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 63.12.0 Web portals; 

 26.51.4 Production of optical and optical-mechanical devices and 

equipment;  

 26.70.1 Optical Instrument Manufacturing;  

 30.30.2 Production of spacecraft.   

 

9. Directions of professional activity  

Graduates in the specialty 5В061100 - Physics and Astronomy can perform the 

following professional activities:   

research 

 study of astronomical objects and related physical processes;  

 analysis of physical processes and phenomena in astronomical objects, the 

establishment of empirical dependencies and patterns;  

 formulation and solution of actual problems of physics and astronomy, 

including quantitative estimates of the parameters of astronomical objects 

and the interstellar medium;  

organizational and management  

 organizing and conducting special astronomical observations;  

 organization of a rational astronomical network of observations;  

 collection and storage in databases of necessary information about 

astronomical objects;   

engineering design   

 monitoring and maintenance of devices and instruments of astronomical 

stations;  

 development of software and hardware systems for professional activity 

using modern information and communication technologies.    

 

10. Competence of the specialist  

Material science graduate should have general cultural (GC) and professional 

(PC) competencies, including the ability to:     

 

 

Compete

nce 

Code 

Competency description  

GC-1 formulate the main stages of the modern history of progressive 

development of the statehood of Kazakhstan in context of the world 

and Eurasian historical process;    

GC-2 fluently interpret and creatively use scientific, historical and 

philosophical knowledge to summarize the success factors of the 

Kazakhstan development model on the way to an established state - 

the Republic of Kazakhstan;  
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GC-3 demonstrate the competent use of linguistic and cultural linguistic 

knowledge for solving communication problems in a multilingual 

and multicultural society of the Republic of Kazakhstan and in the 

international arena;   

GC-4 represent social and ethical values based on social and legal norms 

and tolerance to various cultural and confessional traditions;   

GC-5 Understand and apply knowledge of the basic physical laws in nature, 

and their connection with the observed phenomena and processes; 

use inductive and deductive approches to cognition; 

GC-6 search and use of information necessary for the effective performance 

of professional tasks; set a goal and choose ways to achieve it;  

GC-7 work in a group and a team, communicate effectively with 

colleagues, supervisors; take responsibility for the work of team 

members, the result of the assignments; be responsible for your own 

decisions and be prepared to provide a rationale for these decisions;  

GC-8 demonstrate critical thinking while working with new information;  

PC-1 Analyze and apply the physical laws of mechanics, molecular 

physics, electromagnetism, optics, atomic physics, nuclear physics, 

theoretical physics, fundamentals of radio physics and electronics for 

measuring and interpreting experimental data 

PC-2 Apply physical laws to study of the structure, origin and evolution of 

astronomical objects and the Universe as a whole; 

PC-3 Determine coordinates of celestial bodies and date of astronomical 

occasions by calculations and using of the star wheel; 

PC-4 Collect and analyze of observational materials (astronomical catalogs 

and databases) for the studying of astronomical objects and the 

Universe as a whole; 

PC-5 Make special calculations of astronomical values and simulating 

physical processes occurring in outer space; 

PC-6 Use methods of information stream processing for astronomical data, 

use a computer systems of collecting, processing and storing of 

observational material for the study of astronomical objects and the 

Universe as a whole; 

PC-7 Apply modern mathematical methods for analyzing of astrophysical 

signals and use modern digital space and ground based technologies 

for receiving and processing data; 

 

PC-8 Organize a scientific research and conduct astronomical observations 

by using modern telescopes and receivers of cosmic electromagnetic 

radiation and observation methods (spectral, photometric, etc.);  

PC-9 Work with a specialized scientific source bases, use modern 

computing equipment and software for conducting a scientific 

research work; 
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PC-10 Evaluate the results of scientific research in the field of physics and 

astronomy, prepare of conclusions and proposals for their practical 

application; 

PC-11 Present information, ideas, problems, solutions and results of 

scientific research in the field of physics and astronomy to specialists 

and non-specialists; 

PC-12 Acquire and use new knowledge and skills; participate in scientific 

discussions, write scientific papers. 

 

11. Learning outcomes oriented to Dublin descriptors  

Upon completion of this educational program it is expected that students will 

be able to:  

Cognitive competencies:  

А1. understand the physical picture of the world, the basic physical processes 

responsible for the nature and observable features of space objects and phenomena; 

explain the basic laws of the functioning and development of nature and society, to 

be able to adequately navigate in various socio-economic, political and emergency 

situations; to 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; 

А2. describe the physical laws to the study of the structure, origin and evolution 

of astronomical objects and the universe as a whole; search for information 

necessary for the effective performance of professional tasks;     

А3. explain the main stages of the evolution of stars and other objects of the 

galaxy.  

Functional competencies:  

В1. analyze the characteristics, physical and chemical properties, laws of 

formation, development, structure and movement of the studied celestial bodies and 

their systems; 

В2.  explain the physical principles of operation of modern receivers of cosmic 

electromagnetic radiation, the construction of telescopes used in all ranges of the 

electromagnetic spectrum;  

В3. explain the principles of processing information flows of data, use 

computer systems for collecting, processing astrophysical data;  

В4. apply basic electronic equipment and physical instruments to measure 

astrophysical quantities; 

В5. demonstrate skills in working with hardware and software for providing 

astronomical observations, basic physical processes, and features of the interaction 

of radiation from astronomical objects with the environment.   

System competencies:   

С1. use the mathematical apparatus and formalisms in modern theoretical 

astrophysics, the criteria for choosing methods for solving problems both in 

analytical form and using computer technologies (modern computers and 

corresponding software products); 
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С2. formulate algorithms for modeling the processes occurring in outer space; 

С3. compare the results of processing observational data with known ideas and 

draw conclusions.  

Social (communicative) competence:    

D1. use linguistic and cultural linguistic knowledge to solve communication 

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

and in the international arena; Percept, analyse and synthesis of information, as well 

as present the own point of view. 
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12. The ratio of the expected learning outcomes of training methods and assessment in the formation of competence  

 

The formation of competence through learning outcomes will be achieve by proposed technology and teaching 

methods: 

Application of IT technologies; presentations; conversation; disputes; educational, imitation games; training discussions; 

work with educational and scientific literature. 

And control and evaluation tools: 

Survey, test, colloquium, midterm control, MidtermExam, consultations, exam, tests. 

 

Code and Competency 

Description  
Expected results  

Module with an indication of credits 

numbers  

GC-1 

Formulate the main stages of 

modern history of the 

progressive development of e 

statehood of Kazakhstan in 

the context of the world and 

Eurasian historical process;     

- explain the basic laws of the functioning and 

development of nature and society; 

- to adequately navigate in various socio-economic, 

political and emergency situations, political and 

emergency situations; 

- reproduce the historical foundations and periods of 

formation of independent Kazakhstan statehood in the 

context of the World and Eurasian historical process;  

 

 Social and Humanitarian Module – 6 cr.;  

 Module of socio-political knowledge –     

4 cr.; 

 Module of cultural heritage and 

interpersonal communication – 4 cr.; 

 

GC-2 

Interpret and creatively use 

scientific, historical and 

philosophical knowledge to 

summarize the success 

factors of the Kazakhstan 

development model on the 

 distinguish the role of history as a world view 

and the basis of scientific knowledge; essence and 

interrelations of general scientific pictures of the 

world;  

 objectively and comprehensively interpret the 

advantages, features and significance of the 

Kazakhstan development model;  

 Social and Humanitarian Module – 6 cr.;  

 Module of socio-political knowledge –     

4 cr.;  

 Module of cultural heritage and 

interpersonal communication – 4 cr.; 
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way to an established state - 

the Republic of Kazakhstan; 
 to analyze and evaluate socially significant 

phenomena, events, processes; to understand and 

analyze socially significant problems and processes, 

to apply the basic principles and methods of social 

sciences in solving social and professional problems;  

 build the foundations of sociohumanitarian 

knowledge, understanding of the driving forces and 

laws of the historical and socio-cultural process, the 

socio-political organization of society;  

GC-3  
Demonstrate the competent 

use of linguistic and cultural 

linguistic knowledge for 

solving communication 

problems in a multilingual 

and multicultural society of 

the Republic of Kazakhstan 

and in the international 

arena; 

- competently use linguistic and cultural linguistic 

knowledge to solve communication problems in a 

multilingual and multicultural society of the Republic 

of Kazakhstan and in the international arena; to the 

perception, analysis, synthesis of information, setting 

goals and choosing ways to achieve it;  

 develop programs for solving conflict situations in 

society, including in professional society; 

 carry out research project activities in various areas 

of communication, generate socially valuable 

knowledge, present it; 

 Instrument Module - 15 cr.; 

 Module of cultural heritage and 

interpersonal communication - 4 cr.; 

 Module "Professional Language" - 4 cr.; 

 

GC-4 

Represent social and ethical 

values based on social and 

legal norms and tolerance to 

various cultural and 

confessional traditions; 

- analyze the diversity of cultures and civilizations, 

evaluate the role of civilizations in their interaction.  

- summarize the results of mental, historical-

typological, interpersonal analysis to determine the 

place of professional activity in the cultural and 

historical paradigm  

 Social and Humanitarian Module -  6 cr.;   

 Instrument Module - 15 cr.; 

 Module of socio - political knowledge –     

4 cr.; 

 Module of cultural heritage and 

interpersonal communication - 4 cr.;  
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 to assess and possess the skills of respect for the 

cultural heritage and man; information on the driving 

forces of the psychological process.  
GC-5 

Understand and apply 

knowledge of the basic 

physical laws in nature, and 

their connection with the 

observed phenomena and 

processes; use inductive and 

deductive approches to 

cognition. 

 

 interpret basic mechanical phenomena; basic 

concepts and physical quantities from the course of 

mechanics; the basic principles and laws of mechanics, 

their logical content, mathematical expression and area 

of applicability;  

- use specialized knowledge in the field of physics for 

mastering specialized physical disciplines;  

- interpret basic mathematical concepts included in 

this program, their interrelation, interdependence and 

mutual influence not only among themselves, but also 

with other mathematical disciplines;  

- explain, find, formulate and solve actual and 

significant problems of fundamental and applied 

mathematics;  

- solve the problem, apply classical mathematical 

models to the task, justify the correctness of the 

mathematical model;  

- correctly apply the basic methods of mathematical 

analysis to the solution of various mathematical 

problems of other disciplines;  

 Module "General Physics 1 and 

higher mathematics" - 10 cr.; 

 Module "Innovative teaching 

methods and digital technologies" - 6 cr .; 

 STEM - Module - 7 cr.; 

 Module "General Physics 2" - 9 cr.; 

 Module "General Physics 3 " - 8 cr.; 

 Module "Workshop on general 

physics" - 7 cr.; 

 Module "Theoretical Physics" - 6 cr.; 

GC-6  

Search and use of 

information necessary for the 

effective performance of 

- interpret and independently create new mathematical 

models in the natural sciences and explore them;  

 Instrument Module  – 15 cr.; 

 Module "General Physics 1 and 

higher mathematics" - 10 cr.; 

 Module "Professional Language" - 4 cr .; 
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professional tasks; set a goal 

and choose ways to achieve 

it; 

- propose methods of mathematical and algorithmic 

modeling in the analysis of problems from other 

disciplines;  

- argue the own vision of the applied aspect in rigorous 

mathematical formulations;  

- explain the paradigms of the composition, syntax and 

semantics of languages, basic models, approaches and 

techniques in the study of languages;  

- understand the basic principles and logic of 

programming programming languages, basic 

functions and procedures  

- build efficient algorithms and implement them in 

various programming languages; conduct lexical 

analysis, syntax analysis, effective software 

implementation;  

 STEM - Module -       7 cr .; 

 Module "Physics of Stars" - 8 cr .; 

 Module "Theoretical Physics" - 6 cr .; 

 

GC-7 

Work in a group and a team, 

communicate effectively 

with colleagues, supervisors; 

take responsibility for the 

work of team members, the 

result of the assignments; be 

responsible for your own 

decisions and be prepared to 

provide a rationale for these 

decisions 

- communicate on the content and problems of the 

specialty both with colleagues at work and with 

representatives of the general public, including from 

other countries in a foreign language;  

- to demonstrate the understanding of the principles, 

laws and categories of philosophy in the process of 

solving professional scientific problems;  

- to substantiate the skills of analytical and 

axiological analysis in the study of complex 

historical processes, phenomena and historical 

personalities of modern Kazakhstan.  

 Social and Humanitarian Module– 6 

cr.; 

 Instrument Module  – 15 cr.; 

 Module of socio-political knowledge  

–  4 cr.;  

 Module of cultural heritage and 

interpersonal communication - 4 cr.; 

 Module "General Physics 1 and higher 

mathematics" – 10 cr.; 

 Module "Innovative teaching methods 

and digital technologies" –  6 cr.; 

 Module "Professional Language" - 4 cr.; 



18 

 

- to apply computer methods of collecting, storing 

and processing information used in the field of 

professional activity;  

- recommend standard test methods; 

- explain the reasons and solve the tasks with the use 

of databases and literature. 

 Module "Physics of Stars" - 8 cr.; 

 Module "General Physics 2" - 9 cr.; 

 Module "General Physics 3 " - 8 cr.; 

 Module "Workshop on general physics" 

-    7 cr.; 

 Module "Theoretical Physics" - 6 cr .; 

 Module "General Astronomy" - 5 cr .; 

 Module "Cosmology" - 9 cr.; 

 Module "Star Astronomy" - 9 cr.; 

 Module "Physics of Planetary Systems" 

–      9 cr.; 

 Module "Observational astronomy" - 9 

cr.; 

 Module "Kinematics and physics of 

celestial bodies" - 9 cr.; 

 Module "Digital technology and data 

processing in astronomy" - 9 cr.; 

 Professional practice module - 12 cr. 

GC-8 

Demonstrate critical thinking 

while working with new 

information 

- to assess the skills of creative, critical thinking and 

the use of tools of critical thinking to the analysis of 

scientific, cultural, social and political phenomena 

and processes.  

- propose methods of mathematical and algorithmic 

modeling in the analysis of problems from other 

disciplines;  

 Module "General Physics 1 and higher 

mathematics" - 10 cr.; 

 Innovative teaching methods and digital 

technologies – 6 cr.; 

 Module "Physics of Stars" - 8 cr.; 

 Module "General Physics 2" - 9 cr.; 

 Module "General Physics 3 and 

Pedagogy" - 8 cr.; 
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- have the skills to solve problems in order to 

mathematically correctly put a specific simple task of 

practice, choose a method for its solution and solve 

it;  

- correctly correlate the content of specific tasks with 

the general laws of physics, apply the laws of 

mechanics to solve physical problems and at 

interdisciplinary boundaries with other fields of 

knowledge; 

 

 Module workshop general physics" -7 

cr.; 

 Module "Theoretical Physics" - 6 cr.; 

 Module "General Astronomy" - 5 cr.; 

 Module "Cosmology" - 9 cr.; 

 Module "Star Astronomy" - 9 cr .; 

 Module "Physics of Planetary Systems" 

–     9 cr.; 

 Module "Observational astronomy" - 9 cr 

.; 

 Module "kinematics and physics of 

celestial bodies- 9 cr .; 

 Module "Digital technology and data 

processing in astronomy" - 9 cr.; 

 Professional practice Module - 12 cr. 

PC-1 

Analyze and apply the 

physical laws of mechanics, 

molecular physics, 

electromagnetism, optics, 

atomic physics, nuclear 

physics, theoretical physics, 

fundamentals of radio 

physics and electronics for 

measuring and interpreting 

experimental data 

 use radio electronic measuring devices and 

installations for conducting an experiment 

 measure the physical characteristics of objects and 

processes 

 evaluate the quality of experimental data and 

calculate measurement errors 

 analyze the results by using physical and 

mathematical methods of analysis 

 compare and interpret the results of a study by 

using models based on the general laws of physics 

 

 General Physics 1 and higher 

mathematics – 10 cr.; 

 Innovative teaching methods and digital 

technologies – 6 cr.; 

 STEM - Module –    7 cr.; 

 General Physics 2 –  9 cr.; 

 General Physics 3 –  8 cr.; 

 Workshop on general physics – 7 cr.; 

 Theoretical physics– 6 cr.; 

 Professional practice Module - 14 cr. 
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PC-2 

Apply physical laws to study 

of the structure, origin and 

evolution of astronomical 

objects and the Universe as a 

whole 

 explain the physical structure and chemical 

composition of astronomical objects from protostar 

nebulae to metagalaxies based on physical laws 

 evaluate the evolutionary status of stars and classify 

them by properties 

 determine the mechanisms and processes 

responsible for the origin and observed structure of 

stars and star systems 

 classify stars by type of variability 

 determine the structure and composition of 

individual components of galaxies 

 classify galaxies by morphology 

 establish relationships between kinematics, 

physical parameters and the evolutionary status of 

galaxies 

 apply physical laws to study of the structure, origin 

and evolution of the Universe as a whole 

 explain the stages of evolution of the Universe by 

taking into account cosmological parameters 

 define variables parameters in cosmological 

models to determine the evolution status of the 

Universe 

 explain the accelerated expansion of the Universe 

based on physical laws 

 

 STEM - Module –    7 cr.; 

 Physics of stars – 8 cr.; 

 General astronomy – 5 cr.; 

 Cosmology – 9 cr.; 

 Star astronomy –      9 cr.; 

 Physics of planetary systems – 9 cr.; 

 Kinematics and physics of celestial 

bodies – 9 cr.; 

 Professional practice Module – 14 cr. 

PC-3  plan an astronomical observations  STEM - Module –    7 cr.; 
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Determine coordinates of 

celestial bodies and date of 

astronomical occasions by 

calculations and using of the 

star wheel 

 draw up astronomical observation programs for 

robotic and automated telescopes 

 evaluate the effectiveness of using the instrumental 

time 

 use software packages for planning observations as 

GILDAS: ASTRO 

 calculate the orbits for minor bodies of the solar 

system: Comets and comet tails, asteroids 

 calculate the trajectories of artificial earth satellites 

and manned spacecraft 

 use a star wheel 

 use the modern methods of computer technology 

and methods of finding stars on the celestial sphere 

 use simulators of virtual celestial sphere 

 work with databases of astronomical observatories 

to identify the coordinates of objects and the date of 

observations 

 predict astronomical events: Iridium flares, satellite 

flight over the visible part of the celestial sphere 

 switch between different data and coordinate 

systems 

 use Julian dates in observations 

 General astronomy – 5 cr.; 

 Star astronomy –      9 cr.; 

 Observational astronomy –  9 cr.; 

 Kinematics and physics of celestial 

bodies – 9 cr.; 

 Digital technology and data processing 

in astronomy – 9 cr.; 

 Professional practice Module – 14 cr. 

PC-4 

Collect and analyze of 

observational materials 

(astronomical catalogs and 

 Extract information from various astronomical 

databases 

 Filter data based on the search criteria of the objects 

under study (stars, galaxies, etc.) 

 Cosmology – 9 cr.; 

 Star astronomy –      9 cr.; 

 Physics of planetary systems – 9 cr.; 

 Observational astronomy –  9 cr.; 
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databases) for the studying of 

astronomical objects and the 

Universe as a whole 

 compile SQL queries and use system commands 

when working with the database 

 compose automatic programs and scripts for data 

collection and analysis in the AstroPy and Phyton 

MySQL environment 

 use the Simbad, Vizier, SDSS database when 

working with stars and galaxies 

 use data from the MPC, GAIA, NASA exoplanets 

and ESO data catalogs when working with exoplanets 

and small bodies of the solar system 

 use data from astronomical surveys PLANK and 

WMAP to determine the parameters of the Universe 

 Professional practice Module – 14 cr. 

PC-5 

Make special calculations of 

astronomical values and 

simulating physical 

processes occurring in outer 

space 

 calculate and determine the physical quantities 

characterizing astronomical objects 

 build mathematical models to describe the physical 

properties and processes in astronomical objects 

 apply special processing methods in IRAF, 

AstroPy, GILDAS software environments: CLASS, 

GREG, AIPS 

 apply modern methods of computer algebra 

Mathematica and numerical methods in celestial 

mechanics 

 apply modern methods of numerical modeling of 

star systems and clusters using the Phi-GRAPE code 

 STEM - Module –    7 cr.; 

 Physics of stars – 8 cr.; 

 Workshop on general physics – 7 cr.; 

 Star astronomy –      9 cr.; 

 Physics of planetary systems – 9 cr.; 

 Observational astronomy –  9 cr.; 

 Digital technology and data processing 

in astronomy – 9 cr.; 

 Professional practice Module – 14 cr. 

PC-6 

Use methods of information 

stream processing for 

 develop software scripts for automatic analysis of 

big data 

 Observational astronomy –  9 cr.; 
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astronomical data, use a 

computer systems of 

collecting, processing and 

storing of observational 

material for the study of 

astronomical objects and the 

Universe as a whole 

 use modern methods of computer programming on 

Mathematica, Python, MatLAB for data analysis and 

storage 

 compile programs for the primary reduction of 

large streams of observational data 

 compose and edit databases based on the 

accumulated material of observations 

 compare modern systems for processing, analyzing 

and storing astrophysical information 

 Digital technology and data processing 

in astronomy – 9 cr.; 

 Professional practice Module – 14 cr. 

PC-7 

Apply modern mathematical 

methods for analyzing of 

astrophysical signals and use 

modern digital space and 

ground based technologies 

for receiving and processing 

data 

 

 perform hardware-software filtering and cleaning 

of the recorded signal 

 apply various information recording devices: 

Echelle spectrographs, interferometers, charge-

coupled devices 

 produce a mathematical analysis of astrophysical 

signals based on Fourier, wavelet transformations, 

correlation communication and using specialized 

methods for astronomical time series using the Lomb-

Scargle method as an example 

 apply an information-entropy approach in 

questions of the quantitative classification and 

interpretation of astrophysical signals 

 apply the principles of operation of the GLONASS, 

GPS and GALILEO navigation satellite systems in 

the calculations of the coordinates of ground stations 

and objects 

 General Physics 1 and higher 

mathematics – 10 cr.; 

 Innovative teaching methods and digital 

technologies – 6 cr.; 

 Workshop on general physics – 7 cr.; 

 Observational astronomy –  9 cr.; 

 Digital technology and data processing 

in astronomy – 9 cr.; 

 Professional practice Module – 14 cr. 
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 calculate the signal-to-noise ratio in various 

receiving atennas, including fractal ones 

 use satellite observations to solve research and 

practical issues 

PC-8 

Organize a scientific research 

and conduct astronomical 

observations by using 

modern telescopes and 

receivers of cosmic 

electromagnetic radiation and 

observation methods 

(spectral, photometric, etc.)  

 explain the principles of operation of modern 

telescopes and receivers (spectrograph, photometer, 

etc.) in the study of astronomical objects 

 select the required observation method (spectral, 

photometric, etc.) for space objects depending on the 

specific research task 

 compare the advantages and disadvantages of 

various observation methods (spectral, photometric, 

etc.) used to study space objects of various nature 

 use charge-coupled devices in photometric and 

spectral observations 

 monitor observational equipment using modern 

computer tools   

 Physics of planetary systems Module – 9 

cr.; 

 Observational astronomy – 9 cr.; 

 Digital technology and data processing 

in astronomy– 9 cr.; 

 Professional practice Module – 9 cr.  

PC-9 

Work with a specialized 

scientific source base, use 

modern computing 

equipment and software for 

conducting a scientific 

research work 

 systematize and classify independently the 

scientific literature, using modern databases of 

scientific articles on astronomy (SAO / NASA ADS, 

SCOPUS, SIMBAD) 

 work with Latex software package for writing 

scientific articles 

 use modern scientific programs for processing and 

analyzing astronomical data (IRAF, Pyton, AIPS 

 STEM - Module –    7 cr.; 

 General astronomy – 5 cr.; 

 Star astronomy –      9 cr.; 

 Physics of planetary systems – 9 cr.; 

 Observational astronomy –  9 cr.; 

 Digital technology and data processing 

in astronomy– 9 cr.; 

 Professional practice Module – 9 cr.  
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(Astronomical Image Processing System)) on the 

UNIX / LINUX operating system and MATLAB, 

ASTRO, CLASS, etc. on WINDOS 

 use super computers for numerical models of star 

systems. 

PC-10 

Evaluate the results of 

scientific research in the field 

of physics and astronomy, 

prepare of conclusions and 

proposals for their practical 

application 

 substantiate the choice of applying observation 

methods (spectral, photometric, etc.), modern analysis 

methods (information-entropy, spectral, etc.) and 

software (AstroPy, IRAF, MATLAB, ASTRO, etc.) in 

the study of astrophysical phenomena 

  summarize the results of the analysis of 

astrophysical phenomena by various methods 

 draw conclusions about the nature of astronomical 

objects and the universe as a whole based on the 

research 

 STEM - Module –    7 cr.; 

 General astronomy – 5 cr.; 

 Cosmology – 9 cr.; 

 Star astronomy –      9 cr.; 

 Physics of planetary systems – 9 cr.; 

 Observational astronomy –  9 cr.; 

 Digital technology and data processing 

in astronomy– 9 cr.; 

 Professional practice Module – 9 cr.  

PC-11 

Present information, ideas, 

problems, solutions and 

results of scientific research 

in the field of physics and 

astronomy to specialists and 

non-specialists 

 demonstrate and explain the physical processes of 

astronomical objects in the Universe using modern 

programs (Star Walk) 

 present ideas, problems, as well as the results of 

research at scientific seminars in physics and 

astronomy 

 to make scientific presentations on physics and 

astronomy 

 Professional language –  9 cr.; 

 Professional practice Module – 9 cr.  
 Innovative teaching methods and digital 

technologies – 6 cr.; 
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PC-12 

Acquire and use new 

knowledge and skills; 

participate in scientific 

discussions, write scientific 

papers 

 use the structure and functioning of the scientific 

style for working with texts in the specialty in order 

to form a professional competenciens 

 use scientific, reference, methodical literature in 

the specialty in a foreign language 

 create secondary scientific texts - annotation and 

conclusions 

 summarize scientific information in the form of a 

summary statement of the problem 

Modules of General education disciplines, 

Modules of Core disciplines, Professional 

Practice.  
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Matrix of competencies formation in the educational program modules 

 

Title of modulus  
Program learning outcomes  

A1 A2 A3 B1 B2 B3 B4 B5 C1 C2 C3 D1 

GENERAL EDUCATION DISCIPLINES (GED) 

OBLIGATORY COMPONENT (OC)  

Social and Humanitarian module  А A         C D 

Instrument module  А А    В   C  C D 

ELECTIVE COMPONENT (EC) 

Module of socio-political knowledge  А А         C D 

Module of cultural heritage and interpersonal 

communication  
А А        С С D 

CORE DISCIPLINES (CD) 

OBLIGATORY COMPONENT (OC) 

General physics 1 and higher mathematics module A  A B   B B  C   

Innovative teaching methods and digital technologies 

module 
A  A B B    C C C  

Professional language module  A A    B     C D 

ELECTIVE COMPONENT (EC)  

STEM-module    A A  B B B B B C    

Physics of stars module A  A B B B   C C   

General physics 2 module A  A B B  B   C   

General Physics 3 module  A A A B B  B  C C   

Workshop on general physics  module A  A B B  B   C   

Theoretical physics  module A  A B B  B  C C   

MAJOR DISCIPLINES (MD) 
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OBLIGATORY COMPONENT (OC) 

General astronomy module A  A B B B   C C   

ELECTIVE COMPONENT (ЕС)   

Cosmology module A A A B B B   C C   

Star astronomy module A A A B B B   C C   

Physics of planetary systems module  A A A B B B B B C C   

Observational astronomy module A A A B B B B B C C   

Kinematics and physics of celestial bodies module A A A B B B B  C C   

Digital technology and data processing in astronomy 

module 
A A A B B B B B C C   

ADDITIONAL TYPES OF TRAINING(ATT) 

OBLIGATORY COMPONENT (OC) 

Physical Training module A           D 

Professional Practice module A A A B B B B B C C C D 
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13. Working curriculum 
 

KEY (WORKING) EDUCATIONAL PLAN FOR SPECIALTIES 5В061100 – PHYSICS AND ASTRONOMY  

 

Duration of study - 4 years    Form of study - full-time 

 

Awarded degree: Bachelor of Natural Sciences on a speciality 5В061100 – Physics and Astronomy  
 

Cods 
Title of disciplines/types of academic 

work 

Credit

s 
ECTS 

Term 

I II III IV V VI VII VIII 

Lec+pract+lab  

GENERAL EDUCATION DISCIPLINES (GED)  29 47  

OBLIGATORY COMPONENT (OC)  21 35         

 Social and Humanitarian module  6 10         

SIK1101 
Modern history of Kazakhstan (State 

exam)  
3 5 2+1+0        

Fil2102 Philosophy  3 5    2+1+0     

 Instrument module  15 25         

IYa1103 Foreign language  6 10 0+3+0 0+3+0       

K(R)Ya 1104  Kazakh (Russian) language  6 10 0+3+0 0+3+0       

IKT1105 
Information and communication 

technologies (in English)  
3 5  2+0+1       

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

ELECTIVE COMPONENT (EC)  8 12  

 Module of socio-political knowledge  4 6         

TPP2106 
Theoretical and Applied Political 

Science  
2 3   1+1+0      

OPS2107 General and applied Sociology  2 3   1+1+0      

 
Module of cultural heritage and 

interpersonal communication  
4 6         
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Cods 
Title of disciplines/types of academic 

work 

Credit

s 
ECTS 

Term 

I II III IV V VI VII VIII 

Lec+pract+lab  

KRYaK2108 
Culture of speech and language 

communication  
2 3   1+1+0      

PMK2109 
Psychology of interpersonal 

communication  
2 3   1+1+0      

 Total elective component 8  0 0 8 0 0 0 0 0 

CORE DISCIPLINES (CD)  69 109  

OBLIGATORY COMPONENT (OC)  20 32  

 
General physics 1 and higher 

mathematics module 
10 16         

MF1201 
Mechanics and molecular physics. 

Part 1. Mechanics (EEEA) 
3 5 2+0+1        

EM2202 
Electricity and magnetism, Optics. 

Part 1. Electricity and magnetism  
4 6   2+1+1      

MA1205 Mathematical analysis.  3 5 1+2+0        

 
Innovative teaching methods and 

digital technologies module 
6 10         

TMOFA3204 
Theory and methods of teaching 

physics and astronomy  
3 5      1+2+0   

ORE4205 
Fundamentals of radio physics and 

electronics 
3 5       1+1+1  

 Professional language  4 6         

POK(R)Ya2206 
Professionally-oriented Kazakh 

(Russian) language  
2 3   0+2+0      

POIYa2207 
Professionally-oriented foreign 

language  

 

2 
3    0+2+0     

 Total of obligatory component   20  6 0 6 2 0 3 3 0 

 ELECTIVE COMPONENT (EC)  49 77  
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Cods 
Title of disciplines/types of academic 

work 

Credit

s 
ECTS 

Term 

I II III IV V VI VII VIII 

Lec+pract+lab  

 
Main disciplines of the educational 

program 
   

 STEM-module   7 11         

FOE3208 Physical bases of electronics 2 3      1+1+0   

KMFPS3209 
Computer modeling of physical 

processes 
2 3     1+0+1    

AGLA1210 Analytical geometry and linear algebra  3 3  1+2+0       

 Physics of stars  8 12         

OA2211 Fundamentals of Astrophysics 4 6    2+2+0     

GA3212 Galactic astronomy 4 6     2+2+0    

 General physics 2  9 15         

MF1213 
Mechanics and molecular physics. 

Part 2. Molecular Physics (EEEA) 
3 5  2+0+1       

Opt2214 
Electricity and magnetism, Optics. 

Part 2. Optics  
3 5    2+0+1     

AF3215 Atomic physics  3 5     1+1+1    

 General Physics 3 8 12         

YaF3216 Nuclear physics  4 6      1+2+1   

FKS3217 Condensed state physics  4 6      1+2+1   

 Workshop on general physics  7 11         

PM1219 Workshop-mechanics  2 3 0+2+0        

PMF1220 Workshop- Molecular physics  2 3  0+2+0       

PEM2221 Workshop - Electricity and magnetism  1 2   0+1+0      

PO2222 Workshop – Optics  2 3    0+2+0     

 Theoretical physics  6 9         

OVTA2223 
Fundamentals of vector-tensor 

analysis  
3 5    1+2+0     
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Cods 
Title of disciplines/types of academic 

work 

Credit

s 
ECTS 

Term 

I II III IV V VI VII VIII 

Lec+pract+lab  

ED3224 Electrodynamics  4 6     2+2+0    

KM3225 Quantum Mechanics  3 5      2+2+0   

 
Total of elective component of the 

educational program 
49  3 7 1 12 13 13 0 0 

MAJOR DISCIPLINES (MD)  32 53  

OBLIGATORY COMPONENT (OC)  5 8  

 General astronomy 5 8         

OA1301 General Astronomy (EEEA) 3 5  1+2+0       

Ast2302 Astrometry (EEEA)  2 3   1+1+0      

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

ELECTIVE COMPONENT (ЕС)  27 45  

 Cosmology  9 15         

SEV4303 Structure and evolution of the Universe  3 5       1+2+0  

OK4304 Fundamentals of Cosmology  3 5       1+2+0  

VA4305 Extragalactic astronomy   3 5       1+2+0  

 Star astronomy  9 15         

FPZ4306 Physics of variable stars  3 5       1+2+0  

SEZ4307 The Structure and Evolution of Stars 3 5       1+2+0  

DZS4308 Dynamics of stellar systems  3 5       1+2+0  

 Physics of planetary systems  9 15         

FP3309 Physics of Planets  3 5     1+1+1    

FSSS3310 Physics of the Sun and the Solar System  3 5      1+1+1   

SMIP3311 Spectral methods of Planets study  3 5      1+1+1   

 Observational astronomy  9 15         

VR4303  Radio astronomy  3 5     1+2+0    

OA4304 Fundamentals of Astrophotometry 3 5       1+2+0  

PEA4305 
Semiconductor electronics in 

astrophysics  
3 5       1+2+0  
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Cods 
Title of disciplines/types of academic 

work 

Credit

s 
ECTS 

Term 

I II III IV V VI VII VIII 

Lec+pract+lab  

 
Kinematics and physics of celestial 

bodies 
9 15         

NM3306 Celestial  mechanics 3 5     1+2+0    

NOG3307 Nonstationary Objects of Galaxy  3 5      1+2+0   

VFKI3308 Physics of cosmic radiation 3 5       1+1+0  

 
Digital technology and data 

processing in astronomy 
9 15         

TsKS3309 Digital space communications 3 5     1+1+1    

KRR3310 
Space Radio location and Radio 

navigation  
3 5       1+2+0  

IEAAS4311 
Informational entropy analysis of 

astrophysical signals 
3 5      2+1+0   

 Total of elective component  27  0 0 0 0 6 6 15 0 

 Total of theoretical studies  130 209 18 19 19 18 19 19 18 0 

ADDITIONAL TYPES OF TRAINING(ATT)  22   

 Physical Training Module           

FK Physical Training 8  0+0+2 0+0+2 0+0+2 0+0+2     

 Professional Practice Module  14          

UP Educational internship 4   2   2     

PrP Industrial internship 8     2   1   5 

PdP Pre-diploma internship 2         
  2 

 

 Total on additional types of training  22  2 4 2 6 0 1 0 7 

FINAL ATTESTATION  3          

GES Specialty state examination  1         
1  

 

NZDR Writing and defense of the thesis   2         
2  
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Cods 
Title of disciplines/types of academic 

work 

Credit

s 
ECTS 

Term 

I II III IV V VI VII VIII 

Lec+pract+lab  

TOTAL  155  20 23 19 23 19 23 18 10 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CONTENT OF EDUCATIONAL MODULES OF DISCIPLINES 
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GENERAL EDUCATION DISCIPLINES (GED) – 29 credits 

 

OBLIGATORY COMPONENT (OC) – 21 credits 

 

 

SOCIAL AND HUMANITARIAN MODULE – 6 credits 

 

Common cultural competencies: 

 to formulate the main stages of the modern history of progressive Kazakhstan statehood development, in the context of the 

world and Eurasian historical process; 

 to freely interpret and creatively use scientific, historical and philosophical knowledge to summarize the success factors of 

the Kazakhstan development model on the way to an established state - the Republic of Kazakhstan; 

 to represent social and ethical values based on socio-legal norms and tolerance to various cultural and confessional 

traditions; 

 Work in a group and a team, communicate effectively with colleagues, supervisors; take responsibility for the work of team 

members, the result of the assignments; be responsible for your own decisions and be prepared to provide a rationale for these 

decisions 

 

Methods for evaluating the results achieved: 

 verbal questioning: interview, colloquium, exam; 

 written work: test, quiz, essay, abstract; 

 control with the help of technical means and information systems: computer testing programs, complex situational tasks; 

exam testing; 

 innovative assessment tools: case-method, portfolio, business (role-playing) game, debate, discussion, project method, 

incident method, method of successive situations, etc. 
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Modern history of Kazakhstan – 3 credits 

 

Prerequisites: no. 

Postrequisites: no. 

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

  correlate individual phenomena and events of the historical past of Kazakhstan with the general paradigm of the world 

historical development of human society through a critical analysis; 

 identify historical patterns of development of society, paying attention to the study of historical originality; 

 analyze complex historical processes, phenomena and the role of historical personalities in the history of modern 

Kazakhstan. 

 master the techniques of historical description and analysis of the causes and consequences of the events of modern history 

of Kazakhstan; 

 classify historical sources reflecting the features of the modern history of Kazakhstan; 

 systematize the conceptual foundations of the study of modern history of Kazakhstan; 

 compare the ideas of continuity and consistency of historical and cultural development, the deep roots of the spiritual 

heritage of Kazakhstan;  

 reveal the importance of the formation of historical consciousness and ideological principles in accordance with national 

priorities; 

 predict possible solutions to contemporary problems based on an analysis of the historical past and reasoned information; 

 objectively and comprehensively comprehend the advantages, features and significance of the Kazakhstan development 

model; 

 describe the origins and developments of the idea of “Mangilik Yel”; 

 use historical knowledge to analyze youth policy and address the issue of patriotism. 

Studied topics: 

1. Conceptual framework for the study of national history. 

2. Liberation movements in construction of a national state. 
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3. Origins, continuity and evolution of the Kazakh statehood. Historical origins of the formation of the Soviet Kazakhstan. 

4. Struggle for independence in Kazakhstan in the early twentieth century. Alash movement and its leaders. 

5. Formation and modernization of the Soviet Kazakhstan. Contradictions and consequences of Soviet reforms in Kazakhstan 

in the second half of the twentieth century. 

6. The policy of "restructuring" in Kazakhstan. Formation and development of independent Kazakhstan.  

7. Formation of State structure. 

8. Kazakhstan model of economic development. 

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

10. Ethno-demographic processes and the strengthening of interethnic agreement.  

11. Activity and role of the First President of the Republic of Kazakhstan N.A. Nazarbayev in the creation and formation of 

an independent Kazakhstan. 

12. The policy of forming a new historical consciousness and worldview of the people of the Great Steppe. 

13. Strategy "Kazakhstan-2050" - determining the way of democratization of social and political life and renewal. 

14. Continuity  “Kazakh Yeli”  with countries on the territory of “Uly Dala”.   

15. 25th anniversary of Independent Kazakhstan. The national idea “Mangilik Yel” is the basis for the consolidation of 

Kazakhstani society. 

 

Philosophy – 3 credits 

 

Prerequisites: SIK1101 – Modern history of Kazakhstan. 

Postrequisites: no. 

As a result of studying the discipline, a student is 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 understanding and study of the natural and social world; 

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

 interpret the content and specific features of the mythological, religious and scientific worldview; 
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 substantiate the role and importance of key world outlook 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; 

 conduct a study that is relevant to identify the philosophical content of problems in the professional field and present the 

results for discussion.  

Studied topics: 

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

2. Historical types of philosophy.  

3. Basic 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. Man. 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. “Mangilik Yel” and “Rukhani Zhangyru” – philosophy of new Kazakhstan. 
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INSTRUMENT MODULE– 15 credits 

 

 Common cultural competencies: 

 to demonstrate the competent use of language and cultural linguistic knowledge for solving communication problems in a 

multilingual and multicultural society of the Republic of Kazakhstan and in the international arena; 

 to represent social and ethical values based on social and legal norms and tolerance to various cultural and confessional 

traditions; 

 search and use of information necessary for the effective implementation of professional tasks, professional and personal 

development; set a goal and choose ways to achieve it; 

 work in a group and a team, communicate effectively with colleagues and management; take responsibility for the work of 

team members, the result of the assignments; be responsible for your own decisions and be prepared to provide a rationale for 

these decisions; 

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

 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; 

 build an oral and written statement in different communicative situations, to understand and analyze the structural and 

semantic organization of a scientific text; 

 perform various text operations: describe, summarize information; 

 search for information necessary for the effective performance of professional tasks; 

 apply information and communication technologies in professional activities; 

 use information and communication technologies in scientific and practical activities, self-education and the achievement 

of other goals. 

  Methods for evaluating the results achieved: 

- verbal questioning: interview, colloquium, exam; 

- written work: test, quiz, essay, abstract; 

- control with the help of technical means and information systems: computer testing programs, complex situational tasks; 

exam testing; 
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- innovative assessment tools: case-method, portfolio, business (role-playing) game, debate, discussion, project method, 

incident method, method of successive situations, etc. 

 

Foreign language– 6 credits 

 

Prerequisites: no. 

Postrequisites: POIYa2207 Professionally-oriented foreign language. 

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

 reproduce the orthoepic, spelling, stylistic norms of a foreign language; 

 use the features of professional oral and written scientific speech in a foreign language; 

 justify the strategy and tactics of speech communication in the field of professional interaction; 

 speak with an oral message; 

 build verbal 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; 

 apply the technology of interpretation and analysis of the texts of scientific literature in the specialty in a foreign language; 

 build work with information in the global computer networks and corporate computer systems in English; 

 competently use language and cultural linguistic knowledge for communication in a multilingual and multicultural society 

of the Republic of Kazakhstan and in the international arena. 

Studied topics: 

1. Grammar: reading rules and word formation. 

2. Grammar: all parts of speech. 

3. Grammar: valid and passive voice.  

4. Grammar: structure of all types of sentences.  

5. Methods of transmitting passive constructions in their native language. 

6. Subjunctive mood. 

7. The participial momentum. 
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8. Infinitive constructions. 

9. The sacrament constructs. 

10. Gerundial designs. 

11. Reading, writing, speaking and listening on topics: acquaintance, family, home, weather, friends and friendship, travel, 

work, hobby. 

12. Reading, writing, speaking and listening on the topics: my country, my city, Astana, countries, cities and people of the 

world, nature. 

13. Reading, writing, speaking and listening on topics: famous people of Kazakhstan, the role of Kazakhstan in the world. 

14. Reading, writing, speaking and listening on topics: my future profession. 

 

Kazakh (Russian) language – 6 credits 

 

Prerequisites: no. 

Postrequisites: POK(R)Ya2206 Professionally-oriented Kazakh (Russian) language, KRYaK2108 Culture of speech and 

language communication. 

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

 make the correct choice and use language and speech means on the basis of knowledge of a sufficient volume of lexicons, 

a system of grammatical knowledge, and 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 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; 
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 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. 

Studied topics: 

1. Scientific style: substrates, genres, style and language features.  

2. Offer as a minimal communicative unit. Features sentences in the scientific style of speech.  

3. The concept of meaning-speech situation (type of scientific information). Text. The main features of the text. 

4. Types of connectivity in the text. Functional-semantic types of text. Structural and semantic articulation of the text. 

5. Role of a sentence in a text. Ways to develop information in the text. 

6. Unidirectional and multidirectional texts. 

7. Parallel way of developing information. Chain way to develop information in the text. 

8. Basics of scientific text compression. Basic and additional text information. 

9. Outline text. Types of plan (call-up, question, abstract). 

10. Synopsis. Types of abstract. Common abbreviation rules. 

11. Secondary texts of scientific style. 

12. Abstract as a secondary text genre. Annotation structure. Language means annotations. 

13. Bibliographic description.  

14. Abstract as a secondary text genre. Types of essay. Language design essay. 

15. Oral scientific speech. Monologue. Dialogue. Polylog Speech strategies. Educational and scientific discussion. 

 

Information and communication technologies – 3 credits 
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Prerequisites: no. 

Postrequisites: KMFPS3210 Computer modeling of physical processes, IEAAS4308 Information –entropy Analysis of 

Astrophysical Signals, TsKS3309 Digital space communications. 

As a result of studying the discipline, a student is 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; 

 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. 

Studied topics: 

1. The role of ICT in key sectors of social development. ICT standards. 

2. Introduction to computer systems. Computer systems architecture. 

3. Software. Operating Systems. 

4. Human-computer interaction. 

5. Database systems. 

6. Data analysis. Data management. 

7. Networks and telecommunications. 

8. Cybersecurity. 

9. Internet technology. 

10. Cloud and mobile technologies. 

11. Multimedia technology. 

12. Smart technology. 
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13. E-technology. Electronic business. Electronic learning. Electronic government. 

14. Information technology in the professional field. Industrial ICT. 

15. Prospects for ICT development 

 

ELECTIVE COMPONENT (EC) – 8 credits 

 

MODULE OF SOCIO-POLITICAL KNOWLEDGE – 4 credits 

 

Common cultural competencies: 

 to formulate 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; 

 freely interpret and creatively use scientific, historical and philosophical knowledge to summarize the success factors 

of the Kazakhstan development model on the way to an established state - the Republic of Kazakhstan; 

 to represent social and ethical values based on social and legal norms and tolerance to various cultural and confessional 

traditions; 

 work in a group and a team, communicate effectively with colleagues and management; take responsibility for the work 

of team members, the result of the assignments; be responsible for your own decisions and be prepared to provide a rationale 

for these decisions; 

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

 to adequately navigate in various socio-economic, political and emergency situations, political and emergency situations; 

 objectively and comprehensively interpret the advantages, features and significance of the Kazakhstan development model;  

 to analyze and evaluate socially significant phenomena, events, processes; to understand and analyze socially significant 

problems and processes, to apply the basic principles and methods of social sciences in solving social and professional 

problems;  

 build the foundations of sociohumanitarian knowledge, understanding of the driving forces and laws of the historical and 

socio-cultural process, the socio-political organization of society; 

Methods for evaluating the results achieved: 
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 verbal questioning: interview, colloquium, exam; 

 written work: test, quiz, essay, abstract; 

 control with the help of technical means and information systems: computer testing programs, complex situational tasks; 

exam testing; 

 innovative assessment tools: case-method, portfolio, business (role-playing) game, debate, discussion, project method, 

incident method, method of successive situations, etc. 

 

 

Theoretical and Applied Political Science – 2 credits 

 

Prerequisites: SIK1101 – Modern history of Kazakhstan. 

Postrequisites: no. 

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

 describe the features of the organization and functioning of political institutions (institutions of representation and 

coordination of interests); 

 demonstrate an understanding of the mechanisms and principles of the functioning of political power, political institutions, 

domestic, foreign, world politics and international relations; 

 demonstrate an understanding of the nature and laws of the functioning and development of politics, its role in various 

spheres of society; 

 justify the relationship of political systems and political regimes; 

 to assess the degree of objectivity of political information from various sources, to argue with conviction to express their 

citizenship, to evaluate facts, events, phenomena based on the analysis of political strategy and national interests of modern 

states; 

 justify the leading role of identity (national, civil) as a factor in ensuring the national security of the Republic of Kazakhstan; 

 identify the nature of sociopolitical conflicts and assess their legitimacy; 

 generate new ideas and apply to a changing political reality; 
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 use of methods for analyzing modern political processes taking place in the world and in the Republic of Kazakhstan; 

 the formation of the political consciousness and political culture of students. 

Studied topics: 

1. The main stages of development of political knowledge in the history of civilization. 

2. Politics in the structure of public life. 

3. Power as a political phenomenon. 

4. Subjects of policy. 

5. Political systems of the present. 

6. Political regimes. 

7. Elections and electoral systems. 

8. State and civil society. 

9. Political parties and party systems, socio-political movements and organizations. 

10. Political development and modernization. 

11. Conflict and crisis situations in politics. 

12. Political culture and political ideology. 

13. World politics and modern international relations. 

14. The main priorities of the foreign policy of the Republic of Kazakhstan. 

15. Development Strategy of Kazakhstan until 2050.  

 

General and applied Sociology – 2 credits 

 

Prerequisites: SIK1101 – Modern history of Kazakhstan. 

Postrequisites: no. 

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

 determine objects of the study of sociology (society, social organizations, social groups, individuals, etc.) to explain the 

social reality; 

 explain key sociological ideas and theories; 
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 describe 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 and explain social interactions, phenomena and processes, social changes in the world based on macro- and 

microsociological theories; 

 interpret the basic sociological concepts and theories in order to study social processes; 

 demonstrate the ability to find available sources of sociological information, compile and analyze data; 

 master the applied methods of sociological research, be able to plan, organize and conduct mini-studies on student projects; 

 develop the skills of analyzing texts and writing essays, discussions, effective work in a group, presentation of research results. 

Studied 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. 
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MODULE OF CULTURAL HERITAGE AND INTERPERSONAL COMMUNICATION – 4 CREDITS 

 

Common cultural competencies: 

 to formulate 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; 

 freely interpret and creatively use scientific, historical and philosophical knowledge to summarize the success factors of the 

Kazakhstan development model on the way to an established state - the Republic of Kazakhstan; 

 to demonstrate the competent use of language and cultural linguistic knowledge for solving communication problems in a 

multilingual and multicultural society of the Republic of Kazakhstan and in the international arena; 

 to represent social and ethical values based on social and legal norms and tolerance to various cultural and confessional 

traditions; 

 work in a group and a team, communicate effectively with colleagues and management; take responsibility for the work of 

team members, the result of the assignments; be responsible for your own decisions and be prepared to provide a rationale for 

these decisions; 

Professional competencies: 

 use information and communication technologies in their professional activities; 

 independently acquire and use new knowledge and skills; participate in scientific discussions, write scientific articles. 

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

 competently use linguistic and cultural linguistic knowledge to solve communication problems in a multilingual and 

multicultural society of the Republic of Kazakhstan and in the international arena; to the perception, analysis, synthesis of 

information, setting goals and choosing ways to achieve it 

 develop programs for solving conflict situations in society, including in professional society 

 carry out research project activities in various areas of communication, generate socially valuable knowledge, present it 

 summarize the results of mental, historical-typological, interpersonal analysis to determine the place of professional activity 

in the cultural and historical paradigm 
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 to assess and possess the skills of respect for the cultural heritage and man; information on the driving forces of the 

psychological process 

 communicate on the content and problems of the specialty both with colleagues at work and with representatives of the 

general public, including from other countries in a foreign language 

Methods for evaluating the results achieved: 

 verbal questioning: interview, colloquium, exam; 

 written work: test, quiz, essay, abstract; 

 control with the help of technical means and information systems: computer testing programs, complex situational tasks; 

exam testing; 

 innovative assessment tools: case-method, portfolio, business (role-playing) game, debate, discussion, project method, 

incident method, method of successive situations, etc. 

 

Culture of speech and language communication– 2 credits 

 

Prerequisites: SIK1101 Modern history of Kazakhstan, OPS2111 General and applied Sociology, TPP2110 Theoretical and 

Applied Political Science, K(R)Ya 1104 Kazakh (Russian) language. 

Postrequisites: POK(R)Ya2206 Professionally-oriented foreign language. 

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

 interpret the concept of “culture of speech” and its main aspects: normative, communicative, ethical and rhetorical; 

 explain the principles of a culture of public speaking and requirements for public speaking; 

 give a public speech; 

 simulate situations of oral business communication; 

 compile background documents (explanatory note, protocol, extract from the protocol) and business letters. 

Studied topics: 

1. The concept of "culture of speech." 
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2. Culture speech of a business person. The main aspects of the culture of business speech. Regulatory aspect of business 

culture. 

3. Types of language norms of the literary language. 

4. The communicative aspect of the culture of business speech. Communicative qualities of speech (pithiness of speech, 

accuracy, clarity, purity, richness and diversity of speech). 

5. The ethical aspect of the culture of speech. The functions of speech etiquette in business communication. Communication 

atmosphere and etiquette formulas. The system of addresses in Russian speech etiquette.  

6. The role of ethics in business communication. Business rhetoric. 

7. Knowledge of the art of public speaking, the necessary modern business person. Principles of culture of oratory. 

Requirements for public speech.  

8. Target speech settings and their classification. The idea of speech. Making speech text.  

9. Argumentation in oratorical speech. Classification of speech types. Information speech. Persuasive speech. Call to action.  

10. The main characteristics of business communication. Principles of effective business communication. 

11. The culture of oral business communication. Types of oral business communication. Presentation. 

12. Modeling situations of oral business communication: “Telephone conversation”, “Business conversation”, “Negotiations”. 

13. The culture of written business speech. 

14. Types of business documents. Features of the preparation of personal business documents (application, power of attorney, 

receipt, autobiography, resume). 

15. Features of the preparation of information and reference documents (explanatory note, protocol, extract from the 

protocol).Features of writing business letters. 

 

Psychology of interpersonal communication– 2 credits 

 

Prerequisites: SIK1101 Modern history of Kazakhstan, Fil2102 Philosophy. 

Postrequisites: no. 

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

 understand the role and place of psychological knowledge in the system of human sciences; 
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 analyze the basic concepts, principles and procedures of effective communication; 

 analyze the signs and barriers of effective communication; 

 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; 

 evaluate 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 your own strategies for effective interpersonal communication, use the skills of stress management and time 

management, self-presentation skills to improve personal and professional effectiveness; 

 establish and maintain constructive communication with different people; 

 apply different strategies for resolving conflict situations in personal and professional interaction. 

Studied 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. 
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14. Models of individual behavior in conflict. 

15. Techniques and techniques for effective communication. 

 

 

CORE DISCIPLINES (CD) – 69 credits 

 

OBLIGATORY COMPONENT (OC) – 20 credits 

 

 

MODULE «GENERAL PHYSICS 1 AND HIGHER MATHEMATICS» – 10 CREDITS 

 

Common cultural competencies: 

 understand and apply knowledge of the basic physical laws in nature, and their connection with the observed phenomena 

and processes; use inductive and deductive approches to cognition 

 

 work in a group and a team, communicate effectively with colleagues and management; take responsibility for the work 

of team members, the result of the assignments; be responsible for your own decisions and be prepared to provide a rationale 

for these decisions 

 to demonstrate critical thinking when working with new information 

Professional competencies: 

-   analyze and apply the physical laws of mechanics and molecular physics for measuring and interpreting experimental data 

- use the main electronic equipment and physical devices for measuring mechanical and electrical quantities; 

- carry out the formulation, formulation and solve problems in physics; 

- demonstrate skills in processing measurement results, plotting graphs and diagrams 

- correctly apply the basic methods of mathematical analysis to the solution of various mathematical problems of other 

disciplines 

As a result of studying the module, a student is able to: 
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 interpret basic mechanical phenomena; basic concepts and physical quantities from the course of mechanics; the basic 

principles and laws of mechanics, their logical content, mathematical expression and area of applicability 

 interpret basic mathematical concepts included in this program, their interrelation, interdependence and mutual influence 

not only among themselves, but also with other mathematical disciplines 

 explain, find, formulate and solve actual and significant problems of fundamental and applied mathematics 

 solve the problem, apply classical mathematical models to the task, justify the correctness of the mathematical model 

 measure the physical characteristics of objects and processes 

 evaluate the quality of experimental data and calculate measurement errors 

 analyze the results by using physical and mathematical methods of analysis 

 compare and interpret the results of a study by using models based on the general laws of physics 

Methods for evaluating the results achieved: 

- verbal questioning: interview, colloquium, exam; 

- written work: test, quiz, essay, abstract; 

- control with the help of technical means and information systems: computer testing programs, complex situational tasks; 

exam testing; 

- innovative assessment tools: case-method, portfolio, business (role-playing) game, debate, discussion, project method, 

incident method, method of successive situations, etc. 

 

Mechanics and molecular physics. Part 1. Mechanics (EEEA) – 3 credits 

 

Prerequisites: no. 

Postrequisites: MF1214 Mechanics and molecular physics. Part 2. Molecular Physics (EEEA). 

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

 interpret the basic provisions, laws and methods of mechanics; 

 explain basic information in the field of mechanics; 

 use basic physical instruments for measuring mechanical quantities; 

 set and solve the experimental problems of mechanics; 
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 construct mathematical models of the simplest mechanical phenomena and use the mathematical apparatus available to him 

for analyzing these models, including methods of computational mathematics; 

 process, analyze and evaluate the obtained measurement results; 

 correlate (compare) the content of specific tasks with the general laws of physics. 

Studied topics: 

1. Kinematics of a material point, speed, acceleration normal and tangential.  

2. Kinematics of circular motion. 

3. Kinematics of a solid.  

4. The dynamics of the material point, Newton's laws.  

5. Dynamics of the system of material points.  

6. Classification of forces and interactions.  

7. Gravitational force, mass inert and gravitational.  

8. Inertial reference systems, Galilean relativity principle.  

9. Non-inertial reference systems, inertial forces.  

10. Work, potential force field, conservative forces.  

11. Energy: potential energy; kinetic energy, energy conservation law.  

12. Dynamics of a solid body. 

13.  Mechanics of liquids and gases.  

14. Fluctuations.  

15. Waves. 

 

 

 

 

Electricity and magnetism, Optics. Part 1. Electricity and magnetism – 4 credits 
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Prerequisites: MF1201 Mechanics and molecular physics. Part 1. Mechanics, MF1214 Mechanics and molecular physics. 

Part 2. Molecular Physics. 

Postrequisites: ED3225 Electrodynamics, FOE 3209 Physical bases of electronics, PEA4305 Semiconductor electronics in 

astrophysics. 

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

 interpret the main provisions, laws and methods of electromagnetism; 

 explain basic information in the field of electromagnetism; 

 use basic physical devices for measuring electrical quantities; 

 set and solve the experimental problems of electromagnetism; 

 build mathematical models of the simplest electromagnetic phenomena and to use the mathematical apparatus available to 

him for the analysis of these models, including methods of computational mathematics; 

 process, analyze and evaluate the measurement results; 

 correlate (compare) the content of specific tasks with the general laws of physics 

Studied topics: 

1. Fundamentals of the theory of electromagnetic interactions.Electrostatic Gauss Theorem.  

2. Scalar potential. Description of electrostatic fields via scalar potentials. 

3. Electrostatic fields in dielectrics. 

4. Mechanisms of dielectric polarization. Forces in an electric field. 

5. The main regularities of electrical current flowing through a conductor.  

6. Electrical conductivity in solids.  

7. Thermoelectric phenomena.  

8. Electrical conductivity of semiconductors.  

9. Electrical conductivity of gases. Plasma state of matter.  

10. Constant magnetic fields.  

11. Magnetic fields in magnetics.  

12. Theory of magnetics.  

13. Law of electromagnetic induction and its consequences.  
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14. Circuits of quasi-stationary alternating current and methods of calculations thereo.   

15. Displacement current and Maxwell’s equations 

 

Mathematical analysis.– 3 credits 

 

Prerequisites: no. 

Postrequisites: AGLA1211 Analytical geometry and linear algebra, MA2227 Mathematical analysis. Part 2 

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

 interpret the basic theorems of differential and integral calculus; 

 discuss the basic concepts of mathematical analysis; 

 use mathematical analysis methods for solving physical and astrophysical problems; 

 process, analyze and evaluate the results of calculations; 

 correlate (compare) the content of specific tasks with the general principles of mathematical analysis. 

Studied 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.  
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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. 

13. Antiderivative.  Definition of  the integral. The indefinite integral. The table of basic indefinite integrals. The main 

properties of the indefinite integral. Integration by parts and the change of variables in the indefinite integral.  

14. Integration of rational expressions. Decomposition of proper rational fraction into a sum of partial fractions. Method of 

undetermined coefficients. Integrability of a rational fraction in elementary functions. The Ostrogradsky method.  

15. Integration of irrational expressions.  Integration of linear fractional irrationalities. Integration of quadratic irrationalities. 

Euler substitutions. Integration of the differential binomial. Integrability in elementary functions of some trigonometric 

expressions. 

 

 

MODULE «INNOVATIVE TEACHING METHODS AND DIGITAL TECHNOLOGIES» – 6 CREDITS 

 

Common cultural competencies: 

 Understand and apply knowledge of the basic physical laws in nature, and their connection with the observed phenomena 

and processes; use inductive and deductive approches to cognition 

 Work in a group and a team, communicate effectively with colleagues, supervisors; take responsibility for the work of team 

members, the result of the assignments; be responsible for your own decisions and be prepared to provide a rationale for 

these decisions 

 Demonstrate critical thinking while working with new information 

Professional competencies: 
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 Analyze and apply the physical laws of fundamentals of radio physics and electronics for measuring and interpreting 

experimental data 

 Apply modern mathematical methods for analyzing of astrophysical signals and use modern digital space and ground based 

technologies for receiving and processing data 

 Present information, ideas, problems, solutions and results of scientific research in the field of physics and astronomy to 

specialists and non-specialists 

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

 demonstrate and explain the physical processes of astronomical objects in the Universe using modern programs (Star Walk) 

 present ideas, problems, as well as the results of research at scientific seminars in physics and astronomy 

 to make scientific presentations on physics and astronomy 

 to apply computer methods of collecting, storing and processing information used in the field of professional activity 

 recommend standard test methods 

 explain the reasons and solve the tasks with the use of databases and literature 

 use radio electronic measuring devices and installations for conducting an experiment 

 perform hardware-software filtering and cleaning of the recorded signal 

 produce a mathematical analysis of astrophysical signals based on Fourier, wavelet transformations, correlation 

communication and using specialized methods for astronomical time series using the Lomb-Scargle method as an example 

 apply an information-entropy approach in questions of the quantitative classification and interpretation of astrophysical 

signals 

 calculate the signal-to-noise ratio in various receiving atennas, including fractal ones 

Methods for evaluating the results achieved: 

- verbal questioning: interview, colloquium, exam; 

- written work: test, quiz, essay, abstract; 

- control with the help of technical means and information systems: computer testing programs, complex situational tasks; 

exam testing; 



59 

 

- innovative assessment tools: case-method, portfolio, business (role-playing) game, debate, discussion, project method, 

incident method, method of successive situations, etc. 

 

Theory and methods of teaching physics and astronomy – 3 credits 

 

Prerequisites: MF1201 Mechanics and molecular physics. Part 1. Mechanics, MF1214 Mechanics and molecular physics. Part 

2. Molecular Physics, ЕМ2202 Electricity and magnetism, Optics. Part 1. Electricity and magnetism, Opt2215 Electricity and 

magnetism, Optics. Part 2. Optics.  

Postrequisites: PP Pedagogical internship. 

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

 explain the content of the new material, based on the knowledge and experience of students;  

 demonstrate the methods and means of teaching physics and astronomy;  

 interpret the theoretical foundations and principles of teaching physics and astronomy; 

 apply basic technologies used in teaching physics and astronomy; 

 make thematic, calendar curricula, lesson plan;  

 develop and conduct various forms of training;   

 demonstrate skills oa mastering the methods and techniques of drawing up tasks, exercises, tests on various topics. 

Studied topics: 

1. Scientific-theoretical and methodological foundations of teaching physics and astronomy. 

2. Theory and methods of teaching physics, subject of the discipline, goals and objectives.  

3. Types of organization of studies in physics and astronomy in secondary schools.  

4. Organization of studies in physics and astronomy in high school.  

5. Methods of studying the main topics of the course in physics and astronomy.  

6. The system of methods and tools for teaching physics and astronomy.  

7. Didactic principles of teaching physics.  

8. Methods of teaching physics.  

9. Methods of intensification of teaching physics.  
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10. Types of lessons in physics.  

11. Types of educational physical experiment.  

12. Monitoring and evaluation of knowledge and skills.  

13. Planning training classes in physics. Calendar plan. Lesson plan.  

14. Methodical issues of the main sections of physics and astronomy.  

15. Using a computer to study physics. 

  

 

Fundamentals of Radio Physics and Electronics – 3 credits 

 

Prerequisites: ЕМ2202 Electricity and magnetism, Optics. Part 1. Electricity and magnetism. 

Postrequisites: FOE 3209 Physical bases of electronics, PEA4305 Semiconductor electronics in astrophysics. 

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

 demonstrate the basic radio elements; 

 explain the principle of operation of basic analog and digital devices, their circuitry, structure and principle of organization 

of electronic measuring devices; 

 apply electronic equipment in practice;  

 measure electrical quantities using general-purpose radioelectronic equipment;  

 make the simplest electronic functional units using integrated circuits and discrete elements;  

 process, analyze and evaluate the measurement results; 

 correlate (compare) the content of specific tasks with the general laws of physics. 

Studied topics: 

1. Signals, their classification, parameters.    

2. Elements of linear electric circuits, source of emf, source of current. 

3. Calculation of linear chains by the method of complex images.  

4. Пpassage of pulse signals through linear circuits, transients, operator method of analysis.  

5. Differentiating, integrating circuits, compensated voltage divider.  
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6. Electron-hole transition, its properties, semiconductor diodes, zener diodes, tunnel diodes.  

7. Bipolar transistors, switching circuit.   

8. Bipolar transistor as a quadrupole, parameters, equivalent circuits in different wiring diagrams.  

9. Dynamic Bipolar Transistor Mode.  

10. Field effect transistors.  

11. Classification of electronic amplifiers, their main characteristics, parameters.  

12. Amplifier feedback gain, negative and positive feedback.  

13. Operational amplifiers, main characteristics, parameters. 

14. Electric Signal Generators.   

15. Multivibrator in self-oscillating mode. 

 

 

MODULE «PROFESSIONAL LANGUAGE» – 4 CREDITS 

 

Common cultural competencies:  

- demonstrate the competent use of linguistic and cultural linguistic knowledge for solving communication problems in a 

multilingual and multicultural society of the Republic of Kazakhstan and in the international arena; 

- search and use of information necessary for the effective implementation of professional tasks, professional and personal 

development; set a goal and choose ways to achieve it; 

-  work in a team and a team, communicate effectively with colleagues, management; take responsibility for the work of team 

members, the result of the assignments; be responsible for your own decisions and be prepared to provide a rationale for these 

decisions; 

-  demonstrate critical thinking when working with new information; 

Professional competencies: 

-  work with specialized literature, use modern computing equipment and software for research work; 

-  acquire and use new knowledge and skills; participate in scientific discussions, write scientific articles.. 

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



62 

 

- use the structure and functioning of the language for working with texts in the specialty in order to form a professional world 

outlook; 

-  use scientific, reference, methodical literature in the specialty in a foreign language; 

-  create secondary scientific texts - annotation and conclusions; 

-  summarize scientific information in the form of a summary statement of the problem  

Methods for evaluating the results achieved: 

- verbal questioning: interview, colloquium, exam; 

- written work: test, quiz, essay, abstract; 

- control with the help of technical means and information systems: computer testing programs, complex situational tasks; 

exam testing; 

- innovative assessment tools: case-method, portfolio, business (role-playing) game, debate, discussion, project method, 

incident method, method of successive situations, etc. 

 

Professionally-oriented Kazakh (Russian) language – 2 credits 

 

Prerequisites: K(R)Ya1104 Kazakh (Russian) language. 

Postrequisites: core and major disciplines. 

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

- understand the orthoepic, spelling, stylistic norms of the Kazakh / Russian language; 

- to systematize the system of concepts and terms of the discipline; 

- apply theoretical knowledge of the Kazakh (Russian) language in educational and professional activities; 

- 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; 

- build oral and written statements in different communicative situations; 

- understand and analyze the structural and semantic organization of a scientific text; 
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- perform various operations with the text: describe, summarize information; 

- demonstrate skills of mastering technology of interpretation and analysis of the texts of scientific literature in the specialty. 

Studied topics: 

1. Professional vocabulary. Term system of professional language. Requirements for terms. 

2. Business documentation in the professional field. 

3. Business relations in the professional field. Dialogue. Monologue. 

4. Scientific and publicistic style of speech. 

5. Grammar-style features of a professional text. 

6. Thesis. Types of arguments. Types of evidence: direct, indirect, theoretical and empirical. 

7. The ways of presenting the material: historical, analogy, stepped, conceptual. 

8. Work with sources. Annotation. Referencing. 

9. Development of skills and abilities of reading scientific literature in the specialty for the formation of professional 

competence. 

10. Formulation of theses of a scientific article on a specialty. Compiling a glossary. 

11. Work on writing a scientific article on the specialty. 

12. Increase the level of speech, communicative competence in the professional sphere. 

13. The development of creative writing skills on the basis of secondary scientific texts, as well as texts relating to various 

functional-semantic types of speech. 

14. Selection of material on the topic and problem of scientific research. Rules for compiling bibliography. 

15. The semantic structure of the scientific text, its various types and skills of analyzing scientific information on the basis 

of generalization and compression. 

 

 

Professionally-oriented foreign language – 2 credits  

 

Prerequisites: IYa1103 Foreign language. 

Postrequisites: core and major disciplines. 



64 

 

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

to systematize the system of concepts and terms of the discipline; apply theoretical knowledge of a foreign language in 

educational and professional activities; 

- 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; 

-  demonstrate practical skills in various types of speech activity in a foreign language; participate in the discussion of 

topics related to the specialty; 

-  show the ability to perceive, analyze and summarize educational and scientific information, logically and grammatically 

correct formulation of statements; 

-  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. 
Studied topics: 

1. Professional vocabulary. Term system of professional language. 

2. Business documentation in the professional field. 

3. Business relations in the professional field. Dialogue. Monologue. 

4. Scientific and publicistic style of speech. 

5. Grammar-style features of a professional text. 

6. Thesis. Types of arguments. Types of evidence: direct, indirect, theoretical and empirical. 

7. Work with sources. Annotation. Referencing. 

8. Development of skills and abilities of reading scientific literature in the specialty for the formation of professional 

competence. 

9. Formulation of theses of a scientific article on a specialty. Compiling a glossary. 

10. Work on writing a scientific article on the specialty. 

11. Increasing the level of speech, communicative competence in the professional sphere. 
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12. The development of creative writing skills on the basis of secondary scientific texts, as well as texts relating to various 

functional-semantic types of speech. 

13. Selection of material on the topic and problem of scientific research. Rules for compiling bibliography. 

14. The semantic structure of the scientific text, its various types. 

15. Analysis of scientific information on the basis of generalization and compression. 

 

 

ELECTIVE COMPONENT (EC) – 49 credits 
 

STEM - MODULE – 7 CREDITS 
Professional competencies: 

- analyze and apply the physical laws of electronics for measuring and interpreting experimental data 

- make special calculations of astronomical values and simulating physical processes occurring in outer space 

- work with a specialized scientific source base, use modern computing equipment and software for conducting a scientific 

research work 

- know the principles of processing information flows of astronomical data, be able to use computer systems for collecting, 

processing and storing; 

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

- electronic measuring devices and installations for conducting an experiment 

- analyze the results by using physical and mathematical methods of analysis 

- build mathematical models to describe the physical properties and processes in astronomical objects 

- apply modern methods of computer algebra Mathematica and numerical methods 

- apply modern methods of numerical modeling of star systems and clusters 

- use super computers for numerical models of star systems 

Methods for evaluating the results achieved: 

- verbal questioning: interview, colloquium, exam; 

- written work: test, quiz, essay, abstract; 
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- control with the help of technical means and information systems: computer testing programs, complex situational tasks; 

exam testing; 

- innovative assessment tools: case-method, portfolio, business (role-playing) game, debate, discussion, project method, 

incident method, method of successive situations, etc. 

 

 

Physical bases of electronics – 2 credits 

 

Prerequisites: ЕМ2202 Electricity and magnetism, Optics. Part 1. Electricity and magnetism. 

Postrequisites: PrP Industrial internship. 

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

- demonstrate typical circuit solutions for electronic devices; 

- explain the physical basis of the operation of electronic devices, their purpose and classification; 

- analyze the characteristics, parameters and equivalent circuits of electronic devices; 

- use electronic devices to build electronic devices; 

- evaluate the suitability of various electronic devices to solve a specific problem. 

Studied topics: 

1. The role of physical phenomena and processes in electronics, the main directions of development of electronics. 

2. Elements of the band theory of the structure of solids, the filling of zones with electrons and the division of bodies into 

metals, dielectrics and semiconductors. 

3. Statistical laws in collectives of particles, Maxwell-Boltzmann distribution, Fermi-Dirac. 

4. Statistics of electrons in metals, statistics of charge carriers in a semiconductor. 

5. The law of the current masses. 

6. Conductivity, mobility of charge carriers, its dependence on temperature. 

7. Scattering mechanisms of free charge carriers. 

8. Temperature dependence of conductivity in semiconductor and metal. 

9. Diffusion current in semiconductors, total current in a semiconductor. 
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10. Equilibrium and nonequilibrium charge carriers. 

11. Fundamentals of physics of semiconductor devices. 

12. Physical fundamentals of integrated electronics. 

13. Dinistors. Thyristors. 

14. Photovoltaic devices based on external photoelectric effect. 

15. Photoelectric devices based on the internal photoelectric effect. 

 

Computer modeling of physical processes - 2 credits 

 

Prerequisites: MF1201 Mechanics and molecular physics. Part 1. Electricity and magnetism, MF1214 Mechanics and 

molecular physics. Part 2. Molecular Physics, ЕМ2202 Electricity and magnetism, Optics. Part 1. Electricity and magnetism, 

Opt2215 Electricity and magnetism, Optics. Part 2. Optics. 

Postrequisites: PrP Industrial internship. 

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

- demonstrate the results of calculations using modern visualization methods (including, in animated form); 

- develop computer programs using modern Matlab mathematical modeling packages; 

- analyze the physical processes and phenomena occurring in various systems; 

- select and apply numerical methods for modeling various physical phenomena and approximate solving physical problems 

with a given accuracy; 

- evaluate the accuracy of the result of a computer experiment. 

Studied topics: 

1. Goals, methods and approaches of modeling physical processes. 

2. General description of high-level programming languages and modern integrated math packages (Matlab, Scilab, Maple, 

Mathematica, Mathcad). 

3. Work with files. 

4. Graphic representation of the results of calculations. 
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5. Effective algorithms for the numerical solution of algebraic equations, the division of complex numbers, the calculation of 

derivatives, the solution of systems of linear algebraic and differential equations. 

6. Models of physical processes based on ordinary differential equations. 

7. Models of physical processes based on partial differential equations. 

8. Formal description of random processes. 

9. General scheme of Monte-Carlo methods. 

10. Modeling the movement of bodies in uniform force fields. 

11. Modeling of oscillatory processes and wave movements. 

12. Modeling the behavior of systems consisting of a large number of particles. 

13. Modeling of phase transitions by the method of molecular dynamics. 

14. Simulation of optical phenomena. 

15. Simulation of quantum systems. 

 

Analytical geometry and linear algebra – 2 credits 

 

Prerequisites: no. 

Postrequisites: OVTA2224 Fundamentals of vector-tensor analysis 

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

- explain the basic concepts of analytic geometry and linear algebra; 

- demonstrate analytical methods for the study of basic geometric elements and shapes; 

- apply the methods of vector and linear algebra in solving professional problems; 

- analyze the properties of multidimensional vector and Euclidean spaces; 

- evaluate the applicability of a method for solving a specific problem. 

Studied topics: 

1. Vector algebra: the concept of vector operations with vectors. 

2. A straight line on the plane and in space. 

3. Second order lines. 
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4. Surfaces of the second order. 

5. Operations on matrices, their properties. 

6. The determinant of the matrix, its properties and calculation. 

7. Minor, algebraic additions, their properties. 

8. System of n linear equations with n unknowns, methods for its solution. 

9. The compatibility criterion, the Kronecker-Capelli theorem. 

10. Linear space, sum and intersection of subspaces, direct sum of subspaces, properties. 

11. Linear operators, their properties, examples. 

12. Eigenvalues and eigenvectors of a linear operator. 

13. The matrix of a linear operator, its transformation in the transition to a new basis. 

14. Eigenvalues and eigenvectors of a linear operator. 

15. Bilinear functions and quadratic forms in Euclidean space. 

 

MODULE «PHYSICS OF STARS» - 8 CREDITS 

 

Professional competencies: 

- apply physical laws to the study of the structure, origin and evolution of astronomical objects and the universe as a whole; 

- produce special calculations of astronomical quantities and simulate the physical processes occurring in outer space; 

- explain the general characteristics, physical and chemical properties of astronomical objects; 

- explain the laws of education, development, structure and movement of astronomical objects; 

-  make special calculations of astronomical quantities; 

- simulate physical processes occurring in space; 

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

- apply physical laws to the study of the structure, origin and evolution of astronomical objects and the universe as a whole; 

- independently formulate and solve problems in physics and astronomy, formulate algorithms for modeling processes 

occurring in outer space; to evaluate the results of research, the preparation of conclusions and proposals for their practical 

use; 
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- analyze the principles of processing information flows of data, be able to use computer systems for collecting, processing 

astrophysical data; analyze the physical interpretation of new experimental information in the field of astronomy 

(astrophysics); 

- possess the mathematical apparatus and formalisms in modern theoretical astrophysics, the criteria for choosing methods for 

solving problems both in analytical form and using computer technologies (modern computers and corresponding software 

products); 

Methods for evaluating the results achieved: 

- verbal questioning: interview, colloquium, exam; 

- written work: test, quiz, essay, abstract; 

- control with the help of technical means and information systems: computer testing programs, complex situational tasks; 

exam testing; 

- innovative assessment tools: case-method, portfolio, business (role-playing) game, debate, discussion, project method, 

incident method, method of successive situations, etc. 

 

Fundamentals of Astrophysics – 4 credits 

 

Prerequisites:. OA1301 General Astronomy (EEEA). 

Postrequisites: SEZ4307 The Structure and Evolution of Stars. 

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

- to substantiate modern ideas about the origin, structure, basic parameters and evolution of various objects of the Universe; 

- explain the principle of operation of various astrophysical instruments; 

- apply modern research methods for processing and subsequent analysis of observational data; 

- to classify various objects of the universe according to their observational manifestations; 

- evaluate the applicability of various research methods for solving various astrophysical problems. 

Studied topics: 

1. Introduction. Tasks and main sections of astrophysics. Spatio-temporal scales in astrophysics. 

2. The emission and absorption of electromagnetic waves in a medium. Basic photometric concepts and units. 
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3. The mechanism of absorption and radiation of light by matter (atoms, molecules). Formation of continuous spectra, 

emission and absorption spectra. Free-free transitions. Free-bound transitions. Transitions between energy levels. Ionization. 

Recombination. The hydrogen atom. Rydberg's formula. The Zeeman effect. The Stark effect 

4. The attenuation of light when passing through matter. Properties of radiation and the basis of spectral analysis. Doppler 

shift of spectral lines. 

5. Radiation of an absolutely black body. Fundamentals of the theory of radiation transfer. Emissivity coefficient. 

Coefficient of absorption and optical thickness. The transport equation and its simplest special cases. 

6. Features and physical limitations of astronomical observations. The main tasks of observational astronomy. Telescopes 

and receivers of radiation. Physical limitations on the accuracy of astronomical measurements. 

7. Methods for determining of temperature. Types of temperatures of stars. Determination of the chemical composition and 

density of celestial bodies. 

8. Classifications of stars. Spectra of stars. Spectral classes. The Hertzsprung-Russell diagram. Mass-luminosity ratio. Star 

spectroscopy as a tool for determining the fundamental stellar parameters. 

9. Stars. General characteristics. Types of stars. Double stars. Determination of the parameters of stars from observations of 

binary stars. 

10. The internal structure of the stars. Evolution of stars. 

11. A star named Sun. Modern ideas about the internal structure and structure of the Sun's atmosphere. Manifestations of 

solar activity. 

12. Nonstationary stars. Their main types, representations about the nature of variability and methods of research. 

13. Hot stars with features in the spectra. Stars of the types Ae / Be Herbig, Be and B [e]. 

14. Compact stars as a result of the final stage of the evolution of stars: white dwarfs, neutron stars, black holes. Criteria of 

Chandrasekhar and Oppenheimer-Volkov. 

15. Interstellar medium. Its main components and observational manifestations. The nature of the main components of the 

interstellar medium and their role in the universe. 

 

Galactic astronomy – 4 credits 
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Prerequisites:. OA1301 General Astronomy (EEEA). 

Postrequisites: DZS4308 Dynamics of stellar systems. 

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

-  demonstrate acquired knowledge for planning, modeling, astronomical experimental research; 

-  explain the structure and composition of individual components of our galaxy; 

-  establish the relationship between the kinematic and physical parameters of the galaxy populations and their 

evolutionary status; 

-  estimate the parameters of stellar populations by their spatial position in the galaxy; 

-  calculate the transitions between physical and astronomical systems of photometric quantities; 

- choose adequate physical methods to solve specific problems. 

Studied topics: 

1. Coordinates in stellar astronomy. Coordinate systems. Observational data. 

2. Photometric characteristics of stars. Visible and absolute stellar magnitudes. Photometric systems. 

3. Determination of distances to stellar objects. Geometric methods for determining distances to celestial bodies. Middle (age-

old) parallaxes. Photometric methods for determining distances to celestial bodies. 

4. Spectral classification of stars. Historical information. The ICC system. 

5. Diagram of Hertzsprung-Russell. The main sequences on the Hertzsprung-Russell diagram. Star evolution. Types of 

variable stars and the instability band. 

6. Absorption of light in the galaxy. Complete and selective absorption of light. Determination of color excess in the UBV 

system. Model of the visible distribution of absorbing matter. Absorbing matter in our Galaxy. 

7. Dissipated star clusters and stellar associations. Common characteristics of scattered clusters. Determination of excess 

color, distances and ages of scattered clusters. 

8. HR-diagram of a scattered cluster. Dissected star clusters in the galaxy. Star associations, complexes and moving groups. 

Immersed clusters. 

9. Main Sequences (MS). Gas-dust discs. Elements of the theory of potential and celestial mechanics. Potential energy and 

the virial theorem. 

10. Sources of energy stars. Formation of heavy elements. Basic concepts of astrophotometry. Stellar magnitudes. 
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11. Degenerate stars. The relationship between mass and radius, the limiting mass of stars. Fundamentals of spectral 

analysis. Spectral classification of stars. The Hertzsprung-Russell diagram (HR). The main sequence. 

12. The theory of the evolution of stars. Jeans instability. The composition and structure of galaxies of various types. .. 

Standard scenario of star formation. Dynamic balance of stars. Normal stars, white dwarfs and neutron stars. Black holes. 

13. Neutron stars. Pulsars. Supernew stars. Supernova remnants and their observations. The sun is like a star. Elements of 

stellar astronomy. The structure of the galaxy. Classification of galaxies. Clusters of galaxies. 

14. Spiral branches and star formation. Nonstationary and double stars. New stars. Elements of stellar dynamics. Evolution 

of galaxies. Active nuclei of galaxies. Quasars. 

15. Observations of objects with a large redshift and the evolution of galaxies. Quasars. Elements of cosmology. The Hubble 

Act. Friedman's solution. Critical density. Standard cosmological scenario. Relic radiation. Cellular structure of the 

Universe. 

 

 

MODULE «GENERAL PHYSICS  2» - 9 CREDITS 

 

Common cultural competencies: 

- understand and apply knowledge of the basic physical laws in nature, and their connection with the observed phenomena 

and processes; use inductive and deductive approches to cognition 

- demonstrate critical thinking while working with new information 

Professional competencies: 

- analyze and apply the physical laws of mechanics, molecular physics, electromagnetism, optics, atomic physics for 

measuring and interpreting experimental data 

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

- use specialized knowledge in the field of physics for mastering specialized physical disciplines 

- explain, find, formulate and solve actual and significant problems of fundamental and applied physics 

- correctly correlate the content of specific tasks with the general laws of physics, apply the laws to solve physical problems 

and at interdisciplinary boundaries with other fields of knowledge 
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- measure the physical characteristics of objects and processes 

- evaluate the quality of experimental data and calculate measurement errors 

- analyze the results by using physical and mathematical methods of analysis 

- compare and interpret the results of a study by using models based on the general laws of physics 

Methods for evaluating the results achieved: 

- verbal questioning: interview, colloquium, exam; 

- written work: test, quiz, essay, abstract; 

- control with the help of technical means and information systems: computer testing programs, complex situational tasks; 

exam testing; 

- innovative assessment tools: case-method, portfolio, business (role-playing) game, debate, discussion, project method, 

incident method, method of successive situations, etc. 

 

Mechanics and molecular physics. Part 2. Molecular Physics (EEEA) – 3 credits 

 

Prerequisites:. MF1201 Mechanics and molecular physics. Part 1. Mechanics. 

Postrequisites: FKS 3218 Condensed state physics. 

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

-  interpret the basic statistical laws and laws of distribution, the fundamentals of thermodynamics of equilibrium processes, 

transport phenomena, models of ideal and real gases and their basic properties, phase transitions; 

- describe physical concepts and laws for assessing and predicting the behavior of substances in various aggregative states; 

- apply methods for solving practical problems, the foundations of which are molecular forms of motion and statistical laws; 

- use the basic knowledge of the fundamental sections of mathematics, to create mathematical models of typical professional 

problems; 

- summarize the results of basic theoretical knowledge of the fundamental sections of general physics for solving 

professional problems. 

1. Molecular-kinetic theory. 

2. Perfect gas. 
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3. The concept of temperature. 

4. The distribution of gas molecules in velocity. 

5. The first law of thermodynamics. 

6. The second law of thermodynamics. 

7. Real gases and liquids. 

8. Transport phenomena. 

9. Surface phenomena in liquids. 

10. Solids. 

11. Waves in continuum and elements of acoustics. 

12. Waves in elastic media. 

13. Phase and group velocity. 

14. Wave propagation in inhomogeneous media. 

15. Reflection and refraction of waves at the boundary of two media. 

 

Electricity and magnetism, Optics. Part 2. Optics – 3 credits 

 

Prerequisites: EM2202 Electricity and magnetism, Optics. Part 1. Electricity and magnetism 

Postrequisites: AF3216 Atomic physics 

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

- demonstrate knowledge of the theoretical foundations of optical physics, the principles of mathematical description of 

optical phenomena, concepts and models of approximation; 

- describe the principles of operation, characteristics and parameters of optical elements, devices and systems; 

- use optical instruments for the study of the main phenomena of wave and quantum optics, analyze empirical data; 

- analyze the conditions for observing and recording optical effects and processes; 

- to develop methods for setting tasks and methods for conducting experiments using elements of optics. 

Studied topics: 
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1. Development of ideas about the nature of light. The first laws of optics. Fermat's principle. Energy units and the 

relationship between them. Models of radiation sources. Brightness of the scattering surface. Illumination created by various 

sources. 

2. The phenomena of refraction and refraction in nature. Optical fibers. Basic concepts and definitions of geometric optics. 

Beginning of the geometric theory of optical images. Refraction on a spherical surface. Lens. Formulas of a thin lens. 

Refraction on a spherical surface. Spherical mirror. Centered optical system. 

3. Construction of an image in a thin/thick lens. Telescope. Microscope. Eye and sight. Illusions of perception of the image. 

Camera. Eyepiece. The film "Lens". Eye and sight. Optical circuit of the eye. Accommodation and adaptation. 

4. The concept of colour. Colour coordinates. Synthesis of colour. Colour profiles of devices. Interference of 

monochromatic light. Interference of plane waves. Interference of waves emitted by two point sources. Interference 

experiments by the method of wave front division. Division of amplitude. Relations for the calculation of interference 

patterns. 

5. Strips of equal slope. Strips of equal thickness. Rings of Newton. Interference of quasi-monochromatic light. Influence of 

the size of the source on the interference pattern. Two point sources. Dependence of the visibility of the bands on the 

distance between the sources. Extended source. Dependence of the visibility of bands on the width of an extended source. 

Aperture of interference. 

6. Application of multi-beam interference. Multilayer dielectric coatings. Reception of dielectric mirrors. Enlightenment 

optics. Optical filters. Radiation of Vavilov - Cherenkov. Phased arrays. 

7. The phenomenon of diffraction. The Huygens-Fresnel principle, its integral notation and interpretation. Principle of 

Babin. Fresnel zones. Diffraction at the edge of a semi-infinite screen. The spiral of Cornu. Fresnel approximation and 

Fraunhofer approximation. Diffraction of Fraunhofer on the slit, on the rectangular and circular holes. 

8. Amplitude and phase diffraction gratings. Diffraction and spectral analysis. Spectral analysis in optics. Prizm diffraction 

and interference spectral devices and their main characteristics: hardware function, angular and linear dispersion, resolving 

power, dispersion area Experiments on diffraction and interference. 

9. The physical basis of the method of holographic recording of images. Holograms of Gabor and Denisyuk. Application of 

optical static holography. Diffraction on a multidimensional structure. The Breg-Wulf formula. The Laue method. Method 
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of crystal rotation. Method of powder. The concept of the structural basis factor and the atomic scattering factor. Photonic 

crystals. 

10. The concepts of polarization in optics. Interference of polarized waves. Description of the polarization of radiation 

within the electromagnetic theory of light. Visual representation of linear, circular, elliptically polarized and unpolarized 

radiation. Natural light. The concept of Stokes parameters and the Mueller matrix. The degree of polarization. Polarizers. 

11. Optics of anisotropic media. Propagation of light waves in anisotropic media: experimental facts and elements of the 

theory. Equation of Fresnel wave normals. Double refraction of light. Qualitative analysis of the propagation of light by 

means of Huygens' construction and wave normals. Beam demolition phenomena. Uniaxial and biaxial crystals. 

12. The concept of gyrotropic media. Natural optical activity. Saccharometry. Anisotropy of optical properties induced by 

mechanical deformation, electrical, magnetic fields. Optical effects in liquid crystals. Dynamic scattering. Electrical control 

of birefringence. "Twist effect". The effect of the guest is the host. 

13. Thermal radiation. Emissivity and absorptivity of a substance and their ratio. A model of an absolutely black body. The 

Stefan-Boltzmann law, the Wien displacement formula. Limititions of the classical theory of radiation. Elements of the 

quantum approach. Planck's formula. Optical phenomena in nature. Polar lights. Synchrotron radiation. 

14. Photoluminescence. Photoelectric effect. Basic experimental regularities and their interpretation. Photons and their 

properties. Laws of conservation of energy and momentum in processes involving photons.  

15. The Compton effect. Turbulent beam shift Optical phenomena in the atmosphere. History of the study of the rainbow. 

Luminescence phenomenon: basic laws, spectral and temporal characteristics, interpretation within the framework of 

quantum concepts. Photoluminescence. Photoelectric effect. 

 

Atomic physics – 3 credits 

 

Prerequisites: MF1201 Mechanics and molecular physics. Part 1. Electricity and magnetism, MF1214 Mechanics and 

molecular physics. Part 2. Molecular Physics, ЕМ2202 Electricity and magnetism, Optics. Part 1. Electricity and magnetism, 

Opt2215 Electricity and magnetism, Optics. Part 2. Optics. 

Postrequisites: YaF3217 Nuclear physics. 

As a result of studying the discipline, a student is able to: 
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- set out the fundamentals of modern physics of atoms and atomic phenomena, the basic quantum concepts; 

- develop skills in the construction of quantum-mechanical models; 

- use the laws of atomic physics in solving professional problems. 

Studied topics: 

1. Introduction. Atoms and molecules. Specification of the processes in the micro world. Atomic spectra and Ritz combination 

principle. Atomic models. 

2. Bohr’s quantum model of the atom 

3. The Compton effect. De Broglie waves. Wave-particle duality. Photoelectric effect. 

4. Wave function. The Uncertainty Principle. The Schrödinger equation. Particle in a rigid box. 

5. The solution of the quantum-mechanical problem for hydrogen atom. 

6. Energy levels of alkali atoms. Quantum defect. Multi-electron atoms. Electron configurations. 

7. Spin–orbit interaction. The fine structure of the spectral lines of hydrogen atoms and atoms of alkaline metals. 

8. Pauli exclusion principle. Approximate description of electrons by individual quantum numbers. The concept of electronic 

configuration. Vector addition of angular momentum. Types of bonds. 

9. General characteristics of the spectra of multi-electron atoms. The application of the Pauli exclusion principle. Energy levels 

and spectrum of atom He. Term symbol. 

10. Electron shells. Explanation of the periodic table of elements. Electron shell. 

11. Continuous and characteristic x-ray spectra. Moseley’s law. X-ray series. Fine structure of the x-ray lines. 

12. Covalent and ionic bonds in molecules. Hydrogen ion and hydrogen molecule. Valence. Valence bonds method. 

13. Types of motion in the molecule. Orders of magnitude of the electronic, vibrational and rotational energies. Vibration and 

rotation of diatomic molecules. Rotational, vibrational and electronic spectra of molecules. Diatomic molecules. 

14. Zeeman effect. Stark effect. Zeeman effect. 

15. Absorption, spontaneous and stimulated emission. Einstein coefficients. Lasers. Boltzmann distribution and thermal 

equilibrium. 

 

 

MODULE «GENERAL PHYSICS 3» - 8 CREDITS 
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Common cultural competencies: 

- understand and apply knowledge of the basic physical laws in nature, and their connection with the observed phenomena 

and processes; use inductive and deductive approches to cognition 

- demonstrate critical thinking while working with new information 

Professional competencies: 

- analyze and apply the physical laws of nuclear physics and physcs of condenced matter for measuring and interpreting 

experimental data 

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

- use specialized knowledge in the field of physics for mastering specialized physical disciplines 

- explain, find, formulate and solve actual and significant problems of fundamental and applied physics 

- correctly correlate the content of specific tasks with the general laws of physics, apply the laws to solve physical problems 

and at interdisciplinary boundaries with other fields of knowledge 

- measure the physical characteristics of objects and processes 

- evaluate the quality of experimental data and calculate measurement errors 

- analyze the results by using physical and mathematical methods of analysis 

- compare and interpret the results of a study by using models based on the general laws of physics 

Methods for evaluating the results achieved: 

- verbal questioning: interview, colloquium, exam; 

- written work: test, quiz, essay, abstract; 

- control with the help of technical means and information systems: computer testing programs, complex situational tasks; 

exam testing; 

- innovative assessment tools: case-method, portfolio, business (role-playing) game, debate, discussion, project method, 

incident method, method of successive situations, etc. 

 

Nuclear physics – 3 credits 

 



80 

 

Prerequisites: MF1201 Mechanics and molecular physics. Part 1. Electricity and magnetism, MF1214 Mechanics and 

molecular physics. Part 2. Molecular Physics, ЕМ2202 Electricity and magnetism, Optics. Part 1. Electricity and magnetism, 

Opt2215 Electricity and magnetism, Optics. Part 2. Optics, AF3216 Atomic physics. 

Postrequisites: РР Pedagogical internship. 

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

- demonstrate knowledge of the properties of stable nuclei and nuclear forces, nuclear models, unstable nuclei, the 

interaction of nuclear radiation with matter and nuclear reactions; 

- discuss issues of modern nuclear physics; 

- apply skills to work with technical literature, scientific and technical reports, reference books and other information 

sources; 

- analyze the fundamental laws of nature and the basic laws of natural sciences in professional activities; 

- create estimates and engineering calculations for the results of nuclear transformations. 

Studied topics: 

1. The place and importance of nuclear physics. 

2. Static properties of atomic nuclei. 

3. Radioactivity. 

4. The laws of simple and complex radioactive decay. 

5. Problems and prospects of development of world and domestic energy, the role of atomic energy. 

6. Thermonuclear reactions in the universe and in the laboratory. 

7. Interaction of radiation with matter. 

8. Interaction of heavy charged particles with matter. 

9. Nuclear reactions. 

10. Conservation laws in nuclear reactions. 

11. Mechanisms and parameters of nuclear reactions. 

12. Detectors of particles of ionizing radiation. 

13. Registration of charged and neutral particles of different energies. 

14. Elementary particles. 
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15. Particle and antiparticle models. 

 

 

 

Condensed state physics – 3 credits 

 

Prerequisites: MF1214 Mechanics and molecular physics. Part 2. Molecular Physics. 

Postrequisites: РrР Industrial internship. 

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

- interpret the basic physical mechanisms of the phenomena occurring in condensed matter; 

- describe the type of crystalline structure of a solid; 

- apply the obtained knowledge to calculate the parameters characterizing the structure, mechanical, thermal, electrical and 

magnetic properties of solids; 

- analyze physical phenomena and processes characteristic of the condensed state; 

- draw conclusions on the results of the study. 

Studied topics: 

1. Condensed state and the formation of a crystalline body. 

2. Classification of a solid body by structure and properties. 

3. The concept of translational symmetry. 

4. Crystallographic classes and systems. 

5. The interaction of the crystal with electromagnetic waves. 

6. Reverse grille. 

7. Weak chemical bond in solids. 

8. Strong chemical bonds in solids. 

9. Free electron gas in metals, electrical conductivity of metals, Hall effect, electronic heat capacity. 

10. Fermi gas of free electrons. 

11. Model of free electrons. 
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12. Model of almost free electrons. 

13. Zone theory in solids: classification according to the features of the energy spectrum of electrons in solids, energy zones 

and the Fermi surface, the electron effective mass tensor. 

14. Oscillation of a diatomic chain and its solution. 

15. Defects in solid state materials. 

 

 

MODULE «WORKSHOP ON GENERAL PHYSICS» - 7 CREDITS 

 

Professional competencies: 

- understand the basic physical processes responsible for the nature and observable features of space objects and phenomena; 

- analyze basic information in the field of mechanics, molecular physics, electromagnetism, optics, atomic physics, 

fundamentals of radiophysics and electronics; 

- simulate physical processes; 

- carry out the formulation, formulation and solve problems in physics and astronomy; 

- demonstrate the skills of processing measurement results, plotting graphs and diagrams; 

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

- independently formulate and solve problems in physics and astronomy, formulate algorithms for modeling processes; 

- measure the physical characteristics 

- evaluate the quality of experimental data and calculate measurement errors  

- evaluate the results of research, the preparation of conclusions and proposals for their practical use; 

Methods for evaluating the results achieved: 

- verbal questioning: interview, colloquium, exam; 

- written work: test, quiz, essay, abstract; 

- control with the help of technical means and information systems: computer testing programs, complex situational tasks; 

exam testing; 
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- innovative assessment tools: case-method, portfolio, business (role-playing) game, debate, discussion, project method, 

incident method, method of successive situations, etc. 

 

Workshop - mechanics – 2 credits 

 

Prerequisites: no. 

Postrequisites: PMF1221 Workshop- Molecular physics. 

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

- demonstrate work with laboratory equipment; describe the measurement results and evaluate the errors; 

- apply a culture of thinking, the ability to summarize, analyze, perception of information, setting goals and choosing ways 

to achieve it; 

- analyze the essence and theoretical interpretation of the basic physical phenomena of mechanics; 

- prepare the simplest physical instruments for measuring various quantities using the methods of processing and analyzing 

the results of the experiment; 

- analyze modern scientific problems of mechanics and understand the results of theoretical and experimental methods of 

testing scientific theories; 

Studied topics: 

1. Accurate body weighing. 

2. Some methods of measurement results. 

3. Determination of the volume of the body of regular geometric shape. 

4. Calculation of the resistance of conductors on the geometric dimensions. 

5. Determination of the speed of a bullet with a ballistic pendulum. 

6. Determination of the moment of inertia of the Oberbeck pendulum by the dynamic method. 

7. Determination of the coefficient of internal friction of the fluid according to the Stokes method. 

8. Verification of the laws of conservation of momentum and energy on the example of the collision of bodies. 

9. Determination of gravitational acceleration using an Atwood machine. 

10. The Maxwell Pendulum. 
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11. Study of the movement of the gyroscope. 

12. Measurement of the speed of a bullet. 

13. Measurement of the speed of sound in the air by the method of interference. 

14. Measurement of the speed of sound in the air by the standing wave method. 

15. Measurement of elastic moduli from stretching. 

 

Workshop – Molecular physics – 2 credits 

 

Prerequisites: РМ1220 Workshop- mechanics. 

Postrequisites: РЕМ2222 Workshop- Electricity and magnetism, FKS3218 Condensed state physics. 

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

- demonstrate knowledge of the basic research methods (thermodynamic or phenomenological and molecular kinetic or 

statistical), fundamental concepts, definitions and models used in molecular physics and their use to describe various 

processes; 

- implement methods and technologies related to the discipline in solving physical problems and performing laboratory 

tasks; 

- use instruments, methods for measuring the basic macroparameters of molecular systems and statistical methods for 

processing measurement results; 

- analyze current scientific problems of molecular physics and understand the results of theoretical and experimental 

methods of testing scientific theories; 

Studied topics: 

1. Determination of the ratio of specific heats by the adiabatic method. 

2. Determination of thermal conductivity of solid heat insulator. 

3. Determination of the coefficient of internal friction of the fluid: according to the Stokes method, using a capillary 

viscometer. 

4. Determination of the coefficient of internal friction of gases, the average length of the free path and the effective diameter 

of air molecules: using a gas meter, according to the average speed of a drip outflow of a liquid. 
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5. Determination of the coefficient of surface tension of the liquid: the method of droplets, the method of gas bubbles. 

6. Determination of air humidity: using a condensation hygrometer with thermoelectric cooling, using an Asman aspiration 

psychrometer. 

7. Acquaintance with statistical laws on mechanical models. 

8. Determination of thermal conductivity of air. 

9. Phase transitions: determination of the melting point. 

10. The study of translational and rotational Brownian motion. 

11. The study of the thermodynamics of sound vibrations. 

12. The study of the calorimetric vessel. 

13. Determination of the specific heat of the liquid. 

14. Determination of the heat capacity of a solid by the calorimetric method. 

15. Check Gauss distribution law. 

 

Workshop- Electricity and magnetism – 1 credit 

 

Prerequisites: РМ1220 Workshop- mechanics, PMF1221 Workshop- Molecular physics. 

Postrequisites: PO2223 Workshop- Optics, ED3225 Electrodynamics. 

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

- understand the physical nature of electrical phenomena, the basic laws governing the occurrence of electromagnetic 

processes; 

- apply these patterns to solve various physical problems of an applied nature and to conduct an experimental study of 

electrical phenomena; 

- understand the work of the main electrical devices and use them for the quantitative measurement of electrical quantities; 

- critically analyze, generalize, evaluate, and synthesize new ideas in the context of modern ideas about electricity and 

magnetism; 

- present the results of the study of an electrical phenomenon or process, if necessary, in a project form; 

- draw conclusions on the results of the study, solve experimental problems of various levels of complexity. 
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Studied topics: 

1. Introduction lesson. 

2. The measurement of resistance by the method of the ammeter and voltmeter. 

3. The measurement of elementary charge. Millikan experiment.  

4. The determination of the ratio of electron charge to its mass by the method of magnetron. 

5. The study of the magnetic field of the solenoid using the hall sensor. 

6. The study of phenomena of mutual induction. Part 1. 

7. The study of phenomena of mutual induction. Part 2. 

8. The definition of the work function of electrons from the metal. Part 1. 

9. The definition of the work function of electrons from the metal. Part 2. 

10. The study of electronic oscilloscope. 

11. The resistance, power and shifts of the phase in AC circuits. 

12. The study of electron-hole transition in semiconductors. 

13. The study of the transistor. 

14. The study of the bipolar transistor. Part 1. 

15. The study of the bipolar transistor. Part 2. 

 

Workshop- Optics – 2 credits 

 

Prerequisites: РМ1220 Workshop- mechanics, PMF1221 Workshop- Molecular physics, РЕМ2222 Workshop- Electricity 

and magnetism. 

Postrequisites: AF3216 Atomic physics, РР Pedagogical Internship. 

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

- demonstrate familiarization with modern measuring equipment and the principle of its operation; the main elements of safety 

in experimental studies; 

- explain the basics of optics; 

- apply a mathematical apparatus for mastering the theoretical foundations and practical use of physical methods; 
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- analyze experimental research methods for solving physical problems; 

- to conduct an experiment using the methods of theoretical analysis of the results of observations, methods of computer 

simulation; 

Studied topics: 

1. The study of the microscope and the determination of the refractive index of glass with a microscope. 

2. Studying the process of photographing. 

3. Getting negative and positive. 

4. Determination of the refractive index of liquid and solids using an Abbe refractometer, the calculation of the diameters of 

water molecules and glycerol. 

5. Interference of light. Newton's rings. 

6. Determination of the refractive index, dispersion and resolution of a prism using a goniometer spectrometer. 

7. Diffraction on transparent and reflective gratings. 

8. Studying the diffraction of Fraunhofer light. Diffraction of light in the near zone (Fresnel diffraction). 

9. Determination of the refractometric characteristics of air using the Rayleigh interferometer. 

10. Optical pyrometer. 

11. The study of the laws of thermal radiation. 

12. The study of the laws of light absorption. 

13. The study of the photoelectric effect. 

14. The study of the phenomenon of polarization of light. 

15. Determination of Rydberg constant. 
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MODULE «THEORETICAL PHYSICS» - 6 CREDITS 

 

Professional competencies: 

- аnalyze and apply the physical laws of electromagnetism, optics, theoretical physics for measuring and interpreting 

experimental data 

- to make special calculations of astronomical quantities; 

- simulate physical processes occurring in outer space; 

- carry out the formulation, formulation and solve problems in physics and astronomy. 

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

- interpret basic observed phenomena; basic concepts and physical quantities; the basic principles and laws, their logical 

content, mathematical expression and area of applicability; 

- compare and interpret the results of a study by using models based on the general laws of physics 

- argue the own vision of the applied aspect in rigorous mathematical formulations 

Methods for evaluating the results achieved: 

- verbal questioning: interview, colloquium, exam; 

- written work: test, quiz, essay, abstract; 

- control with the help of technical means and information systems: computer testing programs, complex situational tasks; 

exam testing; 

- innovative assessment tools: case-method, portfolio, business (role-playing) game, debate, discussion, project method, 

incident method, method of successive situations, etc. 

 

Fundamentals of vector-tensor analysis – 2 credits 

 

Prerequisites: AGLA1211 Analytical geometry and linear algebra. 

Postrequisites: ED3225 Electrodynamics. 

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

- describe the physical interpretation of the results of integration and differentiation of mathematical objects; 
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- apply curves and surfaces in space, their parameterization and internal geometry; 

- analyze the basic formulas of field theory in curvilinear coordinates; 

- create mathematical models of typical professional tasks. 

Studied topics: 

1. Vector analysis: Main concepts. System turn coordinates. 

2. Multiplication of vectors. The scalar multiplication of vectors. Vector  multiplication of vectors. 

3. The mixed and double vector multiplication of three vectors. 

4. Gradient, divergence, curl. 

5. Action of the operator . Consecutive application of the operator  

6. . Integration of vectors. Theorem of Gauss. Green's theorem. 

7. Stoks' theorem. 

8. Potential theory. Scalar potential. Vector potential. 

9. Gauss's law. Puasson's equation. 

10. Systems of coordinates: Curvilinear coordinates. Cartesian, spherical, cylindrical coordinates. 

11. Differential vector operators. 

12. Special systems of coordinates. Division of variables. 

13. Tenzor  analysis: Introduction. Main concepts. 

14. Folding. Direct multiplication. 

15. Rule of the particular. Pseudo-tensors. Affinors. 

 

Electrodynamics - 2 credits 

 

Prerequisites: ЕМ2202 Electricity and magnetism, Optics. Part 1. Electricity and  magnetism. 

Postrequisites: FOE3209 Physical bases of electronics. 

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

- interpret, using modern information technologies, the information necessary to form judgments on relevant special and 

scientific problems; 
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- explain the correct use of general scientific and special terminology; 

- apply basic theoretical knowledge to solve professional problems; 

- analyze the principles of work and methods of operation of modern equipment; 

- formulate the basic laws of electrodynamics. 

Studied topics: 

1. Introduction. Coulombs’ law. Ohm's Law; Electromotive Force; Faraday's Law; The Induced Electric Field. 

2. Energy in Electromagnetic Fields; Electrodynamics Before Maxwell. 

3. Maxwell's Equations both in differential and integral forms. 

4. Maxwell's Equations in Matter; Boundary Conditions. 

5. Four-potential of a field. Equations of motion of a charge in a field. Gauge invariance. 

6. Motion in a constant uniform electric field. Motion in a constant uniform magnetic field. 

7. The electromagnetic field tensor. Invariants of the field. 

8. The first pair of Maxwell's equations in the four dimensional form. The action function of the electromagnetic field. 

9. The four-dimensional current vector. The Continuity Equation; The second pair of Maxwell's equations in the four 

dimensional form. 

10. Energy density and energy flux. Poynting's Theorem. Energy-momentum tensor of the electromagnetic field. The 

energy-momentum tensor for macroscopic bodies. 

11. Multipole expansion of the potential in a static case. Magnetic moments. Larmor’s theorem. 

12. Electromagnetic Waves in Vacuum. Solution of the D’alambert equation. Energy and Momentum in Electromagnetic 

Waves. 

13. Retarded Potentials. Lienard-Wiechert Potentials. 

14. Electric Dipole Radiation. Quadrupole and magnetic dipole radiation. 

15. Radiation from a rapidly moving charge. Synchrotron radiation (magnetic bremsstrahlung). 
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Quantum Mechanics - 2 credits 

 

Prerequisites: OVTA2224 Fundamentals of vector-tensor analysis, Opt2215 Electricity and magnetism, Optics. Part 2. 

Optics. 

Postrequisites: YaF3217 Nuclear physics. 

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

- formulate the basic concepts and fundamental laws of quantum theory; 

- describe the general laws of quantum mechanics; 

- demonstrate skills in working with scientific, educational and reference literature; 

- analyze the basic quantum concepts used in the study of the microworld; 

- discuss the fundamental concepts of nonrelativistic quantum mechanics. 

Studied topics: 

1. Introduction. Wave function and its physical sense. Superposition principle. Linear operators. Operation of Hermitian 

conjugation. Operators of QM. Expectation values. 

2. Equation on eigen functions and eigen values. Classification of solutions. De Broglie wave. 

3. Properties of eigen functions of Hermitian operators: discrete non-degenerate spectrum, discrete degenerate spectrum, 

continuous spectrum. Expansion of arbitrary function in basic functions. 

4. Mutually commuting joint operators. Uncertainty relation. 

5. Wave Schrodinger equation. Stationary Schrodinger equation. Dependence of QM values on time. Continuity equation. 

6. 1D Schrodinger equation. General properties. Square potential well of infinite depth. 

7. Linear Harmonic oscillator. 

8. Potential barrier of infinite width. Reflection and transmission coefficients. Above-barrier reflection. 

9. Potential barrier of finite width. Tunneling. Penetrability of the arbitrary barrier. Cold emission of electrons from metals. 

10. Elements of the representation theory. Impulse representation of operators and wave functions. 

11. Matrix Quantum Mechanics. Properties of matrix elements. General theory of angular momentum. 

12. Stern-Gerlach experiment. Eigen functions and eigen values of spin 1/2 operator. 
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13. 3D Schrodinger Equation for central potentials. General properties. Degeneracy. Radial equation. Quantum rotator. 3D 

Harmonic oscillator. 

14. Hydrogen atom. Hydrogen-like systems. 

15. Introduction to perturbation theory. 

 

 

MAJOR DISCIPLINES (MD) – 32 credits 

 

OBLIGATORY COMPONENT (OC) – 5 credits 

 

 

MODULE «GENERAL ASTRONOMY»  - 5 CREDITS 

 

Professional competencies: 

- Apply physical laws to study of the structure, origin and evolution of astronomical objects and the Universe as a whole; 

- Determine coordinates of celestial bodies and date of astronomical occasions by calculations and using of the star wheel; 

- explain the patterns of formation, development, structure and movement of astronomical objects; 

- apply physical laws to the study of the structure, origin and evolution of astronomical objects and the universe as a whole; 

- determine the coordinates of celestial bodies and the time of astronomical events using calculations and using a moving map 

of the starry sky; 

- work with astronomical catalogs and databases; 

- to make special calculations of astronomical quantities; 

- simulate physical processes occurring in outer space; 

- demonstrate skills of mastering the methodological aspects of teaching physics and astronomy in general, individual topics 

and concepts; 

- carry out the formulation, formulation and solve problems in physics and astronomy; 
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- analyze the principles of processing information flows of astronomical data, be able to use computer systems for collecting, 

processing and storing; 

- use telescopes and receivers of cosmic electromagnetic radiation for scientific research; 

- to organize and conduct special astronomical observations using modern astrophysical instruments and methods of 

observation; 

- demonstrate  skills of processing measurement results, plotting graphs and diagrams; 

- to assess the results of professional research, the preparation of conclusions and proposals for their practical use; 

- analyze the physical interpretation of new experimental information in the field of astronomy (astrophysics); 

- use information and communication technologies in their professional activities; 

- use modern databases and information extraction methods; to be guided in the conditions of change of technology in 

professional activity; 

- work with specialized literature, use modern computing equipment and software for research work. 

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

 explain the physical structure and chemical composition of astronomical objects from protostar nebulae to metagalaxies 

based on physical laws 

 evaluate the evolutionary status of stars and classify them by properties 

 determine the mechanisms and processes responsible for the origin and observed structure of stars and star systems 

 classify stars by type of variability 

 determine the structure and composition of individual components of galaxies 

 establish relationships between kinematics, physical parameters and the evolutionary status of galaxies 

Methods for evaluating the results achieved: 

- verbal questioning: interview, colloquium, exam; 

- written work: test, quiz, essay, abstract; 

- control with the help of technical means and information systems: computer testing programs, complex situational tasks; 

exam testing; 

- innovative assessment tools: case-method, portfolio, business (role-playing) game, debate, discussion, project method, 

incident method, method of successive situations, etc. 
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General Astronomy (EEEA)  - 3 credits 

 

Prerequisites: no. 

Postrequisites: ОА2212 Fundamentals of Astrophysics. 

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

- set forth the basic concepts of general and spherical astronomy, the basics of astrometry and astrophysics; 

- discuss the principles of operation of modern tools and methods of observation used in astronomy; 

- demonstrate the application of fundamental physical laws and mathematical apparatus to explain the physical processes in 

various celestial objects; 

- use different systems of celestial astronomical coordinates and convert coordinates from one system to another; 

- substantiate the general ideas about the structure, origin and evolution of space objects. 

Studied topics: 

1. Introduction. Sections of astronomy. Basics of spherical astronomy. 

2. The movement of the Sun on the celestial sphere. Ecliptic. 

3. Time counting systems. The calendar. Julian days. 

4. Apparent motions of the planets on the celestial sphere.  Basic configurations of planets.  Systems of the world.  Synodic 

and sidereal periods of planetary revolution. 

5. Real motions of the planets. Kepler's laws. Elements of the orbits of planets. The main tasks of celestial mechanics. 

6. The motion of a material point under the action of gravitational force. The law of conservation of energy and types of 

orbits in the two-body problem. 

7. Effects that distort the positions of the stars on the celestial sphere. Refraction. Aberration. Parallax. Distances in 

astronomy. 

8. The  motion of the Earth and the Moon. Eclipses. 

9. Practical tasks of astronomy. Tasks of fundamental astrometry. Proper motions of stars. 

10. Fundamentals of astrophysics. Electromagnetic radiation, studied in astrophysics. Basic concepts of astrophotometry. 

Magnitude scale. 
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11. Fundamentals of spectral analysis. Spectral classification of stars. The Hertzsprung-Russell diagram. The Doppler effect. 

Methods for determining of temperature. Determination of the chemical composition and density of celestial bodies. 

12. Astronomical instruments and the basic methods of observation. 

13. Stars. The main characteristics of stars and statistical dependencies between them. Nature and evolution of stars. 

14. Our Galaxy. Determining of the distances to the stars. The composition and the structure of the Galaxy. 

15. Fundamentals of extragalactic astronomy. Structure and types of galaxies. Elements of cosmology. Hubble's Law. Relict 

radiation. Cellular structure of Universe. 

 

Astrometry (EEEA) - 2 credits 

 

Prerequisites: ОА1301 General Astronomy (EEEA). 

Postrequisites: DZS4308 Dynamics of stellar systems. 

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

- formulate and explain the principles of construction and practical implementation of celestial and terrestrial coordinate 

systems, the principles of time measurement by astronomical methods; demonstrate the translation of the coordinates of 

stars and other celestial bodies from one system to another; 

- explain the principles of operation of goniometric instruments and reproduce the methods of positional observations of 

celestial bodies; 

- apply the obtained knowledge to reduce the measured coordinates to refraction, aberration, parallax, precession and 

nutation; have skills in using astrometric catalogs, including their electronic versions; 

- analyze mathematical models of astrometric phenomena and processes and use for this purpose the appropriate 

mathematical apparatus; 

- collect and systematize information from various sources, evaluate its applicability for solving specific problems. 

Studied topics: 

1. The subject of astrometry, its main tasks, concepts and methods, new projects. The connection of astrometry with other 

areas of astronomy. Its practical importance. 
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2. The subject of astrometry, its main tasks, concepts and methods, new projects. The connection of astrometry with other 

areas of astronomy. Its practical importance. 

3. The figure of the Earth, the geoid equation. Different systems of geographical coordinates. 

4. Changes in the angular velocity of the Earth's rotation. 

5. Earth coordinate system. 

6. Determination of coordinate systems in modern astrometry, kinematic and dynamic methods The era of the catalog, the 

equinox, the dynamic equinox. 

7. Determination of coordinate systems in modern astrometry, kinematic and dynamic methods The era of the catalog, the 

equinox, the dynamic equinox. 

8. Dynamic time scales. 

9. The concept of astronomical refraction. Refraction in a plane-parallel atmosphere. 

10. Aberration. Change in the coordinates of the stars under the influence of refraction and aberration. 

11. Deviation of a light beam in a gravitational field. Change of coordinates of the reference source in the gravitational field 

of the Sun. 

12. The procedure of reduction of optical observations. 

13. A review of practical astronomy methods. 

14. Method of radiointerferometry with superlong bases (RSLB) in astrometry. 

15. Space astrometry: astrometry using the Hubble space telescope. 
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ELECTIVE COMPONENT (EC) – 27 credits 

 

MODULE «COSMOLOGY» - 9 CREDITS 

 

Professional competencies: 

- apply physical laws to study of the structure, origin and evolution of astronomical objects and the Universe as a whole; 

- collect and analyze of observational materials (astronomical catalogs and databases) for the studying of astronomical objects 

and the Universe as a whole; 

- explain the patterns of formation, development, structure and movement of astronomical objects; 

- apply physical laws to the study of the structure, origin and evolution of astronomical objects and the universe as a whole; 

- to make special calculations of astronomical quantities; 

- simulate physical processes occurring in outer space; 

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

- determine the structure and composition of individual components of galaxies. 

- classify galaxies by morphological features. 

- establish relationships between kinematics, physical parameters and the evolutionary status of galaxies. 

- apply physical laws to the study of the structure, origin and evolution of the universe as a whole. 

- explain the stages of the development of the universe taking into account cosmological parameters. 

- choose permanent cosmological models to determine the evolution of the universe 

- explain the accelerated expansion of the universe based on physical laws. 

- extract information from various astronomical databases (DBs). 

-  use data from astronomical surveys PLANK and WMAP to determine the parameters of the Universe. 

Methods for evaluating the results achieved: 

- verbal questioning: interview, colloquium, exam; 

- written work: test, quiz, essay, abstract; 

- control with the help of technical means and information systems: computer testing programs, complex situational tasks; 

exam testing; 
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- innovative assessment tools: case-method, portfolio, business (role-playing) game, debate, discussion, project method, 

incident method, method of successive situations, etc. 

 

Structure and evolution of the Universe - 3 credits 

 

Prerequisites: ОА2212 Fundamentals of Astrophysics. 

Postrequisites: PdP Pre-diploma internship. 

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

- demonstrate the relationship and interdependence of the science of the Universe and the science of the microworld in the 

context of modern concepts; 

- explain the processes of the evolutionary development of the Universe, using its modern models; 

- argue modern ideas about the structure and evolution of the Universe; 

- classify the main stages of the development of the universe; 

- evaluate the applicability of various laws of physics at different stages of the Universe development. 

Studied topics: 

1. Star systems. The evolution of stars. The life of stars of different masses and its reflection on the diagram "spectrum - 

luminosity"; gravitational collapse and explosion of a white dwarf in a binary system due to the flow of a star-companion 

substance onto it; gravitational collapse of the nucleus. 

2. Gas and dust in the galaxy. Observed characteristics of reflecting and diffuse nebulae; distribution of them near the plane 

of the galaxy. 

3. Our Galaxy. Other galaxies. Composition - stars and star clusters, nebulae, interstellar gas, cosmic rays and magnetic fields; 

the structure of the Galaxy; radio emission. 

4. Metagalaxy. Systems of galaxies and large-scale structure of the Universe, the expansion of the Metagalaxy, the 

hypothesis of the "hot Universe". 

5 Supermassive black hole in the center of the Milky Way. Observation of the motion of stars in the center of the galaxy in 

an infrared telescope. 
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6. Classification of galaxies. Types of galaxies and their properties; redshift and determination of distances to galaxies; 

Hubble's law. 

7. Active galaxies and quasars. Nature of activity of galaxies; the nature of quasars. 

8. Clusters of galaxies. The nature of the accumulations and the role of dark matter in them; intergalactic gas and X-ray 

radiation from it. 

9. Finiteness and infinity of the Universe. The connection between the law of universal gravitation and the ideas of the 

finiteness and infinity of the Universe; photometric paradox. 

10. Model of the "hot Universe". The connection between the average density of matter and the law of expansion and the 

geometry of the Universe. 

11. Accelerated expansion of the Universe and observation of supernovae in distant galaxies and the discovery of the 

accelerated expansion of the Universe. 

12. Dark matter and dark energy. The contribution of dark matter to the mass of the Universe. 

13. Evolution of perturbations of baryonic matter in the Universe. 

14. Detection of planets near other stars. Invisible companions of the stars; methods for detecting exoplanets. 

15. Search for life and mind in the Universe. Development of ideas about the existence of life in the Universe; The Drake 

formula and the number of civilizations in the galaxy. 

 

Fundamentals of Cosmology - 3 credits 

 

Prerequisites: ОА2212 Fundamentals of Astrophysics. 

Postrequisites: PdP Pre-diploma internship. 

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

 interpret the detection of the CMB radiation as evidence in favor of the Hot Universe hypothesis; 

  to explain the current data on the acceleration of the expansion of the Universe as a result of the action of the “dark 

energy”, a type of matter, the nature of which is still unknown; 

  apply acquired knowledge to study and interpret the phenomena observed in the Universe; 

  to classify the main periods of the evolution of the Universe since the beginning of its expansion - the Big Bang; 
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  summarize the results of observational data from astrophysics in terms of cosmology. 

Studied topics: 

1. The law of universal gravitation. 

2. Invariance principle. 

3. Curved space - time. Riemannian geometry. 

4. Basics of the general theory of relativity. 

5. Cosmography of the Universe. Hubble’s law. 

6. Static models of the Universe. Cosmological constant. 

7. Friedman model. 

8. Cosmic vacuum. Scalar fields. 

9. Scalars fields in cosmology. 

10. The evolution of the Universe. Critical density. 

11. Observational tests of modern cosmology. 

12. Gravitational lensing and microlensing. 

13. Cosmic strings. Domain walls. 

14. Evolution of baryonic matter perturbations. 

15. Theory of the birth of the Universe from "nothing”. 

 

Extragalactic astronomy - 3 credits 

 

Prerequisites: ОА2212 Fundamentals of Astrophysics. 

Postrequisites: PdP Pre-diploma internship. 

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

  interpret the physical processes occurring in the active galactic nuclei; 

  describe the structure of different types of galaxies; 

 apply this knowledge to solve the specific problems of extragalactic astronomy; 

  classify galaxies by morphological features, by radiation, by activity; 
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  evaluate the basic physical parameters of galaxies using observational data. 

Studied topics: 

1. Introduction. The discovery of Galaxies. The structure of our Galaxy. Metagalaxy. The scale of distances in the Universe. 

Cepheids, the method of combining the main sequences, regions HII, New and Supernovas. General relativity in cosmology. 

2. Our Galaxy. I. Stars - the main "bricks" of the galaxy. Dependence of "mass-luminosity" and age of stars. Local speed 

reference system. Dependence of the chemical composition of stars on their age and position in the galaxy. Rotation of the 

galaxy. 

3. Our Galaxy. II. Constant Orta. Interstellar medium. Line 21 cm. The rotation of the galaxy. Gas distribution. Interstellar 

dust. Magnetic field and cosmic rays. Interstellar molecules (Abstract, orally). 

4. Properties of galaxies. I. Classification of Hubble galaxies. Elliptical galaxies. Spiral galaxies, spirals with a bridge. 

Wrong galaxies. Possible explanation of the Hubble classification. 

5. Properties of galaxies. II. Observation of the rotation of spiral galaxies. Rotation of Galaxies and a spiral structure. The 

masses of galaxies. Dependence "mass-luminosity" for galaxies. Distribution of galaxies in the Universe. Clusters of 

galaxies. 

6. Properties of galaxies. III. Expansion of the Universe. Pecular galaxies and quasars. Absorption lines in the spectra of 

quasars. Radio galaxies. Seyfert galaxies. Energy sources of active galactic nuclei. 

7. Elements of stellar dynamics. Distribution functions. Integrals of motion. The third integral and the galaxy. Movement of 

individual stars in the galaxy. Field of gravitation in the meridian of the galaxy. Resonance orbits. 

8. The masses of galaxies. I. Masses of double galaxies. The virial theorem and its use for determining the masses of 

galaxies and their groups. 

9. The masses of galaxies. II Simple models of mass distribution in galaxies. Crowns of galaxies. Possible methods for 

detecting crowns. 

10. Interstellar medium. I. Cosmic rays and magnetic fields. Interaction of a magnetic field with a moving medium. Forces 

acting in the disk of the galaxy and the evolution of the disk. The equilibrium of the gas-cosmic-ray system is a magnetic 

field. 

11. Interstellar medium. II. Limit of Horta. Halo and intergalactic medium. The leakage of cosmic rays from the galaxy. Star 

formation. Spiral density waves and star formation. 
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12. Chemical evolution of galaxies. I. Model of the evolution of stars in the vicinity of the Sun. Rapid enrichment with 

heavy elements at an early stage. Accretion of matter. 

13. Chemical evolution of galaxies. II. Variations of the chemical composition in galaxies. A momentary cycle of matter. 

Isotopic composition of matter. Different rates of evolution of galaxies. 

14. Metagalaxy. Cosmological theory of the hot Universe. The average density of matter in the Universe. Change in the 

luminosity of galaxies with time. 

15. Problems of cosmology. Formation and early evolution of galaxies. Explanation of flattened galaxies. The final stage of 

the evolution of galaxies in the open Universe. The discovery of the accelerated expansion of the Universe. Dark matter and 

energy. 

 

MODULE «STAR ASTRONOMY» - 9 CREDITS 

 

Professional competencies: 

- apply physical laws to the study of the structure, origin and evolution of astronomical objects and the universe as a whole; 

- determine the coordinates of celestial bodies and the time of astronomical events using calculations and using a moving map 

of the starry sky; 

- collect and analyze observational material (astronomical catalogs and databases) for the study of astronomical objects and 

the Universe as a whole; 

- produce special calculations of astronomical quantities and simulate the physical processes occurring in outer space; 

- work with a specialized scientific literature base, use modern computing equipment and software for research work; 

- assess the results of scientific research in the field of physics and astronomy, the preparation of conclusions and proposals 

for their practical use; 

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

-explain the physical structure and chemical composition of astronomical objects from protostar nebulae to the final stages of 

the evolution of stars based on physical laws 

- evaluate the evolutionary status of stars and classify by properties 

- determine the mechanisms and processes responsible for the observed origin and current structure of stars and star systems. 
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- categorize stars by types of variability 

- use modern methods of computer technology and methods for finding stars on the celestial sphere. 

- use the Simbad, Vizier, SDSS database when working with stars and galaxies. 

- calculate and determine the physical quantities characterizing astronomical objects. 

- apply modern methods of numerical modeling of star systems and clusters using the Phi-GRAPE code. 

- use super computers for numerical models of star systems. 

Methods for evaluating the results achieved: 

- verbal questioning: interview, colloquium, exam; 

- written work: test, quiz, essay, abstract; 

- control with the help of technical means and information systems: computer testing programs, complex situational tasks; 

exam testing; 

- innovative assessment tools: case-method, portfolio, business (role-playing) game, debate, discussion, project method, 

incident method, method of successive situations, etc. 

 

 

Physics of variable stars  - 3 credits 

 

Prerequisites: ОА2212 Fundamentals of Astrophysics. 

Postrequisites: NOG3307 Nonstationary Objects of Galaxy. 

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

- reproduce the basic concepts of the physics of variable stars; 

- explain, using physical laws, observable phenomena of star variability; 

- classify stars by the types of their variability; 

- analyze observational data using the IRAF to determine the type of star variability;; 

- evaluate the significance of the obtained research results in their own professional development and in the development of 

methods and approaches to the study of variable stars. 

Studied topics: 
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1. Introduction The concept of a variable star. The main groups of causes of stellar variability. Historical overview. Basic 

astrophysical concepts and formulas used in the study of variable stars. 

2. Designations of variable stars. The main catalogs of variable stars. 

3. Pulsating variable stars. The physical mechanism of stellar pulsations. The position of pulsating stars of different types on 

the Hertzsprung – Ressel diagram. 

4. Classical Cepheids, period – luminosity dependence. 

5. The Baade – Vesselink method for determining the physical characteristics of Cepheids and other radially pulsating stars. 

Period – age dependence. Hertzsprung sequence. 

6. Radial velocities of Cepheids. Spectral - double and eclipse Cepheids. Changes in the periods of Cepheids as a direct 

manifestation of stellar evolution. 

7. Variables of the type RR Lyra, their role in studying the old population of the Galaxy. 

8. Variables of the World of Whale type, red semi-correct and irregular variable stars. 

9. Type II Cepheids in the galactic field and in globular clusters, their relationship with stars outside the main sequences on 

the Hertzsprung – Russell diagrams of globular clusters 

10. Other types of pulsating variable stars: RV Taurus type stars, δ Shield, ZZ Cetus, β Cepheus and others. 

11. Explosive and new variable stars. New stars. Physical mechanisms of outbreaks of classic and dwarf New. 

12. Young eruptive variable stars: T-type stars Taurus, fuors. The relationship of the variability of young stars with the 

processes of accretion. 

13. Stars with non-uniform surface brightness and variability due to axial rotation: variables of type BY Dragon, magnetic 

variables. 

14. Variable stars are binary systems with compact components (black holes, neutron stars), their role for studying the 

processes of stellar evolution. 

15. Introduction to eclipsing stars. 
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The Structure and Evolution of Stars - 3 credits 

Prerequisites: ОА2212 Fundamentals of Astrophysics. 

Postrequisites: PdP Pre-diploma internship. 

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

- explain the structure and physical properties of stars on the basis of physical laws describing processes in stars; 

- demonstrate the methods of studying the processes occurring in the stars; 

- perform spectral analysis of stars using programm "the Image Reduction and Analysis Facility" - IRAF.; 

- analyze the processes taking place in the atmospheres and in the depths of stars at different stages of their development; 

- know the types of stars in different evolution stages by its spectrum; 

- collect and systematize information from various sources, evaluate its applicability for solving specific problems, and make 

a presentation on its basis. 

Studied topics: 

1. The role of the star in the universe. Sections of Star Astrophysics. 

2. Star as a physical object. 

3. Physical classification of stars: normal stars, their main features. 

4. Mechanical and thermal equilibrium  of stars. Thermodynamics's fundamentals of  of stars. Reverse heat capacity. 

5. Features of nuclear reaction of massive and low-mass stars. 

6. Radiative transport of energy in stars. Characteristic of the quanta motion in the Sun and in the stars. 

7. The stellar structure systems equations. 

8. The atmosphere of the stars. 

9. Formation of spectral lines. Emission lines in the spectra of stars. 

10. The main points of the theory of stars evolution . Radius-Luminosity-Mass Dependence. 

11. Stages of the star formation. 

12. Stars evolution based on nuclear reaction after the main sequence, burning of helium and heavy elements. 

13. The Final Stages of the Star Evolution : White Dwarfs; their boundary masses. 

14. The final stages of the star evolution: the supernova explosions , the neutron stars, their boundary masses. 

15. The main types of physical variable stars, and the cause of their variability. 
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Dynamics of stellar systems  - 3 credits 

 

Prerequisites: GA3213 Galactic astronomy. 

Postrequisites: PdP Pre-diploma internship. 

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

- describe and substantiate the theoretical foundations of stellar dynamics; 

- explain the current understanding of the structure and evolution of large-scale gravitating systems - star clusters, galaxies, 

clusters and superclusters of galaxies; 

- The use of modern methods for the numerical simulation of star clusters using the code Phi-GRAPE; 

- analyze output datas by using Python software with bibliography Astropy 

- analyze the behavior and evolution of various gravitating systems based on their analytical and numerical models; 

- collect and systematize information from various sources, evaluate its applicability for solving specific problems, and make 

a presentation on its basis. 

Studied topics: 

1. The subject of stellar dynamics. Star clusters, Open and globular stellar clusters. 

2. Elliptical galaxies. Lenticular galaxies.  

3. Potential theory: Poisson equation, potential-energy tensor. 

4. Potential of spheroidal and ellipsoidal systems. 

5. Two-Body Problem. 

6. Orbits in static spherical potentials. 

7. Euler and Lagrangian approach to the description of fluid motion. Phase space, particle distribution function in phase 

space. 

8. Jeans Equations. 

9. Disc dynamics and spiral structure. 

10. Collisions & Encounters. The Boltzmann equation in the collisions presence. 

11. Fokker-Planck equation. 

12. Relaxation mechanisms. 
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13. Evolution of spherical stellar systems: mass loss, evaporation and ejection, lifetime, core collapse. 

14. Disruption of stellar systems by high-speed encounters. 

15. On the origin of the universe's large-scale structure. 

 

MODULE «PHYSICS OF PLANETARY SYSTEMS» - 9 CREDITS 

 

Professional competencies: 

- apply physical laws to the study of the structure, origin and evolution of astronomical objects and the universe as a whole; 

- collect and analyze observational material (astronomical catalogs and databases) for the study of astronomical objects and 

the Universe as a whole; 

- produce special calculations of astronomical quantities and simulate the physical processes occurring in outer space; 

- explain the laws of education, development, structure and movement of astronomical objects; 

- apply physical laws to the study of the structure, origin and evolution of astronomical objects and the universe as a whole. 

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

- compile SQL queries and use system commands when working with the database. 

- compile automatic programs and scripts for collecting and analyzing data in the AstroPy and Phyton MySQL environment; 

- use data from the MPC, GAIA, NASA exoplanets and ESO data catalogs when working with exoplanets and small bodies 

of the solar system; 

- calculate and determine the physical quantities characterizing astronomical objects; 

- apply special processing methods in IRAF software environments. 

Methods for evaluating the results achieved: 

- verbal questioning: interview, colloquium, exam; 

- written work: test, quiz, essay, abstract; 

- control with the help of technical means and information systems: computer testing programs, complex situational tasks; 

exam testing; 

- innovative assessment tools: case-method, portfolio, business (role-playing) game, debate, discussion, project method, 

incident method, method of successive situations, etc. 
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Physics of Planets  - 3 credits 

 

Prerequisites: ОА2212 Fundamentals of Astrophysics. 

Postrequisites: SMIP3311 Spectral methods of Planets study. 

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

- formulate the main characteristics of the planets of the Solar system, their satellites, asteroids, Kuiper belt objects, comets, 

meteoroids and the Sun; 

- describe the physical fundamentals of the research methods of planets; 

- interpret the basic laws of radiation of the Sun and planets, stars; 

- analyze new experimental data; 

- explain the basic descriptions and properties of radio emission from the sun and planets. 

Studied topics: 

1. Introduction in Solar system planets. 

2. Earth group planets: Mercury, Venus, Earth, Mars. 

3. Earth group planets atmospheres. 

4. Earth group planets’ surface. 

5. Research of Earth group planets by spacecrafts. 

6. Giant Planets and their features. 

7. Giant Planets’ atmospheres. 

8. Research of Giant Planets from spacecrafts. 

9. Giant Planets spectra and research of methane absorption. 

10. Light distribution in GP disks. 

11. Scattering indicatrix and its role in radiation transfer. 

12. Ordinary reflection model. 

13. Semi-infinite atmosphere model. 

14. Two layered model of light reflection in GP. 

15. Projects of space flights to planets. 
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Physics of the Sun and the Solar System - 3 credits 

 

Prerequisites: ОА2212 Fundamentals of Astrophysics. 

Postrequisites: PdP Pre-diploma internship. 

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

- describe the manifestations and nature of solar activity; 

- substantiate the modern ideas about the internal structure of the Sun and the physical processes in it; 

- explain the physical processes leading to the formation of the solar wind; 

- characterize the influence of processes in the Sun on the interplanetary medium and planets; 

- collect and systematize information from various sources, evaluate its applicability for solving specific problems, and make 

a presentation on its basis. 

Studied topics: 

 1. General information about the Sun. The rotation of the Sun 

2. General characteristics of the Solar phenomenon: the inner layers and the physical state in them, their basic physical 

characteristics 

3. The equation of the internal structure of stars: the mass equation, the energy bond equation describing the release of 

energy from the nucleus 

4. The equation of the internal structure of stars: the energy transfer equation for the diffusion approximation, the equation 

of hydrostatic equality. 

5. Physical conditions in the solar core, features of nuclear reactions in the Sun: the role of the effect of quantum-mechanical 

tunneling, the reaction rate. 

6. Nuclear reactions in the Sun: cycles of PP and CNO 

7. The region of light transfer, the propagation of photons in the Sun 

8. Convection area. Convection within the Sun. 

9. Magnetic Field of the Sun. 

10. Photosphere. Sun spots. 

11. The Chromosphere and Corona. Chromospheric heating mechanism. 
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12. The concept of the activity of the Sun. Index and identification of Solar activity. 

13. Expansion of the solar corona. Solar wind. Interplanetary magnetic field. 

14. Interaction of the Solar wind with the interstellar medium. The concept of the heliomagnetosphere. 

15. Solar-terrestrial connections. 

 

Spectral methods of Planets study - 3 credits 

 

Prerequisites: FP3309 Physics of Planets. 

Postrequisites: PdP Pre-diploma internship. 

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

- formulate scientific and technical tasks; 

- describe the fundamental and applied research aimed at developing new methods for spectral analysis; 

- apply this knowledge to solve specific analytical problems; 

- analyze the experience of using scientific and technical information in the process of conducting research; 

- systematize the data of experimental studies. 

Studied topics: 

1. Types of spectra. 

2. Spectral analysis and its use in the study of planets. 

3. Spectrum of electromagnetic radiation. 

4. Spectral studies in astronomy. 

5. Possibilities of modern spectral analysis. 

6. Principles of spectral research methods. 

7. Basics of spectroscopy. 

8. The ratio of electronic transitions with oscillatory, adiabatic approximation, the Franck-Condon principle and the 

probability of electronic-vibrational transitions. 

9. Basic patterns of light absorption. 

10. Spectrophotometry in the visible and ultraviolet regions. 
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11. The optimum value of optical density for measuring the concentration of a substance. 

12. Features of accurate colorimetry. 

13. Kinetic analysis and differential spectrophotometry. 

14. The study of the fluorescence of objects. 

15. Infrared spectrophotometry. 

 

 MODULE «OBSERVATIONAL ASTRONOMY» - 9 CREDITS 

 

Professional competencies: 

- determine coordinates of celestial bodies and date of astronomical occasions by calculations and using of the star wheel; 

- collect and analyze of observational materials (astronomical catalogs and databases) for the studying of astronomical 

objects and the Universe as a whole; 

- make a special calculations of astronomical values and simulating physical processes occurring in outer space; 

- use methods of information stream processing for astronomical data, use a computer systems of collecting, processing and 

storing of observational material for the study of astronomical objects and the Universe as a whole; 

- apply modern mathematical methods for analyzing of astrophysical signals and use modern digital space and ground based 

technologies for receiving and processing data; 

- organize a scientific research and conduct astronomical observations by using modern telescopes and receivers of cosmic 

electromagnetic radiation and observation methods (spectral, photometric, etc.); 

- work with a specialized scientific source base, use modern computing equipment and software for conducting a scientific 

research work; 

- evaluate the results of scientific research in the field of physics and astronomy, prepare of conclusions and proposals for 

their practical application; 

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

- plan astronomical observations. 

- compile astronomical observation programs for robotic and automated telescopes. 

- evaluate the effectiveness of the use of instrumental time. 
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- use software packages for planning observations GILDAS: ASTRO. 

- apply special processing methods in IRAF, AstroPy, GILDAS software environments: CLASS, GREG, AIPS. 

- compile programs for the primary reduction of large streams of observational data. 

- perform hardware-software filtering and cleaning of the recorded signal. 

- apply various information recording devices: Echelle spectrographs, interferometers, charge-coupled devices. 

- use satellite observations to solve research and practical issues; 

- explain the principles of operation of modern telescopes and receivers (spectrograph, photometer, etc.) in the study of 

astronomical objects. 

-select the required observation method (spectral, photometric, etc.) for space objects depending on the specific research task 

-compare the advantages and disadvantages of various observation methods (spectral, photometric, etc.) used to study space 

objects of various nature; 

- use charge-coupled devices in photometric and spectral observations; 

- monitor observational equipment using modern computer tools. 

Methods for evaluating the results achieved: 

- verbal questioning: interview, colloquium, exam; 

- written work: test, quiz, essay, abstract; 

- control with the help of technical means and information systems: computer testing programs, complex situational tasks; 

exam testing; 

- innovative assessment tools: case-method, portfolio, business (role-playing) game, debate, discussion, project method, 

incident method, method of successive situations, etc. 

 

Radio Astronomy - 3 credtis 

 

Prerequisites: ОА2212 Fundamentals of Astrophysics. 

Postrequisites: NOG3307 Nonstationary Objects of Galaxy. 

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

-  explain the mechanisms of radio emission in astrophysical conditions; 
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-  interpret the basic laws of radiation of the Sun and planets, stars, the Galaxy and extragalactic radio sources; 

-  apply this knowledge to interpret the results of observations of celestial bodies in the radio band; 

-  classify sources of cosmic radio emission; 

- collect and systematize information from various sources, evaluate its applicability for solving specific problems. 

Studied topics: 

1. General information. The subject of radio astronomy. The history of the birth of radio astronomy. The first discoveries in 

radio astronomy. The place of radio astronomy in modern all-wave astronomy and radiophysics. Radio astronomy and 

astrophysics. Space objects as unique natural physical laboratories. 

2. Radio emission mechanisms under astrophysical conditions I. Radio wave propagation in a plasma. Generation of radio 

emission by plasma oscillations. Polarization of radiation. Brake radiation of ionized gas. Cyclotron radiation. Synchrotron 

radiation. 

3. Radio emission mechanisms under astrophysical conditions II. Curvature radiation. Radiation in the spectral lines of 

atoms and molecules. Molecular maser radiation. Scattering of radiation. 

4. The Science of Radio Astronomy: The Sun. Radio emission from the quiet Sun. Coronal condensation. Sporadic radio 

emission from the sun. 

5. The Science of Radio Astronomy: The Solar System. Moon. Own radio emission of planets and comets. 

6. Radar of the bodies of the Solar system. The basic formulas of radar astronomy. The structure of the signal reflected from 

the planet. Radar meteors. 

7. Interstellar environment and areas of star formation in the Galaxy I. Background galactic radio emission in the continuum. 

Interstellar neutral hydrogen. 

8. Interstellar environment and star formation regions in Galaxy II. Zone HII. Recombination radio lines. Spectral radio lines 

of molecules. Giant Molecular Clouds 

overruns and molecular masers. 

9. Discrete galactic radio sources I. Molecular shells of stars late spectral classes. Radio Stars. 

10. Discrete galactic radio sources II. Radio emission of supernovae and their residues. Pulsars.  

11. Extragalactic radio astronomy. Radio emission from normal galaxies in spectral lines and in the continuum. Radio 

galaxies and quasi-stellar radio sources. 



114 

 

12. Radio astronomy and cosmology. Basic information about cosmological models. Statistical calculations of radio sources. 

LogN – logS dependency. 

13. Radio astronomy aspects problems of finding extraterrestrial civilizations. Select objects to search. Frequency selection. 

Selecting the moment to search for a signal. Astrophysical benefits of SETI observations. 

14. Radio interferometry methods I: fundamentals. Modern (radio) interferometers. Basic radio interferometers and 

correlator. Simple (radio) interferometer. 

15. Future radio astronomy. Square killometrov (SKA). Intensive data astronomy. 

 

 

Fundamentals of Astrophotometry - 3 credits 

 

Prerequisites: ОА2212 Fundamentals of Astrophysics. 

Postrequisites: PdP Pre-diploma internship. 

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

- demonstrate methods for measuring the amount of light coming from cosmic sources; 

- explain the principle of operation of instruments used in astrophotometry; 

- calculate the attenuation of light in the atmosphere of the Earth; 

- analyze the effect of interstellar extinction on the extra-atmospheric distribution of energy in the spectra of stars, to apply 

the knowledge gained in practice; 

- compare stellar magnitudes in different photometric systems. 

Studied topics: 

1. Introduction Basic concepts, values and formulas of heterochromic photometry. Light and radiation 

2. The main tasks of astrophotometry. 

3. History and content of some photometric catalogs. 

4. Absolutely black body and its radiation. 

5. Instruments and devices for astronomical photometry. 

6. Two-channel photometer. Three-channel photometer. Dual channel astrophotometer. 
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7. Astrophotometry carried out using charge-coupled devices. CCD device. 

8. Absorption of light in the earth's atmosphere. Types of light attenuation in the atmosphere. Forbes effect. 

9. The energy distribution in the spectra of stars of various spectral types. Photometry, spectrophotometry and spectroscopy. 

10. Spectral classification and distribution of energy in the spectrum. Catalogs of normal spectrophotometric data. 

11. UBV system and similar broadband photometric systems. 

12. Mid-band photometric systems. Stromgren's system uvbyβ. 

13. Organization, conduct and primary processing of photometric observations. 

14. Calculation of the attenuation of light in the earth's atmosphere. 

15. Note on heterochromic methods. Normalization and transfer of measurements to the general and standard photometric 

systems. 

 

Semiconductor electronics in astrophysics - 3 credits 

 

Prerequisites: ORE4205 Fundamentals of radiophysics and electronics. 

Postrequisites: PdP Pre-diploma internship. 

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

- formulate knowledge and skills in ad hoc calculations, correctly draw up electrical circuits, measure electrical quantities 

using measuring instruments; 

- describe and measure the parameters and characteristics of semiconductor devices for astrophysics on personal computers; 

- apply analytical and numerical analysis for a variety of effects in the time and frequency domain using modern software and 

semiconductor devices in astrophysics; 

- analyze the effectiveness and optimization of semiconductor devices in astrophysics; 

- systematize and classify independently technical literature, using modern educational and information technologies. 

Studied topics: 

1. Basics of semiconductor electronics. Types of semiconductor devices. The use of semiconductor devices in astrophysics. 

2. Fundamentals of the band theory of semiconductors. Brillouin zones. Possible filling of electronic states of the valence 

band. The motion of electrons in a crystal under the action of an external electric field. Effective mass of charge carriers. 
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3. Statistics of electrons and holes in semiconductors. The density of quantum states. Fermi - Dirac distribution function. 

The degree of filling of impurity levels. Impurity semiconductor. Own semiconductor. 

4. Generation and recombination of electrons and holes. Mechanisms of recombination. Interbandradiative recombination. 

Interband shock recombination. Carrier recombination through traps. Capture centers and recombination traps. 

5. Contact phenomena in semiconductors. Thermoelectronic work function. Contact metal - metal. Contact potential 

difference. 

6. Electron-hole transitions.The formation of the electron-hole transition, the contact potential difference.The capacity of the 

p-n junction.The influence of centers with deep levels on the capacity of the p-n junction. 

7. Semiconductor diodes.Rectifierdiodes.Zenerdiodes.Pulseddiodes.Varicaps Application diodes.Voltage-current 

characteristics of the diodes. 

8. Diodes for amplifying and generating microwave power. Tunnel diode. 

9. Photodiodes with p – i – n structure. Photodiodes Schottky. Photodiodes with 

heterostructures.Avalanchephotodiodes.Phototransistors.Photothyristors.The main characteristics and parameters of the 

photoresistor. 

10. Bipolar transistors. The main physical processes in bipolar transistors. Current-voltage characteristics of a bipolar 

transistor in active mode. Differential parameters of bipolar transistors in a common base circuit. Bipolar transistor in a 

common emitter circuit. The equivalent circuit of a bipolar transistor. 

11. Field effect transistors. Field effect transistor with pn junction. The principle of operation and static characteristics of a 

field-effect transistor with a p – n junction as a gate. TIR - transistor. 

12. Optocouplers. The device and principle of operation of optocouplers. Block diagram of the optocoupler. Electric model 

of the optocoupler. Resistor optocouplers. Diode optocouplers. Transistor Optocouplers. Thyristoroptocouplers. 

13. Receivers of electromagnetic radiation in astrophysics. Photocathode. PMT. Bolometers The configuration of the CCD 

matrix. Photographic photometry. Photoelectric photometry.  

14. Characteristics, parameters and models of semiconductor photodetectors in astrophysics.The principle of operation of 

photodetector devices.Noise parameters of photodetectors. 
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15. Devices of coherent radiation in astrophysics. Structural scheme of the laser. The device and the principle of injection 

monolaser. Device and principle of operation of semiconductor lasers by hetero-structures, amplifiers and lasers, light-

emitting diodes for fiber-optic systems. 

 

 

MODULE «KINEMATICS AND PHYSICS OF CELESTIAL BODIES» - 9 CREDITS 

 

Professional competencies: 

- apply physical laws to study of the structure, origin and evolution of astronomical objects and the Universe as a whole; 

- determine coordinates of celestial bodies and date of astronomical occasions by calculations and using of the star wheel; 

- apply physical laws to the study of the structure, origin and evolution of astronomical objects and the universe as a whole; 

- carry out the formulation, formulation and solve problems in physics and astronomy; 

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

- determine the structure and composition of individual components of galaxies. 

- classify galaxies by morphological features. 

- establish relationships between kinematics, physical parameters and the evolutionary status of galaxies. 

- apply physical laws to the study of the structure, origin and evolution of the universe as a whole. 

-explain the stages of the development of the universe taking into account cosmological parameters. 

-choose permanent cosmological models to determine the evolution of the universe 

- explain the accelerated expansion of the universe based on physical laws. 

- use simulators of the virtual sky sphere. 

-move between time and coordinate calculation systems. 

Methods for evaluating the results achieved: 

- verbal questioning: interview, colloquium, exam; 

- written work: test, quiz, essay, abstract; 

- control with the help of technical means and information systems: computer testing programs, complex situational tasks; 

exam testing; 
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- innovative assessment tools: case-method, portfolio, business (role-playing) game, debate, discussion, project method, 

incident method, method of successive situations, etc. 

 

Celestial Mechanics - 3 credits 

 

Prerequisites: ОА2212 Fundamentals of Astrophysics. 

Postrequisites: PdP Pre-diploma internship. 

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

- formulate the basic laws of the motion of celestial bodies, the elements of the orbit and the range of their changes, the types 

of motion of planets, satellites, asteroids, comets, artificial satellites of the Earth; 

- apply the methods of numerical, analytical and qualitative studies of the motion of systems of celestial bodies in solving 

computational problems; 

- formulate algorithms for modeling the processes occurring in outer space; 

- evaluate the research results, prepare conclusions and suggestions for their practical use. 

Studied topics: 

1. Introduction to celestial mechanics. The subject, methods, tasks of celestial mechanics, its relation to other sections of 

astronomy. A short historical essay. Basic concepts of celestial mechanics. Introduction to vectors and vector mechanics. 

2. Unperturbed motion. Equations of absolute motion.Equations of relative motion. Equations of barycentric motion. 

3. The integrals of the relative motion. 

4. Trajectory of motion (orbit). Keplerian elements of the orbit. 

5. General solution of the equations of relative motion. General solution of the equations of absolute motion. 

6. The types of unperturbed motion. 

7. Calculation of ephemerides. Rows of elliptic motion. 

8. Perturbed motion. Equations of absolute motion. Ten classical integrals. 

9. The Lagrange-Jacobi equation. The virial theorem. The inequality of Sundman. 

10. Perturbed motion. Equations of relative motion. Equations of motion in the Jacobi coordinates. Equations of motion in the 

osculating elements. 
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11. Approximate solution of the equations of motion. Laplace's theorems. 

12. The restricted circular three-body problem. Equations of motion. The Jacobi integral. Libration points. The surfaces of 

Hill. 

13. The restricted elliptic three-body problem. Equations of motion. Libration points. On the law of energy conservation. 

14. The common three-body problem. Equations of motion and strict particular solutions. Surfaces of Sundman. 

15. Introduction to astrodynamics. 

 

 

Nonstationary Objects of Galaxy - 3 credits 

 

Prerequisites: FPZ4306 Physics of variable stars. 

Postrequisites: PrP Industrial internship. 

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

- explain the physical nature of the nonstationarity of various celestial bodies and their systems; 

- describe the physical characteristics of various non-stationary objects of the Galaxy; 

- classify non-stationary objects of the Galaxy; 

- collect and systematize information from various sources; 

- evaluate its applicability for solving specific problems. 

Studied topics: 

1. Introduction. Star values and color indices of stars. 

2. Luminosities and radii of stars. 

3. Spectral classification. The Hertzsprung-Russell diagram. 

4. Types of stellar population. Eclipsing stars. Classification of eclipsing variable stars. 

5. Evolution of a close binary star. Change in the periods of eclipsing variable stars. 

6. Pulsating variable stars. 

7. Cepheids. 

8. Stars like RR Lyra. 
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9. Dwarf cepheids. Miridy. Star type RV Taurus. 

10. Semi-correct and irregular variable stars. Pulsational theory. 

11. Variability of young stars. UV Cet type stars. 

12. Flare stars. Stars such as RW in the Former T Taurus. 

13. Exploding stars. Types of exploding stars. 

14. Phenomena occurring during the outbreak of a new star. 

15. Silent explosions. Z-type stars. 

 

 

Physics of cosmic radiation - 3 credits 

 

Prerequisites: ОА2212 Fundamentals of Astrophysics. 

Postrequisites: PdP Pre-diploma internship. 

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

-  to characterize the subject and the basic concepts of the physics of cosmic rays; 

- describe the characteristics of cosmic rays on the surface of the Earth, near the Earth's orbit and outside the 

heliomagnetosphere; 

- explain the change in these characteristics on the way from the source to the observation point; 

- compare the main models of CL origin; 

- interpret the requirements for sources of KL; 

- collect and systematize information from various sources, evaluate its applicability for solving specific problems. 

Studied topics: 

1. The subject of physics of cosmic rays, general information about CR, their role in nature and science. 

2. Methods of registration CL. 

3. The main characteristics of CR, characteristics on the surface of the Earth. 

4. Passage of CR through the atmosphere of the Earth, primary and secondary CR, integral multiplicity. 

5. Motion of charged particles in a uniform constant magnetic field. 
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6. Motion of charged particles in slowly varying magnetic fields. 

7. Adiabatic invariants of motion of charged particles in magnetic fields. 

8. The motion of CR in the magnetic field of the Earth. 

9. The formation and structure of the interplanetary magnetic field. 

10. The kinetic Boltzmann equation for the CR motion in the heliomagnetic field. 

11. The Fokker-Planck equation for the motion of CR in the helio-magnetosphere, the modulation mechanisms of CR in the 

helio-magnetosphere. 

12. The energy spectrum and the anisotropy of CRs on the Earth’s orbit. 

13. Mechanisms of acceleration CL. 

14. Requirements for sources of CL. 

15. Possible sources of cosmic rays of different energies, basic models of the origin of cosmic rays. 

 

 

MODULE  «DIGITAL TECHNOLOGY AND DATA PROCESSING IN ASTRONOMY» - 9 CREDITS 

 

Professional competencies: 

- determine coordinates of celestial bodies and date of astronomical occasions by calculations and using of the star wheel; 

- use methods of information stream processing for astronomical data, use a computer systems of collecting, processing and 

storing of observational material for the study of astronomical objects and the Universe as a whole; 

- apply modern mathematical methods for analyzing of astrophysical signals and use modern digital space and ground based 

technologies for receiving and processing data; 

- organize a scientific research and conduct astronomical observations by using modern telescopes and receivers of cosmic 

electromagnetic radiation and observation methods (spectral, photometric, etc.);  

- work with a specialized scientific source base, use modern computing equipment and software for conducting a scientific 

research work; 

- evaluate the results of scientific research in the field of physics and astronomy, prepare of conclusions and proposals for 

their practical application; 
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As a result of studying the module, a student is able to: 

- calculate orbits for small bodies of the solar system. comets and comet tails, asteroids. 

-calculate the trajectories of artificial earth satellites, manned spacecraft. 

- use simulators of the virtual sky sphere. 

-predict astronomical events. flashes of iridiums, the passage of satellites over the visible part of the celestial sphere. 

-move between time and coordinate calculation systems. 

- build mathematical models to describe the physical properties and processes in astronomical objects. 

- use modern methods of computer programming on Mathematica, Python, MatLAB for data analysis and storage. 

- apply an information-entropy approach in questions of the quantitative classification and interpretation of astrophysical 

signals. 

- apply the principles of operation of the GLONASS, GPS and GALILEO navigation satellite systems in the calculations of 

the coordinates of ground stations and objects. 

- calculate the signal-to-noise ratio in various receiving atennas, including fractal ones; 

- use satellite observations to solve research and practical issues 

Methods for evaluating the results achieved: 

- verbal questioning: interview, colloquium, exam; 

- written work: test, quiz, essay, abstract; 

- control with the help of technical means and information systems: computer testing programs, complex situational tasks; 

exam testing; 

innovative assessment tools: case-method, portfolio, business (role-playing) game, debate, discussion, project method, 

incident method, method of successive situations, etc. 

 

 

Digital space communications - 3 credits 

 

Prerequisites: EM2202 Electricity and magnetism, Optics. Part 1. Electricity and magnetism. 

Postrequisites: KRR3310 Space Radio location and Radio navigation. 
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As a result of studying the discipline, a student is able to: 

-  to formulate the basic principles of the propagation of electromagnetic waves in different environments; 

- describe the basics of digital communication, the principle of operation of digital transceivers; 

- apply the basis of basic analog, digital devices, their circuitry; 

- analyze the structure and principles of organization of radio, satellite systems; 

- to design the main nodes of digital communication systems. 

Studied topics: 

1. Introduction. Overview of Satellite Communication. Terminology of digital communication. 

2. Orbits and Launching Methods. Kepler’s Laws. Orbital elements. 

3. The Geostationary Orbit. Earth Eclipse of Satellite. 

4. Radio Wave Propagation. Atmospheric Losses. Ionospheric Effects. 

5. Polarization. Antenna polarization. Polarization of Satellite Signals. 

6. Types of Antennas used in Satellite Communication. Coordinate System. The Radiated Fields. 

7. Basic components of the Space Segment. 

8. Basic components of the Earth Segment. 

9. Analog signals. Frequency modulation. Signal-to-noise ratio. 

10. Digital signals. Pulse Code Modulation. 

11. Digital phase modulations. Binary phase-shift keying. Quadrature phase-shift keying. 

12. The Space Link. Transmission Losses. Internal and External Noises. Doppler’s Effect. 

13. Error Control Coding. Linear Block Codes. Cyclic Redundancy Check. Shannon Capacity. 

14. Interference between Satellite Circuits. Energy Dispersal. 

15. Satellite communications technology VSAT. Overview of Modems of the Satellite System: Hughes, iDirect, Gilat, 

SkyEdge 

 

Space Radio location and Radio navigation - 3 credits 

 

Prerequisites: TsKS3309 Digital space communications. 
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Postrequisites: PdP Pre-diploma internship. 

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

-  formulate principles for the construction of radio-electronic devices and systems using the technology of radar and radio 

navigation; 

- describe the characteristics of the studied electronic systems for location and navigation; 

- apply physical models of processes and phenomena that underlie the principles of operation of radio engineering devices and 

systems; 

-  analyze the scientific and technical problems arising in the creation of electronic systems; 

- design products using radar technology. 

Studied topics: 

1. Introduction. Basics of space navigation 

2. Global Navigation Satellite System (GNSS) Technology. 

3. GNSS Technologies: GLONASS and GALILEO. 

4. Coordinate systems. 

5. Methods for determining the location of the user. 

6. GPS System Segments. 

7. GPS Satellite Signal Characteristics. 

8. Satellite System Acquisition, Tracking and Data Demodulation. 

9. Updated GPS: DGPS, SBAS, A-GPS, and HSGPS. 

10. GPS Integration. 

11. Radar receivers. 

12. The Radar Transmitter. 

13. The application of the Kalman filter for solving a navigation task. 

14. Principles of Remote Sensing. 

15. Photographing the surface of the Earth of high and super high quality. 
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Information- entropy Analysis of Astrophysical Signals  - 3 credits 

 

Prerequisites: ОА2212 Fundamentals of Astrophysics. 

Postrequisites: PdP Pre-diploma internship. 

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

- describe the main methods of the theory of dynamic chaos in astrophysics; 

- explain the choice of information-entropy analysis for the study of astrophysical objects; 

- analyze astrophysical signals of various nature by information-entrorism analysis; 

- classify quantitatively astrophysical signals based on the information-entropy analysis; 

- draw conclusions about the nature of the objects under study on the basis of information-entropy analysis. 

Studied topics: 

1. Introduction, analysis of astrophysical signals. 

2. Analysis of time series. 

3. Methods of the theory of dynamic chaos in astrophysics. 

4. Statistical methods of signal processing. 

5. Dynamic systems. 

6. Nonlinear systems. 

7. Fractal and multifractal analysis of astrophysical signals. 

8. Determination of the fractal characteristics of interleaved signals. 

9. Determination of the multifractal characteristics of interleaved signals. 

10. The concepts of information and entropy. 

11. Criteria for the degree of self-organization of open systems. 

12. The generalized metric characteristic. 

13. Information and entropy analysis of the light curves of variable stars. 

14. Information and entropy analysis of solar radio emission. 

15. Normalized entropy of hot stars. 
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ADDITIONAL TYPES OF TRAINING (ATT) – 22 credits 

 

PHYSICAL TRAINING MODULE – 8 CREDITS 

 

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

- use in life practical skills that ensure the preservation and strengthening of health, development and improvement of 

psychophysical abilities and qualities; 

- independently maintain and develop the basic physical qualities in the process of exercising; 

- use methods and means of physical training to ensure full social and professional activities; 

- access the current state of physical culture and sports in the world; 

- adhere to a healthy lifestyle; 

- self-organization and self-education in the formation of a healthy lifestyle. 

Methods for evaluating the results achieved: 

- oral survey: interview, certification. 

 

Physical Training – 8 credits 

 

Prerequisites: no. 

Postrequisites: no. 

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

-  formulate the state policy and the main achievements of the Republic of Kazakhstan in the field of physical culture and 

sports; 

-  understand the theoretical and methodological, hygienic and organizational foundations of physical culture and sports; 

- use in life practical skills and abilities ensuring the preservation and strengthening of health, development and improvement 

of psychophysical abilities and qualities; 

- use means of physical culture and sports for the prevention of diseases, mental well-being, development and improvement 

of the qualities and properties of the individual 
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Studied topics: 

1. Physical personality culture. Basics of a healthy lifestyle student. 

2. Fundamentals of self-study methods and self-control over the state of your body. 

3. Features of the use of physical culture to optimize performance. 

4. General physical and special training in the system of physical education. 

5. Sport. Individual choice of sports or exercise systems. Professional and applied physical training of students. 

6. Physical culture in the general cultural and vocational training of students. Its socio-biological basis. Legislation on physical 

culture and sport. 

7. Athletics. Long jump from the spot. Running exercises. Running for short, medium and long distances. Throwing grenades. 

Relay race 

8. Athletic gymnastics. Exercises with the use of gymnastic equipment and simulators. 

9. Table Tennis. Submission, reception. Training game. 

10. Volleyball. Transfer and receive the ball from the top, bottom. Top ball, bottom ball. Training game. 

11. Basketball. Transfer and catch the ball on the spot, in motion; throw in the basket. Training game. 

12. Football. Transfer, stop and dribble, hitting the ball, juggling the ball. Training game. 

13. Skiing. Movement by a free wheeling on average and long distances. 

14. Outdoor games. Sports games according to simplified rules, adapted to the existing equipment and sports equipment. 

15. Checkers and chess. Training game. 

 

PROFESSIONAL PRACTICE MODULE – 12 CREDITS 

 

Common cultural competencies: 

- search and use of information necessary for the effective implementation of professional tasks, professional and personal 

development; set a goal and choose ways to achieve it; 

-  work in a team and a team, communicate effectively with colleagues, management; take responsibility for the work of 

team members, the result of the assignments; be responsible for your own decisions and be prepared to provide a rationale 

for these decisions; 
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- demonstrate critical thinking when working with new information. 

Professional competencies: 

- understand the physical picture of the world, the basic physical processes responsible for the nature and observable 

features of space objects and phenomena; 

- understand, state and critically analyze basic information in the field of mechanics, molecular physics, electromagnetism, 

optics, atomic physics, fundamentals of radiophysics and electronics; 

- use the main electronic equipment and physical devices for measuring mechanical and electrical quantities; 

- analyze the general characteristics, physical and chemical properties of astronomical objects; 

- explain the patterns of formation, development, structure and movement of astronomical objects; 

- apply physical laws to the study of the structure, origin and evolution of astronomical objects and the universe as a whole; 

- determine the coordinates of celestial bodies and the time of astronomical events using calculations and using a moving 

map of the starry sky; 

- work with astronomical catalogs and databases; 

- to make special calculations of astronomical quantities; 

- simulate physical processes occurring in outer space; 

- demonstrate skills of mastering the methodological aspects of teaching physics and astronomy in general, individual topics 

and concepts; 

- carry out the formulation, formulation and solve problems in physics and astronomy 

- analyze the principles of processing information flows of astronomical data, use computer systems for collecting, 

processing and storing; 

- use telescopes and receivers of cosmic electromagnetic radiation for scientific research; 

- to organize and conduct special astronomical observations using modern astrophysical instruments and methods of 

observation; 

- demonstrate skills of processing measurement results, plotting graphs and diagrams; 

- to assess the results of professional research, the preparation of conclusions and proposals for their practical use; 

- analyze the physical interpretation of new experimental information in the field of astronomy (astrophysics); 

- use information and communication technologies in their professional activities; 
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- use modern databases and information extraction methods; to be guided in the conditions of change of technology in 

professional activity; 

- work with specialized literature, use modern computing equipment and software for research work; 

- acquire and use new knowledge and skills; participate in scientific discussions, write scientific articles. 

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

- explain the basic laws of the functioning and development of nature and society, be able to adequately navigate in various 

socio-economic, political and emergency situations; to freely interpret and creatively use scientific, historical and 

philosophical knowledge to summarize the success factors of the Kazakhstan development model on the way to an established 

state - the Republic of Kazakhstan; be able to identify and analyze natural and anthropogenic environmental processes and 

possible ways to regulate them; 

- use information and communication technologies in their professional activities; be able to use the ethical standards of a 

professional in the field of political analysis and forecasting; search for information necessary for the effective performance 

of professional tasks; 

- apply physical laws to the study of the structure, origin and evolution of astronomical objects and the universe as a whole; 

- understand the physical picture of the world, the basic physical processes responsible for the nature and observable features 

of space objects and phenomena; understand, present and critically analyze the characteristics, physical and chemical 

properties, patterns of formation, development, structure and movement of the studied celestial bodies and their systems; 

- independently formulate and solve problems in physics and astronomy, formulate algorithms for modeling processes 

occurring in outer space; to evaluate the results of research, the preparation of conclusions and proposals for their practical 

use; 

- analyze the principles of processing information flows of data, be able to use computer systems for collecting, processing 

astrophysical data; analyze the physical interpretation of new experimental information in the field of astronomy 

(astrophysics); 

- use the main electronic equipment and physical devices for measuring mechanical and electrical quantities; understand the 

physical principles of operation of modern receivers of cosmic electromagnetic radiation, the construction of telescopes used 

in all ranges of the electromagnetic spectrum; 



130 

 

- characterize the hardware and software parts of providing astronomical observations, basic physical processes and features 

of the interaction of the radiation of astronomical objects with the environment; 

- demonstrate skills of the mathematical apparatus and formalisms in modern theoretical astrophysics, the criteria for choosing 

methods for solving problems both in analytical form and using computer technologies (modern computers and corresponding 

software products); 

- demonstrate skills of mastering the methodological aspects of teaching physics and astronomy in general, individual topics 

and concepts; methods and techniques for drawing up tasks, exercises, tests on various topics; 

- 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 arena; to the perception, analysis, synthesis of information, 

setting goals and choosing ways to achieve it; 

- understand socio-ethical values based on social and legal norms and tolerance to various cultural and confessional 

traditions; systematize conceptual knowledge of the legal framework for countering corruption and be aware of its role in 

the context of professional activities. 

Methods for evaluating the results achieved: 

- oral survey: interview, report protection; 

- written work: test; 

- innovative assessment tools: discussion, project method, method of successive situations, etc. 

 

 

Educational practice - 4 credits 

 

Prerequisites: Basic and major disciplines. 

Post requisites: PrP Production Practice, PdP Undergraduate Practice. 

As a result of the practice, the student is able to: 

Consolidate, expand and deepen the theoretical knowledge in the development of the chosen topic; 

- to learn, acquire new knowledge, skills and abilities during the self-directed work on the topic; 
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- to conduct written and oral communication in Russian (Kazakh, English) in the framework of professional and scientific 

communication, both interpersonal and group; analyze, write and edit academic and technical texts in Russian (Kazakh, 

English) to solve the problems of professional and scientific activities in the field of physics and astronomy; 

- work with astronomical databases of scientific articles ADS. 

Understand the purpose and basic principles of scientific and technical devices and equipment; 

- Collect, systematize scientific information; 

Determine the structure of the scientific report; 

- Prepare a brief report on the completed work in the Latex format; 

- Present the results of educational practice in the form of a presentation and be able to make a clear and clear presentation of 

the material; 

 

Content of practice: 

1. Acquaintance with research directions and themes; 

2. Acquaintance with the research achievements of the selected scientific group. Choice the supervisor and research topic.  

3. Educational and scientific work under the guidance of the supervisor: the study of theoretical and experimental research 

methods; research, study and analysis of the literature on the task;  

4. Attend scientific seminar and follow-up report; 

5. Preparation of reporting documentation on the results of educational practice.  

  



132 

 

Work practice - 8 credits 

 

Prerequisites: Basic and major disciplines, UP Training practice. 

Post requisites: PdP Pre-diploma practice. 

As a result of the practice, the student is able to: 

- acquire initial practical skills in solving specific problems in professional activities; 

- work with information: find, evaluate and use information from various sources necessary for solving scientific and 

professional problems (including on the basis of a systematic approach); 

- critically evaluate and rethink the accumulated experience (own and someone else's); 

- analyze the method of setting and conducting an experiment; describe problems and situations of professional activity; 

- show creativity, initiative and perseverance in achieving goals (both professional and personal); 

- acquire the skills and abilities of conducting research, solving specific scientific, methodological, information retrieval tasks; 

- plan the experiment and draw up observation programs using the GILDAS software package: ASTRO 

- to conduct observations on scientific research equipment and telescopes. 

- master the skills of management, operation and collibration of scientific equipment. 

- make measurements and measurements. Evaluate experimental errors and instrumental and statistical errors. 

- perform the initial reduction of the “raw” material for the purpose of subsequent analysis using the software packages IRAF, 

AIPS, CLASS. 

- analysis, processing and obtaining a scientific result in software environments MATLAB, GREG, DS9. 

- work with identical data from other observations from astronomical databases of similar projects. 

Comparison of the results obtained with the data of other authors and interstate the standard result. 

- Draw conclusions about the physical nature of the observed object and processes. 

- Prepare a publication for discussion at an international conference of young scientists. 

- competently and reasonably publicly present the results of their scientific and professional activities, including using modern 

ICT tools; 

- participate in research projects. 

Content of practice: 
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1. Faculty Orientation Conference. Issuing assignments and instructions on practical training and safety rules. 

2. Acquaintance with the structure and nature of the selected unit; familiarization with the main research directions and themes 

of the scientific group and supervisor; 

3. Formation of an individual student work plan during work experience. 

4. Fulfillment of research tasks. 

5. Final reporting conference. Presentation of the report on the research work at a scientific seminar. 

 

Pre-diploma internship – 2 credits 

 

Prerequisites: core and major disciplines, UP Educational internship, PrP Industrial internship, PrP Industrial internship. 

Postrequisites: NZDR Writing and defense of the thesis (project). 

As a result of the practice, a student is able to: 

- apply the acquired knowledge in practical activities to solve specific scientific, methodological, information retrieval tasks; 

- work with information: find, evaluate and use information from various sources (catalogs, databases) necessary to solve 

scientific and professional problems (including on the basis of a systematic approach); 

- form the skills and abilities of conducting fundamental and applied scientific research in the field of physics and 

astronomy; 

- professionally compile and execute scientific and technical documentation, scientific reports, present the results of research 

work, taking into account the specifics of the study; 

- competently and reasonably publicly present the results of their scientific and professional activities, including using 

modern ICT tools. 

Content of internship: 

1. Installation conference. Issuing assignments and briefing on practical training. 

2. Acquaintance with the base of pre-diploma practice. Formation of the individual work plan of the student during the pre-

diploma practice. 

3. Search and study of modern literature to justify the research topic. 

4. Drawing up a work plan and schedule for the implementation of scientific research on the topic of the thesis. 
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5. Methodological substantiation of the research (setting goals for specific tasks, formulating a working hypothesis, 

generalizing and critically analyzing the works of domestic and foreign experts on the research topic); 

6. Compilation of biliography on the topic of research work by standard; 

7. Description of the object and subject of study. 

8. Collection and analysis of available information about the subject of the study. 

9. The study of certain aspects of the problem. Researching. 

10. Statistical and mathematical processing of information. 

11. Analysis of the results of scientific research. 

12. Registration of the results of the study and their coordination with the supervisor. 

13. Generalization of the collected material. 

14. Registration and protection of a practice report at a scientific seminar. 

15. Final reporting conference. 

    



135 

 

 

 

 

 

 

 

 

 

 

 

 

CATALOG OF DISCIPLINES  

 

  



136 

 

GENERAL EDUCATION DISCIPLINES (GED) 

OBLIGATORY COMPONENT (OC) 

Social and humanitarian module – 6 credits 

Code SIK1101 Modern history of Kazakhstan (State exam) 

Prerequisites no  Postrequisites no 

Credits 3 Term 1 

Aim of the 

discipline   

To form a system of scientific views on the history of modern Kazakhstan society in the context of the world 

historical process.  

Abstract of the 

discipline 

Discipline "Modern history of Kazakhstan" is aimed at shaping future thinking specialists, focused on self-

development with the priority of universal values. Large-scale transformations are accompanied by the 

modernization of public consciousness, which involves the transformation of learning based on a problem-

based approach. Knowledge gained from the study of modern history of Kazakhstan contributes to the 

understanding of the dynamics of the development of the historical process and forms value reference points 

for ethnic, social, cultural identity in the surrounding world. Successful implementation of the state 

programs “Madeni Mura” and “Halyk Tarikh Tolknynda” expanded the horizons of historical knowledge 

and led to fundamental work aimed at changing the public consciousness and forming a united Nation of 

strong and responsible people . Present stage of development of our country is characterized by the Third 

Modernization of Kazakhstan, creation of a new model of economic growth that will ensure the global 

competitiveness of the country. Modernization of the economy is inextricably linked with the modernization 

of consciousness, when every citizen of Kazakhstan must understand the need for change in order to move 

to a qualitatively new level of development of his country. Kazakhstan society should have a spiritual and 

ideological core for the successful implementation of the goals set, this is facilitated by the program “Ruhani 

zhagyru” which reveals the mechanisms of modernization of public consciousness and is based on the 

continuity of spiritual and cultural traditions. Knowledge of the history of their people contributes to a 

broader perception and ability to rethink. 

Code Fil2102 Philosophy  
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Prerequisites SIK1101 Modern history of Kazakhstan.   Postrequisites no 

Credits 3 Term 4  

Aim of the 

discipline 

Formation of students' holistic system understanding of philosophy as a special form of knowledge of the 

world, its main sections, problems and methods of their study in the context of future professional activity. 

Abstract of the 

discipline 

Discipline “Philosophy” is aimed to develop students' openness of consciousness, understanding self 

national code and national self-awareness, spiritual modernization, competitiveness, realism and 

pragmatism, independent critical thinking, cult of knowledge and education, and mastering such key 

ideological concepts as justice, dignity and freedom, as well as the development and strengthening of the 

values of tolerance, intercultural dialogue and the culture of peace. Particular attention is paid to the 

problems of preserving national identity, the inner core of the national “I” and the national spirit, which are 

reflected in the project “Rukhani zhagyru”, role of philosophy in modernizing public consciousness and 

solving global problems of modernity. Moral self-regulation, contributes to the development of research 

abilities and the formation of intellectual and creative potential.  

Instrument module – 15 credits 

Code IYa1103 Foreign language 

Prerequisites no  Postrequisites POIYa2207 Professionally-oriented 

foreign language.  

Credits 6 Term 1, 2 

Aim of the 

discipline 

Increasing the initial level of proficiency in a foreign language, achieved at the previous level of education, 

and mastering students with the necessary and sufficient level of communicative competence to solve social 

and communicative tasks in various areas of everyday, cultural, professional and scientific activities. 

Abstract of the 

discipline 

The “Foreign Language” discipline is aimed at further developing the language competencies acquired at 

school as part of the English language discipline program (General English), as well as deepening skills in 

the use of English as a means of communication with the formation of the following competencies: 

communicative (reading, writing, listening, speaking), language (pronunciation, vocabulary, grammar), 

general cultural and interpersonal. 

Code K(R)Ya 1104 Kazakh (Russian) language  
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Prerequisites no Postrequisites POK(R)Ya2206 Professionally-oriented 

Kazakh (Russian) language, KRYaK2108 

Culture of speech and language 

communication. 

Credits 6 Term 1, 2 

Aim of the 

discipline 

Provide high-quality Russian language proficiency in the context of Kazakh national culture as an 

instrument of social, intercultural, professional and personal communication through the formation of 

communicative competence in all types of speech activity in accordance with the levels of proficiency in a 

foreign language on a scale of the Council of Europe (А1, А2 + LSP; В1, В2+ LSP; С1 + LSP). 

Abstract of the 

discipline 

Discipline "Kazakh (Russian) language" is aimed to forming the social and humanitarian outlook of students 

in the context of a nationwide idea of spiritual modernization, involving the development of 

internationalism, tolerant attitude to world cultures and languages as the basis of national consciousness and 

cultural code. modern technologies, the use and transfer of which can ensure the modernization of the 

country and the personal career growth of future specialists.  

Code IKT1105 Information and communication technologies  

Prerequisites no Postrequisites KMFPS3210 Computer modeling of 

physical processes, IEAAS4308 

Information –entropy Analysis of 

Astrophysical Signals, TsKS3309 Digital 

space communications  

Credits 3 Term 2 

Aim of the 

discipline 

Formation of the ability to critically assess and analyze processes, methods of searching, storing and 

processing information, methods of collecting and transmitting information through digital technologies. 

Abstract of the 

discipline 

Discipline "Information and communication technologies" is designed to build the ability to critically 

understand the role and importance of modern information and communication technologies in the era of 

digital globalization. In connection with the entry of the economy of Kazakhstan into the era of the Fourth 

Industrial Revolution, the adoption of a comprehensive program “Digital Kazakhstan”, the development of 
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new technologies such as the Internet of Things, cloud technologies, big data, blockchain, etc. thinking, the 

acquisition of knowledge and skills in the use of modern information and communication technologies in 

various activities.   

ELECTIVE COMPONENT (EC) 

Module of socio-political knowledge – 4 credits   

Code TPP2110 Theoretical and Applied Political Science  

Prerequisites SIK1101 – Modern history of Kazakhstan.  Postrequisites no 

Credits 2 Term 3 

Aim of the 

discipline 

Studying the patterns of formation and functioning of politics, preparing students for participation in the 

political life of the country, the formation of an active citizenship. 

Abstract of the 

discipline  

The discipline "Theoretical and Applied Political Science" forms knowledge about the laws of world politics 

and modern political processes, explaining the essence and content of the policies of nation states, based on 

ensuring national security and realizing national interests. The study of this discipline contributes to the 

formation of the socio-humanitarian outlook as the basis for the modernization of public consciousness. 

Understanding of internal and external relations and relations, major trends and patterns operating in 

different political systems, objective criteria of the social policy dimension contributes to the formation of 

national and civic identity.   

Code OPS2111 General and applied Sociology 

Prerequisites SIK1101 – Modern history of Kazakhstan.  Postrequisites no 

Credits 2 Term 3 

Aim of the 

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.  

Abstract of the 

discipline 

The discipline "General and Applied Sociology" will allow a deeper insight into the fundamentals 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, 
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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 in which we live. Based on the Programmatic Article of the Head of State 

"Looking into the Future: Modernization of Public Consciousness", the course examines the peculiarities of 

the process of modernizing consciousness and adapting Kazakh society to the global challenges of our time.  

Module of cultural heritage and interpersonal communication – 4 credits  

Code KRYaK2108 Culture of speech and language communication  

Prerequisites SIK1101 Modern history of Kazakhstan, 

OPS2111 General and applied Sociology, 

TPP2110 Theoretical and Applied 

Political Science, K(R)Ya 1104 Kazakh 

(Russian) language.  

Postrequisites POK(R)Ya2206 Professionally-oriented 

foreign language   

Credits 2 Term 3 

Aim of the 

discipline 

Develop and improve the skills and techniques of effective speech interaction in various situations of 

communication, in the sociocultural and professional fields of communication.  

Abstract of the 

discipline 

The course is aimed at improving the level of speech, communicative competence. The focus is on the 

culture of oral (monologue and dialogical) and written speech in the Kazakh (Russian) language. Attention 

is paid to the conditions for successful public speaking and effective communication skills are being formed 

in various conditions of communication. Students have the opportunity to improve their knowledge of the 

norms of the modern Kazakh (Russian) language.  

When studying the discipline, the following aspects will be considered: the concept of "culture of speech"; 

speech culture of a business person; main aspects of business culture; regulatory aspect of business culture; 

types of language norms of the Russian literary language; the communicative aspect of business culture; 

communicative qualities of speech (pithiness of speech, accuracy, clarity, purity, richness and diversity of 

speech); ethical aspect of culture of speech; functions of speech etiquette in business communication; 
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communication atmosphere and etiquette formulas; system of addresses in Russian speech etiquette; the 

role of ethics in business communication; business rhetoric; knowledge of the art of public speaking, the 

necessary modern business person; principles of culture of oratory; requirements for public speech; target 

settings of speech and their classification; speech design; creation of speech text; argumentation in oratorical 

speech; classification of speech types; information speech; persuasive speech; a call to action; main 

characteristics of business communication; principles of effective business communication; culture of oral 

business communication; types of oral business communication; presentation; modeling of oral business 

communication situations: “Telephone conversation”, “Business conversation”, “Negotiations”; culture of 

written business speech; types of business documents; features of drawing up personal business documents 

(application, power of attorney, receipt, autobiography, resume); features of the preparation of information 

and reference documents (explanatory note, protocol, extract from the protocol); features of writing business 

letters.  

Code  PМК2109 Psychology of interpersonal communication  

Prerequisites SIK1101 Modern history of Kazakhstan, 

Fil2102 Philosophy  

Postrequisites no 

Credits 2 Term 3 

Aim of the 

discipline 

To form students' social-personal and instrumental competences in the field of psychological theory and 

practice of interpersonal communication, necessary in professional activities.  
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Abstract of the 

discipline 

The discipline "Psychology of interpersonal communication" 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. 

When studying the discipline, the following aspects will be considered: personality psychology and its role 

in the system of human sciences; motivational-need sphere of personality; emotions and emotional 

intelligence; volitional processes and the psychology of self-regulation; temperament and character; values, 

interests, norms as the spiritual basis of personality; psychology of the meaning of life and professional self-

determination; career psychology; psychology of communication; perceptual side of communication; 

interactive side of communication; the communicative side of communication; the concept and structure of 

the socio-psychological conflict; personality behavior patterns in conflict; techniques and techniques of 

effective communication. 

CORE DISCIPLINES (CD)  

OBLIGATORY COMPONENT (OC)  

Module «General physics 1 and higher mathematics» – 10 credits 

Code Mech1201 Mechanics and molecular physics. Part 1. Mechanics (EEEA)  

Prerequisites no Postrequisites MF1214 Mechanics and molecular physics. 

Part 2. Molecular Physics (EEEA).  

Credits 3 Term 1 

Aim of the 

discipline 

To form among students an integral systemic view of the basic concepts and laws of mechanics and the 

methods of studying movement and interaction of material bodies and their systems arising from these laws.  

Abstract of the 

discipline 

Discipline is aimed at developing a student's system of knowledge and skills, which allows explaining and 

analyzing the behavior of various mechanical systems under the influence of various forces. 

When studying the discipline, the following aspects will be considered: the kinematics of the material point, 

speed, normal acceleration and tangential; kinematics of circular motion; solid kinematics; the dynamics of 

the material point, Newton's laws; the dynamics of the system of material points; classification of forces 
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and interactions; gravitational force, mass inert and gravitational; inertial reference systems, Galilean 

relativity principle; non-inertial reference systems, inertial forces; work, potential field of forces, 

conservative forces; energy: potential energy; kinetic energy, energy conservation law; solid body 

dynamics; mechanics of liquids and gases; fluctuations; waves.  

Code EM2202 Electricity and magnetism, Optics. Part 1. Electricity and magnetism  

Prerequisites MF1201 Mechanics and molecular 

physics. Part 1. Mechanics, MF1214 

Mechanics and molecular physics. Part 2. 

Molecular Physics.  

Postrequisites ED3225 Electrodynamics, FOE 3209 

Physical bases of electronics, PEA4305 

Semiconductor electronics in astrophysics; 

Credits 4 Term 3 

Aim of the 

discipline 

Formation of a student's ideas about electromagnetism as a theory of electromagnetic phenomena, arising 

from the generalization of observations, practical experience and experiment, the basic concepts and laws 

of electromagnetism and the limits of their applicability. 

Abstract of the 

discipline 

Discipline is aimed at the formation of a student's system of knowledge and skills, allowing to explain and 

analyze various electromagnetic phenomena. 

In studying the discipline the following aspects will be considered: electric charge, Coulomb's law, electric 

field in vacuum; Gauss electrostatic theorem; electric field potential; electrostatic field in and around 

conductors; electric capacity, capacitors, electric field energy; electrostatic field in dielectrics and near them; 

the concept of current, Ohm and Joule-Lenz laws; methods for calculating DC electrical circuits; electrical 

conductivity of semiconductors; electric current in liquids and gases; magnetic field in vacuum; magnetic 

field in matter; electromagnetic induction; Maxwell's system of equations; elements of AC circuits. 

Code MA1205 Mathematical analysis 

Prerequisites no Postrequisites AGLA1211 Analytical geometry and linear 

algebra 

Credits 3 Term 1 

Aim of the 

discipline 

Formulate in students a system of knowledge and skills that allows them to understand and use the 

differential and integral calculus of functions of one or several variables for solving physical problems.  
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Abstract of the 

discipline 

Discipline is aimed at teaching students the use of differential and integral calculus in solving problems of 

their specialty. 

When studying the discipline, the following aspects will be considered: the subject of mathematical analysis; 

elements of set theory; sequences of real numbers; limit of numeric sequence; the limit of a real function of 

a single real variable; the continuity of a function at a point and on a set; differentiability and derivative of 

the real function of one real variable; indefinite integral of function of one variable; certain integral; metric 

space; differentiability, partial derivatives and differentials of functions of several variables; multiple, 

curvilinear, and surface integrals; number series; functional sequences and rows; Fourier series. 

Module «innovative teaching methods and digital technologies» – 6 credits 

Code TMOFA3204 Theory and methods of teaching physics and astronomy 

Prerequisites MF1201 Mechanics and molecular 

physics. Part 1. Mechanics, MF1214 

Mechanics and molecular physics. Part 2. 

Molecular Physics, ЕМ2202 Electricity 

and magnetism, Optics. Part 1. Electricity 

and magnetism, Opt2215 Electricity and 

magnetism, Optics. Part 2. Optics.  

Postrequisites PrP Industrial internship 

Credits 3 Term 6 

Aim of the 

discipline 

Formation of students' system of knowledge and skills necessary for teaching physics and astronomy in 

secondary schools using modern educational technologies.  

Abstract of the 

discipline 

Discipline is aimed at developing students' knowledge about the content and organization of the educational 

process in physics and astronomy in institutions of secondary general (complete) education; preparation of 

specialists for teaching physics and astronomy in the modern school. 

When studying the discipline, the following aspects will be considered: the scientific-theoretical and 

methodological foundations of teaching physics and astronomy; theory and methods of teaching physics, 

subject of the discipline, goals and objectives; types of organization of studies in physics and astronomy in 

secondary schools; organization of studies in physics and astronomy in higher education; methods of 
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studying the main topics of the course in physics and astronomy; Mechanics; a system of methods and tools 

for teaching physics and astronomy; didactic principles of teaching physics; physics teaching methods; 

methods of intensification of teaching physics; types of physics lessons; types of educational physical 

experiment; control and evaluation of knowledge and skills; planning study classes in physics; calendar 

plan; lesson plan; methodological issues of the course of molecular physics; computer use in the study of 

physics. 

Code  ORE4203 Fundamentals of Radio Physics and Electronics 

Prerequisites ЕМ2202 Electricity and magnetism, 

Optics. Part 1. Electricity and magnetism.  

Prerequisites ЕМ2202 Electricity and magnetism, Optics. 

Part 1. Electricity and magnetism.  

Credits 3 Credits 3 

Aim of the 

discipline 

To form the students' fundamental knowledge in the field of radiophysics and electronics, the development 

of skills in the use of electronic equipment.  

Abstract of the 

discipline 

Discipline is aimed at developing students' systems of knowledge and skills that allow them to understand 

the principle of work and use general-purpose radio equipment in their professional activities. 

When studying the discipline, the following aspects will be considered: signals, their classification, 

parameters; elements of linear electric circuits, source of EMF, source of current; calculation of linear chains 

by the method of complex images; the passage of pulsed signals through linear circuits, transients, operator 

method of analysis; differentiating, integrating circuits, compensated voltage divider; electron-hole 

transition, its properties, semiconductor diodes, zener diodes, tunnel diodes; bipolar transistors, switching 

circuit; bipolar transistor as a quadrupole, parameters, equivalent circuits in different wiring diagrams; 

dynamic mode of the bipolar transistor; field effect transistors; classification of electronic amplifiers, their 

main characteristics, parameters; gain amplifier with feedback, negative and positive feedback; operational 

amplifiers, main characteristics, parameters; electrical signal generators; multivibrator in self-oscillatory 

mode.  

Module «professional language» – 4 credits  

Code POK(R)Ya2206 Professionally-oriented Kazakh (Russian) language  

Prerequisites K(R)Ya1104 Kazakh (Russian) language Postrequisites Core and major disciplines  
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Credits 2 Term 3 

Aim of the 

discipline 

Formation of professionally-oriented linguistic personality, able to build communication in professionally 

significant situations. 

Abstract of the 

discipline 

The discipline "Professional Kazakh (Russian) language" is aimed at the formation of practical skills of 

professional communication in the Kazakh (Russian) language and is intended to create a student's language 

readiness for further mastering special disciplines. 

When studying the discipline, the following aspects will be considered: professional vocabulary; term 

system of professional language; requirements for terms; business documentation in the professional field; 

business relations in the professional field; dialogue; monologue; scientific and journalistic style of speech; 

grammatical style features of a professional text; thesis; types of arguments; types of evidence: direct, 

indirect, theoretical and empirical; ways of presenting the material: historical, analogy, stepped, conceptual; 

work with sources; annotation; referencing; development of skills and readings of scientific literature in the 

specialty for the formation of professional competence; formulation of abstracts of a scientific article on the 

specialty; compiling a glossary; work on writing a scientific article on the specialty; increasing the level of 

speech, communicative competence in the professional sphere; the development of creative writing skills 

on the basis of secondary scientific texts, as well as texts relating to various functional-semantic types of 

speech; selection of material on the topic and problem of scientific research; rules for compiling 

bibliography; the semantic structure of the scientific text, its various types and skills of analyzing scientific 

information on the basis of generalization and compression. 

Code POIYa2207 Professionally-oriented foreign language  

Prerequisites IYa1103 Foreign language Postrequisites Core and major disciplines  

Credits 2 Term 4 

Aim of the 

discipline 

Teach students to use a foreign language as a means of expanding and deepening system knowledge in their 

field and a means of self-improvement of their professional qualifications. 

Abstract of the 

discipline 

The discipline "Professionally-oriented foreign language" is aimed at teaching students basic grammatical 

rules, expanding vocabulary, developing listening skills for fluency in oral, written speech and learning 

professional terminology in their specialty. Levels: Pre-Intermediate, Intermediate, Upper-Intermediate. 
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When studying the discipline, the following aspects will be considered: professional vocabulary; term 

system of professional language; business documentation in the professional field; business relations in the 

professional field; dialogue; monologue; scientific and journalistic style of speech; grammatical style 

features of a professional text; thesis; types of arguments; types of evidence: direct, indirect, theoretical and 

empirical; work with sources; annotation; referencing; development of skills and readings of scientific 

literature in the specialty for the formation of professional competence; formulation of abstracts of a 

scientific article on the specialty; compiling a glossary; work on writing a scientific article on the specialty; 

increasing the level of speech, communicative competence in the professional sphere; the development of 

creative writing skills on the basis of secondary scientific texts, as well as texts relating to various functional-

semantic types of speech; selection of material on the topic and problem of scientific research; rules for 

compiling bibliography; semantic structure of the scientific text, its various types; analysis of scientific 

information on the basis of generalization and compression.  

ELECTIVE COMPONENT (EC)  

Stem - module – 7 credits 

Code FOE3209 Physical bases of electronics 

Prerequisites ЕМ2202 Electricity and magnetism, 

Optics. Part 1. Electricity and magnetism.  

Postrequisites PrP Industrial internship  

Credits 2 Term 6 

Aim of the 

discipline 

Formation of the student's understanding of the relationship between the physical laws of electronic 

processes in solids with the final characteristics of electronic devices.  

Abstract of the 

discipline 

Discipline is aimed at shaping students' understanding of which physical processes and laws underlie the 

work of various electronic devices. 

When studying the discipline, the following aspects will be considered: the role of physical phenomena and 

processes in electronics, the main directions of development of electronics; elements of the band theory of 

the structure of solids, the filling of zones with electrons and the division of bodies into metals, dielectrics 

and semiconductors; statistical laws on particle collectives, Maxwell-Boltzmann distribution, Fermi-Dirac; 
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electron statistics in metals, statistics of charge carriers in a semiconductor; the law of the masses; 

conductivity, mobility of charge carriers, its dependence on temperature; mechanisms of scattering of free 

charge carriers; temperature dependence of conductivity in semiconductor and metal; diffusion current in 

semiconductors, total current in a semiconductor; equilibrium and nonequilibrium charge carriers; 

fundamentals of semiconductor physics; physical fundamentals of integrated electronics; dinistors; 

thyristors; photoelectric devices based on external photoelectric effect; photoelectric devices based on the 

internal photoelectric effect.  

Code KMFPS3210 Computer modeling of physical processes 

Prerequisites MF1201 Mechanics and molecular 

physics. Part 1. Electricity and magnetism, 

MF1214 Mechanics and molecular 

physics. Part 2. Molecular Physics, 

ЕМ2202 Electricity and magnetism, 

Optics. Part 1. Electricity and magnetism, 

Opt2215 Electricity and magnetism, 

Optics. Part 2. Optics.  

Postrequisites PrP Industrial internship   

Credits 2 Term 5 

Aim of the 

discipline 

Formation of students' understanding of the principles of numerical modeling of physical phenomena, 

mastering the technique of setting a computer experiment in the field of physics.  

Abstract of the 

discipline 

Discipline is aimed at developing students' skills in building models of physical processes and phenomena 

using personal computers, skills in developing algorithms that simulate physical phenomena and processing 

physical experiments, mastering techniques for implementing algorithms using high-level programming 

languages 

When studying the discipline, the following aspects will be considered: the goals, methods and approaches 

of modeling physical processes; a general description of high-level programming languages and modern 

integrated math packages (Matlab, Scilab, Maple, Mathematica, Mathcad); work with files; graphical 

presentation of calculation results; effective algorithms for the numerical solution of algebraic equations, 
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the division of complex numbers, the calculation of derivatives, the solution of systems of linear algebraic 

and differential equations; models of physical processes based on ordinary differential equations; models of 

physical processes based on partial differential equations; formal description of random processes; general 

scheme of Monte Carlo methods; modeling the movement of bodies in uniform force fields; modeling of 

oscillatory processes and wave movements; modeling the behavior of systems consisting of a large number 

of particles; simulation of phase transitions by the method of molecular dynamics; modeling of optical 

phenomena; simulation of quantum systems.   

Code AGLA1211 Analytical geometry and linear algebra  

Prerequisites no Postrequisites OVTA2224 Fundamentals of vector-tensor 

analysis 

Credits 2 Term 2 

Aim of the 

discipline 

Formation of students with the correct ideas about the basic concepts and methods of analytical geometry 

and linear algebra.  

Abstract of the 

discipline 

Discipline is aimed at developing students' skills in solving problems of analytical geometry and linear 

algebra and using this skill in their professional activities. 

When studying the discipline, the following aspects will be considered: vector algebra: the concept of a 

vector, operations with vectors; straight line on the plane and in space; second order lines; second order 

surfaces; operations on matrices, their properties; determinant of the matrix, its properties and calculation; 

minors, algebraic complements, their properties; a system of n linear equations with n unknowns, methods 

for its solution; compatibility criterion, the Kronecker – Capelli theorem; linear space, sum and intersection 

of subspaces, direct sum of subspaces, properties; linear operators, their properties, examples; eigenvalues 

and eigenvectors of a linear operator; matrix of a linear operator, its transformation upon transition to a new 

basis; eigenvalues and eigenvectors of a linear operator; bilinear functions and quadratic forms in Euclidean 

space. 

Module «physics of stars» - 8 credits 

Code OA2212 Fundamentals of Astrophysics 
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Prerequisites OA1301 General Astronomy (EEEA)  Postrequisites SEZ4307 The Structure and Evolution of 

Stars 

Credits 4 Term 4 

Aim of the 

discipline 

Formation of students' holistic understanding of the origin, structure, chemical composition, physical 

properties and evolution of various celestial bodies and their systems, as well as methods for obtaining this 

information.  

Abstract of the 

discipline 

The discipline is aimed at a consistent presentation of the fundamentals of astrophysics, such as the methods 

used in research of objects of the Universe, the mechanisms of formation and passage through various 

environments of electromagnetic radiation, principles of operation and features of the use of modern 

astrophysical tools, observational manifestations of astrophysical objects, modern ideas about the structure, 

physical properties and evolution various objects of the universe. 

When studying the discipline, the following aspects will be considered: the tasks and main sections of 

astrophysics, space-time scales in astrophysics; basic photometric concepts and units; the mechanism of 

absorption and emission of light by a substance (atoms, molecules), the formation of continuous, emission 

and absorption spectra, the Zeeman effect, the Stark effect; radiation properties and the fundamentals of 

spectral analysis, Doppler shift of spectral lines; black body radiation; features and physical limitations of 

astronomical observations, the main tasks of observational astronomy, telescopes and radiation detectors; 

types of temperature, methods of its determination, determination of the chemical composition and density 

of celestial bodies; interstellar medium, its main components and observational manifestations; star 

classifications, Hertzsprung-Russell diagram, mass-luminosity ratio, stellar spectroscopy as a tool for 

determining fundamental stellar parameters; double stars, determination of the parameters of stars from 

observations of double stars; the internal structure of stars, their evolution; modern ideas about the internal 

structure and structure of the atmosphere of the Sun; non-stationary stars, ideas about the nature of their 

variability and research methods; hot stars with spectral features, Ae / Be Herbig, Be and B types [e]; 

compact stars as a result of the final stage of the evolution of stars.  

Code GA3213 Galactic astronomy 

Prerequisites OA1301 General Astronomy (EEEA)  Postrequisites DZS4308 Dynamics of stellar systems  
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Credits 4 Term 5 

Aim of the 

discipline 

Formation of knowledge about the kinematics of stars in our galaxy, the composition and structure of 

subsystems of galaxies, obtaining basic information about the composition and structure of the galaxy.  

Abstract of the 

discipline 

Discipline is aimed at developing students' knowledge about the structure and development of galaxies 

based on the study of the collective properties of stellar and gas objects in our and other galaxies. When 

studying the discipline, the following aspects will be considered: the coordinates of stellar astronomy; 

geometric methods for determining distances to celestial bodies; photometric methods for determining 

distances to celestial bodies; elements of the theory of potential and celestial mechanics, potential energy 

and the virial theorem; problems associated with the description of movements in the gravitational fields of 

the simplest configuration; tasks associated with the statistical processing of observations; numerical 

methods for studying the dynamic evolution of gravitating systems; composition and structure of spiral 

galaxies; full and selective absorption of light in the Galaxy; determination of excess color in the UBV 

system; the model of the visible distribution of the absorbing substance absorbing the substance in our 

Galaxy; general characteristics of scattered star clusters; determination of excess color, distance and age of 

the scattered clusters; GR-diagram of the scattered cluster; stellar associations, complexes and mobile 

groups; submerged clusters; gas hazardous disk; spiral branches and star formation.  

Module «general physics  2» - 9 credits 

Code MF1214 Mechanics and molecular physics. Part 2. Molecular Physics (EEEA)  

Prerequisites Mech1201 Mechanics and molecular 

physics. Par 1. Mechanicst.  

Postrequisites FKS 3218 Condensed state physics  

Credits 3 Term 2 

Aim of the 

discipline 

Acquaintance with the fundamentals of the molecular-kinetic theory of the motion of liquids and gas, the 

basic models of molecular physics, the statistical laws of a system of a large number of particles, models 

and laws of ideal and real gases, the classical distribution of molecules, the basics of the classical theory of 

heat capacity and quantum theory, the phenomena of thermodynamics and their fundamental nature, the 

properties of liquids, solids and phase transitions; development of skills: to assess the basic parameters of 

thermodynamic systems in various states - gaseous, liquid, solid; to determine the limits of applicability of 
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the classical distribution of particle velocities in the force field; to single out from the large volume of new 

complex information the main thing, to take notes, to work with literature and Internet resources. 

Abstract of the 

discipline 

Discipline is aimed at shaping students' understanding of the main phenomena, concepts, laws and methods 

of molecular physics and thermodynamics, as well as the skills of practical calculations and experimental 

work. 

When studying the discipline, the following aspects will be considered: molecular kinetic theory; perfect 

gas; the concept of temperature; velocity distribution of gas molecules; the first law of thermodynamics; the 

second law of thermodynamics; real gases and liquids; transfer phenomena; surface phenomena in liquids; 

solids; waves in continuous medium and acoustic elements; waves in elastic media; phase and group 

velocity; wave propagation in inhomogeneous media; reflection and refraction of waves at the boundary of 

two media.  

Code Opt2215 Electricity and magnetism, Optics. Part 2. Optics 

Prerequisites EM2202 Electricity and magnetism, 

Optics. Part 1. Electricity and magnetism  

Postrequisites AF3216 Atomic physics  

Credits 3 Term 4 

Aim of the 

discipline 

Acquisition of knowledge about various optical phenomena and approaches to their description; the 

formation of skills and competencies for their analysis, research and application of calculation methods in 

solving real problems in future professional activities.  

Abstract of the 

discipline 

Discipline is aimed at shaping students' understanding of the laws of optics in their relationship with the 

entire spectrum of laws of physics and the limits of their applicability; skills of using basic optical devices, 

analyzing the experimental data obtained and using them to calculate the characteristics of optical systems. 

When studying the discipline, the following aspects will be considered: electromagnetic waves; photometry; 

geometrical optics; light interference; light diffraction; basics of holography; optics of inhomogeneous 

media; polarization; light dispersion; light absorption; optics of anisotropic media; light scattering; 

fundamentals of quantum optics; nonlinear optics; power optics.  

Code  AF3216 Atomic physics 
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Prerequisites MF1201 Mechanics and molecular 

physics. Part 1. Electricity and magnetism, 

MF1214 Mechanics and molecular 

physics. Part 2. Molecular Physics, 

ЕМ2202 Electricity and magnetism, 

Optics. Part 1. Electricity and magnetism, 

Opt2215 Electricity and magnetism, 

Optics. Part 2. Optics.  

Postrequisites YaF3217 Nuclear physics  

Credits 3 Term 5 

Aim of the 

discipline 

Formation of an integrated system of students knowledge of the basics of modern physics of atoms and 

atomic phenomena, the basic quantum concepts, the development of skills for constructing quantum-

mechanical models and solving physical problems.  

Abstract of the 

discipline 

Discipline is aimed at forming in future specialists a representation of a physical theory as a generalization 

of observation, practical experience and experiment, described at the appropriate mathematical level, as a 

link between physical phenomena and quantities. 

When studying the discipline, the following aspects will be considered: the development of quantum 

concepts; corpuscular properties of light; Coordinate, momentum, angular momentum and energy operators 

in quantum mechanics; introduction to the apparatus of physics of micro-objects; stationary and 

nonstationary Schrödinger equation; energy states and emission spectra of hydrogen-like atoms; spectra of 

hydrogen-like atoms; electron orbital and spin moments; multielectron atoms; quantum statistics; quantum 

properties of a solid; bond types of atoms in solids; electrical conductivity of solids; elementary particles; 

Physics of the atomic nucleus.   

Module «general physics 3» - 8 credits 

Code YaF3217 Nuclear physics  

Prerequisites MF1201 Mechanics and molecular 

physics. Part 1. Electricity and magnetism, 

MF1214 Mechanics and molecular 

Postrequisites РrР Industrial internship.  
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physics. Part 2. Molecular Physics, 

ЕМ2202 Electricity and magnetism, 

Optics. Part 1. Electricity and magnetism, 

Opt2215 Electricity and magnetism, 

Optics. Part 2. Optics, AF3216 Atomic 

physics.  

Credits 3 Term 6 

Aim of the 

discipline 

Formation of general cultural and general professional competencies in terms of sections of modern physics: 

the atomic nucleus and elementary particles; Acquaintance of students with the most important experimental 

facts underlying quantum concepts; Formation of students' understanding of the composition and properties 

of atomic nuclei, radioactive transformations, nuclear reactions, the main problems of nuclear energy, 

modern concepts of elementary particle physics.  

Abstract of the 

discipline 

Discipline is aimed at clarifying the physical meaning and content of the basic laws and concepts of nuclear 

physics, establishing the limits of applicability of these laws, developing students' skills in physical thinking 

and the ability to set and solve specific problems. 

When studying the discipline, the following aspects will be considered: the place and importance of nuclear 

physics; static properties of atomic nuclei; radioactivity; laws of simple and complex radioactive decay; 

problems and prospects for the development of world and domestic energy, the role of atomic energy; 

thermonuclear reactions in the universe and in the laboratory; interaction of radiation with matter; 

interaction of heavy charged particles with matter; nuclear reactions; conservation laws in nuclear reactions; 

mechanisms and parameters of nuclear reactions; detectors of particles of ionizing radiation; registration of 

charged and neutral particles of various energies; elementary particles; particle and antiparticle models.  

Code FKS3218 Condensed state physics 

Prerequisites MF1214 Mechanics and molecular 

physics. Part 2. Molecular Physics.  

Postrequisites РrР Industrial internship  

Credits 3 Term 6 
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Aim of the 

discipline 

Formation of a fundamental knowledge base of existing ideas in the field of condensed matter physics, based 

on modern scientific data.  

Abstract of the 

discipline 

Discipline is aimed at developing students' understanding of the physical nature of the structure, mechanical, 

thermal, electrical and magnetic properties of solids. 

In studying the discipline, the following aspects will be considered: condensed state and the formation of a 

crystalline body; classification of a solid by structure and properties; concept of translational symmetry; 

crystallographic classes and systems; crystal interaction with electromagnetic waves; back grill; weak 

chemical bonds in solids; strong chemical bonds in solids; free electron gas in metals, electrical conductivity 

of metals, Hall effect, electronic heat capacity; Fermi gas of free electrons; free electron model; almost free 

electron model; zone theory in solids: classification by features of the energy spectrum of electrons in solids, 

energy zones and the Fermi surface, the electron effective mass tensor; oscillation of a diatomic chain and 

its solution; defects in solids.  

Module «workshop on general physics» - 7 credits 

Code PM1220 Workshop - mechanics 

Prerequisites no Postrequisites PMF1221 Workshop- Molecular physics  

Credits 2 Term 1 

Aim of the 

discipline 

To develop the ability to practice basic theoretical knowledge for laboratory work.  

Abstract of the 

discipline 

Discipline is aimed at checking the theoretical foundations of mechanics, acquaintance with physical 

instruments, measurement methods and interpretation of measurement results. 

When studying the discipline, the following aspects will be considered: accurate weighing of bodies; some 

methods of measurement results; determining the volume of the body of a regular geometric shape; 

calculation of the resistance of conductors by geometric dimensions; determining the speed of a bullet with 

a ballistic pendulum; determination of the moment of inertia of the pebbler overbucker by the dynamic 

method; determination of the coefficient of internal friction of the fluid according to the Stokes method; 

verification of the laws of conservation of momentum and energy on the example of the collision of bodies; 

determination of the acceleration of free fall using a machine; Maxwell's pendulum; study of the movement 
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of the gyroscope; measuring the speed of a bullet; measurement of the speed of sound in air by the 

interference method; measuring the speed of sound in the air by the standing wave method; measurement 

of elastic moduli from stretching.  

Code PMF1221 Workshop – Molecular physics  

Prerequisites РМ1220 Workshop- mechanics  Postrequisites РЕМ2222 Workshop- Electricity and 

magnetism, FKS3218 Condensed state 

physics.  

Credits 2 Term 2 

Aim of the 

discipline 

Training in the ability to put into practice basic theoretical knowledge for laboratory work.  

Abstract of the 

discipline 

Discipline is aimed at contributing to the formation of the students' scientific outlook by mastering the 

system of generalized knowledge about nature and the ways of its cognition; the ability to interpret 

experimental data presented in the form of graphs, diagrams, tables and other means of presenting scientific 

knowledge. 

When studying the discipline, the following aspects will be considered: determination of the ratio of specific 

heat capacities by the adiabatic method; determination of thermal conductivity coefficient of solid heat 

insulator; determination of the coefficient of internal friction of the liquid: according to the Stokes method, 

using a capillary viscometer; determination of the coefficient of internal friction of gases, the average free 

path length and the effective diameter of air molecules: using a gas meter, according to the average speed 

of a drip fluid flow determination of the coefficient of surface tension of a liquid: by the method of droplets, 

by the method of gas bubbles; determination of air humidity: using a condensation hygrometer with 

thermoelectric cooling, using an Assman aspiration psychrometer; acquaintance with statistical laws on 

mechanical models; determination of air thermal conductivity; phase transitions: determination of melting 

point; study of translational and rotational Brownian motion; study of the thermodynamics of sound 

vibrations; study of calorimetric vessel; determination of the specific heat of the liquid; determination of the 

heat capacity of a solid by the calorimetric method; Check Gauss distribution law.   

Code PEM2222 Workshop- Electricity and magnetism  



157 

 

Prerequisites РМ1220 Workshop- mechanics, 

PMF1221 Workshop- Molecular physics  

Postrequisites PO2223 Workshop- Optics, ED3225 

Electrodynamics  

Credits 1 Term 3 

Aim of the 

discipline 

To impart practical skills in applying theoretical knowledge of electricity and magnetism to solve various 

physical problems of an applied nature and to conduct an experimental study of electrical phenomena.  

Abstract of the 

discipline 

Discipline aims to deepen the theoretical and practical knowledge of the physical nature of electrical 

phenomena, the basic laws of the course of electromagnetic processes. 

When studying the discipline, the following aspects will be considered: interaction of point charges and 

particles; electrostatic field strength; potential and energy of an electrostatic field; electrostatic field in 

dielectrics; direct electric current; work and power current; electrical conductivity; electric current in 

vacuum and in gases; branched DC circuit; Kirchhoff's laws; a magnetic field; Lorentz force; the movement 

of charged particles in a magnetic field; Ampere power; conductor with current in a magnetic field; magnetic 

field energy; electromagnetic induction; electromagnetic oscillations and waves. 

Code PO2223 Workshop- Optics 

Prerequisites РМ1220 Workshop- mechanics, 

PMF1221 Workshop- Molecular physics, 

РЕМ2222 Workshop- Electricity and 

magnetism 

Postrequisites AF3216 Atomic physics  

Credits 2 Term 4 

Aim of the 

discipline 

Formation of students' skills in the application of theoretical material to the analysis of specific physical 

situations, experimental study of the basic laws.  

Abstract of the 

discipline 

Discipline is aimed at developing students' practical skills with laboratory equipment, the ability to plan and 

carry out a laboratory experiment. 

When studying the discipline, the following aspects will be considered: the study of a microscope and the 

determination of the refractive index of glass using a microscope; studying the process of photographing; 

getting negative and positive; determination of the refractive index of liquid and solids using an Abbe 

refractometer, the calculation of the diameters of water molecules and glycerin; light interference; Newton's 
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rings; determination of the refractive index, dispersion and resolution of a prism using a goniometer 

spectrometer; diffraction on transparent and reflective gratings; Fraunhofer light diffraction study; 

diffraction of light in the near zone (Fresnel diffraction); determination of the refractometric characteristics 

of air using the Rayleigh interferometer; optical pyrometer; the study of the laws of thermal radiation; the 

study of the laws of light absorption; the study of the photoelectric effect; the study of the polarization of 

light; definition of Rydberg constant.  

Module «theoretical physics» - 6 credits 

Code OVTA2224 Fundamentals of vector-tensor analysis  

Prerequisites AGLA1211 Analytical geometry and 

linear algebra  

Postrequisites ED3225 Electrodynamics  

Credits 2 Term 4 

Aim of the 

discipline 

Provide the student with the necessary knowledge and inculcate practical skills in working with the 

fundamental concepts of vector and tensor analysis.  

Abstract of the 

discipline 

Discipline is aimed at developing students' knowledge of the basic concepts of vector and tensor analysis, 

actions on tensors and tensor fields. 

When studying the discipline, the following aspects will be considered: elements of tensor algebra; vector 

algebra operations in tensor notation; elements of differential geometry; Formulas freinet; the first and 

second quadratic forms and their application; surface area; curvilinear coordinates in three-dimensional 

space; the expression of the elements of the arc length for the coordinate curves, the elements of the areas 

for the coordinate surfaces and the volume element in terms of the Lame coefficients; scalar and vector 

fields; limit, continuity, differentiability of scalar and vector fields; curvilinear and surface integrals; 

curvilinear integrals of the first and second kinds and their applications; Green's formula; elements of field 

theory; Ostrogradsky-Gauss theorem in vector form. 

Code ED3225 Electrodynamics  

Prerequisites ЕМ2202 Electricity and magnetism, 

Optics. Part 1. Electricity and magnetism  

Postrequisites FOE3209 Physical bases of electronics   

Credits 2 Term 5 
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Aim of the 

discipline 

The development and deepening of the basic knowledge of students in the field of electromagnetism, laid 

in the study of various disciplines of general physics.  

Abstract of the 

discipline 

Discipline is aimed at developing students' knowledge of the electromagnetic field. 

In studying the discipline the following aspects will be considered: the Maxwell equation in integral and 

differential forms; boundary conditions for tangential and normal field components in the general case; 

charge conservation law (continuity equation) in differential and integral forms; energy conservation law 

(Poynting theorem) in differential and integral forms; Maxwell's equation in complex form, complex 

dielectric constant; skin effect, skin layer thickness (depth of current and field penetration into the 

conductor); recording expressions for a plane wave in vector form and in projections on the axis of the 

Cartesian coordinate system; dispersion equation for a uniform plane wave; definition of phase and group 

velocity; Fresnel formulas in the case of a normal fall; general expression for the vector potential of a given 

distribution of arbitrary in time and harmonic currents; the expression for the vector potential of a given 

distribution of harmonic currents in the Fraunhofer zone; the field of an elementary electric dipole in the 

quasistatic zone; the field of an elementary electric dipole in the wave zone; radiation pattern.  

Code KM3226 Quantum Mechanics 

Prerequisites OVTA2224 Fundamentals of vector-

tensor analysis, Opt2215 Electricity and 

magnetism, Optics. Part 2. Optics.  

Postrequisites YaF3217 Nuclear physics  

Credits 2 Term 6 

Aim of the 

discipline 

Teaching students how to use the mathematical apparatus of non-relativistic quantum mechanics, using 

approximate methods; show the features of the quantum description of particle motion in potential fields.  

Abstract of the 

discipline 

Discipline is aimed at developing students' knowledge of the basic concepts and concepts of non-relativistic 

quantum mechanics. 

When studying the discipline, the following aspects will be considered: quantum concepts; the need for a 

probabilistic interpretation of the motion of a quantum particle; properties of eigenfunctions of operators; 

Schrödinger equation; change over time of the average values of the observed parameters; Ehrenfest 

theorems; a particle in a one-dimensional rectangular potential well; general properties of motion in a 
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centrally symmetric field; elements of the theory of representations; spin and wave function of a particle 

with spin; Schrödinger equation for a particle with spin; wave function of a particle system; Hamilton 

operator and Schrödinger equation for an atom; probability of quantum transitions; uncertainty and width 

of the level.  

MAJOR DISCIPLINES (MD)  

OBLIGATORY COMPONENT (OC)  

Module «general astronomy»  - 5 credits 

Code OA1301 General Astronomy (EEEA)  

Prerequisites no Postrequisites ОА2212 Fundamentals of Astrophysics  

Credits 3 Term 2 

Aim of the 

discipline 

Formation of the students' system of sequential, logically following each other knowledge about the subject 

of astronomy, about the methods and tools used by astronomers to study space objects and the Universe as 

a whole, about the main results of these studies.  

Abstract of the 

discipline 

Discipline is aimed at the formation of students' general ideas about the location, movement, structure, origin 

and evolution of various celestial objects and their systems, as well as about the methods of their study. 

When studying the discipline, the following aspects will be considered: the subject of astronomy, its 

sections; basics of spherical astronomy, horizontal and equatorial coordinates; the movement of the sun on 

the celestial sphere, the ecliptic; basic time counting systems; visible movements of the planets on the 

celestial sphere, the main configuration of the planets; Kepler's laws, the main tasks of celestial mechanics; 

determining the size, shape of celestial bodies and distances to them; the movement of the Earth and the 

Moon, eclipses; electromagnetic radiation studied in astrophysics, its properties and the fundamentals of 

spectral analysis, the Doppler shift of spectral lines; basic concepts of astrophotometry; methods for 

determining temperature, determining the chemical composition and density of celestial bodies; 

astrophysical instruments and basic observation methods; nature and evolution of stars; our galaxy; 

fundamentals of extragalactic astronomy.  

Code Ast2302 Astrometry (EEEA) 
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Prerequisites ОА1301 General Astronomy (EEEA)  Postrequisites DZS4308 Dynamics of stellar systems  

Credits 2 Term 3 

Aim of the 

discipline 

Formation of students' holistic understanding of the theoretical foundations and practical methods of 

positional observations of celestial bodies, including from space, the acquisition of the skills necessary to 

reduce astrometric observations.  

Abstract of the 

discipline 

Discipline is aimed at shaping students' understanding of modern methods of high-precision determination 

of the location of celestial bodies and their velocity vectors at a given point in time. 

When studying the discipline, the following aspects will be considered: the subject of astrometry, its main 

tasks, concepts and methods, new projects, connection with other areas of astronomy, its practical 

significance; systems of celestial coordinates and relationships between them; the figure of the Earth, the 

geoid equation, various systems of geographical coordinates; uneven rotation of the earth; terrestrial 

coordinate system; definition and implementation of coordinate systems in modern astrometry, epoch in 

astrometry; determining time using astrometric observations, the universal time system; world time systems; 

dynamic time scales; atomic time scales; the concept of astronomical refraction, refraction in a plane-parallel 

and spherically symmetric atmosphere; aberration; changing the coordinates of the stars under the influence 

of refraction and aberration; the deviation of the light beam in the gravitational field, the change in the 

coordinates of the reference source in the gravitational field of the sun; optical observation reduction 

procedure; review of instruments and methods of practical astronomy; radiointerferometry method with 

superlong bases in astrometry; cosmic astrometry.   

ELECTIVE COMPONENT (EC)  

Module «cosmology» - 9 credits 

Code SEV4303 Structure and evolution of the Universe  

Prerequisites ОА2212 Fundamentals of Astrophysics Postrequisites PdP Pre-diploma internship  

Credits 3 Term 7 
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Aim of the 

discipline 

To form among students a systematic idea of the modern models of the origin, development and structure 

of the Universe and large-scale structures in it, the theoretical and observational foundations of the study of 

these problems.  

Abstract of the 

discipline 

Discipline is aimed at shaping students' understanding of modern models of the structure and evolution of 

the Universe, as constructed on the basis of the interpretation of numerous observational data from the point 

of view of fundamental physical laws. 

When studying the discipline, the following aspects will be considered: the observational foundations of the 

evolution models of the Universe: the structure in the Universe (star clusters, their properties; galaxies, their 

types, nuclei); structure in the Universe (clusters and superclusters of galaxies, large-scale structure of the 

Universe); relic radiation, its properties; observational bases of the models of the evolution of the Universe: 

chemical composition of the substance of the Universe, baryon asymmetry of the Universe; Hubble's law, 

the expansion of the universe, the acceleration of the expansion of the universe; hidden mass, hypotheses 

about its nature; dark energy, hypotheses about its nature; the concept of models of the Great Union, the 

possibility of mutual transformations of quarks and leptons from the standpoint of the models of the Great 

Union; Hot Universe Model: Hadron Era, Lepton Era; model of the hot universe: primary nucleosynthesis, 

the era of radiation, the era of matter; the difficulties of a hot universe model; inflationary stage of the 

Universe; anthropic principle, the multiplicity of worlds; the gravitational instability of Jeans and Livshits, 

the development of primary density perturbations; changes in the mass and length of Jeans with time, the 

formation of clusters of galaxies.   

Code OK4304 Fundamentals of Cosmology 

Prerequisites ОА2212 Fundamentals of Astrophysics Postrequisites PdP Pre-diploma internship 

Credits 3 Term 7 

Aim of the 

discipline 

To form with students ideas about modern views on the properties and evolution of the Universe, which 

were formed as a result of the generalization of the observations of various phenomena in space and 

theoretical developments on the interpretation of these phenomena. 

Abstract of the 

discipline 

Discipline is aimed at shaping students' perception of the Universe as a holistic self-developing and self-

organizing system. 
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When studying the discipline, the following aspects will be considered: the finiteness and infinity of the 

Universe - the paradoxes of classical cosmology, the photometric paradox and the contradictions between 

the classical ideas about the structure of the Universe and observations; the need to involve the general 

theory of relativity to build a model of the universe; the relationship between the geometric properties of 

the space of the Universe with the distribution and movement of matter in it; expanding universe, the 

relationship of the average density of matter with the law of expansion and the geometric properties of the 

universe; determination of the radius and age of the universe; the abundance of helium in the universe and 

the need for its formation in the early stages of the evolution of the universe; the need for not only high 

density of matter, but also its high temperature in the early stages of the evolution of the Universe; Model 

"hot universe"; relic radiation; observation of supernovae in distant galaxies and the discovery of accelerated 

expansion of the Universe; Dark matter and dark energy, their contribution to the mass of the universe; anti-

gravity instability of the cosmological substrate; evolution of perturbations of baryonic matter in the 

Universe; Search for life and mind in the universe, the development of ideas about the existence of life in 

the universe; Drake's formula and the number of civilizations in the galaxy.   
Code VA4305 Extragalactic astronomy - 3 credits 

Prerequisites ОА2212 Fundamentals of Astrophysics Postrequisites PdP Pre-diploma internship 

Credits 3 Term 7 

Aim of the 

discipline 

Formation of the students' systemic understanding of the classification, structure, composition of various 

extragalactic objects and the physical processes in them.  

Abstract of the 

discipline 

The discipline is designed to form students' knowledge of the classification, structure, composition and 

physics of galaxies of various types, their clusters and active nuclei. 

When studying the discipline, the following aspects will be considered: introduction, the subject of 

extragalactic astronomy, methods for determining distances to galaxies and their physical characteristics; 

spiral galaxies, their structure, types, stellar population; modern concepts of the spiral spiral arms of 

galaxies; elliptical galaxies, their types, structure and properties; lenticular galaxies; irregular galaxies of 

various types; the most characteristic representatives of different type of galaxies; the nature of cosmic radio 

sources; Seyfert galaxies, Lazertids, radio galaxies; signs and nature of activity of galactic nuclei; quasars; 
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a local group of galaxies, our closest neighbors; groups and clusters of galaxies; large-scale distribution of 

galaxies; evolution of galaxies  

Module «star astronomy» - 9 credits 

Code FPZ4306 Physics of variable stars    

Prerequisites ОА2212 Fundamentals of Astrophysics  Postrequisites NOG3307 Nonstationary Objects of 

Galaxy  

Credits 3 Term 7 

Aim of the 

discipline 

To form among students a systematic idea of the types and structure of variable stars, of the physics of 

phenomena leading to the variability of stars, and also of their research methods. 

Abstract of the 

discipline 

The course is designed to form students' system of knowledge about the physical processes responsible for 

the variability of stars, as well as the types, composition and structure of variable stars. 

When studying the discipline, the following aspects will be considered: the concept of a variable star, the 

main groups of causes of stellar variability; main catalogs of variable stars; pulsating stars (general outline), 

the physical mechanism of stellar pulsations, the position of pulsating stars of different types on the 

Hertzsprung – Russell diagram; classical Cepheids, period – luminosity dependence; the Baade – Vesselink 

method for determining the physical characteristics of Cepheids and other radially pulsating stars, the period 

– age relationship; radial velocities of Cepheids, spectral double and eclipsed Cepheids, changes in Cepheid 

periods as a direct manifestation of stellar evolution; RR Lyrah variables, their role in studying the old 

population of the Galaxy; variables such as the Worlds of Whale, red semi-correct and irregular variable 

stars; type II cepheids in the galactic field and in globular clusters, their connection with stars outside the 

main sequences on the Hertzsprung – Russell diagrams of globular clusters; other types of pulsating variable 

stars: RV Taurus type stars, δ Shield, ZZ Ceutus, β Cepheus and others; explosive and new variable stars; 

new stars, physical mechanisms of outbreaks of classical and dwarf new ones; young eruptive variable stars: 

T-type stars Taurus, fuors, connection of the variability of young stars with accretion processes; stars with 

inhomogeneous surface brightness and variability due to axial rotation: variables of type BY Dragon, 

magnetic variables; variable stars are binary systems with compact components (black holes, neutron stars), 

their role for studying the processes of stellar evolution; introduction to eclipsing variable stars. 



165 

 

Code SEZ4307 The Structure and Evolution of Stars  

Prerequisites ОА2212 Fundamentals of Astrophysics  Postrequisites PdP Pre-diploma internship  

Credits 3 Term 7 

Aim of the 

discipline 

To form in students a system of knowledge and skills necessary for understanding and analyzing the physical 

processes occurring in the depths and atmospheres of stars, about the ways of star evolution based on the 

physical laws governing these phenomena.  

Abstract of the 

discipline 

Discipline is aimed at shaping students' understanding of the structure and physical processes in the depths 

and atmospheres of stars at different stages of their evolution. 

When studying the discipline, the following aspects will be considered: introduction: the role of stars in the 

Universe, the structure of stellar astrophysics, general characteristics of stars, an overview of methods for 

their determination; star as a physical object; physical classification of stars: normal stars, their main 

features; virial theorem for a star; basics of thermodynamics of stars, thermal stability of stars, negative heat 

capacity; virial theorem for a star; features of nuclear reactions in high and low mass stars, the role of 

radiation pressure in high mass stars, the Eddington limit of luminosity; system of stellar structure equations; 

star atmospheres, continuous spectrum of stars; the formation of spectral lines, emission lines in the spectra 

of stars; the basic principles of the theory of the evolution of stars, the dependence of radius-luminosity-

mass, gravitational instability, the condition of fragmentation of a compressing cloud; stages of star 

formation, the effect of rotation and magnetic field on compression, protostars; advanced stages of the 

evolution of stars: the evolution of stars after the main sequence based on nuclear reactions, non-stationary 

processes in the later stages of the evolution of stars; the final stages of the evolution of stars: white dwarfs, 

degenerate gas and its pressure, limiting masses of white dwarfs; the final stages of the evolution of stars: 

supernova explosions, neutron stars, their limiting masses, basic concepts of black holes; the main types of 

physical variable stars, the causes of their variability.  

Code DZS4308 Dynamics of stellar systems   

Prerequisites GA3213 Galactic astronomy  Postrequisites PdP Pre-diploma internship  

Credits 3 Term 7 
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Aim of the 

discipline 

Students form a holistic view of the dynamics of stellar systems as a section of astrophysics that studies the 

collective movement of a large number of stars under the influence of their general gravity, its problems 

and methods, developing an understanding of the theoretical foundations and methods of constructing and 

studying models of gravitating systems.  

Abstract of the 

discipline 

Discipline is aimed at developing students' understanding of the theoretical foundations and methods for 

constructing and researching models of gravitating systems. 

When studying the discipline, the following aspects will be considered: the subject of stellar dynamics; 

morphological types of galaxies, features of their structure and population; potential theory: Poisson 

equation, potential energy tensor, spherical systems; potential of spheroidal and ellipsoidal systems, 

potential of disks; the problem of two bodies, the problem of three bodies; orbits in static spherical 

potentials, orbits in axisymmetric potentials, orbits in nonaxisymmetric potentials; Eulerian and Lagrangian 

approach to the description of fluid motion, phase space, particle distribution function in phase space, 

collisionless Boltzmann equation; Jeans equations, viral tensor equation, integrals of motion; disk dynamics 

and spiral structure; collisions and clashes, the Boltzmann equation in the presence of collisions; Fokker-

Planck equation; relaxation mechanisms; evolution of spherical star systems: mass loss, evaporation and 

ejection, lifetime, nuclear collapse, tidal effect, the formation of binary stars and the collapse of the collapse; 

violation of star systems by high-speed collisions; galaxy formation: linear structure formation, non-linear 

structure formation; on origin of the large-scale structure of the universe.  

Module «physics of planetary systems» - 9 credits 

Code FP3309 Physics of Planets    

Prerequisites ОА2212 Fundamentals of Astrophysics  Postrequisites SMIP3311 Spectral methods of Planets 

study  

Credits 3 Term 5 

Aim of the 

discipline 

Formation of basic knowledge about the methods of studying the processes of the formation of planets, the 

modern composition, structure and dynamics of the evolution of planets.   

Abstract of the 

discipline 

Discipline is aimed at the formation of students of modern ideas about the physical processes occurring in 

the planets, buildings, evolution and methods of studying the planets. 
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When studying the discipline, the following aspects will be considered: review of the solar system; structure 

and evolution of the planets; orbit dynamics; energy transfer; properties of the atmosphere; planetary 

surfaces; physics of the magnetosphere; the formation of planets; astrobiology; experimental study of the 

gravitational, magnetic fields of the earth and planets; propagation of seismic and electromagnetic waves to 

obtain information about the structure and state of the inner regions of the planets; composition of planetary 

systems; planetary mass objects; brown dwarfs; satellite planets and planet belts.  

Code FSSS3310 Physics of the Sun and the Solar System  

Prerequisites ОА2212 Fundamentals of Astrophysics  Postrequisites PdP Pre-diploma internship  

Credits 3 Term 6 

Aim of the 

discipline 

To form the system of students' knowledge and skills necessary for understanding and analyzing the physical 

processes occurring in the depths and on the surface of the Sun and their influence on the properties of the 

interplanetary medium  

Abstract of the 

discipline 

Discipline is aimed at shaping students' understanding of the structure of the Sun, about the processes inside 

it and in its atmosphere, about the influence of these processes on phenomena in the interplanetary 

environment. 

When studying the discipline, the following aspects will be considered: general information about the Sun, 

rotation of the Sun; general characteristics of the structure of the Sun: the inner layers, the physical 

conditions in them, the main features; equations of stellar structure: the mass equation, the energy balance 

equation characterizing the energy release in the solar core, boundary conditions; stellar structure equations: 

energy transfer equation in diffusion approximation, hydrostatic equilibrium equation, equation of state, 

expression for opacity; physical conditions in the solar core, features of nuclear reactions in the Sun: the 

role of the effect of quantum-mechanical tunneling, the reaction rate; the problem of solar neutrino, neutrino 

oscillations, their rest mass; radiant transfer zone, the distribution of photons in the sun; convection in the 

sun; solar magnetic fields, the mechanisms of their formation; sun radiation, photosphere, sunspots; the 

crown, the mechanisms of its heating; concept of solar activity, its manifestations, indices and cycles, solar 

flares; expansion of the solar corona, solar wind, interplanetary magnetic field; the interaction of the solar 
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wind with the interstellar medium and the magnetospheres of the planets, the concept of the 

heliomagnetosphere, phenomena excited by solar activity in interplanetary outer space.  

Code SMIP3311 Spectral methods of Planets study 

Prerequisites FP3309 Physics of Planets Postrequisites PdP Pre-diploma internship 

Credits 3 Term 6 

Aim of the 

discipline 

Acquaintance and study of the main spectral methods of research of planets. 

Abstract of the 

discipline 

Discipline is aimed at developing among students the concept of spectral analysis of the planets. 

When studying the discipline, the following aspects will be considered: types of spectra; spectral analysis 

and its use in the study of planets; electromagnetic radiation spectrum; spectral studies in astronomy; 

capabilities of modern spectral analysis; principles of spectral research methods; basic spectroscopy; the 

ratio of electronic transitions with oscillatory, adiabatic approximation, the Frank-Condon principle and the 

probability of electronic-vibrational transitions; basic patterns of light absorption; spectrophotometry in the 

visible and ultraviolet regions; optimal optical density for measuring the concentration of a substance; 

features of accurate colorimetry; kinetic analysis and differential spectrophotometry; the study of the 

fluorescence of objects; infrared spectrophotometry.  

Module «observational astronomy» - 9 credits 

Code NM3303 Radio Astronomy 

Prerequisites ОА2212 Fundamentals of Astrophysics  Postrequisites NOG3307 Nonstationary Objects of 

Galaxy  

Credits 3 Term 7 

Aim of the 

discipline 

To form in students a holistic and consistent understanding of the theoretical foundations and results of 

astronomical observations in the radio frequency range, as well as their interpretation.  

Abstract of the 

discipline 

The discipline is designed to shape students' understanding of the modern theory of radio emission 

mechanisms in space, modern radio astronomy methods and the results of the study of celestial objects in 

the solar system, in our galaxy and beyond. When studying the discipline, the following aspects will be 

considered: introduction, basic concepts of radio astronomy; mechanisms of radio emission in astrophysical 
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conditions: the propagation of radio waves in a plasma, the generation of radio emission by plasma 

oscillations, the bremsstrahlung of an ionized gas; cyclotron radiation, synchrotron radiation, curvature 

radiation; radiation in the spectral lines of atoms and molecules, molecular maser radiation; radio emission 

from the quiet Sun; radio emission from the disturbed Sun; radio emission of the moon, planets and comets; 

Galaxy synchrotron radio emission; emission of interstellar neutral hydrogen, the spiral structure of the 

galaxy from observations of the 21 cm line; radiation of interstellar molecules in the radio band; radio 

emission from normal galaxies (in the continuum and in radio links); radio galaxies; quasi-star radio sources; 

radio telescopes; radio astronomy observatories of the world.  

Code OA4304 Fundamentals of Astrophotometry  

Prerequisites ОА2212 Fundamentals of Astrophysics.  Postrequisites PdP Pre-diploma internship  

Credits 3 Term 5 

Aim of the 

discipline 

Acquaintance of students with the methods and tasks of celestial mechanics, to give them an idea of its role 

and significance in astronomy and in everyday life.  

Abstract of the 

discipline 

Discipline is aimed at developing among students a system of knowledge about the basic laws of the motion 

of celestial bodies, elements of orbits, types of motion of planets, satellites, asteroids, comets, artificial earth 

satellites and the use of numerical, analytical and qualitative methods of studying the motion of celestial 

bodies to solve computational problems. 

When studying the discipline, the following aspects will be considered: introduction to celestial mechanics; 

fundamentals of the theory of attraction; potential; extended body; Keplerian elements of the orbit; 

movement along an ellipse, hyperbola, parabola; stability of the motion of celestial bodies; stability of 

motion in a many-body problem; two body problem; calculating the ephemeris of celestial bodies; 

determination of unperturbed orbits; the task of several bodies; osculating elements; analytical integration 

of the equations of perturbed motion; secular perturbations; limited three-body task; the movement of the 

natural bodies of the solar system; the movement of artificial celestial bodies.  

Code PEA4305 Semiconductor electronics in astrophysics  

Prerequisites ORE4203 Fundamentals of radiophysics 

and electronics  

Postrequisites PdP Pre-diploma internship  
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Credits 3 Term 7 

Aim of the 

discipline 

Mastering the theoretical basis underlying the creation and operation of various semiconductor devices in 

astrophysics, as well as in imparting the skills of practical use of methods of analysis and calculation.  

Abstract of the 

discipline 

Discipline is aimed at developing students' skills in researching the properties of semiconductors, acquiring 

knowledge by students in the field of creating modern elemental base of semiconductor electronics. 

When studying the discipline, the following aspects will be considered: the interaction of electromagnetic 

waves with matter; registration of light based on the thermal resistance effect; vacuum photocell; light 

interaction with semiconductors; photoconductivity; semiconductor photodiode at the pn junction; high-

speed photo detectors; the effect of defects on the relaxation rate and quantum yield; photoluminescence, 

excitation and emission spectra, Stokes shift; quantum well photodetectors; methods for increasing the 

efficiency of solar cells using nanoparticles; light emitting devices; stimulated radiation; semiconductor 

heterostructure laser; the principle of control of the light flux in the liquid crystal cell.  

Module «kinematics and physics of celestial bodies» - 9 credits 

Code NM3303 Celestial mechanics  

Prerequisites ОА2212 Fundamentals of Astrophysics Postrequisites PdP Pre-diploma internship  

Credits 3 Term 5 

Aim of the 

discipline 

Study of the latest methods of analysis and synthesis of signal detection devices and measurement of their 

parameters; study of promising methods for determining the coordinates and motion parameters of objects; 

studying the principles of building advanced radar systems.  

Abstract of the 

discipline 

Discipline is aimed at developing students' skills in applying the methods of the theory of optimal solutions 

when designing radio information transmission systems, radar and radionavigation systems. 

When studying the discipline, the following aspects will be considered: directions of development of radar 

systems; prospects for improving the efficiency of meter radars when using long-term coherent 

accumulation; the formalism of fuzzy sets and fuzzy integrals in the synthesis of new classes of fractals and 

multifractals for radar problems; reconstruction of the strange attractor in the reflected radar signals; fractal 

classification and clustering of optical and radar images of surface and subsurface objects; detection of 

weakly reflecting ground objects based on the background radar method; radar detection of unobtrusive 
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targets; adaptation of the spectrum of an ultra-wideband probe pulse with monopulse radar; effective area 

of scattering of objects with multi-position radar observation; the results of digital modeling of the scattering 

characteristics of objects of complex electrophysical structure and form; methods of digital modeling of the 

radar characteristics of complex objects against the background of natural and anthropogenic formations; 

optimal weight processing of radar signals by discrete Fourier transform; operator method of processing 

information in two-channel polarimetric radars; polarization diagnostics and selective excitation of 

characteristic waves in the anisotropic ionosphere; passive radar on millimeter waves.  

Code NOG3307 Nonstationary Objects of Galaxy 

Prerequisites FPZ4306 Physics of variable stars  Postrequisites PrP Industrial internship  

Credits 3 Term 6 

Aim of the 

discipline 

To form in students a representation of the properties, characteristics, structure and nature of the variability 

of non-stationary objects of the Galaxy as a manifestation of the idea of evolution in astronomy.  

Abstract of the 

discipline 

Discipline is designed to form students' understanding of the evolutionary problem in astronomy and 

cosmology on the example of the evolving objects of our Galaxy. 

When studying the discipline, the following aspects will be considered: introduction, subject of the 

discipline, the idea of evolution in astronomy; star formation regions; the W5 star formation region in the 

constellation Cassiopeia; activity of young stars; T Tauri stars; star associations; ov associations; Wolf stars 

- Raye; tight binary systems; explosions of new stars; planetary nebulae: origin, structure, physical 

characteristics, evolution, typical representatives; supernova explosions; supernova remnants, stages of their 

evolution; galactic core, its composition, physical parameters, non-stationary processes.  

Code VFKI3311 Introduction to the physics of cosmic rays    

Prerequisites ОА2212 Fundamentals of Astrophysics  Postrequisites PdP Pre-diploma internship  

Credits 3 Term 5 

Aim of the 

discipline 

To form the students a holistic view of the subject and the basic concepts of the physics of cosmic rays (CR), 

the change in the characteristics of CRs from the sources to the observation point, the main models of the 

origin of CRs of various energies and the basic mechanisms for accelerating CRs.  
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Abstract of the 

discipline 

Discipline is aimed at shaping students' understanding of the role of cosmic rays in nature and science, their 

research methods, their origin and interaction with the medium all the way from the source to the point of 

observation, understanding the fundamentals of physics. 

When studying the discipline, the following aspects will be considered: the subject of physics of cosmic ray, 

general information about CR, their role in nature and science; CR registration methods; the main 

characteristics of CR, characteristics on the surface of the Earth; the passage of CR through the atmosphere 

of the Earth, primary and secondary CR, integral multiplicity; the movement of charged particles in a 

uniform constant magnetic field; the movement of charged particles in slowly varying magnetic fields; 

adiabatic invariants of the motion of charged particles in magnetic fields; CR motion in the Earth’s magnetic 

field; the formation and structure of the interplanetary magnetic field; the Boltzmann kinetic equation for 

the CR motion in the heliomagnetic field; the Fokker-Planck equation for the motion of a CR in the helio-

magnetosphere, the modulation mechanisms of CR in the helio-magnetosphere, the energy spectrum and 

the anisotropy of CRs on the Earth’s orbit; mechanisms of accelerating CR; requirements for sources CR; 

possible sources of cosmic rays of different energies, basic models of the origin of cosmic rays.   

  

Module «digital technology and data processing in astronomy» - 9 credits   

Code TsKS3309 Digital space communications  

Prerequisites EM2202 Electricity and magnetism, 

Optics. Part 1. Electricity and magnetism  

Postrequisites KRR3310 Space Radio location and Radio 

navigation  

Credits 3 Term 5 

Aim of the 

discipline 

Formation of students' system of knowledge, skills in the field of digital, satellite communications and 

technology, instilling skills and abilities to work with literature.  

Abstract of the 

discipline 

Discipline is aimed at teaching students the principles of building communication systems based on modern 

digital technologies and the basics of designing such systems. 

When studying the discipline, the following aspects will be considered: functional blocks and basic 

transformations; autocorrelation of the energy signal; signal transmission through linear systems; formatting 

of analog information; signal / noise ratio; phase digital keying; demodulation and detection; composition 
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and purpose of satellite communication systems; geostationary orbit; distribution of radio signals; 

weakening of radio signals in the atmosphere; basic parameters of earth station antennas; fractal-shaped 

antennas; airborne space repeater module; satellite communications technology.  

Code IEAAS4308 Information- entropy Analysis of Astrophysical Signals    

Prerequisites ОА2212 Fundamentals of Astrophysics  Postrequisites PdP Pre-diploma internship  

Credits 3 Term 7 

Aim of the 

discipline 

To form the students a holistic view of the use of information and entropy analysis for the study of 

astrophysical objects.  

Abstract of the 

discipline 

Discipline is aimed at developing students' knowledge and skills in using information and entropy analysis 

for the quantitative classification of astrophysical objects of various nature. 

When studying the discipline, the following aspects will be considered: introduction, analysis of 

astrophysical signals; time series analysis; methods of the theory of dynamic chaos in astrophysics; 

statistical signal processing methods; dynamic systems; nonlinear systems; fractal and multifractal analysis 

of astrophysical signals; determining the fractal characteristics of the interleaved signals; determination of 

the multifractal characteristics of interleaved signals; concepts of information and entropy; criteria for the 

degree of self-organization of open systems; generalized metric characteristic; information and entropy 

analysis of the light curves of variable stars; information and entropy analysis of solar radio emission; 

normalized entropy of hot stars.  
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