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Passport  

OF EDUCATIONAL PROGRAM IN ENGLISH  

“Nuclear and particle physics” 

 
 

  

Specialty Specialty 5В060500 – Nuclear physics 

Level of the international 

standard classification of 

education (LISC 2011) 

6 – bachelor 

Purpose of the program Raising of highly qualified specialists in the field of nuclear 

and particle physics with profound knowledge and 

competences necessary for employment in industries and 

institutions with scientific, engineering and business 

backgrounds, as well as in secondary and high schools. 

Professional activities Researcher, specialist and laboratory assistant in scientific 

research institutions; Nuclear engineer; Consultant in R&D 

companies; Physics teacher at secondary and high schools. 

Types of economic activities 

NCEA in which this profession is 

in demand 

72.1 Services associated with scientific research and 

experimental development in the field of natural and technical 

sciences 

72.19.13 Services associated with scientific research and 

experimental development in the field of physics 

70.22.0 Advice on business and management 

71.12 Activities in the field of engineering activities and 

related technical consultancy 

85 Activities in the field of education 
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Competence of the specialist (CC – cultural competence, PC – professional competence) 

Code of 

competence 
Description of competence 

CC-1 

Graduates have knowledge of the basic stages of the recent history of 

progressive development of Kazakhstan, in the context of the world and 

Eurasian historical process; are able to interpret and creatively use a 

scientific-historical, economical and philosophical knowledge to summarize 

the success factors of Kazakhstani model of development; 

CC-2 

Graduates are able to work autonomously, taking initiatives and effectively 

using time management. They are able to organize complex efforts over a 

restricted period of time, producing the required result in a given time-table; 

have critical and self-critical abilities; are able to critically think in scientific 

terms, state problems, gather data, analyse them and make appropriate 

conclusions; 

CC-3 

Graduates have proper oral and written communication skills in English 

needed for professional activities; are able to write and speak correctly 

according to various communication standards in scientific, formal, and 

informal contexts; 

CC-4 

Graduates adhere to scientific, engineering and pedagogical ethics required 

in implementing scientific, engineering and pedagogical activities in 

complete accord with the accepted practice of professional ethics; 

CC-5 
Graduates comply with the legislations, laws, and legal standards in the 

fields of health and safety regulations; 

CC-6 
Graduates are able to cooperate with colleagues and to work in a team, 

especially engaged in solving complex multidisciplinary problems; 

CC-7 

Graduates are socially responsible in adoption of the common well-being of 

the mankind as a top priority of scientific, engineering and pedagogical 

activities, ready to bear responsibility for the social, cultural and 

environmental implications of complex scientific, engineering and 

pedagogical activities in the context of sustainable development; 

  

PC-1 Graduates have sound knowledge of mathematics and physics at the 

university level, as required for understanding various processes and 

phenomena in nature and technology; are able to use the advanced laws and 

principles of physics in professional activities, correctly applying methods 

of mathematical analysis and modelling, theoretical and experimental 

physics.  

PC-2 Graduates have extensive understanding of the fundamental principles of 

physics, their interrelation and mathematical formulation, thereby mastering 

suitable methods for theoretical analysis, modelling and simulation of 

relevant processes. They are familiar with important mathematical methods 

used in nuclear physics, and capable of using those in order to solve 

standard nuclear physics problems; understand advanced laws of interaction 

between the matter and nuclear radiation, radiation protection principles and 

safety regulations and are able to put this knowledge in practice at 

laboratory conditions. 

PC-3 Graduates know the principles of safety engineering; are ready to evaluate 

nuclear and radiation safety together with the environmental impact; and are 
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able to monitor compliance with environmental safety standards and 

regulations of industrial sanitation, fire, radiation and nuclear safety, and 

labour standards. 

PC-4 Graduates are able to use scientific and technical information, national and 

international experience, modern computer technology and databases in 

their areas of interest; understand the nature and significance of information 

in the development of modern society; are aware of the dangers and threats 

that arise in the information processing; and are able to comply with the 

basic requirements of information security, including protection of state 

secrets. 

PC-5 Graduates are able to use the standard mathematical and numerical methods 

to carry out mathematical modelling of processes and objects on the basis of 

standard packages and computer-aided design software; are able to use 

contemporary software, computer mathematics packages and programming 

languages for solving standard problems in the field of nuclear physics and 

nuclear engineering; 

PC-6 Graduates are familiar with basic principles of experimentation; are able to 

use modern physics measurement methods; are in a position to correctly 

assess the significance of results; are ready to carry out standard physical 

experiments, compiling ongoing research and analysis of results; are able to 

use technical means to measure the main parameters of the objects under 

study; are able to appropriately write a detailed report on an experiment; to 

put into practice the research results; to prepare data for the compilation of 

reviews, reports and scientific publications. 

PC-7 Graduates are able to use contemporary information technology in the 

development of new facilities, materials and equipment; teaching physics in 

secondary and high schools; are capable of collecting and analysing 

information input for the design of devices and systems; and are able to set 

up, configure, adjust and experimentally verify hardware and software. 

PC-8 Graduates must be able to test and analyse standard scientific, engineering, 

pedagogical problems, to evaluate and select the necessary information, to 

apply the necessary theoretical and practical methods for the analysis of 

standard problems, capable of applying their knowledge to solve physics 

problems in an exemplary manner, to use concepts of nuclear and particle 

physics in greater depth, thereby acquiring competence in problem solving. 

PC-9 Graduates understand the ideology of research and innovation process by 

evaluating ongoing technological changes, varying economical situations, 

modern industrial and environmental trends and issues, and are able to 

generate creative solutions in the field of their activity. 

PC-10 Graduates follow the ideas of life-time education in order to continuously 

raise professional skills and to adequately maintain professional 

competences. 
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The correlation of the expected learning outcomes of the program on the learning and evaluation tools in the formation of competence 

 

The cipher and name of competence Expected results (components of competence) 
Modules, 

practice 

CC-1 The graduate has knowledge of the basic stages of the 

recent history of progressive development of statehood of 

Kazakhstan, in the context of the world and Eurasian historical 

process; able to interpret and creatively use a scientific-

historical, economical and philosophical knowledge to 

summarize the success factors of Kazakhstan's model of 

development on the way to held the state – the Republic of 

Kazakhstan; 

CC-2 The graduate is able to work autonomously, taking 

initiatives and managing time; is able to organize complex 

efforts over a period of time, producing the required result on 

schedule; has critical and self-critical abilities; is able to think 

in scientific terms, propose problems, gather data, analyse them 

and propose findings; 

CC-3 The graduate has communication skills (readiness for 

effective oral and written communication in the course of their 

professional activities in English; ability to write and speak 

correctly according to the various communication registers: 

scientific, formal, informal); 

CC-4 The graduate keep science and engineering ethics 

(readiness for conducting scientific and engineering activities 

in compliance with the general culture of ethics and 

professional ethics); 

CC-5 The graduate comply laws and regulations (the 

willingness to comply with all legal standards and 

Knowledge: 

The basic stages of the recent history of progressive development 

of statehood of Kazakhstan (1991-2014.) in the context of the world 

and Eurasian history. The ability to interpret and creatively use a 

scientific-historical and philosophical knowledge to summarize the 

success factors of Kazakhstan's model of development on the way to 

held the state the Republic of Kazakhstan. 

Competent use of language and of linguistic and cultural 

knowledge to solve problems of communication in multilingual and 

multicultural society of the Republic of Kazakhstan and in the 

international arena.  

Automated data processing; appointment, composition, basic 

characteristics of computer and office equipment, basic methods 

and means of processing, storage, transmission and accumulation of 

information, purposes and principles of the use of application and 

system software; technology-information search on the Internet, key 

threats and methods of information security, principles of 

information protection from unauthorized access, legal aspects of 

using information technologies and software. 

Definition of the main tendencies in the field of information 

communication technologies; knowledge of what economic and 

political factors promote development of information communication 

technologies; of the architecture, to be able to calculate and evaluate 

performance measures of supercomputers; of the features of different 

operating systems. 

Skill: 

In modern conditions to implement the study of the history of the 

1. GENERAL 

EDUCATION 

Compulsory 

Component 

(21 credits)  

 



9 
 

requirements, including those related to health and safety 

compliance in the management of scientific and engineering 

activities); 

CC-6 The graduate has willingness to cooperate with 

colleagues and to work in a team, and is able to work with 

others in a multidisciplinary multi-national setting; 

CC-7 The graduate is social responsible (adoption of the 

common good as a top priority of scientific and engineering 

activity, readiness to bear responsibility for the social, cultural 

and environmental implications of the complex scientific and 

engineering activities in the context of sustainable 

development); 

PC-3 The graduate knows the principles of safety 

engineering, is ready for estimation of nuclear and radiation 

safety, to environmental impact assessment, to monitor 

compliance with environmental safety, safety standards and 

rules of industrial sanitation, fire, radiation and nuclear safety, 

labour standards.  

PC-4 The graduate is able to use scientific and technical 

information, national and international experience on the 

subject of the study, modern computer technology and 

databases in their area; understands the nature and significance 

of information in the development of modern informational 

society; is aware of the dangers and threats that arise in the 

process to comply with the basic requirements of information 

security, including protection of state secrets. 

state and of law, based on research experience and knowledge in 

order to recreate an objective picture of the history of the state and 

the law of the country; 

To express their thoughts and to speak in a foreign language, 

respectively, speech language standards, ask questions and answer 

them, hold a conversation in a foreign language in the volume of the 

studied subjects, consuming adequate communication cues to 

convey the contents read, heard. 

To develop and defend their own scientific positions; to decide the 

theoretical and methodological issues in the branch of science. 

To use information resources for search and information storage; 

to apply methods and means of information protection; to project 

and create simple web sites; to make processing of vector and 

bitmap images; to use different forms of e-learning for extension of 

professional knowledge; to use different cloud services. 

CC-3 The graduate has communication skills (readiness for 

effective oral and written communication in the course of their 

professional activities in English; ability to write and speak 

correctly according to the various communication registers: 

scientific, formal, informal); 

Knowledge: 

Modern vocabulary and terminology in Kazakh (Russian) and 

English Languages for technology and project management 

methodology, project management processes, modern software 

project management. 

Confident knowledge of the structure of the space of real numbers, 

2.  

BASIC 

DISCIPLINES  

Compulsory 
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PC-1 The graduates have sound knowledge of the university 

level mathematics and physics, required for understanding 

various processes and phenomena in nature and technics; are 

able to use the advanced laws and principles of physics in 

professional activities, applying methods of mathematical 

analysis and modelling, theoretical and experimental physics.  

PC-2 The graduates have an extensive understanding of the 

fundamental principles of physics, their inherent relation and 

mathematical formulation and, based on this, have acquired 

methods suitable for theoretical analysis, modelling and 

simulation of relevant processes;  are familiar with important 

mathematical methods used in nuclear physics and can use 

these to solve standard nuclear physics problems, understand 

advanced laws of interaction between the matter and nuclear 

radiations, radiation protection principles and safety 

regulations; are able to apply this knowledge in practice in real 

laboratory conditions.  
PC-5 The graduate is able to use the standard mathematical 

and numerical methods to carry out mathematical modelling of 

processes and objects on the basis of standard packages and 

computer-aided design studies; is able to use contemporary 

software, computer mathematics packages and programming 

languages for solving standard problems in the field of nuclear 

physics and nuclear engineering; 

PC-6 The graduates are familiar with basic principles of 

experimentation; are able to use modern physics measurement 

methods; are in a position to assess the significance of results 

correctly; are ready to carry out physical experiments by given 

method, compiling descriptions of ongoing research and 

analysis of results; are able to use technical means to measure 

the main parameters of objects of study, write a report on the 

convergence of numerical sequences, understanding of the 

convergence criteria. Mastering the basics of methods for researching 

the properties of functions; a clear understanding of the concepts of 

continuity of functions, their differentiability, integrability. 

The theory of algebraic equations, the basic properties of 

determinants and matrices, algebraic and geometric description of 

second order lines and surfaces, introductory information about 

groups, rings and fields. 

To study a discipline, the student should know basic mathematical 

concepts, and the bases of vector algebra to teach general courses of 

physics like mechanics or molecular physics. 

Basic mechanical models and phenomena. The mechanical laws and 

concepts, the boundaries of their applicability, allowing to use them 

effectively in specific situations. 

The content of a complex exam is determined by a specialized 

program in accordance with the requirements for the bachelor's 

level training through the establishment of academic, social, 

personal and professional competences, in accordance with the 

curriculum of training plans for graduate courses. 

The thesis is performed under the supervision of the supervisor and 

must meet one of the following requirements: 

• It should contain a generalization of the results of research, design 

solutions, conducted by scientists, analysts, practitioners, engineers, 

designers, managers, economists; 

• It should contain scientifically valid theoretical conclusions on the 

object under study; 

• It should contain scientifically valid results, the use of which 

provides a solution to a particular problem. 

To study a discipline, the student should know basic mathematical 

concepts, and the bases of vector algebra to teach general courses of 

physics like mechanics or molecular physics. 

The content of a complex exam is determined by a specialized 

program in accordance with the requirements for the bachelor's 

level training through the establishment of academic, social, 

Component  

(63 credits) 
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job, to participate in the implementation of the results of 

research and development, prepare data for the compilation of 

reviews, reports and scientific publications. 

PC-8 The graduates must stage, test and analyse standard 

scientific, engineering, pedagogical problems to evaluate and 

select the necessary information; apply the necessary 

theoretical and practical methods for the analysis of standard 

problems in the field of activities. The have applied their 

knowledge to physics problems in an exemplary manner and 

studied nuclear and particle physics areas in greater depth, 

thereby acquiring a first basis for problem solving competence. 

PC-9 The graduate understands the ideology of search and 

innovation (knowledge of constantly ongoing technological 

changes, economic situations, modern industrial and 

environmental trends and issues, and ability to generate 

creative solutions in the field of activity). 

PC-10 The graduate is able to continue his education 

throughout life (continuous readiness for further training and 

professional development, adequate for the maintenance and 

development of competences). 

personal and professional competences, in accordance with the 

curriculum of training plans for graduate courses. 

Basic laws of molecular physics. Fundamentals of equilibrium 

thermodynamics. Changes of the laws in terms of the physical 

parameters entering various processes. Mathematical apparatus used 

in molecular physics. The most generally used devices and the 

measurement techniques of the main thermodynamic parameters. 

Knowledge of the basic mathematical concepts involved in the 

program, their interrelation, interdependence and interaction not 

only between themselves but also with other mathematical 

disciplines. 

To construct mathematical models of various phenomena and to use 

the appropriate mathematical tools, including methods of 

computational mathematics. The concept of critical stages in the 

development of electromagnetism. To solve specific problems in 

electromagnetism. The natural phenomenon based on the 

knowledge of electromagnetic principles and laws. To synthesize 

the electrostatic and magnetic laws and principles developing at the 

final stage Maxwell’s equations. The limits of application of 

physical models and hypotheses. 

The basic concepts, laws, instrumental methods for partial 

differential equations. 

To acquire knowledge about the theory of probabilities and its 

properties (random event, definitions of probability, basic formulas 

of probability, independent trials, random variables, etc.). 

Theory of algebraic equations. 

The interactions of optics and optical communications with 

mathematics, chemistry, technology, and other branches of physics. 

The basic concepts and laws of optics, the main methods of 

determining the parameters in laboratory work. 

Mathematical apparatus of theoretical mechanics, methods of the 

solution of problems of theoretical mechanics. 

The basic differential equations of mathematical physics, 

mathematical apparatus of methods of mathematical physics, the 
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classification of partial differential equations of second order. 

To be able to choose the methods for solving mathematical physics 

problems; 

to have a representation of the physical processes that are described 

by differential equations in partial derivatives. 

Basic theory and practical application of semiconductor electronic 

devices such as diodes and transistors. To classify the materials for 

electronics, to understand that the silicon technologies are one of 

most preferable of them. 

Essence of the basic concepts, laws and theories of classical and 

modern physics in their internal relationships and integrity. 

Hierarchy of physical laws and concepts, the boundaries of their 

applicability, allowing to use them effectively in specific situations. 

To know basic concepts of Electrodynamics: Ohm's Law; 

Electromotive Force; Faraday's Law; the induced Electric Field; 

Energy in Magnetic Fields; Electrodynamics before Maxwell; 

Maxwell's Equations; Maxwell's Equations in the presence of Matter; 

Boundary Conditions; Charge and Energy; The Continuity Equation; 

Poynting's Theorem; Electromagnetic Waves in Vacuum; Energy and 

Momentum in Electromagnetic Waves; Scalar and Vector Potentials; 

Gauge Transformations; Retarded Potentials; Lienard-Wiechert 

Potentials; Multipole expansion of the potential in a static case; 

Electric Dipole Radiation; Magnetic Dipole Radiation. 

The basic concepts about the physics of nuclear structure and nuclear 

reactions. The fundamentals of nuclear physics, the processes 

occurring in the volume of atomic nuclei and modern methods of 

practical application of nuclear energy. The connection of nuclear 

physics laws with the laws of atomic physics and physics of 

elementary particles, particularly at intermediate energies. 

Basic postulates and principles of nonrelativistic QM, operator and 

Hamiltonian formalism covering mathematical foundation of QM, 

quantization of classical QM systems, special properties of 

microparticles and Microsystems, description of discrete and 

continuous states relevant to the natural pattern of the microworld. 
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Laws of thermodynamics. Quasi-static transformations in 

thermodynamics. Reversible and irreversible transformations. 

Thermodynamical potentials. Statistical mechanics of non-

interacting systems. Gibbs and Boltzmann distributions. Quantum 

statistics of ideal gases. Bose-Einstein and Fermi-Dirac statistics. 

Grand partition functions. 

The aim of the course:  

to form a system of competences in the context of qualification 

requirements:  

А) Bachelor students that study the discipline " Condensed Matter 

Physics" must know: 

 features of the structure of amorphous and crystalline substances; 

 concept of a geometric and physical surface; 

 basic crystal structures, lattice defects; 

 electrical, thermal and magnetic properties of solids. 

B) Bachelor students that study the discipline " Condensed Matter 

Physics" should be able: 

 to identify the type of crystalline structure of a solid; 

 to calculate the parameters characterizing the structure, 

mechanical, thermophysical, electrical and magnetic properties of 

solids; 

 to analyze the physical phenomena and processes characterised of 

the condensed state; 

 is oriented in the basic physical mechanisms of phenomena 

occurring in condensed media. 

C) Bachelor students that study the discipline " Condensed Matter 

Physics" should have the conceptions about: 

 main processes occurring in crystals; 

 dynamics of crystal lattices; 

 statistics of electrons and the types of conductivity in various 

types of crystalline substances; 

 devices based on different types of conductivity. 

D) Bachelor student studied the discipline " Condensed Matter 
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Physics" should use: 

 skills in solving problems in condensed matter physics; 

 basic approaches that allow describing physical phenomena in 

nature and during solving modern and promising technological 

problems. 

 major special knowledge on physical methods of research. 

The aim of the implementation of the thesis is: 

1) systematization, consolidation and expansion of theoretical 

knowledge and practical skills in their specialty and their 

application in solving specific scientific, technical, economic and 

production problems as well as cultural problems; 

2) the development of conducting independent work skills and 

mastery of the methodology of scientific research and 

experimentation in solving emerging problems and issues; 

3) clarification of student readiness for independent work in the 

conditions of modern production, science, technology, culture as 

well as its level of professional competence. 

The thesis is a generalization of the results of the independent study 

and research of actual problems specific to each specialty or 

corresponding branch of science. 

The thesis is performed under the supervision of the supervisor and 

must meet one of the following requirements: 

• It should contain a generalization of the results of research, design 

solutions, conducted by scientists, analysts, practitioners, engineers, 

designers, managers, economists; 

• It should contain scientifically valid theoretical conclusions on the 

object under study; 

• It should contain scientifically valid results, the use of which 

provides a solution to a particular problem. 
Skill: 
To apply organizational project management tools to determine the 
hierarchical structure of the project works; to use formal methods of 
evaluating the time and resources of the project objectives; to 
determine the amount and sources of funding, to plan and to 
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consider the risks. 
To correctly apply the basic techniques of mathematical analysis to 
solve various mathematical problems in different disciplines, to 
acquire practical skills to solve problems in order to use a specific 
mathematical method to reduce a problem to its simplest expression, 
and select a method to solve it; the ability to apply in practice, 
numerical methods differentiability and integrability. To know the 
specific conditions of the convergence of numerical methods. To get 
the practical skills to apply differential and integral calculus in 
problems of mechanics and physics. 
To be able to use the Gauss method for computing determinants and 
studying systems of linear algebraic equations and vector systems 
for linear dependence of inverse matrix calculation. 
To have practical skills in the field of complex numbers in residue 
and polynomial rings, using the method of coordinate geometry 
problems with solutions, set up the equations of lines and planes in 
their different tasks. 
To find the solution of typical problems in mechanics and carry out 
experimental research and processing of results. 
To be able to disclose the physical mechanism of studying 
phenomena as well as to analyze the change of thermodynamic 
parameters in the specific process, to master practical skills to use 
the laws of molecular physics in the research and study of the 
structure and properties of nature objects at multiple levels of its 
organization. 
To know how to extract accurately and thoroughly the essence of a 
particular problem, without cluttering it with unnecessary details. 
To have an idea on how to address the problems of mathematical 
analysis, algebra and analytical geometry. To acquire practical skills 
to solve problems in order to use a specific mathematical method to 
reduce a problem to its simplest expression, and select a method to 
solve it. 
Ability to continue the education with a high degree of autonomy. 
To apply the methods of the theory of differential equations in 
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problems of science and technology. Practical use of modern 
mathematical tools to solve and analyze problems in mechanics, 
physics and natural sciences. 

To demonstrate an understanding the overall structure of the theory 

of probabilities and the relations between its elements.  

To be able to: 

- include new knowledge in the context of basic knowledge, 

interpret its contents; 

- analyze educational problems and propose directions to 

solve them;  

- use methods (research, calculation, analysis, etc.) inherent to 

the field of the theory of probabilities for studying individually 

or in a group, teaching and for research activities; 

- synthesize, interpret and evaluate the learning outcomes of 

probabilities theory, modules, midterm exam content; 
- analyze dynamics of scientific problems decision of the 
probability theory (scientific reviews of specific issues researches). 
To be able to solve problems in the module. 
To be able to apply optical methods, to conduct their own research 
and experimental data processing, to work with measuring 
equipment, to have knowledge and understanding of analyzing the 
results, and to find the error in the results. 
To be able to use mathematical apparatus of theoretical mechanics 
for the solution of problems of theoretical mechanics; to represent a 
problem; to choose decision methods, both in an analytical form and 
with use of computer technologies (modern COMPUTERS and the 
corresponding software products); to know the methods for the 
solution of problems in theoretical mechanics. 
To be able to choose the methods for solving problems of 
mathematical physics; 
to have a representation of the physical processes that are described 
by differential equations in partial derivatives. 

To be able to consider new problems of electronics based on project 

oriented lessons; to act autonomously within agreed guidelines. 
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To be able to select the skills for practical implementations and for 

using and obtaining electronic devices. 

To be able to use basic skills of technologies and materials in 

semiconductor electronics. 

To be able to assimilate scientific, technical and reference books. 
To have skills in the field of education. Objective evaluation of 
achievements during the study of the discipline. Identification of 
semiconductor electronics for further personal and professional 
development. 

Generalized solutions of specific problems in atomic physics. 

Assess the degree of reliability of the results of experimental and 

theoretical research methods in atomic physics. Construct 

mathematical models of various phenomena and to simulate it via 

computer. Carrying out experimental research and processing of 

results and analyze them, be able to make conclusions. 

The ability to apply in practice the Maxwell equations in four 

dimensional form. 

To use optimal methods to solve diverse practical problems of 

Electrodynamics. 
To investigate electromagnetic phenomena taking place in different 
branches of physics. 

To apply the fundamental knowledge of laws of quantum physics, in 

particular in the experimental and theoretical researches in the 

physics of nuclear reactions and decays of radioactive nuclei, laws of 

nuclear fission, nuclear fusion physics and nuclear astrophysics. 

Use the studied regularities for understanding the physics of cosmic 

rays, nuclear decays in the Earth's lithosphere and radioactive 

processes occurring in living matter, in particular, in volume of a 

biological cell. Demonstrate skills during the presentations at 

scientific conferences and seminars of physical understanding the 

obtained results in the framework of the transition from classical to 

quantum physics concepts. Demonstrate skills of collecting, 

analyzing and organizing experimental and theoretical data on the 

spectra of nuclear radiation and their connection with the structural 
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characteristics of the nucleus and nuclear dynamics. Demonstrate a 

willingness to cooperate within the framework of integrated teams of 

experimental physicists and theoretical physicists, to properly 

formulate aims and objectives of research or practical applications of 

plans. To persuade the audience of the need to use in practical 

applications of nuclear technology, to substantiate their safety and 

reliability. Demonstrate the ability for learning new areas of 

microcosm physics, including ion-ion and elementary particles 

collisions. Being able to realize the need to improve the quality of 

used computer, software and hardware in experiments on nuclear and 

physical installations and in field conditions. Identify world trends of 

theoretical and practical development of nuclear physics in the field 

of low and ultralow energy, and in the field of high and ultrahigh 

energies. 

Operate with such basic concepts as wave function, probability 

density, operators, eigen functions and eigenvalues. Apply the 

Schrödinger equation to a range of important physical situations, 

develop solutions and discuss their implications. Write down and 

solve the Schrödinger equation for simple 1D and 3D systems. 

Calculate expectation values and measurement probabilities for 

observables such as energy, position and momentum using Cartesian 

and spherical coordinates. Sketch and explain the shape of energy 

eigen functions for a given potential energy. Determine degeneracies 

of energy levels, state properties of the spherical harmonics and their 

relation to angular momentum. 

The ability to apply in practice the thermodynamics and statistical 

physics. To use optimal methods to solve diverse practical problems 

of thermodynamics and statistical physics. To investigate 

thermodynamics and statistical physics phenomena taking place in 

different branches of physics. 
Organization of scientific researches and educational process in 
secondary educational institutions. 

Analysis:  

Main problems of the specialty; modern theoretical and 
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technological achievements of science and technology; modern 

methods of scientific research. 

Synthesis: 

Generalization and systematization of knowledge and skills 

acquired during the training of master student in the Master’s 

program. 

Evaluation: 

Assessment of the complex exam expose members of State 

Attestation Commission, which evaluates the theoretical knowledge 

in the disciplines of the undergraduate interdisciplinary nature. 

Application:  

The knowledge acquired to confirm the status (state complex exam) 

qualified expert – quality management system. 

CC-2 The graduate is able to work autonomously, taking 

initiatives and managing time; is able to organize complex 

efforts over a period of time, producing the required result on 

schedule; has critical and self-critical abilities; is able to think 

in scientific terms, propose problems, gather data, analyse them 

and propose findings; 

CC-3 The graduate has communication skills (readiness for 

effective oral and written communication in the course of their 

professional activities in English; ability to write and speak 

correctly according to the various communication registers: 

scientific, formal, informal); 

CC-4 The graduate keep science and engineering ethics 

(readiness for conducting scientific and engineering activities 

in compliance with the general culture of ethics and 

professional ethics);PC-4 The graduate is able to use 

scientific and technical information, national and international 

experience on the subject of the study, modern computer 

technology and databases in their area, understand the nature 

and significance of information in the development of modern 

informational society, aware of the dangers and threats that 

arise in the process, to comply with the basic requirements of 

Knowledge: 

The role of experimental methods in conducting physical research 

and solutions of applied problems. Physical properties of methods for 

detecting emissions. Features of interaction with matter of charged 

particles, neutrons, neutrinos, X-ray and γ-radiation. A general 

scheme for converting the energy of particles in the detector material, 

the recorded effects, the classification and the main characteristics of 

radiation detectors. Principle of operation, basic parameters, the field 

of application of gas-filled, proportional and spark counters, 

scintillation, semiconductor and Cherenkov detectors; Classification 

of track detectors and the principles of their operation. 

The basic concepts of the physics of nuclear structure and nuclear 

reactions. The fundamentals of nuclear physics, processes occurring 

in the volume of atomic nuclei and modern methods of practical 

application of nuclear energy. Identify the relationship of nuclear 

physics laws with the laws of atomic physics and elementary particle 

physics, especially at low energies. 

The basic concepts and mechanisms of interaction of radiation with 

matter. Identify the processes occurring during the interaction of 

accelerated charged particles, neutrons and gamma quanta with atoms 

and nuclei of atoms of matter. 

3. MAJORS 

Compulsory 

Component  

(24 credits) 
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information security, including protection of state secrets. 

CC-6 The graduate has willingness to cooperate with 

colleagues and to work in a team, able to work with others in a 

multidisciplinary multi-national setting; 

CC-7 The graduate is social responsible (adoption of the 

common good as a top priority of scientific and engineering 

activity, readiness to bear responsibility for the social, cultural 

and environmental implications of the complex scientific and 

engineering activities in the context of sustainable 

development); 

PC-5 The graduate is able to use the standard mathematical 

and numerical methods to carry out mathematical modelling of 

processes and objects on the basis of standard packages and 

computer-aided design studies; is able to use contemporary 

software, computer mathematics packages and programming 

languages for solving standard problems in the field of nuclear 

physics and nuclear engineering; 

PC-6 The graduates are familiar with basic principles of 

experimentation, are able to use modern physics measurement 

methods, are in a position to assess the significance of results 

correctly, are ready to carry out physical experiments by a 

given method, compiling descriptions of ongoing research and 

analysis of results, are able to use technical means to measure 

the main parameters of objects of study, write a report on the 

job, to participate in the implementation of the results of 

research and development, prepare data for the compilation of 

reviews, reports and scientific publications. 

PC-7 The graduate is able to use information technology in 

the development of new facilities, materials and equipment, 

teaching physics in high and middle schools, is ready for 

collecting and analysing information input for the design of 

devices and systems, is able to setting up, configuring, 

adjusting and experimental verification of hardware and 

software. 

Elements of the theory of Lie groups and algebras and of homotopy 

theory. The basic ideas of the theory of gauge fields. Effects, arising 

in the interactions of fermions with topological scalar and gauge 

fields. 

Have a clear idea about the objects for which the Abelian and non-

Abelian theories of gauge fields are applicable. 

To apply the fundamental knowledge of laws of field theory in 

construction of gauge-invariant Lagrangians, analysis of spectra of 

linear perturbations, including perturbations about a non-trivial 

ground state. 

Can use the studied regularities for construction and interpretation of 

solutions, whose existence is entirely due to the nonlinearity of the 

field equations, namely, solitons, bounces, sfalerons and instantons. 

To be able to carry out the calculations at the study of non-

topological solitons. 

The fundamental theoretical knowledge of the objective laws of 

physical processes in the microcosm; 

About current problems and unresolved issues in nuclear physics and 

particle physics; 

the general laws of the natural radioactivity of the environment; 

sources of radiation; ways and means of measuring and quantifying 

The basic requirements for writing the equations of motion (the 

Schrödinger equation) for systems of colliding particles with nuclei, 

and nuclei with nuclei. 

The basic stages of solving the equations of motion, as the calculation 

of wave eigenfunctions of the colliding microparticles and as the 

determination of the eigenvalues of the Hamiltonian operator for such 

systems. 

Types and characteristics of detectors for high-energy radiations, how 

they work, and how they are used. Detector types include: gas-filled 

detectors: simple ion chambers, proportional, Geiger-Muller counters. 

Semiconductor detectors: p-n junction, lithium drifted, high-purity 

germanium. Scintillation detectors: NaI(Tl), organic. Electronic 

systems for radiation detection and measurement. 
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PC-8 The graduates must stage, test and analyse standard 

scientific, engineering, pedagogical problems to evaluate and 

select the necessary information; apply the necessary 

theoretical and practical methods for the analysis of standard 

problems in the field of activities. The have applied their 

knowledge to physics problems in an exemplary manner and 

studied nuclear and particle physics areas in greater depth, 

thereby acquiring a first basis for problem solving competence. 

The characteristics and uses of nuclear detectors and calculate their 

properties (efficiency, energy resolution, time resolution, pulse-pair 

resolution, dead-time). Compare the properties of different detectors 

and select the detector most appropriate for a given application. 

Describe qualitatively and quantitatively the result of measuring a 

specified radiation with a particular radiation detector system. 

The research skills and perform independent research work (thesis) in 

the field of nuclear physics and nuclear physics and elementary 

particles. 

The basic concepts of the laws of the flow of physical processes in 

the largest nuclear-physical research and power plants;  

On contemporary problems and unresolved issues in nuclear physics 

and technology. Understand the general patterns of radioactivity in 

the natural environment; Sources of radiation;  

The methods and means for their measurement and quantification.  

The methods of calculation of model-free nuclear parameters, the 

energy characteristics of reacting nuclei and nuclear fuel. 

 

How and why nuclear physics is used today; The course allows 

students to familiarize with the methodology, the general principles 

and methods of mathematical physics.  

Possess highly specialized advanced theoretical knowledge and 

practical skills, which is the basis for research and original approach 

to solving professional problems. Know the methodology and 

methods of empirical treatment (research) of the material and be 

able to use them in scientific and practical activities. 

To be diligent, careful, you need time to start preparing for the 

exam, to consult with the teacher on difficult issues. 

Having communication skills, reduction of logical arguments, and 

the ability to express their thoughts play an important in the exam. 

When difficulties arise when preparing for the exam, the student has 

the opportunity to get advice from a teacher. 

Skill: 

Independently to understand the issues of modern detecting devices 
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of nuclear radiation. Demonstrate ability and readiness. To use 

natural scientific knowledge in professional activity. To 

understanding and setting professional tasks in the field of research 

and practice. 

To apply fundamental knowledge of the laws of quantum physics, in 

particular, in experimental and theoretical research in the field of 

nuclear reaction and decay of radioactive nuclei, nuclear fission laws, 

nuclear fusion physics and nuclear astrophysics. Use the studied 

regularities for understanding the physics of cosmic rays, nuclear 

decays in the Earth's lithosphere and radiation processes occurring in 

living matter. 

To formulate skills during presentations at scientific conferences and 

seminars of physical understanding of the results obtained within the 

framework of the transition from classical physical concepts to 

quantum ones. To demonstrate the ability to collect, analyze and 

systematize experimental and theoretical data on the spectra of 

nuclear radiations and their relationship to the structural 

characteristics of the nucleus. Propose methods of elementary 

systematic of nuclear structure parameters and nuclear reactions and 

mathematically formulate the obtained regularities. 

Formulate the problem when working together in the framework of 

complex teams of experimental physicists and theoretical physicists, 

correctly formulate the goals and objectives of research or practical 

applications. To convince the audience of the need to apply nuclear 

technologies for practical purposes, to justify their safety and 

reliability. 

To demonstrate skills in the study of new areas of physics of the 

microworld, including ion-ion collisions and collisions of elementary 

particles. To be able to realize the need to improve the quality of the 

hardware, computer and software used in experiments on nuclear 

physics installations and in the field.  

To determine the world trends of the theoretical and practical 

development of nuclear physics both in the region in low and 

ultralow energies, and in the field of high and ultrahigh energies. 
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To apply fundamental knowledge of the laws of quantum physics, in 

particular, in experimental and theoretical studies in the field of 

interaction of various kinds of radiation with atoms and nuclei of 

atoms of matter. Use the studied regularities for understanding the 

physics of cosmic rays, nuclear decays in the Earth's lithosphere and 

radiation processes occurring in living matter. 

Formulate knowledge during presentations at scientific conferences 

and seminars of physical understanding of the results obtained within 

the framework of the transition from classical physical concepts to 

quantum ones.  

To demonstrate the ability to collect, analyze and systematize 

experimental and theoretical data on the spectra of nuclear radiation 

and on the spectra of ionizing radiations transmitted through various 

substances. 

Propose methods for processing and recording energy losses by 

ionizing radiation in various media and substances, and 

mathematically formulate the resulting patterns. 

To demonstrate skills in the study of new areas of physics of the 

microworld, including ion-ion collisions and collisions of elementary 

particles. To be able to realize the need to improve the quality of the 

hardware, computer and software used in experiments on nuclear 

physics installations and in the field.  

To determine the world trends of the theoretical and practical 

development of nuclear physics both in the region in low and 

ultralow energies, and in the field of high and ultrahigh energies. 

Helping to acquire practical skills of problem solving at this rate, in 

particular in the calculation of model-free nuclear parameters, the 

energy characteristics of the reacting nuclei and elementary particles; 

way of solving the Schrödinger and Dirac equations. 

Propose methods of elementary systematics of parameters of nuclear 

structure and nuclear reactions and mathematically formalize the 

obtained regularities. 

To apply the basic phenomenological approach as for the wave 

function, as well as for nuclear capability. 
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Use as "the way of the Schrodinger" - the use of the optical model for 

obtaining parameter of nuclear potential, and the "way of the 

Heisenberg" – i.e. the replacement of the concept of the wave 

function by the concept of the S-matrix. To interpret the obtained 

results by fitting the free parameters of the model to the experiment. 

Demonstrate skills during the presentations at scientific conferences 

and seminars of physical understanding the obtained results in the 

framework of the initial approximations for solving the Schrödinger 

equation. 

Demonstrate skills of collecting, analyzing and organizing 

experimental and theoretical data on the angular distributions of 

nuclear reactions, correlations, polarization with reference obtained 

systematic to its own scientific results. 

Show ability to evaluate the results of the optimization of theoretical 

parameters, to make conclusions on the physics of various output 

channels of the nuclear reactions and discuss the final results. 

Demonstrate a willingness to cooperate within the framework of 

integrated teams of experimental physicists and theoretical physicists, 

to properly formulate aims and objectives of research or practical 

applications of plans. 

Demonstrate the ability for learning new areas of nuclear reactions 

physics, including ion-ion collisions.  

Being able to realize the need to improve the quality of used 

hardware and computer tools in accelerator experiments. Identify 

world trends of theoretical and practical development of nuclear 

physics. 

Explaining the mechanism of nuclear physical processes. Write 

reports that describe the laboratory experiments concisely present and 

analyze results, including experimental, calculated, and propagated 

uncertainties, and draw conclusions based on the results, and make 

oral presentations to the class. 

Demonstrate the ability to collect, analyze and systematize 

experimental and theoretical data on different types of reactors.  

Propose methods of elementary systematic of the parameters of 
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active zones and various systems of nuclear reactors and 

mathematically formulate the obtained regularities. 

To realize the need to improve the quality of the hardware, 

computer and software used in experiments on nuclear physics 

installations and in the field.  

To determine the world trends of the theoretical and practical 

development of nuclear physics both in the region in low and 

ultralow energies, and in the field of high and ultrahigh energies. 

 

After passing the complex exam the student is allowed to defence 

his master's thesis. 

Experience speech before an audience (in front of the commission 

members) helps to defence the master's thesis. 

The course allows students to familiarize with the methodology, the 

general principles and methods of mathematical physics.  

This discipline must develop students' skills of constructing 

mathematical models of the simplest physical phenomena and 

solution of the resulting mathematical problems. 

The student must be able to record the basic equations of 

mathematical physics and to understand their meaning, to know the 

methods of solving differential equations in partial derivatives, set 

boundary value problems and give a physical interpretation of the 

solutions, as well as have an idea of the special functions and tasks, 

which lead to the corresponding equations.  

CC-2 The graduate is able to work autonomously, taking 

initiatives and managing time; is able to organize complex 

efforts over a period of time, producing the required result on 

schedule; has critical and self-critical abilities; is able to think 

in scientific terms, propose problems, gather data, analyse them 

and propose findings; 

 

PC-3 The graduate knows the principles of safety 

Knowledge: 

Explain the environment. Enumerate and explain the components of 

environment. Explain in details the various ways man had impacted 

on the natural environment. 

The political life and relations between the state and society, the laws 

of civil society, political actors at the national and local level. To 

express their views on socio-economic, political and other problems 

of society and the individual. 

Understanding of economics concepts and principles. Know how 

4. GENERAL 

EDUCATION 

Elective 

Course  

(7 credits GE) 
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engineering, is ready for estimation of nuclear and radiation 

safety, to environmental impact assessment, to monitor 

compliance with environmental safety, safety standards and 

rules of industrial sanitation, fire, radiation and nuclear safety, 

labour standards. 

the market works and why the market system most effectively 

distribute the limited resources. To know how interconnected the 

main macroeconomic variables. 

Skill: 

The historical development of resources, their sustainability. The 

principles and goals behind it. 

A comparative analysis of social policy in the regions and countries. 

Ability to analyze the costs, revenues and profits of the company. 

Demonstrate understanding of the place and role of the state border 

in the modern economy. Understand monetary and fiscal policy of 

the state. 

 

PC-3 The graduate knows the principles of safety 

engineering, is ready for estimation of nuclear and radiation 

safety, to environmental impact assessment, to monitor 

compliance with environmental safety, safety standards and 

rules of industrial sanitation, fire, radiation and nuclear safety, 

labour standards.  

PC-4 The graduate is able to use scientific and technical 

information, national and international experience on the 

subject of the study, modern computer technology and 

databases in their area, understands the nature and significance 

of information in the development of modern informational 

society, aware of the dangers and threats that arise in the 

process, to comply with the basic requirements of information 

security, including protection of state secrets. 

PC-5 The graduate is able to use the standard mathematical 

and numerical methods to carry out mathematical modelling of 

processes and objects on the basis of standard packages and 

computer-aided design studies, able to use contemporary 

software, computer mathematics packages and programming 

languages for solving standard problems in the field of nuclear 

physics and nuclear engineering; 

Knowledge: 

To process the measurement results, compare them with the 

theoretical data, and formulate conclusions on laboratory works; 

examine and summarize the knowledge about modern experimental 

analysis of the thermal processes and apply methods of thermal 

physics in adjacent areas. 

Has a detailed knowledge of vector and of tensor definition, 

differentiation of vectors, theorems about differentiation and 

integration of vectors, vector circulation along a contour, use of 

differential operators of the second order; to own skills of work in 

the different frames; to be able to apply knowledge of a tensor and 

vector analysis to physical problems.  

Ability to own the corresponding mathematical apparatus is 

absolutely necessary for learning the course of the common physics 

"Electricity and magnetism" and courses of theoretical physics 

"Electrodynamics" etc. 

Electromagnetism I is an introduction to electromagnetic fields and 

forces. Electromagnetic forces quite literally dominate our everyday 

experience. The reason you do not fall through the floor to the center 

of the earth as you are reading this is because you are floating on (and 

held together by) electrostatic force fields. However, we are unaware 

of this in a visceral way, in large part because electromagnetic forces 

are so enormously strong, 10^40 times stronger than gravity. 

5.BASIC 

DISCIPLINES   

Elective Course    

(21 credits) 
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PC-6 The graduates are familiar with basic principles of 

experimentation; are able to use modern physics measurement 

methods; are in a position to assess the significance of results 

correctly; are ready to carry out physical experiments by given 

method, compiling descriptions of ongoing research and 

analysis of results; are able to use technical means to measure 

the main parameters of objects of study, write a report on the 

job, to participate in the implementation of the results of 

research and development, prepare data for the compilation of 

reviews, reports and scientific publications. 

PC-7 The graduate is able to use information technology in 

the development of new facilities, materials and equipment, 

teaching physics in high and middle schools, is ready for 

collecting and analysing information input for the design of 

devices and systems, is able to setting up, configuring, 

adjusting and experimental verification of hardware and 

software. 

PC-8 The graduates must stage, test and analyse standard 

scientific, engineering, pedagogical problems to evaluate and 

select the necessary information; apply the necessary 

theoretical and practical methods for the analysis of standard 

problems in the field of activities. The have applied their 

knowledge to physics problems in an exemplary manner and 

studied nuclear and particle physics areas in greater depth, 

thereby acquiring a first basis for problem solving competence. 

PC-9 The graduate understands the ideology of search and 

innovation (knowledge of constantly ongoing technological 

changes, economic situations, modern industrial and 

environmental trends and issues, and ability to generate 

creative solutions in the field of activity). 

PC-10 The graduate is able to continue his education 

Because of the strength of electromagnetic forces, any small 

imbalance in net electric charge gives rise to enormous forces that act 

to try to erase that imbalance. Thus, in our everyday experience, 

matter is by large electrically neutral, and our direct experience with 

electromagnetic phenomena is disguised by many subtleties 

associated with that neutrality. This is very unlike our direct 

experience with gravitational forces, which is straightforward and 

unambiguous. 

Laws of light propagation and behavior of optical rays at an 

interface with different materials (refraction, dispersion, diffraction, 

polarization, birefringence, emission and absorption, and others). 

Principle of operation of basic optical devices: microscope, 

dispersion and diffraction devices (monochromators, 

spectrophotometers, styloscopes and others)/ Methods for errors 

calculating and sources of their origin, determining of light 

wavelength and refractive index of media, obtaining emission 

spectra. 

Famous scholars such as Galileo Galilei, Rene Descartes, Robert 

Boyle, and Isaac Newton supported such a point of view. In the 

early 1800s, John Dalton gave several rules that formed the basis of 

an atomic theory in which atoms were the smallest units of matter. 

Dalton's atomic model included the following basic postulates: (1) 

All matter is composed of small particles, which are called atoms. 

(2) The atoms of each element are alike in weight and in all other 

properties. (3) The atoms of different elements are of different 

weights, and their other properties differ. (4) Atoms are 

indestructible and can neither be created, destroyed, nor divided. 

They preserve their identity during chemical reactions and only 

undergo rearrangement. (5) When two or more elements combine to 

form a compound, their atoms combine to form identical groups of 

atoms, which are called molecules. 

System knowledge of the structure of psychology. Understanding of 

the basic patterns of general psychology. Systematic understanding 
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throughout life (continuous readiness for further training and 

professional development, adequate for the maintenance and 

development of competences). 

of psychological processes. 

 

Knowledge base: has a detailed knowledge of nuclear structure, 

nuclear models, interaction forces and experimental data 

Ethical issues: science and humanity. How these two interact and/or 

antagonize each other in the course of history and in our days. 

Skill: 

To process the measurement results, compare them with the 

theoretical data, and formulate conclusions on laboratory works; 

examine and summarize the knowledge about modern experimental 

analysis of the thermal processes and apply methods of thermal 

physics in adjacent areas. 

To use the main operations over vector functions of a scalar 

argument, to calculate derivatives of vector functions of a scalar 

argument; to use differential methods of studying of scalar fields; to 

perform the main operations of derivation of scalar fields; to 

calculate derivatives in the directions and gradients of such fields; to 

use differential methods of studying of fields of vectors; to calculate 

derivatives in the directions, the  rotors and the divergences of fields 

of vectors; to determine potentials and density of sources of fields 

of vectors; to use fundamentals of tensor’s algebra; to use the 

received level of knowledge for successful learning of courses of 

the physical and mathematical profile. 

Laboratory lessons are designed to provide skills of research, ability 

to work with electricity and magnetism equipment, the 

consolidation of theoretical knowledge. 

Carry out measurements of fundamental optical values. Describe 

optical processes with using physical terminology. Draw up and 

submit information, ideas, problems and solutions to both specialists 

and non-specialists. To be able to communicate on content and 

problems of optics both with colleagues and with representatives of 

the public including those from other countries in a foreign 

language. Represent a calculation of a determined value using 
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computer programs. 

Laboratory lessons are designed to provide skills of research, ability 

to work with atomic physics equipment, the consolidation of 

theoretical knowledge. This course covers the experimental basis of 

quantum physics. Topics include: photoelectric effect, Compton 

scattering, photons, Franck-Hertz experiment, the Bohr atom, 

electron diffraction, de Broglie waves, and the wave-particle duality 

of matter and light. Introduction to wave mechanics: Schrödinger's 

equation, wave functions, wave packets, probability amplitudes, 

stationary states, the Heisenberg uncertainty principle, and zero-

point energies. Solutions to Schrödinger's equation in one 

dimension: transmission and reflection at a barrier, barrier 

penetration, potential wells, the simple harmonic oscillator. 

Schrödinger's equation in three dimensions: central potentials and 

introduction to hydrogenic systems. 

To be able to apply systemic approach for identification 

psychological issues. To understand how people can develop and 

manage their own psychic processes. To evaluate literature in the 

field related to the topic of Psychology. 

 

Studying nuclear physics can help one to develop a range of skills 

that can be applied in many areas of physics. These skills include: 

problem solving based on the deep knowledge of quantum 

mechanics; reasoning - for a complex, nonorthodox problems. 

Skills in practical mathematics and mathematical modelling and 

extensive knowledge of the specialist software packages and 

programming. 

PC-3 The graduate knows the principles of safety 

engineering, is ready for estimation of nuclear and radiation 

safety, to environmental impact assessment, to monitor 

compliance with environmental safety, safety standards and 

rules of industrial sanitation, fire, radiation and nuclear safety, 

labour standards.  

The general mathematics and physics coursework is required for all 

students in Physics.  

The course will give an overview over the most important types of 

nuclear reactions, introduce reaction models, and discuss how 

reactions can be used to study specific nuclear structure phenomena. 

The course lays out the foundation that allows students to interpret 
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PC-4 The graduate is able to use scientific and technical 

information, national and international experience on the 

subject of the study, modern computer technology and 

databases in their area, understands the nature and significance 

of information in the development of modern informational 

society, aware of the dangers and threats that arise in the 

process, to comply with the basic requirements of information 

security, including protection of state secrets. 

PC-5 The graduate is able to use the standard mathematical 

and numerical methods to carry out mathematical modelling of 

processes and objects on the basis of standard packages and 

computer-aided design studies, able to use contemporary 

software, computer mathematics packages and programming 

languages for solving standard problems in the field of nuclear 

physics and nuclear engineering; 

PC-6 The graduates are familiar with basic principles of 

experimentation; are able to use modern physics measurement 

methods; are in a position to assess the significance of results 

correctly; are ready to carry out physical experiments by given 

method, compiling descriptions of ongoing research and 

analysis of results; are able to use technical means to measure 

the main parameters of objects of study, write a report on the 

job, to participate in the implementation of the results of 

research and development, prepare data for the compilation of 

reviews, reports and scientific publications. 

PC-7 The graduate is able to use information technology in 

the development of new facilities, materials and equipment, 

teaching physics in high and middle schools, is ready for 

collecting and analysing information input for the design of 

devices and systems, is able to setting up, configuring, 

adjusting and experimental verification of hardware and 

the observations obtained in experiments at the forefront of nuclear 

structure research. Students will also be instructed in the use of 

computer codes to calculate for example reaction cross sections and 

other useful tools which enable students to plan nuclear structure 

experiments 

On completion, successful students will be able to: 

show how simple models can explain the main features of nuclear 

reactions 

demonstrate understanding of the important nuclear processes 

responsible for the formation of the elements. 

Skill:  

 could distinct and clearly see the boundaries of a physical 

problem, its extent and availability of tools to handle it. 

 generate a proper response in form of solution to a posed 

problem in nuclear physics  

 could give an elaborate response and argumentative 

judgement to a problem, its solution and feedback or 

response from the environment in terms of experiment or 

real life situation. 

 be a productive part of the scientific and academic 

community, teach and learn 
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software. 

PC-8 The graduates must stage, test and analyse standard 

scientific, engineering, pedagogical problems to evaluate and 

select the necessary information; apply the necessary 

theoretical and practical methods for the analysis of standard 

problems in the field of activities. The have applied their 

knowledge to physics problems in an exemplary manner and 

studied nuclear and particle physics areas in greater depth, 

thereby acquiring a first basis for problem solving competence. 

PC-9 The graduate understands the ideology of search and 

innovation (knowledge of constantly ongoing technological 

changes, economic situations, modern industrial and 

environmental trends and issues, and ability to generate 

creative solutions in the field of activity). 

PC-10 The graduate is able to continue his education 

throughout life (continuous readiness for further training and 

professional development, adequate for the maintenance and 

development of competences). 

CC-4 Ethics engineering (readiness for conducting engineering 

activities in compliance with the general culture of ethics and 

professional ethics Engineer Code); 

CC-7 Social responsibility (adoption of the common good as a 

top priority of engineering activity, readiness to bear 

responsibility for the social, cultural and environmental 

implications of the complex engineering activities in the 

context of sustainable development); 

PC-4 A graduate is able to use scientific and technical 

information, national and international experience on the 

subject of the study, modern computer technology and 

databases in their  areas of interest. 

PC-9 A graduate is able to use information technology in the 

development of new facilities, materials and equipment, ready 

Knowledge:  

How and why nuclear physics are used today; The course allows 

students to familiarize with the methodology, the general principles 

and methods of mathematical physics.  

Possess highly specialized advanced theoretical knowledge and 

practical skills, which is the basis for research and original approach 

to solving professional problems. Know the methodology and 

methods of empirical treatment (research) of the material and be 

able to use them in scientific and practical activities. 

To be diligent, careful, you need time to start preparing for the 

exam, to consult with the teacher on difficult issues. 

Having communication skills, reduction of logical arguments, and 

the ability to express their thoughts play an important in the exam. 

When difficulties arise when preparing for the exam, the student has 
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for collection and analysis of information input for the design 

of devices and systems); 

PC-14The graduate is ready for estimation of nuclear and 

radiation safety, to environmental impact assessment, to 

monitor compliance with environmental safety, safety 

standards and rules of industrial sanitation, fire, radiation and 

nuclear safety, labour standards. 

 

the opportunity to get advice from a teacher. 

Knowledge and Understanding of the core physical principles in 

nuclear physics supported by the sound knowledge of mathematical 

apparatus necessary to describe the phenomena and its potential 

outcome in time. 

The aim of this course is to give basic and advanced knowledge in 

modern reactor physics. The main part of the course is devoted to 

neutron diffusion theory, theory of nuclear fission and their 

industrial applications (power generation). The lectures give also an 

insight into new ideas to transmute nuclear wastes with help of 

particle accelerators. The course gives also some practical 

understanding of reactor operation through the laboratory exercises 

conducted at the departmental reactor simulator and probably at a 

research reactor. 

Skill: 

After passing the complex exam the student is allowed to defence 

his master's thesis. 

Experience speech before an audience (in front of the commission 

members) helps to defence the master's thesis. 

The course allows students to familiarize with the methodology, the 

general principles and methods of mathematical physics.  

This discipline must develop students' skills of constructing 

mathematical models of the simplest physical phenomena and 

solution of the resulting mathematical problems. 

The student must be able to record the basic equations of 

mathematical physics and to understand their meaning, to know the 

methods of solving differential equations in partial derivatives, set 

boundary value problems and give a physical interpretation of the 

solutions, as well as have an idea of the special functions and tasks, 

which lead to the corresponding equations. 

PC-3 The graduate knows the principles of safety 

engineering, is ready for estimation of nuclear and radiation 

safety, to environmental impact assessment, to monitor 

Knowledge: 

For study of a discipline student should know basic mathematical 

knowledge, bases of vector algebra to teach general courses of 
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compliance with environmental safety, safety standards and 

rules of industrial sanitation, fire, radiation and nuclear safety, 

labour standards.  

PC-4 The graduate is able to use scientific and technical 

information, national and international experience on the 

subject of the study, modern computer technology and 

databases in their area, understands the nature and significance 

of information in the development of modern informational 

society, aware of the dangers and threats that arise in the 

process, to comply with the basic requirements of information 

security, including protection of state secrets. 

PC-5 The graduate is able to use the standard mathematical 

and numerical methods to carry out mathematical modelling of 

processes and objects on the basis of standard packages and 

computer-aided design studies, able to use contemporary 

software, computer mathematics packages and programming 

languages for solving standard problems in the field of nuclear 

physics and nuclear engineering; 

PC-6 The graduates are familiar with basic principles of 

experimentation; are able to use modern physics measurement 

methods; are in a position to assess the significance of results 

correctly; are ready to carry out physical experiments by given 

method, compiling descriptions of ongoing research and 

analysis of results; are able to use technical means to measure 

the main parameters of objects of study, write a report on the 

job, to participate in the implementation of the results of 

research and development, prepare data for the compilation of 

reviews, reports and scientific publications. 

PC-7 The graduate is able to use information technology in 

the development of new facilities, materials and equipment, 

teaching physics in high and middle schools, is ready for 

physics “Mechanics”, “Molecular physics”. 

The content of the complex exam is determined by program on a 

specialty in accordance with the requirements for the bachelor's 

level training through the establishment of academic, social, 

personal and professional competences, in accordance with the 

curriculum of training plans for graduate courses. 

Thesis is performed under the supervision of the supervisor and 

must meet one of the following requirements: 

• generalization of the results of research, design solutions, 

conducted by scientists, analysts, practitioners, engineers, designers, 

managers, economists; 

• contain scientifically valid theoretical conclusions on the object 

under study; 

• contain scientifically valid results, the use of which provides a 

solution to a particular problem 

For study of a discipline student should know basic mathematical 

knowledge, bases of vector algebra to teach general courses of 

physics “Mechanics”, “Molecular physics”. 

 Skill:  

Analysis:  

The main problems of the specialty; of modern theoretical and 

technological achievements of science and technology; of modern 

methods of scientific research. 

Synthesis: 

Generalization and systematization of knowledge and skills 

acquired during the training of master student in the Master’s 

program. 

Evaluation: 

Assessment of the complex exam expose members of State 

Attestation Commission who evaluate the theoretical knowledge in 

the disciplines of the undergraduate interdisciplinary nature. 

Application:  

The knowledge acquired to confirm the status (state complex 

exam) qualified expert – quality management system. 
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collecting and analysing information input for the design of 

devices and systems, is able to setting up, configuring, 

adjusting and experimental verification of hardware and 

software. 

PC-8 The graduates must stage, test and analyse standard 

scientific, engineering, pedagogical problems to evaluate and 

select the necessary information; apply the necessary 

theoretical and practical methods for the analysis of standard 

problems in the field of activities. The have applied their 

knowledge to physics problems in an exemplary manner and 

studied nuclear and particle physics areas in greater depth, 

thereby acquiring a first basis for problem solving competence. 

PC-9 The graduate understands the ideology of search and 

innovation (knowledge of constantly ongoing technological 

changes, economic situations, modern industrial and 

environmental trends and issues, and ability to generate 

creative solutions in the field of activity). 

PC-10 The graduate is able to continue his education 

throughout life (continuous readiness for further training and 

professional development, adequate for the maintenance and 

development of competences). 

PC-7 A graduate is able to use technical means to measure the 

main parameters of objects of study, prepare data for the 

compilation of reviews, reports and scientific publications. 

PC-12 The graduate is ready to use modern physical equipment 

and devices, to the development of technological processes in 

the preparation of new materials, devices, installations and 

systems; 

 

Knowledge: 

Formulation of boundary value problems with inhomogeneities for 

linear partial differential equations of second order hyperbolic and 

parabolic types. Extension method for solving boundary value 

problems for the wave equation. Definition, basic properties, 

recurrence relations, the asymptotic behaviour of the delta function 

and special functions. Examples of their application in mathematical 

physics. 

Main laws, concepts, and theories of chemistry and its understanding. 

Physical and chemical properties of elements of Periodic System and 

its understanding. 

6. MAJORS   

Elective Course    

(38 credits) 
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To know the principles of the Theory of Special Relativity: The 

concept of the ether. Michelson-Morley experiment; The 

measurement of the speed of light; The principle of relativity and 

the Galilean transformations; Einstein's Postulates; The Geometry of 

Relativity; The Lorentz Transformations; The Structure of Space-

time; Relativistic Mechanics; Proper Time and Proper Velocity; 

Relativistic Energy and Momentum; Relativistic Kinematics; 

Relativistic Dynamics; Relativistic Electrodynamics; The 

Electromagnetic Field Tensor; How does the Electromagnetic Fields 

Transform; Electrodynamics in Tensor Notation; Relativistic 

Potentials. 

Algorithmic programing languages. Scientific software. Data 

analyzing software. Numerical methods and data visualizing 

techniques. Knowledge an understanding of the overall structure and 

key elements of the computational physics course and their 

relationship to the nuclear physics. 

The essence of innovative methods which are used in the teaching 

of physics. Methods of evaluating educational effects. 

Knowledge and Understanding of the core physical principles in 

nuclear physics supported by the sound knowledge of mathematical 

apparatus necessary to describe the phenomena and its potential 

outcome in time. 

The aim of this course is to give basic and advanced knowledge in 

modern reactor physics. The main part of the course is devoted to 

neutron diffusion theory, theory of nuclear fission and their 

industrial applications (power generation). The lectures give also an 

insight into new ideas to transmute nuclear wastes with help of 

particle accelerators. The course gives also some practical 

understanding of reactor operation through the laboratory exercises 

conducted at the departmental reactor simulator and probably at a 

research reactor. 

Knowledge base: has a detailed knowledge of nuclear structure, 

nuclear models, interaction forces and experimental data 

Ethical issues: science and humanity. How these two interact and/or 
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antagonize each other in the course of history and in our days. 

Skill: 

To solve boundary value problems with inhomogeneities for linear 

partial differential equations of second order hyperbolic and 

parabolic types. To use of delta-function and special functions in 

solving problems of quantum mechanics. 

Solving practical problems in chemistry. Suggest optimal conditions 

of reactions. Write schemes of transformation of chemical 

substances from each other. Demonstrate acquired theoretical 

knowledge to answering of the competent questions of midterm and 

final exams. Make reactions experimentally in laboratory during 

laboratory classes and use different laboratory equipment and 

installations. Make an analysis of learning outcomes of the 

chemistry, generalize them through scientific essays, presentations, 

etc. 

To construct space-time diagrams and implement them in depicting 

inertial frames of reference, both in motion and at rest. 

To carry out the logical analysis to solve model problems of Special 

Relativity, effective implementation of the theory in practice. 

To investigate relativistic effects occurring in various fields of 

physics. 

Programming skills within and beyond the boundaries of academic 

requirements to the nuclear physics program. Ability to include the 

new acquired information into the context of the nuclear physics 

knowledge and reinterpret its contents numerically. Ability to analyze 

complex situation and offer solutions to its challenges using 

computational tools provided by the course. Ability to apply the 

methods of computational physics such as numerical simulations, 

mathematical analysis, visualization tools etc. to the diverse fields of 

nuclear physics. 

To introduce innovative technologies in the teaching of physics in 

the school. To apply innovative methods of organizing and 

implementing the educational process at various educational levels 

in various educational institutions. 
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As a result of studying the course, the student will receive skills 

for solving partial differential equations of second order; to learn 

how to formulate and solve the Cauchy problem, boundary and 

mixed problems for the description of wave processes, of diffusion 

and thermal conductivity, steady-state processes; 

Studying nuclear physics can help one to develop a range of skills 

that can be applied in many areas of physics. These skills include: 

problem solving based on the deep knowledge of quantum 

mechanics; reasoning for a complex, nonorthodox problems; 

practical mathematics and mathematical modelling and extensive 

knowledge of the specialist software packages and programming. 

CC-2 The graduate is able to work autonomously, taking 

initiatives and managing time; is able to organize complex 

efforts over a period of time, producing the required result on 

schedule; has critical and self-critical abilities; is able to think 

in scientific terms, propose problems, gather data, analyse them 

and propose findings; 

CC-3 The graduate has communication skills (readiness for 

effective oral and written communication in the course of their 

professional activities in English; ability to write and speak 

correctly according to the various communication registers: 

scientific, formal, informal); 

CC-4 The graduate keep science and engineering ethics 

(readiness for conducting scientific and engineering activities 

in compliance with the general culture of ethics and 

professional ethics); 

PC-3 The graduate knows the principles of safety 

engineering, is ready for estimation of nuclear and radiation 

safety, to environmental impact assessment, to monitor 

compliance with environmental safety, safety standards and 

rules of industrial sanitation, fire, radiation and nuclear safety, 

labour standards.  

Knowledge: 

Include the knowledge on nuclear astrophysics in the context of 

astronomy and general picture of the Universe, interpret its contents. 

Understand the main processes of energy generation and 

nucleosynthesis in stars and nuclear processes occurring on different 

stages of stellar evolution. Develop the understanding of the role of 

nuclear and quantum processes in the evolution and dynamics of stars 

and other cosmic objects. Understand different experimental 

techniques used in nuclear astrophysics. 

Show a basic knowledge of the selected areas of general classical 

physics, including their applications. Show a basic knowledge of 

mathematical modelling as process and computer simulation as a part 

of it. Demonstrate broad knowledge and understanding of the role of 

mathematics in the technical development of physics. Demonstrate 

good knowledge in programming mathematical models. Demonstrate 

knowledge of and understanding for what types of problems that can 

and should be treated by mathematical simulations and what types 

should not. 

Variation procedure. Delta-method. Time-independent perturbation 

theory. Stark effect theory. Model description of many-particle 

systems. 

Fundamental conceptions of scattering (schemes of scattering 

experiments, laboratory system, centre of mass system, scattering 

7. Individual 

educational 

trajectories 

(IET)  

(31 credits) 
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PC-4 The graduate is able to use scientific and technical 

information, national and international experience on the 

subject of the study, modern computer technology and 

databases in their area, understands the nature and significance 

of information in the development of modern informational 

society, aware of the dangers and threats that arise in the 

process, to comply with the basic requirements of information 

security, including protection of state secrets. 

PC-5 The graduate is able to use the standard mathematical 

and numerical methods to carry out mathematical modelling of 

processes and objects on the basis of standard packages and 

computer-aided design studies, able to use contemporary 

software, computer mathematics packages and programming 

languages for solving standard problems in the field of nuclear 

physics and nuclear engineering; 

PC-6 The graduates are familiar with basic principles of 

experimentation; are able to use modern physics measurement 

methods; are in a position to assess the significance of results 

correctly; are ready to carry out physical experiments by given 

method, compiling descriptions of ongoing research and 

analysis of results; are able to use technical means to measure 

the main parameters of objects of study, write a report on the 

job, to participate in the implementation of the results of 

research and development, prepare data for the compilation of 

reviews, reports and scientific publications. 

PC-7 The graduate is able to use information technology in 

the development of new facilities, materials and equipment, 

teaching physics in high and middle schools, is ready for 

collecting and analysing information input for the design of 

devices and systems, is able to setting up, configuring, 

adjusting and experimental verification of hardware and 

amplitude, differential cross sections); Solution of Schrodinger 

equation for scattering problem (stationary formulation of scattering 

theory, asymptotic of the solution). Born approximation (plane-

wave approximation, limits of the method validity); Scattering in 

central fields (Coulomb potential, shielded potential, behaviour of 

differential cross section at large and small angles of scattering); 

Atomic form-factor (central distribution of electric charge). Partial 

waves method (plane wave expansion by partial waves, scattering 

amplitude in partial waves method, criterion for partial waves 

number, methods of scattering phases calculation, scattering matrix, 

limits of the method validity). Elastic scattering of slow particles, 

elastic scattering of identical particles; High energy approximation, 

multiple scattering; Elements of inelastic scattering; Relations 

between quantities in laboratory and centre of mass systems; 

Relativistic and non-relativistic kinematics of scattering. Large 

Hadron Collider; Relativistic invariant; Measurement of mass of 

unstable particles; Decay of particles in quantum mechanics; 

Lifetime of fast mu-mesons. 

Angular momentum theory (projections of operators of orbital 

momentum, spin momentum, total momentum, momentum 

squared), momentum quantization, Eigen functions and Eigen 

values of the operators of angular momentum; Solution of the 

problem of motion in central field; Selection rules for nuclear 

reactions due to momentum and parity conservation. Quantum 

theory of spin (quantization, Pauli spin two-row matrices, properties 

of Pauli matrices, spin functions, Eigen values). Coupling of two 

momenta, Clebsch-Gordan coefficients, properties of vector 

addition coefficients, methods of their calculation, construction of 

wave functions of 2 electron and nucleon quantum systems (orbital, 

spin, isospin); Symmetry of wave functions, particles statistics; 

Possible states of two-nucleon system. Coupling of three and four 

momenta, LS- and jj-coupling of momenta, Racah coefficients (6j-

symbols), generalized Racah (9j-symbols) coefficients; their 

properties. 
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software. 

PC-8 The graduates must stage, test and analyse standard 

scientific, engineering, pedagogical problems to evaluate and 

select the necessary information; apply the necessary 

theoretical and practical methods for the analysis of standard 

problems in the field of activities. The have applied their 

knowledge to physics problems in an exemplary manner and 

studied nuclear and particle physics areas in greater depth, 

thereby acquiring a first basis for problem solving competence. 

PC-9 The graduate understands the ideology of search and 

innovation (knowledge of constantly ongoing technological 

changes, economic situations, modern industrial and 

environmental trends and issues, and ability to generate 

creative solutions in the field of activity). 

PC-10 The graduate is able to continue his education 

throughout life (continuous readiness for further training and 

professional development, adequate for the maintenance and 

development of competences). 

General properties of nuclear systems, structure of atomic nuclei, 

main models of atomic nuclei, limits of their applicability and their 

explanation. Main characteristics of ground and excited states of 

atomic nuclei. Explanation of spins and parities of all odd atomic 

nuclei, explanation of magic numbers, phenomena of nuclear 

isomerism. Disadvantages of nuclear models and necessity of 

transition to many-particle model, basing on theory of infinite 

nuclear matter and Bete-Goldstone equation, conception of healing 

length, basics of drop model of nuclei. Mechanisms of nuclear 

fission, explanation of regularities of nuclear fission in drop model 

of nuclei. 

Core components and structure of Wolfram and Fortran languages. 

Main functions, procedures and subprograms and manipulate 

datasets. Code and compile computer programs in Mathematica and 

Fortran to solve common problems in physics and astronomy. 

Klein-Gordon Equation. Lorentz invariance. Canonical quantization 

for free scalar field. Definition of particle and vacuum in QFT. 

Propagators and Feynman diagrams. Non-Abelian gauge fields. 

Elements of the theory of Lie groups and algebra. Higgs mechanism 

Methods of solutions of more challenging problems. Time-

dependent quantum mechanics. Spin formalism. Entanglement and 

measurement. 

Basic postulates and principles of relativistic QM. Dirac equation. 

Dirac matrixes. Spin operator. Quantization of: scalar field, Dirac 

field, electromagnetic field. 

The basic concepts of dosimetry and sources of radioactive radiation. 

The relationship of nuclear-physical mechanisms of interaction of 

ionizing radiations with biological matter. 

The laws, regularities, systematics, effects and phenomena in the 

field of applied science of constructing active zone of nuclear 

reactors; in the field of factory science - specific examples of 

implementation of powerful nuclear power plants. The basic legal 

and regulatory framework for nuclear power engineering and 

radiation safety of the population of the Republic of Kazakhstan. To 
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be able to define the basic principles of the organization of the 

storage of radioactive waste. Apply basic sanitary-epidemiological 

norms of radiation safety as for staff and as for the public. To practice 

evidence-based methods of organizing workplaces in accordance 

with the norms of general and special safety precautions. 

Experimentally determine the alpha, beta and gamma background 

both indoors and in the open atmosphere. To be able to localize and 

eliminate the consequences of radiation accidents at various levels. 

To have knowledge of objective laws of physical processes in micro 

scale; and about methods of recording of ionizing radiation. To know 

ways and means of measuring and quantifying radiation 

Main types of interaction between neutrons and materials, their 

characteristics, methods of observation and experimental research. 

The main methods of determining the properties of nucleons, the 

fundamental laws of their interaction with matter and their 

mathematical expression. The most important scientific and 

technical application of neutrons. The basic nuclear phenomena, 

peculiarities of their course, the basic concepts, values, 

mathematical expressions and their units, the basic methods of 

experimentation and processing of the measurement results and the 

ability to properly correlate the content of the specific problems 

with the laws of nuclear physics, to use major appliances. Basic 

concepts of nuclear physics, nuclear size, nuclear phenomena, their 

mathematical expression, their place and role in modern science and 

production. Nuclear core phenomenon of their appearance in nature 

and used in the art, and their mathematical description. Quantum 

phenomena at the nuclear level; on an experimental basis, nuclear 

physics and physical phenomena caused by the electron shells of 

atoms and molecules; the limits of applicability of physical models 

and hypotheses in nuclear physics. 

Basic concepts in nuclear physics and elementary particles. 

Communication laws of nuclear physics to the laws of atomic physics 

and elementary particle physics, in particular, at high and low 

energies. The Feynman diagram technique for calculating the 
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probability amplitude of a process. 

The units of measurement adopted in nuclear physics, the basics of 

the interaction of radiation with matter, the acceleration and 

detection of particles, to have an idea of the quantum-mechanical 

nature of processes in nuclei, their decay, fission and interaction 

with other nuclei and particles, the main characteristics and models 

of nuclei , Methods of studying nuclei, astrophysical aspects of the 

origin and abundance of elements, the possibilities and 

achievements of nuclear physics in other areas. 

Programing languages, scripts and techniques. Scientific software and 

IDEs. Data analyzing and plotting software. Basics of Numerical 

methods. Knowledge an understanding of the overall structure and 

key elements of the course and their relationship to the nuclear 

physics. 

The types of accelerators. The problems of physics of high-energy 

accelerators and also regularly participate in international and 

regional conferences. The current state of the theory and practice of 

accelerators.  

Spin systems. Time evolution. Measurement in QM. Quantum 

information. 

The basic equations for bosons and fermions. Effects, arising at the 

C, P and transformations for the Bose and Fermi particles. Main 

kinematic relations for the reactions involving polarized particles. 

 

The general mathematics and physics coursework that is required 

for all students in Physics  

The course will give an overview over the most important types of 

nuclear reactions, introduce reaction models, and discuss how 

reactions can be used to study specific nuclear structure phenomena. 

The course lays out the foundation that allows students to interpret 

the observations obtained in experiments at the forefront of nuclear 

structure research. Students will also be instructed in the use of 

computer codes to calculate for example reaction cross sections and 
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other useful tools which enable students to plan nuclear structure 

experiments 

On completion successful students will be able to: 

show how simple models can explain the main features of nuclear 

reactions 

demonstrate understanding of the important nuclear processes 

responsible for the formation of the elements. 

Skill: 

Use methods of theoretical calculations of nuclear reactions and 

analysis of astrophysical processes to solve common problems in the 

field. Develop critical thinking and independent learning, and work 

effectively in a group. Develop presentation skills and judgement 

capabilities through assessment of their own work and that of others. 

Critically read and evaluate published papers in the field of nuclear 

astrophysics. 

Show independent ability to perform written calculations with 

mathematical models of different physical phenomena. Demonstrate 

ability to search, collect, evaluate and interpret relevant information 

for a problem and critically discus this. Demonstrate ability to 

independently identify, formulate and solve problems and to carry out 

tasks within a given timeframe. Demonstrate ability to verbally and in 

writing, explain and discuss information, problems and solutions in 

dialogue with different groups. Demonstrate abilities that are needed 

to work independently within the field of the program. 

Estimate the accuracy of applied approximate method. Calculate the 

low-order corrections to the energy spectra for simple models. Get 

practice in application of Rayleigh-Ritz variation method. Construct 

wave functions of definite symmetry. Apply the antisymmetrization 

procedure to wave functions for spin particles. 

Use of fundamental methods of scattering for problems solution 

(Born approximation, partial waves method, limits of the methods 

validity). Calculation of fundamental quantities of scattering: 

amplitude and differential cross sections of scattering in different 
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fields (Coulomb potential, shielded potential, Gauss potential, other 

central potentials), atomic form-factors (for central electric charge 

distribution), nuclear reactions threshold. Investigation of the 

differential cross sections behaviour for large and small angles of 

scattering. Transition from laboratory system to centre of mass 

system and vice versa. 

Use of methods of angular momentum theory for quantum 

problems solution; Use of angular momentum and parity 

conservation laws for nuclear reactions selection. Construction of 

wave functions of 2, 3, 4 particles quantum system. Calculation of 

coefficients of vector coupling (Clebsch-Gordan coefficients, Racah 

coefficients); Calculation of matrix elements of angular momentum 

operators for different values of the momentum. Use of vector 

coupling coefficients tables in literature; Transition from LS-

coupling scheme to jj-scheme and vice versa. 

Calculation of thresholds of different endothermic nuclear 

processes, using the conception of relativistic invariant. Use of 

selection rules, connected with quantum laws of conservation of 

angular momentum, parity, isospin, statistics of atomic nuclei. 

Determination of quantum characteristics of nuclei using the nuclear 

models. Determination of binding energy of nuclei by total decay 

channel and by separate channels decay, use of stability condition. 

Compare different logical approaches to the solution of a given 

problem and choose the most suitable logic, procedures and 

functions. Analyze and interpret the obtained results and use 

debugging functions to obtain correct solutions. Build graphs and 

create visualization of the solutions in Mathematica and Fortran. 

Select and use the appropriate tool, whether Mathematica or Fortran 

program for solving numerical analysis problems. Operate the 

Command and Environments of LaTeX. Prepare a complete technical 

document in LaTeX, with formulas, figures and graphs that satisfies 

most common scientific article publication criteria. 

The ability to apply in practice the elementary particles theory. To 

use optimal methods to solve diverse practical problems of 
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elementary particles theory. To investigate elementary particles 

theory phenomena taking place in different branches of physics. 

Solve the problems of basic level. Solve the problems of 

intermediate level. Solve the problems of advanced level. 

The ability to apply in practice the Relativistic Quantum Mechanics. 

To use optimal methods to solve diverse practical problems of 

relativistic quantum mechanics. To investigate relativistic quantum 

mechanical phenomena taking place in different branches of 

physics. 

Apply fundamental knowledge of the laws of nuclear physics, in 

particular, in the experimental and theoretical methods of calculating 

protection from ionizing radiation. 

Apply basic sanitary-epidemiological norms of radiation safety as for 

staff and as for the public. To practice evidence-based methods of 

organizing workplaces in accordance with the norms of general and 

special safety precautions. Experimentally determine the alpha, beta 

and gamma background both indoors and in the open atmosphere. To 

be able to localize and eliminate the consequences of radiation 

accidents at various levels. Demonstrate skills during the 

presentations at scientific conferences and seminars of physical 

understanding the obtained results in the framework of the 

application of sanitary and epidemiological norms. 

 Demonstrate skills of collecting, analyzing and systematization 

experimental, theoretical and legal and regulatory laws and data to 

analyze the radiation environment and the use of nuclear and physical 

technologies in industry and agriculture. Critically evaluate medical 

standards when used radiation diagnostics and radiation therapy, 

especially in relation to therapy with inhaled radon and radon baths. 

Demonstrate a willingness to cooperate within the framework of 

integrated teams of medical physicists and medical professionals in 

the field of nuclear medicine. Correctly formulate aims and 

objectives of research and practical applications of nuclear medicine 

techniques. To persuade the audience of the need to use in practical 

applications of nuclear energy and nuclear technology, to substantiate 
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their safety and reliability. Demonstrate the ability for learning new 

areas of at the junctions of nuclear physics and biophysics, radiation 

medicine, chemistry, pharmacology and other related sciences. Being 

able to realize the need to improve the quality of used computer, 

software and hardware in the nuclear power industry, nuclear 

technology, and nuclear medicine. 

To be able to use measuring electronics, working by different 

principles for registration of nuclear radiation; also to use sources of 

radiation. To acquire practical skills in measurement of nuclear 

radiation by various methods and devices. To obtain fundamental, 

high-quality professional education, deep specialized knowledge in 

the field of nuclear physics, which will allow the successful 

development of science. Mastering methods and skills of organizing a 

nuclear experiment. The bring-up of a well-educated youth capable of 

independently acquiring new knowledge, adapting to changing social 

and economic conditions. Mastering knowledge, relevant to social 

economic processes occurring in the modern world. Assimilation of 

professional knowledge and methods, taking into account the 

changing needs of professional worldwide market. Preparation for 

scientific and creative work, for critical comprehension of results, for 

forming responsibility for their professional activities in a free, 

democratic and lawful country. 

Correctly, qualitatively and quantitatively formulated the main 

section of the problem and to evaluate the order of physical 

quantities. Qualitatively use the quantum and relativistic concept of 

representation when considering the properties of atomic nuclei and 

elementary particles. Nuclear interaction of radiation with matter. 

The simplest theoretical calculations. Solution of typical problems. 

Experimental work and the analysis of the results. 

Demonstrate knowledge gained in the field of elementary particle 

physics and nuclear physics understanding of the terminology. To 

acquire new knowledge, using modern educational and information 

technologies. Put into practice the basic professional knowledge in 

the field of high energy physics and at lower energies. Analyze 
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experimental and theoretical data for solving professional problems. 

Demonstrate skills during the presentations at scientific conferences 

and seminars of physical understanding the obtained results in the 

framework of the transition from classical to quantum physics 

concepts. Demonstrate skills of collecting, analyzing and organizing 

experimental and theoretical data on the spectra of nuclear radiation 

and their connection with the structural characteristics of the nucleus 

and nuclear dynamics. Analyze and systematize the research results 

obtained in the current experimental plants, carried out at high-energy 

accelerators (LHC, Tevatron) and at lower energies, in particular, on 

electron-positron colliders with energies of a few GeV. To the 

process these results and provide input in the form of research 

reports, publications and presentations. 

Use the formulas of the special theory of relativity. Calculate the 

mass of the nuclei and the elementary kinematics of the reactions. 

Use reference material to study the possibility of using radioactive 

radiation from nuclei and particles from accelerators for applied and 

scientific purposes. Of designing and calculating elementary particle 

detection systems. 

Basics programming and data analyzing skills within and beyond the 

boundaries of academic requirements to the nuclear physics program. 

Ability to interpret and visualize content of the nuclear physics 

knowledge numerically. Ability to analyze complex situation and 

offer solutions to its challenges using computational tools provided 

by the course. Ability to apply the methods of computational physics 

such as numerical simulations, mathematical analysis, visualization 

tools etc. to the diverse fields of nuclear physics. 

Apply accelerators in physics, in medicine and in industry. 

Solve the problems of basic level. Solve the problems of 

intermediate level. Solve the problems of advanced level. 

Have a clear idea about the objects for which the kinematics of 

nuclear reactions and elementary particles are applicable. To apply 

the expansion of the scattering amplitude in partial amplitudes for 

the analysis of nuclear reactions. Can use the kinematic invariants to 
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finding the physical regions of different channels of reactions. To be 

able to use the unitarity condition for finding the relations between 

the phases of the partial amplitudes of different nuclear processes. 

Could distinct and clearly see the boundaries of a physical problem, 

its extent and availability of tools to handle it. 

Generate a proper response in form of solution to a posed problem 

in nuclear physics  

Could give an elaborate response and argumentative judgement to a 

problem, its solution and feedback or response from the 

environment in terms of experiment or real life situation. 

Be a productive part of the scientific and academic community, 

teach and learn 

CC-1 The graduate has knowledge of the basic stages of the 

recent history of progressive development of statehood of 

Kazakhstan, in the context of the world and Eurasian historical 

process; is able to interpret and creatively use a scientific-

historical, economical and philosophical knowledge to 

summarize the success factors of Kazakhstan's model of 

development on the way to held the state – the Republic of 

Kazakhstan; 

Knowledge: 

The role of entrepreneurship in economic development. Basic 

forms and types of businesses. Planning framework, organization 

and management of the enterprise. Culture and ethics of the 

entrepreneur. 

Competence in the design of mechanisms for the management 

of the company, the understanding of innovation processes 

prevailing in the company. 

The basic concepts of project management in industrial 

information systems, foundations of statistical estimation and 

analysis of the accuracy of the parameters of the regression 

equation; basic prerequisites for the proper application of the 

classical regression models; 

The fundamental concepts of geo-Informatics; theoretical 

aspects associated with the I/O performance, storage and processing 

of spatial information using GIS technologies; information system 

model spatial objects; methods and peculiarities of modelling of 

spatial information in geographic information system. 

Skill:   

Carry out an economic analysis of the industry as a whole in 

terms of knowledge about the profession to discuss the relevant 

conditions. 

8. 

Interdisciplinar

y disciplines (2 

credits) 



48 
 

Investigate and disclose the nature of the economy. 

Interpretation of intellectual law, applying them to specific legal 

situations. 

Apply basic knowledge it to the investigation of economic 

relationships and processes, and also understand the econometric 

methods, approaches, ideas, results and conclusions met in the 

majority of economic books and articles; 

Use the skills to work with information from various sources 

to solve professional problems, to evaluate the effectiveness of GIS 

in solving geographical problems. 

CC-2 Graduates are able to work autonomously, taking 

initiatives and effectively using time management: able to 

organize complex efforts over a restricted period of time, 

producing the required result in a given time-table; have critical 

and self-critical abilities; able to critically think in scientific 

terms, state problems, gather data, analyse them and make 

appropriate conclusions; 

CC-3 Graduates have proper oral and written communication 

skills in English needed for professional activities; are able to 

write and speak correctly according to various communication 

standards in scientific, formal, and informal context; 

CC-4 Graduates adhere to scientific, engineering and 

pedagogical ethics required in implementing scientific, 

engineering and pedagogical activities in complete accord with 

the accepted practice of professional ethics; 

CC-5 Graduates comply with the legislations, laws, and legal 

standards in the fields of health and safety regulations; 

CC-7 Graduates are socially responsible in adoption of the 

common well-being of the mankind as a top priority of 

scientific, engineering and pedagogical activities, ready to bear 

The purpose of the educational practice is to train students to 

solve physical problems and to work with scientific publications. The 

practice is aimed at developing group efforts in solving complex 

problems as well as at sharpening student’s own understanding by 

taking part in discussions with other students. 

The purpose of the Institutional Practice is to fixing of theoretical 

knowledge of basic and major cycles of disciplines by practical, real 

performance by the student of duties of the expert, acquisition of 

practical skills and development of the best practices of professional 

and organizing work on a profile of future specialty. During the work 

practice, direct training of the student for professional activity in all 

directions in real working conditions is carried out. During an 

Institutional Practice data and information for the future bachelor 

degree project are collected. The students become familiar with 

technological, organizational and social aspects of the institution or 

company activity; they study and analyze specialized technical 

literature, software and other available information sources of the 

company. 

9. Practice  

The purpose of the Pedagogical practice is the preparation of 
students to teach in high and middle schools. 

Pre-diploma practice of students is an important part of training 

and conducted in accordance with the basic specialty curriculum. 

The main purpose of the pre-diploma practice is to provide 

theoretical and practical results that are sufficient for the successful 
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responsibility for the social, cultural and environmental 

implications of complex scientific, engineering and 

pedagogical activities in the context of sustainable 

development; 

PC-1 Graduates have sound knowledge of the university 

mathematics and physics, required for understanding various 

processes and phenomena in nature and technology; able to use 

the advanced laws and principles of physics in professional 

activities, correctly applying methods of mathematical analysis 

and modelling, theoretical and experimental physics.  

PC-8 Graduates must be able to test and analyse standard 

scientific, engineering, pedagogical problems, to evaluate and 

select the necessary information, to apply the necessary 

theoretical and practical methods for the analysis of standard 

problems, capable of applying their knowledge to solve physics 

problems in an exemplary manner, to use concepts of nuclear 

and particle physics in greater depth, thereby acquiring 

competence in problem solving. 

PC-10 Graduates follow the ideas of life-time education in 

order to continuously raise professional skills and to adequately 

maintain professional competences. 

 

implementation and defence of the final qualifying work. 
 

CC-2 The graduate is able to work autonomously, taking 

initiatives and managing time; is able to organize complex 

efforts over a period of time, producing the required result on 

schedule; has critical and self-critical abilities; is able to think 

in scientific terms, propose problems, gather data, analyse them 

and propose findings; 

CC-3 The graduate has communication skills (readiness for 

effective oral and written communication in the course of their 

Knowledge of state policy and fundamental achievements of 

the Republic of Kazakhstan in the field of physical culture and 

sports. 

Knowledge of the theoretical, methodological, hygienic and 

organizational foundations of physical culture and sports. 

The ability to use in practical life skills, ensuring the 

preservation and strengthening of health, development and 

improvement of psycho-physical abilities and qualities. 

10. Additional 

Types of 

Learning 
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professional activities in English; ability to write and speak 

correctly according to the various communication registers: 

scientific, formal, informal); 

CC-6 The graduate has willingness to cooperate with 

colleagues and to work in a team, able to work with others in a 

multidisciplinary multi-national setting; 

CC-7 The graduate is social responsible (adoption of the 

common good as a top priority of scientific and engineering 

activity, readiness to bear responsibility for the social, cultural 

and environmental implications of the complex scientific and 

engineering activities in the context of sustainable 

development); 

Ownership experience in the use of means of physical culture 
and sport for disease prevention, mental well-being, development 
and improvement of qualities and personality traits. 
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Modules, 

practice 
Expected results Discipline Activities 

Technologies 

and methods 

of forming 

Monitoring 

and 

evaluation 

tools 

1.GENERAL 

EDUCATION 

Compulsory 

Component  

(21 credits) 

 

Knowledge: 

The basic stages of the recent history of progressive development of 

statehood of Kazakhstan (1991-2014.) in the context of the world and 

Eurasian history. The ability to interpret and creatively use a scientific-

historical and philosophical knowledge to summarize the success factors of 

Kazakhstan's model of development on the way to held the state the 

Republic of Kazakhstan. 

Competent use of language and of linguistic and cultural knowledge to 

solve problems of communication in multilingual and multicultural society 

of the Republic of Kazakhstan and in the international arena.  

The of automated data processing; appointment, composition, basic 

characteristics of computer and office equipment, basic methods and means 

of processing, storage, transmission and accumulation of information, 

purposes and principles of the use of application and system software; 

technology-information search on the Internet, key threats and methods of 

information security, principles of information protection from unauthorized 

access, legal aspects of using information technologies and software. 

Define the main tendencies in the field of information communication 

technologies; to know what economic and political factors promoted 

development of information communication technologies; to know 

architecture, to be able to calculate and evaluate performance measures of 

supercomputers; to know features of different operating systems. 

Skill: 

In modern conditions to implement the study of the history of the state 

and of law, based on research experience and knowledge in order to recreate 

an objective picture of the history of the state and the law of the country; 

Speaking: express their thoughts and to speak in a foreign language, 

The modern 

history of 

Kazakhstan 

lecture, 

seminar, 

laborator

y classes 

IWS 

lecture; 

discussions, 

discussions, 

debates; 

auditory 

means;  

reports and 

communicati

ons 

the written 

exam; 

tests (closed, 

open); 

Midterm 

Control; 

 

 

Kazakh 

(Russian) 

Language 

Foreign 

Language 

Philosophy 

ICT 

technologies 
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respectively, speech language standards, ask questions and answer them, 

hold a conversation in a foreign language in the volume of the studied 

subjects, consuming adequate communication cues to convey the contents 

read, heard. 

Develop and defend their own scientific positions; to decide the theoretical 

and methodological issues in the branch of science. 

Use information resources for search and information storage; to apply 

methods and means of information protection; to project and create simple 

web sites; to make processing of vector and bitmap images; to use different 

forms of e-learning for extension of professional knowledge; to use different 

cloud services. 

2. BASIC 

DISCIPLIN

ES 

Compulsory 

Component  

(63 credits) 

Knowledge: 

Modern vocabulary and terminology in Kazakh (Russian) and English 

Languages for technology and project management methodology, project 

management processes, modern software project management. 

Confident knowledge of the structure of the space of real numbers, 

convergence of numerical sequences, understanding of the convergence 

criteria. Mastering the basics of methods for researching the properties of 

functions; a clear understanding of the concepts of continuity of functions, 

their differentiability, integrability. 

The theory of algebraic equations, the basic properties of determinants 

and matrices, algebraic and geometric description of second order lines and 

surfaces, introductory information about groups, rings and fields. 

To study a discipline, the student should know basic mathematical 

concepts, and the bases of vector algebra to teach general courses of physics 

like mechanics or molecular physics. 

Basic mechanical models and phenomena. The mechanical laws and 

concepts, the boundaries of their applicability, allowing to use them 

effectively in specific situations. 

The content of a complex exam is determined by a specialized program in 

accordance with the requirements for the bachelor's level training through 

the establishment of academic, social, personal and professional 

competences, in accordance with the curriculum of training plans for 

graduate courses. 

Professionally-

Oriented 

Kazakh 

(Russian)Lang

uage 

lecture, 

seminar, 

laborator

y classes 

IWS 

lecture; 

discussions, 

discussions, 

debates; 

auditory 

means;  

reports and 

communicati

ons 

the written 

exam; 

tests (closed, 

open); 

Midterm 

Control; 

 

 

Professionally-

Oriented 

Foreign 

Language 

Mathematical 

analysis 1 

Analytical 

Geometry 

Mechanics 

Molecular 

Physics 

Mathematical 

analysis 2 

Electricity and 

Magnetism 
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The thesis is performed under the supervision of the supervisor and must 

meet one of the following requirements: 

• It should contain a generalization of the results of research, design 

solutions, conducted by scientists, analysts, practitioners, engineers, 

designers, managers, economists; 

• It should contain scientifically valid theoretical conclusions on the 

object under study; 

• It should contain scientifically valid results, the use of which provides a 

solution to a particular problem. 

To study a discipline, the student should know basic mathematical 

concepts, and the bases of vector algebra to teach general courses of physics 

like mechanics or molecular physics. 

The content of a complex exam is determined by a specialized program in 

accordance with the requirements for the bachelor's level training through 

the establishment of academic, social, personal and professional 

competences, in accordance with the curriculum of training plans for 

graduate courses. 

Basic laws of molecular physics. Fundamentals of equilibrium 

thermodynamics. Changes of the laws in terms of the physical parameters 

entering various processes. Mathematical apparatus used in molecular 

physics. The most generally used devices and the measurement techniques 

of the main thermodynamic parameters. 

Knowledge of  the basic mathematical concepts involved in the program, 

their interrelation, interdependence and interaction not only between 

themselves but also with other mathematical disciplines. 

To construct mathematical models of various phenomena and to use the 

appropriate mathematical tools, including methods of computational 

mathematics. The concept of critical stages in the development of 

electromagnetism. To solve specific problems in electromagnetism. The 

natural phenomenon based on the knowledge of electromagnetic principles 

Differential  

and Integral 

Equations 

Probabilities 

theory 

Theory of 

Complex 

Variable 

Function 

Optics 

Theoretical 

Mechanics 

Methods of 

Mathematical 

Physics 

Fundamentals 

of Electronics 

Atomic 

Physics 

Electrodynami

cs  
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and laws. To synthesize the electrostatic and magnetic laws and principles 

developing at the final stage Maxwell’s equations. The limits of application 

of physical models and hypotheses. 

The basic concepts, laws, instrumental methods for partial differential 

equations. 

To acquire knowledge about the theory of probabilities and its properties 

(random event, definitions of probability, basic formulas of probability, 

independent trials, random variables, etc.). 

Theory of algebraic equations. 

The interactions of optics and optical communications with mathematics, 

chemistry, technology, and other branches of physics. The basic concepts 

and laws of optics, the main methods of determining the parameters in 

laboratory work. 

Mathematical apparatus of theoretical mechanics, methods of the solution 

of problems of theoretical mechanics. 

The basic differential equations of mathematical physics, mathematical 

apparatus of methods of mathematical physics, the classification of partial 

differential equations of second order. 

To be able to choose the methods for solving mathematical physics 

problems; 

to have a representation of the physical processes that are described by 

differential equations in partial derivatives. 

Basic theory and practical application of semiconductor electronic devices 

such as diodes and transistors. To classify the materials for electronics, to 

understand that the silicon technologies are one of most preferable of them. 

Essence of the basic concepts, laws and theories of classical and modern 

physics in their internal relationships and integrity. Hierarchy of physical 

laws and concepts, the boundaries of their applicability, allowing to use 

them effectively in specific situations. 

To know basic concepts of Electrodynamics: Ohm's Law; Electromotive 

Force; Faraday's Law; the induced Electric Field; Energy in Magnetic Fields; 

Electrodynamics before Maxwell; Maxwell's Equations; Maxwell's Equations 

in the presence of Matter; Boundary Conditions; Charge and Energy; The 

Continuity Equation; Poynting's Theorem; Electromagnetic Waves in 

Introduction to 

Nuclear 

Physics 

Quantum 

Mechanics 

Fundamentals 

of 

Thermodynami

cs and 

Statistical 

Physics 

Condensed 

Matter Physics 
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Vacuum; Energy and Momentum in Electromagnetic Waves; Scalar and 

Vector Potentials; Gauge Transformations; Retarded Potentials; Lienard-

Wiechert Potentials; Multipole expansion of the potential in a static case; 

Electric Dipole Radiation; Magnetic Dipole Radiation. 

The basic concepts about the physics of nuclear structure and nuclear 

reactions. The fundamentals of nuclear physics, the processes occurring in the 

volume of atomic nuclei and modern methods of practical application of 

nuclear energy. The connection of nuclear physics laws with the laws of 

atomic physics and physics of elementary particles, particularly at 

intermediate energies. 

Basic postulates and principles of nonrelativistic QM, operator and 

Hamiltonian formalism covering mathematical foundation of QM, 

quantization of classical QM systems, special properties of microparticles 

and Microsystems, description of discrete and continuous states relevant to 

the natural pattern of the microworld. 

Laws of thermodynamics. Quasi-static transformations in 

thermodynamics. Reversible and irreversible transformations. 

Thermodynamical potentials. Statistical mechanics of non-interacting 

systems. Gibbs and Boltzmann distributions. Quantum statistics of ideal 

gases. Bose-Einstein and Fermi-Dirac statistics. Grand partition functions. 

The aim of the course:  

to form a system of competences in the context of qualification 

requirements:  

А) Bachelor students that study the discipline " Condensed Matter 

Physics" must know: 

 features of the structure of amorphous and crystalline substances; 

 concept of a geometric and physical surface; 

 basic crystal structures, lattice defects; 

 electrical, thermal and magnetic properties of solids. 

B) Bachelor students that study the discipline " Condensed Matter 

Physics" should be able: 

 to identify the type of crystalline structure of a solid; 

 to calculate the parameters characterizing the structure, mechanical, 
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thermophysical, electrical and magnetic properties of solids; 

 to analyze the physical phenomena and processes characterised of the 

condensed state; 

 is oriented in the basic physical mechanisms of phenomena occurring 

in condensed media. 

C) Bachelor students that study the discipline " Condensed Matter 

Physics" should have the conceptions about: 

 main processes occurring in crystals; 

 dynamics of crystal lattices; 

 statistics of electrons and the types of conductivity in various types of 

crystalline substances; 

 devices based on different types of conductivity. 

D) Bachelor student studied the discipline " Condensed Matter Physics" 

should use: 

 skills in solving problems in condensed matter physics; 

 basic approaches that allow describing physical phenomena in nature 

and during solving modern and promising technological problems. 

 major special knowledge on physical methods of research. 

The aim of the implementation of the thesis is: 

1) systematization, consolidation and expansion of theoretical knowledge 

and practical skills in their specialty and their application in solving specific 

scientific, technical, economic and production problems as well as cultural 

problems; 

2) the development of conducting independent work skills and mastery of 

the methodology of scientific research and experimentation in solving 

emerging problems and issues; 

3) clarification of student readiness for independent work in the 

conditions of modern production, science, technology, culture as well as its 

level of professional competence. 

The thesis is a generalization of the results of the independent study and 

research of actual problems specific to each specialty or corresponding 

branch of science. 

The thesis is performed under the supervision of the supervisor and must 
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meet one of the following requirements: 

• It should contain a generalization of the results of research, design 

solutions, conducted by scientists, analysts, practitioners, engineers, 

designers, managers, economists; 

• It should contain scientifically valid theoretical conclusions on the 

object under study; 

• It should contain scientifically valid results, the use of which provides a 

solution to a particular problem. 
Skill: 
To apply organizational project management tools to determine the 
hierarchical structure of the project works; to use formal methods of 
evaluating the time and resources of the project objectives; to determine the 
amount and sources of funding, to plan and to consider the risks. 
To correctly apply the basic techniques of mathematical analysis to solve 
various mathematical problems in different disciplines, to acquire practical 
skills to solve problems in order to use a specific mathematical method to 
reduce a problem to its simplest expression, and select a method to solve it; 
the ability to apply in practice, numerical methods differentiability and 
integrability. To know the specific conditions of the convergence of numerical 
methods. To get the practical skills to apply differential and integral calculus 
in problems of mechanics and physics. 
To be able to use the Gauss method for computing determinants and 
studying systems of linear algebraic equations and vector systems for linear 
dependence of inverse matrix calculation. 
To have practical skills in the field of complex numbers in residue and 
polynomial rings, using the method of coordinate geometry problems with 
solutions, set up the equations of lines and planes in their different tasks. 
To find the solution of typical problems in mechanics and carry out 
experimental research and processing of results. 
To be able to disclose the physical mechanism of studying phenomena as 
well as to analyze the change of thermodynamic parameters in the specific 
process, to master practical skills to use the laws of molecular physics in the 
research and study of the structure and properties of nature objects at 
multiple levels of its organization. 
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To know how to extract accurately and thoroughly the essence of a particular 
problem, without cluttering it with unnecessary details. To have an idea on 
how to address the problems of mathematical analysis, algebra and 
analytical geometry. To acquire practical skills to solve problems in order to 
use a specific mathematical method to reduce a problem to its simplest 
expression, and select a method to solve it. 
Ability to continue the education with a high degree of autonomy. 
To apply the methods of the theory of differential equations in problems of 
science and technology. Practical use of modern mathematical tools to solve 
and analyze problems in mechanics, physics and natural sciences. 

To demonstrate an understand the overall structure of the theory of 

probabilities and the relations between its elements.  

To be able to: 

- include new knowledge in the context of basic knowledge, interpret 

its contents; 

- analyze educational problems and propose directions to solve them;  

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

of the theory of probabilities for studying individually or in a group, 

teaching and for research activities; 

- synthesize, interpret and evaluate the learning outcomes of 

probabilities theory, modules, midterm exam content; 
- analyze dynamics of scientific problems decision of the probability 
theory (scientific reviews of specific issues researches). 
To be able to solve problems in the module. 
To be able to apply optical methods, to conduct their own research and 
experimental data processing, to work with measuring equipment, to have 
knowledge and understanding of analyzing the results, and to find the error 
in the results. 
To be able to use mathematical apparatus of theoretical mechanics for the 
solution of problems of theoretical mechanics; to represent a problem; to 
choose decision methods, both in an analytical form and with use of 
computer technologies (modern COMPUTERS and the corresponding 
software products); to know the methods for the solution of problems in 
theoretical mechanics. 
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To be able to choose the methods for solving problems of mathematical 
physics; 
to have a representation of the physical processes that are described by 
differential equations in partial derivatives. 

To be able to consider new problems of electronics based on project oriented 

lessons; to act autonomously within agreed guidelines. 

To be able to select the skills for practical implementations and for using and 

obtaining electronic devices. 

To be able to use basic skills of technologies and materials in semiconductor 

electronics. 

To be able to assimilate scientific, technical and reference books. 
To have skills in the field of education. Objective evaluation of 
achievements during the study of the discipline. Identification of 
semiconductor electronics for further personal and professional 
development. 

Generalized solutions of specific problems in atomic physics. Assess the 

degree of reliability of the results of experimental and theoretical research 

methods in atomic physics. Construct mathematical models of various 

phenomena and to simulate it via computer. Carrying out experimental 

research and processing of results and analyze them, be able to make 

conclusions. 

The ability to apply in practice the Maxwell equations in four-dimensional 

form. 

To use optimal methods to solve diverse practical problems of 

Electrodynamics. 
To investigate electromagnetic phenomena taking place in different branches 
of physics. 

To apply the fundamental knowledge of laws of quantum physics, in 

particular in the experimental and theoretical researches in the physics of 

nuclear reactions and decays of radioactive nuclei, laws of nuclear fission, 

nuclear fusion physics and nuclear astrophysics. 

Use the studied regularities for understanding the physics of cosmic rays, 

nuclear decays in the Earth's lithosphere and radioactive processes occurring 

in living matter, in particular, in volume of a biological cell. Demonstrate 
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skills during the presentations at scientific conferences and seminars of 

physical understanding the obtained results in the framework of the transition 

from classical to quantum physics concepts. Demonstrate skills of collecting, 

analyzing and organizing experimental and theoretical data on the spectra of 

nuclear radiation and their connection with the structural characteristics of the 

nucleus and nuclear dynamics. Demonstrate a willingness to cooperate within 

the framework of integrated teams of experimental physicists and theoretical 

physicists, to properly formulate aims and objectives of research or practical 

applications of plans. To persuade the audience of the need to use in practical 

applications of nuclear technology, to substantiate their safety and reliability. 

Demonstrate the ability for learning new areas of microcosm physics, 

including ion-ion and elementary particles collisions. Being able to realize the 

need to improve the quality of used computer, software and hardware in 

experiments on nuclear and physical installations and in field conditions. 

Identify world trends of theoretical and practical development of nuclear 

physics in the field of low and ultralow energy, and in the field of high and 

ultrahigh energies. 

Operate with such basic concepts as wave function, probability density, 

operators, eigen functions and eigenvalues. Apply the Schrödinger equation to 

a range of important physical situations, develop solutions and discuss their 

implications. Write down and solve the Schrödinger equation for simple 1D 

and 3D systems. Calculate expectation values and measurement probabilities 

for observables such as energy, position and momentum using Cartesian and 

spherical coordinates. Sketch and explain the shape of energy eigen functions 

for a given potential energy. Determine degeneracies of energy levels, state 

properties of the spherical harmonics and their relation to angular momentum. 

The ability to apply in practice the thermodynamics and statistical physics. 

To use optimal methods to solve diverse practical problems of 

thermodynamics and statistical physics. To investigate thermodynamics and 

statistical physics phenomena taking place in different branches of physics. 
Organization of scientific researches and educational process in secondary 
educational institutions. 

Analysis:  

Main problems of the specialty; modern theoretical and technological 
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achievements of science and technology; modern methods of scientific 

research. 

Synthesis: 

Generalization and systematization of knowledge and skills acquired during 

the training of master student in the Master’s program. 

Evaluation: 

Assessment of the complex exam expose members of State Attestation 

Commission, which evaluates the theoretical knowledge in the disciplines of 

the undergraduate interdisciplinary nature. 

Application:  

The knowledge acquired to confirm the status (state complex exam) 

qualified expert – quality management system. 

3. 

MAJORS 

Compulsory 

Component  

(24 credits) 

 

Knowledge: 

The role of experimental methods in conducting physical research and 

solutions of applied problems. Physical properties of methods for detecting 

emissions. Features of interaction with matter of charged particles, neutrons, 

neutrinos, X-ray and γ-radiation. A general scheme for converting the energy 

of particles in the detector material, the recorded effects, the classification and 

the main characteristics of radiation detectors. Principle of operation, basic 

parameters, the field of application of gas-filled, proportional and spark 

counters, scintillation, semiconductor and Cherenkov detectors; Classification 

of track detectors and the principles of their operation. 

The basic concepts of the physics of nuclear structure and nuclear 

reactions. The fundamentals of nuclear physics, processes occurring in the 

volume of atomic nuclei and modern methods of practical application of 

nuclear energy. Identify the relationship of nuclear physics laws with the laws 

of atomic physics and elementary particle physics, especially at low energies. 

The basic concepts and mechanisms of interaction of radiation with 

matter. Identify the processes occurring during the interaction of accelerated 

charged particles, neutrons and gamma quanta with atoms and nuclei of atoms 

of matter. 

Elements of the theory of Lie groups and algebras and of homotopy 

theory. The basic ideas of the theory of gauge fields. Effects, arising in the 

Experimental 

Methods of 

Nuclear 

Physics  

lecture, 

seminar, 

laborator

y classes 

IWS 

lecture; 

discussions, 

discussions, 

debates; 

auditory 

means;  

reports and 

communicati

ons 

the written 

exam; 

tests (closed, 

open); 

Midterm 

Control; 

 

 

Nuclear 

physics at low 

energies  

Interaction of 

Radiation With 

Matter  

Field Theory  

Structure of 

Atomic Nuclei  

Theory of 

Nuclear 

Reactions   

Detectors of 

Nuclear 

Radiation  

Nuclear 

Reactors and 
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interactions of fermions with topological scalar and gauge fields. 

Have a clear idea about the objects for which the Abelian and non-

Abelian theories of gauge fields are applicable. 

To apply the fundamental knowledge of laws of field theory in 

construction of gauge-invariant Lagrangians, analysis of spectra of linear 

perturbations, including perturbations about a non-trivial ground state. 

Can use the studied regularities for construction and interpretation of 

solutions, whose existence is entirely due to the nonlinearity of the field 

equations, namely, solitons, bounces, sfalerons and instantons. 

To be able to carry out the calculations at the study of non-topological 

solitons. 

The fundamental theoretical knowledge of the objective laws of physical 

processes in the microcosm; 

About current problems and unresolved issues in nuclear physics and 

particle physics; 

the general laws of the natural radioactivity of the environment; sources 

of radiation; ways and means of measuring and quantifying 

The basic requirements for writing the equations of motion (the 

Schrödinger equation) for systems of colliding particles with nuclei, and 

nuclei with nuclei. 

The basic stages of solving the equations of motion, as the calculation of 

wave eigenfunctions of the colliding microparticles and as the determination 

of the eigenvalues of the Hamiltonian operator for such systems. 

Types and characteristics of detectors for high-energy radiations, how 

they work, and how they are used. Detector types include: gas-filled detectors: 

simple ion chambers, proportional, Geiger-Muller counters. Semiconductor 

detectors: p-n junction, lithium drifted, high-purity germanium. Scintillation 

detectors: NaI(Tl), organic. Electronic systems for radiation detection and 

measurement. 

The characteristics and uses of nuclear detectors and calculate their 

properties (efficiency, energy resolution, time resolution, pulse-pair resolution, 

dead-time). Compare the properties of different detectors and select the 

detector most appropriate for a given application. Describe qualitatively and 

quantitatively the result of measuring a specified radiation with a particular 

Nuclear 

Energetic  
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radiation detector system. 

The research skills and perform independent research work (thesis) in the 

field of nuclear physics and nuclear physics and elementary particles. 

The basic concepts of the laws of the flow of physical processes in the 

largest nuclear-physical research and power plants;  

On contemporary problems and unresolved issues in nuclear physics and 

technology. Understand the general patterns of radioactivity in the natural 

environment; Sources of radiation;  

The methods and means for their measurement and quantification.  

The methods of calculation of model-free nuclear parameters, the energy 

characteristics of reacting nuclei and nuclear fuel. 

How and why nuclear physics is used today; The course allows students 

to familiarize with the methodology, the general principles and methods of 

mathematical physics.  

Possess highly specialized advanced theoretical knowledge and practical 

skills, which is the basis for research and original approach to solving 

professional problems. Know the methodology and methods of empirical 

treatment (research) of the material and be able to use them in scientific and 

practical activities. 

To be diligent, careful, you need time to start preparing for the exam, to 

consult with the teacher on difficult issues. 

Having communication skills, reduction of logical arguments, and the 

ability to express their thoughts play an important in the exam. 

When difficulties arise when preparing for the exam, the student has the 

opportunity to get advice from a teacher. 

Skill: 

Independently to understand the issues of modern detecting devices of 

nuclear radiation. Demonstrate ability and readiness. To use natural scientific 

knowledge in professional activity. To understanding and setting professional 

tasks in the field of research and practice. 

To apply fundamental knowledge of the laws of quantum physics, in 

particular, in experimental and theoretical research in the field of nuclear 

reaction and decay of radioactive nuclei, nuclear fission laws, nuclear fusion 

physics and nuclear astrophysics. Use the studied regularities for 
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understanding the physics of cosmic rays, nuclear decays in the Earth's 

lithosphere and radiation processes occurring in living matter. 

To formulate skills during presentations at scientific conferences and 

seminars of physical understanding of the results obtained within the 

framework of the transition from classical physical concepts to quantum ones. 

To demonstrate the ability to collect, analyze and systematize experimental 

and theoretical data on the spectra of nuclear radiations and their relationship 

to the structural characteristics of the nucleus. Propose methods of elementary 

systematic of nuclear structure parameters and nuclear reactions and 

mathematically formulate the obtained regularities. 

Formulate the problem when working together in the framework of 

complex teams of experimental physicists and theoretical physicists, correctly 

formulate the goals and objectives of research or practical applications. To 

convince the audience of the need to apply nuclear technologies for practical 

purposes, to justify their safety and reliability. 

To demonstrate skills in the study of new areas of physics of the 

microworld, including ion-ion collisions and collisions of elementary 

particles. To be able to realize the need to improve the quality of the hardware, 

computer and software used in experiments on nuclear physics installations 

and in the field.  

To determine the world trends of the theoretical and practical 

development of nuclear physics both in the region in low and ultralow 

energies, and in the field of high and ultrahigh energies. 

To apply fundamental knowledge of the laws of quantum physics, in 

particular, in experimental and theoretical studies in the field of interaction of 

various kinds of radiation with atoms and nuclei of atoms of matter. Use the 

studied regularities for understanding the physics of cosmic rays, nuclear 

decays in the Earth's lithosphere and radiation processes occurring in living 

matter. 

Formulate knowledge during presentations at scientific conferences and 

seminars of physical understanding of the results obtained within the 

framework of the transition from classical physical concepts to quantum ones.  

To demonstrate the ability to collect, analyze and systematize 

experimental and theoretical data on the spectra of nuclear radiation and on 
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the spectra of ionizing radiations transmitted through various substances. 

Propose methods for processing and recording energy losses by ionizing 

radiation in various media and substances, and mathematically formulate the 

resulting patterns. 

To demonstrate skills in the study of new areas of physics of the 

microworld, including ion-ion collisions and collisions of elementary 

particles. To be able to realize the need to improve the quality of the hardware, 

computer and software used in experiments on nuclear physics installations 

and in the field.  

To determine the world trends of the theoretical and practical 

development of nuclear physics both in the region in low and ultralow 

energies, and in the field of high and ultrahigh energies. 

Helping to acquire practical skills of problem solving at this rate, in 

particular in the calculation of model-free nuclear parameters, the energy 

characteristics of the reacting nuclei and elementary particles; way of solving 

the Schrödinger and Dirac equations. 

Propose methods of elementary systematics of parameters of nuclear 

structure and nuclear reactions and mathematically formalize the obtained 

regularities. 

To apply the basic phenomenological approach as for the wave function, 

as well as for nuclear capability. 

Use as "the way of the Schrodinger" - the use of the optical model for 

obtaining parameter of nuclear potential, and the "way of the Heisenberg" – 

i.e. the replacement of the concept of the wave function by the concept of the 

S-matrix. To interpret the obtained results by fitting the free parameters of the 

model to the experiment. 

Demonstrate skills during the presentations at scientific conferences and 

seminars of physical understanding the obtained results in the framework of 

the initial approximations for solving the Schrödinger equation. 

Demonstrate skills of collecting, analyzing and organizing experimental 

and theoretical data on the angular distributions of nuclear reactions, 

correlations, polarization with reference obtained systematic to its own 

scientific results. 

Show ability to evaluate the results of the optimization of theoretical 
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parameters, to make conclusions on the physics of various output channels of 

the nuclear reactions and discuss the final results. 

Demonstrate a willingness to cooperate within the framework of 

integrated teams of experimental physicists and theoretical physicists, to 

properly formulate aims and objectives of research or practical applications of 

plans. 

Demonstrate the ability for learning new areas of nuclear reactions 

physics, including ion-ion collisions.  

Being able to realize the need to improve the quality of used hardware and 

computer tools in accelerator experiments. Identify world trends of theoretical 

and practical development of nuclear physics. 

Explaining the mechanism of nuclear physical processes. write reports 

that describe the laboratory experiments concisely, present and analyze 

results, including experimental, calculated, and propagated uncertainties, and 

draw conclusions based on the results, and make oral presentations to the 

class. 

Demonstrate the ability to collect, analyze and systematize experimental 

and theoretical data on different types of reactors.  

Propose methods of elementary systematic of the parameters of active 

zones and various systems of nuclear reactors and mathematically formulate 

the obtained regularities. 

To realize the need to improve the quality of the hardware, computer 

and software used in experiments on nuclear physics installations and in the 

field.  

To determine the world trends of the theoretical and practical 

development of nuclear physics both in the region in low and ultralow 

energies, and in the field of high and ultrahigh energies. 

After passing the complex exam the student is allowed to defence his 

master's thesis. 

Experience speech before an audience (in front of the commission 

members) helps to defence the master's thesis. 

The course allows students to familiarize with the methodology, the 

general principles and methods of mathematical physics.  

This discipline must develop students' skills of constructing 



67 
 

mathematical models of the simplest physical phenomena and solution of the 

resulting mathematical problems. 

The student must be able to record the basic equations of mathematical 

physics and to understand their meaning, to know the methods of solving 

differential equations in partial derivatives, set boundary value problems and 

give a physical interpretation of the solutions, as well as have an idea of the 

special functions and tasks, which lead to the corresponding equations. 

4. GENERAL 

EDUCATION 

Elective 

Course  

(7 credits) 

Knowledge: 

Explain the environment. Enumerate and explain the components of 

environment. Explain in details the various ways man had impacted on the 

natural environment. 

The political life and relations between the state and society, the laws of 

civil society, political actors at the national and local level. To express their 

views on socio-economic, political and other problems of society and the 

individual. 

Understanding of economics concepts and principles. Know how the 

market works and why the market system most effectively distribute the 

limited resources. To know how interconnected the main macroeconomic 

variables. 

Skill: 

The historical development of resources, their sustainability. The 

principles and goals behind it. 

A comparative analysis of social policy in the regions and countries. 

Ability to analyze the costs, revenues and profits of the company. 

Demonstrate understanding of the place and role of the state border in the 

modern economy. Understand monetary and fiscal policy of the state. 
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open); 
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Sociology 

Principles of 

Economics 

 

5. BASIC 

DISCIPLIN

ES 

Elective Course 

(21 credits) 

Knowledge: 

To process the measurement results, compare them with the theoretical 

data, and formulate conclusions on laboratory works; examine and 

summarize the knowledge about modern experimental analysis of the 

thermal processes and apply methods of thermal physics in adjacent areas. 

Has a detailed knowledge of vector and of tensor definition, 

differentiation of vectors, theorems about differentiation and integration of 

vectors, vector circulation along a contour, use of differential operators of 

Laboratory 

Works on 

Molecular 

Physics 

lecture, 

seminar 

laborator

y classes 

IWS 
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exam; 
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Control 

the solution 

of problems; 

Fundamentals 
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the second order; to own skills of work in the different frames; to be able to 

apply knowledge of a tensor and vector analysis to physical problems.  

Ability to own the corresponding mathematical apparatus is absolutely 

necessary for learning  the course of the common physics "Electricity and 

magnetism" and courses of theoretical physics "Electrodynamics"  etc. 

Electromagnetism I is an introduction to electromagnetic fields and 

forces. Electromagnetic forces quite literally dominate our everyday 

experience. The reason you do not fall through the floor to the center of the 

earth as you are reading this is because you are floating on (and held together 

by) electrostatic force fields. However, we are unaware of this in a visceral 

way, in large part because electromagnetic forces are so enormously strong, 

10^40 times stronger than gravity. 

Because of the strength of electromagnetic forces, any small imbalance in 

net electric charge gives rise to enormous forces that act to try to erase that 

imbalance. Thus, in our everyday experience, matter is by large electrically 

neutral, and our direct experience with electromagnetic phenomena is 

disguised by many subtleties associated with that neutrality. This is very 

unlike our direct experience with gravitational forces, which is straightforward 

and unambiguous. 

Laws of light propagation and behavior of optical rays at an interface 

with different materials (refraction, dispersion, diffraction, polarization, 

birefringence, emission and absorption, and others). Principle of operation of 

basic optical devices: microscope, dispersion and diffraction devices 

(monochromators, spectrophotometers, styloscopes and others)/ Methods for 

errors calculating and sources of their origin, determining of light 

wavelength and refractive index of media, obtaining emission spectra. 

Famous scholars such as Galileo Galilei, Rene Descartes, Robert Boyle, 

and Isaac Newton supported such a point of view. In the early 1800s, John 

Dalton gave several rules that formed the basis of an atomic theory in which 

atoms were the smallest units of matter. Dalton's atomic model included the 

following basic postulates: (1) All matter is composed of small particles, 

which are called atoms. (2) The atoms of each element are alike in weight 

and in all other properties. (3) The atoms of different elements are of 

different weights, and their other properties differ. (4) Atoms are 

Laboratory 

work on 

Electricity and 

Magnetism 

work the 

Colloquium; 

Integral 

Calculus 

Laboratory 

work on Optics 

Laboratory 

work on 
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Physics 
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indestructible and can neither be created, destroyed, nor divided. They 

preserve their identity during chemical reactions and only undergo 

rearrangement. (5) When two or more elements combine to form a 

compound, their atoms combine to form identical groups of atoms, which 

are called molecules. 

System knowledge of the structure of psychology. Understanding of the 

basic patterns of general psychology. Systematic understanding of 

psychological processes. 

Knowledge base: has a detailed knowledge of nuclear structure, nuclear 

models, interaction forces and experimental data 

Ethical issues: science and humanity. How these two interact and/or 

antagonize each other in the course of history and in our days. 

Skill: 

To process the measurement results, compare them with the theoretical 

data, and formulate conclusions on laboratory works; examine and 

summarize the knowledge about modern experimental analysis of the 

thermal processes and apply methods of thermal physics in adjacent areas. 

To use the main operations over vector functions of a scalar argument, 

to calculate derivatives of vector functions of a scalar argument; to use 

differential methods of studying of scalar fields; to perform the main 

operations of derivation of scalar fields; to calculate derivatives in the 

directions and gradients of such fields; to use differential methods of 

studying of fields of vectors; to calculate derivatives in the directions, the  

rotors and the divergences of fields of vectors; to determine potentials and 

density of sources of fields of vectors; to use fundamentals of tensor’s 

algebra; to use the received level of knowledge for successful learning of 

courses of the physical and mathematical profile. 

Laboratory lessons are designed to provide skills of research, ability to 

work with electricity and magnetism equipment, the consolidation of 

theoretical knowledge. 

Carry out measurements of fundamental optical values. Describe optical 

processes with using physical terminology. Draw up and submit information, 

ideas, problems and solutions to both specialists and non-specialists. To be 
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able to communicate on content and problems of optics both with colleagues 

and with representatives of the public including those from other countries in 

a foreign language. Represent a calculation of a determined value using 

computer programs. 

Laboratory lessons are designed to provide skills of research, ability to 

work with atomic physics equipment, the consolidation of theoretical 

knowledge. This course covers the experimental basis of quantum physics. 

Topics include: photoelectric effect, Compton scattering, photons, Franck-

Hertz experiment, the Bohr atom, electron diffraction, de Broglie waves, and 

the wave-particle duality of matter and light. Introduction to wave 

mechanics: Schrödinger's equation, wave functions, wave packets, 

probability amplitudes, stationary states, the Heisenberg uncertainty 

principle, and zero-point energies. Solutions to Schrödinger's equation in one 

dimension: transmission and reflection at a barrier, barrier penetration, 

potential wells, the simple harmonic oscillator. Schrödinger's equation in 

three dimensions: central potentials and introduction to hydrogenic systems. 

To be able to apply systemic approach for identification psychological 

issues. To understand how people can develop and manage their own 

psychic processes. To evaluate literature in the field related to the topic of 

Psychology. 

Studying nuclear physics can help one to develop a range of skills that 

can be applied in many areas of physics. These skills include: problem 

solving based on the deep knowledge of quantum mechanics; reasoning - for 

a complex, nonorthodox problems; 

skills in practical mathematics and mathematical modelling and 

extensive knowledge of the specialist software packages and programming. 

6. MAJORS 

Elective Course 

(7 credits) 

Knowledge: 

Formulation of boundary value problems with inhomogeneities for linear 

partial differential equations of second order hyperbolic and parabolic types. 

Extension method for solving boundary value problems for the wave 

equation. Definition, basic properties, recurrence relations, the asymptotic 

behaviour of the delta function and special functions. Examples of their 

application in mathematical physics. 

Main laws, concepts, and theories of chemistry and it’s understanding. 

Additional 

Chapters of 

Mathematical 

Physics 

lecture, 

seminar 

laborator

y classes 

IWS 

lecture; group 

mini-projects; 

individual 

practice-

oriented 

projects  

laboratory 
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the written 

exam; 

tests (closed, 

open); 

Midterm 

Control; 

course work; 

Chemistry 

Special theory 

of relativity 

Computer 
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Physical and chemical properties of elements of Periodic System and it’s 

understanding. 

To know the principles of the Theory of Special Relativity: The concept of 

the ether. Michelson-Morley experiment; The measurement of the speed of 

light; The principle of relativity and the Galilean transformations; Einstein's 

Postulates; The Geometry of Relativity; The Lorentz Transformations; The 

Structure of Space-time; Relativistic Mechanics; Proper Time and Proper 

Velocity; Relativistic Energy and Momentum; Relativistic Kinematics; 

Relativistic Dynamics; Relativistic Electrodynamics; The Electromagnetic 

Field Tensor; How does the Electromagnetic Fields Transform; 

Electrodynamics in Tensor Notation; Relativistic Potentials. 

Algorithmic programing languages. Scientific software. Data analyzing 

software. Numerical methods and data visualizing techniques. Knowledge an 

understanding of the overall structure and key elements of the computational 

physics course and their relationship to the nuclear physics. 

The essence of innovative methods which are used in the teaching of 

physics. Methods of evaluating educational effects. 

Knowledge and Understanding of the core physical principles in nuclear 

physics supported by the sound knowledge of mathematical apparatus 

necessary to describe the phenomena and its potential outcome in time. 

The aim of this course is to give basic and advanced knowledge in modern 

reactor physics. The main part of the course is devoted to neutron diffusion 

theory, theory of nuclear fission and their industrial applications (power 

generation). The lectures give also an insight into new ideas to transmute 

nuclear wastes with help of particle accelerators. The course gives also some 

practical understanding of reactor operation through the laboratory exercises 

conducted at the departmental reactor simulator and probably at a research 

reactor. 

Knowledge base: has a detailed knowledge of nuclear structure, nuclear 

models, interaction forces and experimental data 

Ethical issues: science and humanity. How these two interact and/or 

antagonize each other in the course of history and in our days. 

Skill: 

To solve boundary value problems with inhomogeneities for linear 

Simulation of  

Physical 

Processes   

work; case 

study-project 

Innovative 

Methods in 

Teaching 

Modern 

Technologies 

in Teaching 
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partial differential equations of second order hyperbolic and parabolic types. 

To use of delta-function and special functions in solving problems of 

quantum mechanics. 

Solving practical problems in chemistry. Suggest optimal conditions of 

reactions. Write schemes of transformation of chemical substances from 

each other. Demonstrate acquired theoretical knowledge to answering of the 

competent questions of midterm and final exams. Make reactions 

experimentally in laboratory during laboratory classes and use different 

laboratory equipment and installations. Make an analysis of learning 

outcomes of the chemistry, generalize them through scientific essays, 

presentations, etc. 

To construct space-time diagrams and implement them in depicting 

inertial frames of reference, both in motion and at rest. 

To carry out the logical analysis to solve model problems of Special 

Relativity, effective implementation of the theory in practice. 

To investigate relativistic effects occurring in various fields of physics. 

Programming skills within and beyond the boundaries of academic 

requirements to the nuclear physics program. Ability to include the new 

acquired information into the context of the nuclear physics knowledge and 

reinterpret its contents numerically. Ability to analyze complex situation and 

offer solutions to its challenges using computational tools provided by the 

course. Ability to apply the methods of computational physics such as 

numerical simulations, mathematical analysis, visualization tools etc. to the 

diverse fields of nuclear physics. 

To introduce innovative technologies in the teaching of physics in the 

school. To apply innovative methods of organizing and implementing the 

educational process at various educational levels in various educational 

institutions. 

As a result of studying the course, the student will receive skills for 

solving partial differential equations of second order; to learn how to 

formulate and solve the Cauchy problem, boundary and mixed problems for 

the description of wave processes, of diffusion and thermal conductivity, 

steady-state processes; 

Studying nuclear physics can help one to develop a range of skills that 
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can be applied in many areas of physics. These skills include: problem 

solving based on the deep knowledge of quantum mechanics; reasoning for a 

complex, nonorthodox problems; practical mathematics and mathematical 

modelling and extensive knowledge of the specialist software packages and 

programming.  

7. Individual 

educational 

trajectories 

(IET)  

(31 credits) 

 

IET 1 

Knowledge: 

Include the knowledge on nuclear astrophysics in the context of 

astronomy and general picture of the Universe, interpret its contents. 

Understand the main processes of energy generation and nucleosynthesis in 

stars and nuclear processes occurring on different stages of stellar evolution. 

Develop the understanding of the role of nuclear and quantum processes in the 

evolution and dynamics of stars and other cosmic objects. Understand 

different experimental techniques used in nuclear astrophysics. 

Show a basic knowledge of the selected areas of general classical physics, 

including their applications. Show a basic knowledge of mathematical 

modelling as process and computer simulation as a part of it. Demonstrate 

broad knowledge and understanding of the role of mathematics in the 

technical development of physics. Demonstrate good knowledge in 

programming mathematical models. Demonstrate knowledge of and 

understanding for what types of problems that can and should be treated by 

mathematical simulations and what types should not. 

Variation procedure. Delta-method. Time-independent perturbation 

theory. Stark effect theory. Model description of many-particle systems. 

Fundamental conceptions of scattering (schemes of scattering 

experiments, laboratory system, center of mass system, scattering amplitude, 

differential cross sections); Solution of Schrodinger equation for scattering 

problem (stationary formulation of scattering theory, asymptotic of the 

solution). Born approximation (plane-wave approximation, limits of the 

method validity); Scattering in central fields (Coulomb potential, shielded 

potential, behaviour of differential cross section at large and small angles of 

scattering); Atomic form-factor (central distribution of electric charge). 
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Partial waves method (plane wave expansion by partial waves, scattering 

amplitude in partial waves method, criterion for partial waves number, 

methods of scattering phases calculation, scattering matrix, limits of the 

method validity). Elastic scattering of slow particles, elastic scattering of 

identical particles; High energy approximation, multiple scattering; Elements 

of inelastic scattering; Relations between quantities in laboratory and center 

of mass systems; Relativistic and non-relativistic kinematics of scattering. 

Large Hadron Collider; Relativistic invariant; Measurement of mass of 

unstable particles; Decay of particles in quantum mechanics; Lifetime of fast 

mu-mesons. 

Angular momentum theory (projections of operators of orbital 

momentum, spin momentum, total momentum, momentum squared), 

momentum quantization, Eigen functions and Eigen values of the operators 

of angular momentum; Solution of the problem of motion in central field; 

Selection rules for nuclear reactions due to momentum and parity 

conservation. Quantum theory of spin (quantization, Pauli spin two-row 

matrices, properties of Pauli matrices, spin functions, Eigen values). 

Coupling of two momenta, Clebsch-Gordan coefficients, properties of vector 

addition coefficients, methods of their calculation, construction of wave 

functions of 2 electron and nucleon quantum systems (orbital, spin, isospin); 

Symmetry of wave functions, particles statistics; Possible states of two-

nucleon system. Coupling of three and four momenta, LS- and jj-coupling of 

momenta, Racah coefficients (6j-symbols), generalized Racah (9j-symbols) 

coefficients; their properties. 

General properties of nuclear systems, structure of atomic nuclei, main 

models of atomic nuclei, limits of their applicability and their explanation. 

Main characteristics of ground and excited states of atomic nuclei. 

Explanation of spins and parities of all odd atomic nuclei, explanation of 

magic numbers, phenomena of nuclear isomerism. Disadvantages of  nuclear 

models and necessity of transition to many-particle model, basing on theory 

of infinite nuclear matter and Bete-Goldstone equation, conception of 

healing length, basics of drop model of nuclei. Mechanisms of nuclear 

fission, explanation of regularities of nuclear fission in drop model of nuclei. 

Core components and structure of Wolfram and Fortran languages. Main 

Theoretical 

Practicum. 

Quantum 

Mechanics 

Relativistic 

Quantum 

Mechanics 
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functions, procedures and subprograms and manipulate datasets. Code and 

compile computer programs in Mathematica and Fortran to solve common 

problems in physics and astronomy. 

Klein-Gordon Equation. Lorentz invariance. Canonical quantization for 

free scalar field. Definition of particle and vacuum in QFT. Propagators and 

Feynman diagrams. Non-Abelian gauge fields. Elements of the theory of Lie 

groups and algebra. Higgs mechanism 

Methods of solutions of more challenging problems. Time-dependent 

quantum mechanics. Spin formalism. Entanglement and measurement. 

Basic postulates and principles of relativistic QM. Dirac equation. Dirac 

matrixes. Spin operator. Quantization of: scalar field, Dirac field, 

electromagnetic field. 

Skill: 

Use methods of theoretical calculations of nuclear reactions and analysis 

of astrophysical processes to solve common problems in the field. Develop 

critical thinking and independent learning, and work effectively in a group. 

Develop presentation skills and judgement capabilities through assessment of 

their own work and that of others. Critically read and evaluate published 

papers in the field of nuclear astrophysics. 

Show independent ability to perform written calculations with 

mathematical models of different physical phenomena. Demonstrate ability to 

search, collect, evaluate and interpret relevant information for a problem and 

critically discus this. Demonstrate ability to independently identify, formulate 

and solve problems and to carry out tasks within a given timeframe. 

Demonstrate ability to verbally and in writing, explain and discuss 

information, problems and solutions in dialogue with different groups. 

Demonstrate abilities that are needed to work independently within the field of 

the program. 

Estimate the accuracy of applied approximate method. Calculate the 

low-order corrections to the energy spectra for simple models. Get practice 

in application of Rayleigh-Ritz variation method. Construct wave functions 

of definite symmetry. Apply the antisymmetrization procedure to wave 

functions for spin particles. 

Use of fundamental methods of scattering for problems solution (Born 
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approximation, partial waves method, limits of the methods validity). 

Calculation of fundamental quantities of scattering: amplitude and 

differential cross sections of scattering in different fields (Coulomb 

potential, shielded potential, Gauss potential, other central potentials), 

atomic form-factors (for central electric charge distribution), nuclear 

reactions threshold. Investigation of the differential cross sections behaviour 

for large and small angles of scattering. Transition from laboratory system to 

center of mass system and vice versa. 

Use of methods of angular momentum theory for quantum problems 

solution; Use of angular momentum and parity conservation laws for nuclear 

reactions selection. Construction of wave functions of  2, 3,4 particles 

quantum system. Calculation of coefficients of vector coupling (Clebsch-

Gordan coefficients, Racah coefficients); Calculation of matrix elements of 

angular momentum operators for different values of the momentum. Use of 

vector coupling coefficients tables in literature; Transition from LS-coupling 

scheme to jj-scheme and vice versa. 

Calculation of thresholds of different endothermic nuclear processes, 

using the conception of relativistic invariant. Use of selection rules, 

connected with quantum laws of conservation of angular momentum, parity, 

isospin, statistics of atomic nuclei. Determination of quantum characteristics 

of nuclei using the nuclear models. Determination of binding energy of 

nuclei by total decay channel and by separate channels decay, use of stability 

condition. 

Compare different logical approaches to the solution of a given problem 

and choose the most suitable logic, procedures and functions. Analyze and 

interpret the obtained results and use debugging functions to obtain correct 

solutions. Build graphs and create visualization of the solutions in 

Mathematica and Fortran. Select and use the appropriate tool, whether 

Mathematica or Fortran program for solving numerical analysis problems. 

Operate the Command and Environments of LaTeX. Prepare a complete 

technical document in LaTeX, with formulas, figures and graphs that satisfies 

most common scientific article publication criteria. 

The ability to apply in practice the elementary particles theory. To use 

optimal methods to solve diverse practical problems of elementary particles 
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theory. To investigate elementary particles theory phenomena taking place in 

different branches of physics. 

Solve the problems of basic level. Solve the problems of intermediate 

level. Solve the problems of advanced level. 

The ability to apply in practice the Relativistic Quantum Mechanics. To 

use optimal methods to solve diverse practical problems of relativistic 

quantum mechanics. To investigate relativistic quantum mechanical 

phenomena taking place in different branches of physics. 

7. Individual 

educational 

trajectories 

(IET)  

(31 credits) 

 

IET 2 

Knowledge: 

The basic concepts of dosimetry and sources of radioactive radiation. The 

relationship of nuclear-physical mechanisms of interaction of ionizing 

radiations with biological matter. 

The laws, regularities, systematics, effects and phenomena in the field of 

applied science of constructing active zone of nuclear reactors; in the field of 

factory science - specific examples of implementation of powerful nuclear 

power plants. The basic legal and regulatory framework for nuclear power 

engineering and radiation safety of the population of the Republic of 

Kazakhstan. To be able to define the basic principles of the organization of the 

storage of radioactive waste. Apply basic sanitary-epidemiological norms of 

radiation safety as for staff and as for the public. To practice evidence-based 

methods of organizing workplaces in accordance with the norms of general 

and special safety precautions. Experimentally determine the alpha, beta and 

gamma background both indoors and in the open atmosphere. To be able to 

localize and eliminate the consequences of radiation accidents at various 

levels. 

To have knowledge of objective laws of physical processes in micro 

scale; and about methods of recording of ionizing radiation. To know ways 

and means of measuring and quantifying radiation 

Main types of interaction between neutrons and materials, their 

characteristics, methods of observation and experimental research. The main 

methods of determining the properties of nucleons, the fundamental laws of 

their interaction with matter and their mathematical expression. The most 

important scientific and technical application of neutrons. The basic nuclear 
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phenomena, peculiarities of their course, the basic concepts, values, 

mathematical expressions and their units, the basic methods of 

experimentation and processing of the measurement results and the ability to 

properly correlate the content of the specific problems with the laws of 

nuclear physics, to use major appliances. Basic concepts of nuclear physics, 

nuclear size, nuclear phenomena, their mathematical expression, their place 

and role in modern science and production. Nuclear core phenomenon of 

their appearance in nature and used in the art, and their mathematical 

description. Quantum phenomena at the nuclear level; on an experimental 

basis, nuclear physics and physical phenomena caused by the electron shells 

of atoms and molecules; the limits of applicability of physical models and 

hypotheses in nuclear physics. 

Basic concepts in nuclear physics and elementary particles. 

Communication laws of nuclear physics to the laws of atomic physics and 

elementary particle physics, in particular, at high and low energies. The 

Feynman diagram technique for calculating the probability amplitude of a 

process. 

The units of measurement adopted in nuclear physics, the basics of the 

interaction of radiation with matter, the acceleration and detection of 

particles, to have an idea of the quantum-mechanical nature of processes in 

nuclei, their decay, fission and interaction with other nuclei and particles, the 

main characteristics and models of nuclei , Methods of studying nuclei, 

astrophysical aspects of the origin and abundance of elements, the 

possibilities and achievements of nuclear physics in other areas. 

Programing languages, scripts and techniques. Scientific software and 

IDEs. Data analyzing and plotting software. Basics of Numerical methods. 

Knowledge an understanding of the overall structure and key elements of the 

course and their relationship to the nuclear physics. 

The types of accelerators. The problems of physics of high-energy 

accelerators and also regularly participate in international and regional 

conferences. The current state of the theory and practice of accelerators.  

Spin systems. Time evolution. Measurement in QM. Quantum 

information. 

The basic equations for bosons and fermions. Effects, arising at the C, P 
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and transformations for the Bose and Fermi particles. Main kinematic 

relations for the reactions involving polarized particles. 

The general mathematics and physics coursework that is required for all 

students in Physics  

The course will give an overview over the most important types of 

nuclear reactions, introduce reaction models, and discuss how reactions can 

be used to study specific nuclear structure phenomena. The course lays out 

the foundation that allows students to interpret the observations obtained in 

experiments at the forefront of nuclear structure research. Students will also 

be instructed in the use of computer codes to calculate for example reaction 

cross sections and other useful tools which enable students to plan nuclear 

structure experiments 

On completion successful students will be able to: 

show how simple models can explain the main features of nuclear 

reactions demonstrate understanding of the important nuclear processes 

responsible for the formation of the elements. 

Skill: 

Apply fundamental knowledge of the laws of nuclear physics, in 

particular, in the experimental and theoretical methods of calculating 

protection from ionizing radiation. 

Apply basic sanitary-epidemiological norms of radiation safety as for staff 

and as for the public. To practice evidence-based methods of organizing 

workplaces in accordance with the norms of general and special safety 

precautions. Experimentally determine the alpha, beta and gamma background 

both indoors and in the open atmosphere. To be able to localize and eliminate 

the consequences of radiation accidents at various levels. Demonstrate skills 

during the presentations at scientific conferences and seminars of physical 

understanding the obtained results in the framework of the application of 

sanitary and epidemiological norms. 

Demonstrate skills of collecting, analyzing and systematization 

experimental, theoretical and legal and regulatory laws and data to analyze the 

radiation environment and the use of nuclear and physical technologies in 

industry and agriculture. Critically evaluate medical standards when used 

radiation diagnostics and radiation therapy, especially in relation to therapy 
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with inhaled radon and radon baths. Demonstrate a willingness to cooperate 

within the framework of integrated teams of medical physicists and medical 

professionals in the field of nuclear medicine. Correctly formulate aims and 

objectives of research and practical applications of nuclear medicine 

techniques. To persuade the audience of the need to use in practical 

applications of nuclear energy and nuclear technology, to substantiate their 

safety and reliability. Demonstrate the ability for learning new areas of at the 

junctions of nuclear physics and biophysics, radiation medicine, chemistry, 

pharmacology and other related sciences. Being able to realize the need to 

improve the quality of used computer, software and hardware in the nuclear 

power industry, nuclear technology, and nuclear medicine. 

To be able to use measuring electronics, working by different principles 

for registration of nuclear radiation; also to use sources of radiation. Tto 

acquire practical skills in measurement of nuclear radiation by various 

methods and devices. To obtain fundamental, high-quality professional 

education, deep specialized knowledge in the field of nuclear physics, which 

will allow the successful development of science. Mastering methods and 

skills of organizing a nuclear experiment. The bring-up of a well-educated 

youth capable of independently acquiring new knowledge, adapting to 

changing social and economic conditions. Mastering knowledge, relevant to 

social economic processes occurring in the modern world. Assimilation of 

professional knowledge and methods, taking into account the changing needs 

of professional worldwide market. Preparation for scientific and creative 

work, for critical comprehension of results, for forming responsibility for their 

professional activities in a free, democratic and lawful country. 

Correctly, qualitatively and quantitatively formulated the main section 

of the problem and to evaluate the order of physical quantities. Qualitatively 

use the quantum and relativistic concept of representation when considering 

the properties of atomic nuclei and elementary particles. Nuclear interaction 

of radiation with matter. The simplest theoretical calculations. Solution of 

typical problems. Experimental work and the analysis of the results. 

Demonstrate knowledge gained in the field of elementary particle physics 

and nuclear physics understanding of the terminology. To acquire new 

knowledge, using modern educational and information technologies. Put into 
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practice the basic professional knowledge in the field of high energy physics 

and at lower energies. Analyze experimental and theoretical data for solving 

professional problems. Demonstrate skills during the presentations at 

scientific conferences and seminars of physical understanding the obtained 

results in the framework of the transition from classical to quantum physics 

concepts. Demonstrate skills of collecting, analyzing and organizing 

experimental and theoretical data on the spectra of nuclear radiation and their 

connection with the structural characteristics of the nucleus and nuclear 

dynamics. Analyze and systematize the research results obtained in the current 

experimental plants, carried out at high-energy accelerators (LHC, Tevatron) 

and at lower energies, in particular, on electron-positron colliders with 

energies of a few GeV. To the process these results and provide input in the 

form of research reports, publications and presentations. 

Use the formulas of the special theory of relativity. Calculate the mass of 

the nuclei and the elementary kinematics of the reactions. Use reference 

material to study the possibility of using radioactive radiation from nuclei and 

particles from accelerators for applied and scientific purposes. Of designing 

and calculating elementary particle detection systems. 

Basics programming and data analyzing skills within and beyond the 

boundaries of academic requirements to the nuclear physics program. Ability 

to interpret and visualize content of the nuclear physics knowledge 

numerically. Ability to analyze complex situation and offer solutions to its 

challenges using computational tools provided by the course. Ability to apply 

the methods of computational physics such as numerical simulations, 

mathematical analysis, visualization tools etc. to the diverse fields of nuclear 

physics. 

Apply accelerators in physics, in medicine and in industry. 

Solve the problems of basic level. Solve the problems of intermediate 

level. Solve the problems of advanced level. 

Have a clear idea about the objects for which the kinematics of nuclear 

reactions and elementary particles are applicable. To apply the expansion of 

the scattering amplitude in partial amplitudes for the analysis of nuclear 

reactions. Can use the kinematic invariants to finding the physical regions of 

different channels of reactions. To be able to use the unitarity condition for 
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finding the relations between the phases of the partial amplitudes of different 

nuclear processes. 

Could distinct and clearly see the boundaries of a physical problem, its 

extent and availability of tools to handle it. 

Generate a proper response in form of solution to a posed problem in 

nuclear physics  

Could give an elaborate response and argumentative judgement to a 

problem, its solution and feedback or response from the environment in 

terms of experiment or real life situation. 

Be a productive part of the scientific and academic community, teach 

and learn. 
8. 

Interdisciplinar

y disciplines (2 

credits) 

Knowledge: 

The role of entrepreneurship in economic development. Basic forms and 

types of businesses. Planning framework, organization and management of 

the enterprise. Culture and ethics of the entrepreneur. 

Competence in the design of mechanisms for the management of the 

company, the understanding of innovation processes prevailing in the 

company. 

The basic concepts of project management in industrial information 

systems. Foundations of statistical estimation and analysis of the accuracy of 

the parameters of the regression equation; basic prerequisites for the proper 

application of the classical regression models; 

The fundamental concepts of geo-Informatics; theoretical aspects 

associated with the I/O performance, storage and processing of spatial 

information using GIS technologies; information system model spatial 

objects; methods and peculiarities of modeling of spatial information in 

geographic information system. 

Skill:   

Carry out an economic analysis of the industry as a whole in terms of 

knowledge about the profession to discuss the relevant conditions. 
Investigate and disclose the nature of the economy. 
Interpretation of intellectual law, applying them to specific legal 

situations. 

Apply basic knowledge it to the investigation of economic relationships 

Innovative 

Entrepreneurship 

(by Industry) 

lecture, 

seminar 

 

lecture; group 

mini-projects; 

individual 

practice-

oriented 

projects 

practical 

work; the 

case study 

project; 

the written 

exam; 

tests (closed, 

open); 

Midterm 

Control; 

Intellectual 

Rights 

Econometrics 

Accounting 

and Audit 

Geoinformatics 

Latin  

Culture of 

Speech and 

Language 

Communicatio

n 

Al-Farabi and 

Modernity 
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and processes, and also understand the econometric methods, approaches, 

ideas, results and conclusions met in the majority of economic books and 

articles; 

Use the skills to work with information from various sources to solve 

professional problems, to evaluate the effectiveness of GIS in solving 

geographical problems. 

9. Educational 

practice 

 

 

 

 

 

Practice 

Training 

The ability to solve problems in various programming languages on the 

topics covered during the semester, as the fastening material, and also on 

topics not previously covered, as knowledge of programming.  

Knowledge on programming, development of algorithms of different 

programming problems for industrial information systems. 

Educational 

Practice 

Practice  individual 

assignment 

for tasks 

defense of 

report on 

practice 

The purpose of the educational practice is to train students to solve 

physical problems and to work with scientific publications. The practice is 

aimed at developing group efforts in solving complex problems as well as at 

sharpening student’s own understanding by taking part in discussions with 

other students. 
The purpose of the Institutional Practice is to fixing of theoretical 

knowledge of basic and major cycles of disciplines by practical, real 
performance by the student of duties of the expert, acquisition of practical 
skills and development of the best practices of professional and organizing 
work on a profile of future specialty. During the work practice, direct training 
of the student for professional activity in all directions in real working 
conditions is carried out. During an Institutional Practice data and information 
for the future bachelor degree project are collected. The students become 
familiar with technological, organizational and social aspects of the institution 
or company activity; they study and analyze specialized technical literature, 
software and other available information sources of the company. 

The purpose of the Pedagogical practice is the preparation of students to 
teach in high and middle schools. 

Pre-diploma practice of students is an important part of training and 

conducted in accordance with the basic specialty curriculum. 
The main purpose of the pre-diploma practice is to provide theoretical 

and practical results that are sufficient for the successful implementation and 
defence of the final qualifying work. 

 

Practice 

Training  

2 course 

Practice individual 

assignment 

for tasks 

defense of 

report on 

practice 

Practice 

Training  

3 course 

Practice 

Training  

4 course 
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10. Additional 

Types of 

Learning 

Knowledge of state policy and fundamental achievements of the 

Republic of Kazakhstan in the field of physical culture and sports. 

Knowledge of the theoretical, methodological, hygienic and 

organizational foundations of physical culture and sports. 

The ability to use in practical life skills, ensuring the preservation and 

strengthening of health, development and improvement of psycho-physical 

abilities and qualities. 

Ownership experience in the use of means of physical culture and sport 

for disease prevention, mental well-being, development and improvement of 

qualities and personality traits. 

Physical 

culture 

classes sports 

section; 

commissioni

ng standards; 
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EDUCATIONAL PROGRAM IN ENGLISH “NUCLEAR AND PARTICLES PHYSICS” 

THE SPECIALTY 5B060500 - Nuclear Physics 

 

Academic degree: Bachelor of  Natural Sciences on a specialty 5В060500 – Nuclear Physics 

Name of modules 

Disci

pline 

code 

Names of disciplines (modules) and types of activities Credit ECTS 
Lec.+Prac

.+ Lab. 
Sem. 

1. GENERAL EDUCATION 

1. 

GE 

Compulsory 

Component  

(21 credits) 

 Modern History of Kazakhstan 3 5 2+1+0 1 

 Philosophy 3 5 2+1+0 1 

 Kazakh (Russian) Language 
3 5 0+3+0 1 

3 5 0+3+0 2 

 Foreign Language 
3 5 0+2+1 1 

3 5 0+2+1 2 

 Information-Communication Technologies 3 5 1+1+1 2 

2. BASIC DISCIPLINES 

2.  

BD 

Compulsory 

Component  

(63 credits) 

 Professionally-Oriented Kazakh (Russian)Language 2 4 0+2+0 3 

 Professionally-Oriented Foreign Language 2 4 0+1+1 4 

 Mathematical Analysis 1 3 5 1+2+0 1 

 Analytical Geometry 3 5 1+2+0 1 

 Mechanics 3 5 1+1+1 1 

 Molecular Physics 3 5 2+1+0 2 

 Mathematical Analysis 2 3 5 1+2+0 2 

 Electricity and Magnetism 3 5 2+1+0 3 

 Differential and Integral Equations 3 5 2+1+0 3 
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 Theory of Complex Variable Function 3 5 2+1+0 3 

 Probability Theory 3 5 2+1+0 4 

 Optics 3 5 2+1+0 4 

 Theoretical Mechanics 3 5 2+1+0 4 

 Methods of Mathematical Physics 3 5 2+1+0 4 

 Fundamentals of Electronics 3 5 1+1+1 5 

 Atomic Physics 3 5 2+1+0 5 

 Electrodynamics  3 5 2+1+0 5 

 Introduction to Nuclear Physics 4 5 2+2+0 6 

 Quantum Mechanics 4 5 2+2+0 6 

 Fundamentals of Thermodynamics and Statistical Physics 3 5 2+1+0 7 

 Condensed Matter Physics 3 5 1+1+1 8 

3. MAJORS 

3. M 

Compulsory 

Component  

(24 credits) 

 Experimental Methods of Nuclear Physics  3 5 2+0+1 7 

 Nuclear Physics at Low Energies  3 5 1+1+1 7 

 Interaction of Radiation with Matter  3 5 2+0+1 8 

 Field Theory  3 5 2+1+0 8 

 Structure of Atomic Nuclei  3 5 2+1+0 8 

 Theory of Nuclear Reactions   3 5 2+1+0 9 

 Detectors of Nuclear Radiation  3 5 2+0+1 9 

 Nuclear Reactors and Nuclear Energetics 3 5 2+1+0 9 
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4.Elective Course (7 credits GE; 21 credits BD; 38 credits M) 

 (5 credits) 
GE  Environmental Science and Sustainable Development 3 5 2+1+0 2 

BD  Laboratory Works on Molecular Physics 2 4 0+0+2 2 

 (5 credits) 
BD  Fundamentals of Vector and Tensor Analysis 3 5 2+1+0 3 

BD  Laboratory work on Electricity and Magnetism 2 4 0+0+2 3 

 (6 credits) 

BD  Differential and Integral Equations. Practicum 2 4 0+2+0 4 

GE  Sociology 2 4 1+1+0 4 

BD  Laboratory work on Optics 2 4 0+0+2 4 

 (9 credits) 

BD  Laboratory work on Atomic Physics 2 4 0+0+2 5 

M  Additional Chapters of Mathematical Physics 3 5 1+2+0 5 

GE  Principles of Economics 2 4 1+1+0 5 

BD  Pedagogics 2 4 1+1+0 5 

 (8 credits) 

BD  Laboratory work on Nuclear Physics 2 4 0+0+2 6 

M  Theory of Special Relativity 
2 4 

1+1+0 
6 

M  Basics of Scientific Computation 1+0+1 

M  Innovative Methods in Teaching 
2 4 1+1+0 6 

M  Modern Technologies in Teaching 

BD  Psychology 
2 4 

1+1+0 
6 

M  Chemistry 1+0+1 

5. Individual educational trajectories (IET) (31 credits) 

IET 1 M  
Introduction to Nuclear Astrophysics 3 4 2+1+0 7 
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M  
Computer Simulation in Theoretical Physics 4 5 2+0+2 7 

M  Approximate Methods in Quantum Mechanics 3 5 2+1+0 7 

M  Quantum Scattering Theory 3 5 2+1+0 8 

M  Additional Chapters of Quantum Mechanics 3 5 2+1+0 8 

M  Nuclear Models 3 5 2+1+0 8 

M  Computer Simulation of Physical Processes   3 5 1+0+2 9 

M  Elementary Particles Theory 3 5 2+1+0 9 

M  Theoretical Practicum. Quantum Mechanics 3 5 1+2+0 9 

M  Relativistic Quantum Mechanics 3 5 2+1+0 9 

IET 2 

M  Dosimetry and Radiation Protection 3 4 2+1+0 7 

M  Nuclear Safety and Radioactive Waste Storage Technology 4 5 2+2+0 7 

M  Formulation and Implementation of Experiments in Nuclear Physics 3 5 2+0+1 7 

M  Neutron Physics 3 5 2+1+0 8 

M  Physics of Elementary Particles   3 5 2+1+0 8 

M  Theory of Atomic Nuclei and Nuclear Models 3 5 2+1+0 8 

M  Graphical User Interfaces and Automatization of Experiments  3 5 2+0+1 9 

M  Accelerator Physics 3 5 2+0+1 9 

M  Advanced Quantum Mechanics  3 5 1+2+0 9 

M  Kinematics of Nuclear Reactions 3 5 2+1+0 9 

6. Interdisciplinary disciplines (2 credits) 

 
BD  Innovative Entrepreneurship (for industry) 2 3 1+1+0 6 

BD  Intellectual Rights 2 3 1+1+0 6 
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BD  Econometrics 2 3 1+1+0 6 

BD  Accounting and Audit 2 3 1+1+0 6 

BD  Geoinformatics 2 3 1+1+0 6 

BD  Latin 2 3 1+1+0 6 

BD  Culture of Speech and Language Communication 2 3 0+2+0 6 

BD  Al-Farabi and Contemporaneity 2 3 1+1+0 6 

Total theoretical training 174 credits 

7. Practice 

Professional practice (by types of practice) Credit ECTS Week Sem. 

 Educational Practice 1 0,5 1 2 

 Institutional Practice 1 2,5 2.5 4 

 Institutional Practice 2 5,0 5 6 

 Institutional Practice 3 7.5 7,5 9 

 Pedagogical Practice 4 4 4 10 

 Pre-diploma Practice 2 7,5 5 10 

8. Final 

Certification 

8.1 Final examination 1   10 

8.2 Writing and Presentation of Diploma Thesis 2 4,5 4 10 

9. Additional Types 

of Learning 
 Physical Culture 8 8 (0+0+2) 1,2,3,4 

Total   198 credits 
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LEARNING UNITS OF SUBJECTS 
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1. GENERAL EDUCATION 

 

THE MODERN HISTORY OF KAZAKHSTAN  

Learning Units: 
1. Socio-economic situation in Kazakhstan - preconditions struggle for independence. 

2. The origins of the national movement of the Kazakh people. 

3. The historical origins of the formation of the Soviet Kazakhstan: challenges of indigenization. 

4. Formation of the Soviet totalitarian Kazakhstan: character, actions and consequences. The exploits and the loss of Kazakhstan in the fight against 

fascist aggression. 

5. The contradictions and consequences of Soviet reforms in Kazakhstan in the second half of the XX century. 

6. Apogee «cult of personality» and the influence of the «thaw» in the socio-political sphere. Socio-economic and spiritual «stagnation» Ecological 

problems of Kazakhstan. Attempts to "perestroika" Soviet Kazakhstan. 

7. State strategy and socio-economic development of independent Kazakhstan. Formation of government of the Republic of Kazakhstan. 

8. Kazakhstan model of economic development. Social reforms and changes in the field of education. 

9. Ethnodemographic processes and strengthening of interethnic consent. 

10. A democratic and spiritual renewal of independent Kazakhstan. Social and political prospects. 

11. The youth policy in the Republic of Kazakhstan and define the path of spiritual renewal. 

12. Policy formation of a new historical consciousness and outlook of the people of the Great Steppe. 

13. The value of the Leader of the nation program "People in the stream of history" for the formation of a new historical consciousness. 

14. The significance of the celebration of 550 anniversary of the Kazakh Khanate for the formation of a new social consciousness. 

15. «Mangilik El» - Kazakhstan national idea of the XXI century. Kazakhstan - a country recognized by the modern world. 

 

KAZAKH (RUSSIAN) LANGUAGE 

Learning Units: 
1. Introductory course: language and speech. The main functions of language. 

2. Language and its basic functions. Speech: types and forms of speech. General characteristics of the forms and types of speech. 

3. Text as the leading unit of verbal communication. The main features of the text. Methods of communication proposals in the text. 

4. Functional-semantic types of speech. Understanding the types of monologue speech. 

5. Functional styles of speech. General characteristics of functional speech styles. 

6. Conversational style. Art style. Journalistic style. Official-business style. 

7. Style and language features. The main genres of documentation. Preparation of documents: autobiography, resume, declarations, powers of 

attorney, receipts, reports and others. 

8. Scientific style and its features. Stylistic features of scientific style. Lexical and grammatical means of scientific style. 

9. Structural-semantic division of scientific text. Types of scientific information, incorporated in the text. 
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10. Definition: general characteristics. Introduction of the term. 

11. Features more information text (summarizing, concretizing illustrating opening, the substitute). 

12. Communicative situation scientific field of communication. 

13. The culture of professional speech. Scientific discussion 

14. Oral scientific speech 

15. Convincing genres in scientific and journalistic style.  

 

FOREIGN LANGUAGE  

Learning Units: 
1. Food: fuel or pleasure 

2. If you really want to win, cheat. 

3. We are family. 

4. Revise and check.  

5. Ka-ching! 

6. Changing your life. 

7. Intermediate control 

8. Race to the sun.  

9. Modern manners.  

10. Judging by appearances.  

11. If at first you don’t succeed, 

12. Practical English: Renting a flat  

13. Back to school, aged 35  

14. In an ideal world  

15. Intermediate control: revision 

 

PHILOSOPHY  

Learning Units: 
1. The subject of philosophy. Subject matter, purpose and function of philosophy. 

2. History of philosophy. The philosophy of the ancient world. 

3. The philosophy of the Middle Ages of the East and the West 

4. Renaissance Philosophy. The philosophy of the New Age 

5. The philosophy of the European Enlightenment of the XVIII century. Classical German Philosophy. 

6. The philosophy of the end of the eighteenth century - beginning of the XXI century. 

7. Kazakh philosophy. 



94 
 

8. Basics of philosophical understanding of the world. 

9. Being as the central category of ontology. 

10. Development principle: dialectics and synergy. 

11. Possibilities and boundaries of knowledge. The specificity of scientific knowledge. 

12. Philosophy in the search and development. 

13. Philosophical anthropology. 

14. Social philosophy. 

15. Philosophical understanding of today's global challenges. 

 

INFORMATION AND COMMUNICATION TECHNOLOGIES 

Learning Units: 

1. The role of ICTs in key sectors of society. ICT Standards. 

2. Introduction into computer systems. Architecture of computer systems. 

3. Software. OS. 

4. Human-computer interaction. 

5. Database systems. 

6. Data analysis. Data management. 

7. Networks and Telecommunications. 

8. Cyber security. 

9. Internet technologies. 

10. Cloud and Mobile technologies. 

11. Multimedia technologies. 

12. Smart technology. 

13. E-technology. E-business. E-learning. E-government. 

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

15. ICT Development Prospects 

 

2. BASIC DISCIPLINES 

 

PROFESSIONALLY-ORIENTED KAZAKH (RUSSIAN) LANGUAGE  

Learning Units: 

1. Introduction to the subject area on the professional Kazakh (Russian) language. 

2. Foundations for mastery of subject-language material. 

3. Basic categorical and conceptual apparatus in professional Kazakh (Russian) language. 
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4. Professional terminology in Kazakh (Russian) language. 

5. Feature content domain majoring in Kazakh (Russian) language. 

6. Mechanics terminology 

7. Thermodynamics terminology 

8. Electricity and magnetism terminology 

9. Optics terminology 

10. Electronics terminology 

11. Atomic physics terminology 

12. Nuclear physics terminology 

13. Condensed matter physics terminology 

14. Relativistic physics terminology 

15. Quantum physics terminology 

 

PROFESSIONALLY-ORIENTED FOREIGN LANGUAGE  

Learning Units: 

1. What is Physics  

2. Units of measurement. 

3. The states of matter  

4. Atom. The structure of atom. 

5. The shape and structure of the atomic nuclei. 

6. The discovery of radioactivity.  

7. Matter and antimatter 

8. Nuclear models 

9. Nuclear energy. 

10. Energy from the Sun.  

11. Origin of the elements 

12. Superconductivity 

13. The Universe and the Solar system 

14. Big Bang 

15. Particles that go faster than light. 

 

MATHEMATICAL ANALYSIS 1 

Learning Units: 

1. Set. Operation over sets.  
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2. Definitions of a sequence. Limit of a sequence. Monotone sequences. Convergence of monotone sequences. The squeezing theorem for sequences. 

Some important limits. Number e. 

3. Limits of the functions. Tangent lines and limits. One-sided limits. The relationship between one-sided limits and two-side limits. Infinite limits. 

End behavior of a function. 

4. Continuity of a function. Classification of discontinuity points. 

5. Cauchy criterion on existence of the limit of the function. 

6. Continuity. Weierstrass’s theorems  

7. The Derivative. Tangent lines. Techniques of differentiation. 

8. Rolle’s and Lagrange’s and Cauchy theorems. Indeterminate forms. L’Hopital’s rule. 

9. Taylor and Maclaurin polynomials. 

10. Analysis of functions I: increase, decrease and concavity. Inflection points. Analysis of functions II: relative maxima and minima. 

11. An overview of the area problem. Antiderivatives. The Indefinite integral. Integral curves. 

12. Riemann sums and the Definite Integral. 

13. The fundamental theorem of calculus. 

14. Area between two curves. Arc length.  

15. Volumes by washers perpendicular to x-axis. 

 

ANALYTICAL GEOMETRY 

Learning Units: 

1. Coordinate systems. Vectors. Vector spaces  

2. Subspaces, span, and basis 

3. Products of vectors 

4. Linear transformations 

5. Straight lines and curves on the plane 

6. Surfaces in space 

7. Alternative coordinate systems 

8. Matrix theory. Matrix multiplication 

9. Systems of linear equations. Cramer's Rule 

10. Transformations of the plane 

11. Linear Operators 

12. Eigenvectors and eigenvalues 

13. Second-order curves in the plane 

14. Second-order surfaces 

15. Applied problems of analytical geometry and linear algebra 
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MECHANICS 

Learning Units: 

1. Introduction. Powers of ten. Evaluation of physics quantities. 

2. Kinematics of a particle.  

3. Newton's Laws.  

4. The system of particles.  

5. Work and Energy.  

6. Collisions.  

7. Motion due to gravity.  

8. Non-inertial frames of reference.  

9. Dynamics of a rigid body.  

10. Gyro.  

11. Mechanics of the solid medium.  

12. Harmonic oscillations.  

13. Oscillations and waves.  

14. The foundations of the special relativity.  

15. Relativistic dynamics. 

 

MOLECULAR PHYSICS 

Learning Units: 

1. Object of molecular physics.  

2. Model of ideal gas.  

3. Statistical method. Basic concept of mathematical statistics. 

4. Ergodic hypothesis. Fluctuation. Microstate and macro state. 

5. Maxwell velocity distribution.  

6. Temperature. 

7. Barometric height formula. Maxwell-Boltzmann distribution. 

8. First law of thermodynamics.  

9. Second law of thermodynamics. 

10. Third law of thermodynamics.  

11. Transport phenomena. 

12. Real gases. 

13. Liquids. 

14. Solids. 
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15. Phase transitions. 

 

MATHEMATICAL ANALYSIS 2 

Learning Units: 

1. Introduction. The first kind improper integrals. 

2. The second kind improper integral. 

3. Convergence and sums of numerical series. 

4. Power series. 

5. An orthonormal system in eucleadean space and Fourier series. 

6. The Euclidean n-space. Functions of several variables. 

7. Derivative and differentiability. 

8. Higher order partial derivatives. Taylor’s formula. 

Extremal points of a function. Functions between. 

9. Euclidean spaces, differentiating. Conditional extremum. 

10. The double Riemann integral. 

11. The triple Riemann integral. 

12. Application of double and triple integrals in physics and mechanics. 

13. The first kind curvilinear integral. 

14. The second kind curvilinear integral. 

15. Scalar and vector fields. 

 

ELECTRICITY AND MAGNETISM 

Learning Units: 

1 Fundamentals of the theory of electromagnetic interactions. 

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.  
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12 Theory of magnetics. 

13 Law of electromagnetic induction and its consequences. 

14 Circuits of quasi-stationary alternating current and methods of calculations thereof. 

15 Displacement current and Maxwell’s equations. 

 

DIFFERENTIAL AND INTEGRAL EQUATIONS 

Learning Units: 

1. The first-order equation 

2. The equation of n-th order and the system of equations 

3. Linear differential equations 

4. Second order linear differential equations with constant coefficients 

5. Variation of constants formula. The fundamental matrix 

6. Cauchy problem 

7. Two-point boundary value problem 

8. Several cases for second order linear differential equations with variable coefficients 

9. Stability theory 

10. Numerical methods for differential equations 

11. The concept of asymptotic methods for differential equations. 

12. Integral equations 

13. Integro-differential operators 

14. Duality theory 

15. Green's function 

 

PROBABILITIES THEORY 

1. Learning Units: 

2. Subject of Probability Theory. Events and Operations over Events. 

3. Definitions of Probability.   

4. Additive Rule. Conditional Probability. Product Rule.  

5. Independence of Events. Bayes’ Formulas.  

6. Bernoulli’ scheme. Polynomial scheme.  

7. Asymptotic Formulas of Bernoulli’ scheme.  

8. Random Variable (finite case). Distribution Law.  

9. Distribution Function. Operations over Random Variables.  

10. Numerical Characteristics of Random Variables.  
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11. Random Variable (general case).  

12. Large Numbers Law. Central Limit Theorem.  

13. Population and Sample.  

14. Point Estimators of Parameters and its Basic Properties.  

15. Confidence Intervals. Statistical Hypothesis Testing Scheme.  

 

THEORY OF COMPLEX VARIABLE FUNCTION 

Learning Units: 

1. The complex plane. Stereographic projection. 

2. Analytic functions. The Cauchy-Riemann equations. Inverse Mapping and the Jacobian. 

3. Harmonic functions. Conformal Mappings.  

4. Complex Line Integrals. Green’s theorem. Harmonic functions.  

5. Cauchy's theorem. The Cauchy integral formula. 

6. Power series. Sequences and series of functions. Weierstrass theorems. 

7. Power series expansion of an analytic function. Power series expansion at infinity. 

8. The zeros of Analytic function.  

9. Analytic continuation.  

10. Laurent series and isolated singularities. The Laurent decomposition. Isolated singularities of Analytic function. Isolated singularities at infinity. 

11. The Residue theorem. Integrals featuring rational functions. Integrals of trigonometric functions. 

12. The logarithmic integral.  The argument principle. 

13. Mappings to the unit disk and upper half-plane 

14. Riemann surfaces. 

15. Compactness of families of functions. 

 

OPTICS 

Learning Units: 

1. Energy and light quantities and units. 

2. The phenomenon of refraction. 

3. Centered optical system. 

4. Eye and vision. 

5. Interference of light. 

6. The phenomenon of diffraction. 

7. Diffraction and spectral analysis.  

8. The concepts of polarization in optics. 
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9. Polarization phenomena.  

10. Anisotropic media. Fundamentals of crystal optics.  

11. The scattering of light. 

12. Thermal radiation.  

13. Planck's formula. 

14. Synchrotron radiation.  

15. Photoelectric effect. 

 

THEORETICAL MECHANICS 

Learning Units: 

1. Introduction. Generalised coordinates. Coefficients of Lame. 

2. Lagrangian Mechanics 

3. Conservation laws. Noether’s theorem. 

4. Central force problems. Integration of the equations of motion 

5. Collisions between particles 

6. Small oscillations. Oscillations and stability 

7. Motion of a rigid body. The equations of motion of a rigid body 

8. Motion in a non-inertial frame of reference 

9. Hamiltonian mechanics. Canonical variables. The canonical equations.  

10. Hamilton’s equations. Canonical transformations 

11. Poisson brackets.  

12. Nonlinear damped-driven pendulum 

13. Hamiltonian-Jacobi theory. Action-angle coordinates  

14. Nonlinearities and chaos. Chaotic maps 

15. Canonical perturbation theory 

 

METHODS OF MATHEMATICAL PHYSICS 

Learning Units: 

1. Introduction. The basic equations of mathematical physics. Classification and reduction to canonical form of partial differential equations of the 

second order. 

2. Simplest problems leading to equations of the hyperbolic type. Derivation of the equation of membrane vibrations 

3. Formulation of boundary value problems. Limiting cases of the boundary value problem. Reduction of the general boundary value problem. 

4. Method of propagating waves. Physical interpretation of D' Alembert's formula. 

5. Method of separation of variables (Fourier's method). The problem of vibrations of a string fixed at both ends. The energy of the vibrating string 
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6. Boundary value problem of the vibrations of a circular membrane. 

7. Physical problems leading to equations of parabolic type. Formulation of boundary-value problems 

8. Method of the separation of variables. Boundary value problem for the equation of heat conduction. The source function. 

9. The problem of heat propagation in infinite rod. The fundamental solution of the equation of heat conduction and its physical meaning. 

10. Problems reducible to Laplace's equation. Laplace's equation in a curvilinear system of coordinates. 

11. Green's formulas. 

12. Properties of harmonic functions. 

13. Statement of internal and external boundary-value problems for Laplace's equation. Solution of boundary-value problems for the simplest regions 

by the method of separation of variables. 

14. Source function for Laplace's equation and its properties. 

15. General information about the spherical and cylindrical functions, Chebyshev-Hermit polynomials and Chebyshev-Laguerre polynomials. 

 

FUNDAMENTALS OF ELECTRONICS 

Learning Units: 

1. Basic Ideas: Energy Bands in Solids 

2. Electron Emission from Solids 

3. Properties of Semiconductors 

4. Metal– Semiconductor Contacts 

5. Semiconductor Junction Diodes 

6. Diode Circuits 

7. Junction Transistor Characteristics 

8. Junction Transistors: Biasing and Amplification 

9. Basic Voltage and Power Amplifiers  

10. Feedback in Amplifiers 

11. Sinusoidal Oscillators and Multivibrators 

12. Modulation and Demodulation 

13. Field-Effect Transistors 

14. Integrated Circuits and Operational Amplifiers 

15. Active Filters 

 

ATOMIC PHYSICS  

Learning Units: 

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

models. 
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2. Bohr’s quantum model of the atom. 

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

Lection 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. 

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

 

ELECTRODYNAMICS 

Learning Units: 

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. Scalar and Vector Potentials. 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. Pointing’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’ Alembert equation. Energy and Momentum in Electromagnetic Waves. 

13. Retarded Potentials. Lienard-Wiechert Potentials. 
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14. Electric Dipole Radiation. Quadrupole and magnetic dipole radiation. 

15. Radiation from a rapidly moving charge. Synchrotron radiation (magnetic bremsstrahlung) 

 

INTRODUCTION TO NUCLEAR PHYSICS 

Learning Units: 

1. The subject and structure of the course. The subject of discipline, its relationship with other specialty disciplines. 

2. Physics of composition, structure and dynamics of nuclei. 

3. Intranuclear forces of interaction. 

4. Nuclear models. Single-particle models. 

5. The collective models. 

6. The cluster models. 

7. Physics of nuclear reactions. 

8. Classification of nuclear reactions by the type of incident and emitted particles. 

9. Fission and fusion of atomic nuclei. 

10. The physics of radioactive decay. Radioactivity and types of ionizing radiation. Alpha decay. 

11. Beta decay. Gamma radiation of nuclei. 

12. Interaction of nuclear radiations with matter. 

13. Elementary particles. 

14. Cosmic rays. 

15. Applied Nuclear Physics. 

 

QUANTUM MECHANICS 

Learning Units: 

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. Tunnelling. Penetrability of the arbitrary barrier. Cold emission of electrons from metals. 
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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. 

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. 

 

FUNDAMENTALS OF THERMODYNAMICS AND STATISTICAL 

Learning Units: 

1. The goals of thermodynamics. Macroscopic system. The notion of equilibrium. Thermodynamic variables. Zeroth law of thermodynamics. The 

notion of temperature in thermodynamics. The Celcius temperature scale. 

2. Equation of state: ideal gas, real gases. Quasi-static transformations in thermodynamics. Reversible and irreversible transformations. 

3. Work equation for fluids. Work equation for other systems. Work done on a solid. First law of thermodymaics. Heat capacity. Heat capacities at 

constant volume and pressure. 

4. Internal energy as a function of volume. Joule’s experiment. Adiabatic expansion or compression. Conversion of heat into work. Carnot cycle. 

5. The second law of thermodynamics in different formulations. Clausius’ theorem. The notion of entropy in thermodynamics. The principle of 

entropy increase. Reversible changes of temperature. 

6. Entropy of an ideal gas. Entropy and the degradation of energy. Statistical interpretation of the entropy. The third law of thermodynamics. 

7. Thermodynamical potentials: Internal energy, enthalpy, Helmholtz free energy, and the free energies. Maxwell relations. Mathematical interlude: 

Reciprocal and reciprocity relations. The heat-capacity equation. Thermodynamic variables and equation of state for magnetic systems. 

8. Review of probabilities. Macrostate and microstates in statistical mechanics. Statistical mechanics of non-interacting systems. Statistical weight: 

single particle in a box, N particles in a box. 

9. Statistical weight in classical mechanics: single particle in one dimension. General systems, example: N particles in a box. Fundamental postulates 

in statistical mechanics. Application: entropy of an ideal gas, thermodynamic quantities. Gibbs’ paradox for statistical mechanics. 

10. Statistical mechanics of interacting systems. Probability distributions. Gibbs distribution, grand partition function. Boltzmann distribution and 

partition function. The entropy in statistical mechanics. 

11. The calculation of Thermodynamic quantities for Boltzmann distribution. Energy distribution for statistical systems. 

12. The calculation of partition function for N simple harmonic oscillators. 

13. Gibbs distribution: the calculation of thermodynamic quantities. Fluctuations in statistical systems. Classical statistics. The ideal gas. Equipartition 

theorem. 

14. Quantum statistics of ideal gases. Quantum statistics: microstates, occupation number, bosons and fermions. Grand partition function. Mean 

occupation numbers for bosons and fermions. The calculations of Thermodynamic quantities. 

15. Bose-Einstein statistics: grand partition function, Mean occupation numbers. Fermi-Dirac statistics: grand partition function, Mean occupation 

numbers. 
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CONDENSED MATTER PHYSICS 

Learning Units: 

1. Types of crystal lattices in solids. Condensed state, definition of a solid. Classification of a solid body by its structure and properties. The concept 

of translational symmetry. Spatial lattice and basis. Elementary and primitive cells. Operations of point symmetry. 

2. Classification of a solid body by structure. The condition for Bravais lattices choosing. Crystallographic classes and systems (syngonies). Place 

and direction of planes in crystals. Determination of the directions and nodes in the unit cell. 

3. Interaction of a crystal with electromagnetic waves. Reciprocal lattice. Vectors of the reciprocal lattice. Bragg condition for diffraction in crystals. 

Atomic factor and basis structural scattering factor. Diffraction is a method for crystals studying. 

4. Weak chemical bonds in solids. The nature of the interatomic attraction and repulsion. The forces of Van der Waals. Nucleotides, structure, types, 

properties. 

5. Strong chemical bonds in solids. Ionic bonding. Total energy of ionic crystals, the energy of Modelung. Covalent and hydrogen-like bonds. 

6. Free electron gas in metals. The first model. Binding energy. Electrical conductivity of metals. Hall effect. Electronic heat capacity. 

7. Fermi free electron gas. The second model. One-dimensional state. Fermi energy. Fermi-Dirac function. Three-dimensional state. Description of 

the Fermi electron. 

8. The model of free electrons. Difference of free electron from Fermi gas. The model of almost free electrons. The Bloch theorem and the properties 

of the electronic quasimomentum. Brillouin zones. Approximation of the weak bond of an electron with an ionic grid. 

9. The concept of energy bands in solids. Analysis of the dispersion laws of the model of nearly free electrons, allowed and forbidden energy states. 

The effective mass of an electron. 

10. Zone theory in solids. Classification by the features of the energy spectrum of electrons in solids.  

11.  Energy bands and the Fermi surface. Determination of the Fermi surface in the model of free electrons. The tensor of the effective mass of an 

electron. 

12. Harmonic approximation. Oscillation of a monoatomic chain, oscillation frequency. Group and phase velocities of the wave. 

13. Oscillation of a diatomic chain. The oscillation of a diatomic chain and its solution. The appearance of the bandgap. 

14. Heat capacity of a solid. Einstein's approximation. Debye approximation. 

15. Defects in solids. Classification of defects in the crystal lattice: point defects, dislocations, surface and bulk defects. 

 

3. MAJORS 

EXPERIMENTAL METHODS OF NUCLEAR PHYSICS 

Learning Units: 

1. Statistics in nuclear physics. The statistical distribution. Errors of nuclear data measurements. 

2. Interaction of heavy charged particles with matter. Ionization energy loss. Secondary electrons. Interaction of electrons with matter. Radiation 

energy loss. 

3. Features of interaction of -rays with matter. The photoelectric effect. Compton scattering. Pair production. 
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4. The sources of charged particles. Charged particle accelerators. Sources of neutrons and -quanta. Synchrotron radiation. 

5. Main characteristics of the detectors. The response function. The time and energy resolution. The effectiveness of registration. 

6. Gas ionization detectors. The types of detectors. The motion of electrons and ions in the gas. Gas amplification. Gas-discharge counters. 

7. Semiconductor detectors. Detection mechanism. Depletion region in a p–n junction. Leakage currents. 

8. Scintillation detectors. The types of scintillators. Photomultiplier tubes. 

9. Track and coordinate detectors. Wilson chamber. Bubble chamber. Spark chamber. 

10. Integral and differential techniques of activity measurement. Absolute and relative measurements. 

11. Registration of charged particles of low and medium energy 

12. Registration of -radiation. The transmission function. Photonuclear reaction. 

13. Neutron spectrometry. Recoil nucleus technique. Activation technique of neutron cross section measurements. 

14. Nuclear modular electronics. International standards. 

15. Preparing of experimental information. Information from detectors for the data analysis. 

 

NUCLEAR PHYSICS AT LOW ENERGIES 

Learning Units: 

1. The composition and structure of the atomic nucleus. The binding energy of the nucleons in the nuclei. Semiempirical formula for the binding 

energy and mass drop model of the nucleus. Spin and magnetic moment of the nucleus (hyperfine structure). Parity. 

2. Radioactive nuclear transformation. Law of radioactive decay. Radioactive family. 

3. Alpha-decay. Energy diagrams. Elementary theory of alpha-decay. 

4. Beta-decay. Type of the beta-decay. Beta-spectrum. Theory of beta-decay. 

5. Gamma-decay. Internal conversion electrons. 

6. Nuclear models. Drop model. Shell model. Collective nuclear model. Generalized nuclear model. Rotational model. Superfluid nuclear model. 

Cluster model (model of nucleon associations). Statistical model of the nuclei. 

7. Ionization deceleration of charged particles. Elastic scattering of heavy charged particles. Delta-electrons. Multiple scattering. Radiation 

deceleration of electrons. 

8. The interaction of neutrons with matter. 

9. The interaction of gamma radiation with matter. Law attenuation of gamma radiation. 

10. Nuclear reactions. Classification of nuclear reactions. Energy scheme of nuclear reaction. 

11. Interaction of neutrons with nuclei. Radiation capture of a neutron. 

12. Nuclear fission. Spectrum of neutrons. Properties of fission fragments. 

13. Reactions of formation of transuranic elements. Nuclear reactions under the action of charged particles. 

14. Single-nucleon transfer reactions. Disruption reactions. Photonuclear reactions. Thermonuclear reactions. 

15. Nucleon-nucleon interactions. Elementary particles. Mesons. Meson theory of the Yukawa. 
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INTERACTION OF RADIATION WITH MATTER 

Learning Units: 

1. Basic concepts and definitions of the interaction of ionizing radiation with matter. 

2. The law of radioactive decay. Activity of radionuclides. Units of measure of activity. 

3. Interaction of electrons with matter. Ionization losses. Elastic and inelastic scattering. 

4. Interaction of heavy charged particles with matter. Protons, alpha particles, heavy ions. Ionization losses. Elastic and inelastic scattering. 

5. Interaction of heavy charged particles with matter. Ionization losses, radiation losses. Elastic and inelastic scattering. 

6. Transmission of gamma radiation through matter. Brake and characteristic X-ray radiation. The processes of interaction of gamma quanta with 

matter. Photoelectric Absorption. Thomson Scattering. The Compton effect. 

7. Transmission of gamma radiation through matter. The law of attenuation of X-ray and gamma-radiation. The total coefficient of attenuation of 

gamma quanta. 

8. Transmission of neutrons through matter. Classification of neutrons. Elastic and inelastic neutron scattering. Recoil nucleus. 

9. Transmission of neutrons through matter. Radiation capture. Nuclear reactions. Fission by neutrons of different energies. 

10. Methods and devices for recording ionizing radiation. Scintillation method. Photographic method. Calorimetric methods. Chemical methods. 

11. Methods and devices for recording ionizing radiation. Methods for recording neutrons. 

12. Dosimetry of ionizing radiation. Basic concepts and definitions of doses. 

13. Hygienic standards and sanitary regulations of the Republic of Kazakhstan. 

14. Methods of calculation of protection against gamma radiation, from alpha, beta particles, from heavy ions, from neutron radiation. 

15. Methods for calculating protection against neutron radiation. 

 

FIELD THEORY 

Learning Units: 

1. Scalar and vector fields. 

2. Elements of the theory of Lie groups and algebras. 

3. Non-Abelian gauge fields. 

4. Spontaneous breaking of global symmetry. 

5. Higgs mechanism. 

6. The simplest topological solitons. 

7. Elements of homotopy theory. 

8. Magnetic monopoles. 

9. Non-topological solitons. 

10. Instantons and sphalerons in gauge theories. 

11. Fermions in background fields. 

12. Fermions and topological external fields in two-dimensional models. 
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13. Fermions in background fields of solitons and strings in four-dimensional space–time. 

14. Non-conservation of fermion quantum numbers in four-dimensional non-Abelian theories. 

15. Classical solutions and the functional integral. 

 

STRUCTURE OF ATOMIC NUCLEI 

Learning Units: 

1. Statistical characteristics of proton and neutron. 

2. Basic properties of the atomic nucleus. The size of the nuclei. The average radius of the nucleus and its dependence on the number of nucleons. 

3. The energy of the nuclei. The spin of the nucleus. The magnetic moment of the nucleus. 

4. Radioactivity. Alpha decay. 

5. Beta decay. Gamma radiation nuclei. 

6. Forms of interaction. 

7. Nuclear power and potential of the core features of the nuclear forces. Yukawa potential. Pi meson. 

8. Nuclear models. 

9. The laws of conservation in nuclear reactions. 

10. Nucleon potential. 

11. The basic properties of the deuteron. 

12. Potential one-pion exchange. 

13. Elementary Particles. 

14. The quark structure of the nucleus. 

15. Gluons. 

 

THEORY OF NUCLEAR REACTIONS 

Learning Units:  

1. The subject and structure of the course. The subject of discipline, its relationship with other specialty disciplines. The classification of nuclear 

reactions. 

2. The Schrödinger equation. Formulation of the problem. Conclusion. 

3. The Schrödinger equation. The solution of the Schrödinger equation for a harmonic potential. The harmonic oscillator. 

4. The Schrödinger equation. The solution of the Schrödinger equation for a harmonic potential. The quantum numbers. 

5. The Schrödinger equation. The selection rules for the harmonic potential. 

6. Quantum theory of scattering. 

7. The reaction of the elastic nuclear scattering. 

8. Reactions to form a compound nucleus. The compound nucleus. The resonance nuclear reactions 

9. Reactions with the formation of compound nucleus. Resonant interaction of neutrons with nuclei 
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10. Mid-cross section and fluctuations of cross sections. 

11. The optical model. The optical model at low energies. 

12. The optical model. The complex optical potential. 

13. Diffraction scattering. The diffraction scattering of nucleons by nuclei. The diffraction scattering of deuterons with nuclei. 

14. Parameterized phase analysis. 

15. Multiple diffraction scattering. Diffraction nuclear reactions at high energies. 

 

DETECTORS OF NUCLEAR RADIATION 

Learning Units: 

1. Classification of Detector. 

2. Ionization Chambers. Pulse Chambers. 

3. Gas-Filled Pulse Counter. 

4. Variation of Pulse Sizes. 

5. Proportional Counter. Construction. 

6. Geiger Muller Counter. Construction and Characteristics. 

7. Pulse Formation and Decay. Scaling Circuits. Resolving Time. 

8. Determination of Resolving Time: Double Source Method. 

9. Semi-conductor Particle Detectors. Reversed Biased p-n Junction Particle Detector. Advantage.  Disadvantages. 

10. Neutron Detectors. Principle. 

11. Slow Neutron Detectors. 

12. Boron Detectors. BF3 (Boron-Trifluoride) Proportional Counters. 

13. Fission Detectors. Fast Neutron Detectors. 

14. Scintillation Counter. Construction. 

15. Gamma Ray Spectroscopy with NaI (TL) Scintillator. 

 

NUCLEAR REACTORS AND NUCLEAR ENERGETIC 

Learning Units: 

1. Nuclear power and its feasibility. Uranium and thorium fuel cycles.  

2. Nuclear fission reactions and associated processes in the reactor. Nuclear processes in the plutonium cycle of fuel reproduction. 

3. Classification of neutrons by energy. Nuclear fuel: general concepts. Nuclide and chemical composition. Classification. Features of nuclear fuel. 

Requirements for nuclear fuel. 

4. Classification of nuclear reactors. The main components of the nuclear reactor and their technical characteristics. 

5. Water-water reactors with water under pressure. Boiling water-water reactors. 

6. Graphite reactors with water coolant. 
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7. Reactors with heavy water moderator and coolant. 

8. Reactors on fast neutrons with a sodium coolant. 

9. Reactor installations of new generation. A new generation of hull-type reactors. 

10. Reactors of a new generation with graphite retarder. Multi-loop channel energy reactor (MKER). The basic directions of improvement of technical 

and economic indicators. 

11. Gas-cooled high-temperature reactors. High-temperature reactors of increased safety: the main provisions of the conceptual design and the main 

components of the core. 

12.  Design features of fuel elements. Safety and regulation of high-temperature reactors. 

13. A new generation of fast neutron reactors. State and prospects for the development of fast neutron reactors. Advantages and disadvantages of fast 

reactors with different heat carriers. Projects of new generation reactors: PRISM, EFR, BREST-300. 

14. Autonomous nuclear power plants. Autonomous gas-cooled nuclear power plant for hard-to-reach areas. 

15. Nuclear reactors of space power plants. Physical features of nuclear reactors of space purpose. 

 

4. ELECTIVE COURSES (MAJORS) 

 

ENVIRONMENTAL SCIENCE AND SUSTAINABLE DEVELOPMENT  

Learning Units: 

1. Introduction. The concept general ecology and its Significance for life. 

2. The subject of ecology, its role at the implementation of the concept of sustainable development. Environmental sections. 

3. Ecology of Individual organisms. Environmental factors. 

4. Minimum law of Liebig, V.Shelfordt’s tolerance law. 

5. Population Ecology. Population and its characteristics. 

6. The growth. The increase in the number of population and regulation. 

7. Community Ecology and Ecosystems is Sinology  

8. Biocenosis geocenosis, ecosystems, their features. 

9. The biosphere and shaping doctrine. 

10. Sustainable development concept. 

11. One of the aspects of the development of the sustainable use of natural resources and environmental management. Classification of natural 

resources. 

12. Anthropogenic factors the emergence of instability in the biosphere. 

13. Problems of modernity. Social, environmental, and sustainable development. 

14. Nature protection and sustainable development. The environment principles and protection. Methods. 

15. Relevant ecological problems of the sustainable development of Kazakhstan. 
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LABORATORY WORKS ON MOLECULAR PHYSICS 

Learning Units: 

1. Binomial probability. 

2. Calibration of thermoelectric thermometer.  

3. Determination of Boltzmann constant. 

4. Determination of the specific heat of crystallization (fusion) and of the entropy change by tin crystallization. 

5. Determination of relation CP/CV by the standing wave method.   

6. Estimation of the specific heat capacity of liquid by the calorimetric method. 

7. Determination of air viscosity.  

8. Measurement of the temperature dependence of fluids viscosity.  

9. Determination of the surface tension coefficient of liquids.  

10. Evaluation of the thermal conductivity of matter by the calorimetric method in the quasi-stationary regime. 

11. Determination of air heat capacity at constant pressure.  

12. Determination of air heat capacity at constant volume.  

13. Estimation of the specific heat capacity of metals.  

14. Height distribution of gas molecules in the field of gravity force.  

15. Determination of Van der Waals constants.  

 

FUNDAMENTALS OF VECTOR AND TENSOR ANALYSIS 

Learning Units: 

1. Vector analysis: Main concepts. System turn coordinates.  

2. Multiplication of vectors. The scalar product of vectors. Vector product of vectors. 

3. The scalar triple and double vector product of three vectors. 

4. Gradient, divergence, curl. 

5. Action of the nabla operator. Consecutive application of the nabla operator. 

6. Integration of vectors. Theorem of Gauss. Green's theorem. 

7. Stokes' theorem. 

8. Potential theory. Scalar potential. Vector potential 

9. Gauss's law. Poisson's equation. 

10. Systems of coordinates: Curvilinear coordinates. Cartesian, spherical, cylindrical coordinates. 

11. Differential vector operators. 

12. Special systems of coordinates. Division of variables. Differential operators in curvilinear coordinates. 

13. Tensor analysis: Introduction. Main concepts.  

14. Convolution. Direct multiplication. 
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15. Quotient rule. Pseudo-tensors. Affinors. 

 

LABORATORY WORK ON ELECTRICITY AND MAGNETISM  

Learning Units: 

1. Activity measurement by the method of ammeter’s and voltmeter’s resistance 

2. Study of the Ohm's Law and RC Circuits 

3. Study of the LR and Undriven LRC Circuits  

4. Study of the Driven RLC Circuit 

5. Definition of electron charge-mass ratio by magnetron 

6. Study of the solenoid magnetic field by a Hall sensor  

7. Study of the Forces and Torques on Magnetic Dipoles 

8. Study of the Faraday’s Law of Induction 

9. Study of the mutual induction phenomenon 

10. Determining the work function of electrons, removed from metals by the photoelectric effect 

11. Study of the ferromagnetic materials hysteresis 

12. Study of the cathode-ray tube and the principles of operation of an oscilloscope 

13. Study of the electrical processes in simple linear chains under harmonic electromotive force 

14. Study of the bipolar transistor 

15. Study of the electron-hole transitions in semiconductors 

 

 

DIFFERENTIAL AND INTEGRAL EQUATIONS. PRACTICUM 

Learning Units: 

1. First Order Differential Equations 

2. Nonlinear First Order Differential Equations 

3. Euler method for numerically solving 1st order equations   

4. Second Order Linear Equations 

5. Second Order Differential Equations with constant coefficients 

6. Second Order Differential Equations with variable coefficients 

7. Series Solutions of Second Order Linear Equations 

8. Higher Order Linear Equations 

9. The Laplace Transform 

10. Systems of First Order Linear Equations 

11. Nonlinear Differential Equations and Stability 
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12. Partial Differential Equations 

13. Fredholm-Stieltjes integral equations 

14. Volterra-Stieltjes integral equations 

15. Fredholm-Stieltjes integral equations with linear constraints 

 

SOCIOLOGY 

Learning Units: 

1. Introduction to Sociology. A sociological perspective 

2. The development of sociological thinking 

3. Theoretical perspectives in Sociology 

4. A research process 

5. Methods of research 

6. Culture and society 

7. Population and Urban Society 

8. Socialization and Identity.  

9. Social interaction and everyday life in the age of Internet 

10. Groups, networks and organizations 

11. Deviance, crime and social control 

12. Stratification, class and inequality 

13. Religion: Nature and elements of religion 

14. Family and marriage: history and changes 

15. Gender inequality 

 

LABORATORY WORK ON OPTICS 

Learning Units: 

1. Measurement of refractive indices of liquids by refractometer 

2. Determination of refractive indices of glass plate by means microscope 

3. Study of the operation of fine lenses with spherical surfaces 

4. Determination of the focal length of a thin lens 

5. Measurement of the focal length of a concave lens 

6. Measurement of the focal length of an eyepiece 

7. Measurement of the nodal locations and the focal length of a lens-group 

8. Study of beams interference from two thin slits 

9. Determining of wavelength of light by using Newton's rings 
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10. Qualitative study of the phenomenon of refraction in the medium with smoothly varying refractive index 

11. Malus law verification 

12. Determination of light wavelength using Fresnel biprism 

13. Study of emission and absorption spectra using steeloscope 

14. Study of the fundamental laws of extrinsic photoeffect 

15. Bouguer law study 

 

LABORATORY WORK ON ATOMIC PHYSICS 

Learning Units: 

1. Studying Of The External Photoelectric Effect Phenomenon 

2. Studying Of The Electron Diffraction 

3. The Franck-Hertz Experiments 

4. Obtaining And Decoding Spectrograms 

5. Using Of Atomic Spectra To Analyze The Composition Of The Substance 

6. Determination Of The Rydberg Constant And Electron Mass 

7. Studying Of The Serial Patterns In Spectra Of Atoms Of Alkaline Elements 

8. Studying Of The Fine Structure Of Sodium Spectral Lines 

9. Studying Of The Spectrum Structure Of Atoms With Two Valence Electrons 

10. Studying Of The Helium-Neon Laser Operation Principle  

11. Studying The Structure Of Molecular Spectrum And Determination Of The Interatomic Distance In Cn Molecules 

12. Zeeman Effect 

13. Electron Paramagnetic Resonance 

14. Determining Planck's Constant 

15. Study of the electron spin resonance 

 

 

ADDITIONAL CHAPTERS OF MATHEMATICAL PHYSICS 

Learning Units: 

1. Cauchy problem for the inhomogeneous wave equation. 

2. Semibounded line and extension method. Lemma on the property of the solution of the Cauchy problem for the homogeneous wave equation with 

odd initial functions. 

3. Semibounded line and extension method.  

Lemma on the property of the solution of the Cauchy problem for the homogeneous wave equation with even initial functions. 

4. Method of separation of variables. The problem of forced vibrations of a string fixed at both ends. 
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5. The first general boundary problem for the wave equation: 

6. Method of separation of variables. The boundary value problem for the inhomogeneous equation of heat conduction. 

7. Dirac δ-function. Part I. The application of the δ-function to the construction of the source function 

8. Dirac δ-function. Part II. Use of δ-function in problems of quantum mechanics. 

9. Gamma function. Beta function. 

10. Bessel functions. Properties. 

11. Hankel and Neumann functions. 

12. Legendre polynomials. Properties. 

13. Spherical functions. Properties. 

14. Chebyshev-Hermit polynomials. 

15. Chebyshev-Laguerre polynomials. 

 

СHEMISTRY  

Learning Units: 

1. The main classes of inorganic compounds. Classification of inorganic hydroxides 

2. Main stoichiometric laws of chemistry. Gas laws. Avogadro's Law. The law of equivalents 

3. The structure of the atom. The concept of quantum numbers. The shape and orientation of the electron orbitals. Communication of the periodic 

system with the structure of the atom 

4. Types of chemical bonds, their characteristics 

5. Chemical kinetics. Factors affecting the rate of chemical reactions 

6. Chemical equilibrium. Le Chatelier's Principle 

7. Solution. Ways of expression of concentration of solutions 

8. Oxidation and Reduction reactions 

9. Electrolytic dissociation. Law of dilution. Chemical reactions between the electrolytes. Ionic equation 

10. The acid-base equilibrium in aqueous solution: dissociation of water, the pH value, buffers, hydrolysis of salts 

11. Radioactivity 

12. Main group metals and their properties 

13. Metals of secondary subgroups and their properties 

14. General properties of non-metals 

15. General properties of non-metals 

 

PRINCIPLES OF ECONOMICS 

Learning Units: 

1. Economics: the subject, research methods and functions. 
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2. Social production. The problem of choice in the economy. 

3. Ownership and economic systems. 

4. Forms of economy. Commodities and money. 

5. Market and competition. 

6. The mechanism of functioning of the market system. 

7. Theory of the firm and entrepreneurship. 

8. Production, costs and revenues of the company. 

9. Factor markets and income distribution. 

10. National economy: the content, structure and measurement of results. 

11. Economic growth. The cyclic nature of the market economy. 

12. State regulation of the economy. 

13. Unemployment and inflation as a manifestation of economic instability. 

14. The financial and monetary system in the national economy. 

15. The economic basis for the functioning of the world economy. 

 

PEDAGOGICS 

Learning Units: 

1. Methodological bases of pedagogue 

2. Forming and development of pedagogic as science. 

3. Basic tendencies and development perspectives of general secondary education in the Republic of Kazakhstan.  

4. Age and individual development peculiarities of participants, their account in the educative process.  

5. Joined pedagogical process as system and subject of pedagogy.  

6. Aims of upbringing  

7. Content of educative process of joined pedagogical process.  

8. Forms, methods and means of joined pedagogical process.  

9. Technology of upbringing.  

10. Essence of teaching process and its place in joined pedagogical process  

11. Content of education. 

12. Legislation and principles of education.  

13. Forms, methods and means of organization secondary school education process.  

14. Modern approaches to activate cognitive activities of students.  

15. Interaction of teacher with participant’s community in the teaching process. 
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LABORATORY WORK ON NUCLEAR PHYSICS  

Learning Units: 

1. Processing of physical experiment results.  

2. Processing of physical experiment results.  

3. Protection of laboratory work 1: Processing of physical experiment results.  

4. Investigation of a gas-discharge counter of charged particles. Area of voltages of gas-discharge non-self-extinguishing counters and self-

extinguishing counters 

5. Investigation of a gas-discharge counter of charged particles. The study of some characteristics of the gas-discharge counter Geiger-Mueller 

6. Relative method for determining the absolute activity of radioactive preparations 

7. Relative method for determining the absolute activity of radioactive preparations 

8. Determination of the decay constant of isotopes along the mean free path of alpha particles 

9. Determination of the decay constant of isotopes along the mean free path of alpha particles. 

10. Determination of the maximum beta-radiation energy by the total absorption method. 

11. Determination of the maximum beta-radiation energy by the total absorption method. 

12. Determination of the energy of gamma radiation by absorption in matter. 

13. Determination of the energy of gamma radiation by absorption in matter. 

14. Dosimetry and protection from ionizing radiation. 

15. Dosimetry and protection from ionizing radiation. 

 

THEORY OF SPECIAL RELATIVITY 

Learning Units: 

1. Introduction. The Postulates of Special Relativity. The Principle of Relativity.  

2. Speed of Light. 

3. Time Dilation. The Twin ‘‘Paradox’’. Length Contraction. 

4. The Lorentz Transformation.  

5. Transformation of Velocities and Accelerations in Special Relativity 

6. The Global Position System (GPS) System. 

7. The 4-Dimensional World. 

8. Relativistic Mechanics. 

9. The Formalism of Contravariant and Covariant Tensors. 

10. The Metric Tensor. 

11.  Vectors and Tensors in Minkowski Space-time. 
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12. Relativistic Dynamics of Massive Particles. 

13. Relativistic Kinetic Energy. 

14. The Relativistic Doppler Effect.  

15. The Energy Mass Tensor; Relativistic Potentials. 

 

COMPUTER SIMULATION OF PHYSICAL PROCESSES  

Learning Units: 

1. C ++ programming language. Algorithms, variables and basic structures. C++ Variable Types. The basic arithmetic operations. 

2. Numerical methods for ordinary differential equations. Newton’s Differential Equations of Motion. 

3. Verlet algorithm and conservations laws in Newton’s dynamics. 

4. Scalars, vectors, matrices and multidimensional arrays in C ++. Formatting data and writing it to a file for further processing and visualization. 

5. Nonlinear differential equations. Stability of numerical solution. 

6. Numerical methods for ordinary differential equations. Types of equations that could be reduced to the system of differential equations. 

7. Numerical integration. Trapezoidal, rectangles and Simpson's rule, etc. 

8. Simple and physical pendulums. Rotations and revolving motion. 

9. Rutherford scattering.  

10. Simulating interaction between the multiple particles in a confined space. 

11. Interpolation and extrapolation. 

12. Fourier series. Fourier transform. 

13. Area Estimates by Monte Carlo Simulation. 

14. Numerical solution to the Schrödinger equation 

15. Partial Differential Equations. 

INNOVATIVE METHODS IN TEACHING  

Learning Units: 

1. Goals and main tasks of teaching physics in institutions of secondary general education. 

2. Forms of organizing training sessions in physics. 

3. State educational standard of secondary education. Method of constructing thematic and lessons plans. Planning of training sessions. 

4. The main types of interactive educational technologies. 

5. Information and communication technologies (IT-methods). 

6. Development of critical thinking. Problem training. 

7. Development of critical thinking. Problem training. 
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8. Application of innovative technologies in the teaching of the "Mechanics" section. 

9. Application of innovative technologies in the teaching of the section "Molecular physics" and "Thermodynamics". 

10. Application of innovative technologies in the study of the section "Electrodynamics". 

11. Application of innovative technologies in the teaching of the section "Optics". 

12. Application of innovative technologies in the study of the section "Quantum Physics". 

13. Application of innovative technologies in the teaching of the section "Atomic and nuclear physics". 

14. Application of innovative technologies in laboratory work. Implementation of virtual laboratory works and their using. 

15. Use of innovative technologies during after-hours. 

 

MODERN TECHNOLOGIES IN TEACHING  

Learning Units:  

1. Introduction. Modern technologies in teaching. 

2. The main types of modern educational technologies. 

3. Innovative teaching methods - Work in small groups. 

4. Innovative teaching methods - The project technology. 

5. Innovative teaching methods - Role-playing and business games№ 

6. Innovative teaching methods - Modular training. 

7. Innovative teaching methods - Development of critical thinking. 

8. Innovative teaching methods - Contextual training. 

9. Innovative teaching methods - Problem training. 

10. Innovative teaching methods - Individual training. 

11. Advancing independent work. 

12. Innovative teaching methods - Interdisciplinary training. 

13. Innovative teaching methods - The learning from experience. 

14. Innovative teaching methods - Information and communication technologies (IT - methods). 

15. Using of modern technologies in non-school hours. 

 

PSYCHOLOGY 

Learning Units: 

1. What is Psychology? 

2. Research methods in Psychology 

3. Consciousness 

4. Senses and perception 

5. Memory 

http://www.intropsych.com/ch01_psychology_and_science/what_is_psychology.html
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6. Cognition 

7. Thinking 

8. Comprehension 

9. Motivation 

10. Emotion 

11. Development 

12. Adolescence and Adulthood 

13. Personality 

14. Social psychology 

15. Applied social psychology 

 

5. INDIVIDUAL EDUCATIONAL TRAJECTORIES (SERVICE IIS) 

 

INTRODUCTION TO NUCLEAR ASTROPHYSICS  

Learning Units: 

1. Introduction to Astrophysics. Short History of the Universe. Technical Progress of Astrophysics and Cosmic Rays Physics.  

2. Nuclear Astrophysics. Fields, Interactions & Reactions 

3. Early Universe. Young Stars. Quantum states of atoms and molecules. The burning substances in stellar interiors. 

4. Nuclear Reactions and the Origin of Elements 

5. Interaction between radiation and matter. 

6. The equation of state of stellar matter. 

7. Parity, fermions and bosons, excited states. 

8. Gravitational interaction 

9. Nuclear reactions in astrophysical objects and there dependence on mass of star. 

10. Weak interactions and neutrino emissions from stars 

11. Nuclear reactions in the Sun, temperatures and pressure inside of the Sun, on its surface and corona, solar flares. 

12. Supernovae and formation of compact stars. 

13. Structure of Neutron Star, equation of state, reactions and transformation of matter, Pulsars. 

14. Features of motions of galaxies in galaxy clusters 

15. Problem of dark energy. 

 

COMPUTER SIMULATION IN THEORETICAL PHYSICS  

Learning Units: 

1. Introduction: Computer Algebra Mathematica for Theoretical Physics. 
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2. Mathematica Language elements. Functions and lists. 

3. Graphics using Mathematica. 

4. Symbolic Capabilities of Mathematica. 

5. Numerical Capabilities of Mathematica. 

6. Programming in Mathematica. 

7. Solving Equations: Exact Solutions, Special Functions and Numerical Solutions. 

8. Mathematica Tools for Newtonian physics: coordinate transportations and matrixes, Kinematic examples. 

9. Simulation of two body problems. Planetary Motions. 

10. The three body problems and numerical solutions. 

11. Oscillations and Simple Harmonic Motion. 

12. Simulation of small oscillation and oscillating Circuits. 

13. Tools of Mathematica for Electricity and Magnetism 

14. Motion of a Charged Particle. 

15. Complex Analysis in Mathematica 

 

APPROXIMATE METHODS IN QUANTUM MECHANICS  

Learning Units: 

1. Introduction. Overview on the approximate methods in QM. Illustration: splitting of the energy spectrum of alkaline atoms 

2. Nondegenerate perturbation theory: general objectives. 1D formalism. Retake on the matrix formalism. 

3. 1st-order and 2nd-order corrections to the energy spectrum and wave function 

4. Applications: Anharmonic oscillator 

5. Degenerate perturbation theory. 3D formalism. 

6. Applications: Linear Stark effect in Hydrogen atom 

7. Applications: Quadratic Stark Effect 

8. Variational Rayleigh-Ritz method 

9. Delta-method 

10. Modified variational method. Upper and low limits for the minimal energy 

11. Identical particles. Identity principle. Transposition operator. Two-particle systems. Space-spin symmetry. 

12. Helium atom 

13. Atoms: Slater determinants and matrix elements 

14. The Thomas –Fermi approximation 

15. The Hartree-Fock approximation 
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QUANTUM SCATTERING THEORY  

Learning Units: 

1. Main definitions in the scattering theory. Scheme of experiments on scattering. Definition of differential cross sections. 

2. Condition for radiation. Scattering amplitude. Relationship with differential cross section of scattering. 

3. Schrodinger equation for scattering in integral form. Green’s function for free particle. Born approximation for wave function and scattering 

amplitude. 

4. Calculation of scattering amplitude for Coulomb potential, shielded potential. 

5. Elastic scattering of fast electrons by atoms. Atomic form-factor. 

6. Expansion of the plane wave by partial waves. Scattering amplitude in the partial-wave method. 

7. Methods of calculation of the scattering phase shifts. Elastic scattering of slow particles. Ramzauer-Towndsen effect. 

8. Scattering amplitude in the eikonal approximation. Green’s function in the eikonal approximation. 

9. Theory of multiple collisions. Scattering on the system of bound particles. 

10. Scattering on deuteron. “Shadow” effect for scattering on deuteron. 

11. Non-relativistic kinematics of scattering. Scattering in relativistic case. Invariant mass of particles system. 

12. Relation between energies in laboratory system and in the center of mass system. Large Hadron Collider and energy which is reachable on it. 

13. Measuring of mass of elementary particles. Invariant mass spectrum. Description of particles disintegration in the quantum mechanics. Natural 

width of spectral lines. 

14. Nuclear reactions threshold. Energy necessary for production of particles in relativistic collisions. Threshold for production of pions, nucleon-

antinucleon pair in nucleon collisions. 

15. Pion-nucleon resonances. Delta-resonance and measuring its mass. 

 

ADDITIONAL CHAPTERS OF QUANTUM MECHANICS  

Learning Units: 

1. Form of orbital momentum operator in Cartesian and spherical systems. 

2. Orbital momentum operator – integral of motion in centrally symmetrical fields. 

3. Angular momentum quantization rules, obtained from commutative relations. 

4. Matrix elements of momentum operators. Construction of momentum operators matrix elements. 

5. Pauli spin matrices and their properties. 

6. Vector addition of momenta. 

7. Use of coefficients of vector addition. 

8. Notation of corresponding coefficients through Clebsch-Gordan coefficients. 

9. Transition from wave functions of LS-coupling schemes to scheme of jj-coupling and vice versa. 

10. Change in momenta coupling schemes. 

11. Construction of antisymmetrized wave function of particles with spin 1/2. 
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12. Possible states of a system of two electrons and nucleons. 

13. Construction of antisymmetrized wave function of a system of particles with spin 1/2. 

14. Young schemes. Selection rules in nuclear processes connected with momenta. 

15. Use of vector addition coefficients for comparison of nuclear reactions cross sections. 

 

NUCLEAR MODELS  

Learning Units: 

1. Spin and statistics of atomic nuclei and ways of their determination. Electron-proton model of nucleus.  

2. Parity of nuclear states. Types of nuclear wave functions. 

3. Isotopic spin of a nucleon and atomic nuclei. 

4. Excited states of nuclei. Similar levels of mirror nuclei. Possible states of a system of two nucleons.  

5. Meson theory of nuclear forces. 

6. Model of independent particles. Fundamental statements. Occupation of neutron and proton shells. 

7. Role of spin-orbital interaction. Isomers. Application of the model to odd-odd nuclei. Nordheim rule. Deviation from the shell model. 

8. Explanation of the shell model. Elementary theory of infinite nuclear matter. Model of independent pairs. Bete-Coldstone equation. Conception of 

healing length. 

9. Multiparticle model of nuclear shells. Choice of basis states. Matrix elements of one- and two-particle operators. 

10. Calculation of energy spectra and wave functions of light nuclei. Examples. 

11. Drop (hydrodynamic) model of nucleus. Fundamentals of the model. Equation for nuclear surface oscillations. Model’s advantages. Deviation 

from the drop model. 

12. Theory of nuclear fission. General cases of nuclear fission. Boundaries of the periodic systems. Theory of nuclear fission under thermal neutrons. 

13. Experimental prove for shell structure of atomic nuclei. Formation of nuclear shells. Role of spin-orbital interaction. Explanation of magic 

numbers. Explanation of shell model in theory of infinite nuclear matter. Model of Fermi gas. Multiparticle shell model. Use of vector coupling 

coefficients in nuclear reactions. Application of the model to nuclei with А=6 and 12. 

14. Methods of determination of nuclear levels characteristics. 

15. Shell model with rectangular potential. Wigner-Eckart theorem and its use when obtaining the selection rules. 

 

BASICS OF SCIENTIFIC COMPUTATION  

Learning Units: 

1. Wolfram Language Overview. Lists. Expressions. Introducing Functions and Variables. 

2. Functional and Procedural Programming. 

3. Wolfram Language Syntax. Datasets. 

4. Mathematical Functions. Matrices and Numeric Calculus. Major Numeric Functions. 

5. Formulae. Symbolic Equations. Differential Equations.  
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6. Vector Analysis and Functions. Coordinate Systems. 

7. Data and Functions Visualization. Graphics Interactivity and Drawing. 

8. Symbolic Graphics Language. Dynamic Visualization. 

9. FORTRAN Basic Elements. Constants and Variables. 

10. Operators: Arithmetic. Relational. Logical. 

11. FORTRAN Statements: I/O Statements. Executable and Non-executable Statements. 

12. Types of Logic: Sequential, Selection, Repetition. Branching Statements (IF, ELSE IF). 

13. Arrays: Types of Arrays, DIMENSION Statement, Reading and Writing Arrays. 

14. TeX/LaTeX Word Processor. Document Classes. 

15. LaTeX Command and Environments. Formulae and Equations. Figures and Tables. 

 

ELEMENTARY PARTICLES THEORY  

Learning Units: 

1. Introduction to elementary particles physics. Quarks and leptons. The Standard Model. Atoms → nucleus. Nuclei → nucleons. Nucleons → 

quarks. The generations and flavours of quarks and leptons. 

2. Classical Field Theory. The Dynamics of Fields. The Electromagnetic Field. The Lagrangian, principle of least action. Euler-Lagrange equations. 

The Klein-Gordon Equation. Maxwell’s equations, 4D potential, field strength, Lorentz invariance. Noether’s theorem. 

3. The Hamiltonian Formalism. A Real Scalar Field. General solution of Klein – Gordon equation. Canonical Quantization for free scalar field. The 

Simple Harmonic Oscillator. 

4. The Hamiltonian for free scalar field. Definition of vacuum. Definition of particle for free scalar field. Multi-Particle States, Bosonic Statistics and 

Fock Space. 

5. Propagators and Green’s functions for free scalar field. Interactions and interacting fields for scalar field. 

6. The Dirac equation. Free-particle solutions. 

7. Dirac field, the spin-statistics connection, and anti-commutation relations. Dirac propagator, Green function for Dirac spinor. 

8. Gauge invariance in electrodynamics. Interacting fields. Gauge-invariant interaction in scalar electrodynamics. Elements of the Theory of Lie 

Groups and Algebras. 

9. SU(2) and SU(3) groups and algebras. Lorentz group and algebra. Non-Abelian gauge fields. Non-Abelian global symmetries. 

10. Non-Abelian gauge invariance and gauge fields: the group SU(2). Lagrangian for non-Abelian fields. Yang – Mills equations. 

11. Gauge conditions for non-Abelian Yang – Mills theories. Spontaneous Breaking of Global Symmetry. Spontaneous breaking of discrete symmetry. 

12. Spontaneous breaking of global U(1) symmetry. Nambu–Goldstone bosons Higgs Mechanism, Example of an Abelian model. 

13. Non-Abelian case: model with complete breaking of SU(2) symmetry. Partial breaking of gauge symmetry: bosonic sector of standard electroweak 

theory. 

14. Electroweak interactions of leptons. An effective Lagrangian for the weak interactions. Intermediate vector bosons. The standard model 
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15. Electroweak interactions of quarks. The Weinberg – Salam – Glashow – Iliopoulos – Maiani model. Strong interaction among quarks. A colour 

gauge theory. 

 

THEORETICAL PRACTICUM. QUANTUM MECHANICS  

Learning Units: 

1. Operators and states in Quantum Mechanics. 

2. Algebra of commutators 

3. Spin and angular momentum 

4. Central fields 

5. Conservation laws 

6. Representation theory 

7. Selected problems of stationary perturbation theory 

8. Factorization Methods for the Schrodinger equation. Harmonic oscillator 

9. Pauli spin theory 

10. Magnetic momentum of atoms 

11. General theory of unitary transformations 

12. Time-dependent perturbation theory 

13. Particles in electric field 

14. Particles in magnetic field: Zeeman-effect, Lamb shift 

15. Entanglement and measurement 

 

RELATIVISTIC QUANTUM MECHANICS  

Learning Units: 

1. The Klein-Gordon Equation. Free Spin-0 Particles. Charge Conjugation. The Interaction of a Spin-0 Particle with an Electromagnetic Field.  

2. Interpretation of One-Particle Operators in Relativistic Quantum Mechanics. A Wave Equation for Spin-1/2 Particles: The Dirac Equation. 

3. Free Motion of a Dirac Particle. Single-Particle Interpretation of the Plane (Free) Dirac Waves. 

4. Lorentz Covariance of the Dirac Equation. Formulation of Covariance. Construction of the Operator for Infinitesimal Lorentz Transformations.  

5. Bilinear Covariants of the Dirac Spinors. The Four-Current Density for Dirac spinor. 

6. Dirac Particles in External Fields: Examples and Problem. Eigenvalue Spectrum of a Dirac Particle in a One-Dimensional Square-Well Potential. 

Lorentz Invariance and Relativistic Symmetry Principle.  

7. Spin operator for ½ particles. Introduction to quantum field theory. Quantum field theory i: the free scalar field. 

8. The quantum field: (ii) Lagrange–Hamilton formulation. The action principle: Lagrangian particle mechanics. Quantum mechanics a` la 

Heisenberg–Lagrange–Hamilton. 

9. The quantum oscillator. Lagrange–Hamilton classical field mechanics. 
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10. Heisenberg–Lagrange–Hamilton quantum field mechanics. Quantization of free scalar field. Quantum field theory ii: interacting scalar fields. 

Interactions in quantum field theory. 

11. Perturbation theory for interacting fields: the Dyson expansion of the S-matrix. The S-matrix and the Dyson expansion. 

12. The decay of particle A into particles B and C:  C→A+B. A + B → A + B scattering: the amplitudes. A + B → A + B scattering: the Yukawa 

exchange mechanism, s and u channel processes. A + B → A + B scattering: the differential cross section.  

13. Quantum field theory iii: complex scalar fields, Dirac and Maxwell fields; introduction of electromagnetic interactions. The complex scalar field: 

global U(1) phase invariance, particles and anti-particles. The Dirac field and the spin-statistics connection. Commutation relations for fermions: anti-

commutation relations.  

14. Feynman propagator for Dirac field. Dirac Hamiltonian. The Maxwell field A
μ
(x). Maxwell Lagrangian. Plane-wave solutions for electromagnetic 

field. 

15. Quantization of electromagnetic field. Electromagnetic interactions with Dirac spinor. 

 

DOSIMETRY AND PROTECTION AGAINST RADIATION  

Learning Units: 

1. The tasks of dosimetry and protection from ionizing radiation. 

2. The law of radioactive decay. Activity of radionuclides. Units of measure of activity. 

3. The interaction of charged particles with a biological substance. Ionization losses. Elastic and inelastic scattering. Nuclear reactions. 

4. Brake and characteristic X-ray radiation. The processes of interaction of gamma quanta with matter. 

5. The law of attenuation of X-ray and gamma-radiation. The total coefficient of attenuation of gamma quanta. 

6. Classification of neutrons. Elastic neutron scattering. Recoil nucleus. Radiation capture. Nuclear reactions. 

7. Methods for recording ionizing radiation. Dosimeters. 

8. Units of radiation dose. Absorbed, equivalent, effective doses. 

9. Methods for calculating the protection from gamma radiation 

10. Methods for calculating the protection against electrons. 

11. Methods for calculating protection from heavy charged particles. 

12. Methods for calculating protection against neutron radiation. 

13. Radiation doses for radiation diagnosis. 

14. Radiation doses for radionuclide diagnostics 

15. Highlights and extracts from the reports of the International Commission on Radiation Protection. 

 

NUCLEAR SAFETY AND RADIOACTIVE WASTE STORAGE TECHNOLOGY  

Learning Units: 

1. The subject of the discipline, its relation to other specialty disciplines. Basic concepts and definitions during working with reactors. 

2. Radioecological status of the Republic of Kazakhstan and international control over the non-proliferation of nuclear materials. 
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3. State management, supervision and control in the field of radiation safety. The regulatory and legal framework of the Republic of Kazakhstan on 

radiation safety and its relationship with legislative acts of the CIS, foreign countries, international organizations. 

4. Sources of radioactivity in the environment. Categories of the exposed individuals and groups of critical organs. Dose limits of exposure, 

allowable and control levels. 

5. Accounting and control of nuclear materials. Receipt, recording, storage and transportation of nuclear sources. 

6. Exponential development of world nuclear power, growth of liquid and solid radioactive waste; Their isolation from the biosphere as the most 

complex and responsible task of civilization. 

7. Classification of radioactive waste into three categories. Cooling systems for tanks during storage of radioactive waste. Classification of 

radioactive waste in the IAEA. 

8. Categories of liquid radioactive waste. 

9. Categories of solid radioactive waste. 

10. Categories of gaseous radioactive waste. 

11. Methods of processing radioactive waste before disposal. Reducing the volume to facilitate transport and isolation from the environment. 

12. The physics of radioactive decay. Radioactivity and types of ionizing radiation. Atomic mechanisms of radioactivity. 

13. Applied Nuclear Physics. 

14. Disposal of low-level, intermediate-level waste. 

15. Disposal of high-level waste. Geological formations and requirements for them. Conceptual designs of Radioactive Waste Repositories. 

 

FORMULATION AND IMPLEMENTATION EXPERIMENTS IN NUCLEAR PHYSICS  

Learning Units: 

1. Introduction to the basics of planning and conducting an experiment 

2. Bases of the theory of errors. 

3. Calculation of the resulting error 

4. Measurements of non-random variables 

5. Non-equal measurements. Indirect measurements. 

6. Measurements of a random variables 

7. Definition of special characteristics and functions 

8. Concepts and definitions of the theory of experiment 

9. Study of poorly organized systems 

10. Methodological concepts of mathematical statistics 

11. Research methods based on the study of scattering 

12. Factor experiment 

13. Dispersion and regression analyses 

14. Methods based on optimal use of the space of independent variables 
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15. Planning an experiment in studying the mechanism of phenomena 

 

NEUTRON PHYSICS  

Learning Units: 

1. Introduction. Place rate of neutron physics in the preparation of a BS in Physics. Place rate of neutron physics in the preparation of a BS in 

Physics. Features neutrons that produce neutrons in a separate study course. Meaning of neutron physics in solving energy problems. 

2. History of the discovery of the neutron. Experiments Bothe, Joliot-Curie and Chadwick. Determination of the mass, charge, and the neutron spin. 

Mass spectrometry. 

3. The isotopic neutron sources. Alpha- and gamma emitters. Main features -neutron sources based on polonium, radium, plutonium, and actinium. 

4. Neutron detectors. Classification of neutrons in energy: slow, thermal, resonance, fast. The operating principle of the neutron detectors. Neutron 

spectroscopy. 

5. Forms of interaction of neutrons with nuclei. Radiative neutron capture. Reaction to form protons. Reactions to form -particles. Fission reactions. 

Reactions to form two or more nucleons 

6. Heat, slow and fast neutrons. Features of their interaction with matter. Interaction cross sections. Breit-Wigner. 

7. Nuclear fission. Basic experimental data on fission. The elementary theory of fission. Parameter divisibility. Spontaneous fission. Chain reaction. 

Nuclear reactors. Nuclear energy. 

8. Using fission energy. The average number of secondary neutrons per fission. Delayed neutrons. The fission cross section and the practical 

implementation of the nuclear chain process. 

9. Elastic potential neutron scattering in nuclear forces without neutron entering the nucleus. The theory of elastic interactions. 

10. Elastic scattering of neutrons in nuclei with neutron entering the nucleus. The elastic resonance scattering. Born approximation. 

11. Nucleon-nucleon interaction. Scattering of neutrons by protons. The spin dependence of nuclear forces. Scattering of identical particles. The 

charge independence of nuclear forces. 

12. The structure of nucleons. Pi mesons. Quarks. The ideas of grand unification. Gluons. Construction of nucleons of quarks and getting their 

properties. 

13. The reactions induced by neutrons. Neutron sources. 

14. Neutron sources and their characteristics. The reactions induced by neutrons. 

15. The nuclear envelope. The properties of the nuclei of proton-neutron nuclear structure models. 

 

PHYSICS OF ELEMENTARY PARTICLES  

Learning Units: 

1. The basic properties of elementary particles and methods for their determination 

2. Principles of classification of elementary particles 

3. Quantum-mechanical description of unstable states 

4. Conservation laws in elementary particles physics 
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5. The isotopic spin. The charge multiplets. The law of conservation of isotopic spin 

6. The weak interactions. Beta decay 

7. Quantization of the electromagnetic field. Photons - quanta of electromagnetic interaction 

8. The strong nuclear force. Meson theory of nuclear forces. The potential of Yukawa. Properties of nuclear (hadronic) forces 

9. The theory of elementary particles. The theory of quarks 

10. Mesons as bound states of a quark-antiquark. Meson Supermultiplets 

11. The basic properties of the deuteron 

12. Baryons as bound states of quarks. Baryon Supermultiplets 

13. Elements of a unified theory of particles and field 

14. The currents and processes. The quark currents. Structure of weak currents. The left charged currents 

15. Gluons. 

 

THE THEORY OF ATOMIC NUCLEI AND NUCLEAR MODELS  

Learning Units: 

1. Introduction. The essence of nuclear physics-energy. The possible unification of nuclear models. 

2. Atomic and nuclear physics. The atom. The nucleus. Electron shells in atomic physics. 

3. Atomic and nuclear physics. Nucleon shells in nuclear physics. 

4. Nuclear models. The collective models. 

5. Nuclear models. The cluster models. 

6. The mean free path of nucleons in nuclei. 

7. The nuclear size and shape. 

8. The nuclear force and super-heavy nuclei. 

9. Nuclear fission. 

10. Low-energy nuclear reactions. 

11. The lattice model: theoretical issues. 

12. The lattice model: experimental issues. 

13. Fundamental particles and interaction. 

14. Nuclear models. 

15. Introduction to quantum theory of field. 

 

GRAPHICAL USER INTERFACES AND AUTOMATION OF THE EXPERIMENT  

Learning Units: 

1. Matlab integrated development environment. Basic variables and structures. The basic operations and operators. 

2. Visualizing Newton’s differential equations of motion. Implemented ODEs solvers in Matlab. 
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3. Conservations laws in Newton’s dynamics. 

4. Scalars, vectors, matrices and multidimensional arrays in Matlab. Memory usage and allocation. 2D and 3D plotting. 

5. Nonlinear differential equations. Stability of numerical solution. Estimate boundary conditions from the graphics. 

6. Simulating Motion in 3D. Types of equations that could be reduced to the system of differential equations. 

7. Visualize trapezoidal, rectangles and Simpson's rule, etc. 

8. Construct numerical models of the simple and physical pendulums. Study rotations and revolving motion of the complex objects. 

9. Rutherford scattering in the Lab system. Test the limit of the non-interacting beam of particles model. 

10. Simulating interaction between the multiple particles in a confined space. 

11. Interpolation and extrapolation. 

12. Fourier series. Fourier transform 

13. Random numbers. Pseudorandom number generators. 

14. Numerical solution to the Schrödinger equation. 

15. Partial Differential Equations. 

 

ACCELERATOR PHYSICS  

Learning Units: 

1. The main stages of development of accelerators. Accelerators classification. 

2. Electrostatic accelerators. Induction accelerators. 

3. Radio-Frequency accelerators. A synchrotron principle. 

4. Description of systems of particles in the phase space. 

5. Lateral stability and focusing. Acceptance and emittance. 

6. Cyclic accelerators with static electric field. Cyclotron, synchrocyclotron. 

7. Ring accelerators with static electric field. Microtron. 

8. Accelerators with a constant radius of the orbit. Synchrotron. Betatron. 

9. Storage installation. The technique of colliding beams. 

10. Linear accelerators. Van de Graaff accelerator. 

11. Linear resonance accelerators. 

12. High energy physics and accelerators. Features of experiments in high energy physics. 

13. Synchrotron radiation. 

14. Accelerators for nuclear power installations. Accelerator driven system. 

15. Radiation protection of accelerators. 
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ADVANCED QUANTUM MECHANICS  

Learning Units: 

1. Retake on quantum states, operators and commutators 

2. The Schrodinger equation revisited 

3. Angular momentum and rotation 

4. Description of spin systems 

5. Selected problems of approximate and alternative methods 

6. Systems of identical particles 

7. Perturbation theory 

8. Selected problems of impulse representation 

9. Scattering, tunnelling and reflection 

10. Currents in atomic systems 

11. Spin-1/2 particle in a magnetic field 

12. Fine and hyperfine structure of Hydrogen atom 

13. Time evolution 

14. Measurement problems 

15. Quantum information (quibits and ebits, teleportation, computing) 

 

KINEMATICS OF NUCLEAR REACTIONS 

Learning Units: 

1. Transformation of distribution functions. 

2. Decay of particles. 

3. Invariant cross-section. 

4. Elastic collisions of particles. 

5. The angular momentum and parity of the photon. 

6. The transformations C, P and T. 

7. The polarization density matrix. 

8. The scattering amplitude. 

9. Reactions involving polarized particles. 

10. Kinematic invariants. 

11. Physical regions. 

12. Expansion in partial amplitudes. 

13. Symmetry of helicity scattering amplitudes. 

14. Invariant amplitudes. 
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15. The unitarity condition. 

 

6. INTERDISCIPLINARY DISCIPLINES 

INNOVATIVE ENTREPRENEURSHIP (BY INDUSTRY) 

Learning Units: 
1. The general provisions of the innovative entrepreneurship. 

2. Introduction to the theory of innovations. 

3. Innovation process and its stages. 

4. The basic agents of innovative activity. 

5. Preparation of an innovative project. 

6. Business planning of innovation project. 

7. Marketing of Innovation. 

8. Managing Innovation in small business. 

9. Financing innovation. 

10. Examination of innovative projects. 

11. The risks of innovation entrepreneurship. 

12. Business ethics and corporate culture. 

13. State innovation policy. 

14. Legal aspects of innovation. 

15. Innovative activity in Kazakhstan 

 

INTELLECTUAL RIGHTS 

Learning Units: 
1. The Introduction to Intellectual Law. 

2. International regulation of Intellectual. 

3. Activity Licensing Agreements. 

4. The general concept of copyright. 

5. Subjects and objects of copyright. 

6. Copyright protect. 

7. Allied rights. 

8. The general concept of Patent Law. 

9. Subjects and objects of Patent Law. 

10. Patent, types, protection Topologies of Integrated Circuits. 

11. Selection achievements. 
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12. Trade marks. 

13. Commercial names. 

14. The Right to Protect Confidential Information. 

15. Illegal Use. 

 

ECONOMETRICS  

Learning Units: 
1. Introduction to Econometrics. 

2. Statistical hypothesis testing. 

3. The statistical properties of estimators. 

4. Model Estimation using Ordinary Least squares. 

5. Multiple Linear Regression Model. 

6. The Gauss-Markov Theorem. 

7. Standard error of the regression. 

8. Testing, hypotheses relating to the regression coefficients. 

9. Coefficient of determination. The Chow test. 

10. Specification of regression variables. Correlation. 

11. Nonlinear econometric models. 

12. Multicollinearity. 

13. Heteroscedasticity. 

14. Autocorrelation. 

15. Detection of Autocorrelation. 

 

ACCOUNTING AND AUDIT  

Learning Units: 
1. Fundamentals of Accounting 

2. Accounting as an information system. 

3. The concepts and principles of accounting. 

4. The elements of financial statements and accounting items. 

5. Accounting organization. 

6. The accounting cycle and the preparation of financial statements. 

7. Revenue and expenditure accounting. 

8. Presentation of Financial Statements. 

9. Fundamentals of Auditing 
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10. Essence and the subject of the audit methods. 

11. Auditing standards and professional ethics of auditors. 

12. The sequence of audit and quality control. 

13. Materiality in the audit and audit risk. 

14. Audit report. 

15. The financial statements and the sequence of its audit. 

 

GEOINFORMATICS  

Learning Units: 

1. Introduction. Aims and objectives of informatization of geographical research. Location of Geoinformatics in the sciences. Relationships with 

cartography, remote sensing and landscape science. 

2. Geoinformatics, the basic concepts and terminology: information retrieval systems, databases, systems, database management, cartographic 

databases, expert systems, and others. 

3. Classification of GIS on territorial coverage, on the objectives, topics. History of GIS development. The main features of the development of 

geoinformatics. 

4. The structure of the GIS and its purpose. GIS functionality. 

5. Information technology in geographic studies. Geographical GIS principles of the organization. 

6. The formalization of geographic information. Method regular networks. Raster method. Vector method. Development of classifications and coding 

of thematic data. Standardization legend cards and encoding it. 

7. Organization of geographic data banks and automated mapping. The logical and physical data organization. Database management system. 

8. Mathematical-cartographic modeling of a series of maps and atlases as geosystems model. Methods of mathematical analysis, mathematical 

statistics, information theory. The principles of cartographic models popping. 

9. Intellectualization of GIS. Creating expert systems. The concept of the knowledge base, the machine output, the system of accumulation of 

knowledge, the system of explanations and of communicating with the user. 

10. Data analysis and modeling. GIS modeling unit. Conclusion and data visualization. Technical means of computer graphics. Features of creation of 

computer maps and atlases. Imaging spatiotemporal characteristics of systems using complex computer maps, pictures, slide films, motion pictures. 

11. Examples of GIS implementation. Global Projects. International programs. National programs. Regional programs. Regional GIS. Local GIS. 

Creation of specialized GIS in geology, soil science, meteorology, hydrology. 

12. The use of GIS in landscape. Prospects of GIS landscape local level. 

13. Operation with three-dimensional objects. Surface modification. The visualization of three-dimensional objects in the visible region of the 

spectrum. 

14. Topographic analysis. Generate profiles. 
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15. Current trends and problems of development of GIS. Prospects for the development of geoinformatics. 

 

LATIN  

Learning Units: 

1. History of the Latin language and its role in shaping the international terminology. 

2. Phonetics. Pronunciation of consonants, vowels and letter combinations. 

3. Rules setting accents. 

4. Nomen sustantivum. Grammatical categories of Latin nouns. 

5. Nomen adjectivum. Declinatio 1, 2 

6. Nomen adjectivum. Declinatio 3. The dictionary form of nouns of the 3rd declension. Determination of the basis. 

7. Nomen adjectivum. Location and function of an adjective in a sentence. Degrees of comparison of adjectives. Consistent and inconsistent 

definition. 

8. Nomen adjectivum. Gradus comparatives et superlativus. 

9. Pronomena. Pronouns (personal and reflexive, possessive and demonstrative). 

10. Nomena numeralia. Numerals (quantitative, ordinal, separation, adverbial). Declination and use numerals. 

11. Verbum. Grammatical categories of Latin verbs. 

12. Infekta system. Paradigms conjugation. 

13. The syntax of a simple sentence. Driving parsing of a simple sentence. 

14. Word formation. Basic Latin and Greek prefixes and suffixes of adjectives and nouns. 

15. General questions of terminology. 

 

CULTURE OF SPEECH AND LANGUAGE COMMUNICATION  

Learning Units: 

1. Language as a means of communication. Text as highest communicative unit. Structural and semantic analysis of text in specialty. 

2. Language and speech. Functional speech styles. Scientific style of speech. Language features of scientific style. 

3. It offers a minimum communicative unit. Logical-semantic relations in sentence. The proposed model.  

4. The formulation of question to semantic center of proposal and its basic properties. 

5. Text as highest communicative unit (text attributes, connectivity). Functional-semantic types of speech: description, narration, reasoning. The 

types of links in text. 

6. Structural and semantic articulation of text. Subject text. Communicative task of text. 

7. Methods of information in text.  
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8. The progression of text. This new information and text. 

9. Compression of text. Secondary scientific text. 

10. Compression of text. Methods and compression mold. The main and additional text information.  

11. Text Plan specialty. Types plan. Synopsis text. 

12. Abstract and abstract as the main genres of scientific speech in educational and professional spheres. Patent description as a basis for creation of a 

secondary text of any genre: modes of administration of initial information to the secondary text. Language means of the introduction of the initial 

information to the secondary text. 

13. Annotation. Annotations structure. Standard language means design annotations. 

14. Abstract. Types of abstracts. 

15. Standard design means abstract. 

 

AL-FARABI AND CONTEMPORANEITY  

Learning Units: 
1. Al-Farabi’s life and work.  

2. Study of consciousness.  Al-Farabi’s concept of human cognitive ability.  

3. Al-Farabi’s theory of emanation and the role of mind.  

4. Impact of Aristotelian and Stoic logic on formation of Al-Farabian logic.  

5. Al-Farabi and the European Renaissance 

6. The Primary Reason problem in the Al-Farabi’s ontology  

7. Interaction between “necessarily existing” and “potentially existing” in the Al-Farabi’s ontology  

8. The place of natural science among classification of sciences by Al-Farabi  

9. Philosophy of art. The main ideas in Al-Farabi’s “Great Book on Music”  

10. The canons and genres defined by Al-Farabi in poetics.  

11. Al-Farabi’s social-ethic teaching.  

12. Al-Farabi on the role of religion in social needs. 

13. City as the most perfect form of society. 

14. The role of virtue in achievement of happiness. 

15. “Al-Farabi university smart city” is a sample of Al-Farabi’s virtues city. The role of cities in social development Essence and activity of 

contemporary smart-city.  
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EDUCATIONAL PROGRAM IN ENGLISH “PHYSICS OF ATOMIC NUCLEI AND ELEMENTARY PARTICLES” 

THE SPECIALTY 5B060500 - Nuclear Physics 

 

 

Discipline Name, 

Credits, 

Prerequisites 

Purpose, tasks, course summary  

 

Competences (results of training) 

 

 1. GENERAL EDUCATION 

GE The modern history 

of Kazakhstan, 

3 credits 

Prerequisites: no 

Course objective. The purpose of the course is to give 
students objective historical knowledge about the main 
stages of modern history Kazakhstan; direct students' 
attention to the problems of formation and development of 
independent statehood in Kazakhstan, spiritual culture, 
continuity of ethno genesis; bring home to students the 
essence of the fundamental problems of history, teach them 
scientific methods of historical knowledge, they form a 
scientific world outlook and civic position. 

The study of Modern History of Kazakhstan has a 
distinctive role in the education curriculum as it challenges 
students to consider the great social, technological, 
economic, political and moral transformations from the late 
eighteenth century to the present. It requires students to 
analyses the causes, progress and effects of these 
transformations and, finally, to make judgments about them.  

Modern History of Kazakhstan is especially relevant to 
the lives of students, as the events and issues that form its 
content are, in many cases, still current. The study of 
«Modern History of Kazakhstan» also contributes to the 
development of skills that are of great importance in today’s 
workforce. The fluent communication of thoughts and ideas 
gleaned from the critical analysis of primary and secondary 
sources is a sought after skill. The ability to deconstruct texts 
and narratives, pose intelligent questions, test hypotheses 
and make critical use of information technologies is essential 
to living and working in the twenty-first century. 

Knowledge:  

 the modern history of the Republic of Kazakhstan; 

 leading trends, key facts, events and processes in 

Kazakhstan throughout its history; 

 higher value-ideological norms and attitudes of selected 

experiences of historical development, ownership of 

cultural tradition, society, its people. 

Skill: 

 in modern conditions to implement the study of the 

history of the state and of law, based on research 

experience and knowledge in order to recreate an 

objective picture of the history of the state and the law 

of the country; 

 identify and retrieve information from different sources; 

 preparation of speeches, scientific articles and reports, 

reports and essays, writing term papers on key issues of 

national history. 

GE Kazakh (Russian) Course objective. The goal of the course is to develop Knowledge:   
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Language 

3 credits 

Prerequisites: no 

students' skills in reading, speaking, listening, writing in a 

Kazakh (Russian) language as part of the university program. 

Tasks: 

 expansion of lexical minimum of common words and 

phrases; 

 acquirement of lexical and terminological minimum in 

the specialty; 

 the construction of various types of speech activity: 

conversation, description, information; 

 reproduction and adapted to the production of simple 

pragmatic texts, dialogic and monologue, orally and in 

writing on topics relevant to the social and consumer and 

professional fields, according to various kinds of speech 

activity: speaking, listening, reading, writing. 

 the specifics of the scientific style of speech; 

 thesis transformation plan (expansion, addition); 

 the formation and development of skills of drawing up 

denominative, of a question and thesis plans. 

Skill: 

 determine the type and volume of scientific information 

contained in the text; 

 analyze the structural and semantic organization of the 

text; 

 to make meaning-linguistic analysis of the text; 

 formulate a topic, identify system problems, allocate 

microtomes, to formulate the basic idea (paragraph 

text). 

GE Foreign Language 

3 credits 

Prerequisites: no 

Course objective. The goal of the course is to develop 

students' skills in reading, speaking, listening, writing in a 

foreign language as part of the university program. As well 

as knowledge of the phonetic, spelling, vocabulary, grammar 

rules to learn foreign languages. 

Phonetics: the pronunciation and intonation, rhythmic 

characteristics of a foreign language, reception and 

reproduction of the sound of speech systems. 

Spelling: sound-letter language system, basic spelling 

rules. 

Vocabulary: word-formation models; lexical minimum 

volume of 2,500 units of the base language and the terms 

corresponding to the profile of the specialty. 

Knowledge:   

 phonetics: the basic rules of reading and pronouncing 

the letters, the alphabet and letter combinations in the 

speech flow; 

 spelling: writing letters and letter combinations that 

match certain sounds, spelling corresponds to the 

frequency of lexical and grammatical features of the 

core language; 

 vocabulary: word-formation models, contextual values 

ambiguous words, terms and lexical sublanguage 

design, corresponding to the profile of the studied 

specialty; 

 grammar: the most frequent specific grammatical 

phenomena basic and natural human and technical 

sublanguages. 

Skill: 

 reading: read short texts with a dictionary and without a 

dictionary, to find the specified information to 

understand the content of reading; 

 writing: write a personal letter to a friend via email, 
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dictation, fill in the form, the description of a friend, 

write a postcard  

 translation: translate text from a foreign language at 

home with the use of a dictionary in accordance with 

the rules of the target language; 

 listening: understand summary record and statements of 

a foreign language within the studied subjects; 

 speaking: express their thoughts and to speak in a 

foreign language, respectively, speech language 

standards, ask questions and answer them, hold a 

conversation in a foreign language in the volume of the 

studied subjects, consuming adequate communication 

cues to convey the contents read, heard. 

GE Philosophy 

3 credits 

Prerequisites: 

The modern history 

of Kazakhstan  

 

Course objective. The goal of the course is mastering the 

philosophical legacy, gaining acquaintance with the main 

theoretical issues of philosophy, having students worked out a 

philosophical way of thinking and comprehending as well as 

the skill to think logically and creatively and to defend their 

own position logically convincingly. 

Tasks: 

 the study of the cognitive function of philosophy in the 

context of the development of world science; 

 consideration of the main trends shaping the 

philosophical and scientific rationality; 

 an analysis in the light of the philosophy of modern 

interpretations of the unity of the world, the relationship 

of its structural levels and spheres of existence and 

development; 

 the development of conceptual thinking culture, scientific 

approach to the problems of his specialty. 

Knowledge:   

 studying philosophy can help students to enhance their 

problem-solving capacities, ability to organize ideas and 

issues, and ability to distinguish what is essential from 

what is not; 

 to become better able to look at things from a variety of 

perspectives, to understand different viewpoints, and to 

discover common ground among them; 

 to learn how to critically examine their own views as 

well as those of others; 

 to develop the ability to understand and explain difficult 

material; 

 to learn how to distinguish good reasoning from attempts 

to manipulate opinions, to construct sound complex 

arguments, and to evaluate others’ reasoning; 

 to develop good interpretive, comparative, 

argumentative, analytical, and descriptive speaking and 

writing skills that will allow them to communicate their 

ideas in a clear and powerful way. 

Skill: 

 work with philosophical texts, to use them to study the 
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actual problems of human society and nature; 

 analyze the fundamental issues of the origin and 

evolution of the scientific picture of the world; 

 to focus in the conceptual apparatus and terminology of 

scientific knowledge of philosophy; 

 to develop and defend their own scientific positions; 

 to decide the theoretical and methodological issues in the 

branch of science. 

GE ICT Technologies 

3 credits 

Prerequisites: no 

Course objective. Discipline aims to familiarize students 

with the theoretical and practical information, which reflect 

the main trends in the development of computer science, 

maintenance and acquisition of knowledge and skills of the 

students in the use of modern software in the subject field, 

the development of efficient algorithms for solving scientific 

and engineering problems of mathematical and numerical 

modelling using modern programming languages to learn the 

basics of computer graphics, database design, the basic 

concepts of networking.  

This course aims to improve the skills of students on the 

use of information technology. The course is supported by 

the advanced practicum. 

The objective of the discipline is to acquire theoretical 

knowledge about information processes, on new information 

technologies, local and global computer networks, methods 

of information protection. During the program, students 

must learn and rational use of the opportunities offered by 

computer technology to solve life's problems, get skills to 

use word processing, spreadsheet, database, different 

categories of applications. 

Knowledge:   
 to define the main tendencies in the field of information 

communication technologies; 
 to know what economic and political factors promoted 

development of information communication 
technologies; 

 to know architecture, to be able to calculate and evaluate 
performance measures of supercomputers; 

 to know features of different operating systems. 
Skill: 
 to use information resources for search and information 

storage; 
 to work with electronic spreadsheets, to execute 

consolidation of data, to build diagrams; 
 to work with databases; 
 to apply methods and means of information protection; 
 to project and create simple web sites; 
 to make processing of vector and bitmap images; 
 to create the multimedia presentations; 
 to use different social platforms for communication; 
 to use different forms of e-learning for extension of 

professional knowledge; 
 to use different cloud services. 

2.BASIC DISCIPLINES 
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BD Professionally-

Oriented Kazakh 

(Russian)Language 

2 credits 

Prerequisites: 

Kazakh (Russian) 

Language 

Course objective. Mastering the principles of technical 

writing, getting skills of construction theoretical 

calculations, familiarity with the scientific and technical 

documentation in the subject area of specialty, and the study 

the theory, methods and computer simulation technology in 

the study and design of industrial information systems and 

processes. 

Knowledge:   

modern vocabulary and terminology in Kazakh (Russian) 

Language for technology and project management 

methodology, project management processes, modern 

software project management. 

Skill: 

apply organizational project management tools to 

determine the hierarchical structure of the project works, 

use of formal methods of evaluating the time and resources 

of the project objectives, determine the amount and sources 

of funding, to plan and to consider the risks. 

BD Professionally-

Oriented Foreign 

Language  

2 credits 

Prerequisites: 

Foreign Language 

Course objective. Learning of special terminology, 

vocabulary in a foreign language, the theoretical foundations 

of project management methodology, project management 

process groups, drafting documents of the project, the 

project management directly using the modern tools of the 

software. 

Knowledge:   

modern vocabulary and terminology in English for 

technology and project management methodology, project 

management processes, modern software project 

management. 

Skill: 

apply organizational project management tools to 

determine the hierarchical structure of the project works, 

use of formal methods of evaluating the time and resources 

of the project objectives, determine the amount and sources 

of funding, to plan and to consider the risks. 

BD Mathematical 

analysis 1 

3 credits 

Prerequisites: no 

Goal of the course of mathematical analysis-1: 

-introduce students to the elements and methods of 

differential and integral calculus of functions of one 

variable, and some of their applications, in preparation for 

the study of other mathematical techniques from other 

disciplines; 

objectives: study and development of a theoretical 

material in the framework of the work program; the solution 

of tasks specified in accordance with the study of theoretical 

material;-develop skills to solve specific problems. 

Contents: The numerical sequence. The function and its 

limit. Continuity. The derivative of a function. Higher-order 

Knowledge: confident knowledge of the structure of the 

space of real numbers, convergence of numerical sequences, 

understanding of the convergence criteria. Mastering the 

basics of methods of researches of the properties of the 

functions, a clear understanding of the concepts of 

continuity of functions, their differentiability, integrability.  

Skill: to correctly apply the basic techniques of 

mathematical analysis to solve various mathematical 

problems other discipline; 

to acquire practical skills to solve problems in order to 

mathematically correct to put a specific practice the 

simplest problem, select a method to solve it and solve it; 
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derivatives. The L'Hospital theorem. Local extremes of the 

function. The necessary and sufficient conditions of 

optimality. The indefinite integral and its properties. The 

Newton-Leibniz formulae. 

the ability to apply in practice, numerical methods 

differentiability and integrability. To know the specific 

conditions of the convergence of numerical methods. Get 

the practical skills to apply differential and integral calculus 

in problems of mechanics and physics. 

BD 
Analytical Geometry 

3 credits 

Prerequisites: 

Purposes and problems of a course:  The aim of teaching 

is to teach students the basics of linear algebra, in which a 

central place is given to one of the most important ideas of 

mathematics. 

Contents: in the course "Linear Algebra and Analytic 

Geometry 1" examines the following topics: the complex 

numbers and operations on them, the concept of the residue, 

the actions on them; action on matrices, Gauss reducing a 

matrix to echelon form, the computation of inverse matrices, 

arithmetic space, linear relationship, the lemma for 

substitution, rings, fields, examples and elementary 

properties, etc. 

Competence, mastered as a result of this module, the 

student should: 

 to know: the theory of algebraic equations, the basic 

properties of determinants and matrices, algebraic and 

geometric description of the lines and surfaces of the 

second order, the initial information about groups, rings 

and fields. 

to be able to: use the Gauss for computing determinants, 

solutions and study of systems of linear algebraic 

equations, the study of vector systems for linear 

dependence of inverse matrix calculation. 

to have: practical skills in the field of complex numbers in 

residue and polynomial rings, using the method of 

coordinate geometry problems with solutions, set up the 

equations of lines and planes in their different tasks. 

BD Mechanics 

3 credits 

Prerequisites: The 

courses, which 

should be learned by 

students prior to  the 

study of discipline. 

Course objective. Acquaintance of students with the basic 

phenomena on mechanics and mechanical laws as well as 

methods of physical research; mastery of techniques and 

methods of solving problems in mechanics; the skills of the 

behavior of physical experiment with laboratory equipment. 

 

Knowledge:  

 the basic mechanical models and phenomena;  

 the mechanical laws and concepts, the boundaries of 

their applicability, allowing to use them effectively in 

specific situations. 

Skill: 

 the solutions of typical problems in mechanics;  

 carrying out experimental research and processing of 

results. 

BD Molecular Physics 

3 credits 

Prerequisites: 

Mechanics 

Goals are to offer this unit as a physical theory basing on 

the generalization of observations, experiment and practical 

experience, to disclose the specific peculiarities of the 

subject of investigation as the physical system of many 

particles, to disclose the statistical nature of the molecular 

Knowledge:   

- Basic laws of molecular physics;  

- Fundamentals of equilibrium thermodynamics; 

- Changes laws of one physical parameters when 

changing other one in the various processes; 
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physics laws.   

Objectives are to form ideas about the basic models and 

phenomena from the sphere of molecular physics, to disclose 

the main principles and laws of the statistical physics and 

thermodynamics, their logical content, mathematical 

expression and the range of application. 

- Mathematical apparatus using in the molecular physics;  

- The most generally used devices and the measurement 

techniques of the main thermodynamic parameters.  

Skill: 

to be able to disclose the physical mechanism of studying 

phenomena as well as to analyze the change of 

thermodynamic parameters in the specific process, to 

master practical skills to use the laws of molecular physics 

in the research and study of the structure and properties of 

nature objects at multiple levels of its organization. 

BD Mathematical 

analysis 2  

3 credits 

Prerequisites: 

Mathematical 

analysis 1  

Purposes and problems of a course: "Mathematical 

Analysis - II». Formation of students' scientific basis of 

knowledge of the objective laws of nature, the most 

important of which are studied physical sciences, requires a 

thorough knowledge of mathematics as a science subject 

area, which is the study of quantitative certainty of any 

object, process and phenomenon. Among the mathematical 

disciplines in the study of real processes of macro and micro 

occupies an important place course "Mathematical Analysis 

- II», the need for expansion and deepening of the study due 

to the development and progress of the level of development 

of nuclear physics.  

Contents: The course "Mathematical Analysis - II» - the 

main course in the preparation of physical and technical 

experts: nuclear physics, high school teachers, employees of 

scientific - technical sphere, etc.; prepares students for one 

of the fundamental mathematical disciplines, which is used 

in the investigation of many science and technology. 

Knowledge: know the basic mathematical concepts 

involved in the program, their interrelation, 

interdependence and interaction not only between 

themselves but also with other mathematical disciplines.  

Skill: accurately and thoroughly substantiate the 

reasoning without cluttering it with unnecessary detail; 

have an idea on how to address the problems of 

mathematical analysis 1, algebra and geometry analytical. 

to acquire practical skills to solve problems in order to 

mathematically correct to put a specific practice the 

simplest problem, select a method to solve it and solve it; 

BD Electricity and 

Magnetism 

3 credits 

Prerequisites: 

Mechanics; 

Molecular Physics; 

Theoretical concepts of electricity and magnetism are 

introduced, principles of solving specific problems of 

electromagnetism are examined. The study of the course is 

supported by advanced seminars. 

 

Knowledge: 

- construct mathematical models of various phenomena 

and to use the appropriate mathematical tools, including 

methods of computational mathematics;  

- the concept of critical stages in the development of 

electromagnetism;  
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Mathematical 

analysis 1,2; 

Analytical Geometry 

- to solve specific problems in electromagnetism;  

- the natural phenomenon on the basis of the knowledge 

of electromagnetic principles and laws;  

- synthesize the electrostatic and magnetic laws and 

principles developing at the final stage Maxwell’s 

equations;  

- the limits of application of physical models and 

hypotheses. 

Skill: essential to continue education with a high degree of 

autonomy. 

BD Differential  and 

Integral Equations 

3 credits 

Prerequisites: 

Purpose and Objectives: The aim of this course is to 

introduce students to the mathematical apparatus necessary 

for the application of mathematical methods in practice and 

in research, to introduce students to solutions of differential 

equations. 

Content: The first-order equation, the equation of n-th order 

and the system of equations, linear differential equations, 

stability theory, numerical methods for partial differential 

equations, the concept of asymptotic methods for partial 

differential equations. 

Knowledge: 

the basic concepts, laws, instrumental methods for partial 

differential equations; 

Skill: apply the methods of the theory of differential 

equations in problems of science and technology; 

skills of practical use of modern mathematical tools to 

solve and analyze problems in mechanics, physics and 

natural science. 

BD Probabilities theory 

3 credits 

Prerequisites: 

A subject of probability theory is a mathematical analysis of 

random phenomena. Random phenomena is an empirical 

phenomena which (when a certain set of conditions) can be 

characterized by that 

- it doesn’t have determinate stability (supervisions 

above it don’t always result in the same outcomes); 

- it has a statistical stability (shown in statistical stability 

of frequencies). 

  

Knowledge: 

- acquired knowledge about probabilities theory and 

it’s understanding (random event, definitions of 

probability, basic formulas of probability, independent 

trials, random variables etc);  

Skills: 

- demonstrate an understanding of the overall 

structure of the probability-theoretic study field and the 

relations between its elements;  

To be able to 

- include new knowledge in the context of basic  

knowledge, interpret its contents; 

- analyze educational situation and offer direction to 

solve it;  
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- use methods (research, calculation, analysis, etc.) 

inherent to the field of the probability-theoretic study 

individually or in a group teaching and research 

activities; 

- synthesize, interpret and evaluate the learning 

outcomes of probabilities theory, modules, midterm 

exam content; 

- analyze dynamics of scientific problems decision of 

the probability theory (scientific reviews of  specific 

issues researches); 

BD Theory of Complex 

Variable Function 

3 credits 

Prerequisites: 

Mathematical 

analysis 1,2, 

Analytical Geometry 

Purpose and Objectives: Introduction to the students 

about the theory of functions of complex Variables 

Contents: Introduction to the students with the fundamental 

methods of research variables, the preparation for the study 

of other mathematical disciplines. 

Knowledge: 

the theory of algebraic equations, 

Skill: To be able to solve problems in the module; 

BD Optics 

3 credits 

Prerequisites: 

Mechanics, 

Molecular physics 

 

Purposes and problems of a course:  The main objective of 

the discipline is to provide a fundamental knowledge base on 

which you can further develop a more in-depth and detailed 

study of all branches of physics to teach students to 

quantitatively solve specific problems in the framework of 

the adopted approximations. Identify ways to use optical 

phenomena in technical devices. 

Contents: The main provisions of the corpuscular theory of 

Newton. The main provisions of the wave theory of 

Huygens. The main provisions of the wave theory of 

Fresnel. The main provisions of optics. The wave properties 

of light and geometrical optics. The eye as an optical system. 

Spectroscope. Optical measuring device. Conclusion. The 

history of optics. Optics - the doctrine of the nature of light, 

light phenomena and the interaction of light with matter. 

Knowledge: 

the interactions in optics and optical communications with 

mathematics, chemistry, technology, and other branches of 

physics, the basic concepts and laws of optics, the main 

methods of determining the parameters in laboratory work. 

Skill: to be able to carry out optical methods, to conduct 

their own research and experimental data processing, work 

with measuring equipment 

to have knowledge and understanding of analyzing the 

results and find the error in the results. 



148 
 

BD Theoretical 

Mechanics 

3 credits 

Prerequisites: 

Purposes and problems of a course:  to state the main 

objectives and methods of theoretical mechanics; problems 

of - to give to students an idea of the main objectives and 

methods of theoretical mechanics. 

Contents: The equations of motion in the generalized 

coordinates and their annexes to mechanical systems, 

Mechanics of not free systems, the Mechanic of absolutely 

rigid bodies. 

Knowledge: 

mathematical apparatus of theoretical mechanics, methods 

of the solution of problems of theoretical mechanics. 

Skill: to be able to use mathematical apparatus of 

theoretical mechanics for the solution of problems of 

theoretical mechanics, to put a problem, to choose decision 

methods, both in an analytical form, and with use of 

computer technologies (modern COMPUTERS and the 

corresponding software products); to have idea of methods 

of the solution of problems of theoretical mechanics. 

BD Methods of 

Mathematical 

Physics 

3 credits 

Prerequisites: 

Discipline "Methods of mathematical physics" contains the 

necessary mathematical apparatus and the theory of basic 

equations of mathematical physics. It develops in students the 

skills of constructing mathematical models of the simplest 

physical phenomena, the analytical solution of the resulting 

mathematical problems and constitutes the mathematical basis 

for the disciplines of theoretical physics and special physical 

disciplines.  

The purposes of mastering the discipline "Methods of 

mathematical physics" are 

• formation of knowledge and skills of mathematical 

modelling of physical processes; 

• mastering the methods of solving partial differential 

equations arising in the formulation of problems of 

mathematical physics; 

• mastering the mathematical apparatus for further use in 

solving theoretical and applied problems. 

In the process of studying the discipline, the following tasks 

are solved: 

• formation of skills in constructing mathematical models of 

the simplest physical phenomena and knowledge about the 

methods of their solution; 

• providing students with fundamental mathematical training; 

• development of skills to practically use a set of methods 

Knowledge: 

the basic differential equations of mathematical physics, 

mathematical apparatus of methods of mathematical 

physics, the classification of partial differential equations 

of second order.  

Skill: to be able to choose the methods for solving 

mathematical physics; 

to have a representation of the physical processes that are 

described by differential equations in partial derivatives. 
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for solving applied problems.  

BD Fundamentals of 

Electronics 

3 credits 

Prerequisites: 

 

Purposes and problems of a course:  An aim and tasks of 

teaching of course of "Basis of radiophysics and electronics" 

is forming of the system of knowledge, abilities, skills in 

area of radio electronics,  to teach to skills and abilities of 

work with literature on radio electronics. 

Contents: Signals, their classification, parameters.  Elements 

of linear electric chains.  Calculation of linear chains by the 

method of complex images. Nonlinear chains, graphic 

method of analysis, loading line, mode on permanent 

strength of current. Electron-hole transition, his properties, 

semiconductor diodes, Zeners, tds. BPT, charts of including 

of transistor.   Field transistors, charts of including of 

transistor.  Classification of electronic strengtheners, basic 

descriptions, parameters. Good quality of amplifying 

cascade. A feed-back is in strengtheners. Differential 

cascade of strengthening. Operating strengtheners. Basic 

descriptions, parameters. Charts of including of operating 

strengtheners: summator, integrator, differentiator, 

transformer of resistances. Generators of electric signals. LC 

is a generator of harmonic signals. Generators of relaxation 

signals. A multivibrator is in an autoshake mode. A 

multivibrator is in the waiting mode. 

Knowledge: 

Basic theory and practical application of semiconductor 

electronic devices such as diodes and transistors. 

To classify the materials for electronics, to understand that 

the silicon technologies are one of most preferable of them. 

Functional competence: 

Skill: To be able to consider new problems of electronics 

practiced on project oriented lessons; able to act 

autonomously within agreed guidelines. 

To be able to analyze a choice of skills and practical 

implementation of using and obtaining electronic devices; 

To be able to use basic skills of technologies and materials 

in semiconductor electronics; 

To be able to appropriate scientific technical and reference 

books. 

Skills in the field of education. Objective evaluation of 

achievements during study of discipline, identify 

semiconductor electronics as for further personal and 

professional development. 

BD Atomic Physics 

3 credits 

Prerequisites: 

Mathematical 

analysis, Analytical 

Geometry, 

Mechanics, 

Molecular physics, 

Electricity and 

Course objective is Represent the atomic physics as a theory 

that has arisen as a result of generalization of observations, 

experience and experiment in the framework of lectures, 

practical and laboratory classes supplied, understanding of 

the limits of application of classical physics models and 

hypotheses, concepts of critical stages in the development of 

atomic physics, basic laws of atomic physics, basic physical 

phenomena of atomic physics, methods of observation and 

experimental research;  

Knowledge:  

 essence of the basic concepts, laws and theories of 

classical and modern physics in their internal 

relationships and integrity; 

 hierarchy of physical laws and concepts, the boundaries 

of their applicability, allowing to use them effectively in 

specific situations. 

Skill: 

 generalized solutions of specific problems in atomic 
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Magnetism  physics; 

 assess the degree of reliability of the results of 

experimental and theoretical research methods in 

atomic physics; 

 construct mathematical models of various phenomena 

and to  simulate it  via computer; 

 carrying out experimental research and processing of 

results and analyze them, to be able to make 

conclusions 

BD Electrodynamics 

3 credits 

Prerequisites: 

Mathematical 

analysis 1,2; Basics 

of Vector and Tensor 

Analysis 

The objective of the discipline is to give students solid 

theoretical knowledge about the basics laws of 

electrodynamics, the concepts of charge, current, potentials, 

fields, electromagnetic waves, Maxwell equations in four-

dimensional space-time. During the course students will 

learn how to solve the Maxwell equations, apply various 

methods used in Electrodynamics, to get the ability to 

highlight specific physical content in applications to future 

activities. Students will master fundamental concepts, laws 

and techniques of classical and modern electrodynamics, as 

well as the methods of physical research. 

Knowledge: 

To know basic concepts of Electrodynamics: Ohm's Law; 

Electromotive Force; Faraday's Law; The Induced Electric 

Field; Energy in Magnetic Fields; Electrodynamics Before 

Maxwell; Maxwell's Equations; Maxwell's Equations in 

Matter; Boundary Conditions; Charge and Energy; The 

Continuity Equation; Poynting's Theorem; Electromagnetic 

Waves in Vacuum; Energy and Momentum in 

Electromagnetic Waves; Scalar and Vector Potentials; 

Gauge Transformations; Retarded Potentials; Lienard-

Wiechert Potentials; Multipole expansion of the potential in 

a static case; Electric Dipole Radiation; Magnetic Dipole 

Radiation. 

Skill: 

The ability to apply in practice the Maxwell equations in 

four dimensional form. 

To use optimal methods to solve diverse practical 

problems of Electrodynamics. 

To investigate electromagnetic phenomena taking place 

in different branches of physics. 

BD Introduction to 

Nuclear Physics 

4 credits 

Prerequisites:  

Mathematical 

Course objective is familiarize students with the 

fundamental nuclear and physical laws, effects and 

phenomena occurring in subatomic microcosm, methods of 

their theoretical understanding and experimental observation. 

 

Knowledge:  

 the basic concepts on the physics of nuclear structure and 

nuclear reactions. 

 the fundamentals of nuclear physics, the processes 

occurring in the volume of atomic nuclei and modern 
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analysis 1,2, 

Molecular Physics, 

Electricity and 

Magnetism, Atomic 

Physics 

 

 

 

 

methods of practical application of nuclear energy. 

 the connection of nuclear physics laws with the laws of 

atomic physics and physics of elementary particles, 

particularly at intermediate energies. 

Skill: 

 to apply the fundamental knowledge of laws of quantum 

physics, in particular in the experimental and theoretical 

researches in the physics of nuclear reactions and decays of 

radioactive nuclei, laws of nuclear fission, nuclear fusion 

physics and nuclear astrophysics. 

 use the studied regularities for understanding the physics 

of cosmic rays, nuclear decays in the Earth's lithosphere and 

radioactive processes occurring in living matter, in 

particular, in volume of a biological cell. 

 Demonstrate skills during the presentations at scientific 

conferences and seminars of physical understanding the 

obtained results in the framework of the transition from 

classical to quantum physics concepts. 

 Demonstrate skills of collecting, analyzing and organizing 

experimental and theoretical data on the spectra of nuclear 

radiation and their connection with the structural 

characteristics of the nucleus and nuclear dynamics. 

 Demonstrate a willingness to cooperate within the 

framework of integrated teams of experimental physicists 

and theoretical physicists, to properly formulate aims and 

objectives of research or practical applications of plans. To 

persuade the audience of the need to use in practical 

applications of nuclear technology, to substantiate their 

safety and reliability. 

 Demonstrate the ability for learning new areas of 

microcosm physics, including ion-ion and elementary 

particles collisions. Being able to realize the need to 

improve the quality of used computer, software and 

hardware in experiments on nuclear and physical 
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installations and in field conditions. 

 Identify world trends of theoretical and practical 

development of nuclear physics in the field of low and 

ultralow in energy, and in the field of high and ultrahigh 

energies. 

BD Quantum Mechanics 

4 credits 

Prerequisites: 

Mathematical 

analysis 1,2; Basics 

of Vector and Tensor 

Analysis; 

Electrodynamics; 

Methods of 

Mathematical 

Physics; Additional 

Chapters of 

Mathematical 

Physics 

Course objective. Quantum mechanics (QM) course includes 

historical/modern experiments, axiomatic, formal 

mathematical, and some philosophical background to the 

physical phenomena in which the wave and particle aspects 

of matter and radiation are reconciled in a unified theory of 

microworld.  

Basic subjects include uncertainty principle, superposition 

principle, properties of Hermitian operators and 

commutators, maximal set of mutually commuting operators. 

Time-independent Schrödinger equation, probability 

interpretation, normalization, expectation values, the infinite 

potential well. Time-dependent Schrödinger equation, 

probability current, potential barriers. As well as the 1D and 

3D quantum harmonic oscillator, hydrogen-like systems. 

Elements of representation theory. Properties of matrix 

elements. Elements of the general theory of angular 

momentum. 
 

Knowledge:  

 basic postulates and principles of nonrelativistic 

QM; 

 operator and Hamiltonian formalism covering 

mathematical foundation of QM; 

 quantization of classical QM systems; 

 special properties of microparticles and 

microsystems; 

 description of discrete and continuous states 

relevant to the natural pattern of the microworld;  

Skill: 

 operate with such basic concepts as wave function, 

probability density, operators, eigen functions and 

eigenvalues; 

 apply the Schrödinger equation to a range of 

important physical situations, develop solutions and discuss 

their implications; 

 write down and solve the Schrödinger equation for 

simple 1D and 3D systems; 

 calculate expectation values and measurement 

probabilities for observables such as energy, position and 

momentum using Cartesian and spherical coordinates; 

 sketch and explain the shape of energy eigen 

functions for a given potential energy; 

 determine degeneracies of energy levels, state 

properties of the spherical harmonics and their relation 

to angular momentum. 
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BD Fundamentals of 

Thermodynamics 

and Statistical 

Physics 

3 credits 

Prerequisites: 

Theoretical physics, 

Electrodynamics, 

Quantum mechanics, 

Methods of 

Mathematical 

Physics  

Course objective is to give basic concepts of 

Fundamentals of Thermodynamics and Statistical Physics: 

macroscopic system, the notion of equilibrium, 

thermodynamic variables, zeroth law of thermodynamic, the 

notion of temperature in thermodynamics, Celcius 

temperature scale, state equation: ideal gas, real gases, quasi-

static transformations in thermodynamics, reversible and 

irreversible transformations, work equation for fluids, work 

equation for other systems, work done on a solid, first law of 

thermodynamics, heat capacity, heat capacities at constant 

volume and pressure,  internal energy as a function of 

volume, Joule’s experiment, Carnot cycle, second law of 

thermodynamics in different formulations, Clausius’ 

theorem, the notion of entropy in thermodynamics, principle 

of entropy increase, reversible changes of temperature,  

entropy of an ideal gas, entropy and the degradation of 

energy, statistical interpretation of the entropy, 

thermodynamical potentials: internal energy, enthalpy, 

Helmholtz free energy, and the free energies, Maxwell 

relations,  heat-capacity equation, thermodynamic variables 

and equation of state for magnetic systems, macro-states and 

microstates in statistical mechanics, statistical mechanics of 

non-interacting systems, statistical weight: single particle in 

a box, N particles in a box,  statistical weight in classical 

mechanics: single particle in one dimension, general 

systems, example: N particles in a box, fundamental 

postulates in statistical mechanics, application: entropy of an 

ideal gas, thermodynamic quantities,  statistical mechanics 

of interacting systems, probability distributions, Gibbs 

distribution, grand partition function, Boltzmann distribution 

and partition function, entropy in statistical mechanics,  

Knowledge: 

 laws of thermodynamics; 

 quasi-static transformations in thermodynamics; 

 reversible and irreversible transformations; 

 thermodynamical potentials; 

 statistical mechanics of non-interacting systems; 

 Gibbs and Boltzmann distributions; 

 quantum statistics of ideal gases; 

 Bose-Einstein and Fermi-Dirac  statistics; 

 grand partition functions 

Skill: 

The ability to apply in practice the thermodynamics and 

statistical physics. 

To use optimal methods to solve diverse practical 

problems of thermodynamics and statistical physics. 

To investigate thermodynamics and statistical physics 

phenomena taking place in different branches of physics. 
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Energy distribution for statistical systems,  partition function  

for N simple harmonic oscillators, Gibbs distribution: the 

calculation of thermodynamic quantities, classical statistics, 

ideal gas, equipartition theorem, quantum statistics of ideal 

gases, quantum statistics: microstates, occupation number, 

bosons and fermions, grand partition function, mean 

occupation numbers for bosons and fermions, Bose-Einstein 

statistics: grand partition function, Fermi-Dirac statistics: 

grand partition function. 

BD Condensed Matter 

Physics 

3 credits 

Prerequisites: 

Mathematical 

analysis, 

Mechanics, 

Electricity and 

Magnetism, Optics 

 

Its purpose is to study the complex of existing concepts in 

the field of condensed matter physics based on modern 

scientific data and in the representation of the theory of 

physical phenomena as a generalization of observations and 

experiment. 

 

The aim of the course:  

to form a system of competences in the context of 

qualification requirements:  

А) Bachelor student studied the discipline " Condensed 

Matter Physics" must know: 

 features of the structure of amorphous and crystalline 

substances; 

 concept of a geometric and physical surface; 

 basic crystal structures, lattice defects; 

 electrical, thermal and magnetic properties of solids. 

B) Bachelor student studied the discipline " Condensed 

Matter Physics" should be able: 

 to identify the type of crystalline structure of a solid; 

 to calculate the parameters characterizing the structure, 

mechanical, thermophysical, electrical and magnetic 

properties of solids; 

 to analyze the physical phenomena and processes 

characterised of the condensed state; 

 is oriented in the basic physical mechanisms of 

phenomena occurring in condensed media. 

C) Bachelor student studied the discipline " Condensed 

Matter Physics" should have the conceptions about: 

 main processes occurring in crystals; 
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 dynamics of crystal lattices; 

 statistics of electrons and the types of conductivity in 

various types of crystalline substances; 

 devices based on different types of conductivity. 

D) Bachelor student studied the discipline " Condensed 

Matter Physics" should use: 

 skills in solving problems in condensed matter physics; 

 basic approaches that allow describing physical 

phenomena in nature and during solving modern and 

promising technological problems. 

 major special knowledge on physical methods of 

research; 

Skills of the organization of scientific researches and 

educational process in secondary educational institutions. 

   3. MAJORS  

M Experimental 

Methods of Nuclear 

Physics 

3 credits 

Prerequisites: 

Molecular Physics, 

Quantum 

Mechanics, Atomic 

Physics, Introduction 

to Nuclear Physics 

The goal of the course is to consider in detail the physical 

processes that lead to the appearance of a signal at the 

detector output when interacting with the substance of a 

detector of charged particles, neutrons, neutrinos and γ-

quanta, and the detection of particles of different types in 

different energy ranges. 

Knowledge  

 the role of experimental methods in conducting physical 

research and solutions of applied problems 

 Physical properties of methods for detecting emissions; 

 Features of interaction with matter of charged particles, 

neutrons, neutrinos, X-ray and γ-radiation; 

 A general scheme for converting the energy of particles in 

the detector material, the recorded effects, the classification 

and the main characteristics of radiation detectors; 

 Principle of operation, basic parameters, the field of 

application of gas-filled, proportional and spark counters, 

scintillation, semiconductor and Cherenkov detectors; 

Classification of track detectors and the principles of their 

operation; 

Skills: student should be able to  

 Independently to understand the issues of modern 

detecting devices of nuclear radiation. 

 Demonstrate ability and readiness: 
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 To use natural scientific knowledge in professional 

activity 

 To understanding and setting professional tasks in the field 

of research and practice 

M Nuclear physics at 

low energies 

3 credits 

Prerequisites: 

Mathematical 

analysis 1,2, 

Quantum 

Mechanics, Atomic 

Physics, Introduction 

to Nuclear Physics 

The goal of the course is to familiarize students with the 

basic nuclear-physical laws, effects and phenomena 

occurring in the subatomic microcosm, the methods of their 

theoretical comprehension and experimental observation. 

 

 

 

Knowledge:  

 The basic concepts of the physics of nuclear structure and 

nuclear reactions.  

 The fundamentals of nuclear physics, processes occurring 

in the volume of atomic nuclei and modern methods of 

practical application of nuclear energy. Identify the 

relationship of nuclear physics laws with the laws of atomic 

physics and elementary particle physics, especially at low 

energies 

Skills: 

 To apply fundamental knowledge of the laws of quantum 

physics, in particular, in experimental and theoretical 

research in the field of nuclear reaction and decay of 

radioactive nuclei, nuclear fission laws, nuclear fusion 

physics and nuclear astrophysics. Use the studied 

regularities for understanding the physics of cosmic rays, 

nuclear decays in the Earth's lithosphere and radiation 

processes occurring in living matter. 

 To formulate skills during presentations at scientific 

conferences and seminars of physical understanding of the 

results obtained within the framework of the transition from 

classical physical concepts to quantum ones. To demonstrate 

the ability to collect, analyze and systematize experimental 

and theoretical data on the spectra of nuclear radiations and 

their relationship to the structural characteristics of the 

nucleus. Propose methods of elementary systematic of 

nuclear structure parameters and nuclear reactions and 

mathematically formulate the obtained regularities. 

 Formulate the problem when working together in the 

framework of complex teams of experimental physicists and 



157 
 

theoretical physicists, correctly formulate the goals and 

objectives of research or practical applications. To convince 

the audience of the need to apply nuclear technologies for 

practical purposes, to justify their safety and reliability. 

 To demonstrate skills in the study of new areas of physics 

of the microworld, including ion-ion collisions and 

collisions of elementary particles. To be able to realize the 

need to improve the quality of the hardware, computer and 

software used in experiments on nuclear physics 

installations and in the field.  

 To determine the world trends of the theoretical and 

practical development of nuclear physics both in the region 

in low and ultralow energies, and in the field of high and 

ultrahigh energies. 

M Interaction of 

Radiation With 

Matter 

3 credits 

Prerequisites: 

Atomic Physics, 

Introduction to 

Nuclear Physics, 

Quantum 

Mechanics, 

Experimental 

Methods of Nuclear 

Physics 

The goal of the course is to familiarize students with the 

main effects and phenomena arising from the interaction of 

ions, gamma quanta, neutrons and electrons with matter 

atoms. 

 

Knowledge:  

 the basic concepts and mechanisms of interaction of 

radiation with matter. Identify the processes occurring 

during the interaction of accelerated charged particles, 

neutrons and gamma quanta with atoms and nuclei of atoms 

of matter. 

Skills: 

 to apply fundamental knowledge of the laws of quantum 

physics, in particular, in experimental and theoretical studies 

in the field of interaction of various kinds of radiation with 

atoms and nuclei of atoms of matter. Use the studied 

regularities for understanding the physics of cosmic rays, 

nuclear decays in the Earth's lithosphere and radiation 

processes occurring in living matter. 

 Formulate knowledge during presentations at scientific 

conferences and seminars of physical understanding of the 

results obtained within the framework of the transition from 

classical physical concepts to quantum ones.  

 To demonstrate the ability to collect, analyze and 

systematize experimental and theoretical data on the spectra 
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of nuclear radiation and on the spectra of ionizing radiations 

transmitted through various substances. 

  Propose methods for processing and recording energy 

losses by ionizing radiation in various media and substances, 

and mathematically formulate the resulting patterns. 

 To demonstrate skills in the study of new areas of physics 

of the microworld, including ion-ion collisions and 

collisions of elementary particles. To be able to realize the 

need to improve the quality of the hardware, computer and 

software used in experiments on nuclear physics 

installations and in the field.  

 To determine the world trends of the theoretical and 

practical development of nuclear physics both in the region 

in low and ultralow energies, and in the field of high and 

ultrahigh energies. 

M Field Theory 

3 credits 

Prerequisites: 

Mathematical 

analysis 1,2, 

Electrodynamics, 

Introduction to 

Nuclear Physics,  

Atomic Physics, 

Quantum Mechanics 

The aim of the course is familiarity with the basic 

mathematical language that is used to describe and analyse 

the physics of gauge field. The goal of this course is to 

provide step-by-step introduction to this subject, one that 

covers all the key concepts that are needed to understand the 

Abelian and non-Abelian gauge field theories, and some of 

its proposed extensions. 

Tasks: 

 The study of currently known laws, effects and 

phenomena in the theory of field; 

 The solving in detail and discussing the specific tasks 

related to the course in order to acquisition practical 

skills and consolidation the studied material; 

 Mastering the methods of formulating and solving the 

theoretical problems associated with classical aspect of 

high energy physics; 

 The study of role of instantons as saddle points of the 

Euclidean functional integral in quantum field theory and 

several related topics. 

Knowledge:  

 Elements of the theory of Lie groups and algebras and 

of homotopy theory. 

 The basic ideas of the theory of gauge fields. 

 Effects, arising in the interactions of fermions with 

topological scalar and gauge fields. 

Skill: 

 Have a clear idea about the objects for which the 

Abelian and non-Abelian theories of gauge fields are 

applicable. 

 To apply the fundamental knowledge of laws of field 

theory in construction of gauge-invariant Lagrangians, 

analysis of spectra of linear perturbations, including 

perturbations about a non-trivial ground state. 

 Can use the studied regularities for construction and 

interpretation of solutions, whose existence is entirely 

due to the nonlinearity of the field equations, namely, 

solitons, bounces, sfalerons and instantons. 

 To be able to carry out the calculations at the study of 
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non-topological solitons. 

M Structure of Atomic 

Nuclei 

3 credits 

Prerequisites: 

Mathematical 

analysis 1,2, 

Introduction to 

Nuclear Physics,  

Atomic Physics, 

Quantum 

Mechanics, Nuclear 

physics at low 

energies 

Course objective is familiarization with the basic concepts of 

nuclear physics, the laws and contemporary issues in the 

field of fundamental nuclear physics, elementary particle 

physics and their application areas. 

Tasks:  

 The study of currently known laws, laws, systematics, 

effects and phenomena in the field of science of the 

microcosm; 

 Mastering the basic techniques computing nuclear 

constants, the output of basic formulas describing 

regularities in the microcosm; methods of solving problems; 

 The course should be decided by the general and specific 

objectives for the formation of the future expert in the 

particular field of knowledge. Preparation of the teaching 

staff involves the acquisition of knowledge and skills in the 

highly specialized field, and in the general theoretical and 

methodological ways. Future researchers and teachers need 

to have a clear idea of science as a microcosm particular 

sphere of human activity, of its extent, research methods and 

role in the progress of civilization. 

Knowledge:  

 the fundamental theoretical knowledge of the objective 

laws of physical processes in the microcosm; 

 about current problems and unresolved issues in nuclear 

physics and particle physics; 

 the general laws of the natural radioactivity of the 

environment; sources of radiation; ways and means of 

measuring and quantifying; 

 

Skill: 

 

 Helping to acquire practical skills of problem solving at 

this rate, in particular in the calculation of model-free 

nuclear parameters, the energy characteristics of the reacting 

nuclei and elementary particles; way of solving the 

Schrödinger and Dirac equations. 

 Propose methods of elementary systematics of parameters 

of nuclear structure and nuclear reactions and 

mathematically formalize the obtained regularities. 

M Theory of Nuclear 

Reactions 

3 credits 

Prerequisites: 

Mathematical 

analysis 1,2, 

Structure of Atomic 

Nuclei, Introduction 

to Nuclear Physics,  

Atomic Physics, 

Quantum 

Course objective. Within the framework of preparation of 

bachelors in the direction of nuclear physics to study the 

methods of solving the basic equation of quantum mechanics 

- the Schrödinger equation for systems of colliding nuclei to 

form the final products of nuclear reactions. Explore the 

methods of the theory of nuclear reactions relative to the 

channels of elastic scattering and direct nuclear reactions. 

 

 

Knowledge:  

 the basic requirements for writing the equations of motion 

(the Schrödinger equation) for systems of colliding particles 

with nuclei, and nuclei with nuclei. 

 the basic stages of solving the equations of motion, as the 

calculation of wave eigenfunctions of the colliding 

microparticles and as the determination of the eigenvalues of 

the Hamiltonian operator for such systems. 

Skill: 

 to apply the basic phenomenological approach as for the 

wave function, as well as for nuclear capability. 
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Mechanics, Nuclear 

physics at low 

energies 

 Use as "the way of the Schrodinger" - the use of the 

optical model for obtaining parameter of nuclear potential, 

and the "way of the Heisenberg" – i.e. the replacement of the 

concept of the wave function by the concept of the S-matrix. 

To interpret the obtained results by fitting the free 

parameters of the model to the experiment. 

 Demonstrate skills during the presentations at scientific 

conferences and seminars of physical understanding the 

obtained results in the framework of the initial 

approximations for solving the Schrödinger equation. 

 Demonstrate skills of collecting, analyzing and organizing 

experimental and theoretical data on the angular 

distributions of nuclear reactions, correlations, polarization 

with reference obtained systematic to its own scientific 

results. 

 Show ability to evaluate the results of the optimization of 

theoretical parameters, to make conclusions on the physics 

of various output channels of the nuclear reactions and 

discuss the final results. 

 Demonstrate a willingness to cooperate within the 

framework of integrated teams of experimental physicists 

and theoretical physicists, to properly formulate aims and 

objectives of research or practical applications of plans. 

 Demonstrate the ability for learning new areas of nuclear 

reactions physics, including ion-ion collisions.  

 Being able to realize the need to improve the quality of 

used hardware and computer tools in accelerator 

experiments. Identify world trends of theoretical and 

practical development of nuclear physics. 

M Detectors of Nuclear 

Radiation 

3 credits 

Prerequisites: 

Atomic Physics, 

Course objective is introduce students to various types of 

detectors used to measure high-energy (ionizing) radiations, 

the electronic systems used to count and measure high-

energy radiations, and the general properties of radiation 

detection systems.  

Knowledge:  

 Types and characteristics of detectors for high-energy 

radiations, how they work, and how they are used. Detector 

types include: gas-filled detectors: simple ion chambers, 

proportional, Geiger-Muller counters. Semiconductor 
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Quantum 

Mechanics, Methods 

of Nuclear Physics, 

Introduction to 

Nuclear Physics,  

Nuclear physics at 

low energies, 

Methods of Nuclear 

Physics, Introduction 

to Nuclear Physics 

 

 

detectors: p-n junction, lithium drifted, high-purity 

germanium. Scintillation detectors: NaI(Tl), organic. 

Electronic systems for radiation detection and measurement. 

 the characteristics and uses of nuclear detectors and 

calculate their properties (efficiency, energy resolution, time 

resolution, pulse-pair resolution, dead-time). Compare the 

properties of different detectors and select the detector most 

appropriate for a given application. Describe qualitatively 

and quantitatively the result of measuring a specified 

radiation with a particular radiation detector system. 

 the research skills and perform independent research work 

(thesis) in the field of nuclear physics and nuclear physics 

and elementary particles. 

 

Skill: 

 explaining the mechanism of nuclear physical processes. 

write reports that describe the laboratory experiments 

concisely, present and analyze results, including 

experimental, calculated, and propagated uncertainties, and 

draw conclusions based on the results, and make oral 

presentations to the class. 

M Nuclear Reactors 

and Nuclear 

Energetic 

3 credits 

Prerequisites: 

Atomic Physics, 

Quantum 

Mechanics, 

Experimental 

Methods of Nuclear 

Physics, Introduction 

to Nuclear Physics, 

Formulation and 

The goal of the course is to familiarize students with the 

basic nuclear-physical principles of constructing reactor 

technology and nuclear industry. 

 

Knowledge: 

 the basic concepts of the laws of the flow of physical 

processes in the largest nuclear-physical research and power 

plants;  

 On contemporary problems and unresolved issues in 

nuclear physics and technology. Understand the general 

patterns of radioactivity in the natural environment; Sources 

of radiation;  

 The methods and means for their measurement and 

quantification.  

 The methods of calculation of model-free nuclear 

parameters, the energy characteristics of reacting nuclei and 

nuclear fuel. 



162 
 

Implementation 

Experiments in 

Nuclear Physics 

 

Skills: student should be able to  

 demonstrate the ability to collect, analyze and 

systematize experimental and theoretical data on different 

types of reactors.  

 Propose methods of elementary systematic of the 

parameters of active zones and various systems of nuclear 

reactors and mathematically formulate the obtained 

regularities. 

 to realize the need to improve the quality of the 

hardware, computer and software used in experiments on 

nuclear physics installations and in the field.  

 To determine the world trends of the theoretical and 

practical development of nuclear physics both in the region 

in low and ultralow energies, and in the field of high and 

ultrahigh energies. 

 

4.ELECTIVE COURSE 

GE Environmental 

Science and 

Sustainable 

Development 

2 credits 

Prerequisites: 

Philosophy, 

Mechanics, 

Molecular Physics 

 

In this course will mainly focus on the environmental or 

ecological sustainability that comprises of the environmental 

factors such as atmosphere, freshwater and ocean, and land 

use. The management tools meant to sustain the use of 

resources will be emphasized alongside the elements 

concerned in resources sustainability. The challenges in the 

area of human behaviour, human population and consumption 

level as well as economic growth will be discuss in this unit. 

The final part of this unit will be the challenges to 

sustainability in the use of resources taking a look at major 

fundamental principles. 

All that encompasses the natural environment will be 

defined and explained in details with emphasis on the Earth as 

the natural environment. Humans play a great role in the 

natural environment in which they find themselves. 

By the end of this course, the student should be able to;  

 Explain the environment  

 Enumerate and explain the components of environment 

 Explain in details the various ways man had impacted on 

the natural environment.  

 students should be learn 

 the historical development of resources, their 

sustainability,  

 the principles and goals behind it.   
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BD Laboratory Works 

on Molecular 

Physics 

2 credits 

Prerequisites: 

Mechanics 

Goals are to help students to fetch out more deeply the 

physical laws studied in the course "Molecular Physics", to 

teach students to measure the most important physical 

quantities and to assess their accuracy. 

Objectives are to teach to apply the theoretical material of the 

course "Molecular physics" to the analysis of specific 

physical phenomena; to study experimentally the basic 

physical laws of molecular physics. 

Knowledge:   

The basic measurement techniques of the thermodynamic 

parameters, the presentation methods of information 

obtained from the experiment and the latest achievements 

of modern physics in the determination of accuracy and 

reliability of the experimental results. 

Skill: 

To process the measurement results, compare them with 

the theoretical data, and formulate conclusions on 

laboratory works; examine and summarize the knowledge 

about modern experimental analysis of the thermal 

processes and apply methods of thermal physics in adjacent 

areas. 

BD Fundamentals of 

Vector and Tensor 

Analysis 

3 credits 

Prerequisites: 

Mathematical 

analysis 1,2; 

Analytical Geometry 

Objective: The vector and tensor analysis is one of the bases 

of the mathematical apparatus of theoretical physics. The 

objective of the course study is a generation of modern idea 

about coordinate-free method of vector and tensor definition; 

to give necessary knowledge and to impart practical skill of 

work with fundamental concepts of a vector and tensor 

analysis; to create the exact scientific approach to the 

solution of various problems of a vector and tensor analysis. 

Problems of studying of discipline are: acquaintance with 

the vector analysis in Cartesian axis; acquaintance with the 

vector analysis in curvilinear coordinates; acquaintance with 

elements of the common theory of tensors. 

Competences (learning outcomes): 

Know: the main terms and concepts of a vector and tensor 

analysis, mathematical apparatus of a vector and tensor 

analysis in volume of this course; physical interpretation of 

results of an integration and differentiation of mathematical 

objects; the most important applications of a vector and 

tensor analysis in various areas of other naturally scientific 

disciplines. 

To be able to use basic skills in solving physical problems, 

Knowledge: 

has a detailed knowledge  of vector and of tensor 

definition, differentiation of vectors, theorems about 

differentiation and integration of vectors, vector circulation 

along a contour, use of differential operators of the second 

order; to own skills of work in the different frames; to be 

able to apply knowledge of a tensor and vector analysis to 

physical problems.  

Ability to own the corresponding mathematical apparatus 

is absolutely necessary for learning  the course of the 

common physics "Electricity and magnetism" and courses 

of theoretical physics "Electrodynamics"  etc. 

Skills: 

to use the main operations over vector functions of a scalar 

argument, to calculate derivatives of vector functions of a 

scalar argument; to use differential methods of studying of 

scalar fields; to perform the main operations of derivation 

of scalar fields; to calculate derivatives in the directions 

and gradients of such fields; to use differential methods of 

studying of fields of vectors; to calculate derivatives in the 
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using methods of Vector and Tensor Analysis. 

Possess: To be able to identify key elements of problems and 

choose appropriate methods for their resolution. 

directions, the  rotors and the divergences of fields of 

vectors; to determine potentials and density of sources of 

fields of vectors; to use fundamentals of tensor’s algebra; 

to use the received level of knowledge for successful 

learning of courses of the physical and mathematical 

profile. 

BD Laboratory work on 

Electricity and 

Magnetism 

2 credits 

Prerequisites: 

Mechanics, 

Molecular Physics 

 

The objectives of this course are to tease out the laws of 

electromagnetism from our everyday experience by specific 

examples of how electromagnetic phenomena manifest 

themselves. We want to be able: 

- to describe, in words, the ways in which various concepts 

in electromagnetism come into play in particular situations; 

- to represent these electromagnetic phenomena and fields 

mathematically in those situations; 

- and to predict outcomes in other similar situations. 

The overall goal is to use the scientific method to come to 

understand the enormous variety of electromagnetic 

phenomena in terms of a few relatively simple laws. 

 

Knowledge: 

Electromagnetism I is an introduction to electromagnetic 

fields and forces. Electromagnetic forces quite literally 

dominate our everyday experience. The reason you do not 

fall through the floor to the center of the earth as you are 

reading this is because you are floating on (and held together 

by) electrostatic force fields. However, we are unaware of 

this in a visceral way, in large part because electromagnetic 

forces are so enormously strong, 10^40 times stronger than 

gravity. 

Because of the strength of electromagnetic forces, any small 

imbalance in net electric charge gives rise to enormous 

forces that act to try to erase that imbalance. Thus in our 

everyday experience, matter is by and large electrically 

neutral, and our direct experience with electromagnetic 

phenomena is disguised by many subtleties associated with 

that neutrality. This is very unlike our direct experience with 

gravitational forces, which is straightforward and 

unambiguous. 

Skill: 

Laboratory lessons are designed to provide skills of 

research, ability to work with electricity and magnetism 

equipment, the consolidation of theoretical knowledge. 

BD Differential and 

Integral Equations. 

Practicum  

2 credits 

The purpose of the discipline is 

-   to apply the  theory of ordinary differential equations in 

physics and engineering 

- to  prepare students for the study of other mathematical 

Knowledge and Understanding  

-ability to solve basic types of first order ordinary 

differential equations;  

- formulate and solve the Cauchy problem;  
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Prerequisites: techniques from other disciplines 

- to provide students with the mathematical tool that is 

suitable for applications in applied problems. 

- solve linear equations and systems with constant 

coefficients;  

- solve linear equations of second order with variable 

coefficients;  

- to solve boundary value problems; 

- study and development of a theoretical material in 

the framework of the work program and ways of 

making decisions. 

- ability to make up  differential equations for 

engineering problems.  

- select suitable mathematical model and equation 

for the solution of a problem; 

2. Student also should be able to understand the statements 

and proofs of important theorems of the course. 

3. Formulate the statements and proofs of important 

theorems and be able to explain the key steps in proofs. 

GE Sociology 

2 credits 

Prerequisites: The 

modern history of 

Kazakhstan, 

Philosophy 

Course objectives: Understanding of basic sociological 

concepts of political processes, the development of modern 

methods of sociological analysis - the relationship of 

government and society, the development of civil society, the 

knowledge of the laws of development of the modern state, 

understanding the nature of political relations 

Contents: As part of the course, students have the opportunity 

to see the evolution of views on the subject of political 

sociology, the basic concepts of modern schools of political 

sociology, the actual problems of science, methodology and 

methods of applied social research on political issues. 

As a result of this module the student should: 

To know: the political life and relations between the state 

and society, the laws of civil society, political actors at the 

national and local level; 

 To be able to express their views on socio-economic, 

political and other problems of society and the individual. 

To have skills: a comparative analysis of social policy in the 

regions and countries. 

BD Laboratory work on 

Optics 

2 credits 

Prerequisites: 

Mechanics, 

Molecular physics 

The course is destined to the study of the optical techniques, 

devices and its applications, most important effects and laws. 

 

The aim of the course:  
to form a system of competences in the context of 

qualification requirements:  

А) Bachelor student studied the discipline must know: 

 Laws of light propagation and behavior of optical rays at 

an interface with different materials (refraction, dispersion, 

diffraction, polarization, birefringence, emission and 
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absorption, and others) 

 Principle of operation of basic optical devices: 

microscope, dispersion and diffraction devices 

(monochromators, spectrophotometers, styloscopes and 

others) 

 Methods for errors calculating and sources of their 

origin, determining of light wavelength and refractive 

index of media, obtaining emission spectra 

 

B) Bachelor student studied the discipline "Optics" should 

be able to: 

 carry out measurements of fundamental optical values; 

 describe optical processes with using physical 

terminology; 

 draw up and submit information, ideas, problems and 

solutions to both specialists and non-specialists; 

 be able to communicate on content and problems of 

optics both with colleagues and with representatives of the 

public including those from other countries in a foreign 

language 

Represent a calculation of a determined value using 

computer programs. 

BD Laboratory work on 

Atomic Physics 

2 credits 

Prerequisites: 

Mechanics, 

Molecular physics 

Atomic physics as we know it today is a discipline that 
began to form in the present century and parallels the 
development of modern physics. As is well known, the word 
"atom" is derived from the ancient Greek with its original 
meaning being "the indivisible." In the fourth century B.C., 
the ancient physicist Democritus advanced this concept and 
thought of atoms as the smallest unit of matter. In the same 
period, however, some scholars such as Aristotle, 
Anaxagoras, and others denied such an atomic view of 
matter and held that matter was continuous and so was 
divisible indefinitely. This point of view dominated through 
the Middle Ages. But, after the sixteenth century, the atomic 

Knowledge: 
Famous scholars such as Galileo Galilei, Rene Descartes, 
Robert Boyle, and Isaac Newton supported such a point of 
view. In the early 1800s, John Dalton gave several rules 
that formed the basis of an atomic theory in which atoms 
were the smallest units of matter. Dalton's atomic model 
included the following basic postulates: (1) All matter is 
composed of small particles, which are called atoms. (2) 
The atoms of each element are alike in weight and in all 
other properties. (3) The atoms of different elements are of 
different weights, and their other properties differ. (4) 
Atoms are indestructible and can neither be created, 
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picture of matter was revived with the new emphasis on 
experimentation and the development of new experimental 
techniques. 

destroyed, nor divided. They preserve their identity during 
chemical reactions and only undergo rearrangement. (5) 
When two or more elements combine to form a compound, 
their atoms combine to form identical groups of atoms, 
which are called molecules. 
Skill: 

Laboratory lessons are designed to provide skills of 

research, ability to work with atomic physics equipment, 

the consolidation of theoretical knowledge. This course 

covers the experimental basis of quantum physics. Topics 

include: photoelectric effect, Compton scattering, photons, 

Franck-Hertz experiment, the Bohr atom, electron 

diffraction, de Broglie waves, and the wave-particle duality 

of matter and light. Introduction to wave mechanics: 

Schrödinger's equation, wave functions, wave packets, 

probability amplitudes, stationary states, the Heisenberg 

uncertainty principle, and zero-point energies. Solutions to 

Schrödinger's equation in one dimension: transmission and 

reflection at a barrier, barrier penetration, potential wells, 

the simple harmonic oscillator. Schrödinger's equation in 

three dimensions: central potentials and introduction to 

hydrogenic systems. 

M Additional Chapters 

of Mathematical 

Physics 

3 credits 

Prerequisites: 

Discipline "Additional Chapters of Mathematical Physics" 

contains the necessary mathematical apparatus and theory for 

use in quantum mechanics. It develops in students the skills of 

solving typical problems, which follow from quantum 

mechanics and other disciplines, related to nuclear physics.   

 

Knowledge:  

- Formulation of boundary value problems with 

inhomogeneities for linear partial differential equations of 

second order hyperbolic and parabolic types; 

- Extension method for solving boundary value problems 

for the wave equation; 

- Definition, basic properties, recurrence relations, the 

asymptotic behaviour of the delta function and special 

functions; 

- Examples of their application in mathematical physics. 
Skill: 
- to solve boundary value problems with inhomogeneities 
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for linear partial differential equations of second order 

hyperbolic and parabolic types; 

- to use of delta-function and special functions in solving 

problems of quantum mechanics. 

M Сhemistry 

3 credits 

Prerequisites: 

Mathematical 

analysis 1,2, 

Molecular Physics 

Course objective: is to familiarize students with the basic 

laws, concepts and theories of chemistry, as well as the basic 

physical and chemical properties of the elements in the 

periodic system for solving practical problems in the field of 

chemistry 

Knowledge 

 Main laws, concepts, and theories of chemistry and it’s 

understanding;  

 Physical and chemical properties of elements of Periodic 

System and it’s understanding;   

Skills: 

 solving practical problems in chemistry; 

 suggest optimal conditions of reactions; 

 write schemes of transformation of chemical substances 

from each other; 

 demonstrate acquired theoretical knowledge to answering 

of the competent questions of midterm and final exams; 

 make reactions experimentally in laboratory during 

laboratory classes and use different laboratory equipment 

and installations;  

 make an analysis of learning outcomes of the chemistry, 

generalize them through scientific essays, presentations, etc. 

To be able to  

 discuss obtained results in team; 

 consider the reactions occurring during experiment and 

explain them by the theoretical concepts; 

 critically report obtained results and discussed 

observations; 

 apply obtained knowledge in other disciplines; 

 recognize the role of chemistry in the implementation of 

individual learning paths. 

GE Principles of 

Economics 

2 credits 

Prerequisites: The 

Course objective. The objective of this course is to study 
basic principles of economics designed to provide a broad 
understanding of the economy. The course is split between 
the study of microeconomics, which focuses on the decision 

Knowledge: 

- understanding of economics concepts and principles  

- know how the market works and why the market system 

most effectively distribute the limited resources; 
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modern history of 

Kazakhstan 

making of individual consumers and firms and 
macroeconomics with focuses on aggregate level economic 
questions such as interest rates, government spending, 
among others.  In this course we will develop economic 
tools to analyze and evaluate public policies, poverty and 
welfare questions, and other applied topics.   

- to know how interconnected the main macroeconomic 

variables; 

Skill: 

- ability to analyze the costs, revenues and profits of the 

company; 

- demonstrate understanding of the place and role of the 

state border in the modern economy; 

-  have an understanding of monetary and fiscal policy of 

the state. 

BD Pedagogics 

2 credits 

Prerequisites: no 

Studying of discipline "Pedagogy" will allow the student the 

nobility:  

- theoretical bases of education; 

- principles of teaching; 

- classification of education methods.  

Lectures will take place with use of a method of conversation 

or a Socratic method of training because it will promote 

development of thinking of students. 

Seminars will take place with use of innovative methods of 

training, such as "The tree of decisions", "A fish bone", 

"Clusters", "Car", are also used active methods of training: 

business and role-playing games, brainstorming, problem 

training, etc. as students thus will be active participants of 

pedagogical process. 

Knowledge: studying the course "Pedagogic" the 

knowledge and understanding of theoretical fundamentals 

of pedagogic, the theory of training, the theory of 

education, management of school is necessary. 

Skill: 

- can work in the conditions of various complexity and 

predict, with application of a wide range of techniques; 

- is able to work with bigger independence, with the reduced 

need for control and the management within certain 

principles. 

BD Laboratory work on 

Nuclear Physics 

2 credits 

Prerequisites: 

Mathematical 

analysis 1,2, 

Mechanics, 

Molecular Physics, 

Laboratory Works 

on Molecular 

Physics, Laboratory 

Course objective: is to familiarize students with the most 

important statistical laws of experimental nuclear physics, as 

well as with the basic concepts and units of measurements in 

dosimetry and radiation safety. Learn to measure the dose 

rate of gamma radiation. Study the basics of the scintillation 

method of radiation detection; 

Knowledge:  

- the basic concepts of the physics of nuclear structure and 

nuclear reactions. 

- the fundamentals of nuclear physics, the processes 

occurring in the volume of atomic nuclei and modern 

methods of practical application of nuclear energy.  

Skills: 

- to be able to apply the fundamental knowledge of laws 

of quantum physics, in the experimental and theoretical 

researches, in the physics of nuclear reactions and decays 

of radioactive nuclei and to study laws of nuclear fission, 
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work on Electricity 

and Magnetism, 

Laboratory work on 

Optics, Laboratory 

work on Atomic 

Physics 

nuclear fusion physics and nuclear astrophysics. 

- to be able to present research results at scientific 

conferences and seminars and demonstrate physical 

understanding of the obtained results in the framework of 

the transition from classical to quantum physics concepts. 

- ability to collect, analyze and organize experimental and 

theoretical data on the spectra of nuclear radiation and their 

connection with the structural characteristics of the nucleus 

and nuclear dynamics. 

M Special theory of 

relativity 

2 credits 

Prerequisites: 

Theoretical 

Mechanics; 

Electrodynamics 

 

Course objective. Special theory of relativity is the basis 

for modern physical disciplines such as General Theory of 

Relativity, Relativistic Astrophysics, Relativistic Quantum 

Mechanics, Relativistic Cosmology etc. During the classes 

not only the basic concepts of Special Theory of Relativity 

will be delivered, but also its application in various fields of 

physics to explain cosmic rays, nuclear fusion and fission 

reactions in Nuclear Astrophysics, the direct and inverse 

Compton effects in atomic and nuclear physics, relativistic 

Doppler effect in Astronomy, Cosmology etc. will be 

considered. For this reason this course is crucial for students 

to understand modern physical picture of the world and the 

scientific worldview, the basic physical phenomena. 

Knowledge: 

To know the principles of Special Theory of Relativity: 

The concept of the ether. Michelson-Morley experiment; 

The measurement of the speed of light; The principle of 

relativity and the Galilean transformations; Einstein's 

Postulates; The Geometry of Relativity; The Lorentz 

Transformations; The Structure of Space-time; Relativistic 

Mechanics; Proper Time and Proper Velocity; Relativistic 

Energy and Momentum; Relativistic Kinematics; 

Relativistic Dynamics; Relativistic Electrodynamics; The 

Electromagnetic Field Tensor; How the Electromagnetic 

Fields Transform; Electrodynamics in Tensor Notation; 

Relativistic Potentials 
 
Skill: 

To construct space-time diagrams and implement them in 

depicting inertial frames of reference, both in motion and at 

rest. 

To carry out the logical analysis to solve model problems 

of Special Relativity, effective implementation of the theory 

in practice. 

To investigate relativistic effects occurring in various 

fields of physics. 

M Computer 

Simulation of  

The goal of the course: is to create and foster working 

programming skills within and beyond the boundaries of 

Knowledge: 

 Algorithmic programing languages 
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Physical Processes  

2 credits 

Prerequisites: 

academic requirements to the nuclear physics program.  

 

 

 Scientific software 

 Data analyzing software 

 Numerical methods and data visualizing techniques 

 Knowledge an understanding of the overall structure and 

key elements of the computational physics course and their 

relationship to the nuclear physics 

Skills: 

 Programming skills within and beyond the boundaries of 

academic requirements to the nuclear physics program. 

 Ability to include the new acquired information into the 

context of the nuclear physics knowledge and reinterpret its 

contents numerically; 

 Ability to analyze complex situation and offer solutions to 

its challenges using computational tools provided by the 

course; 

Ability to apply the methods of computational physics such 

as numerical simulations, mathematical analysis, 

visualization tools etc. to the diverse fields of nuclear 

physics. 

M 

Innovative Methods 

in Teaching,  

2 credits  
Prerequisites: 

Pedagogy 

 

Course objective. 

The purpose of this course is to develop students' principles 

of effective conduct of classes using innovative teaching 

methods. 

In the course, students will get acquainted with various 

innovative methods of teaching, methods of solving 

problems in physics, problems of organizing the educational 

process. 

 

 

Knowledge: 

- the essence of innovative methods which are used 

in the teaching of physics, 

- methods of evaluating educational effects; 

Skill: 

- to introduce innovative technologies in the teaching 

of physics in the school; 

- to apply innovative methods of organizing and 

implementing the educational process at various 

educational levels in various educational 

institutions. 

M Modern 

Technologies 

In Teaching 

Course objective.  

The purpose of this course is to update students with existing 

modern technologies in the teaching system, as well as the 

Knowledge: 

- modern educational technologies in teaching; 

- features of constructing cognitive activity of 
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2 credits  
Prerequisites: 

Pedagogy 

formation of an algorithm for conducting interactive classes 

as an innovative form of education. 

The goal of the course is to improve the methodological and 

pedagogical preparation of students by strengthening the 

theoretical foundations of this course. 

students by implementing in the process of 

innovative technology training; 

Skill: 

- to plan the learning process in accordance with a 

specific technology; 

- to apply modern technologies of organization and 

implement of the educational process at various 

educational levels in various educational 

institutions. 

BD Psychology 

2 credits 

Prerequisites: 

Course objective. The purpose of the course is to 
introduce students to the systematic and scientific study of 
the behaviour and mental processes of human. Students are 
going to be introduced to the psychological facts, principles, 
and phenomena associated with each of the major branches 
within psychology. They also learn about the ethics and 
methods psychologists use in their science and practice. 

The study of Psychology has a great role in organizing 
scientific thinking ability of students because this is an 
empirical discipline. Students develop knowledge in this 
particular area or subdisciplines of psychology by doing or 
analyzing different types of research. Research provides 
guidance for students to develop theories to understand, 
explain behaviour and to apply theories to solve problems in 
behaviour.  
Psychology is relevant students of any areas, because it gives 
opportunity understanding the psychological principles of 
different behaviour of people, introduction to the relationship 
between physiological processes and behaviour, ability to 
compare different kinds of learning, 

including classical conditioning, operant conditioning, and 

observational learning; understanding of how humans convert 

sensory input into kinds of information, learn, remember, and 

retrieve information; problem solving, language, and 

creativity. 

Knowledge:  

-system knowledge of the structure of psychology; 

- understanding of the basic patterns of general 

psychology; 

- systematic understanding of psychological processes.   

Skill: 

-to be able to apply systemic approach for identification 

psychological issues 

- to understand how people can develop and manage their 

own psychic processes.  

-to evaluate literature in the field related to the topic of 

Psychology 
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 5. INDIVIDUAL EDUCATIONAL TRAJECTORIES 

M 

IET 1 

Introduction to 

Nuclear 

Astrophysics 

3 credits 

Prerequisites: 

Mathematical 

analysis 1,2; 

Introduction to 

Nuclear Physics; 

Quantum mechanics. 

Course objective. The aim of this course is to develop a 

broad understanding of the close relationship between the 

processes in systems of nuclear and quantum scale and the 

properties of stars – cosmic objects of mega parsec lengths 

scales with enormous gravity.  

The course presents the fundamental ideas regarding 

nuclear processes in stars, stellar evolution and dynamics, as 

well as the structure of the Universe, problems of Dark Matter 

and Dark Energy. The emphasis is made on the role of 

fundamental interactions in stellar processes  

The equation of state of the stellar matter and mechanisms 

of radiation are explained. The formation and nuclear 

processes in compact objects - neutron stars, white dwarfs and 

black holes - are considered. 

The course overviews of the current problems, research 

directions, stellar observations, and the major historic steps 

that led to our current understanding of the Universe. 

Different experimental techniques and methods of 

theoretical calculations used in nuclear astrophysics are 

introduced. 

Knowledge: 

- include the knowledge on nuclear astrophysics in the 

context of astronomy and general picture of the Universe, 

interpret its contents; 

- understand the main processes of energy generation and 

nucleosynthesis in stars and nuclear processes occurring on 

different stages of stellar evolution; 

- develop the understanding of the role of nuclear and 

quantum processes in the evolution and dynamics of stars 

and other cosmic objects; 

- understand different experimental techniques used in 

nuclear astrophysics;  

Skills: 

- use methods of theoretical calculations of nuclear 

reactions and analysis of astrophysical processes to solve 

common problems in the field; 

- develop critical thinking and independent learning, and 

work effectively in a group; 

- develop presentation skills and judgement capabilities 

through assessment of their own work and that of others; 

- critically read and evaluate published papers in the field of 

nuclear astrophysics. 

M 

IET 1  

Computer 

Simulation in 

Theoretical Physics 

4 credits 

Prerequisites: 

Information-

Communication 

Technologies 

Course objective.  

 Develop basic understanding of Mathematica and 

programming structure, 

 Develop basic programming skills, 

 Learn to model and illustrate various physics concepts 

through numerical simulations, 

 Develop problem-solving and critical-thinking skills by 

developing and critically evaluating numerical solutions to 

different physical examples, 

 Develop scientific communication skills. 

Knowledge: 

A students from Computer Simulation in Theoretical 

Physics shall 

 Show a basic knowledge of the selected areas of general 

classical physics, including their applications 

 Show a basic knowledge of mathematical modelling as 

process and computer simulation as a part of it. 

 Demonstrate broad knowledge and understanding of the 

role of mathematics in the technical development of physics. 

 Demonstrate good knowledge in programming 
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 This course introduces computer simulation as a general 

and elegant way of solving problems in theoretical physics, 

which can be used also where traditional methods fail. The 

course aims to give skills to use the computer as a powerful 

tool for simulation - computer experiments - to study physical 

systems. The course covers both the modelling and computing 

in an integrated way.  

The course includes introductory lectures that introduces 

various concepts, skills and models. Most of the course 

consists of a number of student laboratory works. The course 

include modelling and programming of problems from 

different areas of physics and classical mechanics, 

electromagnetism, statistical mechanics. 

This course provides a flexible set of modelling and 

simulation skills that can be used to study many other 

problems. 

mathematical models. 

 Demonstrate knowledge of and understanding for what 

types of problems that can and should be treated by 

mathematical simulations and what types should not.  

  

Skills: 

A students from computer simulation in physics shall 

 Show independent ability to perform written calculations 

with mathematical models of different physical 

phenomena.  

 Demonstrate ability to search, collect, evaluate and 

interpret relevant information for a problem and 

critically discus this. 

 Demonstrate ability to independently identify, formulate 

and solve problems and to carry out tasks within a given 

timeframe. 

 Demonstrate ability to verbally and in writing, explain 

and discuss information, problems and solutions in 

dialogue with different groups. 

Demonstrate abilities that are needed to work independently 

within the field of the program. 

M 

IET 1 

Approximate 

Methods in Quantum 

Mechanics 

3 credits 

Prerequisites: 

Quantum Mechanics 

Course objective. Develop the understanding of QM 

processes within the modern developments of the Theory 

and Experiment. Basing on the interpretation of the wave 

function pattern, the solution of the Schrodinger equation for 

the systems such as the harmonic oscillator and the hydrogen 

atom, and approximation methods for the treating of 

complicated systems implement the training in the 

estimation basis for the predictable and measurable 

observables. Basic subjects: Variation methods. Rayleigh-

Ritz approach. Delta method. Hydrogen-like atoms. Alkaline 

elements. Perturbation non-degenerate approximation: 1st 

and 2nd order corrections to the energy spectrum, 1st order 

correction to wave function. Identity principle. Transposition 

Knowledge:  

 variation procedure; 

 delta-method; 

 time-independent perturbation theory; 

 Stark effect theory; 

 model description of many-particle systems. 

Skill: 

 estimate the accuracy of applied approximate method; 

 calculate the low-order corrections to the energy spectra 

for simple models; 

 get practice in application of Rayleigh-Ritz variation 

method; 

 construct wave functions of definite symmetry; 
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operator. Superposition principle for identical particles. 

Degenerate perturbation theory. Slater determinant. Pauli 

principle. Fermions and bosons, Fermi-Dirac and Bose-

Einstein statistics. Symmetrization of wave functions for 

spin particles.  

 apply the antisymmetrization procedure to wave 

functions for spin particles. 

M 

IET 1  

Quantum Scattering 

Theory 

3 credits 

Prerequisites: 

Quantum 

Mechanics, Atomic 

Physics, Introduction 

to Nuclear Physics 

Objective: to give the basis of quantum theory of scattering 

on the base of non-relativistic Schrodinger equation; to give 

information about the main quantities in quantum theory of 

scattering – scattering phase shifts, scattering amplitudes and 

differential cross sections, Born approximation, different 

interaction potentials: centrally symmetrical, Coulomb, 

shielded potential, spherical potential well, Gauss potential, 

exponential potential and delta-shaped interaction potential; 

scattering form-factor, partial-wave method, optical theorem, 

Glauber multiple scattering, different systems of reference.  

Problems: calculation of main quantities of quantum theory 

of scattering in the Born approximation for various 

potentials, which have practical meaning for interactions. 

Consideration of the limiting cases for large and small 

angles. Account of electronic shell in an atom. Calculation 

of the scattering amplitude in the partial-wave method. 

Demonstration of the optical theorem. Find a criterion for 

partial wave’s number. Scattering in the systems of identical 

particles. Scattering on a system of bound particles. 

Consideration of the relativistic energetic relations in 

different systems of reference. Accelerators on the colliding 

beams. Elementary particles’ mass measuring, non-stable 

particles-resonances. Description of disintegrations in the 

quantum mechanics, natural width of spectral lines.  

Outcome Competences:  

Results of education on the discipline: students must know 

and have an idea of the main conceptions of the quantum 

theory of scattering, methods and approximations of the 

theory and know the limit of their applicability.  

Knowledge: 

Fundamental conceptions of scattering (schemes of 

scattering experiments, laboratory system, center of mass 

system, scattering amplitude, differential cross sections); 

Solution of Schrodinger equation for scattering problem 

(stationary formulation of scattering theory, asymptotic of 

the solution); 

Born approximation (plane-wave approximation, limits of 

the method validity); Scattering in central fields (Coulomb 

potential, shielded potential, behaviour of differential cross 

section at large and small angles of scattering); Atomic 

form-factor (central distribution of electric charge); 

Partial waves method (plane wave expansion by partial 

waves, scattering amplitude in partial waves method, 

criterion for partial waves number, methods of scattering 

phases calculation, scattering matrix, limits of the method 

validity); 

Elastic scattering of slow particles, elastic scattering of 

identical particles; High energy approximation, multiple 

scattering; Elements of inelastic scattering; Relations 

between quantities in laboratory and center of mass 

systems; Relativistic and non-relativistic kinematics of 

scattering; 

Large Hadron Collider; Relativistic invariant; 

Measurement of mass of unstable particles; Decay of 

particles in quantum mechanics; Lifetime of fast mu-

mesons.  

Skills: 

Use of fundamental methods of scattering for problems 
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- Calculation of atomic form-factors  

- Knowledge of relation between scattering amplitude and 

differential and total cross sections 

- Different methods of calculation of the characteristics, 

knowledge of the limit of applicability of the methods; 

- Calculation of differential cross sections for interaction 

potentials important in practice; 

- Calculation of the nuclear reactions threshold.  

 

solution (Born approximation, partial waves method, limits 

of the methods validity);  

Calculation of fundamental quantities of scattering: 

amplitude and differential cross sections of scattering in 

different fields (Coulomb potential, shielded potential, 

Gauss potential, other central potentials), atomic form-

factors (for central electric charge distribution), nuclear 

reactions threshold; 

Investigation of the differential cross sections behaviour 

for large and small angles of scattering; 

Transition from laboratory system to center of mass system 

and vice versa. 

M 

IET 1 

Additional Chapters 

of Quantum 

Mechanics 

3 credits 

Prerequisites: 

Quantum 

Mechanics, Atomic 

Physics, Introduction 

to Nuclear Physics 

Objective:  to give students the fundamental representation 

about general properties of angular momentum in quantum 

theory, about rules of two, three and four momenta coupling, 

about construction of wave functions of a definite symmetry 

using the angular momenta. 

Problems: the discipline study problems are the following:  a 

bachelor student should know the rules of quantization of 

angular momentum, rules of momenta addition, know the 

properties of vector coupling coefficients (Clebsch-Gordan 

coefficients), know how two microparticles wave function of 

a definite symmetry is constructed, knowledge of the 

quantum theory of electron and nucleon spin. 

Competences (learning outcomes): 

Know: how the possible states of two electrons and two 

nucleons systems are found, how to study properties of 

atomic nuclei, selection rules connected with quantum laws 

of conservation of angular momentum, spin, isospin and also 

with statistics of microparticles. 

To be able to change to different momenta coupling schemes 

in wave function of systems with three and four momenta. 

Possess skills in the use of the methods of angular 

momentum theory. 

Knowledge: 

Angular momentum theory (projections of operators of 

orbital momentum, spin momentum, total momentum, 

momentum squared), momentum quantization, Eigen 

functions and Eigen values of the operators of angular 

momentum; Solution of the problem of motion in central 

field; Selection rules for nuclear reactions due to 

momentum and parity conservation;  

Quantum theory of spin (quantization, Pauli spin two-row 

matrices, properties of Pauli matrices, spin functions, Eigen 

values); 

Coupling of two momenta, Clebsch-Gordan coefficients, 

properties of vector addition coefficients, methods of their 

calculation, construction of wave functions of 2 electron 

and nucleon quantum systems (orbital, spin, isospin); 

Symmetry of wave functions, particles statistics; Possible 

states of two-nucleon system; 

Coupling of three and four momenta, LS- and jj-coupling 

of momenta, Racah coefficients (6j-symbols), generalized 

Racah (9j-symbols) coefficients; their properties; 

 Skills: 

Use of methods of angular momentum theory for quantum 
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 problems solution; Use of angular momentum and parity 

conservation laws for nuclear reactions selection;  

Construction of wave functions of  2, 3,4 particles 

quantum system;   

Calculation of coefficients of vector coupling (Clebsch-

Gordan coefficients, Racah coefficients); Calculation of 

matrix elements of angular momentum operators for 

different values of the momentum; 

Use of vector coupling coefficients tables in literature; 

Transition from LS-coupling scheme to jj-scheme and vice 

versa.  

M 

IET 1  

Nuclear Models 

3 credits 

Prerequisites: 

Quantum 

Mechanics, 

Quantum Scattering 

Theory, Additional 

Chapters of 

Quantum Mechanics 

Objective: to give students the fundamental representation 

about general properties of nuclear systems, structure of 

nuclei, main models of atomic nuclei, area of their 

application and explanation;  to illustrate the fundamental 

achievements of the shell model in its one-particle 

representation: explanation of spins and parities of odd 

nuclei, explanation of magic numbers, nuclear isomerism 

phenomena, spin and parity of even nuclei with odd number 

of both protons and neutrons; to show the disadvantages of 

the models and necessity of transition to multiparticle variant 

of model using the theory of infinite nuclear matter and 

Bete-Goldstone equation; to give the conception of length of 

healing; to give the fundamentals of drop model of nuclei; to 

show the advantages of the theory as description of mass of 

nuclei and binding energy within the semiempirical 

Weizsacker formula and on the base of stability of nuclei 

with respect to various decays; explanation of nucear fission 

under thermal neutrons.  

Problems: Solution of problems for determination of binding 

energy of nuclei – total and by separate channels, nuclei 

stability condition. Solution of problems for nuclear size 

determination. Exotic nuclear and atomic systems and their 

characteristics. Determination of spin and statistics of atomic 

Knowledge: 

General properties of nuclear systems, structure of atomic 

nuclei, main models of atomic nuclei, limits of their 

applicability and their explanation;  

Main characteristics of ground and excited states of atomic 

nuclei; 

Explanation of spins and parities of all odd atomic nuclei, 

explanation of magic numbers, phenomena of nuclear 

isomerism; 

Disadvantages of  nuclear models and necessity of 

transition to many-particle model, basing on theory of 

infinite nuclear matter and Bete-Goldstone equation, 

conception of healing length, basics of drop model of 

nuclei; 

Mechanisms of nuclear fission, explanation of regularities 

of nuclear fission in drop model of nuclei;  

Skills:  

Calculation of thresholds of different endothermic nuclear 

processes, using the conception of relativistic invariant; 

Use of selection rules, connected with quantum laws of 

conservation of angular momentum, parity, isospin, 

statistics of atomic nuclei; 

Determination of quantum characteristics of nuclei using 
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nuclei. Solution of problems using the conception of nuclear 

states parity. Solution of problems for determination of 

characteristics of excited states of atomic nuclei. Isotopic 

spin of the ground and excited states of nuclei. Solution of 

problems for determination of nuclear processes thresholds. 

Selection rules in nuclear processes.  

Outcome competences:  

- Knowledge of the structure and properties of nuclei; 

- Knowledge of the drop model; 

- Knowledge of the shell model, one-particle, multiparticle;  

- Knowledge of the theory of nuclear fission. 

the nuclear models.  

Determination of binding energy of nuclei by total decay 

channel and by separate channels decay, use of stability 

condition. 

M 

IET 1 Basics of Scientific 

Computation 

3 credits 

Prerequisites: 

Mathematical 

analysis 1,2; 

Information-

Communication 

Technologies; 

Differential  and 

Integral Equations; 

Theory of Complex 

Variable Function; 

Methods of 

Mathematical 

Physics; 

Fundamentals of 

Thermodynamics 

and Statistical 

Physics 

Course objective. This course provides the students of 

physics and astronomy majors with the basic knowledge of 

computing tools widely used in scientific computation and 

scientific word processing – Wolfram Mathematica, Fortran 

and LaTeX. It is centered around the core skills of 

programming required to solve common scientific problems 

in physics and astronomy: identifying the core components 

and structure of the programming language (Wolfram and 

Fortran), using symbolic math (Mathematica), operating the 

main functions, procedures and subprograms, manipulating 

datasets, implementing various types of logic to solve 

problems, compiling, debugging and optimizing a program, 

computer modelling and creating visualization of obtained 

results. The use of these computing tools will be illustrated 

by applying them to scientific problems in physics and 

astronomy fields. The course also introduces the main 

features of LaTeX system that is widely used in scientific 

world for communication and publication of scientific 

documents. 

Knowledge: 

- core components and structure of Wolfram and Fortran 

languages; 

- main functions, procedures and subprograms and 

manipulate datasets; 

- code and compile computer programs in Mathematica 

and Fortran to solve common problems in physics and 

astronomy; 

Skills: 

- compare different logical approaches to the solution of a 

given problem and choose the most suitable logic, 

procedures and functions;  

- analyze and interpret the obtained results and use 

debugging functions to obtain correct solutions; 

- build graphs and create visualization of the solutions in 

Mathematica and Fortran; 

- select and use the appropriate tool, whether 

Mathematica or Fortran program for solving numerical 

analysis problems; 

- operate the Command and Environments of LaTeX; 

- prepare a complete technical document in LaTeX, with 

formulas, figures and graphs, that satisfies most common 
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scientific article publication criteria. 

M 

IET 1  

Elementary Particles 

Theory 

3 credits 

Prerequisites: 

Theoretical physics; 

Electrodynamics; 

Methods of 

Mathematical 

Physics; Quantum 

mechanics;  Field 

theory 

To know basic concepts of Elementary Particles Theory: 

the Lagrangian, principle of least action. Euler-Lagrange 

equations, Klein-Gordon Equation, Lorentz invariance,  

Noether’s theorem, Hamiltonian formalism, general solution 

of Klein – Gordon equation, canonical quantization for free 

scalar field, simple harmonic oscillator,  Hamiltonian for 

free scalar field, definition of vacuum, definition of particle 

for free scalar field, multi-particle states, bosonic statistics 

and Fock space,  propagators and Green’s functions for free 

scalar field, interactions and interacting fields for scalar 

field,  gauge invariance in electrodynamics, interacting 

fields, gauge-invariant interaction in scalar electrodynamics,  

elements of the theory of Lie groups and algebras,  SU(2) 

and SU(3) groups and algebras, Lorentz group and algebra,  

non-Abelian gauge fields, non-Abelian global symmetries, 

non-Abelian gauge invariance and gauge fields: the group 

SU(2),  Lagrangian for non-Abelian fields. Yang - Mills 

equations,  spontaneous breaking of global symmetry, 

spontaneous breaking of discrete symmetry, spontaneous 

breaking of global U(1) symmetry, Nambu-Goldstone 

bosons, Higgs Mechanism, example of an Abelian model, 

partial breaking of gauge symmetry: bosonic sector of 

standard electroweak theory. 

Knowledge: 

 Klein-Gordon Equation; 

 Lorentz invariance; 

 canonical quantization for free scalar field; 

 definition of particle and vacuum in QFT; 

 propagators and Feynman diagrams; 

 non-Abelian gauge fields; 

 elements of the theory of Lie groups and algebra; 

 Higgs mechanism 

Skills: 

The ability to apply in practice the elementary particles 

theory. 

To use optimal methods to solve diverse practical 

problems of elementary particles theory. 

To investigate elementary particles theory phenomena 

taking place in different branches of physics. 

 

M 

IET 1 

Theoretical 

Practicum. Quantum 

Mechanics 

3 credits 

Prerequisites: 

Quantum 

Course objective. The goal of the course is intensive training 

in solution of the QM problems oriented mainly on the future 

advance theoretical subjects for Master education program. 

Supplement to the course Quantum Mechanics suggests the 

topics: Operators and states in Quantum mechanics. Ladder 

operators. Secondary quantization. Algebra of commutators. 

Knowledge: 

 methods of solutions of more challenging problems; 

 time-dependent quantum mechanics; 

 spin formalism; 

 entanglement and measurement. 

Skill: 



180 
 

Mechanics, 

Approximate 

Methods in Quantum 

Mechanics. 

Additional Chapters 

of Quantum 

Mechanics 

Heisenberg representation. General theory of unitary 

transformations. Magnetic momentum of atoms. Pauli spin 

theory. Time-dependent perturbation theory. Particles in 

magnetic field. Entanglement and measurement. 

Conservation laws. 

 solve the problems of basic level; 

 solve the problems of intermediate level; 

 solve the problems of advanced level. 

M 

IET 1 

Relativistic Quantum 

Mechanics 

3 credits 

Prerequisites: 

Theoretical physics; 

Electrodynamics; 

Methods of 

Mathematical 

Physics; Quantum 

mechanics 

Course objective. The study of basic concepts of 

Relativistic Quantum Mechanics:  Klein-Gordon Equation, 

free spin-0 particles, charge conjugation, the interaction of a 

spin-0 particle with an electromagnetic field, interpretation 

of one-particle operators in relativistic quantum mechanics,  

Dirac equation,  Free motion of a Dirac particle,  single-

particle interpretation of the plane (free) Dirac waves,  

Lorentz covariance of the Dirac equation,  bilinear 

covariants of the Dirac spinors,  four-current density for 

Dirac spinor,  Dirac particles in external fields: examples 

and problem, eigenvalue spectrum of a Dirac particle in a 

one-dimensional square-well potential,  Lorentz invariance 

and relativistic symmetry principle,  Lagrange–Hamilton 

formulation for quantum field,  the action principle, quantum 

mechanics a` la Heisenberg–Lagrange–Hamilton, 

quantization of free scalar field,  interactions in quantum 

field theory,  perturbation theory for interacting fields,  S-

matrix and the Dyson expansion,  commutation relations for 

fermions, Feynman propagator for Dirac field, Dirac 

Hamiltonian,  quantization of electromagnetic field, 

electromagnetic interactions with Dirac spinor. 

Knowledge:  

 basic postulates and principles of relativistic QM; 

 Dirac equation; 

 Dirac matrixes; 

 spin operator; 

 quantization of: scalar field, Dirac field, 

electromagnetic field 

Skill: 

The ability to apply in practice the Relativistic Quantum 

Mechanics. 

To use optimal methods to solve diverse practical 

problems of relativistic quantum mechanics. 

To investigate relativistic quantum mechanical phenomena 

taking place in different branches of physics. 

M 

IET 2  

Dosimetry and 

Protection Against 

Radiation 

3 credits 

Prerequisites: 

Molecular Physics, 

The goal of the course:  is to familiarize students with the 

basic concepts of dosimetry, and protection from radioactive 

sources of natural and technogenic origin, as well as methods 

for calculating protection from ionizing radiation. 

. 

Knowledge:  

 the basic concepts of dosimetry and sources of radioactive 

radiation.  

 the relationship of nuclear-physical mechanisms of 

interaction of ionizing radiations with biological matter. 

Skills: student should be able to  
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Сhemistry, 

Introduction to 

Nuclear Physics,  

Atomic Physics, 

Quantum Mechanics 

 apply fundamental knowledge of the laws of nuclear 

physics, in particular, in the experimental and theoretical 

methods of calculating protection from ionizing radiation. 

 

M 

IET 2 

Nuclear Safety and 

Radioactive Waste  

Storage Technology 

4 credits 

Prerequisites: 

Molecular Physics,  

Atomic Physics, 

Quantum 

Mechanics, 

Introduction to 

Nuclear Physics 

Course objective: is to familiarize of students with main 

nuclear and physical principles and the construction of 

nuclear power engineering and reactor auxiliary equipment 

and industry; with basic radio ecological concepts, laws and 

modern problems in the field of ensuring radiation safety of 

the population for the protection of his health from the 

harmful effects of radiation. 

 

 

 

Knowledge:  

 the laws, regularities, systematics, effects and phenomena 

in the field of applied science of constructing active zone of 

nuclear reactors; in the field of factory science - specific 

examples of implementation of powerful nuclear power 

plants. 

 the basic legal and regulatory framework for nuclear 

power engineering and radiation safety of the population of 

the Republic of Kazakhstan. To be able to define the basic 

principles of the organization of the storage of radioactive 

waste. 

Apply basic sanitary-epidemiological norms of radiation 

safety as for staff and as for the public. To practice 

evidence-based methods of organizing workplaces in 

accordance with the norms of general and special safety 

precautions. Experimentally determine the alpha, beta and 

gamma background both indoors and in the open 

atmosphere. To be able to localize and eliminate the 

consequences of radiation accidents at various levels. 

 

Skills: student should be able to  

 Apply basic sanitary-epidemiological norms of radiation 

safety as for staff and as for the public. To practice 

evidence-based methods of organizing workplaces in 

accordance with the norms of general and special safety 

precautions. Experimentally determine the alpha, beta and 

gamma background both indoors and in the open 

atmosphere. To be able to localize and eliminate the 

consequences of radiation accidents at various levels. 
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 Demonstrate skills during the presentations at scientific 

conferences and seminars of physical understanding the 

obtained results in the framework of the application of 

sanitary and epidemiological norms. 

 Demonstrate skills of collecting, analyzing and 

systematization experimental, theoretical and legal and 

regulatory laws and data to analyze the radiation 

environment and the use of nuclear and physical 

technologies in industry and agriculture. 

 Critically evaluate medical standards when used radiation 

diagnostics and radiation therapy, especially in relation to 

therapy with inhaled radon and radon baths. 

 Demonstrate the willingness to cooperate within the 

framework of integrated teams of medical physicists and 

medical professionals in the field of nuclear medicine. 

Correctly formulate aims and objectives of research and 

practical applications of nuclear medicine techniques. To 

persuade the audience of the need to use in practical 

applications of nuclear energy and nuclear technology, to 

substantiate their safety and reliability. 

 Demonstrate the ability for learning new areas of at the 

junctions of nuclear physics and biophysics, radiation 

medicine, chemistry, pharmacology and other related 

sciences. Being able to realize the need to improve the 

quality of used computer, software and hardware in the 

nuclear power industry, nuclear technology, and nuclear 

medicine. 

M 

IET 2 

Formulation and 

Implementation 

Experiments in 

Nuclear Physics 

3 credits 

Prerequisites: 

Mathematical 

Course objective is acquaintance with basic nuclear-

physical concepts, processes occurring during interaction of 

atomic nuclei and elementary particles with matter, as well as 

with methods of recording and measuring the  processes of 

interaction of atomic nuclei and elementary particles with 

each other; also mastering the principles of electronic signals 

processing in analogue and digital measuring electronics; 

Knowledge:  

 to have knowledge of objective laws of physical processes 

in micro scale; and about methods of recording of ionizing 

radiation; 

 to know ways and means of measuring and quantifying 

radiation; 

Skills: 
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analysis 1,2, Atomic 

Physics, 

Quantum 

Mechanics, 

Introduction to 

Nuclear Physics, 

Computer 

Simulation of  

Physical Processes 

 

studying of up-to-date methods for measuring nuclear 

radiation; and mastering of methods for solving problems; and 

working out of methods of performing laboratory work and 

conducting a physical workshop on the registration of nuclear 

radiation. 

 

 

 

 

 to be able to use measuring electronics, working by 

different principles for registration of nuclear radiation; also 

to use sources of radiation;  

  to acquire practical skills in measurement of nuclear 

radiation by various methods and devices. 

 to obtain fundamental, high-quality professional 

education, deep specialized knowledge in the field of 

nuclear physics, which will allow the successful 

development of science; 

  mastering methods and skills of organizing a nuclear 

experiment; 

 the bring-up of a well-educated youth capable of 

independently acquiring new knowledge, adapting to 

changing social and economic conditions; 

  mastering knowledge, relevant to social economic 

processes occurring in the modern world; 

 assimilation of professional knowledge and methods, 

taking into account the changing needs of professional 

worldwide market; 

  preparation for scientific and creative work, for critical 

comprehension of results, for forming responsibility for their 

professional activities in a free, democratic and lawful 

country; 

 

M 

IET 2 

Neutron  Physics 

3 credits 

Prerequisites: 

Mathematical 

analysis 1,2, Atomic 

Physics, 

Quantum 

Mechanics, 

Introduction to 

Nuclear Physics,  

The main objective of the discipline is to give an 

understanding of the most important stages of the history of 

the study of neutrons and their use in nuclear power. And 

training of specialists in the field of neutron physics and the 

use of neutron scattering techniques for studying the 

structure and physical properties of substances and 

nanosystems and nanomaterials. 

 

 

 

Knowledge: 

 main types of interaction between neutrons and 

materials, their characteristics, methods of 

observation and experimental research; 

 the main methods of determining the properties of 

nucleons, the fundamental laws of their interaction 

with matter and their mathematical expression; 

  The most important scientific and technical 

application of neutrons. 

  the basic nuclear phenomena, peculiarities of their 
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Interaction of 

Radiation With 

Matter 

 

 

course, the basic concepts, values, mathematical 

expressions and their units, the basic methods of 

experimentation and processing of the measurement 

results and the ability to properly correlate the 

content of the specific problems with the laws of 

nuclear physics, to use major appliances; 

 basic concepts of nuclear physics, nuclear size, 

nuclear phenomena, their mathematical expression, 

their place and role in modern science and 

production; 

 nuclear core phenomenon of their appearance in 

nature and used in the art, and their mathematical 

description; 

 quantum phenomena at the nuclear level; on an 

experimental basis, nuclear physics and physical 

phenomena caused by the electron shells of atoms 

and molecules; the limits of applicability of 

physical models and hypotheses in nuclear physics. 

  

Skills: 

 Correctly, qualitatively and quantitatively 

formulated the main section of the problem and to 

evaluate the order of physical quantities; 

 Qualitatively use the quantum and relativistic 

concept of representation when considering the 

properties of atomic nuclei and elementary 

particles; Nuclear interaction of radiation with 

matter. 

 Simplest theoretical calculations; 

  Solution of typical problems; 

 Experimental work and the analysis of the results. 

M 

IET 2 

Physics of  

Elementary  

Particles 

Course objective: is learning terminology, the laws of physics 

of the nucleus and elementary particles. Discussion of the 

classic experiments in elementary particle physics. Learning 

Knowledge:  

 basic concepts in nuclear physics and elementary particles. 

 communication laws of nuclear physics to the laws of 
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3 credits 

Prerequisites: 

Mathematical 

analysis 1,2, Atomic 

Physics, 

Quantum 

Mechanics, 

Introduction to 

Nuclear Physics,  

Nuclear physics at 

low energies 

the basic concepts required to further explore the more 

advanced courses in elementary particle physics - quantum 

chromodynamics, the theory of electroweak interaction. 

 

 

 

 

atomic physics and elementary particle physics, in particular 

at high and low energies 

 the Feynman diagram technique for calculating the 

probability amplitude of a process 

 

Skills: student should be able to  

 demonstrate knowledge gained in the field of elementary 

particle physics and nuclear physics understanding of the 

terminology 

 to acquire new knowledge, using modern educational and 

information technologies 

 put into practice the basic professional knowledge in the 

field of high energy physics and at lower energies. 

 analyze experimental and theoretical data for solving 

professional problems 

 demonstrate skills during the presentations at scientific 

conferences and seminars of physical understanding the 

obtained results in the framework of the transition from 

classical to quantum physics concepts. 

 demonstrate skills of collecting, analyzing and organizing 

experimental and theoretical data on the spectra of nuclear 

radiation and their connection with the structural 

characteristics of the nucleus and nuclear dynamics. 

 analyze and systematize the research results obtained in 

the current experimental plants, carried out at high-energy 

accelerators (LHC, Tevatron) and at lower energies, in 

particular, on electron-positron colliders with energies of a 

few GeV. To the process these results and provide input in 

the form of research reports, publications and presentations. 

M 

IET 2 

The Theory of 

Atomic Nuclei and 

Nuclear Models 

3 credits 

Prerequisites: 

Objectives:  

- formation of knowledge and ability to navigate in the 

physics of the atomic nucleus and particles, understanding of 

the deep connection between the micro- and macro-world; 

- formation of practical skills in working with particle 

Knowledge:  

- the units of measurement adopted in nuclear physics, the 

basics of the interaction of radiation with matter, the 

acceleration and detection of particles, to have an idea of the 

quantum-mechanical nature of processes in nuclei, their 
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Mathematical 

analysis 1,2, Atomic 

Physics, 

Quantum 

Mechanics, 

Introduction to 

Nuclear Physics,  

Nuclear physics at 

low energies 

detectors, setting up experiments, processing and presenting 

the data; 

- the ability to set tasks and perform elementary calculations 

of the passage of particles through matter, acceleration and 

detection of particles, in the physics of the atomic nucleus. 

 

decay, fission and interaction with other nuclei and particles, 

the main characteristics and models of nuclei , Methods of 

studying nuclei, astrophysical aspects of the origin and 

abundance of elements, the possibilities and achievements of 

nuclear physics in other areas. 

Skills: 

- use the formulas of the theory of special relativity; 

- calculate the mass of the nuclei and the elementary 

kinematics of the reactions; 

- use reference material to study the possibility of using 

radioactive radiation from nuclei and particles from 

accelerators for applied and scientific purposes. 

- designing and calculating elementary particle detection 

systems. 

 

M 

IET 2 

Graphical User 

Interfaces and 

Automation of the 

Experiment 

3 credits 

Prerequisites: 

Mechanics, 

Mathematical 

analysis 1,2, 

Molecular Physic, 

Information-

Communication 

Technologies, 

Differential and 

Integral Equations, 

Computer 

Simulation of 

Physical Processes 

The goal of the course is to create and foster working 

programming, data analyzing and visualization skills within 

and beyond the boundaries of academic requirements to the 

nuclear physics program.  

 

 

 

Knowledge: 

 Programing languages, scripts and techniques 

 Scientific software and IDEs 

 Data analyzing and plotting software 

 Basics of Numerical methods 

 Knowledge an understanding of the overall structure and 

key elements of the course and their relationship to the 

nuclear physics 

Skills: 

 Basics programming and data analyzing skills within and 

beyond the boundaries of academic requirements to the 

nuclear physics program. 

 Ability to interpret and visualize content of the nuclear 

physics knowledge numerically; 

 Ability to analyze complex situation and offer solutions to 

its challenges using computational tools provided by the 

course; 

Ability to apply the methods of computational physics such 
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as numerical simulations, mathematical analysis, 

visualization tools etc. to the diverse fields of nuclear 

physics. 

M 

IET 2 

Accelerator Physics 

3 credits 

Prerequisites: 

Atomic Physics, 

Quantum 

Mechanics, 

Introduction to 

Nuclear Physics, 

Experimental 

Methods of Nuclear 

Physics, 

Formulation and 

Implementation 

Experiments in 

Nuclear Physics 

The goal of the course is to study the dynamics of particles in 

accelerators, as well as the numerous technical problems 

associated with the construction and operation of particle 

accelerators. Accelerators are installations for accelerating 

charged elementary particles, ions. The particles are 

accelerated to energies ~ MeV, GeV, TeV 

Knowledge: 

 the types of accelerators 

 the problems of physics of high-energy accelerators and 

also regularly participate in international and regional 

conferences 

 the current state of the theory and practice of accelerators 

 

Skills: student should be able to  

 apply accelerators in physics, in medicine and in industry. 

M 

IET 2 

Advanced Quantum 

Mechanics 

3 credits 

Prerequisites: 

Quantum Mechanics 

Course objective. The goal of this course is to explicate some 

of the theoretical and experimental aspects of quantum 

mechanics at the level of a senior undergraduate. Describe 

the theoretical underpinnings of quantum mechanics that 

allow one to observe experimental confirmation of aspects of 

the theory. 

Suggested selected items: quantum states and operators; 

description of spin systems, time evolution, continuous 

variable systems; perturbation theory; angular momentum 

and rotation; measurement problems; spin-1/2 particle in a 

magnetic field; the Schrodinger equation revisited; fine and 

hyperfine stricter of Hydrogen; quantum information (quibits 

and ebits, teleportation, computing).  

Knowledge:  

 spin systems; 

 time evolution; 

 measurement in QM; 

 quantum information. 

Skill: 

 solve the problems of basic level; 

 solve the problems of intermediate level; 

 solve the problems of advanced level. 

M 

IET 2 

Kinematics of  

Nuclear Reactions 

3 credits 

Course objective. The aim of the course is familiarity with 

the basic mathematical relations which are used to describe 

and analyze the kinematics of nuclear reactions and 

Knowledge:  

 The basic equations for bosons and fermions. 

 Effects, arising at the C, P and transformations for the 
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Prerequisites: 

Mathematical 

analysis 1,2, 

Structure of Atomic 

Nuclei, Interaction 

of Radiation With 

Matter, Theory of 

Nuclear Reactions , 

Physics of  

Elementary  

Particles, 

The Theory of 

Atomic Nuclei and 

Nuclear Models,  

elementary particles. The goal of this course is to provide 

step-by-step introduction to this subject, one that covers all 

the key concepts that are needed to understand the 

elementary particles kinematics, and some of its proposed 

extensions. 

Tasks: 

 To consider a set of relationships based on conservation 

laws, which follow from the symmetry properties of 

space-time in their classical and quantum forms; 

 The studying in detail and discussing the specific 

properties of the scattering matrix (S-matrix); 

 To expound the properties of the cross sections of nuclear 

reactions associated with the conservation laws; 

 The considering of a special case of reactions involving 

photons; 

 To study the questions related to reactions with polarized 

particles (including the problems of the appearance of 

polarized particles in reactions and the main regularities 

associated with this). 

Bose and Fermi particles. 

 Main kinematic relations for the reactions involving 

polarized particles. 

Skill: 

 Have a clear idea about the objects for which the 

kinematics of nuclear reactions and elementary particles 

are applicable. 

 Apply the expansion of the scattering amplitude in 

partial amplitudes for the analysis of nuclear reactions. 

 Can use the kinematic invariants to finding the physical 

regions of different channels of reactions. 

 Can use the unitarity condition for finding the relations 

between the phases of the partial amplitudes of different 

nuclear processes. 

 

6.INTERDISCIPLINARY MODULE 

BD Innovative 

entrepreneurship (by 

industry) 

2 credits 
Prerequisites: no 

Course objective. The objective of this course is 

formation of a complex knowledge of the principles of the 

organization of innovative processes, the study of the role of 

innovation as a decisive factor in the dynamic development 

of the economy. 

Tasks: 

 familiarize students with the basic concepts, categories, 

laws and the laws of development of entrepreneurship; 

 Development and strengthening of practical skills and 

analytical uses of information for the scientific 

substantiation of the strategy and tactics of development 

of business in the present and in the future. 

 to disclose the nature and specifics of the basic 

Knowledge:  

 the role of entrepreneurship in economic development; 

 basic forms and types of businesses; 

 planning framework, organization and management of 

the enterprise; 

 culture and ethics of the entrepreneur. 

Skill:   

 to carry out an economic analysis of the industry as a 

whole in terms of knowledge about the profession to 

discuss the relevant conditions; 

 investigate and disclose the nature of the economy. 
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functioning of business arrangements; 

 on the basis of theoretical knowledge to develop 

practical skills for studying and evaluation of socio-

economic role of business development trends. 

BD Intellectual rights 

2 credits  
Prerequisites: no 

Course objective. The purpose of this course is to study 

the legal relations in the Republic of Kazakhstan, the 

introduction to the special part of the Civil Code, clarification 

of concepts, categories, definitions of intellectual law for the 

resolution of legal disputes in the courts, arbitration courts, 

and the legal service which are connected to the issues of 

intellectual property. 

The course reveals the legal regime of the full range of 

intellectual property relations in all its facets, by bringing 

information from the theory of law and the practice of law by 

the courts, prosecutors, notaries, arbitration courts and legal 

service. 

Knowledge:  

 In the course "Intellectual Law" a student must know the 

content of intellectual law in order to apply this knowledge 

in practice. 

 The student must have an understanding of the procedure 

and features of the application of intellectual law to certain 

legal situations. 

Skill:   

 Student must also acquire practical skills of interpretation 

of intellectual law, applying them to specific legal situations. 

BD Econometrics 

2 credits 
Prerequisites: no 

Course objective. The objective of this course is to study 

the basics of quantitative analysis of actual economic 

phenomena based on the modern development of the theory 

and observation of laws and dependencies, test the 

postulated relationship. 

In this course, the students will consider the problems of 

quality assessments built econometric dependencies, identify 

autocorrelation and heteroscedasticity, the specification of 

variables and the type of dependency. 

Knowledge:   

 the basics of regression analysis; 

 the foundations of statistical estimation and analysis of the 

accuracy of the parameters of the regression equation; basic 

prerequisites for the proper application of the classical 

regression models; 

 analysis of the foundations of econometric models, 

representing a system of simultaneous equations; analyzing 

and forecasting time series. 

Skill:   

 to apply basic knowledge to the investigation of economic 

relationships and processes, and also understand the 

econometric methods, approaches, ideas, results and 

conclusions met in the majority of economic books and 

articles; 

 the students should understand essential differences 

between the time series and cross sections data and those 

specific econometric problems met in the work with these 
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types of data, as well as with panel data, and apply the 

appropriate econometric methods; 

 the students should get the skills of construction and 

development of simple and multiple regression models, get 

acquainted with some non-linear models and special 

methods of econometric analysis and estimation, 

understanding the area of their application in economics;  

 the considered methods and models should be mastered 

practically on real economic data bases with modern 

econometric software.   

BD Accounting and 

audit 

2 credits  
Prerequisites: no 

Course objective. The objective of this course is to study 

of theoretical, methodological, legal and organizational 

bases of accounting; the study technology and 

methodological features of inspection and examination of 

financial and economic information, internal control systems 

and analysis of the assets, equity and liabilities; 

generalization of progressive experience in advisory and 

other audit identification of reserves and the development of 

recommendations to optimize performance and improve the 

effectiveness of the audited objects. 

Knowledge: 

 provisions and regulations on accounting; 

 information on individual sections of accounting (from 

primary documents to accounting). 

Skill: 

 filling and processing accounting documents; 

 on a specific date to make a balance; 

 open accounts of the synthetic and analytical accounting; 

 make accounting entries related to business operations of 

the organization; 

 record business transactions, to reflect them in the 

relevant accounting records. 

BD Geoinformatics 

2 credits 
Prerequisites: no 

Course objective. The objective of this course is obtaining 

knowledge and expertise in the field of computer science, 

modern computer and information technologies, GIS and 

methods of creating and using geographic information 

systems (GIS), the development of methodological and 

practical skills in implementation, based on the knowledge 

and geographical research skills. 

Knowledge: 

 the theoretical foundations of Geoinformatics and 

modern geoinformation technologies; 

 functions of geographic information systems; 

 basic ideas, principles and methods of use of GIS in 

geosciences. 

Skill: 

 use the skills to work with information from various 

sources to solve professional problems, to evaluate the 

effectiveness of GIS in solving geographical problems. 

BD Latin 

2 credits 

Course objective. The objective of this course is learning 

basics of Latin grammar, the general concept of the structure 

Knowledge: 

 rules of pronunciation of letters and combinations of 
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Prerequisites: no of the language in its relationship to language learners, as 

well as familiarize with culture-concepts directly related to 

linguistic phenomena. 

Task: 

 training those elements of Latin grammar, which are 

required for understanding and proper use of terms in 

the Latin language; 

 acquire the skills of correct pronunciation and 

regulatory reading; 

 ensure assimilation by students of grammatical and 

lexical minimum; 

 to form students' ability to be translated into Latin and 

vice versa. 

letters of the Latin language, as well as the rules of the 

stress formulation in Latin words; 

 know by heart a certain number of well-known Latin 

proverbs, sayings, winged words and expressions. 

Skill: 

 determine grammatical categories of all types of studied 

words (noun, verb, adjective, pronoun, participle); 

 adapted to translate educational texts with the help of a 

dictionary and grammar reference books. 

BD Culture of Speech 

and Language 

Communication 

2 credits 
Prerequisites: no 

Course objective. The objective of this course is study of 

stylistic and linguistic features of scientific style of speech; 

types of scientific information contained in the texts in the 

specialty; methods of structural and semantic analysis and 

compression of educational and scientific texts. 

Tasks: 

 to acquaint with the structural and semantic organization 

of scientific text; 

 learn to identify the basic and additional information text; 

 learn how to extract from the text of the relevant 

information to describe, summarize it with a view to use 

in the process of teaching and professional 

communication; 

 develop the skills and the ability to read scientific 

literature in the specialty for the formation of 

professional competence; 

 analyze and compression of educational and scientific 

texts; 

 develop the ability to build oral and written statement; 

 to perform an oral presentation; properly conduct 

educational dialogue, to take part in the debate. 

Knowledge:  

 structural and semantic organization of the text in the 

specialty; 

 different norms of the literary language; 

 have an understanding of speech as an instrument of 

effective communication and the basics of oratory. 

Skill: 

 use the rules of modern literary language, expressive 

language means in different contexts of communication; 

 build various kinds of monologue and dialogue speech. 
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BD Al-Farabi and 

Contemporaneity 

2 credits  
Prerequisites: no 

Course objective. The objective of this course is to obtain a 

general knowledge about the Turkic thinker al-Farabi, his 

scientific-philosophical heritage and its significance for the 

contemporaneity. 

Course objectives:  

 to give to Master’s degree students knowledge on life and 

work of al-Farabi; 

 to get features of Al-Farabi’s logic, gnoseology, 

ontology, naturephilosophy and other philosophic studies 

and his place in the scientific world; 

 to explain feature of scientific innovative project “Al 

Farabi university smart city”; 

 to get necessity of al-Farabi’s social-ethics school for 

contemporaneity. 

Knowledge: 

 philosophical aspects and methodological approaches to 

the study of actual problems of al-Farabi heritage; 

 fundamental questions of the origin and evolution of 

actual problems of al-Farabi heritage. 

Skill:   

 use of traditional knowledge of the professional activity 

of topical issues of al-Farabi heritage; 

 master of conceptual thinking culture heritage of al-

Farabi; 

 to own techniques and methods of oral and written 

presentation of the basic philosophical knowledge of al-

Farabi Kazakh National University; 

 to work with the texts of the heritage of al-Farabi and the 

contained semantic structures; 

 to develop the ability to abstracting and annotation of 

literature (including in foreign languages) on topical issues 

of al-Farabi heritage. 

7. PRACTICE 

 Professional practice (by types of practice)  

 

Educational Practice 

1 credits 

The purpose of the educational practice is to train students 

to solve physical problems and to work with scientific 

publications. The practice is aimed at developing group 

efforts in solving complex problems as well as at sharpening 

student’s own understanding by taking part in discussions 

with other students. 

Strong self-working skills and ability to effectively work as 

a team member, engaged in solving non-standard physical 

problems 

 

Institutional Practice  

6 credits 

The purpose of the institutional practice is to fix 

theoretical knowledge of basic and major cycles of disciplines 

and to get practical experience at a potential employer.  

During the practice training, preliminary data and 

information for bachelor degree project are collected. 

Students become familiar with technological, organizational 

and social aspects of institutions and companies; they study 

Acquaintance with various aspects of professional activities 

and strong practical skills required by a potential employer. 
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and analyze specialized technical literature, software and 

instruction manuals used in a particular institution or 

company. 

 

Pedagogical Practice 

4 credits 

The purpose of the pedagogical practice is to familiarize 

students with teaching practice at secondary and high schools.  

 

Ability to use best pedagogical tools in teaching at 

secondary and high schools. 

 

Pre-diploma Practice 

2 credits 

The main purpose of the pre-diploma practice is to 

provide theoretical and practical results that are sufficient for 

a successful implementation and defence of the final thesis. 

The practice is designed to summarize students' results of 

an independent study and research on an actual problem, 

specific for the corresponding field of activity. The practice 

also consolidates all skills acquired in the course of all 

previous practices. 

 

Ability to compile all gathered information and data, as 

well as the obtained results in a single manuscript written 

in an appropriate logical manner. 
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